[DESCRIPTION]
[Title]

VINYL ACETATE-ETHYLENE COPOLYMER EMULSION AND
METHOD FOR PRODUCING SAME
[Technical Field]

The present invention relates to a method for gpecody a vinyl acetate-
ethylene copolymer emulsion which has high productstability and compatibility
between raw materials, has a small amount of rakidionomers, and is capable of
improving the durability of a preservative and prodstability; and a vinyl acetate-
ethylene copolymer emulsion which has excellentablity of the preservative and
product stability.

[Background Art]

A vinyl acetate-ethylene copolymer emulsion (heaéier, referred to as a
‘VAE emulsion’) has been widely used in the ovenatlustries, such as for use in paint
binder, wood adhesion, carpet back coating, nonewdabric, construction (waterproof
agent, adhesion promoter, and primer), and pagmcp

When the VAE emulsion is produced, various typemitifitors (for example,
redox types/thermal decomposition) are used, andusadditives including a cationic
inorganic pigment such as calcium carbonate, caiidank, clay, titanium dioxide,
cement, and silica sand, or an organic additivé &isca thickener, a plasticizer, and a
dispersant are added according to the use thefeggregates occur due to extra
initiators or the compatibility problem between ideml monomers and various
additives in the VAE emulsion. Problem such as amab physical properties or a
change in viscosity may also occur. The problemslten the deterioration of stability

of the VAE emulsion. Further, the VAE emulsion f&ea used in a mixture with other



aqueous emulsions, and in this case, there sonsetiowirs a problem with the mixture
stability with other emulsions.

Furthermore, since reactions proceed in wateingdutie production of a VAE
emulsion, and a final product also contains a lameunt of water, the VAE emulsion
is exposed to danger of decay. Accordingly, theEV@mulsion generally includes a
preservative. Examples of the preservative inclboddnloro-2-methyl-4-isothiazolin-
3-one (hereinafter, referred to as 'CMIT'), 2-mé#hysothiazolin-3-one (hereinafter,
referred to as 'MIT'), and 1,2-benzisothiazolinf&dhereinafter, referred to as 'BIT’).
However, the preservative is destroyed owing tated initiators in the VAE emulsion
in the art, the pH of a product, the storage teatpee, and oxidation-reduction
potentials. As a result, the storage stability ®4E emulsion product is also affected.

In this connection, Korean Patent No. 10-09675Btloses a composition
including 3-isothiazolone and an iodine-containgtgbilizer. However, the document
does not disclose that the composition is usedh®polymerization of a vinyl acetate-
ethylene copolymer.

[Disclosure]
[Technical Problem]

An object of the present invention is to providenathod for producing a
vinyl acetate-ethylene copolymer emulsion which hagh production stability and
compatibility between raw materials, has a smalbam of residual monomers, is
capable of adjusting the oxidation-reduction potstand is capable of improving the
preservative effect of a product and product stabil

Further, another object of the present invent®ioiprovide a vinyl acetate-
ethylene copolymer emulsion which has high progtetility and yield.

[Technical Solution]



The present invention provides a method for produa vinyl acetate-
ethylene copolymer emulsion, the method including:

(S100) forming a first mixed solution containingvanyl acetate-ethylene
copolymer, including polymerizing vinyl acetate attlylene;

(S200) forming a second mixed solution by addiatagsium iodate (KIg) to
the first mixed solution, wherein potassium iod@#03) is added after 30 minutes to 2
hours from the formation of the first mixed solutim step S100; and

(S300) adding an isothiazolone-based compounketeécond mixed solution.

According to an exemplary embodiment of the preserention, in step S200,
potassium iodate (KI¢) is added preferably after 45 minutes to 1 hout 3D minutes
from the formation of the first mixed solution itep S100.

Further, in step S200, KOs added in an amount of preferably 10 to 200
ppm, and more preferably 50 to 150 ppm, based twiah amount of the first mixed
solution.

In step S300, the isothiazolone-based compouaddgd in an amount of 10
to 150 ppm, and more preferably 30 to 120 ppm, dasea total amount of the vinyl
acetate-ethylene copolymer emulsion.

Further, according to an exemplary embodimenfy §&00 includes: (S110)
mixing a first solution including water, a first efsifier, and a pH adjusting agent with
a second solution including water and an oxida#iariliary agent; (S120) introducing
vinyl acetate and ethylene into the mixture obtdime step S110 under a nitrogen
atmosphere; (S130) introducing a first reducingnageto a product obtained in step
S120, and then warming the resulting mixture toCA55 65°C; (S140) introducing an
oxidation-reduction initiator, vinyl acetate, anthad solution including water, a NaOH

solution, a functional monomer, and a second effreisnto a product obtained in step
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S130; and (S150) completing a polymerization, dogh tsimultaneously introducing an
oxidizing agent and a second reducing agent ire@tbduct obtained in step S140.

According to another exemplary embodiment, stepOSihcludes: (S101)
preparing a first solution including water, a fisshulsifier, and a pH adjusting agent;
(S102) introducing vinyl acetate and ethylene itite first solution under a nitrogen
atmosphere; (S103) introducing a first reducingnageto a product obtained in step
S102, and then warming the resulting mixture toC}83 65°C; (S104) introducing a
thermal initiator; vinyl acetate; and a third sauatincluding water, NaOH, a functional
monomer, and a second emulsifier into a producaiobt in step S103; and (S105)
completing a polymerization, and then simultanepusiroducing an oxidizing agent
and a second reducing agent.

Here, it is preferred that the first emulsifierassulfonate group-containing
emulsifier, and the oxidation-reduction initiatarciudes (a) one or more reduction
initiators selected from the group consisting dfansition metal salt, and erythorbic
acid, ascorbic acid, and an alkali metal salt thiewnd (b) one or more oxidation
initiators selected from the group consisting ofdiogen peroxide, tri-butyl
hydroperoxide, tert-butyl hydroperoxide, cumyl hyperoxide, and benzoyl peroxide.

Furthermore, the present invention provides a Iviagetate-ethylene
copolymer emulsion including: a vinyl acetate-eéimg copolymer, an isothiazolone-
based compound, and potassium iodate ¢KIO

The vinyl acetate-ethylene copolymer emulsion rhagher include one or
more additives selected from the group consistingroantifoaming agent, a cationic
inorganic pigment, a thickener, a plasticizer, ardispersant.

