PRODUCTION METHOD AND PRODUCTION DEVICE FOR POLYVINYL ALCOHOL Technical Field
[0001] The present invention relates to a method and an apparatus for producing a polyvinyl
alcohol. More specifically, it relates to a technigue of removing unreacted monomers remaining in the
paste obtained from polymerization step. Background Art [0002] Polyvinyl alcohol (PVA), a
water-soluble synthetic resin, has been used mainly as a raw material for synthetic fibers. Recently, it
is used in various fields, for example for production of film materials, emulsifying dispersants,

adhesives and bisges Fasing; lesRANEE PHIS fRY0rabIe ROTSUIES IR DfvReinyayrgenerally

produced by polymerlzatlon of a vinyl ester and saponification of the resulting polyvinyl ester in an

organic solvent in the presence of a cptalystviPQ83l. AL AWHAlY in methods of producing a PVA
resin, a monomer-removing step of removing unreacted monomers from the polymerization solution is

carried out between polymerization and saponification steps. Examples of the method include feeding
the polymerization solution obtained in polymerization step into a monomer-removing column having
perforated patesdal fghiple stages, and bringing methanol into contact with the polymerization
solution, as methanol vapor is injected into the column from the column bottom (sec Patent
Documentd 4] for example).

The present invention relates to a method and an apparatus for producing a
polyvinyl alcohol. More specifically, it relates to a technique of removing unreacted

monomers remaining in the paste obtained from polymerization step.

Background Art
[0002]

Polyvinyl alcohol (PVA), a water-soluble synthetic resin, has been used mainly
as a raw material for synthetic fibers. Recently, it is used in various fields, for example
for production of film materials, emulsifying dispersants, adhesives and binder resins,
because of its favorable properties. The PVA resins are generally produced by
polymerization of a vinyl ester and saponification of the resulting polyvinyl ester in an
organic solvent in the presence of a catalyst.

[0003]

Normally in methods of producing a PVA resin, a monomer-removing step of
removing unreacted monomers from the polymerization solution is carried out between
polymerization and saponification steps. Examples of the method include feeding the
polymerization solution obtained in polymerization step into a monomer-removing
column having perforated plates in multiple stages, and bringing methanol into contact
with the polymerization solution, as methanol vapor is injected into the column from the

column bottom (see Patent Documents 1 to 3, for example).
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Summary of Invention
Technical Problem
[0005]

However, the conventional methods for producing a PVA resin described in
Patent Documents 1 to 3 had a problem of low monomer-removing efficiency.
Although part of a distillate at the top of a column is refluxed for improvement of
thermal efficiency in traditional production methods, as described in Patent Document 1,
there is currently a need for further improvement in its efficiency and also for reduction
of energy consumption.
[0006]

Thus, the major objects of the present invention are to provide a method and an
apparatus for producing a polyvinyl alcohol that can remove unreacted monomers
efficiently from the polymerization solution with energy smaller than that by traditional

methods.



[0005] However, the conventional methods for producing a PVA resin described in Patent
Documents 1 to 3 had a problem of low monomer-removing efficiency. Although part of a distillate at
the top of a column is refiuxed for improvement of thermal efficiency in traditional production methods,
as described in Patent Document 1, there is currently a need for further improvement in its efficiency
and also for reduction of energy consumption. [0006] Thus, the major objects of the present
invention are to provide a method and an apparatus ffir producing a polyvinyl alcohol that can remove
unreacted monomers efficiently from the polymerization solution with energy smaller than that by
traditional methods. Solution to Problem [0007] The method for producing a polyvinyl alcohol
resin accordingieihs Brasent invention includes at least a polymerization step of polymerizing one or
more vinyl esters or copolymerizing a vinyl ester with other monomers copolymerizable therewith. a
monomer-répoving step of bringing the polymerization solution obtained in the polymerization step
into contact with methanol vapor for removal of unreacted monomers, and a saponification step of
saponifying the unréaetedthishbomerefreenedymbrsoylitibioholawsonganicdolyenthia gphesgresence of an
alkali catalyst, and the concentration of the polymer solution is adjusted by addition of liquid methanol
before contddteriternithidedpylgast I ehetaoABAR Siehed IRl SE7INg Bire prasert ivehtion, because

liquid methanol is added to the. ) i ) )
esters or copolymerizing a vinyl ester with other monomers copolymerizable therewith,

a monomer-removing step of bringing the polymerization solution obtained in the
polymerization step into contact with methanol vapor for removal of unreacted
monomers, and a saponification step of saponifying the unreacted monomer-free
polymer solution in an organic solvent in the presence of an alkali catalyst, and the
concentration of the polymer solution is adjusted by addition of liquid methanol before
contact with methanol vapor in the monomer-removing step.

In the present invention, because liquid methanol is added to the
polymerization solution, it is possible to reduce the amount of the methanol vapor
injected.

