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ALCOHOL POLYMER PRODUCTI ON METHOD AND PCOLYVI NYL Al R BACKGREEMND(?
OF THE I NVENTION Field of the Invention This inven s a pol yvi nyl
al-cohol pol yner production nmethod and a pol yvi nyl aIcoh@Mépolyner
(hereinafter, polyvinyl alcohol shall be abbreviated as "PVA" . To be

nore specific, this invention concerns, along with d of

produci ng PVA pol yner by saponi fying a pol yvinyl JW""""’W"M mm

al cohol - cont ai ni ng organi ¢ sol vent under the presence afgg,Saponification
catal yst and with which the saponification reaction is carried out while
distilling off the carboxylic acid ester that is produced by the
saponification reaction. Description of the Prior Art For produci ng PVA,
the met hEQLYY TWHLc RLGARAL REAIER | EROPVET HY WyTHeRt ND| ZOLEN I Let hyl ene,
polymerizing this vinyl acetate to obtain polyvinyl acetate, and

saponi f yi HALs POSY)ERNy| acetate under the presence of a basic catal yst
is used generally and practiced industrially as well. As nethods of
saponification, nethods that use various types of saponifiers, such as the

bel ¢ tyPg, NABUPDr Tt TeviGon!

Field of the Invention

This dinvention concerns a polyvinyl alcohol polymer
production method and a polyvinyl alcohol polymer (hereinafter,
polyvinyl alcohol shall be abbreviated as "PVA"). To be more
specific, this invention concerns, along with PVA, a method
of producing PVA polymer by saponifying a polyvinyl ester in
an alcohol-containing organic solvent under the presence of
a saponification catalyst and with which the saponification
reaction is carried out while distilling off the carboxylic

acid ester that is produced by the saponification reaction.

, Description of the Prior Art
For producing PVA, the method in which vinyl acetate is
obtained by acetoxylation of ethylene, polymerizing this vinyl
acetate to obtain polyvinyl acetate, and saponifying this
polyvinyl acetate under the presence of a basic catalyst is
used generally and practiced industrially as well. As methods
of saponification, methods that wuse various types of

saponifiers, such as the belt type, pipe type, slurry type,



0 6 SEP ZU~ etc. , are known, and'the PVA that is obtained by

saponi fication by such nethods is nade into powder , dried, and thepggspd(i
in various applications. In industrial material applications and conposite
mat eri al reinforcenent applications, an agueous solution of PVA, obtained
by di ssolving powder-formPVA in water, is used as the spinning stock
solution, and spinning is perforned by a wet , dry-wet , or other type of
spinning method to use the PVA in the formof PVA fiber. However, when the
content of sodiumacetate in the PVA is high, the fiber obtained by naking
the PVA into fiber may at tines be colored. Mreover, acid is required for
adj usting the degree of saponification of PVA and the equi pnent tends to
be large in scale. In recent years, nethods of spinning PVA in an organic
sol vent €&Spr otk &NRMgh- 314 SRtV PTRAL) b PO tRIPeIRY £aBPRfdFaABBSt ri al
material _and conposite material reinforcenent applicatiaons are being

exam ned PYFSRCBXAGHRRAS f5hHREEINte B W en BZieRr PRBE; it ssedoin

40807/ 1991 di scl oses .a _net hod of producin VA fiber by spinning a PVA

S0l ut | on YBBLETEe ALy SRRy nbAa  BARSSF AP BerEr LRt PRELACREG deqr o6 of
POLYTer | &8l Sk 0. A1 a0 S0l venl. LI, UBLS Bk had Liieaardanie sol vent
used for e por yvi nyl “est ér “saponi ficati on ocess nay 'be G9EG°I'R comon
as the or i ol us i enSPizR i c Lo_which e;PVA

ol yrmer SN o By B el g R 0B v Bk PP D

product i QR tRFOCESS ukBaWak Chné hep SRRy fd Al WL IRAGRSS ad shREngRGNNI Ng.
process are linked directly can be constructed. However, in order to raise
the degr g pérEchndd b:ycatv'een Ay Rk | Br GRS ’t\»‘?ﬁé RfASORIind metthed to
saponi fy the polyvinyl ester, the nole ratio of nethanol with respect to
PVA nust tle usedehlel gha Wawexer forih dhepvml £ibék i 0 HolveRieir)amblenWthle respect
to PVA for increasing the degree of saponification of PVAis nmade too high,
t he PVA geinxendnodf sioddemaadealrates Anvurd PUA icr jaghc thel Findr obttainad di net hyl
sul foxide (DVSO , nust thus be used to prevent gelling, the concentration
of the PVX makingdadedtiAiinsad Mideronay af tines bgtcelrrerbst Morgoviert he
present invention, in the case_where only polyvinyl ester exists, the nole
rati o of 281€bAE TREAVATLEsHREL 24 UPANGHEG dedxrae (f SRPORSIEACRAEPS Wit h
respect taq the anount of PVA as deternined based on conversion of all of

t he poly6ﬁ%§wgésF@%'FBePVQPlBWSngnEFHgECggegﬁh Fﬁgﬁvﬁpaﬁﬁai%ryvinyl ester
coexi st , th% n%je r%tio of alc%%phsw%%h LESREGL FQAPVA shal | refer to the

nole ratio mﬁf%nl%ﬁ?ﬁec?eﬁgsfhgeangunt of SPre PUR hatlgngagfgg?ﬁgts and

t he anou V i:ned Q.S pol yvi nyl
cater o ACTnS Tt B PSR R AP oy VAR TR MLedthd BB VI
the nol e jhahisd r8fa1al fOPOFia AN sAAM ddinddY Scd NYEBELOAL tle8 ngRReRMchat | on of
PVA polymer in the 3

applications are being examined. For example, Japanese

|
Laid-open Patent Publication No. 40807/1991 discleses a methoed

of producing PVA fiber by spinning a PVA solution obtained by
saponifying a polyvinyl ester having a high degree of
polymerization in an organic solvent. With this method, the
organic solvent used for the polyvinyl ester saponification
process may be used in common as the organic solvent used in

the spinning process in which the PVA polymer solution is spun,



06SEP2001 saponification reaction 'sol ution shall refer to the concentration
of the PVA generated by the saponification reaction plus the PVA as 06 SEP 20(:
determ ned based on conversion of the unreacted polyvinyl ester to PVAin

t he organi c solvent from which al cohol has been excluded. If a

hi gh-strength PVA polymer with a hi gher degree of saponification than those
of prior arts can be obtained, this will be beneficial industrially and if
the organic solvent used in the polyvinyl ester saponification process can
be used in comopn as the organic solvent used in the spinning process in

whi ch the PVA polynmer solution is spun and the PVA concentration can be

i ncreased further, the saponification process for the PVA polyner and the

Spi nni n rocess for king the PVA polymer into fiber_ can be |inked

di rect |y A% kBT RABYAPY R bir DEFo BRABIS 151 RIREE 5t 1SN 6P 0 BSswi t h

hi gher product.ivity., Also, if a PVA, polyner production nethod .can be

osPon! i DrsapaRn ARk R Bhocksen antk toCoFPAnEaNG: BERress SEPodiBhe vel y and

t he degr of ..saponi ficatio PYA pol ymer and the concentration of PVA
pol yrer ?@ﬁeggﬁgﬂfﬁ@téﬁ FP@%F%PCF¥QQAII beconme possible to produce PVA

polyrers SU SR VAt BUseDoedse TIUS B 4ésto PNECyph GG dapgent on 1

to provide a metho produci ng ner,

whi ch ha%éPVAqrﬁg%Es?&refe alt!bﬁta@riéiﬁ%aet&fsa?gm&&ftﬁ@ ioé&%g{iﬁ?%those of

the prior arts and can be used as raw nateri al r high-str bers,

my be olisidiedtdk Rol&W-4Wd & orahkh8hod! L0 re HeTACOBIP PRIt Bfe this
invention is to provide a rational nethod of produci ng PVA pol yner, which

does not MeAhight h&idgWenanssSes tofe Mo Ye Gt WUbY &ldtHiandl anth despelct ng t he
PVA in organic solvent, with which the saponification process for the PVA
pol ymer danPva fbrethtyeas mh@dtHe derespiofinsagoplibtessidwrofraRimng st he PVA
into fiber, and with which the concentration of PVA polyner will be high
and t he a@mwteehoodfidodihenRVdy bokyl @ngl shncaa Pargpcimpmat of lorgeailcow. A
third object of this invention is to provide a nethod of producing PVA

pol yner, SAMeNthi EHChhRS fbime thtli §US£ORILEBhEPMIR } h MusdpEREStRe F&Ie@i nyl

car boxyl ate can be freeI%ﬁselected and t he degree of sggonification of PVA

pol yner aiftl RFRYCHncEit+HRT ontt eRRCHREyAEOR aff bEREr BERy thEtudEEd. A

fourth Obcjbacca;[in%cd txpaitss ci>rr1]¥1?ntai %gwi %s taot p{r?é’i %ce)s%. rre%g%c‘i the present
invention, in the case where only polyvinyl ester exists, the
mole ratio of alcohol with respect to PVA shall refer to the
mole ratio with respect to the amount of PVA as determined based
on conversion of all of the polyvinyl ester to PVA, and in the
case where PVA and polyvinyl ester coexist, the mole ratio of
alcohol with respect to PVA shall refer to the mole ratio with
respect to the amount of the PVA that already exists and the
amount of PVA as determined based on conversion of all of the
polyvinyl ester to PVA. This mole ratio shall hereinafter be
referred to simply as the mole ratio of alcohol. Also with

this invention, the concentration of PVA polymer in the



of producing PVA polynmer fiber in which the polyvinyl -ester saponification
process is directly linked with the spinning process in which the FSEP 200,
pol ymer sol ution, obtained by the saponification process, is spun. Afifth
object of this invention is to provi de a PVA pol yner, which has a bl ock
character value of 0.9 to 1.1 and is high 5 0 6 SEP 200? in randommess.
SUMVARY OF THE | NVENTI ON However, as has been nentioned above, the
operation for increasing the degree of saponification of PVA conflicts with
the operation for raising the concentration of PVA. In order to establish a
met hod of producing PVA polynmer that neets the above objects, the present

i nventors have repeatedly exam ned the polyvinyl ester saponification
reaction in detail and have conme to nmake the present invention. That is,
the pressapopdfdraitdanpr geagddonn sodwitien ofshaldduckekehol §9i nyheal coho
polymer, in which a polyvinyl ester is saponified in an al cohol -contai ni ng
sol vent @edeentratipaserfcetf BVAagenieriadad QY chiral ¢eponatieanéanof
produci ng pol yvi nyl al cohol polymer characterized in that the

saponi f i E&ACEHOPeRERS dig Bvéaﬁ=$ |d§&e6{3‘ﬂnﬁﬁ| Pasefd on PPPH@r%?‘?nth’fetEﬁr boxylic
acid ester that

oduce the s ni.ficati on react his 1 nvention
50 pr opEacE < APROVRY br S 5 BUA Bl SHBrOTITEE (39 iaren EERD

ponV|nyI sa i_cation is directly linked with the spi nni ng
process A %ﬁ% ﬁgap find éFﬁﬂe gFﬁ? On, obt ai ned by the saponification

grocgsg’ le§> g“% hﬂ}hs St PRI hOBVRULLRGHIRT 1 RAOY! H83n8PYagRALY BRr. Wwhich

saponification than those of prior arts can be obtained, this
will be beneficial industrially and if the organic solvent used
in the polyvinyl ester saponification process can be used in
common as the organic solvent used in the spinning process in
which the PVA polymer solution is spun and the PVA concentration
can be increased further, the saponification process for the
PVA polymer and the spinning process for making the PVA polymer
into fiber can be linked directly to make the PVA fiber
production process a rational process with higher productivity.
Also, if a PVA polymer production method can be established
with which the mole ratio of alcohol can be selected freely
and the degree of saponification of PVA polymer and the
concentration of PVA polymer can be adjusted freely, it will
become possible to produce PVA polymers suited for various
needs.