[Advantageous Effects]

Since the present invention may improve the prodst@bility and
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compatibility among raw materials, may decreaselues monomers, and may improve
the holding force of a preservative by adding K& a particular time point when a
vinyl acetate-ethylene copolymer emulsion is pradijca vinyl acetate-ethylene
copolymer emulsion (VAE emulsion) having excellstability may be produced.
[Modefor Invention]

Hereinafter, the present invention will be desedib

The present invention is characterized by addotggsium iodate (KIg) at a
particular time point in producing the vinyl aceta&thylene copolymer emulsion to
improve the stability of a vinyl acetate-ethylerm@alymer emulsion (VAE emulsion).

Since the VAE emulsion in the art contains waiteis exposed to danger of
decay. Thus, the VAE emulsion includes a presesgati order to solve such problem.
However, since oxidation-reduction agents are wsghbr various conditions during the
production of the VAE emulsion, it is difficult tind an effective preservative system.
In addition, an isothiazolone-based compound coinweally used as a preservative of
the VAE emulsion is decomposed owing to residugiaitors in the emulsion, and the
pH of the emulsion, and as a result, the stalwlitst final VAE emulsion is also affected.

Thus, the present inventors have found that wintasgium iodate (KIg) is
added to a VAE emulsion including an isothiazoltwased compound as a preservative
conventionally in the used art, the KlOnay render the concentration of the
isothiazolone-based compound maintained, the cahilitstof various additives in the
emulsion improved, the oxidation-reduction potdndfathe emulsion controlled within
a range of 0 to 300 mV, and the residual initiaiod the residual monomer removed.

Further, surprisingly, the present inventors héwend that the degree of
removing (oxidizing) the residual initiator varidepending on the time point of adding

the KIO; during the production of the VAE emulsion, whidfeats the holding force of
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the isothiazolone-based compound and the remov#ieofesidual monomer (see the
following Table 1).

Therefore, according to the present invention, Ki©added to a solution
containing a vinyl acetate-ethylene copolymer afiout 0.5 to 2 hours from a
completion of a polymerization of the vinyl acetatbylene copolymer (preferably,
after removal of unreacted monomers), before addimggothiazolone-based compound.
As a result, the residual monomer may be effeaalized, the polymerization of the
residual monomer is promoted to effectively reddlse remaining amount of the
residual monomer, particularly, vinyl acetate, amlle decomposition of the
isothiazolone-based compound may be effectivelywamed. Further, the present
invention may produce the VAE emulsion at a yielcabout 0.1 to 0.3% higher than
the conventional method, in which K§@& not added.

The method for producing a vinyl acetate-ethylamgpolymer emulsion
according to an exemplary embodiment of the presewention includes: (S100)
forming a first mixed solution containing a vinytetate-ethylene copolymer, including
polymerizing vinyl acetate and ethylene; (S200)rfimg a second mixed solution by
adding potassium iodate (KipDto the first mixed solution; and (S300) adding an
isothiazolone-based compound to the second mixed@o

Hereinafter, each step of the method will be dbsdr

(5100) Formation of First Mixed Solution Contamixinyl Acetate-Ethylene

Copolymer

A first mixed solution including a vinyl acetatéhglene copolymer is formed
(hereinafter, referred to as ‘step S100’).
According to a first exemplary embodiment of thegent invention, step

S100 includes: (S110) mixing a first solution irdihg water, a first emulsifier, and a
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pH adjusting agent with a second solution includivefer and an oxidation auxiliary

agent; (S120) introducing vinyl acetate and ethg/lerio the mixture obtained in step
S110 under a nitrogen atmosphere; (S130) introduairfirst reducing agent into a
product obtained in step S120, and then warmingdgelting mixture to 45°C to 65°C;

(S140) introducing an oxidation-reduction initigtemyl acetate, and a third solution
including water, a NaOH solution, a functional mores, and a second emulsifier into a
product obtained in step S130; and (S150) comgetinpolymerization, and then

simultaneously introducing an oxidizing agent andeaond reducing agent into the
product obtained in step S140., but step S100tismded thereto.

First, the first solution and the second solutioespectively are prepared
(hereinafter, referred to ‘step S1107).

The first solution is formed by uniformly mixingater, a first emulsifier, and
a pH adjusting agent.

As the first emulsifier, any emulsifier generallsed in the art in the
production of a VAE emulsion may be used withouty gmarticular limitation.
However, when a sulfonate group-containing emusiis used as the first emulsifier,
the residual first emulsifier may be oxidized byklat a later time, and as a result, the
isothiazolone-based compound in the final VAE emounlsnay be stably maintained.

Examples of the sulfonate group-containing emigisifinclude sodium
sulfosuccinate alkyl glycol, sodium dodecylbenzenkonate, sodium polyoxyethylene
alkyl aryl sulfonate, ammonium polyoxyethylene dllsylfate, and polyoxyethylene
alkylphenylether ammonium sulfate, but are nottieuithereto.

The content of the first emulsifier is not partanly limited, but for example,
in the case of sodium sulfosuccinate propylenealjytbe content thereof may be 0.1 to

10 wt% based on 100 parts by weight of vinyl aeetat
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A pH adjusting agent available in the present m® is not particularly
limited as long as the pH adjusting agent is uguadled in the production of the VAE
emulsion in the art. Examples thereof include swdacetate, and acetic acid. The pH
adjusting agent may be used alone or in a combimati two or more. For example, a
mixture of sodium acetate and acetic acid are @sedhe pH adjusting agent. The
content of the pH adjusting agent is adjusted afiogrto the pH of the first solution, to
control the pH of the solution within a range abéub about 5.

The content of water in the first solution is matrticularly limited, and for
example, may be about 80 times to about 130 timesompared to the amount of the
first emulsifier used.

The time for mixing the materials is not particijalimited, but when the
time is within a range of about 10 minutes to at&lminutes, preferably 15 minutes to
25 minutes, water, the first emulsifier, and the pHjusting agent may be more
uniformly mixed.

