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EXTRUS| ONgASRARASEUS AND METHOD
THERMOPLASTI C POLYMER i THmmEamAr.@é\BE@rg
and noul di ng apparatus and met hodg_and REP&.A(; Dm)r
épparatus and nethod for use.in.tNe Extr oS oR=—tE=05 "
pol ymeric articles and mat eAddlexlQN QTUARAEER A
forms. It extends ' govel

properti es. R E: ' ' ) screw feeder .
apparatus is knowrhxs\Mneémhm ralates toanexﬁﬁstﬁ@&nd Inﬁﬂlldiﬁg appa@éta@and:niéﬂio)dmd can
be delivered to a die or nould assenbly for extrusion or leng
The screw or mase Pagiculasly e afcapparatys %mﬁ/mé‘lhoérfﬁf st it the gutresien or m@uhthng of

screw flight C Lt 1.0 aI thesbarrel . 1t ks also known.that
the root di apebRient atiel BERARLAIETD £ o8 lndi el ritns ahd ol BB, fiiiepve

| engt h “of th%&ﬁél@merﬁé)-jehﬁ&hééiﬁxﬁmﬁtdpbﬁfés ~can be subj ect ed,
during its journey along the barrel, to varying degrees of conpression and

heati ng,5 whi ch ar (Smglc@sdam}lupb (ﬁgzﬁa\nm) sdrew rfiaeder i appartus ie>knows wwhereby a
nmoul di ng. Sone or ni ol s ar,e nore susceptible than
others to daﬁﬁﬁ'@°?‘?8%°§ FRPrgenic p S'&‘Fﬁ r‘ggsqén&f’hv@?ﬂet&aafhlefr ‘F‘°‘L‘lﬁe%?se£‘ @y for

[e))(;rs\slls:’lyfl él ggﬁﬂ %ﬁegr%e elusgafng to a CF‘ dmﬁ méapr Ogu%%e%r\?\hqg%%gf

a clear flexistrew ﬂlgﬁtsrcamgme chapesitivneaiong the batesd.. It Thalso kimgmnahiatthomotdiambeen
attributed to_ . cross-linking. It would th refore be desirable to
pass such napéﬂweéhaﬁ of fish erews FPIh‘é!“EI #lang the length ofthe sGrs WK 0 hat the sempesition:

necessa r

co- extrLded 143 cg igé&%ing e By pro o‘g}hﬁb%"%’ltarva “#ég%ebogfyﬁ?&%gess“mand
?ploar at \l/J\/?] es hlhaatn@r @hichl are mdebsansemﬁeﬁa@é thethiterid forexunisionlok aloultnd.y ext ruded
11 ns, I C

ANB P iYslelids

elates to an extrusion
particularly to an
d|n of 5

Some orgamc polymers are more susceptible than othegz. to damage from such
" compression, especially if they are ekceSsively chopped and broken up. For example,
 certain grades of pdl_yvinyl alcohol can degrade, leading to a cloudy, hard prodﬁct where
15 a clear flexible film might have been intended. This degr.adation has been attributed to -
- cross-linking. It would therefore be desirable to pass such material through such heating
- and working zones as are necessary but without breaking it up.
Multilayered co-extruded films can be made by providing a piurality of such
'apparatuses in parallel, with means for uniting the parallel newly extruded films, which
20 would typically have different but carefully co-ordinated properties, as described in for
example International Application PCT/W093/22125 o
The present invention provides in one aspect the unprovement whereby a screw for
delivermg such compositions to a die or mould is coated over at least part of its surface
with an adhesion-reducing coating. | |
25 "~ According to the present invention, a barrel screw feeder apparatus for delivering
an organic polymer composition (such as polyvinyl alcohol (PVOH) or polyalkylene with
optional slip agents and optional plasticisers) to a die or mould is characterised by a (single
" or multiple) screw exhibiting less adhesion to the composition than does the barrel. The

L screw may, over atleast part and preferably over substantially all of its surface, have a
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woul d tyg‘i,cal‘l?% have different but carefully co-ordinated properties, as
exam:)[ e | nternational Applicati oPGREBAOBINS22125. -
FR- A- 1284924 di scl oses an extt uw,grgwa,r,ﬁ e mr ising a die and a barrel
extruder for del lvgerl Ng Az KSEDHC or {fubber material through the
die. The screw is of PTFE L—white—the=warrel has a hi gher coefficient

descri be

feed. 25

of fri cti onreomatenperiture adhesionisgengtietorpelpviny lalcoboliwast thereon ofdads thedr 200 KPae

appar at us has

that the m

non-stick f hdl%ibﬁ%@@"ng’ Qittale fiakHRGEheretl to the material of WhRkh thy Scréis Hl%hg Qr of

TFE-.coat ¢

BRergrabll i et Gind, 106 1Ba moms, preferably. 7ot pXreaging S0 kPa. ' Such s

| ow-density |inear polyolefin materials having high viscosities
EP- A- 00785 m@y bk sebasingswhich mmeferablytarmuch watherthaam spzcuﬁezllgrshbm b&ﬂmg,

def i ni rgg a
havi ng~hel i

Lhreads havppge ch,gmeaasa&&ai 1B Bafit) HrelaB CoBR0I '\ﬁnﬁ}tg%l}gc&gﬂn%;wﬁgﬁ gla

EP- A- 0080664

the screws

cyl i ndrj cal i nter,or ont aj ni an extruder screw
et blé

may, bs,e8t 2 Jinezocarhpn andois seryiceable’ up to @t least-2407C.

ses gas vent part way a arre
bdmmn@ﬁclmnd\slxdperp, thebairet imeuch a cﬁe)haﬂggzdligher SodffictettsTifttith

zone, -a transport Qne etc. - Accordi n& to the

present i nvagpinsy V%ﬂmﬂna&@ieéﬁrea@p&h%béh%@mﬁ%tsr@&%oam

g8 il [T o 5 5 RRYTouh BV e SRR SPhetRiiice

barrel scre

pol yvi nyl

(barrebmore

and onbi Onamafkiak bt & §.ﬁk§}ic ?&Hﬁbﬂ@ itis taken to have a molecular mass (number-average)

15

20

of 100000-120000 and (welght-average) of 200000-300000

The coefﬁclent of dynamic friction of the screw surface measured against polyvmyl -
alcohol at room temperature may be less than 0.2 and 1s preferably less than 0. 15, more |

preferably less than 0 12, most preferably less than 0. ll and can be as low as 0.06.
(A screw of uncoated steel, by way of comparison, would ha_ve a coefficient of friction of
0.34 and bond strength 540 Newtons per square inch i.c. 865 kPa)

The coefﬁcient of dynamic friction of the die surface measured against polyvinyl

alcohol at room temperature may be less than 02 and is preferably less than 0.15, e.g. less -

than 0.13, in order to minimise back-p_ressme at the die. The adhesion strength of PVOH
ca_st. on the die sur_faee_ is preferably less than 150 kPa, more preferably under 80 kPa,
preferabty less than 50 kPa. The die may bea spider die with a mandrel over which the
product is drawn to form a tubular ﬁlm.or extruded as 6 'r_nm diameter ﬁbre(s) drawn to 3

. mm and chopped into pellets for re-processing.

25

30

_ The invention extends to a method of prot_:essing an organic polymer composition
in apparatus as set forth above. The compositidn may comprise polyvinyl alcohol.
Preferably, the work done in passing composition through the barrel and through the die
does not exceed (in either case) one-quarter, or more preferably one-eighth, of the work
done passing the same composmon_through a barrel or die of uncoated steel.

The coating(s) lessen the mechanical energy expeuded in t_ranéporting the material |
through the barrel and especially in shear damage. This in turn means that the Joulean

temperature rise is less, thus lessening the need for supplementary fan cooling (or slip

R
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the di'e, wiesenamrt he (single or nultiple) screw exhibits | easr/eBdsmasan to
t he” conposition t han dpes=the-barrel- and.wherein the die has a
friction-reduci ng surface, ch' AttiecHEEd -8 BEEN
coefficient of friction againsf polyyamucea cohol| of
than 10 t fgeintsPto Eééﬁﬂi@t@mf: ST i et iAduck @A/EtallRafién 6f¥e polymer
preferably over substantially all of its surface, have a room

t enper at ur e EQMMRSSIM. st rengt h:.t o pol yvi nyl al cohol cast . thereon of

N t han 200 kP f.erabl.v: nat di ng 100 kPa,. r ef bl t
s T 00 et Al B £ b e R FSrB et 1
material of a fluorocarbbi hkteidle BPhe EXMting iSSaICLH apFlicdd the SERW RcontBitidhal S

preferably non-stick rather than 15 a specifically slippery coating, and
may be &.g. mahheroAmquriméranayaineachscase precedaithe/ coating for patgloses of e.g. adhesion andat

| east 240[err]C 1f the barrel is,also coated, with preferably a coating
which is bot ffrviceability Q%&F-@PPE&%@ IQPPﬁﬁB?WPmP?F@%%;)W@IheF‘W' such a case
shoul d still have Lahes i £ ﬁllmlg Qi LGl 30a]

t han has the scr e%,qseal {&Sﬁpﬁe opp Fsalut'e ISsg{%gs%ﬁ%@\%?@ﬂg%g#Pg%{%
nor e sl i pper yorh& intb heortavt el - codtednwith nthe hadhesipaeeduciinyl coatingPVehl this way,
mentioned as a 20  reference material, or as a specific feedstock, it is
t aken to havehear-fessitivel Rolymers such as polyvipyl alenhol (RVOH) €3n be pravessed-in 20600

Gynan 071 BB eler foand i i 2 aston whichjsbefisytd B 8GR Sriperf
han o e e kT T pefryf ) 08 OB MR ke R,
than 0. 11, apassesathrbughnthe barrel Swithout airag) of Gvhifipoalinge so avoiding shiec dargeesebf by
bond st enot FRSRBOHGElfegds it caBarats et s 1 Bbiohrss GXplained, such polymers The
ol yvi nyl | Sl BB R 0 et ur e may be | ess than 0.2 and is

preferdlly 1ess thnoene. phfticular form, tiee Barrélewall tofathe extrider fag) déditibfally or
m ni m se back-pressure at the die. The die is preferably 30 non-sti ck

and | ubri ci otltemativelyabeeoatediover atdeast partof its\surfacswith gn iop-reducing geatings

preferabl y | ganly1afa kst W P8P aRpF RlokicHtbotS, fsbRethy BLisk Wbt} °°

resilient, and serviceable up to at least 300°C. Preferably the barrel wall is not coated, or,

that the dynamc
~of the screw is |ower

anw e
Ay \t ¥

' if coated, has a dynamic coefficient of friction against PVOH exceeding that of the screw.
20 ~ In a further aspect the present iiwept_ion_provides a method énd apparatus for
delivering an extrudable organic polymer composition to a die or mould, wherein one or
more extrusion screws is/are rotatably housed within a barrel and iemperature control
means are provided for maintaining the barrel at a controlled temperature 'or_ series of
- temperatures along its length, the arrangement being such that the majority of the heat
25 energy acquired by the composition within the barrel is from eﬁctemal heating via the
temperature control means. _

This is made possible through the unconventional mode of operation of apparatus
according to the invention. As a conventional screw turns, polymgr tends to bond to both
the baﬁel and the screw, and the work done in turning the sérew against thxs bonding is

30 - used up in shearing and ripping apart the polymer, warming the same. As, in the present
' ‘apparatus, poljmer does not bond to the (coated) screw, its ﬁmcessing takes the form of a
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The die nay be a spider die w =—pandret -over1whi ch t he roduct is drawn
to form V0 96/04121 t ub aHISfx’r’mbm‘éxumd&d as 6 nmRGTAGBISDIBAS| pr e( )
drawn to 3 nm and chopped in'da pel I%ﬂM:ED ﬂor r e- processi ng.

