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TITLE
TRANSPARENT COLORED HIGH MODULUS INTERLAYERS AND
LAMINATES THEREFROM

FIELD OF THE INVENTION
The invention relates to fransparent laminate articles comprising

transparent colored interlaver sheet which maintain the safety aspects
commaonly associated with safety glass, and the processes and
i compositions to produce the same.

BACKGROUND OF THE INVENTION

(Glass laminated products have contributed to society for almost a

cantury. Beyond the well Rnown, every day automotive safety glass used

13 in windshields, laminated glass is used in all forms of the transportation
industry. It is utilized as windows for {rains, airplanes, ships, and nearly
gvery other mode of transporiation. Safety glass is characterized by high
impact and penetration resistance and does not seatter giass shards and
debris when shattered. More recently it has found many uses in struchural,

w decorative or other architectural applications, such as windows, stags,
displays and other articles for buildings.

Safety glass typically consists of a sandwich of two glass sheets or
panels bonded together with an interlayer of a polymeric film or sheet,
which 1s placed between the two glass shests. One or both of the glass

25 sheetls may be replaced with optically clear rigid poalymeric sheets, such as
sheets of polycarbonate matenals. Safety glass has further evolved fo
include multiple layers of glass and polymeric sheets bonded together with
interlayers of polymernc §lms or shestis.

The interfayer is typically made with 8 relatively thick polymer filmor

s sheet, which exhibits toughness and bondahility {o provide adhesion to the
glass in the event of a crack or crash. Over the years, a wide vanety of
polymeric interlayers have been developed to produce laminated products.
In general, these polymeric interlayers must possess a combination of
characteristics ncluding very high oplical clanity, low haze, high impact

1
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resistancs, high penetration resistance, excellent uitraviolet light
resistance, good long term thermal stability, excellent adhesion to glass
and other nigid polymeric sheets, low ultraviolet ight transmittance, low
moisture absorption, high moisture resistance, axcellent fong term

s weatherability, among other requirements.  Architectural and automaotive
glazings are being constantly upgraded o withstand manmade and natural
threals.

Poly(vinyt acetal} intettayers, particularly polyivinyt butyral)

interiayers, have been the most common interlayers used in automobile

1w windshields and buildings. Colored laminates containing poly{vinyl
butyral} interlayer are known and can be produced using colored glass,
colored interlayers such as DuPopt™ Rutacite™ poly{vinyl butyral)
intertayers (see, 8.g., DuPont™ Butacite™ Polyvinyl butyral interlayers
product brochure,

13 hitp: S dupont comisafetvalass/en/produciBenvices/butaciie/bulaciie.

brochure pdf), or through use of colored films adhered to the laminates.
The use of pigment concentrates in poly{vinyl butyral) interlayer for glass
faminates is described in WO 01/00404 and US 2006/0269738. These
interlayers, however, do not have suitable properties for “threat” resistant
w safety glass used i hurnicans regions and other architectural uses, or
ather applications that can benefit from improved structural properties.
Thermoplastic lonomaeric copolymers have how found significant

-

use in interlayer sheets, such as DuPont™ SentryGlas™ Plus interlayer
sheets and DuPont™ SentryGlas® Acoustic™ interlayer sheets, for threat

25 resistant safety laminate and glass laminates for other applications. See,
a.g., US 3,344,014; US 3,762,988; US 4 663,228, US 4,668 874;

US 4,709 346; US 5,758.698; US 5,763,062; US 5,885,721;
UE 8,150,028, US 6,432,532, US 7,165,362;U8 2003/0155302,; and
U8 2006/0182083.

M) Recently there has been a desire for colored threat resistant safety
glass laminates with high transparency {o maintain the desirable clarnity
demanded of autometive and architectural glazings. However, suitable
colored glass laminates have not been available and, while adding dyes
and pigment 1o ionomer copalymers s desoribed, suilable transparent

2
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colored ionomer interlayers have not been described, and the methods
described for adding color to ionomer copolymers have been found
insufficient to prepars colored fransparent ionomer inlerdayers.

For example, blends which incorporate ionomers have been dyed,

s see, Tor example US 4,732 571, US 4,802,886, and US 4,872,880, but
dyes suffer the shortcoming of reduced weathering performance and tend
to fade upon outdoor light exposurs.

Bennison, et al., in WO 98/58334, states that typical colorants that
can be used i ionomer resin sheels are, for example, a bluing agent fo

i reduce vellowing, 8 whilening agent, or a colorant {o color the glass or o
control solar light.

US 2002/0055008; US 2005/0074622; US 2005/0074823; and
US 2005/0106386 describes use of pigments and pigment concentrates in
making ionomeric surfaced film and sheet and articles {e.g., automotive

12 panels and parts). These parts are opaque and the processes described
therein include difficult common art pigment dispersion processes such a8
sand gnnding, ball milling, aftritor grinding or two-rolt milling.

in addition, use of pigments in ionomers for golf balls is known,
such as described in US 6,100,336

0 Smith, ef. al., in US 2005/0282962 and US 2006/0003177, disclose
a process {0 produce ionomeric pigment concenirates and multitayer fims
which incorporate them. This process suffers the shortcoming of baing
inefficient, requiring the steps of forming a pigment slurry through a high
shear process, mixing the pigment slurry with the carrier resin, and drying

23 and grinding the resulting mixture.

A more efficient process o produce finely divided and dispersed
pigment concentrates includes high shear melt blending of 20-45 wi%
pigment in a carrier resin, Traub, in US 3,418,270 discloses a process {o
produce polyolefin {selected from ethylene homopolymers and copolymers

s of ethylene with alpha-olefin having from 3 to 12 carbon atoms) pigment
compositions by preparing a composition confaining 20 {0 45 wi%
pigment, preferably carbon black. This process makes it difficult to
prepare a wide variety of colors and is not well suited 1o make products
with high clarity.
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Henece, therg is a need for 8 colored laminate with suifable
properties for “threatl” resistant safety glass and for other architectural
uses, or other apphcations that can benefit from improved structural
properties, and for suitable process for making such laminates. The

s mvention overcomes these shorcomings and provides colored safety
glass laminates with good transparency and low haze, which provide the
added safety and structural aspects desired.

SUMMARY OF THE INVENTION
1 The invention s directed to a process for preparing a transparent

laminate comprising a colared interlayer and a rigid sheet. The process
comprises steps {a) to {d) in sequence. Step () is forming & color
concentrate comprising a thermoplastic ionomer copolymer and about 1 to
about 10 wt% (based on the total weight of the color concentrate) of

12 pigment by ) cambining {a) one or more polored master batch, each
comprising about 50 to about 80 wi% (based upon the weight of the
masier hatch) a thermoplastic matrix polymer and aboud 20 to about 50
wi% (hased on the weight of the master batch) of pigment, and (b one or
more thermoplastic ionomer copolymer, and (i) melt mixing the one or

@ more colored master baich and the ane oF more thermoplastic ionomer
copolymer at a temperature above the melling points of the thermoplastic
ionomer copolymer and the thenmoplastic matrix polymer. In addition to
the ionomer and pigment, the color concentrate can have 0 1o Swib%,
praferably 0 fo 2 wi% addiives. (The additives may be present in one of

23 mora of the master batch{es), or be added separately or through use of
another master batch.} i the thermoplastic malnx polymer comprises
polymer(s) other than ionomer, then those polymer{(s) will also be present
in a correspanding amount. Thus, the color concentrate comprises of
consists essentially of the lonomer, pigment, additives and, oplionally, the

other malrix polymer. Optionally, the product can be pelletized and melt

‘w)
-
g

compounded. Step (b} is forming an interlayer composition comprising

about 87 to about 88.9 wi% (based upon the weight of the ionomer and
pigment in the infertayer composition} thermoplastic ionomer copolymer
and abowut 0.01 to about 3 wib% (hased upon the weight of the

4
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thermoplastic ionomer copolymer and pigment in the interlayer
composition) pigment by: (i) combining the color concentrate and
thermoplastic ionomer copolymer; and {1} mell mixing the color
concentrate and the thermoplastic ionomer copolymer at a temperature

5 above the melting point of the thermoplastic ionomer copolymer. In
addition {o the ionomer and pigment, the interlayer composition can have
{0 5 wi%, preferably 0 to 2 wi%h additives. I the thermoplastic matnix
polymer comprises polymer{s} other than fonomer, then those polymer(s)
will also be present in 8 corresponding amount. Thus, the interlayer

1w compuosition comprises or consisis essentially of the ionomer, pigment,
additives and, optionally, the other matrix polymer,

Optionally, the product can be pelletized and melt compounded.
Step (¢} is forming a colored thermoplastic interlayer sheet comprising
thermoplastic ionomer copolymer and about 0.01 {o abowt 3 wi% (based

13 upon the weight of the ionomer and pigment in the interfayer) pigment by
extruding the interlayer compaosition inlo the interlayer sheet. In addition to
the ionomar and pigment, the colored thermoplastic interlayer sheed can
have 0 to 5 with, preferably D fo 2 wi¥ additives. I the thermoplastic
matrix polymer comprises polymer{s} other than ionomer, then those

@ polymer{(s) will also be presentin a corresponding amount. Thus, the
intertaver sheet comprises or consists essentially of the ionomer, pigment,
additives and, optionally, the other matrix polymer. Generally, the
interlayer composition will have lower percentage of pigment than the color
concentrate, typically at least an order of magnitude smaller, i.e.,

23 preferably a ratio of pigment in interfayer composition:pigment in
concentrate of greater than or equal fo about 110, Step {d) s preparing a
faminale comprising the colored thermoplastic interlayer and a nigid sheet.
By thermoplastic onomer copolymer is meant a8 thermoplastic copolymer
of an alpha-olefin having 2 to 10 carbon gtoms and about 15 {o about 30

‘w)
-
g

wi% {based on the total weight of the ionomer copalymer) of an

alpha beta-ethvienically unsaturated carbowyiic acid having 3 to 8 carbons,
wharein about 5% to about 80% of the carboxylic agids are neulralized
with a metal jon.

n
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Altarnatively, in each of the above processes (a) the interlayer
composition comprises about 0.1 {o about 2 wit% pigment, hased on the
waight of the intedaysr composition, (b} the colored thermoplastic
interiayer sheet comprises about 0.1 to aboul 2 wit pigment, based on
the weight of the colored thermoplastic interlayer, and (¢} the color
concentrate comprises about 3 1o abouwt & wi% pigment, based on the
weight of the color conceniratie.

in one preferred embodiment, the thermopliastic malrixk polvmer is a
thermoplastic ionomer copolymer of an alpha-olefin having 2 to 10 carbon
atoms and about 15 {o about 30 wi% {(based on the total weight of the
ionomer copalymer) of an alpha bela-ethylenically unsaturated carboxylic
acid having 3 o 8 carbons, wherein about 5% to about 90% of the
carboxylic acids are nsufralized with a mestal ion.

in one preferred embodiment, the thermoplastic malrix polymer is
poly{vinyt acetal), preferably poly{vimy butyrat}.

i ane preferred embodiment:

. the color concentrate consists essentially of (1) about 90 to
about 89 wit¥% (based on the {otal weight of the ionomer and
pigment in the color concentrate) of an thermoplastic
ionomer copolymer, (1) about 1 to about 10 wi% {(based on
the total weight of the fonomer and pigment in the color
concentrate} of pigment, and (1) 0 to about 5 wi% {based on
the total weight of the color concentrate) optional additives.

