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Como resultado del examen de fonda, realizado con fundamento en el artIculo 85 
en concordancia con los artIculos 45 y 85 de la DecisiOn 486 de la ComisiOn de Is 
Comunidad Andina, se le comunica: 

1. De los documentos estudiados 

DescripciOn: Folios 7 a 9 coma se radicÆ inicialmente 

Reivindicaciones: Folio 10 coma se radicó inicialmente 

Dibujos: Folios 12 como Se radicó inicialmente 

2. Del objeto de la solicitud 

� Titulo de la solicitud: Blindaje con vidrio curvado, policarbonato y cÆmara 
interior, folio 1 

� El objeto de la presente solicitud de patente de modelo de utilidad consiste 
en suministrar un blindaje para vehiculos, que estÆ compuesto par una 
lÆmina de vidrio, una cÆmara intermedia de aire, una lÆmina de 
policarbonato, una cinta autoadhesiva de doble faz y un sello de silicona o 
poliuretano sabre el borde de las lÆminas, que sirve de union y de 
separador entre las IÆminas. 

El problema planteado en esta solicitud es obtener un blindaje liviano. 

Para solucionar este problema tØcnico la solicitud en estudio proporciona una 
càmara de aire interpuesta entre una lÆmina de vidrio y una lÆmina de 



20 

policarbonato, la cual se logra mediante un sello de silicona o poliuretano 
colocado alrededor del borde de las lªminas. 

Reivindicaciones 1 a 5: Un blindaje, para vehiculos, adaptado a los contornos 
curvos en la zona de vidrios caracterizado porque comprende: una capa 
exterior hecha con una lÆmina de vidrio, a cristal duplex, curvada ligeramente; 
una cÆmara a espacio de aire de hasta 4 mm de espesor, conformada entre la 
capa exterior y una capa interior; la capa interior conformada por una lÆmina (0 
dos lÆminas adheridas entre si) de policarbonato curvada equidistantemente 
respecto a la IÆmina exterior; una cinta autoadhesiva de doble faz, para unir los 
bordes de las capas exterior e interior; y, un sello de silicona o poliuretano 
sobre el intersticio o espacio que deja la union de la cinta autoadhesiva con 
las dos capas. 

La Clasificación Internacional de Patentes (IFC) asignada es: 0030 17/34, B32B 
\ 7/12, 17/06, F41   5/04, 7/04 

3. De la sohcitud de Patente de Modelo de Utilidad 

De la descriciOn (artIculo 28 D. 486) 
Durante el anÆlisis del texto de la descripciOn y de las ilustracianes anexadas, 
seobservaron los siguientes defectos: 
(1) Se observO la omisión de varios detalles relativos a la construcciôn del 
blindaje: PorquØ la cinta autoadhesiva debe ser de doble faz? Se comprende 
que tenga una cara adhesiva, para unirse a la capa interior y a la capa exterior, 
pero ,porque debe ser adhesiva por la otra cara? ,Cômo influye el espesor de 
a cinta autoadhesiva en el espacio entre las dos capas? 6en quØ momenta se 
debe anadir el sello de silicona a de poliuretano y cómo se ejecuta su 
instalaciOn? Y, mÆs precisamente, a juzgar por las figuras, dicho sello se une a 
la cinta, pero, de quØ manera? 6c6mo se garantiza que es uniforme el 
espacio entre las dos capas? El solicitante debe responder a estas cuestiones 
porque la descripcion del objeto de la solicitud debe ser suficientemente clara 
como para que una persona capacitada en la materia tØcnica correspondiente 
pueda ejecutarla. Parte de estas cuestiones surgen al contemplar las figuras, 
porque lo que se denamina detalle A no corresponde exactamente a una 
porciOn de la figura 1, ver folio 12, concretamente, el aspecto seæalado con el 
nUmero 14 en dicho detalle no se encuentra en la figura 1, y, a cambio, se ha 
suprimido una porción de Østa figura. 
(2) En la pagina 1, folio 7, aparece la expresion homologando en la cual, par 
primera vez, se hace alusiOn a homologar, cuyo significado, segUn el 
Diccionario de la Real Academia Espanola (DRAE), no corresponde 
exactamente a Ia que el solicitante aparentemente pretende decir. Se le 
sugiere al solicitante que sustituya dicha expresión por una derivada del verbo 
equidistar u otra expresiOn que se ajuste mejor al contexto. 
(3) En la pÆgina 2, folio 8, aparece la expresiOn entre los 60 y 70 °C, en la cual 
se han omitido las unidades del primer tØrmino y el articulo del segundo 
tØrmino. La expresiOn corregida deberia ser entre los 60 °C y los 70 °C. 
(4) En la misma pÆgina 2 aparece la expresiOn El espesor de la cinta 
adherente es do 3.17 mm, espesor que con forma, a su vez, la cÆmara interior 
de aire (...) en la cual, en primer lugar, se omite emplear la coma decimal, de 
uso obligatorio en Colombia; y, en segundo lugar, no se comprende coma el 
espesor de la cinta puede conformar una cÆmara de aire. Las figuras no 
contribuyen a aclararla, porque, coma puede verse en el detalle A, folio 12, el 
sello (14) se encuentra entre las capas exterior (10) e interior (12) del blindaje, 



no estª claro si hay o no hay cinta (13) entre las dos capas. AdemÆs, en la 
misma pÆgina, por una parte se dice que el espesor de la cinta no su anchura-
es de 3,17 mm y, adelante, se dice que el espacio o cÆmara de aire puede ser 
hasta de 4 mm 
(5) En la pagina 3, folio 9, vuelve a aparecer la expresiÆn 3.17 mm ya 
objetada, pero ademÆs aparecen otras, que tambiØn son expresamente 
objetadas: 

7.62 mm (0.30) en la cual, ademÆs de objetar la omisión de la coma decimal 
se objeta la omisiôn de las unidades del valor entre parØntesis; 
19 mm (314 ’) en donde el segundo valor no tiene unidades y en lugar de 
ellas tiene unas comillas (abre y cierra). 
7.62 mm de diÆrnetro (0.30) que carece de sentido. 

