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Description

[0001] The present invention relates to laminated glass comprising two glass sheets combined by an adhesive interlayer
film with a specific ink applied to at least one side of the interlayer.
[0002] Laminated glass has advantageous features like penetration resistance and retention of shards after breakage
and is used in many applications in the automotive and the architectural industry. Polyvinyl acetals and especially
polyvinyl butyral (PVB) are a frequently used material for the interlayers of such laminates.
[0003] In the architectural industry, glazing in different colors is experiencing an increasing demand, especially for
decorative purposes and shading against excessive sunlight. Currently, pigments are blended into the PVB and then
co-extruded to yield colored PVB films. This technique has certain disadvantages. For example, the PVB film manufac-
turers need to separately blend the PVB resin with each individual color, then extrude the individual colored films, and
afterwards clean the complete production line to remove traces of the pigments before using it for clear films or films of
other colors. Due to the large possible number of different colors and an increasing demand for specific colors, e.g.
colors of a specific corporate design, film manufacturers have to produce a large number of different colors and store
them - most of them in cold storage conditions - until sale. As a solution to this problem it is known to stack several
sheets of PVB films extruded with different basic colors to create a laminate with a certain color. However, applying
several layers of basic colors can lead to an unacceptable thickness of the glass laminate. Moreover, the stacking of
different colored PVB layers can lead to undesired optical distortion effects and to problems in the de-aeration process
prior to the lamination step.
[0004] In the automotive industry, at least one of the two glass sheets in a windshield is usually provided with a non-
transparent frame to protect the sealant or the adhesive which mechanically connects the windshield with the chassis
from UV radiation. In certain cases, the other glass sheet is provided with such a non-transparent frame in order to hide
the electrical connections from view.
[0005] The current standard process in the industry is using sintering enamels on one of the glass surfaces, which is
associated with several disadvantages due to the high processing temperature. WO 2019/038043 A1 describes laminated
glass with a non-transparent region which is coated or printed onto a PVB interlayer film using an ink.
[0006] However, it has now surprisingly been found that many commercially available inks have certain drawbacks in
the lamination process as their application to the interlayer films can lead to problems with the adhesion between the
glass sheets and the interlayers and/or to incompatibility with the polyvinyl acetal interlayer material.
[0007] Thus, object of the present invention was an improved laminated glass using a more economic process, e.g.
in terms of time and/or cost, a more flexible process and/or a laminated glass with improved properties, especially with
an improved adhesion.
[0008] These and other problems have been solved by the present invention.
[0009] The present invention concerns a laminated glass obtained by laminating at least one film A comprising a
polyvinyl acetal PA and optionally at least one plasticiser WA between two glass sheets, characterized in that film A
comprises at least on one surface a region where an ink is applied to the surface wherein the ink comprises at least one
complexation agent.
[0010] Surprisingly, it has been found by the present inventors that certain components of commercially available inks
interfere with the adhesion between the polyvinyl acetal interlayers and the glass surface, even in cases where the
surface, on which the ink is applied, is not in direct contact with the glass surface, e.g. in cases where the ink is applied
to a surface which is in contact with another polyvinyl acetal surface, specifically when the ink is sandwiched between
film A and film B. Without wishing to be bound by theory, it is believed that those components from the ink interfering
with the adhesion are migrating through the polyvinyl acetal to the glass surface. Such diffusion process is assumed to
be facilitated by low amounts of molecules such as certain organic acids generated in small amounts through hydrolysis
of plasticizer molecules. For example, if film A and film B contain different amounts of plasticizer, the amount of plasticiser
will equilibrate during and after lamination. It is believed that this migration of plasticizer assists in the diffusion of ink
components affecting the adhesion.
[0011] Ions of alkali and alkali earth elements, particularly calcium, magnesium and potassium salts, are known to
have a high influence on the adhesion between glass surface and polyvinyl acetal films. On the other hand, many
commercially available inks contain rather high amounts of ions of alkali and/or alkali earth elements. The ions are either
introduced on purpose, e.g. as counter ions of components of the ink, or unintentionally as impurities in one of the
components, e.g. as ion load of the water used as solvent in water-based inks.
[0012] It has been found that inks comprising a complexation agent lead to a highly improved adhesion between the
polyvinyl acetal and the glass even though the ink is not in direct contact with the glass surface. It is believed that the
complexation agent is binding some components of the ink and thus, preventing them from diffusing to the glass surface
and interfering with the adhesion.
[0013] Thus, the complexation agents according to the invention are compounds that can complex and/or chelate
metal ions present in the ink.
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[0014] The advantage of using an ink comprising such complexation agents, as opposed to directly adding the com-
plexation agent to the polyvinyl acetal, is two-fold. Firstly, many of the complexation agents would not survive the harsh
conditions with temperatures of >200 ºC which are used in the process of film extrusion to prepare the polyvinyl acetal
films. Secondly, the complexation agents can be used directly in the location where they are required to complex the
components of the ink which interfere with the adhesion.
[0015] Preferred complexation agents are chosen from the list consisting of alkyl, aryl, alkoxy-alkyl or aryloxy-alkyl
phosphate esters, alkyl or aryl (poly)amines, polyallylamines, polyethyleneimines, alkyl or aryl sulfates, mono-, di-, tri-
or tetraalkoxysilanes, alkyl or aryl phosphites, alkyl or aryl sulfates, alkyl or aryl sulphonates, EDTA as well as its salts
and alkyl esters, di- and tricarboxylic acids as well as their salts and ester, more preferably salts and esters of citric,
ascorbic, isoascorbic, tartaric and glucoronic acid.
[0016] Preferred silanes are trialkoxysilanes, more preferably trimethoxysilanes. Also preferred are aminosilanes.
Especially preferred silanes according to the invention are Silquest® A187™ and A1110™ silane available from Mo-
mentive Performance Materials.
[0017] More preferably, the complexation agent is a compound of general formula (I)

