Bl ODEGRADABLE FI LM The present invention concerns coated filns which are

bi odegr adabl e and yet have effective barrier and/or sealing properties,
maki ng t heosw/tsahlke for use in 5packagi ng applicati onspcTleEs220Bat8oNn al so
concerns processes for making such filnms. Conventionally, packaging filns
are used to seal and protect products inside a container, or sinply inside
a filmformed package, fromexposure to the 10 atnosphere, In order to
provi de the necessary barri er BIODEGRADAGLBFRIJErti es, materials such as

pol yol efi ns, PVDC and pol yet hyl ene terephthal ate have been used in the
past. However, such materials are not usually cornpostable and there is a
consequent need to provide conpostabl e packaging filns. However, it has

proved dithéigabénitiavbhidh seederhd lcoBtaghiigls Rawe s bisbkerddiabld end aad/ or

sealing 15 properties, and it is an object of the invention to find a
sol ut i onhg¥e efestiver briemanfior jsgaling aranssinsarmyije dterpsuliplde fRUene dn to

find suc I Lch i
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unr easonéilshe degree ot her desirable properties of the film such as optical
and nechani cal properties, for exanple. 20 EP-A-2141191 discl oses a
conposi te package conprising a | ayer of a biodegradabl e, conpostable

copol yestrivexidrsiy opadeatedion ard hees s kaskand paotbiiodeguadabkee a

conpostabl e cel lul ose film Howev thﬁﬁgﬁglied coatings are rel atively
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a coating conposjtion conprjsing.a copolyner of lactic acid,and .
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bi odegradabl e filmc 10substrate having a bi odegradabl e coating thereon at
a coat W ghargfulgiotbiaeref hadnvardigsrit PecTushabBYiviine Whithpes a0paekagi ng
film 15P I : fid ' S t]
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bi odegr adébtelr pr ehexssbhybleoimpst aithar ddsérablsoplegedisny thetiiminséchheat hs in
accordance wth sta dandico 0 ta%%y test. EN13432) material, or 20 from
m xt ur es SBFCEARIIGPORRTECH! REPRESHES. &0 PRI mat eri al s i ncl ude cel | ul ose and
cel | phosi c derivatives, cornpostable biopolyners, polynmers of lactic acid
and its derivatives, including PLA itself, polyners of hydroxyal kanoat es
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Fi | mgsLt dnaind@ting Becdpragie saanerdNafig ef | exTM 30 The coating may conprise
any suitable material such as bi odegradabl e pol yesters, copol yesters and/ or

starch or starch-based coatings. Preferred coating materials are

bi odegr adabbaneRReLY s LR PY WIBESIQbal ABldhEs 8CLEpEYATRs afnflkdfpagnd

pol ybutyl ene succinate (PBS). O hér suitable materials include Ecoflex &
Ecovi o f méthigasFantsaipp sticsnenar sappatioaghthiel Ban INicRdscaticdm Cor n
starch fromBione Biciplastics Limted. 5Preferably, the coating does not
contain any copolymer of lactic acid and caprol actone. Mre preferably, the
coat 30g dEEs 986t 2EB Ndisilnsesaprpéricdak lanknetesr abliyg tihe cedtweighissoheaat

seal able. Accordingly,.in a preferred enbodi nent the invention provides a
coated fiAHES 'wg?ﬁﬁﬁgs@ﬁﬁﬁﬁﬁﬁ@ﬁgﬁ§ﬁ%strate havi ng a 10bi odegr adabl e,

heat seal abl e coating thereon at a coat weight of not nore than 12gsm

Bi odegr adabl e pol yesters are found to be particularly suitable as coating
materials. Consequently, in a preferred enbodi nent the invention provides a
15coated fil mconprising a cellulosicisubstrate having a bi odegradabl e

pol yester coating thereon at a coat weight of not nore than 12gsm The
coating may be applied on one or both sides of the film and when the film
is coated on both sides the coating on the first side may be the sane as or
different 20fromthe coating on the second side, and it is preferred that
when different both coatings are bi odegradabl e. Optionally, no priner
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Preferably the coat weight is less than 10 gsm nore preferably |ess than
9gsm and nost preferably less than 8 gsm or even less than 6 gsm 4gsm or
2gsrn.  woSpexisfiigal | y preferred coat wei ght ranges arechrapmi/@Gyss) 5gsm
or 6gsmto 5 1 Ogsm 9gsm 8gsm or 7gsm The thickness of the coating on
the filmis preferably | ess than about 15pm nore preferably |ess than
about 12pm still nore preferably | ess than about | OQom and nost preferably
| ess than about 8pm and can even be as |ow as 7pmor |less, or 106pm or

| ess. Speghdr C@rkdi@érpiaﬁfsﬁétéédpﬁp@rtm@d hhglengns mangassaagectatmgsmmn 5. 5pm
or 6pmto 15pm m 15The total thickness of the film
is pref eﬁ§§iﬁg§eﬁé’§¥‘i@@§@1§§§tﬁmﬁgw &8 88 er abl y | ess than about 50pm
and even nore preferably | ess than about 35pm or |ess than about 30pm The
substantially bi odegradabl e substrate preferably conprises a cast film 20
Ve have WOQrRDOBH#R4ESErpstissasgh pegbbte, yealabiyg fipn opennising 8 awabieg gnovi ded on
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process agBAgeosairpigbonet he i nvention provides a packaging filmin
accordance wth the foregoing description in which the coating is applied
by nmeans of a hot nelt or extrusion coating process. Preferably in the
process ?%%Eer@i"r@ld‘t@'tﬁg ﬁt@géﬂg!nﬂgnt‘éﬂ ﬁﬁer@c%%ﬂiv%dt@ &d?tﬁeéft”imntﬁﬁﬁh of, the
coating I's su in nolten formfroman extruder to a hot coating
uni t conﬁrarsietarsg of iesktthpontlGuse diomprising & stﬁrﬁftef@rgﬂiymiwpﬁeﬁgrtaﬁabhofﬁﬁe% coati ng
is exiru r i |t coating
procids. REsCOahAT 3BT IoRT T ol AR A ek iEo e ke
substantﬁmﬁty&@ymdegradable substrate as it is drawn through a pair of
counter-rotating rollers. Eramrng of the filmas it is coated ensures the
Snecessary |ow coat weight, "Curtain die" in the context of this

