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WATER-SOLUBLE FILM SEALING SOLUTIONS,
RELATED METHODS, AND RELATED ARTICLES

Cross Reference To Related Application

[0001] Priority is claimed to U.S. Provisional Application No. 61/830,969 (filed on June 4,

2013), which is incorporated herein by reference in its entirety.
Field of the Disclosure

[0002] The present disclosure relates generally to water-soluble films. More particularly,
the disclosure relates to sealing solutions for sealing water-soluble films, in particular low-
viscosity aqueous mixtures including one or more polymeric solvents such as polyols, which

solutions can be used to form sealed water-soluble articles containing various compositions.
Background

[0003] Water-soluble films are well known in the art. Water-soluble films have many
applications, including non-edible forms, such as packaging, and edible forms, wherein the
film itself is or contains an edible article. Edible films are known for uses such as delivery of
therapeutic agents, breath freshening agents, food ingredients including but not limited to
baking ingredients such as dough modifiers and flavors. The films can be formed into water-

soluble packets for storing or delivering various compositions, edible or non-edible.

[0004] Common methods for sealing water-soluble films formed into packets or pouches
include heat sealing and solution sealing. With heat sealing, pouches may be formed by
placing two sheets of water-soluble film together, heat-sealing three edges, filling with a
suitable composition, and then heat sealing the forth edge to form a sealed pouch. Ina
solution sealing process, solvent is applied to the film material to form a seal between the
solvated film and another film. Water is a common solvent for solution sealing of water-
soluble pouches because it is low cost, non-toxic, and readily available such that, when
applied at appropriate levels, it can result in strong seals which prevent solid/liquid leakage

from the resulting pouch.

[0005] While solution sealing can have advantages over heat sealing, solution sealing has
been found unsuitable for many water-soluble films. Some water-soluble films may form
solution seals with insufficient strength to maintain structural integrity during their useful
lives. In other cases, the water-soluble film may be relatively susceptible to rapid dissolution

by the sealing solution, thus destroying the film and/or preventing seal formation with
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sufficient strength. For example, on rapidly dissolving water-soluble films such as polyvinyl
alcohol, water can be too aggressive in dissolving the film, resulting in film burn-through and
preventing quality seal formation. For some water-soluble films, in particular for thin films
such as 1.5 mil-thick films, there is no known method or corresponding sealing solution for

effectively sealing the films.

Summary

[0006]) The disclosure generally relates to sealing solutions for sealing water-soluble films,
in particular aqueous mixtures including one or more polymeric solvents such as polyols. It
has been found that aqueous sealing solutions including a relatively dilute solvent for one or
more polymeric components of the water-soluble film (e.g., water-soluble polymeric
components thereof, such as polyvinyl alcohol (PVOH)) can exhibit one or more benefits,
including a reduction in dissolution of the film by the sealing solution (e.g., relative to water
alone, such as represented by an increased characteristic burn-through time), an increase in

- seal strength (e.g., relative to a seal formed by water alone, such as represented by a

characteristic peel strength), and embodiments including a combination of such benefits.

[0007] One aspect of the disclosure relates to a method for sealing a water-soluble film, the
method including:(a) applying a sealing solution to a first surface of a water-soluble film, the
sealing solution including (i) water, and (i1) a polyol having 3 or more hydroxyl groups,
wherein the sealing solution has a dynamic viscosity (us) less than 1.5 cP as measured at
20°C; and (b) contacting a second surface of a water-soluble film with the sealing solution on
the first surface for a time sufficient to form a seal between the first surface and the second

surface.

[0008] Another aspect of the disclosure relates to a method for sealing a water-soluble
film, the method including: (a) applying a sealing solution to a first surface of a water-soluble
film having an initial thickness less than about 50 pm and including a polyvinyl alcohol
copolymer consisting essentially of vinyl alcohol monomeric repeat units and vinyl acetate
monomeric repeat units, the sealing solution including (i) water, and (ii) a polyol present in
the sealing soiution in an amount ranging from about 2 wt.% to about 15 wt.%, the polyol
being selected from the group consisting of glycerol, erythritol, threitol, arabitol, xylitol,

ribitol, mannitol, sorbitol, galactitol, fucitol, iditol, inositol, volemitol, isomalt, maltitol,
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lactitol, and combinations thereof, wherein the sealing solution has a dynamic viscosity (us)
less than 1.5 cP as measured at 20°C; and (b) contacting a second surface of a water-soluble
film having an initial thickness less than about 50 um and including a polyvinyl alcohol
copolymer consisting essentially of vinyl alcohol monomeric repeat units and vinyl acetate
monomeric repeat units with the sealing solution on the first surface for a time sufficient to

form a seal between the first surface and the second surface.

[0009]  Another aspect of the disclosure relates to a method for sealing a water-soluble
film, the method including: (a) applying a sealing solution to a first surface of a water-soluble
film, the sealing solution including (i) water, and (ii) a solvent for at least one polymeric
component of the water-soluble film, wherein (A) the solvent and the polymeric component
have a solubility radius (Ra) of about 5 or less as defined by equation (I):

(Ra)’ = 4(3ps - 3p,p)’ + (Brs - Spp) + (Bus - Sup)’ )
where Op s 1s the solvent dispersive force, Spp is the polymeric component dispersive force,
Op,s 18 the solvent polar force, dpp is the polymeric component polar force, dy s is the solvent
hydrogen bonding force, and &y p is the polymeric component hydrogen bonding force, each
of which is determined by a consistent method of Hansen solubility parameter evaluation, and
(B) the sealing solution has a dynamic viscosity (u,) less than 1.5 cP as measured at 20°C;
and (b) contacting a second surface of a water-soluble film with the sealing solution on the
first surface for a time sufficient to form a seal between the first surface and the second

surface.

[0010] In another aspect, the disclosure relates to a method for forming a sealed water-
soluble packet containing a composition, the method including: performing a method for
sealing a water-soluble film atcording to any of the disclosed embodiments, wherein (i) the
water-soluble film of at least one of the first surface and the second surface defines a volume
at least partially enclosing a composition, and (ii) forming the seal creates the scaled water-

soluble packet containing the composition.

[0011] In another aspect, the disclosure relates to an article such as a sealed water-soluble
packet, the article including: (a) a first surface of a water-soluble film sealed to a second
surface of a water-soluble film at an interfacial region between the first surface and the
second surface; and (b) a polyol having 3 or more hydroxyl groups present in the interfacial
region at a local concentration substantially higher than a bulk concentration of the polyol in

the water-soluble film and outside of the interfacial region.
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[0012] In another aspect, the disclosure relates to an article such as a sealed water-soluble
packet, the article including: (a) a first surface of a water-soluble film sealed to a second
surface of a water-soluble film at an interfacial region between the first surface and the
second surface, wherein the water-soluble film for each of the first surface and the second
surface has an initial thickness less than about 50 um and includes a polyvinyl alcohol
copolymer consisting essentially of vinyl alcohol monomeric repeat units and vinyl acetate
monomeric repeat units; and (b) a polyol present in the interfacial region at a local
concentration substantially higher than a bulk concentration of the polyol in the water-soluble
film and outside of the interfacial region, the polyol being selected from the group consisting
of glycerol, erythritol, threitol, arabitol, xylitol, ribitol, mannitol, sorbitol, galactitol, fucitol,

iditol, inositol, volemitol, isomalt, maltitol, lactitol, and combinations thereof.

[0013] In another aspect, the disclosure relates to an article such as a sealed water-soluble
packet, the article including: (2) a first surface of a water-soluble film sealed to a second
surface of a water-soluble film at an interfacial region between the first surface and the
second surface; and (b) a solvent for at least one polymeric component of the water-soluble
film present in the interfacial region at a local concentration substantially higher than a bulk
concentration of the solvent in the water-soluble film and outside of the interfacial region,
wherein the solvent and the polymeric component have a solubility radius (Ra) of about 5 or
less as defined by equation (I):

(Ra)” = 4(8p,s - 3p,p)” + (Bess - Opp)” + (Buis - Sup)’ M
where 8p g is the solvent dispersive force, dpp is the polymeric component dispersive force,
Op,s is the solvent polar force, Spp is the polymeric component polar force, 8y s is the solvent
hydrogen bonding force, and 8y p is the polymeric component hydrogen bonding force, each

of which is determined by a consistent method of Hansen solubility parameter evaluation.

[0014] Optionally, the water-soluble films of each aspect can be formed (e.g.,
thermoformed) into a pouch, for example so that the pouch can be filled with a suitable
composition and subsequently sealed into a water-soluble packet containing the composition

using the disclosed solvent sealing solutions and related methods.

[0015] Further aspects and advantages will be apparent to those of ordinary skill in the art
from a review of the following detailed description and accompanying drawings. While the
compositions and methods are susceptible of embodiments in various forms, the description

hereafter includes specific embodiments with the understanding that the disclosure is
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illustrative, and is not intended to limit the invention to the specific embodiments described

herein.

Description of the Drawings

[0016] The following detailed description of the various disclosed methods, processes,

compositions, and articles refers to the accompanying drawings in which:

[0017] Figure 1 is a side cross-sectional view of a sealed water-soluble packet, which

illustrates corresponding methods for sealing a water-soluble film according to the disclosure.

[0018] Figure 2 is a qualitative concentration profile along line P of Figure 1 illustrating
local concentrations of sealing solution components and water-soluble film components in

bulk and seal-interfacial regions of a sealed water-soluble film.

[0019] Figure 3 includes graphs and tables illustrating (2) the burn-through time and (b)
the seal peel strength for PVOH copolymer Film A as a function of glycerin concentration for

glycerin-in-water sealing solutions according to the disclosure.

[0020] Figure 4 includes graphs and tables illustrating (a) the burn-through time and (b)
the seal peel strength for PVOH copolymer Film B as a function of glycerin concentration for

glycerin-in-water sealing solutions according to the disclosure.

[0021] Figure 5 includes graphs and tables illustrating (2) the burn-through time and (b)
the seal peel strength for PVOH copolymer Film C as a function of glycerin concentration for

glycerin-in-water sealing solutions according to the disclosure.

[0022] Figure 6 includes graphs and tables illustrating (a) the burn-through time and (b)
the seal peel strength for PVOH homopolymer Film D as a function of glycerin concentration

for glycerin-in-water scaling solutions according to the disclosure.

[0023] Figure 7 includes graphs and tables illustrating (a) the burn-through time and (b)
the seal peel strength for PVOH homopolymer Film E as a function of glycerin concentration

for glycerin-in-water sealing solutions according to the disclosure.

[0024] Figure 8 includes graphs illustrating the burn-through time and the seal peel
strength for PVOH homopolymer Film F for glycerin-in-water sealing solutions according to

the disclosure (a) at low concentrations and (b) and high concentrations.

[0025] Figure 9 includes graphs illustrating the burn-through time and the seal peel

strength for PVOH homopolymer Film F for 2-methyl-1,3-propancdiol (MP diol)-in-watcr
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sealing solutions according to the disclosure (a) at low concentrations and (b) and high

concentrations.

[0026] Figure 10 includes graphs illustrating the burn-through time and the seal peel
strength for PVOH homopolymer Film F for propylene glycol-in-water sealing solutions

according to the disclosure (a) at low concentrations and (b) and high concentrations.

[0027] Figure 11 includes a graph illustrating the burn-through time and the seal peel
strength for PVOH homopolymer Film F for mannitol-in-water sealing solutions according to

the disclosure (a) at low concentrations.

[0028] Figure 12 includes graphs illustrating the burn-through time and the seal peel
strength for PVOH homopolymer Film F for sorbitol-in-water sealing solutions according to

the disclosure (a) at low concentrations and (b) and high concentrations.

[0029] Figure 13 includes graphs illustrating the burn-through time and the seal peel
strength for PVOH homopolymer Film F for xylitol-in-water sealing solutions according to

the disclosure (a) at low concentrations and (b) and high concentrations.
Detailed Description

[0030] Disclosed herein are sealing solutions for sealing water-soluble films. The sealing
solutions include water and a solvent for one or more polymeric components of the water-
soluble film to be sealed. As used in the context of the sealing solution, a “solvent” refers to
a compound generally capable of forming a liquid or solid solution with the polymeric
component of the film. As described below, an extent of solubility between the solvent and
polymeric component can be characterized by a solubility radius parameter. The solvent
need not necessarily be a liquid at room temperature or seal-forming temperature (e.g., it can
be a liquid or solid at such temperatures). The solvent suitably is soluble in water at the
concentration used in the sealing solution. Examples of suitable solvents include polyols
having 3 or more hydroxyl (-OH) groups, for example for soluble films including polyviny!

alcohol or other water-soluble polymer components.

[0031] The aqueous sealing solution suitably includes one or more such solvents at
relatively dilute concentrations, generally resulting in a sealing solution viscosity at or near
(e.g., slightly above) that of water. Even at a relatively dilute solvent concentration, the
aqueous sealing solution can exhibit one or more benefits relative to water alone as a sealant,

including a reduction in dissolution of the film by the sealing solution and an increase in seal
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strength. In some cases, the sealing solution can permit the formation of seal for a particular
film where no solution seal would otherwise be possible using water alone (e.g., providing a
sufficient increase in burn-though time to permit the formation of a complete seal, even
though such seal might have a relatively low absolute seal strength limiting its use in certain
applications). The disclosed sealing solutions and corresponding methods can be used to
form various sealed articles, for example sealed water-soluble packets containing various
compositions such as human and animal ingestible items, personal care compositions and

cleaning compositions.

[0032] The sealing solution, sealed films, and related methods are contemplated to include
embodiments including any combination of one or more of the additional optional elements,
features, and steps further described below (including those shown in the figures and

Examples), unless stated otherwise.

[0033]  As used herein, the term “homopolymer” generally includes polymers having a
single type of monomeric repeating unit (e.g., a polymeric chain consisting of or consisting
essentially of a single monomeric repeating unit). For the particular case of PVOH, the term
“homopolymer” (or “PVOH homopolymer”) further includes copolymers having a
distribution of vinyl alcohol monomer units and vinyl acetate monomer units, depending on
the degree of hydrolysis (e.g., a polymeric chain consisting of or consisting essentially of
vinyl alcohol and vinyl acetate monomer units). In the limiting case of 100% hydrolysis, a

PVOH homopolymer can include a true homopolymer having only vinyl alcohol units.

[0034] Asused herein, the term “copolymer” generally includes polymers having two or
more types of monomeric repeating units (e.g., a polymeric chain consisting of or consisting
essentially of two or more different monomeric repeating units, whether as random
copolymers, block copolymers, etc.). For the particular case of PVOH, the term “copolymer”
(or “PVOH copolymer”) further includes copolymers having a distribution of vinyl alcohol
monomer units and vinyl acetate monomer units, depending on the degree of hydrolysis, as
well as at least one other type of monomeric repeating unit (e.g., a ter- (or higher) polymeric
chain consisting of or consisting essentially of vinyl alcohol monomer units, vinyl acetate
monomer units, and one or more other monomer units). In the limiting case of 100%
hydrolysis, a PVOH copolymer can include a copolymer having vinyl alcohol units and one

or more other monomer units, but no vinyl acetate units.



WO 2014/197415 PCT/US2014/040593

8

[0035]  As used herein, the term “comprising” indicates the potential inclusion of other

agents, elements, steps, or features, in addition to those specified.

[0036] As used herein, “favorable solubility” refers to a film according to the disclosure
herein that, at about 2.0 mils thick, completely dissolves in less than 50 seconds, preferably

less than 40 and most preferably less than 30 seconds in water at 23 °C.

[0037] As used herein and unless specified otherwise, the terms “wt.%” and “wt%” are
intended to refer to the composition of the identified element in “dry” (non water) parts by
weight of the entire film (when applicable) or parts by weight of the entire composition
enclosed within a pouch (when applicable). As used herein and unless specified otherwise,
the term “phr” is intended to refer to the composition of the identified element in parts per
one hundred parts water-soluble polymer (or resin, whether PVOH or otherwise) in the

water-soluble film.

[0038] All ranges set forth herein include all possible subsets of ranges and any
combinations of such subset ranges. By default, ranges are inclusive of the stated endpoints,
unless stated otherwise. Where a range of values is provided, it is understood that eaéh
intervening value between the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within the disclosure. The upper and
lower limits of these smaller ranges may independently be included in the smaller ranges, and
are also encompassed within the disclosure, subj ect to any specifically excluded limit in the
stated range. Where the stated range includes one or both of the limits, ranges excluding

either or both of those included limits are also contemplated to be part of the disclosure.

Sealing Solution

[0039] The sealing solution includes water and a solvent for one or more polymeric
components of the water-soluble film, generally in the form of an aqueous solution. In one
type of embodiment, the sealing solution includes water and a solvent for the primary
polymeric component of the water-soluble film (e.g. highest concentration polymeric
component, by weight, based on the entire weight of the film). As noted above, the solvent
can be a liquid or solid in its natural state at typical sealing temperatures, and it is capable of
forming a liquid or solid solution with its corresponding polymeric component(s) of the
water-soluble film. The sealing solution can include more than one solvent, for example

where multiple solvents are selected for their compatibility with a particular polymeric
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component. Alternatively or additionally, multiple solvents can be used when the water-
soluble film has multiple polymeric components (e.g., where different solvents are selected

for their solubility characteristics with respect to different polymeric components).

[0040] The sealing solution has been found to be effective as a relatively dilute aqueous
solvent solution, both in terms of its ability to increase burn-through resistance and increase
seal strength. For example, solvent concentration ranges of about 2 wt.% to about 15 wt.% or
about 5 wt.% to about 10 wt.% in the sealing solution can be effective. More generally, the
solvent can be present at levels of at least about 2, 4, 5, 8, or 10 wt.% and/or up to about 8,
10, 12, 15, 20, 30, 40, or 50 wt.% relative to the total sealing solution. The foregoing
amounts and ranges can apply individually to specific solvents or collectively to all solvents
when more than one type of solvent is included in the sealing solution. Analogous to the
solvent, water concentration ranges of about 85 wt.% to about 95 wt.% or about 90 wt.% to
about 95 wt.% in the sealing solution can be effective. More generally, water can be present
at levels of at least about 50, 60, 70, 80, 88, 90, or 92 wt.% and/or up to about 90, 92, 95, 96,
or 98 wt.% relative to the total sealing solution. Alternatively or additionally, the relatively
dilute nature of the sealing solution can be reflected by the dynamic viscosity of the sealing
solution (u), which is generally at or near (¢.g., slightly above) the viscosity of water at a
corresponding temperature. For example, a suitable sealing solution viscosity at a 20°C
reference temperature can be less than 1.5 cP or range from about 1 cP to about 1.4 cP or
1.45 cP (e.g., more generally being at least about 0.5, 1, 1.1, or 1.2 cP and/or up to about 1.1,
1.2,1.3,1.4, or 1.45 cP). At different reference temperatures (Tg), the sealing solution
viscosity (ug) relative to the corresponding water viscosity (uw) can alternatively be
expressed as a ratio (1s/lw) of less than 1.5 (e.g., more generally being at least about 0.5, 1,
1.1, or 1.2 and/or up to about 1.1, 1.2, 1.3, 1.4, or 1.45).

[0041] The specific solvents of the sealing solution are not particularly limited, and they
generally include small organic molecules having one or more (e.g., at least 2 or 3 or more)
polar functional groups (e.g., oxygen- or nitrogen-containing groups, such as hydroxyl groups
or (1°, 2°, or 3°) amino groups) which promote the solvent’s compatibility with the aqueous
sealing solution medium and polar functional groups of the polymeric component in the
water-soluble film, where such polymeric functional groups can be the same or different from
those in the solvent. A specific solvent can contain 2 to 12 carbon atoms (e.g., 3 to 6, 8, or 10

carbon atoms, such as 3, 4, 5, or 6 carbon atoms). Alternatively or additionally the solvent
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can contain 2 or 3 to 12 polar functional groups (e.g., 2 or 3 to 6, 8, or 10 polar groups, such
as 3, 4, 5, or 6 polar groups), whether hydroxyl, amino, otherwise, or a combination thereof.
In certain embodiments, the solvent can be a suitable plasticizer for the polymeric
component(s) of the water-soluble film, whether or not the selected solvent is present as such

in a particular film to be sealed.

[0042] Polyols having 3 or more hydroxyl groups (-OH) represent a suitable class of
solvents for various water-soluble films. For example, polyols are suitable for water-soluble
films containing PVOH (e.g., homopolymers thereof) as the sole or major polymeric
component (e.g., at least about 50, 60, 75, 85, or 95 wt.% relative to the film as a whole or all
polymeric components thereof). Examples of suitable polyols include various sugar alcohols
including glycerin (glycerol), erythritol, threitol, arabitol, xylitol, ribitol, mannitol, sorbitol,
galactitol, fucitol, iditol, inositol, volemitol, isomalt, maltitol, lactitol, and combinations
thereof. Such polyols at relatively low concentrations in water (e.g., about 2 wt.% to about
15 wt.%. or about 5 wt.% to about 10 wt.%) generally exhibit low sealing solution viscosities.
For example, 5 wt.% and 10 wt.% glycerin-in-water solutions have viscosities of about 1.2 cP
and about 1.3 cP, respectively. Examples of suitable amino-functional solvents for various
water-soluble ﬁlms. (e.g., with amino-functional components or otherwise) include linear
(poly)ethyleneamines including ethylenediamine, diethylenetriamine (DETA), and
triethylenetetramine (TETA).

