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WO 2004/ 046229 PCT/ GB2003/ 004960 1 POLYVI NYL ALCOHCL
COVPOSI TION AND FILM 5 This invention relates to

w@b@gviesed particul ate pol yvinyl al cohol (PUW(T/GB2003/004960

conpositions suitable for form ng extruded bl own
films which are biodegradabl eland, hence,
environnentally friendly alternatives to filns forned
from pol yet hyl ene and other synthetic resins. 10
Transparent polyethylene filns have | ong been known
and used as packaging material, for exanple as
carrier or refuse bags. Typlcally “these films have a
m ni mum t hi f,ak 10 0_Provi de
t he necessa Fth Jimcie i I
use. However, a mmjor dramback of these fllns i s that
they are generally not bi odegradable. 15 On the other

Ffamnvq@ézeé relptes faplagticissd aa@p@le@gqoémwleﬂq@a@k@gﬁ Ajgrompositions
r I S n
FRLBIA 8 PP haco A oRANEL LSy DROHE i dens
anhdidnineentallyrfierile dit@ameres tafinl Hrhesd ﬁ@nﬁfdlﬁdmj?lbn@ind other
i nt eegrl ty under an atnosphere of high relative
RHRCCIGSIBY under danp storage conditions, whereas
treatnments, such as 20 coatings to enhance paper's
resi stance to noi sture, add cost and/or reduce its
ﬂ‘tamdlmyemdmbiekh)ﬂgne Bims dlager h)dg been EMAvImmidarsed bspdoktging material,
f.rom in al cqhol, resjin.plasticised with . .
G R Rle 8 PP LA R 028 b PSR hos B dHve A gpigispirg thickness
{
PR AR aEnioln et BeRitthosy STOh WP for practical
iise. tHiaweveh egnajBi/drafibheksofitbese fflms nmlthauhsw ffeegenénatiymbtack
f cIa; or transparency, discolouration e.g.
ar?éf’y in extreme cases, browning, and, in
partl cul ar, hi gh manufacturing cost. A further

dlsadvantage of these films is that residual nethano
Onithg ethel hangr papenis knnwmtae a bwhgradablma@iagag m&enal However,

| | |
ERREeRertoas phpa el fensipte 6 mape Fpic B8 itafisgle. I
bdwtidr eh€oaba phper AbidIEl0dey WlengWor 280 t) 48 d&%n atmosphere of high
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relative humidity or under damp storage conditions, whereas treatments, such as

coatings to enhance paper’s resistance to moisture, add cost and/or reduce its

biodegradability.

Biodegradable PVA materials formed from polyvinyl alcohol resin plasticised with
glycerol and water are also known. However, attempts to manufacture extruded blown
PVA films have hitherto not been successful for practical purposes, in that these PVA
films were found to suffer from lack of clarity or transparency, discolouration e.g.
yellowing or, in extreme cases, browning, and, in particular, high manufacturing cost.

A further disadvantage of these films is that residual methanol originally present in the
PVA raw material is generally still present in the films, and this is undesirable for health

and safety reasons due to the toxic nature of methanol.



2 1t would therefore be desirable to provide an

i nproved bi odegradable PVA film that is wuseful in
w@e@ehiees as an environnental ly friendly packapRtTiGB2003/004960

material, for exanple as carrier or refuse bags, and

that el i m nates or reduces thé problens associ at ed
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ol PRrastonebe des SR O it o o gt ISR 8 i i
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packaging material, in terms of production cost
aerciener rehise bagse agd thawlomeattes exredies degprabilshisiassogiated with the
gy ng astl on 0f eS| dual nethanol, and aesthetic
ff elﬂg‘f’ﬁ esﬁ?:h as | ack of d| scol ourati on and
i mproved clarity. This has 10 been achi eved by

g%é)w ding a plasticised g‘értl cul ate PVA co#gtpo& tion i
brvganeefound that it hepgssididamrovadebiofesiadablralt V Adilms éhqﬁ |meet the

L SRR (L TBa At hin (LG ARRRGH o8,

resen prepari

ﬁieaﬁdmm Stedmgtfpp;ropemak dicieBMAatsitityp eﬁmtnannn oﬁmsfdlusn mghanol and
15 m xi ng at a.m xer speed.and for

aethetic |CBWP°tFﬂ%HCStSH‘é’ %ﬁ gk pfeliscalouzation azﬁ‘dtl@ﬁfi’é’ne@?lﬁfléy oFhis has
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withathe presenh invienton, Wai meﬁﬂ%ﬂqyodmmvmﬁltdse m xt ure,

wherein at 20 |least a portion of the plasticiser is
water; monitoring the apparent viscosity of the

Wcé&ﬂdfr@l}d 4 bitDaspbetion %eaﬂ}gseﬁpﬁbéﬁlwnnﬂleﬂﬂi@f B%pﬁﬂhg h plaScised

appar eft viscosity of the mxture has peaked
pamlcmiamP&hztﬂl compoppedcmﬁpnmmg a subst antially const ant

el , .t.her.eby to obtai.n i sed
it UEAIREV g oh ) & RS SEHABA L7 4IRS PSIAGL A By
h@m&fl%engﬂ@ht&%&hm@mmn xi ng, and renoving the
m xture omthe mxer, wherein the m xture

t enpe partignlatei BV & sgsin ineingumnotno Gom 80% ro 9%y verightreg the mixture;
m Xi n%% I n second aspect of the present invention, a
pl ast c}sed particul ate PVA conposition as produced

by t hplagfixasee inei higGuntSrdai 00%d63d0% by weight of the mixture, wherein at

least a portion of the plasticiser is water;

monitoring the apparent viscosity of the mixture during mixing and continuing
mixing until the apparent viscosity of the mixture has peaked to a maximum and
dropped off to a substantially constant level, thereby to obtain a plasticised particulate
mixture having a moisture content in the range from 7% to 14%; and

stopping mixing, and removing the mixture from the mixer,

wherein the mixture temperature is kept below 100°C at all times during mixing.

In second aspect of the present invention, a plasticised particulate PVA composition as

produced by the above method is provided.

The plasticised PV A particles thus obtained are suitable for blowing to a film that is
biodegradable whilst exhibiting excellent strength and transparency characteristics.