® the interaysr composifion consists essentially of (1) about 97
to abouwt 99.9 wit¥ (based upon the weaight of the ionomer
and pigment in the interfaver composition) thermoplastic
ionomer copolvmar, (I} sbout 8.01 to about 3wt (based
wpon the weight of the iohomer and pigment in the intertayer
composition} pigment, and (1) O {o about 5 wi%h {(hassd on
the total weight of the interlayer composition) optional
additives; and

» the colored thermoplastic interlaysr sheet consists

sssentially of {1} about 87 1o about 98.9 wi% (based upon the

PCT/US2008/065852
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waight of the lonomer and pigment in the interlaver}
thermoplastic lonomer copolymer, (1) about 0.01 to about 3
wi% (based upon the weight of the jonomer and pigment in
the interlayer) pigment by extruding the imterlayer
5 composition into the interayer sheest, and (i) 0 to about 5
wi% {hased on the total weight of the colared thermoplastic
interlayer sheeat) of optional additives.
in a preferred embaodiment, (a) the interlayer composition comprises
about 0.1 to about 2 wi% pigment (preferably abowt 0.01 to abowt 0.8

1w wi%), based on the weight of the interlayer composition, (b} the colored
interlayer comprisaes about 0.1 to about 2 wi¥% {preferably about 0.01 to
about 8.5 wit%] pigment, based on the weight of the colored thermoplastic
interfayer, and {c) the color concentrate comprises about 0.3 to about &
with pigment, based on the weight of the color concentrate.

14 The pigment pamary particle diameter size is preferably between
about 1 10 about 200 nanometers {(nm), more preferably between about 10
to about 100 nm.

Preferably the laminates have about 20% to 100% transmission
{ASTM D1003).

ey Preferably the laminate has about 90% to 100% clarity (ASTM

D1003).

in & preferred embodimernt, the colored thermoplastic interlaver is
adhered directly to the rigid sheet.

The rigid shest is preferably glass e or sheet or polycarbonate,

23 most preferably glass, and is preferably pumed with an adhesive material,
which is preferably selected from the group consisting of silanes and
poly(atkyl amines). In a preferred embodiment, the rigid sheet is a glass
shest.

In a preferred embodiment, the preparing a laminate comprising the

o colored thermoplastic interfayer and a ngid shest comprises forming a pre-
laminate assembiy of the colored thermoplastic interdayer betwesn the
rigid sheet and a second rigid sheet, and laminating the pre-laminate
assembly using heat.
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In another preferred embodimant, the preparing a laminate
comprising the colored thermoplastic interlayer and a rigid sheet
comprises forming a pre-laminate assembly of the colored thermopiastic
irteriayer and at least one other interlayer sheet between the rigid sheet

5 and a second rigid sheet, and laminating the pre-laminate assembly using
heat. The atleast one other interlaver shests is preferably selected from
the group consisting of acid copalymers, thermoplastic wonomer
copplymears, poly(ethviene-co-vinyt acetate), poly{vinyl acetal},
polyurethane, polyvinylchioride, polyethyienes, polvolefin block

i slastomers, sthylens acrylate ester copolymers, silicone elastomers and
BROKY 1E8ins,

in yet another preferred embodiment, the laminate is formed by
forming a pre-laminate assembly comprising in order the rigid sheet, the
colored thermoplastic interdayer, a polyvester film, 3 second interlayer

12 sheet and a second nigid sheet, and laminating the pre-laminate assembly
uging heal. The laminate may have other layers such as adhesive or
binder fayers.

in & further preferred embodiment, the laminate is formed by
forming a pre-laminate assembly comprising in order the rigid sheet, the

@ colored thermoplastic interlayer, a polyester flm, and laminating the pre-
faminate assembly using heat. The rigid sheel is preferably glass lite or
sheet or polycarbonate, most preferably glass, and is preferably primed
with an adhesive material, which is preferably selected from the group
consisting of sitanes and poly{atkyt amines). The polyester film is

23 preferably treated on the side closest 1o the colored thermoplastic
interlayer, preferably with poly(atkyl amine) and most praferably poly(allyl
aming). The polysster film is preferably poly{ethylense {erephthalate) and
is preferably a blaxially oriented film. Freferred a biaxially-orientad
poly{ethylene terephthalate film.

M) In a preferred embodiment, the colored thermoplastic interlayer s in
the form of a monolayer sheeat with & thickness of about 10 to about 250
mils (about §.25 to abowt .35 mm).

in a preferred embodiment, the colored master batch is selected
from the group consisting of cvan, magenta and yeliow primary color

8
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master batch. This means any combination of cyan, magenta and yeliow
primary color master batches, including only one of these.
In a further preferred embodiment, the ngid sheet used in each of
the above processes is a glass sheet,
5 in a further embodiment, the thermaoplastic ionomer copolymer used
in each of the above processes is prepared from {a) ethylens and
{b} acrylic acid, methacrylic acid or mixtures thereof,
in an alternative embodinment, the iaminate is a ¢olared laminate
comprising the colored thermoplastic interlayer and at least one other layer
1w selected from the group consisting of rigid shests, optional interlayer
sheetls, and film layers.
The invention is also directed to a colored master batch comprising:
{a)  about 50 to about 80 wi% (based on the {otal weight of the
colored master batch) of (i) ionomer copalymer of an alpha-olefin
14 and about 15 o about 30 wi% (based on the total weight of the
fonomaer copolymear; of an aipha, beta-sthylenically unsaturated
carboxyhc acid, wherain about 5% to about 50% of the carboxylic
acids are neutralized with a metal ion; and
{by  about 20 to sbout 50 wi% (based on the {otal weight of the
0 colored master batch} pigment.
The master batch can contain 0 {0 5 wit, preferably 8 10 2%
additives.
The invention is further direcied to a transparent, colored
thermoplastic interlaver shest comprising about 37 to about 89.9 Wi
25 (hased upon the weight of the thermoplastic ionomer copoalymer and
pigment in the intertayer composition) thermoplastic ionomer copolymer
and sbout 0.01 to about 3 wi% {(bassed upon the weight of the
thermoplastic ionomer copolymer and pigment in the interlayer) pigment,
wherein the thermoplastic ionomer copolymer is thermoplastic copalymer

‘w)
-
g

of an alpha-olefin having 2 fo 10 carbon atoms and about 15 fo about 30
wit% (hased on the total waight of the jonomer copalymer) of an

alpha . beta-ethylenically unsaturated carboxylic acid having 3 1o B carbons,
wherein about 5% to about B0% of the carboxylic acids gre neutralized
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with 8 metal ion, wherein the interlayer sheet has about 80% to 100%
{preferably about 85% to 100%:) clarity (ASTM D1003).
A transparent laminate comprising a colored thermaoplastic

irterlayer sheet and a rigid sheet, the colored thermoplastic interlayer

s sheet comprising about 97 o about 88.9 wit% (based upon the weight of
the thermoplastic ionomer copolymer and pigment in the interlaver
composition) thermoplastic ionpmer copoalymer and about 3.01 {0 about 3
wi% (based upon the weight of the thenmoplastic fonomer copolymer and
pigment in the interfayer) pigment, wherein the thermoplastic ionomer

W copolymer is thermoplastic copolymer of an alpha-olefin having 2 {0 10
carbon atoms and about 15 to about 30 wi% (based on the {olal weight of
the ionomer copalymen) of an alpha beta-ethyvienically unsaturated
carboxylic acid having 3 {o 8 carbons, wherein about 5% to about 90% of
the carboxylic acids are nautralized with & metal ion, whersin the laminate

14 has about B0% to 100% (preferably about 95% to 100%:;) clarity {ASTM
D1003).

DETAILED DESCRIPTION OF THE INVENTION
All publications, patent applications, patents, and other references

@ mentioned herein are incorporated by reference in they entirety, Unless
gtherwise defined, all technical and scientific terms used hersin have the
same meaning as commaonty understood by one of ordinary skill in the ant
to which this invention belongs. in case of conflict, the present
specification, including definitions, will control.

25 Except where expressly noted, trademarks are shown in upper
case.

Although methods and matenals similar or equivalent to thoss
described herein can be used in the practice or testing of the present
invention, suitable methods and materials are describsd hersin.

‘w)
-
g

Linless stated otherwise, all percentages, parls, ratios, elc., are by
waight.

When an amount, concentration, or ather value or parameter is
given as either a range, preferred range or a list of upper preferable values
and lower preferable values, this s {0 be understood as specifically

10
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disclosing all ranges formed from any pair of any uppsr range imit or
preferred value and any lower range limit or preferrad value, regardiess of
whether ranges agre separately disclosed. Where a range of numernical
values is recited herain, unless otherwise stated, the range is intended to

s include the endpoints thereof, and all integers and fractions within the
range. itis notintended that the scope of the invention be limited to the
specific values reciied when defining a range.

When the terni “about” is used in describing a value or an end-point
of a range, the disclosure should be undersiood to include the specific

1 valus or end-point referred to.

As used herein, the terms “comprises,” “comprising,” “includes,”
"including,” "containing,” "characterized by." "has,” "having” or any other
varation thereof, are infended 1o cover a non-exclusive inclusion. For
example, a proecass, method, arlicle, or apparatus that comprises a st of

13 elements is not necessarily limited to only those elements but may include
other slements not expressly listed or inherent 1o such process, method,
article, or apparatus. Further, unless exprassly stated to the confrary, “or’
refers to an inclusive of and not to an exglusive or, Forexampls, a
condifion A or B is salisfied by any one of the {ollowing: A is frue {or

@ present) and B is false {or not present), A is false {or not presentland B is
true {or present), and both A and B are true {or presant).

The transitional phrase "consisting of’ excludes any element, step,
or ingredient not specified in the claim, closing the claim 1o the inclusion of
materials other than thase recited except for impurities ordinanly

23 associated therewith., When the phrase "consisis of” appears in a clause
of the body of a claim, rather than immediately following the preamble, it
fimits only the element set forth in that clause; other elements are not
excluded from the claim as a whole,

The transitional phrase "consisiing essentially off imits the scope of

a claim to the specified materials or steps and those that do not materially

‘w)
-
g

affect the basic and novel characteristic(s) of the claimed mvention. "A
‘consisting essentially of claim occupies a middle ground between closed
claims that are written in a ‘consisting of format and fully open claims that
are drafted n a ‘'comprising’ format™

1k
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Where applicants have defined an invention or a portion thersof
with an open-ended term such as "comprising,” it should be readily
understood that {unless otherwise stated) the descnption should be
irterpreted to also describe such an invention using the terms “consisting

s essentially of or “consisting of”

Usa of "a" or "an” are employed {o describe alements and
componenis of the invention. This 15 done merely for convenience and to
give a general sense of the inveniion. This description should be read {o
include one or at jeast one and the singudar also includes the plural unless

6 itis obvious that itis meant otherwise,

in describing ceriain polymers i should be understood that
sometimes applicanis are refaring to the polymers by the monomers used
to make them or the amounts of the monomaers used to make them. While
such a description may not include the specific nomenclature used to

13 describe the final polymer or may not contain product-by-process
tarminology, any such reference to monomers and amounts should be
infarpreted to mean that the polymer is made from those monomers or that
amount of the monomers, and the corresponding polymers and
compositions thereof.

