SPECIFICATION STORAGE METHOD 5 TECHNICAL FIELD [0001] The present invention
relates to a method of storing food, drink, chemicals, electronic parts, and other products. 10
BACKGROUND ART [0002] To protect the contents for distribution, cold storage, treatment, such
as heat treatment for sterilization, the packaging material used for packaging food and drink is required
to have various functions, for example, high tgsnigpaienex R fRr ensuring outside view of the contents,
etc. in addition to mechanical properties, such as strength, resistance to cracking, and heat resistance.
Recently, oxygen barrier properties for preventing oxygen from penetrating into the package to protect
packaged foods from oxidation, carbon dioxjgie)iparigr MePeHies) and barrier properties for preventing
fragrance from escaping are also 20 required. [0003] Sheet and film made of polyolefin such as
polyethylene and polypropylene, polyester such as polyethylene terephthalate (PET), or aliphatic
polyanide suEl BNyl eFnadebeen widely used as the packaging material because of their 25
easiness ofﬂ&gﬂng and processing in addition to their excellent transparency and mechanical
properties. er, in view of poor barrier properties against gaseous substance, such as oxygen,
the packaged contefits:greceastlyispailed by dxitationa Fuetierd inf\devvioicefasyl frdnsikission of flavor
and carbonc%ig%ggealtshe fer}%ﬂ‘olifecof ﬂ]?tes cgngeg%(ies unga(j}/&rgsbly short. 30[0004] A plastic container
(bottle, etc.) malnFy made o pgllye%?er Such a8 poﬁlgfhy ene terephthalate has been widely used for
storing tea, fruit juice, carbonated drink, etc. In the plastic bottles, small-sized plastic bottles have
cometg be gamipaiily Bsef) Wighryears. Since the surface area per unit volume 35 increases with
decreasing size of the bottle, the shelf life of the contents packaged in a small-sized bottle is likely to
become shé@@@?&cently, the application of the plastic container has been broadened, for example, by

the sale of oxygen-and light-eensitivataers packageshintpiastic Rptis and the salgafthatitepnackaged
in plastic battle. These new applications of plastic bottle require to still further 5 improve the gas barrier

properties. [0S CateNhiSFoRke tH4341 e HHE RatisacAn it adabtised i Anckagies £%xygen,
it has been prdpdsedk e weq e dnadetfaveainbindtinptaftbefthesmaplaistihiesinmmespenastabove
and a_gas barrier resin, such as 10 polyyinylidene chloride, ethylene-vinyl alcohol copplymer, and
oolyvig: sl RGN SBE L AT A ARG B S R CRTETRD B LRE Sae arrier
properties ipdepertident afdteragereogditians; thercembustiokithereofiphedtcesidiaxine likely to cause

envwonmer@cgglwt!oorky téy lﬁgref%?%r%lﬁgﬂ%s for preventing oxygen from penetrating into

the package to protect packaged foods from oxidation, carbon dioxide barrier

properties, and barrier properties for preventing fragrance from escaping are also
20  required.

[0003]

Sheet and film made of polyolefin such as polyethylene and polypropylene,
polyester such as polyethylene terephthalate (PET), or aliphatic polyamide such
as nylon 6 have been widely used as the packaging material because of their

25  easiness of handling and processing in addition to their excellent transparency
and mechanical properties. However, in view of poor barrier properties against
gaseous substance, such as oxygen, the packaged contents are easily spoiled by
oxidation. Further, in view of easy transmission of flavor and carbon dioxide,
the shelf life of the contents 1s unfavorably short.

30  [0004]

A plastic container (bottle, etc.) mainly made of polyester such as
polyethylene terephthalate has been widely used for storing tea, fruit juice,
carbonated drink, etc. In the plastic bottles, small-sized plastic bottles have
come to be dominantly used with years. Since the surface area per unit volume

35 increases with decreasing size of the bottle, the shelf life of the contents packaged



copolymer and polyvinyl alcohol are free from the environmental pollution. 15 However, the gas barrier
properties of a multi-layered film having a barrier layer made of these resins largely decrease when the
contents with high water activity are stored, when the package is stored in atmosphere with high
humidity, or when the package together with its contents are heat-treated for sterilization, although

exhibiting apd ags BRIFIRL PEOREIIES A AYRSRESE W delatively ow 20 RUmIGHOA8) ine

xylylene -containing polyamide obtained by the polycondensation of xylylenediamine and aliphatic

dicarboxyli®hesiiqeanéaiagy, uhearboxde obamaraomln-Ryljlensalamirssaeradipié acid has
high barrier|prapegies #v- 88658 SaseUB SUPBIaREe SR ASIYIeRI 8Nt RBEheR XIdASin

compared with ethylene-vinyl alcohol copolymer and polyvinyl alcohol mentioned above, polyamide
MXDB6 is subla%m%ﬂ%@@as FREMSTBFEHES A PRFHOhaHAatY, BRI KGRI FROT E G barrier
properties ahimedesatB s eV AtiridiprdeORT7¢30A resin having function of capturing oxygen in a
container wwk? %ﬁeventing outside oxygen from entering into the container has been developed and
applied to a 19 -layered bottle. In view of oxygen absorption speed, transparency, strength, and
processability, a mulu-iaypreddtiiebhaving prgpsiassiextayeart mase ot polpatnide: MXDI6 sdhich is

blended with a transi{ic?l% Srjq[()etal 35 catalg&ttgagsg n prop Se? as (ghebOXX%%rr'f% %Jring bottle.

