2211136 LAM NATED METAL SHEET The present i nvention relates to | am nated
net al sheet Lam nation of polynmer materials to netal sheet such as netal
strip is’'a wel | known and wel | ~docunent ed techni que. The resultant

| ami nat es have many appl i cations i ncluding use for the manufacture of can
bodi es,, can ends and/or can closures. The coating of netal sheet w hb
ther_m)gﬁast i c coatings containing i norganl c fillers or pignents i i \An’\
Thus exanpl e, European PategiaMy piver A 10 28398 descri bes

i ncorporation of inorganic fillers suc e pignents or a variety of
col oured pignents into pol yol efins, polyam des, or polyesters. The purpose
of 1 ncorpor ahengpresentf iilnvent iion cdlxgoltyestatiidted® metdD shgstove t he
deep-drawabi lity of the resultant | am nates. Conventional can making
materials, such as tinplate or aluminiumare widely used coated with white

pi gment ed chamingsioe ofeqodymer matnrrials heRetabdihaet ssuch s metal

commerci al | x+3§¢eRiseG Siefiﬁd%r@rpfar@ﬁ%ﬁrla%mﬁénﬂéd %ééhr\lﬁﬂe knofﬁ‘e' n the
art that the visual appearance of sol vent-based or, water-based white

coat i ngs -appEr¥d tagts el nadas) hans Mane SRRLIGIGIRNS Infludirees foe

steel to whichle maeuFedlture RES dwebodidd ctanl ends famd/d5 g teTodwrey.
noti ceabl e for black plate and electrolytically chrom um coated steel
(ECCS), while the effect is less marked with tin plate. The result of this
effect is t Fae icosttdad of ogtalnishpet cuidth @m@imgmmabl e white

appear ance, c%n‘%%%&h’?x% R0 Y O 4SS APRSRREIREs | S5 AU A0 Thus, for
example, European Patent Appllcatlon 0209393 describes the
¥/ incorporation of inorganic fillers such as white pigments or a

Variety of coloured pigments into polyolefins, polyamides, or
polyesters. The purposeﬁof incorporating such fillers into
the polyester films is to improve the deep-drawability of the
resultant laminates.

Conventional can making materials, such as tinplate or
aiuminium are widely used coated with white pigmented cbatings
for aesthetic purposes. These products set the commercially
accepted standards of appearance.

It is also well known in the art that the visual appearance of

. solvent-based or water-based white coatings applied to steel
based substrates is strongly influenced by the steel to which
the coating has been applied. The effect is particularly

noticeable for black plate and electrolytically chromium
coated steel (ECCS)) while the effect is less marked with tin
plate. The result of this effect is that instead of obtainihg
a coating which has an acceptable white appearance, a coating
having a blue-grey appearanée is obtained.
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~-2- It is knowmn to overcone this problemin conventional |iquid based

*coat.j ngs by incorporating with the white pignent an additional col oured

pi gnent thereby-to counteract the influence of the underlying substrate on
‘the spectral response of .the coating. In the case of ECCS which has:a
natural blue hue, the incorporation of @agenta into the white pignentation
| mpr oves ‘the visual ly perceived whiteness of the relatively thin coatlngs
used in can, stock. % sui tabl e fgrnulatlon nt bIend can be. £

e
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Appearance |s aest hett cal consequently comer ci al |nportant wher e
the coathYfy i Eh@xiREABPOEA 1€§p€€| §P99n§é in Phéh@oa'thé(?%mm@f}#mfbse
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: substreﬂpxgm&wmeulamdhcanlhe incorporated into convent1onal coatlngs

so as to achieve an acceptable wh1te appearance in the applled
and drled coatlng.- ' ' - o :

Conventional'édatiné'resins'used in can stock coatings include
polyester,'alkyd, v1ny1, acryllc, epoxy amino and polyether
sulphone. ~These re51ns are used with appropriate solvents and |
.diiuents, The white pigmént used 1s generally t1tan1um
dioxide. Tonlng pigments are used w1th the white pigment

where necessary. '

'Appearande is aesthetically, and consequently commercially,
important where the coating is external and especially so if
the coated ECCS is in close proximity to white coated tinplate
as in the case of cone and dome ends formed'from ECCS which
are seamed to a welded seam white coated tinplate body of a
"three p1ece aerosol ‘can. o

Laminates cbmprising'metal strip substrates coated with films
of extruded thermoplastlc reszns or combinations of coextruded
thermoplastlc resins are known as is the addltlon of pigments

to the thermoplast;c resins for mod1fy1ng_the appearance or
protective properties of the polymer coatings.

We have found that it is only possible to obtain an acceptable
appearance in steel based substrates coated with polyolefin,



of extruded t her nopl astic resins or conbinations of coextruded
thernnplastlc resins are known as is the addition of pignents to the

t her mopl’astic resins for nodifying the appearance or protective properties
of the pdlynmer coatings. We have found thatzii is only possible to obtain
an acceptable appearance i n-steel based substrates coated with polyol efin,
- 3- pokyanlde co-extruded pol yolefin - polyam de or polyester filns
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that they ar %HEHE | f USEs AS AL LAY
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addition of a toner (i.e pr gnen
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t he resul tant Ianlnates becone eco om cal | g or technically, vi use

in the proddd® Felatively low Tevel of pigment which can’be 1ncorporated
in the film requires that polyamide and polyolefin films
should be made thicker than conventional coatings for a given

\,; degree of opacity.

The addition of a toner (i.e. a coloured pigment) to the
pigmentgd thermoplastic films enhances the spectral response
and enables the thickness of the films to be reduced but not
reduced to such an extent that the resultant laminates become
economically or technically viable for use in the production
of cans on their end components or other containers.