0 The materials, methods, and examples herein are illustrative only
and, except as specifically stated, are not intended to be limiting.

In one smbodiment, the present invention is a colored master batch
with well dispersed pigment particles t© provide highly fransparent and low
haze colored aticles.

23 lonomer Copolvmer

By “thermoplastic ionomer polymer”, “lanomer copolymsr”, "tonomer
polymer”, onomeric polymer”, “ionomer”, and similar terms used herein,
reference is made 1o thermoplastic ionomer copolymer made from an
alpha-olefin and about 15 to about 30 wt% of an alpha beta-ethylenically

‘w)
-
g

unsaturated carboxylic acid having 3 {o 8 carbons, bassed on the total
weaight of the fonomer copolymer wherein about 5% to about 80% of the
carboxylic acids are neutralized with a metal on. Preferably, the
copolymer comprises about 18 to about 25 wit%, or more preferably, about

12
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18 to about 23 wit%, of groups from the alpha beta-sethylenically

unsaturated carboxylic acid, hased on the total weight of the copolymer.
The alpha-olefin comonomers preferably incamorate from 2 to 10

carbon atoms. Prefarable alpha-olefins include, but are not limited to,

s ethylene, propylena, 1-butens, 1-pentene, t-hexene, 1-heptene, 3-methyi-
1-butene, 4-methyl-1-pentene, and the like and mixtures thereof. Mors
preferably, the alpha-olefin is ethylene.

The preferred alpha beta-ethylenically unsaturated carboxylic acid
comonomers include acrylic acid, methacrylic acid, tlaconic acid, maleic

1w acd, maleic anhydride, fumaric acid, monomeathyl maieic acid, and
mixtures thereof, Most preferred are gorvlic acid, methacrylic acid and
mixtures thereof.

Freguently the ionomer copolymers are described wath respect to
the melt index (M) of the parent acid copolymers since this property is

13 indicative of the molecular weight of the polymer, and since the Mi of the
fonamer copolyimers is impacted by the level and type of neutralization and
thus s not always useful 1o compare the polymer molecular weight, The
best way to determine the M| of the acid copolymer is {o measure the
value directly by analyzing the acid copolymer prior to neulralization.

@ However, acid copolymer Mi of an ionomer can giso be estimated through
carrelation to other similar polymers or by reacidifying the lonomer to form
the acid copolymer and testing the resulting acid copolymer. The parent
acid copolymers preferably have s Mi of about 1 to about 80 g/M10 min as
maasured by ASTRM D1238 at 180°C using a 2160 g load. {A similar ISO

25 test s i80 1133.) More preferably, the parent acid copolymer has a Ml of
less than about 50 /110 min, sven more preferably has a Ml of less than
about 40 g/10 min, and most preferably has a Ml of about 30 g/10 minor
less. These ionomer copolymers are relatively tough, which is especially
desirable since they are utilized in interlayers for safety laminates.

M) The parent acid copolymers may be polymerized as disclosed in
US 3,404,134; US 5,028 674, US 8,500,888; and US 6,518,385.

The jonomer copolymers are neutralized from about 5% o about
80%, or preferably, from about 10% to about §0%, or more preferably,
front about 20% 1o about 40%., with metaliic ions, based on the tolal

13
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carboxylic acid content of the copolymers as caloulated for the non-
neufralized copolymers.
The metallic ions may be monovalent, divalent, trivalent,
multivalent, or mdures therefrom. Useful monovalent metailic ions
5 include, but are not imited to, sodium, potassium, lithium, silver, meraury,

copper, and the ke and mixtures theresof. Useful divalent matallic ions
inciude, but are not Bmited {o, berylium, magnesium, calcium, strontium,
harium, copper, cadmium, mercury, tin, lead, iron, cobalt, nickel, zing, and
the like and mudures therefrom. Useful trivalent metallic tons include, but

W are not imited to, aluminum, scandium, iran, yilrium, and the liks and
mixtures therefrom. Usefud muitivalent metallic ions include, but are not
fhmited to, Htanium, zirconium, hatium, vanadium, tantalum, tungsten,
chromium, cenwm, iron, and the like and mixtures therefrom. iUis noted
that when the metallic ion is multivalent, complexing agents, such as

13 stearale, oleate, salicylate, and phendlate radicals are included, as
disclosed within US 3,404,134, The metallic ions are preferably
monovalent or divalent metaliic ions. More preferably, the metallic ions
are selected from the group consisting of sodium, lithium, magnesium,
zing, and mixtures therefrom. Yet more preferably, the metallic ions are

w selected from the group consisting of sodium, zing, and mixdures
therefrom. The parent acid copolymers may be neutralized as disclosed in
US 3,404,134,

The ionomer copolymers may oplionally contain other unsaturaled

comonomers. Specific examples of other unsaturated comonomers

23 include, but are not limited fo, methy! acryiate, methyl methacrylate, ethyl
acrylate, ethyt methacryiate, isopropyl acrylate, isopropyl methacrylate,
hubtyl acrylate, butyl methacrviate and mixtures thereof. In general, the
ioriomeric copolymers may incorporate 0 to about 50 wi, or preferably, O
to about 30 wi%, or more praferably, 0 to about 20 wi%, of the other

unsaturated comonomear(s}, based on the fotal weight of the copolymer.

‘w)
-
g

A prefered example of a thermoplastic ionomer polymer is a
paly{ethytens-co-methacrylic actd) partially neutralized with a metal ion,
such as are selected from the group consisting of sodium, lithium,
magnesiam, zine, and mixtures thereof.

14
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Acid Copolymers

In addition to referring o acid copolymers with respect to the
description of the ionomer copolymers, below applicants refer fo “acd
copolymers® in desaribing certain interlayers and carrier polymers. Such

s reference is to copolymers of an aipha-olefin and about 15 to about 30
wid% of an alpha beta-ethylenically unsaturated carboxyhc acid based on
the tolal weight of the acid copolymer that are not neutralized. ({In the case
of an ionomer copolymer about §% to about 80% of the carboxylic acids
are neutralized with a metal ion, so by referance {o there acid copolymers

1w not being neulralized the presence of a very small or insignificant amount
of a metal ion should not be considered t© keep something from being
considered an acid copolymer.} These copolymers can have all the same
features as the ionomers as described herein, except that they are not
neutralized. Thus, for instance, they can be made with the monomers

13 described above and the preferred monomers, ratios, ele., are the same
as those described above, and the preferred copolymers are made from
an aipha-olefin {or mixtures thereof) containing 2 t© 10 carbon aloms,
preferably ethylene, and abouwt 15 t© about 30 wit¥ (based on the {olal
waight of the copolymer} of an alpha beta-ethylenically unsaturated

@ carboxylic aad having 3 {o 8 carbons, preferably acrylic acad, methacrylic
actd and mixtures thereof. Hence, poly{ethylene-co-methacrylic acid} is a
preferred acid copolymer.

Pigments

it is helieved that any known pigment can be utilized. Preferably,

25 the pigments have high fade resistance when exposed to sunlight {color
fastness} and high thermat stability, to reduce color changes under melt
compounding processing condifions. In addition, pigments should be of
the type that can be reduced to small particle size so 1o generate low haze
in the laminate.

M) Preferred are pigments selected from the group consisting of,
utilizing Color Index nomenclature when possible, PRS0, such as
CROMOPHTAL Blue A3R {Ciba Specialty Chemicals Corporation,
Tarrytown, New York (Gika)), PR20Z, CROMOPHTAL Magenta P (Ciba};
PR284, such as IRGAZIN DPP Rubine TR {Ciba); PY151, such as

1
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VERSAL Yellow H4G (Synthesis, a. 8., Czech Republic), PB15.3, such as
PV Fast Blue BG {Clariant Corporation, Charlotte, North Carolina
{Clanant)); PR122, such as PV Fast Pink 122 {Clanant); PV18, such as PV
Fast Red E3B {Clariant), PY 181, such as PV Fast Yellow H3R {Clariant};
PR254, such as VERSAL D3G (Clariant), PV15.1, such as HELIOGEN
Bius K 6911 D (BASF Corporation, Florham Park, New Jersey (BASF));
PG, such as PV Fast Green GNX {Clariant); PB29, such as Uliramarine
Biue (Nubipla, Barcelona, Spain): PB158.6, such as HELIODGEN Bius
L6700 F (BASFY), PY 129, such as IRCAZIN Yellow 5GLT and IRGAZIN
Yellow 5GT (Ciba), PY 109, such as IRGAZIN Yellow 2GLTE (Ciba); PY42,
such as SICOTRANS Yellow L1815 (BAGF), PBY, such as RAVEN 2500
Ultra Carbon Black (Columbian Chemicals Company, Marietta, Georgia);
PB1%:4, such as ENDUROPHTHAL Blue GF BT817D {Clanant); DRPPIQA,
such as MONASTRAL Brilliant Red RT380D {Ciba); PR209, such as
HOSTAPERM EG Trans {Clardant), PR202, such as BUNFAST Magenia
228-1215 (Sun Chemical Corporation, Parsippany, New Jersey {Sun));
PR149, such as SUN 264-0414 Fast Red BL (Sun); and mixtures thereof.
Most preferably, the pigments are selected from the group consisting of,
utiizing Color Index nomenclature, PY42, PR7, PB15:4, DPPRIQA, PR208,
FR202, PR148, and mixtures thereof,

Using the process of thig invention litlle or no pigment agglomerates
should be found in the laminates and, when present, agglomerates should
be extremely small. This provides the high percent clarity desired for
fransparent safety glass laminates,

Colored Master Baich

The colored mastar batch comprises gbout 20 to about 50 wi%%
pigments dispersed within about 80 1o about 50 wit¥: of a matrix
thermoplastic palymer. Preferably, the colored master balch comprises
about 35 to about 45 wite pigments, more preferably about 35 to about 45
wit pigments, dispersed within about 70 to about 50 wi%h, more
praferably aboui 85 to about 55 wi%, of a malrix thermoplastic polymer.

The pigments in the colored master batch may be one pigment or a
combination of pigments. Preferably, the colored master batch comprises

16
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one pigment to form primary color master batches suitable inthe
production of color-matched compositions.