 (HO)3-xP(A)(OR)x (I)

wherein A is oxygen or a free electron pair, x is 1, 2 or 3 and the three R groups are independently a branched or linear,
aliphatic or cycloaliphatic alkyl, alkoxy-alkyl or aryloxy-alkyl group. Most preferably, A is oxygen, x is 3 and the compl-
exation agent is a trialkyl phosphate ester.
[0018] The phrase "independently" shall denote that the up to three groups R can be the same or different.
[0019] Preferred alkyl groups are methyl, ethyl, propyl, isopropyl, n-butyl, and isobutyl.
[0020] Specifically, A is oxygen, x is 3, the three R groups are ethyl and the complexation agent is triethyl or tributyl
phosphate.
[0021] In the context of the invention, the concentration of components in the ink are given as concentrations prior to
the application of the ink to the surface of film A. Thus, the term "prior to its application" refers to the state of the ink
before it is applied to the at least one surface of film A.

Brief description of the drawing

[0022] Fig 1 illustrates a preferred embodiment of a laminated glass structure of the invention with a and b referring
to the two glass sheets, c referring to film A, d referring to the surface region of film A where the ink is applied and e
referring to the optional film B.
[0023] Preferably, the laminated glass further comprises at least one film B comprising a polyvinyl acetal PB and at
least one plasticiser WB between two glass sheets wherein the at least one surface of film A, to which the ink is applied,
is facing film B. Thus, the ink is not in direct contact to the glass sheets in order to reduce possible problems with adhesion
between the ink and the glass surface.
[0024] The concentration of the complexation agent in the ink is preferably from 0.0001 to 10 % by weight (calculated
as weight % of the ink). More preferably, it is from 0.01 to 5 % by weight, most preferably from 0.1 to 1.0 % by weight.
[0025] The inks according to the present invention are either in liquid or paste form and contain pigments and/or dyes.
Suitable pigments and dyes include carbon black, iron oxides, spinel pigments, organic color pigments or dyes like diazo
dyes, phthalocyanines, perylenes, anthraquinones, anthrapyrimidines, quinophthalone, perinones, quinacridones, diket-
opyrrolopyroles, monoazo dyes, for example Thermoplastrot 454, Macrolexgelb G, Sandoplast Rot G or Solvaperm Rot
G, and/or inorganic pigments, for example zinc chromate, cadmiumsulphide, chromium oxide, ultramarine pigments,
metal flakes barium sulfate and titanium oxide.
[0026] Preferably, the ink according to the present invention is a water-based ink. Water-based printing inks are
preferred over printing inks based on organic solvents since they do not swell or dissolve the film A, which could lead
to film defects.
[0027] The term "water-based ink" refers to any ink which uses water as a solvent base.
[0028] It is also preferred to control the pH of the ink to avoid incompatibility with the polyvinyl acetals. Examples of
pH control agents include alkanolamines such as mono-, di- and triethanolamine, sodium hydroxide and lithium hydroxide.
[0029] Preferably, the ink, prior to its application, has a pH value of equal to or higher than 7. Preferably, the pH of
the ink is > 7.5, more preferably > 8.0, even more preferably > 8.5. Also preferably, the pH of the ink is from 7 to 12,
more preferably from 7.5 to 10, most preferably from 8 to 9.
[0030] "Prior to its application" shall denote the ink as such, i.e. before it is applied to the surface of film A.
[0031] The pH value shall be determined by standard method DIN EN ISO 10523 (C5):2012.
[0032] Water-based inks according to the present invention can optionally contain a water-miscible organic solvent.
Examples of the water-miscible organic solvent include alkyl alcohols having 1 to 4 carbon atoms such as methyl alcohol,