Thus a £first object of this invention is to provide a method

of producing PVA polymer, with which a PVA polymer, which has



has a bl ock character value of 0.9 to 1.1 and is high in randomess. By
this invention, a high-strength PVA polyner, which is excellent in 06 SEP 20¢.
randommess and has a hi gher degree of saponification than PVA pol yners of
the prior art, can be obtained. Also with this invention, since the rate of
saponification of polyvinyl ester is fast and a PVA pol yner can be obtai ned
at high concentration in an organi c solvent, the polyvinyl ester

saponi fication process can be directly linked with the spinning process, in
whi ch the PVA polyner solution is nmade into fiber, and since the nole ratio
of al cohol can be selected freely and the degree of saponification of the
PVA pol ynmer that is obtained can be adjusted freely, a rational PVA fiber
production process can be constructed. BR EF DESCRI PTI ON OF THE W NGS
The 1 or eGoPbGRSR AR OF AR Hirt LA ANEAGEE S OEnEN BRI SFRBent | on

il b di [ d th b bet t
Undier ot 0By aP QP RaTiL S8 gL T 84 WA aVh R LT ChF SIELE? FALas ek 1 aken

. . . i th th . g . e Fig .

exanpl o B¢ OREAPEN 8 Br 3BGCTTOR BRCARUA PLTONEI by a one-stage

saponi ficati gn éééﬁé'o%;r fﬁﬁnﬁ'ipiﬁ%ﬂtﬁbﬂ-i@ toSpRO9L GE' ‘Eé@?BhSlOf t he
t eIS\J?A pol'yimer by g% 3 I

fl ow of production of a one-sta saponificatron reaction.

Fig. 3 i i dugt4 R r a
v st agd e £ae o P8 VR hSIRRLBH A Re e oaE BB Bdor venrs

Wth the picRdlsalds08 MR eagof piMWe BOL YRE! &g tdilssdirMeny itere, piiaeigpol yvi nyl
ester saponification reaction is carried out in an al cohol -containing

organi ¢ saigeeriic sotesnt heiphesenae tbk sasapDi ddtiadr pRoeakal fiat tasd i s
carried out while distilling off the carboxylic acid ester that is produced
by the s@&yanpbilgmetrararr bacdivecty inkeidst oetheodpian Pvé ppodagarer for a hi gh
degree of saponification can be obtained at al cohol nole ratios | ower than
t hat of pwakimaarthe, P¥Adinhhe £oberntand iwntlofwhindh RUW& gohgeptrebtienned wil l
al so be high. Though the conditions of the saponification reaction wll

di ffer a®forBVAg nodymes typbl oeorkibeh c addl viire g¢oadenitt ¢k meddum y
carried out at a reaction pressure of approxi mtely 5kg/cneG to 20 Torr and
a reacti SRTERYRIEur® dPeapyroRPhEPEFYYESLt BE14OWC. Wth the method of

s | mvent s ioss et akecel e atpont .S gh L aselioh TRk b e
ggi”nge Cye beafilnY Svh KRS yRES! APNGE 1 %8 tHe 118 SBREDLIIF N BR R eact O
with respect to polyvinyl carboxylate can be freely selected
and the degree of saponification of PVA polymer and the
concentration of PVA polymer can be freely adjusted.
A fourth object of this invention 1is to provide a method
of producing PVA polymer fiber in which the polyvinyl ester
saponification process is directly linked with the spinning
process in which the PVA polymer solution, obtained by the
saponification process, is spun.

A fifth object of this invention is to provide a PVA polymer,

which has a block character value of 0.9 to 1.1 and is high



S 0 6 SEP 200" set to 10 minutes or less and the reaction device ﬁ?ﬁsﬁpﬂﬁ?
al so be nade conpact. The abovenentioned saponification reaction is '
preferably carried out as a saponification reaction conprised of a primary
reaction, in which a polyvinyl ester is mxed in an al cohol -contai ni ng
organi ¢ sol vent under the presence of a saponification catalyst to carry

out the saponification reaction, and a secondary reaction, in which the
saponification reaction is carried out while distilling off the carboxylic
acid ester that is produced. The degree of saponification of PVA can then
be increased and the reaction can be carried out in a stable manner. The
degree of saponification in the primary saponification reaction can be
controlled by adjusting the nole ratio of alcohol with respect to PVA and
the degré® SRPEYEBRFFIcation in the secondary saponification reaction can
be controlled by adjusting the rate at which the al cohol and carboxylic
acid ester are distilled off . It is preferable for the saponification

. | Jis preferable f
ndsecondiTyRRYC Y MHE TNRENEIGN ons rom thi s aspect of control of the
saponi fi cat 4g,c6acti 00 Ascvelln Adh@dela Lbdil S rherkinal degbee of

saponi fication attai'ne S p e in the aboverrentioned primary 9

~ ~ SEP %%ezaagggg%{lé Gl d e B@aﬁﬁﬁqf%aﬁm deopee fnsaRand Liigation

attained to be e ~or nore an he concentration of PVA polyner in

the saponripfel 6?&"«:9{31663@6& 2i%ahdt £R8 dshd W ioPbEMBVE,  anf oirielrs even
nore preferable for the degree of saponification attained to be 80 to 93

ol e ~ and tBeaBRASRM MUHHYE of PMapelygEVA Bollhresatioat fextid aher eaction
solution to be | 5w~ or nore. Also fromthe above standpoint, it is

pr ef er ablawovie bhgeabsyertenpiresedt Sacondarns bapenrépeat e dly exaoctined f or t he
degree of saponification attained to be 85 nole ~ or nore and the

concent r dthieopo by v VAL palteresaponificcabiponireecitoonin deteidnndhatvieon to be
|OWt ~ or nore, and it is even nore preferable for the equilibrium degree of
saponi f i c@meort atakeebhe oPpeseBt t 4nUSNEHPR: ~ BRATt hE . cSREeMTCSEPdEn of PVA

pol ymer in the saponification reaction solution to be | 5wt~ %T nor. e.
invention provides in a method of producing polyvinyl alcohol

polymer, in which & polyvinyl ester is saponified in an
alcohol-containing solvent under the presence of a
saponification catalyst, a method of producing polyvinyl
alcohol polymer characterized in that the saponification
reaction is carried out while distilling off the carboxylic
acid ester that is produced by the saponification reaction.

This invention also provides a method of producing PVA
polymer fiber in which the polyvinyl ester saponification
process is directly linked with the spinning process in which
the PVA polymer solution, obtained by the saponification
process, is spun.

This invention furthermore provides a PVA polymer, which



The abovenenti oned saponification reaction is preferably conprised of a
first stage saponification process, conprised in turn of a primary 06 SEP 200
saponification reaction, in which a saponification reaction is carried out
by m xing the polyvinyl ester in the al cohol-containing organic sol vent
under the presence of a saponification catalyst, and a subsequent secondary
saponi fication reaction, in which a saponification reaction is carried out
while distilling off the carboxylic io 6 SEP ~Wester that is produced,
and a subsequent second stage saponification process, conprised in turn of
a primary saponification reaction, in which a saponification reaction is
carried out by mxing the polyvinyl ester in the al cohol -containing organic
sol vent under the presence of a saponification catalyst, and a subsequent
secondar PaSaforh¥ePat PRATFEERE | BALUS nOHhPeh &%sdpdniditats oRieRadRion is
carried out while distilling off the carboxylic ester that is produced. The
degree of 3840BRMESFcati on of the PVA pol ymer can then be made even hi gher .

degr ee of ti on o pol yrer can en hi gl
process: 11 PY BRERCrAUEr TG (ho augresoBp Babuh T RARon PAPCH H8d 1o be
70 mle g0 Rke and ¢ he caneentr abian 8L PVA PRLYIEL | Bobige of
sapomflcgtlon feaction”solutionto be | Wts‘“ or nore, an I'S even nore

pr ef er ablug ol e degr a8c0f saPanl il alk kial pefoi 0ape 88ahoyg3 ml e -

f
r and thé &oncentration of PVA p p Icatron reaction

sol ution J} N elddWM ~aA 050 MFi&h ALBDs | AnkiaRt38e0NdI YoSaraRi fiL@ed i g reaction
inthe first stage saponification process, it is preferable for the degree

of saponighppatifakattibal BEdpboyhengd eBtEr -1 OrEdBH A& Py pengmekr ati on of
PVA polymer in the saponification reaction solution to be |0Owm~ or nore,
and it | ©afveR optaipeafet ahlgh cohceherdegoaeinfad brgdhic SoRv2a@? saponif
ication attained to be 838 to 98 nole ~ and the concentration of PVA pol yner
in the sapeniddigatingd reesdelr Grpeolifticaribo peokckwts~can ber directly

linked with the spinning process, in which the PVA polymer

solution is made into fiber, and since the mole ratio of alcohol

can be selected freely and the degree of saponification of the

PVA polymer that is obtained can be adjusted freely, a rational

PVA fiber production process can be constructed.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
present invention will become more readily more appreciated
as the same becomes better understood by reference to the
following detailed description when taken into conjunction
with the accompanying drawings wherein:

Fig. 1 is an example of the flow of production of a PVA

polymer by a one-stage saponification reaction.



