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WD 2007/ 012392 1 PCT/ EP2006/ 006696 Descri pti on Met hod
for the production of a thin glassy coating on '
WO 200B£112808s in order to redute 5 gas perneaPOIHEPRB06/006696
present invention relates to a process for converting
a thin (0.05-5 pn) coating which conprises, as the
mai n constituent, perhydropolysilazane (also referred
Descﬁ .as PHPS) or an organic polysilazane to an
iH5EY vi ous gl assli ke layer which features 10 _
transparency and a high barrier action toward gases.
The conversion is effected by neans of irradiation
Methag fion thepradughien af erhia glasey edajing ot subsigies in aisigr yreduce
I . of a wavel ength bel ow 300 nm at very | ow
gasp%gﬁ%%F) ures acceptable for the particular substrate
. with very short treatnment tine (0.1-10 min). 15 It is
known (K. Kamiya, T. Tange, T. Hashinoto, H. Nasu, Y.
The pagent jnyentieg _I'e|ﬁtﬁ§_ togpprocegs éqr qarwerting & thin £8.05% gm) coating

~ which l%g;rﬁ%r}ss,ets?ﬁ% tlhéoﬁigiﬁg?ﬁ?ﬁlgérg P%gﬁé/ﬁ?&é)ﬁé)?&‘?ﬁ%&gﬁé‘ al8h rgfrégr%d toas

nitrogen at one
PHPSalor enrcacgainig piofystilbeame to/ar impsetkaust glassliike lbyarkwhich features

ranseglnS TS NaILOaTT ablioh Bl ook She ConuSBib mred by
meand Bf iAW VRIVRGhAwitrR8 Gvayaferifih OF kars) SmvMHEO Vi IRJHTof a

crosslink as a result of condensation, which fornms a

wavelgmythdielow S00qunab ety low tempsiraiores aecaabledonths payticular

ol R NI o 2 oo % H2

O H This process can be nonitored by ATR IR
. spectroscopy with reference to the vanishing '
it is kngwn\ii. dfamiyad T sf amge parfirshimeta, e Ngqear idmEW Ges. Kep. Fac.
Eng. NRE: 9n§1., by %@—59&%9%ﬁ%?%g@u@%f@e%@ﬂ@éﬂﬂéﬁg& PHPS
ccordi’ng 'to the pfior drt, € conversion can be .
layers| thiet batdsdftthe sillebh andEfRroga9 @imBalterndbing 0o 41D 3819 ver

A). T I th to | the -
| skeletq;ré)ggq pr%ﬁ%% eyd(racglfa}ttlc?s.aEly, ﬁ1epr2i r%SSﬁ a%{j so?*ne 8¥\ﬁare hyderogen bonded to

‘the silicon escape as a gaseous compound, for example as ammonia, and the

silanols which form crosslink as a result of condensation, which forms a 3D lattice

composed of [= Si-O-] units and having glasslike properties:

—(SiH,NH}— + 2H,0 — —(Si(OH)2}— + Hz + NH;

[ ‘ .
5 H20 _S:i_

OH | Om

‘This process can be monitored by ATR-IR spectroscopy with reference to the

vanishing Si-NH-Si- and Si-H- bands and the appearing Si-OH- and Si-O-Si bands.
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tenperature, catalysts based on am nes or/and net al

carboxyl ates (Pt, Pd) or/and N-heterocyclic conpounds
WO 280@/@38d (for exanpl e WO 2004/ 039904 Al). RCTZEP2006/006696

exposure tines of from30 mn up to 24 hours,

tenperatures fromroomtenperature to 400C are -

r r t

Accorlli A8 oY i R S B o gﬁ"%fenp@?%?u%@m B1,
WO 2604039808 dsi)r €oteicoeleratERN© pBSSes89r tBlowda:stbredeacinorbes

tompey R b ek dseyor Aikes Qe Iiciauie PoRtage 4Bk i) Srand

N- het@f%tcpcl{cdéwrﬁbbeﬂdax?ar@ Mded &oﬂéxérﬁ@ew% éé‘o&/@sggwm ant

proCess i n which a photoabsorber is added
expoqur@bmeamfdrqm BPgniraxate24 Apors, Mperatuﬁasa‘rce's rtaomrtem;mature
esul

1o 40 GRtehufbd 1 B RREISIH prookiS PR MR o R g long

exposfe ﬁ@le’sfarﬁpﬁﬁ%ﬁ%ﬁlﬁb?ataféé SHORPEXFIYUré kiffRs. bet ween 0. 02
and 10 mn y virtue of addition of fromO0.01 to 30%

by wei ght of photoinitiators, according to JP 11 092 .

p. t t
EP 0 S RO 8 oe MR ErOg e S G A ¥ g 8 8lever
withoudrgtglystrie anneplecis 8% Qfﬁetaymmﬁde Batts (durati@ddinhinpn, 20
the curing rate can be increased by addi ng oxidi zi ng
- et al catalysts (Pt, Pd, Ni...). According to JP 10
| ( :
9P 1308 S8 B00r SR s e @%@‘G@éﬁ@@%%‘*@%‘%ﬁd&@? Gfthe
precefanyic pelysdazars Iaybeaod ietiatinatas easoes an aatesult oWV lrradlation.

te er.at ures |S acC ra or
The d4HIRER BibERes balepaiine Tokuatam & peber S bR Ao of 50-
200 miPe ch?t anglveatnas: t#né@ﬁéfWéétﬁObZCHnd e riial ysil azane

coat i ng as an aqueous sol Ut| on in an i nrersion bath

or ‘as a vapor conponent in the anbient air during the

oy i3 bR I8 o URPRP Al L BRER e YeBbhi o p

11 092666 W&, dl\flapand Riyesd atey/sbriverdd MOUSSHight with wavelengths
phot oabsorbers. The Ug sources nentioned are 'hi gh- and

@ngapbeaimanidime gt aomndmd sdaadition,

of 0.05-3 min, a W power of ~20-300 mMNcm2 is

q[ equi rgd Asubs;&gent heat treatnment up to 150C for
Accorgingif 46 102 60 367 AVatPOlysirgANS fayghs EpReRBAMOIeedan weght 100-

50 Oodgﬁééggg%%%ggg%aer‘ﬁﬁ@% Ant-8 AP, 294483 4882 xitation reaction at

low temperatures is accelerated with Pt or Pd catalysts and/or an amine compound.
The latter compounds can be introduced as a constituent of the polysilazane coating,

as an aqueous solution in an immersion bath or as a vapor component in the ambient

air during the heat treatment. In addition, simultaneous irradiation with 150-400 nm

- UV light is proposed in order to activate the amine catalysts acting as

photoabsorbers. The UV sources mentioned are high- and low-pressure mercury
vapor lamps, carbon and xenon arc lamps, excimer lamps (wavelength regions

172 nm, 222 nm and 308 nm) and UV lasers. At treatment times of 0.05-3 min, a UV
power of 20-300 mW cm™ is required. A su bsegquent heat treatment up to 150°C for

from 10 to 60 min at a high steam content (50-100% relative humidity) is said to
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further inprove the | ayer properties, explicitly with
regard to the gas barrier action. The support
WO 208712802 nmenti oned for the3cerani zed pol ysiAGIZER2006/006696
| ayer also include filnms of plastics material such as
PET, PI, PC PS, PMMVA, etc. Application nethods for
furthe‘&i}ﬁgﬁﬁ)g?’tﬁ 2 SEJ‘?O;B |§é,ﬁﬁlcﬁfg%ﬂf£§§;§rﬁg€) ﬁLér)gJa;?]bémér action.
The sappd)nt mateaalsayensmfrmiofon the téramizedpolygilazdne. lamea!baymlude
i.cknesses

fims of BESHES PaleERULaE F) &ﬁrfﬁég?’%%’ i o Abediesian methods
for thd B{)Wér[ zHneld %rl%e]d'ié péﬁ‘ntﬁl) bﬁ%l éoat glngtﬁf %ﬂr)]r%%dﬁlfg W

yS| azane ayer Dby nea irra

| spreadmtgu, batsd ccqatnngna;bNay spt@acﬂ:ngsﬂw caatimg sstor Tmetaykr thicknesses

at es, is intended to accelerate the
obtairgRl B EhE sSRvertinn e R LRg B B g 365 AR al <o
menti ons the sinultaneous use of W and IR radiation
as beneficial for the |ayer conversion, far IR (4-1000
For thergoatiag wf hprisensitiveplasticafilses, iP He 212 11HeAA degorites a

come i 85 RS 4 B BT 83 AhoRRL PN e Bty

presedtnarhitiestdrentap dadiokplatay, wHicH ispihtreield teeadcakeste therconversion
EP 0 745 974 131 descri bes oxidation

of the JRGIR 10 TAEL Alicalsa (aHtoNs 8 Simakanass tsasl U g IR
rad'at"é’bé%m%’%ﬁ'f??@ 1HAAE Ifer conbBRAH, 18P 1 B4 9b0B HIABLIAG Preferable

becaute nfpeais theestigpdrefiloisssedrangha f ew m nutes. The
mechani sm nmentioned is the oxidative action of ozone
or oxygen-atons. The optionally used VUV radiation