EP 3 766 697 A1

4

5

10

15

20

25

30

35

40

45

50

55

ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol and isobutyl alcohol; ketones or
ketone alcohols such as acetone and diacetone alcohol; ethers such as tetrahydrofuran (THF) and dioxane; alkylene
glycols such as ethylene glycol, propylene glycol, diethylene glycol and triethylene glycol; polyalkylene glycols such as
polyethylene glycol and polypropylene glycol; lower alkyl ethers of polyhydric alcohols, such as ethylene glycol monoethyl
ether, propylene glycol monomethyl ether, diethylene glycol monoethyl ether and triethylene glycol monoethyl ether;
lower alkyl ether acetates such as polyethylene glycol monomethyl ether acetate; glycerol; and pyrrolidones such as 2-
methylpyrrolidone and N-methyl-2-pyrrolidone. Glycols are especially preferred. The amount of these organic solvents
is not specifically limited, but is generally within a range of 1 to 50 % by weight, preferably 2 to 10 % by weight.
[0033] Furthermore, the water-based ink according to the present invention can optionally contain a water-soluble
resin, e.g. a low condensate of vinyl pyrrolidone, a water-soluble acrylic resin, an alcohol-soluble resin, e.g. a phenol
resin, an acrylic resin, a styrene-maleic resin, a polyurethane resin, a polyvinyl acetal resin, a polyvinyl alcohol resin or
ketone resin. Preferred are polyvinyl acetal, especially PVB resins. The amount of these resins is not specifically limited,
but is generally within a range of 10 to 50 % by weight, preferably 20 to 30 % by weight.
[0034] Especially in automotive applications, the ink according to the invention is preferably black and the laminated
glass is non-transparent in the region where the ink is applied to the surface of film A. Also preferably, the ink has another
color than black and the laminated glass is non-transparent in the region where the ink is applied to the surface of film A.
[0035] Especially in architectural applications, the ink has another color than black and the laminated glass is trans-
parent in the region where the ink is applied to the surface of film A. Alternatively, the ink has another color than black
and the laminated glass is non-transparent in the region where the ink is applied to the surface of film A.
[0036] The term "color" is intended to denote that the surface appears in a color other than black and the color of
standard commercial-grade PVB, which has not been modified with the purpose to display a specific color. The color
can be chosen from any possible color of the visible light spectrum as a single color or as a mixture of different colors.
Furthermore, "color" shall also refer to a metallic effect, a white region or to a region in any possible shade of grey.
[0037] The term "non-transparent" refers to any region of the film having a light transmission in the visible spectrum
of equal to or less than 5 %. The term "transparent" refers to any region of the film having a light transmission in the
visible spectrum of more than 5 %. In a variant, the "non-transparent region" may fade out towards transparency. In
such variants, at least a part of the "non-transparent region" of the film has a light transmission in the visible spectrum
of less than 5 %.
[0038] The non-transparent region can be completely opaque and/or in part interrupted and/or have a transition area
from a completely opaque edge into the transparent area. Interrupted printing may be achieved in form of dotted patterns.
The non-transparent region may continuously fade-in from transparent to opaque black or grey.
[0039] The shape of the non-transparent region may be rectangular or follow the contours of the finished laminated
glass.
[0040] The inks can be applied via techniques that are commonly known in the printing industry such as offset printing,
rotogravure printing, flexography, and screen-printing, followed usually by a drying step. Preferably, more than one ink
layers are superimposed onto each other. Also preferably, the superimposition is done after drying the preceding ink
layer at least partially.