The invention extends to a neth 7 ' an extrudabl e. organic

pol ymer . conposition.ina parat us.-asset forth above. The = -

conposi tion rﬂ‘ﬁ‘}‘gcﬂf rigieadiag AstigR,| wiich dissipates minima)) energycineripping polymesricthi

done in pas the die
doos not " oxSedssff TBREIE Michbtia) UE maBiifla BV Rurdally Biblied ey which'ls
one- ei ght h, pdfertdiPas being more/éohicollshle, fredistable ahd ni¥eriily ARPBISE thrUkhbly MLIN 2
barrel or die of uncoated steel. . The coatl ng(s) ‘| essen the

mechani cal ealmsy thaniseenventional interoally gmtcmheanaRmm the above defihitiongn t he

barrel nd ecial | hear da r he Joul ean
tirrpe?ﬁ | v\zorrésetq ﬁﬁ‘%@wﬁage 8 E@&% %&‘e"éalj'ﬁ séﬂ?ﬁ?ary

fan cool i g pteérabllyildss than 0.]. THRARAS %oﬂ&b@ﬁ@ﬁv&&%&sﬁﬁl&e'lﬁ.%iﬂ@e élé%ﬁﬂé' y

|l ow not to |nduce crystallisation of the pol ymer conposition

- The coat i ngpriowars the thetmostatsiwhichareproxided to taal ﬁxermctagnaibmpphectheamnaterﬁkg
such as _ afluoroabnmatelal he coatin syitably applledto
the. screw i RTACHSRAMR, berdhe spid ratio isinfnity ESBF’F“@sta?‘fH“g‘S(Pﬁ% Hegede

the coatinggfQin, 1&%@? ﬂfto?exﬂov '1&@mall eneratéd fleat€r Vi Ceabi l ity of the.

coating andto Inpart such properties as res { Brence. _ It is

preferered that sThet eniperdtine should uttirengtoudfexcsd the esy-cilled) .decoipbditon
temperature" (around 180°C for a typical PVOH) and at its highest just exceed the

"crjrstallit'e melting point" (typically 230°C), i.e. by not more than preferably 3%, more -

preferably 1% on the absolute temperature scale, while preferably remaining below
the cross-linking and chemxca! decomposmon temperatures. PVOH has the xdeahsed

15 . H OH

S
formula { C - CJp.
|1
HH
20 _ o L
The present invention is applicable to the extrusion or moulding of PVOHs, for

example hot-water soluble (fully h)?drolysed) PVOH:s, and can improve the workability of

such polymers ilri a wide range of dies and moulds (which may if desired likewise be of
inherently 'non-'stick"slippery materials or coated to achieve the same effect), such as

25 "spider” dies, "widows peak” dies and cast extrusion dies_ for single-film extrusions,
coextrusion dies, for eXéinple of the types desc_ﬁbed in our already mentioned application

‘No. WO 93/22125 (the disclosure of which is incorporated herein by reference), or in
injection moulding, blow moulding, vacuum moulding_ and expansion (e.g. foaming)
moulding. o | . |

30 N ~ Preferably the composition before the method compnses from 13 to 27 wt%
| plastxmsers, preferably 10'to 20% glycerol and 3 to 7% water, and in the method () the

| swellability of the cdmposiﬁqn before the method when moulded at 225°C then stored in

water at room temperature for 48 hours does not exceed 110% of the swellability of the
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corrp05| ti womg into contact are coated with the adhesi orpdBgBssi0i84s
coating. In this way, shear sensitive: petymers such as polyvi nyl

al cohol (PVOH) can be processed _"‘;’ac‘,?é}l Wu&&erly ch gentler manner than
hitherto, by an action which is e |e‘\_tadgt,nmrese,l e "rolling" it

i n the flightémpésifibieaficttbs\nethdiiidratGWiproporuoh of WatriRaubsl maiaﬁam%e
. conposi tion, |ike dough, passes: throu the barrel w thout drag o

whi r | pool i ngeomppsition, aﬁertbemeumgnmendjémgxgs &lbbymmmlﬂm@mm@n

caused by ex

h I, d
can be especﬁ% d§ “Z eaukg‘e el HEW rate of the ‘8’6‘3"’5 "%iﬁéff’*’?iﬁmﬂg %r; P el
wal | of the metmaﬂsa dilor @)dhé mbieaumrwe t of the 8bMiBésHidd 4oV inchéas &8y o

over at |east part of its surface with an adhesion-reduci ng
coating’ sui mep¢ $haof 10% diyrithe anethodadt isoprefesesd thatathe rgsidensa ttimen of! tiebpoigmer

L1 ooy e S e e 2
h d f
as a dynam Eorﬁﬁﬁé&kvﬁh%ﬁ{ergfast{ e%@feﬁﬁl%ﬂ@i cdDVgi{u?d&PgéiQk-ﬂl fer %Cr R s¢ S/ 501 0

t he screw one or nore extru

rotatably hoscrewts usddtih theeextraision lof polgpropylene or pelygthyleheir e control neans are

provi ded for nai nt ai- n| n the barrel at a controlled terrperature or
~ series of tenpera #gns, the hagelyjs suitably-maintained afdifferapt temperatures alpeg

o . it o P S8 9t R, SO

control meanghich can extend over at least half of the length of the barrel, the temperature is gradually

ihcreased from one zone to the next. Thereafter, a compression zone is suitably provided, _
whereby the root diameter of the screw shaﬁ is increased and/or the pitch of the screw(s)
is decreased, extending over one or more (suitably about 3 or 4) fhghts of the screw(s). The
15 maximum temperaﬁxre in the barrel is S\ﬁmbly reached at or ebout the compression zone,
ahd ‘may be from 1 to 3% h_ighef (absolute temperature scale) than on leaving the
' temﬁeranue-increase zone. The volume of the composition is suitably reduced by, for
example, one-third in the compression zone, that is, a 1 ml element in a continuous stream
. of feedstock will be constrained to occupy only % ml when it has reached the compression
20 zone. This volume reductlon is a measure of the harshness of the processing and therefore
preferably does not exceed 50%. . _
After the compression zone, a devol_a'tilisation zone is preferably provided;_ in which
the composiﬁon is allowed to expand substantially over one or more (suitably about 2 or 3)
flights of the screw(s), the temperature being held about the same (within preferably 3%
25  e.g. within 1%) as in the eompressionl_z_one. The material can thus expand to its natural
exient, sufﬁci_ent epare volume _bein'g ellowed fqr this. Gases are suitabfy vented off from
the devolatilisati_on zone, optionally by a vaeuunﬁ extractor. |
Accordingly, the devqlatilisaﬁon zone is preferabiy Sufﬁciently _capacious that
material in it is not under any compression, and therefore preferably the thread depth and/or
30 | the pitch of the screw is larger in the devolatilisation zone than in the feed zone.

Downstream of the devolatilisation zone a pumf: zone may suitably be provided,
. This Sheet Has

W
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This is nade possible through the unconventional nmode of operation of
appar at usw096/04121 accor di ng..t.0..t he i.nvention. As a conventPocreBysms&V
turns, polynmer tends.to bgndita 5 - both the barrel and the screw, and

the work done in turning he;.scm‘m_ﬁé%nst tihi s ‘bonding is used up
in shearing and ripping. a

_ lTzaﬁ.—.,-—;:\&armngthe sane. As, in
“the present OaWaJF @eore alitabiprab tlights df the stiew, (vhereby the compesitioh is

. glrgcs;legz't 22 carried forwal ‘iP'éSPtﬂﬁ torm of %&6%% kneadl n actlon vvh|ch
‘softening t eiRae QariRionDBey SRl MR iR tf?é/ cBitipRised '%néolmesaga ng‘?fa?ﬁf‘t

~which is preferred as being nore controllable, predictab
di spersed t projeatshibyte.g. e toobpiteh) beydrdthe end ofltherbhrrelrtalpuslﬂﬁxe iadria) ogedlrAt ed

heat . Restating.the a ove deflnltlon in different words, the ratio
(i nternally ’{ﬂ?ﬁe?safr@ ly prow qdes&as/tp@)yp fiigking, Sppalling A3 Whipping eering han
1, preferablyedess than 0.1. The ratio shoul d "~ be as low as

possible. In some exanples of the prior. art, the thernostats which are 15
provided to "cal iThe tsorewexpeed rshblld sgife 00 Kightor%ﬁh’aﬁngl dhdpsveewokéng! of S

I.e. the said ratio . ds-infinity, -and sonetinmes _indeed, in the prior
art, cool i nePrRpgsiionmay ewult Foya aealetssrewemder,am@eed(e@wolahmﬁﬁalpm
generat ed -heat ., e _shoul d t hroughout exceed the
so-called ﬁégm&'ﬁq gorexample bet\y%em t[f#gd ?gt‘ound 180[err]C for a

typicglp PVOH) an t 0. |
melting point” ({;{y?)'l %ﬁ?ﬁ%ﬁ?ﬁ%hﬂgﬁﬁ%ﬂn? %n%yrstaen% lﬁtﬁ?ﬁ%ﬁé&%ﬁ 3%

nor e selfspuwrginga Mhis avoids thetrived wlintroduce theempplastic pusgatives er, othéri dbeasive
el e o o ok s i SEohAdy b Mgt o L contig
:—| Ol—.|25 andreducmgcleamngtxtnes | ' formula (- C- C-)[err]

. In a still further aspect of the present mvenuon, adie assembly through which the

15 composition is extruded has over at least a part of its mternal surface a fnctton-reducmg
surface. It is prefen'ed that substanttally all surfaces of the die assembly with which the
extrudable composmon comes into contact are fnctton-reduemg This is most easily

achieved by smtable coaung The die assembly (mcludmg any adaptor at its start)

preferably never narrows or widens by any angle exceeding 40° (e.g. 25 *) (cone half-angle)

20 except at its exit, i.e. the prior art "pepper pot” is omitted, the extra working imposed by the

' pepper-pot being now found unnecessary and indeed deleterious. The screw, if it projects

beyond the end of the barrel as suggested above, would thus pro_;ect mto the die assembly

| in this case, in particular into the adaptor if present.