In the primary saponification reaction in the second stage saponif icag' O{h
process, it is preferable for the degree of saponification attained 0t i}pe 0
93 nole ~ or nore and the concentration of PVA polyner in the
saponification reaction solution to be |Om~ or nore, and it is even nore
preferable for the degree of saponification attained to be 97 to 99. 5 nole
~ and the concentration of PVA polyner in the saponification reaction
solution to be I5wm~ or nore . Also in the secondary saponification
reaction in the second stage saponification process, it is preferable for

t he degree of saponification attained to be 99 nole ~ or nore and the
concentration of PVA polyner in the saponification reaction solution to be

| Owt 0 or nor ree o

" it f bl e. f h f
saponi fi cat i %r’rgg? a#%e"’l&?? v%g eg%r’%ﬂ%(r)%ggggengjr%“gioérpgfot(j‘iﬁ%tét?ﬁ’cQEt Pation of
PVA | i t i fi i i . i be | 5wt ~ o
the abovErenelanae™ PRt ebEae-2Ha SABBREPLCSbE o hnPiiat fon processes, |
it is inportant faqr 'Ehgn.séﬁ%ﬁéiéc 'ﬁ?e rﬁ% Yr drdallieGRol Be Brofgary
saponi ficati onreaction i & Carried oUt, to mXx the saponificati on reaction

12~ o§'§%e%0%%0%t“&%-§% ki ggpgﬂgﬂe&igw&%é@ﬁom pol yvi nyl

carboxyl ate,” alco and organi c sol vent, and the saponification catalyst
in a short time without fail. Fromthis standpoint, a reactor that is
substantially of the conplete mxing type is preferably used. A conplete

m xi ng t yWSorRIPIUON bef eHs PREREHR¥DCEMBOBIMERTONE ideal linmiting condition
of the flow that passes through a f |ow systemdevice , that is, af |ow

i n which thewithuilte phafuét bos method dePURHodgmer df baigninfventdiondi sper sed
within the device inrediately after flowng in. In this condition, the

val ues ofthghpeilgulinpl ggerar egposachcasionmeattixn dis, caenped atulr ép etc.
at each nonent are conpletely uniformand the val ues exhibited by the

out f | owi e falgiolhodrecaaaning eRgapafuselyent hindhwithe Mreseacet cie.

Exanpl es of reactors that are close to being such a conplete mxing type
react or ihEPREBLELABLAPR TR AHMF Y APPobs GHRarehPREMh ke Righ ihlingg

efficiency and m xers equipped with various types of stirring bl ades .
Armong suc‘#%’ $Bfs qaqw%ﬁépoﬁcédkr@aﬁfé? tHRE" risePTPLURPE é?%mt@_e The

M xer made ynder, g A1 adg page ofy Sk el oL Tyge SVIAD ).y Sakyra Pl ant

Co. , can be girven as - an exanp freact’or tha stantially of

oo EODAEER bP S net el o RPN £SO FRISLST T
SEP 2002 ratios lower than that of prior arts, and the concentration
of the PVA polymer obtained will also be high. Though the
conditions of +the saponification reaction will differ
according to the type of organic solvent used, it is normally
carried out at a reaction pressure of approximately 5kg/cm*G
to 20 Torr and a reaction temperature of approximately 60 to
1109C. With the method of this invention, since the rate of
the saponification reaction may be made 1000 times or more fast

than that attained in prior methods, the reaction can be carried

out with the residence time in the saponification reactor being



abovenenti oned carboxylic acid ester. A piston-flow type reactor refers to
a reactor with which the fluid that flows into the reactor continuesl6S8EP 200;
undergo notion integrally and wi thout becom ng m xed with other fluid
portions after flowing in. Though tube type reactors , reactors in which a
plurality of m xing tanks are connected in series , etc . can be given as
exanpl es of such a reactor, a tower type reactor is preferably used in this
i nvention. Exanples of tower type reactors include packed towers,
perforated plate towers, and plate towers, such as bubble-cap towers. It is
generally practical and thus preferable to use a packed tower or a plate
tower. Also with this invention, a heat-exchanging type reactor nmay be used
favorably, and exanples of this type of reactor .include falling film

evapor at 888 {° d00hiHEt e grelesh afhERe ERAFT HIVT SeVHER AR WIS glﬁ\%r s, etc.

, thin filmeyaporators, and shell and tube evaporators. If the
above-degﬁr?ﬁéﬂ FRBP¢hge saponification, conprised of first and second

t i ficat.i is ta.b I . t =
ray toor | ShBANSRIBSTIRE pabOphet S oRR A Cisthiin BEETSBebAbCt  on ot
the fi : . t . i n.
e o bR a8 o flde 3 oSl N LR RUBROR i AN AR SLRRMDE
saponi 1 £gLERHoReACH] Oplerf N SEE8YH1AYE0%L fed hals { B3 ddOWigONgh 1T OnS of
t he PVA polyner solution, obtain y the primary saponification reaction,

can thenahe kept cURLAORfhgt BBgEEEL Loepeherughli ciracyrabbhcbeoexgel lent |
and net hyl acetate can be dIS?I||ed off readily. Especially in the case

where angsapeanEgca@hygnicafaliisgh B6i ldd¥rpobt ithd 0shBponsedcathén

abovenenti oned saponification process of the second stage is preferably

carried eeactnder, dndhlsgcdepaeystadateicbrcondiwhiichsthe saponification
reaction is carried out while distilling off the carboxylic
acid ester that is produced. The degree of saponification of
PVA can then be increased and the reaction can be carried out
in a stable manner. The degree of saponification in the
primary saponification reaction can be controlled by adjusting
the mole ratio of alcohol with respect to PVA and the degree
of saponification in the secondary saponification reaction can
be controlled by adjusting the rate at which the alcohol and
carboxylic acid ester are distilled off. It is preferable for
the saponification reaction to ©be comprised of the
abovementioned primary and secondary saponification reactions
from this aspect of control of the saponification reaction as
well.

In order to raise the final degree of saponification

attained, it is preferable in the abovementioned primary



and in order to avoid tenperature drops due to sudden flashing, it is
preferable to use a shell and tube evaporator, with which the reactiqn Sgp g,
sol ution obtained by the primary saponification reaction is supplied in an
up-fl ow ng manner. A polyvinyl ester of a high degree of polynerization and
having a limting viscosity of 1.4dl/g or nore and preferably 3. 2dl/g or
nore is preferable as the polyvinyl ester to be used in this invention
since a PVA fiber of high strength can then be obtai ned. Though such a

pol yvi nyl ester can be produced by a known pol ymerizati on nethod, such as

t he bul k pol ynerization nethod, solution polynerization nethod, suspension
pol yneri zati on nmethod, etc., a solution polynerization nethod is preferably
enpl oyed from the standpoint of industrial_ practice. In this invention,

li mi ting S@EPsadSicptienerzeacs e 9% cobet yegrafaRtir 6arppidicstiop 6 S E P
2002 BH vi sconeter at 30C. Though exanpl es of the polyvinyl ester include
pol yner s a¢5edPsed tByPH A Merez 5t $% 193 \?inﬁthEa‘F %‘faé'slcfn SdchVas vi nyl
formate, vinyl acetate, vinyl_propjionate, vinyl valerate, vyin prinate,
vyt | ageaatesy iy Ehe; aspaibe PRRPL R Yo TN sl o ectBufaner o
such as ethylene -_ vinyl ace e I o] [ etate is
prefer abl%& i)ﬁ'r?%t%atantdnejyﬁ nlvsgn%‘?%rh Iﬁ%ﬁgb%’g%%?r%%f%rg%?i l(::l)éé/i ﬁxéﬁgfgné%st rially
advant ag k4 oBESA HES; o&Ire Rt dgRol Sp t p Vi nyl
ester i n%%%i%grﬁ%%ﬁﬁogn émay, r;;/é'[tfh?ﬁ a ragge atggwir?{({ﬁ’rnot% igr}ﬁ} b?%ﬁét he

effects QlordintraRMeRt benpvRepéL | Yo O A MG il taQRO-¥EBEH &AL ON Wi th
anot her nononer. Exanples of such a nononer include unsaturated carboxylic

aci ds, suyhws dnmichbacrnygit® ael florerotonic acid, itaconic acid, nalefic
anhydride , etc . ( nono- and dialkyl esters , nitriles , such as

(met h) acryl onilisil feomethe, aboveestasdisdims, (Metiy grefeaabde, iat ¢he, ol efin
sulfonic acids and their salts, such as ethylene sulfonic acid, (neth)aryl
sul f oni c Zwiveemegittdoned ksdcondpnty eshposifpohybayaldesdctdon #®dhertde al ky
ethers, saturated carboxylic acids, aryl esters, vinyl ketone,
Nret hyl pydegsidedofiesapdmif | cehior tdaEiged Fonheidfeme e opT dwreuasdt ur at ed
vinyl nmononers that contain an oxyal kyl ene group, 16 0 6 SEP 2002
vi nyl al khesFPapenteraion of PVApolymer in the saponification reaction
solution to be 10wt® or more, and it is even more preferable
for the equilibrium degree of saponification attained to be
88 to 98 mole % and the concentration of PVA polymer in the
saponification reaction solution to be 15wt% or more.
The abovementioned saponification reaction is preferably
comprised of a first stage saponification process, comprised
in turn of a primary saponification reaction, in which a
saponification reaction is carried out by mixing the polyvinyl
ester in the alcohol-containing organic solvent under the
presence of a saponification catalyst, and a subsequent

secondary saponification reaction, in which a saponification

reaction is carried out while distilling off the carboxylic

10



The organic solvent used in this invention nmay be any organi c sol vent that
can di ssolve the polyvinyl ester and can al so dissol ve the PVA pol ynerj§ BER i:.
is produced after saponification. Exanplesinclude non-protonic

pol ar sol vents, non-protoni c nonpol arsol vents, and | ower di am ne and
triam ne conpounds. Non-protonic polar solvents are polar solvents that do
not have a protonic hydrogen, and exanples include DVBO dinethyl formam de,
di met hyl acet am de, N-nethyl pyrrolidone, tetrahydrofuran,

di met hyl t et r ahydr of uran, di oxane, acetone, nethyl ethyl ketone,
acetonitrile, toluene, chlorobenzene, etc. Non-protonic nonpolar solvents
are nonpol ar solvents that do not have a protonic hydrogen, and exanpl es

