WO 2007/012392 1 PCT/EP2006/006696 Description Method for the
roduction of a thin glassy coating op substrates in order t HeS MEASE596
WO 2 r@lé%ﬁ%% The present invention reTates to a process for ?otr?\e/ertmg a
thin (0,05-5 pm) coating which comprises, as the main constituent,
perhydropolysilazane (also referred to as PHPS) or an organic
polysilazane to an impervious glasslike layer which features 10
Descrigip8parency and a high barrier action toward gases. The conversion is
effected by means of irradiation with VUV light with a wavelength of < 230
m and UV light of a wavelength below 300 nm at v owt rat
Methogce enaBP R RS o S5 AETIER Johy QRS eahan s e
5 gas pé%éﬁdﬁlln) 15 It is known (K. Kamiya, T. Tange, T. Hashimoto, H. Nasu,
Y. Shimizu, Res. Rep. Frac. Eng. Mie. Univ., 26, 2001, 23-31) that, in the
course of heat treatment of PHPS layers, the bonds of the silicon and
The pliFOGER AAMHakesnading ndhepslyivecoskeleion arthbrdRerb-5 um) coating
hydrolytically, the nitro, en and some of the h d di
which GHEEH E8eabS SEn BACEER AL iNRbb R 7 iy ?faé’gg’g% 58 e to =
PHPSX@&&@WQ%#&%@MH@@%IM@&Sra;:uesuttunf gdnm@ﬁsamrwﬂn@b f@@ﬁtgres
a3D Iattlce C osed of i-0- 1 unlt and hawvin
10 vanseREABRROE £ IHB0LESIGHIE DD & RS0 D SO 8 SR g oY
meané"@ﬂrrékisaﬁdaHv@HVUVShgiﬁwm aave&ye%mm&otéct [BABATRIR UV light of &

ectroscopy. with refe ence to the vanishi ds,
wavelg R B nG St i 1 bAAES W U0 B0 o etar
substRETWIR 2006/006696 #cvendiivg ¢dAhe- prioniart, the conversion can be
initiated thermally (EP 0899091 B1, WO 2004/039904 Al), To accelerate

the process or to lower the reaction temperature, catalysts based on
15 it is kewinaxoKandyaetl TartmyTatda Pt ¢i/dndsu, Y. Shimizu, Res. Rep. Fac.

Eng. Mie, Univ., 26, 2001, 23-31) that, in the course of heat treatment of PHPS
layers, the bonds of the silicon and nitrogen atoms alternating in the polymer
skeleton are broken hydroiytically, the nitrogen and some of the hydrogen bonded to
the silicon escape as a gaseous compound, for example as ammonia, and the

o0 silanols which form crossiink as a result of condensation, which forms & 3D lattice

compased of [ 3i-0-] units and having giasslike properties:
o SiHaNH)—  + 2H:0 — —{Si{OH}}— + Hy + NH3

! 1
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This process can be monitored by ATR-IR spectroscopy with reference tc the
vanishing Si-NH-Si- and Si-H- bands and the appearing Si-OH- and Si-C-Si bands.
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N-heterocyclic compounds are added (for example WO 2004/039904 Al).
At 5 exposure times of from 30 min yp to 24 hours, temper,
WO 2G84 ﬁ%erature to 400C are reqt%ed for the conversion@rﬁmﬁ%g& 03/006696

temperatures requiring long exposure times and high temperatures short
exposure times. EP 0 899 091 B1 also descripes the possibility af i
rocor B e GErT SRR A Er NGB S N A R o Ceoo B
WO 2atathglaonine\bat (duatitsn Saring. IR dds$66 16 ToAardescrizadian
process in which a phqotoabsorber is added tq the
R e

receramic
tempefRiSiacARY Ry StirAleeSiAes g]s%arle%%%%ﬁg%?rrég;{ét?odr? orfand
N-h etede%%g@w?@%ﬁaggea wayeletfgthexaihise- 400 RH04/HovRboAthisAt
radiation o mW c d treatment time e
o005 B KT AMTON O e G SORIP5) A of G
to 400aCcerdingtardd bl 192666 Adppalysiazankiayters preataesered by @ipng

light with wavelengths greater than 300 t 50.mW.cm"2 and
X0 ITIER B 09 S ORI810 T SRS DO ME NG rate can be

increased by adding oxidizing metal catalysts (Pt, Pd, Ni...). According to

10 279,362 AA, polysilazane layers.(m | ight.
=P 0 ) o Apiea 15 B B TS LN B e s Gt e biagion /"
withoueestiopsainlew teroperat B¥stisdtgelerate datih ®uretiPd Satdlysts and/or
an amine compound. 25 The latter compounds can be introduced as a
constituent of the polysilazane coating, as an aqueous solution in an
JP 11ingRersionhatearrasa sapocesmiponeittirathbelomihsartar gurmdethéo the

heat treatment. In addition, si i iat '
orece g SRS P, O EORBL S A B0 010 Pl
The dpbotnahsprberssEhedidisogtbesmEntidiisdrare highvwandidspradigiian of 50-

~nn - Mercury 30 vapor lamps, ¢ % Arc lamps, excimer lamps
200 W%a@@ler?gr{% ?Eé%aigﬁg qg%%r } ﬁ?ﬁ'éjh%%gagunrh) a{r?(?l'uv lasers. At
treatment times of 0.05-3 min, a UV power of 20-300 mW cm-2 is

. required, A.subs § i |
S S T B 0 e s o o

11 092EB0LR 3001 BRETHEP 20GE08GE08 artivst bl YVSINNE) v PYBIRSIES;
greatet licitly ywith regad 106,088 DATeragH0RMt time of around 30 s. in addition,

the curing rate can be increased by adding oxidizing metal catalysts (Pt, Pd, Ni...}.

According to JP 10 279 382 AA, polysilazane layers {(mean molecuiar weight 100-

50 000) are applied to polyester fiims (5 nm-5 um). Here 100, the oxidation 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 iamps, 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 subsequent heat treatment up to 150°C for

from 10 to 60 min at a high steam content {50-100% relative humidity} is said 1o
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The support materials mentioned for the ceramized polysilazane layer

also include films of plastics material such as PET, PI, PC, PS}; PM A
WO 2987 /Apphgation methods for the polysilazane layer are dip pi {EQ%WOOGG%

roll coa_ting, bar spreading, web 5 spreading, brush coating, spray
spreading, flow coating, etc. The layer thicknesses obtained after the

furthecnpersiNarE o METRE i, BB CHMinNG 6PRER- LM SRS L pIASE&Ction-

The s%}ﬂ&f’ﬁé@r‘?&@_ A Aandeserings aceanvessionRiihe pelysivaanr tayeiiude
_ means of IR irradiation to activate optionally 10 present amjnes or
films ohatapbasyoRyRitess WIS Rfertled el MMANE ot R fethods

for thélga&gsisaz]a%? 62 AAISOMeRtoRs thersimuiangousHspRiEdV gnfleb

R radiation as beneficial for the layer conversion, far IR (4-1000 %r_m
spreagisiagipkeie RamnBecalRE sPreatithe NSSERIA 185 stishigyeDickpesses
obtairiydassibecTResopyersoR ef pRIVSiiazane by electron Irradiation <s

