DESCRI PTI ON
GAS- BARRI ER PLASTI C MOLDED PRODUCT AND MANUFACTURI NG PROCESS
THEREFOR

Technical Field
[ 0001]
The present invention relates to a gas barrier plastic

nol ded product and a process for producing the sane.

Background Art
[ 0002]

As a conventional technology for formng a thin film
havi ng gas barrier properties (hereinafter, also referred to
as agas barrier thinfilm, aplasm chem cal vapor deposition
(CVD) nethod is avail abl e (see, for exanple, Patent Literature
1). Patent Literature 1 discloses anethod of | am nati ng a gas
barrier thin fil mwhich contai ns an i norgani c oxide as a main
conponent, on the inner surface of a plastic container using
an organosilicon conpound as a raw material. However, the
method for formng athin filmby a plasma CVD nethod i s such
that at thetime of thinfilmformation, pl asma damages the film
surface, so that conpactness of the filmis prone to danage,
and may becone an obstacl e t o an enhancenent of t he gas barrier
properties, or to securenment of the adhesiveness of the thin
film Furthernore, since a plasma CVD nmethod ionizes a raw
mat eri al gas by deconposing the raw material gas wi th pl asma,

and causes i ons t hat have been accel erated by an el ectric field



to collide with the surface of a plastic container to forma
thin filmthereon, the nmethod essentially requires a high
frequency power supply and a high frequency el ectric power
adj usti ng apparatus, andthereis a probl emthat al arge anount
of noney is required for the equi pnment cost.

[ 0003]

In order to solve this problem the Applicant of the
present invention has di scl osed a technol ogy for form ng a gas
barrier thinfilmon the surface of a plastic container using
a met hod of deconposing a raw materi al gas by bringing the raw
material gas into contact with a heating el enent that has been
caused to generate heat, and depositing the chem cal species
t hus produced as athinfil monabasemterial directly or after
a reaction process in a gas phase, that is, a CvD net hod whi ch
is also called a heating el enent CVD net hod, a Cat- CVvD net hod
or a hot wire CVD nethod (hereinafter, in the present
specification, referredtoas aheatingel enent C/VDnet hod) (see,
for exanple, Patent Literature 2 or 3). Patent Literature 2
di scl oses a technol ogy of formng an AIQ  thin filmor a Si G
thin filmas an oxide thin filmby using a mxed gas with a
non- pyrophoric raw material and ozone as a raw materi al gas.
Patent Literature 3 suggests a technology related to a heating
el ement CVD et hod by whi ch, for exanpl e, a hydrogen-cont ai ni ng
SiN¢ thin film a hydrogen-containing DLC thin film a
hydrogen-containing SiQ  thin film or a hydrogen-contai ning
SiCGN, thin filmcan be fornmed by conbi ni ng plural gases as raw

mat eri al gases.



[ 0004]

As a nethod for formng a gas barrier thin film in
addition to those, a technology for formng a SiN (silicon
nitride) or SiON (silicon oxynitride) thin filmby a heating
el ement CVD et hod on t he surface of a base material fornedfrom
a thernoplastic resin, using a nitrogen-containing gas and a
sil ane-based gas as rawmat eri al gases, has been di scl osed (see
for exanple, Patent Literature 4). Furthernore, as a nethod
for formng, not a gas barrier thin film but a thin filmby
usi ng a heating el ement CVD net hod, for exanple, a technol ogy
for forming a thin filmof a chem cal species that has been
generated by bringing a raw material gas into contact with a
heati ng el enent that i s heatedto 800°Cto 2000°C, on a substrate
that is heated to 150°C to 400°C by a thernmal CVD nethod, has
been di scl osed (see, for exanple, Patent Literature5). Patent
Literature 5 di scl oses a nmet hod of depositingathinfilmusing
a gas obtained by mxing plural gases. Furthernore, a
t echnol ogy for enhanci ng gas barrier properties by means of a
SICNfilm using a silazane-based raw materi al gas, has been

di scl osed (see, for exanple Patent Literature 7).
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Techni cal Probl em

[ 0006]

However, the conventional heating el enent CVD net hods
have been nethods of using a m xed gas prepared by conbining
two or nore kinds of gases in accordance with the constituent
el enents of theintendedthinfilm as arawmaterial gas. In
t hi s net hod, control of the supply anounts of the vari ous gases
isconplicated, andit has beendifficult toobtainathinfilm
havi ng hi gh gas barrier properties in a stable manner. Al so,
t here have been occasions i n whi ch chem cal species different
fromthe i ntended chem cal species are produced, so that there
arelimtationsontheenhancenent of the gas barrier properties.
Furthernore, according to the investigation of the inventors
of the present invention, even if thin filnms have the sane
constituent el enents, thethinfil s donot necessarily exhibit
t he sane gas barrier properties, and the gas barrier properties
of athinfil mdepends on the state of bondi ng bet ween el enents
inthe thin filmthat has been deposited, or on the state of
porosityinthethinfilm Heretofore, atechnol ogyfor formng
a thin filmhaving high gas barrier properties using a single

ki nd of rawmateri al gas has not been di scl osed. Furthernore,



i nvestigations on the kind of heating el enent that is capable
of sel ectivelydepositingathinfil mhavinganintendedbondi ng
state for the purpose of further enhancing the gas barrier
properties, have not been much conducted. For exanple, the
inventors of the present invention have conducted a test
assiduously, and they found that in regard to the technol ogy
described in Patent Literature 7, in order to enhance the gas
barrier properties, it is necessary to heat the substrate to
a high tenmperature, and enhancing the gas barrier properties
of a PET substrate cannot be realized because PET substrates
have insufficient heat resistance.

[ 0007]

Thus, it is an object of the present invention is to
provide a gas barrier plastic nolded product having hi gh gas
barrier properties. Al so, a second object of the present
inventionisto provide anmethod for producing a pl astic nol ded
product having a gas barrier thin film which can be carried
out using asinglekindof rawmaterial gas that is highly safe,
and usi ng a production apparatus that does not require highly
expensi ve machi nery.

Sol ution to Problem
[ 0008]

The gas barrier plastic nolded product according to the
present invention is a gas barrier plastic nolded product
conpri sing a pl astic nol ded product and a gas barrier thinfilm
provi ded on t he surface of the plastic nol ded product, in which

the gas barrier thin filmcontains silicon (Si), carbon (O



oxygen (O and hydrogen (H) as constituent elenents, and
conpri ses a Si-containinglayer having a Si content percentage
represented by (Mathematical Formula 1) of 40.1% or nore:

(Mat hermatical Fornmula 1)

Si content percentage [Y49 = {(Si content [atomic%) /
(total content of Si, Oand C[atomc%)} x 100
wherein in Mathematical Fornula 1, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,
O and C.
[ 0009]

In the gas barrier plastic nolded product according to
t he present invention, the Ccontent percentage represent ed by
(Mathematical Forrmula 2) in the Si-containing |ayer is
preferably 22.8%to 45. 5%

(Mat hermati cal Fornula 2)

Ccontent percentage[% ={(Ccontent [atom c%) / (total
content of Si, Oand C [atomic%)} x 100
wherein in Mat hematical Fornula 2, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,
O and C.
[ 0010]

In the gas barrier plastic nolded product according to
t he present invention, the Ocontent percentage represent ed by
(Mathematical Forrmula 3) in the Si-containing |ayer is
preferably 2.0%to 35.8%

(Mat hermati cal Fornmula 3)

Ocontent percentage [ ={(Ocontent [atom c%) / (total



content of Si, Oand C [atomic%)} x 100

wherein in Mat hematical Fornula 3, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,
O and C.

[ 0011]

In the gas barrier plastic nolded product according to
t he present invention, the hydrogen content percentage in the
Si-containing layer is preferably 21 atomc%to 46 atom c%
[0012]

In the gas barrier plastic nolded product according to
t he present invention, the density of thegas barrier thinfilm
is preferably 1.30 g/cn? to 1.47 g/cnt.

[0013]

In the gas barrier plastic nolded product according to
the present invention, it is preferable that when the
Si-containing layer is subjected to an X-ray photoel ectron
spectroscopi c anal ysis (hereinafter, alsoreferredto as an XPS
anal ysis) under condition (1), the spectrumcontai ns a region
where a mai n peak i s observed, at the peak appearance position
of the bonding energy between Si and Si:

Condition (1): The neasurenent range is set to 95 eV to
105 eV.

A gas barrier thin film having superior gas barrier
properties can be obtai ned.

[ 0014]
In the gas barrier plastic nolded product according to

the present invention, it is preferable that when the



Si-containing layer is subjected to an X-ray photoel ectron

spect roscopi ¢ anal ysi s under condition (2), nopeakis observed
at the peak appearance position of the bondi ng energy between
Si and Si:

Condition (2): The nmeasurenent range is set to 120 eVto
150 eV.

It can be verified that a Si-H bond is present in the
Si - contai ning | ayer
[ 0015]

In the gas barrier plastic nolded product according to
t he present invention, it is preferable that the gas barrier
thin filmis forned by a heating el enent CVD net hod.

[ 0016]

In the gas barrier plastic nolded product according to
t he present invention, the filmthickness of the gas barrier
thinfilmis preferably 5nmor larger. Agas barrier thinfilm
havi ng superior gas barrier properties can be obtai ned.
[0017]

The gas barrier plastic nolded product according to the
present invention includes an enbodi ment i n which the plastic
nol ded product is a container, a film or a sheet.

[ 0018]

The nethod for producing a gas barrier plastic nol ded
product according to the present invention is a nmethod for
producing a gas barrier plastic nolded product, the nethod
conprisingafilmform ng process of form ng agas barrier thin

fil mby bringing arawmaterial gas into contact with a heating



el enent that has generated heat, deconposi ng the raw materi al
gas to produce a chem cal species, and causing the chem cal
speciestoarrive at the surface of the pl astic nol ded product,
wher ei n an or ganosi | ane- based conpound represented by formul a
(Chem cal Fornmulal) isusedastherawnmaterial gas, amateri al
cont ai ni ng one or two or nore netal el enents selected fromthe
group consisting of Mo, W Zr, Ta, V, Nb and Hf is used as the
heating el ement, and the heat generation tenperature of the
heating elenment is set to 1550°C to 2400°C.

(Chemical Formula 1)

HsSi - Cn- X
wherein in Chemcal Forrmula 1, n represents 2 or 3; and X
represents SiH;, H, or NH
[ 0019]

In the nmet hod for producing a gas barrier plastic nol ded
product according to the present invention, the
or ganosi | ane- based conmpound represented by the formul a
(Chemical Fornula 1) is preferably vinylsilane, disilabutane,
di silylacetyl ene, or 2-am noethylsilane. A thin filmhaving
superior gas barrier properties can be forned efficiently.

[ 0020]

In the nmet hod for producing a gas barrier plastic nol ded
product according to the present invention, it is preferable
t hat as the heating el enent, tantalumnetal, a tantal umbased
all oy, or tantalumcarbide is used; tungsten netal, a
t ungst en- based al | oy, or tungsten carbide is used; nol ybdenum

nmet al , a nol ybdenum based al | oy, or nol ybdenumcar bi de i s used;
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or hafniumnetal, a hafnium based al |l oy, or hafniumcarbideis
used. Since these materials have high catalytic activity, the
raw material gas can be nore efficiently deconposed. Al so,
chem cal species can be efficiently produced, and athin film
havi ng high gas barrier properties can be forned.
Advant ageous Effects of Invention
[ 0021]

The present inventionisto provide agas barrier plastic
nol ded product having high gas barrier properties. Also, a
second obj ect of the present inventionis to provide a nethod
for producing a pl asti c nol ded product including a gas barrier
thinfilm which can be carried out using a single kind of raw
material gas that is highly safe, and using a production

appar at us whi ch does not require highly expensive machinery.

Brief Description of Draw ngs
[0022]

Fig. 1is across-sectional viewillustrating the basic
configurationof agas barrier plastic nolded product accordi ng
to the present enbodi nment.

Fig. 2is aschematic diagramillustrating an enbodi nment
of the filmform ng apparatus.

Fig. 3 is a diagram show ng the peaks observed in the
spect rum obt ai ned by an XPS anal ysis of the thin fil msurface
of Exanpl e 1 under the condition (1), while the peaks have been
separated fromthe spectrum by a waveform anal ysi s.

Fig. 4 is a diagramshow ng t he spectrum obt ai ned by an
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XPS anal ysis of the thin filmsurface of Exanple 1 under the
condition (2).

Fig. 5 is a diagram show ng the peaks observed in the
spectrum obt ai ned by an XPS anal ysis of the thin fil msurface
of Exanpl e 4 under the condition (1), while the peaks have been
separated fromthe spectrum by a waveform anal ysi s.

