WD 2007/ 078454 PCT/ US2006/ 045179 1 CALClI UM CARBONATE
BARRI ER FI LM5 AND USES THEREOF CROSS REFERENCE TO
WOREOADEDSAPPLI CATI ON [ 1] This application cl ai PET/UR®06/045179
benefit of U S. Provisionall Patent Application No.
60/ 755, 659, filed Decenber 29, 2005, the content of
which is hereby incorporated by reference. FIELD OF
THE INVENTION [2] This invention is directed toward a
filmstructure conprising polyolefin and calcium
carbonate that has reduced noisture vapor transm ssion
rate and is suitable for packagi ng noi sture-sensitive
mat e QA UM CARBONATEf BARBIER FIIS ANBJJSBSdHEREOF
pharmaceuti cal products. BACKGROUND OF THE | NVENTI ON
[ 3] Throughout this application various publications

are ref er regos9 REFERINER IS REIATED ApPLIGATIONS for
these references nay be found at the end of the

[1]1 sghdéy applieatiom ¢lairasiihe benefprefdéd. Rgovisieonel Rarant Appdication No.
i 0 ! [ r. .
60784 B85 TR lybPERS, 200 S HhERR: A5 ELE Blrony ipeppporaced
by refewbnpest application to nore fully describe the art to
whi ch the subject application g rtains. [4] For
packagi ng of dry f QRITBEA ISNir e sensitive

[2] Ma4kE iilehtiontis (direcf&Btdvidides E%W&tﬁ‘reb&ﬁﬁbﬁﬁinw IR fin and

that prevents the i1 ngress of noisture vapor an
calciknappsbotrredbat bas seducechmheisturerpos gransniibsiop asteagfidis suitable

shoul d al l.ow t he f.ood t.erial.to be contajnerized
for pekers it A B mAlFigh el aR i 1558 il Ko, ana
pharthaselkticrd prb8hicteol ymer filns have been devel oped with

the objective of increasing, rather than decreasing,

noi sture vapor transm ssion through the film(e.g.,

031020513 A and 05 ou RS TP VER TN 2ar .
[31 r ddwovghent tiis applcatioraviandespoblications (@ TRferteb to een
pareriey Fath SHalbrd fof DR LreRGr BayeAgund qy e sl ufhe
specifBRib€ ainnfetiftey peaety e clalRAd/ PheR42Isures of these
publications are hereby incorporated by reference in their entireties into the subject
application to more fully describe the art to which the subject application pertains.
[4] For packaging of dry foods and other moisture sensitive materials, it is
desirable to have a barrier package that prevents the ingress of moisture vapor and
thus keeps the contents from becoming soggy. The packaging should allow the food
material to be containerized into a paperboard box for shelf display and ease of
handling.
[51 Polymer films have been developed with the objective of increasing, rather
than decreasing, moisture vapor transmission through the film (e.g., PCT
International Publication Nos. WO 02/10275 A2, 03/020513 Al and WO
03/031134 A1). In contrast, reduced water vapor transmission rate (WVTR) has
been achieved using a laminated paperboard substrate, which is suitable as a
container for beverages (U.S. Patent Application Publication No. 2004/0105942).
Reduced WVTRs have also been obtained by orientation of high density

polyethylene (HDPE) films (U.S. Patent Nos. 4,183,893, 4,870,122, 6,391,411).



Reduced W/TRs have al so been obtai ned by orientation
of high density polyethylene (HDPE) filns (U. S
w@aioents4blos. 4, 183, 893, 4,870, 122, 6, 391, 411) . PGNDUS2006/045179

2007/ 078454 PCT/ US2006/ 045179 -2 [6] Wile there are

di fferent technol ogies that provide a noisture vapor
barrier in packaging filns, there is a need for

i nproved barrier filns for packaging dry foods and

ot her noisture-sensitive material where the filmis

both noi sture resistant and econom cal. SUMVARY OF
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PE (LDPE, density <0.934 gnicnB) E can be |Iinear

which fgl WELDPE) HDPE is a preferred polyol efin. Medium
nol ecul ar wei ght

DETAILED DESCRIPTION OF THE INVENTION
[9]1 The present invention is directed to films comprising polyolefin and calcium
carbonate, where the films have a reduced moisture vapor transmission rate
(MVTR).
[10] Polyolefins are a family of polymers made from olefin monomers. Examples
include polyethylene (PE), polypropylene and polyisoprene. PE can be high density
PE (HDPE, density > 0.95 gm/cm®), medium density PE (MDPE, density 0.934 to
<0.95 gm/cm®) and low density PE (LDPE, density <0.934 gm/cm®). LDPE can be
linear LDPE (LLDPE). HDPE is a preferred polyolefin. Medium molecular weight
HDPE (MMW-HDPE) is a preferred HDPE.
[11]1 As used herein, medium molecular weight (MMW) polymers have the
following weight distributions: number average molecular weight (Mn) of 6,000 to
13,000, weight average molecular weight (Mw) of 50,000 to 120,000, and Z
average molecular weight (Mz) of 175,000 to 500,000. Preferably, the number



HDPE (MWMHDPE) is a preferred HDPE. [11] As used
herei n, medi um nol ecul ar wei ght (MWY pol yners have
w0 b@7/078ab4 ow ng wei ght di stributions: nunber aRET/H§®06/045179

nol ecul ar wei ght (Mh) of 6,000 to 13,000, weight

aver age nol ecul ar wei ght (My) of 50,000 to 120, 000,

and Z average nol ecul ar weight (Mz) of 175,000 to

500, 000. Preferably, the nunber WO 2007/ 078454

PCT/ US2006/ 045179 -3 average nol ecul ar wei ght (M) is

8,000 to 11,000. Preferably, the weight average
averagsmecletalarweeight (Wid))is BOHODO0DD,000. Ieféxably, the weight average
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car 'm conpri ses:
ofSBQwQKDI efin base resin having a nelt index of 0.05- 2.0
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wher@ﬁ{ fHeeﬁlrﬁQ:é riRS: a) otl d166e badd résid adit{dh indlbehdex of 0.05-
density 958 /crrB and c) Ca wher ei n

2.0 dg4min atnﬁ fpﬂé@%ltﬁf of a Staﬁeo i6Brg/cm aba @t@FPlYOI?(ﬁrﬁb@TﬂﬁéﬁfSélﬁ or
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[141 An additional preferred film comprises: a) a high density polyethylene
(HDPE) base resin, wherein the HDPE base resin has a melt index of 0.05 - 2.0
dg/min and a density of 0.958-0.963 g/cm®; b) a HDPE carrier resin for calcium
carbonate (CaCQ,), wherein the HDPE carrier resin has a melt index of 4-10 dg/min
and a density of 0.958-0.963 g/cm® and c¢) CaCO,, wherein the CaCO, has a median
particle size of 0.7-2.5 um, a top cut d98 of 4-15 um, a surface area of 3.3-10.0
m?/g, and a total concentration in the film of 5-35% by weight, wherein the CaCO,
has been treated with a surface treatment agent at a treatment level of 0.3-2.3% by
weight, and wherein the CaCO, and the HDPE carrier resin are present in a ratio of
15/85 to 80/20 by weight. Preferably, the CaCO, has been treated with the surface
treatment agent at a treatment level of 1.5-3 mg surface treatment agent/m? of

CaCO,. Preferably, the CaCO, has been wet ground and/or dry ground prior to



dg/mn and a density of 0.958-0.963 g/cnB; b) a HDPE
carrier resin for calcium carbonate (CaC33), wherein
W0 b@7MDBRE carrier resin has a nelt i ndex of 4-ROr/UsIonG/0u5179
and a density of 0.958-0.963 g/cnB; and c) CaCQO3, the
CaC3 a nedian particle size of 0.7-2.5 m a top cut
do98 of 4-15 m a surface area of 3.3-10.0 nR/g, and a
total concentration in the filmof 5-35% by wei ght,
wherein the CaCO8 has been-4teated with a surface
treatnent agent at a treatment |evel of 0.3-2.3% by
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carbonate (CaCO3) havi ng nmedi an particle size of
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[171Pr<éa<é€?x<@al bepERsenpin tee fims dna P CPREFATALPRET gxample, of
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flms, k€ Somg ayerd RaB nEE FBbel AR R Gy P WBERS Hiftetent lavers may
contdlﬁtcaffefeefﬁcaemlﬁﬂtsldfrcad@; exanpl e, of 5% 35% by

ght, preferably ,20% 30% by wei ght, and nore

[18]p r“éheebw 5psES the PigseRhinventies sandwyers mell ivsexafgyl grample, of
0.05-@% Iagg’lquﬁ,' ﬁ%lf&albgyfrdgf/ﬂlms ’ﬂ{édbatls% 1@35 téarl RS a density of 0.958-

0.963 g/cm?®, preferably 0.962 g/cm®. Preferably, the base resin is a high density
polyethylene (HDPE). Preferably, the HDPE is a medium molecular weight high
density polyethylene (MMW-HDPE). Base resins such as MMW—HbPE resins can be
produced via Zigler-Natta catalyst chemistries and generally fall into the range of
0.85 to 1.5 dg/min melt index, and densities 0.9580 g/cm® and higher to the
maximum limits for polyethylene manufactured without co-monomers. A preferred
base ?:esin is a resin having the properties of Resin A (see Table 1, below). In
traditional applications, films can be made by extruding this material, or like
material in its neat form (without any other additives or masterbatches). As used
herein, this material is referred to as a “base resin.”

[19]1 The carrier resin for CaCO, can have a melt index of 4-10 dg/min, preferably



films, where sone |layers may not contain any CaCO3 or
where different |layers may contain different anmounts
wWo@R00Catd84 [ 18] The base resin of the present POWESINOMS179

can have a nelt index, for exanple, of 0.05-2.0

dg/mn, preferably 1 dg/mn. The base resin can have a

density of 0.958- 0.963 g/cnB, preferably 0.962 g/cn8B.

Preferably, the base resin is a high density

pol yet hyl ene (HDPE). Preferably, the HDPE is a medi um
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d98 afekil atias RICEIRDINE- 105k, aﬁérl@pfﬁ PrefeEably 8g4mal Tapscut d98 refers
to the{ %{r&rég%éﬁe?& ot capcqﬁﬁl te é%lﬂ:he-mg t@@rdéﬂeﬁxaggﬁéﬁennle

can have
The Gu@D araabhave/{DsHFATE Wﬁm ch USﬂb%@/p@éﬁﬁtﬂy 3.8-5.5 m%/g, and

6. 5-8. /' m and nost preferably 6.5 dg/mn. The
morecﬂf?f‘?réglyrggi ):gan have a density, for exanple, of

[21]0 131%8c£c13ﬁ3c&/b6ﬂﬁte RIS IR 2blayui 86cusd eaRiudicai®s itk ¥uch as,

carrier resin is a high density polyethyl ene
for ex%mmk) greyngd magbley | hm%éom@pech@lka anggen ¥ presipiaigdagalcium
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a natQral- g&oﬁnd}calqimmfcmrhbﬂla{tel @aldium garbarde Emnébermgfg&bahﬂxand/ or
1.4 m The an havei.éja ﬁ cut . d98 of 4-15
wet ggP@P r ¥el,emn l@grﬁe & do sinelipg ehe Falsiymeragbongis le@thquld

medifd28 f/\feft rﬁldntl? n&aﬂﬁb@)ﬁgﬁ?&?ogf ﬁ'ﬁﬁ{eeébsgﬁcg Ak 9.' l ding 12'1]!1% or in the

car bonate par icl’'es inthe 9 mass percen .
presegee@s argrirdiagaidf e o mrefgr@d@nge@ag@itg caprb@‘iencb,tdeﬁ such

o, 3, Sy e BB SRy S b L S

of acBaidwvidl Eos éﬁdil’npﬁe cafc@tﬁnﬁé@&ﬂbh@t;e @robe deffféd i®m marble, which
is ﬁnclellyngr%tu% em%r hig asloll(lds %gﬂ/egﬂs %el%rlg %Isg'ilgt c%tsggrsfo%l gfdl; To keep the
particles suspended during the process. The material is then dewatered, dried,
treated and deagglomerated to again finely divide the individual particles. Drying
may take place using any suitable drying equipment and can, for example, include
thermal drying and/or drying at reduced pressure using equipment such as an oven,
a spray drier (such a spray drier sold by Niro and/or Nara), and/or a drying in a
vacuum chamber. Drying may be batch wise and/or continuous.

