RESIDUAL MONOMER ELIMINATION DEVICE AND POLYVINYL ALCOHOL RESIN PRODUCTION
METHOD Technical Field [000il The present invention relates to an apparatus for removing
residual monomers and a method for producing a polyvinyl alcohol resin by using the apparatus. More
specifically, it relates to a technique for removing unreacted monomers from a polymerization solution
obtained in polymerization step. Background Art 100021 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, iRuesaple feReNTiaR pf fiarPral PRYNAINgSisRsERRE g esives and

binder resins, because of its favorable properties. T e PVA resins are generally produced by

polymerization of a vinyl ester austraporficatie PR reguting PalMNygster in an organic solvent
in the presence of a catalyst. [00031 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
polymerizatfentsoicailbRiebliained in

[0001]

The present invention relates to an apparatus for removing residual
monomers and a method for producing a polyvinyl alcohol resin by using the
apparatus. More specifically, it relates to a technique for removing
unreacted monomers from a polymerization solution obtained in

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 trays 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 and 2). [0004] On the other hand,
perforated-plate columns having multiple compartment walls formed therein have been proposed as
the monomer-removing column for use during production of polyvinyl chloride resins (see, for example,
Patent Document 3). In the monomer-removing column described in Patent Document 3 a channel for
treatment of EITQ nggl %%riozgtsigg sloAg(t)i%n isog)orlrplg}j_lygirtxq compar r@erxl;[ qulrlf' Wprearein1 Itlhe contact time
between thg pg ymerlza%lon solution and steam is regu ated. Citatioh 1<t ﬁ’go\tentyﬁocuments MO51
[Patent Dogument L1 Japanescdinexamined.Patens Application Publiration Ne,2007;293323

[Patent Document 21 Japanese Unexamined Patent Application Publication'No. 2007-245432
[Patent Dodémans 8 latopnBae dnexrminrech Rateatinpplisation 2hlication Na.3A8815 Summary of

Invention Technical Problem [00061
bottom (see Patent Documents 1 and 2).
[0004]

On the other hand, perforated-plate columns having multiple
compartment walls formed therein have been proposed as the
monomer-removing column for use during production of polyvinyl chloride
resins (see, for example, Patent Document 3). In the monomer-removing
column described in Patent Document 3, a channel for treatment of the

polymerization solution is formed with compartment walls, wherein the

contact time between the polymerization solution and steam is regulated.
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Technical Problem



However, the conventional monomer-removing methods described above have the following problem.
Bubble cap trays for distillation column have been used as the trays in conventional
monomer-removing columns but, such trays had a problem of large flow resistance, which causes
large difference in fluid depth over the tray, as the polymerization solution fed into the
monomer-removing column is a high-viscosity fluid having a viscosity of more than 1 Pa s. In addition,
when there is difference in the depth of the polymerization solution over each tray (tray), it causes drift
of gas and [SEii(%llal of polymerization solution, leading to deterioration in monomer removal efficiency
100071 Alternatively the methods of forming a treatment channel by forming compartment walls

on the trays, as in tbe, MoRAMGIeEMAVAG AN ABSELRSCHL PRlE th AAEHDANLE Waleh I 2

structure easily giving residual liquid on the trays, have a problem of residual of the polymerization

solution and ieekage-oftbaananne. (900kh. BubplaiesPRiecOlNAIRIEISRbLINVEMaMNS to provide

an apparatus for removing residual monomers and a method of producing a polyvinyl alcohol resin that
can prevenhdrift b theusrghnictdelteny gas endveasitiial lohiheopodyrmenzation soluinf Overt the trays,
thus permitting efficient removal of the unreacted monomers fi-om the polymerization solution. Solution
to Problemsjadodkys harhe prpdeatusfitangerfbvingassidualenoioohers assolding to the present
invention is an apparatus for removing residual monomers, at least including a column main body and

valve trays H&{rrgneriisbitvad derihoitesdhe exen Ravihg Bpemegizasigisaluisaifdostisendicular to
a flow directjon of a olg/merization solgtion Qr oglgir%:ggs, directe(ggjgévﬁwa‘rd in the flow direction of the
polymerizafioh gbqﬁé)(?ﬁ, R Py Card R staft MLTGRTALE AR BGIURREARLH Bbdy.

e O o R O I BB e o 2re

used in the present invention, drift of an organic solvent gas such as méthanol and resi Ual of the

polymerizalign Qusion o e Hays WENAERU AL i%d0iS RAPSSIRIS LOIRRToME U Qgepsing efficiency

and remove unreacted monomers in an amount equal to or larger than that by conventional methods

by using an-@sgRMNe §0lYSINTEAS A AARER0ENLEMANRT Hhan thatheiRtiion inERSHRAhE gas blowout
ports may be configured to have a through hole formed in a tray bottom face and an arch cover formed

over the threugbvadleffaridrinysuch a case, the tray is placed such that the lengthwise direction of the
cover of the gas blowout port is identical with the flow direction of the polymerization solution.
[0007]
Alternatively, the methods of forming a treatment channel by
forming compartment walls on the trays, as in the monomer-removing
column described in Patent Document 3, which is a structure easily giving
residual liquid on the trays, have a problem of residual of the polymerization
solution and blockage of the channel.
[0008]
A major object of the present invention is to provide an apparatus for
removing residual monomers and a method of producing a polyvinyl alcohol
resin that can prevent drift of the organic solvent gas and residual of the

polymerization solution over the trays, thus permitting efficient removal of

the unreacted monomers from the polymerization solution.