Fig. 6 is a diagram show ng the peaks observed in the
spectrumobt ai ned by an XPS anal ysis of the thin fil msurface
of Conparative Exanple 2 under the condition (1), while the
peaks have been separated fromthe spectrum by a waveform
anal ysi s.

Fig. 7is adiagramin which filmformation exhibits the
first and 100'" BIF values in a test for confirmng a process

for regenerating a heating el enent.

Descri ption of Enbodi nents
[ 0023]

Next, the present invention will be described in detai
by way of enbodi ments, but the present invention is not
construedtobelimted to these descriptions. Solong as the
effects of the present invention are provided, various
nodi fications of the enbodi mrents may be mmade.

[ 0024]

Fig. 1is across-sectional viewillustrating the basic
configurationof agas barrier plastic nol ded product accordi ng
to the present enbodinment. The gas barrier plastic nol ded

product according to the present enbodinent is a gas barrier
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pl astic nol ded product 90 including a plastic nol ded product
91 and a gas barrier thin film92 provided on the surface of
t he plastic nolded product 91, in which the gas barrier thin
film92 contains silicon (Si), carbon (C, oxygen (O and
hydrogen (H) as constituent elenents, and includes a

Si -contai ning | ayer having a Si cont ent percentage represent ed
by (Mathematical Formula 1) of 40.1% or nore:

(Mat hermatical Fornula 1)

Si content percentage [Y49 = {(Si content [atomic%) /
(total content of Si, Oand C[atomic%)} x 100
wherein in Mathematical Fornmula 1, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,
O and C.

[ 0025]

Exanpl es of theresinthat constitutesthe plastic nol ded
product 91 include a pol yethyl ene terephthal ate resin (PET),
a pol ybut yl ene t erepht hal at e resi n, a pol yet hyl ene napht hal ate
resin, a polyethylene resin, a polypropylene resin (PP), a
cycl ool efin copol ymer resin (COC, cyclic ol efincopolyner), an
i onomer resin, a poly-4-nethyl pentene-1 resin, a pol ynethyl
nmet hacryl ate resin, a polystyrene resin, an ethyl ene-vinyl
al cohol copolyner resin, an acrylonitrile resin, a polyvinyl
chloride resin, a polyvinylidene chloride resin, a polyam de
resin, a polyam deim de resin, a polyacetal resin, a
pol ycarbonate resin, a polysulfone resin, a
tetrafl uoroethylene resin, an acrylonitrile-styrene resin,

and an acrylonitrile-butadi ene-styrene resin. These can be
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used as a single |layer of one kind, or as a |l am nate of two or
nore ki nds; however, in view of productivity, a single |ayer
is preferred. Also, the kind of theresinis nore preferably
PET.
[ 0026]

The gas barrier plastic nolded product 90 according to
t he present enbodi nent includes an enbodi nent in which the
pl astic nol ded product 91 is a container, a film or a sheet.
The shape can be appropriately set in accordance with the
pur pose and use, andisnot particularlylimted. Thecontainer
i ncludes a contai ner used after being covered with a lid,
st oppered or seal ed, or acontainer that i susedinanopenstate
wi t hout usi ng those coverings. The size of the opening can be
appropriately set inaccordance with the content. The plastic
contai ner includes a plastic container having appropriate
rigidity and a predeterm nedthickness, and a pl asti c cont ai ner
f or med usi ng a sheet mat eri al whi ch does not haverigidity. The
present inventionis not intendedtothelimtedto the nmethod
for producing a container. Exanples of the content include
bever ages such as wat er, tea beverages, soft drinks, carbonat ed
beverages, and fruit juice beverages; and foods i n t he formof
aliquid, aviscous material, apowder or asolid. Furthernore,
t he cont ai ner may be any of areturnabl e contai ner, or aone-way
container. Thefilmor sheet includesal ongsheet-I1ike object
and a cut sheet. |t does not matter whether the fil mor sheet
is astretched product or an unstretched product. The present

invention is not intended to be limted to the nethod for
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produci ng the plastic nol ded product 91.
[0027]

The thickness of the plastic nolded product 91 can be
appropriately set in accordance with the purpose and use, and
is not particularly limted. Wen the plastic nolded product
91is, for exanple, acontainer such as a bottl e for beverages,
t he t hi ckness of the bottle is preferably 50 pymto 500 pm and
nor e preferably 100 umt o 350 yum  Furt hernore, whenthe plastic
nol ded product is a fil mwhich constitutes a nultiwall paper
sack, the thickness of the filmis preferably 3 pumto 300 um
and nore preferably 10 ymto 100 um Inthe case of a substrate
for afl at panel di spl ay such as an el ectroni c paper or anorganic
EL, the thickness of the filmis preferably 25 pmto 200 um
and nore preferably 50 umto 100 um |In the case of a sheet
for form ng a container, the thickness of the sheet is
preferably 50 uymto 500 um and nore preferably 100 pmto 350
pm Al so, when the plastic nol ded product 91 i s a contai ner,
the gas barrier thinfilm92 is provided on any one side or on
bot h si des of theinner wall surface and the outer wal |l surface.
Furthernore, when the plastic nolded product 91is afilm the
gas barrier thin film92 is provided on one surface or on both
sur f aces.

[ 0028]

The gas barrier thinfilm92 containssilicon(Si), carbon
(©, oxygen (O and hydrogen (H) as constituent el enents, and
i ncludes a Si-containing | ayer having a Si content percentage

represented by (Mat hemati cal Fornula 1) of 40.1%or nore. The
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Si content percentage of the Si-containing |ayer is nore
preferably 40. 7% or nore. The upper Iimt of the Si content
per cent age of the Si-containinglayer ispreferablyset to57.7%
and nore preferably 55.7% |f the Si content percentage of the
Si-containing layer is less than 40.1% the gas barrier
properties may be unsatisfactory. The gas barrier thin film
92issuchthat aslongasthethinfilmincludes aSi-containing
| ayer having a Si content percentage of 40.1%or nore, thethin
filmmy al so have another | ayer such as a | ow Si - contai ni ng
| ayer, as an upper |ayer or alower |ayer of the Si-containing
| ayer, or on both sides. Also, theentirety of the gas barrier
thin film92 may be the Si-containing | ayer.
[ 0029]

In the gas barrier plastic nolded product according to
t he present enbodi nent, the C content percentage represented
by (Mathermatical Fornmula 2) in the Si-containing |ayer is
preferably 22. 8%to 45.5% and nore preferably 24. 8%to 45. 4%

(Mat hemati cal Fornula 2)

Ccontent percentage[% ={(Ccontent [atom c%) / (tota
content of Si, Oand C [atomic%)} x 100
wherein in Mat hematical Fornmula 2, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,
O and C.
[ 0030]

In the gas barrier plastic nolded product according to
t he present enbodi nent, the O content percentage represented

by (Mathermatical Fornmula 3) in the Si-containing |ayer is
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preferably 2.0%to 35.8% and nore preferably 6.0%to 33. 8%

(Mat hemati cal Fornmula 3)

Ocontent percentage [% ={(Ocontent [atom c%) / (total
content of Si, Oand C [atomic%)} x 100
wherein in Mat hematical Fornmula 3, the content of Si, Oor C
is acontent thereof inthe itens of the three el enents of Si,
O and C.

[ 0031]

The Si content percentage, the C content percentage, or
the O content percentage can be neasured by, for exanple,
subj ecting the gas barrier thin film92 to an XPS anal ysis.
[ 0032]

In the gas barrier plastic nolded product according to
t he present enbodi nent, the hydrogen content percentage inthe
Si -containinglayer ispreferably 21 atom c%t o 46 at om c%(at. %
aton?), and nore preferably 25 at.%to 42 at. % The hydrogen
cont ent per cent age can be neasur ed by Rut herf ord backscattering
spectrometry (hereinafter, referred to as RBS anal ysis). By
adj usting the hydrogen content rel atively | arger, deformation
of the plastic substrate can be easily conplied with. On the
contrary, if the hydrogen content i s suppressedto alowlevel,
becausethefil mtextureis hardened, crackingis pronetooccur
noti ceably at thetime of deformation of the pl astic substrate.
Furthernore, the silicon content percentage of the gas barrier
thin fil mobtainabl e by an RBS anal ysis is preferably 20 at. %
to 38 at.% and nore preferably 22 at.%to 36 at. % The carbon

content percentage of the gas barrier thin fil mobtainable by
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an RBS analysis is preferably 15 at.%to 25.% and nore
preferably 18 at.%to 22 at.% The oxygen content percentage
of the gas barrier thin fil mobtainable by an RBS analysis is
preferably 12 at.%to 26 at.% and nore preferably 15 at. %to
21 at.% Meanwhile, the gas barrier thin film92 may al so
containother elements inadditionto Si, C, Oand H Exanpl es
of the other el enents include netal el enents originating from
heating el ements, such as Mo (nol ybdenum), and N (nitrogen).
[ 0033]

In the gas barrier plastic nolded product according to
t he present enbodi ment, the density of thegas barrier thinfilm
is preferably 1.30 g/cn? to 1.47 g/cn?, nore preferably 1.33
g/cnt to 1.46 g/cn?, and particularly preferably 1.35 g/n? to
1. 40 g/ .
[ 0034]

In the gas barrier plastic nolded product according to
t he present enbodinment, it is preferable that when the
Si-containing layer is subjected to an XPS anal ysi s under
condition (1), the spectrumcontai ns aregi on where a nai n peak
is observed at the peak appearance position of the bonding
energy between Si and Si (hereinafter, the peak observed at the
peak appear ance position of the bondi ng energy between Si and
Si may also be referred to as an Si peak).

Condition (1): The neasurenent range is set to 95 eV to
105 eV.
[ 0035]

When an XPS anal ysis is carried out under the condition



18

(1), a main peak is observed at the peak appearance position
of the bonding energy between Si and Si. Here, according to
t he present specification, the main peak nmeans a peak having
t he highest intensity anong the peaks observed after peak
separati on under the condition (1). The bondi ng state assuned
fromthe peak appearing at the peak appear ance position of the
bondi ng energy between Si and Si is a Si-Si bond or a Si-Hbond.
Inthe present enbodiment, it is preferablethat the nmaj or bond
of the Si peak be a Si-H bond. Exanples of the formof bond
in the conmpound contained in the gas barrier thin film92 in
additiontothe Si-Si bond or the Si-Hbond i ncl ude a Si - C bond,
a Si-Obond, a GHbond, a CGCbond, a CGObond, a Si -0 C bond,
a GO C bond, and an O C O bond.

[ 0036]

In the gas barrier plastic nolded product according to
t he present enbodinment, it is preferable that when the
Si-containing layer is subjected to an XPS anal ysi s under
condition (2), no peak is observed at the peak appearance
posi tion of the bonding energy between Si and Si.

Condition (2): The measurenent range is set to 120 eVto
150 eV.

VWi ch of the Si-Si bond and the Si-Hbond in the Si peak
preponder ates over the other can be checked by perform ng an
XPS anal ysi s under the condition (1) and condition (2). That
i s, under condition (1), apeakis present at t he peak appear ance
posi tion of the bonding energy between Si and Si, and under

condition (2), thereis no peak at t he peak appearance position
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of the bonding energy between Si and Si. Therefore, it can be
confirmed that the Si peak indicates the Si-Hbond. Thereby,
the Barrier |nprovenent Factor (hereinafter, referred to as
BIF) that is determ ned by (Mthematical Fornula 4) can be

adjusted to 6 or greater.

(Mat hermati cal Fornmul a 4)

BIF = [ Oxygen perneability of plastic nol ded product
without a thinfilmformed thereon] / [oxygen perneability of
gas barrier plastic nolded product]

[0037]

According to the investigation of the inventors of the
present invention, it is preferable, inorder to exhibit higher
gas barrier properties, that the gas barrier thinfilm92 have
a gradi ent conpositionin whichthe bond between Si and H(Si -H
bond) i s unevenly distributed, at the surface of thethinfilm
The i ssue of whet her the gas barrier thinfilm92 has a gradi ent
conposi tion can be checked by perform ng argon ion etching in
t he XPS anal ysis under the condition (1). According to the
analysis results, at the surface of the gas barrier thin film
92, the Si peak is a mai n peak, and as the anal ysi s progresses
toward t he pl asti c nol ded product, the main peak is shiftedto
t he hi gher bondi ng energy side. Thereby, it is specul atedt hat
al t hough there are many Si-H bonds at the surface, as the
anal ysi s progresses toward t he direction of the plastic nol ded
product, the conposition changes gradually fromS Cto SiOC
havi ng nore car bon t han oxygen, and to Si OC havi ng nor e oxygen

t han carbon, and Si Ox i s obtai ned at theinterface of theplastic
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nol ded product. The reason for having such a gradient
conmposition is not clearly understood. However, it is
specul ated that at the interface of the plastic nol ded product
during the filmform ng process, SiO based conmpounds such as
Si Q; or Si Ox ar e deposi ted under t he ef f ect of oxygen ori gi nati ng
fromthe plastic nol ded product, but fromthe area 5 nm away
fromtheinterface of the plastic nol ded product, theinfluence
of the pl astic nol ded product decreases, t he content percent age
of O decreases, and the conmpounds that are deposited becone
Si C-based compound as in the case of converting fromSi OCto
SiC, sothat the surface of thethin filmconmes to contain many
Si - H bonds.