This production method may include additionally a step of concentrating the
monomer/methanol mixture generated by contact between the polymerization solution
and methanol vapor to its azeotropic composition.

It is also possible to recover the monomers from the solution after
concentration above.

[0008]

The apparatus for producing a polyvinyl alcohol resin according to the present
invention includes a column main body, a methanol-introducing pipe for supply of
methanol to the polymerization solution, a polymerization solution-introducing

mechanism having the methanol-introducing pipe, for supply of the polymerization



polymerization solution, it is possible to reduce the amount of the methanol vapor injected. This
production method may include additionally a step of concentrating the monomer/methanol mixture
generated by contact between the polymerization solution and methanol vapor to its azeotropic
composition. It is also possible to recover the monomers from the solution after concentration
above. [0008] The apparatus for producing a polyvinyl alcohol resin according to the present
invention includes a column main body, a methanol-introducing pipe for supply of methanol to the

polymerizalign, soluief iR P&ﬁyﬂ%‘lﬂ}iﬁ%??ﬁ‘e%fﬁ%‘?ﬂ‘ HIHRAHSINh N ENARAN O%[YJ)QQIH}SduCin

methanol-introducing pipe, for stpply of the polymerization solution into the top region offfhe column

main body ﬁ%@ﬂ&ﬁ%@@hﬁﬁ?@ﬁﬂié@%ﬂﬂ@aﬁ&@ﬂﬂﬁ%&{&vPééibﬁfd%"@l@@&%%@%ﬂﬁto the bottom
Y,

region of the column main body, and the methanol-diluted polymerization solution is introduced into
the columnbysa&indaddiie methindhaipredanilinveitinnoetatise e pedyner inadicie solulion introduced
into the column main body is diluted with liquid methanol, it is possible to use the monomer-free
solution, asnitaig, indhe saponification reaction even when the amount of the methanol vapor injected is
reduced. In the column main body of this production apparatus, the polymerization solution and

the methanol vaporafeanestsght interdisataeecaite S A rEen R erraviolmged into|n addition,
the apparatus may have additionally a concentration unit for Qoncentrating a distillate discharged from
Q

the top of thSCNNRA Maih Bty i¢ it s ot omibaihdr! is possible fo use the

monomer-free solution, as it is, in the saponification reaction even when the amount of
the methanol vapor injected 1s reduced.

In the column main body of this production apparatus, the polymerization
solution and the methanol vapor are brought into contact with each other in
counter-current flow.

In addition, the apparatus may have additionally a concentration unit for
concentrating a distillate discharged from the top of the column main body to its

azeotropic composition.

Advantageous Effect of Invention
[0009]

Because liquid methanol is added to the polymerization solution, it is possible
according to the present invention to remove unreacted monomers efficiently from the

polymerization solution with energy smaller than that by traditional methods.

Brief Description of Drawings
[0010]
Fig. 1 is a schematic view illustrating the configuration of an apparatus for

producing a PVA resin in a second embodiment of the present invention.



Advantageous Effect of Invention [0009] Because liquid methanol is added to the polymerization
solution, it is possible according to the present invention to remove unreacted monomers efficiently
from the polymerization solution with energy smaller than that by traditional methods. Brief Description
of Drawings [0010] Fig. 1 is a schematic view illustrating the configuration of an apparatus for
producing a PVA resin in a second embodiment of the present invention. Fig. 2 is a schematic
view illustrating the configuration of an apparatus for producing a PVA resin in a third embodiment of

the present i”"e”“qi?% 2is & L@néﬂ%&%@&'nﬂ%&?ﬁaYéﬁghﬂwémggéﬁsncmp%g&i%ﬂgffép apparatus for

producing a PVA resin in a Comparative Example of the present invention. Descnp n of Embodiments

producing a PVA resin in a third embodiment of the present invention.
Fig. 3 is a schematic view illustrating the configuration of an apparatus for

producing a PVA resin in a Comparative Example of the present invention.

Description of Embodiments
[0011]

Hereinafter, favorable embodiment of the invention will be described in detail
with reference to attached drawings. However, it should be understood that the present
invention is not restricted by the embodiments below.

[0012]
(First embodiment)

The method for producing a polyvinyl alcohol (PVA) resin in a first
embodiment of the present invention will be described first. In the PVA production
method of the present embodiment, the concentration of a polymerization solution is
adjusted by addition of liquid methanol before contact thereof with methanol vapor in a
monomer-removing step of removing unreacted monomers from the polymerization
solution (paste) obtained after a polymerization step.

