METHOD OF PRODUCING A POLYVINYL ALCOHOL RESIN Technical Field [0001] The
present invention relates to a method of producing a polyvinyl alcohol resin. More specifically, it relates
to a washing technique of removing impurities from product. 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 propcities. The PVA. resins are

produced by polymerigzati Vi t ificat] f lyvinyl acetate
obtained, but they co%@%%%@?ﬁa@@%ﬁ%ﬁlﬁ a e%lé‘r?“?gj[%g)%%%gs roduction process.
Thus in the traditional method for production of PVA resin, washing is carried out for removal of
impurities from the product after saponification step (see, for example, Patent Documents 1 to 3).
[0003] TeohEsanpiedin the methods of producing a PVA resin described in Patent Documents 1
and 2, powder or pellets of the PVA resin are washed with water or an organic solvent such as
methanol fgoo@mioval of sodium acetate contained therein. Alternatively in the washing method
described in Patent Document 3, a slurry containing a solid-state resin is washed on an inclined
conveyor for reductidre pfthent amventioof ¢heewmshimgtliqdiof suctuasmethdpoin GithtichoList Patent
Documents [0004] [Patent Document 1] Japanese Unexamined Patent Application Publication
No. 2002-3t75 Morgrraficabeiinielates o apspdieg ierhmaatinefirPamnng\pphistitisa Pelication No.
2002-60495 [Patent Document 3] Japanese Unexamined Patent Application Publication No.
2007-2454§§°§H?ﬁmary of Invention Technical Problem [0005] However, the traditional methods
described above have the following problems. The production methods described in Patent
Documents 1 and 2 have a disadvantage that a great amount of washing liquid is required, because
the Washin@g%lggr(;{ﬁ%%q after conversion of the PVA resin into powder or pellets. Alternatively if a
pellet-shaped resin is washed, as in the method described in Patent Document |, the pellets may
contain resj@ggbimpurities therein. Further if washing is carried out by using water or methanol as in
the method described in Patent Document 2, the wet cake of the PVA resin after washing contains its
washing liquid, watebBringthandblinre/aneatemewohane s cthe-eaeiiiod ibraiiisdanhiasa longer
period is needed for the subsequent drying step. Further, the washing method described in Patent
Document 3s deavandécadhfgessotiettefiieessudheasnsiyre i casvden inoivis diybdacticalxaegslese of the
large expense needed for the facility investment. [0006]

for production of film materials, emulsifying dispersants, adhesives and binder resins,
because of its favorable properties. The PVA resins are produced by polymerization of
vinyl acetate monomer and saponification of the polyvinyl acetate obtained, but they
contains impurities such as sodium acetate generated in the production process. Thus
in the traditional method for production of PVA resin, washing is carried out for

removal of impurities from the product after saponification step (see, for example,
Patent Documents 1 to 3).

[0003]

For example in the methods of producing a PVA resin described in Patent
Documents 1 and 2, powder or pellets of the PVA resin are washed with water or an
organic solvent such as methanol for removal of sodium acetate contained therein.
Alternatively in the washing method described in Patent Document 3, a slurry

containing a solid-state resin is washed on an inclined conveyor for reduction of the



A major object of the present invention is to provide a method of producing a polyvinyl alcohol resin,
wherein the impurities therein can be removed efficiently with a small amount of washing liquid.
Solution to Problem [0007] The method of producing a polyvinyl alcohol resin according to the
present invention includes a washing step of washing a polyvinyl alcohol obtained by saponification of
a polyvinyl ester with a washing liquid consisting of methyl acetate, methanol and water, wherein the
polyvinyl alcohol is washed in a slurry containing methyl acetate, methanol and water at a ratio of
methyl aceg%%hl% tgfqgeg%g%@g mfﬁﬁ’ Smce?t ‘39%% Sa% Ip 98.9 parts by mass and water: 0.1 to 10 parts
by mass at a so |(§ matter concéntration of 1 to 30 mass %. In the present invention, because the
polyvinyl alcohol is washed with a washing liquid containing methanol, water and methyl acetate,
compatibility between the polyvinyl alcohol and the washing liquid increases, leading to improvement
of washing effigiengystn addition, because the ratio of methyl acetate to the polyvinyl alcohol in the
slurry during washing is kept within a particular range, as the blending ratio of methyl acetate,
methanol aPatenaifeoaonstituting the washing liquid and also the solid matter concentration are
regulated, the amount of volatile materials remaining in the polyvinyl alcohol resin cake after washing
is also redU€€84ivashing and filtration can be repeated multiple times in the washing step of the
production method. In such a case, the filtrate obtained by filtration may be used for washing in the
upstream stage andfRE Remsglibularrripitrernigddgenkpriietrml sbigetiaaiitageous
Effects of IP%1 ti ﬂ é({ 08] Because a polyvinyl alcohol generated by saponification is washed
with a washi %Qﬁg ontaining methanol, water and additionally methyl acetate at a particular rate, as
the solid matter co ration in theslyrry containing.th ingJiquid is kept,i rtigular range, it
is possible accordimggt%%ﬁfe%%%éﬁ?ﬁygﬁ%%ﬁ?? Peegu%gtﬁ\éelﬁa%r%ggﬁtp%#l%g %as‘ﬁ?ﬁ%&%%} and remove
the impurity gesligi @cetate efficiently with a small amount of washing liquid. Brief Description of
Drawings [0009] Fig. | is a flowchart showing the method of producing a polyvinyl alcohol resin
according to the firspgmhaobment:afl Inepissent tmentiaed Patent ipglica8cichepnatiadlack. diagram
showing the washing method used in the method of producing a polyvinyl alcohol resin according to
the second2&@ibadignt of the present invention. Description of Embodiments [0010] Here nafter.
favorable embodiments of the present invention will be described in detail with reference to attached
diagrams. It should be understood that the present invention is not restricted by the embodiments
described below. [00111] _After intensive studies to solve the problems above, the inventors have
found that i FRESINEINFHing a particular amount of methyl acetate to the washing liquid used in
the washin% s?ﬁ}ege carried out after saponification step, to reduce the amount of volatile materials
contained in% ’p°8 'ﬂ%‘eﬂcohol (PVA) resin cake after washing and improve the downstream drying
efficiency. L&%%})Iaﬁle materials described herein are liquid components derived from the
saponification solvent and also from the washing liquid and, for example in the embodiments shown

