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CHEMICAL INDICATING COMPOSITION, AUTOCLAYE PROCESS INDICATOR
AND METHOD FOR PREPARING AUTOCLAVE PROCESS INDICATOR

FIELD OF THE ART

P-

['he present disclosure relates to an autoclave process indicator, and more specifically, to a

chemical indicating composition for an autoclave process indicator, an autoclave process
indicator utihizing the chemical indicating composition, and a method for preparing the

autoclave process indicator.

BACKGROUND

The autoclaving process is generally defined as a high-temperature damp-heat (steam)
process for completely destroying all viable microorganisms including organisms such as
viruses and spores. Considering the possible infection risk associated with improper
sterilization (1.e. failing to reach the sterilization condition), monitoring the sterilization process
1s always beneficial. Standard practice involves sterilizing the articles to be sterilized in the
presence of an indicator, and then evaluating the sterilization process based on the change
occurred to the indicator (atfected by one or more sterilization condition(s)). Currently there are
two general types of autoclave indicators, i.e. biological indicators and chemical indicators.
Because a relatively longer pertod 1s needed to read the result of biological indicators after
sterilization, chemical indicators, which can be read at the end of the sterilization process right
away, have become very popular for the normal operation in hospitals, clinics and the like.

In some existing chemical indicating systems, an indicating composition using a
nitrocellulose resin system as described in U.S. Patent No. 288979 and GB872136 is employed.
Such an indicating composition is based on an organic thermochromic dye, or a derivative
thereof, or a metallic salt compound, and can be coated on a paper substrate so as to make an
autoclave tape.

Most of the existing indicators are based on the use of organic solvents such as ketones,
hydrocarbons, alcohols, or esters, which can harm the environment and cause safety issues

assocliated with manufacturing and handling.
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SUMMARY

The present disclosure provides an aqueous resin based chemical indicating composition
that causes an optical density change during exposure to autoclaving conditions and that
posscsscs good stcam resistance and low transfcr of indicating composition to other surtaces.

Some aspects of the present disclosure provide a chemical indicating composition
comprising: an aqueous resin 1n a form of polymer emulsion or polymer dispersion, having a
molccular wcight ot 20,000 or more and an acid valuc of 60 or Icss, the aqucous rcesin
comprising a first aqueous resin composition having a mimmmum film-forming temperature of
30°C or more and a second aqueous resin composition having a minimum film-forming
temperature lower than 30°C; a film-forming agent; a color changing composition; and water as
a solvent, wherein, based on total weight of the chemical indicating composition, the solid
weight percentage of the first aqueous resin composition 1s 10-30%, the solid weight
percentage of the second aqueous resin composition 1s 0-35%, the weight percentage of the
film-forming agent 1s 1-10%, the weight percentage of the color changing composition 1s 15-
40%, the total weight percentage of the water contained in the aqueous resin composition and
the water as a solvent 1s 20-70%, and the solid content of the aqueous resin composition and the
color changing composition are in a weight ratio of 1:3 or more.

Some aspects of the present disclosure provide an autoclave process indicator comprising a
substrate and a chemical indicating composition of the present disclosure coated on the
substrate.

Somc aspccts of the present disclosure provide a method for preparing an autoclave proccess
indicator. The method can include coating a chemical indicating composition of the present
disclosure onto a surface of a substrate to form an autoclave process indicator.

Chemical indicating compositions of the present disclosure can be used as an autoclave
process indicator. In addition, the chemical indicating compositions of the present disclosure
have good adhesion to the substrate, such that the chemical indicating composition can be
coated on the substrate to prepare an autoclave process indicator. In some embodiments, the
chemical indicating composition can also have good water resistance. In some embodiments,
the chemical indicating composition can cause less contamination to an adhesive employed n
the autoclave process indicator, due to the low transfer of the chemical indicating composition
to the adhesive. In some embodiments, the transfer of the chemical indicating composition to a
sterilization wrap 1s also low, and thus less contamination 1s caused to the wrap. Furthermore,
in some¢ embodiments, chemical indicating compositions of the present disclosure are aqueous
systems with low viscosity and high solid content, and consequently, are environmentally

fricndly and safc to handlc.
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DETAILED DESCRIPTION

It should be understood that, according to the teachings of the present description, a person
skilled 1n the art may contemplate other embodiments and be capable of modifying them,
without dcparting from the scopc or spirit of the present disclosurc. Therctore, the following
specific embodiments are not to be taken in a limiting sense.

Unless otherwise indicated, all numbers expressing feature sizes, amounts and physical
propcertics uscd 1n the present specification and claims arc to be undcerstood as being moditicd
in all instances by the term “about”. Accordingly, unless indicated to the contrary, all numerical
parameters set forth in the foregoing specification and claims are approximations that can vary
depending upon the desired properties sought to be obtained by those skilled 1n the art utilizing
the teachings disclosed herein. The use of numerical ranges by endpoints includes all numbers

within that range (e.g. 1 to Sincludes 1, 1.1, 1.3, 1.5, 2, 2.75, 3, 3.80, 4, 5, and so on) and any

=2

range within that range.

Chemical indicating composition
In some embodiments, the chemical indicating composition provided in present disclosure

COMPrISEs:

an aqueous resin m a form of polymer emulsion or polymer dispersion, having a
molecular weight of 20,000 or more and an acid value of 60 or less, the aqueous resin
composition comprising a tirst aqueous resin composition having a minimum film-forming
tcmpcraturc of 30°C or morce and a sccond aqucous resin composition having a mmimum film-
forming temperature lower than 30°C;

a film-forming agent;

a color changing composition; and

water as a solvent,

wherein, based on total weight of the chemical indicating composition,

the solid weight percentage of the first aqueous resin composition 1s 10-30%,

the solid weight percentage of the second aqueous resin composition 1s 0-35%,

the weight percentage of the film-forming agent 1s 1-10%,

the weight percentage of the color changing composition 15 15-40%,

the total weight percentage of the water contained 1n the aqueous resin and the water as a
solvent 1s 20-70%, and

the solid content of the aqueous resin and the color changing composition are 1n a weight

ratio of 1:3 or more.
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Aqueous resin

An aqueous resin 1in a form of polymer emulsion or polymer dispersion 1s used in the
present disclosure. In this disclosure, “polymer emulsion” and “polymer dispersion™ can be
uscd mtcrchangcably.

The aqueous resin has a molecular weight of 20,000 or more; in some embodiments, the
aqueous resin has a molecular weight of 100,000 or more; and in some embodiments, the
aqucous rcsin has a molccular weight ot 200,000 or more, so that the chemical indicating
composition has good adhesion to the substrate,

The aqueous resin has an acid value of 60 or less, in some embodiments the aqueous resin
has an acid value of 50 or less, so that the chemical indicating composition has good water
resistance.