However, thaBlended fransition metal promotes the oxi afive adgcénmﬂ)%smon 0 po?yamide MXD6 to

reduce the ﬁr@ﬂgﬂplﬁs’ésimemomAﬁ@med)@gem@mmr&gmdaﬂtﬂmtﬁremﬂihoauahiﬁg transition metal,
an 5 gygen AVSOrRLpN. Meted Nas %%9195@%391@%%1%8(?%@%?, L aadalywhich-yilzes the

oxidation of a reduced product of a reducible orggn’lc compound by oxygen. According to Patent
Documents2iB B8k entBarrlanpopedics hersliysiitg sve ahdere ramseanst € an B Etiew
humidity. Hgwsyathi the Raepeser meshethraguires an RAditanatpracess oh reduehohiir@dcible

organic 10 compound, and therefore, the reduction in costs is desired. I0009i Patent Document 1: JP

Patent 2925308 Patdil D6 Gk SNYP DoREEM PRI gD ISESOREBI IleReioN  An
object of theqyesentinyaatigslysiaygalvethsd abeVecproliems ard priavidecsa sidfagauriethod capable

of eas?’igI en 0ncin théeﬁgas b rri]?r. §ro %rtiesc%f p::};(:kz%%e1 2__&0011h ] As a. Irlesul o_f exte sive _
reseath, tHAa o RESSBURATTHAT e BSET e Ao PTo PSS Fitd BRRA IS MPHEHT APShamide
resin havingre dpedifib estitresmpdsitigr ysdeepeavedihethelirradiatéon ofdighthidte watentiortisi based
on this finding, 2pl9032) hen the package is stored in atmosphere with high humidity, or
when the package together with its contents are heat-treated for sterilization,
although exhibiting good gas barrier properties in atmosphere with relatively low
20  humidity.
[0006]

A xylylene -containing polyamide obtained by the polycondensation of
xylylenediamine and aliphatic dicarboxylic acid, particularly, polyamide MXD6
obtained from m-xylylenediamine and adipic acid has high barrier properties

25 against gaseous substance, such as oxygen and carbon dioxide. As compared
with ethylene—vinyl alcohol copolymer and polyvinyl alcohol mentioned above,
polyamide MXD6 is superior in the gas barrier properties at high humidity, but
slightly inferior in the gas barrier properties at moderate or low humidity.
[0007]

30 A resin having function of capturing oxygen in a container while
preventing outside oxygen from entering into the container has been developed
and applied to a multi-layered bottle. In view of oxygen absorption speed,
transparency, strength, and processability, a multi-layered bottle having a gas
barrier layer made of polyamide MXD6 which is blended with a transition metal

35 catalyst has been proposed as the oxygen-capturing bottle. However, the



Namely, the present invention relates to a storage method comprising: placing a product to be stored
in a package and storing the package containing the product under irradiation of light, at least part of
the package comprising polyamide (A) which is obtained by polycondensation of a diamine component
30 comprising 70 mol % or more of m-xylylenediamine and a dicarboxylic acid component comprising

70 mol % of, (Qre 8 BQ[UNeaN ﬂ@%ﬁﬁ%@%@%@ BEENAVING2 0 HOSANP BB LIRS

According to the present invention, the gas barrier properties of package 35 are improved by a simple
and easy mRhapdad tdelprachagéuessite afsrapereffectively protected from spoilage. Therefore, the
present inveggog]is of grate industrial value. BRIEF DESCRIPTION OF DRAWINGS 5[0014] Fig.
1 shows a spectral distribution curve of light source A used in the example. . . Fig. 2 shows a

spectral distribution‘CtiAR SFIGHR SGReE B deahRigacevahpid 1omy. Badndiiem 8statraistribution
curve of lighikseuicekssigaton thetdxanple been Higpdssiaows aespastal distributian C@vexafiipht
source D used in the example. 15 ST%SD#E FOA? C%ARRYI(%;?H%%T THE JNVENTIO!\é][é)OlS]

At least part B RS FRSGTE LS i R SAVSHEIM RN 8 T (e AT ERTSESBYRNE by the
polycondensatiganof aAdiaonitia gomPaneant Demprisings 7 Ohmokdgon mareiof praphtterediamine and a
dicarboxylic acid 20 component comprising, 70.mol % gr mere af a.erlinear aliphatic dicarboxylic acid
naving A 100 S e DR e R e 2 oo
heat resistamumaa&pm@égsébﬁm%iwmmmmiommsmw%mm(bﬂa)eZEedum}g}tseggwmol %
or moyg, prefsrabl,{® moh%nALoagre, and mareReeierahiy@qmeldeqr more (each inclusive of

100%) of m-xylylenediamine. The dicarboxylic acid component comprises 70 mol % or more,
preferably 7189481 % or more, more preferably 80 mol % or more, and still more preferably 90 mol % or

more (eachpaglusive RiR0%e) 1of areplineak aliphafigsdicarboxylic acid having 4 to 30 20 carbon atoms.
[0017] Examples of other diamines usable in combination with mxylylenediamine include an

aliphatic dia?"ﬁi'ﬁ‘é} Bﬁ%?é’f?grhgﬁ@@ﬂédﬁéﬂﬁé:rpentamethylenediamine, 2-methylpentanediamine,

hexamethylenediamine, 35 heptamethylenediamine, octamethylenediamine, nonamethylenediamine,
decaTﬁthylﬁﬁgg%W%%mm' mir_le, _2,2,_4-trimethy|hexamgthyle_nediamine, and

2,4, 4-tfimet e nedi : yclic diamine, such as 1,3-bis(aminomethyl)cyclohexane,
1,4- bis(am{oomekhyl)cyclohexane, 1,3-diaminocyclohexane, 1,4-diaminocyclohexane,

An object of the present invention is to solve the above problems and
provide a storage method capable of easily enhancing the gas barrier properties
of package.

20  [0011]

As a result of extensive research, the inventor has found that the gas
barrier properties of the package comprising a polyamide resin having a specific
unit composition is improved by the irradiation of light. The invention is based
on this finding.

25  [0012]

Namely, the present invention relates to a storage method comprising:
placing a product to be stored in a package and storing the package containing
the product under irradiation of light, at least part of the package comprising
polyamide (A) which is obtained by polycondensation of a diamine component

30 comprising 70 mol % or more of m-xylylenediamine and a dicarboxylic acid
component comprising 70 mol % or more of o,m-linear aliphatic dicarboxylic acid
having 4 to 20 carbon atoms.