Therefore, in a third aspect of the present invention, a PVA film is provided formed
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30 The plasticised PVA particles thus obtained are
suitable for blowwng to a filmthat is biodegradable

wabisste2exhi bi ti ng excel l ent strength and tranBQEGBREPE/004960

characteristics. Therefore, in a third aspect of the
present invention, a PVA filnBis provided formed WO

2004/ 046229 . PCT/ /00496Q,. 3 f | ast] ci sed .
fobe a2 ey Shrbgol 0ot 5. 1 0m Tt
é‘g%&r gpi9, f’lﬂh i |rSvided Bstfaprisify £MRAS debilin &n BfBUhtIRSn 80% to 90%

f1sing PVA resin in an ambunt from 80%to 90%
by vm@hg md plasjlcpieam rcarg@mt lﬁnma}{)"/é m;w% byresightocharasterogd in
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evileitk&ly diirérpreas hhying dﬁ'ferﬁ)t chbnme\dhdwwelwéd ﬁmﬁg]polansmg
areas having different colours when viewed using

BehtapicEIseRpy)! i ght mi croscopy). 10 The PVA resin
preferably has a nmol % hydrolysis figure of 74 to 94,
and may be selected according to the end product

Tas PVackesihprefarablyl lthswahalr?s hgtrobyses figuwelof 74 teed4yend migy be

hydr o] f 8Q to 90 . f d, | t.f
Pleried daapaine i thor pRguct denids Fabh S0Pt ble Rigpthdh a mot
g;?&éél%ﬁk $ichleBH180 1850 bﬁﬂefbr%@ Owhl?st for 8RR Watec%%olu'bfe and

Prefera resin is chosen to
b@mbutﬂtabt@preduﬂpd ool &6 Iaynidolgﬂsrﬁgmteaiﬁ 198 to 100, rea abeut 99, is preferred.

D50ty Ry 4 BBoe A Pen R oE Y oT SOl B osiaple: Timay be
82380 BleRl PHYOF ni@ké %bl?wﬂ?l' alc%h'&l/ thﬁﬂ)dé&icﬁxs\t@ bb@intthe Q&rect

and a viscosity of s and product wth a nol

propydics)| fpséxampé aprasiiciogitiapencd %hx@ebﬂsyfahw of §8 jgpd agiscosity of
e PVAr e | prefera r

SarA e B mihaDaRt R T ek Srirenoiy e

HWps. nore preferably from82%to 86% by weight of the

composi tion.

The PVA resin is preferably present in the particulate PVA composition in an amount

from 80% to 90%, more preferably from 82% to 86%, by weight of the composition.

The PVA resin component may include up to 5% of water, by weight of the PVA resin

component.

The number average particle size of the PVA resin is suitably in the range from 0.5 mm
to 1.0 mm, distributed for example over a range with a minimum particle size of 0.1 mm

and maximum particle size 2 mm.

Suitable PVA resin materials, of various grades and degrees of hydrolysis, are known
and available from commercial suppliers, and include those sold under trade names

Gohsenol® (ex Nippon Gohsei), Poval® (ex Kuraray), and Celvol® (ex Celanese).
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The PVA resin conponent may include up to 5% of water,
by wei ght of the PVA resin conponent. 25 The nunber

warenage2particle size of the PVA resin i s suiPebGB2008/004960

the range from0.5 nm to 1.0 nm distributed for
exanpl e over a range with a n#ni mum particle size of

d 2 30 Syitable...
o R e i ot et e LA Bp SaBStion i Ty GaLStfise the
BYA @5 Pafticl@d! erHé gﬂ@gmsmn@ﬁaw ANt 56O BFaREabIS further

suppliers, and in e those sol d under trade names
ChBESE8 PRe Pr ynese dthenpiasticisivgsiompomedsal The)plgstigisiuip areagrpbly

@%ﬁ@%é’%’# aﬁqléxg%orcrilopafn SS‘? Cﬁg@fdr{%saquo?@%séeiters etlixeﬁs and

playTalrGndsaeing \Wehaieagh bf Bifo lﬂczﬁbdlebr lierplatsihs @keladinge-OH
PVA resin particles. The plasticiser conprises at

g@&m) méhedPngashehain sMeramEiprably. theeplasticasen is amixteisef gater and
O G Bbig ol Bt b AR GATRAUE I Sne HEoIDLTERy) il odl
poistetholeye blydoi }tavaigcxmfwleﬁlge amleubr v&&igh% b leanthab 200, trimethylol

al kyl am nes ha | n_|en 14 c bon or
PEOPanco NSRRSHEY! @é&?&?ﬂa tﬁ‘@ ggo@ﬁét) PrPf?r%%% th%ﬁl@ggeser consists
?@ht@r arM’élzcéi’Bl‘?f erably, the plasticiser is a mxture
d

wat er a one or nore of glycerol, ethylene
gl ycol, diethylene glycol, triethylene glyco

Pkt SIS Sl D907 BRI D L Aol W of
gJeX%%'Um@é}d th ra'p%f@ﬁ@&&ﬁ%diﬁlenmtplﬁlﬁfsgf &J@ﬂsi\éts df Ii]@ter in an amount

| asticiser consists 10 wat er and gl ycerol. Water
ironns&ﬁ% tet @55 Yrantlelydorof lm&m@ummim 37r6?/cet0ﬂr5% by wisight of the
]'g%to 60% by weight of the plasticiser. In a
B % Fed enbodi ment, the plasticiser consists of
water in an anount from 25%to 62.5% and gl ycerol in
an anount from 37.5%to 75% by wei ght of the 15
b1 the prefersesd case that the plastiiserrconsisty 96 watps angd glycerol, we prefer that the
[
Eh/@?r'é) ]h éﬁ‘eese?t 1@%? gﬁfoﬁgpﬁp?ﬁégg/ﬁ {o fiﬁ}d a&l&fé?a% Lpﬁfro \r/gg/ron %?ﬁ By weight

62%: c@ﬂhpéﬁﬁ@bb@fofer;ﬂmtﬁ%aﬁcm afd t}hythwaéms peekerit fi@ an amount from
nposi tion before plasticisatign, and that the water

‘gp t 1 8% Rreferablyfromsnto 1f0}’/g3 by weight of the composition. The weight
ratio of glycerol to water is preferably in the range from 0.8:1 to 2:1, more preferably in

the range from 1.3:1 to 1.7:1.

If the total amount of plasticiser is below 10%, films produced from the composition
may not be sufficiently plasticised, and thus will tend to be brittle, difficult to process,

and suffer from lack of clarity and discolouration.