[0041] In order to avoid wrinkling and or deformation of film A due to excessive heating in a drying step, it is crucial,
that film A will not be exposed to temperatures above its glass transition temperature as measurable as Tg by DSC
method. It is thus preferred, that the temperature of film A during the drying step is kept below Tg of the film by at least
3 °C or at least 5 °C or at least 10 °C or at least 15 °C or most preferred or at least by 20 °C.
[0042] The dry-film thickness of the printed parts is between 1-50 mm depending on printing technique and required
opacity. Usually the dry-film thickness is between 10-30 mm. In case more than one ink layers are superimposed, the
dry-film thickness refers to the total thickness of the superimposed layers.
[0043] The thickness of a film A in the starting state prior to lamination is 10 - 250 mm, preferably 15 - 160 mm, preferably
20 - 120 mm, preferably 25 - 100 mm and at most preferably 30 - 50 mm. This range of thickness does not include
additional coating on the films. In the laminated glass, the thickness of the film can increase by transfer of plasticiser
from film B.
[0044] Film A is produced separately from film B (for example extruded or solvent cast) and has either no plasticiser
at all or a sufficiently small proportion of plasticiser so that subsequent functionalization and processing is not adversely
influenced.
[0045] Film B may be any plasticized PVB-film known in the art. The films A and B may contain, in the starting state
prior to lamination and/or in a stack prepared for lamination between glass sheets, a single plasticiser as well as mixtures
of plasticisers both of different and identical composition. The term "different composition" refers to both the type of
plasticiser and proportion thereof in the mixture. Film A and film B after lamination, i.e. in the finished laminated glass,
preferably have the same plasticisers WA and WB. In a preferred variant, film A in its starting state, however, does not
contain any plasticiser and after lamination contains plasticiser WB in equilibrium amount.
[0046] Plasticiser-comprising films B used in accordance with the invention contain, in the starting state prior to lam-
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ination, at least 22 % by weight, such as 22.0 - 45.0 % by weight, preferably 25.0 - 32.0 % by weight and in particular
26.0 - 30.0 % by weight plasticiser.
[0047] Films A used in accordance with the invention may contain, in the starting state prior to lamination, less than
22 % by weight (such as 21.9 % by weight), less than 18 % by weight less than 16 % by weight, less than 12 % by
weight, less than 8 % by weight, less than 4 % by weight, less than 2 % by weight, less than 1 % by weight or even no
plasticiser (0 % by weight). In a preferred embodiment of the invention, films A with a low plasticiser content preferably
contain 0 - 8 % by weight of plasticiser, most preferred 0 - 4 by weight %.
[0048] Also preferably, the laminated glass according to the invention comprises, prior to lamination, an amount of
plasticiser WA in film A of less than 22 % by weight and an amount of plasticiser WB in film B of at least 22 % by weight.
More preferably, prior to lamination the amount of plasticiser WA in film A is less than 5 % by weight, specifically film A
contains no intentionally added plasticizer.
[0049] The term "prior to lamination" refers to the state of the films A and B prior to having any contact to each other.
For example, the term refers to the composition of each film separately formed and separately wound to individual rolls.
[0050] The films A or B preferably contain polyvinyl acetals having a proportion of polyvinyl acetate groups, either
identically or differently, of 0.1 to 20 mol %, preferably 0.5 to 3 mol %, or 5 to 8 mol %.
[0051] The thickness of film B in the starting state is 450 - 2500 mm, preferably 600 - 1000 mm, preferably 700 - 900
mm. A plurality of films B may be used in the invention, either being stacked on each other or separated by films A.