speci fi catdRmHinalUsiesisdyacskhapg figonfi guration and/or nunber of die slots
or holes which give rise to a substantially continuous falling curtain of
material exiting the die. For exanple the die nmay conprise one 10or nore
co-Iﬁﬁea@%ékgé& Qh&%ﬁﬁu?%a& ghbelng nore than one) elongate slots and/or
a co-Tinear series o ccordlngly the invention al so provides a
process for producing a packagrng filmconprising providing a substantially

bi odegradabl e fi strate appkying a 15bj r I | to the
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60*C to about 80 C) and to exhibit seal strengths of above 300g

pr ef er abltyo b Ve begot. r%‘ﬁieftﬁdé@saﬁﬁ%ﬂ“@ﬁ%tﬁe% Botudg wtaiﬁﬁﬁﬁﬂdmeétﬂ@ﬁabl y
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t han Soogiraavmiah’rtarfr@npmaberaablws giceatder th%ﬁadaﬁemeﬂmrefmr nor e
preferably nore than about 500g/25mm and nost preferably rmre t han about
6009/ 25nm 10The coated filnms used in the packaging article of the

I nvenbi orhar &cRligd eyl YohipdRePaneNkuitdikd saferdaickugte A gregdgddaisiel oured
or netallised films. Were transparent the fil mhas w de angle of | ess

than aboWOIVESH'S nEPROREREY é‘ﬁﬁﬂ?"l%@sd‘t RErFIalH 258, CoRIEES pr ef é?%ﬁ'@ | ess
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38C, 909%RH) of less than 20 gsm day, nore preferably | ess than 18 gsm day
and nost preferably | ess than 15 gsm day. Furthernore, we have al so found
that the filnms of the invention provide 20 considerably inproved seal
strengths conpared to the uncoated substrate. Thus, the filnms of the
invention preferably exhibit seal strengths of at |east about 10% nore
preferably at | east about 50% and nost preferably at |east about 100%

h| gher than those of the uncoat ed b| odegr adabl e substrate 25AI so provided
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The fil msubstrates and/or the coated filns of the invention may conprise
any nunber of suitable functional or aesthetic additives, selected from one
or nore olopolxyminyl i dene chloride, nitrocellul ose, par aCTigB20mx86778SCas,
china clays, 5 polyesters, candelillia wax, nontan wax, mcrocrystalline
wax, hydrogenated caster oil, behenic acid, oxidised polyethyl ene wax,
stearic acid, glycerine nono stearate, carnauba wax, maleic acid, ethyl

cel lul ose, styrene nmaieic anhydride, polyvinyl acetates, zinc stearate,
dihfyci ghlﬁsyﬂ?’mt bﬁﬁ%ﬁ(ﬁybmﬂéhyls@bin%m yhBeht rotrer m@ﬁa&:i&i métersais include f

chl ori de/ pol yv acet at ners, a X ster o
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be provi @%@n Wb 0R8 BbnPERp{MNES LPRalg or aest hetl c additives, such as
slip and/or anti bl ocking agents, for exanple, 150ne coated filmin
accordance with the i nvention al so or instead conprises in the coating
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conposition. 20Preferably, the filmof the invention is certifiably

bi odegradabl e. This neans either that the filmis conpletely biodegradabl e,

or the t @iglrymy ¢t c@éﬁts;@oi@ hé@ﬂt @@ggb&dahb@ar@mpne@t@efe?rédh@ﬁﬁb@;mam

sufficiently low for the filmas a whole to consi der ed bi odegradabl e
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of a hot i@gkti.curtain coating process with a variety of biodegradabl e

coatings. Coating was effected using machi nery supplied by | natec GWH,
Schnei derstrasse 73, D-40764, Langenfeld, Germany. 5 The trial involved

runni ng By r@mé'\ﬁ@s b @ioRO| SHBEFE IGO0 Coel paraouiane suppld efs cBasngol yners
were coated onto 23 ilmtargeting 3 different coat weights. The coat
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wer e per frortmgthencen sk toagveight ofredsueredhar0Eusst ed using a tenperature
gauge. Polynmers 15 Two bi opol yner coatings were used in these Exanpl es,

Bi opol yner 1 being a bi odegradabl e pol yester with vegetable oil nononers,
and Bi opdihgreyatidg beinge apbiietiegadablatipekipe st €te film, andMiesrpdigyfiteriswas

extruded t hrough the the and then dropped ox 50nmm 20bef or K
At et PRI SIRD PN e GHRIN ory Tie reigh By e Sp e ang] artgent
Condihi OB%ym the coating on the sEXIHHGEE, JQIREE #rdbRaddRCVRONDGiRRAG #XRC 220C

Hose Tenperature
coatings are biodegradable.

Optionally, no primer layer is provided between the blodegradable substrate and
the coating, but in some cases it may be desirable to provide primer layers or
25  other types of intermadiate layer belween the coating and the substrate.

The film of the invention may be laminated to one or mare further substrates,
gach or any of which is preferably bicdegradable, and which may comprise paper
or cardboard, or other biopolymear materials such as PLA. Applications for such

30 laminates include but are not Hmited o general packaging and lidding.
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Mai n Punp Tenperat ure Mel t Punp
Tenper ature

WO 2012/137014 PCT/GB2012/050778

Preferably the coat weight is less than 10 gsm, more preferably less than 8gsm,

and most preferably less than 8 gsm, or even less than 6 gsm, 4gam or 2gsm.