[0013]
According to the present invention, the gas barrier properties of package

35 are improved by a simple and easy manner and the packaged contents are



5 bis(4-aminocyclohexyDmethane, 2,2-bis(4-aminocyclohexyl)propane, bis(aminomethyl)decalin, and
bis(aminomethyl)tricyclodecane; and an aromatic ring-containing diamine, such as bis(4-aminophenyl)
ether, p-phenylenediamine, p-xylylenediamine, and bis(aminomethyl)naphthalene. [0018] 10Examples
of the a,erlinear aliphatic dicarboxylic acid having 4 to 20 carbon atoms include an aliphatic

dicarboxylic,fldk SUR 4% AUEEIIE iy IR Ao RIMAIC e, SuBAIIS AGith A6IRCAGh Adipic
acid, sebacic acid, %&ecaned%oic acid, Iglqr)lld%odecanedli%}l%l acid, With adipilc acid and seoba%ci% acid
being prefeiféh%%lf(%ﬁﬁ,isl@f other dicarboxylic acids usable in combination 15 with the a,erlinear
aliphatic dicarboxylic acid having 4 to 20 carbon atoms include an aromatic dicarboxylic acid, such as

terephthalic_acid, isophthalic acid, and 2.6-na€£thalenedicarboxylic acid. The dicarboxylic acid
component]ﬁ% Qﬁ%&%@ S0 IRAVERNS Rt of preferably 1 to 20 mol % and more preferably

3 to 105mol ¥ M¥hen the dicarboxylic acid component contains 20 isophthalic acid, whitening just after
processing can be prevented more effectively. [0019]. The prodyction method of the polyamide
(A 5 mot partcutart) FrtethoATrh SAT GE UL By S o0 G kAT B herization
conditions. 2b#nspdall amount of monoamine or monocarboxylic acid may be added as a molecular

weight modifier duriE thée S@lolxlcsogden%g%iﬁn d1‘0Srt R oltljclilgirpg 1}99 ole Xﬁrﬂiﬁdg.lﬁolﬁ/ﬁqi@g (£/1>\l)ll %roduced,
for example, by hea i?fog a nyPon Saltof m-xny]Iene lamine and a ipl% acid in the presence of water
under presstrenaptallowing the polymerization to proceed in a molten state while removing the 30

waterggded and thﬁig?‘?éﬁg%r@%%&?H?&??&ﬁﬁﬂn’%‘&%%ﬁi’ﬁ%h@%&f@édé (4¥e581, g produced

by adding m-xylylenediamine directly into molten adipic acid and allowing the polycondensation to
proceed un@éﬁﬁlﬁl@spheric pressure. In this method, the polycondensation is allowed to proceed by

continuously addingm-xylylenediamyijaetio pdiRic-ARidisA é‘ﬁx@erﬁﬁiﬁgﬂ'ﬂ ibade 1eacdienisyatem in
uniform liquid state and heating the reaction system during the addition so as to prevent the reaction
temperaturé ®ing lower than the melting points of oligoamide and polyamide being formed.

[0020] Polyamide (A) produced by the melt polymerization may be further 5 subjected to a solid-state

polymerizatj sQlids I izati ide (A) is not particularly limited
Bnd iy b L b R S AR R B R 1 concitons. 10051 The
number avdeigismolecular weight of polyamide (A) is preferably 10 18000 to 43500 and more

preferably 20000 to 30000., WVithi b nges, th t resistance and. proc bility are good.
[0022] The relative ‘\ﬁgé)%%ﬁ";?%%%&fg%ﬁ%%%%%epré ecia{glﬁs Itlg%%l %5?6%@?%%&33%%%7, and
still more preférablglz 5 whsarnydithinttie naligend dngation &9, demaek ¢atitiensedurs in the

extrusion forming.; teEehy MBKNGIE B of m-xylylenediamine and a dicarboxylic acid

20 component comprising 70 mol % or more of o,w-linear aliphatic dicarboxylic acid

having 4 to 20 carbon atoms.
[0016]

The polyamide (A) has high gas barrier properties and good heat
resistance and processability. The diamine component of polyamide (A)

25  comprises 70 mol % or more, preferably 75 mol % or more, and more preferably
80 mol % or more (each inclusive of 100%) of m-xylylenediamine. The
dicarboxylic acid component comprises 70 mol % or more, preferably 75 mol % or
more, more preferably 80 mol % or more, and still more preferably 90 mol % or
more (each inclusive of 100%) of o, linear aliphatic dicarboxylic acid having 4 to

30 20 carbon atoms.

[0017]

Examples of other diamines usable in combination with m-
xylylenediamine include an aliphatic diamine, such as tetramethylenediamine,
pentamethylenediamine, 2-methylpentanediamine, hexamethylenediamine,

35  heptamethylenediamine, octamethylenediamine, nonamethylenediamine,



to tenter the extruded film or sheet and control the size of width. [0023] The relative viscosity
referred to herein is a ratio represented by the following formula: 20Relative viscosity = (t)/(to)
wherein t is a dropping time of a solution of 1 g of polyamide (A) in 100 cc (1 dL) of 96% sulfuring acid
measured at 25 C using Cannon-Fenske viscometer, and to is a dropping time of 96% sulfuring acid

measured i ame MROMEMINNE HeREoNRIR fohmMaYfe Doluler wilhRg.addiive, Such as an

impact strength modifier, for example, various types of elastomérs, a nucleating agent, a lubricant of a
type of fattyha&idrantiaielonrereaantag: o héidrancspytheormpeiing capbrgamie ornakgasiechalogen
compound, & exXidantufor g@@tﬁs@ﬁﬁ%ﬁ@@mﬁm@%& hindered amine compound,

hydrazine compound, 30 sulfur compound, an 5 osphorus compound such as sodium
t

d
hypophosphite J5BtasnsH Py sEplbsprRe chiditin RypepHishAtaRd. MabReRiR Ky sBsReEshite, a
heat stgbilizgk(amattirsisetid@tidaggninan 2 kravidleh absebel olas:eXaprpie hgnzotriazole
compound,.a mold.relea nt, lasticizer, a colorant, flame retardant, and an alkali compound for
oreventing 1HE GBBH OF SIS BRS0BSTot A E PRI, 8 Gy QR DN or
properties afithe qpatkagmat deastipartsofcivhish cdmprisesophkyanide A), ip intproyaehbitithe irrediation

Qf light. Namexgi%géa@.ﬁg\&ﬁlgr%% hﬁg gcranisrt}(%rr%%i tq)%gaﬁléﬁn Fe%Q,d then irradia_ting the package with
light, the oxygen-barrier properties of the package 5 increases to prevent the quality of the packaged
product fro @ét’driorating by oxidation. The wavelength of light for irradiation is preferably 10 to 1000

nm, more preferably;200, 10 800;rym, and sfil.mora; prelerahly. 490,19 750 AR adgitian, dhe spectral

distribution curve of the light for irradiation preferably has a peak at'600 nm or less, for example, at