below, the volatile materialsGoussRRRd It YRYh2aelRlh A e WA W aRILII0L floblen e

inventors have also found that the amount of an impurity (sodium acetate) remaining in the PVA resin

after washimgdpeependent @ndnedelendin aPaunt b satbyisacetdte iatbe washiagligeid and the
concentration of PVA in the slurry obtained in the saponification step. In the present invention, which

was made Hased:ontthesaidindingshthe RMWAd obtaineckd) theasaptirificationstepis adashed with a
washing liquid consisting of methyl acetate: 1 to 40 parts by mass, methanol: 50 to 98.9 parts by mass
and water: @terteongqssias bi/thedS¥ATRE Bold pearidar comelstratighliermaevsiiyr iy £ontaining the washing

liquid is then 1 to 30 mass %. [0013] i o
pellet-shaped resin is washed, as in the method described in Patent Document 1, the

pellets may contain residual impurities therein. Further if washing is carried out by
using water or methanol as in the method described in Patent Document 2, the wet cake
of the PVA resin after washing contains its washing liquid, water or methanol, in a great
amount and thus, the method is inefficient, as a longer period is needed for the

subsequent drying step. Further, the washing method described in Patent Document 3



(First embodiment) First, the method of producing a PVA resin in a first embodiment of the present
invention will be described. Fig. 1 is a flowchart showing the method of producing a PVA resin in this
embodiment. As shown in Fig. 1, a polymerization step (step Sl), a saponification step (step 52), a
washing step (step 53) and a drying step (step 54) are carried out in this order in the method of
producing a PVA resin in this embodiment. [0014] [Polymerization step] In the polymerization step
of step Sl, a polyvinyl ester is prepared by polymerization of one or more vinyl esters or by
copolymeriéagqoa% &)Sf glvingl esger Witheostgael{ manomers coifg)rlyvmﬁggable therew'tQéTheevir}yl esters for

. -scalé devic SCIrew, conve 1S unpractica, ause O
use include, for examp?lré% vinyl formate, vmflifacetate, viny propionate, Vinyl valerate. vinyl caproate,

vinyl Iaurat%é/igy%sgg{?@g% YARYLPENZORIE YiRY  RiRAE,aNd vinyl versatate, but vinyl acetate is
especially preferable from the viewpoint of polymerization stability. [0015] Other monomers
copolymerizadig 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)acrylatcA butidr(obgth) actitate sk Zrethyiheikyld methjac yhatdodnsaitadiesth@mides such as
(meth)acrylamide and N-methylol acrylamide; unsaturated acids such as (meth)acrylic acid, crotonic
acid, maleipelsidnivhetsoieohoidinnefeniaribeaioiguoitica tinaten coidatkyl (setkhfisinmehyidthyl and
propyl) esters; unsaturated acid anhydrides such as maleic anhydride; unsaturated acid salts (such as
sodium sal@%ﬁgg%@%@%ﬂiﬁﬁldm salts, etc.); glycidyl group-containing monomers such as
ally] 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 §gﬁ1hia§ tac[;cri gosphoxyethyl methacrylate and acid phosphoxypropyl methacrylate; alkyl
vinyl ethers ancf the ﬂke.d% 8’116] [Saponification step] In the saponification step of step S2, the
polyvinyl es[wogﬁutained in step Si is saponified in an organic solvent in the presence of a catalyst.
Alcohols such as methanol, ethanol, propanol, ethylene glycol, propylene glycol, glycerol and

diethylene glycol carhbenugra aﬁb&m&q@acpwmmi%ﬂ@ﬁrmh&mfwe sigh(hereinafter,
e

referred to as saponification solvent), but methanol is particularly preferable. [0017] Examples of
the saponifieatimtiocaiiadlisissinciudeiagkatipcafalystsmucpassadiutadhpd kbxidespbiassium hydroxide,
sodium alcoholate and sodium carbonate and acid catalysts such as sulfuric acid, phosphoric acid and
hydrochlorigageidfisationg flaeshponiticstto ihtalysshialgdip)idserci sinakkdi cdidlystistpreferable and
use of sodium hydroxide is more preferable. It is thus possible to raise saponification rate and improve
productivitynfeams! and watgrendupeimfeansly siey), Beehel iaIngrsd inmsluste ot the polyvinyl
ester are s?bgﬁogiged into \%lrgél\alcohol fgroups. The sap?nification value of the PVA obtained in the
saponificatidf Sie S FUEHBET ARAANE WHFha A mARY Aftialsn! 8 HoRIiRE S Sitrarily, for
example in_acgordance with its application, but it i rally 65 to 99.99 mol %, prefergbly 75 to 99.9
mol [0019] egls f?élf(";%Sltet%]yg'6 P a#?e Eg‘&séeaﬁlér\gtagggiﬁptiéos}g) aﬁ]%cg&firgr?ssstgfaaosfagt(gﬁn é%elrsythen
washed with,a washing ligyid,cansisting of methyl acetate, methanol and water (step S3). Specifically,
methyl acetate, methanol and water are added to the PVA after the saponification step and the PVA is
washed in the slurnnaapinieies: thesyashingdiauichEheate RfdRsnypsiingiqrigigemponents in the
slurry is adjusted then to methyl acetate: 1 to 40 parts by mass, methanol: 50 to 98.9 parts by mass
and water: @zklimg Oigpaisdytandss o@d20bl, watkrisndossthld tedtaer@eenthgivashbrgweséiciency of the
PVA by adjusting the composition of the washing liquid used in the washing step, i.e., the blending rate
of methyl adwtamdyweyhalsohahehd shervinsiiesliqrid indresenipadegdnbegraverentidfie composition of
the washing liquid is not in the range above, it leads to decrease in washing efficiency and increase in
the amou nﬁ*ﬁ\sqoa}atﬂ@iﬁh%&énalsln[e {ipn, beggisestheripliviptinactoritasateferitethy pabattiilin the

