2211140 PROCESS FOR PRODUCI NG LAM NATED MATERI ALS This invention relates to .

“processes for producing |.am nated materi al s-cobnpri sing pol ypreopyl 2\2 4?0]1@99. O :
to a netal substrate. It.is known, for exanple fromBritish Paten '
Speci fication No. 1324952, to. Ianlnate filns of a polyolefln S|nultaneously

'to both major surfaces ofERQCE : : NG ohAMANAT ATIER T2
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deVél opi ng discontinuitied to any substa
thereforeJNEWﬁﬁ%rsﬁPFaﬁke i&rhﬁ§rhﬁ#g|QMﬁsnMeﬂAﬂhnwenam ashat air cooling

below. approxlmately 180 C or spray quenching from a higher
temperature results in the coating becoming partially

- crystalline, with a reiatively large crystal structure.
Discontinuities can then appear in the coating on subsequent
forming of the laminated material into shaped articles such as
can ends, thereby exposing fhe metal substrate and rendering '
it liable to corrosive.action by substances such as the
contents pf a can having such a can end. The Shelf life of
the can is thereby severely curtailed. US Patent 3762598
proposes a post-forming heat treatment for repairing.the _ :
coating, but this would add to the operational and energy €:
costs and is therefore undesirable.

It is an obJect of the present invention to prov1de a process .
for producing a laminated material comprising polypropylene'
bonded to a metal substrate, which will enable the coat1ng ko
withstand forming operations w1thout developing -
discontinuities to any substantial extent and whlch‘wili
therefore be more suitable for forming into articles such as
can ends. ' '



can ends. - 2 - According to the invention there is provided a process
for producing a lam nated nmaterial conprising polypropyl ene bonded to a
UetaL{gubsfrate sheet, conprising the steps of: preheating the netal sheet
to a tedAperature [err] above the softening_pgint of the polypropylene;

| ami nating a polypropylene filmto at |east one of the major surfaces of

t he preheated metal sheet; subjecting the laninate to a tenperature [err]

above the mcoogdmnbntoothteh&npehmmpyﬂm He provided & @roveks hedr
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| am nate fromthe quenchi,ng apparatus to a reservoir to C n1na

to a tenpera?ﬂFEe§&BStHﬁﬂP IPf FoeoROIFBFORNkeNR; point. It has been found
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coated surface.with c i C e s the tendency for the
coating to bBAHRE ﬁﬁf??gﬁﬁy%%r Qﬁaﬁréi?%%ﬁf Fﬁg#@b fces or elininates

t he tendency to fsnbjéctingt thei tllaaﬂ.rmteStﬂmsmttmntpéwtmnrg, dbeve athenat ed

ol £1ng poi ek oY pblfit 8F RS DoAYRAULRREE buly 'WRick DA (M len |
pol ypropyl eneaRsingi her éaéuabrty toolteavied £hroneh & guenching @pparatuss and
softeni ng point. c3{18ingl €nkl Guefchl g FpPartilths'\ & s Rod GHB ERABASp¥ Fene

The polypropzlene film.is preferably @ co-extruded nmulti-I[ayer
R oated surface of the laminate with an unbroken, continuous,
' flow of cold liquid which then travels on the surface of the
laminate and in the same direction as the laminate from the
quenching apparatus to a reservoir to cool the laminate to a

- temperature substantially below said melting point.

- . It has been found rhat-the more uniform and rapid cooling which
can be achieved by flooding a coated surface with cold liquid
reduces or eliminates the tendency for the coating to become

.. partially crystall1ne and thereby reduces or eliminates the
tendency to form d1scont1nu1t1es on subsequent formlng of the
~laminated material. '

«/ . . Preferably the laminated polypropylene film ie cooled through
its melting point at a rate exceeding 200°c per second.

. The laminated polypropylene film ie preferably oooled_po a
temperature not exceeding its softening point. The cold 1liquid
.'is preferably water at room temperature.

J.The polypropylene film 1s preferably a co-extruded multi-layer

;¢f11m comprising an 1nner layer of a bonding resin which is an:
ac1d-modlf1ed polypropylene and an outer layer of
polypropylene. The bondlng resin is preferably a malelc
anhydride modified polypropylene.



fitntconprising an inner |ayer of a bondi.ng resin which is an acid-nodified
pol ypropyl ene and an outer |ayer of polypropylene. The bonding resin is

preferably a mal eic anhydride nodified pol §propyl ene. - 3 - Tenperature .
[err] is preferably below the tenperature at which the outer surface 6fAt he

pol ypropyl ene fil mwould be damaged during |anination, and can lie in.the
range fromeRReyature oFy] ishPFeferably Wirtdhs i9IPeEatRES e BV LigH
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copendi ng 28 bpean Applications, Publication Nos. 0312302, 0312306, 0312305

and 0312307 claimng priority fromBritish Patent Appllcatlons Nos..
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: Publication Nos. 0312302, 0312306, 0312305 and 031230 claiming_)

priority from British Patent Applications Nos. 8724237, 8724241,
8724240 and 8724242 filed lSth October 1987. '

The metal substrate to which the polymer £film or £ilms .are
applied, typlcally 'in the form of metal strlp, is generally
steel or aluminium- or alloys thereof, typically a steel or
aluminium based product used in the packaging industry.

The gauge range is typically 0.05mm to 0.4mm for steel and
0.02mm to 0.4mm for aluminium. f :

The steel may be coated with tin, preferably pasSivated by ~

conﬁeﬁtional'chrdmic“treatments, or alternatively may be in the
form of nickel or zinc plated steel, blackplate or phosphated
blackplate, wh;ch 1s preferably chromate rznsed after

] phosphatlng.