Solution to Problem



Alternatively, each of the gas blowout ports may be configured to have the through hole formed in the
tray bottom face and a cover formed over the through hole that has an opening only in one direction,
and in such a case, the tray is placed such that each of the gas blowout ports has the openings
directed downward in the flow direction of the polymerization solution. The tray may have
liquid-retaining walls formed upstream and downstream in the flow direction of the polymerization
solution, and in such a case, at least the downstream-sided liquid-retaining wall is desirably installed,
asitis tilteq%\gﬁrd at an angle of 5 to 45. In addition, the apparatus can be used in a production
process for polyvinyl alcohol. [00101 The method of producing a polyvinyl alcohol resin according
to the present invengipn A?BQP&H]Q%%tﬂ@ﬁ?&&%‘&‘Qé’%?d%hQPM}?%%%%é‘SPﬁHL%QJX fjgd'zIng one or

th ot ymerizable therewith, a

more vinyl esters or copolymerizing a vinyl ester wi er monomers copolym

monomer-rgmQRY iSeoel I8 MOXINI KSR FHNRANLIS P Y- LRGN AR RIgRRIC selventgas into
contact with the polymerization solution obtained in the polymerization step, and a saponification step

of saponifyingthdiugreaciednnanaimebdBesolutiah intaselentieeniaining lthe oy paicsolvent in the
presence of an alkali catalyst, and the unreacted monomers are removed from the polymerization
solution in thertacrrsindraampvipersteys, bylysing ahapparas femémolindgaesilioml monomers
having a column main body and valve trays installed therein having multiple gas blowout ports each
having opefiig&timohaandlerinzssiprreictiiane ndrsnigigsciie erthd poiyivrrL aidieolution or
having openings directed d? nwargYin the flow direction of the polymerization solution. In the
present invERTOAIRSERTSE ﬁ‘%ﬁﬁ WMGSEHEM S PEsiand: theisaeraeneatrie ddme trays
placed in mr‘ﬂlﬂﬁle fetasqes and et%ch hﬁ}/gg gas b ov&out ports having openings only in a particular

. . . ages in e CO 1 gody. . . . ..
direction is Used in the r%onomer-removmg st%p, I |53f3033|ble to raise processing efficiency, compared

to conventional proﬂ@‘&gﬂ@eo{;%(fsésc§§ys eaCﬁ%%%@%IQS %@8&9'})%%@8%&%%3% gSetpl?nogrgamC solvent

in this production method.
only in a particular direction are used in the present invention, drift of an

organic solvent gas such as methanol and residual of the polymerization
solution on the trays rarely occur. It is thus possible to improve processing
efficiency and remove unreacted monomers in an amount equal to or larger
than that by conventional methods by using an organic solvent gas in an
amount smaller than that before.

Each of the gas blowout ports may be configured to have a through
hole formed in a tray bottom face and an arch cover formed over the through
hole, and in such a case, the tray is placed such that the lengthwise direction
of the cover of the gas blowout port is identical with the flow direction of the
polymerization solution.

Alternatively, each of the gas blowout ports may be configured to
have the through hole formed in the tray bottom face and a cover formed over
the through hole that has an opening only in one direction, and in such a
case, the tray is placed such that each of the gas blowout ports has the

openings directed downward in the flow direction of the polymerization



Advantageous Effects of Invention [00111 It is possible according to the present invention to
prevent drift of the gas of organic solvent such as methanol and residual of the polymerization solution
over trays and thus to remove the unreacted monomers efficiently from the polymerization solution,
because valve trays having openings thereon in a particular direction are used. Brief Description of
Drawings [0012] Fig. 1 is a schematic view illustrating the configuration of the apparatus for
removing residual monomers for use in a method of producing a PVA resin according to an
embodimenyt,pf the,present invention. Fig. 2(a) is a top view of a tray 2 illustrating the configuration
thereof in the apparatus 1 for removing residual monomers shown in Fig. 1; Fig. 2(b)) is a

perspective view illgsteating the: $hane of ueds HIWRHERSHI RArshowWA pEige 2a)aARd Fig. 2(c) is a

perspective view illustrating the shape of a gas blowout port 2b. Figs. 3(a) and 3(b) are chart_s showing
the results dbflowtanatysia oha fhelytieszatiaro$oltipolyirenian @ppatmiusdar sermaovirgcasidual

monomers of Example is used. Fig. 3(a) shows a difference in liquid depth, while Fig. 3(b) shows
pressure digteistiot. least the downstream-sided liquid-retaining wall is desirably
installed, as it is tilted outward at an angle of 5 to 45°.

In addition, the apparatus can be used in a production process for

polyvinyl alcohol.
[0010]

The method of producing a polyvinyl alcohol resin according to the
present invention is a method at least including 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
removing unreacted monomers by bringing an organic solvent gas into
contact with the polymerization solution obtained in the polymerization step,
and a saponification step of saponifying the unreacted monomer-free solution
in a solvent containing the organic solvent in the presence of an alkali
catalyst, and the unreacted monomers are removed from the polymerization
solution in the monomer-removing step, by using an apparatus for removing
residual monomers having a column main body and valve trays installed
therein having multiple gas blowout ports each having openings only in a
direction perpendicular to a flow direction of the polymerization solution or
having openings directed downward in the flow direction of the
polymerization solution.