U~~cribed ~~ i" ~ JP C8 ~ 143 689 no For the production of thin

pr(_)tec_tive layers for magnetic strips, EP 0 745 974 B1 describes
For trXidation Betheds HsingezenatriomieoxyBervantior inadiatiosonites a

VUV 20 photons in the presence of oxygen and steam. Thjs allows, the _.
convayBiRRNh ey Al AR BHPePAINE T e bndrad e Asizte optignally
prase_rﬂteé%h%h i tlé%_ %ﬁmﬁ@ﬁ@d@%ﬁ)ﬁéﬁ?ﬁt@&dﬁﬁm@timﬁﬁemﬁ%cbemw fammmversion

e optionally use radiation serves, exclusively to generat se | .

of ther MO SrLRS Bt OGN ST T NS I MGt Y o e

radiaffiiPsitate (Bl fAGhachiprasberaversiondiney 4 the0 amgpt2srigomederable
few seconds to a few minutes for %tf)?l}é)%aazane layers around 20 nm. In the

becaugfgtdmnatagReSERBEE. WHa g %upplied by close contact with
heated rollers. The UV radiation sources mentioned are lamps which

_.contain radiation fractions with wavelengths below 200 nm: for_ex I

The QR BT TR D O SRR WA S0 AL PRGBS Dol g 6

AA - nmand excimer lamps with radiation fractions around 172 nm. Another
method mentioned for improving the layer properties is the mixing- in of
the fine (5 nm-40 nm) inorganic particles (silica, alumina, zirconia,

For tHEaRi8duetion of thin protective layers for magnetic strips, EP 0 745 974 B1

describes oxidation methods using ozone, atomic oxygen and/or irradiation with VUV

[aqele)
(o1

photons in the presence of oxygen and steam. This aliows the treatment times at
room temperature to be lowered to a few minutes. The mechanism mentionad is the
oxidative action of ozone or oxygen atoms. The optionally used VUV radiation serves
exclusively to generate these reactive species. Simultansous heat supply up to the
tolerance fimit of the substrate (PET 180°C) achieved conversion times in the range
from a few seconds fo a few minutes for polysilazane layers around 20 nm. in the

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

The UV radiation sources mentioned are lamps which contain radiation fractions with
wavelengths below 200 nm: for example low-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 (5 nm-40 nm) inorganic particles (silica, alumina, zirconia, titania...).
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4 The coatings produced with the aforementioned process require, even
though they only have a layer thickngss of from 5 to 20 nm, a relatively
long curing time. Owing to the low film thickness; void formation is quite
high and the barrier action of the coatings is unsatisfactory. 5 It is
The cJRRIEIBBRONAGH te Iuaton R OYIgRBROCERR A BIRHUEBAGN they
ransparent coatings, which allows even thermally sensitive substrates to
only hbeeadmdrithckirmpieditbatSniondicaiy viamkatiainéenaraifsiatisne. Owing to
the o3RG5 AREQCGIRRA 17 Jg e BNATBATIGIAEIOR B BERER It
gases. n oné aspect, there is provided a process for producing a
coatinglasslikesatiafspargnt coating on a substrate, by coating the substrate
with a solution comprising a) a polysiazane of the formula (1)
(SIR'R"-NR™) - (1) 15 where R', R", RL are the same or different and are
It is theaetoisdepehiently Hyelioyentisn 4n Bprcaals Biissiatsd BRAVEWS vinyl
ialkoxysilyDalk: i r i N
s e oo by S oy, e coate
in a sipheayndrytor@rieRt osgsly pRepYT 32 iRstHEXgSHPESOY SIiHdrpneisto

featy l%oaam % t%gﬂré anéjcﬂ ?r %ﬁl{u FQ?{;BQ&? tgo%glggane has a number-average

molectlar weight of from 150 to 150 000 g/mol, and b) a catalyst in an
organic solvent, subsequently removing the solvent by evaporation to

in onels%a%}lg%% %%gﬁ%?%ra%?ﬁgﬁ%%ﬂﬁ ing.a lpyes duckeness i &s80ka; Aransparte

Ing polysilazane layer with VUV radiation with
coatingaretesghisiratet dnscoaBogineapidostval® waiiaidhl WiaT vaTRER G a)a
.fractioniﬁiéwe%}ugggifnd 300 nm in a steam-containing atmosphere in
poiniﬂ{@B?eg ='f oXxygen, active oxygen and optionally nitrogen. The
catalyst used is preferably*ésﬂﬁé?é‘&%fy)st, in particular N,N-

[

whers R', RY, R™ are the same or different and are each independently hydrogen or
an optionally substituted alkyl, aryl, vinyl.or (trialkoxysilyhalkyl radical, preferably a
radical from the group of hydrogen, methyt, ethyl, propyl, isopropyl, butyl, isobutyi,
tert-butyl, phenyl, vinyl or 3~(tristhoxysityl)propyl, 3-(frimethoxysilyipropyl), 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 um on the substrate, and irradiafing 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

aimosphere 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, fricthylamine, 3-
morpholinopropylamine or N-heterocyclic compounds. The catalyst concentrations
are typically in the range from 0.1 to 10 mol% based on the polysiiazane, preferably

from C.5 to 7 mol%.



diethylethanolamine, N,N-dimethylethanolamine, triethanolamine,
triethylamine, 3- 30 morphoiinopropylamine or N-heterocyclic compounds.
The catalyst concentrations are typically in the range from 0.1 to 10 mol%
based on the polysilazane, preferably from 0.5to 7 mol%. 5 In a

preferred embpdimen i r i i e

I 2 S e T e e TN Gy B tiner

- perhyqefeiysteeatmdiritenfptheldisélosed coating comprises at least one

polysilazane of the formula (3) -(SIR'R"-NR "")n-(SiIR*R**-NR*"*)P- (3) 10
where R', R", R", R*, R** and R*** gre, each independently hydrogen or an
optionally substituted alkyl, aryll, virl Ibr_(trialkoxysilyl)alkyl radical, where
n and p are each an integer ad n'is such that the polysilazane has a
number-average molecular wejght ccj,m.., 1Gn+,. tcnnnn /,-i 15 Especially
preferred are compounds in which R', R" and(Rf** are each hydrogen and
R", R* and R** are each methyl; R', R™ and R*** are each hydrogen and
R", R* are each methyl and R** is vinyl; or R, R™, R* and R*** are each

hydrogen and R" and R*" ar eibylc2Rihievriseriaiaitesbateone
in afuggﬁfti@fﬁeﬁﬁﬁ ﬁegﬁﬂ ‘rri’g%ngt e%ﬁ%ne polysilazgge of the formula (4)

polysilaiSIRERSINR fOm(SIRIR*-NR**)p-(SiR", R2 -NR)g- (4) 25 where R', R",
R"™, R*, R** R*** R' R2 and R3 are each independently hydrogen or

(SR R“NR™ )y~ SIRFR™-NR***), — (3)

where R', R", R”, R*, R*™ and R*** are each independently hydrogen or 'én optionally
substituted alkyl, aryl, vinyl or (trialkoxysityhalkyl radical, where h and p are each an
integer and n is such that the polysilazane has a number-average moiecular weight
of from 150 1o 150 D00
Espegially 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

vinyl; or
- R' R™ R*and R*™* are each hydrogen and R” and R™ are each methyl.