If one attempts to reduce the influence of the underlying .
steel layer on the_visual appearance of the white coating
layer by increasing the amount of toner, the appearance |

_ improves, but once the optimum level has passed, the coating

N/ appearance is marred by the hue of the tinting pigments. The
optimum level itself gives a perceived appearance less white
than typical conventionally coated tinplate and visually less
attractive to the consumer.

We have now found that it is possible to obtain a coated metal
sheet having a white coating of good ?isual'appearance even
when using a reduéed thickness of coating and a reduced
loading of pigment when the coatihg is of a polyolefin, a



of cans on their end conponents or other containers. If one attenpts to ’
reduce the influence of the underlying steel [ayer on the visual appearance
of the white coating |ayer by increasigig-the anount of toner, the® -
appear ance i nproves, but once the optinmum | evel has passed, the coating
appearance is nmarred by the hue of the tinting pigments. The optimum | evel
itsel f golgamddeebareiay ebd lyEsaBnN &y esinghedmpddibte t gpathhgsoonetheonal | y
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pol yol ef | . pol yam de "or pol yester, usi ng. conposi te coatlngs
on the FBESE.s@B& an P@Wﬁ‘é qﬁ 13 ThaERoR) ?%t’a?l ?& h&refayer of a

ther nopiaebrpopaltimmr a mrﬂwrpﬁfgmta.f Whé &:cﬁh@fﬂf&aﬁiﬂnaogoﬁﬁitéor | _
conpensating for r cal qur,_af 1t e and an, qu ayer

of BT ne ek ote Yhet PEEY (s ndind o Nndf ke, S80eERc B SRR, 2T0
of mhltefpwgmtatpugmamt(nnehhdzgnneﬂn%azpromer t han the concentration of
white pignent in the.inner |ayer. Accordingly, the.present invention '

provides a | aminated netal sheet, the netal sheet having adhered on at
| east oﬁ@cstFﬂglﬁF&J Glhes@r‘-”feé@é”st é‘ﬁ’@ﬁﬁé‘% é”fQ‘T’rﬁ%ni)rJr%‘Ph@ated metal

sheet, the metal sheet hav1ng adhered on at least one of its
major surfaces a compo51te £ilm compr1s1ng-

(Al) an inner layer ofya thermoplastic.poiymer incorpOratino a &u)
‘'white pigment and a toner for_compensating for the
natural colour of the metal sheet, and |

- (B1) an . outer layer of’aithermopiastic“polymer:incorporating a
. '.hhite pigment; the concentration of white pigment in -
layer (Bl) being lower than the concentratlon of white
pigment in layer (Al)

Iffdesired, a toner may also be included in the outer'layer
(Bl)'but at a lower concentration than in the inner layer
-(Al). ‘An antiblocking agent or pigment may also be included
1n the ocuter layer (Bl) ' ' : '

Preferably each of the 1nner layer (Al) and the outer layer
'(Bl) is chosen from polyolefins, polyamldes or polyesters.

An embodiment of a laminated metal sheet'in accordance with
the invention is illuStraEed in Figure 1 which shows a
diagrammatic sectional v1ew of a metal sheet (M) coated on one
side only with an inner polymer 1ayer (Al) and an outer
polymer layer (Bl)

Typically, the polyesters are polyethylene terephthalate or
polybutylene terephthalate. Preferred polyolefins are '



(Al') an inner |ayer of a thernoplastic polynmer incorporating a white

pi gnent and a toner for conpensating for the natural colour of the metal
sheef, and (Bl) an outer |ayer of a thermogl astic pol ymer incorporating a
whi t'e pignent, the concentration of white pignent in [ayer. (B1) being | ower
than the concentration of white pignent in layer (Al) If desired, a toner
may ah%s be potyetbilene; hpodyperrpydgee,( Bthyleneaprapylene copodymeats @x
than ihthe j ' A ' cki ' t | S0 be
nel uded i n PhoractRySpentone, Bralrael polyaiiialls Are M o bivalf)
and the out eP6r aJELOPBLYL PE BKAEBn1RromlBY¥EFS Al ABd B3 yayi &es beth

pol yesters. polgshedinedr pblgekeairnaie@olvhmideNest combitadidnac therdb.he
invention is illustrated in Figure 1 which shows a diagrammatic secti onal
~view of- a netal sheet (M coated on one side only with an inner polyner

layer (Al) afid pnefervedpdbpinatedymetallpsheéysi dal hgcordancel wisherthear e
~polyethyl e”eﬂ;@éﬁe%@?' Eh? %RQF}' X995¥-'_?ﬁ§r)t §5CBRLAA %hetne Hletd’ hlet by
pol yol efins are - b- go yethyl'ene; pol'ypropyl ene, "et'hylene-propylene
copol yners of pavgrephyppofingerepinf dARedbesHean §he inaemyloyes, (Al)omnd
66|, Nyl on 11tﬁé| hgtan éﬁeeﬁ@ﬁﬁSimMa&!?,Eit”&! BeezairteRO O iNG" te ocuter
pol yester Or129e¥a7b9§_gg %ﬁe EgggkoggygreQSRS'by a bonding resin layer

© (B2) if (A1) and (Bl) do not bond satisfactorily-during

coextrusion. '

(7 " The bonding resin of layers (A2) and (B2) is preferably an
o acid-modified polyclefin resin containing carboxyl or
anhydride groups or an acid-modified copolymer if the-iayers
(A1) and (Bl) are polyclefins or polyamides. If (Al) and (Bl)
are polyesters, the bonding layer (A2) is preferably a
substantially non crystalline polyester.

Typical acids for use in preparing the acid-modified polymers
are ethylenically unsaturated carboxylic acids such as acrylic
acid, methacrylic acid, maleic acid, fumaric acid, crotonic
aéid, and itaconic acid. Typical anhydrides used for the same
purpose are ethylenically unsaturated carboxylic anhydrides
such as maleic anhydride.