The c&R/ersidn o?é%lyéﬁéfﬁé’byt« @uél:ﬁ%%ﬁﬁb@iétﬁﬁ@dé%éd’ B JP 08 143 689

: speci es, Sinultaneous heat supply up to the tolerance

AA. limt of the substrate (PET 180C) achi eved conversion
times in the range 25 froma few seconds to a few
m nutes for polysilazane |ayers around 20 nm In the

For théfsl‘chdhc@@ﬁbfﬁﬂn‘iﬁéﬁébh@@% yerd forltfagnémistips SEP R 745190y B1
close contact with heated rollers. The UV radi ati on '

descrikespyidstion matopdsiusing azenps atimiclPxyoan gng/ordgadiation with VUV

photorfs {3kt Bi&saitcebr e difltea il TR A le (S BRERISS ot
room temgeratons tabe lowerkd%o nieanchimtes MEfie histhan®nt Mentioned is the
radi ation fractions around 172 nm Another nethod

oxidatiyg gctien 6 ozene praxysamaiome The eptignalyelserdddJY sadigiion serves

exclusfggﬂt ii%%;eerisé?%fsélf t{‘.‘%gg ,réé R/e(s}éz:'i'gs‘l%iﬁlmtahéwﬁgg%t;gu-p-pgy up to the

I'rconi a,
tolerance limit of the substrate (PET 180°C) achieved conversion times in the range

from a few seconds to a few minutes for polysilazane layers around 20 nm. In the

* strip coating described, the heat can be supplied by close contact with heated rollers.

- The UV radiation sources mentioned are famps which contain radiation fractions with

- 30.

wavelengths below 200 nm: for example iow-pressure mercury vapor lamps with
- radiation fractions around 185 nm and excimer lamps with radiation fractions around

172 nm. Another method mentioned for improving the layer properties is the mixing-
in of the fine (6 nm-40 nm) inorganic particles (silica, alumina, zirconia, titania...).
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WD 2007/ 012392 4 PCT/ EP2006/ 006696 The coatings

produced with the aforenenti oned process require, even
WO 2000 ®230Rey only have a | agyer thickness of POTOEP2006/006696

20 rim a relatively long curing time. OMng to the

low filmthickness, void formation is quite high and

[

The cpHfndEd ol e idhfon R el SrliNE LRI rey.
only have\a lgenthiciness ©f from prio@0aimga relaaveipwr&md:um@nmeg@wmg o

al | ows even thernal l substrat es t
the loWiFoaokneS, \EIrEreiind o aUROHOtLANY i et At the.
coatlr@éqsfu%aﬁgfﬁct%ﬁﬂ“ ngs thus obtained to feature a high

barrier action with respect to gases. 10 The present
I nvention achieves this obj ect and relates to a

tis wEBrngn sheet oh i iPafon, b B5Niderg ProreSSaBGPibLEng ¢ n
trans;ﬁaréﬁﬂ Gﬂdtmps ﬁﬁi@ﬁrélﬁw&%@n tﬁeﬁﬁh tdRgResMstidl8s to be coated
formula (I) RR-NR "")n- (72 15 where R, R

in a sipple aadeeom@nu@a‘rbr \bablgimanstasnand fef the goatings thus obtained to
r tionally substituted
feat”"%ﬁ@@%%?@%‘{ é{%&%ﬂgf&ﬁ%"t RS8E i Iyl ) al kyl . radi cal
preferably a radical fromthe group of hydrogen
nmet h et hyl i sopropyl, butyl, isobuty

The prasep! Iyeplion aRaRyes s phiechAnE relatsbiT® RIS PSSHOIng 2
glasslﬁe(fréh%rgﬂt’(%éétl?ﬁcﬁ’ﬁ E%Yxlb)s raf@”%g%o%tlhﬁ tﬁ@s&ﬂsﬁé’t&%ﬁ{ a solution

N 1's suc Si | azane

compnigimdp e aaaodysaigﬁammbéﬁwfmrmulmal)ght of - from 150 to 150

000 g/rmol, and b) a Winoa rgani ¢ sol vent,
Subsequently renovi rﬁgﬁ ﬁe)@% iﬁent q6$ evapor ati on to
| eave a pol ysilazane |ayer having a |ayer thickness

- of 0.05-3.0 Em on the substrate, and irradiating the
wherei| S| Razzmdne spore o diferany anddiratdash indlependantly dwgregen or

an optjdr iy SRS Gl 530 Y 3Rkt Bl ettt =

radicaPro@SABYr6up Bf hA@ropeASARe I%th?%ﬁ;‘:&@pﬁyl |§§;§ﬂ0‘1§§l ®xig eiRobutyl,
and optionally nitrogen. The catal yst used

tert-buld eplgmtbl Winy %%(fﬁemﬁwlv&?ron% %Hrlm&tmﬁfsllwpmpyl) where n is

an integer and n is such that the polysilazane has a number-average molecular

- weight of from 150 to 150 000 g/mol, and b) a catalyst in an organic solvent,

subsequently removing the solvent by evaporation to leave a polysilazane layer
having a layer thickness of 0.05-3.0 pm on the substrate, and irradiating the
polysilazane layer with VUV radiation with wavelength fractions < 230 nm and UV

radiation with wavelength fractions between 230 and 300 nm in a steam-containing

atmosphere in the presence of oxygen, active oxygen and optionally nitrogen.

The catalyst used is preferably a basic catalyst, in particular N,N- -
diethylethanolamine, N,N-dimethylethanolamine, triethanolamine, triethylamine, 3-
morpholihopropylamine or N-heterocyclic compounds. The catalyst concentrations
are typically in the range from 0.1 to 10 mol% based on the polysilazane, preférably

from 0.5 to 7 mol%.
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triethanol amne, triethylamne, 3- 30

WO 2007 g1o3opopr opyl ami ne or N-peterocyclic conpamEP2006006696

catal yst concentrations are typically.in the range
fromO0.1 to 10 nol % based on the pol ysil azane,

= BB gD s TR ) ROACH RSP achone

perhydpafystinzass of theefdrmbiach conpri se at | east one -

per hydropol ysi | azane of the formula 2. HH | | Si-N
Il Hn (2) 5 1n a fur ﬁ ferred enbodi nent, the

i nventive coating co seg'r | east one pol yS|Iazane
of the formula (3) ( RENNR ) n(SIRFR**- NR***) p- (3)
10 where'R, R', R" R'Y and R*** are each

|ndependently hydroge Hr andoptionally substituted
al kyl, aryl, vinyt or (trialkoxysi(Byl)alkyl radical,
where n and p are each an integer and n is such t hat
t he pol ysil azane has a nunber-average nol ecul ar wei ght

In a furthier préfeﬂrearembmmmt lthemmvemtive ddating complises at least one
|aIIy preferred are conpounds in

polym%;ﬁeﬁoﬁ%eérmu R*** are each hydrogen and R', R*
and R** are each nethyl; R, R' and R*** are each
hydrogen and R', R* are each nethyl and R** is vinyl;
or R, R, -(IS‘iRﬁ?fialNR*'*)n (AIRFREENRT)drogen(Hnd R' and
R* are each nethyl. 20 Likew se preferred are
sol utions which conprise. at |east one polysilazane of

wherel/P€R”, R, R*, R** and R*** are each independently hydrogen or an optionally - |
substituted alkyl, aryl, vinyl or (trialkoxysilyl)alkyl radical, where h and p are each an

integer and n is such that the polysilazane has a number-average molecular weight

of from 150 to 150 000 g/mol.