The aqueous resin comprises a first aqueous resi composition. The tirst aqueous resin
composition may be at least one selected from the group consisting of acrylic polymer
emulsion or polymer dispersion, polyurethane polymer emulsion or polymer dispersion, and a
combination thereof. The acrylic polymer emulsion or polymer dispersion may be at least one
selected from the group consisting of anionic acrylic polymer emulsion or polymer dispersion,
styrene acrylic polymer emulsion or polymer dispersion, silicone modified acrylic polymer
emulsion or polymer dispersion, acrylic modified polyurethane polymer emulsion or polymer
dispersion, silicone modified polyurethane polymer emulsion or polymer dispersion,
polycarbonate modified polyurethane polymer emulsion or polymer dispersion, and a
combination thcrcof. The polyurcthanc resin polymcer cmulsion or polymer dispcrsion may be
at least one selected from the group consisting of acrylic modified polyurethane polymer
emulsion or polymer dispersion, silicone modified polyurethane polymer emulsion or polymer
dispersion, polycarbonate modified polyurethane polymer emulsion or polymer dispersion, and
a combination thereof. The first aqueous resin composition has a mimmimum film-forming
temperature (MFT) of 30°C or more, 1 some embodiments 60°C or more. The non-limiting
examples of the first aqueous resin composition include NeoCryl A-1131 (anionic acrylic

polymer emulsion), NeoCryl XK-52 (anionic methacrylic polymer emulsion), and NeoCryl A-

L1]

1091 (anionic styrene acrylic polymer emulsion) manufactured by DSM; and Joncryl HP!
2157 (styrene acrylic polymer emulsion) and SILIKOPUR 8080 (silicone modified
polyurethane polymer emulsion) manufactured by BASF. In some embodiments, the first
aquecous resin composition has a molecular weight of 20,000 or more; 1n some embodiments,
the first aqueous resin composition has a molecular weight of 100,000 or more; and in some
embodiments, the first aqueous resin composition has a molecular weight of 200,000 or more.
In somc cmbodiments, the tirst aqucous resin composition has an acid valuc of 60 or Icss;

some embodiments, the first aqueous resin composition has an acid value of 50 or less.
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The sohd content of the first aqueous resin composition 1s 10-30 % by weight, based on
total weight of the chemical indicating composition. If the solid content (solid weight
percentage) of the first aqueous resin composition 1s too low, such as less than 10%, the
chemical indicating composition on the sidc of the non-adhesive surtace of an autoclaving
indicator tape may, in the case where the autoclaving indicator tape containing the chemaical
indicating composition is wound up, transfer to the adhesive surface of the autoclaving
indicator tapc wound thercon, thercby causing the contamination of the chemical indicating
composition to the adhesive surface. If the solid content of the first aqueous resin composition
is too high, such as greater than 30%, the aqueous resin composition may not present in a form
of polymer emulsion or polymer dispersion.

Optionally, the aqueous resin may further comprise a second aqueous resin composition.
The second aqueous resin composition may be at least one selected from the group consisting
of acrylic polymer emulsion or polymer dispersion, polyurethane polymer emulsion or polymer
dispersion, and a combination thereof. The acrylic polymer emulsion or polymer dispersion
may be at least one selected from the group consisting of anionic acrylic polymer emulsion or
polymer dispersion, styrene acrylic polymer emulsion or polymer dispersion, silicone modified
acrylic polymer emulsion or polymer dispersion, acrylic modified polyurethane polymer
emulsion or polymer dispersion, silicone modified polyurethane polymer emulsion or polymer
dispersion, polycarbonate modified polyurethane polymer emulsion or polymer dispersion, and
a combination thereof. The polyurethane resin polymer emulsion or polymer dispersion may be
at 1cast onc sclccted from the group consisting of acrylic moditicd polyurcthanc polymer
emulsion or polymer dispersion, silicone modified polyurethane polymer emulsion or polymer
dispersion, polycarbonate modified polyurethane polymer emulsion or polymer dispersion, and
a combination thercof. The second aqueous resin composition has a mimimum film-forming
temperature lower than 30°C. The non-limiting examples of the second aqueous resin
composition include NeoCryl A-2092 (acrylic styrene polymer emulsion), NeoCryl A-2099
(acrylic styrene polymer emulsion), NeoCryl A-1127 (self-crosslinking acrylic polymer
emulsion), NeoPac E-200 (acrylic modified polyurethane polymer emulsion), NeoRez R-650
(polyurethane polymer dispersion), NeoRez R-986 (anionic aliphatic polycarbonate polymer
emulsion) manufactured by DSM, and Joncryl 77 (styrene acrylic polymer emulsion), Acronal
TL8821 (styrene acrylic polymer emulsion) manufactured by BASF. In some embodiments, the
second aqueous resin composition has a molecular weight of 20,000 or more; 1n some
embodiments, the second aqueous resin composition has a molecular weight ot 100,000 or
more; and 1 some embodiments, the second aqueous resin composition has a molecular weight

of 200,000 or morc. In somc¢ cmbodiments, the sccond aqucous resin composition has an acid
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value of 60 or less; 1n some embodiments, the second aqueous resin composition has an acid
value of 50 or less.

The solid content of the second aqueous resin composition 1s 0-35 % by weight, based on
total weight of the chemical indicating composition. The sccond aqucous resin composition has
a relative lower minimum film-forming temperature and a relative flexible molecular chain,
which contributes to the wetting to the substrate, and thereby improving the adhesion between
thc chemical indicting composition and the substratc. Howcevcer, the solid content of the sccond
aquecous resin composition should not be too high, for example, when the solid content of the
second aqueous resin composition is higher than 35%, the chemical indicating composition on
the autoclave process indicator may, 1n the case where the autoclave process indicator
containing the chemical indicating composition 1s placed together with the wrapping materials
such as gauze, transtfer to the adjacent wrapping materials, causing the contamination of the

chemical indicating composition to the wrapping materials.

Film-forming agent

The chemical indicating composition provided in the present disclosure comprises at least
one film-forming agent (also sometimes referred to as a plasticizer). The film-forming agent
can accelerate the uniform film-forming through the self-induction of the polymer particles
the aqueous resin composition. In addition, the film-forming agent may assists the chemical
indicating composition to wet a substrate, thereby improving the adhesion between the
chemical indicting composition and the substratc.

The film-forming agent may be at Ieast one selected from the group consisting of a Ce12
organic hydrocarbon compound, a Cs_ ;¢ organic compound containing an alcohol functional
oroup, a Cs.1¢ organic compound containing an ether functional group, a Cs.1g Organic
compound containing an ester functional group, a Cs.16 organic compound containing a keto
functional group, and a combination thereotf. The Ce.12 organic hydrocarbon compound may be
at Iecast one selected from the group consisting of an 1soparatfin compound, an alicyclic
compound, and a combination thereof. In some embodiments, the film-forming agent may be at
least one selected from the group consisting of 2,2,4-trimethyl-1,3-pentanediol mono-
1sobutyrate, adipic acid diester, dimethyl phthalate, cyclohexanone, ¢thylene glycol butyl ether,
propylene glycol butyl ether, dipropylene glycol butyl ether, propylene glycol, N-
methylpyrrolidone, ethylene glycol methyl ether, ethylene glycol ethyl ether, and a combination
thereof.

Based on total weight of the chemical indicating composition, the weight percent of the
tilm-tforming agent 15 1-10%, 1n some cmbodiments, the wcight pereent of the film-forming

agent 15 2-5%. If the weight percent of the film-forming agent 1s less than 1%, the adhesion of
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the chemical indicating composition to the substrate may be not enough; 1t the weight percent
of the film-forming agent 1s higher than 10%, the chemical indicating composition may be not
stable enough, accordingly, the autoclave mdicating effect of the chemical indicating

composition may b¢ reduccd.

Color changing composition

In som¢ cmbodiments, the color changing composition hercin mcans a matcrial that
changes color (or experiences an optical density alteration) as a result of exposure to the
conditions of autoclaving. In some embodiments, the color changing composition is a
polyvalent metal compound-based color changing composition, comprising a polyvalent metal
compound, a sulfur source, a compound capable of generating alkaline conditions when
exposed to steam at a high temperature, and a combination thereof.

The polyvalent metal compound may be an morganic salt or alkaline inorganic salt
compound of at least one selected from the group consisting of lead, copper, cobalt, nickel,
bismuth, calcium, and a combination thereof.