The matrix thermoplastic polymer can include any thermoplastic
polymer that does not seversly harm the performance of the ionomers
when used as the matrix polvmer in the master batch. Examples include
polymers selected from the group consisting of acid copolymers,
ionomers, palyiethvlens-co-vinyt acetate}, poly{vinyl acetal} (e.qg.,
poly{ving butyral}), polyurethane, polyvinylchioride, polyethylenes (B.g.,
linear low density polyathylenas), polyolefin block elastomers, sthylene
acrylate ester copolymers (e.g., polvlethviene-co-methyl acrylate) and
paly{ethylane-co-butyl acrylate}), silicone elastomers and epoxy resins,
Preferred are polymers selected from the group consisting of acid
capolymears, ionomers, poly({ethylens-co-vinyt acetate), poly{vinyl butyral),
linear low density polyethylenes {(preferahly metatiocene-catalyzed),
polyolefin block elastomers, and ethylene acrylate ester copalymers.
Preferably, the matrix thermoplastic poltymer is selected from the group
consisting of poly(acetal) compositions, most preferably poly{viny! butyral),
acid copolymers and ionomers.

in one preferrad embodiment, the matrix polymer is poly{viny
butyral), The most preferred matrix thermoplastic polymeris a
thermoplastic ionomer copolymer.

The pigments are dispersed in the thermoplastic matrix polymer.
Dispersion, the process of deagglomerating the as-supplied pigment
particles {o primary particles, may be accomplished by any suitable
means. The clarity of the articles containing the pigments, as
demonstrated through haze measurements or percent transmittance
measurements, for example, will suffer if the pigments are not sufficiently
deagglomerated. Preferably, o provide the desired level of transparency
the pigment primary particle diameter size is betwsen about 1 and about
200 nanometers (nm), more preferably between ahout 10 and about 100
nm. However, i should be understood that the tfransparency of a pigment
is a function of the pigment primary particle diameter size and other
factors, such as, for example, the exact chemical composition of the
pigment and the shape of the pamary pigment padicie.

17
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The level of the pigments incorporated within the colored master
batch is determining in providing the necessary melf viscosity to provide
suffictent melt shear {0 deagglomerate the pigments {o primary parlicles.
The high level of pigments contained within the colored master batch are

$ necessary to provide the high melt shears required to deagglomerate the
pigments down 1o their primary particle size.

Preferably, the dispersion process s a high shear melt mixing
process in which the molten thermoplastic matrix polymer is combined with
the pigments and any optional components of the composition that may be

W present. Suitable high shear mixing equipment includes static mixers,
rubber mills, Brabender mixers, Buss kneaders, single screw exiruders,
twin screw extruders, heated or unheated two-roll mills, and the like.

The precise processing condifions will depeand on the physical
properties of ihe thermoplastic matrix polymer, however, and on the

13 amount and type of pigments and optional other ingredients o be
mncorporated into the colored master batch. Those of skill in the art will be
able {o determine appropriate processing conditions and equipment.
Preferably, the processing temperature is belween abowt 110°C and about
250°C, more preferably between sbout 180°C and about 250°C. For

M example, WO 01/00404 describes a method of dispersing pigments ina
polymeric material using & heated two-roll mill. This method is more
preferrad when the colored master batch compaosition has a melt viscosity
too high for efficient processing on other equipment, such as static mixars,
rubber mills, Brabendser mixers, Buss kneaders, single screw extruders,

35 and twin sorew extruders.

Color Congentrate

The oolor concentrate comprises about 80 o ahout 99 wit% {(hased
an the lotal waight of the color concentrate) of the thermoplastic ionomer
copolymer and about 1 to about 10 wi% (based on the tofal weight of the

‘w)
-
g

color concentrate) of pigment (fotal pigment). The pigment is obtained
from one or more of the colored master batches. The color concentrate is
produced through a melt compounding process, such as those described
above, preferably through an extrusion melt compounding process. the
color concentrate is produced through a process comprising {1} combining

18
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the matrix thermoplastic polymer and one or more master batches,
followsd by (it} melt mixing above the melting point of the wonomer
copolymer as described above. In g preferred embodiment, at least two or
more colored master batches are used 1 provide the desired colar

5 concentrate.

Color concanirates provide greater confrol and gccurady in
providing the desired final colored compositions based on the lowered
pigiment concentration.

The color concentrate may comprise one or more pigments.

i Preferably, the color concentrale comprises two OF more pigments.
Preferably each pigment is provided from separate colored master batches
which incorporate one pigment {primary color master batches). Maore
preferably, the color concentrate is made from the standard cyan, magenta
and yellow (G-M-Y) pigment combinations and most preferably, the color

13 concentrate comprises the standard cyan, magenta, yellow and black
{C-M-Y-K} pigment combinations.

The color concentrate may also preferably be made from one or
more colored master batch comprising one pigment or twa or more
pigments. Preferably, the color concentrate comprises one or more

@ colored master batches which comprise one pigment {pamary color
colored master batches). The use of primary color colored master balches
provides the flexibility in producing a wide range of color combinations and
gnables the ability {o produce color matched compositions.

interlayer Composition

25 The interfayer compaosition {sometimes referred to herein as the
“color composition” or “color intedaysr composition™) is made from an
ionomer caopolymer and one or more color concentrate, preferably ang
color concenirate. The interlayer composition comprises a total of about
(.01 to about 3 wi pigment, preferably about 0.1 to about 2 wite
pigment, based on the weight of the interlayer composition. in a preferred

‘w)
-
g

gmbaodiment, the interlayer composition comprses about .01 to about 0.5
wi% pigment, even more preferably about 0.01 to about 8.4 wi% pigment,
based on the weight of the jonomer and pigment in the interlayer
composition. {Since the interlayer is mades from the intedayer composition,
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the same preferences apply 1o the interlayer sheets ) The color interlaver
composition can be produced through the melt mixing processes
described above, preferably through melt exfrusion compounding
DrOCesses.

5 To provide the desirable high fransparency and low haze, 138
preferable that the matnx thermoplastic polymer of the colored master
balch is the lonomer copolymer. 1 is further more preferable that the
jonomer copolymer used as the matrix thermoplastic polymer of the
colored master batch and the ionomer copolymer used in the color

i concenirate have an alpha, beta-sthylenically unsaturated carboxylic acid
lavel within 2 wit¥% of each other {0 enhance their miscibility and, in tun,
provide even greater levels of the desirable high ransparency and lower
fevels of haze. itis further preferable that the lonomer copolymer used in
the color concenirate and the jonomer copolymer used in the color

13 composition have an alpha beta-ethylenically unsaturated carboxylic acid
feval within 2 wi% of each other to enhance their miscibility and, In tum,
provide sven greater levels of the desirable high fransparency and lower
lavels of haze. I is most preferable that the jonomer copolymer used as
the matrix thermoplastic polymer of the colored master batch, the wnomer

 copolymer used it the color concentrate and the onomer copolymer used
in the color compaosition have an alpha beta-ethylenically unsaturated
carboxylic acid level within 2 wi% of each other to enhance their miscibility
and, in turn, provide even greater levels of the desirable high fransparency
and lower levels of haze,

23 Additives

i is understood that the compositions of the mvention may be used
with additives known within the art. The additives can include plasticizers,
processing aides, flow enhancing additives, lubricanis, fame retardants,
impact modifiers, nucleating agents to increase crystallinity, antiblocking
agents such as silica, thermal stabilizers, UV absorbers, UV stabilizers,

‘w)
-
g

dispersants, surfactants, chelating agents, coupling agents, adhesives,
primers and the like. For example, dispersants, surfactants, chelating
agents, and coupling agents may be included to improve the dispersability
of the pigment particles. The person of ordinary skill in the adt will
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recognize that additives may be added to the master balch, color
concentrate and/or interlayer composition using techmiques known in the
art or vanants thereof, and will know the proper amounts for addition
based upon typical usage. Typically the total amount of additives used in

5 an interiayer or interlayer composition is up to about 5 wi% (based upon
the weight of the interlayer or intertayer composition, respectively),
preferably @ to about 2 wit%, and when added to the master batch or color
concentrate, the amounts will be based on the total amount desired in the
interfayer or for processing.

1 Colored Polymeric Interlaver Shests

The calored interlayer sheels can be produced by any suilable
process. For example, the sheetls may be formed through dipeoating,
solution casting, comprassion molding, injection molding, melf extrusions,
mell blowing, or any other procedures that are known o thase of skill in

i3 the art. Preferably, the colored sheets disclosed haerein are formed by melt
extrusion, which is a particularly preferred process for formation of
“endless” products.

As discussed above, the colored interlayer sheets are well-suited
for use in safety laminates.

0 Preferably the colored interlayer sheets may {ake the form of single-
layer interlaver sheet. By single-layer, it is meant that the sheet has only
ona single layer and that the single-layer is made of the color composition.
However, ong should not be confused by this term as “single-layer”
interlayers sheets can be used in laminates that contain more than one

23 interlayer either separated by rigid layers {8.g., glass), film, stc., or side-
by-side with other ike or dissimilar intsrlaver materials. in praclical terms,
a "single-layer” sheaet is generally sold or distributed as an individual
interiayer sheet. The key distinguishing feature of such a sheet is that by

itself {particularly when intended for use in a safety laminate), the colored

‘w)
-
g

interlayer sheet has a tofal thickness of about 10 to about 250 mils {(about
.25 to about £.35 mmy}, preferably about 15 1 about 80 mils {about 0.38
to about 2.28 mn}, and more preferably about 30 to about 90 mils {abowt
0.76 to about 2. 28 mm). Such an interfaver sheet, when used with
appropriate glass in a properly designed laminate, should provide
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adequate penetration resistance commaonly regarded as a feature of
fonomer interlayer-containing safety laminates.

Typically such a colored intedaysr should provide percent
transmission (ASTM D1003) of about 20% 16 100% transmission. (The
preferred level of ransmission will depend on the end-use.) In addition, it
should provide percent clarity (ASTM D100G3} at about 80 {o 100%,
preferably about 95% 10100%., even mare preferably about 98% 0100%.

As discussed above, the colored sheets disclosed herain are useful
in forming intertayer sheels in safely laminates. The colored sheets may
fake the form of single-laver or multilayer sheets, By "single-layer’, itis
meant that the infertayer sheet has only one single layer made of the color
interlayer composition. These can be used in combination with other
interfayer sheets as descabed hersin. By "mudlilayey”, it is meant that the
interiayer shest has two or more sub-ayers and that at least one of the
sub-fayers is made of the color interdayer compaosition disclosed herain.
The other sub-layer(s} of the multilayer film or sheet may be made of any
suitable polymeric composifions. Preferably, however, the other sub-
laver{s} is made of polymeric compositions selected from the group
consisting of acid copolymers, ionomers, poly{ethylene-co-vinyl acetate),
polyivinyl acstal) (8.g., poly{vinyl butyral}), polvursthane, polyvinyichionde,
polyethylenes (e.g., inear low density polyethylenes), polyolefin block
slastomers, ethyleng acrylate ester copolymers (a.g., polv{ethylena-co-
methy! acrylate) and poly{ethviena-co-butyl acrylate)), silicone elastomers
and epoxy resins. More preferably, the other sub-layers are formed of
polymeric compositions selectad from the group consisting of acid
copolymers, ionomers, poly(sthylene-co-vinyl acstate), poly{vinyt butyral},
linear low density polyethylenss {(preferably metaliocens-catalyzed),
polyolefin block elastomers, and sthylens acrylate ester copalymers. Most
preferred are ionomers and poly{viny butyral). Moreover, o provide
adequate adhesion strength, at least one, or preferably, both, of the
surface sub-layers of the multilayer §im or shest disclosed herain are
formed of the color compositions disclosed herain,

When used as a safety laminate interfayer sheet, the colored
intertayver sheet preferably has a total thickness of about 10 1o about 250
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mils {about 0.25 to about 8.35 mmy), or preferably about 15 to about 80
mils (sbout 0.38 to about 2.28 mmy), or more praferably about 30 {0 about
90 mils {about 0.76 to gbout 2.28 mm) fo ensure adequate penetration
resiglance commonly regarded as a feature of safety laminates. This
thickness refers 1o the thickness of the single-layer sheet or the total
thickness of a multiple layer interlayer sheet. Thus, in describing
transparent laminates having one or more plies of colored ionomer
interlayer preferably each of the interlaver sheets will have a thickness in
the above range.