Likewise preferred are solutions which comprise at least one polysilazane of the
formula (4)
<(SIR'R-NR" ) (SIR*R™-NR*""}, —~(SIR" R*NR)-  (4)

where R’, R”, R™, R*, R™, R™ R, R? and R? are sach independently hydrogen or
an optionally substituted alkyl, ary!, vinyl or (irialkoxysilyljalikyl radical, where n, p and
g are each an integer and n is such that the polysilazane has a number-average

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

Especially preferred compounds are these in which R', R™ and R*** are sach
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an optionally substituted alkyl, aryl, vinyl or (trialkoxysilyl)alkyl radical,
where n, p and q are each an integer and n is such that th
WO ZQQE/QRQQBH -average molecular ngght of from 150 to 15 %%%/%@%2%)6696
Especially preferred compounds are those in which R', R" and R*** are
each WO 2007/012392 6 RCT/EP2006/006696. hydr en an Iﬁ B 4R
hydrogsi #de dactmeaiyl, RIS GREERFEIVH Sropy K oS A prapyt an
is alkynyd wglgrgeneral the content of polysilazane in the solvent is from 1

to 80% by weight of 5 polysilazane, preferably from 5 to 50% by weight,
more preferably from 10 to 40% by weight. Suitable solvents are

In gerRAgictiarbopraanis: peafenabhnanrotisssebrests whiehrde rososeniginesight of
water or any reactive groups_(such as hydroxyl or amlg %201#‘? Fgangt 40% b
polysilagighife PIGTRIERY (53ara RSPy F%PéeoF 4B 0 40% by

We;ghgllphatlc or aromatic hydrocarbons, halohydrocarbons, esters such as

ethyl acetate or butyl acetate, ketones such as acetone or methyl ethyl
ketone, ethers such as tetrahydrofuran or dibutyl ether, and mono- and

8uitamglg@kwﬁ@eaﬁé@@rﬂ&liébrl;emgmw(@Jm}@mmmm& afithese avlivente not
15 An additional constituent of t olvsilaz ne s lution, magf%e further

contaig iy QSRR RS HEM p%du' oK Oéo%%% Wha dgphave

inert! yem&t@wl}gtmr@h?r&@@deﬂﬁ@f&SHM@ etmyieal:tuhowomatr
nitrocellulose, cellulose acetate or cellujose m eg% te r’bat%lr | resins

hydrogaERCRS rBIPEH FSaRE St SHINERY ebis & gskte,

cﬂyme 1zation
ketonEesSHigrcoacensaiionrasng donexample, artiinosresitts 2 ipandicytaofuran or

oSS A P 1 SN 51 oy

of thepelyiseeyasates, or polysiloxanes. 25 A further constituent of the
polysilazane formulation may be additives which, for example, influence
viscosity of the formulation, substrate wetting, film formation,

An additional constituent of the polysilazane solution may be further binders, as used

customarily for the production of coatings. They may, for example, be cellulese
ethers and esters such as ethyiceliulose, nitroceliulose, celiulose acetate or celiulose
acetcbutyrate, natural resins such as rubber or rosins, or synthelic resins such as
nolymerization resins or condensation resins, for example amino resins, in particuiar
urea- and melamine-formaidehyde resins, alkyd resins, acrylic resins, polyesters or
maodified polyesters, epoxides, polyisocyanates or biocked polyisocyanates, or

polysiloxanes.

A further constituent of the polysilazane formulation may be additives which, for
exampie, influence viscosity of the formulation, substrate wetting, film formation,
jubrication or the venting behavior, or inorganic nanoparticles, for example SiOz,
TiC2, ZnO, ZrOs or Al2Os.

The process according to the invention makes it possible to produce an impervious
glassiike iayer which features a high barrier action with respect o gases owing o its

freedom from cracks and pores.
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lubrication or the venting behavior, or inorganic nanoparticles, for example

Si02, TiO2, ZnO, ZF02 or A1203 3Q The process accordi .
WO 2GVeHfi8ARakes it possible to produde an impervious glas%%ktz/ %Egp 06/006690

which features a high barrier action with respect to gases owing to its
freedom from cracks and pores. WO 2007/012392 7 PCT/EP2006/006696

The Comfesatvgs! predIRE fiie h KN ERaNELe S HEM THEP it 1S 2 um.
The substrates used in accordance with the invention are thermally
sensitive plastics films or plastics substrates, (for ex

. C . | " :
The sehrieainERERIAPSIETARSS S B PEFTH R Mee) W THERISLiee s astos
s e (oL ety ane naphthana (CEN) poie (P,
alate , polyethylene naphthalate (PEN), polyimi Pl
DottieyrASHEER) SOy IHAb (ﬁ@)"?%CHE%é‘mﬁt r%ﬁ%ﬁ%ﬁ@é?ﬁ 8
po&yetg\g@ﬁ% ﬁ%@ﬁ@@s@-lfet{@@rrﬁrﬁ@w&@@w@gﬁmmﬁmhﬁtmmm (P1),
metal films, for example aluminum and titanium films. 10 Th
DIy PTG B HHBT iR ras o OFY8 B ALSS? CRCEraly With 185 ST
preferpiRABmBXYERBANG RAERON stiexide: Makes thetisvetivewndatingaetal films, for
) particularly useful as barrier layers for packaging materials and as
exampie, AN M)A AYIFRL TIdSive gases, for example for coating vessels

or films for the foods industry. 15 The process according to the invention
succeeds in converting the amor nniysi ied.i
%snazann IavErs lied DR

ho

The opstaRe® RATTRIARECIVER %ﬁ@ﬁ&% K atTeRTpeTatures below
stean%%?@@ﬁﬁhﬁh&@@r@& teidQAdeinmERissajienis castivg arefims feoticuadnty usaful

roll with transport speeds above 1 m min-'. For.this purpose, . .
25 DS IBL LS (ROARCLFBAIS TS Bl A BN oabed i oy coroshe
gasedRLESEHENSs 1y 20 Hiegosresivorifichtoibetberformedatisigher

temperatures and wi%?gr.eater.time__dema_m_d‘s. As a result of dir

V

T PO aF Oh XA LORVAIIbR o e pol) s Skelsion -
nolysibtesrditensionat BIOX nefiveorkdy MUV/oiotbks stheccodizedgiomatwork at
iempg’rya%g?eesd%elow 100°C within from 0.1 to 10 min. This allows coating on films
from roll to roll with transport speeds above 1 m min’". For this purpose, the
processes known to date in the prior art gither needed a pluraiity of process steps or
the conversion had to be performad at higher temperatures and with greater time

demands.