The preferred steel'finiSH is electrolytically chromium coated
steel (ECCS) with a dual layer of chromium metal and chromium
oxide. With such steels, the chromzum metal and chromzum oxlde :
“levels can vary wldely. Typlcally, the chromium metal content
ranges f£rom 0.1 to 0;20 gm/m , while the chromium ox1de ranges



The preferred steel finish is electrolytically chrom um coated steel (ECCS)
with a dual layer of chromumnetal and chrom um oxide. Wth such steels,
the cdrom um netal "and chrofium oxi de | evel 4 ean y widely. Typically,

t he chssm um netal content : ranges from0.1 to 0.2@wgn [err], while the
chrom um oxi de ranges - 2 from0.005 to O. gni[err] The ECCS is
conmonl y ‘de€road 0f. 09H G@p@sﬁtﬁ @/ st erfthe GECS rﬂﬁgc‘lﬂ“t‘ml’sﬁbﬁﬁ?d from

cont ai ni ng- EEPBE%%?@ s&%fttei\isﬂld@ﬁatfﬁtrﬁlﬁ@téltﬂé@ SWVSIiE OfoRtaPningi des in
an apparatus rod UCIn Ian1nat naafrlal conprising thernoplastic

bonded to afABPEL ‘us conpri'sing means for heating
t he net al strlp to a tenperature above t he softening tenperature of the
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| ani nat e of lamiaktedd mateniad comprifing thermeptastie lpamiﬁ'at taganmgted a
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surface of ¢haripladtdcinedans miusaﬂ@edﬂﬂgectnonpaehéheedaneuanestmpeand a

coH
o eehD | B At ot e AR A0 SOFRIRRER Lpb g Yaghd, cor
Flef Slrg rGrgt elrcl?a@e;ﬁ?:.dlgr eﬂm“\llmmna'lﬁaa aﬁaane;tdbram@ptlyengoalas’obd aftes| 4t
t hg | am ngtg gﬁ){ ﬁ.'(!% ﬁ'gg[:tncgti:’tq{s; Eﬁ r e::% [ onblaéﬁ?r av@?ﬂ?&rg?ﬁgg? atﬁﬁgacgh@e °
| i g d alongeﬂhanm mamnhncﬁﬁthegghgrmqplagt;ghagmqg¢91ngymeans arranged to
flood the thermoplastlc coated surface of the laminate with an
" unbroken, continuous, flow of cold liquid which then travels on
- the surface of the laminate and in the same direction as the
*“ laminate to be collected in a reservoir, so as to cool the
thermoplastic rapidly and uniformly to a teméerature
substantially below said reheat temperature before entering said
reservoir. - ' o

The means for applying a flood of cold liquid may comprise a
' pair of distributor bars arranged one on each side of the
" laminate and inclined to its direction of travel to direct the
. ~cold 11qu1d along the direction of travel, or alternat1vely may
Nt " “comprise a trough having an inlet for cold liquid in its upper
' - ¢ ' part and converging walls which define a slot at its bottom,
‘through which a vertically descending run of the laminate can
pass with the liquid.

' Laminated materials produced in accordance with the invention
'hav1ng been compared with similar materials produced by similar
“flamlnatzng techniques but followed either by air cooling or by a
‘water spray quench. Can ends formed from the respective
‘laminated materials have been tested for discontinuity of the



conprise a trough having an inlet for cold liquid in its upper part and

converging walls which define a slot at % _bottom through which a _
- vertically descending run of the |amnafe®an pass with the |iquid. - .
Lami nated materials produced in accordance with the invention having een
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produced frmmcohéanee1wathdthatpresbntpumdum&dann accordance with the
present invention. Specific enbodiments of the invention will now be
described in nore detail by way of exanple and with reference to the

- acconpanyi riperbii agembeAimpnsE: ofFthe inventiemarididnmaw bk elescoibed
upright appsg %&fef@étsw B?t Wig b¥Oexample qfnaﬂ%ecru ?efe:féhcg &5 @hgraph

of the tenperature o pl.otted agai nst the stance along t

appar.at us; EPm%aP¥1%9d$5§W ﬂEﬁ?l&nSW@PGH ‘0f a horizontal apparatus for

lam nating two strips; Flg 4 is a graph of the tenperature of the strips

pl otted ag [ nst 5..s a,diagr tic ske h of an a afatus
il

for Ianlha t%r%% gtaaagrgwwapag skete ° | 3 URESF eﬁPQ§ﬁF %fus
conprlses eﬂ&mxnatzn@ltwooserlpsloﬁ matetahlstrlp 2"is passed, a second

Fig. 2 is a graph of the temperature of the strips plotted Q;

agalnst the d1stance along the apparatus,-

~ Fig. 3 is a d1agrammat1c sketch of a horlzontal apparatus for

lamlnatlng two strlps,
Fig. 4 is a graph of the temperature of the strlps plotted
against t1me, and o . _ _
F1g. 5 is a d1agrammat1c sketch of an apparatus for
lamlnatlng three strips.
!
In Fig. 1 it will be seen that the apparatus compr1ses a.
first roll 1 over wh1ch ‘a metal str1p 2 1s passed, a second
~ roll 3 over which a str1p of polypropylene film 4 is passed,
- pinch rolls 5,6 wh1ch .bring the metal str1p 2 and
polypropylene film 4 together, and a quench1ng apparatus 7
which immerses the_lamlnate 19 of metal and film in a ‘copious
'flood,of cooling liquid;

A preheater 8 is located between the roll 1 and pinch rolls
5,6 and serves to preheat the metal strip 2 to a temperature
Tl above the softening point of the polypropylene’before
lamlnatlng at the pinch rolls- 5 6. A second heater 9 1s

- located between. the pinch rolls 5 6 and the quenchlng
apparatus 7 and serves to reheat the lamrnate toa _
'temperature T2 higher than the preheat'temperature'Ti and
higher than the melting point of the polypropylene.



foll 3 over which a strip of polypropylene film4 is passed, pinch rolls
5,6 which bring the nmetal, strip 2 and polypropylene film4 together, and a
guenchi-ng apparatus 7 whi ch i mer ses t he Iaglnate 19 of nmetal and filmin a
coploﬁs/flood of cooling li‘quid. A preheater 8 is*fatated between the rol

‘1 and pinch rolls 5,6 and Serves to preheat the netal strip.2 to a
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The angle of inclination of the delivery bars 14,15 to the
upstream portion of the laminate may:bé from 40° to 80°,
preferably from 60° to 80°, in order to ensure that the
-coolant liquid will travel with'the'laminaté and not splash
back on to upstream portions of the laminate.

It will be noticed that the cooling liquid travels with the
laminate 19 downwards into the liquid 11 in the reservoir 10
'*7so that a prolonged period of quenching is achieved before
'the quenched laminate passes round a turn roll 16 for removal
from the apparatus. The turn roll 16 is preferably_rotatably
_‘'mounted for rotation on bearings in the walls of the
. reservoir 10. The quenched laminate is prefetabiy passed
' betweeh a pair of rolls i7,18-which wipe off the cooling
-.liquid. Alternatively rubber wiper blades could be used.