Typically interlayers are sold in sizes ranging from about 42 in
{106.7 om) {o about 144 in {365.8 cm), such as 42x386 in {106.7x243.9
oy, 423108 in (J08.7x274.3 am), 42x120 in (106.7x304.8 omj, 48x86 in
{121.9x243.9 cm), 48x108 in (121.5x274.3 cm), 48x120 in (121.9x304.8
army), B0x86 in (152.4x243.9 omy), 80x130 in (152.4x304.8 omy), 72x88 in
{1B2.89x343.9 am), 72x120 in (182.9243.0 o), B4x06 in {213.4x243.8
o), 84x108 in (213.4x274.3 o), B4x120 in (213.4x304.8 cm), and
Bax144 in (213.4x365.8 cm). Many other sizes are available and custom
sizes are made as requested. Transparent laminates made with these
interlayers can have the same or similar dimensions, or the inferlayers can
be cul or combined o provide other sizes,

The colored interlaver sheets disclosed herain may have smooth or
roughenad surfaces on one or both sides, Preferably, the colored shests
have roughened surfaces to facilitate the de-aifing of the laminates
through the laminate process. Providing channels for the escape of air
and removing air during lamingtion is a known method for eblaining
laminates having acceptable appearance. Roughened surfaces can be
effected by mechanically embossing or hy melt fracture during extrusion of
the intetlayer sheel or encapsulant film or sheet followed by quenching so
that the roughness s retained during handling. The surface pattern can
ba applied {o the colored sheet through common art processes. For
example, the as axtruded colored sheeat may be passed over a specially
prepared surface of a die roll positioned in close proximity {o the exit of the
die which imparts the desired surface characteristics to one side of the
molien polvmer. Thus, when the surface of such roll has minute peaks
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and valleys, film or sheet formed of polvmer cast thereon will have a rough
surface on the side which contacts the roll which generally conforms
respeciively {o the valleys and peaks of the roll surface. Such die rolls are
disclosed in, e.g., US 4,035,548, lonomer intertayer sheets having
s roughened or channeled swrfaces are described in US 2003/0124296,
US 2003/0124286, and U.8. Patent Application No. 11/725,622 filed
March 20, 2007.
if desired, one or both surfaces of the colored sheet disclosed
herain may be freated fo enhance the adhesion to other laminale layers,
16 This treatment may fake any form suitable for the desired end-use,
including adhesives, primers, such as silanes, flame treatments (see, e.g.,
US 2,632,921, UG 2,848 087, US 2,683,884, and US 2,704 382}, plasma
treatments {see e.g., US 4,732,814}, electron beam treatments, axidation
treatments, corona discharge treatments, chemical reatments, chromic
13 acid treatments, hot air treatments, ozone treatments, uliraviolet light
trogtmants, sand blast treatments, solvent treatments, and the like and
combinations thereof. For example, a thin layer of carhon may be
deposited on one or both surfaces of the film or sheet through vacuum
sputtenng as disclosed in US 4,865,711, US 5415842 on the other
@ hand, discloses a hydroxy-acrylic hvdrosol pamer coating that may serve
as an adhesion-promoting primer for poly{ethylene terephthalate) films.
The adhesive layer preferably can take the form of a monolaver of
an adhesive primer of of 8 coating. The adhesivelprimer coating may be
about 0.0004 to about 1 mil {about 0.00001 10 about .03 mmy, or
25 preferably, about 5.004 to about 0.5 mil {about 0.0007 to about 0.013
mim}, or more preferably, about 0.004 to about 0.1 mit {about 0.0001 to
about 8,003 mm) thick. The adhesives may be any adhesive or primer
known within the art. Freferably, the adhesives or pamers are silane
coupling agents or poly{vinyt amine} or poly{aliyl amine}. The poly(aliyl
3 amine)-based primers and their application to polv{ethylene terephthalate)
polymeric films are disclosed within US 5,411,845, US §770,312;
US 5,680,094, and US 5,698,329,
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Laminates

The transparent laminates comprise a polymeric interlayer sheet
formed of the color interlaver composition and a rigid layer. The laminates
can comprise at least one other optional interlaver sheets andior film layer.

The rigid sheets may be glass or rigid plastic sheets, such as,
polycarbonate, acrylics, polyacrylate, cyclic polyolefing {e.q., ethylene
norbomenea polymers), polystyrene (preferably metallocenea-catalyzed),
polyamides, polyesters, fluoropolymers and the fike and combinations
thereof.

The term "glass” is meant {o include not only window glass, plate
glass, silicate glass, shesat glass, low iron glass, tempered glass, tempered
Cel-free glass, and float glass, but also to include colored glass, specialty
glass (such as those include ingredients to control, £.g., solar heating},
coated glass (such as those spultered with metals {e.g., silver or indium tin
axide) for solar control purposes), E-glass, Toraglass, Solex® glass
{PPG Industiies, Pittsburgh, PA). Such specialty glasses are disclosed in,
g.g., US 4,615,889, US 5,173,212, US §,264,286; US 6,150,028;

US 6,340,648, US 6,461,736; and US 6,488,934, itis undersiood,
however, that the type of glass to be selected for a particular laminate
depends on ihe ntended use.

The other optional interiayer shests may be formed of any suitable
materials, such as, acid copolymers, ionomers, poly{ethylene-co-vinvt
acetate), poly(vinyt acetal} (for example, poly{vinyl butyral}), polyurethane,
palyvinyichioride, polyethylenes (s.g., linsar low density polyethylenes
{prefarably melalicvene-catalyzed)), polyalefin block elastomers, sthylene
acrylate ester copolymers (8.9, poly(ethylens-co-methyl acrylate) and
poly{athylene-co-butyl acrylate)), silicone elastomers and epoxy resins. in
ane preferred embodiment, the other inlerlayer s a second polymeric film
or sheet comprising an lonomeric composition. The thickness of the other
optional intedayer sheel(s) is not cntical and may be independently varied
depending on the particular application, and is often within the preferred
ranges described above for interlayer sheeats. The values provided above

for the acid copolymer layer are preferred in many insfances.
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The preferred level of transmission and clarity will depend on the
end-use, and for many end-uses the laminates {3) preferably have parcent
transmission (ASTM D1003) of about 20% {o 100%, and (b} preferably
have percent clarity (ASTM D1003) of about 80% to 100%, more
preferably about 95% o 100%, and even more preferably about 98% to
100%.

Polymenc film layers can be used in safely laminates. Preferable
polymeric film materials include, but are not imited {o, polyesters {eg.,
poly{ethylene terephthalate) (PET)), poly{ethylene naphthalate),
polycarbonate, polyolefins {(e.q., polypropylens, polvethviene, and qyclic
patyolefins), norbornene polymers, polystyrene (including syndictactic
polystyrene), styrene-gerylate copolymers, acrylonitrile-styrene
copolymers, polysulfones {e.g., polysthersulfons, polysulfone, etc)),
nylons, poly{urethanes), acrviics, cellulose acelates (e.g.. cellulose
acetate, cellulose triacetates, eie.), cellophane, vinyl chioride polymers
{&.q., polyvinylidene chioride, vinylidene chionde copolymers, etc.),
fluorapohymers (e.g., polyviny fluoride, polyvinylidens fluonide,
polytetrafluoroathyviena, ethylene-tetrafiuorcethylene copolymers, eto.) and
the like. More preferably, the polymeric film is a polyester film, and most
preferably it is & bigxially onented poly{ethylene {erephthalate) film.

The thickness of the polymeric film is not critical and may be varied
depending on the particular gpplication. In general, however, the
thickness of the polymeric film may range from about 0.1 mils {0.003 mm)
to about 10 mils (0.26 mm), or preferably from ghout 1 mit {0.025 mmj to
about 7 mils {0.18 mm).

in addition, the polymeric films are sulficiently stress-relieved and
shrink-stable under the coating and lamination processes. Prefaerably, the
polymernic films are heat stabilized to provide low shrinkage characteristics
when subjected 1o slevated temperaturas (Lo, less than 2% shrinkage in
both directions after 30 min at 150°C).

The films may also be coated if desired. For example, the films
may be coated with arganic infrared absorbers and sputtered metal layers,
such as silver, coatlings and the like. Metal coated polymeric films are
disclosed in, e.g., US 3,718,535, US 3,.818,201; US 4,465.736,
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US 4,450,201; US 4,789,745, US 4,846,948, US 4,854 383,
US 4,873,511, US 5,071,208, US 5,306 647, US § 048 419,
US 6,104,530; US 6,204 480; UR §.255,031; and US 6,565 882. For
axample, the coaling may function as oxygen and maoisture barmier
coatings, stich as the metal oxide coating disclosed within US 6,621,828,
USE,818,812 and EF 1 182 710
if desired, one or bath surfaces of laminate layers, such as the
cotored inferlayer sheetl(s), the optional other interlaver sheei{s) or film
tayer{s}, or the rigid sheel{s}, may be frealed o enhance their adhesion
strangth. Forinstance, itis preferable to use polylalkyl aming) (preferably
paly{aliyl amines)) to adhere ionomers 1o polvesier films. Similarly, silanes
{2.g., aminosilanes) and poly{atky! amines) {preferably, {vinyl amine),
poly(allyl amine) and mixtures thereaf) are sometimes used to coat glass
to improve bonding o interlayers.
Preferably, the colored interlayer sheet is self-adhered o the glass.
As used herain, when the g polvmeric sheet is said 1o be “self-adhered” to
the glass, itis meant that there is no intermediate layer such as g primer or
thin adhesive laver between the glass and the polymeric layer, nor has the
surface of the glass or polymeric layer been specially treated. A more
preferred embodiment is a8 laminate comprising two layers of glass and at
least one layer of he colored sheets bonded in between. Preferably, the
colored sheet is self-adhered to ong or both of the glass sheets or layers.
The safety laminate may take any form known within the art.
Preferable specific glass laminate consfructions include, for exampls,
wherein “CIS" means the color interlayer sheet,
« glassiCIS;
+  glass/CIS/Hilny;
«  glassiCiS/glass;
»  fimiCISHmy
«  glassiCISHIMICISiglass;
» glass/CISHnVCISHilm,
and the like.