The sulfur source 1s a substance that provides sulfur reacting with the polyvalent metal
compound while exposed to the condition under autoclaving. The sulfur source may be at least
on¢ selected from the group consisting of clemental sultur, a sultur dye, a sulfur pigment, a
thiourea compound, and a combination thereof. The thiourea compound may be at least one
selected from the group consisting of 2- methoxyphenyl thiourea, 1- allyl-2- thiourea,
mcthylthiourca, cthylthiourca, anilinothiourca, and a combination thercot.

The compound capable of generating alkaline conditions when exposed to steam at a high
temperature may be at least one selected from the group consisting of potassium carbonate,
sodium carbonate, lithtum carbonate, calctum carbonate, magnesium carbonate, potassium
bicarbonate, sodium bicarbonate, and a combination thereof.

Based on total weight of the chemical indicating composition, the weight percent ot the
color changing composition 1s 15-40%, 1n some embodiments 20-35%.

As for the system of a polyvalent metal compound — a sulfur source — a compound capable
of generating alkaline conditions when exposed to steam at a high temperature, 1n some
embodiments, the amount ratio of the three components 1s (2-8):(2-20):(2-20), in some
embodiments, the amount ratio of the three components 1s (3-7):(3-18):(3-18).

Without being bound to any theory, 1t 1s believed that the color changing composition can
be enveloped by the aqueous resin composition, so that possible damage to the color changing
composition due to drying and dehydrating during the film formation can be prevented. In order
to cnsurc that the color changing composition can be envcloped sutficiently by the aqucous

resin composition, the aqueous resin composition and the color changing composition are 1n a
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weight ratio of 1:3 or more. If the aqueous resin composition and the color changing
composition are 1 a weight ratio less than 1:3, the chemical indicating composition on the side
of the non-adhesive surface of an autoclaving mdicator tape may, i the case where the
autoclaving indicator tapc containing the chemical indicating composition 18 wound up, transtcr
to the adhesive surface ot the autoclaving indicator tape wound thercon, thereby causing the

contamination of the chemical indicating composition to the adhesive surface.

Water as a solvent

In some embodiments, this chemical indicating composition of the invention may comprise
water as a solvent. Where the aqueous resin composition has enough water, no additional water
as a solvent, needs to be added.

The total amount of water including the water contained 1n the aqueous resin composition
and the water used as a solvent 1s 20-70% by weight, relative to the total weight of the chemical

indicating composition.

Other components

In some embodiments, this chemical indicating composition may further comprise a water-
soluble resin, so as to optimize the dispersion of the color changing composition. The water-
soluble resin may be at least one selected from the group consisting of water-soluble
cthylcellulose, water-soluble rosin modified resin, polyvinyl alcohol, water-soluble epoxy resin,
watcr-soluble alkyd rcsin, watcr-solublc polycster resin, watcr-soluble polyurcthanc, watcr-
soluble acrylate resin, and a combination thereof.

Based on total weight of the chemical indicating composition, the weight percent of the
water-soluble resin 1s 0-5%.

In some embodiment, this chemical indicating composition may further comprise an
optional auxiliary component. The auxihiary component may be at least one selected from the
group consisting of a pH stabilizer, a bactericide, a defoamer, a dispersant, an anti-sticking
agent, a leveling agent, a wetting agent, a theology modifier, a UV light stabilizer, a wax, and a
combination thereot. The types and contents of these auxiliaries can be chosen according to

actual demands.

Method for preparing chemical indicating composition

The chemical indicating composition of the present invention 1s obtained by mixing the
components for preparing the chemical indicating composition. For the components of the
chemical indicating composition, plcasc scc the part of ““Chcemical indicating composition™ n

this description.
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In some embodiments, the chemical indicating composition may be obtained by placing the
components for preparing the chemical indicating composition into a glass jar and grinding

using zirconium beads for 48 hours.

Autoclave process indicator

The autoclave process indicator provided 1n the present disclosure comprises a substrate
and thc chcmical mndicating composition of the present disclosurce coatcd on the substratc.

For the components of the chemical indicating composition, please see the part of
“Chemical indicating composition” in this description.

The substrate may be at Ieast one selected from the group consisting of an adhesive tape, a
plastic film, a paper, a nonwoven fabric, and a combination thereof, in some embodiments the
substrate comprises an adhesive tape, in some embodiments the substrate comprises a pressure
sensitive adhesive tape.

Where the substrate 1s an adhesive tape, the adhesive tape comprises an adhesive surface
and a non-adhesive surface, the chemical indicating composition 1s coated onto the non-
adhesive surface of the adhesive tape, in some embodiment, the chemical indicating

composition can be coated onto a release layer of the adhesive tape.

Method for preparing autoclave process indicator

The method for preparing the autoclave process indicator comprises: coating the chemical
indicating composition of the present disclosure onto a surface of a substratc to form an
autoclave process indicator.

For the chemical indicating composition, please see the part of “Chemical indicating
composition” 1n this description.

The substrate may be at least one selected from the group consisting of an adhesive tape, a
plastic film, a paper, a nonwoven fabric, and a combination thereof, 1n some embodiments the
substrate may be an adhesive tape, 1n some embodiments the substrate may be a pressure
sensitive adhesive tape.

Where the substrate 1s an adhesive tape, the adhesive tape comprises an adhesive surtace
and a non-adhesive surface, the chemical indicating composition can be coated onto the non-
adhesive surface of the adhesive tape, in some embodiments, the chemical indicating
composition can be coated onto a release layer of the adhesive tape.

The method for preparing the autoclave process indicator can further comprise: heating
sa1ld autoclave process mdicator. In some embodiments, the heating temperature 1s 60°C or

abovc, 1n somc cmbodiments, the hcating tempcrature 1s 100°C or above.
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The following embodiments are intended to be illustrative of the present disclosure and
not limiting.

Embodiment 1 relates to a chemical mdicating composition, comprising: an aqueous resin
in a form of polymcr cmulsion or polymcer dispersion, having a molccular weight ot 20,000 or
more and an acid value of 60 or less, the aqueous resin comprising a first aqueous resin
composition having a minimum film-forming temperature of 30°C or more and a second
aqucous rcsin composition having a minimum film-forming tecmpcraturc lower than 30°C, a
film-forming agent, a color changing composition, and water as a solvent, wherein, based on
total weight of the chemical indicating composition, the solid weight percentage of the first
aqucous resin composition 1s 10-30%, the solid weight percentage of the second aqueous resin
composition 1s 0-35%, the weight percentage of the film-forming agent 1s 1-10%, the weight
percentage of the color changing composition 1s 15-40%, the total weight percentage of the
water contained in the aqueous resin and the water as a solvent 1s 20-70%, and the solid content
of the aqueous resin and the color changing composition are in a weight ratio of 1:3 or greater.

Embodiment 2 relates to the chemical indicating composition according to embodimment 1,
wherein the first aqueous resin composition comprises at least one of an acrylic polymer
emulsion or polymer dispersion, and a polyurethane polymer emulsion or polymer dispersion.

Embodimment 3 relates to the chemical indicating composition according to embodiment 1
or 2, wherein the first aqueous resin composition comprises at least one of an anionic acrylic
polymer emulsion or polymer dispersion, a styrene acrylic polymer emulsion or polymer
dispcrsion, a siliconc moditicd acrylic polymcer cmulsion or polymer dispcersion, an acrylic
modified polyurethane polymer emulsion or polymer dispersion, a silicone modified
polyurethane polymer emulsion or polymer dispersion, and a polycarbonate modified
polyurethane polymer emulsion or polymer dispersion.

Embodiment 4 relates to the chemical indicating composition according to any of the
embodiments ot 1-3, wherem the second aqueous resin composition comprises at least one of
an acrylic polymer emulsion or polymer dispersion, and a polyurethane polymer emulsion or
polymer dispersion.