It has been found that the present invention enables sensitive polymers such as

25 PVOH:s to be worked contmuously into hlgh-quahty sheets films and other forms. Oné

such form whmh may particularly be mentioned is continuous fibre(s) for pellettsatton
which can be extruded continuously through an orifice (say 6 mm diameter), hauled off

(drawmg it to say 3 mm diameter), cooled and pelleused by cutting blades in eonventlonal

manner. The polymer pellets are found to be stable for storage and transportation, and

30 appear to have substantially reduced gaseous m_clusxons.l The ﬁbre/pellets material is

uniquely characterisable as having any one or 'more'of the following properties:-
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H H 30 wo 9604121 The present |nvent|on |s appl | cabl e t pdERRNgMSH ON
or houl ding of PVOHs, for == o gl soluble (fully

hydr ol ysed) PVOHs, and can irrpr
in a w de range of di es and m)ul (V\)RE:EhA‘ﬁh._' desired |ikew se be

of inherentlysnon- gL gkins -.’-‘, AP g; 250 e sane
effect), such(d‘| b hbga%?a‘rﬁ dl es ¢ol oWS Qﬁl %gtlsgceg)g%ﬁférwgg

ext rusi on di e@i)f oratErIwh&dlﬁg hmzeet:raualsm 1ﬁalsulle¢0.@te& athdofi tefipefaturk $or 48
exanpl e of the types describ&gd in our already nenti'oned application

4. hours its syellipgexreedesi403 (nreferably 42%Xt i on foul di ng, bl ow

oot or oty T it SR Blin e v RERR B3 ek BB R0 B 6

pl astici sers, tomm?wmﬁséﬁwit&-mwiﬂﬁﬁﬂaw and 3 to 7% water, and in the
met hod (t) the swellability of the conposition before the met hod when

moul ded at 226Bv) erat]BSmedgtanmnﬁnaHoad of 10kg andtthrough ardieof diempter 412mm, itor

48 hours does not exceed qﬂ.ﬁg@ the swellability of the

conposi tion s flow, ate is; &%ﬂ"& (ii) the proportion of water-soluble

material in the etﬁﬁmﬁ ,@%dg [ f

falls by |less thanﬂrl]ailn? I n the cog&s % P%I—Fﬁ@rjaje}ﬁgmg%uéﬂ}mﬁ%eg b\éh&g
a new substance, which has important mdusmd advantages. The pellets can be re-extruded

of such polyners

10 or moulded at a later time, preferably using standard thermoplastic screw equipment in
which the screws are coated over at least part of their surface with an adhesion-reducing
coating in accordance_ with the present inventiqn, or even more preferably in standard -
un-coated equipment, stanc_iard except that preferably, if a spider die is used, the die
continues downstream after the spider for at least ten e.g. ‘at least fifty times the

15 | ~ composition thickness (in order that the composition weld itself effectively together after
the spider). The pellets (and the precursor ﬁbx'e) are characterised by not thickening, or not
becoming thixotropic, when extruded in a standard uncoated screw.

The invention further proﬁides polyviny! alcohol in the form of fibre or chopped
fibre, i.e. it has been extruded, in which fibre no carbon-carbon double bonds are

20 detectable by 13C nmr.  Such double bonds result from thermal dehydration of the
polymer backbone and are the precursor to cross-linking. Their absence in an already |
extruded product therefore indicates a uniquely mild processing history as well as implying
no cross-linking. This product is therefore exceptionally suitable fer further processing.
It may, furthermore, have any one or more. of the following properties:-

25 @) it eontains no additives other than colourant, silica, glycerol and/or water;

(i)  after moulding at 225°C and storing in distilled water at room temperature for 48
hours its swelling exceeded 40% (preferably 42%);
(iii)  after swelling as in (ii) and drying, it contams from 5. 8% to 6. 6% (preferably 6.0%
to 6. 4%) by mass of water-soluble material;
| 30 (u_r)_ at 225 °C under a nominal load of 10kg and through a die of diameter 4. 2mm, its

mass flow rate is at least 20g/min.

i




the method, and/or (iii) the mass flow rate of the conposition is inproved
by at | e¥Q 96843210 by the method, and/or (iv) the M nolpetidpesovsasght of-
the conposition is not increased - by nmore than 10% by the nethod. It
is preferred that the residence tinme of the pol yner conposition in
the barrel of the feed screw be relatively long, e.g. at least 1 mnute,
conpar ed with otTier PPObistomposhioanised may bel tHabdesetbediarwengi/znals. gener al

pur pose screws ) or ,screws used in the extrusion .of pol ypropyl ene or
pol yet hyl ene, 15Ihe invention wilhppw,be; described by, waw of epamplerwish referepes tonthey

mai nt ai ned | wh%’qr HTINCES : along its length in a series
of terrperat%%%‘qtz’%{ﬁsg?&%n ’eﬁfv%gig'. three or four zones, for '
exanpl e, whi ch dfigurex1 eilkisteates aasingleasdrevafeédedf cdabd 'k\ﬁﬂighkh&ﬁstickecctﬁhgel -
the tepperature i s gradual i ncreased fromone zone to the néxt

Ther ead t er ,(net shewp), #4thi pert (2)dndicating the numberingiconysnyion fareachflightdfehetyewhe
root di ameter _of Jt.he_screw ft, 1S 1Ipcreas d/or the 2 rfch . of the
‘screw(s) is““ﬂé’éﬁ‘é%?sc;gﬂ‘,l’“é‘%éﬁ%ﬁ% 08\es H’Sr@“ﬁ‘f&?ﬁ@l‘?aﬁ B@BF\?“JB‘E)‘(%F;@‘@ 4)
flights of shAexsfpRWedperathi®, Maxi num tenperature in the barrel is suitably
reached at or about the conpression zone, and may be from1l to 3%

hi gher (absol ut FigweRBeshaws arextrusion linesmithlbly forpolyvinyllabeohol gnd he

t enper at ur e-i ncrgase_ zone. .The K vol une of -t he canposition is, - o
sui tably reduceﬁ €3 9""%‘3&-‘551348&b8ﬁ J P‘Ggiarﬁgﬁésewg’ FOIRRTYRE Fhafapter hat
is, aqg¢ m™ : ement in a continuous stream of ‘feedstock wll .be-
constrai negﬁggplgg%@%y only [err] ml when " it has reached the

conpr essi on zondn thé iappatatus descridbddicpolpvinylsaleotiol asf eithep bf tWe grades may be
har shness of the processing and therefore preferably does not exceed 50%

After the E¥WledsHatn whenbroughttegetherte farmea bilayer Glme affer peatesial ith ysefli ded,
7 vore (MR G S  fapar, et ont [y over one
t enper-at ur ga)beolmwhet sblasleut the sane (within preferably 3% e. g.
within 1% as in the conpression zone. The material can thus _ expand
to itk natural Mowiel 26885 cient spare vol und0fpangbymeightd for this.
CGases are Glycerol (food grade glycerine) :  \5pams
Distilled Water : = 5parts
Silica (very high surface area) : . Yepart
and | -
20 (b) Hot-water soluble
" Mowiol2899 : | 50 parts by weight
Mowiol 5698 : ~ SOparts
Glycerol (food grade glycerine) : C 20 parts
Distilled Water- : 5parts
25 ' Silica (very high surface area) : ~ Yapart

"Mowiol" is a trade mark of Hoechst and is polyvinyl alcohol. The iridex numbers "26",
"28" are the viscosity (in mPa.s of a 4% _aqueou's. solution at 20°C) and "88", "98" and "99"
refer to the degree of hydrolysis of the respective grade, i.e. percentage of X groups which
have been hydrolysed of the precursor compound{ CH, - CHXJp, on which the PVOH is

30 notionally or actually baSed’. Degfee of hydrolysis prefeiably exceeds 85 for cold-water-
soluble product and 97 for hot-water-soluble product.
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5- , suitably vented off fromthe devolatili ' e,
opt i onal |‘§/"%9>9’°§”\}acuum extractor. ' ' ‘Accor di né’?@'}d@ﬁlgﬁﬁg

devol atilisation zone is preferably sufficiently capacious that _
material in it is not under any conpression, and therefore preferably the

t hread depth d/ or. the  pi f.the segrewis larger. in the .
devol atilisation %%gﬁﬁﬁ%nFRHﬁgb% §g88°£&ﬁg‘?e° cr glven,ata_%oge \Xﬂ?{}?%ﬁ?f%f
the devol atibﬁﬁmﬁhgam%et@e@wagvmm?m*@bl y be provided,

over one or nor {Jsu_i tably about or 6) flights of the screw, whereby the
composi tion nlike somer paer-arb fommulations for making RPYQH extrwdabils, talle thase

5% om  ne CUTRHBRER4 ARk Syl hemesyso e BRESRGES, UL B LT (o
e.g. [esr] to1l p%&Bkd&@M%ﬂﬁ?nﬁ@fo%Jf@mﬁﬁgﬁgm&), 1342B1eH RS abdhyt 30°C,

material out and a "hose" 'is preferably provided so:as to avoid sticking,
"spiralling"passed through a hmahsippe anyl used immediataly or within 48 hours (unless gavked tr ew
speed shoul d not be fqQo high 9r shearing and overworking of the

conposi tion ml%a!eg.co €8)si ngl e-screw extruder, a screw speed of up to

about 50 r.p. m The grodbn.{c? iéﬁs&éﬁ%& ai¥hiflscie® mEteAfeBddt Shitf Barfd Hb-strw? O
r.p.m However, preferably the :
extruder of which the screw is as illustrated in Figure 1. A single-start screw, 24 pitches
10 long (each pitch repeat distance P = 32 mm and outside diameter = 32 mm), has threads of
fixed land L = 6 mm but variable thread depth TD and root diameter RD and rotates at 15

or 20 r.p.m. Numbering the pitches from 1 at the inlet to 24 at the outlet, TD and RD and -

the process temperatures are as tabulated in Figure 1(b).
The earlier mixing, from about pitches 1 to 11, has an actitn on the crumb similar
15 to that of kneading dough, and takes place anadiabatically, that is, with external heat being
supplied to maintain temperature, the mechanicél work supplied by the screw being much
less than would be required to reach the desired temperatures set forth in Figure 1(b). The
longer the "cooking", the better the final product, hence the suégesti_on in Figure 1(b) of an
extra zone 1 for longer temperamre increase. Zone 14, if present, would for example take
| 20 up six extra new pitches 11A, 11B ... -l_lF between 11 and 12. The residence time of
composition in the barrel is as long as 2 to 3 minutes, because the compositidn tends to
'knead itself in the opposite direction to the forward screw transport. Long residence times
(slow heating, gentle working) seem advantageous. - |
F 1gure 2 shows a typical polyvinyl alcohol extrusion line, in which the processed
25 PVOH moves through a die assembly comprising an adaptor zone 5 and die zones 6, 7
and 8 (all four at 230°C), with individual heaters and coolers as necessary to maintain these
temperatures (including those shown on Figure 1). The die is coated with ﬁicﬁOn—reducing
i.e. "slippery" fluorocarbon of a grade which would be suitable for commercial fast-food
bun baking. (For such an application, low friction is needed, as is durability to 230°C, but
30 not great abrasion-resistance, as bun dough has negligible abrasive effect.) Unsuccessful .
B coatings were those which could not ‘withstand 230°C. | Because the coating had a

9. .