405 nm, 4362KRP5A60HS, 15785k 2nsal it ARC A5 EReX58E ARdoP g3 #nFyeoPe] acid,The

illuminance 9q the Packags sifRcs:Ie PLaissakin 400 40 R0, nose: Riskerabhad00:t@, 10000 lux,
and still more preferahly 3000 to 10000 lux. [0027] 15The temperature during the jrradiation of light is

preferably G 66°LHGE Prife byt ts Sredigne Al MBI R eteIsB SR 45 b2 qifHfitthe above
ranges, thelaxygeprirfuisaissiotkahibeecasitather idieasiyxetucrdds ews dibdeoxy gem battigbaroperties

are improved.easily by the irradiation of.light. The irradiation time may be determined according to the
reco en&@@%ﬁlgg%%ﬁg%réfmg%gﬁt KBy R o%ﬂ%@?@r‘é]d’eg é&%gc‘[ﬁ a%mfhe degree of
improving thecbxglgembari@nprodectiesorriesaaependihgaspendphkttente ntcod pelyaintidel (A andthe

package and the ilumin f light.. Ip. view of improwi oxygen:barrigr properties, the content of
payarmide (L2 B T R8BS, Tt when
another resiioig dierdephiithlpoi@hidea pirecdrienrefgselianiide 2Q) imoth® packagerss preferably
L to 50% by weighapdmone RegfesbIngiia- e hucwplot Thedy@aap dhickness oflie package is

preferably 10 to 3000 pm. The average thickness of the layér containing polyamide (A) is preferably 1
to 406Pm 6ok hadie Hrsterapliien b2 bt VRERWE Rt kage M axavrRtE duBosa S Rsdiaadd with
light with a yamelength of 10 to 1000 nm at an illuminance of 100 to 10000 lux, the oxygen

transmission after 24-h irradjation reduces preferably to 1 to. 75% and more preferably to 1 to 70% of
that before irradiation 0% uction metﬁocﬁ) of the p%lyamide (A% a1ls not par%{cu ar yylimilte?i, °

and it can be produced by a known method under known polymerization
conditions.

25 A small amount of monoamine or monocarboxylic acid may be added as a
molecular weight modifier during the polycondensation for producing the
polyamide. Polyamide (A) is produced, for example, by heating a nylon salt of
m-xylylenediamine and adipic acid in the presence of water under pressure and
allowing the polymerization to proceed in a molten state while removing the

30 water added and the water eliminated by condensation. Alternatively,
polyamide (A) can be produced by adding m-xylylenediamine directly into molten
adipic acid and allowing the polycondensation to proceed under atmospheric
pressure. In this method, the polycondensation is allowed to proceed by
continuously adding m-xylylenediamine to adipic acid so as to maintain the

35  reaction system in uniform liquid state and heating the reaction system during



35The package may be a known storage container hitherto used, such as a bag of multi-layered film,
a bag of multi-layered sheet, a multi-layered bottle, a multi-layered blown bottle, a bag of
single-layered film, and a single-layered bottle. For example, a single-layered film of polyamide (A)
practically not stretched or a multi-layered film practically not stretched having at least one 5 layer of

polyamide (4).CaRRE SAReRicvRUCHS HRETQEABRKAIRS. [t XA MBS FRAg RhARed container,
such as four-side-sealed ba%, [:1) b
e

: ' illow bags of various types, and standing pouches, caps for containers,
etc. by a knBWwHIrS dwenibn thetierionder apdwalproaideibalesn@tiavesl- 0030] 10A monoaxially or
biaxially stregejsed film of a raw multi-layered film having at least one polyamide (A) layer may be
formed into a container. Also a(fgc}ulti-layered non-stretched film may be thermo-formed in to a cup

container. Further, & Pt of o PERARRIERA Y RisIE palyer e Be oA PR i B hflit-layered
container. Thgsegtontane s nay e Ppivuerd by edaownhkbheeHuatisnsmrthad tender known

production conditions. [0031] Examples, of the resins for constituting the layey other than the polyamide
(a) Tayer of ECRERHAGENSR CHRERERT R A HERERy SO IR S dRER, ot B arE
linear low dbpsitk polyethydehed polyietopylene, 26 wtiyterevinylacttate: sopolymer, polystyrene,
polyester, SW polyethylene terephthalate, modified polyolefin, and polyamide other than
polyamide (A). These resins may be used alone or in combination of two or more. [0032] Various

products may be plaﬁqu.mbq@‘&d@ggam@md@the@ghtﬁ Eﬂbrjﬁphééetﬁéaej@fmn‘e@d.eblarious
produggs, for xampledigid, diink Jiaud-RANASYPHBBSIS $6a66N NeviPRRIE fRogh Jayidiond, fresh

noodle, boiled noodle, grain, processed food of grain, milk product, solid or liquid chemicals, liquid or
paste mediéite hessrieticsanre anrstpsriesansl io0e3) gerdmulti-layered container is preferably used
when a progiygdith high water activity is stored, when the package is exposed to high humidity during
storage, and when the package is heat-treated for sterilization, such as retorting and boiling. 35

EXAMPLES [0034]! he reipbieedsrethiention WArbE aéalap el SRy detaltuith: re¥eFence to the
examples apebeomphrativeexamplad. ddowenes fisiferdd kensted3iat thgiseaperef faa gavention is

notinpied ot folowngexamples, The on(ee 8 Yansmieson ot s peckeps (hatle and i was
to tenter the extruded film or sheet and control the size of width.

[0023]
The relative viscosity referred to herein is a ratio represented by the
following formula:

20 Relative viscosity = (t)/(to)

wherein t is a dropping time of a solution of 1 g of polyamide (A) in 100 cc
(1 dL) of 96% sulfuring acid measured at 25 °C using Cannon-Fenske viscometer,
and to 1s a dropping time of 96% sulfuring acid measured in the same manner.
[0024]

25 Polyamide (A) may be included with an additive, such as an impact
strength modifier, for example, various types of elastomers, a nucleating agent, a
lubricant of a type of fatty acid amide or metal salt of fatty acid, a copper
compound, an organic or inorganic halogen compound, an oxidant, for example,
hindered phenol compound, hindered amine compound, hydrazine compound,

30  sulfur compound, and phosphorus compound such as sodium hypophosphite,
potassium hypophosphite, calcium hypophosphite and magnesium hypophosphite,
a heat stabilizer, an anti-discoloration agent, an ultraviolet absorber, for example,
benzotriazole compound, a mold release agent, a plasticizer, a colorant, flame
retardant, and an alkali compound for preventing the gelation of polyamide resin.