Especially preferred are compounds in which

- R’, R™ and R*™* are each hydrogen and R”, R* and R**‘are each methy[;

. R’, R” and R** are each hydrogen and R”, R* are each methyl and R*™ is
vinyt; or _ ' |

- R’, R, R* and R*** are each hydrogen and R” and R** are each rﬁethyl.

Likewise preferred are solutions which comprise at least one polysilazane of the

formula (4)
| (SIRR“NR*)-(SIR*R*™-NR**), -(SIR", R-NR?¥),- (4)

“where R, R”, R”, R*, R*, R** R', R*and R® are each independently hydrogen or

. an optionally substituted alkyl, aryl, vinyl or (trialkoxysilylalky! radical, where n, p and

g-are each an integer and n is such that the polysilazane has a number-average

molecular weight of from 150 to 150 000 g/mol.

- Especially preferred compounds are those in which R', R™ and R*** are each
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formula (4) -(SIRR'-NR",)n (Si RR*" *-NR*" *)p(Sr
R2-NR3)q (4) 25 where R, R', R'"', RY, R:*, -R:**, Rl
WO RR77Mb382 are each i ndependgnt |y hydrogen OPCTREP2006/006696
optionally substituted al kyl, aryl, vinyl or
. (trial koxysilyl)alkyl radical mhere n, pand q are
b b Laak R j 1
ryeroBBE R TR0 AR B e PR AR RS AERRy v R

is alkyl =0 Hydog@nmol . - 30 Especr aIIy preferred compounds are -
those in which R, R' and R*** are each WD

2007/ 012392 6 PCT/ EP2006/ 006696 hydrogen and R', R,

In gerfii al, & 8@5@?\ 8‘{ ?&?QI hgmtr@g’o!bént IF from 1 to 80 bg weight of

'poiysrlazagren prﬁérabﬂ;hﬁomoﬁntceﬁm‘yodﬁy welghns,i mapmfenabweomm O/E:MO% by

is from1l to 80% by wei ght of 5 polysilazane,
weighty of erably from 5 to-50% by wei ght, nore preferably
from10 to 40% by weight. Suitable solvents are
particularly organic, preferably aprotic solvents
Suitahlaisclvetits akst partiomady mrgaartle,rpreferahly angaiie solgegisoMpsh do not

conta et B el 6 eRte P L e e Gpurs) and behave

inertlyes@Zpd €he pblypirane. ThepapdTabf Exdnigled afbii@iSer aromatic
hal ohydrocar bons, esters such as ethyl acetate or

hydrogarbpns dhalphydrocalnensnesters skchnas gt anpetats onbuty) acetate,
keton%st EM% thagﬁrgyrneeérlrﬁé%{?&fml I?%roh étﬂpﬁed%%rr'ééﬂetpiqydrofuran or

no- ene

drbutydeﬂdek,ydmcbtﬂmerbs afid Ippihgskyleare giymbuﬂratkyi @thetér@cﬁmes) or mixtures

solvents. 15 An additional constituent. of the '
0fﬂ@§%§9@?ﬂ§%ane solution may be further binders, as used
customarily for the production of coatings. They may,
for exanple, be cellulose ethers and esters such as

An adémbyrabmrlatrtume of the polysildzanese|utoal may bedudbet bindews, as used

custorfggydo” B pBEHER By Ronerne Fiaf R SipiGopSEeiiose

ethersRfid/ é?t(e@%érpﬁs BRI IuRIseC ﬂﬂr‘?}%@ﬁ@be@ NediRfdd@Sacdtte or celluiose
exanpl e am no resins, in particular urea- and

‘acetohutyrate, matigl mrmay@e% aghbey orap&ipg, rm‘e%yn’reetlcarﬂsms guch as

potym e S ekt e Bhiar s P SRR Lo (BRRE. ABartiutar

urea- and mefamine-formaldehyde resins, alkyd resins, acrylic resins, polyesters or
modified polyesters, epoxides, polyisocyanates or blocked polyisocyanates, or

polysiloxanes.

A further constituent of the polysilazane formulation may be additives which, for
example, influence viscosity of the formulation, substrate wetling, film formation,
lubrication or the venting behavior, or inorganic nanoparticles, for example SiO»,
TiOs, ZnO, ZrO; or ALOs. | |

The process according to the invention makes it possible to produce an impervious
glasslike layer which features a high-barrier action with respect to gases owing to its

freedom from cracks and pores.
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pol ysi | oxanes. 25 A further constituent of the
pol ysi |l azane fornul ation may be additives which, for

WO 2eRampiosgoi nfl uence viscosity of the fornul abPOIEP2006/006696
substrate wetting, filmformation, lubrication or the
venti ng behavior, or inorganic nanoparticles, for

The cgré@@@ésgrogg%g&agla%zlgy%ﬂ@clﬁl&é%tofﬁﬁm %liaés |{335—g33| bl e

to produce an inpervious glasslike |ayer mhlch
features a high barrier action with respect to gases .
The SHWWQS &segdn apﬁ@”é@ﬁﬁ? Mg dnvgadion sy eﬁﬁ?"é‘éﬂ"ﬂﬂ? sitive plastics

-films cﬁrgﬁ@ %tét{ﬁéness @ feocﬁfége%&%%ﬁ%n@ %Eé‘tgaQ‘teQ_PEﬂH CROPET

b_ottlesp\hntlu lttaltlamsseecdnflm ‘Hi pimg émparticu kah fitnhe or aulmttateﬂ neade of
r mal Sjt | asti.c fil 0 I [CS . . .
potyelRne steritnale (BEHh pavekienanaeReR G PENb Hamige (P1),

polypr%‘#?fén%s( po@?ﬁ‘?’téﬂe‘e@Es)ch RarhBi Gi‘t"é?]%‘%\?éx&ﬁpl%@ 08 firther

partic u strat s made of pol yet hyl ene
preferrea entboldahamte it(i PEIEp passibie thgdatrrubsiprashsuchit as rEA)fiims, for

‘ i mde ) ropyl ene (PP), polyethylene
examﬁ!gé‘gwwrﬂ% tﬁfyﬁ exanples. In a further

preferred enbodiment, it is also possible to coat
substrates such as met al films, for exanple al um num
The ouistanding priArackiag withorespecigransaRdPsREARINWiIER reRRECHIP

steam P&ggér? %Xcg %érgo} n%8§§§b 8%?(%?2&? j%nmé Boé@igﬁe)seﬁénr\t/léﬁitar!‘\; useful

as ba@@&lay@wfméﬁstdkagingrmwsn@&s‘ ahd aaprétactiveelayepyagaingiocorrosive
packagi ng materials and as ﬁ)rot ective laé'd{‘r's agai nst

gasescin EMRle i Aaalingrseseiariiias forthedapdnhdyet¥el s or
Tie pdcb® obSordlied BedAvdAlEd dobecd  THSNRIASF R, BERIIHLY

I'nverit i on succeeds in convertin .
hn'ys'ipzage idyeranppliey br 3 figipteptd a glassfike smccsm dpxide aetwork at

- tempe assll{ié quéwltlpip Xt d%li‘f%‘?‘@@q%a{qmsﬁa‘jﬁgv%;ﬁ%t l\rNgson films

20

25

30

from r6IPR A8 trhhs Pt sf)é@dlg EBbVe 1 ‘Pn hﬂh“ mbr thid piaBeBerthe
speeds above 1 mmn-'. For th pur pose, the

proceqae@d@wstmmn the peiereait ne:thaen@@desi a pluralifytof @roerssdeps or

e cofyBebrEbhd s B PHBF AR LT A i 8 o

demarifscater tine

As a result of direct initiation of the oxidative conversion of the polysilazane skeleton
to a three-dimensional SiOy network by VUV photons, the conversion succeeds
within a very short time with a single step. The mechanism of this conversion process
can be explained in that the -SiH,-NH units in the region of the penetration depth of
fhe VUV photons are excited so greatly by.absorption that the Si-N bond breaks and,

in the presence of oxygen and sfe_am, the conversion of the layer proceeds.