Embodiment 5 relates to the chemical indicating composition according to any of the
embodiments of 1-4, wherein the second aqueous resin composition comprises at least one of
an anionic acrylic polymer emulsion or polymer dispersion, a styrene acrylic polymer emulsion
or polymer dispersion, a silicone modified acrylic polymer emulsion or polymer dispersion, an
acrylic modified polyurethane polymer emulsion or polymer dispersion, a silicone modified
polyurethane polymer emulsion or polymer dispersion, and a polycarbonate modified

polyurcthanc polymcer cmulsion or polymcr dispcrsion.
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Embodiment 6 relates to the chemical indicating composition according to any of the
embodiments of 1-5, wherein the first aqueous resin composition has a molecular weight of
20,000 or more.

Embodimcent 7 rclates to the chemical indicating composition according to any of the
embodiments of 1-5, wherein the first aqueous resin composition has a molecular weight of
100,000 or more.

Embodiment 8 rclatces to the chemical indicating composition according to any of the
embodiments of 1-5, wherein the first aqueous resin composition has a molecular weight of
200,000 or more.

Embodiment 9 relates to the chemical indicating composition according to any of the
embodiments of 1-8, wherein the first aqueous resin composition has an acid value of 60 or less.

Embodiment 10 relates to the chemical indicating composition according to any of the
embodiments of 1-8, wherein the first aqueous resin composition has an acid value of 50 or less.

Embodiment 11 relates to the chemical indicating composition according to any of the
embodiments of 1-10, wherein the second aqueous resin composition has a molecular weight of
20,000 or more.

Embodiment 12 relates to the chemical indicating composition according to any of the
embodiments of 1-10, wherein the second aqueous resin composition has a molecular weight of
100,000 or more.

Embodiment 13 relates to the chemical indicating composition according to any of the
cmbodimcents of 1-10, whercin the sccond aqucous resin composition has a molccular weight of
200,000 or more.

Embodiment 14 relates to the chemical indicating composition according to any of the
embodiments of 1-13, wherein the second aqueous resin composition has an acid value of 60 or
less.

Embodiment 15 relates to the chemical indicating composition according to any of the
embodiments of 1-13, wherein the second aqueous resin composition has an acid value of 50 or
less.

Embodiment 16 relates to the chemical indicating composition according to any of the
embodiments of 1-15, wherein the first aqueous resin composition has a minimum film-forming
temperature of 60°C or more.

Embodiment 17 relates to the chemical indicating composition according to any of the
embodiments of 1-16, wherein the film-forming agent comprises at least one of a C6-12
organmic hydrocarbon compound, a C3-16 organic compound which contains an alcohol

functional group, a C3-16 organic compound which contains an cthcr functional group, a C3-16
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organic compound which contains an ester functional group, and a C3-16 organic compound
which contains a keto functional group.

Embodiment 18 relates to the chemical indicating composition according to embodiment
17, wherein the organic hydrocarbon compound compriscs at Icast onc of an 1soparattin
compound and an alicyclic compound.

Embodiment 19 relates to the chemical indicating composition according to any of the
cmbodiments of 1-17, wherein the film-forming agent compriscs at Icast onc of 2,2,4-trimcthyl-
1,3-pentanediol mono-isobutyrate, adipic acid diester, dimethyl phthalate, cyclohexanone,
ethylene glycol butyl ether, propylene glycol butyl ether, dipropylene glycol butyl ether,
propylene glycol, N-methylpyrrolidone, ethylene glycol methyl ether, and ethylene glycol ethyl
cther.

Embodiment 20 relates to the chemical indicating composition according to any of the
embodiments of 1-19, wherein the color changing composition comprises at least one of a
polyvalent metal compound, a sulfur source, and a compound capable of generating alkaline
conditions when exposed to steam at a high temperature.

Embodiment 21 relates to the chemical indicating composition according to embodiment
20, wherein the polyvalent metal compound, the sulfur source and the compound capable of
generating alkaline conditions when exposed to steam at a high temperature are 1n a ratio of (2-
8):(2-20):(2-20).

Embodiment 22 relates to the chemical indicating composition according to embodiment
20, whercein the polyvalent mctal compound, the sultur source and the compound capablc of
generating alkaline conditions when exposed to steam at a high temperature are 1n a ratio of (3-
7):(3-18):(3-18)

Embodiment 23 relates to the chemical indicating composition according to any of the
embodiments of 1-22, wherein the polyvalent metal compound comprises at Ieast one of an
iorganic salt of lead, an inorganic salt of copper, an inorganic salt of cobalt, an morganic salt
of nickel, an morganic salt of bismuth, an morganic salt of calctum, and an alkaline morganic
salt compound.

Embodiment 24 relates to the chemical indicating composition according to any of the
embodiments of 1-23, wherein the sulfur source comprises at least one of elemental sulfur, a
sulfur dye, a sulfur pigment, and a thiourea compound.

Embodiment 25 relates to the chemical indicating composition according to embodiment
24, wherein the thiourea compound comprises at least one of 2-methoxyphenyl thiourea, 1-
allyl-2-thiourea, methylthiourea, ethylthiourea, and anilinothiourea.

Embodiment 26 rclates to the chemical imndicating composition according to any of the

embodiments of 1-25, wherein the compound capable of generating alkaline conditions when
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exposed to stecam at a high temperature comprises at least one of potassium carbonate, sodium
carbonate, lithium carbonate, calcium carbonate, magnesium carbonate, potassium bicarbonate,
and sodium bicarbonate.

Embodiment 27 rclates to the chemical indicating composition according to any of the
embodiments of 1-26, wherein the weight percentage of the film-forming agent 1s 2-5%.

Embodiment 28 relates to the chemical indicating composition according to any of the
cmbodiments of 1-27, wherein the weight pereentage of the color changing composition 18 20-
35%.

Embodiment 29 relates to the chemical indicating composition according to any of the
embodiments ot 1-28, further comprising a water-soluble resin 1n a weight percentage of 0-5%,
based on the total weight of the chemical indicating composition.

Embodiment 30 relates to the chemical indicating composition according to embodiment
29, wherein the water-soluble resin comprises at least one of water-soluble ethylcellulose,
water-soluble rosin modified resin, polyvinyl alcohol, water-soluble epoxy resin, water-soluble
alkyd resin, water-soluble polyester resin, water-soluble polyurethane, and water-soluble
acrylate resin.

Embodiment 31 relates to the chemical indicating composition according to any of the
embodiments of 1-30, further comprising additive, wherein the additive comprises at least one
of pH stabilizer, bactericide, defoamer, dispersant, anti-sticking agent, leveling agent, wetting
agent, theology modifier, UV light stabilizer, and wax.

Embodiment 32 rclatcs to an autoclave proccss indicator, comprising a substratc and the
chemical indicating composition according to any of the embodiment of 1to 31 coated on the
substrate.

Embodiment 33 relates to the autoclave process imndicator according to embodiment 32,
wherein the substrate comprises at least one of a tape, a plastic film, a paper, and a nonwoven
tabric.

Embodiment 34 relates to the autoclave process indicator according to embodiment 32,
wherein the substrate comprises an adhesive tape comprising an adhesive surface and a non-
adhesive surface, and wherein the chemical mdicating composition 1s coated on the non-
adhesive surface of the tape.

Embodiment 35 relates to the autoclave process indicator according to embodiment 32,
wherein the substrate comprises an adhesive tape comprising a release layer, and the chemical
indicating composition 1s coated on the release layer of the adhesive tape.

Embodiment 36 relates to a method for preparing the autoclave process indicator

according to any of thc cmbodiments of 1-31, the mcthod comprising: coating the chemical
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indicating composition according to any one of claims 1 to 9 onto a surface of a substrate to

10

15

form an autoclave process indicator.