[0043] Asillustrated in the examples below, in one class of embodiments, a solvent can be
selected and characterized based on its polymeric compatibility in terms of a Hansen
solubility radius (Ra) parameter. Hansen solubility parameters (HSP) are a recognized tool
for understanding and identifying relatively good and poor solvents for many materials,
including polymers. The solubility characteristics of a material can be characterized by three
individual forces: dispersive forces (8p), polar forces (8p), and hydrogen bonding forces (8y).
The individual forces can be combined into a total cohesive energy value (37) as shown in
Equation 1:

(61 = (80)" + (3p)" + (3w)". M
In addition to representative solubility parameters for a single component, a solubility radius
(Ra) can be used to chare;cterize the relative solubility of two materials with respect to cach
other. For the specific case of sealing solution solvent (S) and a water-soluble film polymeric

component (P), the solubility radius (Ra) can be expressed as shown in Equation 2:
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(Ra)’ = 4(3p;s - 8p,p)’ + (Br,s - Bep)’ + (Bms - Sup). ©)
In Equation 2, dps is the solvent dispersive force, Spp is the polymeric component diépersive
force, dp,s is the solvent polar force, dpp is the polymeric component polar force, Sys is the
solvent hydrogen bonding force, and 8y p is the polymeric component hydrogen bonding
force. If the solubility radius (or distance) between two materials is 0, then they have the
same Op, Op, and Oy coordinates, and they are soluble in each other. The further apart they
are, the less likely they are to be soluble in each in each other. Calculations for evaluating the
various HSP values can be performed using a commercially available software package such
as HSPIP (available from the Hansen Solubility Parameters internet site, currently in the 4™
edition). Experimentally good solvents and poor solvents can be tested, and the HSP
coordinates dp, Op, and Oy for a material can be experimentally determined. Alternatively, the
individual HSP coordinates dp, 0p, and 3y can be computed using the Y-MB methodology
(included in the HSPIP software). Regardless of the method selected for HSP parameter
estimation, a consistent method is suitably used for all solvents and polymeric components of

interest.

[0044] The solubility radius between the sealing solution solvent and at least one (water-
soluble) polymeric component in the water-soluble film is suitably small, for example about 5
or less. In various embodiments, the solubility radius suitably ranges from about 1 to about
5, or, more generally, can be at least about 1, 2, or 3 and/or up to about 4, 4.5, or 5. In cases
where the sealing solution includes more than one solvent, each of the solvents suitably has a
solubility radius of about 5 or less with respect to a water-soluble polymeric component in
the water-soluble film. In cases where the water-soluble film includes more than one water-
soluble polymeric component, the solvent suitably has a solubility radius of about 5 or less
with respect to at least one of the water-soluble polymeric components and optionally with
respect to the primary water-soluble polymeric component. In embodiments, the solvent can
have a solubility radius of about 5 or less with respect to the majority of the water-soluble
polymeric components. In embodiments, the solvent can have a solubility radius of about 5
or less with respect to all water-soluble polymeric components. Where there are multiple
solvents and water-soluble polymeric components, individual solvents can be‘selected for
solubility compatibility with at least one water-soluble polymeric component.  For example,
in one type of embodiment all water-soluble polymeric components have at least one

corresponding compatible solvent in the sealing solution. While the foregoing values and
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ranges for the solubility radius may be used independently of the particular solvent and
water-soluble polymeric component to characterize the compatibility of a particular solvent-
polymer pair, suitable HSP coordinate values for PVOH/polyol systems include (a) a dp g
value of at least about 10 and/or up to about 12 or 15, and/or (b) a 8y,s value of at least about

22 or 25 and/or up to about 30 or 33.

[0045] The scaling solution is suitably a mixture including water and the solvent(s) as its
only or major components. In optional embodiments, additional additives may be present in
small amounts (e.g., up to about 1 wt.% or 2 wt.%, such as about 0.01 wt.% to about 2 wt.%
or about 0.1 wt.% to about 1 wt.%). For example, a surfactant (e.g., those described below
for inclusion in the water-soluble film) may be added to improve the wetting properties of the
sealing solution as it is applied to a film surface prior to sealing. The sealing solution can be
free of added water-soluble polymers (e.g., whether as water-soluble film-forming polymers,
as components of the water-soluble film, or otherwise); however, some resin or polymer may
be present at equilibrium or contamination values based on the accumulation of residual
amounts of the resin or polymer in the forming and/or sealing equipment during film
processing. In other, non-exclusive optional embodiments, the sealing solution can further
include a plasticizing additive other than the solvents (e.g., polyols) described above, for
example at levels less than and/or comparable to those for the solvent. Examples include
various organic diols and/or glycols such as 1,2-ethanediol (ethylene glycol), 1,3-
propanediol, 1,2-propanediol, 1,4-butanediol (tetramethylene glycol), 1,5-pantanediol
(pentamethylene glycol), 1,6-hexanediol (hexamethylene glycol), 2,3-butanediol, 1,3-
butanediol, 2-methyl-1,3-propanediol, various polyethylene glycols (e.g., diethylene glycol,

triethylene glycol), and combinations thereof.

Water-Soluble Films

[0046] Water-soluble films, optional ingredients for use therein, and methods of making
the same are well known in the art. In one class of embodiments, the water-soluble film
includes polyvinyl alcohol (PVOH), including homopolymers thereof (e.g., including
substantially only vinyl alcohol and vinyl acetate monomer units) and copolymers thereof
(e.g., including one or more other monomer units in addition to vinyl alcohol and vinyl
acetate units). PVOH is a synthetic resin generally prepared by the alcoholysis, usually
termed hydrolysis or saponification, of polyvinyl acetate. Fully hydrolyzed PVOH, wherein

virtually all the acetate groups have been converted to alcohol groups, is a strongly hydrogen-
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bonded, highly crystalline polymer which dissolves only in hot water -- greater than about
140 °F (60 °C). If a sufficient number of acetate groups are allowed to remain after the
hydrolysis of polyvinyl acetate, the PVOH polymer then being known as partially
hydrolyzed, it is more weakly hydrogen-bonded and less crystalline and is soluble in cold
water -- less than about 50 °F (10 ° C). An intermediate cold or hot water soluble film can
include, for example, intermediate partially-hydrolyzed PVOH (e.g., with degrees of
hydrolysis of about 94% to about 98%), and is readily soluble only in warm water— e.g.,
rapid dissolution at temperatures of about 40 °C and greater. Both fully and partially
hydrolyzed PVOH types are commonly referred to as PVOH homopolymers although the
partially hydrolyzed type is technically a vinyl alcohol-vinyl acetate copolymer.

[0047] The degree of hydrolysis (DH) of the PVOH included in the water-soluble films of
the present disclosure can be about 75% to about 99%. As the degree of hydrolysis is
reduced, a film made from the resin will have reduced mechanical strength but faster
solubility at temperatures below about 20°C. As the degree of hydrolysis increases, a film
made from the resin will tend to be mechanically stronger and the thermoformability will
tend to decrease. The degree of hydrolysis of the PVOH can be chosen such that the water-
solubility of the resin is temperature dependent, and thus the solubility of a film made from
the resin, compatibilizer polymer, and additional ingredients is also influenced. In one class
of embodiments the film is cold water-soluble. A cold water-soluble film, soluble in water at
a temperature of less than 10 °C, can include PVOH with a degree of hydrolysis in a range of
about 75% to about 90%, or in a range of about 80% to about 90%, or in a range of about
85% to about 90%. In another class of embodiments the film is hot water-soluble. For
example, a hot water-soluble film is advantageous for edible applications such as water-
soluble packets enclosing a hot food item, e.g. oatmeal, cocoa, or soup mix. A hot water-
soluble film, soluble in water at a temperature of at least about 60 °C, can include PVOH with
a degree of hydrolysis of at least about 98%. In some embodiments, the film is intended to
by edible, for example by humans. In such cases, the particular degree of hydrolysis may be
selected to conform with local, state, or federal laws or regulations relating to approved
degrees of hydrolysis for human or other animal consumption. For example, the skilled
artisan will recognize that PVOH film approved for human consumption (currently) includes
those with nominally an 88% degree of hydrolysis, for example a degree of hydrolysis of
about 86.5% to about 89%. '
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[0048] Other film-forming, water soluble resins for use in addition to or in an alternative to
PVOH can include, but are not limited to modified polyvinyl alcohols, polyacrylates, water-
soluble acrylate copolymers, polyvinyl pyrrolidone, polyethyleneimine, pullulan, water-
soluble natural polymers including, but not limited to, guar gum, xanthan gum, carrageenan,
and starch, water-soluble polymer derivatives including, but not limited to, ethoxylated starch
and hydroxypropylated starch, copolymers of the forgoing and combinations of any of the
foregoing. Yet other water-soluble polymers can include polyalkylene oxides,
polyacrylamides, polyacrylic acids and salts thereof, celluloses, cellulose ethers, cellulose
esters, cellulose amides, polyvinyl acetates, polycarboxylic acids and salts thereof,
polyaminoacids, polyamides, gelatines, methylcelluloses, carboxymethylcelluloses and salts
thereof, dextrins, ethylcelluloses, hydroxyethyl celluloses, hydroxypropyl methylcelluloses,
maltodextrins, and polymethacrylates. Such water-soluble, film-forming resins, whether
PVOH or otherwise are commercially available from a variety of sources. In general, the

water-soluble film can include copolymers and/or blends of the foregoing resins.

[0049] The water-soluble, film-forming polymers can be included in the film composition
in an amount in a range of about 30 wt.% to about 90 wt.%, for example. The weight ratio of
the amount of the water-soluble polymer as compared to the combined amount of all
plasticizers, compatibilizing agents, and secondary additives can be in a range of about 0.5 to

about 9, about 0.5 to about 5, or about 1 to 3, or about 1 to 2, for example.

[0050] Water-soluble polymers for use in the films described herein (including, but not
limited to PVOH polymers) can be characterized by a viscosity in a range of about 3.0 to
about 27.0 cP, or about 3.0 cP to about 15 cP, or about 6.0 to about 10.0 cP. The viscosity of
a PVOH polymer is determined by measuring a freshly made solution using a Brookfield LV
type viscometer with UL adapter as described in British Standard EN 1SO 15023-2:2006
Annex E Brookfield Test method. It is international practice to state the viscosity of 4%
aqueous polyvinyl alcohol solutions at 20 °C. Polymeric viscosities specified herein in cP
should be understood to refer to the viscosity of a 4% aqueous water-soluble polymer

solution at 20 °C, unless specified otherwise.

[0051] Itis well known in the art that the viscosity of a water-soluble polymer (PVOH or
otherwise) 1s correlated with the weight-average molecular weight (—f\/_[w) of the same

polymer, and often the viscosity is used as a proxy for Mw. Thus, the weight-average
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molecular weight of the water-soluble, film-forming polymer can be in a range of about

30,000 to about 175,000, or about 30,000 to about 100,000, or about 55,000 to about 80,000.

[0052] The water-soluble film can contain other auxiliary agents and processing agents,
such as, but not limited to, plasticizers, plasticizer compatibilizers, lubricants, release agents,
fillers, extenders, cross-linking agents, antiblocking agents, antioxidants, detackifying agents,
antifoams, nanoparticles such as layered silicate-type nanoclays (¢.g., sodium
montmorillonite), bleaching agents (e.g., sodium metaBisulﬁte, sodium bisulfite or others),
and other functional ingredients, in amounts suitable for their intended purposes.
Embodiments including plasticizers are preferred. The amount of such agents can be up to
about 50 wt. %, 20 wt %, 15 wt %, 10 wt %, 5 wt. %, 4 wt % and/or at least 0.01 wt. %, 0.1
wt %, 1 wt %, or 5 wt %, individually or collectively.

[0053] The plasticizer can include, but is not limited to, glycerin, diglycerin, ethylene
glycol, diethylene glycol, triethylene glycol,} tetraethylene glycol, propylene glycol,
polyethylene glycols up to 400 MW, neopentyl glycol, trimethylolpropane, polyether polyols,
2-methyl-1,3-propanediol, lactic acid, ethanolamines, and a mixture thereof. Such
plasticizers (e.g., whether in liquid form at room temperature or otherwise) can be included in
the water-soluble films in amounts ranging from about 25 phr to about 50 phr, about 30 phr to
about 45 phr, or about 35 phr to about 40 phr, whether for a single plasticizer or a
combination of plasticizers. In various embodiments, the water-soluble film can alternatively
or additionally include sugar alcohol plasticizers that are solid at room temperature, for
example including isomalt, maltitol, sorbitol, xylitol, erythritol, adonitol, dulcitol,
pentaerythritol, mannitol and combinations thereof. The sugar alcohol plasticizers can be
included in the water-soluble films in amounts ranging from about 5 phr to about 35 phr,
about 5 phr to about 25 phr, about 10 phr to about 20 phr, or about 10 phr to about 15 phr,
whether for a single sugar alcohol plasticizer or a combination of sugar alcohol plasticizers.
The total amount of the plasticizer (e.g., liquid, solid, sugar alcohol, or otherwise) can be in a
range of about 10 wt. % to about 40 wt. %, or about 15 wt. % to about 35 wt. %, or about 20
wt. % to about 30 wt. %, for example about 25 wt. %.

[0054] Water-soluble films of the present disclosure can include a compatibilizing agent
for the sugar alcohol plasticizer that is a solid at room temperature. The compatibilizing
agent can be included in the water-soluble films in amounts ranging from about 10 phr to

about 25 phr, about 13 phr to about 22 phr, or about 15 phr to about 20 phr, whether for a
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single compatibilizing agent or a combination of compatibilizing agents. The amount of
compatibilizing agent alternatively or additionally can be expressed as ratio ranging from
about 2:1 to about 1:2 relative to the sugar alcohol plasticizer. Suitable compatibilizers
include, but are not limited to, cellulose ethers such as methylcellulose, hydroxypropyl
methylcellulose, carboxymethyl cellulose, salts thereof, polysaccharides of pectin,
polysaccharides of sodium alginate, modified starches such as acid-modified,
hydroxypropylated starches (e.g., Pure-Cote B760 or B790 available from Grain Processing
Corporation, Muscatine, lowa), hydroxyethyl starches (e.g., Ethylex 2035 available from Tate
& Lyle Ingredients Americas LLC, 2200 E. Eldorado Street, Decater, IL), and combinations
of any of the foregoing. In one class of embodiments, the compatibilizer comprises sodium
carboxymethyl cellulose (CMC). The degree of substitution of the CMC can be from about
0.60 to about 0.95, for example. As used herein, “degree of substitution” refers to the
number of hydroxyl groups that have been substituted with a sodium carboxymethyl group
(CH,COO (Na)) per monomer unit. In one type of embodiment, the viscosity of a 2%
aqueous solution of CMC is in a range of about 20 to about 80 cP, as measured at 25°C on a
Brookfield LVT viscometer. In another class of embodiments, the compatibilizer comprises
a hydroxypropylated starch. In one type of embodiment, the hydroxypropylated starch can
have a 9.1% moisture content, a pH of about 6.3, an ash content of 0.20 wt.% and a protein
content of 0.173 wt.%. In another class of embodiments, the compatibilizing agent comprises
a hydroxyethyl starch. The level of ethoxylation can be from about 2 wt.% to about 3 wt.%,
for example, as the total weight of the substituent units divided by the total weight of the

polymer.

[0055] Suitable surfactants can include the nonionic, cationic, anionic and zwitterionic
classes. Suitable surfactants include, but are not limited to, polyoxyethylenated
polyoxypropylene glycols, alcohol ethoxylates, alkylphenol ethoxylates, tertiary acetylenic
glycols and alkanolamides (nonionics), polyoxyethylenated amines, quaternary ammonium
salts and quaternized polyoxyethylenated amines (cationics), and amine oxides, N-
alkylbetaines and sulfobetaines (zwitterionics). Other suitable surfactants include dioctyl
sodium sulfosuccinate, lactylated fatty acid esters of glycerol and propylene glycol, lactylic
esters of fatty acids, sodium alkyl sulfates, polysorbate 20, polysorbate 60, polysorbate 65,
polysorbate 80, lecithin, acetylated fatty acid esters of glycerol and propylene glycol, and

acetylated esters of fatty acids, and combinations thereof. In various embodiments, the
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amount of surfactant in the water-soluble film is in a range of about 0.1 wt % to 2.5 wt %,

optionally about 1.0 wt % to 2.0 wt %.

[0056] The water-soluble film can further have a residual moisture content of at least 4 wt.

%, for example in a range of about 4 to about 10 wt. %, as measured by Karl Fischer titration.

[0057] Other features of water-soluble films may be found in U.S. Publication No.
2011/0189413 and U.S. Application No. 13/740,053, both of which are incorporated by

reference herein in their entireties.

[0058] A class of embodiments of the water-soluble films according to the present
disclosure is characterized by the water-soluble film being edible, for example when
including sugar alcohol plasticizers and compatibilizers therefor. In this class of
embodiments the water-soluble polymers can include, can consist essentially of, or can
consist of one or more of PVOH, modified PVOH, water-soluble natural polymers including,
but not limited to, guar gum, xanthan gum, carrageenan, and starch, water-soluble polymer
derivatives including, but not limited to, ethoxylated starch and hydroxypropylated starch,
copolymers of the forgoing, and combinations of the forgoing. Optional ingredients for
inclusion in water-soluble films according to the disclosure include one or more of
plasticizers that are liquid at room temperature, surfactants, compatibilizers, co-polymers, and
co-film formers, for example. Liquid plasticizers can include, consist essentially of, or
consist of one or more of glycerol, diglycerol, propylene glycol, low molecular weight
polyethylene glycol (e.g., having a liquid consistency, for example having a molecular weight
such as 200, 300, and 600), monoacetin, triacetin, triethyl citrate, and 1,3-butanediol.
Surfactants can include, consist essentially of, or consist of dioctyl sodium sulfosuccinate,
lactylated fatty acid esters of glycerol and propylene glycol, lactylic esters of fatty acids,
sodium alkyl sulfates, polysorbate 20, polysorbate 60, polysorbate 65, polysorbate 80,
lecithin, acetylated fatty acid esters of glycerol and propylene glycol, and acetylated esters of
fatty acids, for example. Film formers can include, consist essentially of, or consist of one or
more of pullulan, pectin, starch, gelatin, sodium alginates and modified starches. Other
optional ingredients will be apparent to one of ordinary skill in the art in view of the present
disclosure. Components for inclusion in edible water soluble films can be those designated
as “Generally Recognized as Safe” (GRAS) by the United States Food and Drug
Administration, and/or components with assigned, allowable E-numbers in the European

Union, and/or components that are not vet designated as GRAS or E-numbered but have gone
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through proper testing and have been demonstrated as safe for human consumption in the

amounts proposed for use in the film.

Shaping and Sealing

[0059] The disclosed sealing solution can be used to seal to water-soluble film surfaces -
with or without the application of heat and/or pressure thereto, for example according to
conventional film processing techniques. Prior to sealing, the water-soluble film(s) can be
shaped according to various processes known in the art, such as by using heat in a
thermoforming process. The heat may be applied using any suitable means. For example, the
film may be heated directly by passing it under a heating element or through hot air, prior to
feeding it onto a surface or once on a surface. Alternatively, it may be heated indirectly, for
example by heating the surface or applying a hot item onto the film. In some embodiments,
the film is heated using an infrared light. The film may be heated to a temperature of about 50
to about 150°C, about 50 to about 120°C, about 60 to about 130°C, about 70 to about 120°C,
or about 60 to about 90°C. Alternatively, the film can be wetted by any suitable means, for
example directly by spraying a wetting agent (including water, a solution of the film
composition, a plasticizer for the film composition, or any combination of the foregoing) onto
the film, prior to feeding it onto the surface or once on the surface, or indirectly by wetting

the surface or by applying a wet item onto the film.

[0060]  Once a film has been heated and/or wetted, it may be drawn into an appropriate
mold, preferably using a vacuum. The filling of the molded film with a suitable composition
can be accomplished by utilizing any suitable means. In some embodiments, the most
preferred method will depend on the product form and required speed of filling. In some
embodiments, the molded film is filled by in-line filling techniques. The filled, open packets
are then closed forming the pouches, using a second film, by any suitable method. This may
be accomplished while in horizontal position and in continuous, constant motion. The closing
may be accomplished by continuously feeding a second film, preferably water-soluble film,
over and onto the open packets and then preferably sealing the first and second film together,

typically in the arca between the molds and thus between the packets.

[0061] Methods according to the disclosure utilize the sealing solution in any of its various
embodiments to form a seal between two film surfaces. Other forms of sealing, including
heat sealing, can be used in addition to solution sealing. Typically, only the film area which

1s to form the seal (including some optional excess margin) 1s treated with heat or sealing
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solution. The heat or sealing solution can be applied by any method, typically on the closing
film material, and typically only on the areas which are to form the seal. Solution sealing
methods preferably include selectively applying the sealing solution onto the area between
the molds (e.g., matching mold surfaces), or on the closing film material, for example by
spraying or printing this onto these areas, and then applying pressure onto these areas, to
form the seal. Sealing rolls and belts as described above (optionally also providing heat) can

be used.

[0062] The formed water-soluble packets or pouches may then be cut by a cutting device.
Cutting can be accomplished using any suitable method. It may be preferred that the cutting
is also done in continuous manner, and preferably with constant speed and preferably while
in horizontal position. The cutting device can, for example, be a sharp item or a hot item,
whereby in the latter case, the hot item “burns’ through the film/sealing area in addition to or
in the alternative to slicing. The different compartments of multi-compartment pouches may
be made together in a side-by-side style wherein the resulting, conjoined pouches may or may
not be separated by cutting. Alternatively, the compartments can be made separately. It
should be understood that by the use of appropriate feed stations, it may be possible to
manufacture multi-compartment pouches incorporating a number of different or distinctive

compositions and/or different or distinctive liquid, gel or paste compositions.