Polyvinyl Acetal

[0052] The films A and B used in accordance with the invention contain polyvinyl acetals, which are produced by
acetalisation of polyvinyl alcohol or ethylene vinyl alcohol copolymer.
[0053] The films can contain polyvinyl acetals, each having a different polyvinyl alcohol content, degree of acetalisation,
residual acetate content, ethylene proportion, molecular weight and/or different chain lengths of the aldehyde of the
acetal groups.
[0054] In particular, the aldehydes or keto compounds used for the production of the polyvinyl acetals can be linear
or branched (that is to say of the "n" or "iso" type) comprising 2 to 10 carbon atoms, which leads to corresponding linear
or branched acetal groups. The polyvinyl acetals are referred to accordingly as "polyvinyl (iso)acetals" or "polyvinyl
(n)acetals".
[0055] The polyvinyl acetal used in accordance with the invention results in particular from the reaction of at least one
polyvinyl alcohol with one or more aliphatic unbranched keto-compounds comprising 2 to 10 carbon atoms. To this end,
n-butyraldehyde is preferably used and polyvinyl acetal PA and polyvinyl acetal PB are both polyvinyl butyral.
[0056] The films A or B preferably contain polyvinyl acetals having a proportion of polyvinyl acetate groups, either
identically or differently, of 0.1 to 20 mol %, preferably 0.5 to 3 mol %, or 5 to 8 mol %.
[0057] The polyvinyl alcohol content of the polyvinyl acetal PA used in film A may be between 6 - 26 % by weight, 8
- 24 % by weight, 10 - 22 % by weight, 12 - 21 % by weight, 14 - 20 % by weight, 16 - 19 % by weight and preferably
between 16 and 21 % by weight or 10 - 16 % by weight.
[0058] Independent of film A, the polyvinyl alcohol content of the polyvinyl acetals PB used in film B may be between
14 - 26 % by weight, 16 - 24 % by weight, 17 - 23 % by weight and preferably between 18 and 21 % by weight.
[0059] In a preferred embodiment of the invention, film A comprises a polyvinyl acetal PA with a proportion of vinyl
alcohol groups from 6 to 26 % by weight and the film B comprises a polyvinyl acetal B with a proportion of vinyl alcohol
groups from 14 to 26 % by weight.

Plasticizer

[0060] Films A and/or B used in accordance with the invention may contain, as plasticiser, one or more compounds
selected from the following groups:

- esters of polyvalent aliphatic or aromatic acids, for example dialkyl adipates, such as dihexyl adipate, dioctyl adipate,
hexyl cyclohexyl adipate, mixtures of heptyl adipates and nonyl adipates, diisononyl adipate, heptyl nonyl adipate,
and esters of adipic acid with cycloaliphatic ester alcohols or ester alcohols comprising ether compounds, dialkyl
sebacates, such as dibutyl sebacate, and also esters of sebacic acid with cycloaliphatic ester alcohols or ester
alcohols comprising ether compounds, esters of phthalic acid, such as butyl benzyl phthalate or bis-2-butoxyethyl
phthalate.