Embodiment 37 relates to the method according to embodiment 36, wherein the substrate

compriscs an adhcsive tapc comprising an adhcsive surtace and a non-adhcesive surtace, and

wherein the chemical indicating composition 1s coated on the non-adhesive surface of the tape.

Embodiment 38 relates to the method according to embodiments 36 or 37, further

comprising: hcating thc autoclave process indicator.

Embodiment 39 relates to the method according to embodiment 38, wherein the heating

temperature 1s 60°C or above.

The disclosure will be further described in details by incorporating the following

Examples. However, the scope of the disclosure 1s not limited by these specific Examples.

Examples

Names, functions, chemical names as well as suppliers of the essential component

materials used to prepare the chemical indicating composition of the invention, are listed in

Table 1.
Table 1
Name Function Chemical name Supplier
. pH stabilizer Ammonia water Smopharm Chemical
Ammonia water .
Reagent, China
Propylene Film-forming agent Smopharm Chemical
Propylene glycol .
glycol Reagent, China
Ethylene glycol | Film-forming agent Ethylene glycol . .
Smopharm Chemaical
monomethyl monomethyl ether _
Reagent, China
cther
Propylene Film-forming agent Propylene glycol . .
Smopharm Chemical
glycol butyl butyl cther .
Reagent, China
cther
Acronal TL Sccond aqucous resin | styrencacrylic
3821 composition having a | polyurcthane BASF, China
MEFT of 28°C emulsion
Second aqueous resin | anionic aliphatic
NeoRez R-986 . . .
composition having a | polycarbonate DSM, China
MFT lower than 0°C polymer emulsion
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First aqueous resin
composition having a o |
NeoCryl A-1131 | anionic acrylic .
MFT higher than 81°C . DSM, China
polymer emulsion
Second aqueous resin | styrene acrylic
Joncryl 77 . . . .
composition having a | polymer emulsion | BASF, China
MEFT of about 20°C
First aqueous resin styrene acrylic
Joncryl 90 . . . .
composition having a | polymer emulsion | BASF, China
MFT of about 76°C
First aqueous resin styrene acrylic
Joncryl HPE . . . .
) composition having a | polymer emulsion | BASF, China
57
MET higher than 85°C
Water-soluble resin styrene acrylic
Joncryl 673 .
water-soluble BASF, China
resin
Detfoamer mineral o1l .
BYK 038 BYK, China
defoamer
Bismuth color changing Bismuth
. . . Alfa Aesar China
Subsalicylate composition Subsalicylate
color changing |
Sultur . sultur Pc1 Xing Company
composi1tion
Lithium color changing o o
. [ithium Carbonate | Pe1 Xing Company
Carbonate composition

The chemical names and physical- chemical features of the aqueous resm compositions

uscd m the Examplcs arc listed in Tablc 2.

Table 2

Aqueous Function Chemuical Acid | Molecular | Minimum (7lass-

resin name value | weight Film-forming | transition

cOmposition (MW) Temperature | Temperature
(MFT) (°C) | (Tg) (°C)

ACRONAL | Second styreneacrylic | - >100,000 | 28 -

TL 8821 aqueous resin | copolymer

composition | emulsion
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JONCRYL | Second styrencacrylic | 535 >200,000 | 20 21
77 aqueous resin | copolymer

composition | emulsion
NeoCryl A- | First aqueous | anionic 3 >200,000 | 82 635
1131 resin acrylic

composition | emulsion
JONCRYL | First aqueous | styreneacrylic | 76 >200,000 | >81 110
90 resin copolymer

composition | emulsion
Joncryl First aqueous | styrene 36 >200,000 | >85 105
HPE 2157 resin acrylic

composition | copolymer

emulsion

NeoRez R- | Second anionic - - <( <0
986 aqueous resin | polycarbonate

composition | dispersion
JONCRYL | Water- water-soluble | 215 8,600 - 85
678 soluble resin | styrene-

acrylic resin

Preparation of chemical indicating composition

Chemical indicating composition 1s prepared by placing the components of chemical

indicating composition in a glass jar, and grinding using zirconium beads for 48 hours.

Preparation of autoclave process indicator (autoclave process tape/tag)

The paper tape used 1 the Examples was Tape 2213 (with a paper substrate) commercially
available from 3M. The tag used in the Examples was Polyester Tag 57817 commercially
available from 3M.

Prcparation of autoclave proccss tape: the autoclave proccss tape was obtaincd by coating,
using a green bar #3 (RK Print-Coat Instruments Ltd., UK), chemical indicating composition
onto the non-adhesive surface of a paper tape, and drying the coated tape in an oven at 60°C for
1 min and then at 120 °C for 3 min.

Preparation of autoclave process tag: the autoclave process tag was obtained by coating,
using a green bar #3 (RK Print-Coat Instruments Ltd., UK), chemical indicating composition

onto a polyester tag surtace, and drying the coated label in an oven at 60°C for 1 min and then

at 120 °C for 3 min.
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Test for autoclave indicating effect of chemical indicating composition
The testing equipment was a BIER Vessel that meets the ISO 18472 and ISO 11140-1

standards. The coated autoclave process tape was tested while exposed directly to a pre-vacuum
sterilization condition. According to ISO 11140-1, the indicating tapc 1s a Class I indicator, and
thus was evaluated visually for color change under the conditions of 0.5 min at 134 °C (ISO
failure circulation), 2 min at 134 °C (ISO successful circulation), 3 min at 121 °C (ISO failure
circulation), 10 min at 121 °C (ISO succcesstul circulation), and 30 min at 140 °C stcam-frce
drying (ISO failure circulation). In accordance with the requirement of ISO 11140-1, the tape
changed into a darker color after 2 min at 134 °C than after 0.5 min at 134 °C, into a darker
color after 10 min at 121 °C than after 3 min at 121 °C, and into a lighter color after steam-free
drying at 140 °C for 30 min. than under the ISO successtul circulation conditions at 134 °C and
121 °C. The color mtensity was characterized by the color density measured by X-Rite

spectrophotometer (X-Rite, Inc. Grand Rapids, M1, US).

Immediate adhesion test (referred to ASTM D3359 method)

The masking tape used 1in the Examples was paper Tape 2213 (with a paper substrate)
commercially available from 3M. The tag used i the Examples was Polyester label 57817
(with a polyester substrate) commercially available from 3M.

For coating, a green bar #3 (RK Print-Coat Instruments Ltd., UK) was used. The chemical
indicating composition was coated onto the non-pressure sensitive adhesive surface of a
masking tapc or a polycstcr tag surtacc. The coatced tape/tag was dricd 1 an oven at 60°C for |
min followed by at 120 °C for 3 min.

A blank Tape 2213 was adhered to the coated masking tape or polyester tag with the
adhesive surtace of the blank Tape 2213 closely contacting with the chemical indicating
composition on the masking tape or polyester tag. Subsequently, Tape 2213 was peeled off
from the masking tape or polyester tag, and the transfer of the chemical indicating composition
from the masking tape or polyester tag to the adhesive of Tape 2213 was evaluated.

For easy observation, the peeled Tape 2213 was subjected to an autoclaving process at 134
°C for 2min, and then observed whether the chemical indicating composition has been
transterred to the adhesive of the blank Tape 2213 (after autoclaving, the transferred chemical
indicating composition was blackened).

The test result was scored as follows: 1 (complete transter ot chemical indicating
composition), 1.5 (transfer of about 87.5% of chemical indicating composition), 2 (transfer of
about 75% of chemical indicating composition), 2.5 (transfer of about 62.5% of chemical
indicating composition), 3 (transfcr of about 50% ot chemical indicating composition), 3.5

(transfer of about 37.5% of chemical indicating composition), 4 (transfer of about 25% of



10

15

20

25

30

33

CA 02963810 2017-04-05

WO 2016/057741 PCT/US2015/054603
18 -

chemical indicating composition), 4.5 (transfer of about 12.5% of chemical mdicating
composition), and 5 (no transfer of chemical indicating composition).