i ncl ude benzene t ol yene, h : Exa | es of | ower di am ne and trianine
compound§SHRE! UtRAGt At chEBRURP r%itﬁy@%a?m% SEcong, stade

or gani csol v ion _becones Jpore uglforn1and

transparéﬁpogﬁFéFagFgFlIé%?ﬁf§ﬁ1= Fﬁgpﬁéﬁe ol YenttUE8mpRheft sPAHPEFYt he
cpnpletlggpgkl§geggéghc %E?Qio ylﬁl nefh%%%mnl ﬁ%f&%ﬁ %?%X%lopwso

di met hyl ace nlde rrolridon yl'enedi am ne,

and, di et byl engrrigg Ny %yrﬂlel  ecfEopbErepbyenianidt hat eg only can

a PVA polyner alned I'n a uni form sys t he inning tom 0 6

SEP Zogacbﬂ%leE@n?ﬁ&nih?ookgahﬁétsBﬁ@éﬁtOBﬁﬁéi'Qﬂé E?Eséhééobﬂtbon of the
PV is especially preferable in that obtained wll be extrenely high

t enper at yh®ond¥aedsisal Utdih1N€CohohnaS RECesSSREYqhdht SOLs\é@Bhﬁang not
require A polyner. The use of DVBO t he PVA polyner that is in stability in

a | o he sp@loyifayhteshereaapoohnf i Latwioich eaddponi farG tdlonokebstand gl ycol s,
such as net hanol, ethanol, propanol, ethylene glycol, propylene glycol |,

gl ycerinis daethydenet ghydel diseitling oftfy the csebozmglidesdtleaolibbhtupon

m xi ng wi th an abovenenti oned organi c solvent. Water, acetic acid, nethyl
acet at e, ist profugedl sdltire deigved Af t9rRITEL forqpinian 98| VeatP\Worrdimielig such an
al cohol . The use of methanol as the alcohol is preferable in that nethanol

i s readi [GRNoBDENNSE, MRdex G¥RSI PAIhRES a | ow boi | i ng point, and is easy to
handl e. The saponlflcatlon cat al yst nust be soluble in the or%anic

sol vent, and T&xEhpIRKIMaTH S4RORE &PPtﬁBPa‘Fe?ﬁ/‘Eﬂ'Qﬂii&eEheﬂlt&ﬁﬁ ees)

aIKOX|des k car bon car tes

Ear] o5 S@P%%Gat&seaprﬁwgif 3. P BR66eTob0m AnnaPoRraE=ep8rassi um
nydr oxi de,, ity iswm, vlr o g f181 kalde il ghkoxpges

i ncl ude sSodi un1WEEEOX|de un1e§ﬁgggi Ies of a

car bonat %dd&%t%%l%%db‘f”wﬁr Beﬁlﬁﬂuér fﬁ'ﬂﬁé‘rﬂﬁﬁ{r&%%a@olon reaction
solution to be 10wt% or more, and it is even more preferable
for the degree of saponification attained to be 80 to 93 mole %
and the concentration of PVA polymer in the saponification
reaction solution to be 15wt% or more. Also in the secondary
saponification reaction in the first stage saponification
process, it is preferable for the degree of saponification
attained to be 85 mole & or more and the concentration of PVA

polymer in the saponification reaction solution to be 10wt%

or more, and it is even more preferable for the degree of

11



IS 0 6 SEP 200Z etc . , and exanples of alkali netal bicarbonates

i ncl ude sodi um bi carbonate, potassium bicarbonate, etc. In the case pigeyEe 2001
DMSO i s used as the organic solvent , the use of sodium nmethoxide is
preferable fromthe point of solubility. Since the effect of adding the
saponification catalyst wll be small if the anount of catal yst added is
too |l ow while the PVA polyner will becone colored if the anount added is
too high, the saponification catalyst is added at a nolar ratio of 0.0005
to 0.05 with respect to the total vinyl ester units in the polyvinyl ester.
This ratio is preferably set to 0.001 to 0.005 if the abovenentioned sodi um
net hoxide is to be used. |If coloration of the PVA polyner or |owering of

t he degree of ,pql yneri zati.on occurs quri the poni.ficatiaon. reaction,
adequate%@B%%éﬁéFFBH APk égrg’cﬁngg 4 ggdé‘&]ﬁii i A hg&AE, such as
hydr oqui none, shoul.d_be d. The greatest feature of .this i ion is
Chat o he SBFFRERAL L0, B PLR Rolifen Gh H s rancRtieh, tepgLEPh

i'ni-ng-organr ¢ sol vent

under th%.oﬁ(ﬁi%ﬁc% Bet Q&H??ggg: ’fsn{)?%tl on catal yst and the saponification

0
reaction s carfied oGt ( [ing off the acetic acid ester that is
produced. Theyghy, ggima&ggs% ﬂﬁfﬁa@:ﬂ&??%ctioﬂg}n Eﬁétééé‘érﬁcﬂgitagéhls

i nvention, the no r at al cohol 1s preferably set to 0.5 to 5.5 from

the 19 QBnIERRAPI4nshapedrakNt 1@f iBr prerkirAB1EheceOkaEatiegReel obhe PVA
pol ymer that is obtained and recovering the alcohol in a thermally

advant ageipepniFARei ANt tfifMddet st Badpa MioXd Br erenidry &he ghkling of
the PVA polynmer and recovering the alcohol in a thermally advantageous

manner, tduad@taatiahn efoPval pohphet siprigfeersdyon iddicatd oh Gebetlofl. The
degree of saponification attained can be cal cul ated by anal yzing the

resi dual szdndicbopl ito hei Howt dupr morsl kahidnigtr s saodn a0 prederpddexi de,
etc. The tine required to reach equilibriumis relatively short , and is
usual | y viathtine seewernfhaapenifheaimn gditpdpedse? bei Ghtemaisneel ¢ifon
saponi fication may be used as it is, as_a spinning stock solution, and the
PVA pol yrRerd GdIF BINSET Tarid ORadE PP DOITE Thy i WIS SAPORIE LS e

nmet hod, or other known, spinning od. Al so, cording to the desired
appl i cat iTREHHRR BY uﬁﬂ)PBr’rjé‘? %Qg%%ge‘i%f e t%ﬁ&ﬁgﬁnatgrlﬁ S FEd upon

bei ng made p%)'}g%&iacsa{ctgég g? O%ihnih%m@ﬂeh%é%o%ﬂ fg ragteh's;s ro%q"fgtéacfﬂo?lf a PVA

pol yner B i O T €4Ct 1 on -Usi*ng “a kneader type m xer
and a to d FGAGLON - LA f’\/f];lf}{ee d%%lr VA saa%q}rﬁthﬁ.da%i%%poni fied
by _rretha\rlﬁﬁ_ros%gﬁe’l J_be ex;ﬁal ner?hln étg)tai Wit ég. 1. To the m xer 3,
equi pped Wddy fe Bl HEr 9@ mAPISHE mELERr S HeCESRBEAELLYIOh OIPYMI NI
acetate, nethanol, and DVSO,
polymer in the saponification reaction solution to be 10wt3
or more, and it is even more preferable for the degree of
saponification attained to be 99.6 to 99.9 mole % and the
concentration of PVA polymer in the saponification reaction
solution to be 15wt% or more.
In the abovementioned first stage and second stage
saponification ©processes, it is important <for the

saponification reactor, in which the primary saponification

reaction is carried out, to mix the saponification reaction

12



20 06 SEP 2002 is supplied frompaste feeding line 1 and, at the sane
ti me, sodi um net hoxi de, which is the saponification catalyst, is suppi&8P 200
fromcatalyst feeding line 4 to carry out the primary saponification
reaction. The prinmarysaponification reaction is carried out under a
pressure of atnospheric pressure to approxi mtely 5kg/cnRG and a
tenperature of approximately 60 to 110QC. The conposition of the paste is
normal ly set so that nmethanol/PVA = 0.5 to 5.5 (nole ratio) and DMVSO /
pol yvi nyl acetate = 7 to 18.5 (weight ratio). The m xed |iquid obtained by
the primary saponification reaction is fed to the tower top of a packed
tower 5, filled wth stainless-steel Raschig rings, etc., the secondary
saponification reaction is carried out using the heat suppli from
" ebor | erSSaCK RESEAT (iR + hETRELR aeoPalEving: SEBPHGRYS and a
portion of the unreacted pethanol .is_distilled of.f..fromthe top. The
i Xt ur o SHORBEhy IBrEE o BPRTG R e HinaRa; it ShkoD iashaph fa el ¢ °Fs
cool ed by_a . e re ' et.ate / hanol
}./ﬁlian%?lg_g%nl_sfrﬁe Q?laclﬂ%urt FOVE! C%‘f’(f}nﬂ’éﬁ‘fyﬁ?lﬂa C;l tg Iasfr%%]e 250t for

recovery 8 Ts the entrance’ for cool ant "an

the cool apt, .isngbpeéﬁg%}ﬂfsg fhd BbmBREL Y 1HY +4DE 1SEGPOER o1y

saponi ficatron 1s pr epressuri zed to approximately 20 Torr and

oper at edygtga tzera@;%qte%emﬁiﬁgw% PRIty 6Petord QG ¢dPiks ther vacuum

line. 13 is the entrance for e Zi 0 6 S EP 2002 heating nedi um of

reboi | eridorandaddlisintihe mxesnd ot idhHens iMGweHatPaskee tIRBSEGION
sol ution obtained by the secondary saponification reaction is taken out via

saponi f i gaf iow gyeadn daviekyt tihat riec,owerfyolki e Wii2iedmdheefiluia tihet spi nni ng
process. Fig. 2 shows the flow for producing a PVA polynmer using a falling
fil mevapboasointortichdesdcendaly seapurifomelty dispeaseidonithds theh t he
case illustrated in Fig . 1 ( the primary saponification reaction is

carri ed éevira imeeddxteln s teve fAbwiagehni ondtd thdisnappdsiponi f tR@t i on
reaction solution is supplied to the top part of a preheated falling film
evapor at 821285t o€ arPRY D2t h@ZOREFdESy sEYGH f PEat FORCPREERTHA 13 is the
entrance for the heating nediumand 14 is the exit feg_: t he _heating medi um

