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A ass Tr eNO#8M38FX ocess and Appar at us This invention rel af’gg’ql}?s’zgoﬁr"ocess
for the treatment of glass, and to apparatus for carrying out the

treat ment. The type of treatnent of glass with which the invention is
concerned is the application of decorat- e coat i ng material to the surface

of 2 glass substral e 59.85n) BBk Ip-ANCd U HpuhPhble (decorati ve)

appearance to the gla ass Substrate t ore provides the
necessary strength to the conposite article (the substrate plus the

decor ati v, L0t i GG dﬂ?cé’é”ﬁ/o £ PHIRIBN e HF e tIRURIAY DL AL, 1S

that it can renaln secured to the su ace of the glass substrate throughout
the requiard to|appavatugefart Pélré’yla‘ﬁd% e ¥ eREmgRY - envi r onnent al
factors to which-it may be exposed in use, and which may tend to separate

the coating fromthe substrate. In other wo abl e decora i,ve
coati ng f'%‘ge atyPss O% hEerLments ‘?feqﬁr?%ﬁ “&ﬂ:}vﬂah {‘ el B¥FR é&‘nt ot he

gl ass subsériééened b enéyapmlwe’ciahl efnraeceratdwve mobl‘l:dutg ath»t&nsﬂy to

af fecting_t he st uct rit t.he substrate. R
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of ¢l assv:.subtér&deeorﬁhnvar)clmppm!nm‘sde use theg.ghasai.ndows in buil di ngs
or in glass, in which case the coating will usually be on the inside face

of the substrate. Alternatively, for other uses, e.g. in shower screens,
the coat i Bgewdlassgs aubsyr%eometr@fan%ure@w@es okhehpesessarat Stremytier

possi bl e gsegnw |éoﬂ|§t§§i‘€§ H§€1bﬂet "@:I?é‘t g{iBkk¥atienPiHld Ythe Icied&ra?tf.lve
course well kpown to ap a@e (g&p or vinyl based decorative, sheets

glass suBSRFapgd, ang; d%ﬁ@%‘??&%ﬁ‘?&f thiy AR thYe U%o%E%%%tJa%l e
for i ndootnesge, i butcauiclrexast S seicareat der abhe agdreageondby r€ndi Nglass

attached Lg, 2, 95885 YRR Yhé L8IRLAY 3% v of the article, ana
can withstand any environmental factors to which it may be
exposed in use, and which may tend to separate the coating from
the substrate. In other words, a durable decorative coating
for a glass substrate is required, and which can be applied to
the glass substrate in an easy and reliable manner, and without
adversely affecting the structural integrity of the substrate.

The present invention has been developed primarily in
connection with the coating of glass substrates for
architectural use e.cj. as windows in buildings or in glass, in
which case the coating will usually be on the inside face of
the substrate. Alternatively ’ for other uses, e.g. in shower
screens, the coating will usually be on the outside face of the
substrate. . Other possible uses will include use in the
automotive industry. '

It is of course weli known to apply paper or vinyl based
decorative sheets to glass substrates, wusing suitable
adhesives, and which can be acceptable for indoor use, but such
sheets are not durable and can only remain attached to a glass
substrate on a temporary basis.
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-2-  For g¢®jaeh use on buildings, a decorative effect on RGT/GBIS/A04H gl ass
sheets can be obtained on a commercial basis by expensive "tinting"

procedures in which suitable colouring material is incorporated into the -
constituent materials fromwhich gl ass 45 made. This requires careful

trol th t h | j f
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more thag, 9ng g(i sS NEay. di inhis W%“']:Ie quirds | SaPbERRUERRPWL tcﬁré}ppiye
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in the court thé inside face of .the V\%# gpe rs op que a fé% ? be
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Lr anspar %hlevgﬂﬁehu&n atet 6ﬁ?§|ﬁa!‘.leﬂh uinntmqmecgla'es Tt Engntisponglsogburt s
as proved to_be ver uccessf ul. comrerci La
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i npact b 0 t0 occasfonal heavy | npac a pl ayer agai nst
t he wal | coldme 19( eqmy aiifgbends. of dots are appli ed by a printing

technique, in which ceramc ink dots are applied to a water based transfer

or slide paper, and then are transf the surface of t | ass.
et 51 ororie RLERRAY FROWR: EP_ APPLYe duRED NS Ear ugs Lo .o ErdERERrEy
to the whidracgrel ikeéorporated into a "a wall or walls" of a squash

court (or similar), in which spaced dots of ceramic ink are
applied to the surface of the sheets in such a way t_hat, (1) to
players in the court the inside face of the wall appears opaque
and (2) to spectators externally of the court and looking in,
the wall appears transparent. |

The use of transparent / opacjue glass walls in sports courts
has proved to be very successful commercially, and has enabled
large numbers of speétators’ to view sports activities which
would not previously have been possible. The coating must be
applied to the glass substrate in a way. such that it is
durable, since the coating will be exposed to repeated impact
by the ball, and alsc® to occasional heavy impact of a player
against the wall.

The required' series of dots are applied by a printing
technique, in which ceramic ink dots are applied to a water
based transfer or slide paper, and then are transferred to the
surface of the glass. Immersion of the paper in water allows
the ink dots to be transferred to the surface 1like a
ntransfer®, and which remain temporarily adhering to the glass



"transfer”, and which remain tenporarily adhering to the gl '
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-3- in required positions which are determ ned by entirely manual
t echni ques. To achieve the required transparent / opaque properties, a
pattern of 1lmmalternate clear and white dots is printed, and al so behind
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court, rTgh shi'ning on the white dots, of naki'ng t

i nsi de f ameclynbymesce appear opaque to the player, whilst on the other side
of the glass, the spectator in darkness Iooking into the bright court
through the printed clear dots, and bl ack side of the white dots, .sees the
wal | as Bed ngchigNepaklat redapired Fﬁ@Qﬁﬂﬁﬁﬁ%F &MP?%W%%rRF?ﬁﬁﬁﬁ%q%mlﬁg
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A key factor uccess of S r
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t he | oad act be required tg withstand~in, seryice
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benefit tghgu§gggegg Bding raR8pabahespecific application of a technique
for applying durable coatings to a glass substrate, and which require

significant manual skills, and particularly in the transfer of the ceramc
i nk dots I\Etbliretaéaﬁﬁamli@rr 3l tRmpdrdy pomictioing dhithererts dmthiehe

prOdUCtiOGItalsge slgr g endet eOn 1néasr1¢..ualsuggtlrla e ag]g té}?erguglxbtjgcted to a
normal "tempering" process of the type used to make toughened
glass. The technique of tempering glass.will be well known to
those of ordinary skill in the art of glass technology, and
need not be described in detail hergin.

A key factor in the success of this technique (durable coating
of a glass substraté), is that the ceramic ink "dots" which are
transferred to the glass surface become fused to the glass
during the subsequent tempering process to which the substrate
is required to be subjected, bearing in mind the load factors
which it will be required to withstand in service.

However, while this technique has proved to be a commercial
succeés, and of benefit to customers, it is a somewhat specific
application of a technique for applying durable coatings to a
glass substrate, and which require significant_manual_skills,
and particularly in the transfer of the ceramic ink dots to the
glass substrate, prior to tempering. This means that the
production time is dependénﬁ on manual skills, and the quality
of the coating is dependent on the attention devoted to the
task by the person exerci'sing these skills. This is acceptable
commercially for this specific application, but is not a viable



of the coating is dependent on the attention devoted to the task t he
person exwioossgny t hese skills. This is acceptable comrerC|P§«TITC§B 8%3hi s
specific application, but is not a viable WO 98/ 43832

PCT/ GB98/ 00803 : -4- technique for |arger scale

application of decorative coatings to g‘f‘ass substrates, of the type W th
whi ch the |nvent|o I S _concerned. ransfers
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usi ng screen printed water slide transfers has al so been used for many
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subsequen ed on to the arti he necessalfy manual
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subsequer&t fusing to the surface of the glass during the tenpering process,
there is %@%%exi sti ng techni que which effectively enables printing "in
colour”™ to be applied to w ndows as substantial ly permanent decorative
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acceptable in that industry for quality work. Indeed the

technique for applying the ceramic ink dots to glass walls in
squash courts was derived from that industry; being unique at
that time in applying water slide transfers to tempered glass
products.