In the present invention, because an apparatus for removing residual

monomers, which has valve trays placed in multiple stages and each having



Figs. 4(a) and 4(b) are charts showing the results of flow analysis of the polymerization solution when
an apparatus for removing residual monomers of Comparative Example is used. Fig. 4(a) shows a
difference in liquid depth, while Fig. 4(b) shows pressure distribution. Description of Embodiments
[0013] Hereinafter, favorable embodiments of the present invention will be described in detail with
reference to attached drawings. It should be understood that the present invention is not restricted by
the embodiments described below. In the method for producing a polyvinyl alcohol (PVA) in an
embodime inventi atus for remaving residual monomers, having valve
trays place %ﬁgﬁég%ggﬁs%%%%?ﬁl%&%?a %ﬁq%ﬁgn%r%glln%{g%%r icular direc ?o‘rllsi%(gls%d in the
monomer-reMOoMBA e FPEERINAYING MPreariqsh pnenaes il fhe-RelNpefzalign solution (paste)
obtained after polymerization step. [0014] [Polymerization step] In the method of producing a PVA
resin in the gregenidmbedimentiamRdlyvisdhestar isrpsepased 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 iwlwde gl exarapiendhyhfolmatee dvinyt he etatenwinyd prapionaieivinyl valerate,
vinyl caproate, vinyl laurate, vinyl stearate, vinyl benzoate, vinyl pivalate and vinyl versatate, but vinyl
acetate is prepsiagiiofrane thediewpoint of polymerization stability. [00151  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%e&\%a%e, butyl th)acr, fate and 2-ethylhexyl (meth)acrylate; unsaturated amides such as
(metWacrylami & 4 N-ine %/(fof é’cry é’r%ﬁé?rbnsaturated acids such as (meth)acrylic acid, crotonic
acid, maleigggig 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, potasgiye,salis, RMERHTLSH th &R daenikel GGV JREANIRITNGrRenomers

such as ally! glycidylether and glycidyl (meth)aciylate; sulfonic acid group-containing monomer such as
2-acrylamider2 shettpyipiopanesulionitacichanth the baksl therela PhOSRE 6] SroMRA-GARRINING
monomers such as acid phosphoxyethyl methacrylate and acid phosphoxypropyl methacrylate; alkyl
vinylethers snidttioa likeer trays and thus to remove the unreacted monomers efficiently

from the polymerization solution, because valve trays having openings

thereon in a particular direction are used.

Brief Description of Drawings
[0012]

Fig. 1is a schematic view illustrating the configuration of the
apparatus for removing residual monomers for use in a method of producing
a PVA resin according to an embodiment of the present invention.

Fig. 2(a) is a top view of a tray 2 illustrating the configuration thereof
in the apparatus 1 for removing residual monomers shown in Fig. 1;

Fig. 2(b) is a perspective view illustrating the shape of a gas blowout
port 2a shown in Fig. 2(a); and Fig. 2(c) is a perspective view illustrating the
shape of a gas blowout port 2b.

Figs. 3(a) and 3(b) are charts showing the results of flow analysis of a



[00161 [Monomer-removing step] In the monomer-removing step, unreacted monomers (vinyl
ester and other monomers) are removed from the polymerization solution obtained after the
polymerization step described above. Fig. 1 is a schematic view illustrating the configuration of the
apparatus for removing residual monomers for use then. Fig. 2(a) is a top view, illustrating the tray 2
in the apparatus 1 for removing residual monomers shown in Fig. 1; Fig. 2(b) is a perspective view
illustrating the shape of a gas blowout port 2a shown in Fig. 2 (a); and Fig. 2 (c) is a perspective view
illustrating the 5%937 e ofﬁ%gassopugwout ort 2b. [00171 As shown in Flgl(}dalfe ae{)aratus 1 for

removing rési monomers used in the §'bresERPS %udgr%)én ag'an pprommafnﬁl &-shaped

column maigy ey TUIRIE Ve Uiy apiaced daLeln AL a:PAdGIAgaR. afolygn main body

also has a polymerlzatlon solution infet port for introduction of the formed p ymerlzatlo olution in the

upper regiop(Bhdi gaspriet pestdestintiadisetion of an organic solvent gas, i.e., a vaporized organic
solvent such as methanol, in the lower region of the column main body The column main body also

has a degassing pofifer disghatdelditheochants sbivenhgahtogathle witll e spalpsenin the top
region and a outlet port for discharge of the polymer solution after monomer removal in the bottom
region. [0018k polyvgesheamon Figstitavdrich 2(h)appehatalydorap R instadledsinltad column main body
has multiple gas blowout ports 2a each having openings in the direction perpendicular to the flow
direction ofWﬁ@Bﬂ?feﬁ% RRIIaHOTS, Eﬁ@%ﬁi@dﬁiﬂlé%atr&lshéé@ Trenfas BiblwBRR PO 2a may be

configured, for e ple, to have a thrqugh hole formed in the tray bottom face and an arch-shaped
cover, as sé’&ﬂéﬁ?ﬂjfz‘s%}é?% e’?r]i‘ﬁ@’ TPSESHTASI 1%&?§H6WH in Fig. 2(b), it is possible to

make the openings of

Description of Embodiments
[0013]

Hereinafter, favorable embodiments of the present invention will be
described in detail with reference to attached drawings. It should be
understood that the present invention is not restricted by the embodiments
described below. In the method for producing a polyvinyl alcohol (PVA) in
an embodiment of the present invention, an apparatus for removing residual
monomers, having valve trays placed in multiple stages and each having an
opening in a particular direction is used in the monomer-removing step for
removing unreacted monomers from the polymerization solution (paste)
obtained after polymerization step.