washing liquid contained.in the slurry is Jess than 1 part by mass, it inevitably results in increase in the
amount of 8??%8}?81 fﬂ%ﬁ%‘%ﬁ’f?@a‘ﬁﬁ? D SR RS HA A B HTHET SBRE AT RO PAFY LR . Alternatively

if the content of ngeth%l eilcetz%\t in ti’{ washi qNIi uid is more than 40 parts.b masg,i results in
. 1atio oI me n§[/ ceaie methanol an afer constltutan%%%wa n hcﬁud na aiso ef
decrease in the amount of polar solvents such as water an ethanol, Ich'in turn’leads for example

to deterioraligp iR e hIRR SRl INE AT I I AN O ARSI AV Hsr.Ang also residual

impurities and elongation of the washing period.
the polyvinyl alcohol resin cake after washing is also reduced.

Washing and filtration can be repeated multiple times in the washing step of the



[0022] The amount of the methyl acetate in the washing liquid is preferably 5 to 35 parts by mass,
more preferably 10 to 30 parts by mass and still more preferably 20 to 35 parts by mass. It is thus
possible to improve the washing efficiency and reduce the amount of volatile materials remaining in
the PVA cake considerably [0023] Washing in the washing step is also carried out, as the solid
matter concentration of the slurry is adjusted in the range of 1 to 30 mass %. It is thus possible to
further improve the PVA washing efficiency. If the solid matter concentration of the slurry is less than |

mass %, It {ssHlsBcaciaage 1 0e ATOUNt ARYAID e, sluiryy WEINIR by leads fpgdcrease of

washing efficiency. Alternatively if it Is more than 30 mass %, It r Ults in decrdase in the amount of
the washingligkligls 'i%acgiﬁ%@fe%@&fb%'@ dRdHISARE N 0g gme Rt Ahseridwalimpusties.Amd elongation
of the washing period. [0024] When methanol is used as the saponification solvent, the washing
liquid comppAgnitaleo includes the saponification solvent (methanol) remaining in the PVA before
slurry preparation. The PVA before slurry preparation contains occasionally trace amounts of
aldehydes. alcohols, acetic acid esters and others, in addition to the saponification solvent including
methanol and thus, the slurry prepared in the washing step may contain such components. [0025]
Alternativelhdy#ntagrss oEféadirg Bngrititating the PVA obtained in the saponification step and the
washing liquid in_a washing tank, a method of spraying the washing liquid on the PVA obtained in the
saponificati %%ép, or a method of bringing the PVA obtained in the saponification step and the
washing liquid into %ontact with each ot&%}i?? counter-current flow, for example, can be used as the

PVA washing metho&?%uﬁetﬁé’%ﬁm& SRR o) %}(tf;@ﬁl%{ﬁ THRB ISR &Vg?ﬁlternaﬂvely, a
thod of ; . e the P . i it “asitis filtered |
a itration G B et under

agitation in g.Waghipexiank 1E dpAHEIHEF WRE.h& TN h thiained, I s saRandicatpm step and the

washing liquid are fed into the washing tank in such a manner that the solid matter concentration of
the slurry, ilequibesampauntagfdhr tMA-eealainegIs ible sietndfaisonitbip-tsentanaamabd o 30 mass %.
In addition, the washing period in such a case is desirably 1000 seconds or more. It is thus possible to
further reduedubtethernonmis taffrésiceahagdiiim deethtenana VidatilpuriataendisinadiwaRVA cake after
washing. [0027] Alternatively when washing is carried out by spraying the washing liquid on the slurry,
the amountedfierenthavtithg Hopald aopenspfayethion thaislurry is preferably adjusted in such a manner
that the total amount of the washing liquid to be sprayed is 200 to 10000 parts by mass with respect to
100 parts by mass of PVA. [0028] In the method of producing a PVA resin according to the
present emgo.d' ent, sodium.acetate contained in the PVA is soluble in methanol and water, which
are polar so \%ﬁé? écgé’éﬁ)geg} e’ Wﬂ)lﬁﬁﬁy sodium acetate is transferred into the filtrate after washing
when the P d the washing liquid (including saponification solvent) are separated from each other
by a suitable method such as filtration it is possible to remove the impurity from the PVA. [0029]
[Drying step] The vvp?hml&%w&@ﬂmﬁg%aﬁedh&e&htd@&%tg@mwgr SRIRUNIng in the PVA
cake is then removed for drying the PVA (step S4). The method of removing the washing liquid and
drying the Ry iscaetdeasticulasiidinvtssbantdeanyknewressethadiiay. be applied. [0030] In the method
of producing a PVA resin in the present embodiment, other steps,

Fig. 2 is a schematic block diagram showing the washing method used in the

method of producing a polyvinyl alcohol resin according to the second embodiment of

the present invention.