Pu
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The safety laminates may be produced by any of the lamination
process that are described below in detail, or by other processes.
Laminabion Process

Any lamination process known within the artmay be used. The
s laminafion process may be an autoclave or non-autoclave process.

in an exgmplary process, a glass sheet, a colored interlayer sheet
and a sscond glass sheet are {aid up and laminated togsther under heat
and pressure and a vacuum or example, in the range of about 2728 in
{688-711 mim) Hg} to remove air. Preferably, the glass sheetl has been

1w washed and donsd. A typical glass fype is 2.5 mm thick clear annealed
float glass. Freferably, the tin side of the float glass in contact with the
colored interlayer sheet. The pre-laminate assembly is placed into g bag
capable of sustaining a vacuum {"a vacuum bag”), drawing the air out of
the bag using a vacuum line or other means of pulling & vacuum on the

13 bag, sealing the bag while maintaining the vacuum, placing the sealed bag
in an autoclave at a temperature of about 100°C o about 180°C,
preferably about 120°C to about 160°C, more praferably of about 135°C {o
about 155°C, at a pressure of about 150°C {o about 250°C, preferably
about 200 psig {about 15 bar), for about 10 to about 50 minutes,

@ preferably for abouwt 20 to about 45 minutes and more for about 20 to
about 40 minutes. A vacuum ring may be substifuted for the vacuum hag.
One type of vacuum bags is disclosed within US 3,311,517, Following the
heat and pressure cycle, the air in the atloclave is cooled without adding
additional gas fo maintain pressure in the autodlave. After about 20

23 minutes of cooling, the excess air pressure is ventad and the laminates
are removed from the autoclave.

An alternative process is a nip roll process for produding 8 prepress
assembly. In one such process, the glass/colored interlaver sheel/glass
assembly is heated in an oven at or to between about 80°C and about

e 120°C, preferably between about 90°C and about 100°C, for about 30
nminutes. Thereafier, the healed glassicolored interlaver sheeat/glass
assambly is passed through a set of nip rolls so that the air in the void
spaces between the glass and the inferlayer is expelled. The edges of the
structure are sealsd at this point {0 produce g pre-press assembly that
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may be processed under vacuum in an suloclave, as described above, to
producs a laminate.

The laminates of may also be produced through non-autoclave
processes. A non-autoclave lamination process has been disclosed, e.g.,
within US 3,234,062, US 3,852,136, US 4,341,576; US 4,385 851,
US 4,388 978, US 5.536.347; US 5,883,516, US 6,342, 116;
US 5,415,908, US 2004-0182493; US 2003-0148114 A1, EP 1 235683
B1, WO 891/01880; and WO 03/057478 A1, Generally, the non-auioctave
process includes heating the pre-laminate assembly or the pre-press
assembly and, optionally, the apphcation of vacuum, pressure or both., For
example, the pre-press may be successively passed through heating
ovens and nip rolls. A conmmercial example of g lamination process
includes the lcolam vacuum laminating systems of Meiar Vakuumtechnik
GmbH, Bocholt, Garmanyl

Examples
The following polymers were used in the examples:

fonomer #1 was a poly(sthylene-co-methacryhc acid) made wath 22
wi% methacrytic acd and pantially neutralized with approximately 27%
sodium jon with an Ml of approximately 2 (2180 g, 180°C, 180 1133,
ASTM D1238).

fonomer #2 was a poly{ethylene-ca-methaorylic acid) made with 18
wi% methacrvlic acid and partially neutralized with 37% sodium fon
naufralized with sodium jons, with an Mi of 2.

PVE was a medium viscosity grade of poly{viny! butyral) with a
hydroxyl number of 18 10 1858,

Reference below {o a Brabender extruder, is o compounding in a
Brabender extruder with an extruder head, a 251 L/d single screw {0.75
inch diameter). The Brabender exiruder was operated with a temperature
profile of: feed zone 110°C; Section 1 180°C; Section 2 180°C; and die
plate 200°C atf a screw speed of 40 rpm.

Linless otherwise noted, laminates measurements for (a) percent
transmission were according to AGTM 1003, {b) parcent haze were
according fo ASTM D1003 on g BRY Gardner HAZEGARD Plus
{BYK Gardner Corporation, BYK-Chemie GmbH, Wesel, Germany), and
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{¢} laboratory color were made on a Hunterlab ULTRASCAN XE

{Hunter Associates Laboratory, Inc., Reston, Virginia) using 10
degrees/DES Huminantobserver, and {d} percent clarity were according to
ASTM D1003.

5 Unless otherwise noted, laminates were subjected {o peel adhesion
testing with a pesl angle of 180 degrees and a crasshead speed of 100
ariastis el

Example 1
A compaosition was prepared which incorporated 40 wi% of

1w Columbian RAVEN 2500 Ulira Carbon Black {Columbian Chemicals
Company, Maristia, Georgia), and 60 wi% of lonomer $1. The resudting
powder composition was mixed fo form a powder blend. The resulting
powder blend was subjected to high shear, mtensive melt mixing on a two
rofl mill heated o a temperature within the range of 180°C fo 200°C for 30

12 minutes. The resulling slabs were cooled to room temperature and then
crushed to form discrete chips.

Example 2
A composition was prepared which incorporated 40 wi% of Clariant
ENDUROPTHAL Blus GF BTE170 (Clariant Corporation, Chatlotte, North

M Caroling)), and 80 wi% of tonomer #1. The resulling powder composition

was processed as in BExample 1 to form discrete chips.

Example 3

A composition was prepared which incorporated 40 wit% of Sun
SUNFAST Magenta 228-1215 {the Sun Chemical Corporation,

25 Parsippany, New Jersey)), and 80 wi% of lonomer #1. The resulting
powder compaosition was processed as in Example 1 to form discrete
chips.

Example 4
A color concentrate was prepared by combining 0.82 wi% of the

s colored master batch prepared above in Example 1, Q.82 wi% of the
colored master hatch prepared above in Example 2, 0.36 wi% of the
colored master batch prepared above in Example 3, and 88 wi% of
fonomer #1. The resulling peliet blend was tumbled and extrusion
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compounded at & temperature of 180°C on 8 28 mim single screw
extruder.

Example 5

A gray resin was produced by melt compounding a blend of the

5 gray pigment concentrate from Example 4, above {4 .84 wit% based on

polymer (bop)), and TINUVIN 328 (0.8 wi% bop, Ciba) with fonomer #1,
through a Wermner-Pleider twin screw exiruder (28 mm digmeter, counter-
ratating) with a screw speed of 200 rpm and the temperature profile

described below:

Fead Ambient
Zone 1 150°C
Zone 2 180°C
Zone 3 180°C
Zone 4 200°C
Zona b 200°C

******** Zone® | 200°C
Die 200°C

The compounded gray resin was extruded through a 2-hole die
{316 in (4.76 mm) diameter} into a water quench trough and subsaquently
cud into pelists,

15 Exampla 8

The interfayer compaosition prepared in Example & was cast into
sheet on a film casting line fed by a single screw Killion extruder (1.5 10
{3.8 om} diameter). Throughput was controlled by adjusting the screw
speed fo 70 rpm. The exdruder temperature profile is described badow.

21

31



34

2

WO 2008/154266 PCT/US2008/065852

Feed | Ambient

Zone 11 180°C

Zone 2 1 200°(C

Zone 31 200°C

Block | 210°C

Die 210°C

A 14 in (35.8 cm) wide “coathanger” die with a nominal die gap of
0.038 in (1 mm) was used and the gray sheet was cast into a thres rol}
stack consisting of a 6-inch diameter rubber nip rolt coverad with a
TEFLON release film and two 12 in (30.5 oy} diameter polished chrome
chill rolls held at a temperature of betwesn 10°C and 158°C. Afler edge
trimning, 12 in {305 owny wide, 30 mit {(0.78 numny thick interlayer sheets
were collected, cut into about 40 i (102 omy lengths and sealed under
vacuum in foil lined packages.

Example 7

Glass faminates composed of a glass layer, a gray inlerlayer sheet
from Example 6, above, and an AKASCOL PTL 3-38/75 film layer (defined
as a 7 mils {180 micrometers) thick PVFPETPVF + Primer film, Krempel,
August Krempel Soshne, Vertriebsgaselischaft m. b, H Wien,
Wien, Austria}, were produced in the following manner. The samples were
faid up with a clear annealed float glass plate laver (4x4 i (100100 mmy
by 2,18 mm thick) with a 1in {2.54 cm) wide sirip of MYLAR 880
poly(ethylens terephihalate) film (5 mils (0,13 own) thick),
DuPont Teilin Films Corporation, Hopewell, Virginia), or a 584-A polyester
flash tape (2 mils {§.05 mm) thick), Fibre Glast Developments Corporation,
Brookville, Ohin}, placed on one glass edge, a gray sheet layer from
Example 8, above (4x4 in (100x100 mmy} by 30 mils (0.76 mm) thick, with
the gray sheet in contact with the tin side of the float glass), an AKASQOL
PTL 3-38/75 film layer (4x4 in (100x100 mm) by 7 mils (180 micrometers)
thick), and a clear annealaed float glass cover plate laver (dxd in (100100
mmj by 2.18 mim thick). The glassfinterlayerffilm/glass assembly was then
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placed info a vacuum bag, the vacuum bag was evacuated to a vacuum of
3 in Hg {(76.2 mm Hg), and heated fo 130°C -135°C for 60 minutes, The
vacuum was then released and healing was discontinued and the laminate
was allowed o cool to room temperature. Removal of the glass cover
s plate provided the desired glassfinteriayer/ AKASOL PTL 3-38/75 film
laminate.
The laminates were found 1o have an average glass-intertayer peel
adhasion of 23.74 b¥¥in (4.16 Nimm) of six laminates.
Exampie 8
Y Glass laminates composed of a giass layer, a gray interlayer sheeat
from Exampile 8, and an AKASOL PTL 3-38/75 film layer, were produced
iry the following manner. The samples were iaid up with a low iron
STARFIRE glass plate layer {dx4 in {100x100 mm) by 3.15 mm thick},
PPG Industriies, Pittsburgh, Pennsvivania, USA), with a 1 in{2.54 cm)
12 wide strip of MYLAR 880 poly(ethvlene terephthalate) film (& milg {313
mmj thick}, or a 584-A polyester flash tape (2 mils {0.05 mm) thick), placed
on one glass edge, a gray shest laver from Example 6 (4x4 in (100100
mm} by 30 mils (0.76 mm) thick, with the gray sheet in contact with the tin
side of the glass), an AKASOL PTL 3-38/75 film layer {(dxd in (100x100
M mm) by 7 mils {180 micrometers) thick, and a clear annealed float glass
cover plate layer (©xd in (100100 nun) by 2.18 mum thick). The
glass/interlayer/ffilm/glass assembly was heated under vacuum in &
vacuum bag as i Example 7 to provide the desired
glass/interlayer/ AKASOL PTL 3-38/75 film laminate.
s The laminates were found to have an average glass-interlayer peel
adhesion of 14 44 blfin (2.53 N/mm) of six laminales.
Glass faminates composead of a glass layer, a gray shest from
Example § and a polyester film layer wers produced in the following
3 manner, The samples were laid up with a clear annealed float glass plate
fayer {4x4 in (1000100 mm) by 2.18 mm thick) with @ 1in {2.54 om) wide
strip of MYLAR 880 poly{ethyviene terephthalate} film (5 mids {0.13 mmy
thick}, or a 584-A polyester flash tape {2 mils (0.05 mm) thick), placed on
ong glass edge, a gray shesl layer from Example 6, above {(4xd in
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{100x100 mm) by 30 mils {0.76 mm) thick, with the gray sheet in contact
with the fin side of the float glass}, a MYLAR 880 film layer (dxd in
{100x100 mm} by 5 mils {813 mm) thick), and a clear annesaled float glass
pover plate layer (4x4 in (100x100 mm) by 2.18 mm thick}. The
glassfiinteriayer/film/glass assembly was then under vacuum in a vacuum
hag as in Example 7 to provids the desired glass/interfaysr/MYLAR 880
film laminate.