[0014]
[Polymerization step]

In the method of producing a PVA 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,



each gas blowout port 2a face the direction perpendicular to the flow direction of the polymerization
solution, by placing the valve tray 2 in such a manner that the lengthwise direction of the cover of the
gas blowout port 2a is in parallel with the flow direction of the polymerization solution. [00191 Also
as shown in Figs. 2(a) and 2(c), the valve tray 2 may have, in addition to the gas blowout ports 2a
described above, gas blowout ports 2b having an opening directed downward in the flow direction of
the polymerization solution. The gas blowout port 2b may be configured, for example, to have a
through hole.;gfn%% in the traﬁ bottom fage and ai\e}goi/er formed Quer the éhrou%lwllole thEt has an

opening onI‘i}n? one |artee(3ti‘61rr11 A PSS IN G %%t iréctonS e Yas’h %‘t‘ﬁ% t2b can

reduce the j [zati ion.,.if ver i i e ascending
in the direcg%{gﬁ%%‘%eﬂg{eﬁg? t]%(aH t%w%ég r?qh%gljéﬁ%lg %%epgﬁ%g Pfé%fé%it gg%%%‘h%&ggﬁﬁgﬁs of the gas

blowout porss2hfoimpeeateamt Fasticuiasly limitean bUt feraxampla:these parts. may be formed in the
central region of the tray, as they are aligned in rows in the direction perpendicular to the flow direction

of the polyrf@@izalkion solution 4 and separated from each other at a particular gap. The flow rate of the
polymerization solution is generally smallest in the central region of the tray, but it is possible in such a
configuration to mafkéhhe flomeatersfameofiyarerizakiow bl ttiereving Liestenmsined u@Q 2 dt The
shape of the through holes for gas blowout ports 2a and 2b is not particularly limited and may be in
any shape, &g ot aangerdAap@bedtariigrampdatageledinhsxdonark dutapmandircular or
elliptic. The heights of t as blowout ports 2a and 2b_are also not particularly limited and can be set
properly in BEXYdEhTe tﬁ%%ﬁ@%ﬁﬁé%%ﬁﬁ)ﬁ“&hﬁé &W%@Bﬁ aentitesERs viscosity.

However when height of th s blowout port 2a or,2b is more than 30.mm,.it may result in
b tth %@e,%uﬁv&%etﬁz\égﬁfﬁ%e an&zebd@f Wé&a%u Afffe lr?éﬁf’g’hts of the gas

. ﬁﬂe aCI'?/' nex
increase of flow resistance an ror In processing ICle

plowout polis &4 ARk & ayeidesitably 20 G R1denn A0RR ang AtaiReively 1% pRARYIO areas of the

gas blowout ports 2a and 2b can also be set arbitrarily in accordance w e processing condition,

but the gasihlewaiitRedt 2888 2hcRayinGrRIPReRNG: Hga Alsehibalk 300 MmE may lead to

insufficient amount of the organic solvent gas injected and thus to deterioration in processing
efficiency. Thexefore,cildesopENingaieasiof thegashlowbatpbilk?h@adiRhane-drsirabli 300 mm2 or
more. [0023]
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.
[0016]
[Monomer-removing step]
In the monomer-removing step, unreacted monomers (vinyl ester and
other monomers) are removed from the polymerization solution obtained

after the polymerization step described above. Fig. 1 is a schematic view

illustrating the configuration of the apparatus for removing residual



In addition, the open area ratio of the entire valve tray 2 is desirably 3 to 20%. It is thus possible to
improve the efficiency of removing unreacted monomers drastically. An entire-valve-tray open area
ratio of less than 3% may result in insufficient contact between the organic solvent gas and the
polymerization solution, leading to increased residual of the unreacted monomers. Alternatively, an
open area ratio of more than 20% may make it difficult to hold the polymerization solution at a
particular depth on the valve tray 2. [0024] The valve tray 2 has a liquid-retaining wall 2c formed
downstream ig nt(gle ﬂ&""f&”ﬁ%&‘%ﬁ é)f th 1oI;gpae)rileati(%8 S(‘)f;u'%ié)rhﬂ}e Iiﬁuid%r'}(leta%inin 2vvall %c is formed
for preserve{%on of the polymerlzaﬁl()n ufd AtA paraficupar (fepth,‘ﬁsnaat g%elgen T y He, f Fexample,
20 to 100 g QIS Yalie diayo% fheraolvmeriantion.salutian 4 pyarius e Jayidystaining wall 2c
into the lower valve tray 2. The liquid-retaining wall 2c on the valve tray 2 is desirably formed, as it is
tilted outwapd afaptangla ol S11e 43athisnoesiia e tis Way te.sHAR ¢33 esiduakeh the plymerization
solution at the bottom of the liquid-retaining wall. [00251 The valve trays 2 described above are
placed alteth&igly fdritbeamile isuchdhaipolymetizatidn:salation: fibw digctiofiskeeome opposite to
each other. The number of the stages is not particularly limited, but it is desirably, for example, 10 to
50. [00261 blowdddrpinaftdy, a method of removing residual monomer from the polymerization solution
4 by using the a ]paratus 1 for removing residual monomers will be described. In the method for
producing WE resin according to the present embodiment, a polymerization solution 4 is first fed
from a polymerizatign reactor 3 tq the_ top region of the apparatus 1 for removing residual monomers
and thus conveyed‘oh THEVRIVR {rfsl2 HA %‘Pﬁé‘ﬁﬁ:tgﬁl\}eﬁf JELAERRESHEHEhB 8RBt Iced from

aratus n%goghremo 2lggsresmual monomers, %%Qggallg rom the position

the Iower r(:{f?gn IOII% ee a’% Se eIl n.a r ma 4 COI
lower than the Towes sl%lge of the valve tray ndalnje%{)eévfﬁroué?h the'gas Blowout olEs 2a and 2b

in each ValYﬁﬂﬁ%%&WQﬁB@MYfE%@QI@ﬁg%igr})‘ﬂaégg%&rein at a particular gap.