However, as an initial attempt to broaden the . concept of
transfer of ceramic ink dots, and subsequent fusing to the
surface of the glass during the teniper_ing process, there is an
existing technique which effectively enables printing "in
colour" to be applied to windows as substantialiy permanent
decorative coatings, and ' in this technigque a water slide
transfer or "decal" and subsequent tempering process has been
used, and in which first of all a solid image is printed i.e.
a full coating of the glass substrate, and then subsequently
the image is perforated with similar 1mm holes (to allow
viewing outwardly through the windows). - Thereafter, the
perforated image is transferred to the substrate by a manually
controlled water-slide technique. Apart from being the
negative of the all over printed concept, this had the
advantage of doing away with the registration problem of
printing a number of colours on top of each other, as the



controlled water-slide technique. - Apart frombeing the n ' t he
all over waQ 98t4d882concept, this had the advantage of doi ng'ﬁé&g&k¥§osﬁ e

regi stration problemof printing a nunber of colours on top of each other,
as the WD 98/ 43832
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i ONn"0 e squash court technl que econe
accept ed dftemjardg) ass asntbaseer dhroughl % commercial ly viable, it still
relies upon the use of water slide transfers or decals, and therefore
manual skills, with the disadvantages as to tinme of production and | abour

costs whiHgweves, iwhidle dhis epfens BoRof HhreSuaslcoury Leehnigis has
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to 2.2 nethesdhsaey 948S A%k %}‘cﬂ% Sgoﬁ’rg%(?ﬁ%é%%bﬁ%efégga%r idrétpiélsg
met hod. wHbehpthisninvouems.on addresses this requirenent, and utilises a
uni que conbi nati on of process and apparatus feature to achieve the required
obj ecti ves. The invention therefore utilises a different type of transfer
bearing diyereq@desdtheugfore, exidtn o afn nred e PEQVHS RN ABRRPYRS a
gl ass Subcgiééget%'a% LSPBEELERY Yhdriby! deSablle 2auByrakive AddayEndde
process t e autonated, so as to increase the_rate of prqduction ile
still nmifeai henaPaligdspRG dhy aqWaY MRIGH BldG¥S, %P%ﬁbﬁss ion
subsequenteafigguer i the udhiisseqybsiizie Maintainbrgueetdaniild teadnd
treatnentagéggggg.of placement of the printed images on the substrate.
Also, it will be desirable to.allow use of image sheets up to
as large as, but not limited to 2.2 metres wide, and as a

continuous loop such as by the web printing method.

The present invention addresses this reguirement, and utilises
a unique combination of process and apparatus feature to
achieve the required objectives.

The invention therefore utilises a different type of transfer
bearing any required image(s), and which can be applied to and
fixed to a glass substrate prior to tempering of the glass in
a way which allows the process to be automated, so as to
increase the rate of production while still maintaining a
satisfactory quality of image after transfer and subseguent
adhesion to the. glass substrate és a coéonsequence of a heat
treatment process.

According to a first aspect of the invention there is provided
an automated method of decoratiﬁg a face of a flat glass sheet,
including the steps of: ' '

continuously feeding glass sheets and heat release decals
on a decal carrier to a laminating station:



According to a first aspect of the invention there is provided an automated
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the .decal «carrier . so s_, o simultaneously.rel ease.the decal fromthe
carrier and deﬁé’a YNk dg‘@zflt on%8n e% se er%cle oFagrﬁ'ggpecﬁ?veasgnee Oof
gl ass costimuldasieoyslssimgl éaseughet dedadnifnain rithestearwier and deposit
cont i nuoysl ferring -de It . S ecal - I ng
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Preferably, the predetermmed tenperatufe is such as to fix the decals to
the gl as® SIeERISTSQRFWEING 2gSUMURAt@CcAVeNio t he gl ass sheets and cure the

decal so as togilRAS Uhddieing! aths f1dde épedts tbheanehPedetBy¥mifehude
the steps of: slow y cooling the decorated sheets in the deca

_ I
secur i ng "SPRETaRFe SO agohPi K & Flde RINFPINE AR F=® theetiecd a
t enper i n@rdirtmceiantheagedal detd | tfeandassolsheptishetltecshnt @dcgrasing
sheets sq,as t%tseng}gr t he decorated gl ass sheets, fuse the decals to the
gl ass she s%nds cur eeﬁ‘l “decal so as to gloss up the colours of the decal.
Preferably the nethod includes the step of pre-heating the glass sheets so

that th t ; t ar e
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decals to the glass sheets so as to fuse the decals to the

glass sheets and cure the decal so as to gloss up the colours
of the decal. '

The method may include the steps of:

- slowly cooling the decorated sheets in the decal se_curing
oven; and : _—

continuously feeding decorated glass sheets to a
tempering furnace and 'rapidly heating and cooling the decorated
glass sheets so as to temper the decorated glass sheets, fuse
the decals to the glass sheets and cure the decal so as to
gloss up the colours of the decal.

Preferably the method includes the step of pre-heating the
glass sheets so that the glass sheets have a predetermined
temperature when the deca_ls ‘are deposited on ‘them so as to
enhance adherence of the 'decals to the glass sheets.

The decals deposite_d on thé glass' sheets may be perforated so
that the decorated glass is substantiélly transparent when
viewed in one direction and_subsiantially opaque when viewed in
the opposite direction.

The decals on the decal carrier may be perforated. Preferably,
the decals on the decal carrier are not perforated and become



on the gl M98 s nay be perforated so that the decorated

substantially transparent when viewed in one direction-and substantially
opaque when viewed in the opposite diregtion. The decal s on the decal
carrier may be perforated. Preferably, the decals on the decal carrier are

not perforated and.becq 438R%red from the decal carrier and
PCT/ GB98/ a@gd as e decaypagzsé e -/- perf orated as the decals

are renovere fdepositedeoal ther glassamhegts deposited on the gl ass sheets.
The met hod may include the step of coating the glass sheet with an
intermttent |ayer of heat release agent in a predetermnm ned pattern aqga
onto whi cThe trethed may Hopbude cthe SEFROWRIF TS JR & Sheehdd®y in
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after the_ decal .has f e ' | +§ LRBRAfReshO B Th&@Ei by tO
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a wax with a nelting or evaporation tenperature higher than the fusing

tenperature of the decal . .
w Preferably, the heat release agent is heat activated to remove

enhance adherence of the decals to the gl ass sheets. The gg‘?ﬂgsﬂwgsi ted
ass 1s

part of the decal after the decal has fused by evaporating
thrdugh the fused decal. Preferably the heat release agent
allows part of the decal to be removed after the decal has
fused by preventing the decal from adhering directly to the
surface of the”glass sheet. Preferably, part of the decal is
removed by dissolving the heat release agent.

- Preferably, the heat release agent is a wax with a melting or
evaporation temperature higher than the fusing temperature of
the decal

The method may include the step of providing decals having an
intermittent layer of heat release agent having a predetermined
pattern so that when the decal is heat released from the decal
carrier only part of the whole decal on the decal _carrier is
deposited on the glass sheet so that. the deposited decal
renders the glass sheet substantially transparent when viewed -
in one direction and substantially opaque when viewed in the
opposite direction.