The laminates were found to have an average glass-interfayer peet
adhesion of 8.85 ibfin {1.73 Nimm) of six laminates.

Example 10

Glass laminates composed of a glass layer, a gray sheet from
Example § and an AKASOL PTL 3-38/75 film fayer {7 mils (180
micrometers) thick), were praduced in the following manner, Pre-
laminates were produced from the samples as described in Example 8.
The pre-laminate assembly was then placed within a Mefer JICOLAM 10/
{8 laminator (Meier Vakuurmntechnik GmbH, Bocholt, Germany). The
lamingtion cycle included an evacuation step (vacuum of 3 in Hg (76.2 mm
Hay of 8 minutes and & pressing stage (pressure of 1000 mb) of 4 minutes
at g temperature of 155°C. Removal of the glass cover plate provided the
desired glass/interlayerfAKASOL PTL 3-38/75 film laminate.

The laminates were found to have an average glass-interlfayer peael
adhesion of 5.92 bfin (1.04 Ninun) of three lamingtes.

Example 11

Glass laminates composed of a glass layer, the colored interlayer
from Example 8, and a glass layer were producad in the following manner.
The samplss were laid up with a clear annealed float glass plate layer (4x4
in {102x102 mm) by 2.3 mm thick), a colored plague layer from Example 6
{44 in (102x102 mn) by 30 mil {0.79 mm), with the plaque layer in
contact with the tin side of the glass sheets), and a clear annecaled float
glass plate layer (dx4 in (102x102 mm) by 2.3 mm thick). The
glassfinteriayer/glass assembly was then placed inte a vacuum bag and
heated to 80°C to 100°C for 30 minutes {0 remove any air contained
between the glass/interlayer/glass assembly. The glassfinterlayeriglass
pre-press assembly was then subjected to autoclaving at 135°C for 30
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minutes in an air autoclave fo a pressure of 200 psig (14.3 bar). The air
was then cooled while no more air is added to the autoclave. After 20
minutes of cooling when the air femperature was less than about 50°C, the
excess pressure was venied, and the glass/interiayer/glass laminale was
s removed from the autoclave.

The laminates were found o have 2.5% haze, and laboratory color
of L 66,04, 8% -0.26 and b -2.57.

Preparative Example PE 1

A composition was prepared which incorporated 40 wi% of PY 42

1w pigment, 50 wit: PVE, and 10 wi% triethviene glycol bis{2-ethy
hexanoale). The resulling powder composition was mixed to forma
powder blend. The resulling powder blend was subjected 1o high shear,
intensive melt mixing on a two roll mill heated to a temperature within the
range of 180°C to 200°C for 30 minutes. The resulling slabs were cooled

13 o roomtemperature and then crushed to form discrete chips.

Example 12

A pellet blend of 85 g lonomer #2 and & g of the master baich from
Preparative Example PE 1 was fed to a8 Brabender exdruder and
compounded. The resulling compounded blend was collected and fed

@ back through the sxtruder twice more to produce a color concentrate.

A pellet blend of 88 g lonomer #2 and 1 g of the color concentrate
produced above was fed to a Brabender extruder and compounded. The
resuliing compounded blend was collected and fed back through the
extruder twice more 1o produce an interlayer composition,

25 The interfayer compaosition praduced above was pressad into 4x4 in
{102x102 mm) by 32 mil {(0.81 mmy) plagues on a steam heated melt prass
with a cycle including a 3 minute heat up step al 8 pressure of 8000 psi
{414 bar), a 2 minute hold at 12,000 psi (828 bar} and a 4 minute cool
down at 12,000 psi (828 ban.

3 Glass laminates composed of a glass layer, the colored plague
tayer from above, and a glass layer {glassinteriayer/glass laminales) were
produced in the samme manner as in Example 11,

The lamingtes found to have 87.5% transmission, 7.85% haze,
laboratory colorof LY 83 43, ¥ -2. 18 and b* 7.77, and 88.5% clanty.

3
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Preparative Example PE 2

Discrete chips were prepared in the same manner as in Preparative
Example PE 1, except the pigment was PB 154 pigment.

A peliet blend of 95 g lonomer #2 and § g of the master bateh
product rom Preparative Example PE 2 was fed {0 a Brabender extruder
and compounded. The resulting compounded blend was collected and fed
hack through the extruder twice more 1o form a color concentrate
somposition.

A pellet blend of 99 g lonomer #2 and 1 g of the color concentrate
compaosition was fed to a Brabender extruder and compounded. The
resuliing compounded blend was collected and fed back through the
exiruder twice more, to produce an interdayer composition.

The interlaver composition produced above was pressed inlo 4x4 in
{10102 mim} by 32 mil {G.81 mm}) thick plaques as described in Example
12

Glass laminates composed of a glass layer, the coloved plague
layer from above, and a glass layer {glassinteriaver/glass laminate) were
produced as described in Example 11,

The laminates were found to have §1.7% transmussion, &.48%
haze, laborstory colorof L™ 77 .44, 87 -37 .32 and b™ -25.85, and 889.2%
clarity.

Comparative Example CE 1

This example is an example wherein a masterbaich is not produced
or used,

A pellet blend of 98 g lonomer #2 and 2 g PB 15:4 pigment was fed
to a Brabender extruder and compounded. The resulting compounded
blend was collected and fed back through the extruder twice more fo
prepave g color concentrate composition.

A pellet blend of 89 g lonomer 2 and 1 g of the PB 15:4 pigment
concentrate produced above was fed to a Brabender extruder and
compounded. The resulting compounded blend was collected and fed

back through the extruder twice more to form an interlayer compaosition.
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The interlayer composition produced above was pressed into 4x4 in
{102x102 mm} by 32 mil {0.81 mm) thick plaques as described in Example
12.

Glass laminates composed of a glass layer, the colored plaque

s tayer from above, and g glass layer (glassiintertayer/glass laminate) were
produced as described in Example 11,

The laminates were found to have 58.2% transmission, 6.06%
haze, and B8.5% clarity. This extample shows the reduced clarity and
higher haze versus the invention.

{e Preparative Example PE 3

A composttion was prepared and discrete chips were formed as
described in Preparative Example PE 1, except that the pigment was PR
208 pigment.
Example 14
13 A peliet blend of 85 grams lonomer #2 and § grams of the master
batch from Preparative Example PE 3 was fed (o a Brabender extruder
and compounded. The resulling compounded hlend was collected and fed
back through the extruder twice mare o form color concentrate.
Apellet blend of 88 grams of lonomer #2 and 1 gram of the color
@ concentrate produced above was fed o a Brabender extruder and
compounded. The resulting compounded blend was collected and fed
back through the exfruder twice more to form interlaver composition.
The interlayer composition produced ahove was pressed ints dxd in
{102x102 mm) by 32 mil {0.81 mm) thick plagues on a steam heated melt
23 press with the oycle described in Example 12
Glass laminates composed of & glass layer, the colored plaque
fayer from ghove, and a glass layer {glass/interiayer/glass laminates) were
produced in the same manner s in Example 11. The laminates were
found 1o have 58 1% transmission, 15.0% haze, Iaboratory color of L®
w8052, at 32.04 and bY 511, and 896.8% clarity.
Preparative Example PE 4

A composition was prepared and discrete chips were formed as
described in Preparative Example PE 1, except that the pigment was PB 7
pigment.
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Example 15

A pellet blend of 85 g of lonomer #2 and the § g of the master batch
prepared in Preparative Example PE 4 and compounded. The resuiting
compounded blend was collected and fed back through the extruder twice
more 1o form a color concentrate.

A peilet blend of lonomer #2 {89 g) and the color concentrate {1 g}
was fed o a Brabender extruder and compounded. The resulling
compounded blend was collected and fed back through the extruder fwice
more to form interlayer composition.

The interlayer composition was pressed into 4x4 in (102x102 mm)
by 32 mil {0.81 mm) thick, plagues on a steam hesled melt press with a
cycle described in Example 12,

Glass laminates composed of a glass layer, the colored plaque
layer from ahove, and a glass laver (glassfinteriayer/glass laminaie) were
produced as described in Example 11,

Tha laminates were found o have 33.1% transmission, 35.0%
haze, laboratory colorof LY 83.73, 8° 0.24 and b” 5,12, and 88.1% dlarity.

Preparative Examele PE S

A gray ink dope solution comprising the master batch of Preparative
Example PE 2 (3.0 g}, the master batch of Preparative Example PE 3 (8.8
@), the master bateh of Preparative Example PE 4{7.2 g}, PVB {20 g}, and
a 3.1 {by weight) solution of methanottcluena (160 g) was prepared.
Drawdowns (films) were prepared using wireswound rods. The dried films
were chopped and used as a gray color masterbalch,

A pellet blend of an fonomer #2 (300.0 g) and the color masterbateh
of Preparative Example PE 5 {0.19 g) was fed to a Brabender Extruder
and compounded. The resulting compounded blend was collected and fed
hack through the extruder twice more to form interlayer composition.

The intetlayer composition was pressed info 4.5x8.5 in
{114.3x241.3 mm} by 30 mil {0.76 mm) thick plaques on a melt press with
a cyole including a 1.5 minute heat up step a a pressure of 650 psi (44.8
bar}, a 2 minute hold at 6000 psi (414 bar) and a 4 minute cool down at
6000 psi (414 bar), with the set press femperature of 180°C.
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Example 17

A pellet blend of an lonomer #2 (300.0 g} and the color masterbatch
of Preparative Example PE 5 (0.30 g) was fed {o a Brabender Extruder
and compounded. The resulting compounded blend was collected and fed
back through the extruder twice more to form interlayer composition.

