- 6 SEP 2005 1 METHOD FOR PRODUCI NG SAPONI FI ED ETHYLENE- VI NYL ACETATE
COPOLYMER The present invention relates to a nmethod for producing a
saponified 5 ethylene-vinyl acetate copolyner (hereinafter abbrevT%ﬁ%%zgé
"EVOH'). An EVOH is excellent in nelt nojdability, gas barrier properties,
oil resistance, antistatic property and nechanical strength, and are used
as various types of packages in the formof a film a sheet, a container or
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proceeds mainly with this transesterification, when water is present in the
reaction system, the alkali catalyst is consumed, and the reaction rate of the
saponification decreases. This is because while water accelerates the
20 direct saponification reaction between the EVAc and the alkali catalyst, it
also accelerates the reaction between an acetic acid ester formed as a by-
product in the above transesterification and the alkali catalyst. Thus,
conventionally, attempts to address this problem have focused exclusively
on the removal of water from the reaction system. However, the inventor
25  has now discovered that this results in visible imperfections in products
molded from the EVOH.
It is therefore desirable to further inhibit visual imperfections of an
EVOH molded product by improving to the EVOH saponification process.
The inventor has surprisingly found that the appearance of an
30  EVOH molded product can be improved by adding a trace amount of water,
which has conventionally been removed as a catalyst poison.
That is, the present invention provides a method for producing an
EVOH, which comprises saponifying an EVAc in an alcohol-based solvent
with an alkali catalyst, wherein an amount between 100 ppm and 15,000
35  ppm (by weight throughout, unless otherwise stated) of water with réspect
to the EVAc is supplied into the alcohol-based solvent. According to this

method, visual characteristics of an EVOH molded product can be improved
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Thus, saponification can be carried out efficiently while removing the by-
product that consumes the alkali catalyst.

20 In the above method, it is preferable that water is fed into the
saponification reaction column with the second solution. By feeding water
with the alkali catalyst and the alcohol-based solvent, the water content can
be controlled by simple operations.

In the above method, it is preferable that the EVAc is saponified

25  until its saponification degree is at least 90 mol %. When a higher
saponification degree is required, the water content may be adjusted. That
1s, in the above method, an amount between 100 ppm and 3000 ppm of
water may be included with respect to the EVAc, and the EVAc may be
saponified until its saponification degree is at least 98 mol %, more

30 preferably at least 99 mol %.

As described above, water accelerates consumption of an alkali
catalyst. Thus, while improving the appearances of an EVOH molded
product, its saponification degree can be controlled by adjusting the amount
of water added. That is, by adding between 1000 ppm and 15,000 ppm of

35  water with respect to the EVAc, and stopping the saponification of the EVAc
by consumption of the alkali catalyst as accelerated by the presence of the
water, an EVOH having a saponification degree of 90 mol % to 98 mol % can
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sodi um et hi0Gte 15600 plem| Witd respect to the EVAc.  Though depending on the

desired saponification degree, in general, the water content is preferably

from 300 to 10,000 ppm, particularly preferably from 500 to 8000 ppm.
As the alcohol-based solvent, alcohols having 1 to 4 carbon atoms

20 such as methanol, ethanol, n-butanol and t-butanol are suitable, and
methanol is particularly suitable. A mixed solvent of two or more alcohols
also may be used. As the alkali catalyst, sodium hydroxide, potassium
hydroxide, alkaline metal alcoholate (e.g. sodium methylate) or the like may
be used.

25 The EVAc to be saponified can be produced by copolymerizing
ethylene and vinyl acetate according to a conventional method. Although
there is no limitation to the polymerization method, solvent, etc., solution
polymerization using methanol as a solvent is suitable. As a
polymerization catalyst, a radical initiator, e.g., various types of azonitrile-

30 based initiators or organic peroxide-based initiators, may be used.
Furthermore, a third monomer (e.g. a-olefins such as propylene,
unsaturated acids such as acrylic acid, various kinds of nitriles, various
kinds of amides) copolymerizable with ethylene and vinyl acetate also may
be present in the EVAc. It is preferable that the third monomer is present

35 in an amount which does not inhibit the effect of the present invention.

It 1s preferable that the saponification is carried out using a

saponification reaction column. An example of saponification using the
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sol ution of ,the, fAG1hfion of the EVAc are preferred. The method in which water
is introduced into the column with the methanol solution of the EVAc is
favorable in that the time for mixing the methanol solution of the EVAc with

20 water can be chosen freely. On the other hand, this method causes extra
labor required for the mixing because of the relatively high viscosity of the
solution. To avoid this problem and allow accurate control of the water
content by simple operation, the method in which water is introduced with
the methanol solution of sodium hydroxide is particularly preferred.