Thi s r eatPIPBRTELPHET ot 10\/951:_ &t ’a?‘Bﬁ’@tt‘?fé? éi?ért?(}re&t y WRHERTFoMifng a thin
filmand ng‘g%s;f&%g%%ﬁg .bslac%%nbfl élo%q: eot%‘ﬁ[dgggtlhéflc rrleg{qlgqijttb quet he sane

e
manner as i ove, a portion o e acet hat "1'S produced

and a pogthaRgofit @ﬁe“ﬁé@.@&ée t%ﬁgn@ md@r e passed through a condenser and

recovered via nmethyl acetate met hanol recovery line 7. The PVA pol ynmer
sol ution is £ak@p1eylorVi&asePedithhéalddn16884d W& $PUERACHREO¥EEY | ine 16

and sent to the spinning process . As with the above-described case ( the
falling fmikingvagpeatreactdr Sinylelder ahine deptess udnd edaphsu®2other
mixers of high mixing efficiency and mixers equipped with
various types of stirring blades. Among such mixers, the use
of a kneader type mixer is preferable. The mixer made under
the trade name of S1 Mixer (Type SMJ40) by Sakura Plant Co.,
Ltd. can be given as an example.
A reactor that is substantially of the piston-flow type

is preferably used as the saponification reactor for carrying

out the saponification reaction while distilling off the

13



0 6 SEP 2002 operated at a tenperature of 60 to 110QC. Fig. 3 shows the
flow for producing a PVA polyner by a two-stage saponification reaction,
conprised of a first stage saponification process , which nmakes udkb 6EP &02
kneader type mi xer and a tower type reactor, and a second stage
saponification process, which is conprised of a kneader type m xer and a
heat - exchangi ng type reactor. In the first stage saponification process , a
tray tower 17 is used as the tower type reactor, and in the second stage
saponification process, a shell and tube evaporator 23 is used as the

heat - exchangi ng type reactor. Though the primary saponification reaction
and secondary saponification reaction of the first stage may be carried out

in the sane manner as _described with reference to Fjg . 1_or FLg . 2, in
the case?RAEPEERTERACHoLRRBPXYLiCo aFddpSideed By EP%Q&ﬁEﬁ%&ﬁe pe

ifi ' [ h | i s .pref 0l ip.f h
2l Conol  GAPGEOF BTG | FACS Rt O gt 0 €061 P0a%: SUBF EACBPSti 1 ou
th t hyl t h_ as. i,bl d i th
Sapont {1 LREPoRPPLEREFOL THE VU ot O aRt TESAER POF SPLoreY( RE%: over
Dot t 0 0k 1 8nBAE LAY ked il BEnURY1R J pBIY1Bfs AL 1d0engr ! Ml Y
ctiormor t

saponi fication rea e 'second stage 1S carried out under a pressure
of atnospheric pressure to 5kg/cnlG and a tenperature of approximately 60
to 110QC. The items with 23 0 6 SEP 2002 synbols 20 to 22 are

substanti al | ynbgnSeBe asyd1& dalc@@r-s\M FBas¥8b8! £n AHikH! adpsaEhbedyabove.
The secondary saponification reaction of the second stage is carried out

under a prem$iifgOofardRaRhebhiepteaasiti &drded) &ocl aa ve tgavesr asure of
approximately 60 to 110C. As has been nentioned above) for the secondary

saponi f i exampi eseat tsumh af rédret aecantowéngype neacter isopaebfedabémper at ure
drops due to sudden flashing by depressurization, it is preferable to
enpl oy auslkd |iranthisibénweapdeat or EXampwksclofsuppiérstybe reactPsf sol ution
obtained by the primary saponification reaction in an up-flow ng nmanner. 24
i s the edncawde mchq% ey PREfUAted Rt et @We¥s f oRPEhBLRESt i ng

medi um and 30 is the vacuum|line. The secqondary saponification reaction
sol ut i on Ho¥ersc oFBFR PS PEPOLE5RARY YO E&ON fIitcéFiQﬁPere@ééﬁ BRagStGeiton

| i 31 and to . th i nni . The it i th nbol
26 10 26 % s PAREFAFPY oL F8 SSRes et SRS, W5 1 S0r & Boo &

Also with this invention, a heat-exchanging type reactor may
be used favorably, and examples of this type of reactor include
falling £ilm evaporators, such as plate-fin type evaporators,
wetted-wall towers, etc., thin film evaporators, and shell and
tube evaporators.

If the above-described two-stage saponification,
comprised of first and second stage saponification processes,
is to be employed, a wetted-wall tower or tray tower 1is
preferably used for the secondary saponification reaction of
the first stage, and a shell and tube evaporator or plate fin

type evaporator, etc. is preferably used in the secondary

14



descri bed above. In the spinning process, the secondary saponification
reaction solution is extruded froma nozzle into a coagulation bath,
conpri sed of methanol and DMSO for exanple, and made into fiber. Th&b@ﬁpgmﬂ
normal |y used spinning nethod, such as the wet, dry, and wet-dry nethods,
etc. , may be enployed as the spinning 24 0 6 SEP 2002 net hod, a wet
nmethod is preferred. Al cohols , such as nethanol, ethanol, butanol, etc.,
sol vents, such as acetone, benzene, toluene, dinethylfornman de,

di net hyl acet am de, DMSO, etc., and m xed sol vents of the above may be used
as the coagulant , and coagulation is carried out under a coagul ation
tenperature of -20 to OQC. The renoval of solvent fromthe spun fiber is
generally carried out by extraction by a chem cal and/or drying. The fiber
may be drRROTfiCAL1oR 26BESESNoYT FRFAMECOIS FERTCLAR Htikek %&H}‘YI ete

el imnation of the solvent or after the solveni has en_el i m nated.

b o ng 1SN0 S EABYP W PORGHET 0 L3 HyeP B B BoQ BBOBLIRag & at

| east at the f.inal .stage, and the total draw. ratio is. preferab et to 15
tes o SARBLIE Rt eR Fraftiohu not: Ehphros fiPt S SRltn HO 656"  he

movement ,qf, tst}%rngjtf?%!i@ﬁc ilrisb@egféé%‘ign{ or ﬁ(&%ﬁgl‘%éét% ingdequat e
i tal

and a hig raw rat1 o cannot be achieved, and since e Crys Frnity will

drop, thgd iqg&qqueé f&ﬂlg!ee%gapg.cﬁpebeaimw be %ﬂgdgg%_t enaRd an

hi gh-strength fiber wll t"to obtain. rawi ng tenperature is

pref er ablofrgegti ¢ GARRA O 8§S%hAboa1§h§wﬁagnttemer@d upe @ked45@ue0r nore,
er

the nol ecul'ar chains will slip by each ot and the drawratio will tend
to be | owrvvéneeltdie@deapoROsi EhONoNBYr&Eedl dfo thauséchdedthestisengt h.

Though the drawing nay be carried out w thout any problemin 25
preferably carried out under highly depressurized conditions,
and in order to avoid temperature drops due to sudden flashing,
it is preferable to use a shell and tube evaporator, with which
the reaction solution obtained by the primary saponification
reaction is supplied in an up-flowing manner.

A polyvinyl ester of a high degree of polymerization and
having a limiting viscosity of 1.4d1/g or more and preferably
3.2d1/g or more is preferable as the polyvinyl ester to be used
in this invention since a PVA fiber of high strength can then
be obtained. Though such a polyvinyl ester can be produced
by a known polymerization method, such as the bulk
polymerization method, solution polymerization method,
suspension polymerization method, etc., a solution
polymerization method is preferably employed from the

standpoint of industrial practice. In this invention,

limiting viscosity refers to the viscosity as measured by a

15



0 6 SEP 2002 an oil bath of 200C or nore, a process for renoving the oi

t hat has becone attached to the fiber will be necessary in this c ﬁﬁ
heat drawi ng nay be carried out in a single stage or in nmultiple 3f§éé @l
two or nore stages under an atnosphere of air or inert gas, and the use of
a non-contacting type hollow heater is preferable fromthe point of fiber
damage. The PVA polyner of this invention has a bl ock character val ue of
0.9to 1.1. Wth this invention, the block character refers to the val ue
def fined as ~7 - [ OHOAc ] / { 2 OH] [ OAc ] } f or the PVA indicated
by formula (I ) given bel ow and is an index of the randommes s of the PVA
polymer . Here , i's the nol e percentage of the hydroxyl groups of

t he vi nyl__al cohol QAc he nol e percentage of the acetyl groups of the
vi nyl acé%%ﬁ@sﬁﬁpé§kr degé Cﬁc ] is the nole percentage of the OH OAc

Peashring Pﬁ@%&?ﬁ%éﬁ@h&mgﬁ 0, R B b i BN SE GRS TAS has”
compar ST %“DS%SSM%EW%D o@%Wf%%b%?rf?gﬁ.eé‘hr%@haﬁmess and
Xt oo £t WA Ahalagtel SLAPP: plofidnbe VL3AOY \adlaAR adueous

solution™o this 0 mpari son to that

of PVA sgp 1%% {@t beﬂgh 1t r@ﬂﬂflefcegewtgeqar@ oanaam@;uflcatlon
26 06 S 02 ? e PVA of this invention’'is lowin thé amount of

f oam ng @Hﬂ.—u&ﬁe&% |¢6}%M’rﬁé&:§ OagutR &eNRAHE@he O- PYAng1Sap@tiateed using
nmet hanol . ( 3 The PVA of this inventionis lowin crystallinity (nelting

poi.nt) artda;imglmexn water, polybihyl Yace G HsCoREFe CHB Cel GHAGHAH tBd OAc OAC

(PVA unit (1)) This invention shall now be described nore specifically
invention can be put to practice in an industrially
advantageous manner.