Specifically preferred coat weight ranges are from 4.5gsm, Sgsm or 6gsm to
5  10gsm, 8gsm, Bgsm, or 7gsm.

The thickness of the coating on the film is preferably lass than about 15um, more

oreferably less than about 12um, still more preferably less than about 10um, and

most preferably less than about 8um, and can even be as low as 7um or less, or
10 8um orless.

Specifically preferred coating thickness ranges are from 5 um, 5.8um or 6um o
15um, 12um, 10um, Bumor 7 um.

15  The total thickness of the film is preferably less than about 78um, more
praferably less than about 50um, and even more preferably less than about
35um or less than about 30um.

The substantially bicdegradable substrate preferably comprises a cast film.

20
We have found that surprisingly good sealing properties can be provided on
substantially biodegradable substrates by the provision of a coating of low coat

weight (less than 12gsm) applied by means of a hot melt coatling process.

25  Accordingly, the invention provides a packaging film in accordance with the
foregoing description in which the coating is applied by means of a hot melt or

gxtrusion coating process.

Preferably in the process for producing packaging films according to the

30 invention, the coating is supplied in molten form from an extruder {0 a hot melt
coating unit comprising a melt pump feeding a die, through which the molten
coating is extruded onto the substrate surface.



Di e Tenperature 25
Tenperatures | owered from220C to 210C to run 3 & egsm coat wei ghts.
WO 2012/137014 PCT/GB2012/050778

Praferably in the hot melt coating process the coating is extruded through a
curtain die onto the subsiantially biodegradable subsirate as it is drawn through a
pair of counter-rotating roflers. Drawing of the film as i is coated ensures the

5 necessary low coal weight,

“‘Curtain die” in the context of this specification includes any shape, configuration
and/or number of die slots or holes which give rise to a substantially continuous
falling curtain of material exiting the die. For example the die may comprise one

10 or more co-linear {in the case of there being more than one) slongate slots and/or
a co-linear series of holes.

Accordingly the invention also provides a process for producing a packaging film
comprising providing a substantially biodegradable film subsiraie and applying a
15 biodegradable coating o the substrate at a coat weight of less than 12gsm by

means of a hot melt coating siep.

Preferably the film substrate is drawn during the coating step. Preferably the film
substrate is drawn by up fo at least about 10 times, preferably at least about 20
20 times, more preferably by at least about 50 times, or even as high as 100 or 200

fimes, its original dimension in the direction of draw.

Also preferably, the coating is extruded as a hot melt onto the film substrate
through a curiain dis.

25
The coating step is preferably conducted at a temperature of from about 80°C {o
about 280°C, more preferably from about 80°C to about 250°C,

Preferably the zero rate viscosity of the melt is from about 80 Pa.s to 1800 Pas.
30 ({The viscosity may be estimated for example from an oscillatory frequency sweep
rotational rheology at 180°C.)



Qbservations - The polynmer ran well giving a good curtain. The pol yner gave
good adhesi on under tape test to NK, and a tearing heat seal both for

bi opol ymawehhmpahoaer and bi opol yner-NK. 5 Exanple 2 - Broxdizbiznsor7s

Condi ti ons Extruder Tenperaturel 230C Hose Tenperature220C Main Punp

Tenper at ure230C Melt Punp Tenperature230C Di e Tenperature230C 10
bservations - The pol yner gave good adhesi on under tape test to NK
possibly best to date, and a tearing heat seal both for
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than 100 %Ma akseelymer - pol yner heatseals for Bl O POLYMER
1 at 1Zg%m at bot 110C & 135C, éan for 810- POLYMER 2 at 110C only.

b) Individual heatseals of >10009/25mm were observed for pol yner-pol yner
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BO POLYMER s2han GhbCsA0RG2 sraR@biPebdermenaby es and E310- POLYMER 1

circa 4009/ 25m at 110C and circa 550-600g/ 25nm at 135C. e) The heat seal
strength was recorded as an average of 10 seals. The node of failure was
not ed. f or i broad
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Peal o wherieireealy fos alt satioqnhe B Breisrants B3 Hasel T habtdn  wi t
del am nati on of polymer from cell ophane substrate In this |nstance some
seal s peel ed open over the conplete | ength of the seal and in others this
formed aFpriEpUBeS oWE WBVe pRefauddr i ealfiime Tghdhe ginvegfjon provide ) The
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failure i ategory J1i) ,above, er for i gory
). 1?“&@9 ip%%flgf%géy ﬁ@riréﬁ%@a@éfrs I‘II’?I"IP&? TAERIE 4 H%?%ac%s“?t hat the
poi nt of 18bed higher irsinahodder eeldrephraciBMeatiatierstageatas PVdC is found on

t he del am nated pol yner and not on the cellophane film 2) Hot Tack a) In
all cases the filmsanples passed with the 150g wei ght indicating good hot
tackogr 09@%{5 ?ﬁoﬁnde’aom%cc@%aﬁ%%strﬁl% Rebeaseis lé@é?‘é%r&é&e;@ééié&ﬁ@a@a
530Wbcn? a e JR increase I ncreasi ng coat wei ght for both polyners
for a gi wenka@npeeasiupastly b;rmare@ne@wmem@i@:bfaﬁwad Hien péihet inggnitive
correspondi ng F310- POLYMER 2 sanple. 15c) The JR decreased with increasing
tenperature for both polynmers for a given coat weight. Results 20 Heat seal
Strength Chaikket@ﬂit}dmf thé 3nGed fm&ﬁ ysdll b SecuudtsgBloopttipndrih8lHeraPORYMER 2
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suchn as mmsture ‘barrier, arema %grreer seal strength, transparency, coating
30 adhesion, ant-mist and other properties can be improved or adjusted by
choosing or blending in an appropriate ratic the copolymaers or by incorporating

one or more further additives into the coating composition.