Description of Embodiments
[0010]
Hereinafter, favorable embodiments of the present invention will be described

in detail with reference to attached diagrams. It should be understood that the present



such as cooling step, pulverization step and classification step, may be carried out, as needed, in the
drying step of step S4 or after the drying step. [0031] As the PVA after the saponification step is
washed in the slurry state in the method of producing a PVA resin in the present embodiment, as
described above, it is possible to increase the efficiency of impurity removal and reduce the amount of
the washing liquid used, compared to the case where the PVA in the pellet or powder state is washed.
In addition, use of a washing liquid containing methyl acetate in addition to methanol and water for
washing alsg.eads (0. mprovementn compatbiity betueen (he B and the washing liquid. It s thus
possible to firther inCrease the |mpu¥|fy-removmg efficiency. (ﬁ}lonally, it is possible to reduce the
amount of {fije materials in the PVA cake after washing and thus to improve the drying efficiency
after washing. Furthermore, the washing step in the method of producing a PVA resin according to the
present embodimery ganiseaexistingi faclitigsc Nes dsynanding o darge fagiityHave stment. [0032]
(Second embodiment) Hereinafter, the method of producing a PVA resin in a second embodiment
of the presahhinveriiasivi] be descsbedriiodhe presenbemboginesitthe YA abainedinthe
saponification step is washed stepwise in the slurry state, as it is dispersed in a washing liquid
containing msshyh deeveashitte steppentsddyontadtsr methafioktE0 t0ePStd peusdhienassuandfvater: 0.1 to
10 parts by mass at a solid matter concentration of 1 to 30 mass %. The "polymerization step,"
"saponificatiotrtiepraisdats ongiaashn g peba invidaplkehOiVe grstiuenky afer/wasbing ehthe present
embodiment, are the same as those described above in the first embodiment. [0033]  Fig. 2isa
schematic 61831?8%%‘1% WAYEHY theteeiifgSiep it Hretsaa b HSSAPaiPYIeTRls according
to the present embodiment. In the gw§tho of prodycing a PVA resin aeco dingtlgo the present

. d : 3 .
embodimentHhe AURRSSF o e $ 0 S PE AT AR SR MR SR TF WK Y R&esirably

carried out g AldTIRE-Aan BRI AllUamuEmanR\ GhiDe deRialdPadicR (003)  For example

when washing is carried out thrice, as shown in Fig. 2, the PVA obtained in the saponification step and
a washing ligiidspradad Q1 bicalrstagenuasining famk-.and, after washing for a particular period, the
washing liquid is separated by filtration. Subsequently, the PVA after filtration and a washing liquid are
fed into a s¢eoI-stage washing tank and, after washing for a particular period, the washing liquid is
separated by filtration. Additionally, the PVA after the filtration is washed further in a third-stage
washing tank for a fadicuiartpertod aaldp dftendittratibe, dmisust bjestach pautite @odingnsiegtale)s possible
by washing the PVA in multi-stages to reduce the amount of impurities, such as sodium acetate,
remaining ifcEAEPYAREBIMICGhsrgEY 45K, YouBBE is dopsadeakpingpelsoding aavtistes is desirably
1000 seconds or more. It is thus possible to reduce the amounts of residual sodium acetate and

volatile matBSHIATHA PO Abcarshieriouthing Bsnesasrabrt dbridaredrdicorivaritiamebthods.
[0036] The filtration efficiency then is preferably higher in, more downstream, stage. Specifically, it
i_s copceiyabr%%_% B 8%%83&%%%@2 ié?g (r:?g%pla?faefglsogughhgg I‘l"é]a&i %Cj%é?g%%ﬁ’}%%ﬁne for
filtration in tefitst siageva B&E&ﬁ%‘é‘%ﬁ%ﬂ%@%&ﬁﬁ@ﬂoﬁ%@%ﬁ%ﬁé}f&@\9'r°t t‘%%isﬂﬁ R ihig second

er
stage, and an even higher-filtration efficienCy apparatus s s Decon i%er In th% ft]ﬁird stage. It is
possible by-akeringdie filteatipn-efficiengy o mb%h%%jrmﬁmyé@ 1P/ BatheHNRYELy-removing
efficiency and the downstream drying efficiency. [0037] Further in the method of producing a PVA
resin accordirigwatdhelpreseotparmbbdimsst, itlbdegitahlate toadeatfeerih Waghisgiiguid into the
third-stage washing tank, use the third-stage filtrate for washing in the second stage, and use the
second-stagenfitirate fibre washing liquhkifitbesthge 3 dmthis 8ase, the washing liquid fed into the third
stage may be a washing liquid in the composition of methyl acetate: 0.1 to 40 parts by mass,
methanol: 3645398.9 parts by mass and water: 0.1 to 10 parts by mass. In such a case, the washing
liquids (filtrages) in the first and second stages may contain substances contained in the PVA, such as
aldehydes, QRSHIPAHSEBtic acid esters, in addition to methyl acetate, methanol and water, which
are washing liquid nent 0 In this. method, the_first-s filtrate, which contains
impurities removed%g%%&%e;ﬂ}é%a%ség erar &%srec%hé% egr%%t%%gi’é’gflﬁ%%t%%ﬁﬁa%ashing
lauid can bigyser PaR OAIRdRLNASHG ot EVRL I IRIERARIRIE [odRANGE InCamput of the
washing liquid used in the entire process without deterioration inimpurity-removing effictency by using
the first-staggaseenng-siaoadodithist stagenashinod] ui@%wtsiﬁteh%%ﬂesd@aﬂffép gmpuyrity content
in this order, each in the upstream steps sequentially. [0039] It is possible, by the method of
producing adpvdifiesiomerprdittg B2ihe waekay @epiedings)tandekinrputipstags Svshing is carried
out, to reduce the amount of the impurities, especially the amount of sodium acetate, remaining in the
PVA resin considerably, compared to one-stage W%shing, when the same amount of washing liquid



is used. Further in the method of producing a PVA resin according to the present embodiment,
because a washing liquid containing methanol and water as well as methyl acetate is used and the
amount of methyl acetate relative to the amount of PVA is adjusted in a particular range, as the
amount of methyl acetate in the washing liquid and the solid matter concentration of the slurry are
regulated, it is possible to remove impurities from the PVA resin without deterioration in the washing
efficiency and the downstream drying efficiency. [0040] Further, it is possible, by feeding fresh

washing liquid into the final-stage. washing tank and using the filtrate sequentially as the washing liquid
in the upstr%%%eétgléel,ntgl }%8{)0% thé 5%5%}%1 (5(])?{:9 0\55%%3%@ ﬁé; aeéﬂld‘%(}rﬁf’)reéggﬁglﬂbtrease in

production fébslt eeded for construction of a multi-stage facility. Other configurations and
advantageous effects of the method of producing a PVA resin according to the present embodiment
are the sampAgthpseiasgabed above in the first embodiment. Examples [0041] Hereinafter,
advantageous effects of the present invention will be described more specifically with reference to