The column main body also has a polymerization solution inlet port for
introduction of the formed polymerization solution in the upper region and a
gas inlet port for introduction of an organic solvent gas, i.e., a vaporized
organic solvent such as methanol, in the lower region of the column main
body. The column main body also has a degassing port for discharge of the
organic solvent gas together with the monomer in the top region and a outlet
port for discharge of the polymer solution after monomer removal in the
bottom region.

[0018]

As shown in Figs. 2(a) and 2(b), each valve tray 2 installed in the
column main body has multiple gas blowout ports 2a each having openings
in the direction perpendicular to the flow direction of the polymerization
solution, as formed in a matrix shape. The gas blowout ports 2a may be
configured, for example, to have a through hole formed in the tray bottom
face and an arch-shaped cover, as seen from the side, formed over the

through hole. As shown in Fig. 2(b), it is possible to make the openings of



It results in contact between the polymerization solution 4 and the organic solvent gas, and the
monomers in the polymerization solution 4 are discharged from the top of the column with the organic
solvent gas. Alternatively, the monomer-free polymer solution is discharged form the bottom of the
column and sent to the saponification step described below. [0028] When methanol is used as the
organic solvent gas, the temperature then is preferably 60 to 100C. Alternatively, the concentration of
the polymerization solution 4 is desirably 10 to 70 mass % and the viscosity thereof 0.001 to 2.0 Pa s.

vooe mEDWRNANIR (RDOXEMANOmAle 81N STISIRREY BI0E 1o (RIS o1 e o

solvent used in removal of resi monomers from ymerization solution 4 is not limited to

methanol, s deseiPee@eays - mavibe anvasivenh fildsolaile diowevsr Pecaysg,the organic

solvent used then is the solvent in the saponification step described below, theé organic solvent gas

used for remavalaf thaidtiad Neopemersds desiably Methaoek {0030k [Sarpnificatiopsteph  The
monomer-removed polymer (polyvinyl ester) solution is then saponified in a solvent including the

organic sohent geselisdéavatiovkdriltive direstioceodfthcatdlyste Aleatiols silahias. methanol, ethanol,
propanol, ethylene glycol, propylene glycol, glycerol and diethylene glycol can be used as the solvents
for use, bul®id®hnol is particularly preferable. [00311 Examples of the saponification catalysts
include alkali catalysts such as sodium hydr ideéffgt ssium hydroxide, sodium alcoholate and

i

sodium carbonate AMECaRTFLAER R Kigh 2584@ &&bﬁh‘@ﬁﬁ&ﬁéﬁ&d@ﬁ’d%o@hloric acid.

Among the saponificatign catalysts above, use of an alkali.catalyst is preferable and use of sodium
hydroxide i%a?ﬁ%grlé) %r‘seofé%laeb%@lt}éﬁso%%lsl pOds] Iezeat FafER §éip§lﬁ‘ﬂ‘ at g iﬂ?ﬁ?@\%%productivity.

00321 nJaihe sanonicaton SERaPASARALAl NS HINWLSSIBLAreuRS R e polyvinyl ester are

i
saponificated to vinyl alcohol groups. The saponification degree 0 resin obtained in the

saponificatiosten-gesssiRedialeue isTRE RaisWAipted and.may be Agterminedatbitrarily, for
example, in accordance with its application.

example, to have a through hole formed in the tray bottom face and a cover

formed over the through hole that has an opening only in one direction and is

closed in other three directions. The gas blowout port 2b can reduce the

flow resistance of the polymerization solution, if the cover is formed in the

shape ascending in the direction from the edge of the through hole to the

opening.

[0020]

The positions of the gas blowout ports 2b formed are not particularly
limited, but, for example, these ports may be formed in the central region of
the tray, as they are aligned in rows in the direction perpendicular to the
flow direction of the polymerization solution 4 and separated from each other
at a particular gap. The flow rate of the polymerization solution is
generally smallest in the central region of the tray, but it is possible in such a

configuration to make the flow rate of the polymerization solution more

uniformized.

[0021]
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[00331 Also in the method of 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. [0034] As described above in
detail, in the method for producing a PVA resin according to the present embodiment, valve trays
having gas blowout ports having openings in the direction perpendicular to the flow direction of the
polymerization solution or opening directed downward in the flow direction are used in a shape lower

in flow resistance, iﬁoﬁ@esma};éﬁggem%' ef&%ﬁﬁétéért US BESTIRIG ag)fom%%ths epth.of tye

polymerization solution uniformized, to ma ow resistance smaller than that by use o

conventionglays1afe ‘Hrﬁi@é‘&%tﬁcmﬁa?p%’ﬂﬁﬁ iR p@é\f;@,e@.gﬂ,ereagéﬂgﬁgb(%%lg@é&agﬁhe

polymerization solution. It is thus possible to improve the processing efficiency and reduce the amount