As a result of direct initiation of the oxidative conversion of the polysilazane skeieton
to a three-dimensional SiCy network by VUV photons, the conversion succeads
within a very short time with a singie step. The mechanism of this conversion process
can be explained in that the -SiHz-NH units in the regicn of the penetration depth of
the VUV photons are excited so greatly by absorption that the Si-N bond breaks and,

in the presence of oxygen and steam, 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 tamps

having an emission line arcund 185 nm, and medium- and high-pressure mercury
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25 within a very short time with a single step. The mechanism of this

~_conversion process can be explained in that the -SiH2-NH_units |
WO 2084167 813Re penetration depth of th& VUV photons are exgigéﬁég %5@% 08899

by absorption that the Si-N bond breaks and, in the presence of oxygen
and steam, the conversion of the Ia)%er proceeds. 30 Radiation source

vapor Galies|e MY AECHRYARRINI Bl AeREEN afe ST TR RAURRNEY NS

an em@j@ﬁi%m%mmw@gmm, low-pressure mercury vapor lamps
having an emission line around 185 nm, and medium- and high-pressure

mercury WO 2097/012392 8 PCT/EP2006/006696 vapor lamps having
In the WaYEISNQLR fractansiBelew 239N miand @xeiorel- lampsshaitingvarelengths

emission maximum around 222 nm. In the case of use of radiation

belowsHRdus vifth @4amih fetor Wah RARRIAMD 8helBwS8b fiafoH™

aroun@@NNeXe25 exemensdintoss Witr-an/erissianr mexiounedaveundfizntly by

, d H . .
o e S R e e b

coeffi@BRey r%tif'qtrrilege%j(?@}wtﬁ ﬂﬁﬁ@%ﬁ/@mmm@wmmﬂmwm amtiation of the
promote the oxidation of the polysilazane layer, Howeyer, :

polysiiAgRRaNRIFG, SPHIFHE oPHE B BN drsos, g 2otn

of ozdadicalsand-bysiayhrrdicalso i agiceity vareadheniiuWraditito Lalsmdiation
reaches the surface of the p?I siiazane Iager. In order to bring a maximum

also rggeRest P VHAaRRIGh PO EIRR 5 A& ayer, it is therefore necessary

for this wavelength range to lower the oxygen concentration and 15 the

steam concentratjon of the path, length aof the radiation accordi [ "
In ord@éﬁ%fg@rﬁéﬂﬁém&&%ﬁﬁ@gﬁﬁ% RO 0 PeatsA s e
therefiEOEERe d0aMNI thiy gervelad steamncanbévaddadsnox wgetrotiaisientration and
the str@n@aé]?m?ﬁg%%%)% i%g png@eﬂ, ﬁ%}%fw glf%er%glc}/ié%gea%%ggég fiqq;;gjc%ntro[ied

uring the conversion proc S

manneeey fostshigibevagvantageduy anchteaatiorh prombiifi, strtgsn, to which

referably a st i
oxyge% and steam C%%r%g%né: é]ér%gnc%tfr%@b]ig%)egﬁnd'egoo ppm.

The oxvgen concentration is preferably in the range of 500-210 000 ppm.

Steam concentration during the conversion process has been found to be
advantageous and reaction-promoting, so that preferably a steam 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
required for the performance of the process can be formed in a simple manner by

decomposition of the czone during the irradiation.

The action of UV fight without wavelength fractions beiow 180 nm from HglLP lamps
(185 nm) or KrCP* excimer lamps (222 nm) is restricted {o the direct photolytic action
on the Si-N bond, i.e. no oxygen or hydroxyl radicals are formed. in this case, owing

to the negligibie absorption, no restriction of the oxygen and steam concentration is
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25 In an embodiment preferred in accordance with the invention, the

irradiation of the layers is carried out in the presence of ozone. In this
WO 20 Gheé3etive oxygen which is required for the performantéof Ee2006/006696

process can be formed in a simple manner by decomposition of the

ozone during the irradiation. 30 The action of UV light without wavelength
requirpdctiorisiinsiedVESGayn froen Sigrielanie eIRBAghdcrrsisestsithergreater

2 IS.L (?5 Pfé %{ ect photolytic action on the Si-N

penett%‘ﬂ%? ée%ﬁ]oq@égjeﬁ%@ g%y cals are formed. In this case, owing

to the negligible absorptlon no restriction of the oxygen and steam

ACCO%?&?}%I%&W 20Q7012392 9\ %T{i%) 10BGRS: eqyiied; UV radiation

her advantage over shorter-wave ength Ight consists in the greater

can bpenitarigiosiouptansUBl, polgshesimy ajatatirling e hinvéatomdiation
below ¥ d ﬁ%‘aﬁﬂoﬁa‘?ﬂ@h e DA/ adiian R e ?Q&}E%rz%%%eiength

effected simultaneously, successively or alternately, both with VU

fractiopglitach 1 Belbw2EB0Hm, NP atic b RIAHIABOVHM ‘A@‘Wﬁiﬂﬂv@\ﬁﬁeﬁ?@@ﬁ%n
betwakithwavelangih dractions fram 1800 200,am-anH with UM radiation with 1o
wavelength fractions between 230 and 300 nm, in particular with UV
280 nradiatibisinate. Rsye e izaetecosmmnsmh t@myléweoacs%@f@j@ﬁaed by the
zaiﬁﬁ?ﬁk%@ﬂéﬁ%t@ﬂ iftye:efrazenR fopned by thenL0sadialion Withs diation with

wavelength fractions below 200 nm being de%aded by radiation with
WaV”@@Q@éF@QHQF&CHGH@%ﬁV@@@m}%@@ "5 RFHIBRYGEH PRl i@sdve
oxyge(l""}sﬁt've oxygen). 02 + by (< 180 nm) 4 O(3P)_ + O('D) 15 0O(3P) + 02 03
03 + by (< 300 nm) 02 (‘Ag) + 0 ('0) When this process takes place at the
layer surface or in the layer itself, the process of layer conversion can be
0, + Eff\(; I@@%fgt@ﬁ:r gy} ogfources for such a 20 combination are
excimer radiator W|th wavelength fractions around 172 nm and
O(°P)Iav@9r@s@5re or medium-pressure mercury lamps with wavelength

fractions around 254 nm or in the range of 230-280 nm.
Oy +hv (<300 nm) = 02 { Ag)+ O (D)

When this process takes place at the layer surface or in the layer itself, the process
of layer conversion can be accelerated. Suitabie radiation sources for such a
combination are Xey” 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 layer in the form of an SiOy
lattice is accelerated by simultaneous temperature increase of the iayer and the

quaility of the layer with regard {o its barrier properfies rises.

The heat input can be effected by the UV lamps used or by means of infrared
radiators threugh the coating and the substrate, or by means of heating registers
through the gas space. The uppsr temperaiure limit is determined by the thermal
stability of the substrate used. For PET films, it is about 180°C.
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According to the invention, the formation of a glasslike layer in the form of
an SIOX 25 lattice is accelerated by simultaneous temperature increase

WO 2@@?&4@¢I3§8l2and the quality of the Ia%}r with regard to its ba?fi?e?/ﬁpo%@@t@é@%@%

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

In a P AB AN EERIEIRN B tHIE UgYPIHE §ad SpRdeS TR i peidiem Serdtar e

oxidatiBiisieleipined bydbe theunak stahiliyof thesubsiraladised fiorE detween
films, it is about 180C. WO 2007/012392 10 PCT/EP2006/006696 In a

50 angférred nsoding AottRdNAVERISH HIEdbRttte RRekR HurRgtEed)
and siPfieihecenyvelsieaiasaradynineans siirsedadiatdsibodiment, the gas

temperatures between 50 and 200C (depending on the thermal sensitivity

tempesptHEROHSRAfEAD BeCCoBREH) Pahd YTMBItARERISKPENPB A t6 SR aiafbRASSd

tempdrhfufaghgrRIsferres embedinentihegre s IeTBSIMYIS: hiheraiatiomne
chamber during the conversion process is increased to temperatures of

substipdri S ATOUCHRE SIIRalREOIT RERFROPIRE EORNRTPEH tHel Kupshateazane

layers's thus achieved, which leads to accelerated conversion of the
polysilazane layers. 10 The barrier action of the layers with respect to
gases can be determined by permeation measurements, and by means