[0063] Figure 1 illustrates a cross-sectional view of a sealed water-soluble packet 100
formed according to the disclosure using a sealing solution as described above in any of its
embodiments. A first water-soluble film 10 includes a first surface 12. As shown, the first
water-soluble film 10 has been shaped (e.g., thermoformed) such that a portion of the film 10
defines a volume (or compartment) 40 into which a suitable composition 50 can be placed
prior to sealing the packet 100. In the illustrated embodiment, the first surface 12 generally
corresponds to an upper or top (e.g., relative to gravity or filling direction of the compartment
40) circumferential surface of the first water-soluble film 10 around the compartment 40.
The sealing solution can be applied to the first surface 12 by any suitable means (e.g.,

© spraying, printing), for example before or after shaping of the first water-soluble film 10
and/or adding of the composition 50 to the compartment 40. A second water-soluble film 20
is thereafter contacted with the first water-soluble film 10 to enclose the compartment 40
(e.g., completely around the circumference of compartment 40, although embodiments

wherein the compartment 1s thereby enclosed only partially are also contemplated). As
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illustrated, a second surface 22 of the second water-soluble film 20 (e.g., bottom or lower
surface thereof) contacts the first surface 12 where the sealing solution is present at an
interfacial region 30 between the two surfaces 12, 22. The two surfaces 12, 22 are held in
contact (e.g., via pressure) for a time sufficient to form a seal 32 between the two films 10, 20
and surfaces 12, 22, thus creating the sealed water-soluble packet 100. The sealing time is
selected to dissolve surface portions of the two films 10, 20 in the interfacial region 30,
whereupon subsequent evaporation and/or diffusive mass transport of the water component of
the sealing solution away from the interfacial region 30 permits the film 10, 20 components

and sealing solution solvent to re-solidify into the seal 32.

[0064] In the embodiment illustrated in Figure 1, the first surface 12 and the second
surface 22 are from two separate water-soluble films 10, 20, respectively (e.g., separate
pieces of film sealed together, which films can be formed from the same or different
components). In another embodiment (not shown), the first surface 12 and the second surface
22 can be distinct regions from the same water-soluble film 10 (e.g., separate regions of same
piece of film folded and sealed onto each other). Similarly, the embodiment of Figure 1 is
described with the sealing solution being applied to the first surface 12. In other
embodiments, the sealing solution can be applied additionally or alternatively to the second
surface 22 prior to contacting the two surfaces 12, 22 and forming the seal 32. In cases where
the sealing solution is applied to multiple film surfaces, the sealing solution can be the same
for all surfaces or different for different surfaces (e.g., sealing solutions and their
corresponding solvent(s) can be selected depending on the particular film to which they are to

be applied).

[0065] Figure 2 illustrates qualitative spatial profiles for local concentrations of
representative film and sealing solution components (C;-Cy) in the bulk film regions 10, 20
and in the interfacial region 30 of the water-soluble packet 100 and the seal 32. The profiles
are illustrated along line P of Figure 1 for water-soluble films 10, 20 with a nominal thickness
T, but more generally apply along a reference line generally normal to the first and second
surfaces 12, 22 and passing through the interfacial region 30. As described below, the sealing
solution solvent (e.g., polyol or otherwise) is generally present in the interfacial region 30 at a
local concentration substantially higher than a bulk concentration of the polyol in the water-
soluble film and outside of the interfacial region 30. For example, a local solvent

concentration of at least 40, 50, 60, 70, 80, or 90 wt.% and/or up to 60, 70, 80, 90, or 100
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wt.% may be observed in the interfacial region 30 (e.g., as an average concentration in the
interfacial region 30 or as a peak value in the concentration profile passing through the
interfacial region). Complementarily to the sealing solution solvent, one or more components
of the water-soluble film may be present in the interfacial region 30 at a local concentration
substantially lower than the bulk concentration of the particular component in the water-
soluble film and outside of the interfacial region (e.g., bulk film components (other than the
sealing solution solvent) such as polymer, plasticizer, etc. may diffuse into the interfacial
region 30 but be present at correspondingly lower concentrations due to dilution with the

more concentrated sealing solution solvent).

[0066] By way of non-limiting example, the representative concentration profiles in Figure
2 can illustrate the article 100 and seal 32 resulting from the use of a dilute glycerin-in-water
sealing solution (e.g., 5 wt.% to 10 wt.% glycerin) to seal a PVOH film plasticized with
glycerin and propyléne glycol (e.g., in a film containing 60 wt.% PVOH, 20 wt.% glycerin,
15 wt.% propylene glycol as added components and 5 wt.% water as an illustrative
equilibrium environmental moisture content). In Figure 2, the illustrated components are
glycerin (C,, as a sealing solution solvent and film plasticizer), water (C,, as environmental
moisture), PVOH (C3, as a film water-soluble polymer), and propylene glycol (Cy, as a film
plasticizer). Although relatively dilute for solvent glycerin, evaporation and diffusive mass
transport of water added from the sealing solution away from the interfacial region 30 during
the sealing process may yield a region where the solvent glycerin is locally highly
concentrated in the seal 32. Because the sealing solution acts to dissolve boundary regions of
the first and second water-soluble films 10, 20, the PVOH resin and propylene glycol
plasticizer components thereof may be transported into the interfacial region 30, albeit at
lower concentrations than in the bulk film 10, 20, owing to the diluting effect of the sealing

solution solvent in the interfacial region 30.

[0067] As described above, the sealing solution is particularly effective at providing one or
more benefits, including: a reduction in dissolution time for the water-soluble films 10, 20 by
the sealing solution and an increase in the strength of the resulting seal 32 formed with the
sealing solution, both relative to the use of water alone as a reference sealant. The benefits
may be realized for a variety of film thicknesses, including those having an initial thickness
ranging from about 10 um to about 150 um or about 30 um to about 60 um (e.g., an initial

thickness of at least 10, 20, 30, 35, or 40 um and/or up to 40, 50, 60, 70, 80, 100, or 150 um,
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where the initial thickness refers to nominal film thickness prior to potential (local) stretching

or thinning of film during a forming or sealing process).

[0068] The sealing solution is particularly useful for water-soluble films of a given
thickness having a relatively short burn-through time (as defined below) for water, insofar as
such short times can result in substantial film destruction when using water alone as a sealant.
In some embodiments, water-solubie films 10, 20 are selected which have burn-through times
of about 45 sec or about 50 sec or less using water alone as a test solvent. With a sealing
solution according to the disclosure, however, the film burn-through times are increased
relative to the water reference, and are generally about 45 sec or about 50 sec or more. More
generally, in other embodiments, the water-only burn-through times can be at least about 10,
20, or 30 sec and/or up to about 20, 30, 40, 45, 50, or 60 sec, and sealing solution burn-
through times can be at least about 45, 50, 60, 80, or 100 sec and/or up to about 60, 80, 100,

150, 200, or 500 sec, also with an increase relative to the corresponding water-only times.

[0069] The seal 32 resulting from the sealing solution can be characterized as having an
increased peel strength or load (as defined below) for water-soluble films of a given
thickness, for example relative to a seal formed with water alone. In various embodiments,
the seal 32 exhibits a peel strength of at least about 30% greater than that of a corresponding
seal formed with water alone (e.g., at least about 30%, 40%, 50%, or 60% and/or up to about
50%, 60%, 80%, 100%, 150%, or 200% increase relative to a water-only seal). Alternatively
or additionally, the strength of the seal can be characterized as a minimum relative peel
strength, or peel strength ratio, defined as the ratio of the absolute peel strength or load (e.g.,
measured in N for films of a given thickness) to the film peak load (e.g., also measured in N
for films of the same thickness as a tensile strength measurement described below). For
example, the seal 32 can have a peel strength ratio (expressed as a percent) of at least 12%,
15%, 20%, or 30% and/or up to 40%, 60%, 80%, or 100%.

[0070] The water-soluble packets may contain various compositions. A multi-compartment
pouch may contain the same or different compositions in each separate compartment. This
feature of the disclosure may be utilized to keep compositions containing incompatible
ingredients (e.g., bleach and enzymes) physically separated or partitioned from each other.
Such partitioning may provide aesthetic benefits, expand the useful life and/or decrease

physical instability of the pouch contents.
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[0071] Non-limiting examples of useful compositions include human and animal ingestible
items, personal care compositions and cleaning compositions. Representative human and
animal ingestible items include dehydrated or instant beverages (coffee, tea, juice), dried
foods (e.g., starch-based foods such as pasta, rice, oatmeal, etc.), pet foods and nutritional or
exercise supplements (e.g., protein supplements, vitamin supplements). Representative
personal compositions include lotions (for example moisturizing and/or sun screen),
protective emollients and similar compositions, Suitable cleaning compositions inciude light
duty and heavy duty liquid detergent compositions, hard surface cleaning compositions,
detergent gels commonly used for laundry, and bleach and laundry additives, shampoos, body
washes, and similar compositions. Compositions of use in the present pouches may take the
form of a liquid, gel, paste, solid or a powdert. Liquid compositions may comprise a solid.
Solids may include powder or agglomerates, such as micro-capsules, beads, noodles or one or
more pearlized balls or mixtures thereof. Such a solid element may provide a technical
benefit, through the wash or as a pre-treat, delayed or sequential release component;

additionally or alternatively, it may provide an aesthetic effect.

[0072] Specific contemplated aspects of the disclosure are herein described in the

following numbered paragraphs.

[0073] 1. A method for sealing a water-soluble film, the method comprising:

(a) applying a sealing solution to a first surface of a water-soluble film, the sealing solution
comprising (i) water, and (ii) a polyol having 3 or more hydroxyl groups, wherein the sealing
solution has a dynamic viscosity (i) less than 1.5 cP as measured at 20°C; and (b) contacting
a second surface of a water-soluble film with the sealing solution on the first surface for a

time sufficient to form a seal between the first surface and the second surface.

[0074] 2. The method of paragraph 1, wherein the polyol is present in the sealing solution

in an amount ranging from about 2 wt.% to about 15 wt.%.

[0075] 3. The method of any of the preceding paragraphs, wherein the sealing solution

consists essentially of water and one or more polyols each having 3 or more hydroxyl groups

[0076] 4. The method of any of the preceding paragraphs, wherein the polyol contains 2 to
12 carbon atoms and 3 to 12 hydroxyl groups

[0077) 5. The method of any of the preceding paragraphs, wherein the polyol is selected

from the group consisting of glycerol, erythritol, threitol, arabitol, xylitol, ribitol, mannitol,
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sorbitol, galactitol, fucitol, iditol, inositol, volemitol, isomalt, maltitol, lactitol, and

combinations thereof.

[0078] 6. A method for sealing a water-soluble film, the method comprising:

(a) applying a sealing solution to a first surface of a water-soluble film having an initial
thickness less than about 50 pm and comprising a polyvinyl alcohol copolymer consisting
essentially of vinyl alcohol monomeric repeat units and vinyl acetate monomeric repeat units,
the sealing solution comprising (i) water, and (ii) a polyol present in the sealing solution in an
amount ranging from about 2 wt.% to about 15 wt.%, the polyol being selected from the
group consisting of glycerol, erythritol, threitol, arabitol, xylitol, ribitol, mannitol, sorbitol,
galactitol, fucitol, iditol, inositol, volemitol, isomalt, maltitol, lactitol, and combinations
thereof, wherein the sealing solution has a dynamic viscosity (us) less than 1.5 cP as
measured at 20°C; and (b) contacting a second surface of a water-soluble film having an
initial thickness less than about 50 um and comprising a polyvinyl alcohol copolymer
consisting essentially of vinyl alcohol monomeric repeat units and vinyl acetate monomeric
repeat units with the sealing solution on the first surface for a time sufficient to form a seal

between the first surface and the second surface.

[0079] 7. The method of paragraph 6, wherein the water-soluble film for each of the first
surface and the second surface: (i) has a degree of hydrolysis ranging from about 86.5% to
about 89%; and (i1) further comprises: (A) a sugar alcohol plasticizer selected from the group
consisting of isomalt, maltitol, sorbitol, xylitol, erythritol, adonitol, dulcitol, pentaerythritol,
mannitol, and combinations thereof, (B) a liquid plasticizer selected from the group
consisting of glycerin, diglycerin, ethylene glycol, diethylene glycol, triethylene glycol,
tetracthylene glycol, propylene glycol, polyethylene glycols up to 400 MW, 2-methyl-1,3-
propanediol, and combinations thereof, and (C) a compatibilizing agent selected from the
group consisting of cellulose ethers, polysaccharides of pectin, polysaccharides of sodium

alginate, modified starches, and combinations thereof.

[0080] 8. A method for sealing a water-soluble film, the method comprising:

(a) applying a sealing solution to a first surface of a water-soluble film, the sealing solution
comprising (i) water, and (ii) a solvent for at least one polymeric component of the water-
soluble film, wherein (A) the solvent and the polymeric component have a solubility radius

(Ra) of about 5 or less as defined by equation (I):
(Ra)’ = 4(8ps - Spp)’ + (Bps - Sp.p)” + (Bps - S’ @D
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where 3p g is the solvent dispersive force, dpp is the polymeric component dispersive force,
dp,s is the solvent polar force, dpp is the polymeric component polar force, dy,s is the solvent
hydrogen bonding force, and Sy p is the polymeric component hydrogen bonding force, each
of which is determined by a consistent method of Hansen solubility parameter evaluation, and
(B) the sealing solution has a dynamic viscosity (us) less than 1.5 cP as measured at 20°C;
and (b) contacting a second surface of a water-soluble film with the sealing solution on the
first surface for a time sufficient to form a seal between the first surface and the second

surface.

[0081] 9. The method of paragraph 8, wherein the solubility radius ranges from about 1 to
about 5.

[0082] 10. The method of any one of paragraphs 8 to 9, wherein (i) the polymeric
component comprises polyvinyl alcohol; (ii) dp is at least about 10; and (iii) Sy is at least

about 22.

[0083] 11. The method of any one of paragraphs 8 to 10, wherein the solvent is present in

the sealing solution in an amount ranging from about 2 wt.% to about 15 wt.%.

[0084] 12. The method of any one of paragraphs 8 to 11, wherein the sealing solution
consists essentially of water and one or more solvents each having a solubility radius of about

5 or less relative to the polymeric component.

[0085] 13. The method of any of the preceding paragraphs, wherein the dynamic viscosity

ranges from about 1 cP to about 1.45 cP.

[0086] 14. The method of any of the preceding paragraphs, wherein: (i) the water-soluble
film has a burn-through time of about 45 sec or less using water alone as a test solvent; and
(i1) the water-soluble film has a burn-through time (A) of about 45 sec or more using the
sealing solution as a test solvent and (B) greater than the burn-through time using water alone

as a test solvent.

[0087] 15. The method of any of the preceding paragraphs, wherein the seal exhibits a

peel strength of at least about 12% relative to the peak load of the water-soluble film.

[0088] 16. The method of any of the preceding paragraphs, wherein the seal exhibits a
peel strength of at least about 30% greater than that of a corresponding seal formed with

water alone.
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[0089] 17. The method of any of the preceding paragraphs, wherein the first surface and
the second surface each independently have an initial thickness ranging from about 10 um to

about 150 pm.

[0090] 18. The method of any of the preceding paragraphs, wherein the water-soluble film
comprises a water-soluble polymer selected from the group consisting of polyvinyl alcohols,
polyethyleneimines, polyacrylates, water-soluble acrylate copolymers, polyvinyl
pyrrolidones, pullulans, guar gums, xanthan gums, carrageenans, starches, ethoxylated
starches, hydroxypropylated starches, polyalkylene oxides, polyacrylamides, polyacrylic
acids and salts thereof, celluloses, cellulose ethers, cellulose esters, cellulose amides,
polyvinyl acetates, polycarboxylic acids and salts thereof, polyaminoacids, polyamides,
gelatines, methylcelluloses, carboxymethylcelluloses and salts thereof, dextrins,
ethylcelluloses, hydroxyethyl celluloses, hydroxypropyl methylcelluloses, maltodextrins,
polymethacrylates, copolymers thereof, blends thereof, and combinations thereof.

[0091] 19. The method of paragraph 18, wherein the water-soluble polymer has a 4%
solution viscosity ranging from about 3 cP to about 27 cP at 20°C.

[0092] 20. The method of any of the preceding paragraphs, wherein the water-soluble film

comprises a water-soluble polymer comprising polyvinyl alcohol.

[0093] 21. The method of paragraph 20, wherein the water-soluble polymer comprises a
polyvinyl alcohol copolymer consisting essentially of vinyl alcohol monomeric repeat units

and vinyl acetate monomeric repeat units.

[0094] 22. The method of any one of paragraphs 20 to 21, wherein the polyvinyl alcohol
has a degree of hydrolysis ranging from about 75% to about 99%.

[0095] 23. The method of any one of paragraphs 20 to 21, wherein the polyvinyl alcohol
has a degree of hydrolysis ranging from about 86.5% to about 8§9%.

[0096] 24. The method of any of the preceding paragraphs, wherein the first surface and

the second surface are from the same water-soluble film.

[0097] 25. The method of any of the preceding paragraphs, wherein the first surface and

the second surface are from different water-soluble films.

[0098] 26. The method of any of the preceding paragraphs, wherein contacting the second

surface with the first surface comprises at least one of applying pressure to the first surface
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and the second surface and applying heat to the first surface and the second surface to form

the seal.

[0099] 27. The method of any of the preceding paragraphs, wherein the second surface
comprises a second sealing solution thereon to be contacted with the first surface when

forming the seal.

[0100] 28. The method of any of the preceding paragraphs, wherein: (i) the water-soluble
film of at least one of the first surface and the second surface defines a volume at least
partially enclosing a composition, and (ii) forming the seal creates a sealed water-soluble

packet containing the composition.

[0101] 29. The method of paragraph 28, wherein the composition is selected from the
group consisting of human and animal ingestible items, personal care compositions and

cleaning compositions.

[0102] 30. An article comprising a sealed water-soluble film formed according to any of

the preceding paragraphs.

[0103] 31. An article comprising: (a) a first surface of a water-soluble film sealed to a
second surface of a water-soluble film at an interfacial region between the first surface and
the second surface; and (b) a polyol having 3 or more hydroxyl groups present in the
interfacial region at a local concentration substantially higher than a bulk concentration of the

polyol in the water-soluble film and outside of the interfacial region.

[0104] 32. An article comprising: (a) a first surface of a water-soluble film sealed to a
second surface of a water-soluble film at an interfacial region between the first surface and
the second surface, wherein the water-soluble film for each of the first surface and the second
surface has an initial thickness less than about 50 um and comprises a polyvinyl alcohol
copolymer consisting essentially of vinyl alcohol monomeric repeat units and vinyl acetate
monomeric repeat units; and (b) a polyol present in the interfacial region at a local
concentration substantially higher than a bulk concentration of the polyol in the water-soluble
film and outside of the interfacial region, the polyol being selected from the group consisting
of glycerol, erythritol, threitol, arabitol, xylitol, ribitol, mannitol, sorbitol, galactitol, fucitol,

iditol, inositol, volemitol, isomalt, maltitol, lactitol, and combinations thereof.

[0105] 33. An article comprising: () a first surface of a water-soluble film sealed to a

second surface of a water-soluble film at an interfacial region between the first surface and
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the second surface; and (b) a solvent for at least one polymeric component of the water-
soluble film present in the interfacial region at a local concentration substantially higher than
a bulk concentration of the solvent in the water-soluble film and outside of the interfacial
region, wherein the solvent and the polymeric component have a solubility radius (Ra) of
about 5 or less as defined by equation (I):

(Ra)’ = 4(3p;s - Spp)” + (Bes - Bpp)’ + Bus - Sup)’ (D
where 8p is the solvent dispersive force, dp,p is the polymeric component dispersive force,
dp.s 18 the solvent polar force, dpp is the polymeric component polar force, dus is the solvent
hydrogen bonding force, and 8y p is the polymeric component hydrogen bonding force, each

of which is determined by a consistent method of Hansen solubility parameter evaluation.

[0106] 34. The article of any one of paragraphs 31 to 33, wherein one or more components
of the water-soluble film are present in the interfacial region at a local concentration
substantially lower than a bulk concentration of the one or more components in the water-

soluble film and outside of the interfacial region.

[0107] 35. A method for sealing a water-soluble film, the method comprising: (2) applying
a sealing solution to a first surface of a water-soluble film having an initial thickness less than
about 50 um or about 40 pm and comprising a polyvinyl alcohol copolymer consisting
essentially of vinyl alcohol monomeric repeat units and vinyl acetate monomeric repeat units,
the sealing solution comprising (i) water and (ii) a polyol having 3 or more hydroxyl groups;
and (b) contacting a second surface of a water-soluble film having an initial thickness less
than about 50 pm or about 40 um and comprising a polyvinyl alcohol copolymer consisting
essentially of vinyl alcohol monomeric repeat units and vinyl acetate monomeric repeat units
with the sealing solution on the first surface for a time sufficient to form a seal between the

first surface and the second surface.
Examples

Burn-Through Time Measurements

[0108] The time required for a given test solvent to dissolve through a water-soluble film
of a given thickness is determined by the following “burn-through” measurement procedure.
A test film of specified thickness is affixed to a piece of paper using tape. A drop of about 50
microliters of a test solvent (e.g., water or a sealing solution as disclosed herein) is applied to

the test film using a dropper. The test solvent suitably has a food coloring additive or other
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visual indicator to facilitate observation of the test solvent’s action upon the test film. The
burn-through time is measured as the time at which the paper underlying the test film
becomes damp and/or changes color according to the added visual indicator for the test
solvent (i.e., the area around which the drop was placed turns the color of the food coloring or

other indicator after the test film has been dissolved (“burned through”) by the test solvent).

Film Tensile and Seal Peel Strength Measurements

[0109] This methodology is used to determine the tensile force required to tear or peel a
water-soluble film (tensile strength) or solution-sealed water-soluble films (seal peel
strength). The procedure includes the determination of tensile force and strength. An
INSTRON tensile testing apparatus or equivalent is used for the collection of film data. An
ESIPROOF proofing apparatus or equivalent with an anilox roller 140/10 is used to secure
two sheets of film with solvent (e.g., water or a sealing solution as disclosed herein). A
minimum of three test specimens, each cut with reliable cutting tools to ensure dimensional
stability and reproducibility, are tested in the machine direction (MD) (where applicable) for
each measurement. Tests conducted in the standard laboratory atmosphere of 23 £ 2.0°C and

35 & 5 % relative humidity.

