+'MPROVED | MRAER. -RESI STANT LAM NATE Field of the Invention This invention
rel ates to inproved inpact resistant |aminates. More particularly, it :
rel ates to such |lam nates having a plurality of layers or |am nae including
a layer-of polycarbonate of controlled nohecul ar -wei ght. The | am nates are
particularly characterized by resistance. to spalling, cracking or other
failure of the polycarbonate surface when the | ami nates are subject to

i mpact. Background of the Invention Safety glazing or penetration resistant
gl azing for structural itenms such as w ndows, w ndshields and the |ike
utilizing polycarbonates, copol yesterpolvcarbonates, or

pol ysi | oxane- pol ycarbonates and sim | ar pol ycarbonate copol yners with
resinous interlavers as their structural conponents are well known.
Transparent shock and penetration reéesistant |am nates constructed of gl ass
and various plastics are well-known. Early versions. of such |am nates,
such as- disclosed in U S. Patent 2,991,209, contained |amnae of a
hard resinous material such as polynethylnethacrylate al ong with gl ass
| ami nae and were able t (ﬁhggglgﬁq PANIBNIACPE t han gl ass

al one. Inprovenents in t tec ogy ave resu d I'n |l am nates having a
greater nunber of |ayers or plles a reduced glass 'content and an

i ncreased content of shock resi stepiudeﬁmb [MIOHGJ | am nat es,

exenplary of this t hnolo utilTze grass or.,a relativel h rd.s
resrﬁousyrraterl al shé“ %‘é tsilates, o impraysd AR W#I}t %H”H ng a
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laver being pr %?elg}xﬁﬂaé an:lﬁgu‘?f r S‘P&é?%t”%a%%@&’ia‘i&' of controlled molecular

weight. The laminates are particularly characterized by resistance. to

- spalling, cracking or other failure of the polycarbonaite surface when the
laminates are subject to impact.
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. Safety glazing or penetration resistant glazing for structural items
such as windows, windshields and the like utilizing polycarbonates,
copolyesterpolycarbonates, or polysiloxane-polycarbonates and similar
polycarbonate copolymers with resinous interlavers as their structural
components are well known. Transparent shock and penetration resistant
laminates constructed of glass and various plastics are well-known. Early
versions. of such laminates, such as disclosed in U. S. Patent 2,991,209,
contained laminae of a hard resinous material such - as
polymethylmethacrylate along with glass laminae and were able to better
resist shock and penetration than glass alone. Improvements in this
technology have i'esulted in laminates having a greater number of layers
~or plies, a reduced glass content and an increased content of shock -
resistant resin. Conventional laminates, exemplary of this technology,
utilize glass or a relatively hard solid resinous material as the impact or
shock receiving layer while utilizing a polycarbonate layer as the back,



Pol ycarbonat e resins have become a common shock resistant resin in securlty
glazing lam nates. U S. Patent 3,624,238 discloses the use of a

pol ytarbonate |anmna as the nmiddle |ayer of a symetrical and predom nantly
penetration resistant structure. U S. patent 3,666,614 discloses |am nated
assenblies for use as structural w ndshields in notor vehicles.

G ass-pol ycarbonate resin | amnates are disclosed in U S. Pat. No.
3,666,614, the gl ass and polycarbonate bei ng seal ed or joined together by
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to the external face of the polycarbonate lamina. U. S. patent 4,328,277
discloses a security glazing laminate having an adhesive material such as
polydiorganosiloxane-polycarbonate block copolymer, and a back mar
resistant polycarbonate of controlled thickness opposite the direction of
impact or shock. U. S. patent 4,647,493 discloses a security glazing
laminate preferably having at least one lamina of acrylic polymer, a
lamina of glass or solid resinous material such as polycarbonate and at
least one polydiorganosiloxane-polycarbonate block copolymer adhesive
interlayer. U.S. patent 4,647,493 further discloses security glazing
laminates possessing a plurality of internal and forward shock and
penefration resistant thermoplastic laminae; a back polycarbonate lamina
opposite the direction of impact varying in thickness with a plurality of
compatible adhesive interlayers and an internal lamina of glass. U.S.
patent 4,861,666 discloses asymmetric security glazing laminates bonded
by a plurality of adhesive interlayers alternating between glass and
polycarbonate from a front impéct receiving lamina of glass to a back spall
resistant and controlled thickness lamina of polycarbonate. In addition,



pol ycarbonate froma front inpact receiving |amna of glass to a back spall -
resi stant and controlled thickness | am na of polycarbonate. In addition,

3 there are known | am nates wherein self-healing, chenically resistant

pol yuret hane filns or lavers are adhered to glass, as for exanple, in U S
Pat. No. 3,979,548. Moreover, there ade al so known, as dissclosed in U S
Pat. No. 4,027,072, |ami nates conpri.sing polycarbonates and glass with

pol ysi | oxane- pol ycar bonat e bl ock copol ymers, - described .nore
particularly -hereinafter as the adhesive, the glass and pol ycarbonate
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i nner surface auilizgglass or relatively hard solid resinous materials as the impact shock

receiving layers while utilizing polvcarbonate as the back or inner or
downstream layer or that presented to the person or objects being
protected. '

In those cases where polycarbonate is used as a layer of a laminate
it is often, because of the relative softness of the polycarbonate, protected,
especially on its .exposed surface, with a mar- or scratch-resistant and
transparency preserving layer usually less than 2 mils thick and preferable
from about 0.05 to 1 mil thick. The minimum ‘thickness is restricted only
by application technology and the desired durability of the mar-resist
coating. Maximum acceptable coating thickness is a function of the
relative brittleness of the mar-resistant finish. The inner surface can also
be so coated to prevent marring during lay-up and the like. In general,
such mar-resistant layers, which are well known, can be metal oxides;
modified melamines; ultra-violet hardenable organics such as acrylated
monomers or mixtures of these monomers with acrylate-modified
polymeric resins; inorganic glasses such as silica or alumina;
polyurethanes; filled and unfilled silicone resins and silicone resins with
recurring organic groups such as polymethyl methacrylate; polyamide
ester resins; and ion-beam deposited carbon, and all of which, among
others are harder and relatively more brittle than the underlying layer of
polycarbonate which they protect. The hard coating that has probably



be so coated to prevent marring during lay-up and the like. In general,
such mar-resistant |ayers, which are well known, can be netal oxides;
modi-fi ed mel am nes; ultra-violet hardenabl e organics such as acrylated -
nmononmers or mxtures of these nononers with acryl ate-nodified polyneric
resins; inorganic glasses such . as silica or alumna; polyurethanes;
filled and unfilled silicone resins and silicone resins with recurring
organi ¢ groups such as pol ynet hyl nethacryl ate; polyanlde ester resins; and
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“critical" notches causing the polycarbonate to fail in a brittle manner with
little of the energy absorption typical of this normally impact-resistant
material. ,