Radiation sources suitable in accordance with the invention are excimer radiators

having an emission maximum around 172 nm, low-pressure mercury vapor lamps

having an emission line around 185 nm, and medium- and high-pressure mercury




demands. As a result of direct initiation of the
oxidative.convgrsion of the polysilazane skeleton to

WO 280v/u1egedi mensi onal  Si Ox _negwor k by VWV phOP@JT$EPQb©6/006696
conversi on succeeds 25 within a very short tinme wt
singl e step. The nmechani smof this conversion process

vapor I8RpEHEH Ravienad R TonbdBiew 258 T ele\trhi, %E‘ﬁ%s having

an enfiésoR Xt iRdnsarduinegldyniy absorption that the Si-
bond breaks and, - in the presence of oxygen and st eam

t he conversion of. the layer proceeds. 30 Radiation
In the3BUEERS8 W Fahhion SoBeeRi AR ERIM I dBreTENLL00CAL S
below11781) mim, fdr@xapipts swze\emmrradmawe witheapemideion ngxémum
m_ssion line around 185 nm and medi um

aroungl i i eREaAE PELGST ENSds CedBeE §6 formed very effciently by

e A A e

coeffigentsgif teseagasamnghisunavel@dgthmange, anveprasetedhe wsizladibn of the

* ooolgS8be AR, BEHB5EE P PeFARER SR LABE PRGNt g vt
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of ozohédbﬁgynsra‘ﬂfddlé 8Rd SFH PradiEais BER aétrd?ﬂ{ﬁﬂ/héﬁ@hé‘ WUV radiation
ozone and oxygen or hydroxyl radi cal s are formed very

also redgdhiesiteasuifapy of freopelysildzanedayarhe presence of oxygen
and/or steamowi ng to the high absorption
coefficients of these gases in this wavel ength range,

E In ordend riren® heaxirarpdostabf voVoiadidien thahy subHazaoetHewger, it is

However, both mechanisns, splitting of the Si-N bond
therefergcnesessany fepthis “@2’6@9%@@%’@ igweE e oxyaensaiiceryation and

the st 'cﬁﬁl:ém Stidh %ﬁegﬁw é’l‘ﬁﬁ‘?o? p‘% \él tfo?idénfb'gr&’iﬂgly% 2%ontrolled

reacnes t e surfac azane

. man .nerrh}em pHamaliyi |pngglag mmr\/ﬂmfrtréatmemifr‘h\aw\er with zmtrcmert, do tiéch

surface of erefore necessary for
OXyge’t‘ Rnd Céﬁ'g? E‘ ? &Oﬂﬁ%’?g W& gen

concent rati on and 15 t he steam concentrati on of the
path |l ength of the radiation accordingly in a

The oxygetraginceutratiomisr prieferablyi io e rangeuoid0y2d 6 H00i ppm.
‘treatnent channel with nitrogen, to which |I... oxygen
and steam can be added in a controll able manner. The

s'teamga%ﬁggga%\g 80fR@theBohverBiohl fbeddyhad bbER féaeR
- m
advantageous and reaction-promoting, so that preferably a ste_'am concentration of

“from 1000 to 4000 ppm.

In an embodiment preferred in accordance with the invention, the irradiation of the

layers is carried out in the presence of ozone. In this way, the active oxygen which is

' réquired for the performance of the process can be formed in a simple manner by

decomposition of the ozone during the irradiation. '

The action of UV light without wavelength fractions below 180 nm from HgLP lamps
(185 nm) or KrCI* excimer lamps (222 nm) is restricted to the direct photolytic action
on the Si-N bond, i.e. no oxygen or hydroxyl radicals are formed. In this case, owing

to the negligible absorption, no restriction of the oxygen and steam concentration is
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20 Steam concentration during the conversion process
has been found to be advantageous and

WO 20031 i2392pr onot i ng, so thatgpreferably a st g@m/EP2006/006696

concentration of from 1000 to 4000 ppm 25 In an
enbodi nent preferred in accordance with the invention,

o T e ol S DG gl oot

penetdticthdésth ineqHe petysilaraddyger f or mance of the process
can be fornmed in a sinple manner by deconposition of

the ozone during the irradiation. 30 The action of W

_ i it . . tr r .
Accorfil b2 ARG L0909 I i
can be sfeetdd é;lnﬂ,;litdneouéélhesLd:iceeslt/elplmtaﬁﬂeymatelyabbtmmth oty rmdlation

no ox en or

. Si-NDb . e, rad|cal are
be'OM%Q%@ i batighler Delow 1 wnﬁa; Oft\%ﬁ'} vat@nkw@ wavelength

i t e
fractiRSTRR 1o 210 ALY Sty Sagisin %%%‘é%%@ Badlne
betwaeecﬁﬁ(} and 386 anhegn padicarteragiéh bheradsation iarthesergefrginh240 to
280 bl 183380 5 Buhdrad)E SHeRERS) arE U5 IR oIS BBy e
radiatioRewiti %@b@n‘gﬁﬂfr%ﬂic?hst oW R0 Al tlih @ Bearicddsy tMdiation with

radi ation can be effected sinultaneously,
Waveleuetbe‘ﬁaﬁt@@rs;beéweem 230 reide3q nisdpHomn oy radiealat@etive
oxygeREl ow 200 nm in particular below 180 nm of with VU
radi ation with wavel ength  fractions from 180 to 200
nm and with UV radiation with wavel ength fractions
bet ween 230 and 300 nm in particular with W
O + hvdci BEQ om)in QRE) +4MgB) from 240 to 280 nm In this

ca synergistic effect can arise by virtue of
O( P) 62@21? %r med by the 10 radiation with wavel ength-

o ORI fe0 el By o

form oxygen radi cal s (active oxygen). 02 + by (< 180
nm 4 0(3P) + O('D) 15 Q(3P)+02403
When @igs W@Wﬁ?&@ cerghthe (ayBr suviaea or in thepleyeeiself, #eprocess

of Iayegrc%@gg%loﬁ an b3atce el#aratf %Cgu%bler]'ag,ga‘tj‘oh@é)‘f:‘lfctalstf?ﬁ3 lsLCh Ehe

combination are Xe,* excimer radiators with wavelength fractions around 172 nm and

“low-pressure or medium-pressure mercury lamps with wavelength fractions around

254 nm or in the range of 230-280 nm.

According to the invention, the formation of a glasslike Iéyer in the form of an SOy

lattice is accelerated by simultaneous temperature increase of the layer and the

‘quallity of the layer with regard to its barrier properties rises.

. The heat input can be effected by the UV lamps used or by means of infrared

radiators through the coating and the substrate, or by means of heating registers
through the gas space. The upper temperature limit is determined by the thermal

stability of the substrate used. For PET films, it is about 180°C.



10

- 15

20

25

. ..30

of |ayer conversion can be accelerated. Suitable
radi ati on sources for such a 20 conbi nati on are Xe2*
WO 2ergiomesgpadi ators with wavejgength fracti onspaePd08E206696
nmand | ow pressure or nedi um pressure nercury |anps
wi th wavel ength fractions around 254 nmor in the
[
In a pAEREd %g@]gogﬁm%ﬁp g ﬁ‘g&r& Og‘lyg'?e %Lgb%t%ﬁe fé‘é{%}%p%ﬂunn‘g*{ﬂe

omdatﬂe@(ﬂﬁ.lelrabhlpmcesfs Wﬁ@bﬁé@f atfrdrgd $admtdr§ﬂ.‘<§%£éiﬁperatures between
erature increase of the layer and the uality

50 angl200r Gyaepwqhng oB R dheranalisengiinity F ther SiheiBit b ! asted)
and sﬁlﬂtaj?\%%s 88‘“[’0 B?acﬁélf 4684 fﬁﬁnépﬁr%lf%r% ERbodfiRantthe gas

rare ators e coatlng

tempaatdlre Eretmtmtjraaba chambsr dmmgsthefcohee:tsnorgpmgssiennsreased to

30 through the gas:spac The up erte erature |i
tempeTSILiT OF RORCED 1520050 B SIFBN Tarcas) A BY hgoating on the

substiBgO R thak @cHREEd, FRlchREddE ;d BBeciblatdd Cé%l"gl i‘i%?%e Wlysilazane
2007/ 012392 10 PCT/ EP2006/ 006696 In a preferred

layersenbodi nent of the invention, the substrate is.heated
during the -oxi dative_conversi on process by neans of
infrared radiators.to tenperatures between 50 and

“The b2RREacHSRONHIBYSR Wi rddpIcHe) gaeastan Bk Wetdtinihd@ by

substrate to be coated) ‘and sinmultaneously exposed to
permeiatipadpeasusaments, @nﬂdim meanp oé Adiit-Hl measotement with fegard to

e oo RS B 8 S B RN A6 b

‘which tﬁcﬁm‘i ke PorpoleHPor mdagemﬂsttmemlysdéteamneg byfmélaﬁs of SEM

oating on the substrate is thus _achieved,

analysesqFeneen HUaN SrPRIRIts e RIS ANDP R rigihi 9§9Ie§ztamee layer
surracla%Y@rd%terﬂrﬁnJ@% R it %Leﬁg\;éﬁgy 8fmghe layers with
espect to gases can et'erm ned by perneation
rreasur enents, and by nmeans of ATR- IR neasurenent with
ard to. the H and, Si - NH- Si.