-‘ 25  Although 1t differs depending on the ethylene content in the EVAc fed for
saponification or other conditions of production, it is preferable that the
water content in the methanol solution of sodium hydroxide is
approximately in the range of 0.1 to 10 wt %.

Sodium hydroxide may be fed into the column from a plurality of

30 positions (heights). For example, as shown in FIG. 1, sodium hydroxide
can be introduced into the column through a middle portion 4 of the column
in addition to the upper portion 3.

Although it depends on the ethylene content, EVOH is difficult to
dissolve in methanol under atmospheric pressure. To inhibit adhesion of

35  polymer scale and allow a continuous operation for a long time, it is
preferable that the pressure in the saponification reaction column is in the
range of 0.1 MPa to 1.0 MPa. Furthermore, for similar reasons and in
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EVAc. of the vapor may be the boiling point of methanol under the pressure in the
column. Itis preferable that, for example, the amount of the vapor of
methanol blown into the column is approximately from 1 to 10 weight parts

20 with respect to 1 weight part of the EVAc.

According to the above method using a saponification reaction
column, an EVOH having a high saponification degree can be obtained by a
continuous saponification in a single saponification reaction column. The
present invention also can be applied to the production of a partially

25 saponified product in which the saponification degree is limited to the
above-mentioned range. In the process of obtaining a partially saponified
product, it is preferable that the saponification degree is controlled with the
water content by the above-described method. This control has an
advantage in that the obtained EVOH has a narrower saponification

30 distribution compared with conventional methods.

Because a partially saponified product has an adhesive quality, it
can be used alone as an intermediate layer of a multi-layer structure. It
also can give an adhesive quality to a fully saponified product by co-
blending. In addition, a partially saponified product may be saponified

35  further to form a final saponified product. A partially saponified product
may be saponified in an alcohol-based solvent, or may be saponified in an
aqueous solution of an alkali catalyst.
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preferably 20 or less.

The thus obtained EVOH may be molded into various forms such as
20 films, sheets, containers, pipes, fibers and the like by melt molding. Melt
molding may be effected by extrusion molding, inflation, blow molding, melt
spinning, injection molding, etc. It is preferable that the melting
temperature is from 150°C to 270°C. A blend of at least two kinds of
EVOH different in polymerization degree, ethylene content, saponification
25  degree and the like may be melt molded. Furthermore, plasticizers,
stabilizers, surfactants, crosslinking agents, metal salts, fillers, reinforcing
agents such as various types of fibers, etc. may be added to the EVOH in
advance.
A thermoplastic resin other than EVOH may be mixed with the
30 EVOH. Examples of the thermoplastic resin include polyolefins
(polyethylene, polypropylene, poly-1-butene, poly-4-methyl-1-pentene,
ethylene-propylene copolymers, copolymers of ethylene and an a-olefin
having at least 4 carbon atoms, copolymers of a polyolefin and maleic
anhydride, ethylene-vinyl acetate copolymers, ethylene-acrylic acid ester
35  copolymers, modified polyolefins in which these polyolefins are grafted with
an unsaturated carboxylic acid or its derivative, etc.), various types of
nylons (nylon 6, nylon 66, nylon 6/nylon 66 copolymers, etc.), polyvinyl



Usual Iy, the EVOH obtai ned by saponification is extruded further io into a
coagul ation bath conprising water or a m xture of water and naiﬁggpkmsand
cut into pellets. These pellets are washed, deliquored, and treated wth a
boron conpound, a carboxylic acid conpound, a phosphoric acid conpound,
etc. as appropriate. By including these conmpounds, nechanical properties,
thermal stability, and the |ike of an EVOH nol ded 15 product can be

i nproved. The use of a solvent containing a trace anount _of water can

i nprove t hechlprida) pelaimdiesnesehlozidss polvestry, pebwsty mere, ywolyasyylomgale.of t he

pel l ets Ca“pdl?ui&?ﬁh@?pb@a%@tﬂ[ rﬂ&ﬁﬁed@bﬁf\ﬁfdzpb}’co%%l QEsineasd tHelleke.
preferably 20 or ] ess. The t&USEQ’ﬁﬁI ned be npl ded into various