It is preferred to adjust the pH of the first 4@o to about 4 to about 5 in
order to accelerate production of radicals, therefmyproving the reaction rate.
Accordingly, the content of the pH adjusting agemy be increased or decreased
according to the pH of the first solution.

Further, the second solution is formed by unifgrmiixing water and an
oxidation auxiliary agent. In this case, the oimia auxiliary agent serves to promote
production of radicals. It is preferred that thadation auxiliary agent is completely
dissolved in water. Non-limiting examples of thexi#iary agent include ferrous
ammonium sulfate.

The content of the oxidation auxiliary agent id particularly limited, but

may be 0.0001 to 0.05 part by weight based on 203 by weight of vinyl acetate.
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The content of water in the second solution is perticularly limited, and
may be 10 times to 20 times as compared to the anoduhe oxidation auxiliary agent
used.

Hereinafter, the first solution and the seconditsmh are mixed, and then are
introduced into a reactor. In this case, the ngxiime of the first solution and the
second solution is preferably about 5 minutes twah5 minutes.

A reactor available in the present invention sressurized reactor, and may
be used without particular limitation as long as thactor is a pressurized reactor with
an internal pressure of about 0 kgffcio about 80 kgf/crhamong the pressurized
reactors known in the art. In this case, a mdtéoiathe pressurized reactor is not
particularly limited as long as it may withstandiaternal pressure of up to 80 kgf/ém

Subsequently, vinyl acetate and ethylene are dotted into the mixture
obtained in step S110 under a nitrogen atmosphereifafter, referred to as ‘step
S120)).

The ratio of vinyl acetate to ethylene used may lveeight ratio of 5 : 95 to
95 : 5, preferably a weight ratio of 10 : 90 to:6M.

Further, in the present invention, in additiorvilyl acetate and ethylene, any
monomer may be used without particular limitatianlang as the monomer may be
copolymerized with vinyl acetate and ethylene. HNomnting examples thereof
include: vinyl esters such as vinyl propionate,yVibutyrate, vinyl pivalate, vinyl
laurate, vinyl isononanoate, and vinyl versatatatogeenated vinyls such as vinyl
chloride and vinyl bromide; (meth)acrylates such2asthylhexyl (meth)acrylate, n-
butyl (meth)acrylate, ethyl (meth)acrylate and mktlimeth)acrylate; maleates,
crotonates, and itaconates. These compounds magdaealone or in a combination of

two or more. In addition, it is also possible seumonomers containing (meth)acrylic
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acid, crotonic acid, maleic acid, itaconic acidrytamide, N-methyolacrylamide, N-
butoxymethylacrylamide, 2-hydroxyethyl methacrylatgycidyl methacrylate, allyl
sulfonate, vinyl sulfonate, triallyl cyanuratealtyl isocyanurate, diallyl phthalate and a
salt thereof.

The content of the copolymerizable monomer ispwaoticularly limited, but
the monomer may be used in a weight of about éh#& to about 10 times as compared
to the amount of vinyl acetate monomer used.

The mixing time of the vinyl acetate and ethylén@ot particularly limited,
but when the time is within a range of about 10utes to 30 minutes, preferably about
15 minutes to about 25 minutes, the yield of théymperization reaction may be
improved.

Thereatfter, a first reducing agent is introduced ia product obtained in step
S120, and then the resulting mixture is warmed boua 45°C to about 65°C
(hereinafter, referred to as ‘step S130).

Any reducing agent usually used in the productba VAE emulsion in the
art may be used as the first reducing agent witlpauticular limitation. Examples
thereof include sodium erythorborate, sodium fodehlde sulfoxylate, and sodium
hydrosulfite, but are not limited thereto.

The content of the reducing agent is not partityllamited, but for example,
when the reducing agent is sodium erythorborate ctimtent may be 0.001 to 1.0 part
by weight based on 100 parts by weight of vinyltatse

Thereafter, an oxidation-reduction initiator, Vimgetate, and a third solution
including water, a NaOH solution, a functional momay, and a second emulsifier are
introduced into the product obtained in step S18€rdinafter, referred to as ‘step

S140).
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When the internal temperature of the reactorabikted, the polymerization
between vinyl acetate and ethylene is initiated dalgling the oxidation-reduction
initiator to the product in the reactor obtainedtiep S130.

The oxidation-reduction initiator includes an atidn initiator and a
reduction initiator. (a) the oxidation initiator selected from the group consisting of
hydrogen peroxide, tri-butyl hydroperoxide, tertydunydroperoxide, sodium persulfate,
sodium carbonate, cumyl hydroperoxide, benzoyl xidey and a mixture thereof. (b)
the reduction initiator is selected from the grargmsisting of a transition metal salt;
and erythorbic acid, ascorbic acid, sodium erytboate, an alkali metal salt thereof,
and a mixture thereof.

The oxidation initiator and the reduction initintoespectively may be
dissolved in water and added in a solution state.this case, the content of the
oxidation initiator in the oxidation initiator-camhing solution may be 0.001 to 2 parts
by weight based on 100 parts by weight of vinyltatee for example, in the case of tert-
butyl hydroxide. The content of the reduction gmitir in the reduction initiator-
containing solution may be 0.001 to 1.0 wt% basedl00 parts by weight of vinyl
acetate, for example, in the case of sodium eritirate. The content of water in each
solution is not particularly limited, and may bey £xample, 10 times to 20 times as
compared to the amount of oxidation initiator usattd 25 times to 35 times as
compared to the amount of reduction initiator ugettording to an example, when the
oxidation initiator and the reduction initiator aach introduced into a reactor at about
70 g/h to about 90 g/h, and the reaction tempezaiturincreased by about 0.5°C to
about 1.5°C, preferably about 1°C, it is considetteat the reaction is initiated, and
from this time, the oxidation initiator and the vetion initiator are each introduced for

about 100 minutes to about 140 minutes, preferablyut 115 minutes to about 130
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minutes.

Thereatfter, vinyl acetate is introduced into teactor. The reaction yield
may be improved by introducing the vinyl acetate.

Vinyl acetate is introduced into the reactor fooat 80 minutes to about 100
minutes after about 1 minute to about 3 minutemftbe initiation of polymerization.
In this case, the introduction rate may be abayfnin to about 7 g/min.