. : tent of Si
The pibgRas SafiTdinsuiodh sy elionas IRl Er e SKER S The

conveBPhP irfsia®in bhﬁhe' iRz Ae lRir ol thy fiediREFiImas b@/camed

nmeans” of SEM anal yses. Concentration gradi ents of
out in pie nogleng step, $eQ¢’oaexamgtﬂ ity esating erfénséirem rodl to roll". The

d
coatingh bbbl OGNty % enfblRdiite HB sRtid Atongvitn

respecl 'tcy bBSeF6r xarflplel 35/geho Béh%foﬁl ABxiBY, eur badisatwien réHpebhﬁJ
pol yS|Iazane | ayer on t he pl astics filmto be carried

steamout in one working step, i.e., for exanple, in the
coating of films "fromroll to roll". The

The barrier action can, when it is desired, be increased further by multiple,

successive performance of the process according to the invention, which is, however,

generally not necessary.

Examples

Substrates:

Polyethylene terephthalate (PET), polyethylene naphthalate (PEN) polyimide (PI)
polyethylene (PE), polypropylene (PP).
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20 coatings obtained in accordance with the invention
feature high barrier action with respect to gases,

WO 2007/erpaepl € oxygen, carbon i oxide, air or elGBERRDHDE/006696
respect to steam The barrier action can, when it is
desired, be increased further by multiple, 25
successi ve performance of the process according to the
i nvention, which is, however, generally not

poysmﬁgﬁﬁﬁgmuhoﬁyanples 30 Substrates: Pol yethyl ene
t erepht hal ate (PET), | ene_napht hal ate (PEN),

Perhyﬁmmlmn@@anesplut:opdm ygl@ng(blﬁ}e{l 1pp§j\11 1@drgrpr(apya@ﬁq@mbH) orin

dbut)é,gﬁ'}er.(&gléﬁ%m% %Ha?ﬁé&ﬁﬁ SI/ Sgi(sl(ig(zsane sol ution

Addltlbﬁ dﬁﬂtﬁmﬁ: éﬁﬂB%D(foNé&arﬁ@lefNm@tﬁyleminofamh)a piethanolamine, -
di butyl ether (NL120, NN120 from d ari ant GibH).

triethylgraine, éﬁﬂ@rpmllaaarqpymI&ﬁyglthe(temcy@&cﬁﬁ%b@nes) |
I
(From{\llr Nje?ﬁe %tﬁl&?@@{?h@&k‘%qnﬁg%ﬁggsrgm?nme?e_N het erocyclic

car benes). (From1l to 5% of catal yst on polysilazane

. sol i'dc)' . Coating process: 10 Dipping, fromroll to
Coating,PfOCe8i n- coati ng. Then dried at 100C for 5 min.
Dippirfa¢ Figd \'Mﬁto%ﬂvﬁiiﬁic%ﬁtmmé{ 8HEM 2P%00°C for 5 min,

per hydropol ysil'azane (PHPS) to Si Ox network by VUV

radiation by neans of Xe2* exci mer radi ators,
OdeaﬁSé ssll,]onsaround 172 nm VUV power 30 MWCM 2, 15 by
E ST s pressure mercury vapor. | anp (HgLP | anp),

Convé‘?ﬁbﬁsdf%rhyd?ép@{ya%n@](PEHPMOFEX%rnel\ﬁ)oM/MW rabitgtion by

resulting SiQ < films have layer thicknesses between

'rheansngxamoemehmcb@em, eMAiBSIPPSBRERG Y2 D \OdVeraaiail sV cm

by meShs P fovPprddstre Yr?elr&?r?r vapor lamp (HgLP lamp), emission line at

185 nm. VUV power 10 mW (‘m

‘The resulting SiOy films have layer thicknesses between 200 and 500 nm (SEM

elltpsometry)

.Determlnatlon of the barrier values:

OTR (Oxygen Transmission Rate) at 23°C and 0% r.h. or 85% r.h.

- WVTR (Water Vapor Transmission Rate) at 23°C or 40°C and 90% r.h.

For an approx. 200 nm SiOy layer, OTR = 0.5-0.8 cm® m? day™ bar™

For an approx. 300 nm SiOy layer, the values are between OTR = 0.1-0.4 cm® m?
day™ bar' and WVTR = 0.5-1.0 g m2 day™' bar.

For two SiOy layers (approx. 400 nm in total),

OTR =0.05-0.15 cm® m’ 2day” bar' and WYTR =0.2-04 g m’ day bar

For three SIOX layers (approx. 500 nm in total),

OTR < 0.03 cm® m? day™ bar' and WVTR < 0.03 g m2 day™ bar".

Exam_pfe 1: _
36 pym PET film coated with 3% perhydr'opolysi[azane solution in xylene (NP110) or
dibuty! ether (NL120) by dipping, dried at 100°C for 5 min, converted oxidatively with
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| PHPSB’EfDa‘tIhQrbybdjapw diieth aBIOPLE fgroﬁ O'pml qmvlestzdm(ic&bwaw with Xe»*

OTR (Oxygen Transm ssion Rate) at 23C and 'O%r. h. or
85%r.h. WTR (Water Vapor Transm ssion Rate) at 23C

WO 2@07/&9@3@90' 90%r.h. For ampapprox. 200 nm BcQ/EP2006/006696
l'ayer, OTR = 0.5-0.8 cnB8 n2 day' bar-' For an approx.
300 nm SiOX layer, the values are between OIR =

d h d = 5:1. e
Xea" qtgl feton B S e ot oS Bl
thmknbggél bro)p-faﬁo-nrﬁ 05-0.15 cn8 M2 day- bar 1 and WTR =
8 n2 day' bar’ For three Si OX | ayers

OTR @355+ 8% T BOG Mard Sers 2 dayit barg. 03 cng oo day"

unco B ol s SrRSoLas BBy e 45 ap3d TR B
Barries qxhpto\@mem Padten@IK NP D TR udoated WOTR (coateel ( NL120)

dried_at 100C for_5 mn, converted

BIF (Na%lﬂit-r g@%&%%%@%ﬂ‘s@z 1688 PCT/ EP2006/ 006696
Xe2* excimer radiation 30 mMVcm2 (1 mn, 2500 ppm of
02, 10%r.h.), layer thickness approx. 300'nm OR

- Exampla3r;, O%rh):020r030n8m2day bar

L G LA ol AN CM PEgagﬂ Wp 110 or

dubutyFéfhte?"(NL%lz(E)) addHoR dfléfﬂﬁﬁétc%%);{é B%( ﬁfé%ﬁe?rﬁ)!arﬁln':e 65!%%!1&%
5-250 and BIF (NL120) = 1 Exampl e 2: 36

excimbfratlail g My 8 (D iminy 2500 BYIar G 10k F Aoy R thigpess

approXJfBOODIHHS) coat i ng by dipping, dried at 100C for 5
converted oxidati veI WI th gez* exci ner

OTR (& % 36 ik Emp. 022%13n1~nrﬁ d@ﬁ! ®apm.of 02, 10%

: Uncoarteﬁ }mpaggtﬁff ﬁ{d@gﬂg ﬁ%ﬂj) ) _Bg%mgL %Rus]gggt eg%

BIF (.f\.kmmf))atat)l:/3214315ﬁna.rﬁTRF-(m5‘rZotI}reﬁB= n@g-dag- ' bar'

WVTR (23°C, 90% r.h.) = 1.0 g m? day™ bar™

- Example 3:

36 um PET film coated with 3% perhydropolysilazane solution in xylene (N'N1 10) or
dibuty! ether (NN120), addition of amino catalyst _(5% N,N-diéthylethanolamine based
on PHPS), coating by dipping, dried at 100°C for 5 min, converted oxidatively with
Xe,* excimer radiation 30 mW cm™ (1 min, 2500 ppm of Oz, 10% r.h.), layer
thickness approx. 300 nm. '

OTR (23°C, 0% r.h.) = 0.4 and 0.2 cm® m? day ™' bar

‘Uncoated comparative film: OTR = 45-50 cm® m™ day™ bar”