[0110] For peel strength determination, test specimens are prepared by cutting four

47 x 127 (10.2 cm x 30.5 cm) film sheets with the 12” (30.5 cm) dimension in the machine
direction (MD) (where applicable). For two sheets, the four comers are taped to a surface
with the film matte surface facing upward (or cast-opposite surface, where applicable). One
sheet is overlaid on top of one of the taped sheets so that the matte surfaces are in contact.
On top of the other taped sheet, the remaining sheet on is placed top so that the gloss side is
contacted with the matte surface. One 4” (10.2 cm) end of each top sheet is taped to secure it
to the bottom sheet. The loose end of each top sheet is threaded through the ESIPROOF
proofing roller using the 140/10 anilox roller. An amount of 0.5 mL of the test sealing
solution (e.g., water or an aqueous solvent solution) is applied to the doctor blade. The roller
is pulled at a constant speed (3” per second) to coat the upper film and to secure it to the
lower sheet. The film is allowed to weld for a period of about 10 minutes to 15 minutes,
thereby forming a seal but leaving two unsealed (free) film flaps on one end of the test
specimen for subsequent peel testing. For tensile strength determination, 1”-wide (2.54 cm)
samples of a single (unsealed) film sheet having the same thickness as that for the peel

strength films are prepared. The sealed or unsealed sample is then transferred to the
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INSTRON tensile testing machine to proceed with testing while minimizing exposure in the
35% relative humidity environment. The tensile testing machine is prepared according to the

manufacturer instructions, equipped with a 500 N load cell, and calibrated. The correct grips

and faces are fitted.

[0111] For the peel test, there is a 0.50” (1.27 cm) separation between the rubber grips, all
four of which are flat and square. Three (or more) 1”-wide (2.54 cm) samples are cut in the
machine direction (MD). The unsealed flaps of each sample is placed in the grips of the
testing machine, taking care to ensure that the specimen is aligned with the grips and parallel
to them, and that the specimen is not pulled too tightly in the tester’s jaws. The load is
balanced and the test is initiated according to the instructions of the equipment manufacturer.
At the end of the test, the tensile force (in N) required to tear or separate the layers is
recorded as the peel strength. Similarly, for tensile strength, three (or more) 1”-wide

(2.54 cm) single sheet samples are mounted into the tensile testing machine and analyzed to

determine the film peak strength (in N).

Examples 1-8

[0112] A common technique for high speed converting of water-soluble films is the use of
rotary drum style converting equipment where water is typically used as a sealing solution to
slightly wet the lidding film as it is applied and the seal is formed under slight pressure using
rollers. Important properties for the sealing solution include a combination of burn-through
resistance (i.e., to prevent damage to and/or dissolution of the water-soluble film) and the
ability to form a good seal as represented by sealing strength measured by seal peak strength
(or load) or seal peak load ratio (as a ratio of the film peak strength). The burn-through
resistance becomes more important in smaller gauge films (e.g., 1.5 mil thickness films)
typically used to deliver solids (e.g., powder) products. Desirably, a film-sealing solution

combination attains a minimum suitable burn-through time and a maximum seal strength.

[0113] Examples 1-5 evaluate five different PVOH-based water-soluble films as a function
of sealing solution concentration, using water alone as a control sealant and vanable-
concentration glycerin-in-water solutions (generally spanning 2.5 wt. % to 50 wt. %)
according to the disclosure. For each film-sealing solution combination, burn-through times
and seal peel strength were tested for 1.5 mil thickness films. Result graphs and data are
shown in Figures 3-7 and Tables 1-5 for Examples 1-5, respectively. A summary of the

specific results for the different test films is provided below. In ioanicular, the PVOH-based
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films exhibited improved (increased) burn-through times with increasing glycerin
concentration. Moreover, the PVOH homopolymer films exhibited substantial improvement
in seal peel strength using glycerin-in-water sealing solutions while simultaneously achieving
a burn-through time increase sufficient to exceed a minimum desirable threshold of about 45-
50 sec.

[0114] Example 1 (1.5 mil Film A including PVOH copolymer A): Burn-through time

increased with increasing glycerin concentration. No statistical difference for the peel
strength was observed in the range of 0% to 35% glycerin solution. This range is where the
maximum seal peak load is observed. There is data at 25% where it is statistically different
from the range of 0 to 35%. However, this is a single point and not a trend. Hence, a scaling
solution using only water can be used to obtain a good seal. Water alone also has an

acceptable minimum burn-through resistance of about 79 seconds.
Table 1. Burn-Through Time and Peel Strength for Film A

Sealing Solution  Burn Through, sec  Peel Strength, N Film Peak Seal Peak  Peak Load

(95% CI) (95% CI) Load, N Load, N Ratio
100% Water 78.85 (5.45) 14.63 (1.00) 33.86 14.63 0.43
2.5% Glycerin 77.10 (4.12) 13.51 (1.86) 33.86 13.51 0.40
5% Glycerin 94 (9.67) 12.96 (1.46) 33.86 12.96 0.38
10% Glycerin 115 (8.18) 14.79 (1.14) 33.86 14.79 0.44
15% Glycerin 212 (14.73) 13.30 (1.41) 33.86 13.30 0.39
20% Glycerin 295 (22.99) 16.15 (1.60) 33.86 16.15 0.48
25% Glycerin 399 (29.99) 12.91 (1.07) 33.86 12.91 0.38
30% Glycerin 652 (26.90) 13.30 (1.09) 33.86 13.30 0.39
35% Glycerin 13.46 (1.39) 33.86 13.46 0.40
40% Glycerin 12.45 (0.61) 33.86 12.45 0.37
45% Glycerin 12.95 (0.67) 33.86 12.95 0.38
50% Glycerin 12.65 (0.76) 33.86 12.65 0.37

[0115) Example 2 (1.5 mil Film B including PVOH copolymer B): Burn-through time

increased with increasing glycerin concentration. No statistical difference for the peel

strength was observed in the range of 0% to 25% glycerin solution. This range is where the

maximum seal peak load is observed. There is data at 10% where it is statistically different

from the range of 0 to 35%. However, this is a single point and not a trend. Hence, a sealing
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solution using only water can be used to obtain a good seal. Water alone also has an

acceptable minimum burn-through resistance of about 80 seconds.

Table 2. Burn-Through Time and Peel Strength for Film B

Sealing Solution  Burn Through, sec  Peel Strength, N Film Peak Seal Peak  Peak Load
(95% CI) (95% CD) Load, N Load, N Ratio
100% Water 79.5(7.13) 10.16 (1.43) 32.81 . 10.16 0.31
2.5% Glycerin 92.30 (7.58) 11.47 (2.01) 32.81 11.47 0.35
5% Glycerin 111 (9.82) 11.19 (1.97) 32.81 11.19 0.34
10% Glycerin 122 (10.92) 14.31 (1.85) 32.81 14.31 0.44
15% Glycerin 268.5 (17.76) 11.55 (1.85) 32.81 11.55 0.35
20% Glycerin 11.67 (1.01) 32.81 11.67 0.36
25% Glycerin 9.67 (1.48) 32.81 9.67 0.29
30% Glycerin 7.43 (0.70) 32.81 7.43 0.23
35% Glycerin 9.77 (0.67) 32.81 9.77 0.30
40% Glycerin 5.20 (0.75) 32.81 5.20 0.16
45% Glycerin 3.14(0.75) 32.81 3.14 0.10
50% Glycerin 2.12 (0.57) 32.81 2.12 0.06

[0116] Example 3 (1.5 mil Film C including PVOH copolymer C): Burn-through time

increased with increasing glycerin concentration. No statistical difference for the peel
strength was observed in the range of 0% to 20% glycerin solution. This 18 where the
maximum seal peak load is observed. There is data at 15% where it is statistically different
from the range of 0 to 35%. However, this is a single point and not a trend. Hence, a sealing
solution using only water can be used to obtain a good seal. Water alone also has an

acceptable minimum burn-through resistance of about 95 seconds.

Table 3. Burn-Through Time and Peel Strength for Film C

Sealing Solution  Burn Through, sec ~ Peel Strength, N Film Peak Seal Peak Peak Load
(95% CI) (95% CI) Load, N Load, N Ratio
100% Water 95.4 (4.74) 10.83 (1.79) 48.79 10.83 0.22
2.5% Glycerin 106.6 (7.85) 10.55 (2.34) 48.79 10.55 0.22
5% Glycerin 153 (8.79) 11.05 (1.63) 48.79 11.05 0.23
10% Glycerin 253 (14.21) 12.96 (1.23) 48.79 . 12.96 0.27
15% Glycerin 13.61 (1.38) 48.79 13.61 0.28
20% Glycerin 9.80 (1.60) 48.79 9.80 0.20
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30% Glycerin 2.55 (0.36) 48.79 2.55 0.05
35% Glycerin 0.99 (0.11) 48.79 0.99 0.02
40% Glycerin 0.26 (0.04) 48.79 0.26 0.01
45% Glycerin 0.86 (0.30) 48.79 0.86 0.02
50% Glycerin 0.71 (0.09) 48.79 0.71 0.01

[0117} Example 4 (1.5 mil Film D including PVOH homopolymer D): Burn-through time

increased with increasing glycerin concentration. Unlike the various copolymer PVOH films
of Examples 1-3, 0% glycerin (or 100% water) does not exhibit the maximum seal peak load.
The maximum seal strength is observed in a range from about 10 to 40% glycerin-in-water.
This range is where the maximum seal peak load is observed. Importantly, for this
homopolymer film, a 100% water sealing solution is not an option for forming a solution
seal. While the minimum burn-though resistance at 100% water of 88 seconds is acceptable
and a seal can be formed using water alone as the sealant, the peak seal strength is not at its

maximum when using 100% water.

Table 4. Burn-Through Time and Peel Strength for Film D

Sealing Solution  Burn Through, sec ~ Peel Strength, N Film Peak Seal Peak  Peak Load
(95% CI) (95% CI) Load, N Load, N Ratio
100% Water 87.7 (6.30) 11.34 (1.78) 42.26 11.34 027
2.5% Glycerin 117.60 (9.12) 9.77 (1.49) 42.26 9.77 0.23
5% Glycerin 127 (12.53) 10.19 (0.73) 42.26 10.19 0.24
10% Glycerin 138 (12.36) 14.79 (1.89) 42.26 14.79 0.35
15% Glycerin 305.4 (20.05) 12.07 (1.30) 42.26 12.07 0.29
20% Glycerin 531 (23.48) 15.50 (1.33) 42.26 15.50 0.37
25% Glycerin 1006 (29.92) 14.32 (1.90) 42.26 14.32 0.34
30% Glycerin 15.65 (1.22) 42.26 15.65 0.37
35% Glycerin 13.81 (1.15) 42.26 13.81 0.33
40% Glycerin 14.14 (1.02) 42.26 14.14 0.33
45% Glycerin 11.16 (0.93) 42.26 11.16 0.26
50% Glycerin 6.87 (1.10) 42.26 6.87 0.16

[0118] Example 5 (1.5 mil Film E including PVOH homopolymer E): Film E is a water-

soluble, edible film including (1) a PVOH homopolymer as a water-soluble polymer (nominal

23 ¢P solution viscosity and 88% degree of hydrolysis; 100 weight parts per hundred resin
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(phr)), (ii) xylitol as a sugar alcohol plasticizer (8.52 phr), (iii) sorbitol as a sugar alcohol
plasticizer (6.53 phr), (iv) carboxymethylcellulose ether as a sugar alcohol compatibilizer
(17.04 phr), (v) glycerin and propylene glycol as liquid plasticizers (36.98 phr combined),
and (vi) a surfactant process aid (1.43 phr). Burn-through time increased with increasing
glycerin concentration. Unlike the copolymer PVOH films of Examples 1-3, 0% glycerin (or
100% water) does not exhibit the maximum seal peak load. The maximum seal strength is
observed in a range from 5 to 20% glycerin solution. This range is where the maximum seal
peak load is observed. Importantly, for this homopolymer film, a 100% water sealing
solution is not an option for forming a solution seal. Also, the minimum burn-though
resistance at 100% water of about 34 seconds is not acceptable. However, at glycerin levels

of 5% and above, a minimum burn-through time of 54 seconds or higher is obtained.

Table 5. Burn-Through Time and Peel Strength for Film E

Sealing Solution = Burn Through, sec ~ Peel Strength, N Film Peak Seal Peak  Peak Load

(95% CI) (95% CI) Load, N Load, N Ratio
100% Water 34,55 (2.04) 2.44 (0.81) 19.92 2.44 0.12
2.5% Glycerin 51.10 (5.02) 2.10 (0.87) 19.92 2.10 0.11
5% Glycerin 54 (3.09) 4.16 (0.92) 19.92 4.16 0.21
10% Glycerin 62 (4.56) 3.77(0.95) 19.92 3.77 0.19
15% Glycerin 74.5 (6.64) 4.95 (0.32) 19.92 4.95 0.25
20% Glycerin 112 (9.91) - 4.93(0.86) 19.92 4.93 0.25
25% Glycerin 218 (23.37) 2.95(0.38) 19.92 295 0.15
30% Glycerin 443 (27.01) 0.61(0.16) 19.92 0.61 0.03
35% Glycerin 972 (36.34) 0.65 (0.11) 19.92 0.65 0.03
40% Glycerin 1.29 (0.14) 19.92 1.29 0.06
45% Glycerin 0.75 (0.24) 19.92 0.75 0.04
50% Glycerin 0.69 (0.05) 19.92 0.69 0.03

Examples 6-11

[0119] Analogous to Examples 1-5, Examples 6-11 evaluate a PVOH-based water-soluble
film (Film F including PVOH homopolymer F) as a function of sealing solution
concentration, using water alone as a control sealant and variable-concentration sealing
solutions (generally spaﬁning 2.5 wt.% to 50 wt.%) using diol and polyol solvents. Film F is
a water-soluble, edible film with a film peak load of about 20.0 N and including (i) a PVOH

homopolymer as a water-soluble polymer (nominal 8 cP solution viscosity and 88% degree of
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hydrolysis; 100 weight parts per hundred resin (phr)), (ii) xylitol as a sugar alcohol plasticizer
(8.52 phr), (iii) sorbitol as a sugar alcohol plasticizer (6.53 phr), (iv) carboxymethylcellulose
ether as a sugar alcohol compatibilizer (17.04 phr), (v) glycerin and propylene glycol as
liquid plasticizers (36.98 phr combined), and (vi) a surfactant process aid (1.43 phr). The
specific solvents used were glycerin (Example 6), 2-methyl-1,3-propanediol (Example 7),
propylene glycol (Example 8), mannitol (Example 9), sorbitol (Example 10), and xylitol
(Example 11). For each film-sealing solution combination, burn-through times and seal peel
strength were tested for 1.5 mil thickness films. Result graphs and data are shown in Figures
8-13 and Tables 6-11 for Examples 6-11, respectively.

Table 6. Burn-Through Time and Peel Strength for Film F — Glycerin

Sealing Solution Burn Through, sec (95% CI) Peel Strength, N (95% CI)
100% Water 43 (1.52) 4.18 (0.48)
2.5% Glycerin 47 (2.48) 3.73 (0.53)
5% Glycerin 51(2.41) 6.80 (0.46)
10% Glycerin 61 (1.98) 4,39 (0.75)
15% Glycerin 67 (2.70) 4.61 (0.90)
20% Glycerin 113 (5.91) 4.91 (0.58)
25% Glycerin 171 (10.27) 3.97(0.42)
30% Glycerin 250 (15.29) 3.74 (0.23)

Table 7. Burn-Through Time and Peel Strength for Film F — MP Diol

Sealing Solution Burn Through, sec (95% CI) Peel Strength, N (95% CI)
100% Water 43 (1.52) 4.18 (0.48)
2.5% MP Diol 50 (1.78) 5.14 (0.96)
5% MP Diol : 52(1.79) 5.20 (0.60)
10% MP Diol 57 (2.17) 5.22 (0.60)
15% MP Diol 84 (3.27) 4.50 (0.32)
20% MP Diol 97 (3.39) 3.24 (1.69)
25% MP Diol 156 (7.23) 3.43 (1.06)
30% MP Diol 200 (9.53) 3.07 (1.12)
35% MP Diol 320 (23.35) 1.80 (1.02)
40% MP Diol 432 (17.51) 3.61(1.37)
45% MP Diol 608 (31.30) 3.93(1.19)

50% MP Diol 654 (28.18) 2.99 (0.76)
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Table 8. Burn-Through Time and Peel Strength for Film F — Propylene Glycol

Sealing Solution Burn Through, sec (95% CI) Peel Strength, N (95% CI)
100% Water 43 (1.52) 4.18 (0.48)
2.5% Propylene Glycol 51 (1.75) 2.91 (0.30)
5% Propylene Glycol : 53 (1.60) 4.70 (0.37)
10% Propylene Glycol 61 (3.01) 4.81 (0.65)
15% Propylene Glycol 97 (3.87) 4.58 (0.58)
20% Propylene Glycol 111 (3.43) 4.34(0.14)
25% Propylene Glycol 175 (7.27) 4.81(0.62)
30% Propylene Glycol 211 (9.25) 4.45 (0.68)
35% Propylene Glycol 449 (25.41) 4.23 (0.85)
40% Propylene Glycol 434 (16.62) 3.41 (1.00)

Table 9. Burn-Through Time and Peel Strength for Film F — Mannitol

Sealing Solution Burn Through, sec (95% CI) Peel Strength, N (95% CI)
100% Water 43 (1.52) 4.18 (0.48)
2.5% Mannitol 42 (2.01) 3.01 (0.95)
5% Mannitol 55(1.51) 5.59(0.95)
10% Mannitol 67 (3.76) 4.61 (0.54)
15% Mannito} 91 (5.10) 2.91(0.34)

Table 10. Burn-Through Time and Peel Strength for Film F — Sorbitol

Sealing Solution Burn Through, sec (95% CI) Peel Strength, N (95% CI)
100% Water 43 (1.52) 4.18 (0.48)
2.5% Sorbitol 51(2.84) 3.92(0.99)
5% Sorbitol 50 (2.70) , 6.97 (0.62)
10% Sorbitol 72 (3.08) 6.10 (0.34)
15% Sorbitol 87 (3.87) 3.50(0.41)
20% Sorbitol 107 (4.87) 3.70 (0.14)
25% Sorbitol 225 (18.21) 2.16 (0.58)
30% Sorbitol 539 (52.46) 2.04 (0.58)

Table 11. Burn-Through Time and Peel Strength for Film F — Xylitol

Sealing Solution Burn Through, sec (95% CI) Peel Strength, N (95% CI)

100% Water 4315 - 4.18 (0.48)
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2.5% Xylitol 46 (2.59) 4.58 (0.36)
5% Xylitol 48 (2.46) 5.84 (0.59)
10% Xylitol 63 (3.41) 5.63 (0.39)
15% Xylitol 73 (3.20) 4.76 (0.37)
20% Xylitol 126 (5.46) 4.94 (0.27)
25% Xylitol 199 (11.70) 4.25(0.58)

[0120] Notably, the polyol solvents containing 3, 5, or 6 hydroxyl groups all exhibited
substantial improvement in seal peel strength while simultaneously achieving a burn-through
time increase sufficient to exceed a minimum desirable threshold of at Ieast about 45-50 sec.
In contrast, the diol solvents containing 2 hydroxyl groups, although achieving a burn-
through time above an acceptable minimum, did not exhibit improvement in seal peel

strength relative to water to the same degree as the polyol solvents.

[0121] Table 12 below presents an HSP analysis of the various solvents tested in Examples
6-11 for their solubility radius (Ra) in relation to a PVOH homopolymer as the corresponding
polymeric component in the water-soluble film (see Equation (2) above). The values in
Table 12 were computed using the Y-MB methodology and the commercially available
HSPIP software for implementing the same. From Table 12, it is seen that the polyol
solvents observed to have better solution sealing properties as compared to diol solvents

similarly have smaller solubility radii relative to PVOH.

Table 12. HSP Analysis: PVOH-Solvent Solubility Radii

HSP Parameter

Component 3p Sp Su Ra
PVOH 19.3 10.4 26.5 -

Glycerin 18.3 11.3 28.5 3.0
Mannitol 17.6 12.3 28.6 4.4
Sorbitol 17.6 12.3 28.6 4.4
Xylitol 18.0 11.9 29.2 4.0
2-Methyl-1,3-Propanediol 17.3 9.3 21.4 6.6
Propylene Glycol 17.4 8.8 21.7 6.3

[0122] The foregoing description 18 given for clearness of understanding only, and no
unnecessary limitations should be understood therefrom, as modifications within the scope of

the invention may be apparent to those having ordinary skill in the art.
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[0123] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise” and variations such as “comprises” and
“comprising” will be understood to imply the inclusion of a stated integer or step or group of
integers or steps but not the exclusion of any other integer or step or group of integers or

steps.

[0124] Throughout the specification, where compositions are described as including
components or materials, it is contemplated that the compositions can also consist essentially
of, or consist of, any combination of the recited components or materials, unless described
otherwise. Likewise, where methods are described as including particular steps, it is
contemplated that the methods can also consist essentially of, or consist of, any combination
of the recited steps, unless described otherwise. The invention illustratively disclosed herein
suitably may be practiced in the absence of any element or step which is not specifically

disclosed herein.

[0125] The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of or automation provided by electronic equipment.
Although processes have been described with reference to particular embodiments, a person
of ordinary skill in the art will readily appreciate that other ways of performing the acts
associated with the methods may be used. For example, the order of various of the steps may
be changed without departing from the scope or spirit of the method, unless described
otherwise. In addition, some of the individual steps can be combined, omitted, or further

subdivided into additional steps.