If the amount of plasticiser is above 20%, the films tend to be tacky and may stick to
eachother (‘blocking’), or the plasticiser may be leached or migrate out of the film. If
water is present in excessive amount, bubbles may appear in the film (‘fish-eye’ defects)

due to boiling of the water during extrusion.
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20 4% to 10% preferably from5%to 10% by weight of
the conposition. The weight ratio of glycerol to

WoRi0e/044289 preferably in the range from 0. 8:1 tBCRGB2003/004960

nore preferably in the range from1.3:1 to 1.7:1. If
the total anmount of plasticisér is beIowlO% filnms

B BHERS o i n el ot o BVA &P 1icisnt e gopiglied to provide
RHioidthre cofichf mc‘th'é ﬁlagtﬁls@a %@femate @ﬁ@bo‘éﬂloﬁ% tl'ferrﬁﬁ'gel 26K 7% to

of clarity and discol ouration. he anmount of
M%sfqr ekayppleiis thelyangs fznn/&"/ct tod 11% | HBVIH dnapprecipiedithat kye PVA

K h | ocki
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Wé er inglpdsd as pddedeplasticigerin ity wikivrg sheHd bwimsredwms@zgly to take
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{’%ng‘%&%\f gcg'lQ%}lt %f ég??vg??exr'}ﬁsgl C%’;ﬁ# o (ﬂr{)ﬂgé F%qstﬁr% content
m’ thy plietlclﬁedrmrﬁduwtecmpﬁsﬁm intthd hegpiramit 1% it b4, for example in
articul ateocorrposml on in the range from7%to 14%
rangeARM 4”4 1@ klfe range from7%to 11% It will be
appreci ated that the PVA resin, as supplied, may
al ready contain small anounts of wat er, for exarrpl e up
Aocdrdinglye imdntotitér afperte piasticisgd priiatiate RV Ac corhpasitisneis poovided,

Bt b o A TR S A B0 et

LSRG HINY 6990 12¥by REAL Watdfin b 8mbELtSFork 2% ©M0% By weight;
the raw PVA resin, so aS to provide a noisture content

and anrentindakotg agestetd apamoustfremné. Qﬁﬁfnrpn@ﬁ% mhweight, édierein the
BOiRRGe samtont of seladietren Gy S AR A chmpbEpt B e O

ﬁhg@frbﬁﬂ Bhto DAY, fo? 'ékﬁhﬂe Wﬁeqmqﬁlﬁ 7980l 199pr OVi ded,
conpri si ng part| culate PVA resin in an anmount from 80%

to 90% by wei ght; gI ycerol in an amount from6%to

%}e%?%%?iy,vﬁ g%tthodvx%a dmga% I 139311111%%1 f\fnrtk?épcélxéi%ges]ag n yan anti-

an an g agent 'Tn an anount

Eak@fpagent ©0.thdplayticieid ghik turdyiveicaitie dpparchbvistdsitl of the mlxture has
content of the plasticised partjculate PVA conposition
bagup fo drep off Hpmdtsipaimus, tNixiugss thesrcoptinggs) wntil e apa-caking

ety S Wil fo/k ?)1a]s1301s/8d particulate mixture. The anti-caking agent is

preferably added so that it is present in the particulate PVA composition in an amount

from 0.05% to 0.5%, more preferably from 0.1% to 0.3%, by weight of the plasticised

composition. Preferably, fumed silica is used as the anti-caking agent. Suitable fumed
silica is available as Aerosil® R972 (ex Degussa). If no anti-caking agent is added, or if
the amount of fumed silica is below 0.05%, this may tend to lead to caking, whilst no

significant benefits are obtained by increasing the amount of fumed silica above 0.5%.

If desired, colouring or opacifying agents, or the like, may optionally be included in the
composition, preferably afier plasticising of the composition. These may be included in
total amounts of, for example, 1 to 3% by weight of the plasticised composition.

Preferably, no colouring or opacifying agents are present in the composition, in order to

ensure a clear, transparent film after processing.
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Preferably, the nethod according to the invention
further conprises adding an anti- caking agent to the

w@b@sbicesed m xture, when the apparent vi scosPCHGBR003/004960

the m xture has 20 begun to drop off fromits
maxi mum M xing is then contifued until the
anti-caking agent is blended to the plasticised
particul ate m xture. The anti-caking agent is

PLshE frﬁ’ﬂhg oPAEPV £ Bestr) Blastidiser andli€8ATRH, fubhddRflica, the mixture

particul ate PVA conposition in an amount from 0. 05%
temperasaf@ shaniébp kqitéxem Y00PE cpreforablybelowd030pat b} timsisg s is to

o t he pl astlcised Q Pre

yird BoflsBRELer Y o BRRETL b U blaehishnd i preyftafe VA
algswingﬁl fhie Wt with sbheéduelt @agidaeit eSdaking)of BBV Aarticles to.
Degussa). If no anti-caking agent is added or if the
l@nmmnceehmgmed silicais below 0.05% this may tend
to lead to caking, whilst no significant benefits are
obt ai ned by increasing the amount of funed silica
&H@MQany%ﬁ'ectﬂvé Fﬂi@ﬁmﬁﬁlﬁin cewbeuchit@dar tefpeedtings below 100°C, even

gents, or the may optietonal Iy be included in t%o
%OefémfﬁWEqstﬁSé‘hW ap pECe fogismgmple;as Ferpesaitiies s the gange frage 70°C to
GPCP A3ipbt iy, B fofRilon o it dageicah B 4SSy

@oniuariig the apparéit eiseosityl of, thmmtmieaimnng qivingpfoackdryplady tracking
agents are Eresent in the COIUJOSItI on, in order to

e srpter 19ad pethip mixera R APRATEILMISCRSIEY dbinepyt iiesisiagee (shear
é@ﬁﬁ% grgbféﬁi%g ?ast ﬁgﬁag&ﬁ/e %g&@@fA@ﬂ@%ﬂxﬂge {8 whred Bf tht Bfixer,

| ser added, funed silica,
ﬂ]lmlgmfmtmmeandt éﬂpertatempermtro incdedses, kape stigdbbambdogspeed and

Bing oBhe b selpoie tremsige Y She o gpos B el of o least SO°C,
ﬁbﬂ?ﬁrhﬁkaﬁﬁﬁ at 1@&@ 60T, S R¥BiMte blASHdTMM0R. dhe §Iélsﬁ¢1§t@10hrphase is
the water wth consequent coagul ation or caking of the

mifstad; defirgsmiding, byrgrsdushinetrabe ighe appapent yisaepity, of the

ef f ect #5? gé %@E{P %{’/Vsa%t?b %%C(gsv ghf%?lg {1‘ e\éegp&? drap-off to a gonstant

R:Sel6 OGrofgoutihe iﬂlisﬁc@dtloh OHRR] feWhikfure t’blﬁd‘&ﬁatm% I&gﬂtlﬁde@ 0 rise.
70C to 0 90C. I nportantl the conpletion of the

Boliasving thei ap@a@ntayécqg»ah drsgp- %/fétfeﬁmrﬁ@efm@ﬂq%ﬁ% IS penifigant
f
L e R

teipRAhas twduil&&ﬁﬁmtly to fise thivaph flidinraad ish¢aandringo Thhehanges in
m xi ng provi ded by the particulate m xture. t he
MDar @13;;@51%6;(womaquﬁgbyﬁi)@@;respondmg increase and decrease in

mixture volume. Typically, the plasticisation phase occurs over a period of 5 to 10

minutes, based on a 70 kg batch mixed at the high speed setting of a two-speed Baker
Perkins Hydisperser® mixer, and can be observed by an increase in motor load from an
original current load of about 25A to a maximum of over 40A, and drop-off to about

30A.