Such disadvantages were overcome by providing impact shock
resistant laminates using polycarbonate overlying relatively more brittle
material of specific thicknesses, thus achieving'. laminates which. exhibit
reduced notch sensitivity and thereby making them more useful from a
practical point of view. ‘

It is to be noted, however, that although the known laminates are
useful in many areas such as, for example, those mentioned, they still

- present certain disadvantages even though they are characterized by
superior penetration and spall resistance as well as being relatively light
in weight and having good clarity, strength and integrity over a wide
range of temperatures. For example, these known laminates are relatively
thick and very often, after prolonged use, asy_mmetriéal‘
glass/ polycarbbnate laminates, in particular, show evidence of swelling,
stress cracking, and even delamination. Furthermore, in such laminates
which utilized polycarbonates, interlayers of adhesive are generally
necessary for bonding the polycarbonates to glass or other structural
materials. However, the interlayers or adhesives employed often have



Such di'sadvant ages were overcone by providing i npact shock resistant
| am nat es usi ng pol ycarbonate overlying relatively nore brittle material of

specific thicknesses, thus achieving | am nates which exhibit

reduced notch

sensitivity and thereby making then]n%re useful froma practical point of
view. It is to be noted, however, that” although the known | am nates are
useful in manv areas such as, for exanple, those nentioned, they st
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i nvention provipgtecasbariatensfe contrelled makdacnlare weightimvehereist theemplecalari on
h weight of the polycarbonate is controlled to provide a better forced entry
performance. By controlling the molecular weight of the polycarbonate, it
has been unexpectedly found that the impact resistance can be improved
at a constant sheet thickness, or conversely for constant perfoi‘mance, the
- sheet thickness may be decreased. Thus the pfesent invention provides
for an impact and shock resistant laminate comprising a plurality of
laminae including a polycarbonate {ayer, wherein said polycarbonate has
a molecular weight above about 31,500 which may further comprise a mar
resistant coating on an exterior surface and which may further comprise a
glass layer. The polycarbonates suitable for use in the laminates of the
invention may additionally posses a melt flow ranging from about 0.6 to
about 4.5 g/10 min. Thus the present invention provides an impact and
shock resistant laminate co‘mprising'a plurality of laminae including a
polycarbonate layer, wherein said pbl_vcarbonate has a molecular weight
above about §o..,'50whereby the forced entry performance of the laminate -~ ~
as measured by ASTM test F-1233 is improved and the present invention
" also further provides an impact and shock resistant laminate comprising a
plurality of -laminae including a polycarbonate layer, wherein said
polycarbonate has a molecular weight above about 31,500 whereby the
forced entry performance of the laminate as measured by H. P. White test

TP/0500.01 is improved.
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The present inventi,on provides for an inpact shock-resistant |am nate
conprising a plurality of lamnae including a | ayer of polycarbonate of
conttol |l ed nol ecul ar wei ght wherein the nol ecul ar wei ght of the

pol ycarbonate is controlled to provide a better forced entry performnce.
By controlling the nol ecul ar wei ght 0f the polycarbonate, it has been
unexpectedly found that the inpact resistance can be inproved at a constant
sheet thickness,. or conversely for constant perfornmance, the sheet

t hi ckness may be decreased. Thus the present invention provides for an
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above about g@ ereby the forced entry performancé of the amnate as
nmeasur ed by st F-1233 i-s inproved and the present invention also
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with the present | nvent1 on t rovi
3,313, 777 3,666,613; and 3,189,662 this last mentioned patent also
disclosing polycarbonate block copolymers with polysiloxane, the use
" thereof in laminates being disclosed in U. S. Pat. No. 4,027,072, the
teachings of all of which patents are incorporated herein by reference.:
The laminates of the present invention require that the weight average
molecular weight of the polycarbonate polymer is in excess of about
31,500, more preferably in excess of about 32,000, and most preferably in
excess of about 32,500. The molecular weight of the polycarbonate
comprising layer may be significantly higher than 35,000, however as the
molecular weight increases difficulties in thermoplastic processing also
increase. Therefore, the ability to process these higher molecular weight
resins into sheets, films or molded articles useful in the practice of this
invention will have a tendency to be limited by chemical and physical
issues associated with the processing equipment such as thermal
degradation upon melﬁng and the ability to process higher viscosity
resins associated with the higher molecular weight of the resin. Advances
in processing technology as well as stabilizer technology would be
expected to simplify the use of higher molecular weight resins. Present
technology appears to be preferably limited to a maximum molecular

weight of 55,000 and greater ease of processing lowers this maximum to
about 47,000.



shock-resistant |am nates conprising a plurality of |am nae including a

| aver of pol ycarbonate of controlled nol ecul ar weight. Lavers of the
specific material being used for each layer can be laid up to formthe

| am nates. Such | am nates can be used in sheet formand laid up in |ayers
of the specific materials being utilizgd for each layer to form the-

| am nates. Insofar as pol ycarbonate resins are concerned, it is to be ‘noted
that a wide varietv of the sane mav be utilized in the lam nates of this

i nvention, such polycarbonates including but not being limted to those
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Generally, layers of the laminae must be bonded to one another in
some suitable fashion. These adhesive layers are interlayers and may be
any suitable adhesive interlaver known to the art. These adhesive
interlayers include among others, the polyvinylbutyrals, ethylene
terpolymers, epoxies, polyvurethanes, silicones, acrylics- and ethylene -
acrylic acids, among others. Preferably the adhesive interlayer has a
thickness of from 5 mils to about 60 mils, however this may vary
dependihg on the choice of materials to be bonded and expected severity
of use. The interlayer in contact with any polvcarbonate layer or ply must
not onlv provide good adhesion but also in the absence of protection for
the polycarbonate must be chemically compatible with the sensitive
unprotected polycarbonate resin, particularly as to its plasticizer content.
The preferred interlaver for contact with the polvcarbonate laminae is a
polysiloxane-polvcarbonate block copolymer, which typically does not

- contain any plasticizer. ' | '