Coat Wyt 3gsm 6gsm 12gsm 3gsm Result 1 389a 411r 412d- 511f 409e 481 '
Result 2 455b 344 t 209d 711 587e 555 a Result 3 4273 430 i 468d 561 S22f
698r ResuWD 2012453014083 2346 5e 474e 908" Result 5 418#4t®/GB24235d40 561
473 Result 6 448 a 425 a 464 497e 542t 630 ' Result 7 375h

The film substrates andfor the coated films of the invention may comprise any
number of suitable functional or aesthetic additives, selected from one or more of
polyvinylidene chloride, nitrocellulose, parafiin waxes, silicas, china clays,
5 polyesters, candelilia wax, montan wax, microcrystaliing wax, hydrogensated
caster oll, behenic acid, oxidised polvethylene wax, stearic acid, glycerine mono
siearate, carnauba wax, maleic acid, sthyl celiulose, styrene maleic anhydride,
polyvinyl acetates, zinc stearale, dicyclohexyiphthalate, acetyl tributyl citrate,
polyviny! chioride/polyviny! acetate copolymers, amide waxes, glycerol ester of

10 rosin and dymerex polymaerisead rosin.

The bicdegradable coating may also be provided with one or more functional or

aasthetic additives, such as slip and/or antiblocking agents, for example,

18 One coated film in accordance with the invention also or insiead comprises in the
coating composition at least one styrenic copolymer, preferably in an amount of
less than about 3% wiw, more preferably less than about 2% wiw, and most

preferably less than about 1% wiw of the dry weight of the coating composition.

20 Preferably, the film of the invention is certifiably biodegradable. This means
gither that the film is completely biodegradable, or the tolal weight of non-
biodegradable components in the film is sufficlently low for the film as a whole to
be considered bicdegradable according to conventional standards at the present

time.
25
The invention will now be more particularly described with reference to the
following Examples.
EXAMPLES
30

in Example 1 and Example 2, a 23um food-approved celiulosic substrate
available under the trade name Natureflex from Innovia Films Lid (23NK)} was

o~}



429 466
481421r

640e 700f 533 ' '--Result 8 478 423 539d 327e 730T 484 Result 9

260d 610 a 613 t ' 577 Result 10 461g 375 f 238 464 e 652!’

S577a

Aver age 486 240313301 538 609 591 Std Dev 36.1 27,6 122. 2pCTA®B20612132779 131. 5

Heat eel

Strength Pol ymer-Pol ymer, 135C, | Qpsi, 0.5 seconds Bi opoi yner

BO- POLYMER 2 BI O POLYMER 6gsm 1 12gsm Coat Wt

used. The Natureflex substrate was coated by means of a hot melt curlain
coating process with a variety of biodegradable coatings. Coating was eflected
using machinery supplied by Inatec GMbH, Schneidersirasse 73, D-40764,
Langenfeld, Germany.

5
The trial involved running two biodegradable polymers sourced from one
supplier. The polymers were coated onto 23NK film targeting 3 different coat
weights. The coat weight targets were 12-10 gsm, 8-5 gsm and 3-2 gam. The two
main properties assessed duwring the trial were ) Adhesion o the base film
10 {23NK) and i) sealability of the film, both A-A and A-B. The Healseals were
performed on a selting that measured 120°C fested using a temperature gauge.
Polymers
15  Two biopolymer coatings were used in these Examples, Biopolymer 1 being a
biodegradable polyester with vegetable off monomers, and Biopolymer 2 being a
biodegradable polyestar.
The polymer was extruded through the die and then dropped approx 50mm
20 before making contact with the film and running through nip roflers.
Example 1~ Bio-Polymer 2
Conditions
Extruder Temperature 220°C
Hose Temperalre 20050
Main Pump Temperature 220°C
Mell Pump Temperature 220°C
Die Temperalure 220°C
25

Temperatures lowered from 220°C to 210°C to run 3 & Bgsm coal weights,



3gsm 6gsm 12gsm 3gsm | Result 1 466b 514 9 700 1224 f 1421 Result 2 516 .
491 462 1165!" 6391 12381 Result 3 473 505b 655g 7621 6611 1970 r Result 4
519 a 362N0GOtR/g7@62!' 753 a 1485!' Result 5 484a 435 7P8'1/GE2b12/084382269
Result 6 532b 405 7479 1543b 564!" 1854 e Result 7 501 e 3841" 813d

Observations - The polymer ran well giving a good curtain. The polymer gave
good adhesion under tape test to NK, and a tearing heat seal both for

biopolymer-biopolymer and biopolymer-NK.

Example 2 — Bio-Polymer 1

Conditions

Exiruder Temperaiure 230°0
Hose Temperature 22000
Main Pump Temperature 230°0
bMelt Pump Temperalure 230°C
Die Temperature 230°C

10 Chbservations - The polymer gave good adbesion under tape test o NK possibly
best to date, and 8 isaring heal seal both for biopolymer-biopolymer and

biopolymer-NK.

The samples evalualed were
15 Bio-Polymer 1, at 3gsm, 8gsm, & 12gsm
Bio-Polymer 2, at 3gsm, 8gsm, & 12gsm

The samples were tested for Heat seal strength, Hot tack, Jaw Release, and
WP,

20
The finished film targets for the trials were io determine which of the polymers
achieved a heat seal of 1000¢/25mm, secondly what was the minimum coat
welght required to do so and also to assess any polential effect on other film
properties.

25



993 f 9381 1078 e Result 8 466 e 451 g 857 9 '335r 683a 2226e Result 9 458
945 428C 640t 17 f Result 10 480 a 593e 453 ¢ 858g 1302!" 928' Average 489
508 669 849 262M310m48 Std Dev 25,9 168.2157.1 311.2 387. PCoEB2012/03eE8Seal
Strength - NK-Pol yner, 110C, 1 psi, 0.5 seconds Bl opel yner Bl O POLYMER 2
Bl O POLYMER 1 Coat Wt 3gsm 6gsm 12gsm 3gsm 6gsm 129sm Result 1 424 383b

10

15

20

25

30

With regards to both polymers, neither contains any additional additives such as
slip or antiblock, although as mentioned herein it is possible o incorporatle one or
more additives if desired.