Preferably, at approximately the point when the apparent viscosity is dropping off
towards a constant level, at which point plasticisation is optimal, an anti-caking agent
such as fumed silica is added and blended. Preferably, the anti-caking agent is added

after, and preferably as soon as possible after, the apparent viscosity has begun to drop
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through friction and shear, its tenperature increases,
and a suitable m xing speed and 15 tine shoul d be

w@eeleni@® t o ensure that the m xture reaches aPCT/GB2003/004960

tenperature of at |east 50C, nore preferably at |east
60C, to facilitate plasticisation. The plasticisation
h e is manifested, during. m Xi

, b a radu
@ dhe axipyEm %P@ﬁ%?ﬂbﬁl@cwttx&ygt t ?19 e fodime @\ﬂefm% silica is
gdcfga)tb ?f?g?nﬁﬁp Ahefthe\HInG xttcn%l Ha@WRAIn&Ya @nﬁﬁpdtﬁ}e in the range
rop-o to a constant . Throughout the
;ﬁtoas’t 0°€| te 6P @nWiken,smd ptetferahiyﬁtswom aepyseiblet afieg, the anti-caking

cont 20 Fo | owi ng the a

G55 b eenitizndnd SitFRn g IgERetn 61 e BEBe e HRRULY, he
EHERB S st6hRAGRA thdbibdteis 3RSV RTrony kiRGARlet.Y of the

pl astici sed m xture, although the m xture tenperature
woul d conti nue to rlse through friction and shear

1 X%] he arent..vi Scosit
by s 4 PR RRERhit QB8 s phaTh . pus asg desivable
bAd alWa¥é PFoRided!thdihe rhikdire drhyeratuftels REgHelodw $@0°CON
phase occurs over a period of 5 to 10 25 m nutes,
based on a 70 kg batch m xed at the high speed setting

f a_lwo
o BB AL s PR AL ARERRED by B v o
adol, gid @tnﬁ&'d bdf@tkﬁ)@ﬁbﬁng ioagthe exabdent T¥pidallyg aaempetaimmﬁﬁ"c to
over 40A, and drop-off to about 30A. 30 Preferably,
a0°CGaspr aRuBP i sti@dlpoi nt when the apparent viscosity
is dropping off towards a constant |evel, at which
poi nt plasticisation is optimal, an anti - caki ng agent
m@lraii afteneubling) the plastamwidadmalaﬂe tdrepubitibn Raebetuaiilgd in order

it Y SOro N Hisaha e aies e 1 Me RGP gerure of
AL SO WP 2R 462 gﬁn@g/ GB2003/ 004960 7 of f

romthe maxi mum apparent” vi scosity level. In one
enbodi nent, the funed silica is added to the m xer

en t he, [ ur.e, has at
HEF BunatisRat Hie Atrbeied Bt Fg Fompesiion peauShiuy fhe ghod
Qéc%fr@lh%?d HhedSven BN aRkSublPtt s BE fn%f:esséch %y%&irhs@ﬁl khdBlowing,
agent has been bl ended sufficient to prevent caking

tf a filne bpying tadmrmom’qara@te@gtlc&mée@smf giragfuieng pegnsEies.

and the blend is renmoved fromthe m xer. Further

m xi ng and bl ending after the plasticisation phase is

Pos firlheLprobersings g fhsthe @Msﬁmsecﬁ{ﬁtic&ilﬂ@}éﬁmpbﬁﬁbxdﬁﬁy be extruded

that the m xture terrperature is kept bel ow 10QC
through a die, and blown, using conventional apparatus. For example, extrusion can

take place in a general purpose screw extruder having controlled zonal heating to give a
temperature profile along the barrel. A typical example of such an extruder is a
standard commercially available 38 mm Betol extruder, ex Betol, Luton, England. A
typical apparatus has a 2:1 compression and should preferably be operated at maximum
screw speed. The die may be of any appropriate geometry for a film shape and
thickness.

Preferably, the plasticised composition is processed through the extruder at a
temperature sufficient to oxidise residual methanol that may be present in the PVA resin

starting material, for example at a temperature, in one or several of the extruder zones,
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10 It is preferred to chill or cool the plasticised
particulate m xture, or allow the mxture to cool,

wanw4mtee it before passing it to the extrudePCT/GB2003/004960

Typically, a tenperature of 5Cto 35C, e.g. about 20C
Is suitable. If desired, afte8 cooling, the

B} AR PR A Oh S TSR S P e R S5 o
g&ﬁg#gmg,ﬁ&e&cgé&ggdo@g hydrophilic nature of the PVA,

or’sieved to renove any clunps. The properties of
the plasticised particul ate conposition produced by

he t hqd ,accordi to the invention.anre s t .

SR CppRtEtl b st s AT R RHE helf g zomes in
geghbdonrimih e AIMEIT020SMest FIAC agtolt | FI°C &Rd bBoitd95tC, dading
structure and properties. For further processing to a

foi anpdaptisrealpe aning as eboysd PP iCclending tobagissoncraed adypisally 185°C
25%; ed through a die, and bl own, using conventiona

p gr tus. For exanple, extrusion can take place in a
general purpose screw extruder having controlled zonal
heating to give a_25 tenperature profile alan

th

Bhe P¥A Tilm eqppnmisss PYLariepindn an amgent am 8Qtat 9875 b wgight and

0 0 . .
L I e e e
&agrmmmwmmmm%dmﬁhgjggnememgm. ?H pertienkat,atihasta regular
Maxi pum scre . The di of any. .
BB SOEATEaB WA F3F FRBFSTADGS IF A 4 AR OLIED-HfispRFiE grainy or
0t RUSLAEAR, ¥nd fsEﬁerﬁfo?esﬁdt%hﬁSHnl‘il%ﬁﬁ)@ﬁ{ 1188 stnfctural appearance is

processed through the extruder at a tenperature
mghfar eéress the extenti afitlsefine s Thkmdnunifoma festure hensisingf distinct short

557l 8 -AEarL ) 0, AL G B
FX4rb4dBY, o%%ﬁ(’?%ng&@ 16 AT O GRP rdnGCE afddz O3/ 00 9f(be aBeadlare

at | east 185C, preferably at |east 190C, and nore
hipisally 4Bty 50 micrersetensgs dsngsyend widdh. cEaal) shorigange area shows

exceeding.210C I.n.a.preferre | t s

R it € ek R Sl Qe yritin
S6Slad hortras@HIed) Sheh WivWeaddisily paleisingIMCmiabsuspy. Each short
%75C, about 190C and about 195C, |eading _ to an

raigp eese inoriaited isetronicadly vaBuigsperbtoche eleT FipriignenEces as
ongLaLe gy %ffére\frﬁ'a?e%ls Ithi;lg Affferent colours when viewed using polarising

light microscopy. When a sample of the film is viewed under rotation, using polarising

light microscopy, each short range area changes colour uniformly according to the angle
of rotation, thereby indicating anisotropy in the structure within each area. However,
colour change across the film is nonuniform, and instead is patchy corresponding to the
short range areas. The overall colour averaged across the film also changes with angle
of rotation, indicating a more long-range anisotropy in the structure of the film which

might be due to directional stresses imparted to the film during extrusion.