Referring to Figs. 1 and 2, the method of lamination will be
'understood to comprise the steps of pas51ng ‘the polypropylene
' f11m strip 4 across roll 3 to the pinch rolls 5 6; pa551ng |
-'metal strlp 2 across roll 1. through the preheater 8, to
‘elevate its temperaturé'to a temperature 'I'1 higher than the
. softening point of the polypropylene, and onwards to meet the
polypropylene film at'the pinch rolls 5;6; laminating the
- £ilm to the strip between the'pinch rolls 5,6 and passing the



coolant liquid will travel with the lanmi nate and not splash back on to
upstream portions of the.lamnate. It will be noticed that the cooling
liquid travels with the lam nate 19 dowawdres into the liquid 11 in the ,
reservoir 10 so that a prolonged period of quenching is ?cplevedhbeforezthe
uenched | am nate_passes_round a turn-roll 16 for reénova romthe =
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propyl ene t0 ensure a pol ypropyl ene to the netal; and passi ng
t he heated | am nate 19 between. the dlstrlbutor bars 14,15 to receive a .

- defined fl fs ' cr. ot h
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second. by pump 12 through the heat exchanger 13 which controls the
liguid temperature before recYcling.to-the distributor bars
14,15. '

The quenched 1am1nate is passed around roll 16 and between
rolls 17 18 and removed from the reservoir for drylng and
c0111ng for storage or use.

Fig. 3 shows an apparatus for lamlnatrng a polypropylene film

to a metal str1p in whlch the line of travel of the metal

'strlp is substantlally horizontal, although a sllght_downward
slope may.be;used, e.q. about 5° to the horizontal, in -
order to compensate for any tendency for the laminate to sag . Qﬂ}
in a catenary curve._ As depicted, the apparatus has a |
.preheater 8A, pinch rolls S5A, 6A and second heater 9A _
egulvalent in function to the like components 8 5,6,9 of Flg.'
1 so that no further description is needed. '

In Fig. 3 it will .be seen that the quenching  apparatus
comprlses a reserv01r 20 conta1n1ng cooling liquid 21, an
outlet p1pe 22 leadlng from the reservo1r to a heat exchanger
23, and a pump 24 to.pump liquid from the heat_exchanger to
‘distributor bars 25,26 located above and below the laminate
19A respectivelyf, ihe bars 25,26 span the width of the
laminate and are inclined at an anglexof_from 30° to 60°,



Cooling liquid travels with the laninate 19 .10 be collected in the | ower
part of the reservoir 10 fromwhich it is punped by punp 12 through the
heat -exchanger 13 which control s the I|qU|-d8te-nperature before recycling to
the di's¥ributor bars 14, 15" The quenched | am nat e¥¥§ passed around roll 16

and bet ween roII d reqneed fromthe reservoir_ for dr and
coi ling for 5?5? BiYuggcuﬁ. g‘a 3 §Roﬁ§‘%ﬁ’e¥%’ﬂ%§ff cFrIQ‘%ﬁfrfégl
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the |l am nate and are inclined at an angle of from[err] to-[err],

preferably about [err], to the direction of travel of the lam nate to
nm ni ni se any Figk &Fifi auguaphnnhquapstheartemmm ofe dther nﬁaetaa]ncbeinre

enoure that i coetbRoghiRELibA plakesaedoRinbe il d sievAliY g

contact ‘with the, I am nate for perio tirme until runs
reservoi r 20.00%k¢eq thake; ?§d1BeFF-ScI ép eensaéertahéq id@gr@ase in

- temperature occurs between the heaters, partlcularly during

othe

1am1nat1on of the cold polymer to the warm metal. Also it
.~ will be noticed that, as in Fig. 2, the rate of decrease in
~temperature during quench:.ng is about 200°c per second.

.' "The method and apparatus descrlbed are partlcularly suitable
-."'for lamlnatlng polypropylene film to sheet metal strip such
as tinplates, blackplates, electrolytically chrome coated

. steels (ECCS), a1u_minium, or -_aiuminium a110Ys.

Fig. 5 shows apparatus for simultaneously laminating a

polypropylene film strip 4 to a _first'major surface of a
\; - metal strip 2 and second p'oly_meric.'film 32 to the second

major surface of the metal strip 2 to form a laminate 19B.

The apparatus of Fig. 5 is similar to that shown in Fig. 1 in
_that the polymer feed roll 3, pinch rolls 5,'6,' pre-heater 8,
second heater 9, reservoir 10, pump 12, heat exchanger 13 and
wiping rolls 17,18 are identical to those shown in Fig. 1.

- However, in Fig. 5 a second poJ_.ymer feed roll 31 has been |
~added and the direction of feed of metal strip 2 from roll 1A
is vertical through the preheater 8 to the pinch rolls 5,6.
_This vertical path for the metal is advantageous because it



may, if desi réd, be swept off the |am nate 19A by a draught of air froma
jet bar 27 located. above.the-lamnate and if required, .a furt her jet bar .
(not shown) below the laninate. Fig. 4 i $% —graph showi ng the tenperature

of the netal before and after |am nation plotted agai nst tIIT;E It V\nIL/be
noticed th g 3 e se.nte rature ocecurs -
bet ween th??n’é’g%? ntﬁéaftelzgﬁ F;’g P%e %e%(r% naq Jipng %’c%li‘*ﬂ PEDABE to
the war m net:3k I@%"?%"WLPB Be"ﬁ&ﬁi@é‘d’ ovave awhickinpy 2tetdetsat e of

decrease i rdisiget athe estripNinduaRCRIDDA fat @O YH Hi Pefpgegond. The
met hod and apparatus described are parb??cul arly sui %{ﬂ] e for l|lamnati ng

pol ypropyl ene filmto sheet netal strip such as tinplates, blackplates,
el ectrol yt iIoulFig chd owet coughd3st eebﬂabE@CShe HNolMow Lams@flﬁ}lyg}_- N WPy

N Fi he#se r o8 Wyt ageou l.ami natin |
gol %fopy: elrfeﬁﬁl m stl?é()pggaéyﬁt{lg Pgt ﬂn&; ﬁflg?cé:r(ﬂ 93‘ H’gga’rsst rip 2 and
second pol ﬁ%ﬁtcaffﬂﬂht funnpd-shaped Anj Glroswr-fsacetm‘n,t hmvﬂengl strip 2
to forma Iddn‘fﬁ@ﬂ@&airl'egéfﬁi‘éﬁEu§6057': ich roI Sﬁgf%lé”‘rsf %? ?éhgwn n

h , .pi'nc pre
Eegoné Ihga?’éaaé t egg]g echpths lém’-ﬁéﬁe éﬁ@n&?@@eﬂym aiplegranteés

