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[571 ABSTRACT

A scratch-resistant polyurethane coating for safety win-
dows is made by curing a sheet of a liquid composition
comprising (1) a polyglycol ether resulting from the
condensation of propylene oxide with trimethylolpro-
pane and containing 10.5%-12.0% free hydroxyls and
(2) a biuret of 1,6-hexamethylene-diisocyanate, having
21-229% isocyanate groups, the weight ratio of said
biuret to said polyglycol ether being about 0.9-1.1.

6 Claims, 6 Drawing Figures




U.S. Patent

\

\
ko \ BREAKING STRENGTH
eml| \ Din 53455
L ¢
200-
/00}
[ Ll L™ W
14 128 1.1 1 0908 W
FlG. 1
) ‘\ TEAR RESISTANCE
cm \ Din53515
6ol \\
50+
40...
30+
20_
10+
i WZ/
1.28 10908 Wy
FlG6.3
f
N\ N NN /
S\X\\\ \\\\1.’
" S P VW VY 54
{
2
FI6.5

Aug. 12, 1986

Re. 32,224
€q
% ELONGATION
100+ AT BREAK
Din 53455
80+
60 f .
40+ /
!
20+
L N/
14 128 { 0908 Z/W;
FlG.2
p
‘ SCRATCH RESISTANCE
30+
c
(4
20 [0
!
1
10+ !
’l
| L1 J_WZ/
1.28 10908 W
FIG. &
\3§\
5 r\l\\>\\l\\l\\:,
AN NN
4 NS
6 v




Re. 32,224

1
POLYURETHANE COATED SAFETY GLASS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

The application is a reissue continuation of applica-
tion Ser. No. 06/456,251, filed Jan. 6, 1983, now aban-
doned, which is a reissue continuation of application
Ser. No. 06/417,847, filed Sept. 14, 1982, now aban-
doned, which is a reissue continuation of application
Ser. No. 05/847,321, filed Oct. 31, 1977, now aban-
doned, which is a reissue of U.S. Pat. 3,979,548 issued
Sept. 7, 1976 (application Ser. No. 523,016 filed Nov.
12, 1974).

BACKGROUND OF THE INVENTION

A prime objective of this invention is to provide a
polyurethane coating which is scratch-resistant, even
when it is manufactured under temperature conditions
of 90° C. or higher.

In the copending and commonly assigned application
for U.S. patent Ser. No. 369,087 filed June 11, 1973,
there is described the use of scratch-resistant plastic
coatings on the interior surface of safety [glass] glaz-
ing for automobiles and the like, and in particular the
use of weakly cross-linked aliphatic polyurethanes to
form such coatings.

According to this prior copending application such
coatings should have the following properties:

Modulus of elasticity about 1,000 kg/cm?
Mean modulus of deformation 200 kg/cm?
Elongation at break 100%
Breaking strength 100 kg/cm?
Plastic deformation, expressed as 2%

percentage of total elongation at break

Such polyurethane coatings are made by curing lig-
uid mixtures comprising two constituents, namely (1) an
aliphatic polyether having free (i.e. reactive) hydroxyl
groups and (2) an aliphatic polyisocyanate having reac-
tive isocyanate groups. The liquid mixture is cast into a
sheet which is then cured, whereby hydroxyl groups of
the polyether molecules react with isocyanate groups of
the aliphatic isocyanate molecules to form a three-di-
mensional cross-linked polyurethane structure.

In German published application No. 2,058,504 there
is described an exemplary mode of preparing polyure-
thanes of this type in which component (1) is a polygly-
col ether resulting from the condensation of propylene
oxide with trimethylolpropane and in which component
(2) is a biuret of 1,6-hexamethylenediisocyanate. In
example III of this German application a coating is
prepared by curing a mixture of 128 parts by weight of
such a biuret together with 100 parts by weight of such
a polyglycol ether. Since this application is silent as to
the relative percentages of reactive hydroxyls and iso-
cyanates respectively in the two components it is not
clearly defined how close to the stoichiometric these
proportions are.

The general teaching of the prior art is vague in re-
gard to the stoichiometry desirable in forming polyure-
thanes from polyols and polyisocyanates. For example,
U.S. Pat. No. 3,791,914 states that ordinarily the amount
of polyisocyanate utilized is sufficient to react one
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equivalent of isocyanate per hydroxyl equivalent of the
polyol; but that this ratio is not critical “except for
obtainment of optimum results, higher or lower
amounts being employed without adverse results”.