A higher score mdicated a higher adhesion between the chemical indicating composition
and thc substratc. A chemical indicating composition having a scorc of 4 or morc was rcgarded

as one having good adhesion.

Blocking test for transter of the chemical indicating composition from the surtace of the
autoclave process tape to its adhesive

The Tape 2213 used in the example was commercially available from 3M.

A Tape 2213 was adhered to the mdicating surtace (coated with chemical indicating
composition) of the autoclave process tape provided by the present invention, with the adhesive
of the Tape 2213 directly contacting with the chemical indicating composition on the autoclave
process tape, and then hold with the device shown 1n Fig. | under the conditions of 25Kpa and
54 °C for 48 hrs. Tape 2213 was peeled off from the autoclave process tape. The peeled Tape
2213 was subjected to an autoclaving process at 134 °C for 2min, and then observed whether
the chemical indicating composition has been transferred to the adhesive of the Tape 2213
(after autoclaving, the transferred chemical indicating composition was blackened).

The test result was scored as follows: 1 (complete transter of chemical indicating
composition), 1.5 (transfer of about 87.5% of chemical indicating composition), 2 (transfer of
about 75% of chemical indicating composition), 2.5 (transfer of about 62.5% of chemical
indicating composition), 3 (transtcr of about 50% of chemical indicating composition), 3.5
(transfer of about 37.5% of chemical indicating composition), 4 (transfer of about 25% of
chemical indicating composition), 4.5 (transter of about 12.5% of chemical indicating
composition), and 5 (no transfer of chemical mdicating composition).

A higher score indicated a lower transfer of the chemical indicating composition to the
adhesive. A chemical indicating composition having a score of 4 or more was regarded as one

meeting the requirement of low transter of the chemical indicating composition to the adhesive.

Water resistance test of chemical indicating composition

The water resistance test i the present invention comprised wet scutt resistance test and
boiling resistance test.

Wet scutt resistance test: the autoclaved indicating surface of the autoclave process
indicator (autoclave process tape/tag) was subjected to an autoclaving process at 134 °C for
2min, and then manually wiped the autoclaved mdicating surface using a wet cotton towel for
approximatcly 6 timcs, and cvaluatcd the abrasion of the chemical indicating composition on

the surface of the autoclave process indicator (autoclave process tape/tag).
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Boiling resistance test: the autoclaved mdicator (autoclave process tape/tag) was kept in a
100 °C water bath for 1min; then took out and evaluated the transfer of the chemical indicating
composition on the surface of the autoclave process indicator (autoclave process tape/tag).

The result of the test was scorcd as follows: 1 (chemical indicating composition was
completely worn out or transferred from substrate), 1.5 (about 87.5% chemical indicating
composition was worn out or transferred), 2 (about 75% chemical indicating composition was
worn out or transtcrrcd), 2.5 (about 62.5% chcemical indicating composition was worn out or
transferred), 3 (about 50% chemical indicating composition was worn out or transferred), 3.5
(about 37.5% chemical indicating composition was worn out or transferred), 4 (about 25%
chemical indicating composition was worn out or transferred), 4.5 (about 12.5% chemaical
indicating composition was worn out or transterred), and 5 (no abrasion or removal of chemical
indicating composition).

A higher score mdicated a higher water resistance of the chemical indicating composition.
In the wet scuff resistance test, a chemical indicating composition having a score of 4 or more
was regarded as one having good wet scuff resistance. In the boiling resistance test, a chemical
indicating composition having a score of 3 or more was regarded as one having good boiling

resistance.

Transfer test of the chemical indicating composition to wrap

As shown 1n Fig.2, the transfer test of the chemical indicating composition to wrap
compriscs: Step 1), the indicating tapc was adhered to a picce of cotton wrap; stcp 2), the tape
was further covered by another piece of cotton wrap (second cotton wrap); step 3), a wrapped
towel pack of (Length 9 inch)™* (Width 9 inch)* (Height 4 inch) was placed onto the second
cotton wrap; and step 4), an autoclaving process was conducted 1n an autoclave at 134 °C for 10
min, and then the interface between the second cotton wrap and the autoclave process tape was
evaluated for transfer level.

The result was scored as follows: 1 (complete transter of chemical indicating composition),
1.5 (transfer of about 87.5% of chemical indicating composition), 2 (transfer of about 75%
chemical indicating composition), 2.5 (transfer of about 62.5% of chemical mmdicating
composition), 3 (transfer of about 50% chemical indicating composition), 3.5 (transfer of about
37.5% of chemical indicating composition), 4 (transter of about 25% chemical indicating
composition), 4.5 (transfer of about 12.5% ot chemical indicating composition), and 5 (no
transfer of chemical indicating composition).

A higher score mdicated a lower transfer of the chemical indicating composition to wrap. A
chemical indicating composition having a scorc of 4 or morc was rcgardcd as onc mcecting the

requirement of low transfer of the chemical indicating composition to wrap.
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COMPARATIVE EXAMPLES 1-10 AND EXAMPLES 1-7

PCT/US2015/054603

Following the procedure described above, chemical indicating compositions 1-17 were

prcparcd by placing the componcents, according to the formulations shown m Tablcs 3, 4, 5-1

and 5-2, i glass jars, and grinding using zirconium beads for 48 hours, wherein , chemical

indicating compositions 1-10 were used in Comparative Examples 1-10, and chemical

indicating compositions 11-17 were uscd in Examplcs 1-7.

Table 3

Comparative

Example 1

Comparative

Example 2

Comparative

Example 3

Comparative

Example 4

Comparative

Example 5

Comparative

Example 6

Bismuth

Subsalicylate

4.5

4.5

4.5

4.5

4.5

Sultur

16.5

16.5

Lithium

Carbonate

10.5

10.5

Acronal TL 8821
(38% solid

content )

60

Joncryl 77 (46%

solid content )

>0

NeoCryl A-1131
(40% solid

content )

65

Joncryl 90 (44%

solid content )

59

NeoRez R-986
(35% solid

content )

68.5

Joncryl 678
(solid)

Water

Ammonia water

35

Total

100

100

100

100

Color changing
composition (%

by weight)

31.5

31.5

31.5

31.5

31.5

21

Solid content of
aqueous resin
composition (%

by weight)

22.8

23

26

25.96

24

24
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Total Solid
content (% by 54.3 54.5 57.5 57.5 55.5 45
weight)
Weight ratio of
aqueous resin
composition to 1:1.4 1:1.4 1:1.2 1:1.2 1:1.3 1:0.88
color changing
composition
Table 4
Example 1 Example 2
Bismuth Subsalicylate 4.5 4.5
Sulfur 16.5 16.5
Lithium Carbonate 10.5 10.5
NeoCryl A-1131 (40% sohd
60 50
content )
ACRONAL TL 8821 (38% sold
contcnt )
JONCRYL 77 (46% solid content ) | --- 10
Propylene glycol 5 5
Water 3.5 3.5
Total 100 100
Color changing composition (% by
. 31.5 31.5
weight)
Solid content of aqueous resin
. . 24 24.6
composition (% by weight)
Total Solid content (% by weight) 55.5 56.1
Weight ratio of aqueous resin
composition to color changing 1:1.3 1:1.28
composition
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Example 3

Example 4

Example 5

Example 6

Example 7

Bismuth

Subsalicylate

4.5

4.5

4.5

4.5

Sultur

16.5

16.5

[Lithium Carbonate

10

10.5

10.5

NeoCryl A-1131
(40% solid content)