17,18 are mderaaaimsidaetmsehsbommunsl ?ﬁqaéldrHCi\sﬁég]L O;ﬂ% gge s%ftﬁefﬂé‘d |
ool Yoo, el s BRENERHGH, bl e b a oty om ol
5, 6. This Ratitsmiwidth ¢6rtheelaai.?ateslananﬁagﬁ?uiﬁlﬁi)ﬁn&, so-tKat |
BeLa]opi ng A Rl oo nCilaly, £300845°boB Mo M ith Bodlin,
appar at us &F"ﬁ’tj’s as| :at1cp§sses through the slot 38., In its simplest _
form the trough acts as a constant head dev1ce so that if the
£low rate of coohng liquid is carefully controlled there may -
be no need for the 11d 34 which is depicted to show how any
" splash back can be prevented. The 1id is preferably made of
transparent mater:.al to .permit inspection of the liquid in
the trough Although the trough is depicted as be:.ng fed
from one end through aperture 35, a better coollng liquid
dlstrlbutlon may be achieved by feedlng the trough from both
ends. It is desirable to quench the laminate 19B evenly in
order to avoid thermally induced distortion of ‘the laminate.

- The apparatus _of. Fig. 5 can be modified to provide a "
horizontal or near-horizontal rum for the laminate 19B, on
the same lines as the apparatus of Fig. 3.

In th'e. following tables 'var-ious laminates and the treatments'
to manufacture them are described. - | |

Examo | |
In the following Table 1, four laminate structures (A to D).
are described. sPecific--examples of: lamination conditions
are described in Table 2, with reference to the lamination



fn Fig. 5 a trough 33 replaces the hollow distributer bars 14,15 of the
apparatus of Fig. 1. The trough 33 is substantially funnel - shaped I n
gross=section, haviing converging wal | por il@ns- 36, 37 which define a slot 38
at thékbotton1through whi ch the | ami nate 19B passé&sinith a clearance on
each side so that cooling liquid is able to pass with the laminate into the
trough. Theconbighratiopseids FigroSs oth&Fight iS amodifiedron Hhe AADRS Of oBig-

and a littlg beypgd;nganthdh’ tllgellnmsrtataﬁtd@ RN dd adesl £4E, 8, esigelo
with cooling Ligurd as it passes_throu e slot- 38 In.its sinmplest form

the trough 88@slds RATEASPAAE Wedd Je that if the flow rate of
cooling-liquid is carefully controlled there may be no need for the lid 34

which is d
pref or abl y WALSoP EPARCHERE R, AHRORY i GE A LAUEHRY Mtker fafonthihs
in the troughd adrt dnu‘gngt.heIttrmaghqxammcgtfdgahslﬁaeﬂwgyﬂ@??*%?oﬁ%a@hﬂs a

t hrough. ape ty |
42 oA e B o St 0 gty g o

| ami nate 19@uenehingi ndgggadation Gty the GRATING RRRIES ¢ i ‘é‘he%?ht hB
| am nate. TpReapB#mAbES cafatﬁlzﬂ; fimrlm:rmm fiTable $reont®ins hthezvesalts

appar at us oPEFPRANSL FAtET. NS RRES A ROTA T6 T o Es 205 Finte 2.
tT;g?teml?nt fSOErahlmgrrlnBL gtag&aawaﬂneamesiﬂsm |daﬁadaccEeC;beqmead |teste 06| coathng
exanpl es of Fﬁﬁ?ﬁ%%’ﬁ g’%‘hﬁ#{ }sgiﬁ'e erg:r gd ?rsf‘rl'iagfcei 2, S\I[/)\AetCIhfIrgference
t o\the Ian1nat|on - 10 - -
"Polypropylene coatings of 40 m1crons thickness quenched
"' according to the invention, with water contacting one side of
“.~ the Strip, as a solid, unbroken, continuous flow or flood
" (Examples 1 to 4 and 10) have a glossy surface with slight
-.coating haze. The crystalline structure shows 'a slight
4form'crysta11inity and a largely smectic nature.
(Crystallinity was assessed by analysis of the-x-Ray'Diffraction
‘pattern of the laminated coating, particularly the height of
'*9peaks-corresponding_tOe(-form crystals. Further details of the
-analysis technique are contained in our European Publications
i+ Nos: 0312303 and 0312304 cla1m1ng przorlty from British Patent
Applications Nos. 8724238 and 8724239.

. .. By ‘comparison, the air cooled (Exampie 13) and water spray
cooled (Example 6) 40p cdatiags have hazy and mottled hazy
_ appearances respect1ve1y. Both have high -form crystallinity
**contents. - '

The particularly preferred form of quenching (Example 7) with
'}1 unbroken, continuous water flow or flood in_a line across a

“yvertically moving laminated strip 19 or 19B (Figs. 1 and 5)

‘produces a very glosay coating with no haze and no o{-form



configurations in Fig. 5 or Fig. 5 nodifi.ed on the lines of Fig. 3. The
Invention is illustrated.by Exanples 1 to 4, 7, 8, 9, 10 and 12, .
particularly 7, 9 and 12. Table 3 indi catedlt ke appearance of the coating
after quenching and air drying. It was observed that if pol ypropylene\x .
reaches a tenperature of approximately [err] imrediately before quenchi'hg,
degr adat i on FYSRL +1Ri F¥glBc 0 BirKORLE085dREB i n the form of coating
fibrillation. Table 4 contains the results of enanel rater vaI ue tests on

sone of the f bl e I ns _the resul

accel er at ed ﬁ{@@é@ ¢ %g ﬁ‘dgﬁé‘ﬁ%{}?nﬁﬁcghs Ek‘aﬁrﬂa&nﬁl rénance is

Pol ypropyl erﬁ@mbﬁrﬂgslmeablm ér onbamhneltndsstqmmm ﬁn:mmddlngtda ossm

i nvention, t r i RGO i de g

~unbr oken, c\gnltﬁ%%éuﬁ b?‘pwfggé Qn az%% Ies %%ﬁssyé;% ais%£§1ave a gI 0SS
suiface wtIFeating ‘E%'F?-ngHZZBY t ﬁeee?lay'ﬂlalrlaltr% ﬁe&totmepm%uaesweéht