� La descripción no cumple con los requisitos de claridad y de completitud que 
exige el Art. 28 de la Decision 486. 

De las Reivindicaciones (artIculo 30 D 486) 
Durante el anÆlisis del texto do las reivindicaciones se observaron los 
siguientes defectos: 

1) En la reivindicaciÆn 1, folio 10, aparece el tØrmino ligeramente que es una 
expresiOn subjetiva, ambigua. El solicitante debe suprimirlo. 

2) En la misma reivindicaciOn 1 aparece la expresiOn una lÆmina de vidrio 
(..), en donde dichas capas van unidas mediante un adhesivo. Que 
carece de sentido, porque no se han mencionado antes en el capItulo 
reivindicatorio ningunas capas. 

3) En la misma reivindicaciOn 1 aparece la expresión una camera (...) 
con formada entre las capas exterior de vidrio y ía capa de b/in dale interior 
en la cual se encuentra un defecto similar al anterior: dentro del capItulo 
reivindicatorio no se ha mencionado antes ninguna capa exterior de vidrio 
ni una capa de blindaje, por lo quo se debe aludir a ellas con un artIculo 
indeterminado (una, en lugar dela). 

4) En la misma reivindicación 1 aparece la expresiOn una IÆmina de 
policarbonato laminado, que es redundante, por lo que afecta 
negativamente la concisiOn. 

5) En la misma reivindicaciOn 1 aparece la expresiôn una lÆmina de 
policarbonato ( ... ) el cual puede ir, en la cual, en primer lugar, se deberIa 
corregir el genera: ía cual , y en segundo lugar de un puede ir dubitativo, 
ambiguo, se debe emplear un va asertivo, afirmativo. 

6) En la reivindicaciOn 2, folio 10, se reclama un blindaje conforme a la 
reivindicación  1, caracterizado porque las lÆminas (...) pueden venir 
adheridas a travØs do pegantes convencionales con lo cual no se estÆ 
aæadiendo nada caracteristico del objeto do la solicitud, porque esta es la 
soluciOn estÆndar al problema de unir IÆminas. Esta reivindicaciOn carece 
de definiciOn, debe suprimirse. 

7) En la reivindicaciOn 3, folio 10, aparece la, expresión [las laminas] Ilevan 
curvaturas homologadas y permanentes en distancia una con otra en la 
cual se emplea el verbo homologarque fue objetado arriba, con relaciôn a 
la descripción, y donde se desconoce que significaria cuniaturas 
permanentes en distancia una con otra, cuestiOn que, ademÆs, no estÆ 
soportada por el texto de la descripciOn. Se le sugiere al solicitane que 
sustituya la primera expresiOn objetada por [las lªminas] cunias son 
equidistantes u otra expresiOn que se ajuste mejor al contexto. 

8) En la reivindicación 4, folio 10, aparece la expresiôn puede llevarque es 
dubitativa, ambigua, porque asi como puede Ilevar, puede no Ilevar. El 



solicitante debe sustituirla por I/eva u otra expresiOn que se ajuste mejor 
al contexto. Esta reivindicaciôn carece de definiciôn. 

9) La claridad de lo que se reclama en la reivindicaciôn 5, folio 10, queda 
sujeta a que se aclare el aspecto relativo a la relaciôn entre el espesor de 
la cinta y el espacio entre las capas interna y externa del blindaje, 
cuestión que se objetó arriba. En la  fecha, esta reivindicaciôn carece de 
definiciôn, porque no estÆ clara dicha relación. 

Las reivindicaciones no cumplen con los requisitos de claridad, de concisiÆn 
y de sustento por la descripción que exige el Art. 30 de la Decision 486. Las 
reivindicaciones que dependen de una reivindicación objetada tambiØn se 
objetan P01 las mismas causas. 

Se deben presentar, entonces, nuevos capItulos descriptivo y reivindicatorlo, 
ambos completos, junto con un nuevo juego de dibujos, donde se hayan corregido 
todas las objeciones que se han hecho arriba. Esto con elfin de evitar -cuando 
solo se presentan algunas pÆginas sueltas corregidas- que el lector tenga que 
desplazarse desde un sitio a otro de la solicitud y luego regresar a donde estaba 
antes sin perder la ilaciOn de la lectura, porque esto produce confusiOn y afecta 
negativamente la claridad de dichos capitulos. 
Se le advierte al solicitante que por Ia menos parte de las modificaciones 
sugeridas podrian resultar inconducentes si se concretan las objeciones a la 
patentabilidad que se insinUan adelante, 

4. De la determinación d& estado de la tØcnca 

� La fecha que se ha tenido en cuenta para determinar el Estado de la TØcnica 
es la 

Fecha de presentaciOn de la solicitud nacional 2006-01-13 

Durante la busqueda de anterioridades se encontraron los siguientes documentos, 
que forman parte del estado de la tØcnica mÆs cercano al objeto de la solicitud: 

fl.0 Documento 

Dl Patente US 3 630 814, cuyo 
inventor es Alfred Arno d 

Patente US 3 832 254, cuyos 
inventores son G. H. Bowsery 

D2 Renato J. Mazzoni, quienes le 
cedieron sus derechos a la PPG 

Industries, Inc. 