Subsequently, a third solution including wateNa&OH solution, a functional
monomer, and a second emulsifier is introduced timoreactor. In this case, the third
solution is introduced at a speed of about 10 g/toimbout 14 g/min for about 90
minutes.

The third solution is formed by uniformly mixingater, the NaOH solution,
the functional monomer, and the second emulsifier.

Examples of the functional monomer available i® gresent invention
include a silane-based monomer, and are not linthedeto. Non-limiting examples
thereof include vinyltrimethoxysilane, tetramethsigne, tetraethoxysilane,
methyltrimethoxysilane, methyltriethoxysilane, atitese compounds may be used
alone or in a combination of two or more.

The content of the functional monomer is not gattrly limited. But for
example, in the case of a silane-based monomecatignt may be 0.1 to 10 parts by
weight based on 100 parts by weight of vinyl aeetat

The concentration of a caustic soda solution (Na®&dfution) is not
particularly limited, but may be about 40% to ab60%o.

Examples of the second emulsifier include a namei@mulsifier, an anionic
emulsifier, and a reactive emulsifier. These enfiels may be used alone or in a

combination of two or more. Examples thereof idelua non-ionic emulsifier such as
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a polyoxyethylene-polyoxypropylene block copolymam; anionic emulsifier such as a
phosphate-based compound (for example, poly(oxyethanediyl), alpha-tridecyl-
omega-hydroxy-, phosphate); a reactive emulsifiarchs as 2-acrylamido-2-
methylpropanesulfonic acid sodium salt, but arelingted thereto.

The content of the second emulsifier is not paldidy limited. But for
example, in the case of polyoxyethylene-polyoxyptepe, the content may be 0.1 to
35 parts by weight based on 100 parts by weighitrofl acetate.

Here, when a mixture of a non-ionic emulsifier,amonic emulsifier, and a
reactive emulsifier is used as the second emulsifie ratio of non-ionic emulsifier,
anionic emulsifier, and reactive emulsifier usedyrba a weight ratio of 1 : 0.03 to 50 :
0.03to 50. By using the emulsifiers, the storsigility and physical properties of the
vinyl acetate-ethylene copolymer emulsion may bprowed as compared to the case
where the emulsifiers are each used alone.

The content of water in the third solution is patticularly limited, and may
be, for example, 10 times to 15 times as comparédet amount of functional monomer
used.

The mixing time of water, the functional monomire NaOH solution, and
the second emulsifier is not particularly limitdalit when the time is within a range of
about 10 minutes to about 30 minutes, preferablyniibutes to 25 minutes, the
materials may be more uniformly mixed.

It is preferred to adjust the pH of the third smlo produced as described
above to about 3.7 to about 4.3.  When the pHethird solution is within such range,
the yield of the subsequent polymerization maynyeroved.

Thereafter, after the polymerization was comple&dirst mixed solution

including the vinyl acetate-ethylene copolymer wasained by simultaneously adding
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an oxidizing agent and a second reducing agent pnboluct obtained in step S140
(hereinafter, referred to as ‘step S150).

Step S150 is for additionally removing vinyl adetathat is a residual
monomer. For this purpose, in this step, solutidsined by dissolving the oxidizing
agent and the second reducing agent in water rmmdtaneously added to the reactor for
the same period of time.

Non-limiting examples of the oxidizing agent ind&u tert-butyl
hydroperoxide, hydrogen peroxide, tri-butyl hydrapede, cumyl hydroperoxide, and
benzoyl peroxide, and these compounds may be used ar in a combination of two
or more.

Further, non-limiting examples of the second reéay@gent include sodium
erythorborate, sodium formaldehyde sulfoxylate, andium hydrosulfite, but are not
limited thereto. These compounds may be used alorie a combination of two or
more thereof.

The oxidizing agent and the second reducing agexyt be each dissolved in
water and added in a solution state. In this ddsecontent of the oxidizing agent in
the oxidizing agent-containing solution may be Q.08 2 parts by weight based on 100
parts by weight of vinyl acetate, for example, e tase of tert-butyl hydroxide. The
content of the second reducing agent in the secedlcing agent-containing solution
may be 0.001 to 2 parts by weight based on 10G fyrtweight of vinyl acetate, for
example, in the case of sodium erythorborate. Tdment of water in each solution is
not particularly limited, and may be, for exampddout 1 time to about 10 times as
compared to the amount of oxidizing agent usedadooait 10 times to about 15 times as
compared to the amount of second reducing agedt use

The first mixed solution obtained in step S150tams a vinyl acetate-
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ethylene copolymer, and may contain one or morectional monomers, various
emulsifiers, residual initiators, and unreacted omars. The content of the vinyl
acetate-ethylene copolymer in the first mixed sofutis not particularly limited, but
may be 45 wt% to 70 wt% based on the total weidghthe solid content in the first
mixed solution.

Meanwhile, according to a second exemplary embedimstep S100
includes: (S101) preparing a first solution inchglwater, a first emulsifier, and a pH
adjusting agent; (S102) introducing vinyl acetatel &thylene into the first solution
under a nitrogen atmosphere; (S103) introducingsa feducing agent into a product
obtained in step S102, and then warming the resuttiixture to 45°C to 65°C; (S104)
introducing a thermal initiator, vinyl acetate, aadthird solution including water,
NaOH, a functional monomer, and a second emuldfiiter a product obtained in step
S103; and (S105) completing a polymerization, drah tsimultaneously introducing an
oxidizing agent and a second reducing agent.

When the first mixed solution is formed accordiogthe second exemplary
embodiment, the steps other than step S101 andsdi@p are the same as those of the
above-described first exemplary embodiment.

Specifically, step S101 only prepares a firs sofubf water, a first emulsifier,
and a pH adjusting agent, and does not mix the dokition with a second solution of
water and an oxidation catalyst, different from #i®ve-described step S110. In this
case, the conditions such as the component, comrtettpH of the first solution are the
same as those mentioned in step S110.

Further, step S104 uses a thermal initiator irste#athe oxidation-reduction
initiator, different from the above-described s&310.

Examples of the thermal initiator include potassipersulfate, ammonium
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persulfate, and sodium persulfate, and these congsomay be used alone or in a
combination of two or more.

