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LAMINATED GLASS AND PRIMER USED FOR ITS 
PRODUCTION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a laminated glass 
(glazing) comprising at least one layer (sheet) of transparent 
glass and at least one transparent layer (sheet) of ionomer 
resin, Where one of these layers is at least partly coated With 
a primer, and the primer used to make the glaZing. 

[0003] 2. Discussion of the Background 

[0004] Laminated glasses are frequently used in the build 
ing industry and in the transportation industry as glass 
having “protection security” characteristics and for reducing 
the probabilities of breakage and accidents by shock. One 
conventional example of laminated glass particularly resis 
tant to shock, is a laminated glass containing at least one 
layer of glass and at least one layer of polycarbonate. 
HoWever, those glasses have signi?cant problems in adher 
ing the polycarbonate onto the glass or cracking (due to the 
difference betWeen thermal expansion coef?cients) When the 
glass and the polycarbonates are directly connected. One 
method to remedy those problems, has been to insert 
betWeen the glass and the polycarbonate at least one layer of 
polyurethane. HoWever, the use of such material consider 
ably increases the cost of the product. 

[0005] Another less expensive laminated glass used in the 
same type of applications contains a layer of glass and a 
transparent layer of ionomer resin. Such a laminated glass 
has been described in the patents EP-191,088, US. Pat. Nos. 
4,619,873, 4,732,944, 4,906,703 and EP-483,087. In order 
to increase the adhesion betWeen the glass and the layer of 
ionomer resin, it is knoWn to prime the glass’ surface With 
a coupling agent, such as a silane, organic amine (aliphatic 
amine, ethanolamine . . . ) or diisocyanate, before applying 

the layer of ionomer resin. HoWever, these coupling agents 
can sometimes be insufficient to provide adequate adhesion 
betWeen the glass and ionomer resin, With delamination 
possibly occurring during processing such as cutting opera 
tions of the obtained laminated glaZing. Thus, there is a need 
to further increase the adhesion betWeen the ionomer resin 
layers and the substrates, notably the glass substrates, Which 
are associated With them in the laminated glaZings. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, one object of the present invention is 
to provide an improved laminated glaZing, having good 
properties of chock resistance, good optical properties and 
an accrued resistance to delamination. 

[0007] A further object of the present invention is to 
provide such a laminated glaZing Which is also economical. 

[0008] These and other objects of the present invention 
have been satis?ed by the discussion of a laminated glaZing 
having at least one layer of glass and at least one transparent 
layer of ionomer resin adhered thereto, Wherein the layer of 
ionomer resin is adhered to another layer of the glaZing at at 
least a portion of the surfaces in contact With one another, 
Wherein the adhesion is performed With the use of at least 
one metal chelate, and a primer comprising such a metal 
chelate for use in the laminated glaZing. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0009] In the present invention, the expression “ionomer 
resin” means a resin that can be extruded and that contains 
ethylene/carboxylic acid or alpha ole?n/carboxylic acid 
copolymers, those polymers being crosslinked by ionic 
reaction. This type of resin has been previously described in 
patents EP-483,087, EP-191,088, US. Pat. Nos. 4,619,973, 
4,732,944 and 4,906,703, the relevant portions of Which are 
hereby incorporated by reference. As a preferred ionomer 
resin, one can use resins based on ionically crosslinked 
copolymers obtained by combination of ethylene, styrene, or 
propylene monomers With monomers of acrylic acid, meth 
acrylic acid or maleic anhydride. The one or more ionomer 
resins used in the laminated glaZing according to the inven 
tion are preferably made of (meth)acrylic acid (Where 
“(meth)acrylic” refers to either methacrylic or acrylic)/ 
ethylene (or alpha ole?n) copolymer(s), crosslinked by ionic 
reaction. The ionomer resins available commercially usually 
contain the previously mentioned acidic copolymers, par 
tially neutraliZed or not, or metallic or amino salts of the 
mentioned acidic copolymers (one can notably ?nd Zinc or 
sodium ionomers). 

[0010] The ionomer resin layers can be prepared by con 
ventional means such as by casting or extrusion. Several 
glaZing structures according to the invention are possible 
such as the structures described in patents EP-0,191,088 or 
EP-0,483,087 Which are hereby incorporated by reference. 
The glaZing according to the present invention can therefore 
contain one or several glass layers, each glass layer being 
optionally coated With one or several thin layers Which affect 
optical or energy properties of the glaZing, such as the 
transmission of energy or light. The glaZing also contains 
one or several ionomer resin layers and, optionally, one or 
several layers of one or several other plastic materials 
conventionally used in laminated glass, such as polyure 
thane, polycarbonate, polymethylmethacrylate or another 
acrylic plastic or polyvinylbutyral. The ionomer resins 
adhere more or less Well to the other plastic materials that 
can be used to make the laminated glaZing, and if desired or 
needed, can be co-extruded With the mentioned materials. 
Preferably, each layer of the ionomer resin of the glaZing 
according to the present invention is placed betWeen tWo 
glass layers or tWo plastic layers or betWeen one glass layer 
and one plastic layer. 