Patente US   109431, cuyos 
inventores son George H. Bowser 

D3 y Renato J. Mazzoni, quienes le 
cedieron sus derechos a la PPG 

Industries, Inc. 

Fecha de 
TItulo 

publicación 

<<Composite bulletproof window panel 1971-12-28 

<<Method of making a multiple glazed 
unit having a thermoplastic, spacer-

dehydrator element>>(Un mØtodo para 1974-08-27 fabricar una unidad de vidriado 
mOltiple que tiene un elemento 

deshidratador y espaciador)J 

<<Sealing and spacing unit for multiple 
glazed windows>>(Una unidad de 1978-08-29 sellamiento y espaciado para ventanas 

de vidriados multiples) 

Patente US 4 198 254, cuyos <<Vitreous sheets with synthetic 
inventores son Pierre Laroche 

y 

polymer spacer and process for 
D4 Jean Rase Ransart, quienes le making the same>>(Hojas vitreas con 1980-04-15 

cedieron sus derechos a la BFG un espaciador de polimero sint(§tico 
y 

Glassgroup el proceso para fabricarlas) 
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In Documento Titulo 

9’_ 

Fecha de 
pubIicacón 

Patente US 4 312 903, cuvo 

D5 inventor es Richard E. Molari, 1., 
<<Impact resistant double glazed 

quien le cediô sus derechos a a 
structure>(Una estructura con doble 1982-01-26 

General Electric Company Ividriado resistente a los impactos) 

Patente US 4 429 509, cuyos 
inventores son Joel Vachet, <<Multiple glass pane with improved 

DIS 
Justin Bruandet y Jacques joints of plastic materials>(Un panel 

1984-02-07 Fremeaux, quienes le cedieron con mUltiples vidrios con uniones  
sus derechos a la Saint-Gobain mejoradas de materiales plÆsticos) 

Vitrage I 

<<Dimensionally stable sealant and 

Patente US 4431 691, spacer strip and composite structures 

D7 inventor es Thomas W. Greenlee. comprising the same>>(Una cinta 

quien le cediô sus derechos a a’ espaciadora de sello 1984-02-14 

Tremco, Inc dirnensionalmente eatable y 
estructuras corn puestas que la 

contienen) 

Patente US 4 622 249, cuyo <<Multiple pane unit having a flexible 

D8 inventor es George H. Bowser, spacing and sealing assembly>’(Una 

quien le cediO sus derechos ala unidad de paneles mUltiples que tiene 1986-11-11 

PPG Industries, Inc. un montaje flexible de espaciado y 
sellado) I 

Patente US 5 059 467, cuyo 
<<Protective ballistic panel having an 

D9 
inventor es Azriel Berkovitz, quien 

interior hermetically sealed air 

le cediO sus derechos a la Eagle, space>>(Un panel de protección 1991-10-22 

Military Gear Overseas Ltd. balistica que tiene un espacio interior 

- hermØticarnente sellado) 

Se anexan copias de las pÆginas penentes 
-. ............ 

NOTAS: No se realizô una evaluación formal de los demÆs requisitos de 
patentabilidad, porque se objetO la claridad, concision y sustento de las 
reivindicaciones. Una vez hayan sido superadas las objeciones establecidas en 
este Concepto TØcnico, se podrÆn hacer los exªmenes  correspond ientes. 

No obstante lo anterior, con base en los documentos encontrados hasta el 
momento, se prevØn objeciones respecto a la novedad del objeto solicitado, 
porque no se ha encontrado ningin aporte especifico del solicitante al estado de 
la tØcnica, ya que los blindajes con cÆmaras de aire encerradas por paneles de 
vidrio y materiales sIntAticos se conocen, por lo menos desde 1971 (ver 
documento Dl) y, el uso de cintas espaciadoras para ese propôsito por lo menos 
desde 1978 (ver documento D3). No se encontrarla, entonces, ninguna 
caracterIstica tØcnica que justificara la concesiOn de una patente de modelo de 
utilidad. 

5. De las conclusiones: 

Los requisitos de patentabilidad de la presente solicitud se encontrarian afectados 
negativamente por la falta de claridad de la descripciOn y las reivindicaciones y por 
a falta de concisiOn y sustento de estas Ultimas. 
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En cumplimiento del articulo 85 en concordancia con el articulo 45 de la Decisiôn 
486 de la Comisiôn de  la Comunidad Andina, Se le indica’al solicitante que debe 
dar respuesta dentro del tØrmino de treinta dias contados a partir de la fecha de 
notificaciôn de la presente comunicación. En caso de no dar respuesta al presente 
requerimiento, 0 Si a pesar de la respuesta subsistieran los impedimentos para la 
concesiôn, se denegarÆ la patente. 

NotifIquese el presente oficio conforme a lo dispuesto en el articulo 8 de la 
resolución reglamentaria n.° 00210 del 15 de enero de 2001, advirtiendo que 
contra Øl no procede recurso alguno en la via gubernativa. 

QL 
jdDo  Elena Polo Córdoba 

e Division de Nuevas Creaciones (E) 

El anterior requerimiento fue notificado por fijaciôn en lista, de fecha 
1 2 1AR ZOOS 

CONCEPTO TECNICO n.° 0451 
EXAMINADOR TECNICO 

C6digon.1202009 
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ABSTRACT: A bulletproof composite window panel has two 
outer glass panes with two inner plastic panes being located 
between the glass panes, each pane being spaced from but 
parallel to its neighboring panels. Tubular spacing members of 
substantially semicircular cross section are located between 
juxtaposed circumferentially extending marginal portions of 
the respective panels to prevent the panels from contacting 
each other, and sealing means seals the spaces between the 
panels along the circumferentially extending marginal por-
tions, 
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COMPOSITE BULLETPROOF WINDOW PANEL 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a composite 
panel, and more particularly to a bulletproof composite win-
dow panel. 