The acid gfoups can be present as copOlymerS of ethylene, for
example ethylene acrylic acid or methacrylic acid. Typically
‘the acid concentration is usually 5 to 15%.

The anhydride graft modified'polyolefin can be diluted with
further unmodified polyolefin to produce a bonding resin with
an acid content of 0.02 to 0.6%, or 0.05 to 0.25% which is the
preferred range. The anhydride modification is measured by
infra-red analysis of the peak height at:.1790.cm_"1 after

predrying the bonding resin at 200°C to convert all acid
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In preferred | am nated netal sheets in accordance with the invention, the

i nner layer (Al) is bound to the netal sheet by a | ayer of bonding resin
(A2) between the inner layer (A) and, tge netal sheet’. Similarly, it is
-preferred to bind the outer |ayer (Bl) to the inner layer (Al) by a bondlng
resin layer (B2) if (A) and (B1) do not bond satisfactorily during
COGXtrUS'#Eemﬁye @8thHQdE§abnfﬁﬁchiﬁﬁ%§1E§2) %%% GEEMthd”ﬁHﬁHéikié&m
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prefera ant | ngn_cr i ne_pq er Y acids for. use
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. carboxyl|rowwddnsstzhpaiyethyﬂeneadhﬁp?ﬁbtbamrﬁe(duinhndrnmthc acid, - '
fumaric [ a es used for
t he sameagéﬂ%% th §| gﬁ ggrd‘fiyhgﬁg'g{l&sa?egyg})b?g&% I C an‘%{ déil des -such .
as nale|cp%hﬁ9§¢Pnéen¢he aci d groups .can be present as copolyners of '

et hyl ene, for exanple: ethytene acrylic acid or methacrylic acid. Typlcally

the acid congentyratio usual.ly 5 to.15% The.a ri-de aft nmodified
ory oot | BERESAb Ty, PRor e BoRai Aoy meR it lanen LRRAA Y HUITRAP R IaRE e o
bondi ng rEbenbnndhngnresmd medtefilowl iddex tic 3 G 330 QMAIDtmnﬁhﬁEE@wmsch

is the pr rapg T hydri de nodification is neasured by
infra-re %ﬁ%ﬁ?g?sﬁgfﬁ§ﬁm gggéghelght at 1790 cnl after predrylng t he

bonding resin at [err] to convert all acid
‘Particularly preferred bonding resin'layers are based on

ethYIene-propylene-random:COpoiyme:s or blends of linear
low-density polyethylene (LLDPE) with polypropylene. -

¥

A particularly'pteferfed acid modified olefin copolymer is
maleic-anhydride modified ethylene vinyl acetate.

The bonding resin for polyolefin or pdlyamide based coatings -
is preferably'a'maleic-anhydride grafted polypropylene or a

- maleic-anhydride grafted polyethylene or a maleic-anhydride

- 'grafted ethylene-propylene random copolymer, or a blend of
such maleic-anhydride grafted polymers in polyethylene,

- polypropylene or ethylene-propylene random copolymer; or
ethylene-acrylic_écid copolymer or ethylene-methacrylic acid \‘)'
copolymer.

preferably, when the polyolefin layer which is to be bound to
another layer is a polyethylene, the bOnding resin base of the
bonding layer is a polyethylene or an acid-ethylene

- copolymer. Similariy, when the”pOlYolefin'Iayef whi¢h5is to
be bound is a polypropylene or an ethylene-propylene
copolymer, the polymer in the bonding resiﬁ'layer'is:a-

- polypropylene based polymer. However, when the layér which is
to be bound by the bonding resin layer is a polyamide, then



6- groups, to anhydride functionality. The diluting unnodified polyolefin
can be the sane polyol efin which has been ~ude® to produce the acid nodified
polyolefln or |t can be a different ponoIefln Thus, for exanple, an acid
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Preferably, mlyzpmkﬂnﬁg or s rpdkymproplkeane dras! ypropyl ene, the bondi ng

resin melt flowindexis 3 to 30 gn’ 10 mi nutes, as neasured by ASTM D1238.
Particularly eferred bonding resin |l ayers, are based on ethyl ene-propyl ene

random copol W erdie dondingresin denstayenofAdt AR (imOFEyemi th
pol ypr opyl ene(sz‘) maHta cu&micv amtﬁdaﬁwl Al £t fmﬁlifﬁ&i%@i SLELDR! yner is
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grafted pol ypmﬂoyﬂ&ide arre pokyclef ins \air |ptellgimidai poI yet hyI ene or
mal ei c- anhydri de grafted et hyl ene- propyl ene random copol yner, or a bIend of .

such nal.ei c- anhydrl rafted polyners i n polyethylene pol ypr opyl ene or
et hyl ene- pr oA %i%dm bonding wesins cfor i RO @Eb%@'ﬂ?mdor .

3}1 hylhene met t;wa@elmﬁ@c‘d&a@a)mim,z R e %W'w'alémrhﬁmpitié/%ﬁilé‘ raNESm
'chis to %hy ene propylene copolymer.