[ 0038]

In the gas barrier plastic nolded product 90 accordi ng
tothe present enbodi ment, the fil mthi ckness of the gas barrier
thinfilm92is preferably 5 nmor |arger, and nore preferably
10 nmor larger. |If the filmthickness is less than 5 nm the
gas barrier properties may be unsati sfactory. Furthernore,
the upper Iimt of the filmthickness of the gas barrier thin
film92 is preferably set to 200 nm and nore preferably 100
nm |If the filmthickness of the gas barrier thin film92 is
| arger t han 200 nm crackingi s pronetooccur duetotheinternal
stress.

[ 0039]

In the gas barrier plastic nolded product 90 accordi ng

tothe present enbodi ment, it is preferablethat thegas barrier

thin film92 is formed by a heating el ement CVD nethod. The
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heati ng el ement CvDnet hodi s anethodof bringingarawnateri al
gas i nto contact with a heating el enent t hat has gener at ed heat
as aresult of electrification and heating in avacuumchanber
t o deconpose the rawmateri al gas, and depositing the chem cal
speci es thus producedas athinfil monabasematerial directly
or after a reaction process in a gas phase. It may vary
dependi ng on t he sof t eni ng t enperat ure of the heating el enent,
but the heating element is generally caused to generate heat
at 200°Cto 2200°C. However, as spaces are | eft between t he base
mat eri al and the heating el ement, the tenperature of the base
mat eri al can be nmai ntained at a | owtenperature of fromnornal
t enper at ure t o about 200°C, andathinfil mcan be fornedw t hout
damagi ngabasematerial that islabiletoheat, suchasaplastic.
Furt hernore, as conpared with ot her chem cal vapor deposition
met hods such as pl asma CVD, or physical vapor deposition (PVD)
met hods such as a vacuumdeposi ti on net hod, a sputtering nmet hod,
and an i on pl ati ng met hod, a sinpl er apparatus i s used, and the
cost of the apparatus itself can be suppressed to alowl evel.
Inthe heating el ement CVDnet hod, sinceagas barrier thinfilm
is formed by deposition of a chem cal species, a conpact film
havi ng a hi gh apparent density can be obt ai ned as conpared with
wet met hods.
[ 0040]

Next, a filmform ng apparatus which is capabl e of
formngagasbarrierthinfilmonthesurfaceof aplastic nol ded
product will be explained. Fig. 2 is a schematic diagram

illustrating an enbodi nent of thefilmform ng apparatus. Fig.
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2 shows an apparatus which uses a plastic container 11 as a
pl astic nol ded product 91, and fornms a gas barrier thin film
92 on the inner surface of a plastic container 11.

[ 0041]

The apparatus 100 for producing a gas barrier plastic
container illustratedinFig. 2includes avacuumchanber 6t hat
accommodat es a pl asti c contai ner 11 as a pl asti ¢ nol ded pr oduct
91; an exhaust punp (not illustratedinthe diagram that draws
a vacuumi n t he vacuumchanber 6; arawmaterial gas supply pipe
23that isformedfromaninsul ati ng and heat resi stant materi al,
which is disposed to be insertable and renovable fromthe
interior of the plasticcontainer 11 and suppliesarawmateri al
gas into the interior of the plastic container 11; a heating
el enent 18 supported by the raw material gas supply pipe 23;
and a heater power supply 20 that generates heat by passing
electricity through the heating el ement 18.

[ 0042]

The vacuum chanber 6 has forned therein a space for
accommodati ng the plastic container 11, and the space serves
as a reaction chanmber 12 for thin filmformation. The vacuum
chanber 6 i s conposed of al ower chanber 13; and an upper chanber
15that i s nountedto be attachabl e and det achabl e f romt he upper
part of this |ower chanber 13 andis configuredtotightly seal
the interior of the | ower chanber 13 with an Oring 14. The
upper chanber 15 includes a vertically driving nmechani smt hat
isnot illustrated inthe diagram and this nmechani smnoves up

and down along with the carry-in and carry-out of the plastic
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container 11. The internal space of the | ower chanber 13 is
formedto be slightlylarger thanthe outer shape of the pl astic
container 11 that is acconmmopdated therein.

[ 0043]

The interior of the vacuumchanber 6, particularly the
interior of the | ower chanber 13, is preferably such that in
order to prevent reflection of the |light radi ated upon heat
generation of the heating el enent 18, theinner surface 28 fornms
a bl ack i nner wal I, or theinner surface has surface asperities
with a surface roughness (Rmax) of 0.5 pumor greater. The
surface roughness (Rmax) is nmeasured using, for exanple, a
surface roughness neter (manufactured by U vac Techno, Ltd.;
DEKTAX3). In order to nmake the i nner surface 28 into a bl ack
inner wall, a plating treatnent such as bl ack nickel plating
or black chrom umplating; a chem cal coating filmtreatnent
such as Raydent/ bl ack oxi de finish; or a nethod of col ori ng by
applying a bl ack coating material may be used. Furthernore,
it ispreferableto provide acoolingunit 29 such as a cooling
pi pe t hrough whi ch cool i ngwater fl ows, intheinsideor outside
of the vacuumchanber 6, and to t hereby prevent a tenperature
rise in the | ower chamber 13. |In the vacuum chanber 6,
particularly the | ower chanber 13 i s targeted because when t he
heating element 18 is inserted into the plastic container 11,
the heating element 18 is in a state of being exactly fitted
inthe internal space of the | ower chanber 13. By preventing
refl ectionof |ight and perform ngcoolingof thevacuumchanber

6, atenperatureriseintheplastic container 11 and subsequent
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t hermal deformation can be suppressed. Furthernore, when a
chanber 30 fornmed froma transparent body through which the
radi ationlight generated fromthe el ectrified heating el ement
18 can pass, for exanpl e, a chanber made of gl ass, i s di sposed
i nsi de the | ower chanber 13, since the tenperature of the gl ass
chanber that is in contact wth the plastic container 11 does
not rise easily, the thermal effect exerted to the plastic
contai ner 11 can be further reduced.

[ 0044]

The raw material gas supply pipe 23 is supported to be
suspended downward at the center of the inner ceiling surface
of the upper chanmber 15. In the raw material gas supply pipe
23, arawmaterial gas 33 is allowed to flowin via flowrate
regul ators 24a and 24b, and val ves 25a to 25c. |In regard to
t he supply of the raw material gas 33, when the starting raw
material isaliquid, the mterial can be suppli ed by a bubbling
method. That is, a bubbling gas is supplied to the starting
raw mat eri al 41a accommodated in a rawmaterial tank 40a while
the flowrate is controlled by a flowrate regul ator 24a, and
a vapor of the starting raw material 4la is generated and
supplied as the raw materi al gas 33.

[ 0045]

It is preferable that the raw material gas supply pipe
23 has a cooling pipe and be formed in an integrated form An
exanpl e of the structure of such arawmaterial gas supply pipe
23 may be a doubl e pi pe structure. Inregardtotherawmateri al

gas suppl y pi pe 23, theinner pipeline of the doubl e pi pe serves
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as a raw material gas flow channel 17, and one end thereof is
connected to a gas supply port 16 provided i n the upper chanber
15, while the other end serves as a gas outlet port 17x. It
isset upsuchthat therawmaterial gasisthereby bl own through
t he gas outlet port 17x at thetip of the rawmaterial gas fl ow
channel 17 that is connected to the gas supply port 16. Onthe
ot her hand, the outer pipeline of the double pipeis a cooling
wat er fl ow channel 27 for cooling the raw material gas supply
pi pe 23, and plays the role as a cooling pipe. Al so, when the
heating elenent 18 is electrified and generates heat, the
tenperature of the rawmaterial gas fl owchannel 17 rises. In
order to prevent this, coolingwater iscirculatingthroughthe
cooling water flow channel 27. That is, at one end of the
cooling water fl owchannel 27, cooling water is supplied from
a cooling water supply unit, which is not illustrated in the
di agram connectedtothe upper chanber 15, and at the saneti ne,
t he cool i ng water that has acconplished coolingis returnedto
t he cooling water supply unit. On the other hand, the other
end of the coolingwater fl owchannel 27issealedinthevicinity
of the gas outl et port 17x, and the cooling water i s turned back
and returned here. The cooling water fl owchannel 27 cool s the
entirety of the raw material gas supply pipe 23. Through
cooling, the thermal effect exerted on the plastic container
11 can bereduced. Therefore, themterial for therawmateri al
gas supply pipe 23 is desirably an insul at or havi ng hi gh heat
conductivity. For exanple, the raw material gas supply pipe

is preferably a ceram c pi pe forned froma materi al contai ning
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alum numnitride, siliconcarbide, siliconnitride, or al um num
oxi de as a mai n conponent; or a netal pipe having the surface
coated with a material containing alumnumnitride, silicon
carbide, siliconnitride or al um numoxi de as a mai n conponent .
Such a material enables the heating element to be stably
electrified, has durability, and can efficiently exhaust the
heat generated at the heating el enent through thernal
conducti on.
[ 0046]

According to another formthat is not illustratedin the
di agram the raw material gas supply pipe 23 may al so have a
configurationas follows. That is, therawmaterial gas supply
pi pe i s made i nto a doubl e pi pe, and the outer pipelineis used
as a raw material gas flow channel. Holes, and preferably a
pl ural nunber of holes, are bored in the side wall of the outer
pi pe. On the other hand, the inner pipe of the doubl e pipe of
the rawmateri al gas supply pipeis formedw th a conpact pi pe,
and cooling water is allowed to fl owtherethrough as a cool i ng
wat er fl owchannel . The heatingelenment iswredal ongtheside
wal | of the rawmaterial gas supply pipe, but the rawmateri al
gas t hat has passed t hrough t he hol es provi ded i n t he si de wal |
of the outer pipe is brought into contact with the heating
element in the area along the side wall, and can efficiently
produce chem cal species.
[ 0047]

I f the gas outlet port 17xistoofar apart fromthe bottom

of the plastic container 11, it isdifficult toformathinfilm
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in the inside of the plastic container 11. In the present
enbodi nent, the |l ength of the raw materi al gas supply pipe 23
is preferably formed such that the distance L1 fromthe gas
outlet port 17x to the bottomof the plastic container 11 is
5mMto 50 mm Uniformty of the filmthickness is enhanced.
At adistance of 5mMmto 50 mm a uni formthinfil mcan be forned
on the inner surface of the plastic container 11. |If the
di stance is larger than 50 mm it may be difficult to forma
thin filmon the bottomof the plastic container 11.
Furthernore, if the distance is smaller than 5 mm bl ow ng of
the raw material gas may becone inpossible, or the film
t hi ckness di stribution may be non-uniform This fact can al so
be understood theoretically. Inthe case of acontainer having
a volunme of 500 m, since the shell dianmeter of the container
is6.4cm and the nean free path of air at normal tenperature,
Aisfrom0.68/ Pa[cm, the nolecular flowis suchthat pressure
< 0. 106 Pa, the viscous flowis such that pressure > 10.6 Pa,
and the internmediate flowis such that 0.106 Pa < pressure <
10.6 Pa. At a gas pressure of 5 Pa to 100 Pa at the tinme of
filmformation, the flow of gas is converted from an
internediate flowto a viscous flow, and there may be opti ma
conditions for the di stance bet ween t he gas outl et port 17x and
t he bottom of the plastic container 11.
[ 0048]

The heating el enent 18 accel erat es deconposition of the
raw material gas. The heating elenent 18 is formed in awre

form and one end of the heating elenent 18 is connected to a
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connection area 26a that serves as a connection site between
awire 19 and the heating el enent 18, which is provi ded bel ow
a fixed site in the upper chanber 15 of the raw material gas
supply pipe 23. The heating el enent 18 is then supported by
an i nsul ating ceram c 35 provided at the gas outlet port 17x,
whichisatippart. Furthernore, the heatingelenent isturned
back, and the ot her end of the heating el ement 18 i s connect ed
to a connection area 26b. As such, since the heating el ement
18 i s supported al ong t he side surface of the rawmaterial gas
supply pipe 23, the heating el ement 18 i s di sposed so as to be
posi ti oned al nost on the mai n axi s of theinternal space of the
| ower chanber 13. Fig. 2 shows the case in which the heating
el ement 18 is disposed along the circunference of the raw
mat eri al gas supply pipe 23 so as to be parallel to the axis
of the rawmaterial gas supply pi pe 23; however, starting from
t he connection area 26a as astarting poi nt, the heating el ement
18 may al so be wound i n a helical shape al ong the side surface
of the raw material gas supply pipe 23, supported by an
insulating ceramic 35 fixedinthe vicinity of the gas outl et
port 17x, and then turned back toward t he connecti on area 26b.
Here, the heating elenment 18 is fixed to the raw material gas
supply pi pe 23 by being hung up on the insulating ceram c 35.
Fig. 2 shows the caseinwhichthe heatingel enent 18i s di sposed
on the exit side of the gas outlet port 17x in the vicinity of
t he gas outl et port 17x of the rawmateri al gas supply pi pe 23.
Since the rawmaterial gas bl own out through t he gas outl et port