of the organig sopudat gasnitagdnkkdmRigoN3dEtagotirinatikir healyantaggous effects of the
present invention will be described more specifically with reference to Examples and Comparative
Examples dfatshpsederitamantiomw énthe Exdaples! BHowe relsid uaitrpantimdes-iyeheramdved from a
polymerization solution by using the valve trays (Example) or the bubble cap trays (Comparative
Example) skbdan B ol owengrtabre ac m@mé@psg rafrss ptigsopedétiomplarbd. The gaps
between respective ,gas,bIO\é\(/?(iut ports in the bubble tray of Examples was 118.85 mm in the flow

direction of AR PYIVHBH R SHRRIGH Hh 8 BEIBE MY in HHVHTeEBR R iln Bl &f fheflow

direction of the %olwggﬁlzatlgg solu%n. AIterna%;[/e?I e diameter of the ?ealals on the bubble cap tray

of Comparagilavse (>)<amp Was 390an;3t?1én diametar tﬁ%’{ia%t%%%{ﬁ% RB6HMand the gap

between thﬁ&(@wﬁ%@igﬁ&%@?&%@ﬁa‘?{&eﬂfﬁ?Sc‘é@&’ﬁq’gaéﬁi@éﬁc@? Osﬁljius, the heights
of the gas blowout ports 2a and 2b are desirably 30 mm or less.
[0022]

Alternatively, the opening areas of the gas blowout ports 2a and 2b
can also be set arbitrarily in accordance with the processing condition, but
the gas blowout port 2a or 2b having an opening area of less than 300 mm?2
may lead to insufficient amount of the organic solvent gas injected and thus
to deterioration in processing efficiency. Therefore, the opening areas of the
gas blowout ports 2a and 2b are desirably 300 mm?2 or more.

[0023]

In addition, the open area ratio of the entire valve tray 2 is desirably
3 to 20%. It is thus possible to improve the efficiency of removing unreacted
monomers drastically. An entire-valve-tray open area ratio of less than 3%
may result in insufficient contact between the organic solvent gas and the
polymerization solution, leading to increased residual of the unreacted
monomers. Alternatively, an open area ratio of more than 20% may make it
difficult to hold the polymerization solution at a particular depth on the

valve tray 2.
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[Table 1] Example Comparative Example Number of stages s ages) 30 30 Tray gap (mm) 450 450

[0024]

The valve tray 2 has a liquid-retaining wall 2¢ formed downstream in
the flow direction of the polymerization solution. The liquid-retaining wall
2c¢ 1s formed for preservation of the polymerization fluid at a particular depth,
and the height may be, for example, 20 to 100 mm. On the valve tray 2, the
polymerization solution 4 overflows the liquid-retaining wall 2¢ into the
lower valve tray 2. The liquid-retaining wall 2¢ on the valve tray 2 is
desirably formed, as it is tilted outward at an angle of 5 to 45°. It is possible
in this way to suppress residual of the polymerization solution at the bottom
of the liquid-retaining wall.

[0025]

The valve trays 2 described above are placed alternately, for example,
such that polymerization-solution flow directions become opposite to each
other. The number of the stages is not particularly limited, but it is
desirably, for example, 10 to 50.

[0026]

Hereinafter, a method of removing residual monomer from the
polymerization solution 4 by using the apparatus 1 for removing residual
monomers will be described. In the method for producing a PVA resin
according to the present embodiment, a polymerization solution 4 is first fed
from a polymerization reactor 3 to the top region of the apparatus 1 for
removing residual monomers and thus conveyed on the valve trays 2. An
organic solvent gas such as methanol is introduced from the lower region of
the apparatus 1 for removing residual monomers, specifically from the

position lower than the lowest stage of the valve tray 2 and injected through

12



Height of downstream-sided liquid-retaining wall (mm) 78.0 55.0 Tilt of downstream-sided
liquid-retaining wall () 70 90 Distance between bottom of liquid-retaining wall and bottom face of
lower-stage tray (mm) '5'3 20 Number of valves or caps (humber/tray) 39

the gas blowout holes 2a and 2b in each valve tray 2 into the polymerization
solution 4.
[0027]

It results in contact between the polymerization solution 4 and the
organic solvent gas, and the monomers in the polymerization solution 4 are
discharged from the top of the column with the organic solvent gas.
Alternatively, the monomer-free polymer solution is discharged form the
bottom of the column and sent to the saponification step described below.
[0028]

When methanol is used as the organic solvent gas, the temperature
then is preferably 60 to 100°C. Alternatively, the concentration of the
polymerization solution 4 is desirably 10 to 70 mass % and the viscosity
thereof 0.001 to 2.0 Pa-s. It is possible in this way to remove monomers at
high efficiency.

[0029]

The kind of the organic solvent used in removal of the residual
monomers from the polymerization solution 4 is not limited to methanol, as
described above, and may be any solvent, if it is volatile. However because
the organic solvent used then is the solvent in the saponification step
described below, the organic solvent gas used for removal of residual
monomers is desirably methanol.

[0030]
[Saponification step]
The monomer-removed polymer (polyvinyl ester) solution is then

saponified in a solvent including the organic solvent described above in the
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87 Open area ratio (%) 7.10 10.19 Diameter of column main body (mm) 1380 1380 Height of column
main body (mm) 17250 17250

presence of a catalyst. Alcohols such as methanol, ethanol, propanol,
ethylene glycol, propylene glycol, glycerol and diethylene glycol can be used
as the solvents for use, but methanol is particularly preferable.

[0031]

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.
[0032]

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 described above is
not particularly limited and may be determined arbitrarily, for example, in
accordance with its application.

[0033]

Also in the method of 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.