EV Y.
forms such as 20" FIWREINShektS t%?ﬁ@@sﬁorﬂgg@,toﬁ]@é?@aéﬁ_ %he |ike by
mel t ol di nGearvplel by ek 2 @i ARYhOE WD Hew1t@da BYefXbp St RIved dflg asitRbsat i on,

bl ow nol di ng, nel. spinning, injectio ' , etc. It is.preferable that
t he mel 9 ngg‘teéﬁ‘rﬂéﬁ%@@g@v?s %%m%met g}“%ﬁ% ye}Pl‘%ifQ}’Fn%gl‘Eté’a%t two ki nds
of E_VfOH ditlbhﬁh@gé W'C}fh a@mfaittéﬂfﬂh?eﬁdleg@qmpee,t b}e{s@neflin@,nm%gél {oﬁl or the
saponi fi catj.on egr ee an i ke. ma nme e rthernore,
SPoorl ol oo A iR B0t bl Bne, iEralR P e s sum e im S B o) Tl 1 s,
fillers, retoekongingcoagap] solstvh astimay ootise tikpes of fibers, etc. may be

added to the EVOH.i vance. t her mppl astj.c_resj t her., t han EVOH may be
Tied w th the a8 BucERE, s bEFantRhlifant L be 2EPEEPRE IR bR

pol yol efoi nsdet@plowytdt teféramee tpdhedolpyienaonpoiytingtaxaenples.

pol y-4-net hyl -1 -pentene, ethyl ene-propyl ene copol yners, copol yners of

et hyl ene and an CC-olefin having at |east 4 carbon atons, copolyners of a
pol yol ef i n Bxaimpdé¢ di ¢ anhydri de, ethyl ene-vinyl acetate copol yners,

ethyl ene-acrylic APBLESLED tdwes AUNEBIHanfReL bE ABPA] ¥R SID Qtidhsin! O

t hese pol yol efins are gra tl n unsaturated carboxylic acid or its
derivati ve, (Pbates) wasaiseduas & paeenyication mastionsduns. nymestheeol soluion
e e STATANDGSIe cop b, % 8 0D et oo
oG e ey ot Sl B A 0P RO RS Gl S
Fur t her nor ewatée(sE¥ b aydroeideocsmdnt itiorg 15witNal @atéoeontent: 1.74 wt %)
were fed into this bubble-cap tower at 1300 kg/h and at 50 kg/h, respectively,
through an upper portion thereof. The water content with respect to the
20 EVAc was about 1500 ppm. Furthermore, methanol vapor at 115°C was
blown into the tower at 1100 kg/h through a lower portion thereof, and
methyl acetate formed as a by-product was distilled through a top portion of
the tower with some of the methanol. At this time, the temperature in the
tower was between 110°C and 115°C, the pressure in the tower was 5.5
25  kg/cm?® (about 0.54 MPa), and the residence time of the materials in the
tower was 30 minutes. Thus, a methanol solution of EVOH having a
saponification degree of 99.5 mol % was obtained through a bottom portion
of the tower.
Vapor of a water-methanol mixture was further blown into this
30  solution to distill the vapor of the water-methanol mixture, and an EVOH
solution (EVOH concentration: 35 wt %) of a methanol-water mixed solvent
(methanol/water = 65/35; weight ratio) was obtained. This solution was
discharged into a coagulation bath comprising a methanol-water mixed
solvent (methanol/water = 10/90; weight ratio) at 5°C through a die with
35 apertures of 2 mm in diameter, and coagulated in the form of strands. The
strands were cut by a cutter so as to obtain pellets with a length of 2.5 to 3.5
mm. These EVOH pellets were washed with 15 weight parts of water with



exanpl e, by coextruding the EVO-l with a thernoplastic resin such as those
exenplified above. Furthernore, the EVOH may be forned into a Iam éﬁ) m%h
a substrate filmsuch as paper, plastic film metal foil or the

may be coated on the surface of these substrate filns by coextru3| on
coating, solution coating or the |ike. I'® the fol | ow ng, the present
invention will be described in nore 10 detail with reference to the
following non-limting exanples. Exanple 1 A bubble-cap tower having a

di amet er Ofreg%%ét td 1%0@5;3%@ p2gE bF %peﬁ@ésﬁtgﬁ%{)déﬂ@fad&%ﬁd Bulkedaea ;yfﬂ?@t' on

reacti on CO|U A net hanol[ sol ution yene conten in the
EVAc: 32 nopeligtspyere Hsateth bk prRqueomiaodeilon odmeets agd endgediammet hanol

sol ution Ofdﬁ%r%!é%ﬁﬁm(ﬁ@ﬂaﬂ@ a@leaa@ﬂydngndvy%&%ex(éﬂduummmr ®VJE having
concentration: g{gaj ter cont fed into this