-formcryst a-iridvﬂ'l tin aﬂdeacharﬂakxngrrbﬁtsme%%t ur Q}ar( @n&as Q}éﬂ'é“iﬁ/lﬂ‘@fl
e am nat e

- db at t f th

coating. pariRRSEd F 8 FitBRE’ 5PEh b S LG CE SRR TR or m

crystals. ﬁurtntnesommd:allx agithtednfibysi3® Bedmdwe;carelmntiamwblmtm

E P 3123 cl t
i1 sh pat ot G cuiY caiBdaaetinIRg e in hel B P MUY dudf Wore
air cool ed ( era._G?daﬁt faBeVodfsaync @oised ivmx shdiar igle mﬂ-w’ommngs'l‘he
have hazy a%mti&%hﬂhﬁpe%gamge% aﬁaa%cttlov@mé ddd 6‘@‘&&%&‘%}9“ -form .

crystallinit The partigul ar preferred form of quenc

cont ent s
(Exanpl e 7) %ﬂﬁff"iﬁ'ﬁﬁoﬁﬁﬂ°s€ nPYn§SG§c\E§t &l th&yH2%ingy Teklei4 gl&‘é‘r’%sw
a vertical | yeiew imgtépdaDst 68 8hei An¥eneiohdREKanglesl kb 5, p7 oshgesop -

very gl ossy O\%' nglﬂ\éé hs:r.lan Sa%%qunQoLw%rr]ttja%r q-:'he .comparative Examples
6 and 13. The most preferred ,_quench_-_conflguratlon (Example '
7) gives very low levels of .exposed steel. Acceptable ends
have values less than 0.5mA; if higher values are. encountered
the container shelf life is reduced by excess:we iron
dissolution. '

Examp1e~9.illustfates the .improvement in coating structure
gained by quenching both sides of the strip simultaneously;
compare Example's.(both sides.quenched-simﬁltaneously) with
Example 8 (single side quenched). - .- : =
Example 12 illustratesfthe-improvement-in_coating-performance
gained by quenching according to.the invention, in an
accelerated testeeimulating food storage. Comparative

Example 11 has a significantly poorer performance;in the
accelerated test and in actual product contact. |

The rate of" quenchzng controls the extent of crysta111n1ty in
the coating. A: relat:.vely slow cooling process such as air



1 - crystallinity in 40 m cron coatlngs- The ef fect of guenching on the
40u coating performance i s described in: Tabl e’ 4. -Laminated strip was
formed i nto 65mm di-anet er beverage can endsl2 Fhe ends were assessed for
coatlﬁg/contan|ty by the enanel rater test, a procedure well known in the
can maki ng business._ .Can end r niti rsed i.n a di]ute sodi um
chl ori de squ?FSﬁ aﬁHdHFFFagoﬁﬁg afv di é%' M3 F LY RIE B | v SREAY
solution to epteceaSycapisomhenstmu@srmmﬂﬂia'mman““ he'ﬂrbpﬂutsVEmﬁa@ﬂamﬁt
rated at 6.3 ¥9hkS$vyl Sqdi o iz O

m | |lianperes i¥s a Y Qégu g ltﬁg] g?e% ?‘E)r?e%?algd (ao}s't rp‘qbe%ueciipge%'pby def.ects
in the coatingnl ¢3898“$°§ﬁ0ﬁ§rﬁﬁ§@ e&t dotd smectilee and, dritdhdly (Exestpa bhide

to 4, 7:and 12pnkave Aabbﬁ%lhhﬁﬂkfl%%ﬂhby M%@&bkkﬂﬁﬁﬂﬂg%fx¥ﬁ3¥Eﬁfvﬁlggd of

Exanpl es 6 and f { Ex
o1 Ve vory TOWPSCIEtEE ERTsiBe CaBIA SHA: CEHEARL CHRI AR vil 1ARS | agzoss

than 0.5mA; ithéai gheipyvprodacase aclargelyr ehadid o @uatingy. stelguliye is

reduced by ex i.ssQl trates t he

o ovemont | aSki® EbARIBGP TS dEkdoy R AR o ang IR GARL 01 (e
stri.p S|nultaﬁé@uét?neegﬁﬁxrenEkknplma@n@ubth si des quenched

si mul taneously) with Exanple 8 (single side quenched). Exanple 12
illustrates the inprovenent in coating performance gai ned by quenchlng
accordi ng.to TRE& PREERNFENOL| X ak ox8c Sryededd inddy :QQHﬁQﬁlhﬁFIQRﬁSsxerQ%

Conpar ati ve ExegBifiglihhas assuaaefsllc‘z%mley pa@y %l"lsnﬁrc‘aﬁfs@m%ﬁim in

accel erated tgﬁt and. Ln_ac tﬁﬁoa§Ct C act éﬁ} te of, quenching

coktrol s the ERBefiPabing, Y EII CENEE l?ﬁé?y‘”él

cool i ng procemaksngh a%hei large o~-form crystals deform in such a way that
pathways are created in the coatlng, into whlch corrosive

products will enter. 1Incorrectly quenched laminate can have

excellent bond strength but poor shelf life and poor
corrosion resistance due to voids.

‘Rapidly quenched laminate as described in the invention has a
smectic polyolefin coating which does not produce voids on
deformation and retains its excellent protection.

. It will be understood that the thickness of polypropylene
film used for laminates used to make articles of fackagihg
) - will vary as required e.g. polypropylene film 3p thick may be
incorporated with other layers to make a beverage can end in-
contrast to which as much as 200p of polypropylene'filﬁ may
be required on a valve mountlng cup of an aerosol can to
permit crlmplng to a cone top wzthout use of a gasket.