- esters or ethers of polyvalent aliphatic or aromatic alcohols or oligo ether glycols with one or more unbranched or
branched aliphatic or aromatic substituents, for example esters of glycerol, diglycols, triglycols or tetraglycols with
linear or branched aliphatic or cycloaliphatic carboxylic acids; Examples of the latter group include diethylene glycol-
bis-(2-ethyl hexanoate), triethylene glycol-bis-(2-ethyl hexanoate), triethylene glycol-bis-(2-ethyl butanoate), tetra-
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ethylene glycol-bis-n-heptanoate, triethylene glycol-bis-n-heptanoate, triethylene glycol-bis-n-hexanoate, tetraeth-
ylene glycol dimethyl ether and/or dipropylene glycol benzoate

[0061] By definition, plasticisers are organic liquids having a high boiling point. For this reason, further types of organic
liquids having a boiling point above 120 °C can also be used as plasticiser.
[0062] Films A in the variants in which a plasticiser WA is present in film A in the starting state, and also films B
particularly preferably contain 1,2-cyclohexane dicarboxylic acid diisononyl ester (DINCH) or triethylene glycol-bis-2-
ethyl hexanoate (3GO or 3G8) as plasticiser.
[0063] In addition, films A and B may contain further additives, such as residual quantities of water, UV absorber,
antioxidants, adhesion regulators, optical brighteners or fluorescent additives, stabilisers, colorants, processing aids,
inorganic or organic nanoparticles, pyrogenic silicic acid and/or surface active substances.

Lamination Process

[0064] The present invention also relates to a method for producing the described penetration resistant glass laminates,
in which the film A is positioned on a glass sheet, then covered by at least one film B, and a second glass sheet is then
applied.
[0065] Alternatively, it is possible for film B to be positioned on a glass sheet, then to be covered by at least one film
A, and for a second glass sheet to be applied.
[0066] The present invention relates furthermore to a method for producing a laminated glass wherein a stack com-
prising at least one film A and at least one film B is provided, the stack is positioned on a first glass sheet and a second
glass sheet is then applied.
[0067] It is possible in accordance with the invention to first melt the film A onto a glass sheet over the entire area or
locally by increased temperature and to then cover this with the film B. Alternatively, films A and B can be positioned
jointly between two glass sheets and melted at increased temperature.
[0068] The lamination step for producing a laminated glass is preferably carried out such that films A and B are
positioned between two glass sheets and the layered body thus prepared is pressed under increased or reduced pressure
and increased temperature to form a laminate.
[0069] To laminate the layered body, the methods with which a person skilled in the art is familiar can be used with
and without prior production of a pre-laminate.
[0070] So called "autoclave processes" are carried out at an increased pressure from approximately 10 to 15 bar and
temperatures from 100 to 150 °C during approximately 2 hours. Vacuum bag or vacuum ring methods, for example
according to EP 1 235 683 B1, function at approximately 200 mbar and 130 to 145 °C.
[0071] Vacuum laminators may also be used. These consist of a chamber that can be heated and evacuated, in which
laminated glazing can be laminated within 30 - 60 minutes. Reduced pressures from 0.01 to 300 mbar and temperatures
from 100 to 200 °C, in particular 130 - 160 °C, have proven their worth in practice.
[0072] In the simplest case, in order to produce the laminated glass laminates, film A or B is positioned on a glass
sheet, and the further film B or A is positioned synchronously or subsequently. The second glass sheet is then applied
and a glass film laminate is produced. Excessive air can then be removed with the aid of any pre-lamination method
known to a person skilled in the art. Here, the layers are also already firstly lightly adhesively bonded to one another
and to the glass.
[0073] The glass film laminate may then be subjected to an autoclave process. Film A is preferably positioned on the
first glass sheet and covered by the thicker film B before the second glass sheet is applied. The method can be carried
out in many conceivable and, in principle, practicable variants. For example, film A is easily removed from a roll of an
appropriate width, whereas film B has been tailor-cut beforehand to the size of the laminated glass to be produced. This
is advantageous in particular in the case of windscreens and other automotive glazing parts. In this case, it is particularly
advantageous to additionally still stretch the thicker film B before it is tailor cut. This enables a more economical use of
film, or, for the case in which film B has a color tint, allows the adaptation of the curvature thereof to the upper sheet edge.
[0074] The thin films A are generally produced by extrusion with use of a cast-film line or in the form of a blown film.
Here, a surface roughness may also be produced by controlled melt fracture or with the cast-film method additionally
by use of a structured chill roll and/or structure back roll. Alternatively, solvent-cast method can be used for producing
film A prior to functionalization and use in the described penetration resistant glass laminates. Films used in accordance
with the invention preferably have a one-sided surface structure with a roughness Rz from 0 to 25 mm, preferably Rz
from 1 to 20 mm, particularly preferably Rz from 3 to 15 mm and in particular Rz from 4 to 12 mm. It is particularly preferable
if the side of film A coming into contact with the glass sheet has a surface roughness Rz of no more than 20 % of its
thickness.
[0075] Another aspect of the present invention is a film comprising a polyvinyl acetal PA, optionally at least one
plasticiser WA and at least on one surface a region where an ink is applied to the surface wherein the ink comprises a
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complexation agent as described above, preferably a trialkyl phosphate ester, specifically triethyl or tributyl phosphate.
[0076] A further aspect of the present invention is the use of an ink comprising a complexation agent as described
above, preferably a trialkyl phosphate ester, specifically triethyl or tributyl phosphate in a printing or coating process on
the surface of a polyvinyl acetal film.
[0077] The aspect of the present invention is a method for producing a laminated glass according to the invention as
disclosed above characterized in that a region of at least one surface of film A is printed or coated with an ink comprising
a complexation agent as described above, preferably a trialkyl phosphate ester, specifically triethyl phosphate, then
positioned on a first glass sheet, covered by at least one film B, covered by a second glass sheet and then laminated
at a temperature equal to or above 100 ºC.