60

Joncryl HPE 2157
(48% solid content)

49.5

49.5

20.8

62.5

NeoRez R-986
(35% solid content)

JONCRYL 77
(46% solid content)

Propylene glycol

Ethylene glycol
methyl ether

Propylene glycol
butyl ether

Water

23.5

14.5

44.2

Total

100

100

100

Color changing
composition (% by

weight)

31.5

31.5

30

Solid content of
aqueous resin
composition (% by

weight)

24

23.76

23.76

10

30

Total Solid content
(% by weight)

44

535.26

53.26

4()

58

Weight ratio of
aqueous resin
composition to
color changing

COmposition

1:0.83

1:1.33

1:1.33

1:3

1:1.05
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Test for autoclave indicating effect of chemical indicating composition

The autoclave indicating effect of chemical indicating compositions in Comparative
Example 1-10 and Example 1-7 were tested according to the procedure of “test for autoclave
indicating effect of chemical indicating composition™ described above, all the autoclave
indicating ettects of chemical indicating compositions, which were provided in Comparative
Example 1-9 and Example 1-7, met the requirement of ISO 11140-1; In the chemical indicating
composition provided in Comparative Example 10, the weight percent of the film-forming
agent was higher than 10%, theretore, the chemical indicating composition was not stable

enough, accordingly, the autoclave indicating effect did not meet the requirement of ISO

11140-1 .

Immediate adhesion test for chemical indicating composition

Following the procedure described above for “Immediate adhesion test”, the adhesion of
chemical indicating compositions, which were provided in Comparative Example 3, 4, 6 and
Example 1-7 were tested, and the test results were shown 1n Table 6.

Comparative Examples 3 and 4, in which chemical indicating composition only comprised
first aqueous resin composition, had adhesion scores lower than 4, for both the paper substrate
and the polyester substrate.

3,4,5, 6 and 7, in which chemical indicating composition comprised first

2 =72

Examples 1
aqueous resin composition and film-forming agent, had adhesion scores of 4 or more, for both
the paper substrate and the polyester substrate.

Examples 2, m which chemical indicating composition comprised first aqueous resin
composition, second aqueous resin composition and film-forming agent, had adhesion scores of
4 or more, for both the paper substrate and the polyester substrate.

Comparative Example 6, in which the molecular weight of aqueous resin composition in
the chemical indicating composition 1s lower than 20,000, had adhesion scores lower than 4, for

both the paper substrate and the polyester substrate.
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Table 6
First aqueous Second Adhesion Adhesion
resin aqucous rcsin | between bctween
composition composition | chemical chemical
or film- indicating indicating
forming composition and | composition
agent paper substrate and polyester
substrate
Comparative NcoCryl A-1131 | --- 3.5 3.5
Example 3
Comparative JONCRYL 90 --- 3.5 3
Example 4
Comparative JONCRYL 678 - 2 3.5
Example 6
Example 1 NeoCryl A-1131 | Propylene 4 5
glycol
Example 2 NeoCryl A-1131 | JONCRYL 5 5
77 and
propylene
glycol
Example 3 NeoCryl A-1131 | propylene 4.5 S
glycol
Example 4 Joncryl HPE Propylene 4 S
2157 glycol butyl
cther
Example 5 Joncryl HPE Propylene 4 S
2157 glycol
Example 6 Joncryl HPE Propylene 4 4.5
2157 glycol
Example 7 Joncryl HPE Ethylene 4 5
2157 glycol methyl
cther

Note: JONCRYL 678 in Comparative Example 6 is not an aqueous resin composition in

form of polymer emulsion or polymer dispersion, but a water-soluble resin solid.
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Test for transfer of chemical indicating composition to adhesive

Following the procedure described for “Blocking test for transfer of the chemical
indicating composition from the surface of the autoclave process tape to its adhesive” above,
the transfer of chemical indicating compositions, which were provided in Comparative
Examples 9 and Examples 1-7, were tested, and the results were shown i Table 7 below.

As seen from the tested results shown m Table 7, the weight ratio between the solid
content of aqueous resin composition and color changing composition 1s an important factor
influencing the transfer of chemical indicating composition to adhesive. When the ratio 1s lower
than 1:3, the transfer ratio of chemical indicating composition to adhesive 1s high, not meeting
the requirement. And when the ratio 1s higher than 1:3, the transfer ratio of chemical indicating
composition to adhesive 1s low, meeting the requirement.

In Examples 1-7, the weight ratio between the solid content of aqueous resin composition
and color changing composition in the chemical indicating composition is higher than 1:3, and
the scores 1n test for transfer were 4 or more, indicating that the transter ratio of chemacal
indicating composition to adhesive 1s low, meeting the requirement.

In Comparative Examples 9, the weight ratio between the solid content of aqueous resin
composition and color changing composition i the chemical indicating composition 1s lower
than 1:3, and the score 1n test for transfer was lower than 4, indicating that the transfer ratio of

chemical indicating composition to adhesive 1s high, not meeting the requirement.

Table 7

First aqueous | Second aqueous Weight ratio Transfer of
resin resin composition | between solid | chemical
composition | or film-forming content of mdicating
agent aqueous resin - | composition to
composition adhesive
and color
changing
composition
Comparative | NeoCryl A- | Propylene glycol | 1:6 1
Examples 9 1131
Example 1 NeoCryl A- | Propylene glycol | 1:1.3 4.5
1131
Example 2 NeoCryl A- | JONCRYL 77 1:1.28 4.5
1131 and propylene

glycol
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Example 3 NeoCryl A- | propylene glycol | 1:0.83 4.5
1131

Example 4 Joncryl HPE | Propylene glycol | 1:1.33 4
2157 butyl ether

Example 5 Joncryl HPE | Propylene glycol | 1:1.33 4
2157

Example 6 Joncryl HPE | Propylene glycol | 1:3 4
2157

Example 7 Joncryl HPE | Ethylene glycol 1:1.05 4.5
2157 mcthyl cther

Water resistance test of chemical indicating composition

Following the procedure described for “water resistance test of chemical indicating
composition” above, the water resistance of the chemical indicating compositions, which were
provided in Comparative Examples 7-8 and Examples 1-7 , were tested and the results were
shown 1n Tablc & bclow.

As seen from the results shown in Table 8, the acid value of aqueous resin composition
was an important factor affecting the water resistance of chemical indicating composition. The
higher acid value the aqueous resin composition had, the poorer water resistance of chemical
indicating composition was. The lower acid value the aqueous resin composition had, the better
water resistance of chemical indicating composition was.

In Examples 1-7, the acid values of aqueous resin compositions i chemical indicating
compositions were all lower than 60, their scores in wet scuff resistance test were higher than 4,
and scores 1n boiling resistance test were higher than 3, indicating that these chemical
indicating compositions had good water resistance.

In Comparative Examples 7-8, the acid values of aqueous resin compositions in chemical
indicating compositions were all higher than 60, and their scores 1n wet scutf resistance test
were passable, but scores 1n boiling resistance test were lower than 3, indicating inferior water

resistance of the chemical indicating compositions.
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Table 8
First Second Indicating tag Indicating tape
aqucous aqucous
| . wet scuft | boiling wet scuff | boiling
resin resin | | | |
composition | composition resistance | resistance | resistance | resistance
or filim. test test test test
forming
agent
Comparative | JONCRYL | Propylenc 4 1 4.5 2.5
Example 7 90 glycol
Comparative | JONCRYL | Ethylene 3.5 1 4.5 2.5
Example 8 90 glycol
methyl ether
Example 1 NeoCryl A- | Propylene S 5 S 4.5
1131 glycol
Example 2 NeoCryl A- | JONCRYL |5 5 5 3
1131 77 and
propylene
glycol
Example 3 NeoCryl A- | Propylene 5 5 5 4.5
1131 glycol
Example 4 Joncryl HPE | Propylene 3.5 1.5 4.5 3
2157 glycol butyl
cther
Example 5 Joncryl HPE | Ethylene 3.5 2 4.5 3
2157 glycol
methyl ether
Example 6 Joncryl HPE | Propylene 3.5 1 4 2.5
2157 glycol
Example 7 Joncryl HPE | Ethylene 3.5 3 5 3.5
2157 glycol
methyl ether
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Transfer test of chemical indicating composition to wrap

Following the procedure described for “transfer test of chemical indicating composition to
wrap” above, transfer of chemical indicating compositions, which were provided n
Comparative Examples 1, 2, 5, 7, 8, and Examples 1-7, to wrap were tested, and the results

5 were shown 1 table 9 below.