1} Heatseal Strength (NK Specification — 225g/25mm at 135°C)

a} From the heatseal strengths an average of greater than 1000g/25mm was
achisved for polymer-polymer heatseals for BIO-POLYMER 1 at 12gsm at
both 110°C & 135°C, and for BIO-POLYMER 2 at 110°C only,

b} individual heatseals of »1000g/25mm were observed for polymer-polymer
for the BIC-POLYMER 1 at both 3 & 8gsm coat weights.

o) Very low heatseals of <100g/25mm were observed. The mode of fallure
would indicate that this was due o a defect in the seal propagating a tear
and therefore an artificially low resuit.

d) For NK-Polymer the average heatseal strength is not significantly affected
by polymer coat weight with BIO-POLYMER 2 - circa 400g/25mm at both
temperatures and BIC-POLYMER 1 circa 400g/25mm at 110°C and circa
550-800¢/25mm at 135°C.

a} The heatseal strength was recorded as an average of 10 seals. The mode
of failure was noted for each heatseal

fi The modes of failure were split into 3 broad categories:

) Traditional Peeling seal with no delamination (Type g in results). {for
this purpose delamination is used fo describe where the polymer
extrusion coating pulls off from the cello substrate)

iy Weld seals where the seal is destroyed (Types e & 1)

i) Peeling seal with delamination of polymer from cellophane substrate.
in this instance some seals pesled open over the complete length of
the seal and in others this formed a prelude to a weld like tearing seal.
{Types & ~ d}

g} The majority of the heatseals resulted in destruction of the film either by

tearing of the seal or delamination of the polymer layer.

i



286 464 g 4261 4471 407 g 383 8 40P 495!' 4279 439 3 3939 Result 2 410b
409 a Result 3 Result 4 442 3 418 a 437a 412 36P 255w 411 ¢
604!"' 43AvBes1y137@4409 383 a 311 400 g 4569 564 9 631r #2T/GE214B6ms384 428
g 455!" 43 ' Result 6 Result 7 421 a 388 e 430a 408

h} From the results it can be seen that the BIC-PCLYMER 1 polymer primary
mode of fallure is category i) above. Whereas for BIO-POLYMER 2 it is
category Hi),

i} Analysing the pulled heatseals using pyridineg indicates that the point of

5 failure is at the celiophane-PVdC interface as PVAC is found on the
delaminated polymer and not on the cellophans film.
2} Hot Tack

a} in ail cases the film samples passed with the 150g weight indicating good
hot tack properies.

10 3} Hot Seal Jaw Release, Typical Specification - £30g/8cm®

a) The JR increased with increasing coat weight for both polymers for a given
temperaiure,

b) BIO-POLYMER 1 performed befter than the comesponding BIO-
FOLYMER 2 sample.

15 ¢} The JR decreased with increasing temperature for both polymers for a

given coat weight.
Results

20 Heatseal Strength ~ NK-Polymer, 138°C, 10psi, 0.5 seconds

Biopolymer BIO-POLYMER 2 BIO-POLYMER 1
Coat Wat 3gem | Sgsm | 12gsm | 3gsm | Bgsm | 12gsm
Result 1 380° | 4117 [ 412° 511" 4048° 481"

Result 2 455°% 13447 {2097 | 711° | 887° [ BBES
Result 3 427° 14307 T488Y [s81° | B22’ 698’
Result 4 413°% 4087 | 2347 1 815% | 474% | o08’
Result 5 418° 1410% [ 423°% 1 440° |881° | 473°
Result & 4487 | 425° 1 484% | 497° | 542 830"
Result 7 3757 14287 | 488°  |640%  T007 | 833°
Result 8 478° T4z3" 18387 |327® 7307 | 484°

Result @ 481" 14217 280Y |810° 613" 577°®




Result 8 417 a 433 a 455 g 401 g 10111 421g WO
2012/ 137014PCT/ GB2012/ 050778 Result 9 388 a Result 10 413 a Average 413
Std Dev Moloi1z/iemtseal Strength - Pol ynmer-Pol yner, 110€cTIdB28i2/050778
seconds Bi opol yner MO-POLYMER 2 Bl O POLYMER 1 Coat Wyt 3gsm 6gsm 12gsm 3gsm
6gsm 12gsm Result 1 Result 2 391 3 372 a 483al 498a 843a 1049 2 482 4779
438 g 516 3 580 8 664e Result 3 362a 526 a 1059 a 35e 466 a 477 a 432 a
597d 3715 1662 6

£

Rasult 10 4519 1378t | 23r® lapg®  |gs2’ 577¢
Average 434 488 371 538 808 31
St Dav 3641 | 27.8 (1222 4128 14323 4315

Heatseal Strength ~ Polymer-Polymer, 135°C, 10psi, 0.5 ssconds

Biopolymer BIO-POLYMER 2 BIG-POLYMER 1
Coat Wyt 3gsm | Bgsm | 12gsm | 3gsm | Bgsm | 1igsm
Result 1 468° 1 514% [700% 12247 5] 1421"

Result 2 5167 14917 (482° 118587 | g3g’ 12387
Rasult 3 473% 1805° 1855Y | 782 a681" 19707
Rasult 4 510°% | 2827 8045 | &82' 7534 1485
Result 5 484°% 14287 | 778%° | 12870 [ 743%  |2zen”®
Result 8 532 | 405% | 7479 | B43° | BR4° 1854 °
Result 7 501°% | 384% [g13% | oad’ gag’ 1078°
Rasull 8 4669 | 4519 | B57Y 335’ g83 e 328"
Rasult 8 4589 1 045°% | 428°% 6407 17" 1014 °
Resulf 10 4807 | 593°% | 453°% | 858 12027 | oz’