The bonding resin (A2) for polyester based coatings is
preferably a polyester with a melting point above 150°¢ but
-/ below 240°C and a softening point below 150°c, present in
a substantially non-crystalline form. Examples of bonding
polyesters include copolymers of ethylene glycol with
isophthalic and terephthalic acids or copolymers of
terephthalic acid with ethylene glycol and '
cyclohexanedimethanola ' |

Typically, the amount of white pigment in the inner layer (al)
is 2 to 30% by weight, based on the weight of the inner layer,
while typically the amount of white pigment in the outer layer
(Bl) is 2 to 15% by weight, based on the weight of the outer
layer. ' ' S '

Any conventional white pigment material can be used as the
white pigment. A preferred white pigment is titanium dioxide
having a mean particle size of 0.1 to 2 microns. The amount
of the white pigment used in the layers depends on total film
thickness. 'Typically, in a forty micron film the inner layer
(Al) is apprqximately'20-3o microns in thickness and its level
of titanium dioxide loading is 20% by weight. ' '

- The usual toner (also known as colour compensatlng pigment), .
is magenta or magenta with carbon black comblnations, where
the metal substrate is ECCS.



anot her layer is a polyethylene, the bonding resin base of the bonding

|l ayer is a polyethylene or an acid-ethylene copolyner. Simlarly, mhen the
~ polyolefin lLayer which is to be bound is a pol ypropyl éne or an ’

et hyl ene- propyl ene copol yner, the polyner in the bonding resin layer is a -
pol ypr opyl ene based pol ymer. However, when the |ayer which is to be bound
by the bonding resin layer is a polyam1k§ T hen -7- the pol yner basgin
t he bondi ng resin | ayer can elther be a pol yethyl ene or a polypropylenb(

base. Preferabl t he bondi.ng,_res e dlor _i,n. | ayer. is a
mal ei c . am%%ﬁ Eé@ att ﬁﬁﬁ?fggdap Fvg?eng %8ﬁ£2bn? g =Pr 3k BY 0§e98$g'5%) s
mal ei c anryrhfeieabbyidOLaytosltAby wadg{xﬁl) basedpohyd:hef wedgbt od Lhe des.
Par ti cul g &ﬁfd OpaLag1igsts tBhe eohx " @PyeaRe pals 1eq'eyemz¢e of
contalnlng 0 y de an a. rando | ene propylene
copol yner . q%ét%okﬁlhchegﬁn (3&? PUFrﬂelyé§PBP b8§eG°BG§tPﬁ@§ depend

pref er abl yorg $19é yestel Pilh ahmekhgag,p0|nt above 150 C but bel ow 240 C and
a -softening point below 150 C, present in a substantially non-crystalline

form Exanpl es of bonding pol yesters include copol yners of -ethylene glycol
W th |scmﬁmﬁsuoutemdlagerpthalmayacpﬂsonal&ypcbmtann ahtiebdpicking c ac;d

W th ethylggghggyggéhagg §¥ﬁ£ﬁgﬁﬁﬁn§§i§35haBQEtlcle size 0.2 to 5
microns, preferably 0.5 to 5 microns and present at 0.1 to 1%
by welght. Outer layer (Bl) may also. contaln a toner and an

- optical brlghtener.__

_ _ o | e | _ | \J
- In a preferred_embodiment of the invention, the composite film -
which is to be_applied to the“metal_sheet is a film which has
been prepared by co-extrusion ofuaillthe #arious layers to

produée one single composite co-extruded £ilm. |

" The layers of bonding resin in the co-extruded films must be
continuous. The thickness can be as low as 1 micron.
Typically such layers constitute 5 to 10% of the total film

-_thicknéss; | :

Preferably, the metal'laminate contains on its other méjor
surface a coating of a thermoplastic polymer adhered thereto.
The said further coating may be constituted by a composite W/
co-extruded film containing vérious_layefs of polymer films '
therein.

The metal substrate to whlch the polymer film or fllms are
applled, typically 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 ihdustry.

‘The gauge range is'fyPically 0.05 mm to O.4umm=f°r steel and
0.02 mm to 0.4 mm for aluminium.



Typically, the anount of white pignent in the inner layer (Al) is 2 to 30%
by wei ght, "based on the weight of the inner layer, while typically the
amount ‘of white pignent in the outer layer (Bl) is 2 to 15% by wei ght,

bas’ed oh the weight of the outer |ayer. Any conventional white pi gnent
materi al can be used as the white pignent? -A preferred white pignent is
tltanlun1d|OX|de havi ng a nean particle size of 0.1 to 2 mcrons. The
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conbi nat i cPh,OSMt%dthbaﬂhtn atebsvhacb is pceferably- Chlﬂ@mad?ﬁernl@%ed at

a |level of,pboptpRoLendfindl by weight, preferably 0.1 to 1% by weight, based
on 't he wei ght of the inner layer. Typically the toner has a nean particle
size of 0.1 to 10 mcrons. The overall anount of toner used depends on the

total fil rTr!iélipi@ﬁéﬁrea' heteelefihhyRr 1éBé1¢c&n¢19nﬁbanahrl yheoniiam coated
ot ons. _FETeF opRoce S eRza HRpE LegaE prCEnrBRkhnOREca” B, Srisdatym
Qut er Iayeqx(tt_q) riithl sechosteehsa tbaechan@im metal and chromium
oxide levels can vary widely. Typically, the chromium metal
content ranges from 0.01 to 0.20 gm/mZ, while the chromium
- - oxide ranges from 0.005 to 0.05 gm/mz. The ECCS is

— -typically derived from deposition systems containing either
sulphur containing or fluorine containing catalysts.
The laminated metal sheet according to the invention may be
prepared by conventional laminating techniques, but preferably
comprises a thermoplastic polymer £ilm adhered to each major
face of the metal sheet and is produced by a thermal .
lamination process such as that described in our U.K. patent
applications Nos. 8724237 and 8724244.
The present invention will now be illustrated further by the
following Examples. '

o/

A number of composite films containing an inner layer (Al)
together with an associated tie layer (A2) of bonding resin,
and an outer layer (Bl) optionally with an associated tie
layer (B2) of bonding resin were prepared by cast
co-extrusion. The composition of the various composite films
and the thicknesses of the various layers (A2), (Al), (B2) and
(Bl) contained in these films are set out in Table 1.
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In a preferred enbodi nrent of the invention,

t he

conposite filmwhich is to be applied to'the metal sheet is a filmwhich

has been prepared by co-extrusion of al

the various | ayers to produce one -

singl e conposite co-extruded film The |ayers of bonding resin in the -
co-extruded filnms nust be contijguous. - The thickness can be as low as 1