Examples and Conpakatmxa@ingies. drshe Rxpoplesbaiowyaieyinyhisabelbyesins were produced
under different washing conditions and the amounts of volatile materials and residual sodium acetate
contained thehgimenergodatenminedn Gpedifidaltycrfirst by abipal pnethiamobsolidiom of soelivmithydroxide
(concentration: 3 mass %) was added to polyvinyl acetate: 37.5 parts by mass, methanol: 62.2 parts
by mass arfiigataenomepacepblymersatindhievdlyvidyicacamdtesivesfenpenifiddda 50C, to give a PVA
having an average polymerization degree of 1700 and a saponification value of 99 mol [0042]

Then, the PRYATSN a8 dRER E5pbimkatriptandry waenrRp Ry doridrstiy B sayPatetate,

methanol and water were fed into a washing tank with a capacity of 100 L, to give a slurry in the
compositior“f13P\ficl){ilvi}}%rf1 GheR Igfva}ﬁagtefé{ﬁgf R Iﬁ@%’vﬁ%&éw JBYRE RITBEY of washing

stages sho &g éhgef%g% |ﬁ T Ile ‘Ll%;fgd PVA obtained after removal of the washing liquid by
filtration ofﬁge S u}ry as%wggrp 6%%0? at d‘g%ﬁeg I&ggrlg%/grﬁ 8{1\ ﬁ%%%l gsf\%{e)%%VA cake. The
amounts of(tig yplatile materials and the residual sodium acetate in the PVA resin obtained were

determined by the method specified in JIS K6276. The results are summarized in the following Tables
| and 2. In the followingrkabiRsleanebgothnss iavMveihthgcontetsseirvalanand matbannl are smaller

arc indicated by favorable "productivity” (0) and those in which the contents are larger are indicated by

unfavorabledprodadiyMity!ited xo,Exaaxpleple 1001 lnsRLEN S iy 1IOEahd pripwene; 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, etc.); 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]

[Saponification step]



NI1K,'a.l1[-.s[8s81'0 'NI1111. OPE99.5Z,,LolVEL 1"LzssstoL_cs

In the saponification step of step S2, the polyvinyl ester obtained in step S1 is
saponified in an organic solvent in the presence of a catalyst. Alcohols such as
methanol, ethanol, propanol, ethylene glycol, propylene glycol, glycerol and diethylene
glycol can be used as the organic solvents for use in the saponification step (hereinafter,
referred to as saponification solvent), but methanol is particularly preferable.

[0017]

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.

[0018]

In the saponification step, part or all of the vinyl ester groups in the polyvinyl
ester are saponified into vinylalcohol groups. The saponification value of the PVA
obtained in the saponification step described above is not particularly limited and can be
determined arbitrarily, for example in accordance with its application, but it is generally
65 to 99.99 mol %, preferably 75 to 99.9 mol %.

[0019]
[Washing step]

The PVA generated in the saponification step of step S2 is then washed with a
washing liquid consisting of methyl acetate, methanol and water (step S3).

Specifically, methyl acetate, methanol and water are added to the PVA after the
saponification step and the PVA is washed in the slurry containing the washing liquid.

The rate of the washing liquid components in the slurry is adjusted then to methyl
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acetate: 1 to 40 parts by mass, methanol: 50 to 98.9 parts by mass and water: 0.1 to 10
parts by mass.
[0020]

It 1s possible to improve the washing efficiency of the PVA by adjusting the
composition of the washing liquid used in the washing step, i.e., the blending rate of
methyl acetate, methanol and water in the slurry, in the range described above. If the
composition of the washing liquid is not in the range above, it leads to decrease in
washing efficiency and increase in the amount of volatile materials.

[0021]

For example if the content of methyl acetate in the washing liquid contained in
the slurry is less than 1 part by mass, it inevitably results in increase in the amount of
methanol in the slurry, leading to increased load on the solvent recovery step.
Alternatively if the content of methyl acetate in the washing liquid is more than 40 parts
by mass, it results in decrease in the amount of polar solvents such as water and
methanol, which in turn leads for example to deterioration in washing effect, increase in
the amounts of the washing liquid used and also residual impurities and elongation of
the washing period.

[0022]

The amount of the methyl acetate in the washing liquid is preferably 5 to 35
parts by mass, more preferably 10 to 30 parts by mass and still more preferably 20 to 35
parts by mass. It is thus possible to improve the washing efficiency and reduce the
amount of volatile materials remaining in the PVA cake considerably.

[0023]
Washing in the washing step is also carried out, as the solid matter

concentration of the slurry is adjusted in the range of 1 to 30 mass %. It is thus
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possible to further improve the PVA washing efficiency. If the solid matter
concentration of the slurry is less than 1 mass %, it results in decrease in the amount of
PVA in the slurry, which in turn leads to decrease of washing efficiency. Alternatively
if it is more than 30 mass %, it results in decrease in the amount of the washing liquid,
leading for example to increase in the amount of residual impurities and elongation of
the washing period.