[0013]
[Polymerization step]

In the method of producing a polyvinyl alcohol resin in the present
embodiment, a polyvinyl ester is prepared by polymerization of one or more vinyl esters
or by copolymerization of a vinyl ester with other monomers copolymerizable therewith.
The vinyl esters for use include, for example, vinyl formate, vinyl acetate, vinyl

propionate, vinyl valerate, vinyl caproate, vinyl laurate, vinyl stearate, vinyl benzoate,



[0011] Hereinafter, favorable embodiment of the invention will be described in detail with
reference to attached drawings. However, it should be understood that the present invention is not
restricted by the embodiments below. [0012] (First embodiment) The method for producing a
polyvinyl alcohol (PVA) resin in a first embodiment of the present invention will be described first. In
the PVA production method of the present embodiment, the concentration of a polymerization solution
is adjusted by addition of liquid methanol befbre contact thereof with methanol vapor in a

monomer-removing, sleR,0f [SMeving.pEeagies MoRemers iRmthaPelimarzationsaigen (paste)

obtained after’a polymerization step. [0013] [Polymerization step] In the method of producing a
polyvinyl algehyehasitibn tigbpigsent embodiment, a polyvinyl ester is prepared by polymerization of

one or more vinyl esters or by copolymerization of a vinyl ester with other monomers copolymerizable
therewith. Thelvinyl esters for use include, tbr example, vinyl tbrmate, vinyl acetate, vinyl propionate,
vinyl valerate, vinyl caproate, vinyl laurate, vinyl stearate, vinyl benzoate,

Other monomers copolymerizable with these vinyl esters include, but are not
particularly limited to, for example, a-olefins such as ethylene and propylene; alkyl
(meth)acrylate esters such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl
(meth)acrylate and 2-ethylhexyl (meth)acrylate; unsaturated amides such as
(meth)acrylamide and N-methylol acrylamide; unsaturated acids such as (meth)acrylic
acid, crotonic acid, maleic acid, itaconic acid and fumaric acid; unsaturated acid alkyl
(such as methyl, ethyl and propyl) esters; unsaturated acid anhydrides such as maleic
anhydride; unsaturated acid salts (such as sodium salts, potassium salts, ammonium
salts, and the like); glycidyl group-containing monomers such as allyl glycidylether and
glycidyl (meth)acrylate; sulfonic acid group-containing monomer such as
2-acrylamido-2-methylpropanesulfonic acid and the salts thereof; phosphate
group-containing monomers such as acid phosphoxyethyl methacrylate and acid
phosphoxypropyl methacrylate; alkyl vinylethers and the like.

[0015]
[Monomer-removing step]

Then, the monomer-removing step of removing unreacted monomers (vinyl
ester and other monomers) from the polymerization solution (paste) obtained after the
polymerization step is carried out.  Specifically, for example, the polymerization
solution and the methanol vapor are brought into contact with each other in
counter-current flow in a distillation column for separation of a mixture of unreacted

monomers and methanol from the polymerization solution. It is thus possible to obtain

a polymer solution mostly free of unreacted monomers.



vinyl pivalate and vinyl versatate, hut vinyl acetate is preferable from the viewpoint of polymerization
stability. [0014] Other monomers copolymerizable with these vinyl esters include, but are not
particularly limited to, for example, a-olefins such as ethylene and propylene; alkyl (meth)acrylate
esters such as methyl (meth)acrylate, ethyl (meth)acrylate, butyl (meth)acrylate and 2-ethylhexyl
(meth)acrylate; unsaturated amides such as (meth)acrylamide and N-methylol acrylamide; unsaturated
acids such as (meth)aerylic acid, crotonic acid, maleic acid, itaconic acid and fumaric acid;
unsaturateqo@qigi] alkyl (such as methyl, ethyl and propyl) esters; unsaturated acid anhydrides such as
maleic anhydride; unsaturated acid salts (such as sodium salts, potassium salts, ammonium salts, and
the like); glyeidyl gmupideiiai tingararorashspsodiicasaidighid\lahesend-piypoidiyh émethacrylate,
sulfonic acid group-containing monomer such as 2-acrylamido-2-methylpropanesulfonic acid and the

salts thereafyplosphatecdribapdentaimaigomeriomers supisad bgiddditosphbkyetiyhatletbatrylate and
acid phosphoxypropyl methaerylate; alkyl vinylethers and the like. [0015] [Monomer-removing step]
Then, the nkefsmeantashSvarry Srathon eEhapvingRiire dotEadiionehispd oty Bxidodndathef
monomers) from the polymerization solution (paste) obtained after the polymerization step is carried
out. Specifit i RBLAMPRANTHOFRERRHRbH dORMGH antrthe Aﬁf@mﬁwoﬁ*\?a%wa@is?aaam into

contact with achnqéQFr in coun%er-. urrerht flow in a dlsctl,ull tion coIL{mn for arapon of a mixture of

unreacted r?]ooH% ers an (r)ﬁlé%ﬁavr‘{g PR ERS pv(ﬁ Mhéhzation €6 %th(r)ant.lq{ligt o Bgsfgf'bl?ezefg%]btain a

polymer solufion MASHL G, PLUNIEACIRA MONAMAR w(00AE) 1m 1l BALAD dn YA resin

production method o present € ment, the concentration of the polymerization solution is

adjusted by,additiosr ahlikid meshanRkbafare.santash thereof withaemansl ¥ARRinimyeditional

production methods, part of the monomer/methanol mixture separated is added as reflux liquid to the
polymerizatigposolution before contact with methanol vapor and the concentration of the polymerization
solution is regulated by adjusting the addition amount. In this case, the circulation amount of unreacted
monomers [Agi€ases, demanding a greater amount of methanol vapor. [0017]