According to a second aspéct of the invention .ther'e is provided
an automated decorated glass sheet production 1line for
decorating a face of a glass sheet comprising:



The nethod may include the step of providing decals having an intermt.tent

| ayer of kasbgi4sesease agent having a predetermn ned pattern BET/GBE8/0ENn t he
decal is heat released fromthe decal carrier only part of the whole decal
on the decal carrier is deposited on the glass sheet so that the deposited
decal renders the glass sheet substantr&Hy transparent when viewed in one
direction and substantially opaque when viewed in the opposite direction.
According to aslasmdesding nepnshEornferding ghass §geﬁ,g§v$g§ge§ﬁ1vely

aut omat eq. fJecoy gl fth S1 A Ss€h8Ebnpr oduction Iine for decorating a face of a
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securing accunul ator oven operative slowy to heat each decal_.de os'teélL
sheet to a predtpterradéatenpgrassr e£86948% o™LENS e TN l'gieﬁtﬂ]i’ﬁtjf aégé?rﬁ .
fromthe gesesiead Ehiethe téeaalidaall Medesiegtagcughdatosheeenandrder eby
decorate the sheet,, The redeterm’_r&ed %I s surface ten%era#ug_e may . not
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from the decal and fix the decal to the respective glass sheet
. and thereby decorate the sheet. o

The predete_rmined glass surface temperature may not be more "
than approximately 520°C. Preferably, the predetermnined glass
surface temperature is sufficient to fuse the decal to the
glass sheets and cure the decal so as to gloss up the colours_
of the decal. The predetermined glass surface temperature may
be approximately 570°C. '

The production line may have a tempering furnace arranged
downstream of said decal securing accumulator oven and having
heating means for heating decorated glass sheets to a tempering
temperature so as to temper the decorated glass sheets, fuse
the decal to the glass sheets and cure the decal so as to gloss
up the colours of the decal. |

The production line may have an upstream pre-heating furnabe
for 'co'ntinuously receiving glass sheets and heating them to a
pre-heating femperature and discharging pre—heated glass sheets
to the glass transfer means, in which the pre-heating
temperature is chosen so as to enhance adherence of the decals
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sai d decwoO 28438%2 ng accunul at or oven and having heating ne or eatlng
decorated gl ass sheets to a tenpering tenperature so as to tenper the
decorated gl ass sheets, fuse the decal _to the gl ass sheets and cure the

decal so as to gloss up the colours of fhe decal. The production Iine may
have an Log f Ga%lﬂwéévlﬁ CebMpBFath@eSor
sheet's atf‘fg ﬁhﬂnagg% hem %gg [?rye- eat ir?% erature ang di sghargl ng

pr e- heatehie ghassshbeetst d & r@p@r%smeteﬂagfé On€ans, in which the
pre-heating tenperature is chosen so as to enhance adherence of the decals
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the |l am nator station-may be a roller. The roller may be a silicon covered

roller. The production |line nay decorate gl ass sheets having a w dth of
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plurality of diff té%ﬁ¥els and the production line has a |ifting device
precedi nPPRE*IEE, 5 By accunul ator oven with a lift which

conti nuously accepts decal deposited glass sheets and transfers themto one
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oven. preferred e nent 0 nventlon w || _pow be deScri,bed, by
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drawi ngs gehfl Wi SPeceding the decal securing accumulator oven with a
o 1ift which continuously accepts decal deposited glass sheets
and transfers them to one of the plurallty of different levels

in the decal securing accumulator oven.

A preferred embodiment of the invention will now be described,
by way of non-limiting illustration only, with reference to the
accompanying drawings, in which:

Figure 1 is a perspecﬁive view of an automated decorated
glass sheet production line according to the invention;
Figure 2 is a schematic partial cross sectional view
through the glass production line of the invention;
Figure 3 is a schematic cross sectional diagram, not to
scale, illustrating a heat release decal on a decal
carrier for use in the invention: and

Figure 4 is a flow chart illustrating an automated method
of decoratlng glass sheets accordlng to the invention.

With reference to Figures 1 and 2,'£here is shown an automated
decorated glass sheet production line, designates generally by
reference numeral 10. The ﬁroduction line 10, operates from
right to left as shown in Figure 1. Preferably the production
line is configured to handle sheets of glass with widths of up
to 2.2m and having lengths of up to 4m. The same items in
different Figures share common reference numerals.



Figure 1 is a perspective view of an autonated decorated gl ass .sheet
product i ogyd bsissaxcordi ng to the invention; Fi gure PGHEGBY%W8&hmtic
partial cross sectional view : t hrough the gl ass production |line of
the invention; Figure 3 is a schematic cross sectional diagram not
to scale, illustrating a heat TéPsase decal on a decal

carrier for use _in . the inventjon; fnd . _Figure 4 s a flgw chart
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r ef er enceagtippate. facilitwpbeobhapeyition of the glass sheet, although

PCT/ GB98{898@3s are shown in Figure 1. _Thel@lasEherdd@thigtn@8nki E’n%yhas
gl ass feeding nmeans .in the formof .a [ oading table 20 approxi mately _2-4m
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posi ti onifegdngaass2 kHeet | Dved hengl mssasdietds 1dnée correctly positioned.
Preferably the positioning nmeans are in the formof rubber ball castors to
facilitate the position of the glass sheet, although rollers are shown in
Fi gur e 1TheThergdass ifceedi Inereatisemayh&sv ea popeeebeatangpofurmaaes (J00t
shown) s ti.ca fee | 385 ¢ S | p ugt I ne.
The pr od%gg ?Skgfnlglr%quaeinﬁ h%éxg' pr g'-h%egisﬁsengwfaaﬁélnadc? %%%%r fd%gn%%ef%% ijrf'?
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control gRRAEAUSad¥Png! Gk t PErAkaSS tLaML NGohie W CEo fn%h\}e@ §0HARl I ed
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later. to an exposed surface of resp_ec'tiVe glass sheets as will be
described later. ' - | |

The pre-heating furnace is followed by a laminator station 40.
The laminator station is approximately 0.5m long and has a
heating device 41 in the form of a silicon covered heated
roller. Decal feeding means 50 are also provided but are not
shown in Figure 1 for the sake of clarity . The decal feeding
means has decals 51 on a decal carrier 52 as will be described
in detail later on. Intermediate glass feeding means 53 in the’
form of a powered roller table approximately 2-4m long accepts
decorated glass sheets from the laminator station. '

A decal securing accumulator oven 60 follows the intermediate
glass feeding means. A lifting device 66, not shown in Figure
1, is located between the intermediate glass feeding means 53
and the decal securing accumulator oven. The accumulator oven
is approximately 4-16m long. The decal securing oven has an
entrance door 61 and an exit door 62 and exhaust means 63 for
venting gases generated during the decal-securing operation.
The accumulator oven has a series of four 2zones each having
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first, sécon urth zones are preferably chrone Iat ed and those of
the t hi r(‘r’mﬁﬂef%@epﬁé?EPéﬁébﬁy‘dme 1smagths r%%ﬂ:léh%?e? &%SThe four zones of

t he accunul at or oven may be nodul ar so that zones can be renoved or added

O acs snabiieaTyy o BhR| Premkads devine 1o ot des BPOSEssEigLLE, KB Rra

order 2-3%3%$0 8o tas beoabeeabber tovrembvekbrnokkeas glasecsheltsmirion the
accumulator oven, each level of each zone is provided as a tray
so that each level of each zone can be independently moved out
the side of the oven to allow broken glass sheets to be removed
from the oven without havihg to move or interfere with the
other glass sheets being processed by the production line.

The lifting device 66 has a 1lift 67 having six levels of
powered rollers similar to the levels in the accumulator oven.

By appropriate control of the position of the 1lift in the
lifting device and control of the powered rollers on the
different levels of the zones, decal decorated glass sheets can
be accepted from the intermediate glass feeding means and
treated to a desired heating cycle as they pass through the
accumulator oven. In this way the accumulator oven acts as a
buffer so that decal deposited glass sheets can be continuously
accepted and fed through the decal securihg oven in a non hatch
processing manner.

Decorated glass sheets issue from the decal securing oven to an
intermediate table 65 approximately 1.5-4m long which is height
adjustable so as to accept decorated glass sheets from the
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quench segdmper88 PhkaWgnklre . enpering furnace and has cooling neans 91 in
the formof a fan blower for quenching the decorated glass after it |eaves

the tenpering furnace. Finally an unloading table 100 is provided for final
I nspect i arhefwhdle dassdudeioh enjiee dthsg lomastrdie elpparatus associated with

it (not shown) so that the entire decorating and tempering
process is automated arnd continuous. The loading table 20 to
the intermediate table 65 all have motorised glass transport
_means so that the glass travels through these stages at a speed |
of approximately 3m min™ (0.05m s™). The total length of the
decorating section of the production line is approximately 14-
40m. The total length of the tempering section, from the
further glass transfer means 70 to the unloading table 100 is
approximately 20m. It will be appreciated that the stacking of
glass sheets in the decal securing oven provides a buffering
effect allowing the individual glass sheets to be stationary--in
the decal securing oven while maintaining a continuous flow
through the decoratlng section of the productlcn line at the
average speed of 3m min™

Before describing the automated method of decoration of glass
sheets, the decal and decal carrier will be described with
reference to Figure 3. Although a web of decal carrier is
illustrated in Figure 2, individual sheets of decal carrier
bearing a decal or decals are also envisaged as an alternative.
Individual sheets of decal carrier may be butt joined to
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j oi ned tdas thnge g:g;mnt layers. A bottom paper layer 303, chosen
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- agent 305gtdRén baklkledn | ayPhe, ei%ad £ hnetal des fiddtte papateresglass or
other alkali metal silicates having a filler dispersed in it.
The barrier layer material mnust be stable and relatively
unaffected by temperature. The barrier layer also results in
a more smooth and uniform heat release agent layer.