The content of the thermal initiator is not partasly limited, but may be
within a range of 0.001 to 2 parts by weight basadl100 parts by weight of vinyl
acetate.

(S200) Addition of KIQ

Thereafter, a second mixed solution is formed Ogliray potassium iodate
(KI1O3) to the first mixed solution obtained in step S{Béreinafter, referred to as ‘step
S200).

However, in the present invention, it is preferteédd KIQ 30 after minutes
to 2 hours from the formation of the first mixedwmn. By doing this, KIQ may
efficiently oxidize the residual initiator, therelpyomoting the reaction of the residual
monomer to remove the residual monomer and morectefély preventing the
isothiazolone-based compound from decomposing. owlegly, the product stability
and yield of the vinyl acetate-ethylene copolymeutsion produced according to the
present invention may be improved.

More preferably, the KI@may be added after 45 minutes to 1.5 hours from
the formation of the first mixed solution, and inist case, the amount of residual
monomer, particularly, the remaining amount of Viagetate may be further minimized.
According to an example, KOs added after 1 hour from the formation of thrstfi
mixed solution.

It is appropriate to adjust the content of the K#&acording to the content of
the isothiazolone-based compound, and the like.weder, when the content of the
KlO3 is preferably about 10 ppm to about 200 ppm, npoederably about 50 ppm to

about 150 ppm, and most preferably about 80 ppabtmut 120 ppm, the stability of the
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VAE emulsion may be further improved by minimizitige amount of aggregates (grit)
generated in the final VAE emulsion.

(5300) Addition of Isothiazolone-Based Compound

Subsequently, the VAE emulsion is obtained by rgldan isothiazolone-
based compound to the second mixed solution olmtainestep S200 (hereinafter,
referred to as ‘step S300).

The isothiazolone-based compound has a preses\efiect. Since compound
may be stably maintained without being decomposelI®; added in step S200, the
stability of the VAE emulsion may be improved.

Examples of the isothiazolone-based compound diecktchloro-2-methyl-4-
isothiazolin-3-one  (CMIT), 2-methyl-4-isothiazolgrone (MIT), and 1,2-
benzisothiazolin-3-one (BIT), but are not limitdteteto. These compounds may be
used alone or in a combination of two or more.

The content of the isothiazolone-based compounigparticularly limited,
but when the content is within a range of preferal® ppm to 150 ppm, and more
preferably 30 ppm to 120 ppm based on the totaghtesf the vinyl acetate-ethylene
copolymer emulsion (preferably the total weighttloé solid content in the emulsion),
the decay of the VAE emulsion may be more effetfipeevented.

Meanwhile, in the present invention, in additianthe isothiazolone-based
compound, as additives which may be added to aecaguemulsion, if necessary,
either one or two or more of various additives,hsas an antifoaming agent, a cationic
inorganic pigment, a thickener, a plasticizer, andispersant known in the art, may be
further added.

The antifoaming agent may be used without pasdiclimitation as long as

the antifoaming agent is known in the art. Exammpleereof include silicone-based
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antifoaming agents, alcohol-based antifoaming agepolyether-based antifoaming
agents, mineral oil-based antifoaming agents, memtlisilicone-based antifoaming
agents, emulsion-based antifoaming agents, ama silicone-based antifoaming agents.

Examples of the cationic inorganic pigment incledécium carbonate, carbon
black, clay, titanium dioxide, cement, and siliead, but are not limited thereto.

Non-limiting examples of the thickener includeydicrthickeners.

Non-limiting examples of the plasticizer includendthyl phthalate (DMP),
dibutyl phthalate (DBP), di-isobutyl phthalate (B dihexyl phthalate (DHP), dioctyl
phthalate (DOP), di-iso-octyl phthalate (DIOP) digbphthalate (DNP), di-isodecyl
phthalate (DIDP), and benzyl butyl phthalate (BB&t)d these compounds may be used
alone or in a combination of two or more.

Non-limiting examples of the dispersant includdyparboxylic acid-based
compounds, polyester-based compounds, polycarlmorgid ester-based compounds,
unsaturated polyamide-based compounds, polycaricorgid alkyl salt compounds,
polyacrylic compounds, polyethyleneimine-based commgls, and polyurethane-based
compounds, and these compounds may be used alaneaocombination of two or
more.

The contents of the various additives as descrdiEve are not particularly
limited and appropriately adjusted according totipe of additive, and may be about
0.01 wt% to about 10 wt%, preferably about 0.01 wwt¥@bout 5 wt%, for example,
based on the total weight of the vinyl acetatedetis copolymer emulsion.

Meanwhile, the present invention provides a vemgtate-ethylene copolymer
emulsion including: a vinyl acetate-ethylene copoty; an isothiazolone-based
compound; and potassium iodate (KJO

The vinyl acetate-ethylene copolymer emulsion imayproduced by a method
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known in the art. However, as described abovethe present invention, KiDis
added at a particular time point in the productioin the vinyl acetate-ethylene
copolymer emulsion, which differs from the conventl method. This is because the
residual amount of vinyl acetate varies accordmthe time point of adding Kl§)and
as a result, the quality and vyield of the produet affected. Accordingly, the vinyl
acetate-ethylene copolymer emulsion of the presemntion, which is produced by
adding KIQ after 30 minutes to 2 hours from the completiorihef polymerization of
the vinyl acetate-ethylene copolymer (preferabfigraemoval of unreacted monomers
from the polymerization reaction), before adding tkothiazolone-based compound is
better in terms of quality and yield than the cartianal emulsions not including KKO
and the other emulsions having different Kildition time point.

The vinyl acetate-ethylene copolymer emulsion nfasther include an
antifoaming agent, a cationic inorganic pigmenthiekener, a plasticizer, a dispersant,
and a mixture thereof, if necessary. The conténéseof are the same as those
described above.

Hereinafter, the present invention will be desedibn detail through the
Examples, but the following Examples and ExperiraeBxamples only exemplify one
form of the present invention, and the scope ofptesent invention is not limited by
the following Examples and Experimental Examples.