In contrast in the production method in the present embodiment, liquid
methanol is added to the polymerization solution, in addition to the reflux liquid, for
control of the concentration of the polymerization solution and thus, it is possible to
reduce the amount of the reflux liquid added, compared to conventional methods. It
leads to reduction in the amount of the unreacted monomers circulated and also in the
amount of the methanol vapor injected, thus allowing reduction of energy consumption.
[0018]

Also in the production method of the present embodiment, the reflux liquid is
added to the polymerization solution to increase the monomer concentration in the
polymerization solution and to make the separated solution have a composition close to
its azeotropic composition.

[0019]

The concentration of the polymerization solution after addition of the liquid

methanol is desirably 10 to 70 mass %. When the concentration of the polymerization

solution before contact with methanol vapor is less than 10 mass %, a large amount of



In contrast in the production method in the present embodiment, liquid methanol is added to the
polymerization solution, in addition to the retlux liquid, for control of the concentration of the
polymerization solution and thus, it is possible to reduce the amount of the reflux liquid added,
compared to conventional methods. It leads to reduction in the amount of the unreacted monomers
circulated and also in the amount of the methanol vapor injected, thus allowing reduction of energy
consumption. [0018] Also in the production method of the present embodiment, the reflux liquid is

added to the, paMIZRIO0 RAlipdRINETEARE e NPDATE! SAGRNRNION e Ralymerization

solution and to make separated solution have a composition close to its azeotropic composition.

[0019]  nldie GRACRNHALON, OO NekvERerEaHapIsabiiva-aites addiion o thedigig,methanol is
desirably 10 to 70 mass %. When the concentration of the polymerization solution before contact with

methanol vapading tedsdtiazd thnhass kna. lagkreamaueltypthendtbasiol vapar psipergedtiteading to
increase of energy consumption, Mile when it is more than 70 mass /0, the polymerization solution
becomes |lexdfiowabésspobhidho(HamiRg tBdstocklagretinshosoblierin réttencativelyn theatibegsity of the
polymerization solution is desirably 0.001 to 2.0 Pas. It is thus possible to remove monomers at high
efficiency [G@i@ﬂ‘%ponificaﬂon step] The monomer-removed polymer (polyvinyl ester) solution is
then saponif %in an organic solvent in the presence of a catalyst. Alcohols such as methanol,
ethanol, préB@ (HI, ethylene glycol, propylene glycol, glycerol and diethylene glycol can be used as the
organic solr)gnts follll' Ufght%%tfguethanol is particularly preferable. [0021] Examples of the

saponificati hicata fg S'iheltde alkali catalysts such as sodium hydroxide, potassium hydroxide,

sodium alcoholate gqd x%%%&%ﬁ?é%%&?p%ﬂ%%?i6138%X?f%ﬁ%@&%&&%%%é?@@ﬁ&?&bﬁ{ ic acid and

hydrochloric acid. Among the saponification catalysts above, use of an alkali catalyst is preferable and
use of sodigmoRyHRYER éniMPtRPRIRARISF U ndys POASRIRIR faise.saRINficRlianaie and improve

productivity.
propanol, ethylene glycol, propylene glycol, glycerol and diethylene glycol can be used
as the organic solvents for use, but methanol is particularly preferable.
[0021]

Examples of the saponification catalysts include alkali catalysts such as sodium
hydroxide, potassium hydroxide, sodium alcoholate and sodium carbonate and acid
catalysts such as sulfuric acid, phosphoric acid and hydrochloric acid. Among the
saponification catalysts above, use of an alkali catalyst is preferable and use of sodium
hydroxide is more preferable. It is thus possible to raise saponification rate and
improve productivity.

[0022]

In the saponification step, part or all of the vinyl ester groups in the polyvinyl
ester are saponificated to vinyl alcohol groups. The saponification degree of the PVA
resin obtained in the saponification step is not particularly limited and may be
determined arbitrarily, for example, in accordance with its application.