Bulletproof window panels are already known, as is the fact 
that they can be made as composite panels consisting of a plu-
rality of individual panes. In one such construction at least one 
light-transmissive, that is opaque or transparent panel of 
synthetic plastic material such as high-molecular ther-
moplastic polycarbonate on the basis of aromatic dihydroxide 
compounds, preferably bisphenylolalkanes, having a thickness 
of at least 2 mm. is sandwiched between two glass panels. The 
three panels are then so connected with one another they have 
limited freedom of sliding movement relative to one another. 
It is preferred to connect the panels with a binder which 
remains soft, such as silicone rubber. 

However, it has been found that the synthetic plastic panel 
must be relatively thick�that is, it must have a thickness on 
the order of 25 mm,�if the composite panel is to be bullet-
proof. This is evidently a disadvantage, as is the fact that even 
the use of binders between the panels is not always able to 
prevent the development of undesirable optical faults in the 
composite panel, such as Newton’s rings. 

SUMMARY OF THE INVENTION 

It is, accordingly an object of the present invention to over-
come these disadvantages. 

More particularly it is an object of the present invention to 
provide a composite panel, particularly a window panel, which 
is bulletproof and at the same time simple and inexpensive to 
manufacture. 

An additional object of the invention is to provide such a 
composite panel which is low in weight and which does not in-
terfere with visibility therethrough and does not have optical 
faults. 

In pursuance of the above objects, and others which will 
become apparent hereafter, one feature of my invention 
resides in the provision of a composite panel, particularly a 
bulletproof window panel, which includes a pair of coexten-
sive first panels of a first material arranged in two spaced 
parallel first planes, and at least one additional second panel 
of a different second material coextensive with the first panels 
and arranged in a second plane intermediate to the first planes 
with spacing from both of the first panels. 

Spacing means is interposed between juxtaposed circum-
ferentially extending marginal portions of the respective 
panels for maintaining the latter out of contact, and sealing 
means extends along and in contact with these marginal por-
tions for the purpose of sealing the spaces between the respec-
tive panels. 

It is advantageous that the first or outer panels be of glass, 
whereas the inner or second panel be of synthetic plastic 
material. However, this should not be considered to be a limit-
ing requirement, only a preferred construction. It will also be 
appreciated that two or more inner panels of synthetic plastic 
material may be used. If two inner panels of synthetic plastic 
material are employed, it is sufficient if they each have a 
thickness of 5 mm. 

The fact that each panel is spaced slightly from the panels 
located at its opposite sides makes it possible for each panel to 
undergo a slight deformation on impact of a missile, such as a 
bullet, and this in turn increases significantly the penetration 
resistance of the novel composite panel according to the 
present invention. 

The ability to perform yielding movements in response to 
impact of a missile is further enhanced by the fact that the in-
dividual panels are connected together only at their circum-
ferential marginal portions and that, in accordance with a 
further feature of the invention, the spacing means which is 
located between the circumferential marginal portions ofjux-
taposed panels, engages these marginal portions only with 

linear contact, or at least with substantially linear contact 
rather than area contact. 

Additionally the sealing means I use is elastic and these 
measures taken together avoid the development of stresses in 
the composite panel,, which could result from the fact that the 
coefficient of expansion of the synthetic plastic material is a 
multiple of that of the glass, for instance on the order of eight 
times the coefficient of expansion of glass. 

The novel features which are considered as characteristic 
10 for the invention are set forth in particular in the appended 

claims. The invention itself, however, both as to its construc-
tion and its method of operation, together with additional ob-
jects and advantages thereof, will be best understood from the 

15 following description of specific embodiments when read in 
connection with the accompanying drawing. 

BRIEF DESCRIFflON OF THE DRAWING 

FIG. I is a plan view of a composite panel according to the 
20 present invention; and 

FIG. 2 is a fragmentary section through the panel of FIG. 1, 
on an enlarged scale. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Discussing now the two figures in detail it will be seen that I 

have shown my illustrated panel in FIG. ito be of rectangular 
outline. Of course, it can have any outline desired. 

As shown in FIG. 2 my panel is composed in the particular 

30 embodiment illustrated of two outer or first panels I and 2 
which consist of glass, and of two inner or second panels 3 and 
4 which consist of synthetic plastic material. The synthetic 
plastic material of the panels 3 and 4 is preferably a polycar-
bonate. 

35 Each of the panels 1, 2,3 and 4 is spaced from its neighbor-
ing panels to provide a free space 10 between adjacent ones of 
the panels. This spacing is provided and maintained by the 
spacing means S which preferably, although not necessarily, is 
configurated in form of elongated tubular members 5, such as 

40 drawn aluminum tubes, which in the illustrated embodiment 
are of substantially semicircular cross section and are located 
inwardly of the outer edges of the respective panels inter-
mediate the juxtaposed circumferentially extending marginal 
portions thereof. The spacing means S constitutes a closed 

45 frame 6 located, as already pointed out, slightly inwardly of 
the outer edges of the respective panels 1-4 it will be seen 
that the spacing means 5 engages the juxtaposed circum-
ferentially extending marginal edge portions of the respective 
panels which it spaces, only with a linear or substantially linear 

50 contact. The space remaining between the juxtaposed mar-
ginal portions of adjacent panels spaced by the spacing means, 
that is the space which is open in outward direction of the 
composite panel, is filled with sealing means of suitable type, 

55 
which in accordance with the present invention is preferably 
an elastic sealing material a which remains elastic at all times, 
such as silicon rubber. The presence of the spacing means 5, 
whose line contact with the marginal portions of the respec-
tive panels is identified with reference numeral 9 by way of II -

60 lustration, and the sealing means 8 together seal the spaces 10 
between the adjacent panels so that no moisture-containing 
air can enter into these spaces. At the same time the sealing 
means 8 provides for a tight connection between adjacent 

panels. 