[22] Surface treatment agents can be added to the CaCO, to facilitate dispersion of
CaCQO; in the resin. Surface treatment agents can be, for example, one or more fatty
acids having 8 to 24 carbon atoms. These agents include, e.g., one or more of
arachidic acid, behenic acid, capric acid, cerotic acid, isostearic acid, lauric acid,
myristic acid, montanic acid, palmitic acid and stearic acid. Preferred treatment

agents include stearic acid and a blend of stearic acid and palmitic acid. The fatty



carbonate (e.g., aragonite, waterite or calcite).
Preferably, the calciumcarbonate is a natural ground
w@ adocissscar bonat e. Cal ci um carbonat e can be drgT/USmO6IEHS179
and/ or wet ground. Wet grinding refers to grinding
the calciumcarbonate in a liquid nmedium Wt
grinding may be carried out in the absence of a
grinding aid or in the presence of a grinding aid.
One or nore grinding aid agegwts can be included, such
as, e.g., sodium polyacrylate, a salt of polyacrylic
acid may be faonl Dvegetabletsontcan Thpdhytpeicid nfaydss kbsheradihe. CaCO, can

be wrq g Y Bl S e S e e b 8 B0 by
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particles suspended during the process. The materi al

level 15508k %l bitaeighiitreainent, agantd 80001 2e by graight 62€@.), and
more &i’q‘?fe%gbﬂ’rria;%{gi é/péi ﬁtdt?eégﬁeﬁtng e\ﬂtS(L%i@?a?@ﬁ)ért ‘:’X%{ﬁ%ﬁ 'gCaCOa).

pPace ustng any
Prefershly pihenfreante mrdavel fio . 38a0migeof sunheedeeatnh@ittddent per m? of

drying and/ or., dryi ng at reduced pressure usin
-CaCOeqﬁa%grm eg%‘&lﬁd?a-ée"a%mt/mgcéﬁhy Hpr 5P pd e Qe the CaCO,
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_in a vacuum chanber. Drying ay be batch wi se an
grindimnthenGat®s- [ 22] Surface treatnment agents can be added
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hese nts include, e.g., one or nore of arachidic
any o the poggﬁ%éﬁx @ndGatriumsearpenats flme disglgsed hergin. Mult layer films
sench B9850} SR8 S48 A5 EroTHEh B Syl R Ebfrac
layer icoguirines toneagyempre phethylenesviagt acetatd (EéA) edhyleancthyl acetate

teari id_an al -t id, The fatt s
(a8 bRt e BBt ARL i 2586 Bohinfim s apsact layer
resin Yeggiedilyealsaur 8% bihwelghit! Dependin@upbf the sRelded Bénfiguration
CaCOB can be treated with the surface treatnent agent

in a CREXGUBIORRTACATS, lagreImay be anyavhrpedyom diqyRor tpeks kg aEs-
241206k RSP Lo 0SSOSR, Lo o
of etlyden@virgd apetaby (BéAp rethylegedthy bk tateofBEA); ehdreabylgne acrylic
acid @ty P eI o bR o TRINRGIY FAGUm FeiPRte, (GaGg), and
o o Bt s DU el oy aeTa a5l
hereippthecterms “inner,” “core” and “outer” are used to describe and clarify the
relative position of various layers in a multiple layer film construction. The term
“inner” refers to the surface of a packaging film that comes in contact with the
contained product; whereas, the term “outer” refers to the outside of the packaging
film that is in contact with the surrounding atmosphere. “Core” describes the layer
effectively sandwiched between the inner and outer layers. The multilayér film can
have a weight distribution by layer, for example, of 25-35% outer layer, 50-60%
core layer, and 10-20% inner layer, e.g. 30% outer layer, 55% core layer, and 15%
inner layer.

[25] The concentration of ethylene vinyl acetate (EVA), ethylene ethyl acetate
(EEA), or ethylene acrylic acid (EAA) in the film layer containing EVA, EEA or EAA .



can be treated with the surface treatnent agent before
and/ or during and/or after grinding the CaC33. [23]
wW@03078464 | on of noi sture vapor barrier packagP@musioberes5179
are either nono or nulti layer. The present invention
is also directed to nultilayer filnms that conprise
any of the polyolefin and cal ci um carbonate fil ns
di scl osed herein. Multi layer filnms generally use an
i nner contact |ayer to pronofe sealing, where the
i nner contact |ayer conprises one or nore of ethylene
can bej forl exareples &5{F09A)by weight.c Tbesthylenacindtaxet{tEEEVA) can have
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systetpavBo facibitagh ttheintredacidoaf fpelysgroundfmmerabrpthe, exsfusion

- 359 I .50- 60% I 0= 20%
proc$f, £ peNg pbecy By st b P dro ABlacr BByl 85 e
polyethytent) A&din s ¥aid cdl@ibin ddopafeaent PelléOmadieriklibebentain

vi nyl acetate (EVA), ethylene ethyl acetate (EEA), or

calcigpfarboratg and the Farder 18y torbinddheinehier.apesmall amount of

antiogfly U'é%@%;%@@@bﬁﬁﬁgﬁgﬁggé%%pﬁﬁéonw 20% by

[28]1ve preferrédemettind esreprisesyinixingtGaGO( With)a palyolefirecamier resin,
whergilen;@'{et %%%{)g{aél ?%%%l)‘ffe%r?;eﬁgbgrs !e%ggt' inTatl1 ?at?ct) 2}('1%9 gS to 80/20 by

weight, more preferably 15/85 to < 60/40 by weight. Another preferred method
comprises mixing CaCO, with a HDPE carrier resin, wherein the CaCO, and the
HDPE carrier resin are present in a ratio of 15/85 to 80/20 by weight, more
preferably 15/85 to < 60/40 by weight. The methods can include forming the
masterbatch compositions into pellets.

[29] The invention provides masterbatch compositions prepared by any of the
methods disclosed herein. A preferred masterbatch composition, for example,
comprises 50% by weight calcium carbonate of 1.4 pm median diameter particle
size, a top cut particle size d98 of 8.0 pm, with a 1.1% by weight stearic acid surface
treatment, in a 50% by weight high density polyethylene (HDPE) carrier resin of
0.962g/cm?® density and 6.5 dg/min melt index. A ueatmeﬁt level of 1.1% by

weight stearic acid means 1.1% by weight stearic acid and 98.9% by weight calcium



melt index, for exanple, of 1.5 dg/mn. [26] Another
multilayer filmconprises at least a first |ayer
w@onrarsassaig one or nore of ethyl ene vinyl acepP@r/ES2006/045179

(EVA), ethylene ethyl acetate (EEA), and ethyl ene

acrylic acid (EAA) and at |east a second | ayer

cont ai ni ng pol yol efin and cal ci um carbonate (CaC3),

wherein CaCO3 present in the multilayer filmin a

total concentration of 5% 3%% by wei ght, preferably

20% 30% by wei ght, and nore preferably 25%by weight.
carbqnatg. The | nventl on al so provides met hods of making

(o010 FRREP B bthodt SPAGHI, bl i,
polyqbzﬁxy ahéfclatcmm carbonates (CCO))s etheseid thermetho®Byormpaigts blending
[ i vi.ded powder, and can

any TS AT ERLEATELE e B RASTY o] Pt a0 £ e

resin€distlosk@ her&nS UEHe m-E@tefrBQtdh' &ﬁfﬁfoélﬁgn PAVed @Qqﬁsb%sﬂfcan each
finely ground mneral to the extrusion process,

be in she lf@ttm ph Peletsatdrich aﬁntb@ hended buafdesired ehtiot The blended

T W TN T

can that btmea:hedatocfot‘ﬂmea fieal filley resin” to bind the pellet.

nt of, antioxidant is typically added to
311, SE{Re oo e Hien RN GRaCH B eI ores Fodirofelinpg physical
propé‘{ﬁgﬂbf 888 filthX E§seRR Bt C(ﬁhgr aPP MBh@higNeGaL! | 'Agrdlsclosed in the

n, wherein the Ca thé carrier resin
presepf éxemtion, itisraiviaptageol5 /18 51st @ @ﬁrhﬁf) r@gm thei xgrdlffermrtehan the

base Pésﬁi g{r r@g& t‘]) %betgu{ gl(gp[%rr g%é%o%b uﬁao é&ﬁ]ltegeré qqélbgf of the
masterbatdhe hnﬂﬁfsr desivd® bBiysicalnsropafids @ﬂﬂle@é@ultﬁi@&t@@déﬂe@r

resin are present 1n a ratio of 15/85 to 80/ 20

Prefegged fiaetienpysins ﬁ?eeP@‘WaﬂWefl@ﬂ Gfthigher m@@ﬁmxaﬂpmly gielecular
weight) SWIiRH ek $6 3 %‘F/ﬁ/‘lgfg lb?lfg% 1%%)? erfiBs! grx}}@fegped carger resin

conposi t I ons |nt I nventiton provi
is ongrhavieghe cgmperqnssmftlk Bp@sep diabtk bybelow)of t he

o2 A 3R S B RS S B i wng

a fullg oEhuRERFEINANR tBfs chsé, Arémd Whlé'b%r@)trﬁﬁom&éd %ﬁh the desired
size, a top cut partlcle size d98 of

amoupt Pffocslfﬂ% giborriean¢ palieteds (itrepellets mldéhen blerdlEﬁCdY

oS A By ¢
[33]i miexilmAnaléag mmthoklev:ah indlude l:%mudlng a film layer comprising

polyolefin and calcium carbonate with a film layer comprising one or more of

o= LI

ethylene vinyl acetate (EVA), ethylene ethyl acetate (EEA), and ethylene acrylic acid
(EAA). For example, an inner film layer comprising one or more of ethylene vinyl
acetate (EVA), ethylene ethyl acetate (EEA), and ethylene acrylic acid (EAA) is
coextruded with a core film layer comprising polyolefin and calcium carbonate
(CaCO;) and an outer film layer comprising polyolefin and calcium carbonate
(CaCoO,).

[34] Coextrusion as a polymer materials processing technique uses multiple
extruders to feed a die block to combine multiple polymer flow streams prior fo
shaping the combined melt in a die. The advantage of using coextrusion is the

ability to form well bonded structures from multiple materials of varying properties



wei ght stearic acid neans 1.1% by wei ght stearic acid
and 98. 9% by wei ght cal ci um WO 2007/ 078454
WO E06/ 045179 carbonate. [30] The i nvent PONUS2006/045179

further provides nethods of making a film conprising
pol yol efin and cal ci um carbonate (CaC33), wherein the
nmet hod conprises blending any of the masterbatch
conposition disclosed herein with any of the
pol yol efi n base resins discPosed herein. The
mast er batch co 03|t|on and the base resin can each

in a giRgle§tethe The mgtHrdf|nredyction bytrogatrusionhiesatding 1o this

ool 5, S LT e 5 e gt o

re51ngyrpla$t1cmelhby Ingera st afeted ol nare fe&tmdarsf lifed a ebhithoh ¢ and

.Sel ection of the carrier Si crltlcal in
causigg BE B s1g0¢ U0 GRS/ R OBPEREP( i dis to thereby
formfih e fiesRes alfh AAtbeH8E ntdeByladi ng | evels. As

di scl osed in.the present |nventY it is

[35]adraferablaothe fibnisprecessed aea bicamup tatiznt (BURY of frome1t6:1 1o
2.2:1L Pr?cg‘ ¥ gfergﬁlsrel Eels Bréfner ] de%;gl Pi%tcﬁaﬂogﬁ%ehha%ra R&l ft;auge of 2.0 -

f|C|enC|es
3.0, mas&prdfa:tabﬂyzanglsar desi red physical properties of the
ultant .extrudates, Preferred carrier resins are
[36]p e Proyides Gibes meade by sawof thewestheds sisrlegsed herein.

[371Vairgfded ¥1bitin ‘éQfﬂ?)rfa‘i’e ?BT}Q)\{gﬁMﬁs %‘?Ecﬁé ‘f)[‘esenﬁ 1nvengt10n have a

properties. A preferred Carrier resin 1S one
reduqedemgispes Yapey todnsReissionBrate €MV ie comipredisom) to fiR2fiim in the
et masterbatch systemto

abserfh G S MY Bl R4 30 L S SR SLRALER, SYELEIVED o

watet haﬁomsmmﬁmbﬁsﬁalﬁe WOV TR P 8reC QIBRIIAIEL R Ha My ézibl%rh‘l’referably, the
unt of cal ci um carbonate and E eted. Th

é? F LEF 130139e/ﬁ cpERgred & kye MRGER of the Hlmdntthg@dsence of
Caccl MORYAABIE HEUINR bl 570 g e rvre o
the ﬁlraya rthe fabrﬂn | fCaOL.y Bveth mmorenstefeah iy fhe fM\bD]?ﬁé lﬁeduced by
| Si on nore o e ene
25-5ffoPrrrit B oFY BV R B I Ao Abssibes af GaCBEA)  anl
[38]etThel flfg @ty Mhvea aGbidtureFAPbr nFa%nﬁe%EP kﬁe @AVITRY %ff for

filmlayer conprising one or nore of ethylene vinyl
example, 0h 15-0R340 g veatey W@p@r—mmwooal@épﬁﬁ&n(ém) moafn Qreferably 0.213

s wa Rk EIRPAL e B LB, U7 OBHH RS AL, RASHEY e
used hé)aeﬁﬁ)lf()»r ealdes foroMVETR,fthle ety efil C@sits ite thiRknesLbf the film,
wheré 1 Clal %/1“6&? op Sﬂaﬁm of film thickness.

[39]1 The invention provides packaging films cofnprising any of the films disclosed
herein. The films are especially useful in food packaging, animal feed packaging,
pharmaceutical packaging, and packaging of other moisture-sensitive materials. The
food products can be dry food products, such as cereal or crackers. The reduced
MVTR of the films disclosed herein helps prevent the ingress of moisture vapor and
thus keeps the food contents from becoming soggy. The film packaging allows the
food mateﬂal to be containerized into a paperboard box for shelf display and ease of
handling. The films will enable an extended product shelf life in a cost effective
package that meets multiple performance needs. The filins described herein can

serve as free standing films, which are not laminated to a support such as a



(CaCOB) [34] Coextrusion as a polyner materials
processing techni que uses nultiple extruders to feed
w@2@7e743bpck to conbine multiple polyner flow BCT/E82086/045179
prior to shaping the conbined nelt in a die. The
advant age of using coextrusion is the ability to form
wel | bonded structures fromnultiple materials of
varying properties WO 2007/ 078454 PCT/ US2006/ 045179
-9 in a single step. The netlfd of production by
coextrusion according to this invention may, for
Pape@%ﬁlsé stgateces pthed rigid suppogadi ng two or nore kinds
of JRaS
[401CTHR Beptoe intehfion (PHASK-Gud B o (TR edfip el Dot
secthmtmhxchns aett fomdst(d&ldcnm taie triderspadingobdthd fivedtion] 8nd should
b P-Z} form.in the first step Hg},fllmvvlthtvvoo
not ﬁ&P@S §dtQ limisdn apy way Hig jcoperd the iRyension as defined dn the
claim@ thhOMI1Ry Fidre@fEBUR) of from1.6:1 to 2.2:1, nore
preferably 1.6:1. Preferably, the filmis processed at
a ml|l gauge of 2.0 - 3.0, nore preferably 2.0-2.5.