v

15 conposition is fed to the upstreamend of the barrel screw feeder
appar at uwosgs/oaraufficiently ' low rate to occupy nopcirigsbizag hal f -
t he avail abl e volune at the start of the screw. It is found
that the present invention |eads to a system which i s effectively

sel f-purging. This avoids the need to introduce thernoplastic purgatives or

ot her coeffitiern of friztiomb£0.121(dynamicy ith despect of PVIDH, aad @virdhedsarabl small
elimnating the risk of damage to 20 t he coat | gﬁiand reduci-ng cl eani ng
times. room temperaturqmél off adhesion band strength fg Kaski mmmanes

1(?)r(|t (r:'tjldgg ?e acl n surdtla@gém%ﬁﬂéab erreo‘R”H'nt‘le%é '@&ﬁ ﬁ‘lra&?’ﬁ%ﬁg' camed

surfaces ofoutmddhepvemmsthammeeﬁmgwﬁﬁ&m&Qﬂmu %raS{bEES

into contact are friction-reducing. This is nost  easi |y ‘achi eved by
suitabbe cdssxmgcewmtm@mmmorﬁusqqmgudu ng any adaptor at its

tart f bl d di
Zo?rerhpii o 20 ST et is BB Wit R brotr R aradorbiedanuepys resin GiBemian ; or
art "peppermedihm to a wet tlucldnéssqmab&ﬂdoo hﬁﬁuﬂi&x@dﬂé&fé{- samﬁepﬁ@@ G¥nd {ifen

pepper - pot bei ng now found unnecessary.and I ndeed del eterious. The
screw, if idurgd &ref minittey ahd0@%Catoeformod 204280 hsmresg. 20625 Wy ebriasidn-resistant

o & he. admptcougervial st frods gheken baiy” Standdbas), aliesiorcregisig Moliicknat
the pigsentaiilfil i MBom 1BRbERAE ISddst BYORPlS sy ARl less than 50 kPa) -
smooth satin waxy-feel ﬂuorocarbon polymer whose p (dynamic) measuro;d against PVOH
at room temperature is 0. 10 and which is serviceable up to 250°C. - Alternative coatings are
possible, but the primers and coatmgs should not soften below 240°C Proprietary primers
for such purposes, often i in liquid form, bemg in general clrculanon, the most smtable
15 pnmers and coatings are selected by trial and error. A further alternative is solid material
mherently havmg these surface properties.
Adhesion strengths throughout tlus speclﬁcatwn are measured by a puli-off test
based on BS EN 26932:1993. Two 25 mm wide strips of samples whose adhesion to
_ PVOH is to be tested were bonded using PVOH to form a cross. Test surfaces were
20 degreased with toluene prior to formation of the bond. The strips were placed, test face
| upwards, on a hotplate controlled at 295 + 15°C for 5 minutes. Polyvinyl alcohol powder
was sprinkléd onto the surface to be bonded. Heating was continued for a further 3
minutes. The joint was made and the specimen was removed from the hotplate.
. Immediately on removal, sufficient pressute was applied to the joint area to cause softened
25 polyvmyl alcohol to exude from the joint. The assembly was allowed to cool to room

temperature. Bond strength was determined using a Lloyd LR30K tensometer under the

followmg conditions:
Ambient temperature | 22°C
Ambient humidity %
30 _ Cross-head separation 6 mm/min
Polyvinyl alcohél thickness in joint 13203 mm

-10- .



F’VO—ls to lWoWQP' conti nuously |nto hi gh-qual ity sheets, her
forms. One such formwhich may particularly be nmenti Oneg@ﬁﬁsﬁ’é

continuous fibre(s) for pelletisation, whi ch can be extruded
continuously through an orifice (say 6 mmdianeter), haul ed off

d tt t t des.
a9 1 wene AP sifplel IR gibksivegoeel! PRS- ARboEld BRARRL U forOrliggoes
for storage saoltbsively. The samplesrefetrad toas "uadd' S kP2 wer®sdaeaklp ddilsdréd thabthby

reduced gase i ncl The fibre/pellets material is uniquely
characteri sa&“éd g&ﬁﬁ@?ﬁ%ﬁ@“&r more of the . fol | owi ng

B Pens o yeer ol Snbplepareas B8GLAA eyl rpliiing Gty 0 £61 0

and storing ameléred fdetierd, ﬁaﬁewmahuﬁmmamammaho per 4 feedxﬁg d@ﬂmgle' ts
swel I'i ng exceeded 40% ( &geferabl y 42%; (i after swelling as in
(ii) and dryphgwnlserewow ﬁ%tawarﬂOrmehwre\fswnesl 1%, 2,3p Dand dceine shosvm) %o

to 6.4% by nm e bJ e t 5 rr
ndor = now PR &5l B Bt TG b lie grapve or ol of 1 plessk
mass flow rahﬁtérfal%ehﬁféﬁal&ﬂﬂ( ™3 13-3 minutes to traverse the Wilde! | ets can be
re-extruded or noulded at a Iater time, preferably using standard

t her nopl astic scréﬂ\emqﬂerpmammnﬂmbdmmmad@mdmf&ﬂm@mrﬁstdmast

Becor e v theRes hrodg affr%mqﬁ%cﬁsfeiﬁﬁnﬁ i 23656 1 kg fuemplly
st andard un-m@mggﬁibpd(}?ﬂfe Coﬁtogagm iOd eferably, if a 20

spider die is used tinues reama ér the spider for at

| east ten e.g. at Simiiad results are obfairable by mdghneemmmlﬁlrcmeMd:W the n_
order that the conposition weld itself effect t oget her after

the spi der) . tempergiaresctys: ofene he™ JP8Wr 562 = 2%5 53/ e =cPI°S6t &4 SRBE: not
th ckeni n. ' gr 6ngh PECARLAD § DIZSB1E R el k) UREide e toARIEA s o
15 different grades of PVOH.

The blown film 9 is drawn off by nip rollers 10 set to maintain an appropriate

tension, and wound conventionally. _
 Asan alternative to the single screw illustrated in Figure 1, a twin-screw extruder
mhy be used, and Figure 2 shows an extrusion line according to the invention with a
20 twin-screw extruder. The two screws are coated identically to that of .Figure 1 and have
identical constant pitch (43.7 mm). Counting from the feed end,

1- 7 | Temperature Increase Zone 1 = 24

8-11 ~ Zone Elongation 1%; | 24

25 12-14 | Temperature Increase Zone 2 24
15-17 Compreseion Zone 3 | 16

18-21 _ | - Devolatilisation Zone D 36

22-25/26 ) . | (24

) Pump Zone 4 ' (
30 26/27-29 ) o ( 16

" Each Zone is held at the same temperature as in Figure 1b. |

-11-



The invention further provides an organic pol ymer processed as set forth
above, 2%o096/0432ichi as pol yvinyl alcohol in the formof filmecrspssped
fibre, i.e. it has been extruded, in which fibre no carbon-carbon
doubl e bonds are detectable by [err]C n.mr. Such double ~ bonds
result fromthermal dehydration of the polynmer backbone and are the
precursor to Flgure&smcs-thcaidasfghei)tmlderwhhamewémblyo@hfpﬁaﬂgaﬁmﬁbtgﬁd

el | o i Mo TeA dhecdo et vies Hlomn T3 snie e Srew OREIRBIONE [shown, with
except | onal it bl e bl i PAGcrBEARA0 Bl Mrel drgffB, 1Urtherore, have

-any one or ng proper Pes: - (1) It :
\(;\f)ontgg} 82122 addi 'ﬁhupﬁ)oeisbdﬁ:ombaﬁuﬁmbﬁﬁmhughldnlek&ud@Maﬁd Wit hof-sHe er ;
PCT/ GB35/ 01fluerocarbon and not converging moraliverging &swbndwhtxmymmbamzo%(hme

d bed 1 ||
oscri bed biPitEREISh Th4 ERhowder 39 epds o keyioh Mg AE ek habbuon 5 iingo p i
drawi ngs, i Bott¥th @Bne 6 with similar mild cdtivetpefices dnl! divérp@ices Thﬁ'dﬁ s tiat

feeder coated witha non-stick. coating 5 (not: shown), part (a
i ndi cating mhnmnmwenhangabmrkemdommnftbe carppdsitidn, gtmh'wjtdthesesxeaahmgs of the

40 D AL U S et S a00,  r er
shows jgn extrusipj, bie Vo3t i(ﬂlg|6€gltléy orit® b ¥iid ﬂi’ddl@%&fehf’fncluﬁﬂﬁa mandrel 17 in

which an air pressure duct 18 is drilled. After passmg this zone, composition whxch has

emerged from the exn'uder 30 adaptor 5 and die zone 6 movesto a dle top zone 8 equipped
with centring adjustments to ensure that the thlckness of composmon is constant all round
the mandrel. Upon emerging from the zone 8, the composmon, now a tubular film of wall
15 = thickness about 100 microns, is maintained by air pressure ﬁ'om the duet 18 as an inflated
tube, until it cools by external air cooling. The temperatures of the zones are as given in
Figure 1(b). | o |
| It will be understood that, instead of film bemg made from the composition,
6 mm-diameter fibre could be extruded by adapting the extruder 30; such fibre can be
20 pulled to 3 mm diameter and ch'opped'into pellets foi' ﬁxriher proceSsing 13C nuclear .
magnetlc resonance detected no carbon-carbon double bonds in the peilets The further
processing of the pellets can be in apparatus accordmg to Figure 3 but this time without the
internal non-stick fluorocarbon screw coatings, in other words now using completely
standard film-making plant for the repmeessing ef pellets into film exeept that the die
25 would have to have a slippery coating as described.