<Example 1> - Production of Vinyl Acetate-EthyleBepolymer Emulsion

3,661.5 g of process water was introduced intosa Yessel, and then 35.3 g
of sodium sulfosuccinate alkyl glycol as a firstudsifier, 2.1 g of sodium acetate as a
pH adjusting agent, and 2.2 g of acetic acid wet®duced thereinto, and the resulting
mixture was stirred for 20 minutes, thereby obtagma first solution (pH 4.2). 3.3 g of

process water was introduced into a second vemselthen 0.2 g of ferrous ammonium
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sulfate was added thereto and completely dissolhedeby obtaining a second solution.
Thereatfter, after the first solution and the secenhtlition were mixed, the resulting
mixture was stirred for 10 minutes, and then waduced into a pressurized reactor
(internal pressure: 80 kgf/én Thereafter, the inside of the pressurized mas@s
sufficiently substituted with a nitrogen atmosphened then, 1,049 g of a vinyl acetate
monomer was introduced into the pressurized reaatat then 1,048 g of an ethylene
gas was introduced thereinto, and the resultingureéxwas stirred for about 20 minutes.

Meanwhile, as a separate process, 117.6 g of aoxypgthylene
polyoxypropylene block copolymer as a non-ionic &sifier, 77.7 g of a phosphate-
based anionic emulsifier (poly(oxy-1,2-ethanediy§ipha-tridecyl-omega-hydroxy-,
phosphate), 20 g of a 50% caustic soda solution, g7f 2-acrylamido-2-
methylpropanesulfonic acid sodium salt as a reacwmulsifier, and 66.2 g of
vinyltriethoxysilane as a silane-based monomer wereoduced into a beaker
containing 870 g of process water, and then theltreg mixture was stirred for about
20 minutes, thereby preparing a third solution 8.

Further, as a separate process, an oxidationdieduaitiator was prepared.
Specifically, an oxidation initiator was prepargdaulding and completely dissolving 17
g of sodium persulfate and 2 g of sodium carbomat231.6 g of process water, and
then a reduction initiator was prepared by addind dissolving 11.3 g of sodium
erythorborate in 331.9 g of process water.

Thereafter, 11 g of sodium erythorborate was thiced into the pressurized
reactor. Subsequently, the temperature of thespreed reactor was increased to
55°C, and then when the temperature inside thesprieed reactor was stabilized, the
oxidation initiator and the reduction initiator, wwh were prepared, were introduced

thereinto. In this case, the oxidation initiatoaswvintroduced at a rate of about 80
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g/hour, and when the reaction temperature insiéeréactor was increased by about
1°C, it was considered that the polymerization weéisated, and from the time point,
the oxidation initiator and the reduction initiateere introduced thereinto for about 120
minutes. After about 2 minutes from the initiatiointhe polymerization, vinyl acetate
was additionally introduced at a rate of aboutd@rin for about 90 minutes. Further,
the third solution prepared in advance was intreduthereinto for about 90 minutes
(introduction rate: about 12 g/min).

After the reaction was completed, in order to reen¢reduce) the residual
vinyl acetate, a solution obtained by dissolvinggldf tert-butyl hydroperoxide in 72.3
g of process water was introduced into the pressdrreactor for 15 minutes, and
simultaneously, a solution obtained by dissolving @ of sodium erythorborate in 92.4
g of process water was added thereto for the samedpof time, thereby obtaining a
first mixed solution including a vinyl acetate-€elgrye copolymer.

Thereatfter, 1 hour later, a second mixed soluties obtained by adding 100
ppm of potassium iodate (KEDto the first mixed solution. Subsequently, aafin
vinyl acetate-ethylene copolymer emulsion was peceduby introducing 100 ppm of 5-
chloro-2-methyl-4-isothiazolin-3-one (CMIT) and 0.Wt% (based on the total weight
of the VAE emulsion) of polysiloxane being an awmdifning agent into the second
mixed solution.

<Example 2>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that Kias used in an amount of 50 ppm instead of
100 ppm.

<Example 3>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
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manner as in Example 1, except that Ki@as used in an amount of 75 ppm instead of
100 ppm.

<Example 4>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that Kias used in an amount of 150 ppm instead of
100 ppm.

<Example 5>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that CMIT was usetshiamount of 50 ppm instead of
100 ppm.

<Example 6>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that 2-methyl-Aiaablin-3-one (MIT) was used in
an amount of 150 ppm instead of 100 ppm of CMITduseExample 1.

<Comparative Example 1>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that Kitas not added.

<Comparative Example 2>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that 100 ppm of ;Ki@ds added before the
introduction of the oxidation initiator and the vetion initiator into the pressurized
reactor, instead of adding 100 ppm of Kl&fter 1 hour from the synthesis of the first
mixed solution including the vinyl acetate-ethylemmpolymer.

<Comparative Example 3>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
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manner as in Example 1, except that 100 ppm of;K¥@s added immediately after the
synthesis of the first mixed solution, instead dfliag 100 ppm of KI@ after 1 hour
from the synthesis of the first mixed solution uwihg the vinyl acetate-ethylene
copolymer.

<Comparative Example 4>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 1, except that 100 ppm of;Kd@s added after addition of the
CMIT, instead of adding 100 ppm of Ki@fter 1 hour from the synthesis of the first
mixed solution including the vinyl acetate-ethylexmgolymer was synthesized.

<Comparative Example 5>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 5, except that NaNas used in an amount of 100 ppm instead
of KlOs.

<Comparative Example 6>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 5, except that Cuf@vas used in an amount of 100 ppm
instead of KIQ.

<Comparative Example 7>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 6, except that NaNas used in an amount of 100 ppm instead
of KlOs.

<Comparative Example 8>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 6, except that Cufvas used in an amount of 100 ppm

instead of KIQ.
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<Comparative Example 9>

A vinyl acetate-ethylene copolymer emulsion wasdpced in the same
manner as in Example 6, except that Kias not used.

<Experimental Example 1> - Measurement of AmouhtVinyl Acetate
Remaining According to Time Point of Adding K§O

5 g of the vinyl acetate-ethylene copolymer enausin Example 1 was
placed into a vial for GC measurement, 30 g of anddrd sample at a known
concentration was added thereto, and then thetirgguhixture was uniformly mixed.
The Headspace GC of the mixture was analyzed mgusiRestek Rtx 1701 capillary
column. In this case, for the initial start of then, the oven was left to stand at 40°C
for 3 minutes, and then was warmed at a rate ofrBitCup to a temperature of 260°C.
In this case, the vinyl acetate-ethylene copolyeraulsions in Comparative Examples

1 to 4 were used as a control group.