The distinctive regular, nonuniform textured structure of the film, consisting of
isotropically oriented short range areas of anisotropic structure, imparts surprising

strength, transparency and other properties to the film.
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to 195C. The PVA filmconprises PVA resin in an anount
from80%to 90% by wei ght and 10 plasticiser in an

w@eant62ty om 10% t o 20% by wei ght, and exhi bi t BCT/GB2003/004960

characteristic features when viewed using polarising
l'ight microscopy. In particul @&r, it has a regular
nonuni formtexture, in that the appearance is of a
nmesh or web-1like, speckled, grainy or nottled

$he HEh Uihe @M fbiSall (A8 HEFRER WARire PAlyERYIRhY fisAROtyBicallibsetul but
structural appearance'is regular across the extent of
pomsessed the follneving distingtadmanteses gpmparen iidipolysthydena filat
short 15 range areas, as evidenced by different

col ours when viewed using polarising |ight

M Cr OTROMMteriaPisaaRaemdi ng to different short range
areas. The short range areas are typically 10 to 500

i cr oftdeep dighgr steengthrand PNGUER 1§SISEBCS short range area

hows [ [ ' L0 WM. L0 Ll ‘ :
oS RSB BOSFELORLLRL AR 88 pocucin
short lesatogé fanreawhehidamei ewed using pol ari sing |ight

m croscopy. [Each sHort 20 r ?r;%g area i.s orie

f b8 cr solubl
fsot r dpF B! initetally eapeestable; hehwalst splpble gpFeld waigsoluble as
ar eas ;A ;
T oregited, 4 SERERAIca HcbES %Z‘?t‘n% fﬁ‘i‘?‘%?ﬁa%ﬁ"ﬁga“‘ﬁsght
m croscopy. When a sanple of the filmis viewed under
rotation, usgjng | arisin | L ght,. mi.croscopy,. each .
Tho et iLben B Stdun of Tonvioe Apg T ook Biitles
the angle of rotation, thereby indicating anisotropy
in the structure within each area. However, 25 col our
ERAMJBLESr oss the filmis nonuniform and instead is
pat chy corresponding to the short range areas. The
overal |l col our averaged across the filmalso changes
wkhhprNgl e of rotation, indicating a nore |ong-range
anisotropy in the structure of the filmwhich mght
Brepdration of parfiewlatedah cempesiiens: | nparted to the film
during extrusion. 30 The distinctive regular,
nonuni formtextured structure of the film consisting
Oomposi@ibfigpi cal | y oriented short range areas of
ani sotropic structure, inparts surprising strength,
transparency and other properties to the film WO
S@Qé4946229 PCT/ GB2003/ 004960 9 The fil m can be used
oroatt the pur poses where polyethylene filmis
69 RizC 2V A/ resmqGohsdaot® N30 € slyesydtdigsedy| | owi ng di sti nct

advant ages conpared with pol yethylene film
6 kg Gl)gcerol P PoLYELtY

4kg Water
100 g Fumed silica (Aerosil® R972, ex Degussa)

The dry powder PV A resin material at ambient temperature and a plasticiser premixture
of the glycerol and water were introduced in bulk into a two-speed Baker Perkins
Hydisperser® high shear mixer that had been preheated to 75°C and switched to the
lower speed setting. The mixture was blended at the lower speed setting, without
imparting significant shear, for 5 minutes before switching the mixer to the higher speed

setting.
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5 1. The material is anti-static. 2. It has a higher
strength and puncture resistance. 3. The material has

wa@2omols2ower fire risk, being | ess inflamabl BCEG$2003/004960

producing |ess toxic funes when burnt. 4. The

material is totally conpostabli@, hot water sol uble or

cold water soluble as 10 required, and recyclable via

aqueous solution for other applications. The invention

VMHm@\QaJ dntiRgsq, 'fd)rl éﬁ%ﬁtr @fu‘ﬁﬂerbw ﬁlﬂﬁtécsohﬁtﬁ‘ﬁ'{l@&ftor load of the mixer,

non-11mting exanple

Moepsmadlmerﬁo aipapent Unlx’(lllrfmlecm had lppai@dtto @msaximum and dropped off
al 60 kg PVA re o

TRl el AGGISIRER (o et Gibliere s goeiopizusely 74°C

me\mahea sifiba WadadcdWRB Blenlibd for abARaGRIthdr'D) iRBhire. AR%oon as the
Degussa) The dry powder PVA resin material at anbient

tfampé pilicywas arfﬁcm@y blendasi, suxing magistoppedeandghe plasticised mixture
t
S FEhBle i I el i ARS8 iy it Ot

m xer that had been preheat ed to 75C and switched to

the 30 | ower speed settin The m xture was bl ended at
t”Eflp@ moioiload prblgmperatyrg gro s against timgyfsemiinigjal addition of PVA resin

f f
ShIBlsH S8 prHIRED the e bRl o s BRI a8t Bravte 1
PCT/ GB2003/ 004960 10 M xi ng was conti nued, for about
rther 10 minutes, until the notor |oad of the

L corresponding to apparent mxture viscosity,

had ReRKEd o O] asmaxium apd [anapPRed P15 [ 16 | 17 | 19
(min) :
Temp | 25 | 36 | 52 | 56 | 66 | 68 | 71 | 73 | 77 | 78
(°C)
Load | 21 | 21 | 25 | 27 | 35 | 42 | 36 | 32 | 32 | 32
(A)

The plasticised powder mixture was allowed to cool overnight, to ambient temperature,
briefly tumbled in a tumble mixer to disperse any accumulated moisture, and sieved to

remove any clumps.

A white particulate plasticised PVA composition was obtained (“Composition 1),

having a moisture content of 9.8% and number average particle size of 0.8 mm.