55 It will be appreciated that during manufacture the spaces 10 
have in known manner a dry gas circulated therethrough to 
remove any moisture that may be contained in the spaces 10 
and to prevent the intrusion of moisture thereinto until the 
spaces 10 can be sealed. 

70 It will be understood that the semicircular cross-sectional 
configuration of the spacing means 5 is not the only configura-
tion which is suitable. However, it has been found to be par-
ticularly advantageous because it not only provides the 
desired linear contact 9, but also it provides wedge-shaped 

75 spaces with the respective marginal portions of the panels 
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between which it is located, and the sealing means 8 can 
penetrate into these wedge-shaped spaces and provide for par-
ticularly good connection between the panels. In addition, the 
flat surface on each of the spacing means 5, facing the interior 
of the respective spaces 10, provides for a pleasing ap-
pearance. 

Panels according to my present invention are not only light 
in weight, but are also simple in construction and therefore 
relatively inexpensive. Furthermore, their thickness overall is 
comparatively small while the panels are yet bulletproof. In 
addition to this, they are and remain clear, that is they are not 
possessed of optical faults and visibility through these panels 
cannot be detrimentally influenced, for instance by moisture-
containing air penetrating into the spaces 10. Panels of this 
type can be used in a great variety of different applications, for 
instances as partitions in taxicabs between the passengers and 
the driver to protect the latter from attack, in financial institu-
tions between the teller and the customers, for display win-
dows in jewelry stores, and in similar applications. 

It will be understood that each of the elements described 
above, or two or more together, may also find a useful applica-
tion in other types of constructions differing from the types 
described above. 

While the invention has been illustrated and described as 
embodied in a bulletproof composite window panel, it is not 
intended to be limited to the details shown, since various 
modifications and structural changes may be made without 
departing in any way from he spirit of the present invention. 

What is claimed as new and desired to be protected by Let-
ters Patent is set forth in the appended claims: 

1. A composite panel, particularly a bulletproof window 
panel, comprising a pair of coextensive first panels of trans-
parent material arranged in two spaced parallel first planes; at 
least one second panel of yieldably deflectable light-transmis-
sive polycarbonate material coextensive with said first panels 
and arranged in a second plane intermediate said first planes, 
said second panel having a thickness of at least 2 millimeters 

and being spaced from said first panels by a distance sufficient 
for each of said panels to undergo a slight deformation on 
receiving an impact; spacing means interposed between jux-
taposed circumferentially extending marginal portions of the 

5 respective panels for maintaining the latter spaced at said 
distance; and sealing means extending along and in contact 
with said marginal portions for sealing the space between the 
respective panels. 

2. A composite panel as defined in claim 1, wherein said 
10 first material is glass. 

3. A composite panel as defined in claim 2, wherein said 
sealing means is resiliently yield able. 

4. A composite panel as defined in claim 2, wherein said 
spacing means comprises elongated spacing members con -

15 structed so as to engage the respective juxtaposed marginal 
portions with at least substantial line contact. 

S. A composite panel as defined in claim 2, wherein said 
spacing means comprises elongated tubular spacing members 
of substantially semicircular cross-sectional configuration. 

20 6. A composite panel as defined in claim 5, wherein said 
spacing members together constitute circumferentially 
complete annular spacing elements each interposed between 
said juxtaposed circumferentially extending marginal portions 
of respectively adjacent ones of said panels. 

25 7. A composite panel as defined in claim 1; further compris-
ing at least one additional section panel interposed with spac-
ing between the first-mentioned second panel and one of said 
first panels, parallel to and coextensive with both; said spacing 
means also being interposed between juxtaposed circum-

30 ferentially extending marginal portions of said additional 
second panel and said first-mentioned second panel and one 
first panel, respectively; and said sealing means also scaling 
the spaces between said additional second panel and said first-
mentioned second panel and one first panel, respectively. 

35 8. A composite panel as defined in claim 7, said additional 
second panel also being of polycarbonate material. 

* * * * * 
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ABSTRACT OF THE DISCLOSURE 

In one embodiment of the invention, multiple glazed 
units are fabricated by heating a thermoplastic, spacer-
dehydrator element. The element is heated to a tempera-
ture sufficient to make the element plastic and render 
the element surfaces viscid. A pair of glass sheets are 
positioned about the heated element and urged toward 
each other against the element to form a hermetic seal. 
In another embodiment, a composite strip composed of 
a strip of precured, mastic sealant material having a 
bendable carrier tape adhered to one surface and a ther-
moplastic, spacer-dehydrator element adhered to the op-
posite surface is heated. The composite strip is heated 
to a temperature sufficient to make the element plastic. 
A segment of the composite strip is applied to a pair of 
glass sheets held in spaced relationship to each other. 
The segment is applied in such a manner that the ele-
ment is inserted between opposed, marginal edges of the 
glass sheets with the sealant material facing the periph-
eral edges of the glass sheets. Thereafter, the carrier tape 
is pressed so as to flow portions of the sealant material 
into hermetically sealing contact with the edges of the 
glass sheets to produce a finished unit. In still another 
embodiment, the composite strip, instead of including a 
precured, mastic sealant material, includes �a curable, 
mastic sealant material. The composite strip is heated to 
a temperature sufficient to make the element plastic. Be-
fore the sealant material cures, the composite strip is 
applied, as before, to the pair of glass sheets. Thereafter, 
the pressing step is performed to produce a finished unit. 
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2 
and peripheral edges of the glass sheets. The composite 
strip is affixed such that the spacer-dehydrator element 
is between the marginal edges of the glass sheets while 
the mastic sealant material overlays the peripheral edges 
of the glass sheets. Prior to applying the composite strip 
around the corner of the glass sheets, a tool is used to 
cut or miter approximately a 90° notch in the spacer-
dehydrator element. The carrier tape is then pressed so 
that portions of the mastic sealant material flow into 
hermetically sealing contact with the peripheral and mar-
ginal edges of the glass sheets. 