Examples

[0078] Film A was produced using PVB resin powder (commercial grade Mowital® of Kuraray Europe GmbH) and an
aqueous solution of potassium acetate and magnesium acetate tetrahydrate (calculated to give rise to 350 ppm potassium
acetate respectively 175 magnesium acetate tetrahydrate in the film), and 0.073 % (wt) of triethylenglycolbis-3-(3-tert-
butyl-4-hydroxy-5-methylphenyl)propionate (CAS:36443-68-2, commercially available e.g. from Songwon as "Songnox®
25 2450" from CIBA as "Irganox® 245"). The components were first used to produce pellets using a co-rotating twin-
screw extruder. Those pellets were then fed into a single-screw extruder and extruded into films of 155 cm width having
a thickness of 50 mm.

Example

[0079] 1 % by weight of tri-n-butyl phosphate was added to water-based printing ink PremoLam™ SXL/2 Black (water
based), commercially available from the Flint Group. The ink was applied to one surface of film A produced as explained
above by coating using a wire-bar applicator (K Control Coater from Erichsen). The thickness of the wet film achieved
was 12 mm. The film was dried at room temperature in a ventilated fume hood for 24 h.

Comparative example

[0080] Water-based printing ink PremoLam™ SXL/2 Black (water based), commercially available from the Flint Group,
was used without addition of a complexation agent as comparative example. The ink was applied to one surface of film
A produced as explained above by coating using a wire-bar applicator (K Control Coater from Erichsen). The thickness
of the wet film achieved was 12 mm. The film was dried at room temperature in a ventilated fume hood for 24 h.

Lamination and Testing

[0081] Film A was stored in a conditioned area having a constant climate of 23 °C / 28 % RH. Commercial PVB film
(TROSIFOL® ULTRA CLEAR B100 NR 0.76 from Kuraray Europe GmbH = film B) was conditioned at the same climate
prior to producing test laminates.
[0082] Test laminates were obtained by combining thin clear glass (2 x Planiclear® 2.1 mm) cleaned with deionized
water (< 5 mS) on a flat glass-washing machine with the film A and B in the following lay-up order: bottom glass (tin side)
| film B | film A | (air side) top glass. The printed region of film A faced film B. The size of these laminates was 30 cm by 30 cm.
[0083] The sandwiches were put into vacuum bags in an oven at 120 °C for 30 min to produce pre-laminates. Lamination
was then accomplished by using an autoclave with industry-standard conditions (90 min. total; comprising 30 min. hold
time at 140 °C and 12 bar).