bubbl e- cap ? &&BPnHicatiyp R%Veﬁ §tm@o%k3@pdla m@/?stpi%lﬂi\f’éﬁyl g/¥hmgngkasan
upper pQSrtl&ﬂaﬁﬁ@deOTheWIOWihﬂiexC&rﬂ}ﬁQEW@I—PMa@%ﬁ@Qéuﬂeﬂ dderdigAc was

about 1500 m _Fur ha bl.own in t he
tower at 1108PKYFIF i’?ﬁf‘b%g’ﬁ?§t%a€¥gma@&w§ 1%@?%9‘{3 i@t ate
formed as a by-product was distilled through a top portlon of the tower
wth sonme OE thelg%thanol. At this time, the tenperature in the tower was
bet ween 11 C, the pressure in the tower was 5.5 25 kg/cnR (about
0.54 I\/Pa) and t hExcest dextcthet étiiylafe tdretematgprthal BVAQ usbé Wetsaahﬂngmisto?:O

m nut es, I H havin oni t| o0 degr ee
ot 9. 5ol SandlPobbathen e iR BhiR BB retpAno bR B Gl oy o
a wat er - met hpdwixide fed petonds ﬁqweuhférrobgbvan pper phrfsoﬂmhsrﬂqftwwm&ﬁ distill

the vapor o&ttohe%mttﬁg 1854 banobe @er%]ufﬁana%laaogvﬁ dRERUY A0

concentration wat er m xe (et Eanol /vaat er =
65/ 35; wei gh¢0 ka/hogamasﬁ@aﬁlgnm cammies] ewt in tmsame mam%ﬁ@rsg@dExwl%l

coagul at i ony batiihGRARY SInEn AWl 'Pé’sﬁc%'ct YL RE EWA@GlrasSéHo\{ﬁnﬁ U?}Bﬁhanoi‘lﬁé"’at er
= 10/ 90; wei ght. E}\Zbéﬁh C through a dige vvlth 3 eoit/u omﬁ nmin

di amet ef? a%taessg PA & PRPATHFRR PR Stergnef IPbmol t 3 &Wcut by a
cutter so agpdex obtgin pellets with a length of 2.5 to 3.5 mm These EVCH
pellets were washed with 15 weight parts of water with - 6 SEP 2005

Example 3

Except that the water content in the methanol solution of sodium
20  hydroxide fed into the tower through an upper portion thereof was 5.8 wt %,
saponification was carried out in the same manner as in Example 1. The
water content with respect to the EVAc was about 5000 ppm. The obtained
EVOH had a saponification degree of 96 mol % and a yellow index of 10.

25 0 ve Ex
Except that the water content in the methanol solution of sodium
hydroxide fed into the tower through an upper portion thereof was 0.04
wt %, saponification was carried out in the same manner as in Example 1.
The water content with respect to the EVAc was about 50 ppm. The
30 obtained EVOH had a saponification degree of 99.6 mol % and a yellow
index of 30, and also showed a yellowish hue when observed with the naked

eye.
Comparative Example 2
35 Except that the water content in the methanol solution of sodium

hydroxide fed into the tower through an upper portion thereof was 35 wt %,
saponification was carried out in the same manner as in Example 1. The



L

8 respect to 1 weight part of the pellets, and deliquored. Subsequently, the
pellets were treated with an aqueous solution of acetic acid and sodi um

di hydr ogenphosphate, deliquored, and further dried. Thus, EVOH having a
saponi fication degree of 99.5 nol % and aarrelt i ndex of 2.1 g/10 ni~h MAs2065
obtai ned. The yellow index of this EVOH was neasured according to Japanese
I ndustrial Standard (JIS) K 7103. The yell ow i ndex was 15. Exanple 2 Except
that the ethylene content in the EVAc used was changed to io 52 nol 9% and

that the wakgfeCc@tent with to&¥etHaROIE W WhaisQboRft 39000 Fp iy dH A rf ed
into the tawer thrgu%h an u}g‘ger partion thereof was 0.86 wt % aﬁ'd the feed
rate of thePSFRURENBE T85¢ Ot Mo SaROrEaRURNHFaFBRN dEAWBEIre MADY 169 W, the

saponi fi catdagbrifisatien hiaddbodss disdohtiguedne manner as in Exanple 1. The

wat er cont ent witg resgeﬁt to the EV% \A%%bout 1500 ‘pprp The 15 obtai ned
EVOH had a saponi$f 88F0hediagree asFouyng CoRLLRENLIEN R dRRfALagEeT 8.
Exarr]rplde 53 ?f@gptglwhblt mbﬁbed/\ptcﬁiucm@ahebi ithpréhel peuddingd agaledeta@mofedsodi um
20 hydroxide fed into.the tower thrau an_upper, port.ion thereo s,5.8 wt
% Saponi {TERERGAT NEALED b BpoRAh RECin ASRTbRdotREEREHRIESE > The
wat er cont etlte preshnt éspaction,dhehpropvAnesvad aghrodticE640 bppamp rolve dobithbned