Nlustrative of the above block copolymer is General Electric LR-
3320. This material has a specific gravity of 1.12, a tensile strength of 2500
to 3900 psi, an elongation of 230 to 430, a tear strength (Die C) of 230430



about 47, 000. 7 -The nol ecul ar wei ghts defi ned above are wei ght average
mol ecul ar wei ghts determ ned by gel perneation. chromatography (GPC)

cal i brat ed agai nst pol ycarbonat e standards of known nol ecul ar wei ght where
t he pol carbonate nol ecul ar wei ght has been determ ned by other confirm ng
met hods of nol ecul ar wei ght neasurene8t. This is in contrast to the usual
GPC wei ght average nol ecul ar wei ght determ nati ons based on pol ystyrene
standards where in the case of polycarbonate pol yners the neasurenents nay
be in error by a factor varying as nmuch as two to three tines the true
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i nterlayer has th hic ness Q 5m|sto 6 hwever this
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provide not only excellent adhesive properties but in effect enter into and

enhance the laminate structure, providing improved strength and
ductility over an extremély wide range of temperatures. These physical
characteristics, accompanied over such wide range of temperatures by
salutary weather resistance and optical clarity, make them particularly

- useful in so-called safety glazing applications where resistance to
penetration and spalling is desirable, It is to be understood, of course,
that while optical clarity and lack of color are desirable in many cases, one
or of the layers of the laminates can be tinted or colored as desired to
provided light screening and thelike. Itis also to be understood that light
and heat stabilizers can be emploved where indicated.

A wide variety of other materials can be used as the front or 1mpact
shock receiving layers in fabrication of the laminates of this invention, or -
as alternative interior laminae Such other materials include solid resinous
materials, glass, and solid structural materials. Among the preferred
resinous materials are the acrylate polymers derived from the various
known monomers derived from acrylic acid esters and methacrylic acid
esters and the like, including but not limited to the meth_vl;' ethyl,
isopropyl, butyl, tertiary butyl, and 2-ethylhexyl esters. A particularly
preferred acrylate polymer is polymethylmethacrylate. The solid
structural materials include wood, ceramics, metals, cermets and the like.
Moreover, any of the usual .types of glass used in so-called safety



t he pol'ycarbonate nust be chemcally conpatible with the sensjitive
unprotected polycarbonate resin, particularly as to its plasticizer
content. The preferred interlayer for contact with the polycarbonate

| am nae is a pol ysil oxane-pol ycar bonat?e bl ock copol ymer, which typically
does not contain any plasticizer. Illdstrative of the above bl ock copolyner
i s General Electric LR 3320. This material has a specific gravity of 1.12;
a tensile strength of 2500 to 3900 psi, an el ongatlon of 230 to 430, a tear:
strength (Die 2) @f (230- 43 I%Ln. a ﬁ Qetﬁ éﬁ tune. _.bel ow -
76[err] F. and APRBRTIONE8 SWPLI% I, CRPInE B"rﬁ"l R fepe 2% 3%d) of-
160[ err] F. Anofabricatinghthiel ankinatgsoofy ther preseat iifventiony meha:hag theemallvc LR-
5630, has a sp LWesdd & 0 2500
psi, and el onggﬁe%%&egé@étﬁ%géfeaagtzsesé?sstreﬁc’gt Bﬂ %% g’% %%@qr"% /in.

and a brittleness t&hp splid upeinpes Byatewals highanay he usediin Feafamnates of
tenperature ( G&IB%GemfonL%Q[@rerAEs plXstics bhb&i aﬁem&hﬁmxﬁa&t acMNAonslrilé9, 662

states that th 0 s are,usef ul nq mate ials for
parts and | ani ﬁggé@e%ﬁﬁ“‘?ﬁ ’r‘lg Cégﬁﬁmﬂﬁ%ﬂ‘ﬁfsaca‘?l Wa"sob P4 f ound
t hat when suchbyapelyinaérization wfeltidxane hared dtbvlnnamklda;l @Cqﬂlcsntrmludangnat es

variously with | y SR ER eshmb%nd
gl ass, they prg\iﬁ g%ﬁeggnl ?/’L)g‘;(aggfl?ent Eglgih ?a\[/‘;empmp@:?%gﬂ%mg g_og{ ect
Rengt h
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Carutary weat nane SEREE: Pheibscivatbplotel P Rler TRkt el
useful in so-cahthds palvphenyleaei oxjdepad ddendsnof \méy[ehemslem axide and
: stvrene resins; polvarvl ethers, polvesters, polvethyvlenes; polyphenylene
sulfides; polypropylene; polvsulfones; polvurethanes; silicones; ethylehe,
polymers, such as ethyl vinyl acetates; conductive plastics; and ordered
aromatic copolymers and the like. These solid resinous materials can be
formed into sheets and emploved as other additional materials in
fabricating the laminates of this invention and include in addition to the
previously mentioned polycarbonates, the materials described in U.S. Pat.
No. 3,622,440 which is incorporated herein by reference. -

Where a layer of polycarbonate of controlled molecular weight
without further description or designation is mentioned herein, it is the
polycarbonate of bisphenol-A or 22-bis(4-hydroxphenol)propane.
Polycarbonate is manufactured primarily by one of two methods. The
first being the so-called interfacial polvmerization of a ph'osgene
derivative and a dihydric phenol, a multi-hydric-phenol is employed if
branching of the polymer is desired. The second is the so-called melt
polymerization which ‘is essentially a trans-esterification of a .carbonate
ester and a dihydric phenol. In both processes mono hydric phenols are
utilized as chain stopping agents that regulate the average molecular
weight of the resultant polyester polymer. Thus the mole fraction of
mono-hydric chain stopping agents present in the polymerization reactor
relative to the molar quantity of the repeating units of the polymer being
built up will control the average molecular weight of the resultant




penetration and spalling is desirable, It is to be understood, of course,
that while optical clarity and | ack of color are desirable in many cases,
one or of the layers of ‘the | aninates can be ti nted or colored as desi red
to provided light screening and the like. It is also to be understood that
light and heat stabilizers can be enpPoyed where indicated. A wide variety
of other materials can be used as the front or inpact shock receiving

| ayers in fabrication of the lam nates of this invention, or as alternativeée
interior |am nae Such other materials include solid resinous materi al s,
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thick laminates of a similar tvpe that are currently known. In this

‘connection, it is to be noted that in its simplest form, this invention
comprises a single piece of polycarbonate of controlled molecular weight
which may be laminated or coated. In this case, it would be desirable to
employ a mar-resistant coating.