~mcron. Typically such layers constitute 5 to 10% of the total film ™
thickness. Preferably, the netal |am nate contains on its other major
surface a coating of a thernoplastic polyner adhered thereto. The said
further coating may be constituted by a conposite co-extruded film _
cont ai ni n ' , s of —potrymer T Thererm. ] the netar jsapstrarg to
whi ch thg polyner filmapr filns dre appliede typicatly in thedform of t al
strip, id @engralty stépl or alufinium or mg(nﬁst. reof, typgcally a sfteel
or alum i gmsBased, proglict used ifn the packagi ng i nglustry. The gauge range
is typicdl By 9. 055 mt@ 0.4 mpfqr steel ang @02 & 000. 4 for
alumnium § &-9- The gleel may e coated M fEtin,® neefler abl§ passi vatjed
by conventiordl chrom t]treatnmentls, or altleghativelky ey be iQ. the forn#. of
nickel orlzind plated steel . Dbladk plate pffiosphated Bl ack pl ate, whijch
Is preferfably jchromate [insed. N “ W
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dafter phosphating. The preferred steel finish is electrolytically chrom um
coated steel (ECCS) with a dual |ayer ©of chrom um netal and chrom um oxi de.
Wt h: such st'eel s, the chrom um netal and chronmi um oxi de | evels can vary
wi'dely. ¢« Typically, the chrom umnetal co t£nt ranges fromO0.01 to 0.20
gm[err], while the chrom um oxi de ranges Trom0.005 to 0.05 gnm[err]. The
ECCS is~typically derived from deposition systens containing either sul phur

contai¥ng or fluorine containing Ciﬁﬁiﬁﬁ%ﬁ%?ﬁﬂﬁiiéﬂﬁ nat ed nmetal sheet
according to the invention may be prepared by conventional |am nating
techni ques, but preferably conprises a thernoplastic polyner film adhered

to each maj gp face of the netal sheet and irepgresbitts gylypidEylehe
| am nati on process such.as that described in our U K patent applications
Nos. 8724237 and 8724244. The present invention will now be illustrated

further by Bondfingl Besig Bxanpl es. A nunbeMafeimpnhydride |gwatiomedif hed
an inner layer (Al) together with an associégﬁfbitdﬁ,jéatyérhg‘ﬁ?ﬁgof bondi ng

resin, and an outer layer (Bl) optionally wth an associated tie | ayer (B2)
of bonding resin were prepared by cast co- t3sT P 03 mIRARDsi tion of the
various conposite filns and the thicknesseandydfide/ari ous | ayers (A2),
(Al'), (B2) and (Bl) contained in these filnms are set out in Table 1. -
10 - _
Bonding Resgin 2: | Maleic anhydride graft modified
’ ' polypropylene having
0.20 £ 0.05% maleic
U S , ' anhydride. '

Toner: _ This was a magénta pigment.

Polymer/métal/polYmer laminates were prepared from the
composite films described in Table 1. The laminates were
prepared by a thermal lamination process in which composite
polymer films were simultaneocusly applied to both major
surfaces of metal strip. The 1aminates were prepared by a
process such as that described in more detail in our U.K.
patent application No. 8724237.

Iypically, laminateS-were prepared by heating the metal strip
to a temperature Tl'and'composite films were brought into
intimate wrinkle free contact with the metal via a pair of
lamination rolls. The laminate was heated indirectly to a
temperature of approximately 250°C and held above 200°c

for two seconds before rapidly and uniformly quenching the
laminate with cold water. The laminate was dried with a blast
of cold air.



[err] Key to Table 1 represents pol ypropyl ene Bonding Resin 1:

Mal ei ¢ anhydride graft nodified polypropyl ene having 0.05 0.03% nal ei-c
anhydri de. Bondi ng Resin 2: - Mal ei ¢ anhydride graft nDdlfled
pol ypropyl ene having 0.20 0.05% nmal ei ¢ anhydri de. Toner:

This was a magenta pignment. Polyner/net pol ymer | am nates were prepared
fromthe conposite filns described in Table 1. The |aninates were pr epared
by a thermal |am nation process in whi ch conposite polymer films were ‘s

Si”Ulta”eﬁﬁégﬁgéﬁﬁtLﬂﬂlJQ both nsjor surfaces of netal strip. The Ianlnates
were prepare y a process such as that described in nore detail in our .
U. K. patent application No. 8724237. Typically, |ami nates were: prepared by
heating t IBactetalt cdmpgsite afimsehatar® Yasrlamimatedptsi an ECCScmetaz

b ht t f
00Ut |y SR LTRSS LR ARt
appr oxi matadaVe &singial kaninabior ?%mp?rQEHr?mﬁls@%ohaQ Be?@r@ rapi dl'y and
uni formy quenching the

The appearance of the resultant white laminated coatings was .
~ assessed by the follow1ng technique:~

"Appearance quallty can be judged subjectlvely and
qualltatlvely by V1sua1 1nspectlon and comparison or by
measurlng spectral“reflectances quantltatlvely, One method
for quantitative specification is the 1976 CIELAB colour space
which relates to the ten:degree standard observer and D65
(daylight) illumination oonditions. Measurement conditions
include the specular component and exclude the ultra v1olet

component coverlng the wavelength 400 to 700 nanometers. In
this system the appearance quallty is represented by

- Lithness,'the"amount of'reflected light
- Chroma, the strength of colour reflected
- Hue, the colouring of the reflected llght .