Preferably, the heat release agent is in the form of a
relatively high melting point wax of vegetable or mineral
origin. A more suitable wax is a polyethylene glycol (PEG)
having a h:.gh molecular weight of at least 1000 e.g. CARBOWAX
(trade mark) 4000 and 6000 compounds. Suitable waxes have
relatively slight solubility and resistance to penetration by
petroleum hydrocarbons. Also the ability 'to burn without
excessive carbon depos:LtJ.on is preferred. Normally solid
polyethylene glycols can have softening points Iin_ the
approximate range 65-180°'C so that they can provide the
required heat release properties. '

The decal carrier 302 may loosely be referred to just as paper.
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printed methaceylatentredire. base coat: The base coat serves as an inprint
recei ving support-for the ceramic ink. The base coat is preferably forned
fromthe same organi ¢ nedi um whi ch provides the body portion, or binding
agent, ofhehdmagentissl pnagerably'hesiliasesonaen n’gyinma's}dr icge sl Emsativery

et hacry L ReoEapiic? diY WEL EimREh iyl BY) hota 2 BS il 307, may

al t er nat ,b@epg:lnted using four colour prlntlng, individual spot colour
printing or a mixture of the two, augmented four colour
printing. It will be ung_igrst-ood that the printed design will
usually comprise a compound or composite layer including a
- plurality of different ceramic colour compositions arranged to
provide the desired 1mage.

Finally a layer of thermoplastic or heat activated adhesive 308
is deposited on the printed image to serve as a temporary
binder to the glass sheet. The heat activated adhesive
typically comprise methacrylate resins or cellulose derivatives
and include a heat activated plasticiser. Suitable
‘thermoplastic or heat activated adhesive materials  include
maleate resin and polyvinyl methyl ether.

Ceramic inks use for printing the decals are typically 40%
binder agent and 60% solvent, depending on, e.g., the printing
'process used and the paper. Typical binding agents used are
acrylic resins such as methacrylate resins or cellulose
derivatives, such as ‘cellulose ester or ether. Typical
solvents used are low vapour pressure organic solvents such as
ethylene glycol monobutyl ether with a suitable plastioiser.
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the image on the glass sheet. This has been achleved before on
small sheets but not on ‘large tempered glass. sheets suitable
for use in the archltectural and automotive industries. The
glass sheet appears opaque when viewed in'one_ direction because
light is reflected to the viewer from a reflective part, e.qg.
a white coloured part, of that side of the image and so the
viewer does not recognise the presence of holes in the image.
‘The opposite side of the image has a less reflective part, e.qg.
a black coloured part, and so less light is reflected back to
" the viewer when viewed from the opposite direction. As light
is not reflected back to the viewer, the viewer only sees the
light transmitted through the perforations in the image and so
the decorated glass -sheet appears substant'ially transparent.
Use of the production 1line - in the production of one-way
transparent decorated glass w111 be dlscussed further later

The method of production of decorated glass sheets according to
the invention will now be described with reference to Figures
2 and 4. Figure 4 shows a flow chart, generally designated by
reference numeral 400, illustrating the method.



The decorated gl ass sheet can be made to be substantially transparent .in
one directwons/assdz substantially transparent in the opposit ePAQT/GB8/PEBA3 by
provi ding suitable perforations in the imge on the glass sheet. This has
been achi eved before on small sheets byt not on | arge tenpered gl ass sheets

suitable for use in the architectural autonotive industries. The gl ass
sheet appe p e di L&C g
refl ect eg ?(E)l%te%eao\%le i"€§ h?g%%é#"?g%?&ve ng“r :v}ﬂﬂa b%%%\%%% %I(')lflourel(f part,

of that andecormh&lmmm tdre theekoaddaes t@@tler @8ognRubbere ha]ésence
of holesg aetbgé 'mg) fP&P@ﬂ; epskfiei oh tEﬁe g8sB8asshek@ss Tefffetive
l'ack cal oure art

part, e. g and.so | ess ght is reflected back to
t he vi eV\EF°ﬂH§ﬁ1\W’eM@ef isnf ﬁé’tGﬁpBBiit*éh%h?rJé?ﬁ cﬁheetAéﬂ agkpmasigally

reflect edraaglfomém%ﬁn@veatet be \zﬁ.mwaﬂ Qi JosmRes) tbe thehbrbr-m%mitﬂged
t hrough the perforatlon}s;‘gn Zﬁ%na and so the decorat%ﬂ1 ass sheet
appears SHERESRt i34y at ERERAge LS A EP $A ffe to

product i aeaaf tmesamfatdampatmtgﬂesgrabed gkasnewthhgbeedpemm@ fag t her

| at er. The d Qf i-an of decar.ated Iass heets ac ordln to
he 1 nveRFRERAMAT S St i Fra B A e S St 50 CRURAR 0

Fi gure 4ashtas emuamc&tmtadlgenenaelgfd'ehegdacea 1;9 théegéass mhrwta.l 400,
illustrating the method. WO 98/ 43832 ‘
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appr oxi m&he ypresheaited |§1§u§§he‘éh%@fél Fhedy Ragsesrreet I%sﬂ-tamm@dﬂdmt he

| oadi ng E%BEﬁo%p4dQﬂﬂﬁ€c§@Jfeé&iﬁ@rﬁeah§|90 QEEBeabh¥lsp9§'bh0% dd@an
gl ass sheet. Thet@{%&ﬁftlon iné is started and he gl ass sheet_is

aut ot | CAFEST Afsf FAminaking SR o (GhY Gl o Bhe de97t
pr e- heat uag-szmapassound&e Preibeddh ngowﬁ:aacmaaetea)rﬁdpiéﬁdzxao wibi d1o

120c. e et SedE arafefelociiece0d 1. EHRE EheL Astann PR nce
of the demd depasictgl the decell AirButly emean cexposesd sbzéacehem paeses .
LS R Ml 5 o 0 6 G 0 R0 SAGALS i
305 thereby releasing the decal from the paper. The preheated
glass sheet activates the heat activated adhesive layer 308 on
top of the ceramic ink iﬁage 307 which helps to adhere the
decal image on to the exposed surface of the glass sheet. The
heated roller alone may be sufficient to activate the heat
activated adhesive layer owing to heat passing from the heated
roller through the decal carrier 302 and decal 301. As the
image is printed in reverse on the paper, the image deposited
on the glass sheet is the correct way round.