- 12 - blast induces a high level of [err] formcrystallinity. A spray

~ process cools the strip rapidly where ghe_droplets inpact but slowy around
the drop inpact zones, producing an i nhonbgeneous surface of both snectic N
and highly crystalline zones. A continuous, solid, unbroken linear fl®swzor
fl ood of cold water causing rapid and uniforn1cobling in a line across®the
strip produces a largely snectic coatjina - A fully snectic coating is '
achi eved by cooling both sides simnmufF ly in this nmanner. The presence

of [err] f-oF1 ’“’_’Sta'!_i"‘ +\l causes—hazi-Ress—in _the pnaflnn which is

undesi f ddntinaté aFSDmcq.uses " voi di ng" |qutnh%2:oat| ng when ﬁ&_{gig} nate fi s
-5 LN

deformgdq as. 1 C opgag:tq Hre—frarge—ter-ri—for-merystad , ‘
such a a%y t hat )2?%§%y§e§?§ é$§3ted| =t Xng, into m%@e&4mmrE6§Bve
~producys will en dgPolypropyienkey (§ag)ched | ani nate can have X6/ Nt bgnd
strength but poof shelf life and poor ¢orrosion resistance Jdue to vaids.|’
Rapi dl ¥ _quenched|| am nate as described|{in the invention hasf a snectic '
pol yol i n coat i hP cResdes(BBY prodiice voids on def or mat|i®racmd £etsins
its exgellent prptemst 1ehb! u g@g§t that the thi s »f
pol ypr ppyl ene fi n1u§%%ﬁ?%$ Ianlgg?gg ise ( %% ke articleg %#&%; aglng
will vary as reqpired e.g. polypropylepne film3u thick may |be incorporated
wi th of Ker |ayer$ Bandreikesin beyg) age caaogadmégﬂﬂnug st tq o Gl asc@y¢h

aerosd 82np?'c,y8=rmifé%é#%ga¥32 8”11%5%%9&%#&@%;&‘”2&_@@%@'” m? |

D | Bond Re§;nz(10p) PET (15u)° | 0.21mm ECCs | ~
- Polypropylene (90m) | - _ 550N/mm>

( A

Note:

1. Bond resin 1s a malelc anhydrlde graft mod1f1ed

polypropylene random copolymer contalnlng 0.2+ 0.05%
maleic anhydride. :

2. PET is a biéxiélly oriented film_having'an outer layer.
- of PET and an inner layer of a copolymer of ethylene
isophthalate (20%) and ethylene terephthalate (80%).



- 14 -

downward angle of 4° to the horizontal.

> 13 - Table 1 Laninat i i
2 A- Bond ReS|ne(3E;|n]4" PET (15u) .. F{Inr320 24mm ECCS Met al
Loy peLpytene (374 _550N/[err] B Bond Resi n
(150) e 0. 3“‘&%ﬁcfﬂlyfr0pyl ene (37u) PET
ggg%hV[érr]%B%%p CC%E e5|y|e%au(37U) TgolyprOp | edenédsy)
ECCS Pol ypriopyl ene [90u) _ & 82 Fs&ﬁgwtl@'\ MM hond
resinis afmleic hydride groff t npdlflad polypropy ene randon1copo|yner '
??P;?LQLPQ'OI + 0. 0p% gul-ei c aSLydﬁsge b bi axtahey(DrHentled
ndg an outef layer of % anjinneg,layeri of a I of
et hyl ene i dopt&-hal af e $20% -and| e ene tereéﬁéhala (80§§RQ Yfﬁﬁ) )
Tabl e 2 Exgnplze Vit ar i al [ R80r] Llnepéhcm)
gqnf"gurat..' '0”14%5 - AA24O 1551_55 260220 LineLiDeH) 1,|H) 2
155 256 A Line (1, % e (1’7@) ° vipe (LE) | -
/'&' ne (1,H [5 s A A 1 230 SPERKe(t1EN) 6
AT POl N N e 155 pprayaéd. H |7 Lind (2,9) | -
Line. (1, i s p Hne (B V) Yso i@ (1,m [250
9 D 180 . 250 Line (2,H)
V 10 B 155 250 Line (1,H)
11 C 155" 250 Spray (1,H)
12 c 155 250 Line (2,H)
13 A 155 250 air (A,H)
" Notes:
: 1. Tl is the metal temperature (measured by thermocouple)
: before lamznatzon. ' : -
? 2. T, is ‘the laminate temperature after the 'second
: heating stage (measured by monochromatic pyrometer
! R utilising 3.4 micron wavelength) continuous.
2 3. Line denotes a continuous line impact of water on the
_ strip as shown in Figs. 1, 3 and 5. a
. \~§ 4. Spray denotes a épray of water as discrete drops across
the entire strip. . '
: 5. - (1,H) indicates water 1mpact on one side of the
: . horizontal strip.
; 6. (2,H) indicates water impact on two side of the
; _ horizontal strzp.
p 7. (2,V) indicates water impact on two sides oE the .
! vertzcal strip.
8. (A,H) indicates air flow on one side of the horzzontal
. strip.
9. In the horizontal conf;guratlon the strip was at a



9 D 180 250 -1 - ., Line (2,H 10 B

155 250 Line (1 11
Spray (1,H) 12 C (1.H . 0250 . 155 250
A 155 250 %ﬂ—‘m 2 (A H Notes: Line (2,H) .13
net al teppe s [ : . 1& es: 1. . [err].. 'S.Lh-e-.
is the | {&¥e pating T (Woatiagl at [ ON.— 2. Tery]
nmonochr obmat i ¢yt citet SoRE: Ap aend heatsvigetirage (measured by
Li ne dengtas a cead | nuckimel (hal)i MpaGROTHY T O ey GombeinY MHIgne:
Figs. 1,{3 and 5. 4. Spray deng{)eé'é’a?’s’ﬁl}ﬁy%g‘fagaagg? s diﬁy&%ﬁﬂg\ﬁa ..
?,ﬁro?]s theentirgsetripuide (1,H1 H clesécatss wat emarmglng%a gs qgg Sof
‘hori Zg;]'tf“tsf"“ strip. 6.  (2,H indecatsdshmtare; nﬂaﬁ‘frﬂbﬁ”fﬁ)ﬁgf'ﬁ‘%"of the
vertical (stri pgs_o ' Zdevzsalb@dl' cal@gsWPLEEn | NPaCLaRGeipBmecEies ofighbe .
strip. 9 : g t he hOI(’EA\ZOh![ al s 1?'8 vy diigut anzenesskdm eEYIR RO zONt 4l-
s - configuratio i _
angl e of |4 40 thashori zeineal(1.H) Taga-lesgrﬁsgﬁt he;t [r'ﬁﬁ% fﬁ? sAbeés LOMNAREd
ZQZJSHCh -E»_Oatl ??. Hy Coating Conf guvreé-'{i-'bn- paegr'an(;e il ﬁﬂé%?btgt ure {1l
. Ine (1, Byo S5y, M th Coating IEAbgidl-y i :
slight hdze [err] formecrystallinitlation and gﬁ;%esrrect ic, slight very
. 6 ;50 Spﬁay (1,H) ' gg:::ed, reduced gigge:;—fdrm crysta;lini:y
7 250 Line (2.V) Glossy, no h#ze Smectic .
-8 250 Line (1l,H) Glossy with some Moderate = -form o g_)
: _ . haze _ crystallinity present
9 250 Line (2,H) Glossy with very As 1
o . o slight haze
10 250 ‘Line (1,H) Glossy with very As 1
. slight haze .
11 250 Spray (1.H) Mottled, reduced As 6
' : N gloss _
12 250 Line (2,H)  Glossy . smectic
13 256 "Ai; (A.a) : Duil with haze  Highly crystalline (as 6)
gt . Note:

Structure measured by x—fay diffraction technique.