[36] The invention Mﬁf@% by any of the
met hods di scl osed hﬁﬁeégélﬂf{ %@ﬁg‘gred cal ci um
Overumwbonate - polyolefin filnms of the present invention

e..a redyced rmlsture vapor transm ssion rate
[41] %T‘#%“s PRt pssHes of %’@%fqlﬁﬁn ifibmy pwving esesdeiamp rarbonate

addlt%og%olgﬁarﬁﬁgg gﬂﬁivgbf‘an '&h%'ﬂ@?r an?@? YA ?—ffgl%é %?I%Vw&j

rafe ter va M Ssi on
compared IJS dapti crftcerec‘mthgsmhﬂlay coﬂsteﬁeui@b incorpbeatilg/ AR 3096 by welght

AT R S
in onlyethec@ttebynd @o3@ g&rﬁﬁ&%tﬁﬁ thé ‘ﬁn’l\éﬂgy&f Th@ %afcﬁlﬁrﬁ‘ da?bonate

t he absence of Ca Even nore preferab
was INgorpoERicE RS calgBun gos @i meestebateiy WrR of the f| I m

[4211 ﬂﬁ“@e R Qs BEBRuabdThinte W%}?ﬁ b]agE‘: Fesin (Resin A in

noil st ur e “vapor transmSS| on ra

TableeKahaviag a)er-bemet’)g gmtre"‘randa@ Q[G e/ mi®ehdlnghddx for the outer

wat er vapor-m |l /100

f bly 0.
and e Saye? iR 55 Bkt fayer ot ePaflga st Aeeiaes GEVAMPIDOR! Evlax®
31692% witts 8 UelsitP of Of@ff Y é}h‘” €5 fdr:g/ Mlﬁﬁge{ gﬁ?ld@}o lby weight

refers to the thickRess 'of t
vinyl arqtage gowronemencBhepurppse ohihskiness EVA layer is to provide

enhanced seal performance by allowing lower seal initiation temperatures, and

shorter seal dwell time in the bag making process.

[431 The coextrusion layer distribution consisted of 30% outer layer, 55% core
layer and 15% inner EVA layer by weight. Total mineral load was targeted at 25%
by weight of calcium carbonate in most of the films (see Table 4, below); therefore,
29.5% by weight calcium carbonate was necessary in the outer and core layers to
compose the effective amount. Correspondingly, the additive feed system was
targeted at 58.8% by weight concentrate masterbatch and 41.2% by weight MMW-
HDPE (Resin A in Table 1) for the outer and core layer extruders to obtain the
29.5% necessary in these respective layers to hit the effective amount of 25% by
weight in the films.

[44] The resultant films were evaluated for physical performance including

moisture vapor transmission rate (MVTR) using a Mocon PERMATRAN-W® Model



[39] The invention provides packaging filnms conprising
any of the filns disclosed herein. The filns are
wezpeoisabd y useful in food packagi ng, aninmal fRPeOdUS2006/045179

packagi ng, pharmaceutical packagi ng, and packagi ng of
ot her noisture-sensitive materials. The food products
can be dry food products, such as cereal or crackers.
The reduced MWTR of the filns disclosed herein hel ps
prevent the ingress of noisfldire vapor and thus keeps
the food contents from becom ng soggy. The film

3/33 p &ohapanmyg atandasd fibms Wideshitnead @nimatartbonbe: at 3.0 mil gauge
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package that neets nultiple perfornmance needs. The

in impyqviesneqds én MEHR ismseseniad bebewve as free standi ng
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surfacuhsiglrinéng effett) evhich effdcsvglp ehiked thelfilfiidceaic@s@tandle in
invention is_ ill u%‘tnrqated_ in the fol] owi ng Experingental
secongany ppsration:bpg makipg eAuirmes angdraliovioioaieasies andemproved

printdtiAgy §1tlé?ii'itﬂig'|e§i‘s§:érh ALV é&@a%eaﬂl%dmﬁogl lt))ﬂ g&dﬂﬁm of calcium

construe (0] Imt I n any way t he scope O
carbonayehas baen shawhi tnddwien thé eoefficnrofiftiationhol | ow

f S '
Las3; WFHEE pirorkal BRI ehe Sopalt Sargeendsit 4 Fhlentiidg

polyotefirafitinumviag hboat 25%awdighteadiagtsfraaddiai dabohbedy itk
an extruded 3 | ayer MMWHDPE filmwas conpared to
recogpiad QL GRSk FEIANS APICERAESH & calivBrearherrisinanpRglayer or
: =300 i calal n N '
R T R e A S S A L R T
changing thetfdm eonbtomtion layer distuiblitiont of the hecaidonesf thayatcium

carvof i AT PAOF b cnd 5 A6 BT P e
havingg@vpettiessititidtdo ah e Bod@gérit seResith. A i n
Tabl e 1) having a density of 0.962 g/cnB and a 1.0

dg/mn nelt index for the outer and core layers, wth
el Bt gt 1Y one vy soetate (EV) (Dypon
[47]1dddeusarameents iofideekt indeb, IdBsiay anelirgblecular weight: Melt index was
measured using ASTM standard method D1238-04, Standard Test Method for Melt
Flow Rates of Thermoplastics by Extrusion Plastometer. This standard can be found
in the Annual Book of ASTM Standards 2005, Section Eight — Plastics Volume 8.01.
Density was measured using ASTM standard method D1501-03, Standard Test
Method for Density of Plastics by the Density-Gradient Technique. This standard
can be found in the Annual Book of ASTM Standards 2005, Section Eight — Plastics
Volume 8.01. Molecular weight was determined using a Waters gel permeation
chromatograph. The pump used was a 150C operated at a flow rate of 1.00 mL/min
on an injection volume of 250 uL at 135°C. The sample was prepared using 12mg of
polyethylene sample dissolved in 4mL of 1,2,4-Trichlorobenzene. . The columns used
were Waters Styragel HT3, HT4, HTS and HT6E. Number average molecular weight

(Mn), weight average molecular weight (Mw) and Z average molecular weight (Mz)

are calculated as follows.



vi nyl acetate co-nononer. The purpose of the inner EVA
| ayer is to provide enhanced seal performance by
wa@bdoomisagd | ower seal initiation tenperatures, BEIUS2006/045179
shorter seal dwell tine in the bag maki ng process.
[43] The coextrusion layer distribution consisted of
30% outer |ayer, 55%core |ayer and 15% i nner EVA
| ayer by weight. Total mneral |oad was targeted at
25% by wei ght of cal ci um ebB2bonate in nost of the
films (see Table 4, below); therefore, 29.5% by
[48] WNugltercalecigenmotedabmateigta Y Mecsshanytdl weight olialkthe polymer
and core |layers to. coppose . the effective anmpunt. .
molece&sr@sfpaﬁtmpﬁg |d§wd?%é)yafggit9r%}él% ¢ o BeRmegdROteciles in the

sample@N&16 thAtheRdtids ?E)ﬁms%kl agoncentrate masterbatch
and 41. 2% by wei ght HDPE (Resin Ain Table 1) for

the outer awtf gge | ayer extruders to obtain the

29. 5% rﬂrstfzzesagf—y—v—ﬁ= +A these respective layers to hit the
effective amdumy; of 25%by weight in the filnms. [44]
The resul tant=fil ns were eval uated for physi cal

f ormance incl,udi ng. i sture _vapo [ i '
wherd § L FREER U5 AL B SR KRRRY S0 SE A8 motecule
mass 308 MDikEABK WEIEhUSE 06+ &ptiife mdlécdes3. Conparing
standard filns w thout cal cium carbonate, a i

at 3.0 m| .
[491 gWejsht ayeragaaeplgeular gvaighn(Mprigthe neyahieder ppRlefiagpyveight
math&ﬁhﬁﬁ?l‘f? %gregggﬁsés gauge (2.5 mils) wusing 25% by
Wel g

Calzium carbonate extruded at simlar blow up
ratios, ressitegy;tn i nprovements in MWTR as presented
bel ow. J#45} “Hahn cal ci um carbonate present in the
outer filml &yerprgontributes to a surface roughening
effect, whiclmeffectively nmakes the filns easier to

handl e i.n .secondary operat.i on bag.nmaki equi nt, .
wherg A, FIOIGELLF SPPBLRIIEF NI ORI LT et TR espective
massPrint register. Also, this surface nodification by

addi tion of calcium carbonate has been shown to | ower
[501t Heavaregt mileeilapveightciVahis theglexphigheranplesplarweight to Mw

.enbodi nent. 4 ' eference to a co-extruded
and I%B‘Pa&gF%%Fﬁa?fF’@%g%’%&nag about 25% wei ght | oadi ng of
cal ci um carbpraggs2it is recognized that other
rel ati vemperes s of cal cium carbonate in nonol ayer

or various Nuhtjisd ayer construction forns may be
utilized. Bysfay of exanple, : ‘
!

where each molecule contributes to Mz in proportion to the cube of its respective
mass.

[51]1 Measurement of Moisture Vapor Transmission Rate: Evaluation of the moisture
vapor transmission rate (MVTR) performance of the films was made on a Mocon
Permatran-W Model 3/33. Samples were tested in accordance with ASTM standard,
F1249-05 Standard Test Method for Water Vapor Transmission Rate Through Plastic
Film and Sheeting Using a Modulated Infrared Sensor, operated at 37.8°C and 100%
relative humidity. This standard can be found in the Annual Book of ASTM
Standards 2005, Volume 15.09.

[52]1 Measurement of Particle Size Distribution: The evaluation of particle size
distribution (PSD) was performed via x-ray sedimentation technique using a

Sedigraph 5100, in accordance with ISO standards 13317-1 General Principles and



changing the filmconstruction |layer distribution or
the location of the calcium carbonate (cal cium
w@20borsase in the core [ayer only) woul d provi BET/ES2006/045179

structure having properties simlar to the exenplary

enbodi nent set forth. Details of Experinental Wrk

[47] Measurenents of nelt index, density and nol ecul ar

wei ght: Melt index was neasured using ASTM st andard

met hod D1238-04, Standard T&$t Method for Melt Flow

Rat es of Thernopl astics by Extrusion Plastoneter. This
Guidelihandard183an7B3eXRayn@raviitatiomal mtﬂmaxllud?,o dWeafurABEMLs using

sedig B 5o Hobh e i PSS ATG e e i
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hexam@tapbgmatﬂ dﬂ&]‘-@rmua‘k Sed gramfsappivmRsavaiitaied 263 C using an
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meas@ﬂymtmgmhesﬁémx@mp used was a 150C operated at a
flowrate of 1.00 nl/mn on an injection volume of

[531 2Equipsert35C. The sanpl e was prepared using 12mg of
Pg %&Slﬁ%‘l eng L1Q1 @lo%t%@!; ?‘20'(9: &Hu@bn, 2" inside extruder, 3.5"

i chl or obenzene. col utms used were Waters
St yragel HToré{mhid@ed ezndldHT,G@d AR oartside exagsler.

Iec ar. t a o
Tk B B S SIS IS0 15
C@kféénapa&qk ax0,/Bol QO\Mesﬁ/‘DsaﬂféB&T’{&%ﬁﬁguratmn used in all three
PCT/ US2006/ 045179 -12 [48] Nunber average nol ecul ar
wei ght (Mn) ex6rudesst ot al wei ght of all the pol yner
TahEcUl o> |1 SRk cibiedis bl ek ghprurber of
pol'ymer nolecules int ematically
exyir Biged asEgdn Batis-Skattiard dt{all\llp| =1 where N is
equi valent to the particular nunber of nolecules at a
given nolecular nmass and M is nole weight of the

[54]r g@pﬁgt ive nolecul es. [49] Weight average nol ecul ar

wei ght (Mn) is the next higher nol ecul ar wei ght
Table 1. Resins

Resin | Density | MI | Mn Mw Mz
Resin A | 0.962 | 1.0 8799 | 82314 | 331501
Resin B | 0.962 | 6.5
Resin C | 0.962 | 8.0 | 9132 62247 | 203165
Resin D | 0.962 8.0

Density in g/cm?®, MI = melt index (dg/min), Mn = number average molecular
weight, Mw = weight average molecular weight, Mz = z average molecular weight

[55]1 Resin D contains a fluoroelastomer polymer processing aid (a flow

promoter) and showed poor response with respect to MVTR.
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Top cut d98 refers to the average diameter of calcium carbonate particles in

the 98™ mass percentile. Treatment level refers to surface treatment of

CaCO, with

stearic acid/palmitic acid blend.

Process:
Air Ring:

Frost Line:

Output Rate: Constant at 250#/hr.

Conditions:

measured in mils)

Table 3. Processing Conditions

Conditions | BUR | LAYFLAT | Gauge
1 1.60 2.00
2 2.50
3 2.20 2.00
4 2.50
5 1.60 3.00
6 2.2 3.00

BUR = Blow-Up Ratio.

Height range — 18 to 19 inches

Cooling temperature 52-54 °F with a 3.5 inch pressure (psig).

Combinations of Blowup Ratio (BUR) and gauge (thickness




hexamet aphosphat e di spersant. A 5.0 gram sanpl e was
eval uated at 35C using an internal fixed-position
wOoe0ap7sEeur ce/ detector. Sanple starting / end PoOI/N$2006/045179
di aneters neasure 50 - 0.5 m respectively. [53]
Equi pnent: Extruder: Battenfeld G oucester co-ex
extrusion, 2" inside extruder, 3.5" core (mddle)
extruder, and a 2" outside extruder. Layer Ratio: A
(1 nside)-30% B (Core)-55%-land C (CQutside)-15%
Screen Pack: 20/80/20 Mesh. Same pack configuration
used in all three extruders D e: 8" Battenfeld
ucester w 80 m| die gap Air R ng: Egan
[58]Da50 el randard dual -1 i p [54] Resins: Table 1. Resins

Rersible Rersedrhpled Mh Mv Mz Resin A O 962 1.0 8799
2314 331501 _Resin B 0.962 6.5 | 8.0 9132

S2aml203165 TRESSn D|0. 962C850 ceMBWﬂPwB/ 8, M =
el t i ndey Yy iweight yrMastedbareh aver Hgdionol egul ar
lei ght , My GaQ®j ghfilmy ﬁ%/ﬁﬁ'&l@cul\/bnew&ﬁ'ﬂm M =z

\®@m@agsl nol ecul ar wei gh [55] esin D contaimns a

| uoroel as i \/

rwerlerd |and sgé)wed ﬁMFe%Sﬂbﬁse vviﬁm |59$pe2t to

W‘W‘i OB5T7R i 56]

L m%lm ar bonate M nerai s: iYIgiBe 5& Ci um (,ar bonat e
e

| SwenplesC Cal ci uBD Descr|i@tA/mesided pn Bip/ SOr f ad
| Carbonate Particle Cutld98 Area level (CC)

r eatnent
yengedd ((m) (A% (ne/ g§CB/Resm C 50 7 50
Sample E 25 CCA/Resin C 50/ 50

Sample F 25 CCA/Resin D 60 / 40
Sample G 25 CCA/Resin B 50/ 50
Sample H 25 CCA/Resin B 75/ 25

'|'1'Fﬂ

— =" T30 h <

Description of Resin types and Calcium carbonate (CC) types
in Masterbatch are found in Tables 1 and 2, respectively.