The caffstRdfomeasysemancwithregarddoidhesesidual sententehibik and
Si-NH-Si bonds and the Si-OH and Si-O-Si bonds which form, The

PSMSABPHEIBET BEIRE Ty eé s AP HBtehhited BYFRBKIR B regard fo

the reﬁ}l@ﬁ{ﬁﬁ@éq%@ﬂQ?‘@E&H%h@f@@ﬁmssg)m;i@g%ﬁlmﬁef@fﬁbgteii?li\ﬂ/lEﬁlS GTEth$ ¥ends
.. the layer 15 surface are determined in the simplest way, . The

which STa L SR Bh S B e BB LS S bR of SEV

analySesnvetsieahy-tiadigtionaithef polstezanedaier,on thenplasiies fitmite heer
.. carried, qut in one working step, i.e., for e ?hrpgle, in the coating of films

SUNask gy (SRR oI Thi ™28 *é‘t’ﬁ’?&é YBtathed itf Zccordance with the

invention feature high barrier action with respect to gases, for example
The oo D e B SR Al SRS 0 oY and oxidative
conversion by irradiation of the polysiiazane layer on the plastics fiim to be carried
out in one working step, i.e., for example, in the coating of films "from roll {o roll". The
coatings obtained in accordance with the invention feature high barrier action with
respect to gases, for exampie oxygen, carbon dioxide, air or else with respect to

steam.

The barrier action can, when it is desired, be increased further by muliiple,
successive performance of the process according fo the invention, which is, however,

generally not necessary.
Examples
Substrates:

Poiyethylene terephthalate (PET), polyethylens naphthalate (PEN), polyimide (Pi),
polyethylene (PE}, polypropylene (PP).
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'2I'he barrier action can, when it is desired, be increased further by multiple,
5 successive performance of the process according to the.| i
WO 206Hid &3 Fdwever, generally not nzr&ssary. Examp?es 3§p %‘ﬁg%‘?{g}gw%%%
Polyethylene terephthalate (PET), polyethylene naphthalate (PEN),
polyimide (PI), polyethylene (PE), polypropylene (PP). WO 2007/012392
11 P_CT/EP2006/006696 Polysilazane solutions: Perhydropolysilazane
Polysi%ﬁﬂﬂ@%@mﬁe (NP110, NN110 from Clariant GmbH) or in dibutyl ether

(NL1 20, NN1 20 from Clariant GmbH). iti basic cat :
o A e TSP A g S o
dibutyBaBRIPhelinopropyernine i hietesetyelctdrbenes). (From 1 to 5% of

_catalyst on polysifazane solidgj{.E oafing process; 10 Dipping, fr: I .
A SRS T B R IBO o e BRI o erbia dmine
triethy@é@ﬁd‘ N?r,sﬁéﬁw@?mhudgﬁﬁpb@'ﬂﬁm 1N(RERE) docBianeinesk by VUV

radiation means of Xe2* excimer radiators, emission around 172 nm,
(Fromiyg Eg?l\l%%r/%% Qﬁw%%ﬁ-&m%gﬁs' low-pressure mercury vapor
lamp (HgLP lamp), emission line at 185 nm, VUV power 10 mW cm"-. The

_resulting SiOx films have layer thicknesses between 200 and 500 nm
Coaling PP &ifpsometry). 20 Determination of the barrier values: OTR
Dippi@Xyeanidransmissiom Rate)rat. Z3@anttieoat H.05° 85% KHNIWVTP.

(Water Vapor Transmission Rate) at 23C or 40C and 90% r.h. For an
approx. 200 nm SiOx layer, OTR = 0.5-0.8 cm3 m"2 day' bar'
Oxidative conversion:

Conversion of perhydropolysilazane (PHPS) to SiOy network by VUV radiation by

means of Xe,* excimer radiators, emission around 172 nm, VUV power 30 mW om”z,

i1t ' .

by means of low-pressure mercury vapor iamp (Hgl.P lamp), emission iine at

2
185 nm, VUV power 10 mW cm™.

o

The resulting SIO, films have layer thicknesses between 200 and 500 nm {SEM,

eliipsometry).

Determination of the barrier vaiues:

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 SiO, 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 e’ m*
day”’ bar’ and WVTR = 0.5-1.0 g m™ day” bar”.

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

OTR = 0.05-0.15 cm® m day” bar” and WVTR = 0.2-0.4 g m™ day” bar.

For three Si0, layers (approx. 500 nm in total},

OTR < 0.03 cm® m2 day” bar’ and WVTR < 0.03 g m™ day” bar™.

Exampie 1:
36 pm PET fitm coated with 3% perhydropolysilazane sojution in xyiene (NP110) or
dibutyl ether (NL120) by dipping, dried at 100°C for 5 min, converted oxidatively with
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For an approx. 300 nm SiOx layer, the values are between OTR = 0.1-0.4
cm3 m-2 25 day' bar" and WVTR =,0.5-1.0 g m-2 day" ba
WO 2@%74% @r%rox 400 nm in total), OTEQ 0.05-0.15cm3 m" d(”g ag%%n do6698
WVTR =0.2-0.4 g m-2 day' bar'. For three SiOx layers (approx 500 nmiin
total), OTR < 0.03 cm3 m"2 g bar TR < 0,03 bar'.
Xey” %‘%ﬁﬁﬁ@i%@%rﬁ‘\yﬁ% 5 & ropoi’ysu aneEF
ghick@ggrgg@,r@xxﬁ@ge\(,NPllO) or dlbutyl ether (NL120) by dipping, dried at

C for 5 min, converted oxidatively wit WQ 2007/012392 12
OTR @%ﬁEE’éD@%/bO&i%é’r %*C&cfﬁler |a i3h 30 mw cm-2 (1 min, 2500

Uncodiee &6 ABaAerin; IO7ER Bicknens AN GNB804ToOTR @8CI 9% bhr)

= or cm3 m-2 bar-' Lincoated ive frlm TR for 36

Barr‘%r‘ﬁ‘ﬁ@f"ﬁfﬁ‘?m}@@h@ cﬂ%ﬁ%mz%fa lg?épmg%gﬁ feri E ‘ rovem nt Factor

BiF (NBIF)F ©2Rs(upocsiedy©TRI(¢aated)BI-{8P110) = 225-250 and BIF
(NL120) = 150-167 Example 2: 36 pm PET film coated with 3%

perhydropolysilazane solution in xylene (NP1 10) or 10 dibutyl ether
ExamQ&LQZO) addition of amino catalyst (5% triethanolamine based on PHPS),

coating b d|p thOC for 5. min., convert
36 iR DU PRt Jorm B2 UM S0 Setrof 8 Toge 1oy, 1)@
ﬁrbu&ﬁ&ﬁéh@&_ﬂ’eﬁs wmmrsemmma@eqammmmwtwm E@az%m

2d 15 Uncoa a *

PHP S Bl TRy DT 3 arid RIE (UL 00 20 2 Aoa S0g o s
excimOAVER£236 3909Y.bih = 11 ngrmZ508yp e dEXampley/3r.h.), layer thickness
approx. 300 nm.
OTR (23°C, 0% r.h.) = 0.14 and 0.24 cm® m? day™ bar”
Uncoated comparative fitm: OTR = 45-50 cm® m™ day™" bar™
RIF (NP110+cat) = 321-357 and BIF (NL120+cat) = 188-208

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

Exampie 3:

36 pm PET film coated with 3% perhydropolysilazane sotution in xyiene (NN110) or
dibuty! sther (NN120), addition of amino catalyst (3% N, N-disthylethanolamine based
on PHPS), coating by dipping, dried at 100°C for § min, converted oxidatively with
Xes* excimer radiation 30 mw cm™ (1 min, 2500 ppm of Oz, 10% r.h.), layer
thickness approx. 300 nm.