Composition 2:

Materials:

60kg PVA resin (Poval® 117H)

6kg Glycerol

4kg Water

100 g Fumed silica (Aerosil® R972, ex Degussa)
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to a constant level. At this point, the mxture
tenperature was approximately 73C. 5 The funed silica

worm4sadaesl and bl ended for about a further 1 nPEIIGB2008804960

soon as the. funed silica was sufficiently bl ended

m Xi ng was stopped and the pl d$ticised m xture
d.fromthe havi ng att erature

a1y B et s oo St o B ok COBPORSATEG A white
apheddubdte %)l'aﬁ%lseﬁirm 'c&hf)bs?ﬂlorﬁwgd SBt&Ref-CoMfposRDh D), :hgvmg a

and plasticiser premx to the m xer, were nonitoréd

andsm&mnd@doms()@%om in Table 1: Table 1: Time 0 5

11 12 14 14.5 15 16 17 19 (min) Tenp 25 36 52 56 66

68 71 73 77 78 (O Load 21 21 25 27 35 42 36 32 32 32

(A) The plasticised powder m xture was allowed to cool

overnight, to anbient tenperature, 15 briefly tunbled

iompasiiion % ni xer to di sperse any accumul at ed

noi sture, and sieved to renove any clunps. A white

particul ate plasticised PVA conposition was obtai ned

(Méleriglosi tion 1"), having a noisture content of 9.8%

and nunber averageg Eartl cle size of 0.8 nm 20

kg0 FIVA ssp(Celvalf d29al s: 60 kg PVA resin

al /H) 25 6 kg G ycerol 4 kg Water 100 g
%pl?% él %?]féla (Aerosil (r)RI72, ex Degussa) WO

2068/ OH&E129 PCT/ GB2003/ 004960 11 The materials were

m xed in the same nmagner as described for Conposition
100 \kwimed silica (Aerosil™ R972, ex Degussa)

The materials were mixed in the same manner as described for Composition 1. A white
particulate plasticised PVA composition was obtained (“Composition 3”), having a

moisture content of 13.0%.

Composition 4:

Materials:

60 kg PVA resin (Celvol® 325)

6kg Glycerol

5kg Water

100 g Fumed silica (Aerosil® R972, ex Degussa)

The materials were mixed in the same manner as described for Composition 1. A white
particulate plasticised PVA composition was obtained (“Composition 4”), having a

moisture content of 12.5%.



particul ate plasticised PVA conposition was obtai ned
("Conposition 2"), having a noisture content of

wQa 0009846239 Conposition 3: Materials: 60 kg PVECT/E682003/004960
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(Celvol (r)125) 10 6 kg Gycerol 7 kg Water 100 g
Furmed silica (Aerosil(r)R972, l@x Degussa) The

terial.s were mxed in the sane manner as descri bed
f Ftion 1. A white 15 particulate plasticised
PVA conposition was obtai ned ("Conposition 3"), having

a noisture content of 13.0% Conposition 4: 20
Mitatarialst s: 60 kg PVA resin (Cel vol (r) 325) 6 kg

t 100 Funed silica
Gé\%g ﬂ/(\rrfﬂgfé\aag gussa) The materials were m xed
|51k%heD§eq|;5q i as described for Con'p03|t| on 1. A

particulate plasticised PVA corrp05| tion was
O‘bkﬁl n%@té(r"Corrpo& tion 4"), having a noisture content

CL % 004( 29 PCT/ GR2003/ 004960 12
‘FPE) Slgca g4 R PVA resin
(Poval (r)1l17)

The materials were mixed in the same manner as described for Composition 1. A white
particulate plasticised PVA composition was obtained (“Composition 5”), having a

moisture content of 13.0%

Composition 6:

Materials:

60 kg PVA resin (Poval® 117H)

10kg Water

100 g Fumed silica (Aerosil® R972, ex Degussa)

The materials were mixed in the same manner as described for Composition 1. A white
particulate plasticised PVA composition was obtained (“Composition 6”), having a

moisture content of 15.0%.

Example 2
Processing to form blown films:

The particulate PV A composition of Composition 1 of Example 1 was processed to
form blown films, using conventional extruder, die and blowing apparatus. The extruder
(38 mm Betol general purpose screw extruder) and die temperature profile were as

indicated in Table 2:
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5 6 kg D ethylene glycol 4 kg Water 100 g Funed silica
(Aerosil (r)R972, ex Degussa) The nmaterials were m xed

w0 pootlogs2gane manner as descri bed for Conposi t i POT/GB20A3/004960

white 10 particulate plasticised PVA conposition was
obt ai ned ("Conposition 5"), ha¥ing a noisture content
b%3 0% Conposition 6: 15 Materials: 60 kg PVA resin

( r)yl117H) 10 kg Water 100 g Funed silica
(Aerosil(r) R972, ex Degussa) 20 The materials were
m xed_in the sanpe er as described for Conposition

1. |A %enae | pafanecul at @qnbést C|Zs>ed4P\/A @zﬂaptcm tli on Die

was—obtairet—(-CaRpostti a6 )—hayi g ARE-StHHfe———
coHteEngf 15_})'();: 25 ia?;(tlp e p Flré)gc% |ngl(¥gcfor 195°C
blown fiTns: The particul ate PVA conposition of
Conposition 1 of Exanple 1 was processed to form
bl eemerdw bpred waesisetgnitioy 6n8 gpmg luntik the iz reactedthaniik, then adjusted
btl ﬂgpn apparatus. The extruder 30 (38 nm Bet ol

pur pose screw extruder) and die tenperature
profile were as indicated in Table 2: WO 2004/ 046229
PCT/ GB2003/ 004960 13 Table 2: Zone 1 Zone 2 Zone 3
Zbve PY Mﬁh{@ﬁ wereblewn, @@@ &ssestaggot two Sonvedsona eipethiptane (PE)

S/ SRRRSot 8 LS M ER G801 b dE fhive

fhuniigityyesfier hhﬂn@bee@%n@lﬁﬁﬁé‘cﬁl@dstaﬂgé fsifonk Wikek at 23°C at either 50%

conventi onal pol yethyl ene (PE)
(*23/50%) or 90% 8‘23 0””) humidity.

Test methods were as follows:

Thickness: BS2782:6, method 630A (1994), digital deadweight micrometer,

29 mm? pressure foot area under a force of 0.85N.

Impact resistance (puncture test): ~ ASTM D1709-91, specimens clamped in annular
holder, darts with hemispherical heads loaded with weights were dropped from set
distance 66 cm onto centre of clamped specimen, impact resistance taken as the mass in

grams of the dart expected to break half of a number of test pieces.