[0034]

As described above in detail, in the method for producing a PVA resin

according to the present embodiment, valve trays having gas blowout ports

having openings in the direction perpendicular to the flow direction of the
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[00371 Unreacted vinyl acetate was removed from a polyvinyl acetate solution (polymerization
solution) obtained by polymerization of vinyl acetate under the condition shown in the following Table
2. The results are summarized in the following Table 2. The "distilled amount" shown in the following
Table 2 is the total amount of the unreacted monomers and methanol discharged from the top of the
column. The "discharged amount" and "viscosity" of the polymer solution are respectively the amount
and the viscosity of the polyvinyl acetate-methanol solution discharged from the bottom of the column

after removg) R MAIME fudAIREH o[RS 1 B RIS HAMBA AR EXRMIR Ry gaprization

solution;
are used in a shape lower in flow resistance, in the monomer-removing step.

It is thus possible to make the depth of the polymerization solution
uniformized, to make the flow resistance smaller than that by use of
conventional trays, and to elongate the contact time between the organic
solvent gas and the polymerization solution. It is thus possible to improve
the processing efficiency and reduce the amount of the organic solvent gas

used.

Examples
[0035]

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 Examples below, residual
monomers were removed from a polymerization solution by using the valve
trays (Example) or the bubble cap trays (Comparative Example) shown in
the following Table 1 and the processing efficiencies were compared. The
gaps between respective gas blowout ports in the bubble tray of Examples
was 118.85 mm in the flow direction of the polymerization solution and 65.86
mm in the direction perpendicular to the flow direction of the polymerization
solution. Alternatively, the diameter of the caps on the bubble cap tray of
Comparative Example was 99 mm; the diameter of the gas blowout hole was
60 mm; and the gap between the tray bottom surface and the edge of the cap
was 8 mm.

[0036]



Feed rate (kg/hour) 6770 6520 Viscosity (Pa s) 1.2 1.6 Amount of methanol injected (kg/hour) 3450
4000 Distilled amount (kg/hour)

[Table 1]
Comparative
Example
Example

Number of stages (stages) 30 30
Tray gap (mm) 450 450
Height of downstream-sided liquid-retaining _

78.0 55.0
wall (mm)
Tilt of downstream-sided liquid-retaining wall (°) 70 90
Distance between bottom of liquid-retaining wall 53 20
and bottom face of lower-stage tray (mm)
Number of valves or caps (number/tray) 39 87
Open area ratio (%) 7.10 10.19
Diameter of column main body (mm) 1380 1380
Height of column main body (mm) 17250 17250

[0037]

Unreacted vinyl acetate was removed from a polyvinyl acetate
solution (polymerization solution) obtained by polymerization of vinyl
acetate under the condition shown in the following Table 2. The results are
summarized in the following Table 2. The "distilled amount" shown in the
following Table 2 is the total amount of the unreacted monomers and
methanol discharged from the top of the column. The "discharged amount”
and "viscosity" of the polymer solution are respectively the amount and the
viscosity of the polyvinyl acetate-methanol solution discharged from the
bottom of the column after removal of the monomers.

[0038]
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4700 4840 Polymer solution Discharged amount (kg/hour) 5520 5620 Viscosity (Pa s) 2.12 2.12

[Table 2]
Comparative
Example
Example

Polymerization | Feed rate (kg/hour) 6770 6520
solution Viscosity (Pa*s) 1.2 1.6
Amount of methanol injected (kg/hour) 3450 4000
Distilled amount (kg/hour) 4700 4840

Discharged amount

] 5520 5620

Polymer solution | (kg/hour)

Viscosity (Pa*s) 2.12 2.12

[0039]

As shown in Table 2 above, the amount of methanol injected could be
reduced significantly in the apparatus for removing residual monomers of
Example, where valve trays were used, compared to the conventional
apparatus, where bubble cap trays were used.

[0040]

Figs. 3(a) and 3(b) are charts showing the results of flow analysis of
the polymerization solution when the apparatus for removing residual
monomers of Example was used. Fig. 3(a) shows a difference in liquid
depth, while Fig. 3(b) shows the pressure distribution. Alternatively, Figs.
4(a) and 4(b) are charts showing the results of flow analysis of the
polymerization solution when the apparatus for removing residual
monomers of Comparative Example was used. Fig. 4(a) shows a difference
in liquid depth, while Fig. 4(b) shows the pressure distribution. In the case
of the Comparative Example, where the bubble cap trays shown in Figs. 4(a)

and 4(b) were used, there are difference in fluid depth and pressure
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[0039] As shown in Table 2 above, the amount of methanol injected could be reduced
significantly in the apparatus for removing residual monomers of Example, where valve trays were
used, compared to the conventional apparatus, where bubble cap trays were used. [0040] Figs.
3(a) and 3(b) are charts showing the results of flow analysis of the polymerization solution when the
apparatus for removing residual monomers of Example was used. Fig. 3(a) shows a difference in liquid
depth, while Fig. 3(b) shows the pressure distribution. Alternatively, Figs. 4(a) and 4(b) are charts
showing the results.of flow analysis of the polymerization solution when the apparatus for removing
residual m(;%r%getng%ﬂ?g%?léé?n%ﬁgﬂ/‘g glfaeﬁ?ﬁ%l v(\)ggh Us 8%7 Iﬂlggli%gﬁs no%)q%tg?ﬁérg’e%?é} ijhnlialilﬁ?d depth,

while Fig. 4(8) spwsathe REESRUL iSHTRVYAD: Ithe £a3% 6 the SRRtV R; I%%%S’i‘{}‘ghere the

bubble cap trays shown in Figs. 4(a) and 4(b) were used, there are difference In epth and

pressure distluigiinthe tlewplicastion eithe P@hpnerization solution, while in the case of the
Example shown in Figs. 3(a) and 3(b), there was no difference in fluid depth and the pressure was

uniform. [08@a41]  The results above show that it is possible by using the apparatus for removing
residual monomers according to the present invention to prevent drift of the organic solvent gas or
residual of the polyiesizasioh salvion Bvew tthps dnd thesitbledhyovei thettesitupshmonsrfiars efficiently.