17x can be t hereby easily brought into contact with the heating
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el ement 18, the rawmaterial gas can be efficiently activated.
Here, it is preferable that the heating el ement 18 be di sposed
to be slightly apart fromthe side surface of the rawmateria
gas supply pipe 23. This is done in order to prevent a rapid
tenperaturerise of therawmaterial gas supply pipe 23. Al so,
t he chances of contact between the raw material gas bl own out
t hrough the gas outl et port 17x and the rawmaterial gas inthe
reacti on chanmber 12 can be increased. The outer dianeter of
the raw material gas supply pipe 23 including this heating
el ement 18 is necessarily smaller than the i nner di aneter of
an opening 21 of the plastic container. This is because the
raw mat eri al gas supply pipe 23 includi ng the heating el enent
18 should be inserted through the opening 21 of the plastic
container. Therefore, if the heating el enent 18 i s separat ed
apart nore than needed fromt he surface of the rawmaterial gas
supply pipe 23, when the raw material gas supply pipe 23 is
i nserted through the opening 21 of the plastic container, the
heating el ement is nore |likely to be brought into contact with
t he opening. Whenthepositional shift at thetimeof insertion
t hr ough t he openi ng 21 of the plastic container i s considered,
t he breadth of the heating el enent 18 appropriately nore than
or equal to 10 nm and | ess than or equal to (inner dianeter
of opening 21 - 6) nm For exanple, the inner dianeter of the
opening 21 is generally 21.7 mmto 39.8 mm
[ 0049]

Since the heating el enent 18 is electrically conductive,

t he heating el enent 18 can be caused to generate heat by, for
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exanpl e, electrification. Inthe apparatusillustratedin Fig.
2, a heater power supply 20 is connected to the heating el enent

18 vi a the connecti on areas 26a and 26b, and the wire 19. Wen
electricity is passed through the heating elenent 18 by the
heat er power supply 20, the heating el ement 18 gener at es heat .

Meanwhi l e, the present inventionis not intendedto belimted
to the heat generation nethod using the heating el ement 18.

[ 0050]

Furthernore, concerning the part fromthe openi ng 21 of
the plastic container to the shoul der of the container, since
thestretchratioat thetineof nol dingof the plastic container
11 is small, if the heating el enent 18 that generates heat at
a high tenperature is di sposed nearby, the part may be easily
deformed by heat. According to an experinent, unless the
positions of the connection areas 26a and 26b, which are the
connection sites between the wire 19 and the heating el enent
18, were separated by 10 mmor nore fromthe | ower end of the
openi ng 21 of the plastic container, the shoul der area of the
pl astic container 11 underwent thermal deformation. |If the
di stance was greater than50 mm it was difficult toformathin
filmon the shoul der area of the plastic container 11. Thus,
it is desirable that the heating el ement 18 be di sposed such
t hat the upper endis | ocated 10 nrmto 50 nmbel owfromthe | ower
end of the opening 21 of the plastic container. That is, it
is preferablethat the di stance L2 between t he connecti on areas
26a and 26b and the | ower end of the opening 21 be set to 10

mmto 50 mm Thermal deformation of the shoul der part of the
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cont ai ner can be suppressed.
[ 0051]

Furthernore, in the internal space of the upper chanber
15, an exhaust pi pe 22isinconmmuni cationw ththespacethrough
a vacuumval ve 8, and air in the reacti on chanber 12 i nside t he
vacuumchanber 6 i s exhausted t heret hrough by an exhaust punp
that is not illustrated in the diagram
[ 0052]

Next, the nethod for producing a gas barrier plastic
nol ded product according to the present enbodi nent will be
described with reference to Fig. 2, while taking an exanpl e of
t he case inwhich agas barrier thinfilmis fornmed on theinner
surface of a gas barrier plastic container 11. The nethod for
produci ng a gas barrier plastic nol ded product accordingtothe
present enbodinment is a nmethod for producing a gas barrier
pl astic nol ded product, the nethod including a filmform ng
process of formng a gas barrier thin filmby bringing a raw
material gas 33 intocontact with a heating el enent 18 t hat has
gener at ed heat, t hereby deconposing the rawmaterial gas 33to
produce a chem cal speci es 34, and causi ng t he chemi cal species
to arrive at the surface of a plastic nolded product (in Fig.
2, the inner surface of the plastic container 11), wherein an
or ganosi | ane- based conpound represented by fornul a (Chen cal
Formula 1) is used as the raw material gas 33, a materi al
cont ai ni ng one or two or nore netal el enents selected fromthe
group consisting of Mo, W Zr, Ta, V, Nb and Hf is used as the

heating el ement 18, and t he heat generation tenperature of the
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heating elenent 18 is set to 1550°C to 2400°C.

(Chemical Formula 1)

HsSi - Cn- X
wherein in Chemical Forrmula 1, n represents 2 or 3; and X
represents SiH;, H, or NH.

[ 0053]

Inthecaseof form ngathinfil musingtheaforenmentioned
or ganosi | ane- based conpound represented by fornul a (Cheni cal
Formula 1) as the raw material gas, when a plasma CVD net hod
is used, the oxygen perneability of a 500-m PET bottle is
suppressed only up to about 1/2 of the original value, andthis
isinsufficient inviewof practical performance. Wen athin
filmformed of DLC or SiO is forned by a plasma CVD net hod,
it is known that the oxygen perneability of a 500-m PET bottle
can be reduced to 1/ 10 or |l ess of the original value. However,
when a carbonated beverage is filled therein, the gas barrier
properties deteriorate along with expansi on of the bottle.
Specifically, when 4 GV (gas vol unes) of carbonated water is
filled in a 500-m PET bottle (resin amunt 23 g) in which a
DLCfilmor a SiQ fil mhas been fornmed by a pl asma CVD net hod,
and the bottle is maintained for 5 days under the conditions
of 38°C, usually the capacity of the PET bottle expands by 18
cn? to 21 cn? (in the case of a PET bottle that has not been
subjected to filmformation, 22 cn? to 26 cnt), and the oxygen
perneability after expansion increases to 1.5 to 2.9 tines.
These resul ts conprehensively illustrate the expansi on of PET

bottl es and the damage inthe thin fil mcaused by t he expansi on.
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On the other hand, inthe case of formng athinfilmusingthe
or ganosi | ane- based compound represented by formul a (Chem cal
Formula 1) as the raw materi al gas, when a heating el emrent CVD
nmet hod i s used, the oxygen perneability in a 500-m PET bottle
can be reduced to, for exanple, 1/10 or |less of the origina
val ue, and sufficient practical perfornmance can be obt ai ned.
Furthernore, when a carbonated beverage is filled therein
expansi on of the bottle can be effectively suppressed, and the
gas barrier properties substantially do not deteriorate.
Specifically, when 4 GV (gas vol unes) of carbonated water is
filled in a 500-m PET bottle (resin ambunt 23 g) in which a
fil mhas been fornmed by usi ng a heati ng el enent CVD net hod, and
the bottleis maintainedfor 5days under the conditions of 38°C,
usual ly the bottle capacity expands only by 13 cnf to 17 cn?
(inthe case of a bottle that has not been subjected to film
formation, 22 cnf to 26 cnt), and t he oxygen perneability after
the expansion is limted to an increase to 1.2 to 1.3 tines.
[ 0054]

(Mounting of plastic nmolded product in filmformng
appar at us)

First, theinterior of the vacuumchanber 6 i s opened to
t he at nosphere by opening a vent (not illustrated in the
diagram. |In the reaction chanber 12, the plastic container
llisinsertedastheplasticnoldedproduct 91throughthe upper
openi ng of the | ower chanber 13, while the upper chanber 15is
renoved, and i s accommodated therein. Thereafter, the upper

chanber 15 that has been positioned is | owered down, and the
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raw materi al gas supply pipe 23 attached to the upper chanber
15, andthe heatingelenent 18that isfixedtheretoareinserted
into the plastic container 11 through the opening 21 of the
pl astic container. Then, the upper chanber 15 cones into
contact with the | ower chanber 13 with an Oring 14 inserted
t her ebet ween, and t hereby, the reacti on chanber 12 is madeinto
atightly seal ed space. At thistine, the di stance between the
i nner wall surface of the | ower chanber 13 and the outer wall
surface of the plastic container 11 is maintained al nost

uni formy, and the distance between the i nner wall surface of
the plastic container 11 and the heating elenment 18 is al so
mai nt ai ned al nost uni form y.

[ 0055]

(Pressure regul ati on process)

Next, thevent (not illustratedinthediagram is closed,
and the exhaust punmp (not illustrated in the diagranm is
operated t o open t he vacuumval ve 8, and t hereby, the reaction
chanber 12 is evacuated. At this time, not only the internal
space of the plastic container 11 but al so the space between
t he outer wal | surface of the plastic container 11 andtheinner
wal | surface of the | ower chanber 13 are al so evacuat ed, and
t hereby avacuumi sdrawn. That is, theentirety of thereaction
chanber 12 is evacuated. Then, it is preferable that the
pressure inside the reaction chanber 12 be reduced until the
pressure reaches a required | evel, for exanple, 1.0 Pa to 100
Pa. More preferably, the pressureis 1.4 Pato 50 Pa. If the

pressureis|ower than 1.0 Pa, the evacuationtine may take | ong.
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Furthernore, if the pressure is higher than 100 Pa, the anount
of inpurities may increase insidetheplasticcontainer 11, and
a cont ai ner havi ng hi gh barrier properti es may not be obt ai ned.
When t he pressure i s reduced fromat nospheri c pressure to reach
1.4 Pa to 50 Pa, an appropriate resi dual water vapor pressure
originating fromthe at nosphere, apparatus and contai ner can
be obt ai ned toget her with an appropri ate vacuumpressure, and
athinfil mhavingbarrier properties canbefornedconveniently
and easily.

[ 0056]

(Filmformng process - electrification of heating
el emrent)

Next, the heating el enent 18 i s caused to generate heat
by, for exanple, electrification. The material of the heating
element 18 is a material containing one or two or nore netal
el ement s sel ected f romt he gr oup consi sti ng of Mo (ol ybdenun),
W(tungsten), Zr (zirconiun), Ta (tantalum, V (vanadium, Nb
(niobium, and Hf (hafnium. More preferably, the material is
amaterial containingoneor twoor nore netal el enents sel ected
fromthe group consisting of Mo, W Zr and Ta. The heat
generationtenperatureof theheatingelement 18i s set to 1550°C
t 0 2400°C, and nore preferably to 1700°Cto 2100°C. If the heat
generation tenperature i s |l ower than 1550°C, the raw materi al
gas cannot be efficiently deconposed, and along tine is taken
toforma film so that the operation efficiency is poor. |If
t he heat generation tenperatureis higher than 2400°C, t he heat

generation tenperature is excessively high, and it is
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econom cally inefficient. Furthernore, the heating el ement
may be def or med dependi ngonthe materi al of the heating el enent
18. There is a risk of thernmal danmage to the plastic nol ded
product .