Besides the abovementioned polymers, the polyvinyl ester

in this invention may, within a range that will not inhibit
the effects of this invention, be a copolymer obtained by
copolymerization with another monomer. Examples of such a
monomer include unsaturated carboxylic acids, such as
(meth)acrylic acid, crotonic acid, itaconic acid, maleic
anhydride, etc., mono- and dialkyl esters, nitriles, such as
(meth)acrylonitrile, etc., amides, such as (meth)acrylamide,
etc., olefin sulfonic acids and their salts, such as ethylene
sulfonic acid, (meth)aryl sulfonic acid, etc., alkyl vinyl
ethers, polyoxyalkyl aryl ethers, alkyl ethers, saturated
carboxylic acids, aryl esters, vinyl ketone, N-

methylpyrrolidone, vinylidene chloride, vinylidene fluoride,

unsaturated vinyl monomers that contain an oxyalkylene group,

16



by way of exanples. However, this invention is by no neans limted by these
exanpl es. Exanpl es Exanple 1 Polyvinyl acetate with a limting viscositg %3
1.4d1/ g was dissolved in DMSO and net hanol to prepare a paste wi t h b SEP 20
DVSQ pol yvi nyl acetate ratio of 70/30 (weight ratio) and a nethanol nole
rati o of 3. Sodi um net hoxi de was added at a nole ratio of 0.002 with
respect to the vinyl acetate units, and the m xture was | oaded into a
kneader type mixer ( S1 M xer Type SMI40, nade by Sakura Plant Co., Ltd.)
under a pressure of 4.kg/cnR2G and a tenperature of 100QC to carry out the
primary saponification reaction. Upon analyzing the residual acetate groups
in the reaction solution by alkalinetry, the degree of saponification was
det erm ng

d_t 27 0 6 SEP 2002 The reaction solution obtained
by the pyﬁﬂ§$§9§3%§ﬁ¥¥%§%ti%%cieaction was then supplied to the tower top

of a packed fguep bt gdophtBaRARCHLO 11 N8 ANGIR SECUUMANe any

saponi fication rea N was carried out under a pressure

react | Onokggngg?ﬁ]@e&é t%%Q%wryéeit%&ixﬁé Itk ﬁglﬁingyb%g@mhaaesﬁ ate that

was produc e unreacted anol. The finhal degree of saponification

attai nedaWas 991 89b0yd0 andk t ByravesagRedeoriest ofi obybaLL2at i aptef the PVA
t hat was, obtained was 1720 . The reaction solution obtained by the

saponi f i gaEbﬁmfﬁ@aeg_bﬂn ViEantp 1568 UhE DA @inoh - rBYAng ety ebieenes, 19 .
5wt % and this solution could be used as it is as a spinning stock sol ution

in a spi AbhRPrproaesdmpqiraxdscevénbel andneowdwakamhaeanid@trvamniseof the
PVA was 0.99. Exanple 2 The PVA pol yner sol ution obtained by the primary
saponi f i camponndeact Non-pfotémid i peslarxsoprentwmsaseppblad solvastsop of a
plate fin type evaporator (Hi biscus, made by Mt sui Shipbuilding Co., Ltd.)
and the $basriangtd@myen birejrnsas hrades ané exampiles naludrlBMSQA. pressure
of 50 Torr, a tenperature of 98QC, while distilling the nethyl acetate

pr oduced ddRgthydformandfed AaMRA ﬁﬂaGGFaB#dFheNS?§gBHﬂPTﬁ§°¥Fﬁapedegree of

saponi {1 cation attatned vas.of: o fRLetband (s, 2487345 ogbetott,
methyl ethyl ketone, acetonitrile, toluene, chlorobenzene,
etc. Non-protonic nonpolar solvents are nonpolar solvents that
do not have a protonic hydrogen, and examples include benzene,
toluene, etc.

Examples of lower diamine and triamine compounds include
ethylenediamine, diethylenediamine, etc. An organic solvent,
with which the solution becomes more uniform and transparent
after distilling off the non-solvent components after the
completion of saponification, may also be used. Among the
above, DMSO, dimethylformamide, dimethylacetamide, N-
methylpyrrolidone, ethylenediamine, and diethylenetriamine
are preferable organic solvents in that not only can a PVA

polymer be obtained in a uniform system from the beginning to
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0 6 SEP 2002 obtained was 1720. The reaction sol ution obtained by the
saponi fication reaction was a solution with a PVA concentrati on of 0®SEP 2002
5wt % and this solution could be used as it is as a spinning stock solution
in a spinning process to produce fiber. The bl ock character value of the
PVA was 0.99. Exanple 3 i Deem ng the saponification reaction solution
obtained in Exanple 1 to be the first stage saponification reaction
solution, this reaction solution was used as the second stage
saponification stock solution to carry out the saponification reaction in
two stages. For the primary saponification reaction of the second stage,
the sanme kneader type m xer as that used for the first exanple was used and

th ificatj tion, ied out d f.4, 0kg/cn2G
and o { oRBEr A cORE 9968 halhehr BT SaphITTEaRPor o 1 AP REH Gas 09, 2

d s tefrmr A5 “rhe "B _ _ s 99
an up- {1 BRERGCHARACIOT DL PR hEae RaFEEEVACBeRa et L et AEnBY ;2
th d i ' tJ t i ed t
under GG b e 8RR e ERe BAND ARG IETLE 0 The

final de%%giggdsagpﬂ f hgatd A3l Nefgiasn99% ¢ hiPi & %an EN€16acCti On

sol ution obtained by the saponification reaction was I wei ght % content of
net hanol (3pgledaPMRe28queBul SEPue1sR. concentration of 20 weight % ( and

this solution could be used as it is as a spinning stock solution in a
Spi nni ng proaesshbe progucedddegsaryThefbiocktiedar getigrvivgilue ektehe PVA was
e saponification reaction, and alcohols and glycols, such as
methanol, ethanol, propanol, ethylene glycol, propylene
glycol, glycerin, diethylene glycol, etc., may be used as the
alcohol upon mixing with an abovementioned organic solvent.
Water, acetic acid, methyl acetate, etc. may also be mixed with
the organic solvent containing such an alcohol. The use of
methanol as the alcohol is preferable in that methanol is
readily obtained, inexpensive, has a low boiling point, and
is easy to handle.

The saponification catalyst must be soluble in the organic
solvent, and examples include alkali metal hydroxides, alkali
metal alkoxides, alkali metal carbonates, alkali metal
bicarbonates, etc. Examples of alkali metal hydroxides
include, sodium hydroxide, potassium hydroxide, lithium
hydroxide, and examples of alkali metal alkoxides include

sodium methoxide, sodium ethylate, etc. Examples of alkalil

metal carbonates include sodium carbonate, calcium carbonate,

18



Conparative Exanple 1 A stirring tank, equipped with a stirrer, wagggspdiRs
the saponification reactor, and a saponification reaction was carried out
usi ng the sane paste as that used in Exanple 1. The nole ratio of nethanol
used was 9.0, degree of saponification of PVA obtained is 98.5 nole % and
t hough the degree of polynerization of PVA was 1720, the amount of DMSO
used for prevention of gelling becanme high and the concentration of PVA in
the reaction solution obtained was 5.5w % The bl ock character val ue of the
PVA was 0.46. Exanple 4 The PVA obtained in the first exanple was used as a
spi nning stock solution, and this spinning stock solution was di scharged

t hrough a 400-hol e nozzle into a coagul ati on bath of SgC, conprised of 70

Si{fhid‘. I“ﬁ%’é‘- RS REERPhER S AP AR CARHoP LBt SOTET RS TSRO e
j . Al 1 . Th
met hano bﬁ@gﬁggﬁﬁgégésgﬁﬁ%gbuﬁog ?55b5§Ffb Qggg tenperature e Cross

section O was obfal ned was Substantially circular and

hardly any DSRriS caBel angoyid? 15e88eq LROBRAradh &, SofBr2008,0r al no

this thread in t two stages of 1/5C an enperature by dry heat in

a_hol | owyhgat s, sGaflihngtheRghl RVA didesraitd Arshnghe fidweit sé£ength of
12 . 1cN ( centinewtons ) / dtex (decitex) and an el astic nodul us of

291cN dt @¥1%WRg19Ryai Nenad ené obatedf a¥E T alaon®f t16 LhpBEifichexohndi cates
that the mass of a fiber of 1000mlength is 1g. The single fiber strength

and el astta®angdt! wsl Wafee sRaIUL €dtheé atmtplti apCeatH1 ¥die adbest iegtdet hods for

Chem cal Fibers, Filanents, and Threads" of JIS L 1013. 31
low while the PVA polymer will become colored if the amount
added is too high, the saponification catalyst is added at a
molar ratio of 0.0005 to 0.05 with respect to the total vinyl
ester units in the polyvinyl ester. This ratio is preferably
set to 0.001 to 0.005 if the abovementioned sodium methoxide
is to be used. If coloration of the PVA polymer or lowering
of the degree of polymerization occurs during the
saponification reaction, adequate deoxygenation should be
performed and a deoxydizing agent, such as hydroquinone, should
be added.

The greatest feature of this invention is that the
polyvinyl ester is mixed in an alcohol-containing organic
solvent under the presence of the saponification catalyst and
the saponification reaction is carried out while distilling
off the acetic acid ester that is produced. Though the molar

ratio of alcohol is not restricted in this invention, the molar

ratio of alcohol is preferably set to 0.5 to 5.5 from the
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0 6 SEP 2002 WHAT IS CLAIMED I'S: 1. A nethod of produci ng pol yvinyl al cohol
pol ymer, conpri sing: saponi fication of a polyvinyl ester in an 06 SEP 2002
al cohol - cont ai ni ng organi ¢ sol vent under the presence of a saponification
catalyst, in which saponification is carried out with a nole ratio of

al cohol with respect to polyvinyl alcohol of 1.0 to 3.0 wherein

saponi fication conprises: a primary saponification reaction, in which
saponification is carried out by mxing the polyvinyl ester in an al cohol
cont ai ni ng organi ¢ sol vent under the presence of a saponification catalyst,
and subsequent secondary saponification reaction, in which saponification
is carried out while distilling off the carboxylic acid ester that is
produced. 2. The nmethod of Claim.1, wherein the degree of saponification

attalned5?@@Qﬁq}ﬁﬁ?%ﬁFFV§§§6ﬁEﬂﬂBéPPéﬁrP§é€Pﬁﬁ%tF%I?@‘H%lﬁmﬁrGPaﬁore and
the concentra |on of. the. polyvin al cohol pol i.n the poni_fi cation
reacti on Sl QPIEBANPE BPW 53810"%1189 3t he(héﬁr?é%"r?éd o Cﬁalt% MLy wher ei n
t he degre of sa onlflcatlon at.t

fi
e e A Rl AR L2 B B AR drieD < PO A REEOOIALYC FERER S G R 2
2002 pol y ﬂymga 509l BRIYIEN a1 N6 S IS U SA6LE@R S0l Y Ton 1

10 wt % or nore. ere said ‘saponification

react | Onﬁ@m{dﬁ?ﬁﬁi@aytﬁgﬁoﬁtsarggnﬁé‘f’orﬂﬂé% 1N REQBESH o RAIIREH Sd 0 turn

of a primary sap VAt egnoreact o " i wWhiceh a saponification reaction is

carried Qe MrdB1Y BBt HQ ROloyVoNYl. oester in the al cohol -containing organic
sol vent under the presence of a saponification catalyst and

The degree of saponification attained can be calculated
by analyzing the residual carboxylic acid group by alkalimetry
such as sodium hydroxide, etc. The time required to reach
equilibrium is relatively short, and is usually within a few
minutes. The PVA polymer solution obtained upon
saponification may be used as it is, as a spinning stock
solution, and the PVA polymer can be spun and made into fiber
by a wet method, dry-wet method, or other known spinning method.
Also, according to the desired application, the PVA polymer
may be extruded through a die and used upon being made into
a film.