EVOH had a sagpani ficati e 6..mol . % ande.a_yell ow j.-ndex of 10. 25
Corpar at i ve Eaaneeno i RRE TS CoreRuiRal AN Re PR BHeb AR5 o0 on
of sodium dysamxiifieafied prntesst hpdtitsvetilithvalg imnhe ppese potechancalferldof was
0.04 w, %issvaqur}%ighcati on was carried out in the same manner as in Exanple
|. The water conté&nt with respect to the EVAc was about 50 ppm The 30

obt ai ned EVOH had a saponification degree of 99.6 nol % and a yellow index
of 30, and al so showed a yel |l ow sh hue when observed with the naked eye.
Conparative Exanple 2 35 Except that the water content in the nethanol
solution of sodium hydroxide fed into the tower through an upper portion

thereof was 35 wt % saponification was carried out in the same nanner as
in Exanple 1. The




9 - 6 SEP 2005 water content with respect to the EVAc was about 30,000 ppm
However, because the rate of the saponification reaction was extrenely
slow, the saponification had to be discontinued. As described aboveg SEp 2005
according to the present invention, appearances 5 of an EVOH nol ded product
can be inproved by adding a predeterm ned anount of water in a

saponi fication process. According to the nethod of the present invention,
the properties of a product can be inproved w thout extensive nodification
in a conventional saponification reaction apparatus or saponification
process, and its utility value in the proesent technical field 10 is very
high. - 6 SEP 2005 10 Cains: 1. A nethod for producing a saponified

et hyl ene-vinyl acetate copol ynmer, which conprises saponifying an
ethylene-vtggl acetate copol yner having an ethylene content of not nore

t han 55 *"an al cohol -based solvent in the presence of an al kal

catal yst, wherein from 100 ppmto 15,000 ppm of water (based on the

et hyl ene- vinyl acetate copolyner) is added to the al cohol -based sol vent,
and the ethyl end mf'rthgd for preduming a:sqpohgfwéreth}é@eavisabmtam cendlpneegide of not
| ess than 98 nol % The net ﬁﬁd acco di Ia|n11 wher |Ewa first

sol uti on cOWHIisEs ﬁ@ooé‘hfym@tar‘l’ﬁ 8“‘?/"“’9’ a gag‘f SR %IBEFO}F%)W%E A ATy

al cohol - baggebrs 8k U6 thoRNHaR 5§ BMAGn 38! addhBNbak@ TR ﬁlghé‘Bre%Ex'fc%'dfaﬁat al yst
and an al cohol -based sol vent are introduced into a saponification reaction

colum thr dh@hcanlyﬂlppéqumofmnnm&pmne@ﬁ 08t dpa of ayeder (bhsealnon the ebhddnebased
solvent is .introduced into.the ification reaction ¢olu t hr ou a

| oner portY®B %Cﬁ@rt%ﬁcfpobfiner'}ﬂlﬁeaqﬁ%aﬁ%g‘ @i‘?hg?@dFBF"@Pﬁu H& 1€ %H)é]reﬁ? Tt er is
fed into the,sapaniheatdsaa gasxﬁﬁe&twuegpéemowsbtﬂakxe;ssrﬁswld sol ution. 4.

The met hod accor ng to any one of clainms Ito 3, wherein the al cohol - based
sol vent contai ns fron1100 ppmto 3,000 ppnlmater (based on the

et hyl ene- vj nyl cet op ccording.to any one of
claims | % Jﬁ giﬁ%ﬁb @“1E8£F8ﬂ9a “Fﬂ HODIRAIMERISIRG )] acet at e

copol yner étﬁylteﬁ@"nx%'@ aé@éte Lh&yrrer SR ar'Bicohol-based solvent and a second solution

comprising an alkali catalyst and an alcohol-based solvent are introduced into a
saponification reaction column through an upper portion thereof, and a vapor of an
alcohol-based solvent is introduced into the saponification reaction column through a

lower portion thereof.

3. The method according to claim 2, wheiein water is fed into the saponification

reaction column with the second solution.

4. The method according to any one of claims 1 to 3, wherein the alcohol-based
solvent contains from 100 ppm to 3,000 ppm water (based on the ethylene-vinyl

acetate copolymer).

5. The method according to any one of claims | to 4, wherein the ethylene

content in the ethylene-viny! acetate copolymer is from 20 mol % to 55 mol %.