[ 0057]

The material containing a netal el enent that is used in
the heating elenent 18 is preferably a pure netal, an all oy,
or acarbideof anetal. |Inthecase of usinganalloycontaining
Mo, W Zr, Ta, V, Nb or Hf as a nmmin conponent as the heating
el enent 18, intherel evant all oy, the content of the conponents
other than the netal that is the main conponent is preferably
25%by mass or | ess, nore preferably 10%by mass or |ess, and
even nore preferably 1%by mass or less. Furthernore, in the
case of using tantalum carbide (TaCx) as the heating el enent
18, the ratio of carbon atons in tantal umcarbide (TaCy) as a
mass ratio is preferably greater than 0%by mass and | ess t han
or equal to 6.2%by nmass, and nore preferably from3. 2%by mass
to 6.2%by mass. In the case of using hafniumcarbide (Hf C)
as the heating el enent 18, the ratio of carbon atons i n haf ni um
carbide (HC) as a mass ratio is preferably greater than 0%
by mass and | ess than or equal to 6.3% by mass, and nore
preferably from3.2%by mass to 6. 3% by mass. In the case of
usi ng tungst en car bi de (WCx) as the heatingel enent 18, theratio
of carbon atons in tungsten carbide (WCx) as a nmass ratio is
preferably greater than 0%by nmass and | ess than or equal to
6. 1%by mass, and nore preferably from3.0%by mass to 6. 1%by

mass. | n the case of using nol ybdenum carbi de (MbCx) as the
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heating elenment 18, the ratio of carbon atons in nol ybdenum
carbide (MoCx) as a mass ratio is preferably greater than 0%
by mass and | ess than or equal to 5.9% by mass, and nore
preferably from 2. 9% by mass to 5.9% by mass.
[ 0058]

(Filmformngprocess - i ntroducti onof rawmat eri al gas)

Thereafter, an organosil ane-based conpound represent ed
by formul a (Chem cal Fornmulal) is suppliedastherawmateri al
gas 33. In Chemical Fornula 1, the bond between carbon atons
i nthe hydrocarbon structure corresponding to Cn may be any of
asingl ebond, adoubl ebond, andatriplebond. Morepreferably,
t he hydrocarbon structure is a strai ght chain-1like structure.
Furthernore, it is preferable that the organosil ane-based
conpound have a doubl e bond or atriple bond, which has a | ower
hydrogen content. For exanpl e, when n =2, enbodi nent exanpl es
of Cn include an enbodi nent in which the bond between C-Cis
a single bond (GHs); an enbodi nent in which the bond between
C-Cis a doubl e bond (GH,); and an enbodi nent i n whi ch t he bond
between CCis a triple bond (). Wen n = 3, enbodi nent
exanpl es of Cn i ncl ude an enbodi nent i n whi ch t he bonds bet ween
C-C are single bonds (GHs); an enbodi nent in which the bonds
between C-C are a single bond and a doubl e bond (GH,;); and an
enbodi ment i n whi ch t he bonds between C-Care a singl e bond and
atriple bond (GH). Specifically, exanples of the
or ganosi | ane- based compound represented by formul a (Chem cal
Formul a 1) include vinylsilane (HSi GHs), disilabutane

(HsSi GHSi Hg), disilylacetyl ene (H:Si GSi H), and



38

2-am noet hyl si |l ane (HsSi G;HiNH;) . Anong these, the

or ganosi | ane- based conpound is preferably vinylsilane,
di sil abutane, or disilylacetylene.

[ 0059]

The raw material gas 33 is supplied while the flowrate
is controlled by a gas flowrate regul ator 24a. Furthernore,
if necessary, acarrier gasis mxed wth the rawmaterial gas
33 in front of a valve 25c while the flowrate of the carrier
gasiscontrolledby agasflowrateregul ator 24b. The carrier
gas is, for exanple, an inert gas such as argon, helium or
nitrogen. Then, the raw material gas 33 is blown, while the
flowrate is controlled with the gas flowrate regul ator 24a,
or whiletheflowrateis controlled by the carrier gas, toward
t he heating el ement 18 t hat has gener at ed heat, t hrough t he gas
outlet port 17x of the raw material gas supply pi pe 23 inside
t he plastic container 11 where the pressure has been reduced
to a predetermned pressure. As such, it is preferable to
initiate spraying of the rawmateri al gas 33 after an i ncrease
in tenperature of the heating element 18 is conpleted. From
an early stage of filmformation, a chem cal species 34 that
has been sufficiently activated by the heating el enent 18 can
be produced, and a fil mhavi ng high gas barrier properties can
be obt ai ned.

[ 0060]

VWentherawmaterial gas 33isaliquid, therawmateri al

gas can be suppl i ed by a bubbl i ng net hod. The bubbl i ng gas t hat

is used for the bubbling nethod is, for exanple, an inert gas



39

such as nitrogen, argon or helium and nitrogen gas is nore
preferred. That is, when the starting rawmaterial 4lainside
the rawmaterial tank 40a i s bubbl ed usi ng a bubbling gas whil e
theflowrateis controlledw th agas flowrate regul at or 24a,
the starting rawmaterial 4lais vaporized and is incorporated
into bubbles. In this manner, the raw material gas 33 is
supplied in a state of being mxed with the bubbling gas.
Furthernore, a carrier gas is mxed with the raw material gas
33 in front of the valve 25c while the flowrate is controlled
with the gas flowrate regul ator 24b. Then, the raw materi al
gas 33is blown, whiletheflowrateiscontrolledbythecarrier
gas, toward the heating el ement 18 that has generated heat,
t hrough the gas outl et port 17x of the rawmaterial gas supply
pi pe 23 i nside the plastic container 11 where the pressure has
been reduced to a predeterm ned pressure. Here, theflowrate
of the bubbling gas is preferably 3 sccmto 50 sccm and nore
preferably 5 sccmto 15 sccm  The flowrate of the carrier gas
is not particularly limted, but the flowrate is preferably
0 sccmto 80 sccm More preferably, the flowrate is 5 sccm
to 50 sccm By nmeans of the flowrate of the carrier gas, the
pressure inside the plastic container 11 can be adjusted to 20
Pa to 80 Pa.
[ 0061]

(Filmformng process - filmformation)

When the rawmaterial gas 33 is brought into contact with
t he heati ng el enent 18, a chemi cal species 34is produced. Wen

t hi s chem cal species 34 arrives at theinner wall of the plastic
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container 11, a gas barrier thin filmis deposited. In the
filmformng process, the tine taken for causing the heating
el ement 18 to generate heat and spraying the raw materi al gas
33 to the heating elenent 18 (hereinafter, also called the
duration of filmformation) is preferably 1.0 second to 20
seconds, and nore preferably 1.0 second to 8.5 seconds. The
pressure insidethe vacuumchanber at thetine of fil mformation
is, for exanple, preferably reduced until a pressure of 1.0 Pa
to 100 Pais attained. The pressureis nore preferably 1.4 Pa
to 50 Pa.
[ 0062]

According to the experinent carried out by theinventors
of the present invention, a thin filmformed suing an
or ganosi | ane- based conpound ot her t han t he or ganosi | ane- based
conpound represented by formula (Chem cal Forrmula 1) (for
exanpl e, nononet hyl sil ane, dinethylsilane, trinethylsilane,
tetramet hyl sil ane, or di met hoxynet hyl vi nyl sil ane) as the raw
mat eri al gas was such that when the surface was subjected to
an XPS anal ysi s under thecondition (1), noSi peak was observed,
and a mai n peak based on Si O, Si Cor Si OCwas observed. Aplastic
nol ded product including this thinfilmhad a Bl F val ue of | ess
than 3, and it was confirned that a thin fil mhaving high gas
barrier properties cannot be obtai ned wi t h a si ngl e ki nd of gas.
Furthernmore, when a netal other than Mo, W Zr, Ta, V, Nb or
Hf (for exanple, Ir (iridium), Re (rhenium), Pt (platinum, Rh
(rhodium, Ti (titanium, or C (chromum) was used as the

heating element, there was a problemthat even if an
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or ganosi | ane- based conpound represented by fornul a (Cheni cal
Formul a 1) was used as the raw material gas, the filmformng
effici ency was poor, and productivitywas al sopoor. Al so, when
the surface of an ultra-thin fil mthus obtai ned was subj ect ed
to an XPS anal ysis under the condition (1), no Si peak was
observed, and a mai n peak based on Si O, was observed to a smal |
extent. Ontheother hand, sincethegas barrier plastic nol ded
product according to the present enbodi nent uses an

or ganosi | ane- based conpound represented by fornul a (Chen cal
Fornmula 1) astherawmaterial gas 33, and a materi al cont ai ni ng
one or two or nore netal elenents selected fromthe group
consistingof Mo, W Zr, Ta, V, Nband Hf i s used as the materi al
of the heating el ement 18, a thin fil mhavi ng high gas barrier
properties and havi ng a Bl Fval ue of 15 or greater coul d be f or med
even when the raw material gas 33 was a single kind of gas.
[ 0063]

Furthernore, whentantal umnetal, atantal umbased al | oy
or tantal umcarbide (TaCx) is used as the material containing
tant al umel enent; when tungsten netal, a tungsten-based al | oy
or tungsten carbide (WCx) is used as the material containing
tungsten el enent; when nol ybdenum netal, a nol ybdenum based
all oy or nol ybdenum carbide (MCx) is used as the materi al
cont ai ni ng nol ybdenum el enent; or when hafniumnetal, a
haf ni um based all oy or hafniumcarbide (H Cx) is used as the
mat eri al cont ai ni ng haf ni umel enent, sincethesenmaterial s have
high catal ytic activity, therawmaterial gas can be deconposed

nore efficiently. Furthernore, since the chem cal species 34
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isefficiently produced and a conpact fil mis deposited, athin
fil mhaving high gas barrier properties can be forned.
[ 0064]

In the heating el enent CVD nethod, the adhesiveness
bet ween t he pl astic container 11 and the gas barrier thinfilm
i s very good. Wen hydrogen gas is i ntroduced t hrough the raw
mat eri al gas fl owchannel 17, the hydrogen gas is acti vated by
a contact deconposition reaction wi th the heating el enent 18,
and cl eani ng of the surface of the plastic container 11 can be
carried out using this active species. Mire specifically, a
hydr ogen abstracti on reacti on or an etchi ng operati on by nmeans
of acti vat ed hydrogen H* or hydrogen radi cal (atom c hydrogen)
H can be expect ed.

[ 0065]

Furt hernmore, when NH; gas i s i ntroduced through the raw
mat eri al gas fl owchannel 17, an active species is produced by
a contact deconposition reaction w th the heating el enent 18,
and a surface treatnment of nodifying the surface of the plastic
contai ner 11 and t hereby st abilizingthe surface can be carried
out by nmeans of the acti ve species. Mrrespecifically, addition
of a nitrogen-containing functional group to the surface, or
a crosslinking reaction of the polynmer chains of the plastic
can be expect ed.

[ 0066]

The fil mthickness of the gas barrier thinfilmmy vary

depending on the material of the heating el ement 18, the

pressure of the raw material gas inside the plastic container
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11, the flow rates of supplied gases, the duration of film
formation, and the |ike; however, in order to attenpt a good
bal ance bet ween t he gas barrier property enhanci ng effect, and
t he adhesiveness to the plastic container 11, durability,
transparency and the like, the filmthickness is preferably
adjusted to 5 nmto 200 nm The filmthickness is nore
preferably 10 nmto 100 nm
[ 0067]

(Compl etion of filmformation)

Wien the thinfil mhas acquired a predeterm nedthickness,
supply of the raw material gas 33 is stopped, the reaction
chanmber 12 is evacuated again, and a | eak gas that is not
illustrated in the diagramis introduced therein to thereby
adj ust the pressure in the reaction chanber 12 to atnospheric
pressure. Thereafter, the upper chanber 15is opened, and the
pl astic container 11 is taken out. The gas barrier plastic
nol ded product obtai ned in this manner can have a Bl F val ue of
6 or greater. In a specific exanple, for a 500-m PET bottle
(height: 133 mm outer diameter of the cylinder: 64 mm outer
di amet er of the opening: 24. 9 nm i nner di aneter of t he openi ng:
21.4 mm thickness: 300 ym and resin amount: 29 g), the oxygen
permeabi l ity can be adj usted t o 0. 0058 cc/ cont ai ner/ day or | ess.
For a 720-m PET bottle (height: 279 mm outer dianeter of the
cylinder: 70 mm outer dianeter of the opening: 24.9 nm inner
di amet er of the opening: 21.4 nm thickness: 509 um and resin
anount: 38 g), the oxygen perneability can be adjustedto 0. 0082

cc/ contai ner/day or |ess.
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[ 0068]

In the present enbodi ment, a thermal annealing process
may al so be carried out. The thermal anneal i ng process can be
carried out after the thin filmhas acquired a predeterm ned
t hi ckness, supply of the raw material gas 33 is stopped, and
t he reaction chanber is evacuated for a certain tine. By
carrying out the thermal annealing process, the oxygen
perneability of the gas barrier filmcan be further reduced.
The heat generation tenperature of the heating elenment 18 in
t he thermal annealing process is preferably 1450°C or hi gher,
and nore preferably 1950°C or higher. |If the heat generation
tenperature is | ower than 1450°C, the effect of the thernal
anneal i ng treatnent may not be obtained. Furthernore, the
upper limt of thethernmal generationtenperatureis preferably
set to a tenperature | ower than the softening tenperature of
t he heating el enent 18. The upper limt tenperature may vary
with the material of the heating el enent, but for exanple, the
upper limt tenperature is preferably 2400°C in the case of
nol ybdenum The time for causing the heating elenent to
generate heat in the thermal annealing process is preferably
1.0 second to 5.0 seconds, and nore preferably 1.5 seconds to
2.0 seconds. Inthe case of carrying out the thermal annealing
process, electrification of the heating elenment 18 is
termnated after the thermal annealing process.