Average 488 508 5% 844 830 1548

St Doy 258 | 488.2 | 48741 3113 3872 | 5011

Heatseal Strength ~ NK-Polymer, 110°C, 10psi, 0.5 seconds
Biopolymer BIC-POLYMER 2 BIG-POLYMER 14
Coat Wt 3gsm | Sgsm | 12gsm | Jgsm | Ggsm | 1Zgsm
Result 1 4247 1 383° | 288° 426" | 383° | 427¢
Result 2 40%% 1 410° | a84% | 447’ 4017 435°
Result 3 442°% 4377 | 412°% | 407¢ 495" 383°
Result 4 418% 12381° [ 258% 4113 804" 432°%
Result § 400°% 13837 I211° | Ba4d 4047 4285
Result & 421° 1430% 14009 | 631 406° 455 ¢
Result 7 388° | 408°% | 4889 427 384° 43°
Result 8 4179 | 42337 | 455% 401 ¢ 10117 1 421°¢

12



6821 1320e 634 Result 4 390 538 1025a 488d Result 5 Result 6 383 3 534 a
1045a 1094 3 3681' 462 a 643e 808d 526 3 442 Result 7 Result 8 411 a
498 3 10380 2012/13401Q@ 455 1217a 497'J 496a 610e Result 9 P8VxED/@EILE49 a
732 d 559 a 1433 a Result 10 398 a 557a

Result 9 388% | 3BYE | 2777 | 3g2¢ 525" 431°
Result 10 413% 1411°% [ 483° 448 566" 432°
Averags 413 404 380 452 §18 388

Std Dov 181 258 884 8.7 18911 | 1228

Heaiseal Strength — Polymer-Polymer, 110°C, 10psi, 0.8 seconds
Blopolymer BIO-POLYMER 2 BIO-POLYMER 1
Coat Wt 3gsm | 8gsm | 13gsm | 3gsm | Sgsm | 12gsm
Resuit 1 301°% | 4837 1 843° 482 438¢ 580°
Result 2 372° | 498% | 1049°% | 477° 518° 864 °
Result 3 382°% | 528° | 1058°% | 38° 4667 3715°
Result 4 390°% | 538° | 1025° | 488¢ 477 ¢ 1662°
Result & 383°% | B34¢ | 1045° | 597° 432° &gz’
Result & B8 14827 | 1004° | 643° 526° 1320°¢
Result 7 4117 1498% | 1033% | 808¢ 442° 634 °F
Resuit 8 4107 [ 4585% [ 1217°% |497° 496 ° g10°
Result © 380° | 510° | 1148° | 7a2°® 559° 1433°
Result 10 308° 0 587° 1 896° | 148° 476° 226n°
Average 388 | 508 1421 480 483 1357
Std Dev 18.6 [ 33.2 (1483 2398 418 1608.2

Modes of Faillure
5 a. Peeling seal with biopolymer delaminating from NK on both sides of
healseal,
b, Pesling seal with tear initiating from one side edge into rest of seal area.
o. Seal tear initiated but complete tear not achieved as outer biopolymer
laver delaminated pulling off as a complete film.
10 d. Biopolymer delaminated from both sides of the NK before seal tore
completely.
g. Seal tore completely within first 10% of opening (Weld Seal}.
Seal tore completely after initially pesling (Weld Seal}.



696 a 11021 148e 490 476a 483 2269 1357 Average 398 506 Std Dev 16.6
33.2 149.3 239.6 41.5 1006.2 , Mddes of Failure 5a, Peeling seal with

bi opol ymewoaelzairinat i ng from NK on both sides of heat seacT/dB20PABbi?Bg Seal
with tear initiating fromone &le edge into rest of seal area. c. Seal tear
Initiated but conplete tear not achieved as outer biopolyner |ayer

del am nated pulling off as a conplete film 10d. Bi opol yner del am nated
fromboth sides of the NK before seal tore conpletely, e. Seal tore

conpl et el y gv teirmaf Fesitnglippe ebalopening (Wl d Seal). f. Seal tore conpletely
after initially peeling (Weld Seal). g. Normal Peeling type seal. Hot
Tacks (135C - 1 Opsi - 2,5 sec gi 70nm Bl O POLYMER 2Bl O POLYMER

Bi opol ynmey 1RicaRqk y&er - Biggol 3 feks KiBhapol yner Bi opol ynmer Bi opol ynmer NK 3
gsm 6 gsm.=150.>150.>150 _>150_>150

BIG-POLYMER 2 BIO-POLYMER 1
Biopolymer- | Biopolymer- Biopolymer- Biopolymer-
Biopolymer MK Biopolymaear NK
Jgam | >150 » 150 »>150 »>150
Ggam | >»1580 =450 150 > 150
12 gamn | >150 >156 »150 =150
5 Hotseal Jaw Release {gfSom?)
BIC-POLYMER 2 BIO-POLYMER 1
110°C 130°0 150°C 110°C 130°0 15G°C
3gsm | 51 53 18 33 32 12
Bgam | 70 84 33 58 35 18
12gsm | 143 122 59 84 51 471
WYP Troplcal 38°C180% RM g/m*24hrs
BIO-POLYMER 2 | BIO-POLYMER 4
Jgsm 13 11
Bgsm 11 g
12gsm | 13 13
Example 3 - Bio-Polymers 3and 4
10

A 40um food-approved regenerated celiulosic film substrate was used. The film
substrate was coated by means of a standard axtrusion coating process with a
variety of biodegradeable coatings. The coating machinery used consisied of an
extruder feaeding molten polvmer to a flat die suspended above the fiim substrate.
15 A curtain of polymer extruded from the die contacled the film subsirate

immadiately before a nip between two rollers, one of which was a water cooled



>150 >150 >150 12 gsm >150 >150 >150 >150
MO POLYMER 2f BO- POLYMERI
32 12 6g8012¢2/840133 56 35 18 12gsrri
38C/ 90% RH g/ nR/ 24hrs

10

15

5 Hotseal Jaw Re/ease (gl6crre)
110C 130C 150C 110C 130C 150C 3gsm 51 53 19 33

143 122 59 64 51pét/O8ZoR/060Trpi cal
Bl & POLYMER 2 Bl G- POLYMER 1

smooth finish chrome roller. As the polvmer coating contacied the cooled rolier, #

solidified.