It is found that the 3 mm pellet diameter allows for a relatively rapid melting of the
polyviny! alcohol despite its low heat conductivity. Making 3 mm fibre diiectly, however,
requires fine extrusion dies which themselves could adversely affect the propeniee of the
polyviny! alcohol being forced through, and for this reason the desirable 3 mm pellet is

30 made by extruding to 6 mm diameter fibre and then drawing down. The maximum

temperature previously reached by the polyvinyl alcohol (in this case 230/235°C, and

-12-



‘Figure 3 whp)@ﬁ, j]e end of the extruder with a die assenbly ﬁﬁtﬂ
adapter 10 and spi der die. : I'n the apparatus descri

pol yvi nyl al cohol of either of two grades may be ext ruded. Both
when brought together to forma bilayer:fjlLm offér a material wth usef ul
packagi ng a t i I

packagi ng angreRrtieh 5@19&9%»40%)%6&1& IBfevel 4Bt B @4d8:iclviien reprocessing (€.
100 parts bymuntxgh-unouldmg ar extruding) Ghe pellars e(d. dntd ijhn,dsncgl tempetanare: control 15
parts till ed. Water 5 parts
Silica (very® wgﬂggfmaaimb&rwfsmmr%ﬂr] part and 20

(b) Hot-water sol 9:
50 parts by wei ghWﬂe?e polyvinyl alcoholl\fbvnﬁ{bﬁfmg @l%%nﬁ water and silica as additives) is

50 palr]tsd ammmmmwmmdommMWMnospa&wgéfm
Distilled Water Il1ca
(very high stwrfag %MMWBPWY[@WWW‘&“S“%WW%MI Whes extrudedwsingr k

Bt R el I S, By i
"98" and " 99he adhesion aridefriRtion Ehardtteritios %@&aﬁa&r \%ﬂtﬁ‘i 4T the '

grade, i.e. percentage of X groups which have been hydrol ysed of
t he precur soto intempediate (valdie,@roduct with{intefmedigte propetties mayrhe abtabned if r@mired.
notionally or actually based. Degree of hydrolysis preferably exceeds 85
for col d-water- sol ubl e product and 97 for hot-water-sol uble

pr oduct . : ' _ - 8-

S
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PCT/ GBOSNOI%3121
order given, at above t hei g

exceed (a)

formil ati ons for making P_
non-t oxi ¢ and harmess to

73 C or (b) 114(C: Unl i ke some prior-art

onrﬁhAlMSB o The product,

vvhlch|5|nthefo l.es i s cool toabotSOerrC
passed thr o&gh a Eqr@égeqbéﬁx%g{ég P af, B‘-fté‘]lP%I ess

packed in
passed via

1sadhesmg{.@é‘daémgseal ed containers). The product
a tw-n-screw netered feeder into a barrel - and SCrew

but taking care not to

Idable==5FT t hese ~ . conponents are

is

ext ruder of 2uhi ci hamel serewe feeder appardnisfsr deii\xedngmﬁrggmcqnolymdtcsmwklﬁoﬁl@rt
screw, 24 pltches 1 Ionggé i tct L&pn%eit di.st ance P 32 mm and

out si d@ di afSi® e‘?’

WV §

ess %wtpmmmsammt |

vari abl e th&% R TD and T oot d| aneter RD and rotates at- 15 or -
20 r.p.m Nunbering the pitches from1 at the inlet to 24 at the outlet, TD
and RD and 3. Ascrdveonnppmasabmdmgedﬂlaﬁnlaire Whertinithe sttevelhdsiover gUéast
1(b). The earli.er mxin fromabout pitches 1 to 11, has an
action on tptefitsuriacea ropm temperatyrs adigsionsstrepgihdap lialeohol sastthereon

pl ace anadi

at is, with external heat being suppl i ed
to maintai nﬁ%@%‘é%‘?ggt he machanl cal work supplied by the screw being
4. lesy gcwoﬂ@phdnbw&mag f&ﬂ:ytp?edeaa@fenm?wa&%hmd sére%ﬁ&ﬁé&r es

much 10
set forth i

15

_20

n Figure 1(b).
is of a fluorocarbon matenal

5. A screw or apparatus according to any precedmg claim, wherein the screw surface -

is serviceable up to 240°C.

6. Apparatus according to any preceding claim, further com';rising a gas outlet part

way along the barrel, and wherein the screw is shaped such that material conveyed by it can

occupy a greater volume when passing the gas outlet than when first fed to the screw, the
screw further being shaped to provide an intervening compression. | |

7. Apparatus according to any of Claims 2 to 6, further comprising a die through
which delivered composition passes, the die having a friction-reducing surface.

8. Apparatus according to Claim 7, wherein the die is non-stick and lubricious.

-9 Apparatus according to Claim 8, wherein the coefficient of dynamic friction of the

~ screw and/or of the die against polyvinyl alcohol at room temperature is less than 0.2.

25

30

-in order to keep the composition warm during the method.

10.  Apparatus according to any of Claims 2 to 9, further comprising temperature control
means for maintaining the apparatus at a controlled temperature or series of controlled
temperatures along its length. '

11. A method of processing an oi-ganic polymer composition, or of delivering an

extrudable organic polymer composition to a die or mould. omprising introducing the

composition to the upstream end of a barrel screw feeder apparatus according to any of .

Claims 2 to 10.
12. A method according to Claim 11, wherein heat energy is applied to the apparatus

w0
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ioné;er t heya hg", the better fhe fi nal product, hence t on in
. o S04 RSB

Figure 1(b extira zone 1[err] for_longer te

i ncrease. Zone 1f[err], if pr S S WO T8O 1= H,"_rrpl e take. 20 up six
éxtra new pItChes 11A, 11B . 2 AN o e :.d 12. The resi dence tine of
conposi tion'i 3 thei\ bart{le& |sl “Fergagesetatio 2 i:nyt es, . because the
“conposi tion ténds 0d accoring-H "‘"-‘ glf’e gfe i 8pnargded he
f or war d scre%gtj/@gmfyapbgwhmg%g%tll mes (sl ow heatl ng, gentle
wor ki ng) seem advant ageous. . Figure 2 .shows a typi-cal

pol yvi nyl al ¢éhol Aexmethed caucdrﬁmg toi mw\,ipmhdmgeclmmcwherem e orgahidChblymeées

t hrough a di e assenbl |.Si tor zone 5 and die zones 6, 7
and 8 (al | f.6oMmPogit %é[ @let%?qo '&S-F dual heaters and cool ers as

necessargy to |nt a| §€c(? ?REE ('} tTel wn_on
Fi gure 153/ Trllgadl € 1S coat rdmgh farﬂlyg I on- r%aum H‘Q«!ﬂx‘&iﬁﬂe B@%é?%éry
fl uorocar boncahpasm@@cbmmeeFoWUalb@hd}w tabl e for commerci al fast-food
bun baki ng. &For such an_ application, low friction is needed, as is

durability t 23opermqth,o tageording to (Jainy iSatinawiichi the tesaperatiec excesds Hhe
dough has ne sive oat i n wer e
CPogn ins on® BetopsfioR ey %"‘2?1‘}[ éﬁﬁ@il‘ﬁ@ﬁé@“ﬂ%‘ s below 1B Gras-linking
- 9- &fén%&l%composmon temperatures.
. PCT/ GB95/ 01845 coefficient of friction of 0.12 (dynamic) with

respectlk o P\Vﬂ-l #nthethoduaccerding tbClaina i, iwherein the composition before the method
comprises from 13 to 27 wt% plasticisers, preferably 10 to 20% glycerol and 3 to 7% water,
and in which method (i) the swellability _of the composition before the method when -
moulded at 225°C then stored in water at room temperature for 48 hours does not exceed
| 110% of the swellability of the cqmpdsition after the method, and/or (ii) the proportion of
15 water-soluble material in the composition, after the swelling in (i_) and drying, falls by less
 than half in the course of the method, and/or (iii) the mass flow rate of the composition is
improved by at least 5% by the method, and/or (iv) the Mn molecular weight of the
composition is not increased by more than 10% by the method. B
18. A method according to any of Claims 12 to 17, wherein the residence time of the
20  polymer cdmposi_tion in the barrel of the apparatus is at least 1 .minute_. |
19. A method according to any of Claims 11 to 18, further cémprising extruding the
processed composition through a die to form fibre (optionally then chopped into pellets)
or film. _ L o | _
- 20. A method according to any of Claims 11 to 19, wherein the composition is fed to
25  the upstream end of the barrel screw feeder apparatus at a sufﬁcientl'y low rate to occupy
not more than half the available volume at the start of the screw.
21.  Polyvinyl alcohol having any one or more of the following properties:-
@ it contains no additives other than colourant, silica, glycerol and/or water;
(ii)  after moulding at 225°C and storing in distilled water at room temperature for 48
30 hours its swelling exceeded 40% (preferably 42%);
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reston—bord-strergilh to cast PVOH (less than 50
N per squer®5/04121 i nch anjﬁ@@dﬁﬂ]%@s"s"—&f\h ih 50 kPa, serlcuvspiyas peel -
tests could not meaningful | yffbe CWQ. 0

soft at the 230[err] C operatTng tenperature, nechanical abrasion 5
resistance is not an inportant property for this coati ng.

The screw I(ﬁl)coaﬁexekwumd“gam)(xg%uab%ﬁg; 1tfdoH@hﬁ%hP98%%%96%?ﬁ‘é y 6@%4 N
rr

-di spersi on medi umto a wet thickness of about 100
dried for @ﬁﬂﬂfdtba’sm%ﬂsoﬁa{a@rﬁpbbmatmdn "~ cured for 5 m nut es at

(= to conmibli ot FAVE Yiskts ofinel o 36 1Ps 2w onanc 28Rt L smmeiin
non-stick ﬁﬁssﬂo&%@t@%hﬂ@ax@ﬁﬂé[ﬂﬁﬁn tenperature to cast PVOH is unrreasurabl y
smal |, less than 50 kPa) snmoot h satin waxy-feel fluorocarbon

pol ym§r whdge [Poty]v(ny;hah:nhd)mnheaﬁmmmf fibyeonetioppetDfibre, and in which ho@atbon-
t enperat ure L 8 ]bq %nd Wma Beeable up to 250[err]C. Alternative
coati ngs aF%" on doublie Ct%‘?}? he“MMders and " coatl ngs shoul d not

soften bel g %é aﬁ'ghgf &UEBM% rh'ﬁrlﬁqngtang one &E%tﬂé’fc{fﬁaﬁg 15

often in I|qu erng In ner circu e nost Sul

pr| nmer s angrdpeﬁieg,ngs are selected by trial and error A further alternative
is solid material i nherently having these surface properties.

Adhesi on sfi) engiticontainsmogdditives pther ép@g@lpmat, sdwa,aglncendaagm%edvaw, a pull - of f

uhosd %adnelon- S moudRE aheg G and sorng ih el A b Frob refperahy 30 1o

forma crOEMﬁggﬁegﬁggg@&aem%@Qfemblylagq/?ased w th toluene prior to
formati on of the bond. The strips were placéd, test face upwar ds,

on a hot pl @tip caﬁtﬁrﬁaﬁeﬂmﬁa&iu@ﬁﬁédnymglﬁbmtm}x@ﬁﬁmﬂ 8fhite 6.6% (rsferabip 6.a%cohol
powder S Spl’l kl ed onto the,surface to be bonded. Heating was
conti nued ?00644’\9%&%%9 water-solubl e“Fﬁ'?ﬂPies The jOI nt vvqs made and the
speci nmen r e QDG ﬁ’ﬂgﬁi Em Senoval
suffici en\tAaéressure was appP| e Bh?h?imgﬁax{d ared to cause g%?#en @5

pol yusny!l miassofiew rate iscat lebst 20ghmir. he  j oi nt . The assenbly was allowed to cool
to room t enperature. Bond strength was determnined using a L|oyd
LR3OK t ens¥het e d ofimaking polyvinyl alcohol product e.g. film, comprising feedmg

chopped fibre according to Claim 22 or 23 to a barrel screw feeder and injection-moulding
or extruding the product e.g. into film, in which method the temperature of the chopped

M

fibre is not allowed to exceed 240°C.
20 25. A method of _making polyvinyl alcohol produet e.g. film, comprising feeding
chopped fibre according to Claim 22 or 23 to a barrel screw feeder and injection-moulding
- or extruding the product e.g. into film, in which method the temperature of the chopped
fibre is not allowed to exceed the maximum temperature attamed by the composition when

it was bemg processed to form the fibre.
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f ol I OWI ng ns: Anbi ent tenperature
- 22[err]C \93@9/05{2? Anbi ent hum di ty PCTIGBISN184%,, 31