35  [0025]



[0035] (1) Oxygen transmission of film Each film before or after irradiation of light was measured for its
oxygen 10 transmission (cc/m2. day atm) in an atmosphere of 60% RH (relative humidity) according
to ASTM D3985 using OX-THAN 2/21 manufactured by Modern Controls, Inc. The gas barrier
properties are better with decreasing measured value. The oxygen transmission after irradiation was

measured 24 h aftef,starting e |fradiaton, at emRSrAlUeIaSeIbGd P oR( %g% e 0xygen 15

transmission was also measured at 23 C while shieldiig the film from Tight. [0036] (2 a(Sxygen
transmissiolfafbpale Ehemissite versrespahieridgidlioisdnigrevedshn éhsursa dir iisRfgen

transmis;ionép&_/ boﬁﬂ&nf@y, Qém)gi% %@,&1{1&%@&%&%@@&85 ﬁQcﬁ@%ieatﬁﬁ botte and a
surrounding atmosEQIere of 50% RH according to ASTM D3985 using OX-THAN 2/61 manufactured by

Modern CoMifaiiaHaere Rrckarter Hid piriesthfe Beter e det ey tise Kufee Rarie Sthe
oxygerptrarigivissions atigiisradiatine wasliogasuted 4 haftar stading theriragiatiy atitemperature
described in each.example. The oxygen transmission was.also 25 measured at 23 C while shielding
tho botte MOREHE 00 S1THE TEICAY TEMEt ol AN Dokt TP ARHAL L 10Ok g source
A: Linear flunrescerdftampl (Modet -840 SnVMWdneahuiactereddiyrBahadonico Tha® spactrdindistribution
curve thereof;is. shown in 30Fig. 1... . .Light source B..High C uorescent lam odeal FL40OS
DL ma b Bk e S e
source C: Muitehhlegé (amp (W deks, NiF100LBUY, mad(factored 8oy Fatasonid the spédPal

distribygion ﬁﬁgvagheﬁ%)’fg%gk}%pdp 8 3 Light source D: Long life silica bulb (Model

LW100V54WL) manufactured by Panasonic. The spectral distribution curve thereof is shown in Fig. 4.
Each spectl[ngi@ribution curve is catalog data offered by Panasonic. [0038] 5 EXAMPLE 1 A

three-layered preforpp, £26) ghahpelyesier lay pHPRraMderlaverinalyesigpIayeiovas 1Iooiead by
injection molding using poly-m-xylylene adipamide (MXD6, MX Nylon S6007 manufactured by

Mitsubishi GXEEREMIEAEEHPER O IRRGUE s AR AT Rt P EISHAG ¥ ORI orAPRIAQ Tux.

blow-moldef027]

15 The temperature during the irradiation of light is preferably 0 to 60 °C,
more preferably 5 to 50 °C, and still more preferably 10 to 40 °C. Within the
above ranges, the oxygen transmission of the container is easily reduced, i.e., the
oxygen barrier properties are improved easily by the irradiation of light. The
irradiation time may be determined according to the recommended storage time

20  of the contents by a known storage method.

[0028]

The degree of improving the oxygen barrier properties varies depending
upon the content of polyamide (A) in the package and the illuminance of light.
In view of improving the oxygen barrier properties, the content of polyamide (A)

25  1s preferably 0.1 to 100% by weight and more preferably 1 to 100% by weight.
When another resin is blended with polyamide (A), the content of polyamide (A)
in the package is preferably 1 to 50% by weight and more preferably 2 to 10% by
weight. The average thickness of the package is preferably 10 to 3000 um. The
average thickness of the layer containing polyamide (A) is preferably 1 to 400 um

30 and more preferably 5 to 400 um. When the package mentioned above is
irradiated with light with a wavelength of 10 to 1000 nm at an illuminance of 100
to 10000 lux, the oxygen transmission after 24-h irradiation reduces preferably to
1 to 75% and more preferably to 1 to 70% of that before irradiation.

[0029]

35 The package may be a known storage container hitherto used, such as a



10 while biaxially stretching under heating, to obtain a multi-layered bottle. The polyester layers were
formed from polyethylene terephthalate (1101 manufactured by Invista) having an intrinsic viscosity of
0.80 (measured by using a mixed solvent, phenol/tetrachloroethane = 6/4 by weight, at 30 C). The
content of polyamide (A) in the multi-layered bottle was 6% by weight. The 15 average thickness of

polyester '%%Qgﬂ%ﬁ@é@?&%%@ﬁ%%%%%% %ﬁ@ﬁ@%@e@éﬂ&@t{’%@?&ﬁ&“fﬁ e hqite yas 150

am/30 am/15 THe oxygen transmission of the obtained mu ti-Iai/ered ottle measured by

shielding thexbbitiéareredgtowadottle adiatné sirgicolayeand fika redlhtlRilRyered bottle was
measured fgpthe Oxygen-20Hansmissipndnaanradiation phlightat20R)ye Aight:sauics A)- The

oxygen transmission was reduced to 0.008 cc/bottle day 0.21 atm, showing goodfas barrier

properties. TH&FReS Gty Hddarerehaim praciralliamstratahsdhm maprt 1985E e applies
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atm, showirghdoad gdis 8 bacties peaperfiescaitia measwingligrpetaturepyradi2316n Tiethodtent of
polyamide %% tfi{engnvlvllti-l%é re i%%ttclgn s 063/5 by weight. [0040] EXAMPLE 3 A
multi-layere ottle prodtlljge In the same manner as in Example 1 was 35 measured for the oxygen
transmissioW@BtHle same manner as in Example 1 except for irradiating light at 5000 lux (light source
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properties. The measuring temperature was 23 C. The content of polyamide (A) in the multi-layered
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[0031]

Examples of the resins for constituting the layer other than the
polyamide (A) layer of a multi-layered container include low density polyethylene,
high density polyethylene, linear low density polyethylene, polypropylene,

20 ethylene—vinyl acetate copolymer, polystyrene, polyester, such as polyethylene
terephthalate, modified polyolefin, and polyamide other than polyamide (A).
These resins may be used alone or in combination of two or more.

[0032]

Various products may be placed in the package and stored therein.