The present applicants have found that stoichiometri-
cally equivalent proportions are disadvantageous when
a high temperature such as about 90° C. or higher is
used in affixing the polyurethane plastic sheet to the
Lglass] safety glazing. Such higher temperature is re-
quired particularly when the outer layer of polyure-
thane is affixed [simultaneously with lamination of two
or more glass sheets] 1o @ laminated glazing interlayered
with polyvinylbutyral. The temperature required for
such an assembly is between about 120° and 140° C.
During such high heat conditions, the physical proper-
ties of the outside polyurethane sheet deteriorate. In
particular, the scratch-resistance is substantially re-
duced. .

Specifically, present inventors have observed the
above described results when polyurethane coatings
were prepared from mixtures of 100 parts by weight of
a component (1) being a polyglycol ether resulting from
the condensation of propylene oxide with trimethylol-
propane and having 10.5-12% free hydroxyls, together
with 128 parts by weight of (2) a biuret of 1,6-hex-
amethylene-diisocyanate having 21-229% isocyanate
groups. The weight ratio W2/W of components (2) to
component (1), equal to 1.28, corresponds approxi-
mately to a stoichiometric equivalence between the
available isocyanate and hydroxyl groups respectively.

Using a mar test to be described in greater detail
below, a coating prepared from this composition by
curing at a temperature below 90° C., has a normal
scratch-resistance equal to about 30 grams. But after a
treatment at 90° C. for a half-hour, the scratch-resist-
ance decreases to about 2 grams. This reduction is so
great as to make the product unsuitable for use on the
interior surface of a safety windshield in a motor vehi-
cle. The surface layer has become too rigid and too
readily scratched.

SUMMARY OF THE INVENTION

Applicants have found that the aforedescribed defi-
ciencies can be overcome simply by changing the ratio
of the same components (1) and (2) so that W2/Wi is
approximately equal to 1; i.e. approximately equal
weights of the same polyglycol ether and polyisocya-
natc are used.

Briefly stated, the present invention comprises curing
a sheet of a liquid composition containing (1) a polygly-
col ether resulting from the condensation of propylene
oxide with trimethylolpropane and having 10.5-12%
free hydroxyls and (2) a biuret of 1,6-hexamethylene
diisocyanate having 21-22% isocyanate groups, the
weight ratio of said biuret to said polyglycol ether being
about 0.9-1.1.

The present invention relates also to a safety window
comprising at least one glass sheet having bonded
thereto a scratch-resistant layer of the polyurethane of
this invention.

This invention relates also to a safety glass laminate of
a plurality of solid glass sheets having disposed between
adjacent sheets an adherent, transparent interlayer of
polyvinylbutyral and having bonded to at least one
outer glass sheet of this laminate an adherent solid trans-
parent layer of the scratch-resistant polyurethane of this
invention.
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DETAILED DESCRIPTION

It thus appears surprisingly that a better durability of
mar-resistance on exposure to high temperatures is ob-
tained by departing from a stoichiometric ratio, with an
excess of hydroxyls over isocyanates. Normally, one
would expect such a less rigid and incompletely cross-
linked structure to be more easily scratched. Mechani-
cal characteristics in general are also made more dura-
ble to heat treatment, as will appear from examination
of the annexed drawings, in which:

FIG. 1 shows the variation in breaking strength, ex-
pressed in kiloponds per square centimeter (or kilo-
grams of force per square centimeter), of the cured
polyurethane sheeting as a function of the above de-
fined weight ratio W2/W of components (2) to (1). The
breaking strength was measured according to German
Industrial Standards DIN 53455.

FIG. 2 is a graph of the variation in elongation at
break, expressed in percent of original length, as a func-
tion of the same ratio W2/W;. The standard tests were
likewise made in accordance with DIN 53455.

FIG. 3 is a graph of the variation of tear resistance as
a function of W3/W 3. The tear resistance was measured
according to German Industrial Standards DIN 53515
and is again expressed in kiloponds per centimeter.

FIG. 4 is a graph of the variation of scratch-resistance
expressed in ponds as a function of the same ratio
W2/W ). Scratch-resistance was measured with an in-
strument, Type 413, manufactured by the firm Erichsen
at Hemer. This instrument involves a diamond-pointed
stylus which can be loaded with various weights and
which moves in a circular path over the surface whose
resistance to scratching is to be evaluated. The mini-
mum weight which produces permanent scratches con-
stitutes a measure of the resistance of the surface to
scratching.

In these four graphs, the unbroken curves C present
the values obtained on samples not subjected to any
temperatures above 90° C., whereas the broken curves
D present the values obtained on corresponding sam-
ples submitted to higher temperatures, exemplarily to
90° C. for 1 hour. It is to be emphasized that a tempera-
ture around 90° C. is a threshold beyond which there is
little further change in the respective physical proper-
ties. Thus, values obtained for samples exposed to tem-
peratures up to 140° C., for example, fit on the same
broken lines. Thus, the broken curves shown are suffi-
cient to show the effect of thermal treatment in general.