[0011] The chelate used according to the invention to 
improve the adhesion betWeen the layer of ionomer resin 
and at least one adjacent layer, notably a glass layer or 
another plastic layer, can intervene in different forms in the 
laminated glaZing. In particular it can be part of a primer 
used to coat at least a portion of at least one face of the 
ionomer resin layer and/or at least a portion of at least one 
adjacent layer, notably a glass layer (provided or not With 
thin layers Which affect optical or energy properties), before 
assembling of the tWo layers. It can also be incorporated in 
the composition of one of the layers, notably into a layer of 
the ionomer resin, in order to make it self-adhesive. 

[0012] The metal chelate used according to the present 
invention can be any metal chelate, for example a titanium, 
Zirconium, chromium chelate, and is preferably a titanium 
chelate. The substituents (or ligands) of that chelate are 
generally groups having an alkoxy functionality linked to 
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the chelate central metal atom. Preferably at least one of the 
substituents has at least one additional second atom having 
one or more pairs of free electrons, such as a nitrogen, 
oxygen or sulfur atom. Preferred substituents for the present 
metal chelate include: triethanolamine, acetylacetonate, 
octyleneglycol, isopropoxyl and butoxyl . . . Most prefer 

ably, the present chelate used is a metal chelate having at 
least one (most preferably tWo) acetylacetonate group(s) and 
having at least one (most preferably tWo) alkoxy group(s) 
(notably C1-C4 alkoxy group(s), such as propoxyl or 
butoxyl). Most preferred chelates include diisopropoxy-bis 
[acetylacetonate] titanium or isopropoxy butoxy-bis[acety 
lacetonate] titanium (those products being simply desig 
nated by “titanium acetylacetonate”). 

[0013] The use of the present chelate to improve the 
adhesion betWeen the layer(s) of ionomer resin and at least 
one of the adjacent layers Within the laminated glaZing 
alloWs the laminated glaZing to have an increased resistance 
to delamination over time. This resistance is particularly 
advantageous in instances Where the laminated glaZing is of 
large dimensions and is meant to be saWed. Any delamina 
tion during the saWing is thus eliminated in the glaZing 
according to the present invention. 

[0014] The resistance to delamination of glaZing accord 
ing to the invention due to the improved adhesion betWeen 
the resin layer(s) and the adjacent layer(s) is notably char 
acteriZed by a value of at least 3 Pummel units, When the 
glaZing is submitted to the Pummel test, described beloW in 
the Examples, Whereas the resistance to delamination of 
laminated glazing using a primer based on one or several 
silanes does not usually exceed 1 Pummel unit. In most 
cases, the resistance to delamination of the glaZing accord 
ing to the present invention is at least 5 Pummel units. 

[0015] In addition to signi?cantly improved resistance to 
delamination, the glaZing according to the present invention 
has good resistance to shock, good rigidity, minimal pro 
jection of particles upon breakage, good optical properties, 
can be easily and economically made and can be used to 
make glaZings for use in numerous types of applications. By 
contrast, the polycarbonate and polyurethane type glaZings 
are less easy and more expensive to make and are not 
suitable to certain types of applications, such as the fabri 
cation of Windshields. 

[0016] The glaZing according to the present invention is 
obtained according to processes Well knoWn to one of 
ordinary skill in the art, notably by assembly of the different 
layers of the glaZing under heat and pressure. The chelate 
used can be synthesiZed using conventional Well-knoWn 
procedures from the corresponding metal chloride by reac 
tion in alcohol or acetylacetone, the reaction optionally 
being folloWed by a trans-esteri?cation. In addition, some 
chelates are also commercially available. 

[0017] In order to make the laminated glaZing according to 
the present invention, one preferably uses a primer contain 
ing the chelate according to the present invention. This 
primer can be applied to the layer of ionomer resin using a 
roller immediately folloWing the extrusion operation or can 
be applied or pulveriZed subsequently, on the layer of 
ionomer resin or on another layer that must come in contact 
With the layer of ionomer resin. 