[0023]

Also in the method for producing a PVA resin according to the present



[0022] In the saponification step, part or all of the vinyl ester groups in the polyvinyl ester are
saponificated to vinyl alcohol groups. The saponification degree of the PVA resin obtained in the
saponification step is not particularly limited and may be determined arbitrarily, for example, in
accordance with its application. [0023] Also in the method for producing a PVA resin according to the
present embodiment, a washing step for removal of impurities such as sodium acetate and a drying
step may be carried out, as needed, after the polymerization and saponification steps above. [0024]

As describeghabeien, deRaIlR e MRIPRSHO PIATHEINg A LY AES agsoling Lo e present

embodiment, there is no need thr excessive addition of the reflux liquid for adjustment of the
concentratigr/ingdkg sangriicatisndsier thrsapenibire theBopemanitieaRpivpies seduian, as in
conventional methods, because the concentration of the polymerization solution is regulated by
addition of ligpidabtethanol. It is thus possible to reduce the amount of the methanol vapor injected and
to remove unreaeted monomers from the polymerization solution efficiently by using methanol vapor in
an amount g¥der than that by conventional methods. [0025] Further in the method for producing
a PVA resin according to the present embodiment, it is possible to make the composition of the

separated solution tfodetatsthakossidpittbimpbsittsther e rofuinera BN asethanol easily by

adjusting the amgount of the reflux liquid added to the polymerization solution. .
J g according to the present embodiment, therergs IE)O ee(? or excess?ve adgltlon of the

reflux liquid for adjustment of the concentration in the saponification step for
saponifying the monomer-free polymer solution, as in conventional methods, because
the concentration of the polymerization solution is regulated by addition of liquid
methanol. It is thus possible to reduce the amount of the methanol vapor injected and
to remove unreacted monomers from the polymerization solution efficiently by using
methanol vapor in an amount smaller than that by conventional methods.

[0025]

Further in the method for producing a PVA resin according to the present
embodiment, it is possible to make the composition of the separated solution closer to
the azeotropic composition of the monomers and methanol easily by adjusting the
amount of the reflux liquid added to the polymerization solution.

[0026]
(Second embodiment)

Hereinafter, the apparatus for producing a PVA resin in a second embodiment
of the present invention will be described. Fig. 1 is a schematic view illustrating the
configuration of an apparatus for producing a PVA resin in the present embodiment.
The apparatus 1 for producing a PVA resin in the present embodiment is an apparatus
permitting use of the method for producing a PVA resin in the first embodiment

described above and has an approximately tube-shaped column main body 2, as shown



[0026] (Second embodiment) Hereinafter, the apparatus for producing a PV& resin in a second
embodiment of the present invention will be described. Fig. 1 is a schematic view illustrating the
configuration of an apparatus for producing a PVA resin in the present embodiment. The apparatus 1
for producing a PVA resin in the present embodiment is an apparatus pennitting use of the method for
producing a PVA resin in the first embodiment described above and has an approximately
tube-shaped column main body 2, as shown in Fig. 1. [0027] The column main body 2 has a
polymerizaﬂgp&pllu'tion inlet for introducing the polymerization solution in the top region thereof and a
methanol inlet for introducing methanol vapor in the bottom region thereof The column main body 2
also has, fqnexample, perforated plates placed in multiple stages for contact between the
polymerization solution and methanol vapor in counter-current flow. [0028] In addition, the column
2 has a degassing ftrt ¢nkialtedhinr withd2awa b glolyen snonomesdneihamdtgias mixdidieiiptiie top region
and an outlet port for discharge of the monomer-free polymer solution in the bottom region. [0029]

polymerization solution in the top region thereof and a methanol inlet for introducing

methanol vapor in the bottom region thereof. The column main body 2 also has, for

example, perforated plates placed in multiple stages for contact between the

polymerization solution and methanol vapor in counter-current flow.

[0028]

In addition, the column 2 has a degassing port installed for withdrawal of the
monomer/methanol gas mixture in the top region and an outlet port for discharge of the
monomer-free polymer solution in the bottom region.

[0029]

On the other hand, a pipe for supply of the polymerization solution is
connected to the polymerization solution inlet of column main body 2, and an injection
pipe for supply of the reflux liquid and an injection pipe for injection of liquid methanol
for concentration adjustment are connected to the pipe. Thus in the apparatus 1 for
producing a PVA resin, the polymerization solution discharged from a polymerization
tank is adjusted to a particular concentration in the pipe before it is introduced into the
column main body 2.

[0030]

Hereinafter, operation of the apparatus 1 for producing a PVA resin will be
described. In the apparatus 1 for producing a PVA resin of the present embodiment,
reflux liquid and liquid methanol are first added to the polymerization solution

discharged from the polymerization tank (not shown in the Figure) for regulation of the

concentration into a particular range. The polymerization solution after concentration