[ 0069]
In the nmet hod for producing a gas barrier plastic nol ded

product according to the present enbodinent, it is preferable
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that the nmethod include, after the filmformng process, a
regeneration process for the heating element 18, in which an
oxi dizing gas is added to the atnosphere, and the heating
el ement i s heated. When an organosi | ane- based conpound i s used
as the raw material gas, and the filmform ng process is
repeat edl y carri edout under t he sane condi ti ons, carboni zation
proceeds at the surface of the heating el ement 18 after about
30 rounds of the process, and the gas barrier properties of the
gas barrier thinfilm92 may deteriorate. As a counterneasure,
it is preferable to carry out a regeneration process for the
heati ng el ement 18, i n whi ch carbon conponents are renoved from
t he surface of the heati ngel enent 18. Theregenerati onprocess
for the heating el enent 18 can easily renove carbon conponents
fromthe surface of the heating el enent 18 by bringing an
oxi dizing gasintocontact wththe heating el enent 18 t hat has
gener at ed heat inside the vacuumchanber 6 where t he pressure
has been adjusted to a predeterm ned pressure, and
deterioration of the gas barrier properties of the gas barrier
thinfilm92 after continuous fil mformati on can be suppressed.
The regeneration process for the heating elenment 18 is
preferably carried out such that the heating elenent 18 is
caused t o gener at e heat after an oxi di zi ng gas has been suppl i ed.
The oxidizing gas is preferably carbon dioxide. The
regeneration process for the heating el enent 18 may be carri ed
out every tinethe filmform ng process is carried out, or may
be carried out after the filmformng process is carried out

several tinmes. Furthernore, the regeneration process for the
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heating elenment 18 is preferably carried out after the
filmformngprocess, after the plastic nol ded product has been
renoved fromthe vacuum chanber 6.
[ 0070]

Intheregenerationprocess for the heating el enent
18, the heating tenperature of the heating elenment 18 is
preferably from1900°C to 2500°C. The heating tenperature is
nore preferably from 2000°C to 2400°C. The heating tinme is
preferably fromO0.5 times to 3.0 tines the duration of film
formati on. Furthernore, when the oxidizing gas that is added
i s carbon dioxide, the pressure inside the vacuumchanber in
t he regeneration process for the heating el erent 18
(hereinafter, alsoreferredto as a vacuumpressure at thetine
of regeneration) during the regeneration process for the
heating el ement 18 is preferably higher than or equal to 1.3
Pa and | ower than 14 Pa. The pressure is nore preferably from
1.4Pato 13 Pa. Thevacuumpressure at thetinme of regeneration
is preferably higher than 1 tinme and | ess than or equal to 9
times the partial pressure of the raw material gas 33 inside
t he vacuumchanber at the tine of fil mformati on (hereinafter,
also referred to as the partial pressure of the raw materi al
gas at the time of filmformation). |If the vacuumpressure at
thetimeof regenerationisonetineor | essthepartial pressure
of therawmaterial gas at thetinme of fil mformation, therate
of accunul ati on of carbi des exceeds the rate of renmoval, and
whenfil mformationiscarriedout conti nuously on plural nol ded

bodi es, the gas barrier properties of the filnms forned in the
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|atter half may becone poorer than the gas barrier properties
of the filns fornmed in the first half. Furthernore, if the
vacuum pressure at the tine of regeneration is higher than 9
times the partial pressure of the rawmaterial gas at the tine
of filmformation, in addition to the renpval of carbi des,
oxi dation of the surface of the heating el enent 18 occurs, and
due to the incorporation of oxide conmponents into the gas
barrier thin film or due to the consunption of the heating
el enent 18 caused by evaporation, the gas barrier properties
of the filmformed in the latter half may deteriorate at the
time of continuous filmformation. Meanwhile, thesupplyroute
of the oxidizing gas into the vacuum chanber 6 during the
regeneration process for the heati ng el enent 18 may be t he sane
as the supplyroutefor therawmaterial gasinthefilmform ng
process, or may be aroute different fromthe supply route for
the raw material gas.

[0071]

Next, the principle in which the gas barrier properties
of the gas barrier thin filmdecrease when the filmformng
process i s repeated, and the ef fect of the regeneration process
for the heating element 18 will be described by taking as an
exanpl et he case i n whi ch t he heati ng el enent was t ant al umnet al
of a purity of 99.5%by mass, this was heated to 2000°C, and
the filmform ng process was repeatedly carried out
continuously for 100 tines. Here, the anal ysis of the surface
of the heating el ement was carri ed out by observing the el enent

conposition at a depth of 1 umfromthe surface of the heating
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el enent using a scanni ng el ectron m croscope (manuf act ured by
Hi tachi, Ltd., SU1510), and by usi ng an ener gy di spersi ve X-ray
anal yzer (manufactured by Horiba, Ltd., EMAX ENERGY) attached
tothe sane apparatus. It was confirnedthat whilethe el ement
concentration of carbon was less than 1 at.%before film
formation, the el enent concentration of carbon increased upto
50 at% at the maxi mum after repetition of the filmformng
process continuously for 100 tinmes. Wen this was nornalized
on a mass basis, the el enent concentrati on was | ess than 0. 13%
by mass before filmformation, and the el enent concentration
was 6. 2% by mass at the maxi num after repetition of the
filmformng process continuously for 100 tinmes. The

el ectrical resistance of the carbi des produced at the surface
of the heating elenent is |larger conpared with the electrica
resi stance of tantalumnetal that forns the core of the heating
el ement. Therefore, when the surface of the heating el enent
is carboni zed, even if the surface is electrified, the
tenperature does not easily increase. Then, a tenperature
sufficient for the formati on of the gas barrier thin film92
cannot be secured, and a conpact fil mhaving high gas barrier
properties may not be obtained. When the voltage that is
applied to the heating elenment 18 is increased, and the
tenperature increase is sufficiently applied even to the
surface of the heating elenent, in the case of a PET bottle,
agas barrier thinfilm92 capabl e of enhanci ng t he gas barri er
properties 10 ti nes or nore can be forned. However, in a nass

producti on process, the control of adjusting the applied
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vol tage according to the rapid change in el ectrical resistance
at the surface of the heating elenent is conplicated. Thus,
by perform ng the regenerati on process for the heating el ement
18, complicated control of the applied voltage becones
unnecessary, and even if the filmform ng process is
continuously carried out, a thin fil mhaving high gas barrier
properties can be forned continuously.

[0072]

Anmethod for form ng a gas barrier thinfilmon the inner
surface of a plastic container has been expl ai ned; however, in
order to forma gas barrier thinfilmon the outer surface of
a plastic container, the formati on can be carried out using,
for exanple, the filmformng apparatus illustratedin Fig. 3
of Patent Literature 4. Furthernore, the filmformng
apparatus is not intended to be limted to the apparatus
illustrated in Fig. 2, and various nodifications can be made
such as illustratedin, for exanple, Patent Literature 2 or 3.
[0073]

An enbodi ment in which the plastic nolded product is a
pl asti c cont ai ner has been expl ai ned, but the present i nventi on
is not intended to be limted to this, and a filmor a sheet

can be used as the plastic nol ded product.

Exanpl es
[ 0074]
Next, the present invention will be described in nore

detail by way of Exanples, but the present invention is not
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construed to be limted to the Exanples.
[ 0075]

(Exampl e 1)

A gas barrier thin filmwas fornmed on the i nner surface
of a 500-m PET bottle (height: 133 mm outer dianeter of the
cylinder: 64 mm outer dianeter of the opening: 24.9 nm inner
di anet er of the opening: 21.4 nm thickness: 300 um and resin
anount; 29 g) as a plastic nolded product, using the
filmformng apparatus illustrated in Fig. 2. The PET bottle
was accommpdated in a vacuum chanber 6, and the pressure was
reduced to 1.0 Pa. Subsequently, two nol ybdenumw res havi ng
a diameter of 0.5 mmand a | ength of 44 cmwere used as heating
el ement 18, and a direct current was applied to the heating
el ement 18 at 24 Vto cause t he heating el ement to gener at e heat
to 2000°C. Thereafter, vinylsilane as a raw materi al gas was
supplied through the gas flow rate regul ator 24a, while the
val ve aperture was adj usted, and thus, a gas barrier thinfilm
was deposited on the inner surface of the PET bottle. Here,
t he pi pingfromthe gas fl owrate regul ator 24atothe gas supply
port 16 was constructed with a 1/4-inch pi pe made of al um na,
and the flowrate of the raw material gas was set to 50 sccm
The pressure (total pressure) at thetine of filmformation was
adjustedto 1.4 Pa. The duration of filmformation was set to
6 seconds. At this tine, the partial pressure of vinylsilane
(partial pressure of the rawnmaterial gas at the tine of film
formati on) was the sane as the pressure (total pressure) at the

time of filmformation, and was 1.4 Pa.
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[ 0076]

(Exampl e 2)

A gas barrier plastic nolded product was obtained
according to Exanpl e 1, except that the direct current applied
tothe heatingel enment 18 i n Exanpl e 1 was adj ust ed, and t her eby,
t he heat generation tenperature was set to 1550°C
[0077]

(Exanpl e 3)

A gas barrier plastic nolded product was obtained
according to Exanpl e 1, except that the direct current applied
tothe heatingel enment 18 i n Exanpl e 1 was adj ust ed, and t her eby,
t he heat generation tenperature was set to 2200°C
[ 0078]

(Exampl e 4)

A gas barrier plastic nolded product was obtained
according to Exanple 1, except that the raw material gas was
changed fromthe vinylsilane used in Exanple 1 to
1,4-disil abutane. The duration of filmformation was set to
6 seconds.

[ 0079]

(Exanpl e 5)

A gas barrier plastic nolded product was obtained
according to Exanple 1, except that the raw material gas was
changed fromthe vinylsilane used in Exanple 1 to
di silylacetylene. The duration of filmformation was set to
6 seconds.

[ 0080]
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(Exampl e 6)

A gas barrier plastic nolded product was obtai ned
according to Exanpl e 1, except that the heating el enent 18 was
changed fromt he nol ybdenumwi res used i n Exanpl e 1 t o tungsten
wires. The duration of filmformation was set to 6 seconds.
[ 0081]

(Exampl e 7)

A gas barrier plastic nolded product was obtained
according to Exanpl e 1, except that the heating el enent 18 was
changed f romt he nol ybdenumw res used i n Exanpl e 1 to zi rconi um
wires, thedirect current appliedtothe heating el enent 18 was
adj usted to set the heat generation tenperature to 1700°C, and
the duration of filmformation was set to 6 seconds.

[ 0082]

(Exanpl e 8)

A gas barrier plastic nolded product was obtained
according to Exanpl e 1, except that the heating el enent 18 was
changed fromt he nol ybdenumwi res used i n Exanpl e 1 to tantal um
Wi res.

[ 0083]

(Exampl e 9)

A gas barrier plastic nolded product was obtained
according to Exanpl e 1, except that the heating el enent 18 was
changed fromt he nol ybdenumwi res used i n Exanpl e 1 to tantal um
wires, and the durationof fil mfornmati on was set to 8 seconds,
while this was repeated 5 tines.

[ 0084]
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(Exanpl e 10)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heating el ement
18 was changed fromthe nol ybdenumw res used in Exanple 1 to
tantal umcarbide (TaCk (X =1, the nmass ratio of carbon atons
i n TaCxwas 6. 2%by mass, and t he el enment concentrati on of carbon
atonms in TaCkwas 50at.% ) wires, andthedirect current applied
tothe heatingel enent 18 was adj usted to set t he heat generation
tenperature to 2400°C.

[ 0085]

(Exampl e 11)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heating el ement
18 was changed fromthe nol ybdenumw res used in Exanple 1 to
tungsten carbide (W (X = 1, the mass ratio of carbon atons
i n WCx was 6. 1%by nass, and t he el enment concentrati on of carbon
atoms in WCxwas 50 at. %9 ) wires, and the direct current applied
tothe heatingel enent 18 was adj usted to set t he heat generation
tenperature to 2400°C.

[ 0086]

(Conparative Exanple 1)

Athin filmwas fornmed on the inner surface of a 500-ni
PET bottle (height: 133 mm outer dianeter of the cylinder: 64
nm outer diameter of the opening: 24.9 mm inner di aneter of
t he opening: 21.4 nm thickness: 300 um and resin anmount; 29
g) as a plastic nol ded product, using the production apparatus

illustrated in Fig. 1 of Patent Literature 6. The PET bottle
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was accommpdat ed i nside the external el ectrode, and the
pressure insidethe external el ectrode was reducedto 5 Pawth
a vacuumpunp. Thereafter, vinylsilane as a raw material gas
was supplied to the interior of the PET bottle through the raw
mat eri al gas supply pipe while the flowrate was adjusted to
80 sccm After the supply of the raw material gas, electric
power was input froma high frequency power supply to the
ext ernal el ectrode via a mat chi ng box, a hi gh frequency vol t age
of 800 Wand 13. 5 MHz was appl i ed bet ween t he ext ernal el ectrode
and the internal el ectrode, and thereby pl asma was gener at ed.
VWil e plasma of the raw material gas had been generated, the
PET bottl e was retained for 2 seconds, and thus athin fil mwas
formed on the inner surface of the PET bottle.