The hue can be descrlbed as combinations of four colours red,
yellow, green and blue in a two dlmen51ona1 plane. In this ;v/:
system*—

Red is 0 dlrectlon a
Green is 180 " dlrectlon: -a
'Yellow is 90 , direction 'h:'
Blue is 360°, dlrection -5

The chroma is the magnitude of the vector in the plane. The
resolved components of the vector are a and b.



aminate with cold water. The lam nate was dried with a blast of cold air.
-12- Exanples 1 to 6 Each of conposite films Ato F was |lam nated to an
ECCS netal strip by a thernmal |amination process such as that described
above using a |lam nation tenperature [err] of 170 20 C. The appearance of
the resultant white |aninated coatings wasigssessed by the follow ng

t echni que: - Appearance quality can be judged subj ectively and qualitatively
by viSwAl i nspection and conparison or by neasuring spectral reflectances
quantit ati vebyffePences: Hmd afpeagance baitiweers @e cianipda iaowl s tavecefdas

Cl ELAB col ou h 13 SHRS ﬂsqﬁn
D65 (dayli gh%ﬁ:gg?%%%wﬁlg% coﬁ%tdlt %Xt %n{g(%gsl&ggnent C n |t%ons ?#é lllcﬁal t he
specul ar conpénthe seamazes @fc diffenences,in dighdnesfon® aydting the
wavel ength 400 to 700 nanorret ers. In th| S systemthe appear ance qual ity is

represent ed ht ness, r.ef ed |i ht Chro

strength of 8%9 pF@FI %—&g‘o gﬁ‘é“ ttﬁﬁi% éﬁqsésn%c}“hght The
hue can be desmpalmekcmmmmlaﬁzstham&anﬁ whdihe daqqnegeded;ny@lm green and
blue in a two dinensional plane. In this. system- Red is [err]

di rection a .
- The results are shown in Table 2.

.

Table 2
Colour Analysis o minate 1
(N
Example . Composite Film - Colour Difference
Type ' '
1 A 10
2 B 9.9 .
3 C 5.6
4 D 3.2
S E 2.5
6 F 2.1
W Note: Examples 4 and 5 are examples of laminates in

accordance with the invention. The remaining
examples are comparative examples.

Comparativé Examples 1, 2 and 6 show that relatively
acceptable white coatings can be achieved by using very thick
coatings (Example 6) compared to thin coatings of similar
pigment loading. Comparative Example 3 (when compared with
‘Example 1) shows that addition of toner pigment improves the
appearance. -



~Geenis [err] direction -a Yellowis [err] direction b Blue is [err]
direction -b The chroma is the magnitudé of the vector in the plane. -The
resol ved conponents of the vector .are a and b. - 13 - Differencés in
appearance between a sanple and. an accepted standard-are qgual i fied by
conparing the square root of the sum oL ghe-squares of differences in

| i ght ness, a and b.. The appearance.of the lam nated fil ns was assessed By
conparison with a standard white lacquered tin plate. The results are Sdwn
in Tabl e Zhdahtam@lésl describingi thos Liavenaties Fi Lﬁ:&aﬁp&m&l @ and 5. -

Egngos'tEEJﬂéﬁnhow the SQEBEEFEELLEEfnSE IXQSr layeg éB&) containlng A'

C - less white pigmeni and toner than layer (AD) ‘have better

3.2 5 appearance than canings hav1ng a thicker 1a9e® of white
are exanpl es of

fIan1natesRﬁ?ﬁﬁﬁﬁw?%ﬂcﬁoﬂffhaﬁhsh?n§§ﬂ?rgﬁgm?ﬁﬁ E@ﬁaﬁﬁﬁndq5<
conparatﬂmhenune&pected nature of the result is confirmed by the

- comparison of Examples 1 and 2 where a clear outer layer
(Example 1) has no beneflclal effect on an untoned pigmented

 film.
X 7 -
The films described'ih Examples 4 and 5 were laminated to
metal strip with thermoplastic coatings on the opposite major
surface of metal strip. The laminates were formed into the
following articles (as illustrated in Figures 2 to 8 of the
accompanying drawings; in the draw1ngs, M represents the metal
sheet, R represents the external coating and S represents the
internal coating):-
(1) 73 mm diameter food can ends (as illustrated in Fig.
2): '
(ii) 65 mm x 101 mm draw redraw food cans (as illustrated
in Fig. 3): S _ : . W,
(iii)  aerosol valve mountlng cups (as illustrated in Fig.
6): '
- {iv) "~ 65 mm diameter average can end (as. 111ustrated in
- Fig. 4); -
(v)y 68 mm diameter drawn and wall ironed beverage can (as

illustrated in Fig. 5);

L]



Conparative Exanples 1, 2 and 6 show that relatively acceptable white
coatings can be achieved by using very thi'ck coatings (Exanple 6) conpared
t:o thin'coatings of ‘simiiar pignment |oading. Conparative Exanple 3 (when
conpared  with Exanple 1) shows that addition of toner pignment inproves the
appear ance. - 14 - The exanpl es describih® This invention - Exanples 4
and 5-"'show how t he conbi nati on of an outer layer (Bl) containing |ess
white %Vgnent and toner than layer (Al) have better appearance than
coatings having a thicker |layer of white pignment and toner at the sane
pi gment | oadi i) of ExaepdsoB)coni@ée(aseckblustrdateduin Bigih2)resnflt is
confirmed by the conparison of Exanples 1 and 2 where a clear outer |ayer
(Exanmpl e 1) has, no beneficial effect on an untoned pignented film  Exanples
7 - 14 The fi¢?kihescr1%é@miﬂiiﬂﬁﬁﬁFe%eﬂpﬁﬂH domer fag il heetratedinafig.
strip with thernopl astgg, coatings on the opposite major surface of netal
strip. The lamnates were fornmed into the following articles (as
illustrated in Figures 2 to 8 of the acconpanyi ng drawi ngs; in the
drawi ngs, M rihe cheninatéesteuctusésecare Riespribedt int AdetakleinaTabdeat Bag . -
and S represents the internal coating):- (i) 73 mm di aneter food can
ends (as illustrated in Fig. \ .
The white coatings of the resultant laminates were found to
have excellent aesthetic appearance, excellent formability,
good shelf life characteristics as internal coatings and
P ~ conferred good external protection to the articles.
-~ Containers formed from the laminate of Example 5 readily heat

sealed to polypropylene coated aluminium foil.