‘Cross-head separation mr“r’?mn Pol yvi nyl

al cohol thickness in joint 1. 3 [err] 0.3 '

-10- . WO 96/ 04121 : R

PCT/ GB95/ 01845 Al'l sanples failed adheS| vely at a

PVOH- substrate interface, i,e. none failed . cohesively. The sanpl es

-referred to aJD-» ser 50 kPa were so weakly adhered that they

failed upon the s pcv

descri bed previ oug in processing vessels | and 2 is passed to 5

net ered feeder 3, ﬂ Bm whi eptlbnul ssGre@W at 77 g/mn into a hopper 4 feedl ng
m or tw mqeem;nwhlch rotates at 20 r.p.m The
I/ 2, 3, (

into the single
) pﬂ 4/2re s hqwa, Xtra

SCrews zones
I taking 2 t TGQVERSE |1 ofe. -
gtefial is passed through & glh e 'g.ga.pioz%_'m.r_lerini | ow
I

hal f-pitch is pd 0
mat eri al , the mat
thence through a three{df23}coated qie 6, 7| 8,
or maki ng i nt er nalRymp

Thereafter, ﬁﬁ
Zone 4 | [221 (230

resi stance 10
21 " ]

hel d at 230[err]
 |20] 450 | 23.00
Devolatilisation { 19| 750 17.00

test handl i ng. Crunb prepared as

on the'screw for atidy =TrB\,{HImb RDmm) ¢c2@ séd
gﬂm m

N

L

= relaxation

Zone D L1 18] 7.50 17.00
c [{17] &4.00 24.00
ompression | :
Zone 3 16 : - 235
L] 15 " "
- (| 14 n "
Temp. increase | 13| = n 230
Zone 2

12| 400 | 24.00

f

-P
1 11| 6.50 19.00
Optional temperature 0] v "
increase elongation 9 u "
Zone 1L§ 8 " n
7 " u
Temperature | | 6 n " 185

increase < | 5 0 "
Zone 1 L - -
3 " M
2 L ]
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inflated wipegdqipy own filnt') of thickness about 100 micron
Sim'lar results are obtainable by rotating the screw at 16§F363#F“§ﬁ8

varyi ng the tenperatures thus: Zone 1 = 190[err]C, Z2 = 225[err]C
Z3 = 235[err]C, Z4 = 225[err] G /26 and 7 = 230[err]C, 8 = -
225[err]C. Trial and error may optim se these tenperatures for 15 :
di fferent grades of PVOH. The blown film9 is drawn off by
nip rollers 10 set to maintain an appropriate t ensi on,, and wound
conventional ly. _ . As an alternative, ,th single screw
illustrated in Figure 1, iin- screw ext r uder say be used, and
Figure 2 shows an ext ILLon | ine according t == ntion wth a 20

tw n-screw extrude~Fhd two screws are coated | i8Rl ly to that of
Figure 1 and have i dentical constant pitfch\(]43. N\ . Counting from
the feed end, Pit ches Nos. Equi Mgl ent Figure 1

TD (nmm) 3 - 7 Terperdqure | Rgrease Zone 1

24 8- ZonekEl ongatffi 24 25
12 - 14 . Tenperature | ncrease Zone 24 15-17
Conpr essi on \W A 16 7 A1-8

Devol atilisatg bz ONE D 36 6 -l{25/ 2

( 24 .”””l‘(/”\ g 1A Pu e

{ 30 ) I (
16

onT S PeIF aq‘thelsane teqperStu

!

21 %7223 D 4 . |
Fig.2 -
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VID 96/ 04 fpgreswonisrecuuseonsn

' T ' REPLAfJEMEN* )
PCT/ GB95/.01845 Figure 3 shovxs t he end :of - tjhe der
with a die assenmbly conprising an adaptor - and Spl der idije Egrg&kb&p
tubular film The end of the screw of. F| gur e 1(a I S _shown, t}h F _
the optional extra hal f - pi £ehlBIZSION APRARATUS AND METHOD N tft dd._ 3
The processed conpositi OR N ESE [}ﬁéﬁuﬁy mcﬁgﬂgéﬁer d wth J
non-stick 5 fl uor ocarbGiT and 110t corver gr 1rg. nor-—df ver gr hg—+fefh oA

cylindricality by Thy @vestioh 2Bk t6lan(exedsion and moul ﬁ% fppan@heind thegodxddduder
30 leads to a likewise internally coated adaptor -5, leading to a di e

bott om zone BW&f PaTticularlyde am appategisandgmetbed f@m@edn\rm gwetn@m onmpsldmgsoﬁ es

cont rary to PRYTSTPALOHE R SR8 e BorimicRs MRAR, Bt of GRCRGRL A Brindtong

repeat ed CONRY £p6lyRiRs paét WIEE HHAUEEG P Pfoperties. The die bottom zone 6
gives onto a die mddf)e zone 7 includinga mandrel 17 in whi ch an

ait pressure duct Sirglé¢ andmiltiple. (e4F. ttwin)psesew feedehiapparaine is koownsivherehy vahi ch

has errer ed framthe extr der 30, a tor 5 apd die ne 6 vesto
R e top 2oRMmBOSHiaR ohaR O DOIVIEF /a0 bR ARRErh 46 Ao oh reouiY ‘P‘hat

t he thi cknesgx?ﬁs t Shids ’Fh%sE&Q@&PéEfev&'é‘eﬁ&iéQ&imab%eba?%Eﬁ?I St th

Upon ener gi ng e zon the conposition, now a vvaI I

15 t10 ckneqswdlights catfGthecampusitioniatongahebaieh eltlistysodkinown tiess therreotdianatehe
duct 18 as an_inf] ated tube, until it cools hy external air
cool i ng. Theof g shathef fugh scews ¢ae vanialeng:the lengthefithesqrew, so that the eqmapgsition( b) |

composi t i on. Cat Bl Uhkine SRR afing the GRE B Berrb N B preaionpd e
extruder 30; hédting, WhitherefdtefsryX0 prepapsiht @thtérial forfemirddionst @bulding. chopped

into pellets for further processing. 13C nucl ear
Some organic polymers are more susceptlble than othersjo damage from such

15 _compressmn, espeaally if they are excessively chopped and broken up. For example,
certain grades of polyvinyl alcohol can degrade, leading to a cloudy, hard product where
a clear flexible film might have been intended. This degradation has been attributed to
cross-linking. It would therefore be desirable to pass such material through such heating
and working zones as are .necessary but without breaking it up. | '

20 Multilayéred co-extruded films can be made by providing a plurality of such
apparatuses in parallel, with means for uniting the parallel newly extruded films, which
would typically have different but carefully co-ordinated properties, as described in for

| example International Application PCT/W093/22125.
FR—A-1284924 discloses an extrusion apparatus comprising a die and a barrel feed

25 extruder for de_liverihg a plastic or rubber material through the die. The screw is of PTFE

| while the barrel has a highef coefficient of friction than PTFE vis-a-vis the material to be
extruded. The apparatus has a PTFE-coated nozzle.
US;A-3 564651 teaches that the miiing elements of elastomer extruders can have
a non-stick fluorocarbon resin surface. | _
30 For the extrusion of low-density linear polyolefin materials having high viscosities,
'EP-A-0078515 discloses a rotary extrudef having an extruder hOusing defining a cylindrical
interior and containing an extruder screw having helical screw flights, the root surfaces of

the screw threads having a surfé,c_e coating of a low coefficient of friction material.
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mhgnet i ¢ "PESSRATRR™HEt ect ed no carbon-carbon doubl e bonds in the pellets.
The further processing of the pellets can be in apparatus according
td Figure 3 but this time without the i nternal non-stick

fl b Crew.c i ~.in other words no in onpl et e

Gt andard 11 m en iR Hosfiobe aisClofs ' ke B raftaes Alope) he PRl ot KSR ept
that the di ' . i
U e e R MR gt RS, £t 557l

mel ti ng of t bhene etc. pol yvi nyl al cohol despite its | ow heat conductivity.
Making 3 nmfibre di rra{,:t however requires fine extrusion dies

| . (
whi ch t hersel ves €669 “gdg/ tedeesentipyention, anexusigR appasatus pomprasing a die and a

| yvingl al | . bei , i SQn_t irapl e 3
o el 151 15408 schel kb O SRl orefid plffmlr NomdoS R 1sIchas VIR ©
drawi ng downalchs! (P@H)orpolyalkylene witnaptionsl slip agenesdnd optional plaseadreihrbid

pol yvinyl al cohgl (in this case 230/235 [err]C, and .
-12- Vitheadig.gxhergin the (single or multiple) screw exhibits less adhesion to the composition

PCT/ GB95/ 018 - v not. porethan 240C) shoul d,however. not
be exceeded f/b%grg O_F %&eobc?‘glg{sﬁl‘g&@%ﬂé.tﬂe bie TR ?E‘%&“ﬂ ﬁl-“‘ﬁ%%f'ﬂfaﬁ& C&F%E?Ffiijdﬁ%g)
the pellets ﬁmaﬂtheld%ﬁmﬁlcbéﬁicﬁﬁﬁdfﬁi&im%§ﬁh§t\r}ﬁlﬁ%ﬂ &Rbhol of the sBRHME Id¥kriiiat no
further gases are rel eased. ere pol yvinyl alcohol (with-

only glificer othat ofthedicaridle s¢reWarayaeven dtlieast part ind preferably over substantially all of its
surface, have a room temperature adhesion strength to polyvinyl alcohol cast

thereon of less than 200 kPa, preferably not exceeding 100 kPa, more preferably not
exceeding 50 kPa. Such an adhesion-reducing surface may be inherent to the material of
which the screw is made or may be a coating, which is preferably 2 non-stick rather than
15 a specifically slippery coating, and may be e.g. a fluorocarbon and is‘preferably serviceable
up to at least 240°C. If the barrel is also coated, with preferably a coating which is both -
non-stick and slippery, the barrel in such a case should still have a higher coefficient of
-ﬁ'iction against PVOH than has the screw, although the opposite is also conceivable (barrel
more slippery than the screw). When, in this specification, PVOH is mentioned as a
20 reference material, or as a specific feedstock, it is taken to have a molecular mass
(number—a\;erage) of 100000-120000 and (weight-average)' of 200000-300000.
The coefficient of dynamic friction of the screw surface measured against
polyvinyl alcohol at room temperature may be less than 0.2 and is preferably less than
0.15, more preferably less than 0.12, most preferably less than 0.11, and can be as low
25‘ as 0.06. (A screw of uncoated steel, 'by way of coinpa.risén, would have a coefficient of
friction of 0.34 and bond strength 540 Newtons per square inch i.e. 865 kPa.)
The coefficient of dynamic friction of the die surface measured against polyvinyl
alcohol at room temperature may be less than 0.2 and is preferably less than 0.15, _
e.g. less than 0.13, in order to minimise back-pressure at the die. The die is preferably
30  non-stick and lubricious. The adhesion strength of PVOH cast on the die surface is
preferably less than 150 kPa, more preferably under 80 kPa, preferably less than 50 kPa. .