If a temperature higher than 90° C. is used, the time
required to achieve maximum rigidity is simply short-
ened, but values of the physical properties finally
reached are substantially the same.

It will be observed in FIG. 1 that a heat treatment
about 90° C. (curve D) increases breaking strength sub-
stantially when the ratio W2/W) is greater than about
1.1, whereas when W3/W| has the values of this inven-
tion, between 0.9 and 1.1, heat treatment has no influ-
ence on the breaking strength and curves C and D coin-
cide.

The data on elongation to break presented graphi-
cally in FIG. 2 show that an optimum value of 100% or
more elongation to rupture is obtained even after heat
treatment, when the value of W2/W | is in the vicinity of
unity. but that there is a substantial deviation of the
D-Curve from the C-Curve when W,/W rises above or
falls below the unity value.
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The tear resistance curves of FIG. 3 have, as is to be
expected, the same general shape as those of FIG. 1.
These curves show that better initial tear resistance is
obtained as the ratio W2/W increases to the 1.28 corre-
sponding to stoichiometric equivalence, and beyond;
and that the exposure to heat actually increases the tear
resistance. However, this advantage is obtained to the
detriment of the other properties as is apparent from
FIGS. 1, 2 and 4. Applicant has determined that the tear
resistances obtained when W»/W; is between 0.9 and
1.1 (and which are unchanged by heat treatment) are
commercially acceptable in the utilization of these lay-
ers, particularly when coating safety [glass] glazing on
the surface facing the interior of a vehicle.

The curves of FIG. 4 show clearly the advantage
obtained by the process of this invention. It is evident
that products with W,/W; substantially exceeding
unity have significantly diminished scratch-resistance
even without high heat treatment (Curve C) and that
heat treatment at greater than 90° C. substantially de-
creases this resistance by amounts which make the
product commercially unacceptable. In particular a
ratio of W1/W}=1.28, corresponding to stoichiometric
equivalence, is completely unsatisfactory.

The overall thrust of the information in these figures
is that the weight ratio of polyglycol ether to biuret
components of the composition of this invention should
be selected between 0.9 and 1.1, preferably close to
unity. in order to make a laminate of the cured polyure-
thane on [glass)safety glazing which can be subjected
to high temperatures. It may be confidently predicted
that this region of composition is also advantageous
even when the layer is not subjected to a high tempera-
ture treatment, inasmuch as it is well known that the
deterioration process which takes place at elevated
temperatures involves an acceleration of aging phenom-
ena which take place more slowly at lower tempera-
tures.

FIGS. § and 6 illustrate assemblies in which the
scratch-resistant coating of this invention is bonded to a
glass sheet. In FIG. § there is exemplarily one glass
sheet 1 and one layer 2 of the polyurethane coating of
this invention adhered thereto. In FIG. 6 there is illus-
trated an assembly of at least two sheets 3 and 4 of glass
having disposed between them sheets of an adherent
transparent interlayer 5 of polyvinylbutyral and having
bonded to at least one outer glass sheet of this laminate
an adherent solid transparent layer 6 of the scratch-
resistant polyurethane of this invention.

In preparing the polyurethane coating composition
from a mixture of components 1 and 2, it is advanta-
geous to include also an accelerator. Substances which
are particularly suitable as accelerators are the dialkyl-
tin carboxylates and stannous carboxylates, including
exemplarily dibutyltin di-(2-ethylhexoate), dibutyltin
dilaurate, stannous oleate and stannous octoate. Zinc
carboxylates such as zinc octoate or zinc naphthenate
can also be used. Dibutyltin is preferred.

Since the accelerator can also catalyze the aging of
the cured film, the weight proportion of accelerator,
based on the polyglycol component 1, should not be
greater than about 0.1%. It is preferred that the weight
ratio of accelerator to component 1 should be between
about 0.01 and 0.07%. The most suitable value of such
ratio is about 0.045-0.055%.

It is also suitable, as known, to add along with the
accelerator an antioxidant stabilizer, for example one of
the polyalkylphenols having sterically hindering sub-
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stituent groups in one or both of the ortho positions. A
particularly suitable stabilizer is 2,6-di(tert.butyl)-p-
cresol. The weight percentage of stabilizer, based on the
polyglycol component 1 can be between 0 and 5%,
suitably between 1 and 5%, the preferred percentage
being about 2-2.5%.