[59]1 Trial Notes: Nine samples including a control and five different calcium
carbonate masterbatches were extruded on a Gloucester Battenfeld coextrusion
blown film line. Except for samples A and C, each of these samples was extruded at
the four different conditions (2.0 and 2.5 gauge, and 1.6 and 2.2 blow up ratio).
Samples A & C were processed only at the 2.5 mil gauge with the 1.6 and 2.2 blow

up ratio, respectively. Conditions 5 and 6 (Table 3) were used for the controls only.

Results and Discussion

[60]1 The evaluation objective was to determine which set of extrusion and calcium
carbonate concentrate material combinations provided the highest resistance to
moisture vapor transmission rate. It was demonstrated that a film constructed from
Resin A with 25% by weight calcium carbonate incorporated via a 50/50
masterbatch of either Resin B or C (Table 1) with Calcium Carbonate (CC) type A
(Table 2) provided the best improvements to MVTR when processed at the 1.6 blow
up ratio and 2.5 mil gauge. Table 5A-C summarizes the film performance, including

the moisture vapor transmission rate (MVTR) response. The codes in Table 5A-C for



CCA Finely divided 1.4 8 5.5 1.1% W. narble wet
ground 2 ng/n2 at 70% solids in presence of sodium
w@oioyarsyd at e di spersant and dried and surf aR€r/Uus2006/045179
treated CCB Finely divided 2.0 10 3.3 0.8% W. nmarble
wet ground 2.4ng/n2 in absence of a dispersant at 20%
solids and dried and surface treated Top cut d98
refers to the average di anmeter of cal cium carbonate
particles in the 98" nass ‘ﬂércenti | e. Treatnent |evel
refers to surface treatnent of CaCO3 with stearic
the SamipdigsrindProcesa Sioaditiengiare fosmH iprkahles3 amdr4Ri ng:
| t J -54. [ r
o113 dhe s ERBERY HiGeitfpride Hekl Brdiche AEGhRIBRIME for
example n)gﬂthe‘:\’ﬁ:teﬁof ﬁéﬁ@f llllaétﬂ fﬂm325ﬂﬁ1‘dizﬁd1n§&11§istwclh&" ‘educed MVTRs that
Combi nations qf Bl owp Ratio (BUR), an
can be;yfedi{AE PAckafing FREETHS- %%pﬁl@)vewm@% supP ek frgds.
Conditions Conditions BUR LAYFLAT Gauge 1 1.60 2.00
2 2.50 3 2.20 2.00 4 2.50



51.60 3.00 6 2.2 3.00 BUR = Bl ow Up Rati o.
2007/ 078454 PCT/ US2006/ 045179

15-

WO

[581 Sanpl es:

waaire78454 Sanpl es Sanpl e Target CaCO3 Mast er bapChuSHNO§45179

wei ght Masterbatch Ratio

M neral / Resi n Contr ol

0 -

CaCXB in film CaCO3/ Resi n

Sanple A 20 CCA/Resin B 50

/ 50 Sanple B 25 CCA/Resin B 50/ 50 Sanmple C 30
CCA/Resin B 50 / 50 Sanple D 25 CCB/Resin C 50 / 50
Sanple E 25 CCA/ Resin C 50-1750 Sanple F 25 CCA/Resin

D60/ 40 Sample G 25 CCA/Resin B 50 / 50
Table 53\ (K¢ RessofiFiBn Perfortandde smntptuammoTatrkeﬁBn

gqa%bs and

SAMPQ?‘!E:-: HA-carb natS|c CoO—tHypes—nv ateh—are found
etk ap! 2, H@éct i0&€I0y . ﬁ Téuﬁl Notes:
conDYIBR, P RSRERS #opﬁ,fBudl Pt ComFirol ve di f f er ehfm Gauge
egrctpm—earponaternasterpatches vvel e xtToded on a Basis
Gloucester Battenfpld coektrusion bl ojwn fillTarddt@Measured | Wt
EXCEP[ 4Gk SRMPI eS| A and [ o8/ch| of tThese samplsey Wasis mils
Contrag L { U fed at rTheTpur differgnt congst) o (220 gnd 201 1.46
Controf-[220fUJE,  and T6rand 2P blooW U K@l | O)g | SBHPIES 2R3 2.15
Contrd¥ |C3WeT € professedion’y af the 2l 5o | Gapige Wi they 1.6
Control-[04ald 272 plrow yip rati p, geSPECghy€e| o2 Qongsiijons & 2.11
Contratld 50| (Tabl e[ 3] Wefe used|Tolp tNE gesti[ ol & [onlay. 311 2.31
ContrdfES @I IS and piscussion [6P1 phe Evghyial 105 0bjeci|i Ve o6 2 54
A YOS U0 URLET T T W HE ST by EX[ THS0N AFT CRECI|UM, 57 2.67
A 4 50 B CCA 20 1945 | 2.2 2.5 2.46 2.51
B 1 50 B CCA 25 2419 | 1.6 2 1.96 2.11
B 2 | .50 B CCA 25 2370 | 1.6 2.5 2.43 2.77
B 3 50 B CCA 25 25.70 2.2 2 2.03 2.26
B 4 50 B CCA 25 2443 | 2.2 2.5 2.45 2.79
C 2 50 B CCA 30 2852 | 1.6 2.5 2.58 2.87
C 4 50 B CCA 30 2862 | 2.2 25 2.57 2.78
D 1 50 C ccB 25 26.58 | 1.6 2 2.02 2.18
D 2 50 C CCB 25 25.20 1.6 2.5 2.56 2.7
D 3 50 C CCB 25 2471 | 2.2 2 2.03 2.17
D 4 50 C CCB 25 2564 | 2.2 2.5 2.53 2.75
E 1 50 C CCA 25 23.90 | 1.6 2 2.04 2.19
E 2 50 C CCA 25 2423 | 1.6 2.5 257 2.72
E 3 50 Cc CCA 25 2383 | 2.2 2 2.04 2.21
E 4 50 C CCA 25 24.28 2.2 2.5 2.51 2.6
F 1 80 D CCA 25 21.60 1.6 2 1.99 2.23
F 2 60 D CCA 25 21.78 | 1.6 2.5 2.54 2.8
F 3 60 D CCA 25 26.27 | 2.2 2 1.97 2.2
F 4 60 D CCA 25 2398 | 2.2 2.5 2.46 2.63
G 1 50 B CCA 25 2562 | 1.6 2 1.91 2.23
G 2 50 B CCA 25 2720 | 1.6 2.5 2.4 2.85
G 3 50 B CCA 25 2470 | 2.2 2 1.93 2.24
G 4 50 B CCA 25 26.02 | 2.2 2.5 2.55 2.86
H 1 75 B CCA 25 22.82 | 16 2 1.97 1.91
H 2 75 B CCA 25 2670 | 16 | 25 2.52 2.83
H 3 75 B CCA 25 25.24 2.2 2 2.07 2.19
H 4 75 B CCA 25 30.25 2.2 2.5 2.54 2.83




carbonate concentrate nmateri al

t he hi ghest

WO 2002/079454 was denponstrated that a fil m const r up€BUSINEMS179

resi stance to

conbi nati ons provi ded

noi sture vapor transm ssion

Resin A with 25% by wei ght cal ci um carbonate

i ncorporated via a 50/50 masterbatch of either
C (Table 1) with Cal cium Carbonate (CC) type A
i_mprovenents to MVTR when

B or

(Tabl e 2) provided the best

Resi n

processed at the 1.6 bl ow ‘ratio and 2.5 m | gauge.
Tabl e 5A- C summari zes the film performance, including
Tablg ﬁ%- gisylts r"z Kilgy Berformapser(cantinnatignof TalR) SAksponse.

JRAPERQES TN Tablg SA-C fpr WO 2007/ 078454
PROCESE006/ DARARS| mAbre he 'Ba¥PRes aRfle@obcesgmect of BUR
aanoimomns fre found in Tabl 68 3 and @CQ61]| The fil ms
describdgd herein pipexdufRi @ §agfket €T I GhRAR MERANS pMVTR
conpar ed T of g/esagina/f00 [[ lkemissd ¢f neeal [ Zpd 1145,
of _provildi ng if¥d np vibkdd rieduie®d M TRsrdvBaknt Canploeement
Gesrd! f or] packagrng wwmiset up e-ss&asi i ve products such as
Gimtrof oods2 WD.12807/ 028454 PCZA0S2006/ 045179 | -17 Table
CGoAtroRes Ul 8s| ©f13Ei | moReof of naoesa (¢onti nued | h Tadsl.ey 5B
@nbQ) SAWPLE.087 CaCOR4Res| n 0CGO3 | CaCO3 PROCESS bB5
@agel (CC) 5Ca0M098 | noBekm BUR.ZBANDI| TI ON Loadi hg for MB
Coppel i n (F61 molwysAsh oEsbm GawpesBasi s Tar get | Measur ed
WA W Y2t mblis miloesmi | s Gorsproll 1 0.8» 19 1.6 2 2.01
1.6 Cdnérplo.d®20| OobBel. 6 2.4802. 63 244,67 Coptrof1.¢4 O
0.Bl5 2.3 2 1.09851] 60.28entfolo2ro0 (. 152862 2.p 2. 47
281 Cdnbrplo.ds10{ 000311.6 3.2811|2. 332 160ontfol 6 O
0.2 2.3 8 Bo0B72. 54.2A72 B0 d21@CA[20 28420 1| 6 217501
2.667 2.674 | 0.087 0.213 0.218 18.03 3.61

c 2 | 0.095 0.245 0.238 13.71

C 4 | 0.097 0.249 0.243 4.13 -1.71

D 1 0.123 0.248 0.246 30.16

D 2 | 0.095 0.243 0.238 14.38

D 3 | 0115 0.233 0.230 10.23 6.04

D 4 | 0.092 0.233 0.230 10.49 4.29

E 1 | 0.139 0.284 0.278 20.30

E 2 | 0.096 0.247 0.240 13.14

E 3 | 0.118 0.241 0.236 7.43 15.11

E 4 | 0.097 0.243 0.243 6.37 1.32

F 1 | 0.161 0.320 0.322 9.94
- F 2 | 0.115 0.292 0.288 -2.84

F 3 | 0.134 0.264 0.268 -1.52 17.61

F 4 0.104 0.256 0.260 1.62 12.41

G 1 ] 0.135 0.258 0.270 27.52

G 2 | 0.095 0.228 0.238 19.73

G 3 | 0115 0.222 0.230 14.65 13.92

G 4 | 0.089 0.227 0.223 12.72 0.46

H 1 | 0.195 0.384 0.390 -7.98

H 2 | 0.121 0.305 0.303 -7.35

H 3 ] 0.129 0.267 0.258 -2.69 30.49

H 4 | 0.001 0.231 0.228 11.11 24.20




A 4 50 B CCA 20 19. 45

25 24.19 1.6 2 1.96 2.

wWQ28787834 2. 77 B 3 50
B 4 50 B CCA 25 24.43
30 28.52 1.6 2.5 2.58
2.5 2.57 2.78 D150
D2 50 CCCB 25 25. 20

25 24.71 2.2 2 2.03 2.

2.52.53 2.75 E150

2.2 2.5 2.46 2.51 B 1 50 B CCA
11 B 2 50 B CCA 25 23.70 1.6

B CCA 25 25.70 2.2 2 2.PGI/BSRB6/045179
2.2 2.5 2.452.79 C2 50 B CCA
2.87 C 4 50 B CCA 30 28.62 2.2

C CCB 25 26.58 1.6 2 2.02 2.18

1.6 2.5 2.56 2.7 D 3 50 C CCB
17 D1®-50 C CCB 25 25.64 2.2
C CCA 25 23.90 1.6 2 2.04 2.19

TabléESC. KesQlS©4 Eibn Perfadman6e Zeént2ndicn 82 Table35A858) CCA

25922 09 9 2.9 04 2 21 F-4- 50-C—CCA—25—2428 2 2
Z9ZU. U0 Z. g Z Z U zZzI T CoA—Z0——=24TZz0
SAMPLEBE&RPROGCEZSH ES5 ilGIATD,CoAtaRting? 1 60‘\Vbr2@e21MN.199 2. ZLB/erdEe nMVTR
QOBDITORCA 25HRRETiIB 4s. 50 HDBEFiIBY | 2. 8improvemgot D (CA Ipprovement
262727 2r 2197272 M!ﬁ- 66D CEA2523-9822725
246263 G 1T 508 CCA ‘i:g) 25762 1.9 2—%- "I% gt 23 (gx %
cancea e 1oy sp%imprayement " L qvement .~ | % lMmprovement
Confol o L |21 2V 1.0 2.9z 2o po O 0 IUT DT OO 29
2o 11932 24— G450 B FCA 25 26-0229 25
©ontolé- 09 aff L 70 B LLA 2o Z2Z2.6211.6 2 1.97 1.9] H Z
ControlCA K9 |20 /U 1B £.0 Z2.94 Zfos H 3 /0o B LQA 2O
nd £- 48 |40 219 H 4 (0B PLA 20 U 20 £4.4 £.°
LoattolZ. 83| B 2007/ 078454 PCITUSZ0006/ 045179 -18
A 2 : 11.24
A 4
B 1 23.89
B 2 24.36 20.57
B 3 17.25
B 4 712
C 2 16.16 8.92
Cc 4 -8.62
D 1 22.27
D 2 16.81
16.31
D 3 10.36 6.3
D 4 -1.42
E 1 16.72
E 2 15.61
11.81
E 3 6.90
E 4 -6:09
F 1 3.55
F 2 0.08
1.80
F 3 0.05
F 4 -11.48
G 1 23.63
G 2 22.01
G 3 13.69 18.66
G 4 1.11
H 1 -7.66
H 2 -4.30
H 3 4.21 178
H 4 -0.71

[62]

Notes to Table 5B: “MVTR” is the raw MVTR.