As seen from the results shown 1 Table 9, the acid value of aqueous resin composition
was an important factor influencing the transfer of chemical indicating composition to wrap.
The higher acid value the aqueous resin composition had, the severer transfer of chemical
indicating composition was, thereby not meeting requirement. The lower acid value the

10 aqueous resin composition had, the lower water transfer of chemical indicating composition
was, thereby meeting requirement.

In Comparative Examples 7 and 8, the acid values of aqueous resin compositions 1n
chemical imndicating compositions were all higher than 60, and the scores in transfer test of
chemical indicating composition to wrap (indicating tape) were all lower than 4, indicating a

15 higher transfer ratio of the chemical indicating composition to wrap (indicating tape), not
meeting requirement.

In Examples 1-7, the acid values of aqueous resin compositions i chemical indicating
compositions were all lower than 60, and the scores in transfer test of chemical indicating
composition to wrap (indicating tape) were all higher than 4, indicating a lower transfer ratio of

20 the chemical indicating composition to wrap (indicating tape), meeting requirement.

In Comparative Examples 1, 2 and §, the chemical indicating compositions did not
comprise first aqueous resin composition, and therefore the scores 1n transter test of chemical
indicating composition to wrap (indicating tape) were all lower than 4, indicating a higher

transfer ratio of the chemical indicating composition to wrap (indicating tape), not meeting

25 requirement.
Table 9
First aqueous Second aqueous resin transfer of chemical
resin composition or film-forming | indicating composition
composition agent to indicating tape
Comparative --- ACRONAL TL 8821 3
Example 1
Comparative --- JONCRYL 77 2
Example 2
Comparative --- NeoRez R-9386 1
Example 5
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Con_ﬂ)arative JONCRYL 90 Propylene glycol - 3-3.5
Example 7
Comparative | JONCRYL 90 Ethylene glycol methyl ether 1335
Example 8
Example 1 NeoCryl A- | PrOpyleI-le glycofm [ 4-45 -
1131
Example 2 NeoCryl A- JONCRYL 77 and propylene | 445
1131 glycol
Example 3 JONCRYL 90 | Propylene glnycol - 445
Example 4 Joncryl HPE Propylene glycol butyl ether | 4
2157
[ Example 5 | Joncryl HPE | Ethylene glycol methyl ther | 4 o
2157
Exam—[‘)le 6 Joncryl HPE Propylene glycol - 4 -
2157
rml;:-;{ztirnple 7 mncryl HPE “_]gthylenc glycol mgtl;)?]r cther | 4-4.5 o
2157

To sum up, the chemical indicating composition of the present disclosure has good
adhesion to substrate, such that the chemical indicating composition can be coated on the
substrate to prepare an autoclave process indicator. The chemical indicating composition also
has good water resistance. Additionally, the chemical indicating composition has less
contamination to the adhesive in the autoclave process indicator, due to the low transfer of the
chemical indicating composition to the adhesive. And the transfer of the chemical indicating

composition to sterilization wrap 1s also low, and thus less contamination is caused to the wrap.
Furthermore, chemaical indicating composition of the present disclosure is an aqueous system
with low viscosity and high solid content, and consequently is environmental friendly and safe

to handle.

Although the above embodiments contain many specific details for the purpose of
1llustration, a person skilled in the art would appreciate that the various alterations,
modifications, substitutions and changes of these details are all within the scope claimed by the
present disclosure. Therefore, the disclosures described in the specific embodiments have no
Iimitations on the scope claimed by the present disclosure. The proper scope of the present

disclosure 1s defined by the claims and equivalent thereof set forth as follows.

2017-06-20
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CLAIMS:

1. A chemical indicating composition, comprising:

an aqueous resin i a form of polymer emulsion or polymer dispersion, having a
molecular weight of 20,000 or more and an acid value of 60 or less, the aqueous resin
comprising a first aqueous resin composition having a minimum film-forming temperature of
30°C or more and a second aqueous resin composition having a minimum film-forming
temperature lower than 30°C;

a film-forming agent;

a color changing composition; and

water as a solvent,

wherein, based on total weight of the chemical indicating composition,

the solid weight percentage of the first aqueous resin composition 1s 10-30%,

the solid weight percentage of the second aqueous resin composition 1s 0-35%,

the weight percentage of the film-forming agent 1s 1-10%,

the weight percentage of the color changing composition 1s 15-40%,

the total weight percentage of the water contained in the aqueous resin and the water as a
solvent 1s 20-70%, and

the solid content of the aqueous resin and the color changing composition are n a weight

ratio of 1:3 or greater.

2. The chemical mdicating composition according to claim 1, wherei at least one of the
first aqueous resin composition and the second aqueous resin composition comprises at Ieast
on¢ of an anionic acrylic polymer emulsion, a styrene acrylic polymer emulsion or polymer
dispersion, a silicone modified acrylic polymer emulsion, an acrylic modified polyurethane
polymer emulsion, a silicone modified polyurethane polymer emulsion, and a polycarbonate

modified polyurethane polymer emulsion.

3. The chemical indicating composition according to claim 1, wherein the first aqueous

resin composition has a minimum film-forming temperature of 60°C or more.

4. The chemical mdicating composition according to claim 1, wherein the film-forming
agent comprises at least one of a C6-12 organic hydrocarbon compound, a C3-16 organic
compound which contains an alcohol functional group, a C3-16 organic compound which
contains an ether functional group, a C3-16 organic compound which contains an ester

functional group, and a C3-16 organic compound which contains a keto functional group.
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5. The chemical indicating composition according to claim 1, wherein the color changing
composition comprises a polyvalent metal compound, a sulfur source, and a compound capable

of generating alkaline conditions when exposed to steam at a high temperature.

6. The chemical indicating composition according to claim 1, wherein the weight

percentage of the film-forming agent 1s 2-5%.

7. The chemical indicating composition according to claim 1, wherein the weight

percentage of the color changing composition 1s 20-35%.

8. An autoclave process indicator, comprising a substrate and the chemical indicating

composition according to any one¢ of claims 1 to 7 coated on the substrate.

9. The autoclave process indicator according to claim 8, wherein the substrate comprises

at least one of a tape, a plastic film, a paper, and a nonwoven fabric.

10. The autoclave process indicator according to claim 8, wherein the substrate comprises
an adhesive tape comprising an adhesive surface and a non-adhesive surface, and wherein the

chemical indicating composition 1s coated on the non-adhesive surface of the tape.

11. A method for preparing an autoclave process indicator, the method comprising:
coating the chemical indicating composition according to any one of claims 1 to 7 onto a

surface of a substrate to form an autoclave process indicator.

12. The method according to claim 11, wherein the substrate comprises an adhesive tape
comprising an adhesive surface and a non-adhesive surface, and wherein the chemical

indicating composition 1s coated on the non-adhesive surface of the tape.

13. The method according to claim 11, further comprising: heating the autoclave process

indicator.
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