[0126]  All patents, publications and references cited herein are hereby fully incorporated
by reference. In case of conflict between the present disclosure and incorporated patents,

publications and references, the present disclosure should control.
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What is Claimed:

L.

A method for sealing a water-soluble film, the method comprising:
(a) applying a sealing solution to a first surface of a water-soluble film, the
sealing solution comprising

(1) water, and

(it) a polyol having 3 or more hydroxyl groups,

wherein the sealing solution has a dynamic viscosity () less than
1.5 cP as measured at 20°C; and
(b) contacting a second surface of a water-soluble film with the sealing
solution on the first surface for a time sufficient to form a seal between the

first surface and the second surface.

The method of claim 1, wherein the polyol is present in the sealing solution in

an amount ranging from about 2 wt.% to about 15 wt.%.

The method of any one of the preceding claims, wherein the sealing solution
consists essentially of water and one or more polyols each having 3 or more
hydroxyl groups.

The method of any one of the preceding claims, wherein the polyol contains 2

to 12 carbon atoms and 3 to 12 hydroxyl groups.

The method of any one of the preceding claims, wherein the polyol is selected
from the group consisting of glycerol, erythritol, threitol, arabitol, xylitol,
ribitol, mannitol, sorbitol, galactitol, fucitol, iditol, inositol, volemitol, isomalt,

maltitol, lactitol, and combinations thereof.

A method for sealing a water-soluble film, the method comprising:

(a) applying a sealing solution to a first surface of a water-soluble film having

an initial thickness less than about 50 pm and comprising a polyviny! alcohol
copolymer consisting essentially of vinyl alcohol monomeric repeat units and
vinyl acetate monomeric repeat units, the sealing solution comprising

(1) water, and

(1) a polyol present in the sealing solution in an amount ranging from
about 2 wt.% to about 15 wt.%, the polyol being selected from the group

consisting of glycerol, erythritol, threitol, arabitol, xylitol, ribitol, mannitol,
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sorbitol, galactitol, fucitol, iditol, inositol, volemitol, isomalt, maltitol, lactitol,
and combinations thereof,

wherein the sealing solution has a dynamic viscosity (us) less than
1.5 cP as measured at 20°C; and
(b) contacting a second surface of a water-soluble film having an initial
thickness less than about 50 um and comprising a polyvinyl alcohol
copolymer consisting essentially of vinyl alcohol monomeric repeat units and
vinyl acetate monomeric repeat units with the sealing solution on the first
surface for a time sufficient to form a seal between the first surface and the

second surface.

7. The method of claim 6, wherein the water-soluble film for each of the first

surface and the second surface:

(1) has a degree of hydrolysis ranging from about 86.5% to about 89%,;
and

(11) further comprises: (A) a sugar alcohol plasticizer selected from the
group consisting of isomalt, maltitol, sorbitol, xylitol, erythritol, adonitol,
dulcitol, pentaerythritol, mannitol, and combinations thereof, (B) a liquid
plasticizer selected from the group consisting of glycerin, diglycerin, ethylene
glycol, diethylene glycol, triethylene glycol, tetracthylene glycol, propylene
glycol, polyethylene glycols up to 400 MW, 2-methyl-1,3-propanediol, and
combinations thereof, and (C) a compatibilizing agent selected from the group
consisting of cellulose ethers, polysaccharides of pectin, polysaccharides of

sodium alginate, modified starches, and combinations thereof.

8. A method for sealing a water-soluble film, the method comprising:

(2) applying a sealing solution to a first surface of a water-soluble film, the
sealing solution comprising

(1) water, and

(ii) a solvent for at least one polymeric component of the water-soluble
film,

wherein

(A) the solvent and the polymeric component have a solubility radius

(Ra) of about 5 or less as defined by equation (I):
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12.

13.

14.
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(Ra)’ = 4(8p,s - Sp,p)’ + (Bess - Sop)” + (Buis - Sup)” )

where 3p s is the solvent dispersive force, Spp is the polymeric
component dispersive force, 8ps is the solvent polar force, pp is the
polymeric component polar force, 8y is the solvent hydrogen bonding force,
and Oy p is the polymeric component hydrogen bonding force, each of which is
determined by a consistent method of Hansen solubility parameter evaluation,
and

(B) the sealing solution has a dynamic viscosity () less than 1.5 cP as
measured at 20°C; and
(b) contacting a second surface of a water-soluble film with the sealing
solution on the first surface for a time sufficient to form a seal between the

first surface and the second surface.

The method of claim 8, wherein the solubility radius ranges from about 1 to

about 5.

The method of any one of claims 8 to 9, wherein:
(1) the polymeric component comprises polyvinyl alcohol;
(i1) dps is at least about 10; and

(111) Oy 15 at least about 22.

The method of any one of claims 8 to 10, wherein the solvent is present in the

sealing solution in an amount ranging from about 2 wt.% to about 15 wt.%.

The method of any one of claims 8 to 11, wherein the sealing solution consists
essentially of water and one or more solvents each having a solubility radius

of about 5 or less relative to the polymeric component.

The method of any one of claims 1 to 12, wherein the dynamic viscosity

ranges from about 1 cP to about 1.45 cP.

The method of any one of claims 1 to 13, wherein:

(1) the water-soluble film has a burn-through time of about 45 sec or less using
water alone as a test solvent; and ’

(11) the water-soluble film has a burn-through time (A) of about 45 sec or more
using the sealing solution as a test solvent and (B) greater than the burn-

through time using water alone as a test solvent.
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" The method of any one of claims 1 to 14, wherein the seal exhibits a peel

strength of at least about 12% relative to the peak load of the water-soluble
film. '

The method of any one of claims 1 to 15, wherein the seal exhibits a peel
strength of at least about 30% greater than that of a corresponding seal formed

with water alone.

The method of any one of claims 1 to 16, wherein the first surface and the
second surface each independently have an initial thickness ranging from

about 10 um to about 150 um.

The method of any one of claims 1 to 17, wherein the water-soluble film
comprises a water-soluble polymer selected from the group consisting of
polyvinyl alcohols, polyethyleneimines, polyacrylates, water-soluble acrylate
copolymers, polyvinyl pyrrolidones, pullulans, guar gums, xanthan gums,
carrageenans, starches, ethoxylated starches, hydroxypropylated starches,
polyalkylene oxides, polyacrylamides, polyacrylic acids and salts thereof,
celluloses, cellulose ethers, cellulose esters, cellulose amides, polyvinyl
acetates, polycarboxylic acids and salts thereof, polyaminoacids, polyamides,
gelatines, methylcelluloses, carboxymethylcelluloses and salts thereof,
dextrins, ethylcelluloses, hydroxyethyl celluloses, hydroxypropyl
methylcelluloses, maltodextrins, polymethacrylates, copolymers thereof,

blends thereof, and combinations thereof.

The method of claim 18, wherein the water-soluble polymer has a 4% solution

viscosity ranging from about 3 cP to about 27 cP at 20°C.

The method of any one of claims 1 to 19, wherein the water-soluble film

comprises a water-soluble polymer comprising polyvinyl alcohol.

The method of claim 20, wherein the water-soluble polymer comprises a
polyvinyl alcohol copolymer consisting essentially of vinyl alcohol

monomeric repeat units and vinyl acetate monomeric repeat units.

The method of any one of claims 20 to 21, wherein the polyvinyl alcohol has a

degree of hydrolysis ranging from about 75% to about 99%.
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The method of any one of claims 20 to 21, wherein the polyvinyl alcohol has a
degree of hydrolysis ranging from about 86.5% to about 89%.

The method of any one of claims 1 to 23, wherein the first surface and the

second surface are from the same water-soluble film.

The method of any one of claims 1 to 23, wherein the first surface and the

second surface are from different water-soluble films.

The method of any one of claims 1 to 25, wherein contacting the second
surface with the first surface comprises at least one of applying pressure to the
first surface and the second surface and applying heat to the first surface and

the second surface to form the seal.

The method of any one of claims 1 to 26, wherein the second surface
comprises a second sealing solution thereon to be contacted with the first

surface when forming the seal.

The method of any one of claims 1 to 27, wherein:

(1) the water-soluble film of at least one of the first surface and the second
surface defines a volume at least partially enclosing a composition, and
(11) forming the seal creates a sealed water-soluble packet containing the

composition.

The method of claim 28, wherein the composition is selected from the group
consisting of human and animal ingestible items, personal care compositions

and cleaning compositions.

An article comprising a sealed water-soluble film formed according to any one

of claims 1 to 29.

An article comprising:

(a) a first surface of a water-soluble film sealed to a second surface of a water-
soluble film at an interfacial region between the first surface and the second
surface; and

(b) a polyol having 3 or more hydroxyl groups present in the interfacial region
at a local concentration substantially higher than a bulk concentration of the

polyol in the water-soluble film and outside of the interfacial region.



WO 2014/197415 PCT/US2014/040593

32.

33.

34.

44

An article comprising:

(a) a first surface of a water-soluble film sealed to a second surface of a water-
soluble film at an interfacial region between the first surface and the second
surface, wherein the water-soluble film for each of the first surface and the
second surface has an initial thickness less than about 50 pm and comprises a
polyvinyl alcohol copolymer consisting essentially of vinyl alcohol
monomeric repeat units and vinyl acetate monomeric repeat units; and

(b) a polyol present in the interfacial region at a local concentration
substantially higher than a bulk concentration of the polyol in the water-
soluble film and outside of the interfacial region, the polyol being selected
from the group consisting of glycerol, erythritol, threitol, arabitol, xylitol,
ribitol, mannitol, sorbitol, galactitol, fucitol, iditol, inositol, volemitol, isomalt,

maltitol, lactitol, and combinations thereof.

An article comprising:
(a) a first surface of a water-soluble film sealed to a second surface of a water-
soluble film at an interfacial region between the first surface and the second
surface; and
(b) a solvent for at least one polymeric component of the water-soluble film
present in the interfacial region at a local concentration substantially higher
than a bulk concentration of the solvent in the water-soluble film and outside
of the interfacial region,

wherein the solvent and the polymeric component have a solubility
radius (Ra) of about 5 or less as defined by equation (I):

(Ra)’ = 4(8ps - Spp)” + (Bps - Bpp)” + (Buis - Buup)’ M

where Op g s the solvent dispersive force, Opp is the polymeric
component dispersive force, dp is the solvent polar force, 8pp is the
polymeric component polar force, 3y g is the solvent hydrogen bonding force,
and Og,p 18 the polymeric component hydrogen bonding force, each of which is

determined by a consistent method of Hansen solubility parameter evaluation.

The article of any one of claims 31 to 33, wherein one or more components of

the water-soluble film are present in the interfacial region at a local
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concentration substantially lower than a bulk concentration of the one or more

components in the water-soluble film and outside of the interfacial region.
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L —F AT EEKBE SRS IR ATERE -

(a) FIZKEMERRK SR —REEINE AR, AT BRRAE

(1) XK, UK

(i1) BB ST EZSNMRENZ T,

Hoinde 20°C TR E, TR FHBEHAEARNE (v) /DT 1.6¢P; LK

(b) FKBHENE_RASHEAE RO LMITRESBEREMEUERRE —F
THUAN Fridh 58 — SR T 22 1B) 72 B 2% o (DR ) o

2. MWBCRE R 1 Tk A2, RPRiRE nlEUA 2 EEX R 15 BB YTEENK
BHFETHREZEIBBRT.

3. IRIERTRAFN B R P — TR B i, Hop Frid 25 SV R A B /K —FhER R
MEEBRA IANAREZNEENZ TR

4. WHEBTRNANE R P AR A, PR LB EH 2 3] 12 MREFM 3
12 MRE,

5. WRIERTRBAN B R P —TRT IR B 7%, Hp Brid £ ulRik 5 B LT &2 AR B
SRS N 3= N N b N v N R R TR N S A
TEPEEE M PEER (iditol) JUIBE.RGEE. B AR L PR A LR HA S .

6. —F T E KBRS TIE, Frid TiEa s .

(a) TRIZKIAVERE R 88 — R M6 I 28 B W, Bl 7K I MR FE BRI 08 B FE /DT 49 50 um 3F
AOEERLHZHEEAGREES TMZRZGIEEAEE B THRN R ZEELEY,
iR SE A s

(1) K, Ak

(i1) U2 EE%HA 15 EEYUEANEFETIREHFEBR P2 O, frid
% JuEEiE B B DA T SRR BB (TR B AREE R SRR DR B  ORAEEE R R H B
NI A S s 3 N a1 NIV S o S-S R
ELLAEAE,

HpimsE 20°C FAE, Frid B ERPIBIERE (u,) /M 1.5eP s BLE

(b) EKBHRNE —REOSrRE—RE LA ITRESEREMEUERRE—%
TN Fr iR 58 — 3R T 2 (6] 70 B35 B B 1], B /K E B PTs B /T4 50 um FF A EE
BEARFHZABEBBEE R TMIRZHESREE B nHARNER EELERED.

7. IRIEACHE K 6 Frd K51, PR —RMM R E —REPEF— AR K

(i) BHE7EL 86. 5% £ 89 % Y Bl N K ZAEE AR

(1) #—2EE Q) EEHEUTHARNHARBEELT  REFIEE. . Z R
B L BUREES  ARKEER . REE R RS R R AR ER R B U ALAS, B)
HEBEUTERMNEANBREBAT A . 2B 2 E. =2 2FE. N
TEEACE.EIE 0 KR L B 2- FE - -TREUREAS, LA € EE i
THEMMBHMAARTT LR RRZRE G ERRNEZRE . SOEER UK EES.

8. —Fh AT ZH KB MR T, Frid TEad -

(a) MBS —REEINFBEER, riRZHERaEs

) 2
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(1) 7K, A&

(ii) AT KEHERGE D —FEREH T KET,

Hep

W) W%EX (D BrESLFRBRFAREEHS BB L 5 SUEMRNBEEFRE Ra) :

(Ra)’= 4(6 ps~ 0 D,P>2+( 8ps 6 P,P)2+( 658 H,P)Z (1)

Hep 6, SHBEFEEA, 6 HAREGHSEES, 8 , NEFRES, 8  AREGA
SIRMEST, 64 SRBEFERN, HE 6, HIREESEES, EE A EINFRBERESET
{E BB #87% (consistent method of Hansen solubility parameter evaluation) {l%E,
PLR

(B) 07E 20°C T AT &, Frid B H WA E (r) DT 1.5¢P K

(b) (KB HERERE _REA SRS —RE MR E R UERRE —F
THI N BT ok 38 — 3R Tl 2 8] 2 R 25 8 B B 1

9. IRWAFNER 8 Frd 7%, Kb TR B BE X AAL 1 BIH 5 EEA.

10. IR\WAAER 8 B 9 hE—TRFTIRR 7%, K .

(1) FIAREHSBERLIHE ;

(ii) 8 p g AEDZ) 10 ;LA K

(1i1) 8, SAEDY) 22,

11. ARYEACHZESK 8 B 10 FE—IATR 5%, HPETRB LA 2 EE%RNA 16 &
EXUEEANEFRE TR ZEEERT.

12, ARYEBCREK 8 B 11 E—TRETIR 7 1%, Hp Frih 25 3 E A A H KA —Fh
KM B EREAMEN THRREAHSY 5 BRI RE LR ERHK.

I RBBRER 1B 12 PE—TRFTRB T L, PRI SR EEL 1cP 24
1. 45¢P SR . '

14. RPEBCRIER | B 13 PE—TFTR 779, K -

(1) fE R b KA R TRIE T, Brid KIS IR 2 45 P EiE SRR FERE ;DL

(11) FridAE M RERI B o i 1E) (A) {3 A FriR 25 b8 LR oAV SRR 94 45 B EEE
KIFE B) KT F S0 57K AR il ol i U e B9 B ik e 28 B 1)

15. ARBBCRIER 1 B 14 PAE—TRFTIR B 55, B iR & 2T T BTk K & 4%
JERNEERTEDL 12% HFIERE .

16. ARIEHCFIER 1 B 15 PAT—IRFTIR BT i%, 2 Bk 25 & 2 0 b S K 7K Ry
AR E K E /DY) 30 % FIRIE R E

17. HR\BCRER 1 ) 16 PE—TRFFRA AL, HPFrRE—RTAPTRE _RE &
B B 29 10 um B2 150 um JEHE N HPIGEEE.

18. AREALFIESK 1 B 17 PE—TTR B A, R RKEHEEE S EEHUTA
WEBARKEEREY ROGE RE L RRGREE . KEERGRELZRY. R
AT R B L STREVE R /R AR (guar gum) JEEJRAR (xanthan gum) . f1 XSRRUEH - &
BN EN ARENER RENME BRRGEE . RGBS FHR FERBE. T4
P AUEME. RORLGE . FRARIES BEER . FUHE K. FEAHLER R
REAHEZMEL R CEAER RELEAEZ REREFEAFYE R ZFHHE.
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RHEFERGREE. LLERY KBS UARRAS.

19. MW HFER 18 IR 72, KPR KBEHEREWAE 20C T AHY 3cP |4
27cP JEFEI I B 4 %6 TEBORE E o

20. ARPEAURER 1 2] 19 PR A3, PPk /K EHESS KEERED,
HAEERZEE.

21. ABHTERURIER 20 Frik i, EhER KB EAYAESEAR LB ZAEERE
RSB AR E R S nEA RN R LIBEILRY.

22, WRIERRIESK 20 B 21 PR T E, EFPFFRARFERLEL 15%F 4
99 % Tt [ A BIK SR

23. IRT/ACRIER 20 3 21 FE—TPFTAKI L, HPFridRZEEAE Y 86. 5% 3
¥ 89 % Y N HIZKIEE

24. IR\ARER 1 3 23 PE—TFTIREK 77, HP RS —REAFTARE ZRE:XK
B B —KE R :

25. AT ER 1 B 23 PE—TAFrR KA, HPATRE —REMFTR S - RE &
EENGE €56

26. TRBRER 1 3| 25 PAE—FrRBIFE, RPridE - RE SR E —REK
B ER A E —REMRE _REBEMEDULFRARE - REMTIRE _RE
RN B B> — AR TR % & .

27 ARTERFIER 1 B 26 PE—TRFTRRI T, HPFrd s —REH &% _EHE
W, B VA WA T BT IR 25 i 5 PR 58 — R B A

28. MEALFIE SR 1 B 27 RAE—TETR KI5, Hd -

(i) iR —RMEAPFTIRE - REFHED —AMHFRKEEER EZE D3 aaEA
EYEHETR, LUK

(ii1) TR EH =SB R A SR ER KEE M.

29. IRI|BCFE K 28 Frik B ik, o Erd A aWk B A F&E AmpEA . A%
MY PTERE) & AY BAHSREHEAEY .

30. —F S, HAERIENRER 1 3] 29 {E—TH R A KA HE,

3. —MY&, HEE .

(a) KEMEME —REAKAEENE _—RE, RAERE - ROSHRE-RE
Z AR A E X b LR

(b) BR 3IANHEEZNRENS OB, HAEFRRATX F R BHIRESER Fa T
% JUEEAE BTl KA PR LA K BTk SR X 2 A B AR IR

32. —F M, HEE .

(@) IKBEHBENE—REMKBERENE R, EERE —REOSHAE _RH
2R FREXAAES, KPR E—REMTRE - RETHNE MR KEEERES
NFL0umIEEEHBCSEARLTHLHBEEMEE S TNZRLHERAES
BIAMN R ZAELRY UK

(b) Zuhe, HARAREX a9 FEWREER L& T ik £ JUBE7E BT iR 7K MK
DR BT S R R 2 0 BB IR B, Tid 2 TT Bt 1 e DA R A AR RO BEAE T I SR B
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PR R AR R H B R AR AL S MR AL B L
BB R E IR R AR UL HEAS,

33. — i, HEE -

(@) KEHBEHE—REAKBEENE R, EAFRE-—REASRE K@
2 R RER A AR |

(b) AT BT/ PR B 2B b —Fh IR A 4H 43 BIE ), BTR V& FI7E i 571 X o ) J& B0
R SE R BB T B E FTE BTk AK VS MR vh DA K Bk SR (X 22 AN AR IR B

HeomER (D Fre s REnMmprRREGAs RALH s REMRKWBERE L
(Ra) :

(Ra)®= 4(8 o5~ 8 D,P)2+( §ps 6 P,P)2+( 650 H,P)z (D

CHd 8, HBEMGEA, § ARSHS ORI, 8, NEFIEMES, 8 AREH

SRS, 8, SRETERS, A 6 AREGASERS, B B ETRERESHOT
G ERENE.

34. WA R 31 3 33 P £ —TRETR B ¥ e, Ho o i K IS VR RO — PSS P 5
FEFTIR FHHE X o 59 R3S R AR T iR —f el & Fh a8 - FE ik /K PR RR o B R P ik
S X Z AR EEARIR .
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KA RE T AR AR AR XM

fooo1] AHKXHIERIRZ X5 H
loo02] ESKEEIGR HIERE 61/830,969 5 (20134 6 H 4 HEE ) MRAER, Frid s
BRULEI AR RFIFANELH..

B G

(0003]  AKREAKGE BV RAEME. ERERGR, A RAY KR TEEKE R %
B BRI BT - MEREMESEN (FlanEhE) R RREKEREY, Frid Em e
HTRASHSMA SR ERKE .

BEREA

[0004]  ZKIEMEMRTEFTBIUL T EAFT AR . KBEERAGHFZ N, BEATRIER
X Blmas, UAF R, KAhrdEs S AT atyeR e aitya. ek
Ji& C 30 A T A% s va 77 500 PR RE T R BE (EANFR T ) s i) (46 4w A e ek sl An
RN RIS . FrREF B TRFESUEES M a s T |t SRR
M.