“nMVTR” is the MVTR

corrected using measured gauge. “nMVTR(2)” is the MVTR corrected using target

gauge. “Effect of CaCO,” shows improvement in MVTR (measured gauge corrected)

versus control film at same gauge and film orientation (BUR).

“Effect of BUR”

shows improvement in-MVTR resulting from BUR at equivalent CaCO, loading and .




Tabl e 5B. Results of Film Performance (continuation of
Tabl e 5A) SAMPLE & nWTR Effect of Effect of BUR
WOEROCESESIWTR NnWTR (2) CaCO3 CONDI TI ON Measur BOI/Ts200€045179

NWTR nWTR g/100 g-mil/100 g-m1/100 % % in2/d

in2/d in2/d I nprovenment |nprovenent Control 1 0.177

0. 356 0.354 Control 2 0.108 0.284 0.270 Control 3

0.132 0.260 0.264 26.91 Control 4 0.097 0.240 0.243

8.45 Control 5 0.094 0.29228:282 Control 6 0.075

0.230 0.225 A 2 0.1 0.257 0.250 9.52 A 4 0.092 0.226

gaugg, Pagitiye rgymharsgndiqates @ mprayepsmiolizrregnced MVER); negative

2.15 B 3 0.107 0.217 0.214 16. 47
nunﬂ&fgaéfgts 4dgﬁ§%§ ' 213 0.218 18.03 3.61 C 2 0.095

L6310 Nutss €o 73B1el3C7 Comiphr3o097 @ladm B iPhatwieekBa 215 il filn

conEFAGeh §etys acsanG 8 O SIHERE 1 ciiGvalont BU%s3 Average

nMVER 28Hrdbett8nt. id%Colanin 9 id 8% Jveddde n%?év&@leﬁgnﬁl\/ﬁ/TR of CaCoO,
0.096 0.247 0.240 13.14 E 3 0.11 41 0.236 7.43

contajmingisamples versus control at a given BUR. “Average nMVTR Improvement”
in Column 5 is the average improvement in nMVTR of CaCO, containing samples
versus the control across both gauges and BURs used. Positive numbers indicates an
improvement (i.e., reduced MVTR); negative number indicates a deficiency.
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E 4 0.097 0.243 0.243 6.37 1.32 F 1 0.161 0.320 0.322
9.94 F 2 0.115 0.292 0.288 -2.84 F 3 0.134 0.264 0.268
W0 2003278454 61 F 4 0.104 0.256 0.260 1.62 12. 41PCTAS2006/045179
0.135 0.258 0.270 27.52 G 2 0.095 0.228 0.238 19.73 G
3 0.115 0.222 0.230 14.65 13.92 G 4 0.089 0.227 0.223
12.72 0.46 H 1 0.195 0.384 0.390 -7.98 H2 0.121
0.305 0.303 -7.35 H3 0.129 0.267 0.258 -2.69 30.49 H
4 0.091 0.231 0.228 11.11 22120 WD 2007/ 078454
PCT/ US2006/ 045179 -19 Table 5C. Results of Film
WhatHerdameghise (continuati on of Tabl e 5A&5B)
SAMPLE&PROCESS 2.5 m| CACO3 Contai ni ng Average nWTR
Average nWTR CONDI TION HDPE filmvs.3.0 HDPE Film

| npr oveAreilin dotppesiagent nMWTR | nprovenent %
| mprovenent % | nprovenent Control 1 Control 2
Cédt Adolwlelip baseresin; agdtrol 5 Control 6 A2 A 4

.1]b)2% pdRydiefit-cAtrier resin admixed with CaCOj;

wherein the CaCO, and the carrier resin are present in a ratio of 15/85 to
80/20 by weight.

2. The film of Claim 1, wherein the base resin and the carrier resin are

different resins.

3. The film of Claim 2, wherein the base resin and the carrier resin differ

in molecular weight, density, melt index and/or polydispersity index.

4. The film of any of Claims 1-3, wherein the carrier resin has a melt
index of 4-10 dg/min.

5. The film of any of Claims 1-4, wherein the carrier resin has a density
of 0.958-0.963 g/cm®.

6. The film of any of Claims 1-5, wherein the base resin has a melt index
of 0.05-2.0 dg/min.

7. The film of any of Claims 1-6, wherein the base resin has a density of
0.958-0.963 g/cm®.

8. The film of any of Claims 1-7, wherein CaCO, is present in the film in a
total concentration of 5%-35% by weight.

9. A film comprising:

a) a polyolefin base resin having a melt index of 0.05-2.0 dg/min and a
density of 0.958-0.963 g/cm?;



B2 24.36 20.57 B3 17.25 B4 7.12 C2 16.16 8 92 C

4 -8.62 D1 22.27 D2 16.81 16.31 D 3 10.36 D4 -1.42
WE2M7A®4F2 E 2 15.61 11.81 E 3 6.90 E 4 -6: O9PEI/LSBIGHH5179

F20.081.80 F30.05F4-11.48 G1 23.63 G2 22.01

18.66 G313.69 G4 1.11 H1 -7.66 H2 -4.30 -1.73 H

34.21 H4 -0.71 [62] Notes to Table 5B: "MWTR' is the

raw WTR "nMWTR' is the MWWTR corrected using

nmeasured gauge. "nMWTR(2)"-3% the MTR corrected using

target gauge. "Effect of CaCO3" shows inprovenent in

TR (mgwleﬂﬂn gatre resiy fortCal)O,, weheren qua;arollerfrmlmhas a

at sane d fil
BUR' me t 1n ex orf] 4-10 drg/?r{nllearllltda a dens1£yBUFZ) 958 Elf)f9%%t 3. and
c) CaCOg;

wherein CaCO, is present in the film in a total concentration of 5%-35% by

weight.

10. The film of any of Claims 1-9, wherein the carrier resin has a melt
index of 6.5-8.0 dg/min.

11. The film of Claim 10, wherein the carrier resin has a melt index of 6.5
dg/min.

12. The film of any of Claims 1-11, wherein the carrier resin has a density
of 0.962 g/cm®.

13.  The film of any of Claims 1-12, wherein the base resin has a melt
index of 1 dg/min.

14.  The film of any of Claims 1-13, wherein the base resin has a density of
0.962 g/cm°.

15.  The film of any of Claims 1-14, wherein the concentration of CaCO;in
the film is 20-30% by weight.

16. The film of Claim 15, wherein the concentration of CaCO,in the film is
25% by weight.

17.  The film of any of Claims 9-16, wherein the CaCO, and the carrier
resin are present in a ratio of 15/85 to 80/20 by weight.

18. The film of any of Claims 1-18, wherein the CaCO, and the carrier
resin are present in a ratio of 40/60 to 80/20 by weight.



shows i nprovenent in MVTR resulting from BUR at
equi val ent CaCO3 | oadi ng and WD 2007/ 078454

WO E06/ 045179 -20 gauge. Positive nunberBCT/US2006/045179
i ndicates an inprovenent (i.e., reduced WTR);
negati ve nunber indicates a deficiency. (63] Notes to
Tabl e 5C. Conparison in Colum 3 is between a 2.5 m |
film containing CaCO3 versus a straight 3.0 m| HDPE
at equival ent BUR "Averag€3-nWTR | nprovenment" in
Colum 4 is the average inprovenent in WTR of CaCO3
cont ai ni ng sanpl es versus control at a given BUR

" A WTR | " ' h )
by agie MAFCRIBHE 1o HATSRR Bie CAERs o F soMichissin are
preserfﬁﬁﬁg%%‘ﬁcf ol 4@%@?&5%/?;0@%%@@ BURs used. Positive

ers 1 ndicates an inprovenent (i.e., reduced
MVTR) ; negative nunber indicates a deficiency.

ER PCT .| ot ati onal Pupl j.cat i No .
(?5:'102%%@ 2’5{“ g%llaf@ﬁtrad; VIR NP gab%@f% ASfgn esm are
preserf?N8H £flo 6PABASY 1o BSF43 ka/gﬁélgh't.onal Publ i cation No. WD
03/ 020513 Al, published rch 13, 2003,

Ki nberly-C ark Worldw de, Inc. PCT International

Pupl i ca4) o /&8y Adihlradid is 50/50
. Z%JSS . %Fﬁeqqlrl@s\gﬁ\ﬁ:ner ?@Qﬁ%&#ﬁ‘%@e S.B?.@aéat ent rafiis 50/

. bywedyinl i cation Publication No. 2004/0105942 Al, published
June 3, 2004. U.S. Patent No. 4,183,893, issued Jan.

15, 1980. U. S. Patent No. 4,870,122, issued Sept. 26,

1989. THeJinPet 80Y olNClaiths3Rb14WhdBdin ihesdaetleMposiRis a
2002. WD 2007/ 078454 PCT/ US2006/ 045179 -21- What is

polyeidiyd¢n (PE) 2 BOlypropyienanod peisoRgena) a pol yol ef i n
base resin; and b) a polyolefin carrier resin adm xed
with CaCOB;

23. The film of Claim 22, wherein the polyethylene is a high density

polyethylene (HDPE) a medium density polyethylene (MDPE) a low density
polyethylene (LDPE) or a linear LDPE (LLDPE).

24. The film of Claim 23, wherein the HDPE is a medium molecular
weight high density polyethylene (MMW-HDPE).

25.  The film of Claim 24, wherein the MMW-HDPE has a melt index of .
0.85 to 1.5 dg/min.

26.  The film of any of Claims 1-25, wherein the base resin is a

polyethylene (PE), a polypropylene, or a polyisoprene.

27.  The film of Claim 26, wherein the polyethylene is a high density
polyethylene (HDPE) a medium density polyethylene (MDPE) a low density
polyethylene (LDPE) or a linear LDPE (LLDPE).

28. The film of Claim 27, wherein the HDPE is a medium molecular

weight high density polyethylene (MMW-HDPE).



wherein the CaCO3 and the carrier resin are present in

aratio of 15/85 to 80/20 by weight. 2. The film of
w@k@iovsis4 wherei n t he base resin and the carriBCT/DER061045179

are different resins. 3. The filmof Caim2, wherein

the base resin and the carrier resin differ in

nmol ecul ar wei ght, density, nelt index and/or

pol ydi spersity index. 4. Th filmof any of Cains

1-3, vvhereinthe carrier i has a nelt index of

4-10 dg/mn, 5. Thefllmofa of Clains 1-4, wherein
{ 9" ar MR & GlaHa 28, vesrei (he MMY-BEPEhaba it Hglex of

0.85 & 1 H8cfinign of any of Cainms 1-5, wherein the base
resin %}s a melt index of 0.05-2.0 dg/mn. 7. The

filmof any of Clains 1-6, wherein the base resin has

a gdensi ... 0.958-0.963 g/cnB._8. The fil of an of
B e A Yoty RS eormpaistliecte vk af e of (e £29.
total concentration of 5% 35% by weight. 9. A f| I m
conpr|3|ng L a polyolefln base resin having a nelt

x ofheymstilayer filmefClaim 30, vikishicoynpyises aysgner der
o B A A RO B e

(EEAgaand ethyd@m actydis azxid (EAA) Iaﬂd@e layedledfdpeiginy polgokkfid and
denS|t and c¢), CaCO3; erein

calciyag <2y %*? éﬁlﬂ%@h 'ﬂ%g Py tFrnlaé{ef SPEIPTising BRbOM I And calcium

carbdritd ab,). el ght 10. The filmof any of Clains 1-9,
wherein t e carrier resin has a nelt index of 6.5-8.0
dg/mn. 11. The filmof Caim10, wherein the carrier

r %‘ﬁ n hage ﬂnﬁﬁiatye;' @i‘flx‘ﬁxof%laﬁn%l, wherein the concentration of ethylene

vinyl acetate (EVA), ethylene ethyl acetate (EEA) or ethylene acrylic acid (EAA) in
the inner layer is 15-20% by weight.

33.  The multilayer film of Claim 31 or 32, wherein the ethylene vinyl
acetate (EVA) has a density of 0.95 g/cm?®.

34.  The multilayer film of any of Claims 31-33, wherein the ethylene vinyl
acetate (EVA) has a melt index of 1.5 dg/min.

35.  The multilayer film of any of Claims 31-34, which has a weight
distribution by layer of 25-35% outer layer, 50-60% core layer, and 10-20% inner
layer.

36.  The multilayer film of Claim 35, which has a weight distribution by

layer of 30% outer layer, 55% core layer, and 15% inner layer.