[0024]

When methanol is used as the saponification solvent, the washing liquid
component also includes the saponification solvent (methanol) remaining in the PVA
before slurry preparation. The PVA before slurry preparation contains occasionally
trace amounts of aldehydes, alcohols, acetic acid esters and others, in addition to the
saponification solvent including methanol and thus, the slurry prepared in the washing
step may contain such components.

[0025]

Alternatively, a method of feeding and agitating the PVA obtained in the
saponification step and the washing liquid in a washing tank, a method of spraying the
washing liquid on the PVA obtained in the saponification step, or a method of bringing
the PVA obtained in the saponification step and the washing liquid into contact with
each other in counter-current flow, for example, can be used as the PVA washing
method, but the washing method is not particularly limited thereto. Yet alternatively, a
method of spraying the washing liquid on the PVA obtained in the saponification step,
as it is filtered in a filtration machine, may also be used.

[0026]
For example if washing is carried out under agitation in a washing tank for a

particular time, the PVA obtained in the saponification step and the washing liquid are
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fed into the washing tank in such a manner that the solid matter concentration of the
slurry, i.e., the amount of the PVA contained in the slurry, falls within the range of 1 to
30 mass %. In addition, the washing period in such a case is desirably 1000 seconds or
more. It is thus possible to further reduce the amounts of residual sodium acetate and
volatile materials in the PVA cake after washing.

[0027]

Alternatively when washing is carried out by spraying the washing liquid on
the slurry, the amount of the washing liquid to be sprayed on the slurry is preferably
adjusted in such a manner that the total amount of the washing liquid to be sprayed is
200 to 10000 parts by mass with respect to 100 parts by mass of PVA.

[0028]

In the method of producing a PVA resin according to the present embodiment,
sodium acetate contained in the PVA is soluble in methanol and water, which are polar
solvents. Beeause the impurity sodium acetate is transferred into the filtrate after
washing when the PVA and the washing liquid (including saponification solvent) are
separated from each other by a suitable method such as filtration, it is possible to
remove the impurity from the PVA.

[0029]
[Drying step]

The washing liquid containing methanol, methyl acetate and water remaining
in the PVA cake is then removed for drying the PVA (step S4). The method of
removing the washing liquid and drying the PVA is not particularly limited and any
known method may be applied.

[0030]

In the method of producing a PVA resin in the present embodiment, other steps,

10
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such as cooling step, pulverization step and classification step, may be carried out, as
needed, in the drying step of step S4 or after the drying step.
[0031]

As the PVA after the saponification step is washed in the slurry state in the
method of producing a PVA resin in the present embodiment, as described above, it is
possible to increase the efficiency of impurity removal and reduce the amount of the
washing liquid used, compared to the case where the PVA in the pellet or powder state
1s washed. In addition, use of a washing liquid containing methyl acetate in addition to
methanol and water for washing also leads to improvement in compatibility between the
PVA and the washing liquid. It is thus possible to further increase the
impurity-removing efficiency. Additionally, it is possible to reduce the amount of
volatile materials in the PVA cake after washing and thus to improve the drying
efficiency after washing. Furthermore, the washing step in the method of producing a
PVA resin according to the present embodiment can use existing facilities, thus
demanding no large facility investment.

[0032]
(Second embodiment)

Hereinafter, the method of producing a PVA resin in a second embodiment of
the present invention will be described. In the present embodiment, the PVA obtained
in the saponification step is washed stepwise in the slurry state, as it is dispersed in a
washing liquid containing methyl acetate: 1 to 40 parts by mass, methanol: 50 to 98.9
parts by mass and water: 0.1 to 10 parts by mass at a solid matter concentration of 1 to

"o

30 mass %. The "polymerization step," "saponification step" and "drying step," as
used in the method of producing a PVA resin of the present embodiment, are the same

as those described above in the first embodiment.

11
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[0033]

Fig. 2 is a schematic block diagram showing the washing step in the method of
producing a PVA resin according to the present embodiment. In the method of
producing a PVA resin according to the present embodiment, the number of washing
operations is not particularly limited, but washing is desirably carried out thrice or more
for more efficient removal of the residual impurities.

[0034]

For example when washing is carried out thrice, as shown in Fig. 2, the PVA
obtained in the saponification step and a washing liquid are fed into a first-stage
washing tank and, after washing for a particular period, the washing liquid is separated
by filtration. Subsequently, the PVA after filtration and a washing liquid are fed into a
second-stage washing tank and, after washing for a particular period, the washing liquid
is separated by filtration. Additionally, the PVA after the filtration is washed further in
a third-stage washing tank for a particular period and, after filtration, it is subjected to
the drying step. It is possible by washing the PVA in multi-stages to reduce the
amount of impurities, such as sodium acetate, remaining in the PVA resin considerably.
[0035]

The washing period in each step is desirably 1000 seconds or more. It is thus
possible to reduce the amounts of residual sodium acetate and volatile materials in the
PVA cake after washing considerably, compared to conventional methods.

[0036]

The filtration efficiency then is preferably higher in more downstream stage.
Specifically, it is conceivable to use a low-filtration efficiency apparatus such as liquid
separation machine for filtration in the first stage, a higher-filtration efficiency

apparatus such as press filter in the second stage, and an even higher-filtration

12
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efficiency apparatus such as Decon filter in the third stage. It is possible by altering
the filtration efficiency in each phase in this way to improve the impurity-removing
efficiency and the downstream drying efficiency.