In those cases where polycarbonate is used as a layer of a laminate
it is often, because of the relative softness of the polycarbonate, protected,
especially on its exposed surface, with a mar- or scratch-resistant and
transparency preserving layer usually less than 2 mils thick and preferable
from about 0.05 to 1 mil thick. The minimum thickness. is restricted only
by application technology and the desired durability of the mar-resist
coating. Maximum acceptable coating thickness is a function of the
relative brittleness of the mar-resistant finish. The inner surface can also
be so coated to prevent marring during lay-up and the like. In general,
such mar-resistant layers, which are well known, can be metal oxides;
modified melamines; ultra-violet hardenable organics such as acrylated
monomers or mixtures of these monomers with acrylate-modified
polymeric resins; inorganic glasses such as silica or alumina;
polyvurethanes; filled and unfilled silicone resins and silicone resins with

. recurring organic groups such as polymethyl methacrylate; polyamide
ester resins; and ion-beam deposited carbon, and all of which, among



acid derivative; phenolics; polycarbonates; phenyl ene oxi de based resins,
such as pol yphenyl ene oxi de and bl ends of pol yphenyl ene oxi de and styrene
resins; polvaryl ethers, polyesters, polyethylenes; polyphenyl ene sulfides;
pol ypr opyl ene; pol ysul f ones; polvuret??nes; silicones; ethylene. polyners,
such as ethyl vinvl acetates; conductive plastics; and ordered aronatic
copol ymers and the |like. These solid resinous materials can be formed into
sheets and enpl oyed as other additional materials in fabricating the

| am nates of thi,s invepntion and include in addition o the prevjousl
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pol ymer in the presence of ) . .
‘adhesion between the mar-resistant hardcoat and the underlying
substrate.

The primer is a component, known in the art, that allows the
hardcoat to be bonded to the sﬁbs&ate allowing for differences in the
coefficient of thermal expansion. In those cases where there is not a good
match in the coefficient of thermal expansion between the hardcoat and
the substrate, the optional primer becomes desirable because it promotes
éc_lhesion between the two lavers. Such primers are the subject of
teachings and disclosures in the following U. S. patents: 4,313,979;
4,395,463; 4,477,499 and 4,559,271.  More recently U. S. patent 5,041,313 is
directed to a method for making silicone hardcoat composites and primer
compositions therefor whereby the primer and hardcoat are applied to an
aromatic thermoplastic substrate. Polycarbonate is such an aromatic
thermoplastic. _

If there is a sufficiently good match in the coefficient of thermal
expansion between the hardcoat and the substrate, the primer becomes

‘less desirable or unnecessary. The criterion to be employed in
determining the desirability of employing the optional primer is whether
a sufficient adhesion would exist between the substrate and the hardcoat
such that the optional primér was not necessary to insure good adhesion.
These same considerations apply to the hardcoat and any optional primer.



addi ti onal chain stopping nol ecul es. Were desirabl e, adhesion pronoting
primers can be used to pronote adhesion, such materials being well known
and incl udi ng anong ot hers, vinyl alkoxy si | anes, am no-al koxy sil anes,

al koxv sil anes, silyl perOX|des and ami_no- aIkyIaIkoxy sil anes. Such
materials are descrlbed in the preV|oﬁ§Iy mentioned U S. Pat. No. 3,666,614
and el sewhere. Wiile there are no limtations on the thickness or size of
the | ami nates or on the nunber of |ayers that may be enployed in the
preparation of the same, it is-a feature of this invention that the

| ami nat es conpWhen glass isthe substrateeor Drompenent ofsthedamiinate 2 matchgndhedi ng
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coating. Maxi ative

ccept coatLn on
brittl eness of Y-RePatents Bg-l?ét% 345%%«5347 3 ﬁﬁf%nﬁéa 38%@@ %ﬁﬁ"%ﬁ Basede so
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unfilled silicone resins an 'COQE resmj
) organic pressure sensitive adhesive and a sdlcone based pressure sensitive

adhesive. More recently, U.S. patent 5,190,827 discloses a solventless
organopolysiloxane composition that cures to a pressure sensitive
adhesive composition.

In this connection, it is to be noted that the laminates of this
invention can be made thin enough, while still exhibiting advantageous
properties, such as impact resistance, to fit easily into standard size glass
frames, such as, for example, the 1 3/16" glass frames used in architectural
applications. Furthermore, while the preferred material in the laminates
of the invention is polycarbonate other materials additionally - provide
thickness to a given laminate, for exainple the thickness of laminae of
other materials such as glass or acrylate plastics, the thicknesses of the

"adhesive, such as block copolymer interlayer are also contributors. While
such materials should be empioyed in an amount to provi&e at least
enough thereof to carry out their functions, the actual thickness of the
component sheets or films thereof may vary widely.

~ The polycarbonate or polysiloxane, glass or other solid structural
material and solid resinous materials may be used in any combinations. so
long as at least a polycarbonate of controlled molecular weight lamina, is



recurring organic groups such as pol ynethyl nethacryl ate; pol yani de ester
resins; and i.on-beam depasited carbon, and all of which, anong ot hers
are harder and relatively nore brittle than the underlying |ayer of

pol ycar bonat e which they protect. The_hardcoat may be anv of several of

t hose known in the art. U S patent“i, 478,876 di scl oses a process for
coating a solid substrate such as pol ycarbonates, polyesters,

pol ymet hyl met hacryl ate, polyacrylates, and pol yan des With an abrasion
resistant silicone hardcoat. U S. patent 3,707,397 discloses an

or ganopol ysi | presest leadd pueferably ppojysitaxenatpolytarbenatgaise preseni s, a0

di scl oses pol Yr?céﬂﬁﬁemhéﬁhaﬁﬁuﬂﬁ(ﬂg%ﬁfcﬁhb&\di@lafiﬁirﬁfhrbé nslevéd. U S. patent
2,332,461 di scl oseib \d‘ sin hardcoats. The_hard cogtl ng t hat has
probably been the HHYs %ie amigAR JPaY SNty far; exgmple rB‘Uﬁnge 81 azi ng
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More recently rhentionddRi@niponedidsl. 3\&3 be réseat eth tihed nﬁfﬁlﬁﬂ?ﬁ' flayeredsi Ng.
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' present in cases where outboard laver of the laminate will be subjected to
ultra-violet light such as sunlight. Among the preferred laminates of this
invention are those having one or more layers of polycarbonate of
controlled molecular weight with preferably polysiloxane-polycarbonate
' disposed between layers of the polycarbonate.