25  Examples thereof include various products, for example, liquid drink, liquid,
powdery or paste seasoning, paste food, liquid food, fresh noodle, boiled noodle,
grain, processed food of grain, milk product, solid or liquid chemicals, liquid or
paste medicine, cosmetics, and electronic parts.

[0033]

30 A multi-layered container is preferably used when a product with high
water activity is stored, when the package is exposed to high humidity during
storage, and when the package 1s heat-treated for sterilization, such as retorting

and boiling.

35 EXAMPLES



S6007 manufactured by Mitsubishi Gas Chemical Company, Inc.) as polyamide (A) and 95% by
weight of polyethylene terephthalate (1101 manufactured by Invista) was injection-molded into a
single-layered preform (26 g). After cooling, the preform was blow-molded while biaxially stretching
under heating, to obtain 20 a single-layered bottle. The average thickness at the barrel portion of the
bottle was ?[98314?1 The oxygen transmission of the obtained single-layered bottle measured by
shielding the bottle from light was 0.035 cc/bottle day 0.21 atm. The obtained bottle was measured
for the oxygen transhiisgispsandenvetittagistiohhst degstabodon e tighitesuresveeferenggden

transmiSSiO{h‘é’%%é%@H@aﬁQ@e@Q%%@@ﬁ&@eQ% &L ai,whowing grediaashastial prapesies. The

measuring temperature was 23 C. [0043] EXAMPLE 6 30A bottle was produced. in the same manner
as in ExampreBeeXchit 18VaBIHG I BleHA1EF 296 BY WEGRTER BSITAMRISTA) ARG 9BYEBY weight of
polyethylengrterephthalates The pxyRepdr@stission Rfiiheniained hatdeopensurgibiyshielding the
bottle from IFi{%]hL@/rv?gs 0.039 cc/bottle day 0.21 atm. The obtained bottle was measured for the oxygen
transmissioH' i 87&'same 35 manner as in Example 5 except for irradiating light at 5000 lux (light
source B) d0d33langing the measuring temperature to 10 C. The oxygen transmission was reduced to
0.015 cc/bo(tgjaggia%y e%%l arm issh(%g\{iln(gltgﬁod gas barrier properties. [0044] 5 EXAMPLE 7 A
three-layered'stre ched fifm o?hny?on 6 ayeIrI}ponamide (A) layer/nylon 6 layer was produced by using
poly-m-xylylene adiPahdelivixeliylomsaor matitdctured bgMisabistiBasc@hemitaloBpasgpany,

Inc.) 4% Polyamide, (i hhe Owlen & verm Ware Iounsd o, Y BFJWVIOR Q2R Manyiasigd)by UBE

10 Industries, Ltd. The thickness of hylon 6 layer/polyamide layer/nylon 6 layer was 5 um/5umThum.

The contenf&felyagrie M Brdvrmsaeied iR sbbamynnéghered byrNbodeygen
transmissiop & the ltainedrmyiizayerad i wed Ry ishieldingithe dim famdlightavasdd cc/m2.

day atm. 15The obtained film was set tg a jig which held the film with one surface r}éeg& exposed to

h |
the surroundiy atmdSSHEFEERIHRE SRS Rrate barg hrEaeiteaRMIgEn &R &t end
measured ferdhgaxypertradsmissicn vadgreirpadiatiapseilight ah 2008 kiaflight sodree &y dhe

o SRS SRS 56008 o S Aaeass M pone> T2
Example 7 Wasleasured for the oxygen transmission in the same manner as in Example 6 except for
(2) Oxygen transmission of bottle
Each bottle before or after irradiation of light was measured for its
oxygen transmission (cc/bottle*day+0.21 atm) in an atmosphere of 100% RH
20 1inside the bottle and a surrounding atmosphere of 50% RH according to ASTM
D3985 using OX-TRAN 2/61 manufactured by Modern Controls, Inc. The gas
barrier properties are better with decreasing measured value. The oxygen
transmission after irradiation was measured 24 h after starting the irradiation at
temperature described in each example. The oxygen transmission was also
25 measured at 23 °C while shielding the bottle from light.
[0037]
The following light sources were used in the examples.
Light source A: Linear fluorescent lamp (Model FL40S - WW)
manufactured by Panasonic. The spectral distribution curve thereof is shown in
30 Fig. 1.
Light source B: High CRI fluorescent lamp (Model FL40S +L-EDL)
manufactured by Panasonic. The spectral distribution curve thereof is shown in
Fig. 2.
Light source C: Multi halogen lamp (Model MF100 + L/BU) manufactured

35 Dby Panasonic. The spectral distribution curve thereof is shown in Fig. 3.



25 irradiating light at 7000 lux (light source A) and changing the measuring temperature to 5 C. The
oxygen transmission was reduced to 1 cc/m2. day atm, showing good gas barrier properties. [0046]
EXAMPLE 9 30The film obtained in Example 7 was measured for the oxygen transmission in the same
manner as in Example 6 except for irradiating light at 1000 lux (light source B) and changing the

measuring temperagur, ! tr {SSi wing
good gas barrier prg%éeﬁrltg%%%lg[%?;%%? E%P%gﬁ%ﬁmqygﬁﬂégﬁlﬁggge%%ﬁ@ %517981})65\%?1 prr%(;aguced

in the samebmAraErsagia ExBrepie & edepststusingniopeetsisy endihslor wolyarkie ¢onstituted by
mxylylenediamine %Q&PQ&&@&@%@&P&%%&@%MQ-iIQﬁt%‘l@é%&tQ“@ﬁ'f@F&ﬂg} Pihebariel portion of

the bottle W@S 33? um. The oxygen transmission of the obtained single-layered bottle measured by
shielding th Béttle from light was 0.011 cc/bottle day 0.21 atm. The obtained bottle was
measuped ferhe/mxygen transmission under irradiation of light at 4000 lux (light source A). The

oxygen transmission was 1Q reduced to 0.00 ccs[bo tle. day 0.21 atm, showing good gas barrier
oroperties. The med TF AN GRS WAB 33 CE A BN S T PSR BART obtamed 1
Example 1Qavas/peasuter oy dhevaxygenl hibedamns migsion i tie day e siag med gsrinkkkdmple 10
except for Inagiaine AR a0 UIN! sauee R e graan vaemission wasedluged jp 0.008
cc/bottle day B?ZTam,s owlhg good gas barrier proper%es. e %easurlng emperature was 23 C.