EXAMPLE OF THE INVENTION

To achieve a polyurethane coating composition ac-
cording to this invention, a mixture is made, at a temper-
ature between about 20° and 50° C., as follows: To the
mixing vessel there is first added 1000 grams of the
polyglycol ether resulting from the condensation of
propylene oxide with trimethylolpropane, having a
molecular weight about 450 and containing 10.5-12%
free hydroxyls. To this polyglycolether there is added
23 grams of 2,6-di(tert.butyl)-p-cresol as stabilizer and
0.5 grams of dibutyltin dilaurate as accelerator. When
these ingredients are well-mixed, there is further added
1000 grams of the biuret of 1,6-hexamethylene diisocya-
nate having 21-22% isocyanate groups.

A homogeneous mixture is obtained by stirring care-
fully to avoid the formation of air-bubbles or blisters.

This liquid mixture is then cast into a film by pouring
on to a substrate or support exemplarily of glass, where
it polymerizes or cures to acquire its characteristic film
structure. The curing or drying time, which is 24 hours
at 20° C., can be reduced to 15 minutes by heating at
140° C. If it is desired to remove the layer of cured film
from its support, the surface of the glass or other sup-
port is advantageously first treated with a release agent
such as magnesium stearate.

The cured coating or film prepared in this manner has
the following properties:

Breaking strength 100-140 kg/cm?
Elongation at break 100-135%

Tear Resistance 15 kg/cm
Scratch Resistance 25-30 grams

A particular advantage of the liquid composition of
this invention is its relatively low and manageable vis-
cosity before curing.

If, contrary to the teaching of the instant invention,
the weights W and W> respectively of components 1
and 2 are used in proportion so that W2/W;=1.28 (ie.
128 parts by weight of component 2 are mixed with 100
parts by weight of component 1, it is extremely difficult
to operate without addition of solvent because the vis-
cosity of this mixture is 4,600 centipoises at 20° C. On
the other hand when the ratio of W2/W;=1.00 as in this
example of the instant invention, the liquid composition
has a viscosity of only 2,800 centiposies at the same
temperature.

It is of course possible to decrease the working vis-
cosity of prior-art compositions by adding solvents.
However, this gives rise to other disadvantages. The
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time required for drying and curing is prolonged. More
elaborate drying equipment is necessary, including in-
stallations for solvent recovery. Additional expenses are
involved both for building the equipment and for oper-
ating with the elevated output of heat energy needed.

Furthermore, in addition to these disadvantages in
handling, it is extremely difficult to eliminate solvent
residues completely, giving rise to dificiencies in the
final curing at elevated temperatures such as blistering
and non-uniformity of adhesion.

By avoiding the necessity of resorting to solvents, the
compositions of the instant invention are substantially
improved over the prior art.

We claim:

1. A safety window comprising at least onc glass
sheet having bonded thereto an adherent solid transpar-
ent layer of a scratch-resistant polyurethane formed by
curing a liquid mixture containing (1) a polyglycol ether
resulting from the condensation of propylene oxide
with trimethylolpropane and containing about
10.5-12% by weight free hydroxyls together with (2) a
biuret of 1,6-hexamethylene diisocyanate having about
21-22% by weight isocyanate groups, the weight of
said biuret being between about 0.9 and 1.1 times the
weight of said polyglycol ether.

2. A safety glass laminate of a plurality of solid glass
sheets having disposed between adjacent sheets an ad-
herent, transparent solid interlayer of polyvinylbutyral
and having bonded to at least one outer glass sheet of
this laminate an adherent solid transparent layer of
scratch-resistant polyurethane formed by curing a lig-
uid mixture containing (1) a polyglycol ether resulting
from the condensation of propylene oxide with trimeth-
ylolpropane and containing about 10.5-12.0% by
weight free hydroxyls together with (2) a biuret of
1,6-hexamethylene diisocyanate having about 21-22%
by weight isocyanate groups, the weight of said biuret
being between about 0.9 and 1.1 times the weight of said
polyglycol ether.

3. A two-layered article comprising a layer of a scratch-
resistant polyurethane cast onto a casting support, wherein
said polyurethane layer is formed by curing a liguid mix-
ture containing (1) a polyglycol ether resulting from the
condensation of propylene oxide with trimethylolpropane
and containing about 10.5-12% by weight free hydroxyls
together with (2) a biuret of 1,6-hexamethylene diisocya-
nate having about 21-22% by weight isocyanate
groups, the weight of said biuret being between about
0.9 and 1.1 times the weight of said polyglycol ether.

4. The two-layered article of claim 3, wherein said sup-
port is comprised of glass.

5. The two-layered article of claim 3, wherein said cast-
ing support is provided with a release agent between said
support and said polyurethane film.

6. The two-layered article of claim 3, wherein said re-

lease agent is magnesium stearate.
L] * ] * ]