Tensile strength: BS2782:3, method 326C 1977(1983), Hounsfield tensile tester
with internal extensometer, 15 mm wide test pieces, initial jaw separation 50 mm, 500
mm/min test speed, 50 N load cell.

Internal tear resistance: BS EN 21974(1994)/ISO 1974(1990), digital single tear

tester, single ply test pieces.

The results are shown in Tables 3 to 7 below:



films. Sanples of the PVAfilns and PE filnms were
tested at 23C at 50%relative humdity, after having
whe@a/oeedi ti oned by storage for one week at 2BCI/&B2003/004960
either 50% 10 ("23/50") or 90% ("23/90") hum dity.
Test methods were as follows: 14hi ckness: BS2782: 6,
M 630A (1994), digital deadweight mcroneter, 15
pressure foot area under a force of 0.85N.

Ipipact resi|stance m@;a@ggﬁrum)t estl) - [ASHaBréSittafde (g)

specinmens cl anped | annul.a hal ddr arts with

Kesmdisisming clal heads| | 33(8d Wi 2W9%eil|gh28/Sherd dPéf9fed

froom=set rstgpece—66—cmonto Aatre—of-ctanped
yagél%r} inpa?? resi s?gnce t akén as tgsgnass i?17520
ganglial t He dapt exkpeagted o kreall hakys of |a nugber
of test pidces Tensile strength: BS2782:3 inmethod
PHsgm 77( 198392 HounsBBel d| t eB8i |  t e4@@r |wi t 30
T XU €N TeTet, M €St pLeces,; it
m ar atli on" 50 nm nmn testv’ﬁgpe d, N
oad cell. 25 Internal tear resistance: BS
21974(1994)/1S0O 1974(1990), digital single tear
tester, single ply test pieces. The results are shown

| 'Ié hbles 3 to 7 below. 30 WO 2004/ 046229
MBZOOS/ 004960 14 Table 3: Film Thi ckness (gm

[Mpact resi stance (9) Conditiél@Bir&ybth 23/ 50 23/ 90
23/50 23/90! PVA film1 25 26 29 355 675 PVA film
40 41 44 775 110dachpe ditection. 62 |83 83Ciwe dgagionPE fi ||m
Tordtionony 100 3870380 Talig + T 23750 23/90
PVA film 1 23 12 25 8
PVA film 2 21 7 25 12
PE film 1 11 11 10 10
PE film 2 11 13 11 13
Table 3:
Film Ultimate tensile strength

Machine direction Cross direction
Conditioning 23/50 23/90 23/50 23/90
PVA film 1 68 49 57 50
PVA film 2 64 27 66 38
PE film 1 23 22 21 20
PE film 2 23 26 26 25
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FilmYield strength Machine direction Cross direction
Condi ti oning 23/50 23/90 23/50 23/90 PVA film1 23 12

w@2008/04@R¥A film2 21 7 25 12 PE filml
filn2 11 13 11 13 5 Table 5;: FilmUtimte tensile

strength Machine direction Crd$s direction

11 11 BROI/GB200BE804960

50

g itioning 23/50 23/90 23/50 23/90 PVA film1 68 49
* PVA film2 64 27 66 38 PE film1l 23 22 21 20
PE {11 m 2 P37 26 26 25 VO 2008R4kea9 PCI7 GB20037 0049¢
15 Table B: Film E_I ongfati on chine directi an Cross
di rection | CondMacling dge@®hs50 23/ 90 26rBodizestvn PVA|
£ 1 faYe) nNH._2950 11 D\ /A £l aln 170 1.0 Lo N mil ad NNEND im ]
Gopgitipnings | 74 802 PEY | m|2 68%°867 Bo3
P @1d 1 I'mTgg erndl Teagy Resijst angg 331
PVA film 2 178 190 256 353
PE film 1 539 743 729 802
PE film 2 698 867 893 774
Table 7:
Film Internal Tear Resistance
Machine direction Cross direction
Conditioning 23/50 23/90 23/50 23/90
PVA film 1 611 856 2449 3277
PVA film 2 4445 5276 9094 5850
PE film 1 1718 1500 3261 3082
PE film 2 2585 2710 2614 4143

The results show that PVA films in accordance with the invention exhibited superior

tensile strength and puncture resistance to the PE films, despite PE films 1 & 2 being

two and a half times as thick as PVA films 1 & 2, respectively.

Further, by visual assessment PVA films 1 & 2 exhibited improved clarity and lack of

discolouration compared with PE films 1 & 2. In addition, the PVA films contained no

residual methanol.
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Machi ne direction Cross direction Conditioning 23/50
23/ 90 23/50 23/90 PVA film1l 611 856 2449 3277 PVA

WO 200ai026249145 5276 9094 5850 PE film 1 1718 15PO1/8BaM3/004960

3082 PE film2 2585 2710 2614 4143 5 The results
show that PVA filns in accordidfice with the invention
%%l@_taid superior tensile strength and puncture

ce to the PE filns, despite PEfilns 1 & 2
being two and a half tinmes as thick as PVAfilms 1 &

2, respectively. 10 Further, by visual assessnment PVA
fBVIAmﬁkms were g ﬁorremammmwdtl@m ¢erp@mpns£cua 60ff Example 1,

T Y

rdewme@lforEb@niﬁEZOOM 046229 PCT/ GB2003/ 004960 16
Exanple 3 PVA filnms were blown from particul ate
pl astici sed Conpositions 2 to 6 of Exanple 1, using
{ ' i a in
PROHTEIE TR Bl AR O T AL L 10 s AR fom
Avngpsaiohe dontairedwabbkleabt ai ned from Conpositions 1 to
5. The filmfrom Conposition 6 contained bubbles. 10
When viewed statically using polarising |ight
WEEORERQBY staliddf fu'b*n fa[ri@ R Bé 8
appear ed assaa m}els - | 0 igg@%ﬁp | étrxeé%%n‘i’scéfrgu(;omposmons
dab dreppeartthen meshakke ‘@mﬂm of dlﬁblamt cniourqmtahgs pWhan ivisweg under

i, TR AR e T PRCARGILES BHPePgSA P e e Shtged colou

nonuniformly with angle of rotation.

Example 4

PVA films were blown from particulate PVA composition of Composition 1 of
Example 1, using conventional extruder, die and blowing apparatus, in the same manner
as described for Example 2. The films thus prepared (“PVA film 3”) were assessed
against two conventional PVA films (“Aquafilm” — Pink Laundry Bag ; “PVAXX” —
Non-coloured Bag). Samples of the PVA films, each 30 pm in thickness, were tested at
23°C at 50% relative humidity, after having been conditioned by storage for one week at

23°C at 50% relative humidity for at least 16 hours.