Test for adhesion

[0084] A "pummel test" was used to test the adhesion of the interlayer films to the glass. The test is well-known to the
skilled person and described in the literature. Pummel values provided within the scope of the present invention were
determined by means of the pummel test as described in WO 03/033583 A1.
[0085] Results for Pummel between film A and (air side) top glass:

Example 1: 7
Comparative Example: 0

Thus, the results show an excellent improvement in the adhesion to the glass.
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Claims

1. Laminated glass obtained by laminating at least one film A comprising a polyvinyl acetal PA and optionally at least
one plasticiser WA between two glass sheets, characterised in that

- film A comprises at least on one surface a region where an ink is applied to the surface wherein the ink
comprises at least one complexation agent.

2. Laminated glass according to claim 1 wherein the complexation agent is chosen from the list consisting of alkyl or
aryl, alkoxy-alkyl or aryloxy-alkyl phosphate esters, alkyl or aryl phosphites, alkyl or aryl (poly)amines, polyal-
lylamines, polyethyleneimines, alkyl or aryl sulfates, mono-, di-, tri- or tetraalkoxysilanes, alkyl or aryl sulphonates,
EDTA as well as its salts and alkyl esters, and di- and tricarboxylic acids as well as their salts and alkyl esters.

3. Laminated glass according to claim 1 or 2 wherein the complexation agent is a compound of general formula (I)

 (HO)3-xP(A)(OR)x (I)

wherein A is oxygen or a free electron pair, x is 1, 2 or 3, and the three R groups are independently a branched or
linear, aliphatic or cycloaliphatic alkyl group.

4. Laminated glass according to any one of claims 1 to 3 wherein A is oxygen, x is 3, and the complexation agent is
a trialkyl phosphate ester.

5. Laminated glass according to any one of claims 1 to 4 wherein A is oxygen, x is 3, the three R groups are ethyl,
and the complexation agent is triethyl or tributyl phosphate.

6. Laminated glass according to any one of claims 1 to 5 obtained by laminating at least one film A comprising a
polyvinyl acetal PA and optionally at least one plasticiser WA and at least one film B comprising a polyvinyl acetal
PB and at least one plasticiser WB between two glass sheets wherein the at least one surface of film A, to which
the ink is applied, is facing film B.

7. Laminated glass according to any one of claims 1 to 6 wherein, prior to lamination,

- the amount of plasticiser WA in film A is less than 22 % by weight and
- the amount of plasticiser WB in film B is at least 22 % by weight.

8. Laminated glass according to any one of claims 1 to 7 wherein polyvinyl acetal PA and polyvinyl acetal PB are
polyvinyl butyral.

9. Laminated glass according to any one of claims 1 to 8 wherein the laminated glass is non-transparent in the region
where the ink is applied to the surface of film A.

10. Laminated glass according to any one of claims 1 to 9 wherein the laminated glass is colored in the region where
the ink is applied to the surface of film A.

11. Laminated glass according to any one of claims 1 to 10 wherein the ink is a water-based ink.

12. A film comprising a polyvinyl acetal PA, optionally at least one plasticiser WA and at least on one surface a region
where an ink is applied to the surface wherein the ink comprises at least one complexation agent.

13. The film according to claim 12 wherein the complexation agent is a trialkyl phosphate ester.

14. Use of an ink comprising a trialkyl phosphate ester in a printing or coating process on the surface of a polyvinyl
acetal film.

15. A method for producing a laminated glass according to any one of claims 1 to 11 characterized in that a region of
at least one surface of film A is printed or coated with an ink comprising a trialkyl phosphate ester, then positioned
on a first glass sheet, covered by at least one film B, covered by a second glass sheet and then laminated at a
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temperature equal to or above 100 ºC.
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