W



a ossy.mﬁth

2 240 Line (1, H) Largel y smectic, slight
very slight haze [err] formcrystallinity 3 - 250 Line (1,3) '
Qdossy with “Largely smectic, ‘slight dervy slight haze [err]-form
crystaL4|n|ty 4 . 260 Line (1, H) A ossy with . Largely
snectic, slight very slight haze [err]-formcrystallinity 5 270
Line (1,H Coating fibril- lation and damage 6. - 250 Spray (1,H)
Mottled, reduced High [erk]- form cryst atabbetay gloss cont ent
7 250 Line (2,V) G ossy, no haze Smectic 8 250
Line . (1,H ] ferr]l -formhaze
crystalllnltfﬁﬂmﬂiﬁu omponensy L|ne (2 GpatlngGPesﬁprmanbevery As 1
slight haze |10 . 250 - Line (1, H t Ra¥BLYvads Rt -
haze 11 250 Spr ay (1 H) thtled ﬁ &% 25 % Foss 13hhg- 5D
Line (2, Hy= .3 ossy : -~ Snmectic 13 250 ' Alr (A H
Dull with hazel H ghlBevsysdel cameend@sshelNot e: St pugtupepgeasur ed by
X-ray diffrgction technique. - 16 - Table 4 Exanple Conponent
Coat i ng Pérflorimance "Enanel Rater Value" [err] 1 Beverage can end shel
0.2[err] 0.45 2 Bexarage ccan cend sshell 002%[ 6t0p 0.05 3
Beverage carl end shell -0.2[err]0.05
' 3 . Beverage can end shell 0.2% 0.05
\J/ 4 Beverage can end shell 0.2% 0.05
6 "Beverage can end shell 4 to 8
7 - Beverage can end shell <0.1
-510 Complete ring-pull beverage 0.2% 0.05
end
13 Beverage can end shell >10
Notes:
)} .
1. Can end diameter 65mm.
2. Can ends were immersed in a sodium chloride soiution and

ultrasonically agitated for 30 seconds; the ends were
"normal rated” using a conventional enamel rater device
operating at 6.3V and current measured in milliamperes.
The test electrolyte contained sodium chloride and a

surfactant.



4 Bever age can end shell 0.2[err] 0.05 6 Bever age can

end shel | 4 to8 7 Beverage can end shell. '<0.1 10
Conpl ete ring-pull beverage O0.2[err] 0-037erd 13 Beverage can end .
shel | . >10 Notes: 1. Can end di aneter 65nm 2. Can ends wehgs:

imrersed in a sodlun1chlor|de solution and ultrasonically agitated for 0

seconds;the ends were "nornmal rated" using a conventional enanel rater
devi ce operating at 6.3V and current - nggggkgg_in mllianperes. The test
an

el ectrol yte contained sodi um chl ori de a. surfactant. - 17 - Table 5 -

Exanpl.e . Corporent—————~Rolypropylene Coating 4 Performance 11

Food can griékampleCanCembopant| unaffe®odgprofyldme Wuldrind n deékformance
dl SCOl Ourcf-'—e.n—o.ﬁ__&.lﬁ.e&S_H_zl/nnl rvnf QI /nvn:\ncl an _ri I"IﬂQ and colint er Q| nk‘

12 Hood can end Can end unaffected Not e: 1. Can end -of 73mm
dianmeter. [2.11 Ends wEPedseare8ndnt o wlidde @nde Panedn unafifactede Ramdsm

filled witth an acetic aCId/SOdIunlchlOhhﬁ%f%ﬂﬂﬂl&ﬁbkEﬁfé&%;gﬁ& an
and the cgn retorted for an hour at [err Cans were coo0 and opene

after twerty four hours. The ends were3F®a% R&d“prked metal (expansion
_ : rings and countersink)

12 " Food can end ‘Can end unaffected.

Note:
1. Can end of 73mm diameter.

2. Ends were seamed onto welded seam can bodies, the bodies
filled with an acetic acid/sodium chloride solution, a
top end seamed on and the can retorted for an hour at
121°C. cans were cooled and opened after twenty four
‘hours. The ends were examined visually.

N

4

1)



- 138 - C L M S. * CLAIMS: 1. A preeess—%e%—p+eduekﬁg—a
| ami nated material conprising polypropyl ene bonde a substr

Tsheet conprising the steps of: preheatimy he met aI sht l mll lmﬁ”“lure
e{r]]@bore the foftenlng poi nt of the pol ypropyl ene;

pol ypropyl ene _fi g:to at | east one of the mmjor surfaces of t he preheated

net al sheet; ting the | aminate to a tenperature [err] -above the
mel ting p0|nt of the polypropylene but below 270 C, and then causing the
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gf thﬁ Ianlggggs?@Q.{n t he same dlrectlon as the lamnate fromthe

uenchi.ng :apparatus to a res v0|r t t e laginate t

substantial ly. bel%ﬁlk%ﬁ'i}'}ﬁeltﬁ? ﬁtgh @9\5 ?%@gsra%%?d{fﬁggﬁs% she, |
wher ei n thegaateﬁﬂngjgnjnuwaﬂnﬁhempdlypropyteneed through its nelting
a3 or 2 whentiiihd § gy D roFrEtte filn foPhe-tazstioferibedche

t enper at ur e mago e )suEREGRS iof the tpreleaked metal sheepiocess according to
any one of the’ prﬁﬁﬁ&g&,ﬂ RS WiRiLate 86 0tEmpeatiresSTYahBOVAL theom

tenperature.. 5. process_according.to apy one of the p 6
wher ei n the“}ﬁil%%mméﬁe af | the spelwem LYo %IPFEF‘Hyé% gr mgeﬁn%}‘% ng
an inner 'ak&hsﬁndiéﬁéﬂhémhﬁéﬁertdmtﬁﬂves Bhroagl- avduénelingl appapatass and
and an outer |ayer of I&)oleﬁ)roa/ rh
L/ _ causing e £ enching apparatus to flood the polypropylene
coated surface of the lamlnate with an unbroken, continuous,
. flow of cold liquid Wthh then travels on the surface of the
'lamlnate and in the same d1rect10n as the laminate from the
”quenchlng apparatus to a reservoir to cool the laminate to a

_temperature substantlally below said meltlng point.