Reference Signs List 10042] 1: Apparatus for removing residual monomers
removing residual monomers according to the present invention to prevent

drift of the organic solvent gas or residual of the polymerization solution over

trays and thus to remove the residual monomers efficiently.

Reference Signs List

[0042]

1- Apparatus for removing residual monomers
2. Tray

2a, 2b: Gas blowout port

2c: Liquid-retaining wall

3: Polymerization reactor

4: Polymerization solution
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2: Tray 2a, 2b: Gas blowout port 2c: Liquid-retaining wall 3: Polymerization reactor 4: Polymerization
solution CLAIMS: An apparatus for removing residual monomers, at least comprising: a column main
body; and valve trays having multiple gas blowout ports each having openings only in a direction
perpendicular to a flow direction of a polymerization solution or openings directed downward in the
flow direction of the polymerization solution, wherein

CLAIMS:

1. An apparatus for removing residual monomers, at least
comprising:

a column main body; and

valve trays having multiple gas blowout ports each having openings
only in a direction perpendicular to a flow direction of a polymerization
solution or openings directed downward in the flow direction of the
polymerization solution, wherein

the trays are installed in multiple stages in the column main body.

2. The apparatus for removing residual monomers according to
Claim 1, wherein each of the gas blowout ports is configured to have a
through hole formed in a tray bottom face and an arch cover formed over the
through hole, and wherein the tray is placed such that the lengthwise
direction of the cover of the gas blowout port is identical with the flow

direction of the polymerization solution.

3. The apparatus for removing residual monomers according to
Claim 1 or 2, wherein each of the gas blowout ports is configured to have the
through hole formed in the tray bottom face and a cover formed over the
through hole that has an opening only in one direction, and wherein the tray
is placed such that each of the gas blowout ports has the openings directed

downward in the flow direction of the polymerization solution.
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the trays are installed in multiple stages in the column main body. 2. The apparatus for removing
residual monomers according to Claim 1, wherein each of the gas blowout ports is configured to have
a through hole formed in a tray bottom face and an arch cover formed over the through hole, and
wherein the tray is placed such that the lengthwise direction of the cover of the gas blowout port is
identical with the flow direction of the polymerization solution. 3. The apparatus for removing
residual monomers according to Claim 1 or 2, wherein each of the gas blowout ports is configured to

have the thrqugh hgll_g form@ éna%%?at{g%/ o%(%rpefr%(%ﬁ, g{ldl% & \rll%lrlfor(r)rllleo?1n %:{‘(gr atpce ;gl&r.ou pohole that
has an opening only in one direction, and wherein the tray Is placed such that each of the gas blowout

ports has thg,oRspingsclirasted downwatddnthadiew directing ofthe Relimerizationsglitien. 4.The

apparatus for removing residual monomers according to any one of Claims1 to 3, wherein the tray

has liquid-reiainieg wallsdfdsnatk tipstredm anditawastamdn hadewidiasctiontalthe polymerization
solution, and wherein at least the downstream-sided liquid-retaining wall is installed, as tilted outward
at an anglesol &tiomlmnd whereifi ke dpparahesdow rermeving sakidual nidnemsdisiagoetding to any one
of Claims 1 to 4, wherein the apparatus is used in a process for producing a polyvinyl alcohol. A
method for fadlddg as polilednynticatbpiesin aaigkeast 8dmpRsing: 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 removing unreacted monomers by

bringing an organic5solvent,l%is intoa%%rtltac with the og/mer.i ati?n solution obtained in tpe
polymerization step;'and € app us Ior removing resiqaual monomers accoraing to

any one of Claims 1 to 4, wherein the apparatus is used in a process for

producing a polyvinyl alcohol.

6. A method for producing a polyvinyl alcohol resin, at least
comprising:

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 removing unreacted monomers by
bringing an organic solvent gas into contact with the polymerization solution
obtained in the polymerization step; and

a saponification step of saponifying the unreacted monomer-free
solution in a solvent containing the organic solvent in the presence of an
alkali catalyst, wherein

the unreacted monomers are removed from the polymerization
solution in the monomer-removing step, by using an apparatus for removing
residual monomers having a column main body and valve trays installed

therein having multiple gas blowout ports each having openings only in a
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a saponification step of saponifying the unreacted monomer-free solution in a solvent containing the
organic solvent in the presence of an alkali catalyst, wherein the unreacted monomers are
removed from the polymerization solution in the monomer-removing step, by using an apparatus for
removing residual monomers having a column main body and valve trays installed therein having
multiple gas blowout ports each having openings only in a direction perpendicular to a flow direction of
the polymerization solution or openings directed downward in the flow direction of the polymerization
solution. 7. pr%ggetho%fogg[glgg é@q:gg?fan&tl al %‘r?lorfe in accfordin tg Claim.6, wherein methanol

; o1, per 1rec e polymeryzation solution or
is used as the organic solvent.

openings directed downward in the flow direction of the polymerization

solution.

7. The method for producing a polyvinyl alcohol resin according

to Claim 6, wherein methanol is used as the organic solvent.
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