OTR (23°C, 0% r.n.) = 0.4 and C.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 um PET film coated with 3% perhydropoiysrlazane solution in xylene {NP110},
addition of 5% amino catalyst based on PHPS (N,N-diethyiethanolamine,

triethylamine, triethanolamine), coating by dipping, dried at 10C°C for 5 min,
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20 36 um PET film coated with 3% perhydropolysilazane solution in
xylene (NN1 10) or dibutyl ether (NN120), addition of amin tg ?0
WO Zﬂéf{l@‘fé@%thanoiamine based on ?D%PS), coating by dippEigr%? éz%to tE)/?{306696
100C for 5 min, converted oxidatively with Xe2* excimer radiation 30 mW
cm (1 min, 2500 ppm of 02, 10% r.h.), layer thickness approx. Sd% .25
convegRTpIE N M X024 BB SHHIOD Aoy BLe DGR o00 B o
O,, 102Mpayativaditma QTR 6545-88 G0, 20ey Back Bds{NNAA-Ga) Am.
113-125 and BIF (NN120+cat) = 225-250 Example 4: 30 36 pm PET film
coated with 3% perhydropolysilazane solution in xylene (NP1 10),
addition of 5% amino catalyst based on PHESKN.MN=diethylethancamine, n.
Santfrthylamine, triethanolamine), coating-by-dipping;-dried-at-100G-for-5
min, WO 2007/012392 13 PCT/EP2006/006698.b6nverted|oxidativlgialiy

£ 1004

i * i iati " i nml-af—0
with-Xe2* excimer-radiation-30-mW-em2-{(1-min-2500-ppm-of 02,16%

PETrumpeatB@rmally at 65C for 30 min, layer thickness appfox!388 rim.

OFRfem-m*-d-bar-at-0%+h—Sampte-VovV-Thermalty PE:F"mcoared%S‘tU—*
NP15@ MpYL b dishN s RARPIERAN Iamine 0.3 44 N@"]?lo + triethylamine™0.2
——Sr*NPﬁﬁ#metganmaane—mW’E Example 5736 pm PET film

NP1(:1c9af'e8—l${}itf‘l¥]§%”aérhydropolysilazane solution in Xylene (NP110), adsdilltion
T-570 AIING lyst based on PHPS (N,N-dlegwlgthanolamlne), coghng
NP@yObdiE)rf)el%%a,%gr%[@a e1OOC for 5 min, converted oxidatively with Xe2*
excimer radiation 30 mW cm-2 (1 min, 2500 ppm of 02, 10% r.h.) and
then_coated once more in the 10 same way, dried and converted
EX‘51‘”"'(FJBQ‘?tJI%tiveIy: two SiO, layers in total, layer thickness
36 um PET film coated with 3% perhydropolysilazane solution in xyiene (NP1 10},

addition of 5% amino catalyst based on PHPS (N,N-diethylethanolaming}, coating by
dipping, dried at 100°C for 5 min, converted oxidatively with Xe;" excimer radiation
30 mW cm™ (1 min, 2500 ppm of Gy, 10% r.h.) and then coated once more in the
same way, dried and converted oxidatively: two SiO, layers in total, layer thickness
400-500 nm.

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

WVTR (23°C, 90% r.h.y = 0.2 g m™ day ' bar”

Example 6.

36 um PET film coated with 3% perhydropolysilazane solution in xylene (NP110),
addition of 5% amino catalyst based on PHPS (N,N-diethylethanolaming), 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.) and then coated twice more in the
same way, dried and converted oxidatively: three Si0, layers in fotal, layer thickness
500-6G0 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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400-500 rim. OTR (23C, 0% r.h.) = 0.05-0.1 cm3 m-2 day' bar" WVTR

23C, 90% r.h.) = 0.2 g m-2 day' bar' 15 Example 6: 36 um PET film

WO 2084{B8d mit¥3% perhydropolysilazanésolution in xylene (NP{A D)= RRffafR06696

of 5% amino catalyst based on PHPS (N,N-diethylethanolamine), coating
bé di%ping, dried at 100C for 5 min, converted oxidatively with Xe2*
36 pneRGimatTaantied St eV EroRmly2EaBasishrelibienioos #pdht 110),

dditidRESr eRtemhMECeRNS: IBIBeL0-spme Bay, Ausd RLEUNEHERIne ). coating b
2ed onidatively: three SiOX layers in total, Iaygeqhicklr}e%g%SOO-GOO nrr1}1e,)0(1:'oRa neny

dipping3trisshat HOP=0fo1-b DicATNHPERFAP ARt VY THit{Ee Saegianiyn: VUV

outpuPRBrENday1 Banids B 'b‘gﬁhﬁf\ﬁ@ 2007/082392,dAthickness approx. 300
P PCT/EP2006/006696 36 pm PET film coated witi ga:% PP

NM. perhydropolysilazane solution in xylene (NP110), addition of 5% amino

OTR galelysthased enPHES(W:Ndigthylgthanolamine), coating by dipping,
dried at 100C for 5 min, converted oxidatively with HgLP radiation, VUV

output 20 mW cm-2 (10 min, 2500 ppm of 02, 10% r.h.), layer thickness
ExamRPEex. 300 5 nm. OTR (23C, 0% r.h.) = 0.2 cm3 m-2 day' bar’ Example
m PET film coated with 3% perhydropolysilazane solution in xylene

8: 23 pr ( :
23 um e T g atRdiNi Sther[RIAEL MR e rastt irnif RaRIFNP 110) or
dibutyPases-on PHRS dudiishiethyeshaneiansinelyelhtassallsoatines opnperted

oxidatively with Xe2* excimer radiation (double lamp, 120 ¢m, oblique) 33

diethyiRRRRIS TR nifl-1oBpih Siings 62 eshie f SIS RhckitsE Spprosimer
radiatAP0(8BUKN RAZ3 A2 erhhoshEL6% e hBarerh3gmrdraiay’ bastio ¥pm of O,

6% r.h.}, layer thickness approx. 400 nm.
OTR (23°C, 0% r.h.) = 0.65 and 0.35 cm® m™ day™ bar

Example O
PET film coated with polysiiazane solution in xyiene or dibutyl ether, addition of
amino catatyst, roli-to-roll coating, converted oxidatively with Xe,* excimer radiation

30 mW cm™ (Og, HzO) + thermally, layer thickness approx. 300 nm.

Example 10

PET botties coated with polysilazane solution in xylene and dibutyl ether, addition of
amino catalyst, coating by dipping, dried at 85°C for 5 min, converted oxidatively with
Xey* excimer radiation 30 mW cm™ (5 min, 2500 ppm of Oz, 10% r.h.), iayer
thickness approx. 400 nm.