' Laminates having a polysiloxane-polycarbonate interlayer disposed
between a layer of polycarbonate of controlled molecular weight may be
in turn provided with outboard and inboard coatings, including laminates

- having the same disposition of lavers except that the outboard. coat can
also be provided with stabilizers for ultra-violet protection and those
laminates having an interlayer of polvsiloxane-polycarbonate disposed
between layers and an inboard polycarbonate ply coated with a hard coat
may have an outboard layer of glass.

On the other hand, it is a feature of this invention that the laminates
thereof are most preferably made with a minimum number of layers each
of which generally can be relatively thin, thus providing laminates having
an overall greatly reduced thickness and which at the same time still -
provide excellent resistance to penetration failure and spalling when
subjected to impact against the outboard lamina. '

It is to be understood also and as previously mentioned that if
desirable the impact receiving surface of a laminate of this invention can



aromatic thernoplastic substrate. Polycarbonate is such an aromatic
thernoplastic. If there is a sufficiently good.match in the coefficient of
t hermal expansi on between the hardcoat and the substrate, the priner
beconmes | ess desirable or unnecessary, , The criterion to be enployed in
determining the desirability of enploying the optional primer is whether a
suffici ent adhesi on woul d exi st between the substrate and the hardcoat such
that the optional prinmer was not necessary to insure good adhesion. These

sanme consi derafions |y to the hardcoat and, any optional I mer.
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the su te or core lamnate may utilize a
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anv of several of thopeeparing thenlantinatestofAhis/invenkienetheplaasinae erdayasti ve
adhesi ves are 9[5).612 574,
3, 535, 293; andgiées%‘gq%cljﬁéagﬂ?&gghgqﬁdad@eg §v uggfﬁgkzsg% gndde a %28?5‘22 are
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U S. patent 4037&&'@8 dubsdlneRs ralleifél tvaRuia ®agh | gt theridd allsof isueRe t hat
cures to a pre ure nS|t|ve adﬂg U.S. patent 4,791,163 discloses an
aqueous enul si e sensitive adhesive and a silicone
based pressure sensfl’heﬂemnﬁtesnﬁéhe oesent éneantion inag. beeithent syima@eriad 7

di scloses a so Yeimvlnﬁﬁémcal with respect to the various structural and adhesive
' component laminae. Further the improvement afforded by the present
invention is that by increasing the molecular weight of the polycarbonate
the thickness of the polvcarbonate layer may be reduced and still achieve
the same performance in shock and penetration resistance tests. If the
molecular weight of the polycarbonate resin is increased and the thickness
of the polycarbonate lamina is kept constant with respect to prior art
laminae, the performance of the security glazing laminate manufactured
using the higher molecular weight polycarbonate resin is improved in
forced entry testing relative to an identical laminate having a

polvcarbonate resin of lower molecular weight. '
All of the US. Patents cited herein are hereby expressly
incorpotated by reference; specific attention is drawn to symmetric and
asymmetric laminates, laminates posseSsing adhesive interlayers, mar
" resistant coatings, various stabilizers and the methods of manufacturing
or assembling laminates wﬁich are taught and enabled in the incorporated

references.

1

Experimental
In order to illustrate the present invention more fully, the following -

examples thereof are set forth. It is to be understood that these examples |
are illustrative only and are not to be construed as limiting the invention



or ganopol ysi | oxane conposition that cures to a pressure sensitive adhesive
conposition. In this connection, it is to be noted that the |am nates of
this invention can be made thin enough, while still exhibiting advant ageous
properties, such as inpact resistance, to fit easily into standard size
glass franes, such as, for exanple, the 1 3/16" glass frames used in
architectural applications. Furthernore, while the preferred material in
the I'am nates of the invention is polycarbonate other, naterials
additionally provide thickness to a given |am nate, for exanple the

thi ckness of '%‘tﬁéﬁaﬁ%c hp%b%ﬁﬁrﬁ&hﬁ's%t? ‘Eﬁuﬁéeﬂl.aﬁu&reﬁ?ﬁylbfﬂaﬁ ed%ﬂr@ss“ cs,
t he thicknesses of the adhesive, such as bl ock copolyner I nterlayer are

al so cont ri but cnsl pessents ase bK weight naless ethsrwvisejrdigatidsved in an anount to
provi de at |east enough thereof to carry out their functions, the actual

t hi ckness of the conmponent sheets or films thereof may vary widely. The

pol ycar bonate or polysil oxane, glass or other-solid structural material and
solid resinous materials nay be ‘'used in any conbinations. so |ong as at

| east a pol ycarbonate of controlled nol ecular weight lamna, is 13
present and preferably a pol ysil oxane-pol ycarbonate is present as an

i nterlaver when additional polycarbonate |am na are enployed. Thus, the

| am nate nmay contain, for exanple, as coating, a hardcoat, |aver of

pol ycarbonate, an interlaver of polysiloxane- polycarbonate and a | aver of
other material which may be a single ply | ayer of another, suitable film
solid resinous material or solid structural material with optionally -an
ultra-violet, mar resistant hard coating or film On the other hand, it is
to be understood that the layer of other material may also be a nulti-ply*
| ayer of suitable glazing | am nae, solid resinous -



material, solid structural material with an optional ultra-violet, nar-
resistant, hard coating or filmand in which case any two or nore of the
menti oned conponents may be present in the multi-ply layer as individual
plies. The mar-resistant hard film Qf coating is preferably present in
cases where outboard | aver. of the Iar% nate will be subjected to -

ultra-violet light such as sunlight. Anmong the preferred amnates of this
invention are those having one or nore |ayers of polycarbonate of

control | ed rmol ecul ar_wei ght wit r ef abI i l.oxane car bonat e

di sposed bet vieahle [1a Fampassqm of B’cﬂIfi E‘es'Em ‘E'Z@"'I}&ﬂ yprsus

pol ysi | oxane Hlﬁ&éﬁlﬂﬁ mmm:wdmmmammﬂmﬁhm&om | ayer of

pol ycar bonat ntr | ed m)l | ar ghe i n provided wt h
out board and '&ﬁg e[sm% 1y3%, udlérlli‘faelQ g% &5 hap\;/blr%éguthe same

di sposition ditrietnee s eMclEtpt N he Msltb Boat Endmy dies be provi ded

y\,i th stabilizers for ulgip@r Vi ol et protEgetd on and t hosgsTTMN nat gg.phavi ng an

interlaver of polysiloxane-pol ycarbonatg,di,sposed between | ayers,.and an
i nboard pol ycarbonate rg}&\&‘g‘&ed W th %ﬁﬂ&?‘& coat may have an o rd
| ayer of gl ascontfals:t he ot her hand, it is a feature of this invention that

the | am nates of §4 0543 Qferably made W th agpigi mum nunber of
| ayers each o?’f |§h generally ?:éan be relatively thin, m us providing

| am nates having an overall .greatly reduced thickness and whi ch at the sane

time still prgmichpoexcesggnt resistance to penetratiom/igilure and spalling
when subjected to inpact against the outboard lamna. It is to be

understood al so and as previously mentioned that if desirable the inpact
recei ving sur MRES08f a 5.841 n28.8/9i2 t hi 2401MvaR/BA* canlll/2014 be LAl ed with
a relatively hard mar-resistant coating or gggpf@«coatl ng of