[0049] 20 TEblepaCoritainenslwhinaniste (W) Lightsourebizhiperateferm was blow-molded
10  while biaxially stretching under heating, to obtain a multi-layered bottle. The
polyester layers were formed from polyethylene terephthalate (1101
manufactured by Invista) having an intrinsic viscosity of 0.80 (measured by using
a mixed solvent, phenol/tetrachloroethane = 6/4 by weight, at 30 °C). The
content of polyamide (A) in the multi-layered bottle was 6% by weight. The
15 average thickness of polyester layer/polyamide layer/polyester layer at the barrel
portion of the multi-layered bottle was 150 um/30 um/150 um.
The oxygen transmission of the obtained multi-layered bottle measured
by shielding the bottle from light was 0.012 cc/bottle*day+0.21 atm
The obtained multi-layered bottle was measured for the oxygen
20  transmission under irradiation of light at 200 lux (light source A). The oxygen
transmission was reduced to 0.008 cc/bottle*day+0.21 atm, showing good gas
barrier properties. The measuring temperature was 23 °C. The results are
shown in Table 1 (the same applies below).
[0039]
25 EXAMPLE 2
A multi-layered bottle produced in the same manner as in Example 1 was
measured for the oxygen transmission in the same manner as in Example 1
except for irradiating light at 3000 lux (light source A). The oxygen
transmission was reduced to 0.005 cc/bottle*day+0.21 atm, showing good gas
30  barrier properties. The measuring temperature was 23 °C. The content of
polyamide (A) in the multi-layered bottle was 6% by weight.
[0040]
EXAMPLE 3
A multi-layered bottle produced in the same manner as in Example 1 was

35 measured for the oxygen transmission in the same manner as in Example 1

10



(C) Examples 1 MXD6 multi-layered bottle 200 A 23 2 MXD6 multi-layered bottle 3000 A 23 3 MXD6
multi-layered bottle 5000 B 23 4 MXD6 multi-layered bottle 8000 C 23 5 MXD6 blend bottle

except for irradiating light at 5000 lux (light source B). The oxygen
transmission was reduced to 0.004 cc/bottle*day+0.21 atm, showing good gas
barrier properties. The measuring temperature was 23 °C. The content of
polyamide (A) in the multi-layered bottle was 6% by weight.
5 [0041]
EXAMPLE 4
A multi-layered bottle produced in the same manner as in Example 1 was
measured for the oxygen transmission in the same manner as in Example 1
except for irradiating light at 8000 lux (light source C). The oxygen
10 transmission was reduced to 0.003 cc/bottle*day*0.21 atm, showing good gas
barrier properties. The measuring temperature was 23 °C. The content of
polyamide (A) in the multi-layered bottle was 8% by weight.
[0042]
EXAMPLE 5
15 A dry blend of 5% by weight of poly-m-xylylene adipamide (MX Nylon
S6007 manufactured by Mitsubishi Gas Chemical Company, Inc.) as polyamide
(A) and 95% by weight of polyethylene terephthalate (1101 manufactured by
Invista) was injection-molded into a single-layered preform (26 g). After cooling,
the preform was blow-molded while biaxially stretching under heating, to obtain
20 a single-layered bottle. The average thickness at the barrel portion of the bottle
was 300 um.
The oxygen transmission of the obtained single-layered bottle measured
by shielding the bottle from light was 0.035 cc/bottle*day*0.21 atm.
The obtained bottle was measured for the oxygen transmission under
25  irradiation of light at 2000 lux (light source B). The oxygen transmission was
reduced to 0.005 cc/bottle*day+0.21 atm, showing good gas barrier properties.
The measuring temperature was 23 °C.
[0043]
EXAMPLE 6
30 A bottle was produced in the same manner as in Example 5 except for
using a dry blend of 2% by weight of polyamide (A) and 98% by weight of
polyethylene terephthalate. The oxygen transmission of the obtained bottle
measured by shielding the bottle from light was 0.039 cc/bottle*day*0.21 atm.
The obtained bottle was measured for the oxygen transmission in the same

35 manner as in Example 5 except for irradiating light at 5000 lux (light source B)

11



2000 B 35 6 MXD6 blend bottle 5000 B 10 7 N6/MXD6/N6 stretched film 5000 C 40 8 N6/MXD6/N6
stretched film 7000 A 5 9 N6/MXD6/N6 stretched film 1000 B 50 10 MXD10 single-layered bottle 4000
A

and changing the measuring temperature to 10 °C. The oxygen transmission
was reduced to 0.015 cc/bottle*day+0.21 atm, showing good gas barrier
properties.
[0044]

5 EXAMPLE 7

A three-layered stretched film of nylon 6 layer/polyamide (A) layer/nylon

6 layer was produced by using poly-m-xylylene adipamide (MX Nylon S6007
manufactured by Mitsubishi Gas Chemical Company, Inc.) as polyamide (A).
The nylon 6 layers were formed from UBE Nylon 1022B manufactured by UBE

10  Industries, Ltd. The thickness of nylon 6 layer/polyamide layer/nylon 6 layer
was 5 um/5um/5pum. The content of polyamide (A) in the multi-layered film was
35% by weight.

The oxygen transmission of the obtained multi-layered film measured by
shielding the film from light was 8 cc/m2+day *atm.

15 The obtained film was set to a jig which held the film with one surface
being exposed to the surrounding atmosphere and the other surface being in
contact with nitrogen stream and measured for the oxygen transmission under
irradiation of light at 5000 lux (light source C). The oxygen transmission was
reduced to 5 cc/m2+day *atm, showing good gas barrier properties. The

20 measuring temperature was 40 °C.

[0045]
EXAMPLE 8

A film obtained in the same manner as in Example 7 was measured for
the oxygen transmission in the same manner as in Example 6 except for

25  irradiating light at 7000 lux (light source A) and changing the measuring
temperature to 5 °C. The oxygen transmission was reduced to 1 cc/m2+day*atm,
showing good gas barrier properties.

[0046]
EXAMPLE 9

30 The film obtained in Example 7 was measured for the oxygen
transmission in the same manner as in Example 6 except for irradiating light at
1000 lux (light source B) and changing the measuring temperature to 50 °C.
The oxygen transmission was reduced to 6 cc/m2-*day *atm, showing good gas
barrier properties.