[0018] This primer contains at least one chelate as previ 
ously mentioned and at least one solvent capable of dissolv 
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ing the chelate such as an alcohol, notably isopropanol. 
Since the chelate solution is relatively stable, the primer can 
be stored for some days before application. The use of such 
a chelate solution also alloWs an application on the layers to 
be glued, With the solvent being easily eliminated, for 
example by drying, before the assembly of the primed layer 
With the layer that must be joined by the primer. 

[0019] One can also use as the chelate solvent mixtures of 
Water-alcohol in ratios alloWing a clear solution to be 
obtained (preferably mixtures of at least 50% Weight of 
alcohol). 
[0020] In one advantageous embodiment of the present 
invention, the one or more chelates used to improve the 
adhesion in the laminated glass are used in conjunction With 
at least one silane, preferably one epoxysilane such as a 
gamma glycidoxy-propyl-trimethoxy-silane. The combina 
tion of at least one chelate and one silane alloWs, in certain 
cases, the results obtained using only the chelate to be 
further improved. When a primer containing at least one 
chelate and at least one silane is used, this primer preferably 
uses a solvent mixture of Water and chelate solvent, for 
example a mixture of Water-alcohol, preferably a mixture of 
Water-isopropanol. 

[0021] The primer according to the present invention 
contains preferably 0.05 to 3% by Weight of the metal 
chelate (based on total primer Weight) and 95 to 99.95% by 
Weight (based on total primer Weight) of a Water-alcohol 
mixture containing 50 to 100% alcohol (based on total 
Weight of Water-alcohol mixture). The primer can also 
contain a silane in an amount betWeen 0 and 3% by Weight, 
the ratio betWeen the amounts of silane and chelate being 
preferably from 0.33 to 3, With the primer containing at least 
1%, preferably 5% by Weight of Water. The dry extract of the 
primer is from 0.05 to 5% by Weight and is preferably less 
than 3% by Weight. 

[0022] Having generally described this invention, a further 
understanding can be obtained by reference to certain spe 
ci?c examples Which are provided herein for purposes of 
illustration only and are not intended to be limiting unless 
otherWise speci?ed. 

EXAMPLES 

Example 1 

[0023] Alaminated glaZing in accordance With the present 
invention Was prepared as folloWs: a layer of ionomer resin 
composed of ethylene-methacrylate copolymers Was 
obtained by extrusion and then placed in betWeen tWo 
identical glass layers, Wherein the faces of the glass layers 
in contact With the ionomer resin layer Were previously 
coated With a primer and dried. The pile of layers Was then 
calendered before the ?nal assembly under heat and pres 
sure. 

[0024] A Pummel test Was done on samples of the lami 
nated glaZing obtained, the test having the folloWing steps: 

[0025] The samples Were placed in a freeZer at —18° C. for 
at least tWo hours. The samples Were then removed and 
hammered using an electromagnetic hammer, Within sec 
onds folloWing their removal from the freeZer. Each sample 
Was progressively hammered at increments of 10 mm Wide 
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and 15 mm height compared to the lower side (edge) of the 
sample, With the sample being inclined at 5 to 10°. 

[0026] When the loWer edge had been totally pulverized, 
the next 15 mm Were hammered. This process Was repeated 

until 10 cm of the sample had been pulveriZed. It is 
important to ensure that all the glass on the tWo faces Was 

pulveriZed. 
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present invention. The glaZing according to the invention 
also has an increased resistance to delamination. 

[0035] The laminated glaZing according to the invention 
can be used in a variety of end uses such as in the 

construction industry, in the automobile industry to make, 
for example, armored vehicles, glaZing for jails or banks, 
etc. . . . 

TABLE 1 

SILANE 
TiACA A187 WATER ISOPROPANOL SILANE PUMMEL 
(in g) (in g) (in g) (in g) A1100 VALUE 

Example 1 1.33 98.7 5 
Example 2 1.33 10 88.7 5 
Example 3 0.13 0.3 99.6 5 
Example 4 0.67 1.5 97.8 6 
Example 5 0.13 0.3 10 89.6 7 
Example 6 0.67 1.5 10 86.8 7 
Ref. Ex. 49.5 49.5 1 0-1 

[0027] The samples to be tested Were then brought to 
ambient temperature and left a time sufficient to alloW any 
condensed humidity to evaporate before the evaluation Was 
continued. 

[0028] The samples Were compared to “Pummel” stan 
dards, to observe Whether the standards or the samples have 
more resin Without glass. This procedure Was repeated until 
an agreement Was obtained betWeen standards and samples. 

[0029] The sample Was turned and retested as just 
described. 