Barrier improvement Factor (BIF) = 10 for Oz and = 3 for CO..

Exampie 11:

23 ym PET film coated with 3% perhydropolysilazane soiution in dibutyl ether
(NL120), addition of 5% aminc catalyst based on PHPS {(N,N-diethylethanolamine),
roli-to-roll coating, converted oxidatively with Xe.* excimer radiation 250 mJ cm™ and
Hg-LP radiation 250 mJ cm™ (1 m min™, 2500 ppm of Gy, 7% r.h.}, iayer thickness
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Fvam n In Q PET film coated with polysilazane solution in xylene or

WO 202)1?(}#{5% r,_additio*n of amino catalyst, roll-to-roll coatingycomverteshe/006696
idatively with Xe2* excimer radiation 30 mW cm-2 (02, H20) +

thermally_, layer thickness app_rox._300 nm. 20 Example 10 PET bottles
approxgo Sdnvn\%'ﬂ%%%%gazigg%ﬁ%LHHRH%beéf'ileélﬁiéﬁ“?rgmué%ﬁﬂ@rrﬁeﬂ@@ﬁ@ﬁg~LP

| mno cata St, coa ipping, dried at 65C for 5 min, converted
radiatopxidatively with Xe2* excimer radiation 30 mW cm"2 (5 min, 2500 ppm of

OTR (2%(}08@ r.n DlaYer 25 thickness approx. 400 nm. Barrier Improvement
actor (BIF) = 10 for 02 and = 3 for C02- Example 11: 23 pm PET film

coated with 3% perhydropolysilazane solution in dibutyl ether 30 (NL120),

Syam a}dd{tign of 5%_amino catalyst based on PHPS (N,N-diethylethanolamine),
RSil-t6:roll coating, converted oxidatively with Xe2* excimer radiation 250

23 pmni’\EG?Jlfi;ﬁ andiethvitn Biiash ZBoPRIYSHEZANSS PHINCTIBGH B BF 53,

0 1.0, i - 2 I T ReA00G '
(NL12 égparog. tﬁ%ﬁ%@%@?ﬁgﬁ?ﬁ%ﬁ% directiond;?r’(l')ﬁrzngexcimera rgaadci)latglze)’
roll-to-to Hgelalingadiatorer BTRXERG Yol WD) YS E\xarrpRe1 5298 R BRS Fmcm -~ and

|, pcoated with, 39 rhydr ilaza t'w’ it et ) (NyB2Q)i
Mg Lpa%é%{%}lwéfl%%oﬁ?n%r@ cagt}glgjijgf’{ baséggc))f]%gHPS IfN%’iﬁﬁ{/?éthgnolami)r:ic}fn.e _S_S
approrol-86-roth cEmpabAgERsd BIGR ST HHOX ?‘%%ﬁﬁ@??é@%ﬁ&%é@ggg‘w
radiatgpg cm-2 and Hg-LP radiation 250 mJ cm-2 (1 m min-', 10 000 ppm of O2,
% r.h.), layer thlcknessslo_gppro_%(. 40Q nm. Gas feed against running
OTR (@iB&EtidiArom exciefradiatod® HBA'P radiators OTR (23C, 0% r.h.) =
1.0 cm3 m-2 day' bar'

23 um PET film coated with 3% nerhydropolysilazane solution in dibutyl ether
(NL-120), addition of 5% aminc catalyst based on PHPS (N, N-diethylethanolamine),
roli-to-roll coating, converted oxidatively with Xe;™ excimer radiation 100 md cm™ and
Hg-LP radiation 250 mJ o (1m min™", 2500 ppm of Oz, 250 ppm of ozone, 7%
r.n.), layer thickness approx. 400 nm. Gas feed against running direction from
excimer radiator to Hg-LP radiators

OTR (23°C, 0% r.n.) = 0.75 cm® m™ day™ bar”

Example 14;

23 um PET film coated with 3% perhydropolysilazane solution in dibutyl ether
(NL120), addition of 5% amino catalyst based on PHPS (N,N-diethylethanolamine),
roli-to-roll coating, converied oxidatively with Xe;” excimer radiation 500 mJ cm™ and
Hg-LP radiation 250 mJ cm™ (1m 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.)



Example 13: C 23 PET fil ith '30iG erhydropol silazane solution in dibutyl
urn t _1 nim coatcu vdiuiyp )u ..r (NL120). addition-of B%n0e6/006696

WO Z{E@tﬁ{)&%\g%yst based on PHPS (N, I\?L%Olethylethanolamlne) roll-to-roll

coating, converted oxidatively with Xe2" excimer radiation 100 mJ cm-2

nd H LP radiation 250.mJ 2 (1.m mins,22000pm, 0f-02423@ PPIY 2 and

Table 31" ozo e°? hDS‘ Hyeria (':?(%1 L a;?)rr%x 460 r2 Gas feec?%gamst
182 nmtumkm@idimgemonﬁygmmnet«miaraam?adum:st@oﬂg:@;mreémators OTR (23C,

0% r.h.) =0.75 cm3 m-2 day' bar" Example 14: 23 lam PET film coated

with 3% perhydropolysilazane solution in dibutyl ether 25 (NL120)
' Oxygadditorafibdiamino catalyst based drePEPBi(N, Nidigtfiytethanolamine),

roil-to-roll coating, conueried axdately WU X2 e gl 28ior
mJ cm-2 and Hg-LP radiation 250 mJicm"2 (1 m min-', 2500 ppm of
0211208 ppm of ozone 7(%43 hz}rnlayer thicknésmapprox 400 nm1 Ga
feed-againstrunnina-direction-fro B o,

S |||\J|.lulllllllld gire A-from-—exeimet rto I'IJLI" ldﬂl@. oU
OTR %c, 0% r.h.) W ‘%g 71812392 16 POH?IHEE,E{ 006/006696 Table 1.
Penetragion of radlatlon (10 Frikte = 368%) df Wavelength 162, 172 &nd

182 nm-into-hitrogep-exygen-mixtures-of-variogs-concentration-Ox N
corRePRBN Penetration1fL0 & 1/e) 162 nniradiation 172 nm radiation