10



On the other hand, a pipe for supply of the polymerization solution is connected to the polymerization
solution inlet of column main body 2, and an injection pipe for supply of the reflux liquid and an
injection pipe for injection of liquid methanol for concentration adjustment are connected to the pipe.
Thus in the apparatus | for producing a PVA resin, the polymerization solution discharged from a
polymerization tank is adjusted to a particular concentration in the pipe before it is introduced into the
column main body 2. [0030] Hereinafter, operation of the apparatus 1 for producing a PVA resin

will be describedmlthihe;aRpaRLdS - JRERIRAYGINE 8- M IESILALING RIGFRhEMNQRIM Gllin reflex

liquid and liquid methanol are first added to the polymerization solution discharged from the

polymerizatigaytanin natehavin ipsnes Fiduiedieh regulatingm ef #igtconcentration into a particular range.
The polymerization solution after concentration adjustment is introduced through the polymerization

solution inl€6@3tb] the column main body 2 and methanol vapor is fed through the methanol inlet. [0031]
In such an apparatus, the polymer moves downward in the column main body 2, while the methanol
vapor upward in thiicokinan aparrdiosyiz pebding reovshdrybeareentisecpopmariatsrd sdlution and
the methanol vapor in counter-current flow and thus to gasification of the monomers contained in the
polymerizatiBHle St AR nsraHBl FHd LR Ea MBI Solsedined rriméaBblymerization

solution arrj?thus disl_(f:har ed from.the Eﬁp,of the column.as a mixture with methanol. On the other

hand, the niSREHRIAFRS BEHAHL RS LTASH (PoRHRINSLHRM) s DERTAGEE RO Yhe bottom of
the COlumnﬁ%qhsuesnttotgé[sqgc%%%%noi??ﬁéi%%r%%?egsecsocr{ég%%&) 1en| L polymerization solution with
methanol. The unreacted monomers contained in the polymerization solution are thus
discharged from the top of the column as a mixture with methanol. On the other hand,
the monomer-free polymerization solution (polymer solution) is discharged from the
bottom of the column and sent to the saponification step described below.
[0032]

Part of the monomer/methanol mixture discharged from the top of the column
is injected as reflux liquid into the pipe in which the polymerization solution is flowing
and introduced into the column main body 2 with the polymerization solution. The
other mixture is reused partially in the polymerization step and the unused mixture is
separated into monomers and methanol, which are sent respectively for solvent recovery
systems.

[0033]

Because the reflux liquid and additionally liquid methanol are added to the
polymerization solution, the circulation amount of unreacted monomers decreases,
permitting efficient removal of unreacted monomers from the polymerization solution
with energy smaller than that by traditional methods in the apparatus for producing a
PVA resin in the present embodiment.

[0034]

11



[0032] Part of the monomer/methanol mixture discharged from the top of the column is injected as
reflux liquid into the pipe in which the polymerization solution is flowing and introduced into the column
main body 2 with the polymerization solution. The other mixture is reused partially in the
polymerization step and the unused mixture is separated into monomers and methanol, which are sent
respectively for solvent recovery systems. [0033] Because the reflux liquid and additionally liquid
methanol are added to the polymerization solution the circulation amount of unreacted monomers
decreases,parriting efficignt removal of unreacted monomers from the polymerization solution with
energy smaller than that by traditional methods in the apparatus for producing a PVA resin in the
present embodiment] {8934ftetThicdgmbodimenoducindareaftesinthe tappdrateaiodpredtcing a PVA
resin in the third embodiment of the present invention will be described. Fig. 2 is a schematic view
illustrating tifeleopfigenatiorwichevitVik desimipedduditeg 2 ppasabesitithe gvelestr@mpabiiment. As
shown in Fig. 2, the apparatus 11 for producing a PVA resin in the present embodiment has, in
addition to e FHaMAB Y YA ECSHCEIMANEHIE GRRBAYS o hrepteatisreabadmsathard/monomer
mixture discharged from_the column main body 2 to its azeotropic composition. The configuration of

the concenthighiBitS s HsapRARIIRAY RhREUSIRGOMAGEFHBhRT WisR ECRRIOMA $Hhin body has
valve trays, I M LA 3 S Ay DSy RIS 085 IR P9 TS S RIEIGraRls; (3952
methanol/monomer mixture discharged from the column main body 2 to its azeotropic
composition. The configuration of the concentration unit 3 is not particularly limited,
but a configuration in which a column main body has valve trays, in multiple stages,
each having multiple gas blowout ports is preferable.
[0035]

In the apparatus 11 for producing a PVA resin, the monomer/methanol mixture
discharged from the column main body 2 is introduced into the lower region of the
concentration unit 3, where it is concentrated to its azeotropic composition. In this
way, a distillate higher in monomer concentration is obtained from the top of the
concentration unit 3 and the distillate is partially introduced once again as reflux liquid
into the top region of the concentration unit 3. The other distillate is partially reused in
the polymerization step and the unused distillate is separated into monomers and
methanol and fed into their respective solvent recovery systems.