[0030] The Pummel test Was considered good When the 
observed values Were in the range of 3 to 8 Pummel units 
(preferably 3 to 6 for automobile applications and 5 to 8 for 
architectural applications). One cannot exceed, preferably, 8 
Pummel units in order to keep certain properties such as the 
glaZing’s resistance to shocks. With less than 3 Pummel 
units, risks of delamination can appear With time. 

[0031] In the present example, the primer used Was tita 
nium acetylacetonate (added as a 75 Wt % solution, available 
as TiACA 75 by the HULS company) and isopropanol 
based. The Weight composition of the primer is given in 
Table 1 as Well as the value obtained from the Pummel test. 

Examples 2, 3, 4, 5, 6 

[0032] In these examples, the primer used in Example 1 
Was replaced by respectively each one of the primers 
described in Table 1. The results are given in Table 1. The 
silane used Was a gamma glycidoxy-propyl-trimethoxy 
silane available as SILQUEST A 187 by OSi. 

Reference Example 

[0033] In this example, the primer used in Example 1 Was 
replaced by a primer that contained no chelate, but contained 
a conventional aminosilane primer available as SILQUEST 
A 1100 by OSi. The composition of this primer and the 
results obtained are given in Table 1. 

[0034] One can observe an improvement of the adhesion 
using a primer that has a chelate base according to the 

[0036] This application is based on French Patent Appli 
cation 96/00577, ?led With the French Patent Office on Jan. 
19, 1996, the entire contents of Which are hereby incorpo 
rated by reference. 

[0037] Obviously, numerous modi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that Within the 
scope of the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

What is claimed as neW and desired to be secured by Letters 
Patent of the United States is: 
1. AglaZing comprising at least one glass layer and at least 

one transparent layer of ionomer resin, Wherein at least a 
portion of one face of said at least one transparent layer of 
ionomer resin is adhered to at least a portion of one face of 
another layer of the glaZing using at least one metal chelate. 

2. The glaZing according to claim 1, Wherein the at least 
one metal chelate is a titanium chelate. 

3. The glaZing according to claim 2, Wherein the at least 
one metal chelate is a titanium acetylacetonate. 

4. The glaZing according to claim 1, Wherein the at least 
one metal chelate is used in combination With at least one 
silane compound. 

5. The glaZing according to claim 1, Wherein the at least 
one metal chelate is part of a primer, Wherein said primer is 
applied on at least a portion of at least one face of the layer 
of ionomer resin, on at least a portion of at least one layer 
to come in contact With said layer of ionomer resin in the 
glaZing or both. 

6. The glaZing according to claim 1, further comprising at 
least one layer of a plastic material different from said 
ionomer resin. 

7. The glaZing according to claim 1, Wherein said at least 
one metal chelate is a compound having a metal selected 
from the group consisting of titanium, Zirconium and chro 
mium and Wherein said metal has at least one alkoxy ligand. 

8. The glaZing according to claim 7, Wherein said at least 
one metal chelate further contains at least one substituent 
having at least tWo atoms having one or more pairs of free 
electrons capable of chelation. 
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9. The glazing according to claim 8, wherein said at least 
one substituent having at least tWo atoms having one or more 
free electrons is a member selected from the group consist 
ing of triethanolamine, acetylacetonate and octyleneglycol. 

10. The glaZing according to claim 1, Wherein said at least 
one metal chelate is selected from diisopropoXy-bis(acety 
lacetonate) titanium or isopropoXy butoXy-bis(acetylaceto 
nate) titanium. 

11. Aprimer composition useful to make laminated glaZ 
ing, comprising at least one metal chelate in a suitable 
carrier. 

12. The primer according to claim 11, Wherein said 
suitable carrier is an alcohol. 

13. The primer according to claim 11, further comprising 
at least one silane compound. 

14. The primer according to claim 13, Wherein said primer 
comprises at least 1% by Weight of Water. 

15. The primer according to claim 11, Wherein said at least 
one metal chelate is a compound having a metal selected 
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from the group consisting of titanium, Zirconium and chro 
mium and Wherein said metal has at least one alkoXy ligand. 

16. The primer according to claim 11, Wherein said at least 
one metal chelate further contains at least one substituent 

having at least tWo atoms having one or more pairs of free 
electrons capable of chelation. 

17. The primer according to claim 16, Wherein said at 
least one substituent having at least tWo atoms having one or 

more free electrons is a member selected from the group 

consisting of triethanolamine, acetylacetonate and octyle 
neglycol. 

18. The primer according to claim 11, Wherein said at least 
one metal chelate is selected from diisopropoXy-bis(acety 
lacetonate) titanium or isopropoXy butoXy-bis (acetylaceto 
nate) titanium. 