37. A multilayer film, wherein at least a first layer of the multilayer film
comprises one or more of ethylene vinyl acetate (EVA), ethylene ethyl acetate

(EEA), and ethylene acrylic acid (EAA), and at least a second layer of the multilayer



dg/mn. 12. The filmof any of Cains 1-11, wherein
the carrier resin has a density of 0.962 g/cnB. 13.
wabh@707d4ma of any of Cains 1-12, wherein the bECEUSHME6/MS5179

has a nelt index of 1 dg/mn. 14. The film of any of

Cains 1-13, wherein the base resin has a density of

0.962 g/cnB. 15. The filmof any of Cains 1-14,

wherein the concentration of CaCO3 the filmis 20-30%

by weight. 16. The film of @&%im 15, wherein the

concentration of CaCC8 the filmis 25% by weight. 17.
film egrapyisesRQIyolefip B1d cplgium corhmataEreOn) 13l wheosntGrCo; is

i . . . 1

presff18 SR IBRYRr MR ER08 cofledhuf fld PPl 260004 fene.

wherein the CaCO3 the carrier resin are present in a

ragj o af, 40/ 6Q to 80/ 20 007/ 078454
bR UsoissPangierer At bt prisre gprfepgration of GaCo,

mth@lﬁﬁﬂalayemgnan@%m/owews%hu er resin are present
inaratio of 40/60 to <_ 60/40 by weight. 20. The

filmof Caiml9, wherein the CaCO8 and the carrier

(S, RGBSR A O (AL ASEE o Rtllbn of caco,
in thé:aﬁﬂﬁlay&rﬁﬂmnsmbrbyr\&éigtht.i s 50/50 by weight. 22. The
filmof any of Cains 1-21, wherein the carrier resin

is a polyethylene (PE), a pol ypropyl ene, or a
POl i SOfHERRtikaFer }:IPI% o ér{? &f cldiis @7212% %theé&n[)gﬂ%s an inner

pol yethyl ene is a ? density polyethyl ene
layergomnmisiag esetor 1pets ef pilivéene vipbayetatd (WAl reshylene ethyl acetate

ALY ERE S BEC B in 8 PR BOEF bRl i cBine

calciuml e@tbbmate (CaCO;), and an outer layer comprising polyolefin and calcium
carbonate (CaCO,). '

41.  The multilayer film of Claim 40, wherein the concentration of ethylene
vinyl acetate (EVA), ethylene ethyl acetate (EEA) or ethylene acrylic acid (EAA) in
the inner layer is 15-20% by weight.

42.  The multilayer film of any of Claims 37-41, wherein the ethylene vinyl
acetate (EVA) has a density of 0.95 g/cm®.

43.  The muldlayer film of any of Claims 37-42, wherein the ethylene vinyl
acetate (EVA) has a melt index of 1.5 dg/min.

44.  The multilayer film of any of Claims 40-43, which has a weight
distribution by layer of 25-35% outer layer, 50-60% core layer, and 10-20% inner
layer..

N

45.  The muldlayer film of any of Claim 44, which has a weight

distribution by layer of 30% outer layer, 55% core layer, and 15% inner layer.



wei ght high density polyethyl ene (MWMHDPE). 25. The
filmof Caim24, wherein the MWY¥HDPE has a nelt

wo paben7saf4 . 0.85 to 1.5 dg/min. 26. The fil mpET/HIR00€6045179
Cainms 1-25, wherein the base resin is a polyethylene
(PE), a polypropylene, or a polyisoprene. 27. The film
of Claim 26, wherein the polyethylene is a high
density polyethylene (HDPE) a nmedi um density
pol yet hyl ene (MDPE) a | ow d@fsity pol yet hyl ene (LDPE)
or a linear LDPE (LLDPE). 28. The filmof O aim27,
wWHéx ei (Thehmulbpper §lm iyuof Glalims 3745, wiaeigh the fim layers

comn L SRR AL 0. SO BT8Sfotvorenn cne

resin \WR@r@héeredin ehdMMEEDRn dafe polyBldfin edeér eésin Qr8préent ib a ratio of
dg/mn. 30. Anultilayer filmconprising the film of
15/85%9 897 2@1by weight29. 31. The nultilayer filmof Caim
30, which conprises an inner |ayer conprising one or
nore of ethylene vinyl acetate (EVA), ethylene ethyl
aen. at eThe mkjilayanfilmtdfyCleiva 46; rwheéreimthadC4EBMApNdahe carrier

.. core layer conprisi ol (h and . cal cium
resin aze Py n é&é%)o?‘g%@%awygéf& QY RN onpri si ng
pol yol efin and cal cium carbonate (CaCO3). 32. The
multilayer filmof Caim31l, wherein the concentratian

of48et hylTmulilaypr filmeofElaimem)whenehy theagPaipolyolefin carrier
: | || id (EAY) in th
resin bt g 87 0 <0 M BG oht | “a57 The mul 111 ayer

filmof Claim31 or 32, wherein the ethyl ene vinyl
acetate (EVA) has density of 0.95 g/cnB,. 34. The ]
mft%i | alies n’fqlPE%YSF %wfo@a@naﬁwwegg Fh%ﬁaﬁgwfp@weleﬁn carrier
: l: £ Yy | q;‘rp?, A) has a nelt index of 1.5
resmg'taﬁrxnlﬁ%égs Qéﬁﬁg/%gl i §1 er filmof any of dains
31- 34, which has a weight distribution by |ayer of

2% S%ﬂJé %{ulhfj‘ o ’ﬁlr%oc')f6 81%%%%&, Jvﬁ‘é’r%ﬁn e’ eaégjgg/fyoleﬁn carrier
[ r

resin ratio is 50/50 by weight.

51. The multilayer film of any of Claims 37-50, wherein the film layers
comprising polyolefin and calcium carbonate (CaCO,) comprise a polyolefin carrier

resin having a melt index of 4-10 dg/min.

52. The multilayer film of Claim 51, wherein the carrier resin has a melt
index of 6.5-8.0 dg/min.

53. The muldlayer film of Claim 50, wherein the carrier resin has a melt

index of 6.5 dg/min.

54. The multilayer film of any of Claims 37-53, wherein the carrier resin
has a density of 0.958-0.963 g/cm®.

55. The multilayer film of Claim 54, wherein the carrier resin has a density
of 0.962 g/cm®.



| ayer. 36. The multilayer filmof Caim 35, which has
a weight distribution by |ayer of 30% outer |ayer,

WG oT4es | ayer, and 15% i nner |ayer. 37. A nmuPCT/U82006/045179
film wherein at least a first layer of the nultilayer
film conprises one or nore of ethylene vinyl acetate
(EVA), ethylene ethyl acetate (EEA), and ethylene
acrylic acid (EAA), and at | east a second | ayer of the
mul tilayer WO 2007/ 078454 P@FFUS2006/ 045179 -25 film
conpri ses pol yolefin and cal ci um carbonate (CaC3),
and wherei n CaCO3 present inthe nultilayer filmin a

S PRSP e PR 5 ol e e

for CaCO@a@mremr’ché earmied ﬁesiraisea[ pblyethylene QPER pblyprepydéte, or a
39. The nmultilayer filmof Caim38, wherein the
POlyigQRIEBRt rati on of CaCOB in the mul til ayer filmis 25%
by weight. 40. The multilayer filmof any of Cains
37-39, which conprises an inner |ayer conprising one
or57or eTloé rrmltiia}en dilmi cpfyClaZaun&i@twhel‘:E‘imyhe polygklzylene is a high

e B R e O R G, PP sty

polyeth f/l@ﬁ@%@ﬁ@&@@hnemﬁﬂ (oUbPE)| ayer conpri sing
yol efin and cal cium carbonate (CaCO3). 41. The

rrultllayer filmof Cai.m 40, wherein the concentration

ofzeet h A e
L B AR S IR 0 pedium
molecukaerwdngyehig’fsddﬁa@()pbllwthmm(MMW -HDPE)nul ti | ayer

filmof any of Clains 37-41, wherein the ethyl ene
vinyl acetate (EVA) has a density of 0.95 g/cnB. 43.

They mul Thé mméyérmlﬁi‘ oPQMiRY séil &h@fen% tHe f2VWIEHBE 'Plas a melt
the ethylene vinyl acetate (EVA) has a nelt index of

index o650¢&f £ 4.5 dg/mThe nul tilayer filmof any of dains
40-43, which has a weight distribution by |ayer of
25-35% out er | ayer, 50-60% core |ayer, and 10-20%
I 6®r Thyefiultilayer film of any of Claims 37-59 comprising a base resin,

wherein the base resin is a polyethylene (PE), a polypropylene, or a polyisoprene.

61. The multilayer film of Claim 60, wherein the polyethylene is a high
density polyethylene (HDPE) a medium density polyethylene (MDPE) a low density
polyethylene (LDPE) or a linear LDPE (LLDPE).

62. The film of Claim 61, wherein the HDPE is a medium molecular
weight high density polyethylene (MMW-HDPE).

63. The film of Claim 62, wherein the MMW-HDPE has a melt index of
0.85 to 1.5 dg/min.

64. The multilayer film of any of Claims 60-63, wherein the base resin has
a melt index of 0.05 - 2.0 dg/min.



45. The multilayer filmof any of C aim44, which has
a weight distribution by |ayer of 30% outer |ayer,

WG om4es | ayer, and 15% i nner |ayer. WO 2007/ B7TBUS206/045179

PCT/ US2006/ 045179 -26 46. The nultilayer filmof any

of Cainms 37-45, wherein the filmlayers conprising
pol yol efin and cal ci um carbonate (CaCO3) conprise a

pol yol efin carrier resin and wherein the CaCO3 and

the polyolefin carrier resiBare present in a ratio of
15/85 to 80/20 by weight. 47. The nmultilayer film of

chai m e mwdtilayer filie di4daimn Gie vehareinsthe baseiresiaras a melt

. a ratio of 40/60 to 80/20 by weight. 48.
e PRt 01 - -

yer filmof Caim47, wherein the
CaCGB/ponoI efin carrier resinratiois 40/60 to <

vv%/ r e| “&%@?Mﬁ%’f@uﬁ’# @51“%? e? |615g]§\r rgé’tatlihﬁ hase resin has

aden%‘é{,%?dgs@@/gl@ Bycyei ght. 50. The mul tilayer film of

of 0

aim 49, wherein the CaCQO3/ pol yolefin carrier resin
rat|0|s 50/ 50 by weight. 51. The nultilayer film of

Bhor s AERSeE iy Sl e S s BRFAS g a densie

gEprdrae a polyolefin carrier resin having a nelt
index of 4-10 dg/mn. 52. The nmultilayer filmof Caim
51, wherein the carrier resin has a nelt index of
6.68- 8. Oy EHHEdin ﬁ%ng}'he mul tilayer filmof C aim 50,
wherein the carrier resin has a nelt index of 6.5
dg/ m n. a)wahigrhdemjt}t polypehylénd fﬁrIBPEamsefreml,athrein the HDPE

o GBS et i o i gk Ueflog 21 al)Bin Bt St p.958-0.963

Sg/cmﬁerel n the carrier resin has a denS|ty of 0. 962

g/ cnB. V\D 2007/ 078454 PCT/ US2006/ 045179 -27
b) a HDPE carrier resin for calcium carbonate (CaCO,), wherein the

HDPE carrier resin has a melt index of 4-10 dg/min and a density of 0.958-
0.963 g/cm?®; and

¢) CaCO;, wherein the CaCO; has a median particle size of 0.7-2.5 um,
a top cut d98 of 4-15 um, a surface area of 3.3-10.0 m?/g, and a total
concentration in the film of 5-35% by weight, wherein the CaCQO, has been
treated with a surface treatment agent at a treatment level of 0.3-2.3% by
weight, and wherein the CaCO, and the HDPE carrier resin are present in a
ratio of 15/85 to 80/20 by weight.

69. The film of Claim 68, wherein the CaCO, has been wet ground and/or

dry ground prior to incorporation of CaCO; in the film.

70.  The film of Claim 69, wherein the CaCO, has been wet ground in the

presence or in the absence of a grinding aid.

71.  The film of Claim 69 or 70, wherein the CaCO, has been wet ground in

the presence of a grinding aid comprising a salt of polyacrylic acid and/or a salt of a

copolymer of acrylic acid.



56. The nultilayer filmof any of Cainms 37-55
conprising a carrier resin for CaCO3, the carrier

WO e®i7/078484 a pol yet hyl ene (PE), a pol ypropyl enePCDUSH06/045179
pol yi soprene. 57. The multilayer filmof C aim 56,
wherein the polyethylene is a high density
pol yet hyl ene (HDPE) a nedi um density pol yet hyl ene
(MDPE) a |ow density polyethylene (LDPE) or a linear
LDPE (LLDPE). 58. The nultit4ayer filmof Caimb57,
wherein the HDPE is a nedium nol ecul ar wei ght high
density pol yethylene (MWV¥HDPE). 59. The nultil ayer

D, O L A ey b e MUK EERE ok B8 e
driedodftangrindingl ai ns 37-59 conprising a base resin,

wherein the base resin is a polyethylene (PE), a
pol ypropyl ene, or a polyisoprene. 61. The multilayer

fizan of 7163 @il GanybeC RIS fe*sew odvuateha kg e;al@ ¥ P8ated with
density pol yet hyl éne ( HDPE) medi um densi t

y
the spefhge tigpimabt pgEmEhefgre andﬂerrﬁmmryg apdr geefigr grinding@®) CaCO,.
or a linear LDPE (LLDPE). 62. The filmof C aim 61,
wherein the HDPE is a nedi um nol ecul ar wei ght high

dersi t yThe et dhdmnef CMitis IBPE3 . whéreid hike ldd00.HasBerreated
) 6&, erein the MWWHDPE has a nelJt index of 0.85 to
with fhe sygach FeapBReniRgem 443 fragepent lexplo?! LryS 58 eyeprss treatment
agen%zﬁéa(;@her ein the base resin has a nelt index of
0 dg/mn. WO 2007/ 078454 PCT/ US2006/ 045179
-28 65. The mJItllayer filmof C aim64, wherein the

B | STl P bl R PR B 0o P g s 2
mediRas tnoleailar basghtHOPES(MVIWIHOPES Bale B&3n0/ CNB. 67.

The multilayer filmof Caim66, wherein the base
resin has a density of 0.962 g/cn8.

~ 76.  The film of Claim 75, wherein the MMW-HDPE has a melt index of
0.85 to 1.5 dg/min.

77.  The film of any of Claims 68-76, wherein the HDPE carrier resin is a
medium molecular weight HDPE (MMW-HDPE) carrier resin.