35  [0047]

12



23 11 MXD10 single-layered bottle 4000 D 23 [0050] Table 1 (contd.) Oxygen
transmission* Examplesunderafter 24 h of shieldingirradiation Degree of improvement* 1 0.012 0.008
66.7 2 0.012 0.005 41.7 3 0.012 0.004 33.34

EXAMPLE 10
A single-layered bottle (27 g) was produced in the same manner as in
Example 5 except for using 10 parts by weight of polyamide constituted by m-
xylylenediamine and sebacic acid as polyamide (A). The average thickness of
5 the barrel portion of the bottle was 330 um. The oxygen transmission of the
obtained single-layered bottle measured by shielding the bottle from light was
0.011 cc/bottlecday+0.21 atm.
The obtained bottle was measured for the oxygen transmission under
irradiation of light at 4000 lux (light source A). The oxygen transmission was
10  reduced to 0.0003 cc/bottle*day*0.21 atm, showing good gas barrier properties.
The measuring temperature was 23 °C.
[0048]
EXAMPLE 11
The bottle obtained in Example 10 was measured for the oxygen
15 transmission in the same manner as in Example 10 except for irradiating light at
4000 lux (light source D). The oxygen transmission was reduced to 0.008
cc/bottle*day+0.21 atm, showing good gas barrier properties. The measuring

temperature was 23 °C.

[0049]
20
Table 1
. INluminance Light Temperature
Container

(lux) source (°C)
Examples
1 MXD6 multi-layered bottle 200 A 23
2 MXD6 multi-layered bottle 3000 A 23
3 MXD6 multi-layered bottle 5000 B 23
4 MXD6 multi-layered bottle 8000 C 23
5 MXD6 blend bottle 2000 B 35
6 MXD6 blend bottle 5000 B 10
7 N6/MXDG6/N6 stretched film 5000 C 40
8 N6/MXDG6/N6 stretched film 7000 A 5
9 N6/MXDG6/N6 stretched film 1000 B 50
10 MXD10 single-layered bottle 4000 A 23
11 MXD10 single-layered bottle 4000 D 23

13



0.012 0.003 25.0 5 0.035 0.005 14.36 0.039 0.01538.578562.5881 125986 75.0100.011
0.0003 2.7

[0050]
Table 1 (contd.)
Oxygen transmission®
Examples under after 24 h of ime(if:;Zfl £
shielding irradiation P

1 0.012 0.008 66.7
2 0.012 0.005 41.7
3 0.012 0.004 33.3
4 0.012 0.003 25.0
5 0.035 0.005 14.3
6 0.039 0.015 38.5
7 8 5 62.5
8 8 1 12.5
9 8 6 75.0
10 0.011 0.0003 2.7
11 0.011 0.008 72.7

Oxygen transmission*: cc/bottle *day*0.21 atm for bottles and cc/m?+day*atm for
films.
Degree of improvement*: (oxygen transmission after 24 h of irradiation/ oxygen
5 transmission under shielding) x 100
[0051]

As seen from examples, the oxygen transmission of the package including
polyamide (A) having a specific unit composition is reduced by the irradiation of
light as compared with that not irradiated with light, to improve the shelf

10  stability of contents.
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11 0.011 0.008 72.7 Oxygen transmission*: cc/bottle day 0.21 atm for bottles and cc/m2. day atm
for Degree of improvement*: (oxygen transmission after 24 h of irradiation/ oxygen 5 transmission
under shielding) x 100 [0051] As seen from examples, the oxygen transmission of the package
including polyamide (A) having a specific unit composition is reduced by the irradiation of light as
compared with that not irradiated with light, to improve the shelf 10stability of contents. Claims: 1. A
storage method comprising placing a product to be stored in a package, and storing the package
containing the pro%Lﬂcl'EnLénder irradiation of light, having a wavelength of 400 to 750 nm, thereby
reducing an oxyge Smission of the package, at least part of the package comprising polyamide
(A) which is obtaingd by polyragdassatiesngisikdiamine component comprising 70 mol % or more of
m-xylylenediamine,and & igaiaxYliGAG OMRONLRE GOMRISiHg ] b B g8 RIS AfPuny-linear

aliphatic dlcarboxyllr% &%ltdup&\(lm% 4 to 20 carbon atoms. ZI Th e method according to claim 1,

0 e stor
wherein: the packa?ge comprises 6%%%%5%%&”99&%@8}3 %Fy‘gfrﬁ?(?g) (763? QW’a%/%ng éeéﬁjlcﬂ%ess of the
package is 10 to 3800PPHRERTEHESYgeh franstidstorfofatd patkagdarferiaerlistiorighdight having
a wavelength of 4001yen7iBé nvatcrisibbrainreahye of Lo Bt a0 00d diatineebipsntiaatbbsobthe oxygen
transmission beforgoifraiatipmod: ke §ipEAsg e astiacerEDg ke S4a1Msnbdkr:, WheFekythe

illuminance on the pAGKARE SHITAGE S, LAY QLAY N;02id NS, HRIRGS [DSSNAAACERIANG to any of

claims 1 to 3, wherein the spectral distribution curve of the light for irradiation has a peak at 600 nm or
less. 5. The storage method according to any of claims 1 to 4, wherein the spectral distribution curve
of the light for irracfation hbg foFeakaiNebatcaiUBE A 36MIARCIB46 nm, 578 nm, 589 nm, 450 nm,
538 nm, or 583 nmheGathgestonagreanethad aeeandinggto ampylpdridEris, hiakzravbhetriekndbeopackage
comprises the polygmidekddy Withow HiRdisthobAdABSHEMBLALFRIANSY! the package after

irradiation of light having a wavelength of 400 to 750nm at an illuminance of 100 to 10000

lux for 24 h is 1 to 75% of the oxygen transmission before irradiation.

3. The storage method according to claims 1 or 2, wherein the illuminance on the

package surface is 1000 to 10000 lux.

4. The storage method according to any of claims 1 to 3, wherein the spectral

distribution curve of the light for irradiation has a peak at 600 nm or less.

5. The storage method according to any of claims 1 to 4, wherein the spectral
distribution curve of the light for irradiation has a peak at least at 405 nm, 436 nm, 546
nm, 578 nm, 589 nm, 450 nm, 538 nm, or 583 nm.

6. The storage method according to any of claims 1 to 5, wherein the package

comprises the polyamide (A), without the use of a transition metal catalyst.
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