- The decal deposited glass sheet is then autométibally
transferred by intermediate glass feedings means 53 to the
lifting device 66 and on to the decal securing accumulator oven
60 for a slow heating process. The slow heating process can
last approximately 20 minutes in total .However, the duratlbn
of the slow heating process is determlned by the amount of time
it takes a sheet to be fired in each zone to reach the desired
state of the decal.



carrier pass under a silicon covered heated roller 41 which_si usly
heat- r el eWEE%B/438E decal fromthe decal carrier and deposi tsP?lIl{@ﬂc?ts@gﬁg

directly on an exposed surface of the glass sheet. The heated roller
‘'softens the heat rel ease agent 305 therehy releasing the decal fromthe
paper. The preheated gl ass sheet activates the heat activated adhesive

Ijayelr 3%@ndéeglotahetﬁa>%ﬁeéca Iiads?kshﬁ’ﬂfﬂelﬁoi‘e}ﬂﬁu.vbdhﬁyp% 'Elj_lshh‘ﬂﬁi’leéﬁ thel |
ecal .i nage on e exposed surface o e SS e he ol l er
al'one na]yg%'égggf %leé”é?ﬁ Fo g@t qlﬁaﬁ%gtﬁg ﬁ%at"s‘g tsﬂjdgéﬁﬂe§°vea ?ﬁ‘?{‘BV_\I ng
to heat gessespohidng It laatemptyllevel hiroudie tfierstecadne aof | the 3@@cahd
decal 301. As_th d
deposi t SHEBHFLRE Brpaaty i erofe (he APLSE T PR Hpehdtahd ehe
deposi t edegaédsdephedttads qm ®heestitisafed Qn’@mstm rkeNvey ¢ﬁtbhﬁemasta
gl ass fegd) DO FMRANS Rdch? %diﬁf &ﬁﬁ{ LWL SF 8YEnon ‘I%]é ILEI?

sl ow he ow heatl ng

securing accunul ator oven 6 atl ng process

process Eﬁnalaspnabbi§xﬂﬁﬂﬁél?SZOtnPﬁ§§6§ FhrPBSEItthﬁEV€rZ°Pﬁ§ gér 8heon
of the shgunheating process is deternmned by the amount of time it takes a
sheet 'to be fired in each zone to reach the desired state of the decal.
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devi ce. I the lift [r

erpty | cBeFTRR ARYSH fh i bitine devife Sulfl MivaPk Feraes g e
door of abeeptera @wetaﬁ&ohhd:trb@telnmeém'ed glass fessting meansnandt he
I | of f t t I h t
Wit rondiEEen i 1EE, Ple 06, SRETheIBHY (0 AILUR! B0y WAnendIR1RREE,
As the | gbneng dOncee daglEass saheehuhns beenedatbes the thenreapized

level- of tbﬁgelx‘éttdﬁg deyi-cechl | ragiByede v | able tos aC&ﬁ@bm&tiEﬁ?.tlyf rom
the internediate gl ass feeding neans and_|ift, ‘or Tower, it to the height

of a fr e&rPQﬁB°Ft?Fq heot the: NB¥te ZaBROf §h8sSVEReet HENCH R FI@X?édq
the requizone baepeRtivd dallly mpteies rall theelifting deticet teahkports

a glass sheet to the most convenient empty level in zone one.
It will be appreciated that the separation of sheets on the
production line, number of levels of the oven and 1lifting
device, not necessarily the same, and the time taken for the
decal securing heating process, can be arranged so that the
process is automated and coritihuous; i.e. a non batch process.

The first zone of the decal securing oven is controlled to have
an ambient temperature of approximately 300°C. The actual
surface temperature of the glass sheets throughout the decal
securing oven is in fact approximately 30-70°C below the
ambient temperature of each zone. 1In the first z'one,'as the
glass temperature approaches 200°C any heat release agent wax
on the decal start to boil off and is removed from the
deposited decél. Between 200-250°C the resins used in the
binder and in the heat activated adhesive start to decompose.
The resins are chosen so that they decomposé into monomers and
so the monomers do not disturb the deposited image as they pass
through the decal and evaporate off. After the glass sheet 'hz_as



transported to the next zone of the oven. Hence, a |level of zone one
peri odi calyy ogiaaki €s and the i fting device transports a gl ®Es/GHI8®08030 t he
most convenient enpty level in zone one. It wll be appreciated that-the .
separation of sheets on the production |ine, nunber of |evels of the oven
and lifting device, not necessarily thé&anme, and the time taken for the

decal securing heati ogess, can be .arranged so.that the process is

aut omat e®SERd £ER inggﬁg'?e ety ﬂ?ﬁ'l & p 88855.1£ e a\"‘}‘? atyeRILY the
decal = seguansportEd ito ceiné r sétorddt eohave an anbi ent tenperature of
approximately 300[err] C. The actual surface tenperature of the glass
sheets t hroughout the decal securing oven is in fact approximtely 30-70 C
bel ow t h@hanisexrnnd egpeeathas ah eabiendnctenperarurfer of aApproxiEmatelyl ass

Leper at yip Rppr 0aghes 20ofiadnyolea obfhPaEEs 20BN WRoARbbELI8RA! afh 2"t

to boil and i s renoved Tromthe deposited decal. L
200- 250[ @évigpenatd aresifng Llsbanddinghagenkser e afid the (ORIIRIE crNpPOReRtS,

adhesi ve o3t &iHe lqedC WHOERat TBAR1YCEhBS cBFAmEBOTV1 ¥ | Kale I NeYaslecpppese
i nto- mononers and so .the nononers do not disturb the deposited i nage as

they pas@ichFOigGHTERE d&EMaldhd ARaBBRaARELCP S AUFIBALIGRL LY EQMQNEE! thes
WO 98/ 43&3Janic gases and material from the ovenlCT/ G398/ 00803

-18- been heat treated in the first zone it is automatically transported
“to the second zone. The second zone has an anbient tenperature of

_appr oxi méiihe ydd&a] edepOsitéhheglassomheatnnes c Ginglret esahsfedeednmiasi then

and eva ' - hingj e . ) i o) n t he
decal o0 RIE Cifie (phibhT A1) 40°M51 offe JeehBE QAR OF HBRGELEAEELy
remai n. APGxhaustt68hast Ghadecdily deedleinage eppsAstsyafeonlyl gbassi al
from the fgan. anaThRe889ali deBRIbkedpdbRant sheetadovd han ggggf eiﬁff'?éé? t he

third zone which has an anbi en eratuge of approximteée OO0lerr|C At

_ [ te
this stadERRRFHHES 9$EQRPESH§W§Fggﬁf569I9 trasderai begdngetal FreeokPde
pi gment. the\bg¥ase GleetSwrdCthe decal begins to cure so that the

colours of the decal image in the finished product take on a
glossy appearance; i.e. gloss up. If the decal is not cured -
then the colours of the decorated sheet do not take on the
glossy appearance reguired. However, at a surface temperature
of approximately 520°C, and vérying according to the type of
glass of the glass sheet, the glass sheet starts to become
plastic and deform. Hence, if it 'is not intended to
subsequently temper the glass sheet and the decal needs to be
fused and cured, then the glass sheet can be oscillated
backwards and forwards on the ceramic rollers so that it
maintains its flatness. Moving the glass sheet backwards and
forwards by oscillating the rollers means that all the bottom
surface of the glass sheet is effectively supported by the
rollers and so deformation of the glass sheet is obviated.
Hence, the glass sheet can be held in this zone of the oven and
the temperature of the glass sheet controlled to be sufficient
to fuse the glass frit to the glass sheet and bond the pigment
to the glass sheet so that the decal image is securely -and
permanently fused to the glass sheet and also cure the decal so
that the resulting colours gloss up. |



tenperature of roximately 570[err] C the decal begins to

gl ass sheé’t’oaﬁ@“gge decal begins to cure so that the col ourggigégglg&@ecal
i mage in the finished product take on a gl ossy appearance; i.e. gloss up.

If the decal is not cured then the colag~s of the decorated sheet do not

take on the gl ossy appearance required. However, at a surface tenperature
of approxfmeempberizdf drg G bendararieidgudc ddvedi rhe cimdgatn;q;e g mpresky of
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gl ass sheet |s obvi ated. Hence, the gl ass ng et n be qriel c{%l n this zone of

the oventha¥ tFRe: SHIFager FeBPerREUECa st ﬁ??ol ife SIPYI¥ ent
t(r)\ f ;Jse Uaﬁnt@citaﬁ& Lapplrbmhbeegyassoghﬂet wesk hogdof hehpi givi tth alkowl ass
sheet so tha e decal inage i.s secur rme

gl ass sh € afEIgE c&Pg‘Hqﬁf%écaP% gbéatgﬁﬁggﬁgsu$§3ﬁ5¥coﬁ ur® @?%%g up.
WO 98/ 43@idvides a means of coni_:rolllng the ambRERCRESINBNUre so as
-19- 1f ttoe@i%&»ilgpg c'o%].t Q:h gEh%gdo%ﬁ.a%geE %Q‘Es' Megfe r@é(cgfa{r@&eéﬁaééxed
to the glass’s zone out tusing It, or curin

decal , s@;hemts need rmg@e §op|l|¢ei| ip eyder te phevgn‘ésshemeit aheﬁktﬁreom

decor at e @il %h@% a8c8¥8BbHakhdet8MRE! efey 1HM/ LGN dwsh sheet is then
transferred to the fourth zone which has its ambient tenperature of

controlled so that the surface tenperature of the gl-ass sheet is slowy
cool ed t crhap Rt st Y6 3U0E Cthé/&mémgis)fopéwe@vamtmald@abfaee@r@meg

conmponent of the Dbi ndi agent s .to,exhaust praovi des .a.neans_of controlling

the. anbi e crapserted pheor SR, Toksr e 4R Sante r noeftihets

The decorlm:e;higlaégustabfle n doext ciee tmzmmeﬂcahlwbaimo thransfertedtr tal

shock fr EQQ'Q t a exit

door %? %%% %’g op en% eag) ﬁz e%o?g%i% %a\sé%s%h&fé}?{%]?ran%?grred

onto the Tt er’ﬂhﬁh%&@%@tﬂl@ Bernage Ci:s,%ontrolle to heat the decorated
glass sheet to a temperature of approx:.mately 670-700°C.
Tempering begins at a  glass surface temperature of
approximately 620-625°C.