The step of mitering the spacer-dehydrator element at 
the corners of the glass sheets is performed to prevent 
bunching up of the spacer-dehydrator element at the cor-
ners of the glass sheets. The bunching up of the element 
generates opposed forces which tend to push the glass 
sheets away from each other. More particularly, at the 
corners of the glass sheets, the surface of the element 
facing the space between the glass sheets is compressed. 
When this surface is compressed, opposed forces are gen-
erated which urge opposed surfaces of the element in 
contact with the corners of the glass sheets away from 
each other. As the opposed surfaces are urged away from 
each other, they push the glass sheets away from each 
other. 

This pushing of the glass sheets away from each other 
is undesirable because it applies stresses to the corners 
of the glass sheet which (1) could cause the corners of 
the glass sheet to fracture. (2) prevents a uniform spac-
ing between the glass sheets, and (3) could cause the 
hermetic seal to break by pushing the glass sheets apart 
at the corners. 

It would therefore be advantageous from an economi-
cal standpoint if the mitering step could be eliminated 
during the fabrication of multiple glazed units while 
minimizing or eliminating the opposed forces generated 
by bunching of the spacer-dehydrator element at the 
corners of the glass sheets. 

40 SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION 
45 

(1) Field of the Invention 

This invention relates to a method of fabricating a 
multiple glazed unit having a thermoplastic, spacer-de  50 

-

hydrator element. 

(2) Description of the Prior Art and Technical Problems 

Multiple glazed units generally comprise two or more 
sheets of glass spaced from one another to provide an 
insulating air space between the sheets. One type of a 
multiple glazed unit and the manufacture thereof is dis-
closed in U.S. Pat. 3,669,785 issued to G. H. Bowser 
et al. on June 13, 1972 and entitled "Method for Fabri-
cating a Multiple Glazed Unit"; U.S. Patent Application 
Ser. No. 250,717, filed on May 5, 1972, now U.S. Pat. 
3,358,996, issued to G. H. Bowser and entitled "Multiple 
Glazed Unit"; and U.S. Pat. No. 3,733,237. 

The type of multiple glazed units disclosed above are 
fabricated by supporting a first sheet of glass in opposed, 
predetermined spaced relationship above a second sheet 
of glass having the same size and dimensions as the first 
sheet of glass. Thereafter, a composite strip comprised of 
an elongated strip of fiowable, mastic sealant material 
having a bendable carrier tape adhered to one surface 
and a resilient, thermoplastic, spacer-dehydrator element 
adhered to the opposite surface is affixed to the marginal 
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This invention contemplates a method of fabricating 
multiple glazed units. in one embodiment of the inven-
tion, a thermoplastic, spacer-dehydrator element is heated 
to a temperature at which (1) the element can be re-
shaped and (2) the surfaces upon heating become viscid. 
A pair of glass sheets are positioned about the heating 
element. Thereafter, the glass sheets are urged toward 
each other against opposed viscid surfaces of the ele-
ment to form a hermetic seal between the element and 
the glass sheets. 

Further, this invention contemplates a method of fabri-
cating multiple glazed units comprising the step of sup-
porting a pair of glass sheets in opposed, spaced, rela-
tionship to each other. A length of a composite strip 
composed of a curable, mastic sealant material having a 
bendable carrier tape adhered to one surface and a ther-
moplastic, spacer-dehydrator element adhered to the op-
posite surface is provided. The composite strip is heated 
at a temperature at which the element becomes plastic, 
but at a temperature sufficiently low so as not to decom-
pose the element. The heated composite strip is urged 
against the edges of the glass sheets within a time period 
before the sealant material cures. If the sealant material 
is allowed to cure, the sealant material will not wet the 
edges of the glass sheets, and a hermetic seal is not 
formed by the composite strip. The heated composite 
strip is affixed to the ed.ges of the glass sheet such that the 
element is inserted between opposed, marginal edge por-
tions of the glass sheets with the uncured sealant mate-
trial overlaying the peripheral edges of the glass sheets. 

Further, this invention contemplates the method of 
fabrication of multiple glazed units employing a corn-
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[57] ABSTRACT 

A novel sealing and spacing unit for multiple glazed 
windows, and multiple glazed windows employing such 
a sealing and spacing unit, are disclosed. The sealing 
and spacing unit comprises a flexible, moisture-impervi-
ous base such as a strip of aluminum foil. Disposed on 
the base in a lengthwise manner is an elongated, flexible, 
dehydrator strip which comprises a particulate desic-
cant such as a crystalline zeolite dispersed throughout a 
moisture-permeable, elastic, polymeric matrix, such as 
an ethylene-ethyl acrylate copolymer. The dehydrator 
strip is secured to the base by a thin layer of an adhesive 
such as an ethylene acrylic acid copolymer hot melt 
adhesive. Also disposed on the base in a lengthwise 
manner are two strips of a cold flowable, moisture resis-
tant, mastic, sealant composition. The strips are prefera-
bly spaced slightly apart from, and are positioned on 
both sides of the adhesively secured dehydrator strip. 
Preferably, the cold fiowable, mastic, sealant composi-
tion is an admixture of polybutene and two different 
molecular weight polyisobutylenes. 