MPC500 594 28.3/9.2  7.49* 293/89*  II/19 1/14
| 29.5/7.9*
invention: :
MPC500 322 33.1/14.6 3.92* 33.2/19.5* II/19
3.97* 32.5/13.3*

MPC500 = 3.22 33.1/14.6  392* 33.2/19.5* 1IV/27
' o 3.97** 32.5/13.3**

MPC500 3.22 33.1/14.6 3.92* 33.2/19.5¢+ 1I/19 1I/20
' - 397 325/13.3*

- MPC500 322 32.1/14.6  3.92* 33.2/19.5* 1O/20 /17
' : 3.97** 32.5/13.3**

MPC500 322 32.1/14.6  4.07* 31.9/14.6* 1,15 /14
3.70* 32.0/14 .6%%

' MPC500 322 32.1/14.6  4.07* 31.9/14.6% I/18 - I/14
: 3.70** 32.0/14.6%*



pol yur et hane or other deferrable material. It is to be further understood
that .the lanmnates of this invention nmay be bonded to other materials such
as fiberglass reinforced plastic board, particle boards and the |ike which
may be used for walls; partitions or oﬁger solid barriers and the like. In
preparing the |am nates of this inventi'don, the |lam nae or |ayers are-aid
up. as desired and bonded by using pressure and/or heat or via the
cast-in-place technique. The bonding can be acconplished by the use of
presses, autoclaves, rallers, vacuum bags and the like all of such devices
bei ng known i n fYRenta Tablgd: | ani nates of the present invention nmay be
either symmetrical or asymmetrical wth respect to the various structura

and adhesi ve conpo am nae. Further, the inprovenent afforded.b he
present inventi gﬁ F@%# t I%yai?wvgp% "?ﬁj f‘ff'é"}%l ggﬁ"éﬁ mlﬁﬁ%’ g}“’f‘r% tthe _
pol ycar bonat e t lellowing readiguirations hardaatbprimer | Bi&r potycabeonatelusest,and
still achieve thahag¥e REAL/SRIES ?gl%gﬁfdﬁaﬁg‘éop@Qﬁéét??aﬁﬁ,@sﬂr@%@r?a%ﬁ

tests. If the nplecul ar I ght of t ycar bonate resin i1s I ncreased and
t he t hi ckness of”&@ﬁ’&?%ﬁ%ﬁ‘éﬁ% ?%Wﬁe?‘idsahq(éﬁ?“constant,vvith respect to
prior art |am nae, the performance of the security glazing | am nate
manuf act ur ed usi t i_gher | ecul ar i PSR t LN d
i mproved in forczgg:oen% %n?&sﬁs%tsr% 8?‘?92% gmasrsl é}%‘gntl gg%lesger# %éf’seedhg‘vi ng a
pol ycar bonat e r diidy Basshgewperfopinaoce in AR M test nambert F1R33 and H.AA: Wiite

cited herein arqedi§hifihbe®rP)@500I01, | NCOr porated by reference; specific
attention is drawn to symmetric and asymretric | am nates, |am nates

possessi ng adhesive interlayers, mar resistant coatings, various .
stabilizers and 3)hMMWgMNdss cthe nRivléadirmeighbrofasise rgpiveaybbaatensdsis ahi ch
are taught and i [Mglele] r - er) t ln
order to i1 ust AP SherdSel ey BYABEH IoRRERRS Beppe il aﬁigerage
molecular weight and number average molecular weight. Thus 31.7/13.0 .
under MW/MN indicates a weight average molecular weight of 31,700
and a number average molecular weight of 13,000. The weight avefage
molecular weight is determined by the GPC method summarized in the

detailed description of the invention.

4)  *indicates data for the 1/8" outer polycarbonate sheet.
*“* indicates data for the 1/4" core polycarbonate sheet.



exanpl es thereof are set forth. .It is to be understood that these exanples
are illustrative only and are not to be construed as Iimting the invention
15 to the particul ar enbodinents set forth therein. In the exanples all.
parts and percents are by weight unl e'?s ot herwi se i ndi cat ed. 16 Table 1:
Compari son of Pol'ycarbonate Resin Ml écul ar Wi ght versus Forced Entry
Perf ormance of Lam nates Made Therefrom Lam nate Resi n Anal ysi s Sheet
Anal ysi s Forced Structure Melt MW WN Melt MW WN Entry Tests Fl ow
Fl ow

AST . H | O.m n. . / \n..
Whi te control g“%éﬁig‘ﬁmpa@p@ff%%?@@“e Resin M°lgc‘3“nwe‘.ght VEFSM$ MPC500

5. 60 Forced Entry Performance ofl Ldthid486&5Mhade Thefrom8. 3/ 9. 2 7. 49*%*
29. 3/ 8. 9* 111/20 . /14 29.5/7.9* MPC500 5.94 28.3/9.2 7.49**
29. 3/ 8. 9* 111/ 19 | /14 29.5/7.9** invention: MPC500 3.22 33.1/ .