[0036]

On the other hand, a methanol solution lower in monomer concentration is
withdrawn from the bottom of the concentration unit 3 and injected as dilution solution
into the pipe in which the polymerization solution is flowing. In this way, it is possible
to recover the monomers efficiently by installing a concentration unit 3 and

concentrating the mixture discharged from the top of the column main body 2 to its

12



In the apparatus 11 for producing a PVA resin, the monomer/methanol mixture discharged from the
column main body 2 is introduced into the lower region of the concentration unit 3, where it is
concentrated to its azeotropic composition. In this way, a distillate higher in monomer concentration is
obtained from the top of the concentration unit 3 and the distillate is partially introduced once again as
reflux liquid into the top region of the concentration unit 3, The other distillate is partially reused in the
polymerization step and the unused distillate is separated into monomers and methanol and fed into

their respectiveSONeRbAESAYEEY BYSigS- KO3Rkulr, iQ95h&B1es Banta mathageLsolution lower in

monomer concentration is withdrawn from the bottom of the concentration unit 3 and injected as
dilution solutifeaiftal thefipe-infrdncholies pelmearizatiaosefitentls fawiegedsy thisapaysHbis possible to
recover the monomers efficiently by installing a concentration unit 3 and concentrating the mixture
discharged firatnthenomobdtheprofimtmomappdraaiye?. to its azeotropic composition therein. As a result, it
is possible to separate and recover unreacted monomers from polymerization solution efficiently with
energy smdlif®8tfan that in conventional production apparatuses. [0037] The configurations and
advantageous effects other than those described above of the apparatus 11 for producing a PVA resin
in the present embodifesitiigw tHensAne 1y s drREssts athaichagbarsdrsribethabsatcond

bodi t ibed ab E les [0 . Hereinafter, he adyant ffects of the
oresont i bip RN 0LCHLR L SO A FREFEsie 0 EVAD AL CeMparative

Examples ol BESei INGDIRT IS AICROLEXAIAIE AR Mangmaraere separated from

polymerization solution sing the uction apparatus in t ird embodiment shown Fig. 2
(Example) and the conventional production apparatus shown in Fig. 3 (Comparative Example) and the
energy efficiencies were compared.

Examples

[0038]

Hereinafter, the advantageous effects of the present invention will be described
more specifically with reference to Examples and Comparative Examples of the present
invention. In the present Example, unreacted monomers were separated from
polymerization solution by using the production apparatus in the third embodiment
shown in Fig. 2 (Example) and the conventional production apparatus shown in Fig. 3
(Comparative Example) and the energy efficiencies were compared.

[0039]

Specifically, a polymerization solution containing vinyl acetate at a
concentration of 29 mass % and a polymer at a concentration of 54 mass % was
introduced from a polymerization tank into a column main body 2, 102, at a flow rate of
3.4 t/hr.  Then in the Example where the production apparatus 11 shown in Fig. 2 was
used, liquid methanol was injected into the polymerization solution at a flow rate of 1.0
t/hr before the mixture is introduced into column main body 2.  On the other hand, in
the Comparative Example where the production apparatus 101 shown in Fig. 3 was used,

the reflux liquid was injected to the polymerization solution at a flow rate of 3.3 t/hr
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[0039] Specifically, a polymerization solution containing vinyl acetate at a concentration of 29
mass % and a polymer at a concentration of 54 mass % was introduced from a polymerization tank
into a column main body 2, 102, at a flow rate of 3.4 Vhr. Then in the Example where the production
apparatus 11 shown in Fig. 2 was used, liquid methanol was injected into the polymerization solution
at a flow rate of 1.0 Chr before the mixture is introduced into column main body 2. On the other hand,
in the Comparative Example where the production apparatus 101 shown in Fig. 3 was used, the reflux

liquid was ipjggtechitotR RPAYEPEIZatoR SMHQR Rkdh 1RYY Bi1 0 823 tihr before introduction of the

mixture into column main body 102. [0040] As a result, in the production apparatus of
Comparatied@wample, when the amount of injected methanol is 3.4 t/hr and the flow rate of recovered
polymer solution is 5.2 tihr, the polymer concentration was 36 mass % and thc residual vinyl acetate
content was less thas 4 5301 pmthinpaddiitiann the acnceof@tiopobuiyEaceisite inhthetbistillate was
58.6 mass % and the total amount (flow rate) of the distillate reused in the polymerization step and the
liquid sent fnpentedonmsieststethrnolas 3. bttafdold flow ratn ebraeaseiedihel produselioncapparatus of

the Example of the present invention, when the amount oI methanol injected was 2.4 flu- and the flow
rate of the f&CovEfBdPORAMER SotoREFAE Y8RP Meshahand orrsshirhtisn Liss!86 mass A and the

residual vinyl acetate content wgs Jess than 15 m, In addition, the concentration.
%ntent wasqesst an 1%%& ppm. Iin ac?dcl)tf())%, the concentration of vinyl acetate in the

distillate was 58.6 mass % and the total amount (flow rate) of the distillate reused in the
polymerization step and the liquid sent to the recovery systems was 1.6 t/hr.
[0041]

In contrast in the production apparatus of the Example of the present invention,
when the amount of methanol injected was 2.4 t/hr and the flow rate of the recovered
polymer solution was 5.2 t/hr, the polymer concentration was 36 mass % and the
residual vinyl acetate content was less than 1500 ppm. In addition, the concentration
of vinyl acetate in the distillate was 58.9 mass %; the total amount (flow rate) of the
distillate reused in the polymerization step and the liquid sent to the recovery systems
was 1.6 t/hr; and the amount of the reflux liquid fed back to the concentration unit was
1.5 t/hr.