2):. (ii) 65 mm x 101 nm draw redraw food cans (as illustrated in Fig.

3); (iil) aerosol valve nounting eups (as illustrated in Fig. 6); (iv)
65. nm di aneter average can end (as illustrated in Fig. 4); (v) .~ 68:mm
di aneter drawn and wall ironed beigrage can (as illustrated in Fig. 5);
(vi) aerosol cone (as illusfratéed in Fig. 7); and (vili) 45 mm

di aneter aerosol dome (as illustrated in Fig: 8). The lam nate structuyrgs
are described in detail in Table 3. The white coatings of the resultan

| am nates were found to have excellent aesthetic appearance, excellent
formability, good -shelf life. characteristics as.internal coatings and

conferred good external -protection to the articles. Containers fornmed from -

the | am nate of Exanple 5 readily heat sealed to polypropylene coated
al um nium foil. -16 [err] '
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“17- [err] -18- CLAIMS: 1. A [ am nated nmetal sheet, the netal sheet
havi ng atdhered on at |east one of its mjor surfaces a conposite film

goiprising:. (Al) ~an inner |ayer,.of a thernoplastic polyner incorporating
a white pignent and a toner for E&ﬁgénsating for the natural col our of the

netal sheet, and (B1) an outer layer of a thernoplastic polyner
incorporating a white pignment, the concentration of white pignent in |ayer
(B1) ¥Yng | ower than the concentration of white pignent in |ayer (A). 2.
A lam nated netal sheet according to Caim1l, wherein [ayer (Bl) also
conprises a toner. 3. A | am nated netal. sheet according to Claim1 or
2, wher.ein each of the inner layer (A) and the outer layer (Bl) is chosen
from pol yesters, polyol efins and pol yam des. 4. A | am nat ed net al

sheet according to Claim3, wherein the polyolefin is polyethylene,

pol ypr opyl ene —ap~ei-Ry-ere—prepyrere—cepohyrer—or—ppl ynet hyl pent ene.
. * '
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5. A lam nated netal sheet according to Caim 3, mhereln t he pol yam de
Is Nylon 6, Nylon 66, Nylon 11 or Nylon 12. 6. taI sheet

‘according to any one of the préeceding d ains, “layer -
(A2) of a bonding resin between the said inner 1% @ji ﬂ metal -
-sheet, the bonding resin |layer (A2) acting as a | he .i nner

. layer (Al) to the netal sheet. 7. Aflanlnated met al sheet according
to any one of the preceding Cains, conprising a further |ayer (B2) of'
bondi ng resj tween the outer Iayer (B1) and the inner layer (A), the
bondi ng r &S yer (B2) acting as a layer to adhere the outer |ayer (Bl)
to the inner layer (Al). 8. ' A lam nated netal sheet according to Caim
6 or 7, rein the r ) Ok I 2) is a
mal ei c aﬁﬂ@drlde gra.£kH éEa *é¥€ﬁ éﬁ%tg?g?%g F%#lgﬁggn 5%

nal ei ¢ ant3dherRA %hdata§%¢§t(¢m? 8 1Fs|raap§ ﬁHF?éFGFlﬁSCGPPﬁéﬂﬁﬂnf

9. /\déﬁ@f&%fﬁbﬁﬂtal sheet according to Claim6, wherein the bondlng
resin in layer (A2) is a copolyner of ethyleneglycol with isophthalic acid
and terephthalic acid or a copolymer of terephthalic acid W th

et hyl enegl &) andamyihnéesxbapernnefhanbthermaplaagic palymes a polyester

-10. A | am nate gg%ﬁé [ n y €40 edi ng

.cl ai ns, wherm|1tk£§ann nt g:ﬁghécﬁﬂiﬂé 1%ﬂeﬂﬂ ﬁﬂalnngfhggyg%&zAl) is 2 to
30% by melght basego@me@ﬁ%tygggﬁprog e natural colour of the me

sheet, and

(Bl1) | an outer layer of a thermoplastxc polymer o \J
incorporating a whlte plgment, the concentratlon of
white plgment in layer (B1) belng lower than the
concentration of white plgment in layer (Al).

2. A lamlnated metal sheet accordlng to Claim 1, whereln
layer (Bl) also comprises a toner.

3. - A laminated metal sheet according to Claim 1 or 2,
‘wherein each of the inner layer (Al) and the outer layer (Bl)
is chosen from polyesters, polyolefins and polyamides. '

4. A laminated metal sheet according to Claim 3, whereih
the polyolefin is polyethylene, polypropylene, an So)
ethylene~propylene copolymer or polymethylpentene. ' o

5. A laminated metal sheet according to Claim 3, wherein
the polyamide is Nylon 6, Nylon 66, Nylon 11 or Nylon 12.

6. A laminated metal sheet according to'any one of the
preceding Claims, comprising a further layer (A2) of a bonding
resin between the said inner layer (A1) and the metal sheet,
the bonding resin layer (A2) acting as a layer to adhere the
inner layer (Al) to the metal sheet.