[0037]

Further in the method of producing a PVA resin according to the present
embodiment, it is desirable to feed a fresh washing liquid into the third-stage washing
tank, use the third-stage filtrate for washing in the second stage, and use the
second-stage filtrate for washing in the first stage. In this case, the washing liquid fed
into the third stage may be a washing liquid in the composition of methyl acetate: 0.1 to
40 parts by mass, methanol: 50 to 98.9 parts by mass and water: 0.1 to 10 parts by mass.
In such a case, the washing liquids (filtrates) in the first and second stages may contain
substances contained in the PVA, such as aldehydes, alcohols and acetic acid esters, in
addition to methyl acetate, methanol and water, which are washing liquid components.
[0038]

In this method, the first-stage filtrate, which contains impurities removed by
washing in a greater amount, is collected and purified. The purified washing liquid
can be used once again for washing of PVA. It is thus possible to reduce the amount of
the washing liquid used in the entire process without deterioration in impurity-removing
efficiency by using the first-stage, second-stage and third-stage washing liquids, which
become lower in impurity content in this order, each in the upstream steps sequentially.
[0039]

It is possible, by the method of producing a PVA resin according to the present
embodiment, wherein multi-stage washing is carried out, to reduce the amount of the
impurities, especially the amount of sodium acetate, remaining in the PVA resin

considerably, compared to one-stage washing, when the same amount of washing liquid

13
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isused. Further in the method of producing a PVA resin according to the present
embodiment, because a washing liquid containing methanol and water as well as methyl
acetate is used and the amount of methyl acetate relative to the amount of PVA is
adjusted in a particular range, as the amount of methyl acetate in the washing liquid and
the solid matter concentration of the slurry are regulated, it is possible to remove
impurities from the PVA resin without deterioration in the washing efficiency and the
downstream drying efficiency.

[0040]

Further, it is possible, by feeding fresh washing liquid into the final-stage
washing tank and using the filtrate sequentially as the washing liquid in the upstream
stage, to reduce the amount of the washing liquid and suppress the increase in
production cost needed for construction of a multi-stage facility. Other configurations
and advantageous effects of the method of producing a PVA resin according to the

present embodiment are the same as those described above in the first embodiment.

Examples
[0041]

Hereinafter, advantageous effects of the present invention will be described
more specifically with reference to Examples and Comparative Examples. In the
Examples below, polyvinyl alcohol resins were produced under different washing
conditions and the amounts of volatile materials and residual sodium acetate contained
therein were determined. Specifically, first of all, a methanol solution of sodium
hydroxide (concentration: 3 mass %) was added to polyvinyl acetate: 37.5 parts by mass,
methanol: 62.2 parts by mass and water: 0.2 parts by mass, and the polyvinyl acetate

was saponified at 50°C, to give a PVA having an average polymerization degree of 1700

14
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and a saponification value of 99 mol %.
[0042]

Then, the PVA obtained after saponification and a washing liquid consisting of
methyl acetate, methanol and water were fed into a washing tank with a capacity of 100
L, to give a slurry in the composition shown in the following Table 1 or 2, and the PVA
was washed by the number of washing stages shown in the following Table 1 or 2.
The PVA obtained after removal of the washing liquid by filtration of the slurry was
then dried at 120°C in a Geer oven for 1 hour, to give a PVA cake. The amounts of the
volatile materials and the residual sodium acetate in the PVA resin obtained were
determined by the method specified in JIS K6276. The results are summarized in the
following Tables 1 and 2. In the following Tables 1 and 2, those in which the contents
of water and methanol are smaller are indicated by favorable "productivity" (O) and

those in which the contents are larger are indicated by unfavorable "productivity” ().

15



1)010 0 1 OES1EC() CA CAISZOath/. slit | ELP RcZ00c8 t ZSS.LRL 1E1 LEO OEO 39923 645 (19S

0 0 @ 0 @ @ 0 @ O O Ananonpold

81°0 S0 £8°0 10 L80 0071 L670 9¢°0 81°0 90°0 (3) 21e1008 WinIpOg
> €8¢ '8¢ 6'LS 88 6'LS £rs 08¢ [43Y £'6S §'6S (8) sjeridrew anejoA NEI VAL
% §8TYI 98Ty 1 S8yl S8TYl 98Tyl yZ9 8¥Cl1 L991 TLee 0001 (8} oy,
1 (94, ssewr) pinby|
© £6°0 £6°0 P90 £6°0 §E0 86t €001 0 0 oro Fulysem u oy
Aln_ &4 vl 8¢ £'Tl 9v 9T Sl S 01 01 (3) o) 1M
O (95 ssewr) pinbyy
_.o.m 1V°SL el 89°L9 L9tL £6'99 6L°¢9 06'8¢ 9168 Yoo 8786 Surysem ui oyey
o 1001 L'EL6 $968 CLLE 9988 133 SL9 0oyl 000¢ 0€L6 (8) yudyu0) jouetpan
™ (94 ssew) pinbiy
m_ §9°¢T 99°6C 68°1¢ R Y4 LTe £Tle 90°1¢ ol S0°¢ 91 Buiysem ut ey
H__ vic £0bt vy LeE peed €91 96¢ 091 091 091 () w0y | derece Ay

60 [ 8t 4 S6'¢ [4 [4 [4 [4 [4 (3)wauoy | Aeor WNIPog
N (95, ssew)
m UOLBHUIIUOD
e 00°L 00°L 00°L 00°L 00°L €091 10°8 009 90°¢ 00°1 1oEll pljos uopisodwod
m 001 001 001 001 001 001 001 001 001 001 (3) yunuo) VAd Aunyg
L € z 1 F4 1 I ] 1 ] 1 (sa3e1s) sadeis Furysem Jo soquINN
W L 9 S 14 3 [4 !
IS apdwexy arduexy ajdwexy | opdwrexy | ojdwexsy | ojdwexy | ojdwexy
@
= [1219u1]
S
O
© [€v00]
X
o
©
@)
N
i
(o2}
o