The radiant energy inside the tempering furnace can typically
be of the order of 650°C to 705°C, or even up to 735°C in the
case of specific desighs of tempering furnace. Depending upon
the thickness of the decorated glass sheet which issues from
the tempering furnace, the following typical wvalues may be
obtained, giving acceptable results:

—
Thickness of Exit surface

coated sheet temperature
3mm 630°C
4mm | 822°¢

| 6mm 615/618°C




hei ght adj ustable, before automatically being transferred to the tenpering
furnace §Qplkw4sdze further glass transfer neans 70. The tenyari/Ggodoosesce is
controlled to heat the decorated gl ass sheet to a tenperature of .
approximately 670-700[err]C. Tenpering_ begins at a glass surface
tenperature of approxinately 620- 625 €9~ The radi ant energy inside the
tenpering furnace can t [err]C to 705[err]C,
or- even up to 735[err] of tenpering
furnace. Dependi ng upo | ass sheet which

i ssues fromthe tenperlng t he ngbe@ing typic val ues may be
obt ai ned, giving acceptlfa ?e results - Thi ckness of Exi t

surf ace sheet t epature _ 3mMm
630[err] C _ “EQ %Eﬂ - ggEZEZ:[err]C " - 6mMm
615/ 618C WO 98/ 4

ggg{g??ﬁé?%.e decal image H%ﬁ:ﬂﬁﬁ?ly been666rgprf8 the decal secﬁ%%ng

19/ 25mmfurnace Seix¢rrthe€ dethlt lis dmalfusm@etdnatheegéh;ssbeheaftl ded tihre t he

decal e&ﬁ;sé%f g;acgﬁ,énégeet ﬁhﬁeéﬁ 'dééalno &fe&o é&e ees §§€Eéhé“

t he tenpering a e dec 'S cure 55s Up Sthe coldurs
gl ass si%ﬁtoméﬁ hel ke ohiasst cpheeht e heldap‘:}# o%hﬁ@t éﬂ:qmws'eumds?q:er

tmhl ! It mta@%&gﬁeﬁéﬁyoiot@scshaespébeﬁ&m&ﬁette@ tdnGhad BE RIRSigiGdd om
© emﬁiée aﬁh gﬁgn quenched by passing from the tempering furnace

to a quench section 90 at which a blower blows air onto the

ipmhhe case of [sgggfEi c design

decorated glass sheet to guench it and complete the tempering
cycle. The decorated tempered glass sheet is then transferred

to an unloading table 100 for 1nspectlon of the decorated glass
sheet.

As discussed earlier one-way transparent glass sheets may be
produced by providing a suitable perforated image on the glass
sheets. A number of methods can be used in connection with the
production line and method of the invention. ' '

A perforated decal image may be printed on the decal holder
during manufacture of the .decal and decal holder. A desired
image is scanned into a eomputer and stored as data. The data
is then processed to provide data cerresponding to a suitably
perforated image which is stored. The perforated image data is
then used to control the printing of a perforated decal using
_ techniques such as silk screen, or off set lithographic, four
colour, spot colour or augmented four colour printing with
~ceramic inks. 1In this way the decal is pre-perforated on the

- decal holder and a perforated image ‘is transferred from the
decal holder onto the glass sheet.

Rather then pre-perforating the image, the image can be
perforated during the decoration process by using a pre-coating
stage. If it is required to form a regular pattern of holes in



to a quench section 90 at which a blower blows air onto the decorated

gl ass she®o 28#383ench it and conpl ete the tenpering cycle. PRE/ERIBOLPBed
tenpered gl ass sheet is then transferred to an unl oading table 100 for

i nspection of the decorated gl ass sheet;_ As discussed earlier one-way
transparent glass sheets may be produce%i by providing a suitable perforated
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“the inmge, the 1 nmage can_ be perforafed ur| ng ecoratl N process
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hol es i g)revj_oﬁ/glﬁgl 43832
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the gl ass sheet has a pattern of dots of heat release material, e.g. wax or
grease, Xt rbegetl twecaethods &f, pergoraﬂuBﬁmcaH‘lirﬁe p.li@eﬁoat gf iantrarad t ent

| ayer of rel.eas | reven r of . t he dec from Qein
deposi t 8¢ 9%t Ik-'?/l%oe‘féoﬁa%%és acaet %ﬁtlﬁzg‘ sh?ﬁ etreﬁﬁ%sﬁeé‘la Tt
mat er i alevamoris'eteectsecselectmweo tqtmrnmghézartnaaw@matfmsambamemﬁature
proper tigs eﬁ?wubbaﬁe JI PRESaeEah ALY - rddeq IB6Alre JHRAST LRdRNG Wife
intermttent [ayer of heat ease nmateri and ocesS procéeds as
descri bR \ﬁqﬁ}gxyng oven, trapping the dots of heat release material
between the fused image and the top surface of the glass sheet.
-As the temperature qf the glass sheet increases, the release
agent evaporates and forces its way through the fused ceramic
image to form holes in the image corresponding to the pattern

of dots printed on the glass sheet.

I S

In a second method, similar to the first, the glass sheet is
not heated above the evaporation temperatﬁre of the heat
release agent, but rather the fact that parts of the ceramic
‘image are not fused or fixed directly to the surface of the
glass sheet is used. The heat release agent is selected so as
to be solid at the fusing or fixing temperature of the ceramic
image. Those parts of the ceramic image lying on dots of heat
release agent do not fuse or fix to the surface of the glass
sheet. The glass sheet passes through thé decal securing oven
- and the decal image is either fused or fixed. The decorated
sheet is then subjected to a wash process in which those parts
of the image deposited on the heat release agent dots are
removed from the glass sheet. The wash process may be
mechanical in which the parts of the ceramic image on the heat
release agent are scraped off the glass sheet or a suitable



At | east two nethods of perforation can be used. In a first nmethod, the

t enper at Ukgo 9d/43883 ch the heat rel ease material evaporates iBCHEBOYIWESto be
hi gher than the fusing tenperature of the decal. The decal is fused to the
gl ass sheet in the decal securing oven, _trapping the dots of heat rel ease
mat eri al between the fused i mage and tﬁg top surface of the glass sheet. As

t he terrper ture of t gl.as hee S t e e evapar.at es

and forc%% ?gt\/\/ﬁ?yt hk?% Bﬁe h éeégégrggme@% nlggaé{:'t%% %%r% %]% QP

i mage corempenﬁhegcbnrelspommw paftsimt the nimalgen t he gl ass sheet. In
a second nmethod, simlar to the first, the glass sheet is not heated above

the evaporation tenperature of the heat rel ease agent, but rather the fact

that parissbead@heof et wpentoratingndthe ysigFaks f iOtedPiereoating the

surface Qﬁeé@@ gt:ﬁésdEEEQE inﬁyuﬁﬁdperfﬂﬁ'a*&@%t ée'tﬁé%ai\ﬁeﬂhlbﬁs%@' 2o
as to be solid at the fusing i Xin erature he ceram c .i mage.
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t hrough the deca sevglé oven and éhe decal ei,ther fused or
rate
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which th he“céramc 1 eat rel ease agent are scra ed
of f theAgpattexheef heat meleape eagent coyr eSpaArsdng to the pattern of

PCT/ GBgSé:QEﬁﬂ%c :mk t is intended to de \? lh +22n t3¥ 48 ﬁs”&)é Fovsed O
di ssol ve t eat ease agent and reno e correspon rts of the
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the decakptepnikeecper ﬁ%&@xe%faihéétefeafe%sf@'a@%&ﬂ:d as PRVIvUEAGA) Wéﬂ er
and depos ted n the | ass sheet Qsi.tion éQ:er oration %d

the docalhed: the 38 Frerentad 10 EnprRePEreRoalothe Bads,

i nstead at hanermn&mlnator station, only those parts of the .decal
deposited on the heat release agent will be transferred to the
glass sheet with the remalnder of the decal remaining on the
decal carrier as those parts are not heat releasable from the
decal carrier.