The die may be a spider die witha mandrel over which the product is drawn to form a

REPLACEMENT SHEET .
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5 - atTEnpEdrM6*Pe extruded using conventional steel dies and screws
wWth no specially treated" surfaces, the product is partly
cfoss-linked with a stiff rubbery feel. When .extruded using treated
surfaces as set forth aboye, the product_feels not unlike Bol_yet_hyl ene. By
adj usting tubular filgporextruded s Sanm dismetsrifibre(RKiEava o mm and shepped frso pgiisty y s
wor ki ng s'_urffgpgeg Rfedsiig apparat us -to internedi ate val ues, product
with interme |at% properties nmay be obtained if required. '

The invention extetids to 2 method of processing an extrudable organic polymer

composition in apparatus as set forth above. The composition may comprise polyvinyl
5 alcohol. Preferably, the work done in passing composition through the barrel and through
| th_e die does not exceed (in either case) one-quarter, or more preferably one-eighth, of the
work done passing the same composition through a barrel or die of uncoated steel.
The coating(s) lessen the mechanical energy expended in transporting the material
through the barrel and especially in shear damage. This in turn means that the Joulean
10 temperature rise is less, thus lessening the need for supplementary fan cooling (or slip -
agents) to keep the temperature sufficiently low not to induce crystallisation of the
polymer composition. _ | | |
_ The coating may suitably comprise a carbon-containing non-stick coating such as
a fluorocarbon material. The coating is suitably applied to the screw in conventional
15  manner. A primer may in each case precede the coating for purpc;ses of e.g. adhesion
and serviceability of the coating and to impart such properties as resilience.
It is preferred that substantially all surfaces of the screw with which the
éomposi'tion comes into contact are coated with the adhesidn—réducing coating. In this
. way, shear-sensitive polymers such as polyviny! alcohol (PVOH) can be processed in a
20 very -much gentler manner than hitherto, by an action which is believed to resemble
| "rolling" it in the flights of the screw as the screw rotates in the barrel and the
composition; like dough, passes through the barrel without drag or whirlpooling, so
avoiding the d.angers of uncontrolled degradation caused by excessive shear, to which,
as explained, such polymers can be especially prone. |
25 | h In one particular form, the barrel wall of the extruder may, additionally or
aitematively, be coated over at least part of its surface with an adhesion-reducing
coating, suitably of a similar type to those coatings mentioned above, preferably being
| slightly resilient, and-serviceablé up to at least 300°C. Preferably the barrel wall is not
coated, or, if coated, has a dynamic coefficient of friction against PVOH exceeding that
30 of the screw. |
Preferably one or more extrusion screws is/are rotatabiy housed within a barrel and
temperatm;e control means are provided for maintaining the barrel at a controlled |

. temperature or series of temperatures along its length, the arrangement being such that the
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| majority of the heat energy acquired by the composition within the barrel is from external

heating via the tempe;atmé control means.

This is made -pos'Sible through the unconventional mode of 0peraﬁ0n’_ of apparatus
according to the invention. As a conventional screw turns, polymer tends to bond to
both the barrel and the screw, and the work done in turning the screw against this
bonding is used up in shearing and ripping apai't the polymer, warming the same. As,
in the present apparatus, polymer does not bond to the (coated) screw, its processing

takes the form of a rolling or kneading action, which dissipates minimal energy in

ripping polymer; the necessary softening temperature may be maintained by externally

applied heat, which is preferred as being more controllable, predicfable and uniformly
di'spersed throughout the polymer than is conventional internally generated heat.
Restating the above definition in different words, the ratio (internally generated
heat)/(externally applied heat) is less than 1, preferabiy less than 0.1. The ratio should
be as low as possible. In some examples of the prior art, the ghemostats which are
provided to "call" the externally applied heat never in practice dc; S0, i.e. the said ratio
is infinity, and sometimes indeed, in the prior art, cooling fans must be provided to
remove excess internally generated heat.

The temperature should throughout "exceed the so-called "decomposition
temperaturé“ (around 180°C for a typical PVOH) and at its highest just exceed the
“crystallite melting point" (typicaily 230°C), i.e. by not more than preferably 3%, more
preferably 1% on the absolute temperature scale, while preferably remaining
below the cross-linking and chemical decomposition temperatures. PVOH has the
idealised . | | |

H OH
formula f(ll - (ll_)n.

|
H H

The present invention is applicable to the extrusion or mbulding of PVOHs,_ for
example hot-water soluble (fully hydrolysed) PVOHs, and can improve the workability
of such polymers in a wide range of dies and moulds (which may if desired likewise be
of inherently non-sﬁck slippery materials or coated to achieve the same effect), such as
"spider" dies, "widows peak" dies and cast extrusion dies for single-film extrusions,

coextrusion dies, for example of the types described in our already mentioned application
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CLAI M5  Fueeswooispecamsso®’An ext r usi on apparatus conprising a die and a barrel
screw feeder for delivering an organi ¢ pol ymer conposition through
the die, wherein the screw exhibits | ess adhesion to | t he

conposi tion than does the barrel and wherein the die has a
friction-redd¥.nyQ Q323825, 0r5n mjecﬂlmr sotiling ddow nauidings hezutmnmoulding and
coefficient of erct(lﬁon a LHS gw nyl al cohol of the screw is

| ower than t FAPASTOR (e mg o in Appar at us according to Cl aim 1,
wherein the screw P}é&rébY)eriheaéodxﬁﬁﬁfonp@erféareotﬁe' é% comp rlse§ WdRS & ﬁf%{%

t enper ature adhesi on striength to pol yvi nyl t hereon .of | ess

t han 200 kPa.plasticisers3preferalpna% gimmlcbmdg tbd%:kmtem ahdadn tlié,mwhed €) the he
screw surface i a fl uorocar.bo ' ar at us

| .
accordi my t oS4 alﬂi‘@é’é dhergmpesiting g%ﬁé"r the H‘eﬁ%e‘&%%éﬂp‘élﬁ‘?‘# %{&35 e thené?oe-ed in
bl i
LS <o s o R D R0

barrel, and wberpesitioh héersthe enwthiod, a{medl)ih@bropbﬁionWWGr%bth@&!ﬁd iRYhd t
can occupy a greater volune when passi n%nt he gas outl et than when

first fed to composigippyafter the swelling mi&r@éﬂ dryinghiatls hyilesy thandwdlintthe pwm of an

i ntervenin i tus according to i ng
claim V\he?eﬁ%ﬁ?‘ﬁ%gg’l aglallog (Hg IP%(? nAPe’IO&rtﬁl © Compasition 1Bngro§6ﬁ;§/ %g&}
Appar at- Uy ac etHé Rtiod, ﬁm/orpﬁﬁﬁmd M moleulat walpdt Sfﬂhe"cbﬂpSQ%rf isGiohicrefed
dynam ¢ friction of the die a ai nst polyvinyl alcohol at room

t enper at ur e by thetggharh K6 by zhe method tds prefer;qd atthe sesidencs tine gf the pniymer

precedlng cl ai rther, c Al per a cont s for
i ntai ning. CREPRHaR R e B of oY Fos BE s aYa LT, gept leaiof mnue,
controll ed  comparddSfRe bk piasticHhMeLals tfsd ﬂﬂl@lrboneéltxonalggeneral Qv
processi ng an extrudabl e organi ¢ polyner conposition,.conhpris

or screws used in the extrusion of polypropylene or polyethylene_~

15 After the feed zone, the barrel is suitably maintained at different temperatures
along its length in a series of temperature zones. In the first three or four zones, for
example, which can extend over at least half of the length of the barrel, the temperature
is gradually increased from one zone to the next. Thereafier, a compression zbne is
suitably provide_d; whereby the root diameter of the screw shaft is increased and/or the

20 . pitch of the screw(s) is decreased, extending over one or more (suitably about 3 or 4)
flights of the screw(s). The maximum temperature in the barrel is suitably. reached at or
about the compression zone, and may be from 1 to 3% higher.(absomte temperature
écale) than on leaving the temperature-increase zone. The volume of the composition is
suitably reduced by, for example, one-third in the com_presSioq zone, that is, a 1 ml

25 elementina cOntinuous stream of feedstock will be constrained to occupy only % ml when
it has reached the compression zone. This voluﬁle reduction is a measure of the
harshness of the processing and therefore preferably does not exceed 50%.

| After the compression zb_ne, a devolatilisation zone is preferably provided, in
which the composition is allowed to expand substantially over one or more (suitably

30  about 2 or 3) flights of the screw(s), the temperature being held about the same (within

- preferably 3% e.g. within 1%) as in the compression zone. The material can thus

expand to its natural extent, sufﬁc1ent spare volume being allowed for this. Gases are

P

e r M[ qpt
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i Nt roduci AgeidBiseQaasi tion to the upstreamend of an operating barrel
screw feeder of an : extrusi on apparatus according to any preceding
c/aimand causing it to pass through the die. 10. A et hod
according to Claim9, characterised in that heat energy is applied to the

apparatus in Qi@sly \Fe%telﬂ‘?ﬁpfr@)ﬂ‘%h&@é%%'hgét% 2086 ragelsﬁmw J‘@ac'ﬁﬁﬁlr&ﬁactohe

-14- A met hod according to O airm 10, wherein t
ratio Accordmgly, the devolatilisation zone isipn¢ferablyl suffigiently aspadione ahat
external ly applijed is |ess tha . 5. 12 A net hod
according to '%Iaﬁflﬁ’l y 'tﬂ) gy, undeg AN [FBTRIGESIP R r'é‘é_‘ﬁf‘{fe ﬁéqfﬁé(y the st depsh

and/or the pitch of the screw is larger in the devolatilisation zone than in the feed zone.

5 Downstream of the devolatilisation zone a pump zone may suitably be provided, |
over one or more (suitably about 5 or 6) flights of the scréw, whereby the composition
is carried forward out of the barrel towards the die inlet with no compression and with
no temperature variation beybnd 3% from the compréssion zone. The screw

| preferably projects (by eg Y to 1 pitch) beyond the end of the barrel to push the
10 material out and a "hose" is preferably provided so as to avoid sticking, "spiralling" or
a whipping coring effect.
| The screw speed should not be too high or shearing and overworking of the
composition may result. For a single-screw extruder, a screw speed of up to about 50 r.p.m.
is suitably used, for example between about 15-20 r.p.m. Huwever, preferably the
15 composition is fed to the upstream end of the barre] screw feeder apparatus at a sufficiently
low rate to occupy not more than half the available volume at the start of the screw.

It is found that the present invention leads to a system which is effectively
self-purging. This avoids thé need to introduce thermoplastic purgatives or other
abrasive materials on shutdown of the screw or barrel, eliminating the risk of damage to

20 the coating and reducing cleaning tim.es.