[0005] /K IE MEREF B/NVE BRI T A B R E R E S . [ RER, 7]
PO P KB IR R B — i, B H =A%, AESHaWER It B EE R
BTN GTRE LR, RS R REH TS, [ EMR RIS R A LR 5
—RZ AR R KA TR KRR AR AR, BAE AR, TR AR S
R, 5 S LLE B S BRI, AT PR e B, By LB / B WS AR iR -

[oo0s] REBEMEHTRANTAEENNS, BECRUBEREHSETHFLKERE
fRo — K IR TR A RO VAR B USR] B B ME L A A i B I 4 T S A e B ko
FEREFOT, KSR W] REAE X2 2 4% 2 S VA MR BROE T 8, TRl BE TSR AT / B FRLAS TR A
EWIRERE R . BORY EREERAEEE (FIINRZME ) i, KA AR AT RE
K, T BURGRE 3 B IR R R B R o T — BRI R, JUE T4 1. 5mil
5 B RV, AR FE A 200 P iR ) 5 R 7 A B R 2 R

HRAE

[0007]  AREAKGE LW RATERKEEROERER BERISE—FREMES
) (Bl oz ) BIKIEREY) . CAPIK IR BE AR M T RS MR R — i Fi
KBy (PR H D, FIanR ZIAEE (PVOH) ) RIARNS M, Brid ] I
— P B T AR AL, ELIE R AR P IR B BE VR BT RE AT (U anAE v T 8 A K, it e
WM E G 5 I (R ), SRS R E (B anAE XS TSR 3R 7K FE AR RO 25, B4 e ApAE
FEBERTR ), U BN m K H S BISKES

lo008] AR BEI—DITEE K —HMH T B AGE R RITTE, Brid TEEHE (a) FK
VA R R B 55 — SR T BN 2 VR VR, P B sE (D) G (1) B 3P EE 21
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% T, PR % VAR 20C TUERSIZHE (1) /AT 1.6cP sBLE (b) K
EMERNE _REOSE—RE LT HEBEAME LS — R ZRE AR
BRI E] o

[0009) AR HKIFH—FEY K —FHTEHKEEREKTE, T TEEHE :(a) FHK
MR RS — RE N HVEW, Frid /K s IERIE B E/AN T4 50 um 3 HEFERA L
HAHEAER BTN 2R A B A ER PuH RN R OEEILRY, TR E B E R
B Q) AH (1) LA 2EE% A 15 EESUENNEFETEERPHZ TE,
Firik 2 solgi B B UL T E R B TR =B ARBERE I . P00 B BT A B L KW B . AW R L H
FEVERE L BLME T L PR S R UL B VLR R C I R N L 2
B UL EAE, R EHARE 20CUEMBNARE (v,) /AT 1.6cP AR (b) ffK
BRI —RE S8 —RE L ME AR EME UES —REME REZ FENE
FRIE R, PrR KEMNEAGEERE M TA50un HFHAERE FHZEEREEE ST
MR OIHEERAER BTHRKIR IR .

[0010]  AKREUIKH—FEY K —FHT B KSR ITIE, Frid TiEAHE : (a) mK
VAR R S8 — R ML BVE R, B B E M asE (1) K, (i) ATKE®RRKZED
—FREHSHERL B (@) wEX (D e BERNREAY BE Y 5 ERKER
¥4 (Ra) :

[0011]  (Ra)’= 4($§ D’S—SD,P)2+(SP,S—SP,P)2+(6H’S~6H,P)2 (D v
foo12] Mt &, SRIEFIGBES, 8 (AREHSEES, 6, JBEMRIES, 6, AE
BFEMRNES, 8 HENERT, IFH § GCARSHEASERN, S BELNRERES
FORAL B B 757 (consistent method of Hansen so_lubility parameter evaluation) i
5, AR (B) Gn#E 20°C N ETINE, BRI (»,) /MT 1. 5cP LR (b) fEKE
VERERG S8 R 5 5 — R L2 BA VR AL 2 LATE 5 — SR AN 58 3R TH Z [A) T AR 3
HAB 18]

lo018] FEH—JTH, XRRKAW KA TS HFLHEMRERKEE N B
R EEFE AR AT H 58 ISR 3T B H KRR T, B (1) B—REMNE
REFHEDL—MKBHEESREEZDT S OREEEMEIR, DR (11) BREHE
BHAEMOES KB,

[0014]  FEH—T5HE, XK A K—F &, § nE sk E %N, FRY s () K
VEME AR RS — R A KB IR R 58 R, AR S —RE 5 FTR S —REZ AR
XAbZE S PLK (b) AF 3N ELSNMREMN L Tl KA PR A H X 8 M EsEm
BT BT 2 SO AE PR Ak MERR o LA ik 5T (X 22 A BRI B

[0015]  7E 57 —7J7H, &K R—F ¥ an, ) 035 2K E /AN, Bk @ a4 : () K
BHEE R - REN KB EE —RE, KRS —RE SR E ZREZ AR E
XA %, R —REME —REF S NHKEEEREA/NTZ 50 un BYGEEE
FEHEBEREATHZABEGES R TMZIRLGAHEAKER B THRN R HELR
¥ UL R (b) ZocEE, HZEFTA S X AP BB S A B s T ik 22 JeBR7E Frid /KB T
R R LA ik P X 2 AR AR IR, Pk 2 iz B R AN AR 4R I =82 7R aE R
@\%%)ﬂ?W*)%@?ﬁ*%@?—ﬁ%)?@?H%%}ﬁﬁ? BB e FLREES S BB R AL RS
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UEE  BR-CBE . 2 2 HmE By 3 2P AR LR LA R &

[oo16]  FEZH—J7TH, &KWWK —F¥ e, FlanE S KE N, rd&esE () K
B MERE R E—REAAE BRI SE ZRE, RATRE —RESHRE - REZ A FHE
Xab®wE PLE (b) A TKBMBENED—FREHDBERN, Frid A frid 7 X
H BRI B SE b 8 T PR VA S TE BT il K V8 Mk R DA R Bk 1T (X 22 b BB AR IR B, HL e
R (I el rddRIfpra R H s A HY 5 SERMBREFEE Ra) -

[0017] (Ra)2=4(5 D,S_ﬁD,P)2+(SP,S_6PP)2+(6HS_6HP)Z (D .
[oo18]  Hrp &, SRVEFIGHES, © ARGHD B, 8 , JEFIMIES, 6 . K
HHSRES, 8 HNEFERS, FE 8, ARSHSARE, KA HETNRERES
PR B IEE -

[o019]  AEikH, B I7H RIAGE R R AL (BBl ) 4%, BlinfEfg prd Rl &S A
A YR TE I H 5 60 A P 88 ROV T SHE VRO S 77 IR B L& B A e MR E
o

[0020]  FirJE U B HARN 5 BLT VE 4R R R 0 B 1B B9 TFIR 2 T 5 A e T AL <.
BRASWMMTTER A S MR RSEHEG, BT SRR HE R AR SSHEE, Hh SR E
7R 5 B R U B TR ) 3F L AT 5808 4 A B BR A6 T A SCR o ) B sl

43 B 5% BA

(00211  BFPETHETE 7% T2 H AW UL R m i LUF Ve R 0 R Ba KT B R, Hodp .
[0022] B 1 A%EE KBNS ETE, Hoa 7 REAR R A KSR
LT

[0023) & 2 AVEE 1 IR P MIEEIRE A0, Rt T &S KB R B AN ES T H
X o {2 AR A A FK B A S R E.

[0024] 3 QFEMELANR, Hox TIRIEA K A G9/K AL TR =18 25 HE U H) PVOH F R
ABEA = EERETRAK (a) FEErEAN (b) B E B RE.

[0025] FE 4 BFEMBEFR, Hon TRIEAR KA /KOR =B 2SR E) PYOH R E
B B =B T AALI (a) FEZFRTEAN (b) HH M ERE.

[0026] W& 5 EFEMLZEFIR, ol TREA KM K O R =85 HE WA PVOH 2L RYBE
CHA=BREMZLE () RERER b) FHHIHEE.

[0027] K| 6 BFEMEFR, Honth TREAKHAR/KERA ZEZEHE R PYOH RV E
D FETA = EIRE IAE (2) KREFRTEA (b) HHFHEE .,

[0028] 7 EIEHMENR, Hnt TIRIEARKARKER =ZHE %‘T{ﬁﬁﬁm PVOH ) R ¥R
EMAZERETNZWE () BEREN (b) FHHJERE.

[o020] 8 EFEMELZ, Hont TIRIEARAM/KER ZFEEE BT PYOH ) RYEF £
(a) IRIREEAD (b) BIRE TR i (A AI R R BB .

[o030] B9 E¥EML, Hint TRIEAR KA KE 2- BE -1, 3- N8 WP ZF) &
VR PVOH W RMIEF 76 (2) RIKEM (b) ERE T R TR R 2 & R IRE,

[o031] B 10 A¥EML, Hont TRIBEA R B /KER Z B G PVOH R E F
7E (a) (ERIREFD (b) Bk T R o B A2 4 3 B AR
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[0032] [ 11 A4E ML, HOR T IRIEA R B KK B H BB E S AR PYOH # RMAR
F7 (a) RIRE T HIRTREMZEHRIEERE.

[0033] [ 12 G3E LR, HortH T IRE AR B KB L SRR 2 B IR PVOH S R
FH# (a) RIREFT (b) BT HIBE I R R RE

[o034] [ 13 AIEMLR, HoRt T ARHE 4R 93 KK B AKE R & B A L) PVOH ¥ RYIIE F
T (a) ARIKEA (b) BRI T HOBET RS ) RO RUBSRE .

BEXEAR

[0035] AU 5E A T EH/KBE MR FEHER . FHEROE KA TITEEHK/KE
MEM—MRESFHRESASER. mESERMIBR TR, ‘BN B —Riew 5
FERO RS A0 T BRBAEE B AR EBKIL &Y. T XXk, BRIFMERE AN [MEERE
REN LURE B MR ERSECRRIE. BHEZE TREREAEE T IHIELFIBIE
(B GnELAE BHSE B T AT AR BRE A ) o VA TTE A Hh AR B EH A VRT FH BOR B T AE K R ]
B, EABENOLHOERE SARELNEE (0N WEE, FlnA TEER CEE
RHETEKEERESWA S BITTEEE,

[0036]  ZKPEZEHHA R E & HAATE—FE 2 PR IK I RER), — RS BEEHER
B R ACKE B B LS KRS S (BIINmE R ) « EEFEAS RIS TR T, K T A AR X
F I KERFHFNT 2 — S Pk, SR MEIRE AR RS LA SR R
SEE. R ECREULT, B EVAVR T SOV A A T A KO BB T BV VR 2 3 B B IR 1Y
Fd (PR T B Fe 2 1R W DA B SE B 2 B, RV S B m] B AR 4 % 2 3 9
FET RS AN P ) . kBN FEERMMER SR B TR MERY
i, BlInEE ZFAEY (FlIM AR PMSH DA EESYBEEEED )
()25 E K N

[0037]  B&EAES UG HH, 75 54 B VR B HREAI A G TR B T L s, HEET
SRR R RSB — AR NERA S (BRI
Fron AR ) . '

lo038] AL HEMER, RIE“VWERY” —REEEERE—RUNEEFEFRTHNEEY
(B8 — Rk E S B nA e EAR F AR E S ) . X-T PVOH R EA&1EH, R
15 “BIEY)” (B “PVOH HERY”) #— P EE AR LB SRRl Z 8 2 /AR K BT
B4 6 LB, B GRT /K ERE (Bl 2 EEEM B 2% Es ik B m A s E A £
HAMKMRES ). 7 100%KBIIHRRERT . PVOH B RV AT OFE AR ZHELETH
HELERY.

[0039] AN FFEM, RIE“HKEY —RAOFBEAEFRHRNEZHEAUNAKET S
THRIEAY (GlEFEHEEMAEEAEE R TANBER FHEARNESE. 8
TMERY) . S BRILRENERN) . X PVOH A9 B fE MR, KB “ILRY” (5 “PVOH £ F&
W) #— S aBENTHEY, EEBWKBETEN LIGEEARE TN 8 2 hTE k8
T FUREL—MECRAUMESES R T (FIUNECRERERT. ZROGTEE
R TR —Me 2T Bk T AN EAR FHEARKN=T (BER) BA# ). &
100% K fE PR R 1E 0L F , PVOH B M T B RS ZHERE TN — M SN e Bk 8T,
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B LB 2R S T L R

[oo40]  NASCHETA, RiE “BE” RAKREENALLS, ErEFERTEEN. . EXR.
(o041]  WZASCHRETER, “HARIFERE” fa 24 2. 0mil BB 4K AR EAE 23°C
T, 7€ 50 # P, ik 40 #> A FH B e iik 30 B T &BME T K.

[0042] AT BRIERNME, BRUAREEEY wt. %) "MEEY wt%)”
TTHEBUBMEH“FR7(FEK) EEHG GE4N) HEETEANESNEASYNEER
CGEHR) oF, TSN ERNAR. WA HFBRRIERIME, BUARE “phr” T H g
KB HEREPFE—E KBRS (WA PVOH S HEE ) MO ERENERBIHK.
[0043]  ACFTERKIETE CEAEEEMAA R FEMLRTFEEBRMEMAS . K
e S0, B BRI, WA SR I S . JRAENTCERN, MEF, FridEER L
FR5 TR A 8 & R AT AR e RRER T RR RN P EERSE TERREARN. X
o /N VE ) _EBRAN T BR B DML B R TR B /MNEE AN I B IR TARK AN, AE
TH N ETCE W R E R B IR . ZEFTA R B A RE PR — B
T HERR B A4E B 5 BRAE P AR — AN E R A B9 T8 B R TR A A R B BB 45

[0044] ZEHIAW :

[0045])  FHEENERAIRE KA T KB R —FEZ P RS EH 0 BE T, —RBORKIEBTE
Ko E—FRBMLHEE P, FRBEROEKFETKEEENEERAAS (FIEE
MeEE UEEANBNKNERKERSHS) KER. b Xmg, £ R ZEEE
T, BRI RRRE T A B E 4, 3 B 6% 5 HoKE IR RIHH R R & H 5 T ol i
BEMEE W . FHAR AT EE A U RN, Sl 2 MHEFIE RS B EERAH 5 1
ML, BRI, LKEHERR ZMESH SR, A ERZMER (FlnEH
FAEERE LR TARRGH S BB EREmgER) . |

[0046] kK INEFBIIE R H IR E i 52 5 MR IR 2 0k B A0 B8 0 T A8 S AR A SRS 7K
PEIEFVER . 2800 U, BHBBRT L 2 EB %A L EBUYBASEEXINI0EREY
RV TR PRV L T B A B — R UL, AR T B B AR, W FIRT B 4 2.4.5.8 B 10
BEE%M/HEIE48.10.12.15.20.30.40 5L 50 EE X% S EHFE . YEHBBRPAE—
Fb LA 262 B VAR, BT IR B AN T8 B AT Sk L H S T BRI SRR AR N TR E . 5
BRI, FEBERTPASB EEUFNABEEXUHL N EE KR 5 EEURAKIKET
IR BEH 2. B—ASRUL, MXT T 8 B HEW, KT % E /4 50.60.70.80.88,90 B, 92 &
B %M/ 3E1A%4 90.92.95.96 B 98 EE XIS B/ BB A M, ZHE R T
W T 5 P DUE S B B AR BN ARG (v ) RBR, H— R 9AH SR E T K RS & 8L
oK EIREE (BIINREE ) o« 24603R UL, 7E 20°C B EEE T RIE & FHEMCH E AT /N 1. 5¢P
BUFEZY 1cP B4y 1. 4¢P BX 1. 45¢P MITEREMA (FIIE -/ NESL 0.5.1.1. 1 BL 1. 2¢P F
SRR 1.1.1.2.1. 3. 1.4 B 1. 45¢P) o EARSHRE (T.0 T, BHBIKE (uy)
FEXTFAERIACKEE (n,) ATBRMBRANDNT L5 BIEE (u /) (FIINE AT/
0.5 1.1. 188 1. 20 / BRAEIAL) 1. 1.1, 2.1, 3. 1. 4 B 1. 45) .

(0047])  ZEEEVRE BAABEFIAZERRE, F AR —ROBEREE -2 (HlmED
SAEIANEEZA) WMEERE (FlndEEd AER, flanmEs 023 4)
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&) KBNS T, ik thiE e se IR B A FI5 K 2 = EBA B A KKB R EIR
HASHREEREAMHEEE, KPR ERBASHENPHERATHRRAR. A
IRBFTEA 2 B 12 MRET (B0 3 3 6 4.8 ANEK 10 AMRIEF, B 4m 3.4.5 8L 6 MKk
BF). BB, BERTEE 2 MR 3ANE 12 MR EREE (Flwm2 4833436
A8 ANEL 10 MRMEEEE, P10 3.4.5 B 6 MR HEER ), BiRE BEREA S . AR
HaB &, BRI AE FARBHENRSASNBAR, A EMEBTETESEAETRE
HEJRAREP.

[0048] AAB INRELZANRE (-0H) METEARET BMKEHEREREMN KRBT . 5
Bk, ZGELET&F PYOH( Bl EY ) /A —REERAH S (FImAHNT T B
BESHELWEESHASEADY 50.60.75.85 51 95 EE % ) KI/KENEE. EE5LTEKL
BlIAELZ MR, BFERN=E (glycerin/glycerol) . FREEFERE . JrFERE . P WEEE AR . 4%
WEEEH AR LB e FUME I 2 R B SR e LB LB R E P BRI . 2
FVERE I AR EAES . KPHMEKRE (A 2EEXFNAH 5 EEY, AL E
BE%BANI0EEY) MK E B —REWREHBBRAE. 26k, EEXM10E
B Y% KARSHERS HEAL 1. 2cP F14) 1. 3cP KHE. AT 2MKENERKESEE
hEeER (FImAFEEERASRET ) HLhaEElt () LoEK (8Fs=
f ) W Z.E = (DETA) FI=TW Z.EMUf% (TETA) .

[0049] 41 R 3CSE b B E— Fh K BB SSHE O o, FTARIR IR B2 (Ra) B
TRAMBHEFMRIEBR. NRBEBESH WSP) A TEEMENH TSR
(BERAY) M IFMERFKENTER. MERERESIETH=ZMH /IR &
B () MRS (8,) LRSS (8. MRIAATER 1 P RASRSNEREE
(64 :

[0050] (8 )%= (& )P+ (8,)%(8 )% (1)

[0051] B& T BAEASHRBUBBRESHEZ N, AIERBREXRE Ra) RRIEFHMHM
BT T4 AT B MR . X T HEEBBETIRKEERERESAS P) BRKER, &
FERE 42 (Ra) AIIN%AR 2 HFIREIR

[0052] (Ra)ZZ 4(6 D,S_SD,P)2+(SP,S_GP,P)Z-I—(SH,S_GH,P)2° (2)

[0053] FEZE 2, 6, SNBHIEBUT, §  AREHS BB, 6, JBERIRMES, 6 45
NREAIRMES, 6, HNBFEERS, B 8 G AREHASIEES. MBRRAEIZE
BIREXAE (HEEE) A0, BAKEFHR 6, 6,50 6 A4R, H HEMFERE. ©A
Z V&) BE BRI, A B AT VA MR O T R AR AR . AT IRE 2 HSP EMTHE AT AT
MRy (Bilan HSPIP, 3k B VRIEEE SR R EE, BRI 858 4 R ) #4T. AT
58 B RIEFE IR EE T, 3 B AT AR5 77 NI E AR BT HSP ARAR 6. 880 8 o ERE,
B Y-MB A7vE (BT HSPIP B4 ) THEAFI HSP AU4F 640 8,00 & o AELIZFH
FhORVEET HSP S5UEE, BWREEER TR RENEIEFMREEHS .

[0054] KBMEPHFEIFRBFTIFNZEL—F OKER) REESZ BB REF/E
LR BN, Bl 5 SR . 7ESFRSEHEf b, BFEEERESHEL 1 2145 BEN, 3
Bk, AT LR E DL 1.2 3 M/ BE AL 4.4.5 5. AEHBREE—FLULE
FIEE M, F—FAFE S AF L X TARBMED B EREES 5 S EIRAIEMR

11
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BE¥E, EKEHESE -FMU EKBAERESASHNBAT, BRESHAR R TKERE
REASPFHEL N UREEXTEEKRERRESESY s RERNWEBBREFR. &£
e, BRI RE R T REHUKBHRSHS Y 5 REMNEMEELXZE. /EEHEE S,
BRI BB X TARKAERAHANY 5 NERMBEE X2 WMRFEZFERIFKE
HREAS, BATEESE D —FKBE%REEH S BREAR MM BIER . 2605k 3%H,
E—FsLiaflh, EHKBEERSEITEEHBRPEERZ L —MHEMNHERBEN. RER
FE P72 B BT R A AN VS B AT SRS F RAR B FIAKBE RS H 5 B TRIAERGER - RE
M5t A2 1, PVOH/ £ 0B R 4L HUIE & HSP AARE AT (o) B/ 10 f1 / iEIAL 12 8L
150 8,8, /8 (b) B 22 2570 / BFIEL 30 33K &, fH-

[0055]  ZEHAWOE AU EFEKABEFIEARNAREZA S WIREGY . GG
F, A FELCERXERNF (FNEELN 1 EEXH 2EEY, FIWLH 0.0l EE%INL 2
EEXHAN0.1EEXINA1EEY ). Z60RGE, PIHRMREBEER (Flw T g
FHINKEVERE R BARLS ) SR B SR BB 2 AU M N B B SR I A B0 T 1t . 2t
BRI RBIKEERESY (BIfE KB ERER A KB SRS SE TR )
SRV, — S AR R R A W AN B EE A / E R R &P AMERRE DN RITRAE
THA] AP B S B e . T AR AR SERE ] P, BT I — R B3
Rkl (Blang uig ) Z MBI, Bl &2 5 ERE EH L BHRA / B
Y, SeHIAIELZFENL B (diol /B glycol) , BN 1,2- Z-F (Z=8).1,3-H=
BE. L, 2- AT, L, 4- T8 (T2E).,6- T8 (R=f).1,6- 28 ().
2,3- T B, 3- TR 2-FE-1,3-H-ZB.2MRZ-F (Pl -2 B Z2 )
URHEAE.