Fig. 1 shows the flow for the production of a PVA polymer
by a one-stage saponification reaction using a kneader type
mixer and a tower type reactor. An example where polyvinyl
acetate is saponified by methanol shall be explained in detail
with Fig. 1. To themixer 3, equippedwith a stirrer 2, a paste,

comprised essentially of polyvinyl acetate, methanol, and DMSO,
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a subsequent secondary saponification reaction, in which a saponiﬁ%qﬁFhmm
reaction is carried out while distilling off the carboxylic ester tha
produced; and a subsequent second stage saponification process, conprised
in turn of a primary saponification reaction, in which a saponification
reaction is carried out by mxing the polyvinyl ester in the

al cohol - cont ai ni ng organi ¢ sol vent under the presence of a saponification
catal yst and a subsequent secondary saponification reaction, in which a
saponification reaction is carried out while distilling off the carboxylic
ester that is produced. 5. The nmethod Claim4, wherein in said primary
saponi fication reaction of the first stage, the degree of saponification
attained.,is 70 |l e % or nor d t.he cancentration_of the polyvinyl

21 cohol fo1 FHRP LRSS, ALCRETT | CaRI O Hake oRCol Gt | OHF iFemB0 CHiror mor e.
33 p 6 2 10 " f i l: 9, ein.i idiprimry
saponi fi cs%ag‘éir];n (r?%eécc qx-éﬁ%df t Ilg:%f ?‘rs stCEIh %t a@ggfoqﬁlh%c&gér%ée c%ft asﬂg%ghi ﬁ%cati on

attained J f%er&)ksfo%@gt 2000t G LONCANE AU, Bhe ke BRI

al cohol po In the saponification reaction soldtiron Is wto~-or nore.

7. The meshosh fs dedidirda 1 SWON 16 MOIBKSHNShBoS 2k dcRE L TR 253ARR i cati on
reaction of the second stage, the degree of saponification attained is 93

nol e o origdMyarrand it aEeantd Priedzudle (dFe dt@losphry: calpgelglireolymer in
t he saponification reaction solution is 10 wt% or nore. 8. The nethod of

d ai ms 4 dgprasgimate wheke/Bmf® 8l @ pemperytagpost famatdnmawrast ison of the
second stage, the degree of saponification attained is 99 nole o or nore
and t he donté&Aefat iBre cbmpheipdbypviiyhegpaotwispodymerly setthgo that
saponification reaction solution is 10 wto or nore. 9. The nethod of C ains
1 t hr ougieghagedy/ AV sai0d St §acbob (Mokekpebiel anddMEXer Polyvinyd net hod
of Caims 1 through 9, wherein saponification while distilling off said

car boxyl i¥CH@ e estlertq d8cdr (Wed bt TRA18 )t ower - t ype reactor selected from
the group consistin acked tower and tray tower. 11. The nethod of

Qa0 1"t hr Gt 34 criaPABESEERER PR aPY T HhHh Bamor S G 168 d

Car 00K e B e h® AL S 0 BElaSHEbo0gLD0 4R et
with stainless-steel Raschig rings, etc., the secondary
saponification reaction is carried out using the heat supplied
from reboiler 11, and a portion of the methyl acetate that is
produced and a portion of the unreacted methanol is distilled
off from the tower top. The mixture of methyl acetate and
methanol that have been distilled off is cooled by a condenser
6 and recovered via methyl acetate / methanol recovery line
7. B8 is the entrance for the coolant and 9 is the exit for
the coolant. The packed tower 5 for carrying out the secondary
saponification is preferably depressurized to approximately

20 Torr and operated at a temperature of approximately 60 to

1102C. 10 is the wvacuum line. 13 is the entrance for the
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0 6 SEP 2002 evaporator, a falling filmevaporator, and a shell and tube
evaporator. 12. The nethod of O aim4, wherein said secondary 0 6 SEP 2002
saponification reaction of the second stage is a shell and tube evaporator.
13. The method of Cains 1 through 12, wherein said polyvinyl ester is

pol yvi nyl acetate. 14. The nethod of Clainms 1 through 13, wherein said

al cohol - cont ai ni ng organi ¢ sol vent conprises at | east one type of sol vent
selected fromthe group consisting of dinethyl sulfoxide,

di et hyl f or mam de, di net hyl acet am de, N-nethyl pyrrolidone, ethyl enedi am ne,
and di ethylenetriam ne. 15. The nethod of Clains 1 through 13, wherein said
organi ¢ solvent conprises dinmethyl sulfoxide. 16. The method of Cains 1

through HapstHg R0 SR, ALEODOL: GOal Bnd QRAALE, SLYGN pearRRses

met hanol . of pro UC|ng yV|nyI al coho ner

conprisi Fl%éi':{&?n m"‘tﬁ-f’dedrec?% e e PEBHg%b{%m‘M&er@;} “tﬁé‘p%!cgh‘&éﬁ: on of the

pol yvi ny 0 a spinning process, spi nlng t he

sol uti on (of, Jx fm'a%i' lﬁmlm YEere 4 'o%tob&fa n%@ 'B&ﬁﬁ%%h%hcat i on.
18. A ponV|ny al co oI pol ymer produced by a net hod P Clainms 1 through
16. 35 r2RtSER do1kioN Pebyvepy!18h&0IPIamDIseTR ¥ tthelspinning
process.
Fig. 2 shows the flow for producing a PVA polymer using
a falling film evaporator for the secondary saponification
reaction. As with the case illustrated in Fig. 1, the primary
saponification reaction is carried out in the mixer and the
abovementioned primary saponification reaction solution is
supplied to the top part of a preheated falling £film evaporator
15 to carry out the secondary saponification reaction. 13 is
the entrance for the heating medium and 14 is the exit for the
heating medium. This reaction solution flows down along the
evaporator while forming a thin film and the secondary
saponification reaction is carried out. In the same manner
as described above, a portion of the methyl acetate that is
produced and a portion of the unreacted methanol are passed
through a condenser and recovered via methyl acetate / methanol
recovery line 7. The PVA polymer solution is taken out via
saponification reaction solution recovery line 16 and sent to

the spinning process. As with the above-described case, the

falling film evaporator 15 is preferably depressurized and
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value of 0.9 to 1.1. block character 36 0 6 SEP 2002
CATUA 9. AsU% As. AsSA@.. A . % A 9. ASAL. A9% AsS9. A" n9. As, L. A& . A" N% A9{ % As;
yL. A9r. A" L. AL(F_. A" % AuYr. As;
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saponification process, a tray tower 17 is used as the tower

type reactor, and in the second stage saponification process,

a shell and tube evaporator 23 is used as the heat-exchanging

type reactor. Though the primary saponification reaction and

secondary saponification reaction of the first stage may be

carried out in the same manner as described with reference to

Fig. 1l orFig. 2, in the case where a PVA polymer is to be produced

by a two-stage saponification reaction, methanol wvapor is

preferably blown in from the alcohol vapor feeding line 18 at

the lower part of the tower to distill out the methyl acetate

as much as possible and improve the degree of saponification

further. The lower part of the tower refers to the tower bottom

or a portion about 1/3 of the way up from the bottom. The

primary saponification reaction of the second stage is carried

out under a pressure of atmospheric pressure to 5kg/cm’G and

a temperature of approximately 60 to 1102C. The items with
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109& () -t~} ~SH=sMLO% 10

symbols 20 to 22 are substantially the same as the items with
symbols 2 to 4 described above.

The secondary saponification reaction of the second stage
is carried out under a pressure of atmospheric pressure to 20
Torr and a temperature of approximately 60 to 1102C. As has
been mentioned above, for the secondary saponification
reaction of the second stage, in order to avoid temperature
drops due to sudden flashing by depressurization, it is
preferable to employ a shell and tube evaporator 23, which
supplies the reaction solution obtained by the primary
saponification reaction in an up-flowing manner. 24 is the
entrance for the heating medium, 25 is the exit for the heating
medium, and 30 is the wvacuum 1line. The secondary
saponification reaction solution is recovered via secondary
saponification reaction solution recovery line 31 and sent to
the spinning process. The items with symbols 26 to 29 are
substantially the same as the items with symbols 6 to 9
described above. In the spinning process, the secondary
saponification reaction solution is extruded fromanozzle into
a coagulation bath, comprised of methanol and DMSO for example,
and made into fiber.

Though a normally used spinning method, such as the wet,

dry, and wet-dry methods, etc., may be employed as the spinning
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method, a wet method is preferred. Alcohols, such as methanol,
ethanol, butanol, etc., solvents, such as acetone, benzene,
toluene, dimethylformamide, dimethylacetamide, DMSO, etc.,
and m;xed solvents of the above may be used as the coagulant,
and coagulation is carried out under a coagulation temperature
of -20 to 09C. The removal of solvent from the spun fiber is
generally carried out by extraction by a chemical and/or drying.
The fiber may be drawn inside an aqueous or organic solvent
bath before complete elimination of the solvent or after the
solvent has been eliminated. Drawing is carried out by dry
heat at a temperature of 2002C or more at least at the final
stage, and the total draw ratio is preferably set to 15 times
or more. If the final drawing temperature is less than 200¢2C,
the movement of the molecular chains necessary for drawingwill
be inadequate and a high draw ratio cannot be achieved, and
since the crystallinity will drop, the fixing of the molecular
chains will be inadeguate and a high-strength fiber will be
difficult to obtain.

The drawing temperature is preferably set to 225 to 2359QC.
At a drawing temperature of 2452C or more, the molecular chains
will slip by each other and the draw ratio will tend to be low
and colored decomposition may occur to cause lowered strength.

Though the drawing may be carried out without any problem in

25



10; " 10%&' () - ! y$$$IWEREEJE: / 10 1051098 () - &3MLOYE () - +

109%& ()-): 10%& ()-' " 109%& ()-sy 10%& ()- &&H#&&&!" *+, +rP1/ :  109%& ()-! 0 SEP 1001
109& ()- & 1098& ()- !Dsy 109& ()-!;sy 109& ()-' 109& () -

10, +-+. +/ +<++. F/ [ ~\ = s- 109%& ()-y! HO' #10% ()-!D9 10%&' ()-9

109& ()-' 109 ()- 10 10 10/ 4060708090@011~ = !;sy 109% ()-sy

109& ()- F(SZ109%& ()- 10 10 10; 109 ()-!ls- 109%& ()-y133w5z5{5|5}55uj =

1 (310% [ & ()- 10

an oil bath of 2002C or more, a process for removing the oil
that has become attached to the fiber will be necessary in this
case. Dry heat drawing may be carried out in a single stage
or in multiple stages of two or more stages under an atmosphere
of air or inert gas, and the use of a non-contacting type hollow
heater is preferable from the point of fiber damage.