2 Claims, 4 Drawing Figures 
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SEALING AND SPACING UNIT FOR MULTIPLE 
GLAZED WINDOWS 

BACKGROUND OF THE INVENTION 

1 Field of the Invention 
This invention relates to multiple glazed window 

units and also relates to sealing and spacing means for 
such units. In another aspect, the invention further re-
lates to the use of a specific cold flowable, mastic, seal- 10 
ant composition in combination with an elongated, flex-
ible, dehydrator strip adhesively secured to foil strip 
member. 

2. Brief Description of the Prior Art 
U.S. Pat. Nos. 3,657,900 and 3,699,785, both to Bow- 15 

ser et al., disclose sealing and spacing means for multi-
ple glazed windows. The sealing and spacing means 
consists of flexible carrier strips such as aluminum foil, 
and adhered to one side of the carrier strip is an elon-
gated ribbon of sealant material and an elongated resil- 20 
ient spacer-dehydrator element secured to the carrier 
strip through the sealant. The carrier strip is slightly 
wider than the ribbon of sealant and the sealant wider 
than the spacer-dehydrator element. Each of the three 
elements are coextensive in length and symmetrically 25 
disposed on either side of a centerline through the 
length of the composite element. Examples of suitable 
sealant compositions are butyl rubber-based sealants, 
such as are disclosed in U.S. Pat. No. 2,974,377 to Kun-
kle. 30 

U.S. Pat. Nos. 3,758,996 and 3,791,910, both to Bow-
ser, disclose similar sealing and spacing means for multi-
ple glazed windows and also disclose that the sealant 
composition can be a hot melt adhesive. Also, U.S. Pat, 
No, 3,791,910 discloses that the sealant composition can 35 
be a cold flowable, butyl rubber-based sealant composi-
tion. 

Although the above-mentioned sealing and spacing 
means provide definite advantages in fabricating multi-
ple glazed windows, there are certain shortcomings 40 
associated with these sealing and spacing means. As 
mentioned in both the U.S. Pat. Nos. 3,657,900 and 
3,699,785, the butyl sealants, although providing air-
tight, durable seals, are not particularly good adhesives. 
When the composite element is coiled for packaging 45 
and shipping with the spacer-dehydrator element near-
est the core of the coil, the spacer-dehydrator element 
moves relative to the sealant causing the spacer-dehy-
drator to assume a wavy or undulatory appearance. The 
butyl sealant does not have sufficient adhesive proper- 50 
ties to hold the spacer-dehydrator element to the carrier 
tape in a straight line alignment. When the sealing and 
spacing unit is removed from the package and unrolled, 
the wavy spacer-dehydrator can only be straightened 
with difficulty. Also, when the sealing and spacing unit 55 
of the prior art is applied to spaced-apart glass sheets 
and bent around 90° corners at the ends of the sheets, 
the mastic will not adequately secure a spacer-dehydra-
tor to the carrier tape and the spacer-dehydrator will 
"bunch together" putting stress on the corners of the 60 
multiple glazed window and at times permitting the 
bunched spacer-dehydrator to extend into the viewing 
area. To avoid this problem, a notch of the spacer-dehy-
drator element must be removed from the corner areas 
of the composite element. 65 

The above problems can be overcome if the sealant 
composition is one which has strong adhesive and cohe-
sive properties, thereby firmly securing the spacer-

2 
dehydrator element to the carrier strip and preventing it 
from undulating when a composite strip is coiled for 
packaging or bent around 90° corners in multiple glazed 
windows. In the aforementioned patents, U.S. Pat. Nos. 
3,758,996 and 3,791,910, a hot melt adhesive is recom-
mended for the sealant compositions. Hot melt adhe-
sives have very strong adhesive and cohesive properties 
making them attractive candidates for securing the 
spacer-dehydrator to the carrier strip. Unfortunately, 
hot melt adhesives have a number of shortcomings 
associated with them for use in sealing multiple glazed 
window units. First of all, the hot melt adhesives are not 
nearly as good sealants as are the butyl rubber-based 
materials. They are more rigid and are not nearly as 
durable as butyl rubber-based materials and hot melt 
adhesives are pervious to moisture vapor. In addition, 
hot melt adhesives are not cold flowable and are only 
flowable when heated. 

With hot melt adhesives, the composite sealing and 
spacing element or the glass must be heated so as to 
cause the hot melt adhesive to flow into hermetically 
sealing contact with the edges of the glass sheets. Heat-
ing either the composite element or the glass presents a 
definite assembling disadvantage. Further, heating may 
cause deformation of the flexible spacer-dehydrator 
element and also may cause unwanted condensation in 
the interior of the multiple glazed unit upon cooling of 
the heated member. With the butyl sealants, on the 
other hand, mere pressure at room temperature is suffi-
cient to cause the sealant to flow into hermetically seal-
ing contact with the edges of the glass sheets. With the 
cold flowable butyl sealants of U.S. Pat. No. 3,791,910, 
very light pressure such as from a hand roller is all that 
is necessary. 

From the above consideration of the prior art, it 
appears that there is a need for an improved sealing and 
spacing unit for multiple glazed windows. 