18200 saghiation 20% 0.45 mum3 mm|10 cm&¥%et:8 mm (1.2 cm 20 om 1

9% 9.1 mmﬁgcm’)m ')Rnﬂnnmgﬁ

Lo IV, MP-N-CN o =N WaYaVs) Q-4 on
o-EM-Z4-Cio-M—10UuC PPTIT I, 111 OU
cm'28 PT00ppm 91 cm &t 26bm 6 m 200
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2005DE310 WO 17 What is claimed is: 1. A process for producing a
transparent coating on a strate, by coating the substrate
EOOSDg‘Jﬁﬁ a solution comprising a) a polyiﬁgzane of the formula (I) 5
-(SIR'R"-NR™)"- (1) where R', R", R"" are the same or different and are
.each ind endently hydrogen or an optionally substituted alkyl, aryl, vinyl
What ’8r ?ﬁ'lglﬁgfysnyl)alkyl radical, where nis an 10 integer and n is such that
the polysilazane has a number-average molecular Welght of from 150 to
1 0200000l 200 By calalustin.an iRt Splshiabseaaliate. b
oving the $OR/ 9 poratloh ve a polysi ane ayer avmg
coatsn@%iageyulﬂfwierhes&mf 9. %HEJOranmpﬂrrBr@&ﬁaD@ yaldzandiafitietiemgla (1)
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 atmospftgife’ it thigpresencélof oxygen, active oxygen
and optionally nitrogen. 2. The process as claimed in claim 1, wherein the
catalyst used is a basic 20 catalyst, in particular N,N-diethylethanolamine,
wherel‘ﬂ%Nmin@‘thylmhlae@Iammer difezhamotadiagg srchyiloeipendently hydrogen or

on o RIS, S PP S W o

integesalvem inertdowantite polysikzare has Tho provess s ada msdsipuiewioht

fth r % a wherein the solution contains from 1 to 80%
of fro%q%v%gh %r@ % gﬂ to 50% by weight, more preferably from 10 to

ba cd@%ﬁbm@@r@ﬁhth@p@l@suazane. 30 5. The process as claimed in at

subse el?esfg ?emiwgwé) e %ﬂ?@%&%%‘%&ﬁbﬁ% idadiaon with-wavelgpgth

having a layer thickness of 0.05-3.0 ym on ths subsirate, and iradiating 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.

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

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

tristhanolamine, friethylamine, 3-morpholinopropytamine or N-heterocyciic

compounds.

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

solvent inert toward the polysiiazane.

4. The process as claimed in at least one of the preceding claims, wherein the
solution contains from 1 to 80% by weight, preferably from 5 to 50% by weight, more

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

5. The process as claimed in at least one of the preceding claims, whersin VUV

radiation with wavelength fractions < 180 nm is used.
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2005DE31 0 WO 18 6. The process as claimed in at least one of claims 1

20055%%,?v\<@ein VUV radiation with Wq\éelength fractions in the range from

0 230 nm is used. 7. The process as claimed in at least one of the
preceding claims, wherein the 5 irradiation with the VUV and UV radiation
is effected simultaneously, successively or alternately. 8. The process as

imed in at least.one of.th [ ' i ot
s o e i S R e RGP
with wieaseogth dfabsque de divgrelsim ;o dRdiricha3 Staanisccoseentration is
from 1000 to 4000 ppm. 10. The process as claimed in at least one of the
preceding claims, wherein ozone 15 is supplied additionally during the

7.  ifadiptioresklad b precessaidasdaimed iof dbfeaseor@ing tlaipwostrign the

. ._claims, wherejinR',. R", R™ in,for independently atadical,

e S s o o Rl o

alterniselyutyl, tert-butyl, phenyl, vinyl or 20 3-(triethoxysilyl)propyl,
3-(trimethoxysilylpropyl). 12. The process as claimed in at least one of the
preceding claims, wherein the solution comprises at least one

8.  pEneymhomsysitzéaicefitedbiensta(®) Bf Eng Siacedipore{@)nesviizrehethe

roces imgdm_atJeast@ f the preceding claims, wherein the
OXY8€, 8{?&% @g?n%lér%slésoé}tuleéa's% one %%@éilazane of the formula (3)

-(SIR'R"-NR ")n-(SiR*R**-NR***)r_ (3)
3. The process as claimed in at least one of the preceding claims, wherein the

steam concentration is from 1000 to 4000 ppm.

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

is supplied additionally during the irradiation.

11, The process as claimed in at least one of the preceding claims, wherein R,
R*, R™ in formula (1) are each independently a radical from the group of hydrogen,
methyl, ethyl, propyl, isopropy!, butyl, isobutyl, terti-buty!, phenyl, vinyi or
3-{tristhoxysilyl)propy!, 3-(trimethoxysilylpropyt).

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

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

s

I
|
L H J 2

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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‘ 30 2005DE310 WO 19 where R, R", R™, R*, R** and R*** are each
500 Sbi(%g(%ﬁe\&gfntly hydrogen or an optio%lly substituted alkyl, aryl, vinyl or
ialkoXysilyl)alkyl radical, where n 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. 5 14. The process as claimed in at least one of

the preceding clajms, wherejn, in formula (3) R', R'" and R*** are each ..
wherei S RECR and R RSO R 216 EAEh LT e o IR S aLagional

substifiydtogikptaad/RViRY ardicatitoryatihybairg Ritisall Ovinieng; rorrRp RIS BAch an

inte ea%“f b iﬁhg md@r%%?na gzdaﬁé nds Fé*;grrn %?Pa%“rst'@"- ogca-{]er weight
9eh S B8 EraIEY TR RSB 6t the preceding claims, wWheréin e

of fronsdlBtian ¢6mpriseg/atdeast one polysilazane of the formula (4) 15
-(SIR'R"-NR")n-(SiR*R**-NR***)p-(SiR1, Rz-NR3)g- (4) where R', R", R",
R*, R** R*** R1, R2 and R3 are each independently hydrogen or an

14,  Optionadyestibatitutedralltyh atykadnylrer ridlkoxysibdialyll aadical venere, in

gn,r&and 20 g are each an integer and n is such that the polysilazane has

Ey ber-average molecular weight of from 150 to 150 000 g/mol. 16.

Thie Rroeessrs claimesddn aydeagearmndf e BrezediRy™clabmes; ahhveimy !
the substrate, during the oxidative conversion.process, is heated | _—

- B AR TR R R L (s s
teimpleratures between 50 and 200C, in accordance with the thermal

bility of the ate. 17. The process imed #.a

i rec%dih%{ c%{i]r%mg%ﬁé %uﬁ%@ﬁ%%x?ﬁ%%g g(ﬁ\ilg}si(%r‘;% S%gépsin%webf F

gas temperature in the course of the 30 irradiation in the irradiation

15, CPﬁén Breorcigshseggec é%ggﬂ'ﬁ"]eé?%raes% B%tgvg‘?ﬁwgop?égjeding claims, wherein the

solution comprises at ieast one polysilazane of the formula (4)

formu

S(SIR'R*“NR“J-(SIR*R**-NR***}, ~(SIR", R*NR%),-  (4)

where R’, R”, R, R*, R**, R** R' R? and R® are each independently hydrogen or
an optionaily substituted atkyl, aryl, vinyl or (trialkoxysilylalkyi radical, where n, p and
q 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 thermal stability 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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200C, in accordance with the thermal stability of the substrate.

éOOSDg)gféJ 0 WO 20 18. The process%ﬁs claimed in at least one of the
ding claims, wherein the subsirate is a plastics film having a

thickness in the range from 10 to 100 pm. 19. The process as claimed in
at least one of the preceding claims, wherein the 5 substrate is a

lyethylene terephthalate I ylene hthalate,.polyimide, ;
8. oS e s Do ey e 2 o e A U e e
substrate iefdhegeteredimghaaings avwhistais then dbetirayngdryimgnalid toxidétive:.
conversion by irradiation of the poiysiiazane layer on 10 the plastics film
are effected in one working step from roll to roll.

19.  The process as claimed in at least one of the preceding claims, wherein the
substrate is a polyethylene terephthalate, polyethylene naphthalate, polyimide,
polypropylens or polyethylene film.

20. The process as claimed in at least one of the preceding claims, wherein the
coating, drying and oxidative conversion by irradiation of the polysilazane layer on

the piastics film are effected in one working step from roll to rolk.