[0056] 7& [& ‘jiﬂg“

[0057]  sK¥AMERE., 3 op BT A T3 B LR B & T AE B AU R ARFT A 5. 72
—KSEi A, KA EAER AR PVOH) , 85 HARY (HlnsEE L aiEmmE
MR BB T ) MEILRY) (PSSR SR 28R 2B 5t AN —Fhak
ZFHECHIKSIT )., PVOH AEE BT R R ZIAEE B A & 85 A B8, BTl B2 fd @
BRAKIBBR BAL . B JUFETE BB A DA B 2L 1 52 2K PYOH MRS 1
EEESESY, RIUABETEIZL 140 °F (60°C) MHukd, R ATAERZRZAEERR
KR JEIRE R 2B, B84 PVOH B EMFR NI /KE, HEMSE s 3t
B gk &, 3F A ETETZ 50 °F (10C) K4 K, SiEA KiEHEEs ok E M ER]
ALFE 4 B v (R 2F 43 /K A PYOH ( B 0B 441 94 % 1% 98 % BIZKIREE ) » 3F BANA 5 T8k
th - Gl BRI AR T 24 4A0CHEEMRE T . 5eE/KAEFNES 57K 1) PVOH S8 2438 & &R
4 PVOH ¥4, BEAR A E b, B9 KRR BN ZI6EE - LR ZIGERILRY)

[0058] KK BH KA M BE oF BT A 5 /O PVOH BI/KAEE (DH) AT RZ) 75 % B2 99% . BEE /KA
FE BRAR , £ BT AR Al o) o B R B LA O B A8 PR A ELFE R T 20 20° C IR F ROV RE IR . 24
K AR R SG AN, B AR B bl Al B AR AE AR 5 T A8 A8 58 o B AR MG PR AR . FTIEHE PVOH
BT 7R B LA 734 A B0 7K V7 AR P52 S 38 B AR e 14, L R b 0 B2 el el 0 S ) e ) PR (1409 i
B BEFR ARSI « TE— LRGP, BTk RS AE . B KE RS
FARTF 10°CHIEE KT, Al BIEKEELEL 75% B4 90 % 75 B N EFEL 80% 240 90%

i2
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VU [ 9 B TE 4 85 % B4 90 % T 1 1 PVOH, 78 53— 28l o, IRk BN HOKBMEIE . 25
Bk, BB RS E R RN, Al Sl &, BlinskE ;. TR SgRE YR
KBEH/MIL. BOKBHEAETEDY 60°CRIEE KD, AIEIEKEERNEDSL 98% K
PVOH, 7E—Lesitiflsh, BEFT B M A& A . BB P, AR KRR &
st AR E & A R IEE R XM M ERBCE R EE . 256K UL, 2
GRRANRE T BHAER T AR SR PVOHIE ( BRT) S5 BAIRHK 88 % KA, Bl ingy
86. 5% FI| %) 89 % /KRR TR s,

[0059]  [& PVOH Z #MERAE 4 PVOH B A A B H & BB KB HER BB FT B4 (EANFRT) 2
MR CIHEE RABRES KEERARRELRY R AR R Tk e =,
KBEHRARREY, OF (BARRT) TUREREER A XCGERMER KEURSUHT
EMBFE (ERRT) ZEE R RS SRR R E—HAESE.
HE/KBEREYTAERENS  BRGEBR . RRGRMELS AR FERM T4
R AHEZBR. BCROIGHE  FREARE . FEER . FEBR. AR . FEFHEZ. R
REAHERMEAIL IS CEAE R BLEAH R RRERPREAER EFHBULE
RERFRE. WK EMEREMNIE PVOHEREE ) AIEMWE SR RE. —BRU, KB
VERE R R R A M RE LB / BB 5,

[0060] IKIAMERRER S HFIMA 0 EE %L 0 EEXHEENNELR TEAS
Y. KBRSV EMR T2 BT AT NTNASENEZLL AT
BIng 0.5 B 9.9 0.5 BIZ 5 8L 1 B 3,8k49 1 B 2 MITERE N -

[0061]  FITARSCETRRBIBERI/KBHREY (A% (EART )PVOH KEH ) R ks E
FEZ) 3.0 B|# 27. 0cP, BRZ 3. 0cP F| %) 15¢P, B4 6. 0 B%) 10. 0cP {EE M. PVOH BAY
ARG B LA UL B Be 88 BOARVE Je JERME LV (Brookfield LV) BUANEETT, fnsk E ARk
EN IS0 15023-2:2006 Kt E A& 3o 36 R EE IR T vk o Bk U 37 i S BRI <2« B PRl
IR 20°C TR 4% R LB EE KB B EIAEE . BRAERSMIE, B AT LA cP HEMR
ARG IR AT 4% KBRS VIR B 20°C T FIME .

[0062]  FrB4TUE AT B /KB RAY PVOHELHRE) MEESR—REYNEET
1990 T8 (Miw) 13, 3 ELREBEE % FAE Thw B0 . B, KV ME BT & 0 B 73
4 F BRI EZ) 30, 000 F 45 175, 000, BLZ 30, 000 £ 100, 000, BLZ) 55, 000 F%7 80, 000
JERE A .

[0063]  JK¥AMERER] 48 E T H AU B M EH ©BhFALER, #lin (BART) 2
AT BB AL TR 38 25 57 VIR TS AR AR R SE TS 7 38 2 )L AT BRI B AR S UL TR B A
VR AR (Bl EWRERR L R s £, BN ZR A AN ) B B (4R TR
BREM. TRREMBET ) UAHEIREER Y. SEBAFIKLES L. B
B FEH, AT EFTNEL L0 EEX 0 EES% LS EEX . I0EEXSEEY.
SEE%M/BREL00IEE%0. 1 EEX%. 1 EEX%H S EE%.

(ooe4] KA EKFE (EARTF) AZE. _AZE.C-_B._2_B.Z7Z 8.
MZ_E.AE. G540 R B . IR _BE.CEPEAE . BHL T1E.2- B
E-1,3-TROE AR ZERUREREY. HRBAR (FlndERE T 2REEREHE
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B ) "I #) 25phr B%) 50phr, £ 30phr F#) 45phr, X% 35phr F|%) 40phr JEEA K EE
FEFKBEEES, AERE—BUFIERBUFIEE. EEFPSLHEE T, KE R &
REKF M A IR RE T B (5 B B, Bl a0 55 738 R B2 3 M mE . L BpE
B AMEEE. REEVERE IR A . AR SRR . H B UL RS . FER B ey
#% %) 5phr 3% 35phr, £ 5phr $|%y 25phr, 24 10phr FJ%) 20phr 84 10phr %) 15phr &
ENNEARE T /KEEED, RER S —BEEAREREEBAFINAS. BUH (F)
WA BE EERET) HEETAN I0EEX PN WEEY, KA L EE%FNA 35
CHE%, 20 EE %P 30 EEREHEAN,HIINL 25 EE%.

[0065) A& EHEIKAMERE ] BB BURNAHEER, REZER T ABEE. AN Z
%y 10phr 2|4 25phr, 4 13phr $£) 22phr, B{4) 15phr $|£) 20phr W A K EEET KA
MR, NE R B —HAFIERMENAE . HEFNESNRBS SRR AN TH
EEEALFZ 2:1 B4 12 MEE AR LR, E&5MARNARE (BRRT) F4 58, Fln
FEARZ.AREFEAER RFEAAR LE  RERNSE BB ZH 5
R e RIS PRI SRR B IER (BInZE Cote B760 BX B790, RE BN TAF (Grain
Processing Corporation), G HiEE (Muscatine), B (Iowa)) ;I ZEIER (#)
IEthylex 2035, K EREM D EELLC(Tate&lyle Ingredients Americas LLC),2200E.
BIREHEZH (Eldorado Street), EIKEF (Decater), RFIEETHM (IL)) PLERIHL—A
M E. KL P, WEFESRPEAFHEZRY (ONC) . CMC FIEURFR B AT 96
£90.60 B|£0.95, MAXFHF{ER, “BRER” HHNES T BB TRINREREREA
(CH,C00 (Na) ) BRARHIERES B . 72— Fhs2itfil s, W7E 256°C T FEA ¥ 3o JE/R 18 LVT R T
EFTIE, CMC 9 2% KIEWMIRIARS FEAEL) 20 3129 80cP KTEEN .. 757 —REHHIH, BE
FIELE R AETEN . E—FhsSZiaf &, RNENERTTEA 9. 1% K2 & &, 4 6. 3pH,
0.20 EEXU KN AEURO.ITIEEXYEARTE. EH—LLEHI+T, HENO SR
ZERER .. CEENSEFNHEERRERE TSEERUREMEERBTTFI AN 2EE XS
A3EEY%.

[o066] EARMEEHATEFEEEF.AEF . AEFULRFEEFET. EaREEE
FERE (ERRT) BECHRURER B B 82N REEXD ZEENY . Uk
LA R BB R (ST ) RE LR FEBUIEHRAREA LHmIE (BEF) B
RIS N- S 2 S e DA R R B (M F ) HEESREEENQFEmEE
TR R RSB TA ZEE A ALBL L A B ER S  RE 7 R A FLBE S L S R R
ZUBERE 20, 5 1L ALEE RS 60 5 (L Z4EE NS 65. L ZLEEER 80. BRBENE . N =B FIA B2/ 2Bt
A B8 W BRER LA R RE R R 1 ZBRALES, AR A& . 7ESFhSLit B o , K AR R SR TH 7S 14
FIFBAEL 0. | EEXF 2.5 EE2X ATEMN1.0EEXH 2.0 EEXTEEN.

[0067] W@ F/RFH/RIEE Karl Fischer titration) FTE, KBEME HIESH
FELAEEY, HINL4EEEXHN 10 EEXBEANNERKISSE.

foo68] KA E TR N TEELFRE 2011/0189413 SMEE HIFERE
13/740, 053 5, HE LI AT FFAK

[0069)  ARIE A /% BR (9 7K VB M R A — S ST B 9 A RRIE7E TOK B MEFE R & A, Bl an BB 3EhE
EEIBLL AN A SRS . 7EIX — 2850, KB R A BEU T EYMFH— 1 2
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A ATEER FHE LTS — PR B A HRERT LT &Y — A A AR :PVOH
MM PYOH s /KB RAREY, 81 (BART) IURER . EREK . A X ERURZIER 17K
BHERSOAED, 85 (EARRT) ZEEER AR R ELIES (AR ay3L RY UL
REAE . FATHNBIEA K KK S TSRS BIEEZE T s BAR K
—AIREA, IR MEIE A A LR AR RRIER . MARBAFATRET &
Y — AR A, TER EHUTEWFH— AR ANEHREATH LT &P — B
ZNER AR A-E. A B A FERCE (FIBEERERE, flimBEHH
0 200,300 #0600 I F&) R ZBMAZEE. A TER=CERURE 1,3- T K.
REEEFTHMEE LT SY, AR EHUTSWHERE R T SWAER AT R
R3S A = EEAN TS B2 M0 FLBRAL RR R BR S AR R BR MO LR S e AR R AN R L ALEE IR
20, (LB EE 60 5% L ALEERS 65. 5 (L ZLEERS 80, SREERE . R =BE AN —BE 0 S BRALFE B
EREE UL R e BRI Z.BE LR . AUERITTEEU TSR — A REA, AR EHUTEY
PR —ANERENEAREEHU T EWPH—ANRENAR LS 2R e R ERR
AR B ER . FTB U — AR AN R AR B 5 H e iEm s . AT
AR EMKEHEEPMAS T AEE RGP EER (United States Food and Drug
Administration) f§EAN“AINANE 4L (Generally Recognized as Safe) ” (GRAS), #1 / 8%
Y5y FERR B TR E R A VR E A, A0 / B 4 MR8 2E 9 GRAS B E #{E, {H 4 @idi& = U
R A TS WA TREFEAE LT ALBERERIEZ &L,

[oo70]  mRJE A0+

[0071] P 8 (25 S ¥ VA mT A T 451 SR 4 5 L B A B8 30 R 7 T I BN e o v EE AT / B
EAREN T ER T RKBEHERT. £ZHZ 80, KEHEERTRER RIS K25
TERTE, BlaiE S SR i P . I EREMEESFREMMAE. 265k, 7TE
HUTEREEMNTAE BB BIRE L2 s S REAERE Lo, /8RR 50 in#
JolF T A BGE L AR . B, AT A0 I 0 R B0 AN BIRE L, 3 R T (R
k., 7E— SSRGS, AT AN e N, BRI NFEIZ) 50°CE|Z) 150°C. 4y 50°CHIZ)
120°C .41 60°CHI%) 130°C .4 T0°CHI4) 120°CEL4) 60°CEIZ 90 CHIEE . 8L, T/
fAI3E&E& IF BUR FETRVE , B nE K B R N R b 2 TSP R LA, I@ R 7 (BFE K,
FEA A BT RA S KBTI B R TS R ) BOERIE L3 T EEER
B oLV 2R T BUE IS VR M B N B fE AT (R B .

[o072] JEELM#HA / BB ZSE, rDEHMARIE S AP, UL FHET. A LUE
TRATAESFRLNAESHAYERESE., £ —5stimel 4, i mEgir-
R EETEEME. s, B ERIELREREARER. MEEH
B, B AME S HIERASERNTF O/, B X UAEAEMEFHBER
EakiE iz s e . H A RNE LA T FE Rk S 88 I, Pl /K E M REE SR A FF O /)
BEAFBRFONEHFBEERIEEE —RNE _REHE & AFERERZE
X I HE A T/ E . :

[0073]  FRIEA K BB 7 iEFI FH 2 SERR G AT — N S AR A BRER TH 2 1R 2
mESH. e WESH (BFE/RES) A THEREHNAR. B, UEREH (8
B TR LR FR) MEXIEE A MRS EH AR IR EE R AT OB 1]

15



CN 105377965 A i BB 11/25 F

JTEREM, EE N THARME L, 3 B@EE e FRREFE PR IR L BREHFE
0156 A FEA il I e EA IR R B ED R BB R (B ERE R R ) 2 (AH X4 b eldt
PR B ek 24 2 sV VAU B P R D B B [X 43, L 3 )i S O3 D I 77, T R
B A ESCATR B B (ERMSIRE ) .

[0074] JERRAIKBEM /MBS EBRETRS BB {FEREMES LR
#. 3R] PAESE T AT U B R AR A, B0 DUE & 3 E H BARE R A T KA E.
PIEI2E B 0] 6l i AR Y s AVE , R IAE VBB B, BT BTN Z S BRAE R TEI
RBRTR A0 Ry B/ ZHKE. ZEER[/OAFABEAIEAFHFEAEE,
KB4 a5 NBg s R IS 9FF. BE, FridBE v L bliE . MR, Big
{3 P& RN, T BRI I MR RS H A WA / B F SRR A | R
HEEHEMH Z R E /MR,

[0075] P 17t TR AR 988 A b SCAE AT 4] 2 VA VR SE e 491 o BT 3 O B8 VB VR
AR BB B /A, 100 BRI L. $—KEME 10 A S —RE 12, MR, H—K
VAR 10 TRRTE (Blin#vil 2l ) [F180E 10 F— 3o R EEH (REE )40, £FH M
100 Z B A Frid A (BB E ) FREESHEY 50. EHT/RBHLKEF 5, F—FKHE
12 — SR FERR = 40 AEFE— /KB 10 f9 B3I (Bl anAEsT - FRR=E 40 RE
HBSEA TR ) BERE. FEERATHINESE — /KB 10 SRR / SmkEE 40 Hn
HAEY 50 ZHIBRZ FESEMESFER (FIBHE. IR ) i FE—REH 12, B KA
VEREL 20 BB SR S5 88— /KB PERE 10 Befh LI BB = 40 (Bl &7ERR = 40 MEA AR, B
TR B U B8 4 RS E B SL il ) « P, B /KIS TR 20 #9288 3R TH 22 (filn
HRMETHRT) BME—RE 12, AP EHERAETHENERT 12.22 Z HHFEKX
30 &b PRI 12.22 fR¥FEA (Blam@Et R /1) FFE 2 LAFER MK 10,20 FIZR 12,22
Z B & 32 RO [R], BRI Sh = A 2 KIS /MR 100, e R 25 35t 3] AYA R PR 104
20 FER WX 30 FEREER 2, FILFE EEHBERAIKA ST EFEX 30 MR ERF / 5P
MR 10,20 A9 ZEEERE T H B EE 32.

[0076] FERE] 1 5 Fron R SEER o, B —R1E 12 188 3R 22 451k B AN AL KE
PERE 10,20 (BlanZE#H7E — 2RI RR ML B B, BT B AT e AR RIS AN E A 5 R ) » 25—
SEHEF R (RIRE ), E—FRM 12 FIERE 22 7 ASHERKEMHE 10 AEXIR (5]
WA T B B E E AR F— A B AR R X ) o 28000k, B 1 RISEREBIE eI F 55—k
12 MR SVERR . R ESSHE F, RPN R 12,22 R EE 32 287, B
AT BANBUE M I B S 3R TH 22, AAFEHBEBIEM T2 M ERE SRS, FHIE
R T4 S 2 T AT A R ST T AN (B R T AT AS (R (480 40 o] RLHT 58 08 fim A L A i ofe i B 2
EHEBRIEARRLE A ) «

[0077) [ 2 7R T KA /N 100 FIZFHt 32 BB A RE X 4 10,20 FIFRT X 30 LR
MR HIBERA S (C-C) KEEKRENE ET A, FrRf BB AERER T 1
IKVETERE 1020 FOB L F9ZRP VLB, B — AR U —MREE T E—MEZRM 12.22 A
FURMEEK 30 KSHEMM. TR, BHFWER (Pl tBSHEE) #FETH
M X 30 F A BHRE — L B E T 2 AR T /RS R R AR X 30 2 4B A
. BBk, £ REX 30 dhra] WU = /> 40.50.60.70.80 BL 90 BE %I / BLE 1L 60,
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70.80.90 2% 100 EE % KB EBEFNKE (HlInAEX 30 & TR & B F I S X K
ESmT gl ). 5SERBRENLAE, KBTEEH—MRSMEASFETAERX
30 o () B ERUR B AT SE R A Tk A M RE e A R X 2 A BAR A 4 B B AR IR T (35413k
U, Bl R &9 ALK S R EA 4 (BRFEHEBBRANZS) T BEBIFEX 30 1, {HH
T AR B S A RE IR DA R RIR B TR ) .

[oo78]  EITAEFRHIMESLE, B 2 PHRE ﬁ%ﬁ”%ﬁ‘fﬁﬁ%ﬁfﬁ%m@ﬁ B AW
(Pl s EB%I 0 EEYRA=ME ) ERHARZBARE _EBMH PVOH K (FlinEEH
60 EE % PVOH.20 EE %R =M% .15 EE % N _B/EARMA S A K 5 EE % KERHHA
PRSI K S A BRI E S ) AR 100 FiZ5E 32, ZEE 2 B, R HBAS AR =R
(C,, B R FHVERIBEFIF BRI ) 7K (C,, YERIRBEK S )« PYOH (G, fEREK B R &
) LR B (C,, AT ) . REEFIE=FAETH, (82553 n TR FrRin g
KMNEHBBRAENEX 30 AR YR EHEER 2 P A BRRRA=EETE
R X IR FEAZEIERA TIEEE — T KA HERE 10,20 KL 57X, BT EL PYOH
RSN HTH BB FIA S Wk B FE X 30 h, BMERE R T RAEK 30 PHFEEERE
57 B AR P T AR T34 R 10,20 .

[0079] 4N ESCETR, B BEMILH A FIRM — PR 2 F a5 4L, A R KBF K 10,20
W R AR B UL R R S A ZE AR R BT B 32 FI5RE, XA &M T8
F BBk Ve RS BT, Frd 28 b a4t oot 2 P B B SETR, B FERTER B EEZ) 10 um
F#) 150 pm BLZ 30 pm |29 60 wm 8 [l ¥ R FRLL (4] nwTas E 2= 2> 10.20.30.35 B
40 v m F / B EIE 40.50.60.70.80. 100 BY 150 v m; F rhy 44 B B HE 1 R 7 BB S 3 7 v 3
BRERITTRE (RES) DS BIARRIEERE ) .

[0080]  ZEEAWILHEA T F/KEGHEEEFER A (W TFAEX) KisE FEER
T T R, R B 4 A R R4S R SRR KA B ) A S BOSE SR R ARR . FE— SRR
5] e, 3% B8 R SRR B9 KA AR IR 5 2R B[R] R 40 45 FPBREY 50 F5 3l B8 (K i KA AR
10,20, ST, 158 FARRYE A & B B0 26 SR, R Be 22 B (AR X T oK S35 180, 7 B — &840 45
e 50 MEEA . B, EHE LB+, SUKBIRER R R HZE D4 10,20 B
30 FPAN / B RIIA £ 20.30.40.45.50 BL 60 P, - B 2% B R g8 o B [B] ] 9 2 /D4 45,5060,
80 B¢ 100 FpF1 / BLEIAZ 6080+ 100150200 B8 500 F, A5 3 F-4H B2 A4 43 B 7K f At 8] 42,
®’E.

fo081]  FEEHVAWRTAMEH 32 MEFE R AR X T B M K R EE T T E
B GRS R B A A S 58 s A (W0 RSO ) RS FRSCie i, FE 32 8
IR b B 5 K B B AR S5 B K /D2 30 % RIRIES SR (A Gl S T K Ao 25 3R
BEDY 30%.40%.50% 88 60%F / BLEIRL) 50%.60%.80% .100% 150 %88 200% ) .
TS SN, A958R R IERT S/ ME X R B IR B R B R E LR, B UREXT R
ESRE A (BlnE X fe e EEME L N A BEAE ) LIEEE AT (FImst xR E
BRI 2 LA N A RATE, (EA T XA F 2N ER ) . BIRUL, ZH 32T EH
E/12%.15% 20 % B 30 % A / B IL 40%.60% .80 % BL 100 % FIRI B SR LL (LIE S
ELER) o

[0082]) JKEM/NMBERIEEZMEEY . ZRESTASHIBE P EBEHRIAREE
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W REPREX—FHER] B TREFSEEERS (PINFEARNE) AN HE B4Rk
BRI o RaRAEREL, EKEREMN / SR ERRA UM ERTR
SE M.