The PVA polymer of this invention has a block character
value of 0.9 to 1.1. With this invention, the block character
refers to the value defined as 77 = [OH-OAc]/{2[OH][OAc]} for
the PVA indicated by formula (I) given below and is an index
of the randomness of the PVA polymer. Here, [OH] is the mole
percentage of the hydroxyl groups of the vinyl alcohol, [OAc]
is the mole percentage of the acetyl groups of the vinyl acetate
units, and [OH-OAc] is the mole percentage of the OH-OAcC group
chains in PVA unit (I). The block character can be determined
by measuring the methylene carbons in the PVA polymer using
13C_NMR. As has been mentioned above, the PVA of this invention
has ahigh 7 value in comparison to prior art PVA's (7 = 0.5),
is high in randomness, and exhibits the following
characteristics.

(1) The viscosity of an aqueous solution of the PVA polymer
of this invention is low in comparison to that of PVA saponified

by methanol in the range of low degree of saponification.
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(2) The PVA of this invention is low in the amount of foaming
and is less likely to foam in comparison to PVA's saponified
using methanol. ‘

(3) The PVA of this invention is low in crystallinity
(melting point) and high in water solubility.

-CH,CH-CH,CH-CH,CH-CH,CH-
gH éH gAc gAc (PVA unit (1))
This invention shall now be described more specifically
by way of examples. However, this invention is by no means
limited by these examples.
Examples
Example 1

Polyvinyl acetate with a limiting viscosity of 1.44dl/g was
dissolved in DMSO and methanol to prepare a paste with a
DMSO/polyvinyl acetate ratio of 70/30 (weight ratio) and a
methanol mole ratio of 3. Sodium methoxide was added at a mole
ratio of 0.002 with respect to the vinyl acetate units, and
the mixture was loaded into a kneader type mixer (S1 Mixer Type
SMJ40, made by Sakura Plant Co., Ltd.) under a pressure of
4.0kg/cm’G and a temperature of 1002C to carry out the primary
saponification reaction. Upon analyzing the residual acetate
groups in the reaction solution by alkalimetry, the degree of

saponification was determined to be 93 mole %.
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The reaction solution obtained by the primary
saponification reaction was then supplied to the tower top of
a packed tower filled with Raschig rings and the secondary
saponification reaction was carried out under a pressure of
550 Torr and a reaction temperature of 1002C while distilling
off the methyl acetate that was produced and the unreacted
methanol. The final degree of saponlification attalned was 97
mole % and the average degree of polymerization of the PVA that
was obtained was 1720. The reaction solution obtained by the
saponification reaction was a solutionwith a PVA concentration
0f 19.5wt% and this solution could be used as it is as a spinning
stock solution in a spinning process to produce fiber. The
bloc;k character value of the PVA was 0.99.

Example 2

The PVA polymer solution obtained by the primary
saponification reaction of the first example was supplied to
the top of a plate £in type evaporator (Hibiscus, made by Mitsui
Shipbuilding Co., Ltd.) and the secondary saponification
reaction was carried out under a pressure of 50 Torr, a
temperature of 982C, while distilling the methyl acetate
produced and the unreacted methanol out of the system. The
final degree of saponification attained was 97.5 mole % and

the average degree of polymerization of the PVA that was
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obtained was 1720. The reaction solution obtained by the
saponification reaction was a solution with a PVA concentration
of 19.5wt% and this solution could be used as it is as a spinning
stock solution in a spinning process to produce fiber. The
block character value of the PVA was 0.99.
Example 3

Deeming the saponification reaction solution obtained in
Example 1 to be the filrst stage saponification reaction
solution, this reaction solution was used as the second stage
saponification stock solution to carry out the saponification
reaction in two stages. For the primary saponification
reaction of the second stage, the same kneader type mixer as
that used for the first example was used and the saponification
reaction was carried out under a pressure of 4.Okg/cm2G and
a temperature of 952C. The degree of saponification attained
was 99.2 mole &%. This primary saponiflication reaction
solution was then supplied in an up-flowing manner to the lower
part of a shell and tube evaporator and the secondary
saponification reaction of the second stage was carried out
under the conditions of a pressure of 50 Torr and a temperature
of 902C. The final degree of saponification attained was 99.9
mole ¥. The reaction solution obtained by the saponification

reaction was 1 weilght % content of methanol and a PVA
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concentration of 20 weight %, and this solution could be used
as 1t is as a spinning stock solution in a spinning process
to produce fiber. The block character value of the PVA was 0.99.
Comparative Example 1

A stirring tank, equipped with a stirrer, was used as the
saponification reactor, and a saponification reaction was
carried out using the same paste as that used in Example 1.
The mole ratio of methanol used was 9.0, degree of
saponification of PVA obtained is 98.5 mole %, and though the
degree of polymerization of PVA was 1720, the amount of DMSO
used for prevention of gelling became high and the
concentration of PVA in the reaction solution obtained was
5.5wt%. The block character value of the PVA was 0.48.
Example 4

The PVA obtained in the first example was used as a spinning
stock solution, and this spinning stock solution was discharged
through a 400-hole nozzle into a coagulation bath of 59C,
comprised of 70 parts in weight of methanol and 30 parts in
weight of DMSO, and thereby gelled. The DMSO was then
extracted completely using methanol and the methanol was
evaporated with hot air at a 1502C temperature. The cross
section of the thread that was obtained was substantially

circular and hardly any Dernier spots could be seen. Upon
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drawing this thread in the two stages of 1752C and 2309C
temperature by dry heat in a hollow heater, a high-strength
PVA fiber with a single fiber strength of 12.1cN (centinewtons)
/ dtex (decitex) and an elastic modulus of 291cN/dtex was
obtained at a total draw ratio of 16 times. 1 tex indicates
that the mass of a fiber of 1000m length is 1g. The single
fiber strength and elastic modulus were measured in compliance
to the "Testing Methods for Chemical Fibers, Filaments, and

Threads" of JIS L 1013.
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WHAT IS CLAIMED IS:

1. A method of producing polyvinyl alcohol polymer,
comprising:

saponification of a polyvinyl ester in an alcohol-containing
organic solvent under the presence of a saponification
catalyst, in which saponification is carried out with a mole
ratio of alcohol with respect to polyvinyl alcohol of 1.0 to
3.0 wherein saponification comprises:

a primary saponification reaction, in which saponification
is carried out by mixing the polyvinyl ester in an alcohol
containing organic solvent under the presence o0f a
saponification catalyst, and

subsequent secondary saponification reaction, in which
saponification 1is carried out while distilling off the
carboxylic acid ester that is produced.

2. The method of Claim 1, wherein the degree of saponification
attained in said primary saponification reaction is 70 mole
% or more and the concentration of the polyvinyl alcohol
polymer in the saponification reaction solution is 10 wt% or
more.

3. The method of Claim 1 or 2, wherein the degree of
saponification attained in said secondary saponification

reaction is 85 mole % or more and the concentration of the
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solution is 10 wt% or more.
4, The method of Claim 1, wherein said saponification
reaction comprises:
a first stage saponification process, comprised in turn of a
primary saponification reaction, in which a saponification
reaction is carried out by mixing the polyvinyl ester in the
alcohol-containing organic solvent under the presence of a
saponification catalyst and
a subsequent secondary saponification reaction, in which a
saponification reaction is carried out while distilling off
the carboxylic ester that is produced; and
a subsequent second stage saponification process, comprised
in turn of a primary saponification reaction, in which a
saponification reaction 1s <carried out by mixing the
polyvinyl ester in the alcohol-containing organic solvent
under the presence of a saponification catalyst and
a subsequent secondary saponification reaction, in which a
saponification reaction is carried out while distilling off
the carboxylic ester that is produced.
5. The method Claim 4, wherein in said primary
saponification reaction of the first stage, the degree of
saponification attained is 70 mole % or more and the

concentration of the polyvinyl alcohol polymer in the

saponification reaction solution is 10 wt% or more.
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6. The method of Claim 4 or 5, wherein in said primary
saponification reaction of the first stage, the degree of
saponification attained 1is 85 mole % or more and the
concentration of the polyvinyl alcohol polymer in the
saponification reaction solution is 10 wt% or more.

7. The method of Claims 4 through 6, wherein in said primary
saponification reaction of the second stage, the degree of
saponification attained is 93 mole % or more and the
concentration of the polyvinyl alcohol polymer in the
saponification reaction solution is 10 wt% or more.

8. The method of Claims 4 through 7, wherein in said primary
saponification reaction of the second stage, the degree of
saponification attained is 99 mole % or more and the
concentration of the polyvinyl alcohol polymer in the
saponification reaction solution is 10 wt% or more.

9. The method of Claims 1 through 8, wherein said reactor
is a kneader type mixer.

10. The method of Claims 1 through 9, wherein
saponification while distilling off said carboxylic acid
ester is carried out in a tower-type reactor selected from
the group consisting of: a packed tower and tray tower,

11. The method of Claims 1 through 9, wherein
saponification while distilling off said carboxylic acid
ester 1s carried out in a heat-exchanging type reactor

selected from the group consisting of: a plate-fin type
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evaporator, a falling film evaporator, and a shell and tube

evaporator.

12.

The method of Claim 4, wherein said secondary

saponification reaction of the second stage is a shell and tube

evaporator.

13.

The method of Claims 1 through 12, wherein said

polyvinyl ester is polyvinyl acetate.

14.

The method of Claims 1 through 13, wherein said

alcohol-containing organic solvent comprises at least one

type

of solvent selected from the group consisting of

dimethyl sulfoxide, dimethylformamide, dimethylacetamide,

N-methylpyrrolidone, ethylenediamine, and

diethylenetriamine.

15.

The method of Claims 1 through 13, wherein said organic

solvent comprises dimethyl sulfoxide.

ie6.

The method of Claims 1 through 15, wherein said

alcohol-containing organic solvent comprises methanol.

17.

A method of producing polyvinyl alcohol polymer fiber

comprising the method of Claims 1 through 16, wherein

saponification of the polyvinyl ester is directly linked to

a spinning process, and

spinning the solution of polyvinyl alcohol polymer that is

obtained by saponification.

18.

A polyvinyl alcochol polymer produced by a method of

Claims 1 through 16.
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