The trial involved running two commercially available biodegradable polymers:

BIO-POLYMER 3: Danimer 28808 supplied by Danimer Scientific
BIO-FPOLYMER 4. Ecoflex SBX 7025 supplied by BASF

The polymers were coated onto the film substrate at varicus coat weights ranging

from 7 gsm o 11 gam.

The properties assessed during the sl included: adhesion to the base film, wide
angle haze (WAH), heat seal strength st 100°C and 135°C, hot tack, WVP and

tear resistance in the machine direction (MD) and transverse direction {TH).

Results

BiG- Bi0- BIO- BIG- BiO-
Resin POLYMER | POLYMER | POLYMER | POLYMER | POLYMER

3 3 3 4 4

Base resl 2 2 2 2 2
Corona 2 3.8 3.8 3.8 3.8
Line speed M/Min B 80 1G0 50 80
Temperature profile °C ~ - - na na
?gaii rolf tempsraturs 5% 2 g 59 97
Prassura of nip rolls 65 5 5 85 B & & 5
{bars)
Thickness {um} 50 47 47 47 45
Coat gain {(gsm) 11 10 8 11 7
WaH (%) 301 25.9 27.2 9.4 1.7
Adhasion {g/28mm) - - 72 275 405
Seals 100°C (gldmmy | 47g 728 593 1470 749
SealelBB (gleimm) | gaq 502 723 1479 | 1389
Hot tack - - 150 - 150

i3




3gsin 13 11 6gsm 11 9 13 12gsm 13 Exanpl e
regenerated cellulosic filmsubstrate was used. The fil m substrate was
coat ed bywoearsi3afi4a st andard extrusion coating processpeirtdBaiymsniety of

bi odegr adeabl e coati ngs.

3 10 A 40pm f ood- approved

The coating machi nery used consisted of an

extruder feeding nolten polyner to a flat die suspended above the film

substrate. 15A curtain of polyner extruded fromthe die contacted the film
substrate i Mmedi ately before a nip between two rollers, one of which was a
wat er ccgje%ﬁi ngill,)/gth fini sh ghsidne r okdidr. | Advekie polydmer coab¥aig cont act ed
t he cool i it soliidifdegl. Thesetati al im0l ved samni g tseal
commer ciighl, keaual abl e bi adegradabl e pol ymersgqd BO. - PALYMER Jig4Dani mer
26806 sU %é{ %ytwé{ﬁi Scirenti it BlIrO-POLYNVER 47T ECcof T€X SBX 702
suppl i ed A pol yners| were coat e@3®nto the filim sil¥strate at
vari ous igpat--wei g".*“ rangting—t0—from7—gsm-to-1t-gsm—The propertie
assesseg ﬁiﬁ%ﬁ h &'¥i al i ncluded; adhesipn &84the base fill m2&i de angl e
haze ( %%heat seal.strengt-h-at-100C-and-135F—hot—tack—\WPR-and-f ear
resi staré@vfpn 351@ ithine [direction (MD) and gpansverse dirjectimgn (TD). 15
Resuts Redinl POBLZ1ER 3| 2 BO PA YMER 3.2 PO YMER.3..2...PQLYMER 4
POLYMER J?rmﬁgaﬁ%MD Coggna 2 3.8 3.8:38 3.834 98

) , ‘ . . :

2;:";*" resistance 10 2.7 2.5 2.9 2.3 2.2

Stiffness MD - - 81 - B4

*0.5s, 10psi
* A50°C, (.25, 40 psi, T min in waler when specified

i will be appreciated that the foregoing represents specific examples of the

imvention, which is more patdicularly defined in the daims which follow.



Line speed MMn Tenperature profile ¢'C 80 80 - 100 - 50 file 80 nia -
Chill roll tenperature C 22 29 6.5 29 6.5 22 22 6.5 Pressure of nip rolls
(bars) 6,%020f/137014Thi ckness (um) 5047 47 47 11 45 CoatrcgaiBro(2gsm)781110 9
WAH (9% 30.125.9 27.29.4 11.7 Adhesion (g/25m) - 72 275 405 Seals 100CC
(g/ 25mm Seal s135T (g/25mm 773 799 728 802

CLAIMS

e

. A coated film having a thickness of less than 100pm comprising a
substantially bicdegradable filmic subsirale having a bicdegradable
coating thereon at a coat weight of not more than 12gsm.

2. A coated film according to claim 1 wherein the substantially bicdegradable
substrate is selected from a film-forming biodegradable material, or from
mibxdures of two or more thereof,

3. A coated film according to claim 2 wherein the substantially biodegradable
film-forming material is selected from cellulose and cellulosic derivatives,
polymars of lactic acid and its derivatives, polymers of hydroxyalkanoates
{(PHAsg), biodegradeable copolyesters, polycaprolactones and starch-
based materials.

4. A coated film according {o any one of claims 1 to 3 wherein the coating
comprises a biodegradable polyester andfor copolyester andfor starch or a
starch-based material.

5. A coated film according to any one of claims 1 {o 4 coated only on one
side,

8, A costed film according to any one of claims 1 to 5 whersin no primer

layer is provided betwsen the biodegradable substrate and the coating.