[0083] & Al H & HIRIAEIR il P S Bl BAE N MBI AT B & A NP BRA S YA
HHEEW. RREANBNZYTRRY HBE B KSEBETR (iEE 2% 8 Fhl &
i (BIINE TR IR &, B RFE . K HE RS BRSNS RSB TS
(FlanE AR R AR AR . AR AAEDEEILR (FIafRgH / B85
&) R HERRTINRUASY . EaHEHSYEERMMREREEENASY. E
RETEHEAEYH AT HAR BB IR LA R B ISR A0 PR A IR FLAnE
UHEY. ATAKARRP AV 2RE. B HRY . B sR KR BisA
YA EEREE. BETEENREEREY, GINMREE . R AR — PR Ak
HERBILIR W BEISIE 1A i 20 T 388 5 8 e B LA TRAR 32 SR B AK PP R I AR 40T AR ik
AR HINEE A, TR MR 22

[o084] A< BH B RAIRSE T HAS L PHAE T U T RS RE .

[o085] 1. —F A TEHKERERNITE, AT REs -

[ooge]  (a) [IKHVEMERISE —REMEMNE HER, FFAEEHBREE () KM (D) A
AINRELANREMN L TR, Hh TR E HERAE 20C TUERIZHEME () N
1. 5¢P s BLE (b) MK VERERISE “RIE 5 % —RE L RE B EREME UAES —REA
B TSR < (BT R BRI 1A

[o087] 2. RIEEE | BTk, Hpprid 2 uiE UL 2 BB % B4 16 BB % EE MK
B ETERBERYT.

[ooss] 3. HRIERTIRBIE AL —BUE AT IR B 75VE, b iR 28 SHE R E A b Bk A —FhER
ZMEHREA 3 MBEZ MNMNEEM L TR A

looss] 4. WRIEEFARBE FE—BEFTRKITTE, KPR L ulE &4 2 B 12 B0
3 812 DA,

[0090] 5. IRIEHIIABRTE PAE—BIEFTIRRITT ik, Hrhprid 2 ulfis A B UL T & & HK)
BER TR =B SR RERE PR L PR AR RS O B H A (L SRR FLAE R
VAR AR LB BRCEE R R SRR R P AR U L HAS.

[ooo1] 6. — R TEHEHKBEHER L, T TiEEE

[0002]  (a) [E1ZKVA R A — R RN HIE R, Frid KIS MR ERENT 4
50um FHEFEA LRZBEAFEREA TN LR KELEES B TARKNR G
HLRY, rdEEERes ) 4G () UK 2 ZEEBE% 3N 15 EBXEEANERET
FEEER PRI L T, iR 2 uli ik B UL AR RE (=B REEE R | SRR | BA
B ORWEEE XME RS H MR LSRR R AU AT 5 T R AR R LB R E L R
P EAMEEE R AU LR A A, b S E AL 20 CIERIBIZSHE (1) /b
F L.5cP AR (b) /KEMEREIE —RM 5% —RE LM ERFREGE UEE —RET
FNEE 3R T W) T B S O I (), P KV T IR RO A0 86 B /N T 49 50 um JF BLBFER A -
B AERERER B TN ROFERGER B TAMNR CRELRY.

[o093] 7. RIBEETE 6 T TR P FE—REMAME T REK/KELE . (1) BEY
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86.5% N 89% JEFE M RIKMERE ; A K (i) B —F8E () MEABUTHBRKEA
RIEE 2B RN EE . X F . B R R I R . A
B R HEEEULEAS, B) &8 HUTHRNBEANBREENLN -B=8.
THAZE.CCE. 2B S OB N B VA BV R 400 B —FE.2- B
H-1,3-WWUERRAS, M (O EEHUTARMBANEER FEER . ERNZ
VBB SR R U R AS.

[o094] 8. —F A TEHKBEMEMFTIE, IR A EES -

[0095]  (a) MIZKIGMRRR S —RE MMM FER, FrRFEHBEBES (1) KM (1i) AF
KB E A —FRESHSER, b @) it SR (D e BAFNESES 1
IR (Ra) N4 5 BUEAR -

[0096] (Ra)’=4(8 0,5~ DP)2+(6PS PP)2+(6HS HP)Z (D

[o097]  Forp &, SAVEFIEETT, 6 \ AREES BRI, 6 o HBEFIRMES, 6 A%
BHDRYES, 8 HERNEES, TR § L ARGHSER), RS BEIRFERES
PGB BIEEDRE, AR (B) WFE 20°C FATIIE, ZE AR SRE (1) /MTF 1. 5¢P
PLR (o) KA HEME - REOSE —RO LN EHEREMEUAE -REOME K
THI 2 [E) T R 4 3 B 1]

[o098] 9. RIEERVE 8 FrdWIFiE, HHFTRBMEEFREL 1 B2y 5 RN

[o099] 10. IRIFEERF 8 B9 E—BREMABMTE, Kb ) REEHSsBERIIAGE
(ii) 8 REAL 10 ;AR (Qii) 6 HS%JE//I\Z’(J 22,

[0100]  11. RFEEE 8 2 10 PE—BRERABK L, HPRBERUL 2 EE% L 15
BEXTREANEALETERBRD.

lot01] 12, HRIEERIK 8 B 11 FAE—BREFTIRI L, K il 2 SE a4 L HKA—
MEZ & H BEHEN THRESHS Y 5 SEKIEBE L AKE AR

[0102]  13. IRIFEAGRBRE HE—BRIFEFTRRI AL, L hAMEAAL 1cP FlZ) 1. 45¢P
EE

[0103] 14 IRIBEAIRERE PE—BRIEFBR A, o (1) {8 R KAE R iE
KB B ) 46 PP ECE R MR EERTIE ;LA R (1) ARIE MR R E (A) &+
EIRAE MR IE IR A2 45 BEE K I E B) KT8 A B Ih i KA Mt i 7R 5 Brid
BEEE T [E]

[0104] 15, IRYERHTIA B & P2 —BRIE TR B 1%, H o Frif 2 A 5T Bk AE AR 1
WEE S A EMME DL 12% IR RE.

[0105]  16. HRE BT B T — %ﬁ/%ﬁﬁﬁiﬁ]ﬁ/?j H o BT iR 2 s 2 IR B S A AR Y
AR KEDL 30% KRBT RE.

(0106]  17. TRE R BIE PAE—BREFTAR B2, PR E —REA R s R %
BRI EAE L 10 um B2 150 um JEE A KVILEBERE.

(o107] 18, RBAIARIEHE—BREFEMARNFE, KPR /KEEESSEEHUTA
B RIKIBEEREY ROHGE . ROF VR BRABRIE OKEERBRELRN. B
LR R B SCREVE R  TURER B R A SR UE W s SR BT IR EALER
REMG BAKBERE . KAGRIMES FER FUZHR FERE AL ZHE. ROR
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LB RERAEE . REER KRB HE. PREAER RPEIERMES WS,
CEABRR BECEARR FEREPEALER TFPR - RFERNGRE. LHLR
M EBEMUREASE.

[o108] 19. RIWEE 18 Frid i H %, HP R /KBEHER S 20C TRAAF Y 3cP 3|4
27cP JEFE WY 4% IR

[0109]  20. IRIFEATAREBTE FE—BIE TR R A%, o T K a S KA EREY,
HBERLIHE.

fo110]  21. fR4BELTE 20 Frid 5k, R R KBEHREME SRR LR HEEAE
BHEAMZBROFEEFET R TARNE LEELRD.

lo111] 22, $RIBERTE 20 Bl 21 PE—BRFETAN A, KPR R CHEFEEF L 5% 5
2 99 % i Bl 9 KA B

[0112] 23, HRAEE 20 3 21 PE—BRIEFTIRBI L, HPTRAR G A G4 86.5%
FI|%) 89 % JEFE P KRR .

[0113] 24, R\ATRRFEFE—BREFTBRFTE, HPARE—-RIMMTAE —REK
B A — /KSR

[0114] 25, IREHRBRE P E—BREFBRITE, RPIrdE—REMPrASE Rk
EENERI "

[0115] 26, IR|AIBRBREFE—REMBI L, HPFE-_REOSFE-—REOMNEREOS
B —REAE REMEINE 77 LR R E—RE A E ZRE IR AR ED—ARIE AL
ZHt, '

fo116]  27. WEHIREE P E—BREFRMGE EPAAE RO LA E-%H
VAW, SLAETE BB B i) 55 Bk 38 — R T #efd.

[0117]  28. BBAIABRE R E—BREIRKFE, (1) F—REMNE _RAFHE
= ANEFKIEHEBERACZ 0RO EHSYRER, 0 (1) BREHFEESFRRAE
MR EH KB N

fo118] 29, iR4BERTE 28 FTR R V%, Hp iR A & Wik B UL T &F HMBIFAH AL
A A & AN EHEYAEHEA Y.

o119 30. —Fp¥dh, HAERIE AR B P —BE TR E HAEEE

[0120]  31. —F4p 5, HBE : (@) KEMRME - REAKEHEEME ZRHE, AR
RE-ROEFAFE_-_REZEANFAEXLEEH UL ) B 3SANHELZNEREKZ T
2, EL7E BTk S (X P B R Rk B Se i T Bk 2 ST R AE BTl /K I PR RS o AR ik R T
X Z A REARIR B .

(01211 32, —F 4 &, HEE :(a) KEHEMNE —REA/KB RN E ZRME, AR
RE-—ROEFAE-_REZAMAAXLES, EPE-—ROME-_RKRATHE 0
KEWBEEEDNTAOrn NVGEEEHFAAEEL THOUABEREERETNZR L
Wl A EE B T AR R BB RY UK (b) £, £ R EX & KRR
FESE R B T FTid 2 JUERAE Bk /K MR o DA K B iR FR T (X 2 SRR IR R, BT iR 2 0
W E AU T ARMBAE A= AR AR PR R R B
FUMEEE R FLIEEE . R AR R OR B VLB R U R TP ERME IR 2 R AL R LA
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REAE.

lo122])  33. —F &, KBS () KBEMENE —REM/KBEEERE ZRH, HAEFR
RE—REOEFARBE-REZEAPREXAES UL b) AT KEERENED MRS
453 ROV, BRI FIZE Tk S X o B R 3 ESe R b T AT W ) 7E ik /K v g
VAR B ik ST (X 2 S B BRI, Hop an g =X (D) F)’rix FrdBERIFpriaRE&AS BR
2y 5 BUEARHIBMEE+¥2Z (Ra) -

[0123] Ra)’=4(8 ys= 8, )+ (8,58, ™+ (8,s~8,° (D)

[0124]  Hrbh 8§, SHBEFIEEST, § \ ARSEDIBEES, § , NBEFMRMES, 8 , AR
BHGRIES, 6 HETIERS, FE 6 CAREGASERN, A B BLNRERES
BATAH I BB VENRE - _

[0125]  34. RIEBTE 31 B 33 FE—BIEFriR 94 5, R BTk K R — R B B AP A
SHTE B SR X A 0 R B IR BT SE R AR T i — Rk 25 A AR 43 7E Bk K PR R o DL A P
R X Z SRR

[o126]  35. —FP R THEEI/KBMEAIA L, I B IEEE () FUKEHEERE —REHE
INZEEVER, BT KB EEEE /N4 50 un KA 40 un HFIEEEFBEEHEAR R
HHEAGEER TN R ZFEESBERS B AR NER LEEILRY, iR FEHaRe &
(i) KF (i1) A SANBRELSNREMNZ L UE b) FREEENE_ROSHE X
R B A Al R CATE 38— R AN 38 3R TH 2 (M) T8 B 2 B A, B /K is ER B
INFLA50 umBLZ 40 um FWIREEF BEASEA LR ZEGEE R E S BT L8R 58
BAAER B TARKNRZIBELRD .

[0127]  sc

[0128] JEZFE A=

lo120] @I LA “Be5” JUEFE I 5 Fe 2 MR VA 70V i e 2 B B RO /K VB MEREE P 35 RO I
(8o $6 & J5 B RO D05t REL1a i IR e B 5 B4R B o (PR IS 20 50 S B — i sRia 770 (41
7K B AN A SCET % BB O35 VAR ) TEIn TR . NRVAFNE A A A & R R a i inmek
HE AR 7R 78 B SR RIS I F Ve B o IR T R ARARAR R AT / BUR
5 B 7R 00 B BT S50 70 B A0 8 TR 752 R e 2 e 2R i ) (R A (A aia 77
“RRE) Z G, ERERALE A B XIR A a SR AR E TR AR

[0130]  pE AN o= i B om FE &

[0131)  X—HEA T EH MR E KB R (R R E ) BUEREH KA E
(FHFEBRE) IENKN. IABEFEREN TR MR, F A 28 B b I
%% (INSTRON tensile testing apparatus) BREERURZWEBEEIE. (HTHAFMLUER
140/10 By B RATHER % (ESIPROOF proofing apparatus) BXEERE& BFFM M EE
F5ER (BlnKeR g s R EEER ) . SRIUERIMITHE MD) (&6 ) MK
BAOEAMEEER, SNMRERE RS TESIUBAERSTREEMEN . £
23°C £2.0°CH 35% 5% HH XTI B HOARHE SE 58 2 450 Bl TP 34T

[0132] - RIBIRE I E, BB N T A E D) GEXET) LL 127 (30. 5em) R~F H1#)
47X 127 (10. 2emX 30. 5em) FEE A SRl & MRRE A G E R T T (B0E B FEXT RS E )
B, EFAEAENUAEAMNERE. — A ESIMME S PR — A T0ES, #
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Bt . £ 5 — RN A B TR, FE TR B B R A 88 eI S oot m .
HETG 5 TR A B —AN 47 (10. 2em) 3 EUKG H B R 2R A . @t 140/10 MEURK
HE RIT AR T I B TSR E A BR B E it . MBI JIREN 0. 5ul B ERIRFEHHER (B
WOKBUKMEBFIER ) . UEEEE 7/ %) BhERRA LHEFABRFR THER .
KERIRL) 10 4403 15 4380 AT B, BHIGTE R S, (BEE TR AR — 3% H B TR
H (BH) BREFHTHEEORENR. FhfsaEgilie, sl & EE S {5 % AR
A (REH) BB 17K (2. 54em) FEfh. BB EHBURE SRR B ZHR
B (R A AT WA, RIS 7E 35 % MBI P B/ MUR B . IRIEHIE R VLR, &
UFEC&F 500N W F7vH 3 B AR R AN LERIEFRMRE.

[0133] ST RIBMR, A 2 B FELE 0. 507 (1. 27cm) [6) 56, B o435 0 /N £5 2 5F T 3
BREFE. BIIHR M) YIEI=4 (HELZA)1"- R (2. 54cm) Hfh. BEFERN
REHBFE TR T, NOBRERERFHI B SHTT, FEEREER
EMANH P ZRIFRE. FEAGHFERERZHEFOREBRFGENR, WRERA,
KRB ERFERTKS (AN NBAL) ERNF R, R0, S FRMieE, =
- M (EREZA) T (2. 54em) BANEFRER RBE R IHANL P 3 B2 i R 8 58
B (AN NBA),

[0134] %" jﬁl 1-5

[0135] R TEEBNKBHERERE RBA A B SAERES, R EEERKIEN
VA RS R T e TR (0 78 25 1 O EL7E 18 R RS SURE I FE A 0 B I T B 3 . 35
AP B BRSO (BIRY ILBRERAD / BRI B KA TERR ) FIF Ak B 1T HH R &8
A E, ik RIFFEH B ZHIGERE (B ) BIEHGEAR (B RE
ML) MENFHBEERR. MEFHERTHTEEEE (FlammE) =R/
R (Biltn 1. 5mil BERE) PAEAEEE, 45, BERARESRER/NESRERN
R K EEH R

[0136] S 1-5 1 F SRR Xt BB R FIFA R FERERIBEA R\ KER=E
B A(—f& 2.5 EE%F 50 EE % ), BIBEFEVERIKE TS LR FE-TF PVOH BB 1
fE . X FHEEFARA S, WK 1. 5mil BEENEFR BMERRERE. EF 158
gE R 2R IR 0 HI B R TR 3-7 F1E 1-5 F1. FOCORMA B R B AR S R AR
FARRAE, 2T PYOH FIR R UL At TN T — IR S (3800) BFrtiE. 545, PVOH
B R L R IRAE K B A SR AR & 3R R o B B R S 9R B, 17 (R B SE L8 BAAR T 4
45-50 B HF /N R IR FER R TR RS .

[0137]  SEfi 1 (£04E PVOH LR A B 1. Smil fE A) FEE T = BEVR EE 3G N 48 = () R 22
KA. 0% 3 35% A=A RIEE AARMNBFE RESRITER . X—EEFRNEIH K
FHIEE MR . BRIER 256%, X5 03 5% WEEERITZ AR, AR, XA BN
B AR Eitk, UERA KM EHERTRREBRIFEH ., BMAKBEFEL 9
(R TT 382 57 B /N O 5 1 o

[0138] 3R 1. JE A BRI R FORI B SR AL

[0139]




CN 105377965 A W M # 4 18/25 T

G

- 50%F s EE ; 037
[0140] =cfl 2 (EUFEPVOH LM B i 1.5mil JE B) BB TR SRR E MR E RS
BfE]. 0% % 25 % A =BEREENAMNBIRBEEERTER . X—EH PRI B HX
BBEE N . BHEIBE 10%,1X5 0 B 35% MTEEAE St EMAR. R, XEHEA D
AR B, UE A K B ERA FSRR1E RIFE S . MK REEZ 80 7
(] B 32 B/ I B T

[0141] 3R 2. FE B ()58 %7 A [6) R0 I B 9 &

[0142]

Az 65 (0. A 33.86
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SEB 3 (AR PVOH LY CH 1. 5mil fE O BEE RN =R E MR SR 5
BE. 0% 3 20 A=FFEREE A ARMMBNFERES N ER . X2 B & K5 H
EHRFRTER. AHUER 15%,1X5 0 B 35 % MTEEE St % FHAR . AT, X2BA
RTARES . Ek, (KR SE R HRIRE BRI &E . Bp kK BE4 95 3
R e B/ NI R o M

[0144] 3R 3. I C RS F I [A] AN B8 9

[0145]

[01 43]

R
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[0147] L 4(FEPVOH S BWI DAY 1.5mil JE D) FEE A = BRI & MR %
A b5 SEB 1-3 A& Pt B4 PVOH BEANIE], 096 A =% (BX 100%7K ) AR K2 H i
{EAT . 7240 10% 3 40 % /KA. 7A =B 90 B A R U B R T B R . 3 — i F o U ) 81 o
RELIEE A BERE, N FIX—HRYIRE, 100 % 7K % 3= BB 2 T RVE R £ 1%
B R REFH 100%/KF 88 18/ MK e 5 M & 7T 8252 1 3F BL AT 8 B S 3h A7k VB 0 %
BRI R EF, BAEF 100 % KBS I (E 2 3438 B FF AR H R K ME .

[0148] 3 4. B D HHE TR 8]0 B o

[0149]

L1432 (1.90)
1565 (1.2

1116 €0.93)

SO%mEEE 687 (1.10) 4226 687 016
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fo1511 =245l 5 PVOH 3 Ef1.5mil fEB) % B /KB, HEHE (1)
PVOH IR WME R/K B R A Y (A5FR 23cP ¥E UK Fn 88 % /KR E :100 EE 47 /100 4y
WHE (phr)), (ii) AFEE/ERNFEREEILT (8.52phr), (1ii) LBLAEEEIE AbEBE 28 4 7))
(6. 53phr) , (iv) RALAHERBMENFEREMAER (17. 04phr) , (v) A=BERR B
YR ¥E4L5 (36. 98phr A ) PAK (vi) REEHFIIN B (1. 43phr) « BEFREIFEER=
B vk BRI INTI 3 0. 552/ 1-3 f9SL 54 PVOH JEARFEL, 0% R =8 (3K 100% 7K ) FRILR
REFWEE MR 7 5%F] 20% R =EEHEBIEE AN B &K EHIBE . X—EE TN
BB K FESIEE AR . BEENR, X TX—RYE, 100% K EIERDS R RIEREH
BEBE LT R. 54, 100% K4 34 B HB/ BT RN BZH . SR, 7E 5% MEER
A=BEER, 18 54 DRERNE/NMEFRE.

[0152] 3 5. IRE KIS F R A AR5 &

[0153]

£

2.95.(038)
061 (0.16)
50% % S 8% 069 (0:05)

[o154] 525l 6-11

[0155]  RALLT3L4 1-5, 326 6-11 4F A B IR KA g d RRZE S A8 BN £ o e i
FIB AR ERZEHER (— K25 EB%R S0 EEY ), RIBFHBERIKETRMGERT
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Abstract

Disclosed herein are sealing solutions for sealing water-soluble
films, in particular aqueous mixtures including one or more polymeric
solvents such as polyols. Aqueous sealing solutions including a relatively
dilute solvent for one or more polymeric components of the water-soluble
film (e.g., water-soluble polymeric components thereof, such as polyvinyl
alcohol (PVOH)) can exhibit one or more benefits, including a reduction
in dissolution of the film by the sealing solution and an increase in seal
strength. Also disclosed are sealed articles formed with the sealing
solutions, for example water-soluble packets containing various liquid or

solid compositions.