The interlayer composition was pressed into 4.5xby 2.5 in
{114.3x24 1.3 mmy by 30 mul (0.76 mm} thick plagues as described in
Example 16.
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CLAIMS
1. A process for preparing a transparent laminate comprising a
colored interlayer and g rigid sheet, comprising:
{a) forming a color concentrate comprising a thermoplastic
5 ionomer copolymer and about 1 to gabout 10 wi% (based on the tofal
weight of the color concentrate) of pigment by
{1} combining (&) one or more colored master batch, each
comprising about 50 to about 80 wi¥% (based upon the
weight of the master batch) a thermaoplastic matrix
1 palymer and about 20 {o about 50 wi% {(based on the
weight of the master batch) of pigment, and (b} one or
more thermoplastic ionomer copolymer; and
(i} melt mixing the one or more colored master batch and
the ane or more thermoplasiic jonomer copolymers at a
13 temperature above the melling points of the thermoplastic
ionomer copolymer and the thermoplastic matrix polymer;
{b}  forming an interlayer composition comprising about §7 to
about 98.9 wit% (based upon the weight of the ionomer and pigment
in the intedayer composition} thermoplastic ionomer copolymer and
0 about 0.01 1o about 3 wtth (based upon the weight of the
thermoplastic ionomer copolymer and pigment in the interlayer
compaositiony pigment by
{i}y combining the color concentrate and thermoplastic
ionomer copolymer; and
25 {ii}y melt mixing the color concantrate and the themmoplastic
ionomer copolymer at a temperature gbove the melting
point of the thermoplastic ionomer copolymer; and
{¢y forming a colored thermoplastic interlayer sheet comprising
about 87 to about 58.8 wi% (based upon the weight of the ionomer

‘w)
-
g

and pigment in the interlayer compaosition) tharmoplastic jonomer
copolymer and about 0.01 to about 3 wi% (based upon the weight
of the ionomer and pigment in the interlayer) pigment by exttruding

the intertayer composifion into the interayer shest | and
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{dy preparing a laminate comprising the colored thermoplastic

interlaver and a rigid shest;
wherein by thermoplastic ionomer capolymer is meant a thermoplastic
copalymer of an sipha-olefin having 2 to 10 carbon atomsg and about 150
about 30 wits {based on the total weight of the ionomer copelymern) of an
alpha beta-sthylenically unsaturated carboxylic acid having 3 to 8 carbons,
wherein about 5% o about 80% of the carboxylic acids are neutralized
with a metal ion,

2. The process of claim 1 wherein the thermoplastic matrix
palymer 1s a thermoplastic ionomer copalymer of an alpha-olefin having 2
to 10 carbon atoms and about 15 to about 30 wi% (based on the total
waight of the onomer copolymen of an alpha beta-ethylenically
unsaturated carboxylic acid having 3 to 8 carbons, wharein about §% fo
about 30% of the carboxylic acids are neulralized with a metal jon and
wherain each of the melt mixing steps is conducted at a temperature from
about 110°C to about 250°C.

3. The process of claim 1 wherein the thermopliastic matnix
polymer is poly{vinyl butyral) and wherein each of the mell mixing stepsis
conducted at a temperature from about 110°C {o sbout 250°C.

4. A process for prepating a transparent laminate comprising a
colored interfayer and a ngid sheet, comprising:

{a)  forming a color concenirate consisting sssentially of {1} about

G0 {0 about 98 wi% {hased on the tolal weight of the lonomer and

pigment in the color concentrate) of an thermoplashic ionemer

copolymer, () about 1 to about 10 wite {(based on the total weight
of the onomer and pigment in the color concentrate) of pigment,
and {1} O to about 5 wi% (based on the total weight of the color
concentrate) ophonal addifives by
{1y combining (a) one or more colored master bateh, gach
comprising about &0 {o about 8Q wi% {based upon the
waight of the ionomer and pigment in the master batch) a
thermoplastic tonomer copolymer and aboud 20 to abowt
50 wi% {based on the weight of the johomer and pigment
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in the master bateh) of pigment, and () one or maore
thermoplastic ionomer capolymer; and
{1} melt mixing the one or more colored master Batch and
the one or more thermoplastic ionomer copolymer at a
5 femperature above the melting point of the thermoplastic
wnomer copolymer;

(&Y  forming an interlayer composition consisting essentially of i)
about 97 to about 98.8 wi%: (based upon the weight of the ibhomer
and pigment in the interlayer compaosition) thermoplastic ionomer

1 copolymer, {1} about 0.01 to about 3 wi% (based upon the weight of
the ionomer and pigment in the interlayer composition) pigment,
and {11} 0 to about 5 wi% {based on the total weight of the infedayer
compasition) optional additives by:

{i} combining the color concentrate, thermoplastic ionomer

14 capolymer, and the optional additives; and

(i) meit mixing the color concentrate and the thermoplastic
jonomer copolymer at g temperature above the melting

point of the thermoplastic ionomer copolymer; and
{cy  forming 8 colored thermoplastic interlayer sheet consisting

0 essantially of (1) abowt 87 10 about 88.9 wi% (based upon the
weight of the ionomer and pigment in the interlayer) thermoplastic
ionomer copolymer, {1 about 0.01 1o about 3 wit% (bassed upon the
weight of the ionomer and pigment in the interlayer) pigment by
exiruding the interlayer compaosition info the interayer sheet, and

23 (81 Q to about & wi% (based on the fotal weight of the colored
thermoplastic interlayer shest of optional additives; and
{dy preparing a laminate comprising the colored thermoplastic
infedayer and a rigid sheet;

wherein by thermoplastic ionamer copolymer is meant a thermoplastic

‘w)
-
g

copolymer of an alpha-olefin having 2 to 10 carbon atoms and about 15 {0
about 30 wi% (based on the total weight of the tonomer copolymer) of an
alpha, beta-aethylenically unsaturated carboxylic acid having 3o 8
carbons, wherain about 5% to about 80% of the carboxylic acids are
neutralized with a8 metal ion.
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5, The process of any of claims 1-3 wherein (8) the interlayer
composition comprises about 0.1 {o about 2 wit% pigment, hased on the
waight of the intedaysr composition, (b} the colored thermoplastic
interiayer sheet comprises about 0.1 to aboul 2 wit pigment, based on

s the weight of the colored thermoplastic interlayer, and (¢} the color
concentrate comprises about 3 1o abouwt & wi% pigment, based on the
weight of the color conceniratie.

8. The process of any of claims 1-5 wherein the pigment
primary particle diameter size is belween ahout 1 and about 200

i nanometers (nmi.
7. The pracess of any of claims 1-6 wherein the laminates have

about 20% o 100% fransmission.

8. The process of any of claims 1-7 wherein laminate has about
S0% {0 100% clanty,
13 9. The process of claim 4 wherein {8} the interlayer composition

containg about .01 to about 0.5 wi% pigment, based on the weight of the
ionomer and pmgment in the interlayer composition, (b} the colorsd
intariayer contains about 0.01 to about 0.5 wi% pigment, based on the
weight of the ionomer and pigment in the colored interlayer.

0 10, The process of claim 1 wherain the colored interlayer s
adheved directly to the rigid sheet.

11, The procass of claim 1 wherein the preparation of a laminate
comprising the colored thermoplastic interlayer and a rigid sheet
gomprises forming a pre-laminate assembly of the colored thermoplastic

35 iterlaver between the rigid sheet and a second rigid sheet, and laminating
the pre-laminate assembly using heat.

12. The process of claim 1 wherain the preparation of a laminale
comprising the colored thermoplastic interlayer and a rigud sheet
compriseas forming a pre-laminate gssembly of the colored thermaoplastic

‘w)
-
g

interlayer and at least one other interlayer sheet between the rigid sheat
and a second rigid sheet, and laminating the pre-laminaie assembly using
heat.

13, The process of claim 1 wherein the laminate is formed by
forming a pre-laminate assembly comprising in order the rigid sheet, the
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colored thermoplastic interlayer, 8 polyestar film, a second interlayer
sheet and a second rigid sheet, and laminating the pre-laminate assembly
using hsat.

14. The process of claim 1 wheregin the laminate is formed by
forming a pre-laminate assembly comprising in order the rigid sheet, the
colored thermoplastic infertayer, a polyester film, and laminating the pre-
laminate assembly using heat.

16, The process of claim 1 wherein the colored thermoplastic
interiayer 18 in the form of a monoclayer sheet with a thickness of about 10
to about 250 mils {about 0.25 fo about 8.35 mm).

16.  The process of claim 1 wherein the colored master batch is
selected from the group consisting of cvan, magenta and yeliow primary
color master hateh,

17.  The process of any of the preceding daims wherein the rigid
sheetl is a glass sheeat,

18, The process of any of the preceding claims wherein the
thermoplastic wonomer copolymer is prepared from {a) ethylene and (b)
acrylic acid, methacrylic acid or mixtures thereof,

18, A colored master batch comprising:

{ay aboul 50 to about 80 wit (based on the total weight of the
cotored master bateh) of (i} an ionomer copolymer of an alpha-olefin and
about 15 to about 30 wi% (based on the total weight of the jonomer
copolymer) of an alpha bela-ethylenically unsaturated carboxylic aaid,
wherein about 5% {o ghout 90% of the carboxylic acids are neulralized
with & metal ion; and

{by  aboul 20 1o about 50 wi% (based on the fotal weight of the
colored master bateh) pigment.

20, Auansparent, colored thermoplastic interlayer sheet
comprising about 87 to about 89.2 wit% (based upon the weight of the
thermoplastic ionomer copolymer and pigment in the inferlayer
composition) thermoplastic ionomer copolymer and about 0.01 to aboud 3
wi% {based upon the weight of the thermoplastic jonomer copohymer and
pigment in the interdayer) pigment, wherein the thermoplastic ionomer
copolymer is thermoplastic copolymer of an alpha-olefin having 2 to 10
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carbon atoms and about 15 to about 30 wi% (basad on the total weight of
the jonomer copolymer} of an aipha, beta-ethvienically unsaturated
carbosylic acid having 3 10 8 carbons, wherein about 5% to about 80% of
the carboxylic acids are neutralized with a metal ion, wherein the interlayer
sheet has about 80% 10 100% clarity.

21, Adtransparent laminate comprising a colored thermoplastic
interlayer sheet and a ngid shest, the colored thermoplastic interlayer
sheet comprising about 97 10 about 98.9 wi% (based upon the weight of
the thermoplastic ionomer copolymer and pigment in the interayer
composition) thermoplastic ionomer copolymer and about 0.01 to abod 3
wi% {based upon the weight of the thermoplastic ionomer capolymer and
pigment in the interlayen) pigment, wherain the thermoplastic iohomer
capolymaer is thermoplastic copolymer of an alpha-olefin having 2 to 10
carbon stoms and about 15 o about 30 wi% {hased on the total weight of
the ionomer copolymer) of an alpha beta-ethylenically unsaturated
carboxylic acid having 3 to 8 carbons, wherein about 5% {o about 80% of
the carboxylic acids are neutralized with a metal ion, wherein the laminate
has about 80% {o 100% clarity.

£
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