'2r A process accordlng to claim 1 wherein the laminated
polypropylene film is cooled through its me1t1ng p01nt at a rate
exceed1ng 200 °¢c per second.

3. A process accordlng to cla1m 1 or 2 wherein the laminated
polypropylene lem is cooled to a temperature not exceedlng its
7 o softenlng p01nt. ' ' “ '

4. A process according to any one of the preceding claims
wherein the cold liquid is water at room temperature.

5. A process according to any one of the preceding claims
wherein the polypropylene film is a co-extruded malti-layer £ilm

| comprxslng an inner. layer of a bonding resin wh1ch is an
acid-modified polypropylene and an outer layer of polypropylene.

6. A process according to claim 5 wherein the bonding resin is
a maleic anhydride modified polypropylene.



6. A process according to claim5 wherein the:b ' 'r ISeert Mal ei c
anhydri de nodified pol ypr.opyl ene. - 4919- -7. ﬂl""nﬂI‘MEHlHﬂmrdl ng to
any preceding claimwherein the tenperature [err] #Sdnuha range from..
[err] to [err] and the tenperature [err] is at |east [err] but bQLOM/Kfi_'
[err]. 8. 7A pr6c@§§Q£§§NQH$QF4%P%n§°oﬁ%YoPrFﬁédBﬂscééPH@-Hhﬁﬁﬁ§ﬂMﬁ#¥gh
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sheet is electrolytically chromiumcoated steel with a dual |ayer of

chrom um netal agd_chromi_u ' 0. . AppaLatus .f PL; iang | g d

mat eri al conpri s?‘n&r?ﬁ%rgﬁoprqc%s%%i%%n%%dfﬁg éﬁ%ne gl géﬁbé?rgg%g‘q‘%éa%ﬂanﬁse
appar at us cwhgpreinngnogher frolymrer i figlmhbs mbamingtefiptootae obhemmaior
above the sghteBEBICECHRY Ml ¥ndd€ di1RilPEhashity WERRS thel TRAHNI I %e
preheated netal strip and a strip of thernoplastic filmto.a lamnating nip
and neans ft&her BOREREPRY 1ERE |HdTate of netal and thernoplastic after it
l'eaves the lanminating nip to a reheat tenperature above the nelting point

of the therpoplastic; guenchin ans'arranged'to'fhgod'rhe:thernggiastic

" coated surflce of PRECPES RAPIRINE &P ABY oRBR, OEoRRRNBEESSIEAG, TR X d

| i qui d whi chhhébeint thechetal tdhestirisnceletttbbyt boabayecArdminm oo atmade

her mopl ast FESRApR ARy Angiihh rowy 5 uohde FEFAY Chhe, SRRl B

'. sai d reheat tenperature before entering said reservoir. 11. Appar at us

according-tfﬁ?.?AHb%Qa@ﬁgr%G@1ﬂ¥5dHE¥H§f§Hminated material comprising -/
thermoplastic bonded to a metal substrate, said apparatus '
- comprising ﬁeans for_hghting the metal Striﬁlto'a;temperature
above the softening tempé:ature dflﬁhe thérmoplastic, means for
feeding the preheated metal strip and a strip of thermoplastic
film to a laminating nip and means for re-heating the laminate
of metal and'the:moplastic after it 1éaves the laminating nip to
a reheat temperétufe above the melting poinﬁ of the
thermoplastic; quenching means_arranged to ﬁlobd the
thermoplastic coated surface of the laminate with an unbroken,
continuous, flow of cold liquid which then travels on the
_surface of the laminate and in the same direction as the )
laminafe to'béudollected in a reservoir, so as tq cool the .-g;}
thermoplastic rapidly and uniformly to a temperature
~substantially below said réheat_temperature before entering said

reservoir.

- 11.. Apparatus according to claim 10 wherein the means for
applying a flood of cold liquid comprises a_pair of distributor
bars arranged one_on.eéch side of the laminate and inclined to
its direction of travel to direct the cold liquid along the
direction of travel.



Ibpplying a flood of cold liquid conprises a pair of distributor bars
arranged one on each si.de of the |aminate §§d i ncti ned““ll ﬂmnmﬂﬁ uml of
frave]. to direct the cold liquid along tRe“direction ofl Ik ! i

%ppara&ﬂs according to claim“10 wherein the neansfior. appl yi ng a flood of

A itk o ! A nsrlaiod A
part and cohber chRRSEAFRE° HERoRRYRE0 8" 1BuH I ureele (KHY nqdhd SoLPPL
a vertical | gppb¥inaden§lepth of cpdd diandde coMPLifses antueudhe hawiAg . an3. A

process forjpiedugbpdcalbanigaiad inRies appeibPart iaald orvdrimdwdrre
descri bed by wa

f _exanpl e_and t.h reference to Figs. .L gnd 2. Figs.
and 4 or Fi§hse fg?ﬁénﬁggoﬁﬂgﬁ'yia\rgg 1§84 %&9@1&5‘%’&3} AHER & ‘fﬁ%‘bﬁ%?lngya
| ami nat ed n@éscendingbsimnbifakhe damieadienloaino pasiesdtithdtheardiqsid. .
illustrated in Fig. 1, Fig. 3 or Fig. 5 of ‘the acconpanying draw ngs. 15. A

| am nated material produced by a process according to any one of claing 1 :
to 9 or 13.13. A process for producing a laminated material substantlally

as hereinbefore described by way of example and with reference
"to Figs. 1 and 2, Figs. 3 and 4 or Fig 5 of the accompanying
drawings. '

14, Apparatus fdr producing a laminated material substantialiy
as hereinbefore described and as illustrated in Fig. 1, Fig. 3
or Fig. 5 of the accompanying drawings.

15.' A laminated material produced by a process according to ahy
one of claims 1 to 9 or 13.