It will be appreciated that any pattern of heat release agent
may be provided on the decal carrier. In order to provide a
perforated ceramic image, a perforated layer of heat release
agent should be provided. Those parts of the decal printed
onto the perforations in the heat release agent layer will
remain on the decal carrier and so the decal will be
simultaneously perforated-and deposited on the glass sheet at
the laminator. In order to provide a ceramic image in the form
of an array of dots, an intermittent layer of heat release
agent in the form of an array of dots would be provided on the
decal carrier, so that the only part of the decal deposited
-would be the part on the array of dots. '

A further feature of the process method is that it allows
curved decorated glass articles to be manufactured. The decal
is deposited and fixed to a flat glass sheet. The flat glass



continuous |ayer of heat rel ease agent 305 an intermttent |ayer of heat
rel ease &p@ns/4a3s3zprovi ded on the decal carrier. A pattern FACHEBS/80:ase
agent corresponding to the pattern of ceramc ink it is intended to deposit
on the glass is provided on the decal-garrier. The decal is then printed on
top of the intermttent |ayer of heat rel ease agent as previously. Then,

when thgndetalmdy RhRYENbEd fkidi® sy faKe Venlger iHpssushaeke afitheut
| am nat or stati.on, onlg/qth,ose parts of the ,decal_deposited on the heat
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rel easabl e frog\th decal carrier. [t_wll.be afﬁreg'%gt ed t hat any
pat t er "PBPUABSFUFEa e SigSHE YRS FREPFDMNHIACER tRE Qebifegar¥i SRrved
order twipdevrdens fenf acaxted aer &hiecimaggeisadgpetitetiedn| apdrsetuhedt
rel ease,agen i.d T f th e nri to the
perfor aflgoﬁstfi%%l}tohgeﬁ%%gt Ebgfga;&% %eﬁf?g%{rﬁ?\nﬂl Ptfr gcnr%l ﬁ'%oar?% h‘gﬁ%gcgﬁe
carri ershagtsdst ioxred| intpl the ddegiredednaby pads Goattde agalitpysfed on
the gl agpeShaBlyedtid I}Q?imilﬁéar_. In order to provide a ceramic inage in
the formof an~array of dots,.an intermttent |ayer of heat rel ease agent
in the formof an array of dots would be provided on the decal carrier, so
that the only part of the decal deposited would be the part on the array of

dot s. A further feature of the process nethod is that it allows curved
decorated gl ass articles to be manufactured. The decal is deposited and
fixed to a flat glass sheet.- The fl-at gl ass WD 98/ 43832 '

PCT/ GB98/ 00803 "~ -23- sheet may then be forned

in the tenpering furnace without distortion of the image fixed thereto. In
this way, tenpered and decorated gl ass sheets of a particular shape nmay be
manuf actured, e.g. curved corner w ndows for offices or curved w ndscreens
for cars. As the image is deposited on and secured to a flat sheet there
is no distortion of the inmge when the sheet is forned into the desired
shape and so the quality of the inmage is maintained.
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sheet ng the steps of: continuously feedin | ass sheets and
heat rel ease decals on a decal carrier to a | am nating station;

applying heat to the decal carrigf4"so as to si
the decal fromthe carrier- and deposit the decal on anmgmmg MH Q
respect PRt of gl ass continuously passing through the Ilcamna |

station; continuously transferring decal - dep03| ted gl ass sheets to a

decal - securi ng, oven; y. h Nnget hge o] .
predet er m nengt érrper)é’i’u?'étg%aggdt 8e?§§8 gf ??cg ing ggg%f:s ??0%1 ﬂigtdecal
and to fgxasdeskleet| sihcluding &de stegss thrvereby decorating the gl ass

sheet s. ' ,%tmuéugﬁ&hfgeﬁﬂa' @i?%g fsﬁ&% ada'mc aea't”rﬂﬂb%@et 88ca)

predet erm ned te erature’is suc s to the gl ass sﬁeets
so as t enusedeqaldeanrierotohe JlamihatHad Stakieit e the decal so as to

gl oss up the ca)b Wengf tHeatleCao the detal AcERidied asssl aiged ikp
claim1, and_including the steps. of: _slowy coolipg the_decorated

sheet s |$1“?‘l’1%tﬂE€8Fs§¥cEﬁ1ﬁ@5@véﬂ‘e figral fromgthe FRYEIST  38BE| AEPASAE: at ed

gl ass shggé sdkead odet | egpbsedadacbf api gegpbeativeg shwbtc 06f | glakhe

decor at ed ass sheets so.as tQ tenper th ‘decorat ed s _sheets, fuse the
Cocol o Sk ERRpus LY. RabRd i Therlh i AR ERAS ST The torours

-of the decal. continucdsly rassfetringciecakbddepoanyedrelbass mheadts igo and
I ncl udi ng éch.aft—gchEipxrgebee@I;i ng the glass sheets so that the
slowly heating the glaés sheets to a predetermined
temperature so as to remove all binding agents from the decal
and to fix the decals to the glass sheets thereby decorating
the glass sheets. '

2. - A method as claimed 'in claim 1, in which the
predetermined temperature is such as to fix the decals to the
glass sheets so as to fuse the decals to the glass sheets and
cure the decal so as to gloss up the colours of the decal.

3. A method as claimed- in claim 1, and including the
steps of: ' |
slowly cooling the decorated sheets in the decal securing |
oven; and ' '

continuously feeding decorated glass sheets to a
tempering furnace and rapidly heating and cooling the decorated
glass sheets so as to temper the decorated glass sheets, fuse
the decals to the glass sheets and cure the decal so as to
gloss up the colours of the decal.

4. A method as claimed in any pi'eceding claim, and
including the step of pre-heating the glass sheets so that the
glass sheets have a predetermined temperature when the decals

are deposited on them so as to enhance adherence of the decals
to the glass sheets. ' |



gl ass sheets have a ' nperature when the decals are de 05|ted
on them %033/43&32enHm mNWR Hmf the decals to the gl F&T/GBIBH08L3 '
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- 25- 5. A net hod as clained.b@_any preceding claim in which the
~decal s deposited on the glass sheets are perforated so that the decorated

glass is subsganti ajl xnéﬁmparserﬁla«méavuwe&nynéﬂeéaﬁﬁftbqalﬂxnd in
Ir
8f

substantially_ op ague when viewed in the o g05|te A
e

met hod WBighathed FﬁaéﬁaﬁﬁE?S¥Fqu9%ht?ﬁ 4aes § EQ&aﬂﬁrﬁﬂﬁﬁ?%ﬁ are

perforaggdthat the d‘écora‘kéwtcjmbgsml subedahtialaymtranspaderch whéen

decal s beco erf 4 .the d ca S @retref?ved fromthe decal carrier .
and are H%ﬁﬁ cp%ﬁ *EP@ iQn apd gubstantially Opaque when Yiewed; Ry jn
any onethé obpos&tb udrectmthncludlng the step of coating the_glass sheet
wWith an intermttent Iayer of heat release agent in a predeterm ned pattern
~and onto which the decal is deposited so that when the glass sheet is

heated in the6.decah wethodngsovdaimedeincalaiml 2asin afpich prhe eadrcabart of

t he de&gh Ehamabeshn G 491 %Fféﬁésée§PSEEté as to provide a decorated gl ass
y tran

sheet Ich 1's substanti a par ent én viewed in one direction and
substantially opaque when viewed in the opposite direction. 9. A

net hod as cl apned i B pbdhddBast B1dAnEd &hectnaitin selm&mfasnéhésaé@ais
activated to remove part of the decal .after the decal ﬁ% %a
% dgﬂﬁﬁlln

evaporaPFﬁ nen RRIGHPERESR U sy Hheadecals are | gemoegd,,

cl ai m 8cartriehi Glhd Re-daidpssi tédeongene allhews shakitsaf the decal to be
renoved after the decal has fused by preventing the decal from adhering
directly .