16



Kjianonpold

xe]
24q
N m ™
O — o
EzT?
© <
-
o
ol =
~ o=
o9
o
3= IS
— % ad
=3
7 >©
v <~
o . (@)
c 9 ~
S e e
885
x @
3 €
— m o X
o — O 60°0 X
eI 965 060 @)
E= o 78661 VLS 091 X
S5 2 2 1901 695 00 o
= m > 010 §%9 v'8s S6' X
0 S="2 . €266 9IS €00
> 0O 0T 1$°C1 56€ .
= TS W 0 s LTE 9'65 (3) s1p100
o= © 4! 0 58 Wnipo
S o= 05 26661 ®)s 'Pos
mﬂ\m ) 6066 ¢ £0 6 [BLI21BU 9] E[OA
co ®© 00L SH L 121 68°0 . _ @ o : i
m m % m 61 <P 0TS Fé 0€°0 MM@ sseur) E:U: L D VA
- s .
m ﬂuov (@)} .b 08°0 €97 SERL 09 Iysem ul ajey
— m w 091 OO 00Ci¢ 9 . @ (3) a0y
—_ 0 ’ 8 3
3G S z 8¢ IS'Ly il ow 86 mcﬂﬂmé pmby] A
n 2 % z {67 S¢ig 961 [YSBM UL 218
a3z Z 0058 68°9¢ : @)Uty
C . g i
(o)) lm\m % 05" Fé %Y 080 0/, SSetl) U::um_ [OURLION
[ 0 09 Surgsem [
W S g - 00 €6 4 ! : ur opey
N © c = ! . [4 ()
NSax2 _ 001 05°S1 Uy o
180w 33 00 70 (8) uoyuo, EIET
m N~ ..nm qﬁarﬁ_mxm | | 85°0¢ Ac 9) a1eR0E W
o g % o) aanereduion ¢ ajduiexy 1 001 0¢ o . 5, SSOWT) wnipog
% m — - aagesedwo)) y ajdwexy ! 001 50 LRILIOU0
< 3 =3 aaperedwo ¢ ajdurexy [ 001 IR PIOS
C M /w W\u D O}C@.SNQHCCU ND—QS&MKM [ va JUJUOD)
o s )] saneieduio)) | ojdwexy (523015) VAd uomsoduiod
_/_. o ._n_l..v @© saneieduio; soge)s Juiysem Aun
N = c e 0D [SEM JO 1oquin 18
NZ3So N
0 T 02
O ES =
0 =
_HN O—QN@L
[¥+00]

17



E.O0.0alllPM 111111p0OS Productivity VAd aggann writ pos Methyl acetate Methanol .10111M c.
0... it'7 EnF. 3 ,..) [VA cake

[0045]

In Comparative Examples 1, 3 and 6 shown in Table 2 above, the content of
residual sodium acetate reached the desired value, but the amount of methanol used was
larger, leading to increased load on the subsequent solvent recovery step.  Alternatively
in Comparative Example 5, the content of residual sodium acetate reached the desired
value, but the amount of water used was larger, leading to fusion of the resulting PVA
particles into film shape and also to noticeable deposition thereof on the drier.  Yet
alternatively in Comparative Examples 2 and 4, the content of residual sodium acetate is
larger, indicating insufficient washing.

[0046]

In contrast, as shown in Table 1 above, in Examples 1 to 7, wherein washing is
carried out within the scope of the present invention, it was possible to produce a
desired PVA containing only limited amounts of volatile materials and residual sodium
acetate by using a smaller amount of the washing liquid. The results above confirm
that it is possible to wash the PVA efficiently with a limited amount of the washing

liquid according to the method of the present invention.
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[0045] In Comparative Examples |, 3 and 6 shown in Table 2 above, the content of residual
sodium acetate reached the desired value, but the amount of methanol used was larger, leading to
increased load on the subsequent solvent recovery step. Alternatively in Comparative Example 5, the
content of residual sodium acetate reached the desired value, but the amount of water used was
larger, leading to fusion of the resulting PVA particles into film shape and also to noticeable deposition
thereof on the drier. Yet alternatively in Comparative Examples 2 and 4, the content of residual sodium
acetate is I@'tgﬁ;,l\i&gicating insufficient washing. [0046] In contrast, as shown in Table 1 above, in
Examples 110 7, wherein washing is carried out within the scope of the present invention, it was
possible to produce a desired PVA containing only limited amounts of volatile materials and residual
sodium acetate by using a smaller amount of the washing liquid. The results above confirm that it is
possible to wash the PVA effigigintly withadliniied aareunt phiamyrashinddgdsacegrding to the
method of the present invention. CLAIMS: 1.A method of producing a polyvinyl alcohol resin,
comprising wadldspingstevatvies bipol avinoly vioyhel ebhoheb ainagdbyragenificatimeta/polyvinyl
ester with a washing liquid consisting of methyl acetate, methanol and water, wherein the polyvinyl
alcohol is washeditinathveshashingisteppirstanglafmy cbtaicdtreetiyiadetadey aathenokand water at a
rate of methyl acetate: 1 to 40 parts by mass, methanol: 50 to 98.9 parts by mass and water: 0.1 to 10
parts by mags pelxdslibalsaheliesrrsbatanchorashingriemds 9¢1mme snpttpinamrddlicing a polyvinyl
alcohol resin according to Claim 1, wherein washing and filtration are repeated multiple times in the
washing stéf8i$H8 dAT BRSERALAGECSBIRARDIACTIALY fetgrt A aesiiigaseIdIfh 2 Wherein the
frate geneale by the firaton.is teed In. Wasling I 5 YRSISAT, X80, A0d.p resh washing liguid
is fed into the final-Stage washing tank.

concentration of 1 to 30 mass %.

2. The method of producing a polyvinyl alcohol resin according to Claim

1, wherein washing and filtration are repeated multiple times in the washing step.
3. The method of producing a polyvinyl alcohol resin according to Claim

2, wherein the filtrate generated by the filtration is used in washing in the upstream

stage and a fresh washing liquid is fed into the final-stage washing tank.
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