The die assembly through which the composition is extruded has over at least a part
‘of its internal surface a ﬁ'iction-reducing surface. It is preferred that substantially all
surfaces of the die assembly with which the extrudable composition comes into contaét are
friction-reducing This is most easily achieved by suitable coating. The die assembly

25 (mcludmg any adaptor at its start) preferably never narrows or widens by any angle
' exceedmg 40° (e.g. 25°) (cone half-angle) except at its exit, i.e. the prior art "pepper pot”
is omitted, the extra working imposed by the pepper-pot being now found unnecessary and
indeed deleterious. The screw, if it projects beyond the end of the barrel as suggested
above, would thus project into the die assembly in this case, in particular into the adaptor
30 if present. |

It has been found that the present invention enables sensitive polymers such as

Y
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3
I 5 suscept i bleob@uShbass- i nking. 13. A met hod according to any of
Clains 9 to 12, 1 n which the organic polyner conposition conprises
pol yvi nyl al cohol . ' 14. A nmet hod according to Claim 13, in which
the tenperature exceeds the 10 deconposition tenperature and the

Sryotalli e Yokt BBl Mo g GLART AL st B0

C ai m 14, whegueh Forin) hichRAS partietlaide be hientibfed B icBAhuous fibre(s)ABIPEIetiSaidn, OM
13 to 27 W% plasticisers, and 3 to 7%water, and optionally 10to 20%

gl ycerol ; andvhighwan b exsrded ¢ontiruopslypbough em ofifice (say 6pmopliamneted; hauled dffie

[lability of 15 . 1he f th hod _ | t 225
Cort] &t hen SBEERE: it Gasar SaPo ifmeten coofedofiih PELTHEd (B CHimdohRdetims
not exceed 1 JA%mionalensmer. | aink! pdiym& péiles ﬁ&rﬁﬂﬁhtﬁ)oﬁb %g?r foﬁ storage ahd'®

met hod, and/or (ii) the proportion of water-soluble materi
conposi tion, tednspoertation, and gppearstoe hhvergubstantially aaduatd ygaseousf alclusicny. | Ths

than half in the Cﬁurse of 1t.he netglog@aand[ Og[lg . (iii) the mass flow
rate of the c%bff/@g ¥i5 Jratedal; iy ginigpe agterisabler ass ohaying: M AR RbAOTa /B 20
(iv) the nu > .ecul ar wei ght of the conposition is not

I ncr eased b;%rrg(r)g aﬁﬁerﬁ&'. 10% by t he net hod. 16. A net hod

according to @ny di cétaingmo Sdditivesmthettiginaiolourdn, sik, gioerel iridior vdtert he
pol ynmer conposition in the barrel of the apparatus is at least 1 mnute. -

17."  Al®et hdd) ac cfteai mepldingaaty2%r Connd toriggtip distilledowpier ot mporaxiempenahye t he-
25 COWOS%{(—)?QW%‘?@QQ&EHS egﬁqé&)ﬂ%&&?&k@ﬁg&%ﬁt ionally, then chopped

into pellets) ding to any of Clains 9

to 17, whereiit heafe@mpwRsliihg ok iis {90 dnd WPAng, it contaltRSiFoRaNs.end 18f 6lhe.
barrel screw feeder apparatus at a sufficient Bétlow_rat.e to occupy not
nmor e t han hal(preférablybei% 4h 6 4%) blyumass of watee-selubletmatérialhe screw. 19.

A organi _polyrer, whiich has Been Bn0CeSSfily M il 0% eAR 30N 0% 4220 ©f

15 mass flow rate is at least 20g/min. '
| The pellets can be re-extruded or moulded at a later time, preferably using standard
thermoplastic screw equipment in which the screws are coated over at least part of their
surface with an adhesion-reducing coating in accordance with the preseﬁt invention, or even
more preferably in standai‘d un-coated equipment, standard except. that preferably, if a
20 - spider die is ﬁsed, the die c_onti_nues downstream after the spider for at least ten e.g. at least
fifty times the composition thickness (in order that the composition weld itself effectively
together after the spider). The pellets (and the precursor fibre) are characterised by not
thickening, or not beconiirig thixotropic, when extruded in a standard uncoated screw.
_ The invention further provides an organic polymer processed as set forth above,
25 such as polyvinyl alcohol in the form of fibre or chopped fibre, i.e. it has been extruded,
in which fibre no cai‘bon-carbon double bonds are detectable by 13C n.m.r. Such double
. bonds result from thermal dehydration of the polymer backbone and are the precursor to
cross-linking. Their absence in an already extruded product therefore indicates a uniquely
mild processing history as well as implying no cross-linking. This product is therefore
30 exceptionally suitzible for further proc'essiﬁg. It may, furthermore, have any one or more
of the following properties:- |

6)) it contains no additives other than colourant, silica, glycerol and/or water;
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-15- FAE9IsWOOISPECAMSs0sR (. An or gani c poI ymer accord| ng—t o CI aim 19, be|
pol yvi nyl al cohol in the formof .. + fibre or chopp ““m“\
whi ch no carbon-carbon doubl e bonds are detectabl e by - ‘

c;r

21. Pol yvi nyl al cohol according to C aim 20 having any wor & of the
followwng 5 properties:- (1CLAIMS cont ai ns no addltlves ot her
than colourant, siJica, glycerol and/or water; __after

moul di ng at do5c AHexusion ABPAFULFERRTISINg R digarisha bare} %Eﬁ?{ feéﬁ"b’ dorfelivering an
for 48 hours %éﬁl%r%éﬂ‘%nf?&%ﬁ%gﬁgouéﬂ%e( &E alghap ltIYe Bl ¢ e)guléq% le§s adéé%g}l 1

after swelling as in contarns from

(preferably 6hdebrhpositiotdthabyossabesbate] und whersizl thblie Hag b rittidn-reducing surfdcey)
at 225[err] C under a nom nal | oad of 10kg and through a die of dianeter
4.2mm its characteriggkia thatdhe dypamis soefficientpfifriotep against polyvinyl algohol of the

met hod of ma L] product e.g. film conprising feeding
chopped fi brgélgglcg?gﬁ&tﬁ%thg P mé‘ or 21 to a barrel screw feeder and.

i nj ecti on-nogl di NQ\pparatus according to Claim 1, wherein the screw has over at least part of its

surface a room temperature adhesion strength to polyvinyl alcohol cast thereon of less
than200kPa. o

10 3. Apparatus according to Claim 1 or 2, wherein the screw surface is of a fluorocarbon
material. .
4. Apparatus according to any preceding claim, wherein the screw surface is
serviceable up to 240°C. ' _
5. Apparatus according to any preceding claim, further comp_c-isirig a gas outlet part

15 way along the barrel, and Wherein the screw is shaped such that material conveyed by it can
occupy a greater volume when passing the gas outlet than when first fed to the screw, the

screw further being shaped to provide an intervening compression.

6. Apparatus according to any preceding claim, wherein the die is non-stick and
lubricious.
20 7. Apparatus according to any preceding claim, wherein the coefficient of dynamic

friction of the die against polyvinyl alcohol at room temperature is less than 0.2. |
8. App&atus according to any preceding claim, further comprising temperature control
means for maintaining the apparatus at a controlled temperature or series of controlled -
temperatures along its length. _ |

25 9. A method of processing an extrudable organic polymer composition, comprising
introducing the composition to the upstream end of an operating barrel screw feeder of an
extrusion apparatus according to any preceding claim and causing it to pass through thé die. .
10. A method according to Claim 9, characterised in that heat energy is applied to the

apparatus in order to keep the composition warm during the method.

‘ R . . . A ) .
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1% or &xb:hddsliRamolode product e.g. into film in V\:h
tenperature of the chopped fibre is not allo lgm Ha IZI'H
uct e.g.

[err]C. 23. A et hod of naking pol yvi nyl a prad
film conprising feeding chopped fibre according to Claim20 or 21
to a barrel sgrew Aeggﬁ(gd&@grd; | 16 GL1AIRN T T HeF or extruding the
product e.g. i1nto fil I n er@n lﬂg g tlggrrl]:?erature of the chopped 20
fibre is not aIIovvedto exceedthe maxi.yumte rature attained by the
conposi tion when it was be"ﬁ‘?j“ﬂfuo%%g’é‘g%%eﬁ formthe fibre.
: externally applied heat
is less than 1.
5 12. A method according to Claim 9, 10 or 11, wherein the organic polymer composition

is susceptible to cross-linking.

13. A method according to any of Claims 9 to 12, in which the organic polymer

composition comprises polyvinyl alcohol.

14. A method according to Claim 13, in which the temperature exceeds the
10 o decomposrtron temperature and the crystallite melting point but is below the cross-hnkmg

and chemical decomposmon temperatures. '

15. A method ac_cordrng to Claim 14, wherein the compoeition before the method

comprises from 13 to 27 wt% plasticisers, and 3 to 7% water, an;g optionally 10 to 20%

glycerol; and in which method the composition has t}re properties; (i) the swellability of
15  the composition before the method when moulded at 225°C then stored in waier at room

temperature for 48 hours does not exceed 110% of the swellability of the composition after

the method, and_/or (ii) the proportion of water-soluble material in the composition, after

the swelling in (i) and drying, falls by less than half in the course of the method, and/or

(iii) the r--:ss flow rate of the composition is improved by at least 5% by the method, and/or
20 (iv) the number-average molecular weight of the composition is hot increased by more than

10% by the method | '

16. A method according to any of Claims 9 to 15, wherein the residence time of the

polymer composition in the barrel of the apparatus is at least 1 minute.

17. A method according to any of Claims 9 te 16, comprising extruding the
25 composition through the die to form fibre (optionally then chopped into pellets) or film.

18. A method according to any of Claims 9 to 17, wherein the composition is fed to the

upstream end of the barrel screw feeder apparatus ata sufﬁcienrly low rate to occupy not

more than half the available volume at the start of the screw. |

19. An organic polymer which has been processed by a method according to any of

30 Claims 9 to 18.
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20.  An organic polymer according to Claim 19, being polyvinyl alcohol in the fonh of

‘fibre or chopped 'ﬁbre.qor film, in which no carbon-carbon double bonds are detectable by

13¢ n.m.r.

21. Polyvinyl alcohol according to Claim 20 having any one or more of the folldwing

properties:-

) it contains no additives other than colourant, silica, glycerol and/or water;

(i1) | after moulding at 225°C and storing in distilled water at room .temperatur.e
fér 48 hours its swelling exceeded 40% (preferably 42%); | |

(iliy after swelling as in (i) and drying, it contains from 5.8% to 6.6%
(preferably 6.0% to 6.4%) by mass of water-soluble material;

(iv)  at 225°C under a nominal load of 10kg and through a die of diameter 4.2mm, its
mass flow rate is at least 20g/min. |

22. A method of making polyvinyl alcohol product e.g. film, comprising feeding
chopped fibre according to Claim 20 or 21 to a barrel screw feeder_;_gnd injection-moulding
or extruding the product e.g. into film, in which method the temperature of the chopped
fibre is not allowed to exceed 240°C. | _

23. A method of making polyvinyl alcohol product e.g. film, comprising feeding

chopped fibre according to Claim 20 or 21 to a barrel screw feeder and injection-moulding

or extruding the product e.g. into film, in which fnethod the temperature of the chopped

fibre is not allowed to exceed the maximum temperature attained by the composition when

it was being processed to form the fibre.
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