BIF (NN110+cat) = 113-125 and BIF (NN120+cat) = 225-250

Example 4:
36 pym PET film coated with 3% perhydropolysuazane solution in xylene (NP110),

addition of 5% amino catalyst based on PHPS (N,N- dtethylethanolamme, o
triethylamine, triethanolamine), coating by dipping, dried at 100°C for 5 min,
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Bl F (NP110+cat) = 321-357 and BIF (NL120+cat) =
188-208 WTR (23C, 90%r.h.) = 1.0 g nR day' bar
WO 2Beapploged: 20 36 pm PET filyg coated with 3%PCT/EP2006/006696
per hydr opol ysi |l azane solution in xylene (NN1 10) or
di butyl ether (NN120), addition of am no catal yst (5%

convemte p&cgéé%l Mﬁg{)e!g %@&e&?gggﬁgﬂ %Osfﬁﬁféwmﬁ%ln?%% ppm of
O, 1@%! rta) bivgleymaliy Bt 65&2fore3C inilayardhrkhess asﬁm{ 808 ntrd.

m n, 2500 ppmof 02, 10%r.h.), layer thlc ness
approx. 300 nm 25 OIR (23C, 0%r.h.) = 0.4 and 0.2

cB—M2day—tbar="—"Uncoated Tu] avezf i
Sarrgaﬁ" 50 cnB M2 day-' bar a Bl wmc@t)d &irl;élt;éz/‘?;rh
@ BIF (NN120+cat) = 225-250 4. 3D 36TREREN

~filmcoated with 3% perhydrdpol yS| azane sojution in

PETXIXAC%%E? NP110), addition of] 5% am no caalygk based
on

(N, N-di et hyl et hanol gm ne, triethylam ne,

T efnal ing Dby di ppi drledat10
NP1a0 N el oifel o 14 BT ESbos/ 006896 1 14
NVETLE fdattvelry with ez* ex f raa at|on
NP"ﬁ&l%ﬁ(e&@ﬁ?r%ﬁ}ﬁ 2500 ppm of i’ %o r or 5‘{)

Cfor—30—mm; 1 ayer ]l LKHES appr
Np1égo‘* Eﬁ{‘ha;%im M2 d-1 bar |at 0%9114 Sanpl e VURD
Thermatty—PET—uncoated 45t o50—NPt1o—~
N, N- di et hyl et hanol ami ne 0.3 44 NP110 + triethyl am ne
ExamfPle:51 NP110 + triethanol amine 0.14 50 5 Exanple 5:
m, PET film coated w th 3% perhydropol ysi | azane

- 36 urrngE[lJ'tﬂirBrpqaﬁeq(thryo EREdippolysilazane solution'in xylene (NP110),

addition of 5% amino catalyst based on PHPS (N,N-diethylethanolamine}, coating by
dipping, dried at 100°C for 5 min, converted oxidatively with Xe,* excimer radiation
30 mW cm2 (1 min, 2500 ppm of O, 10% r.h.) and then coated once more in the
same way, dried and converted oxidatively: two SiOy layers in total, {ayer thickness
400-500 nm. o

OTR (23°C, 0% r.h.) = 0.05-0.1 cm® m'2 day ™' bar"

WVTR (23°C, 90% r.h.) = 0.2 g m™? day™ bar™

Example 6:

36 ym PET film coated with 3% perhydrolpolysilazane solution in xylene (NP110),

addition of 5% amino catalyst based on PHPS (N,N—diéthylethanolamine), coating by
dipping, dried at 100°C for 5 min, converted oxidatively with Xe,* excimer radiation
30 mW cm? (1 min, 2500 ppm of O2, 10% r.h.) and then coated twice more in the
same way, dried and converted oxidatively: three SiO, layers in total, léyer thickness
500-600 nm., | ' |

OTR (23°C, 0% r.h.) = 0.01-0.03 cm® m™ day™ bar”

- WVTR (23°C,'90% r.h.) = 0.03 g m™ day™ bar

Example 7:
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addi tion of 5% am no catal yst based on PHP‘S.
(N, N-di et hyl et hanol ami ne), coating by dipping, dried

WO 2807A@Gokor 5 min, converted oxidatively w Pwﬁeﬁ?ooeloossga
excimer radiation 30 mWcnR2 (1 min, 2500 ppm of 02,
10%r.h.) and then coated once nore in the 10 same

0B ] S RO S AR U Tl
additlén laf 5% a%rﬂﬁcé’cngs@ BBseP ol BHPHAK,N- d\éﬁﬁ’ﬁeﬂ%@iarﬁﬂ%}r coating by
bar' 15 anple 6: 36 pmP

Gippirig, NFEd G (DA GHOTS SVt NpHEs Suldsti s HIGPLEHERON, VUV

outpuﬂb gﬂ@élt\ll@ J(ié? )C{p ,[%éj(fb {)hrg]nnogﬁ?f) 51%2/?%9() aa&ghg" %@esgaa?pepqox. 300

nm. d| ppi-ng, dri ed at 1OOC for 5 mn, converted
oxi dat ] ve| ><3e2* equ mer, radiation 30 mWcn2 (1
OTR (#3nC, 8%pph p‘rﬁ‘gfc oMy, b EH’) and then coated twice
nore in the 20 sama way, dried and converted
oxi datively: three SiO < layers in total I ayer

_Examplei &kness 500- 600 nm OTR 230 0% r. = 0.01-0.03

23 pnﬁé@f*ﬁ@?@a}%ﬁ%{? Qn?b,w/—r e;;n)S @M%l Z@j}g@t@g in xyle%en&\lPHO) or

dnbutyP@tT{eEgﬂQ@@é)O%é%n o?@w&hﬁ:% chidlyBt ‘b%é@%nwblilhsf(;f@

ropolysi | azane solution i xylene (N
diethy hlamlammraﬁ) siikteniol coetingl sanvenad axidativehipgth Xez* excimer

raciatyft (g lighos A5 RM 2BHGER 26 PN N m Gt Bt o

6%rﬁ)iqfa}&irltﬁi@knééé\/apmkp4@0 Agh.mMNVcm 2 (10 mon, 2500 ppm of
t hi cknegs appr ox. 300.5 nm OIR

er

OTR (@é%@, 0%% ﬁqﬁéaod;@ %%Wmm day" bgar'  Exanple 8: 23
pm PET filmcoated wth 3% per hydropol ysi |l azane
solution in xylene (NP1 10) or 10 dibutyl ether

Examglnlot20), addition of 5% am no catal yst based on PHPS

N, I |- | | i
PET fl&g ﬁg@ﬁd‘e\gﬁgﬁp W@a;%ess%ﬁc%p y@;)%derégt(g{ ﬁ&utyl Ce?ﬁérl, gg&iition of
amino catalyst, roll-to-roll coating, converted oxidatively with Xe,* excimer radiation

30 mW cm@ (O, H,0) + thermally, layer thickness approx. 300 nm.

Exampl'e 10
PET bottles coated with polysilazane solution in xylene and dibutyl ethér, addition of

. amino catalyst, coating by dipping, dried at 65°C for 5 min, converted oxidatively with

Xez* excimer radiation 30 mW cm™ {5 min, 2500 ppm of O3, 10% r.h.), layer

thickness approx. 400 nm.
Barrier Improvement Factor (BIF) = 10 for Oz and = 3 for COs.

Example 11:

23 pm PET film coated with 3% perhydropolysﬂazane solution in dlbuty! ether

(NL120), addition of 5% amino catalyst based on PHPS (N,N-diethylethanolamine),
roll-to-roll coating, converted oxidatively with Xez* excimer radiation 250 mJ cm™ and

Hg-LP radiation 250 mJ cm™ (1 m min™, 2500 ppm of O5, 7% r.h.), layer thickness
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radi ati on (double lanp, 120 cm oblique) 33 mMNcnR2 (3
mmin-', 2500 ppmof 02, 6% r.h.), layer thickness
WO 20pprane39200 nm OTR (23C, 0% r.h.) = 0.65 aRCTOEB2006M06696
nm'2 day' bar' 15 Exanple 9: PET filmcoated with
pol ysi | azane solution in xylene or di butyl ether, _
d [ t s ks _
approd 800 DT P R R Oy Bl Ko SankPRdiBthr g g LP
radiatol¥ cm 2 (02, H20) + thermally, l|ayer thickness approx.