78.  The film of Claim 77, wherein the MMW-HDPE has a melt index of
0.85 to 1.5 dg/min.

79.  The film of any of Claims 68-78, wherein the HDPE base resin has a
melt index of 1.0 dg/min.

80. The film of any of Claims 68-79, wherein the HDPE carrier resin has a
melt index of 6.5-8.0 dg/min.

81. The film of Claim 80, wherein the HDPE carrier resin has a melt index
of 6.5 dg/min.



68. Afilmconprising: a) a high density pol yethyl ene
(HDPE) base resin, wherein the HDPE base resin has a
woredor/ovsasex of 0.05 - 2.0 dg/m n and a densit yP@F/US2006/045179

0.958-0.963 g/cnB; b) a HDPE carrier resin for

cal ci um carbonate (CaC33), wherein the HDPE carrier

resin has a nelt index of 4-10 dg/mn and a density of

0.958- 0.963 g/cnB; and c) CaCO3, the CaCO3 a nedi an

particle size of O 7 2. 5 m30‘ top cut do98 of 4-15 m

a surface area of and a total

cSdcentThe filen of ﬁnyrﬂf Cﬁlraum éB %1 yeberein the HMPE Rpts wasip has a
densi Sf treated with a surface treatnent agent

treatnent |evel of 0.3-2.3%by weight, and
vvherel n the CaCX3 the HDPE carrier resin are present

of 15/ 83. 1.0. 80/ y ht The fi
o i el ot ¢ Rimes B puberelio i PP CSmigi gfoin has a
dens@f}éfgrgawgl/d;ﬁa or to incorporation of CaCa3 in the
Im 70. The filmof Caim&69, wherein the CaCO3 been

i met ground in the presence or in the absence of a

grg4nd| %eaﬁﬂn o% TJFCIaﬁrb@é@th h@eﬁ? e cg o(%er}’fifr]ﬁfc% Bf calcium

the ' Ca een vve gr oun presence

carbdiat@dCagog) th tefiln 38 1Q¥@30%.t  of poI yacrylic acid
and/or a salt of a copolyner of acrylic acid. WD
2007/ 078454 PCT/ US2006/ 045179 -29 72. The film of any

ofgsd ai e BB GF.Cluh8eRI Qvﬁé}&rpﬁiecédiﬁbﬁﬂfa'ﬁ%ﬁqsiecdlﬁum carbonate
driced after grinding. 73. The filmof any of dains

(CaCeR) netherfibnds BS%he CaCO8 treated with the surface
treat ment agent before and/or during and/or after
grinding the CaCO3. 74. The filmof any of Cains

6863, Thefibhoftdis QM 6885 ehérin \thé Calny, and filRcEDPE
treatnment agent at a_treatnent |evel of 1,5-3
carney fesHare PISAERet 2 raige @f ARZEE 1080/ 20 by weight.

87. The film of Claim 86, wherein the CaCO, and the HDPE carrier resin
are present in a ratio of 40/60 to < 60/40 by weight.

88. The film of Claim 87, wherein the CaCO, and the HDPE carrier resin
are present in a ratio of 45/55 to 55/45 by weight.

89. The film of Claim 88, wherein the CaCO, and the HDPE carrier resin
are present in a ratio of 50/50 by weight.

90. A film comprising:

a) a high density polyethylene (HDPE) having a density of 0.958-0.963
g/cm?, and

b) calcium carbonate (CaCO,) having a median particle size of 0.7-2.5
pm, a top cut d98 of 4-15 um, a surface area of 3.3-10.0 m?/g, and a total
concentration in the film of 5-35% by weight.



75. The filmof any of Cains 68-74, wherein the HDPE
base resin is a nmedi um nol ecul ar wei ght HDPE

W@ MUOHBRE) base resin. 76. The film of C ai mFGI/US2006/045179
wherein the MMWHDPE has a nelt index of 0.85to 1.5
dg/mn. 77. The filmof any of Cains 68-76, wherein
the HDPE carrier resin is a nedium nol ecul ar wei ght
HDPE (MWVM HDPE) carrier resin. 78. The filmof Caim
77, wherein the MWW HDPE hasla melt index of 0.85 to
1.5 dg/mn. 79. The filmof any of C ains 68-78,
wedr ei iThenBlrpDPE pas 805 wdieneinadeHDREIi ajmediummalegular

Imof any of Clains 68-79, wherein
Welgkg%{é[WCarrl er eS| n has a nelt index of 6.5-8.0
’ dg/mn. 81. The filmof Caim 80, wher ei n t he HDPE
carrier resin has a nelt inde of 6.5 dg/ mn. )
26@7/ o 7Bkl ot Ml 96) @Sk, Ayhereip the Hﬂlﬁ%ﬁlw Prﬁégél%ﬂf 0.962
g/cm! of Clains 68-81, wherein the HDPE base resin has a

derisity of 0.962 g/cnB. 83. The filmof any of O ains
68 82 wherein the HDPE carrier resin has a density

o5k et n R BEEaH B Rin® P P E¥eer ot Py featidbh of caco,

in thd GREG8 0.0y Welghtl s 20% 30% 85. The filmof Caim
84, wherein the concentration of cal cium carbonate

(CaCCB) inthe filmis 25% 86. The film of any of

4. B8 Bin HQLER DL %&@%%&%cghﬁaﬂ Fof é%é@' & the film

re3|n are present Itn‘aratio to 80/20

is 25%ebylteigBZ. The fil mof C aim 86, wherein the CaCCB
and the HDPE carrier resin are present in a ratio of
40/ 60 to _< 60/40 by weight. 88. The filmof C aim 87,

whes el NThE gl hyeodClangs HOPE, whkfdiR thé €300, has a median
particle size of 0.7-2.5 pm.

96. The film of Claim 95, wherein the CaCO; has a median particle size of
1.4-2.0 pm.

97.  The film of Claim 96, wherein the CaCO, has a median particle size of

1.4 pm.

98. The film of any of Claims 1-97, wherein the CaCO; has a top cut d98 of
4-15 pm.

99,  The film of Claim 98, wherein the CaCO; has a top cut d98 of 8-10 pm.

100. The film of Claim 99, wherein the CaCO, has a top cut d98 of 8 um.

101. The film of any of Claims 1-100, wherein the CaCO, has a surface area
of 3.3-10.0 m¥/g. '



are present in a ratio of 45/55 to 55/45 by weight.

89. The filmof C aim88, wherein the CaCO3 and the
WODBEOTSF4 i er resin are present in a ratio of PEGDUSDOOHYPS179

wei ght 90. A filmconprising: a) a high density

pol yet hyl ene (HDPE) having a density of 0.958-0.963

g/ cnB8, and b) cal cium carbonate (CaCC3) having a

nmedi an particle size of 0.7-2.5 gm a top cut d98 of

4-15 gm a surface area of -823-10.0 n2/g, and a total

concentration in the filmof 5-35% by weight. WO

2002/ 0 7TBuSAInPOT AlE20 061 pwherain tha 000, Hisaa finfacearea of 3.3-5.5

., Claim90, wherein the HDPE is a medi um nol ecul ar
0/8\wei ght HDPE (MMM HDPE). 92. The filmof Oaim 90 or
91 wherei n t he HDPE has a density of 0.962 g/cnB.

93. The filmof any of Cains 90-92, wherein the
cdf8entThe fibp ofClaizcds?2, wiereia thm(iﬁCF@slz@%e%st)e area of 5.5
wei ght. 94. The filmof. Caim93, wherein the
concentration of CaCO3 in the film is 25% by wei ght.

95. The filmof any of Cains 1-94, wherein the CaCO3

QAT e BROIES, & At a0 SRl 89 CAPD. Eob el treatea

with & srfac® tear®hént Bient ad mﬁtﬂeﬁt mv%ﬁ of ol eIon HyhRelghEO3

a nedi an particle size of . The filmof any
of Clainms 1-97, wherein the CaCGS atop cut do8 of

RS T e S R . e

weightherein the CaCO3 a top cut d98 of 8 gm

m%/g.

106. The film of Claim 105, wherein the treatment level is 1.1% by weight.

107. The film of any of Claims 104-106, wherein the surface treatment

agent is one or more fatty acids have 8 to 24 carbon atoms.

. 108. The film of Claim 107, wherein the surface treatment agent is one or
more of arachidic acid, behenic acid, capric acid, cerotic acid, isostearic acid, lauric

acid, myristic acid, montanic acid, palmitic acid and stearic acid.

109. The film of Claim 107, wherein the surface treatment agent comprises

stearic acid.
110. A muldlayer film comprising the film of any of Claims 68-109.

111. The multilayer film of Claim 110, which comprises an inner layer
comprising one or more of ethylene vinyl acetate (EVA), ethylene ethyl acetate
(EEA), and ethylene acrylic acid (EAA), a core layer comprising HDPE and calcium
carbonate (CaC0,), and an outer layer comprising HDPE and calcium carbonate
(CaCOy).



101. The filmof any of Cains 1-100, wherein the

CaCC8 a surface area of 3.3-10.0 n2/g. WO 2007/ 078454
w06/ 045179 -32 102. The filmof C ai mPADLS2006/045179

wherein the CaCO3 has a surface area of 3.3-5.5 M/g

103. The filmof O aim 102, wherein the CaCO3 has a

surface area of 5.5 nR/g. 104. The filmof any of

Clainms 1-103, wherein the been treated with a

surface treatnment agent at &“freatnent |evel of

0.3-2.3% by wejght. 105. The film of C aim 104, .

witarei e ElRlaer S ofsiaimi i 1o vharein g congsngration of

6 PR TR BRSPS, i) peBligle actc aci
(EAATimithe irlfer-1ag6r iswhieR20Pnby neeighir f ace treat ment agent

is one or nore fatty acids have 8 to 24 carbon atons.
108. The filmof Caim 107, wherein the surface

t reiy. NeThe adffitayes MACORTIaiMOIEL 6f 120 2GMieddia theicdhylene vinyl
beheni c acid, capric acid, cerotic acid, isostearic
acetage (BVA) &gs iacdengiyof WPbiseie. aci d, nontanic acid,
palmtic acid and stearic acid. 109. The filmof Caim
107, wherein the surface treatnent agent conprises
stiday.i cTlae nolltildkfer fdrnof dnyt afy€laifis| 1D 1c DB whiengntthe ethylene
. Lfilmof of Cdains 68-109. ., 111. The nultil ayer
Wnylf%CFFﬁtSf(E%ihﬂsﬁﬁ}eﬁmidEﬁo dnpABS®YNa | nner | ayer
conprising one or nore of ethylene vinyl acetate

(EVA), ethylene etIB/I acetate (EEA), and ethyl ene )
ackhi.i cThe multiysy film eforny phGlams 1 $#nyhiqbPiEagsa gveight

.. eal.ci t r e .
R S R o VLR
layer2007/ 078454 PCT/ US2006/ 045179 -33 112. The mul til ayer
filmof Claim11lll, wherein the concentration of

116. The multilayer film of Claim 115, which has a weight distribution by

layer of 30% outer layer, 55% core layer, and 15% inner layer.

117. A method of making a masterbatch composition of calcium carbonate
(CaCO0;) and polyolefin for preparing a film, the method comprising mixing CaCO,
with a polyolefin carrier resin, wherein the CaCO, and the carrier resin are present

in a ratio of 15/85 to < 60/40 by weight.

118. The method of Claim 117, wherein the polyolefin carrier resin is a
high density polyethylene (HDPE).

119. A method of making a masterbatch composition of calcium carbonate
(CaCO;) and high density polyethylene (HDPE) for preparing a film, the method
comprising mixing .CaCO_,, with a HDPE carrier resin, wherein the CaCO, and the

carrier resin are present in a ratio of 15/85 to 80/20 by weight.

- 120. The method of Claim 119, wherein the CaCO,/carrier resin ratio is
40/60 to 80/20 by weight.



et hyl ene vinyl acetate (EVA), ethylene ethyl acetate
(EEA) or ethylene acrylic acid (EAA) in the inner
WO 20021078484 15- 20% by wei ght. 113. The mul ti | ayePCT/Ub1006645179
Claim111 or 112, wherein the ethylene vinyl acetate
(EVA) has a density of 0.95 g/cnB. 114. The nultil ayer
filmof any of Clains 111-113, wherein the ethyl ene
vinyl acetate (EVA) has a nelt index of 1.5 dg/mn.
115. The multilayer film of” ﬁ’ny of Cains 111-114,
whi ch has a weight distribution by |ayer of 25-35%
outer | ayer, 50-60% core |ayer, and 10-20% i nner
I f
has a I QE}EIlggg t@?ﬁl}&%{?ég@b{/)}he ifl thg:I %&%ﬁ%ﬂe@fh ratio is
40/6Daygetr 6068Ybg avedghtayer, and 15% i nner Iayer. 117. A
nmet hod of nmaki ng a nmasterbatch conposition of calcium
car bonate (CaCCB) and polyolefin for preparing a
o371 e, RO of €T 110 ey ip ratio s
45/55&Dr559’|45rt55wmghte present in aratio of 15/85 to <
60/ 40 by weight. 118. The nethod of Caim 117, wherein
the polyolefin carrier resinis a high density
pai2zxt hyheftthéBEClaitd 91 9AwWRREsiadhefCa®h) RErider resin ratio is
mast er pat ch conposition of cal cium carbonate (CaC3)
50758y Weightdensity pol yet hyl ene (HDPE) for preparing a
film the nethod conprising mxing CaCO3 with a HDPE
carrier resin, wherein the CaCO3 the carrier resin
arB4r eEenmethod of anycofdtlalibs 8371035 Gviaerehy thecgyirier resin has a
d. of Caim 119, wherein the
melt&%&#{;‘gﬁé&frp&l hratiois 40/60 to 80/20 by
wei ght. WD 2007/ 078454 PCT/ US2006/ 045179 -34 121. The
met hod of Claim 119, wherein the CaCO3/carrier resin
r ak3% i Ehe mythod of Claing (240 whiereis @ietcartiop resth dagg: el index

19, wherein the CaCO3/carrier resin ratio is
of 6.§18 §l8/ Mg D, by wei ght .