Test methods were as follows:

Tensile strength: BS2782:3, method 326C 1977(1983), Hounsfield tensile tester,
15 mm wide test pieces, initial jaw separation 100 mm, 500 mm/min test speed, 50 N

load cell, 10 replicate tests per direction (machine direction MD, cross direction CD).
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Exanple 4 PVA filns were blown from particul ate PVA
conposition of Conposition 1 of Exanple 1, using
extruder, die and bl ow ng appar aPCEGBRIV3/004960
the same manner 20 as described for Exanple 2. The
films thus prepared ("PVA fil m73") were assessed
aﬁﬁ)’l@§t two conventional PVA filnms ("Aquafilni - Pink
Latmdry Bag ; " PVAXX" Non- col oured Bag). Sanples of
t he PVA fllns each 30 min thickness, were tested at
23C_at_50%r el ative humdity, after hav1 ng heen

congi ti oned by st or ag&ensie swengtivaiesksteetch 23C at 50%

rel agm%um i rrlvl ! 10
no

LU CSL

Shgpsion (%)
e test®fean 15
aon 100 mm

met as foll ows Tgaotgflb@% gt

met hod 326C 1D7TiA88e) . | HounsTpradl t ensi
mm Wi de test pieces. initial |a\A1 separat

500
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crops directip

mAandHn est sbﬁ%d
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\When v

conpg ed

M T h the6ﬁquafl I

ewed st at

cally using pola

rising light

the Aquafil mand PVAXX
The PVA film 3 showed increased strength in both machine and cross directions,

compared with the Aquafilm and PVAXX films.

m croscopy,

When viewed statically using polarising light microscopy, the Aquafilm and PVAXX
films appeared smooth and essentially uniform in colour. The PVA film 3 appeared as a

mesh-like structure of different colour patches.

When viewed under rotation, using polarising light microscopy, the appearance of the
Aquafilm and PVAXX films changed colour uniformly with angle of rotation. The

appearance of the PVA film 3 changed colour nonuniformly on rotation.



films appeared snooth and essentially uniformin

colour. The PVA film 3 appeared as a nesh-Ilike
wareosazee of different col our patches. 10 WhePCT/GB2MHA/004960

under rotation, using polarising |ight mcroscopy, the

appear ance of the Aquafilmahtd PVAXX films changed

&@;’I uniformy with angle of rotation. The

appe %nce of the PVA film 3 changed col our

nonuni formy on rotation. WO 2004/ 046229

PCT/ GBZOOS/ 004960 18 CLAIMS: 1, Ane

Br epars Mgthad gF a@pm&@alasml&eﬁ@anw@tepmlwpwlﬁlcwoé ghoh)

[gg@gi n conprising: mxing, in a mxer, at
Qg%{ﬁgsétrl&gpe StiI&r‘rg’g for atinme sufficient that the
m xt umxing Ataahixer, at & eipersptadrand dbr atimkeafficiendBat the mixture

particul ate PVA re in |n an anount from 80%to 90% by
quu@mteg}pefaﬁgerﬂ #t §7¥:50°Gnd pl asticiser in an amount

from ﬁ%ﬁ@te@%&@%’sﬂ\ﬁi zQMm&Int HBR: $095 14166 bWélEﬁtrbf"ﬂﬁe mixture;

| east "a portion o ['asticiser is wat
nmoni t end ng the apparent VI scosity of the mxture

ggg;? lﬁrﬁrt] ‘{);%32 glb%? glg}glgri\ i‘J[ llﬁi?)&) gbg lngg é{a\‘i’(fetbe {ndxtgre wherein at

EA%H ARHAI GRS the pORAGIerQS fvalep, a substant | al l'y constant
l evel, thereby to obtain a plasticised particulate

m xtu n@nﬁannm@eapmstt\umsmnﬁ thpmikiyre dusinganigénd andrpontipuing

it R drP AR ol e BB BRI A et o

Kﬁfpﬁe@@ff BVa SR analIR L dnstdnfRveld tHerdby tﬂbbtaﬁga pRstioised particulate
nmet hod accor di ng}éto claiml1l wherein the & astl CI ser is

sixfuze havingor meistuse cenfent l@ﬁ@ raRgerfema 7hh H’s % ad
conpo e dr| c
al coho g}?mé ?&% &J{e élﬁ%ﬁﬁ){t&rel am ne )%%{/l ng a

ohatein the mgkhlr@ferribetaturk 4s b@t beiGWOIrOOP(é bedlbtimbodwring mixing.
(excluding -OH groups) in the |ongest chain, and
m xtures thereof. 3. A nethod according to claim?2

wher elynbiga BLRAihg b Qlhint § whePBik i pFasBislk @ mifffle of water and

one or more plasticising compounds selected from di-, tri- and poly-hydric alcohols,
esters, ethers and alkylamines having a chain length of 3 to 14 carbon or hetero atoms

(excluding —OH groups) in the longest chain, and mixtures thereof.

3. A method according to claim 2 wherein the plasticiser is a mixture of water and
one or more of glycerol, ethylene glycol, diethylene glycol, triethylene glycol,
polyethylene glycol having an average molecular weight less than 200, trimethylol

propane, neopentyl glycol and triethanolamine.

4. A method according to any preceding claim wherein the plasticiser comprises

water in an amount of 25% to 100% by weight of the plasticiser.

5. A method according to claim 4 wherein the plasticiser comprises water in an

amount of 40% to 60% by weight of the plasticiser.
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maximum, and continuing mixing until the anti-caking agent is blended to the

plasticised particulate mixture,
12. A method according to claim 11, wherein the anti-caking agent is fumed silica.

13. A method according to claim 11, wherein the anti-caking agent is added to the

mixer when the mixture has attained a temperature in the range from 70°C to 75°C.

14. A method according to any preceding claim wherein the mixture is removed

from the mixer on attaining a temperature of about 80°C.

15. A method according to any preceding claim wherein the particulate PVA resin

has a number average particle size in the range from 0.5 mm to 1.0 mm.
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amount from 0.05% to 0.5% by weight, wherein the moisture content of the plasticised

particulate PV A composition is in the range from 7% to 14%.

21, A method according to any of claims 1 to 18, further comprising processing the

plasticised particulate PVA composition to a film.

22. A method according to claim 21, wherein the plasticised particulate PVA

composition is further processed to a film through a temperature zone of at least 185°C.

23. A PVA film produced by the method according to claim 22, wherein the film is

free of residual methanol.

24. A PVA film comprising a PVA resin in an amount from 80% to 90% by weight

and plasticiser in an amount from 10% to 20% by weight, characterised in that, when
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25. A PVA film according to claim 24 wherein the short range areas are 10 to 500

micrometers in length and width across the film.