[Table 1]
Comparativg Comparative| Comparativg Comparativg
Example 1
Example 1| Example 2 | Example 3 | Example 4
Concentration
100 - 100 100 100
(ppm) of KIG;
Before Before
Immediately
adding CMIT] introducing
after
Time point of| 1 hour afte oxidation- After adding
- synthesizing
adding KIQ | synthesizing reduction CMIT
first mixed
first mixed initiator into
solution
solution pressurized
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reactor

Amount

(ppm) of vinyl
15,950 22,300 18,650 16,200 16,35(
acetate

remaining

As a result of the experiments, it could be conéd that the vinyl acetate-
ethylene copolymer emulsion in Example 1, in whikl®; was added before CMIT
was added after 1 hour from the synthesis of tts¢ fnixed solution, had the smallest
residual amount of vinyl acetate in the emulsioncampared to that of the vinyl
acetate-ethylene copolymer emulsions in Compar&xamnples 1 to 4.

<Experimental Example 2> Measurement of Amount Adgregates
Generated in Final Emulsion according to Amourkisd; Added

A 325 mesh-steel filtration mesh was cut intozef 10 cm X 10 cm, and
then the weight (W of the filtration mesh was exactly measured. ré&héer, 500 g of
each of the vinyl acetate-ethylene copolymer eronksbbtained in Examples 1 to 4 and
Comparative Example 1 was diluted and filtered Hiy 325 mesh-steel filtration mesh,
the filtration mesh was dried in a dryer at 1350C ¥ hour, and then the weight {)\bf
the filtration mesh was measured. Thereafter,difference in weight between W
and W was defined as an amount (ppm) of aggregates @eden the emulsion, and is
shown in the following Table 2.

[Table 2]

Example| Example| Example| Example| Comparative

1 2 3 4 Example 1

—

100 50 75 150 -

Concentration (ppm) g
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KIO3

1%

Amount of aggregates

generated 29 35 27 32 43

(325 mesh, ppm)

As a result of the experiments, it could be conéd that the vinyl acetate-
ethylene copolymer emulsions in Examples 1 to 4vimch KIO; was added had a
smaller amount of aggregates generated in the @&nallsion than that of the vinyl
acetate-ethylene copolymer emulsion in Compardikample 1 in which KiI@Qwas not
added.

<Experimental Example 3> - Measurement of Stabdit Various Additives
According to Amount of KIQ Added

In order to measure the stability of the vinyl tate-ethylene copolymer
emulsion according to the present invention foriows organic-inorganic-based
additives, the following experiments were performed

Various additives described in Table 3 were adtedhe vinyl acetate-
ethylene copolymer emulsion each obtained in Examfl 3, and 4 and Comparative
Example 1, and then the resulting mixture wasestifor 30 minutes. In this case,
cement, calcium carbonate, and clay, which aregaruic-based additives, were added
in an amount which was 3 times the weight of theileran, and a polycarboxylic acid-
based dispersant and an acrylic thickener, whieh aaganic-based additives, were
added in an amount of 10 parts by weight based)0rparts by weight of the emulsion.
Thereafter, after a 325 mesh-steel filtration mesls cut into a size of 10 cm X 10 cm,
the weight (W) of the filtration mesh was exactly measured, teth 500 g of the vinyl
acetate-ethylene copolymer emulsion to which triitaves were added was diluted and

filtered by the 325 mesh-steel filtration mesh, fitteation mesh was dried in a dryer at
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130°C for 1 hour, and then the weight J\Wof the filtration mesh was measured.
Thereatfter, the difference in weight between 8d W was defined as an amount

(ppm) of aggregates generated in the emulsionjsasistown in the following Table 3.

[Table 3]
Example| Example| Example] Comparative
1 3 4 Example 1
Concentration (ppm) of KI© 100 50 150 -
Amount (ppm) of aggregates generated
175 187 165 230
when cement is added
Amount (ppm) of aggregates generated
75 85 75 97
when calcium carbonate is added
Amount (ppm) of aggregates generated
30 42 41 61
when clay is added
Amount (ppm) of aggregates generated
when polycarboxylic acid-based 80 103 86 135
dispersant is added
Amount (ppm) of aggregates generated
27 25 31 57
when acrylic thickener is added

As a result of the experiments, it could be sé&®m the vinyl acetate-ethylene
copolymer emulsions in Examples 1, 3, and 4 in wi¢O; was added had a smaller
amount of aggregates of various additives, suateasent and calcium carbonate, than
that of the vinyl acetate-ethylene copolymer enmmsin Comparative Example 1 in
which KIOs; was not added. In particular, in the case of Epdlam1l and 3 in which
KlO3; was added in an amount of 50 to 100 ppm, it cduddcertained that various

additives could be more effectively and stably pres
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Therefore, when Kl@is added during the preparation of the vinyl aeeta
ethylene copolymer emulsion, extra initiators, daal monomers, and the like, which
may cause a problem with compatibility with varicadditives, may be removed by
KIlOs. Thus, it could be indirectly seen that the enmuisprepared according to the
present invention can have stability for varioudides.

<Experimental Example 4> - Measurement of Durgbiif CMIT and MIT
According to Addition of KIQ

Each of the vinyl acetate-ethylene copolymer ermonssobtained in Examples
5 and 6 and Comparative Examples 1 and 5 to 9 wasféld diluted with an
acrylonitrile solvent, and then was centrifugec apeed of 13,000 rpm for 3 minutes,
thereby obtaining a first supernatant. Thereaftee first supernatant was 5-fold
diluted with deionized water, and then was cengefil again at a speed of 13,000 rpm
for 3 minutes, and then a second supernatant @atam this case were analyzed by
using a liquid chromatography. Meanwhile, a presgve at a concentration, which
was the same as the initial concentration of CMid@ BT described in Tables 5 and 6,
was diluted, and then the diluted solution was ld-fdiluted with ACN and 5-fold
diluted with deionized water, and the resultingutitl solution was used as a standard
solution. In this case, liquid chromatography (KPlanalysis conditions of each of
the preservatives in the emulsions are shown in foiwing Table 4. The
measurement results are shown in the following dabland 6.