ftﬁe'inﬁer | ayer. 11. A |l am nated netal sheet aceeﬁdrﬁg-fo—any—onE'of

the preceding C ainms, wherein the amunt -of white p
Jlayer (:Bl) is 2 to-15% by wei ght, based on the wei gbiﬂﬁmmm ﬂ“layer
'12. . A lam nated nmetal sheet according ig any oney

Clains, wherein the white pignent in each of the outer |ayer (Bl) and t he

I nner Iayer (Al')Y is titanium dioxide. 13. A | am nated netal sheet
a_CCOf&;ng Q. O ai mal% anified€dd r&é‘@ai'éﬁ@ét‘”&é&:@i‘di‘ﬁgh% an§t8HePBE! !:ﬁlee
size of 0.1 to 2 bmcrons, | am nat ed , net al

shee
accordlng1ﬁ5%ﬁﬁﬁ%ﬂﬁeQﬁa¥Wﬁy;ﬁ?ﬁ%ﬁﬂ?&Pﬁj%lﬁ%??hﬂﬁe}EYﬂrtﬁ§2?0ﬁ5r3|H°Pﬁén9
i nner | ayerrgsAn beagasdm, tive @f@ﬁtlﬁfeﬁf(n)leﬂﬁ@ ﬂ\héhlﬁﬁéEOMa?é@CKAl}E)

A | am I h t h i
her i 0t nE R BRENG (B TOASTEh, (M| AREIT 98,8 (HTSTstB. pabebesshe

wei ght, baoatemmn dyeme{Bl) t©f the immer layer.(AD). A | am nat ed net.a
sheet according to any one of the preceding Clains wherei n the nean
particle size of the toner is 0.1 to 10 microns. A |l am nated neta

sheet accoldi ng toﬁadﬁﬂ%ﬂﬁﬁﬂdtmﬁﬁﬁﬁe%b%?hga@¢%xﬁtngmh@r%lﬁiMhé PEy&r (B1)
al so i ncl ugger¥irntie Bodiny PELIN - in layer (A2) and/or in layer (B2)

is a maleic anhydride graft modified polyolefin containing
from 0.02 to 0.5% maleic anhydride, and layers (Al) and (Bl)
are polyolefins or polyamides.

Q/, 9. - A laminated metal sheet according to Claim 6, wherein
the bonding resin in layer (Az) is a copolymer of
ethylenegl?col with isophthalic acid and terephthalic acid or
a dopolymer of terephthalic acid with ethyleneglycol and
cyclohexanedimethanol, and layer (Al) is a polyester.

10. A laminated metal sheet according to any one of the
preceding claims, wherein the amount of white pigment in the
inner layer (Al) is 2 to 30% by weight based on the weight of-
the inner layer. -

11.. A laminated metal sheet according to any one of the
preceding Claims, wherein the amount of white pigment in the

. outer layer (Bl) is 2 to 15% by weight, based on the weight of
the outer layer. ' '

12. A laminated metal sheet according to any one of the
preceding Claims, wherein the white pigment in each of the
. outer layer (Bl) and the inner layer (Al) is titanium dioxide.

13. A laminated metal sheet according to Claim 12, wherein
the titanium dioxide has a mean particle size of 0.1 to 2
microns. '



18. A l'am nate metal sheet according to claim17, wherein the

anti - bl ocki ng agent conprises synthetsic silica having au lﬂlﬂl‘ﬂ’mlllm
0.2 to 5 microns. 19. A lamnated nmet2@ -sheet accor or-

claim 18, wherein the anount of anti-blocking agent is from 0.1
wei ght , based on the wei ght of the outer |layer (Bl). 20. A Ian1nated
metal shee4accor difnd A nakedmetal tﬁh?ﬁ#eiﬁ&ﬁ?@ﬂ%ﬂd?ﬂsathﬁﬁelﬁfthbeaeta

i s steel opracedingy dlEnenl whdlrelinithe Gfordr aixhowhéhﬁﬁﬁef 1£9zer (ALA T
| am nat ed netal .sh

el ectrolyt f“@gﬁ‘v dﬁ?’é‘ %q'c’%"\{}%d °Q§ geﬁad?%% %aagb e?{re%ser of chrorn um

met al -and chrom um oxi de. A lamnated netal sheet according to

Claim 1 suhgtanti aly na%irﬁ%%?d skl fbl?é% never for%aﬁl one39¢ £he?3.

A contai ner or a.,conpgnent for a contalner ron1a I'am nat ed
met al sheePTRSEGARGCE 3iMsyWhakeid the Rk ¢E B tener in the inner
: layer (Al) is 0.01 to 5% by weight, based on the weight of the

: 1nner layer.

~16. A laminated netal sheet'according to any one of the
preceding Claims, wherein the mean particle size of the toner
is 0.1 to 10 microns.

17. A laminated metal sheet according to any one of the gJ
preceding claims, wherein the layer (Bl) also includes an B
anti-blocking agent. '

18. . A_laminate metal sheet according to claim 17, wherein
the anti-blocking agent comprises synthetic silica having a
- particle size of 0.2 to 5 microns. ' '

19. A laminated metal sheet according to Claim 17 or claim
18, wherein the amount of anti-blocking agent is from 0.1 to
1% by weight, based on the weight of the outer layer (Bl1).

- 20. ) A lamineted metal sheet according_to'any one of the _
preceding claims, wherein the metal is steel or an alloy A
thereof, aluminium or an alloy thereof.

21, - A 1aminated metal sheet according to Ciaim 20, wherein
the metal is electrolytically chromium coated steel (ECCs)
with a dual layer of chromium metal and chromium oxide.

22. - A laminated metal sheet according to Claim 1
substantially as described in any one of Examples 4, 5 and 7.

23. A container or a component for a container whenever
formed from-a laminated metal sheet as claimed in any one of
the preceding claims.,