[ 0087]

(Compar ati ve Exanple 2)

Athinfilmwas formed on the surface of a plastic nol ded
product according to Exanple 1, except that the raw materi al
gas was changed fromthe vinylsilane used in Exanple 1 to
nononet hyl sil ane. The duration of filmformation was set to
6 seconds.

[ 0088]

(Compar ati ve Exanple 3)

Athinfilmwas formed on the surface of a plastic nol ded
product according to Exanple 1, except that the raw materi al
gas was changed fromthe vinylsilane used in Exanple 1 to
di met hyl sil ane. The duration of filmformation was set to 6

seconds.
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[ 0089]

(Compar ati ve Exanple 4)

Athinfilmwas formed on the surface of a plastic nol ded
product according to Exanple 1, except that the raw materi al
gas was changed fromthe vinylsilane used in Exanple 1 to
trinmethylsilane. The duration of filmformation was set to 6
seconds.

[ 0090]

(Compar ati ve Exanpl e 5)

Athinfilmwas formed on the surface of a plastic nol ded
product according to Exanple 1, except that the raw materi al
gas was changed fromthe vinylsilane used in Exanple 1 to
tetranmet hyl silane. The duration of filmformation was set to
6 seconds.

[ 0091]

(Compar ati ve Exanple 6)

Athinfilmwas formed on the surface of a plastic nol ded
product according to Exanple 1, except that the raw materi al
gas was changed fromthe vinylsilane used in Exanple 1 to
di met hoxynet hyl vi nyl sil ane. The duration of filmformation
was set to 6 seconds.

[ 0092]

(Compar ative Exanple 7)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heating el ement
18 was changed fromthe nol ybdenumw res used in Exanple 1 to

iridiumwires. The duration of filmformation was set to 6
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seconds.
[ 0093]

(Compar ati ve Exanple 8)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heating el ement
18 was changed fromthe nol ybdenumw res used in Exanple 1 to
rheniumw res. The duration of filmformation was set to 6
seconds.

[ 0094]

(Compar ati ve Exanple 9)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heating el ement
18 was changed fromthe nol ybdenumwi res used in Exanple 1 to
pl ati numw res, and t he heat generation tenperature was set to
1500°C by adjusting the direct current applied to the heating
el ement 18. Thedurationof fil mformati onwas set to 6 seconds.
[ 0095]

(Compar ati ve Exanpl e 10)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heating el ement
18 was changed fromthe nol ybdenumw res used in Exanple 1 to
rhodiumwi res, and the heat generation tenperature was set to
1500°C by adjusting the direct current applied to the heating
el ement 18. Thedurationof fil mformati onwas set to 6 seconds.
[ 0096]

(Conpar ati ve Exanple 11)

Athinfilmwas formed on the surface of a plastic nol ded
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product accordi ng to Exanpl e 1, except t hat the heating el enent
18 was changed fromthe nol ybdenumw res used in Exanple 1 to
titaniumw res, and the heat generation tenperature was set to
1500°C by adjusting the direct current applied to the heating
el ement 18. Thedurationof fil mformati onwas set to 6 seconds.
[ 0097]

(Conpar ati ve Exanple 12)

Athinfilmwas formed on the surface of a plastic nol ded
product accordi ng to Exanpl e 1, except that the heat generati on
tenperature was set to 1500°C by adj usting the direct current
applied to the heating elenment 18. The duration of film
formationrequiredto adjust thefil mthicknessof thethinfilm
to 30 nmwas 25 seconds.

[ 0098]

The pl asti c nol ded products of Exanpl es and Conpar ati ve
Exanpl es t hus obtai ned, each including a gas barrier plastic
nol ded product and athinfilm were subjectedto an eval uation
by the foll owi ng net hods. The evaluationresults are presented

in Tables 1 to 4.
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[ 0099]
[ Tabl e 1]
Element ratio at thin film surface
Si C 0
Example 1 443 45.5 10.2
Example 2 40.1 241 35.8
Example 3 55.7 39.2 5.1
Example 4 47.0 34.2 18.8
Example S 40.7 454 13.9
Example 6 43.2 446 12.2
Example 7 411 22.8 36.1
Example 8 53.7 443 20
Example 10 48.2 46.9 4.9
Example 11 40.9 46.9 12.2.
[Comparative Example 1| 28,7 453 26.0
Comparative Example 2 313 410 27.7
Comparative Example 3 271 41.0 319
Comparative Example 4 209 43.6 26.5
Comparative Example 6 225 375 40.0
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[ 0100]
[ Tabl e 2]
Element ratio of thin film

Si C 0 H

Example 1 25.4 18.5 14.9 41.2
Example2 21.5 12.9 19.1 46.5
Example 3 421 29.7 3.9 243
Example4 250 184 104 46.2
Example 5 31.8 35.5 10.9 21.8
Example 6 25.7 26.5 7.3 40.5
Example 7 21.5 15.3 241 33.1
Example 8 36.2 29.9 1.3 32.6




60

[0101]
[ Tabl e 3]
Film thickness | Oxygen permeability BIF
[nm] [cc/container/day]

Example 1 30 0.0016 220
Example 2 30 0.0058 6.0
Example 3 30 0.0016 22.0
Example 4 30 0.0016 220
Example 5 26 0.0018 20.0
Example 6 30 0.0035 10.0
Example 7 20 0.0015 240
Example 8 30 0.0025 14.0
Example Q 197 0.0008 43.8
Example 10 30 0.0024 14.6
Example 1 1 30 0.0028 12.5
Comparative Example 1 30 0.0218 1.5
Comparative Example 2 30 0.0250 1.4
Comparative Example 3 30 0.0350 1.0
Comparative Example 4 30 0.0318 1.1
Comparative Example 5 10 0.0355 1.0
Comparative Example 6 30 0.0346 1.0
Comparative Example 7 <3 0.0348 1.0
Comparative Example 8 30 0.0320 1.1
Comparative Example Q <3 0.0344 1.0
Comparative Example Q <3 0.0356 1.0
Comparative Exampleq 1 <3 0.0351 1.0
Comparative Example] 2 30 0.0343 1.0
Bottle without film formed 0 0.0350 T 10

therein
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[ 0102]

[ Tabl e 4]
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[0103]

(XPS anal ysi s)

The surfaces of the thin filnms formed in Exanples 1 to
8, 10 and 11, and Conpar ati ve Exanpl es 1to 4 and 6 wer e anal yzed
usi ng an XPS apparatus (type: QUANTERASXM manufactured by
ULVAC-PHI, Inc.). The ratios of constituent elenments at the
thin filmsurfaces are presented in Table 1. The conditions
for the XPS analysis were as foll ows.

X-ray source: Mnochromatized Al (1486.6 eV)

Det ection region: 100 pnp

Sputtering condition: Ar+1.0 kV
[ 0104]

Fig. 3 is a diagram show ng the peaks observed in the
spectrum obt ai ned by an XPS anal ysis of the thin fil msurface
of Exanple 1 under the condition (1), with the peaks observed
bei ng separ at ed fromt he spectrumby a wavef or manal ysis. Fig.
4 is adiagramshow ng t he spectrumobt ai ned by an XPS anal ysi s
of the thin filmsurface of Exanpl e 1 under the condition (2).
Fig. 5is a diagramshow ng t he peaks observed i n t he spectrum
obt ai ned by an XPS anal ysis of thethinfil msurface of Exanple
4 under the condition (1), with the peaks bei ng separated from
t he spect rumby a wavef or manal ysis. Fig. 6is adi agramshow ng
t he peaks observed i n t he spectrumobt ai ned by an XPS anal ysi s
of the thin filmsurface of Conparative Exanple 2 under the
condition (1), withthe peaks bei ng separated fromt he spectrum
by a waveformanal ysis. Meanwhile, inFig. 3, Fig. 5 and Fig.

6, the bondi ng st ate contenpl at ed by t he wavef or manal yses was
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suchthat Sil: Si peak (Si-Si bondor Si-Hbond), Si2: SiC, Si OG;,
Si,0 Si3: SIiGC, SO Si4: SiOC, Si0 and Si5: SiO.
[ 0105]

InExanplel, asillustratedinFig. 3, apeak was observed
at the peak appearance position of the bondi ng energy between
Si and Si under the condition (1), whileasillustratedin Fig.
4, no peak was observed at the peak appearance position of the
bondi ng ener gy between Si and Si under the condition (2). From
this, it is speculated that the thin filmof Exanple 1 has a
Si -Hbond. Meanwhil e, the sane peak was al so obt ai ned i n ot her
Exanpl es. Furthernore, fromFig. 3, it was confirnmedinregard
to the peaks of Exanple 1 that Sil (Si peak) was the nmai n peak.
As illustrated in Fig. 5 it was also confirnmed in regard to
Exanple 4 that Sil (Si peak) was the main peak.

[0106]

On the other hand, in Conparative Exanple 2, as
illustrated in Fig. 6, no peak was observed at the peak
appear ance position of the bonding energy between Si and Si
under the condition (1), and a peak was observed at the peak
appear ance position of SiC, SiOC, SiQ or Si Q. Furthernore,
fromFig. 6, it was confirmed in regard to the peaks of
Conpar ati ve Exanpl e 2 that Si 3 was t he mai n peak. |n addition,
Conpar ative Exanples 1 and 3 to 8 also did not have Sil, and
the main peak was Si2 in Conparative Exanple 1, Si3 in
Conpar ative Exanples 3 to 6, and Si5 in Conparative Exanpl es
7 to 11.

[0107]
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(Element ratio of thin film by RBS anal ysis)

The thin filnms forned in Exanples 1 to 8 were anal yzed
using a high resolution RBS apparatus (type: HRBS500,
manuf act ur ed by Kobe Steel , Ltd.). Theratioof theconstituent
elements of the thin filmis presented in Table 2.

[0108]

(Fi I mthickness)

The fil mthickness i s a val ue neasur ed usi ng a probe type
step gauge (type: a-step, manufactured by KLA-Tencor Corp.).
The evaluation results are presented in Table 3.

[0109]

(Oxygen perneability)

The oxygen perneability was measured using an oxygen
permeabi l ity measuring apparatus (type: OXTRAN 2/ 20,
manuf act ured by Modern Control s, I nc.) under the conditions of
23°C and 90%RH, conditioning was carried out for 24 hours from
theinitiationof measurenent, and the oxygen perneability was
desi gnat ed as t he val ue obt ai ned after the passage of 72 hours
fromthe initiationof neasurenent. For reference, the oxygen
permeability of the PET bottle before the formation of a thin
filmwas neasured, and this valueis indicatedinthe table in
the colum for Bottle without filmfornmed therein. The
eval uation results are presented in Table 3.

[0110]
(Bl F)
The BIF was cal cul ated by taking, in connection with

Mat hemat i cal Formul a 1, the val ue of oxygen perneability of the
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PET bottle without a thin filmfornmed therein as the oxygen
permeability of a plastic nol ded product without a thin film
formed t herein, and taki ng t he val ue of oxygen perneability of
t he plastic container obtained in the Exanples or the
Conpar at i ve Exanpl es as t he oxygen perneabi l ity of agas barrier
pl astic nol ded product. The eval uation results are presented
in Table 3.

[0111]

(Filmdensity)

Inregardtothefilmdensity, fil mfragments werestirred
in 100 mM each of aqueous sol utions of potassiumcarbonate at
various concentrations, and the state of floating and si nki ng
after 15 m nut es was vi sual | y observed. For thefil mfragnents,
the ink of a coomercially available oil marker was applied
inside a PET bottle, and a filmwas forned thereon to a film
t hi ckness of 50 pymaccording to the conditions of Exanples 1,
4 and 5. Subsequently, filmfragnents were taken out fromthe
PET bottl e using cotton swabs that were soaked wi th ethanol.
Filmfragnments floating on the water surface of the aqueous
sol ution of potassiumcarbonate were judged to have a density
smal l er (O) than the density of the rel evant aqueous sol uti on,
and filmfragments that sank down on the bottomfl oor of the
aqueous sol ution of potassiumcarbonate were judged to have a
density larger (X) than the density of the rel evant aqueous
solution. Filmfragnents that were fl oati ng between t he wat er
surface of the aqueous sol uti on of potassi umcarbonate and t he

bottom fl oor were judged to have a density equal (A) to the
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density of the rel evant aqueous solution, and the range of A
j udgnment was designated as the range of density. The density
and eval uation results obtai ned at vari ous concentrations are
presented in Table 4.