[0042]

The results above show that it is possible to reduce the amount of methanol
vapor injected, thereby reducing the energy needed for generation of the methanol vapor,
and removing monomers efficiently by using the PVA resin-producing apparatus

according to the present invention.

Reference Signs List

[0043]
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of vinyl acetate in the distillate was 58.9 mass %; the total amount (flow rate) of the distillate reused in
the polymerization step and the liquid sent to the recovery systems was 1.6 uhr; and the amount of the
reflux liquid fed back to the concentration unit was 1.5 t/hr. [0042] The results above show that is
possible to reduce the amount of methanol vapor injected, thereby reducing the energy needed for
generation of the methanol vapor, and removing monomers efficiently by using the PVA
resin-producing apparatus according to the present invention. Reference Signs List [0043] 1, II, 101
PVA resin-prqdu¢ing ppRaaiHS & aetkgppagiubody 3: Concentration unit CLAIMS:

2: Column main body

3: Concentration unit
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I.A method for producing a polyvinyl alcohol, at least comprising: a polymerization step of
polymerizing one or more vinyl esters or copolymerizing a vinyl ester with other monomers
copolyrnerizable therewith; a monomer-removing step of bringing the polymerization solution
obtained in the polymerization step into contact with methanol vapor for removal of unreacted
monomers and a saponification step of saponifying the unreacted monomer-free polymer solution
in an organic solvent in the presence of an alkali catalyst, wherein the concentration of the
polymerizaiigmg®lgtion is adjusted by addition of liquid methanol before contact with methanol vapor in
the monomer-removing step. The method for producing a polyvinyl alcohol according to Claim
1, further comprising a step of concentrating the monomer/methanol mixture generated by contact
between the polymerization solution and methanol vapor to its azeotropic composition. 3. The
method for producing a polywimnylhald dbopacteiding polGlaini 2 culiéreairdie coonoivners are recovered
from the solution after concentration. 4. An apparatus fbr producing a polyvinyl alcohol, comprising. a
column main body:a polymerization step of polymerizing one or more vinyl esters or
copolymerizing a vinyl ester with other monomers copolymerizable therewith;
a monomer-removing step of bringing the polymerization solution obtained in
the polymerization step into contact with methanol vapor for removal of unreacted
monomers; and
a saponification step of saponifying the unreacted monomer-free polymer
solution in an organic solvent in the presence of an alkali catalyst, wherein

the concentration of the polymerization solution is adjusted by addition of

liquid methanol before contact with methanol vapor in the monomer-removing step.

2. The method for producing a polyvinyl alcohol according to Claim 1,
further comprising a step of concentrating the monomer/methanol mixture generated by
contact between the polymerization solution and methanol vapor to its azeotropic

composition.

3. The method for producing a polyvinyl alcohol according to Claim 2,

wherein the monomers are recovered from the solution after concentration.

4. An apparatus for producing a polyvinyl alcohol, comprising:
a column main body;
a methanol-introducing pipe for supply of methanol to a polymerization

solution;
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a methanol-introducing pipe for supply of methanol to a polymerizatio solution; a polymerization
solution-introducing mechanism for supply of the polymerization solution into the top region of the
column main body, the mechanism having the methanol-introducing pipe; and a methanol
vapor-introducing mechanism for supply of methanol vapor into the bottom region of the column main
body, wherein the methanol-diluted polymerization solution is introduced into the column main
body. 5. The apparatus for producing a polyvinyl alcohol according to Claim 4, wherein the

polymerization solug%l H}gtmg%m%%%%ﬂ&ggﬁ&%}m%%p@&ﬁﬁy%%ch other in

counter-current flow in the column main body. The apparatus ucing a polyvinyl alcohol
according to fHai48ia-Bithex camisioesoncenatinnHniLafconsentatingadisiilate
discharged from the top of the column main body.
having the methanol-introducing pipe; and
a methanol vapor-introducing mechanism for supply of methanol vapor into the
bottom region of the column main body, wherein

the methanol-diluted polymerization solution is introduced into the column

main body.

5. The apparatus for producing a polyvinyl alcohol according to Claim 4,

wherein the polymerization solution and the methanol vapor are brought into contact

with each other in counter-current flow in the column main body.
6. The apparatus for producing a polyvinyl alcohol according to Claim 4

or 5, further comprising a concentration unit of concentrating a distillate discharged

from the top of the column main body.
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