[Table 4]

Analysis component MIT/CMIT

Column Cc18

Mobile Phase | ACN: kD =1:9 (500 ppm of §PQy)
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Detection UV 280 nm(MIT/CMIT) Dual
Flow Rate 1.0 ml/min
Run time 20 min
[Table 5]
Exampleg Comparative| Comparative| Comparative
5 Example 1 | Example 5 | Example 6
Type of oxidation initiator KIQ - NalO; Cu(NG)2
Concentration (ppm) of
100 - 100 100
oxidation initiator
Initial concentration
50 50 50 50
(ppm/ppm) of CMIT
1 day
49 40 45 46
later
2
Concentration days| 47 37 42 39
(ppm/ppm) of CMIT | later
after being stored at 3
65°C days| 42 29 39 37
later
6
days| 42 15 35 31
later
[Table 6]
Examplg Comparative| Comparativ Comparati
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6 Example 7 Example 8 Example 9
Type of oxidation initiator KIQ NalGs Cu(NGs), -
Concentration (ppm) of
100 100 100 -
oxidation initiator
Initial concentration
150 150 150 150
(ppm/ppm) of MIT
1 day
147 145 143 135
later
2
Concentration days| 145 141 131 121
(ppm/ppm) of MIT | later
after being stored at 3
65°C days| 137 139 126 108
later
6
days| 135 128 120 87
later

As a result of the experiments, in the case ohiptas 5 and 6 in which KIO
was added, CMIT and MIT were stably maintained ammared to the case of
Comparative Examples 1 and 9 in which KMaas not added or Comparative Examples
5 to 8 in which Nal@or Cu(NQ), was added (see Tables 5 and 6).

From the results, it could be seen that since dbeomposition of the
isothiazolone-based compound is prevented by ;Kil© the vinyl acetate-ethylene
copolymer emulsion produced according to the pteserention, the isothiazolone-

based compound in the emulsion can be stably miagutafor long time, and
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accordingly, the vinyl acetate-ethylene copolymetksion can be stably stored for

long time.
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[CLAIMS]

[Claim 1]
A method for producing a vinyl acetate-ethylene copolymer emulsion, the method

comprising:

(S100) forming a first mixed solution containing a vinyl acetate-ethylene copolymer,

comprising polymerizing vinyl acetate and ethylene;

(§200) forming a second mixed solution by adding potassium iodate (KIOs3) to the first
mixed solution, wherein potassium iodate (KIO3) is added after 30 minutes to 2 hours

after completion of the polymerization in step S100; and

(S8300) adding an isothiazolone-based compound to the second mixed solution in an
amount of 10 to 150 ppm based on the total amount of the vinyl acetate-ethylene

copolymer emulsion.

[Claim 2]
The method of claim 1, wherein in step S200, potassium iodate (KIOs) is

added after 45 minutes to 1 hour and 30 minutes after completion of the polymerization in

step S100.

[Claim 3]
The method of claim 1, wherein in step S200, KIOs3 is added in an amount of

10 to 200 ppm based on a total amount of the first mixed solution.

[Claim 4]
The method of claim 3, wherein in step S200, KIOs3 is added in an amount of

50 to 150 ppm based on the total amount of the first mixed solution.

[Claim 5]
The method of claim 1, wherein in step S300, the isothiazolone-based
compound is added in an amount of 10 to 150 ppm based on a total amount of the vinyl

acetate-ethylene copolymer emulsion.
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[Claim 6]

The method of claim 1, wherein step S100 comprises:

(S110) mixing a first solution comprising water, a first emulsifier, and a pH adjusting

agent with a second solution comprising water and an oxidation auxiliary agent;

(S120) introducing vinyl acetate and ethylene into the mixture obtained in step S110

under a nitrogen atmosphere;

(S130) introducing a first reducing agent into a product obtained in step S120, and then

warming the resulting mixture to 45°C to 65°C;
(§140) introducing an oxidation-reduction initiator, vinyl acetate, and a third solution
including water, a NaOH solution, a functional monomer, and a second emulsifier into a

product obtained in step S130; and

(S150) completing a polymerization, and then simultaneously introducing an oxidizing

agent and a second reducing agent into the product obtained in step S140.

[Claim 7]

The method of claim 1, wherein step S100 comprises:

(S101) preparing a first solution comprising water, a first emulsifier, and a pH adjusting

agent;

(S102) introducing vinyl acetate and ethylene into the first solution under a nitrogen

atmosphere;

(S103) introducing a first reducing agent into a product obtained in step S102, and then

warming the resulting mixture to 45°C to 65°C;

(S104) introducing a thermal initiator; vinyl acetate; and a third solution including water,
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NaOH, a functional monomer, and a second emulsifier into a product obtained in step

S103; and

(S105) completing a polymerization reaction, and then simultaneously introducing an

oxidizing agent and a second reducing agent.

[Claim §]
The method of claim 6 or 7, wherein the first emulsifier is a sulfonate group-

containing emulsifier.

[Claim 9]

The method of claim 6, wherein the oxidation-reduction initiator comprises:

(a) one or more reduction initiators selected from the group consisting of a transition

metal salt; and erythorbic acid, ascorbic acid, and an alkali metal salt thereof and

(b) one or more oxidation initiators selected from the group consisting of hydrogen
peroxide, tri-butyl hydroperoxide, tert-butyl hydroperoxide, cumyl hydroperoxide, and

benzoyl peroxide.

[Claim 10]
A vinyl acetate-ethylene copolymer emulsion comprising:
a vinyl acetate-ethylene copolymer;
an isothiazolone-based compound in an amount of 10 to 150 ppm based on the total
amount of the vinyl acetate-ethylene copolymer emulsion; and

potassium iodate (KIOs).

[Claim 11]
The vinyl acetate-ethylene copolymer emulsion of claim 10, further comprising:
one or more additives selected from the group consisting of an antifoaming agent, a

cationic inorganic pigment, a thickener, a plasticizer, and a dispersant.
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