[0112]

As can be seen fromTable 1 to Table 3, it was confirned
that since the gas barrier thin filnms of Exanple 1 to Exanple
11 had a Si-Hbond in the thin film and had a Si-containing
| ayer havi ng a Si cont ent percent age of 40. 1%or nore, thinfilns
havi ng hi gh gas barrier properties with asmall val ue of oxygen
permeability and a BIF value of 6 or greater could be formned
with a single kind of raw material gas.

[0113]

On t he ot her hand, in Conparative Exanple 1, sinceathin
fil mwas formed by a pl asma CVDnet hod, the Si cont ent percent age
inthethinfilmwas |ow, and the gas barrier properties were
poor. |In Conparative Exanpl es where a gas other than the
conpound of fornula (Chemi cal Fornmula 1) was used as the raw
material gas, the Si content percentage in the thin fil mwas
| ow, and the gas barrier properties were poor. In Conparative
Exanples 7 to 11, since a material other than Mo, W Zr, Ta,
V, Nb or Hf was used as the heating elenent, the filmform ng
efficiency was poor, and the gas barrier properties were poor.
In Conparative Exanple 12, since the heat generation
tenperature of the heating el ement was low, the filmformng
efficiency was poor, and the gas barrier properties were poor.

[ 0114]
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Next, atest for verifyingthe effect of the regeneration
process for the heating el ement was carried out.
[0115]

(Exampl e 12)

Afilmformng process was carried out 100 tines
accordi ng to Exanpl e 8, and after conpl eti on of every one round
of the filmform ng process, the regeneration process for the
heati ng el ement was carriedout. Ineachregenerationprocess
at the tinme point where the pressure inside the vacuumchanber
6 reached a vacuumpressure of 1.0 Pa, CO, as t he oxi di zi ng gas
was supplied to the vacuum chanber 6, and thereby the vacuum
pressure was adjusted to 12.5 Pa (a vacuumpr essur e equi val ent
to 9 times the partial pressure, 1.4 Pa, of the raw materi al
gas at the tinme of filmformation), while the heating el enent
18 was heated to 2000°C for 6 seconds.

[0116]

(Exanpl e 13)

The filmform ng process was carried out 100 tines
accordi ng to Exanpl e 8, and after conpl eti on of every 10 r ounds
of the filmform ng process, the regeneration process for the
heati ng el enment was carried out. Eachregeneration process was
carried out under the sane conditions as i n Exanpl e 12, except
that the time for heating the heating el ement 18 was adj usted
to 60 seconds.

[0117]
(Exampl e 14)

The filmform ng process was carried out 100 tinmes
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accordi ng to Exanpl e 10, and after conpl eti on of every one round
of the filmform ng process, the regeneration process for the
heati ng el ement was carri ed out. Eachregeneration process was
carried out under the same conditions as in Exanple 12.
[0118]

(Exanpl e 15)

The filmform ng process was carried out 100 tines
accordi ngto Exanpl e 10, and after conpl eti on of every 10 r ounds
of the filmform ng process, the regeneration process for the
heati ng el enment was carri ed out. Eachregeneration process was
carried out under the same conditions as in Exanple 13.
[0119]

(Exampl e 16)

The regeneration process for the heating el ement was
carried out under the sane conditions as i n Exanpl e 12, except
t hat onthe contrary to Exanpl e 12, CO, was suppliedtothevacuum
chanber 6 to adjust the vacuum pressure to 1.4 Pa (a vacuum
pressure equivalent to 1.0 tine of the partial pressure, 1.4
Pa, of the raw material gas at the tinme of filmformation).
[ 0120]

(Exampl e 17)

The regeneration process for the heating el ement was
carried out under the sane conditions as i n Exanpl e 12, except
t hat onthe contrary to Exanpl e 12, CO, was suppliedtothevacuum
chanber 6 to adjust the vacuum pressure to 1.3 Pa (a vacuum
pressure equivalent to 0.93 tinmes of the partial pressure, 1.4

Pa, of the raw material gas at the tinme of filmformation).
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[0121]

(Reference Exanple 1)

The regeneration process for the heating el ement was
carried out under the sane conditions as i n Exanpl e 12, except
t hat onthe contrary to Exanpl e 12, CO, was suppliedtothevacuum
chanber 6 to adjust the vacuumpressure to 14.0 Pa (a vacuum
pressure equivalent to 10 times of the partial pressure, 1.4
Pa, of the raw material gas at the tinme of filmformation).
[0122]

(Ref erence Exanple 2)

The filmform ng process was carried out 100 tines
according to Exanpl e 8, but the regeneration process for the
heating el ement was not carried out.

[0123]

(Ref erence Exanple 3)

The filmform ng process was carried out 100 tines
accordi ng to Exanpl e 10, but the regeneration process for the
heating el ement was not carried out.

[ 0124]

(BI F neasur enent)

I n Exanpl e 20 to Exanpl e 25, and Reference Exanple 1 to
Ref erence Exanple 3, the first and 100'" BI F val ues of film
formati on were respectively nmeasured. The neasurenent net hod
for BIF was carried out by the nmethod described in section
"Eval uation of gas barrier properties - BIF'. The
determ nation criteria for the evaluation of gas barrier

properties are as follows. The neasurenent results for BIFare
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presented in Fig. 7.

Determinationcriteriafor the eval uati on of gas barrier
properties:

The BIF value is 8 or greater: A level suitable for
practical use

The BIF value i s greater than or equal to 5 and | ess than
8: Alevel suitable for practical use

The Bl F value i s greater than or equal to 2 and | ess t han
50 Alower limt level suitable for practical use

The BIF value is less than 2: Alevel inappropriate for
practical use
[ 0125]

As can be seenfromFig. 7, inall of Exanple 12to Exanpl e
17, both the first and 100'" Bl F val ues were at a |l evel suitable
for practical use. Particularly, in all of Exanple 12 to
Exanpl e 16, there was no significant difference in the gas
barrier properties betweenthe first filmformng process and
the 100'" filmform ng process, and the 100'" BIF val ue was 8
or higher. InExanmple 17, sincethevacuumpressure at thetine
of regeneration was | ower than the vacuumpressure inside the
vacuumchanber at the time of fil mformation, although the 100'"
Bl F val ue was 3.6, the gas barrier properties were nmaintai ned
at a level suitable for practical use. In contrast to this,
i n Ref erence Exanpl e 1 t o Ref erence Exanpl e 3, al t hough t he gas
barrier properties were satisfactoryinthefirst filmformng
process, thegas barrier propertiessignificantly deteriorated

inthe 100'" filmformng process. In Reference Exanple 1, it
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i s specul ated that although the regeneration process was
carried out, since the vacuum pressure at the tine of
regeneration was too high, the surface of the heating el enent
was oxi di zed, and thereby the gas barrier properties were
deteriorated after continuous fil mformati on. Fromt he above,
it could be confirned that the suitability to continuous film

formati on was i nproved by perform ng t he regenerati on process.

Industrial Applicability
[ 0126]

The gas barrier plastic nolded product according to the
present invention is suitable as a packaging materi al.
Furthernore, agas barrier container formedfromthegas barrier
pl astic nol ded product according to the present invention is
sui table as a container for beverages such as water, tea
beverages, soft drinks, carbonated beverages, and fruit juice

bever ages.

Ref erence Signs List

[0127]
6 Vacuum chamnber
8 Vacuum val ve
11 Pl asti c cont ai ner
12 Reacti on chanber
13 Lower chanber
14 Oring

15 Upper chanber



16
17
17x
18
19
20
21
22
23
24a,
25a,
26a,
27
28
29
30
33
34
35
40a,
41a,
90
91
92
100
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Gas supply port

Raw material gas flow channel
Gas outl et port

Heat i ng el ement

Wre

Heat er power supply

Openi ng of plastic container
Exhaust pi pe

Raw mat eri al gas supply pipe

24b Flow rate regul ators

25b, 25c Val ves

26b Connecti on areas
Cool i ng water flow channel
| nner surface of vacuum chanber
Cooling unit
Chanber fornmed from a transparent body
Raw mat erial gas
Chem cal species
I nsul ati ng ceram c nenber

40b Raw mat eri al tanks

41b Starting raw materials

Gas barrier plastic nolded product
Pl asti c nol ded product
Gas barrier thin film

Fil mform ng apparatus
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CLAI M5

1. Agas barrier plastic nol ded product conprisingaplastic
nol ded product and a gas barrier thin filmprovided on the
surface of the plastic nolded product, in which

the gas barrier thin filmcontains silicon (Si), carbon
(©, oxygen (O and hydrogen (H) as constituent el enents, and
conprises a Si-containinglayer having a Si content percentage
represented by (Mathematical Formula 1) of 40.1% or nore:

(Mat hematical Fornmula 1)

Si content percentage [Y49 = {(Si content [atomic%) /
(total content of Si, Oand C[atomc%)} x 100
wherein in Mathematical Fornmula 1, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,

O and C.

2. The gas barrier plastic nol ded product accordingtoclaim
1, wherein the C content percentage represented by
(Mathematical Fornula 2) in the Si-containing |ayer is 22.8%
to 45. 5%

(Mat hemati cal Fornmula 2)

Ccontent percentage[% ={(Ccontent [atom c%) / (total
content of Si, Oand C [atomic%)} x 100
wherein in Mat hematical Fornmula 2, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,

O and C.

3. The gas barrier plastic nol ded product accordingtoclaim
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1 or 2, wherein the O content percentage represented by
(Mathematical Forrmula 3) inthe Si-containinglayer is 2.0%to
35. 8%

(Mat hemati cal Fornmula 3)

Ocontent percentage [ ={(Ocontent [atom c%) / (total
content of Si, Oand C [atomic%)} x 100
wherein in Mat hematical Fornmula 3, the content of Si, Oor C
is acontent thereof intheitens of the three el enents of Si,

O and C.

4. The gas barrier plastic nolded product accordi ng to any
one of clains 1 to 3, wherein the hydrogen content percentage

in the Si-containing layer is 21 atomc%to 46 atom c%

5. The gas barrier plastic nolded product accordi ng to any
one of clainms 1 to 4, wherein the density of the gas barrier

thin filmis 1.30 g/cn? to 1.47 g/cnt.

6. The gas barrier plastic nolded product accordi ng to any
one of clainms 1 to 5, wherein when the Si-containing | ayer is
subj ected to an X-ray photoel ectron spectroscopi c anal ysis
under condition (1), the spectrumcontains aregi onwhere amain
peak i s observed, at the peak appear ance position of t he bondi ng
energy between Si and Si:

Condition (1): The neasurenent range is set to 95 eV to

105 eV.



75

7. The gas barrier plastic nolded product accordi ng to any
one of clainms 1 to 6, wherein when the Si-containing | ayer is
subj ected to an X-ray photoel ectron spectroscopi c anal ysis
under condition (2), no peak i s observed at t he peak appear ance
posi tion of the bonding energy between Si and Si:

Condition (2): The nmeasurenent range i s set to 120 eVto

150 eV.

8. The gas barrier plastic nolded product accordi ng to any
one of clains 1to7, whereinthegas barrier thinfilmis fornmed

by a heating el ement CVD et hod.

9. The gas barrier plastic nolded product accordi ng to any
one of clains 1 to 8, wherein the filmthickness of the gas

barrier thin filmis 5 nmor |arger

10. The gas barrier plastic nolded product accordi ng to any
one of clains 1 to 9, wherein the plastic nolded product is a

container, a film or a sheet.

11. A method for producing a gas barrier plastic nol ded
product, the nethod conprising a filmform ng process of
formng a gas barrier thinfilmby bringing arawmaterial gas
into contact with a heating el enent that has generated heat,
deconposingthe rawmateri al gas to produce a chem cal speci es,
and causi ng the chem cal species to arrive at the surface of

t he plastic nolded product,
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wherei n an organosil ane-based conpound represented by
formula (Chem cal Fornmula 1) is used as the raw material gas,

a material containing one or two or nore netal elenments
sel ected fromthe group consisting of Mo, W Zr, Ta, V, Nb and
Hf is used as the heating el enent, and

t he heat generation tenperature of the heating el enent
is set to 1550°C to 2400°C

(Chemi cal Formula 1)

HsSi - Cn- X
wherein in Chemical Forrmula 1, n represents 2 or 3; and X

represents SiH;, H or NH

12. The nethod for producing a gas barrier plastic nol ded
product according to clai ml1ll, wherein the organosil ane-based
conpound represented by the formula (Chemical Formula 1) is
vi nyl sil ane, disilabutane, disilylacetylene, or

2-am noet hyl si | ane.

13. The nethod for producing a gas barrier plastic nol ded
product according to claim1l or 12, wherein as the heating
el enent, tantalumnetal, a tantal um based all oy, or tantal um
carbide is used; tungsten netal, a tungsten-based alloy, or
tungst en car bi de i s used; nol ybdenumnet al , a nol ybdenum based
al I oy, or nol ybdenum carbide is used; or hafniumnetal, a

haf ni um based all oy, or hafnium carbide is used.