: 8. A method as claimed in any one of claims 1 to 4,

and including the step of coating the glass sheet with an
intermittent layer of heat release agent in a predetermined
pattern and onto which the decal is deposited so that when the
glass sheet is heated in thé.decal_securing oven, the heat
release agent preventS'part of the decal from fusing to the
glass sheet so as to provide'a decorated glass sheet which is
substantially 'transparent when viewed in one direction and
substantially opague when viewed in the opposite direction.

9. A method as claimed in claim 8, in which the heat
release agent is heat activated to remove part of the decal

after the decal has fused by evaporating through the fused
decal.

10. A method és claiﬁed in claim 8, in which the heat
release agent allows part'of the decal to be removed after the
decal has fused by,preventing the decal from adhering directly
to the surface of the glass sheet. |

11. A method as claimed in claim 10, in which part of
" the decal is removed by dissolving the heat release agent.
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claim 10,w @mgh tl S rem)ved by di ssol vi rer/GBes/svses

rel ease agent WO ©98/*43832°

PCT/ GB98/ 00803 -26- - . 12. A nethod as

clained in any of clains 8 to 11, in WRPETh the heat reI ease agent is a wax
wth a neltin evapor%l 8n te er.atu e, hlgher

t.he fus
t enper at ur e oazt'he do ! 8d & éj £3n§/10f in ai ns
1 to 4, waith nthedi hgathersleasef a:gemm du.lsg decws Iwathngaarme]rttmqn oirent

| ayer of h | S€ i 9ehe" e t he
decal ?Vﬁg%{r%telrogrgse%ﬁﬁgg tp%\é %@%arrlﬁrﬁ%@nﬁugﬁé {:gmfs%rg\%?]&le‘é‘% ecal

on the ddealdexzakier is deposited on the glass sheet so that the deposited
decal renders the glass sheet substantially transparent when viewed in one

direction and substantially opaque when viewed in the opposite direction.
14.  An automsh®d dekoratbadglss Skaikred pipdabyi 8F (Ghrinsrldkeodat img a

face of jhdlwesnghere seapy oF Hoviding Hass1 £ exe@lvmgnsanhte&-ﬂﬂ%@ﬂ%g
glass sheets successjvely to a |am.nating statio decal  feeding

means f de¥&RedtheREt TRIPESS: A@STE LRt o%c%’r'e‘é%'f:?mi‘-n?e RatLerRaShg
stati onthat whenhe&did njedeyi d& &ﬁﬁﬂﬂgﬂdleisedldrbMﬂthéldecalaUamtﬂéﬁ

receivin ai_d dec arrier.an h gl ass sheet and_t.he heat.i n:

bei ng op?gf Ipea%n‘?ﬁl téﬁ%o‘@?} a 3‘% 8gtgﬁ8aae?’8ﬁe8§£r&er ]ﬁeg %lsr"g:rﬁqche
decal camitheaglass dspeeltt sdethatalthen depespbedd dezd ofendehs the
respecti a n f d| n
decgl ﬁeaég% }%‘%ﬁ bSta %%g}igecurl ngp%%gﬁé aﬁsgﬁ ¥ ?1 tllﬁ{g ng'ans |gn
sai d decHirecien n@n@v%ﬁb§‘p‘éﬂ§tl|alé-1’s PRI whesy viesas dé’téilhedamstlé‘@

sheet typ-feefighermned tenperature so as to renove all binding agents
fromthe decal

14. An automated decorafed'glass sheet production line
for decorating a face of a glass sheet coﬁprising'

glass feedlng'means for feedlng'glass sheets successively
to a laminating station;

decal feeding means for feeding heat release decals on a
decal carrier to a laminating station:

a heating device erranged at said laminating station for
receiving said decal carrier and each glass sheet and the
heatihg device being operable simultaneously. to effect heat
release of a decal from the decal carrier and to deposit the
decal on an exposed face of each respective glass sheet;

intermediate glass feeding means for feeding decal
deposited sheets to a decal securing oven: and

heating means in said decal securing oven operative
slowly to heat each decal deposited sheet to a predetermined
temperature so as to remove all binding agents from the decal
and fix the decal to the respectlve glass sheet and thereby
decorate the sheet. '

15. A production line as claimed in claim 14, in which
the predetermined temperature is not more than approximately
520°cC.



and fix the decal t Iass sheet and thereby decorate the
sheet. w0 98/43832. jﬂl‘ ﬂ mm“‘e as ‘clai med in cl ai m 1BCT/GBISRI%OR t he
pr edet er m ned tenpe uke ots nore than approxi mately 520[err] C. WO
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-27- 16. A production. line as c?alned in claim214, in which the

pr edet er m ned témer@tgsgfdﬁéﬁaﬁf ¢h n£st81£5§t@dt hﬁ é@ﬁ&h tm ”1@1 th&iﬁa

sheets and cure the'd so as to gloss up the col ours of deca

17. A ghedrnedsteyningd &emperaturec|ig fubfipient; ﬁ?lﬁussn&%\ﬂqrgala
tenperi Ry fuHdagPads’ aRaRd UM 1E98E" Bhe Saedale G ££Ct6 | gUoskempAfthe
havi ng heatlng neans_ f or. heatlng decorated gl ass sheets to a tenpering

t enper aCPIOWS RF ttheef§ERLhe decorated gl ass sheets, fuse the decal to
the gl ass sheets and cure the decal so as to gloss up the colours of the
decal . 8. . roqucti.on ne as, claied.i fo 17,
and havi ng: 17 aﬁf\ﬁﬁg PS%ﬁPnp}énﬁégﬁlﬁ}a*Tﬁ%aiﬁ c¥sgm g &nn éﬂ%
recei vi ng glaass hahe'm:; andehpering fuenate arpabgedadowpstargson actmrsazamd :
di schar et h tr n : Whi ch
t he pre%ea |ngeterrperr? t%@?sgﬁosgﬁ%gggaghgéezﬁ anlggélté hef;%ﬁcgle ﬁ[%
decal s tdaqcm,ayhésglm?@et gheets to qgtempemmCtﬁmperaﬁures 8P aRSedtd n

claim 18§g d"'&ﬂ?. i +’1 aééopaeaaa%ggst sHaerdl, U@y gleS t%oraaear@tt% %He G fass

20. A pro I ne as In any of clainms 14 I n whith the
heatlngSﬂﬁﬁ?ﬁa@%ﬁd??B?lEPe decal so as to gloss up the colours of the
decal. Lo
18.. A production line as claimed in any of claims 14 to

17, arnd having: _

an upstream pre-heating furnace for continuously
receiving glass sheets and heating them to a 'pré-heating
temperature and discharging pre-heated glass sheets to the
glass transfer means, in which the pre-heating temperature is
chosen so as to enhance adherence of the decals to the glass
sheets. .

19, A production line as claimed in claim 18, in which
the preheating temperature is approximately 120°C.

20. A production line as claimed in any of claims 14 to
19, in which the heating device is a roller.

21. A production line as claimed in any of claims 14 to
20, in which the production line decorates glass sheets having
a width of approximately 2.2m.

22. A production line as claimed in any of claims 14 to
21, in which the decal securing: oven has a plurality of
different levels, and having a lifting device preceding the
decal securing oven which continuously accepts decal deposited



21. A production I|i ny of clainms 14 to 20, in which the

productl (Wolggnmdectﬂumum;qut ‘mll[as having a wi dth of apoTIGBISR0SI3Y
.2m . A pro@luction Ising as claimed i-n any of clainms 14 to 21,

|n whi ch the decal securing oven has plurallty of different levels, and

having a |ifting device preceding the 8 cal securi ng oven which

continu A aledenasited / .
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securing oven.