Q.n 20 Exanpl e 10 PET bottles coated wth
OTR fgePechd i

e solution in xylene and di butyl ether,
addition of am no catalyst, coating by dipping, dried
at 65C for 5 min, converted oxidatively with Xe2*

ExameleciZrer radiation 30 MVcm2 (5 min, 2500 ppm of 02,

22 BT it o7 s SR P sl o Y
(NL1 29y 2a0iford &f 5%3amific Eatalyst Basatpbe @RS IN W-leethyle’tetlgnolamlne)

erhydropoly3|lazane solution in dibutyl ether

roll-tO(rmLmi)ng agaverted oxidagyeliittoXezteuojmer m&@wm?ﬁ@mﬁspm and

Hg- LFf:‘[S‘J’r%’J\}éPCi edg@({)m daﬁm\?el y W th1g(bgbl E{ﬁ.‘)ﬁ@ 7%3‘3‘; rf%%erztgbzkness ‘

approfU4 @0, Bk febd-ddainst dumbing Rirdbfiomrfroanékimér radtater to Hg-LP
: 2500 ppmof 02, 7%r.h.), layer thickness WO
radiatorgo7/ 012392 15 PCT/ EP2006/ 006696 approx. 400 nm Gas

TR (A R YRR 1L 8,

23 pm PET filmcoated with 3% perhydropol ysi | azane
solytion in dibutyl ether (NL120), addition of 5%

Examplgi 1R catal yst based on PHPS

23 um(BENheidays ehvia ol %%Hmﬁ)ropolﬁféﬂézah@ﬂf%tloncﬁfﬂlMtgl’ ether

convert ed oxi dat | vel Xe2* exciner radiati on 250

~(NL12fp agiditioreeids% amino catalyst based on PHPS (N,N-diethylethanolamine),

roll-to-roll coating, converted oxidatively with Xey* excimer radiation 100 mJ cm™ and

Hg-LP radiation 250 mJ cm (1 m min™, 2500 ppm of Oz, 250 ppm of ozone, 7%

r.h.), layer thickness approx. 400 nm. Gas feed against running direction from

excimer radiator to Hg-LP radiators
OTR (23°C, 0% r.h.) = 0.75 cm® m? day™ bar™

Exampie 14:

23 uym PET f;lm coated with 3% perhydropolysilazane soiution in dibutyl ether
(NL120), addition of 5% amino catalyst based on PHPS (N,N—dlethylethanolamlne),
roll-to-ro‘ll coating, converted oxidatively with Xe,* excimer'radiation 500 mJ cm™ and

~ Hg-LP radiation 250 mJ cm™ (1 m min™, 2500 ppm of O, 100 ppm of ozone, 7%

r.h.), layer thickness approx. 400 nm. Gas feed against running direction from

excimer radiator to Hg-LP radiators
OTR (23°C, 0% r.h.)



"Hg-LP radiation 250 m} cm-2 (1 mmn-', 10 000 ppm of
02, 7%r.h.), layer t hi ckness 10 approx. 400 nm Gas
WO 2002{01&38Pnst runni ng di rectifon from exci mer PCIHERPOOE/006696
to Hg-LP radi ators OTR (23C, 0%r.h.) = 1.0 cnB8 n®
day-' bar Exanple 13: 15 23 pm PET. filmcoated with
Yo per [_u$ j-0n 0 r
el Do o R (oo R e ] T B3 172 anc
182 n(Ninité ditestigeypl@tyigenahixidras pf varals eersandiationoat i ng, ‘
converted oxidatively with Xe2* excinmer radiation 100
m CM2 and Hg-LP radiation 250 M} cm2 (1 mmn-'

OxygeptoreBhtralioY2{ <°U ppm of qi@ﬁ&ratl%r@(l/fo H1)g) ayer
t hi ckness approx. 400 nm Gas feed agail nst, runni ng

direction from 2’tﬁ2mr8fb¢fl0ﬂajl15t2wﬂ taﬁlaﬂgnLP ?%’dﬁfatr@(ilétm

orn (2090 0L v

U“\Z\Z(E/’pm \FJ’[/E‘:I'I fi I ;TPCA%):’UW@ \\/Jv;lfhugo/gﬁé%yg?;)poi ys p” I ne |

sol ugyon 1 n dibutylq gthar 257 (NLI£ZB)sm addi 1 on q’o anyo
am no catal yst based on PHPS| -

(N, Nd%i et hyl et hanol@iime), ol | -G.8-amwl | coatingZm

""""" ed—oxidatirel w-Hh—xe i i i

n?sép/rl%r%nd Hg- LP$§&”&U on| 250 ﬁciﬂm (1 m ni nEm -

Zq@@oﬁ%’ﬂ]OT 02 10(@-9%0T ozone,sd‘é{?n r.h.j, Iay‘gjm
S

thi ck approx, 400 nm Gas feed agai nst! running
di*r@fobpbmh from exc®tem radi pator t®nHg-LP |radi al0d e 30

(22 004 vy 1 h \I\ﬂ ')nn7/n1 2209 1R DPCT/ Donncl/ faYaVYalaZaVay

OTR
Oz 9%S, O/ Th) ZOUTT UIrZoJZ 1O 1T <oI7 20007 OUU00JVU

Table 1: Penetration of radiation (I/lo = 1/e = 36.8%
of wavel ength -162, 172 and 182 nminto

ni trogen-oxygen m xtures of various concentration
Oxygen concentration Penetration (1/10 = 1/e) 162 nm
radiation 172 nmradiation 182 nmradiation 20% 0. 45
mMm-3 M 10 cm 5% 1.8 M 1.2 cm40 cm 1%9.1 nm6.0 cm
2m .
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2500ppm 3.6 c¢m 24 cm 8m 1000 ppm 9.1 c¢m 60 cm 20. m

100ppm 91 c¢cm 6m 200 m WO 2007/ 012392 17

WO zB@T/oE@%@QG/ 006696 \hat isqqd ained is: 1. AP@T‘?EP?@OG/OOGES%
for produci ng a gl asslike, transparent coating on a
substrat e, coating the substrate with a solution

conpri sin a) a pol ysilazane of the fornmula (1) 5
What ] ‘gg SI%I .)n- (1) where R, R', R" are the sane

or dlfferent and are each independently hydrogen or

- an optionally substituted al kyl, aryl, vinyl or
1. (Apregassigs pioduriiog Dlasatike dranspaean caating an a sypbstrate, by

coating hESPbafRP. N RsPERrt Rtheriie BT oty B peigpmuta

000 g/nol, and b) a catalyst in an organic sol vent,

subsequently r.enovi ng t he sol vent b evaporation to

| eave a pol ysi | azamdSiRe™NRh wi nd1h 1 ayer thickness

of 0.05-3.0 pmon the substrate, and irradiating the

15 polysilazane layer with VUV radiation with
wherevRY &"e Ryt &ref thactainuas or diff2Béhtramdeane dach :naelpel’idermyvblyﬁmgen or

* an optiali Al wier ABYT Ao BHGT A KORS W Iaod fadiogh Where n is an
integeP¥NESNis Sichl t{ﬂ&t tﬁé%:l@?ﬁné’ Rbk analrhieihidrage 'Pno!gcu!-al:‘ Reight

process as clai ne aim1, wherein the“catalyst
of fronnd e to < 58 MHkginol2@ndat al yst, in particul ar

' i et h | et hanol a N, N- di net hyl et hanol am ne,
, b) a C%NPI\L@F Fﬂﬁrﬁ% ngt hyI am ne,

subse%u@@ﬂﬂ@hcbﬂ@@ Itmpyélaéhm BVapdrBBd e iORMGE ICpoloSiRROHBAS er
process as clainmed in claiml1l or 2, wherein t

i
havingsa layenthigkeess &f GR5aHP v en the subsivatat andh gradiangie

_ pcnysni%sggn? ﬂ%)rée oﬁz\?‘ﬂ? raéiaugﬂ%wﬁ{ \?f%@lecﬂ%gg% Vﬁtc?lg{ﬁ%d? %go A and LV

eas e preceding C

~ radiatien ith waveiengih fmcffdmrhelwben 8%y 3@0 gt in amtebef-a@htyaining

from5to 50% by wei g nore preferapl m 10 to
atmospegedp m,p&ﬁer@@ qfﬁgyggnygthgzodqygen and oaﬁuona ly nitrogen.