14.6 3.92* 3d.amirpte  Resin Anaysiz-» Hhept Aqnadysisppcdigeed 3. 22 33.1/14. 6
3.92* 33.2/19.Sfructu¥é 27 Met/ RIWAMN 13.Melt MW/M Entry Tests

Flow Flow - . ASTM H. P.
g/10 min. g/10 min. White
controls:
MPC375 5.94 28.3/9.2 11/15 /14
MPC375 5.94 28.3/9.2 ' 11/10 /12
FE250 . -~ 5.94 28.3/9.2 | I1/14 I/14
FE250 " 5.94 28.3/9.2 I/5 /13
invention:
MPC375 322 32.1/14.6 3.62 31.8/12.4 II/14 /14
MPC375 322 32.1/14.6 3.62 31.8712.4 1/15 I/14
FE250 322 32.1/14.6 392 33.2/19.5 /15 1/13
FE250 322 32.1/14.6 392 33.2/19.5 II/10 /11
FE250 322 32.1/14.6 4.07 31.9/14.6 II/15 1/14
FE250 322 32.1/14.6 407 31.9/14.6 Il/10 I/14

Notes to Table 2 (refer to notes for table 1):

1) MPC375 is a symme.trical security glazing laminate having the
following configuration: hardcoat, primer, 3/16" polycarbonate sheet,
adhesive interlayer, 3/16" polvcarbonate sheet, primer, and hardcoat.



MPC500° 3.22 33.1/14.6 3.92* 33.2/19.5* 111/19 11/ 20 3. '97**

32.5/13. 3** MPC500 3.22 32.1/14.6 3.92* 33.2/19.5* 111/20 11/17
3.97** 32.5/13.3* MPC500 3.22 32.1/14.6 4.07* 31.9/14.6* 11/15
1/14 3.70** 32.0/14.6** MPC500 3.22 32.1/14.6 4.07* 31.9/14.6* 111/18

1/14 3.70** 32.0/ 14. 6** 17 Notes td®STable 1: 1) MPC500 is a synmetri cal
security glazing |am nate having the foll ow ng configuration: hardcoat,
prinmer 1/8" .pol ycarbonate sheet, adhesive interlaver, 1/4" pol.ycarbonate
core sheet, adhesive interlaver, 1/8" polycarbonate sheet, priner, and
har dcoat . 2) Fay EEZBOaahrsymmeu-idaissecm}auv iAg l{thirmte ictnitien i M@QS?Stnﬁp

passed for Bod fo lwi)‘e P.
Wiite test nungé)r:) giéﬁggt}g&[?f %é’?ﬁﬁAggM ({hﬁ?tth@ ecu 550%??‘?@ aI#'teh
pol ycar bonat e 1481 thigkhinsteadsafidld6eMyiclessed as a fracti onal reI ationship
bet ween wei ght average nol ecul ar wei ght and nunber average nol ecul ar

wei ght. Thus. 3 13..0 under IWMN i ndi cat a wej gh ver age nol ecul ar
wei gnt o 31, 78b Earecbenaesull droed e (clteh achievg/ BSF S pemsed hos

wei ght aver age BodveRassage perfogihance ideASTM testinbynbien &-1233 ared kb . Wikiter i zed
in the detail eg,d gﬁé He?t‘I'I’S)/(‘JSQ{) oihe invention. 4) I ndi cates data for the

1/ 8" outer pol yc **jindi cates data for the 174" core
pol vcar bonat e 4he¥dW is the molecular weight of the polycarbonate resin in

thousands expressed as a fractional relationship between weight average
molecular weight and number average molecular weight. Thus 31.7/13.0
under MW/MN indicates a weight average molecular weight of 31,700
and a number average molecular weight of 13,000. The Weight average
molecular weight is determined by the GPC method summarized in the
detailed description of the invention.

Inspection of Tables 1 and 2 shows a trend to improved forced
entry performance for laminates of the invention utilizing a higher
molecular weight polycarbonate relative to identical laminates utilizing a
commereially- available polycarbonate having a lower molecular weight.
Detailed qnaljrsis of the results indicates a certain scatter of the data,
however the trend appears to be fairly well established that better forced
entry performance is achieved when a higher molecular weight
polycarbonate is substituted for a lower molecular weight polycarbonate,

all other factors being as consistent or as constant as experimentally
possible.



18 Tebl e 2: Conpari schRem n Mol ecul ar Wi giqlt,|sv§qj§q-s|_,,\s BEEN
Forced Entry Performa wm mnﬂ de Therefrom Lam ngte a=§g__mgg
Anal ysi s Sheet Anal m mam ucture Melt MWV e —t— AN

Entry Tests Fl ow Flbw s =+ ASTM H P. g/ 10 min.
g/ 10 i n. Wite controls: MPC375 __ 5.94—287379.2
11/15 1/ 14 MPC375 5.94 2§33/9.2 etHdsBkeh (Replaced
1/12 FE250 5.94 28.3/9 .2 |1 /14 !m%
5.94 28.3/9.2 1/5 1/ 13 invent &E‘m :
3.22 32-.1/14.6 3.62 31.8/12.4 11/14 .~ 1/14 MPC3

32.1/14.6 3.62 31.8/12.4 11/15 1/ 14 FE250 3.22

3.2.1/14..6 3.92 33.2/19.5 11/15 Claims 13 Fep50 - 3.22 32.1/14.6
3.92 33. 2/ 1Hdvingldes@ribed the inventibnFB2BROwvhich iScl2?medRisl/ 14.6 4. 07
31.9/14.6 11/15 : 1/ 14 FE250 3.22 32.1/14.6 4.07 31.9/14.6
[1/10 1/ 14 Notes to Table 2 (refer to notes for table 1):" 1)

MPC375 i's alsym‘retni imapasbeudi ﬂyoqiﬂ eesisignt dminaa e hawi prgsinigea éﬂhl’&l‘l\ﬂvnm '
configurati ?gﬂgé‘é ﬁtdm ivc {?atePBWFa&H%}g rﬁg§§? to’lvcaaL SBate

interlaver, ycar [ mer roobate-pasy s
a symmetri cal mmlﬁfyvﬁlg ilah)gVIEaBrhomt&ﬁé 50§ent ical to I\/PC375 in |aver

configuration wi th faeire AREbRNNGNRICIARE PRAIMARF ROARDASIAY 8 rRa Al &istant

coating on an exterior surface.

3. A laminate according to claim 1 further comprising a laver
selected from the group consisting of glass and acrvlate polvmers.
4. A laminate according to ‘claim 1 wherein said polycarbonate

additionally possesses a melt flow ranging from about 0.6 to about 4.5
g/10 min.

5. An impact and shock resistant laminate comprising a plurality. of
laminae including a polycarbonate laver, wherein said polvcarbonate has
a molecular weight above about 32,000.

6. A laminate according to claim 5 wherem said polycarbonate

additionally posses a melt flow ranging from about 0.9 to about 4.5 g/10
min.

7. An impact and shock re51stant l[aminate comprising a plurality of

laminae including a polvcarbonate laver, wherein said polycarbonate has
a molecular weight above about 32,500.