7. A coated film according {o any one of claims 1 o 8 laminated {0 one or
mors further substrates.

B. A coated film according to any one of claims 1 to 7 wherein the ¢oat
waight is less than 10 gsm, or less than 9gsm, or less than 8 gsm.

w3



693 723 1470 1479 749 1389 Hot tack -- 150 - 150 WO
2012/ 137014PCT/ (3B2012/ 050778 Seals to PLA Wl d' seal Wl d seal Wl d seal

Vel d sealwoWsixhizsmal Dry seals ** - - 641 - 264 Wt sealpsT/GR2apR/0868178r acYr
- - 635 - 226 Wet seals - boiling water " - - 564 - 287 WP - 25C 75RH -
24h - - 201 4.0 - 3.0 109 Tear resistance MD (% 3,5 3,3

8. A coated film according to any one of claims 1 to 8 wherein the thickness
of the coating on the film is less than aboul 20um, or less than about
15um, or less than about 12um,

10.A coated film according fo any one of claims 1 to § wherein the total

thickness of the film is less than about 75um, or less than about 50um.

11.A coated film according fo any one of claims 1 fo 10 wherein the

substantially bicdegradable subsirate comprises a cast film.

12. A costed film according to any one of claims 1 o 11 in which the coating is

applied by means of a hol melt coating process.

13.A coated film according fo claim 12 wherein in the hot mell coating
process the coating is extruded through a curtain die onto the substantially
biodegradable substrate as it is drawn through a pair of counter-rotating

rollers.

14 A coated film according to any one of claims 1 to 13 having & seal strength
greater than 300¢g/25mm, or greater than 400g/25mm, or more than about
500¢/25mm, or more than about 800g/25mm when sealed at 135°C with a

half second dwell time befween sealing jaws, one of which is healed.

15.A coated film according to any one of claims 1 to 14 having a8 WVTR
{Tropical, 38°C, 90%RH) of less than 20 gsm/day, or less than 18

gsm/day, or less than 15 gam/day.
18.A coated film according to any one of claims 1 to 15 having a seal

threshold of at least about 10%. or at least about 50%, or af least about

100% higher than that of the uncoated biodegradable substrate.

i8



2.6 Tear resistance TD (%9 27 2.5 .._, 2.9 2.3 22 Stiffness MD -91 _ - 89
*0.5s, I Qpsi ** 150C, 0.2s, 40 psi, 1 mn in water when specified 51t wll
be apprecwetett/tshats t he foregoing represents specific erarmpsi2afsot/ge
invention, which is nore particularly defined in the clains which follow.
CLAIM5 A coated filmhaving a thickness of [ess than 100pm conprising a
substantially bi odegradable filmc substrate having a bi odegradabl e coating
thereon at a coat weight of not nore than 12gsm 2. A coated fil maccording
to claiml wher gbsfut Reticdebrat indldey abpattege astalebet suhist canpridiag sekect ed
froma filmform ng bi odegr adabl e materl al ?r frommxtures of two or nore
thereof, 3. ACE®&HdMMAac ﬁa%%ﬂ'%mh%m‘tﬁ P 30 Wherei n the substantial y

bi odegradable filmformng material is selected fromcellul ose and
cellulosic derivatives, polynmers of lactic acid and its derivatives,

pol ymers of 1thydpiorgss kenvatieng BW}GG Brooegpasiegirevidepd yeriantally

pol ycapr ol act d rding to
any one of cl %?%gwb%ﬁ@ﬁg?g ghe c%gﬁﬁké c%ﬁ%%%%gh% %égc? t%Ciﬁgbl e

pol yest er andkobsiestpoktyesicat v\m‘@hltoasf isbarnicm dlzg&rrtsb;arméaﬁmsea Emtﬁtmeital 5 A
coated filmaccording to an¥ ,8ne of gcglg’rs 1 to 4 &g ted o ?/ 0 one S|de
S. A coated f PRI SHRIMAPPERR CREDHRIHE £ UCESRAT I8 nE%Br i mer

| ayer is provisgadybet ween the bi odegradabl e substrate and the coating. 7. A
coated fil maccording to any one of clains 1 to 6 lamnated to one or nore
further substrates. 8. A coated filmaccording to any one of clainms 1 to 7
wherein the | ess
than 8 gsm’té@?ﬁnﬁé@é@?&?rémb%@%&%@ &Rﬁ%gmgﬁqiﬁne ofirtat?%cﬁsg\%?dtu%&% wherein
t he t hi ckness tiod codingesiapi ng on the f| I mis Iess t han about 20p -n or |ess
t han about 15pm or |ess than about 12pm 10.A coated f m according to any
one of clainms 1 to 9 wherein the total thickness of the filmis Iess than

about 75pm a@ra | sshapcabout (ORI 18, A epahedsfwvheieac g dicagng dsany one
of claimse 1 to 10 wherein the substantially biodegradabl e substrate

conprises a ca&stufied A almtAbatied e firsueERaitgUed 2nyiaghdi®of claims 1 to
11 in which the coating is applied by neans of a hot nelt coating process,
13. A coated filmaccording to claim12 wherein in the hot nelt coating
process t heztwaprmsssammdmww at‘sgrm'uagbf alagos t1& o @D evieniclo &hﬁecoatmg

b |1 d dapl h
Count o1 ot al Y ForeEeza S Rhvde Gl P el athg PR 2B el 2l ai me

Ito 13 having f@@g%u@mmtdﬁo@tga@m!,than 3009/ 25mMm or greater than
4009/ 25mm or nore than about 500g/25mm or nore than about 600g/25nm when

seal ed at 135C with a half second dwell tinme between sealing jaws, one of
whi ch is s FB0k T iﬁ%’ fib%%é%aﬂyz@%é?émcth@ atihgt 0 14
havi ng a #Wopl é\a&f&g igagg %5{% % ' ess than 20 gsm day, or Igss t han
18 gsni day, orste;ewaimmtﬁugemfdaﬁer 18, thecmattedmavem Hec op fﬁﬁj ¥enany one
of clainms 1 tq,l ! threshold of at |east about 10(Yo, or at
| east about 5@5}’8 Egg%%k qg@%g?ﬁ%ﬁ‘out 100% hi gher than that of the uncoated
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