2. The process as claimed in claim 1, wherein the catalyst used is a basic

- catalyst, in particular N,N-diethylethanolamine, N,N-dimethylethanolamine,

triethanolamine, triethylaminé, 3-morpholinopropylamine or N-heterocyclic

compounds.

3. The process as claimed in claim 1 or 2, wherein the solvent used is an aprotic

solvent inert toward the polysilazane.

4. The proce_ss' as claimed in at least one of the preceding claims, wherein the

‘solution contains from 1 to 80% by weight, prefekably from 5 to 50% by weight, more

preferably from 10 to 40% by weight of the polysilazane.

5. The procesé as claimed in at least one of the preceding claims, wherein VUV

radiation with wavelength fractions < 180 nm is used.



30 5. The process as clained in at |east one of the
precedi ng clains, wherein VW radiation with
WO 208VE1e8§2h fractions < 180 #@mis used. WO 20C7N/BP2608/006696
18 PCT/ EP2006/ 006696 6. The process as clained in at
| east one of clainms 1 to 4, wherein VUV radi ation
6. W'I'Fré‘ g%gélé‘uﬁ] oai?ltét‘?é‘ést'dﬁetmiélﬁi’sg?té ﬁoﬂh%l%q)n Vo2 aliation
nm| use e process as clained in at [east one
- with vafvetdngtip fractchiani tbkaange frohed 80 do £86 nbn isruseatl. at | on
with the VUV and UV radiation is effected '
si mul t aneously, successively or alternately. 8. The
7. PTREBRERS a%lcaa.maéj hmat dadt@metofane précddiey %ﬁﬁ@o&m&em the
claims, wherein the oxygen concentration is
5 - iradiaion wignthelUY. arthVprediadios lagﬁect@dmmuatanamuslsemcemveiy or
' altern %} t'he preceding clainms, wherein the steam _
, g Mtentratl on is from 1000 to 4000 ppm 10. The
process as clainmed in at |east one of the preceding

-clainms, wherein ozone 15 is supplied additional l%e ]
8. dlhe ﬁ@?cﬁﬁé asralaimesk ing least Omﬁrﬂi t&fﬁ oeeeasling clairas nuenein the
t ng clains, wherein R, R',
oxygea,qdn?%ﬁﬁ%ﬁén}ﬁlsgé%d ?‘F%?QS " independently a radical :
10 fromthe group of hydrogen, met hyl , et hyl, propy!,
'lfhoerz)%r%%)é%% a8 gﬁ%@@@éﬁ%hj@ta{# gﬁtgforftthg l;JDF'gcedn{J hg!g ms, Ilié]r)ékn the
steam?bdrfcbhf?ﬁﬁ&??&)’ﬁéﬁwwOUOOtByLiGOO _The process as cl ai med
in at [east one of the preceding clains, wherein the

sol ution conprises at .| east one perhydropol ysil azane

10. OIfhet Br%cfegsr glsflc?airg'nze% ir'?| alt_|iealst o%le_ol}lthel pltéc%dgnzg? ¢laims, wherein ozone

15  is supplied additionally during the irradiation.

11. The proceés as claimed in at least one of the preceding claims, wherein R,
'. R‘;, R* in formula (1) are eaéh independently a radical from the group of hydrogen,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, phenyl, vinyl or
20 3-(triethoxysiiyl)propyl,' 3-(trimethoxysilylpropyl). |

12.  The process as claimed in at least one of the preceding claims, wherein the

solution comprises at least one perhydropolysilazane of the formula (2)

T
%i—N
H )

| 2.
25 | |
13.  The process as claimed in at least one of the preceding claims, wherein the

solution comprises at least one polysilazane of the formula (3)

(SIRR“NR™)~(SIR*R*-NR**),—  (3)
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25 13. The process as clainmed in at | east one of the
precedi ng clains, wherein the solution conprises at
wo 2065&112(39& pol ysi | azane of tli¥e fornula (3) (BOR/RP20B6/006696
n-(SIRFR-NR'""~)P_ (3) 30 WO 2007/012392 19 '
PCT/ EP2006/ 006696 where R, R', R'"', R*, Rt* and R+**
wheredRe Feagh” 'Fﬁ*dwe%ﬂﬁrﬁ*’*i’amgéﬂgﬁﬂe%né@nlﬂpwd}ﬂgeh Yr an optlonally

substituted al kyl, aryl, vinyl
substitutetalkadarsl, viny) at ayalknmulgaalkym@lm! rwhere rpand @ aractach an
nt eger and . n is . such that the | ysil azane, ha .
integed gl |9 E. B8 1 R e S0e Aghe GTBRH Sieeh g et Seiont
of frofA0GaoMBO0 060 gAnolThe process as claimed in at |east
one of the preceding clainms, wherein, in formula (3)
and R*** are each hydrogen and R', R* and R**

S T Mgl S i B W,

formuE 3)R'"", R* and R*** are each hydrogen. and R’ and R *
are each net hyl 15. The process as claied in

- TRaE oRe T ATeeashdiktpae andits R B naierRach | methyl;
S ahy ﬁmp%ﬂeﬁ%%@ygﬁg%s ARAR PRAEFL RERANEC M| BHE R is

for‘nula
"Vinyl: 0SI R* R* * - R***)p (S|R1 R2-NR3) q (4) vvhere R,

- RuBhemiend § e sgen hyRToas 8Bt Rorad s Sas et

al kyl, aryl, vinyl or (trialkoxysilyl)alkyl radical,

where n, p and 20 q are each an integer and n is such
15, tTHw pmsp@smlmﬂamt teast anawiiee pracsdingeciainsoverein the

* coundE e LSRR ATl g o P

wherei-n the substrate, during the oxidative
conver Si ondgrocess i S heat ed in th cour se of the 25

i rradi at3BRbYRreatSIFoR T-MF ared(i 1|3t84%)¢o (4)

t enperatures between 50 and 200C, in

where R, R", R, R*, R*, R** R' R?and R® are each independently hydrogen or
an optionally substituted alkyl, arvl, vinyl or-(trialkoxysilyl)alkyl radical, where n, p and
g are each an integer and n is such that the polysilazane has a number-average

molecular weight of from 150 to 150 000 g/mol.

16.  The process as claimed in at least one of the preceding claims, wherein the
substrate, during the oxidative conversion process, is heated in the course of the
irradiation by means of infrared radiators to temperatures between 50 and 200°C, in

accordance With.the therrnal s_tability of the substrate.

17.  The process as claimed in at least one of the preceding claims, wherein,

* during the oxidative conversion process, the gas temperature in the course of the
_irradiation in the irradiation chamber is heated to temperatures between 50 and

200°C, in accordance with the thermal stability of the substrate.
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accordance with the thernmal stability of the
substrate. 17. The process as clained in at |east one

wo 20b7id¥@3ppecedi ng cl ains, whgyein, during tpPeT/EP2006/006696
oxi dative conversion process, the gas tenperature in

~ the course of the 30-irradiation in the irradi ati on.

L LS —
substl%#@% 8 %%t:cm@@ﬁzir@léﬁﬂ&(n@sﬁﬂﬁém&%@@ 13Bum.

he process as claimed in at | east one of the
precedl ng clains, wherein the substrate is a plastics

19, HACARAR NS Todd RS ALLFo0 40N SR8 B e
substr@t@iéeéi ngeﬁhﬂérﬁ@terébﬁﬂhﬁldlet;Btﬁyetﬁy@u@&tdp@ﬂfalal% Eo!ylmlde :
yl'ene terephthal ate, polyethyl ene napht al ate

POWPV;@@IVKH% Ae0lygbYIgpedlyl ene or pol yethyl ene film: 20.
- The process as clained in at |east one of the

: precedi ng clains, wherein the coating, drying and

20. omeiptdceesta@m!anﬁdan diyeastromei gitthe prededifgeclaims, wherein the

. po sllazne er on stics fil
coatiny PGS AN XSV RGPRV SRS 1 B TTAIRIGRL 1 he P hstipean laygr on
[ of cl ains
the piéscttﬁ’% fikg &é%&%ﬂags%r% | gﬁﬁ’% Ip%‘?oﬂwer@ﬂo el

whi ch i er ‘action toward
st eam oxygen and carbon di oxide and is used for

21. %Blaln rgg pro ot U%ghsésoélalmEﬁ at least one of claims 1 to 20, which has a

high barrier action toward steam, oxygen and carbon dioxide and is used for coating

vessels or films.