8. A laminate accordmg to claim -7 wherein said POlvcarbonate
addltlonal[v posses a melt flow ranging from about 1.0 to about 4.5 g/ 10
min.

2. ~An impact and shock resistant laminate comprising a pluralitv of

laminae including a polycarbonate laver, wherein said polvcarbonate has
a melt flow ranging from about 0.6 to about 4.5 g/10 min.
10. The laminate of claim 1 further comprising a lamina consisting of

. a polysiloxane-polycarbonate copolymer.




1/ 8" thick instead of 3/16" thick. 3) Forced entry results reported as

A ass achi eved/ | ast” step passed for. Body Passage performance in ASTMtest
nunber F-1233-and H P. Wite test nunber,, TP/ 0500.01. 4) MW M.is the

nol ecul ar wei ght of the pol vcarbonate re iln in thousands expressed as a
fractional relationship between wei ght average nol ecul ar wei ght and nunber
aver age nol ecul ar wei ght. Thus 31.7/13.0 under MV MN i ndi cates a wei ght
average nol ecul ar wei ght of 31,700 and a nunber average nol ecul ar wei ght of
13, 000. The wei ght average nol ecul ar weight is.determ ned by the GPC net hod
summari zed in the detail ed dEMPROYEDOEMBACThBESTSTANTODAMINAFECt-i on .of
Tables | and 2 shows a trend to inproved forced entry performance for

| ami nates of the invention utilizing a higher nol ecul ar wei ght _
pol ycarbonate relative to identical lam nates utilizing a conmercially '
avai | abl e pol ycar bonat e havi ng ﬁbLQX‘@trofWﬂk%i'étﬁsuwi ght. Detail ed analvsis
of the results indicates a certarm < T ata, however the trend
appears to be fairPscurily| gazing| laminates gomprisiag faorRAYcarbopgtepdayes nance

i s achi eved WAg®ing &iva&ight ARbAGe MoletRiighivelgityipnekesaof F1608Upvidey ed for
a | ower nol ecul ar V\eara‘#sg‘gt (Rolé/.car bquaTéq% cf‘” ot her factors being as

consi stent or "BETYS Ractesigtapsce fed P)"¥ossi bl e. - REPLACEMENT SHEET
j Cainms What is clainmed is: 1. An inpact and shock resistant |am nate
conprising a plurality of |amnae including a polycarbonate |ayer having a
wei ght average nol ecul ar wei ght above about 31,500, whereby the forced
entry performance of said |am nate as nmeasured by ASTM test- F-




1233 t's i.rrpr'oved over |am nates having a | ower wei ght aver | [ ;-f
wei ght . 2. A | am nate according claim1 further conprisinpg §EH‘E§‘% SHEET 1)
resi stant coating-op—an—exterior surface. 3. A | am nate a“gordl nb?tmmjgg]

claim1l further c | ayer sel ected fromthe group S aals st
gl ass and ac mng E“s\“\ A | aponat e according to claim 1l wherein
said pol ycar |sonal |y possesses a nelt flow ranging from about
0.6 to about ﬂ 59/10 mn. 5. An inmpact and shock resistant |am nate
conprising a plurality of I am nae i ncqpgig a pol ycarbonate |ayer having a
wei ght average nol ecul ar wei ght above about 32, 000, whereby the forced
entry performance of said |am nate as neasured by ASTMtest F- 1233 is
irrprovedY\@_la t. Laninates having a | ower wei ght average nol ecul ar weight. 6.
A | am na c ‘H’S‘Sto claim5 wherein said pol ycarbonate additi onal |y
possesses a nmelt flow ranging fromabout 0.9 to about 4.5g/ 10 mn. 7. An

i npact and shock resistant |aninate conmprisin it | am na

i rrlrgl udi nk a pép)l@@?‘%t(ﬂ?&tsboﬂé’;ﬁé}sm‘éi?m@a %P‘gaggt{'éééw r% larpipag in "\Né‘i‘ﬁ&t

above ab@ggl v&gﬁ %hﬁ“f meﬁeﬁgerﬂsoﬁeﬁﬁwag@@awve%o@h Bansopat e
by ASTMt st F-

as neasur 233 i's inproved over |anTnates havin a | ower
wei ght awbergby the|fernetl antyeperfiormance of saidalamingte ascweasred; by ASTM tesy F-

about 1. DPYLIRRDRGT B Briies bR RloRRE SRR RyeulE rholbt it pANRD 0T

conpri sidg a AI lahﬁhatbyacobrdmgmm 1 fottheti campriging \acmabaesistent eoatinghawyiang a

nmelt flow ran fromabout 0.6 to about 4.5g/10 m n, whereby the forced
entry pef¥ieH ?ﬂ‘f CS‘f said lam nate as neasured by ASTMtest F- 1233 is

| nprovedsover alj g@scﬁuhqvmfm&pwﬁﬁnﬁﬁgamr@ab@&a%w%hp 10.
The | am nat e of a| m 1 ther conprising ‘a | am na consisting of

pol ysi | ocmstsnngmf;giaﬁsmdaaceylwpmlmrs
4. A laminate according to claim 1 wherein said polycarbonate additionally possesses
a melt flow ranging from about 0.6 to about 4.5g/10 min.
5. An impact and shock resistant laminate comprising a plurality of laminae including
a polycarbonate layer having a weight average molecular weight above about 32,000,
whereby the forced entry performance of said laminate as measured by ASTM test F-
1233 is improved over laminates having a lower weight average molecular weight.
6. A lammate according to claim 5 wherem said polycarbonate additionally possesses
a melt flow ranglng from about 0.9 to about 4. Sg/ 10 min.
7. An impact and shock resistant laminate comprising a plurality of laminae including
a polycarbonate layer having a weight average molecular weight above about 32,500,
whereby the forced entry performance of said laminate as measured by ASTM test F-
1233 is improved over laminates having a lower weight average molecular weight.
8. A laminate according to claim 7 wherein said polycarbonate additionally possesses
a melt flow ranging from about 1.0 to about 4.5g/10 min.
9. An impact and shock resistant laminate comprising a plurality of laminae including
a polycarbonate layer having a melt flow ranging from about 0.6 to about 4.5g/10 min,
whereby the forced entry performance of said laminate as measured by ASTM test F-
1233 is 1mproved over larmnates havmg a lower welght average molecular weight.
10. The laminate of clafm 4 further -comprising a lamina consisting of a polysiloxane-
polycarbonate copolymer.