126. The method of Claim 124, wherein the carrier resin has a melt index
of 6.5 dg/min.

127. The method of any of Claims 117-126, wherein the carrier resin has a
density of 0.958-0.963 g/cm®.

128. The method of Claim 127, wherein the carrier resin has a density of
0.962 g/cm>.

129. The method of any of Claims 118-128, wherein the HDPE is a medium
molecular weight high density polyethylene (MMW-HDPE).,

130. The method of Claim 129, wherein the MMW-HDPE has a melt index
of 0.85 to 1.5 dg/min.



123. The nethod of Claim 119, wherein the

CaCCB/carrier resin ratio is 50/50 by weight. 124.
wab@7oe4hpd of any of Clainms 117-123, wherei n PEEUS2006/045179

carrier resin has a nelt index of 4-10 dg/mn. 125.

The method of Claim 124, wherein the carrier resin has

a nelt index of 6.5-8.0 dg/mn. 126. The nethod of

Claim 124, wherein the carrier resin has a nelt index

of 6.5 dg/nmin. 127. The met$@d of any of Cains

117-126, wherein the carrier resin has a density of

019%38- Theasetdiodnd ampaf Clrimsist/d30owhereinhe £2C0O; has a

.Wwherejn the rrier resin has a density of 0.962
medla@?ﬁ%’@‘.&i%? #ﬁeﬁﬁé H8% of any of O ains 118-128,

wherein the HDPE is a nedium nol ecul ar wei ght high
density polyethyl ene (MWYHDPE). 130. The mnethod of )
clg2m The m friClaiia. MAAswipiein s Gafg):has adugdiagy particle
. 8o tp0 1.5 dg/ mn. WO 2007/ 078454 PCT/ US2006/ 045179
Size 0?§5‘?'12.3dz9m1’he met hod of any of Clains 117-130, wherein
the CaCO3 has a nedian particle size of 0.7-2.5 m

132. The nethod of C aim 131, wherein the CaCO3 has a .

nedan Tﬂi‘&r@?&o@ Oftsg%émo*mi’. wherein the %§§ +Has %@FHW particle
size Oglg,;r 131, wherein the CaCO3 has a median particle

size'of 1.4 pm 134. The nethod of any of O ains

117- 133, wherein the CaCO3 has a top cut d98 of 4-15

o34, rioys REEEbar or B gt 17385 Wi fhe 8 £RpOs has a top

cut d$8 df A {B3fim Wherein the CaCB has a top cut d98 of 8

135. The method of Claim 134, wherein the CaCO, has a top cut d98 of 8-
10 pm. ‘

'136. The method of Claim 134, wherein the CaCO, has a top cut d98 of 8

pm.

137. The method of any of Claims 117-136, wherein the CaCO; has a

surface area of 3.3-10.0 m%/g.

138. The method of Claim 137, wherein the CaCO, has a surface area of
3.3-5.5 m%/g.

139. The method of Claim 137, wherein the CaCO, has a surface area of 5.5
m’/g.

140. The method of any of Claims 117-139, wherein the CaCO, has been
treated with a surface treatment agent at a treatment level of 0.3-2.3% by weight.

141. The method of Claim 140, wherein the treatment level is 0.8-1:1% by
weight.



m 137. The nmethod of any of Cains 117-136, wherein

the CaCO3 has a surface area of 3.3-10.0 n/g. 138.
wab@7noetdbod of C aim 137, wherein the CaCO3 haBRCT/EHS2006/045179

surface area of 3.3-5.5 n2/g. 139. The method of

Cl aim 137, wherein the CaCO3 has a surface area of 5.5

n2/ g. 140. The nethod of any of Clains 117-139,

wherein the CaC8 has been treated with a surface

treatment agent at a treat mefAt |evel of 0.3-2.3% by

wei ght. 141. The nethod of C ai m 140, wherein the

treatment level is 0.8-1:1%by weight. WO 2007/078454

what e RESHaLet clefth 146, wAORATLDRE ARkt R 16 by

weighthe met hod of any of O ainms 140-142, wherein the
surface treatnent agent is one or nore fatty acids
have 8 to 24 carbon atons. 144. The nmethod of Caim

1435, WAg{Li @H‘ﬁcg‘fofsé.‘ﬁ§ %lél 14’@ Al2 g8k einSth@N@rfaRE treatment
nore of arac I C aC| n|c acl d,

capric acid,
agentde jooiei ax morejfattgsasdedmawe Sam 214 catbamw AOmRE d, nmyristic
acid, nmontanic acid, palmtic acid and stearic acid.
145. The nethod of C aim 144, wherein the surface

t naat Nerde AGEMSA of ClHIA $43, Wheadihthaelffacd AatrheAt agent is one
met hod of any of_ C ains 117- 145 whi ch further

or masgRfraraekidiq agidi hehenie afith @PHSEAcHL CSRYIS REIp sOSHRagIc acid,

el L R TS GRChEf, AR fdgangr estetoay (e

car bonat e rrast er bat ch corrp05| tion conprising 50% by

fog el g ggar} i4%aw}ﬁe£‘|’18 e Rudge st %ﬁéaﬁm

comp\ﬂsbb sﬁég%}cla%i@y wei ght stearic acid surface treatnent,
in a 50%
146. The method of any of Claims 117-145 which further comprises

' forming the masterbatch composition in a pellet.

147. A masterbatch composition prepared by the method of any of Claims
117-146.

148. A calcium carbonate masterbatch composition comprising 50% by
weight calcium carbonate of 1.4 um median diameter particle size, a top cut particle
size d98 of 8.0 um, with a 1.1% by weight stearic acid surface treatment, in a 50%
by weight high density polyethylene (HDPE) carrier resin of 0.962g/cm® density and
6.5 dg/min melt index.

149. A method of making a film comprising polyolefin and calcium
carbonate (CaCO,), wherein the method comprises blending (a) the masterbatch

composition of Claim 147 or 148 and (b) a polyolefin base resin.

150. The method of Claim 149, wherein the polyolefin base resin is a high
density polyethylene (HDPE). '



by wei ght high density pol yethyl ene (HDPE) carrier
resin of 0.962g/cm density and 6.5 dg/mn nelt

w0 naben784349. A met hod of making a fil m conpri sSP@IUS2006/045179
pol yol efi n and cal cium carbonate (CaC33), wherein the
met hod conprises blending (a) the masterbatch
conposition of Claim 147 or 148 and (b) a polyolefin
base resin. 150. The nethod of C aim 149, wherein the
pol yol efin base resin is a-%gh density pol yethyl ene
(HDPE). WD 2007/ 078454 PCT/ US2006/ 045179 -37 151. The
met hod of C aim 149 or 150, wherein the base resin has

1 bl e 1 e e PR o

mdengootgg 0bro dgpdin.The met hod of O ai m 150, wherein the
HDPE i s a nedi um nol ecul ar wei ght high density

pol yet hyl ene (MMM HDPE). 154. The nethod of C aim 153,

520 o AP b Pl B o

dg/misherein the base resin has-a density of 0.958-0.963
g/ cnB. 156. The nethod of C aim 155, wherein the base
resin has a density of 0.962 g/cnB. 157. The nethod

of 58Ny 19k r@leﬁid@oflél%‘lﬂa%o Wohetkih Yhd FIPE B fic#®8m molecular

coextruding a filmlayer conprising polyolefin and
welg}xtéilgh@nmmypobmtbylﬂp@t(l\/ﬁ\/lw+ PEhyer conprising one or
nore of ethylene vinyl acetate (EVA), ethyl ene ethyl
acetate (EEA), and ethylene acrylic acid (EAA). 158.
The4metiednethdd éf Qlalm/153whbreto e MW -HIBRE hadiangelt index
an inner film layer conprising one or nore of
of 0.85t 19yl S/ Miy| acetate (EVA), ethylene ethyl acetate
(EEA), and ethylene acrylic acid (EAA), a core film
| ayer conprising polyolefin and calcium carbonate
( ¢56G3)Theamdtlmd ofiary of Claimsal49-168npihieseinghgdiapeiresinas a

densn:y of 0.958-0.963 g/cm’.

156. The method of Claim 155, wherein the base resin has a density of
0.962 g/cm®.

157. The method of any of Claims 149-156, which further comprises
coextruding a film layer comprising polyolefin and calcium carbonate with a film
layer corﬁbﬁsing one or more of ethylene vinyl acetate (EVA), ethylene ethyl acetate
(EEA), and ethylene acrylic acid (EAA).

158. The method of Claim 157, which comprises coextruding an inner film
layer comprising one or more of ethylene vinyl acetate (EVA), ethylene ethyl acetate
(EEA), and ethylene acrylic acid (EAA), a core film layer comprising polyolefin and
calcium carbonate (CaCO,), and an outer film layer comprising polyolefin and

calcium carbonate (CaCO,).



cal ci um carbonate (CaCl3). WD 2007/ 078454

PCT/ US2006/ 045179 -38 159. The nethod of C aim 157 or
waz®@y/owases ein the concentration of ethyl ene vP@HIUS2006/045179

acetate (EVA), ethylene ethyl acetate (EEA) or

et hyl ene acrylic acid (EAA) in the filmlayer

conprising EVA, EEA or EAA is 15-20% by wei ght. 160.

The nethod of any of Clains 157-159, wherein the

ethyl ene vinyl acetate (EV- has a density of 0.95

g/ cnm8. 161. The nethod of any of Cains 157- 160,

\/\1159.6| WheheetkodyofaBlaimi k57 or 681 wherginyhp coasemiTa@pn of

ethylellgsvuﬂé ace\%ﬂt& @g&@t ﬁEh)glF]I'l?neH}y ageEatg SEEA) ?11 tﬂﬂg%%’ ic acid

(EAAY M Y@l 0lye2 TodBifidng BVA, BEX or BAAGR%5620% bayeightand
10-20% i nner layer. 163. The nethod of O aim 162,

wherein the filmhas a weight distribution by |ayer

oi6§0%IT1g fﬁétﬁn oW & arhsgéf/ (@S 155‘734?%? Wﬁgrélﬁ%hb @ﬂﬁjﬂene vinyl

| ayer e met any of alms 157-163

acetatmf(&l’\é@hhzﬁaﬁlﬂ@nsﬁy pf 0ng/am’.the filmin a tot aI
concentration of 5% 35% by wei ght. 165. The nethod of
Cl aim 164, wherein CaCO3 present in the filmin a

tobal aoRCARtHA 6P bf 202mE0PE DY 60 Wieteinkhe etfiflene vinyl
met hod of C aim 164, wherein the concentrati on of

acetateaE¥A) has amelrindexosl Bydaknight . 167. A film nade by
the nethod of any of O ains 149-166. 168. The fil m of
any of Clains 1-116 and 167, wherein the noisture
vaBQ[ THeamethabobany af €14iMETR8-161) edhereid the film has a weight

aistrigany g7aREe S BeYopEIuasYTe SOoGEhiGed 19y Fpf Achp0% tmner

layerC ai m 168 wherein the noi sture vapor transm ssion
rate (MVTR) is reduced by 10-30% conpared to the MWTR
of the filmin the absence of

163. The method of Claim 162, wherein the film has a weight distribution

by layer of 30% outer layer, 55% core layer, and 15% inner layer.

164. The method of any of Claims 157-163, wherein CaCO,is present in the
film in a total concentration of 5%-35% by weight.

165. The method of Claim 164, wherein CaCO,is present in the film in a
total concentration of 20%-30% by weight.

166. The method of Claim 164, wherein the concentration of CaCO;in the
film is 25% by weight.

167. A film made by the method of any of Claims 149-166.

168. The film of any of Claims 1-116 and 167, wherein the moisture vapor
transmission rate (MVTR) is reduced in comparison to the film in the absence of
CaCo,.



CaC33. .170. The filmof Caim 169, wherein the

noi sture vapor transmssion rate (MTR) is reduced by
WQ00030%460nmpared to the WTR of the filmin t heRCHDSHNEO®5179

of CaCO3. 171. The filmof Caim 170, wherein the

noi sture vapor transmssion rate (MTR) is reduced by

25-30% conpared to the MWWTR of the filmin the absence

of CaCO3. 172. The filmof any of Cains 1-116 and

167-171, wherein the noist®% vapor transnission rate

(MTR) is 0.213-0.230 g water vapor-m|/100 in2 of

{1691 dBye Stm37 Glaim 468, vooxeitethe NEEStHIMY Py ransmission rate

(MVT%{1 gsrée:q]lurgngq? El;p{qroa {3@5/ 172%9%\%% fd Hﬁet Igl%éﬁ?bf ﬂfé £ ¥ Phe absence of

cacoyapor-m /100 in2 of filmday at 37. 5 C and 100%
. Yel ative huni dity. 174. A. packaging film conprising
the filmof any of Clainms 1-116 and 167- 173. 175. The

p?’/c(t agirhg ﬁ;lfn] Jp @l%uﬁ' RGN rei VB Ridistube vhpbitrhsiission rate

agi ng moi’sture-sensitive materials, 176.
(MVTPwas paiticad iby20-BDRe obmPlas¢drid vze MVTR of thhElmiip thpabsence of
C COfI Imis a food packaging film an animl feed
abMmackaging filmor a pharmaceutical packaging film
177. dTheffl Idm of Claim176, wherein the food products
are dr 0Q roducts. 178. . The filmof O a
Wbl e fim of CIotEot s beieia i mainiy yapor Pabbfission rate

(MVTR) is reduced by 25-30% compared to the MVTR of the film in the absence of
CacCo,.

172. The film of any of Claims 1-116 and 167-171, wherein the moisture
vapor transmission rate (MVTR) is 0.213-0.230 g water vapor-mil/100 in® of
film/day at 37.5 °C and 100% relative humidity.

173. The film of Claim 172, wherein the moisture vapor transmission rate
(MVTR) is 0.213 g water vapor-mil/100 in® of film/day at 37.5 °C and 100%

relative humidity.

174. A packaging film comprising the film of any of Claims 1-116 and 167-
173.

175. The packaging film of Claim 174, wherein the film is a packaging film

for moisture-sensitive materials.

176. The packaging film of Claim 174 or 175, wherein the film is a food

packaging film, an animal feed packaging film or a pharmaceutical packaging film.

177. The film of Claim 176, wherein the food products are dry food

products.

178. The film of Claim 177, wherein the dry food is cereal or crackers.