It is an object of the present invention to provide such 
a sealing and spacing unit. More specifically, it is an 
object of the present invention to provide a sealing and 
spacing unit which comprises an elongated, flexible, 
moisture-impervious base or ribbon, a sealant and a 
spacer-dehydrator element which can be applied to the 
peripheral edges of spaced-apart glass sheets and which 
will hermetically seal the edges of the glass sheets by 
merely pressing the unit to the edges of the glass sheets 
so as to flow the sealant into hermetically sealing 
contact with the edges of the glass sheets; further, the 
unit is one in which the spacer-dehydrator element is 
firmly adhered to the ribbon so that it is maintained in a 
straight alignment and does not take on a wavy or undu-
lating appearance when the composite unit is coiled for 
packaging or bent around 90° corners in multiple glazed 
window units. 

It is a further object of the present invention to pro-
vide multiple glazed windows employing such a sealing 
and spacing unit. 

It is yet a further object of the present invention to 
employ a novel, cold flowable, mastic sealant in combi-
nation with a carrier strip and a spacer-dehydrator ele-
ment to form a preferred spacing and sealing unit. 

SUMMARY OF THE INVENTION 

In accordance with this invention, there is provided a 
sealing and spacing unit for multiple glazed windows, 
comprising: 
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(a) an elongated, moisture-impervious base and dis-
posed on said base in a substantially contiguous length-
wise manner: 

i. an elongated, preformed, dehydrator strip having a 
preshaped cross-section adapted for insertion be-
tween opposed marginal edges of a pair of rigid 
parallel glass sheets of the multiple glazed unit; said 
dehydrator strip comprising a moisture vapor 
transmittable, elastic, polymer matrix having finely 
divided particles of desiccant material dispersed 
throughout the matrix; said dehydrator strip being 
secured to said base through a thin layer of an 
adhesive, 

ii, strips of cold flowable, moisture resistant, mastic, 
sealant composition positioned on both sides of said 
spacer-dehydrator element and preferably being 
spaced slightly apart from the spacer-dehydrator 
element. 

The invention also provides for a multiple glazed 
window employing the above sealing and spacing unit. 

Further, the invention provides for a novel, cold 
flowable, mastic, sealant composition used in combina-
tion with the flexible, moisture-impervious base and the 
spacer-dehydrator element secured to the base through 
a thin layer of an adhesive. The sealant composition 
comprises the following ingredients: 

5 
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Ingredient Percent by Weight 

polyisobutylene (viscosity average 30 
molecular weight 8,000 to 100000) is- 50 
polyisobutylene (viscosity average 
molcular weight 8,000 to 10,000) 10 45 
polybutene 20 - 50 
carbon black 10 - 45 
silica pigment 5 - 15 
zirconium arthosiljcate 5 - 15 35 
zinc oxide U - 5 
garnma.glycidoxy.propyltrimcthoxysilanc 0 5 

BRIEF DESCRIPTION OF THE DRAWINGS 
40 

FIG. I shows in perspective a coiled strip of the 
sealing and spacing unit of the present invention; 

FIG. 2 shows a cross-sectional view of the sealing 
and spacing unit of the invention; 

FIG. 3 is a cross-sectional, elevational view of a mul  45 -
tiple glazed window employing the sealing and spacing 
unit of the present invention; and 

FIG. 4 shows in cross-section an alternate embodi-
ment of the sealing and spacing unit of the present in-
vention. 50 

DETAILED DESCRIPTION 

Referring to the Figures, the sealing and spacing unit 
of the invention 6 comprises an elongated, moisture-
impervious, flexible base or ribbon 1 having an elon-
gated, preformed, resilient, dehydrator strip 4 adhered 
to one side thereof through a thin layer 3 of an adhesive. 
Spaced on either side of the dehydrator strip 4 and on 
the same side of tape 1 as the dehydrator strip 4 are two 
strips 2 of a cold flowable, mastic, sealant composition. 
In a preferred embodiment of the invention, the strips of 
cold flowable, mastic sealant are spaced slightly apart 
from the dehydrator strip, although they could be posi-
tioned flush to the dehydrator strip. Also, the mastic 
sealant strips 2 are approximately equal in width as 
shown in FIGS. I and 3 because the two sheets of glass 
in the multiple glazed window will probably be of equal 
width. However, where one of the glass sheets will be 
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ranch thicker than the other, an unbalanced sealing and 
spacing unit such as shown in FIG, 4 can be used. 

In the construction of multiple glazed windows, such 
as illustrated in FIG. 3, a continuous length of a spacer-
sealant assembly is placed around the periphery of a pair 
of spaced-apart, generally parallel glass sheets 5 to pro-
vide an insulating air space between the sheets. The 
glass sheets are separated at their marginal edges by the 
continuous spacer-dehydrator element 4. Hermetic seal-
ing of the insulating air space is accomplished by the 
moisture-resistant mastic 2 adhering the ribbon 1 to the 
peripheral edges of the glass sheets completely around 
the periphery of the window. A hand roller may be 
conveniently used to press the mastic 2 into sealing 
contact with the peripheral and/or marginal edges of 
the glass sheets and any flowing of the mastic that may 
occur is intended to be concealed by the slightly greater 
width of carrier tape I over the mastic strips 2. Besides 
the hand roller, an automated mechanical apparatus for 
hermetically sealing the multiple glazed windows may 
be used such as is disclosed in U.S. Pat. No. 3,733,237 to 
Wolff. 

For use in the present invention, the carrier ribbon 1 
is composed of any moisture-impervious, flexible mate-
rial. An example would be a 5 to 12 thickness of alumi-
num foil. Another example would be a strip of flexible, 
moisture-impervious, plastic material such as polyethyl-
ene or polypropylene. Preferred is a 5-12 mil thick strip 
of aluminum foil which is coated on the interior surface 
(that is, the same surface on which the dehydrator strip 
is positioned) with a thin coating, e.g., 0.5 to 5 mils of 
polyethylene. The interior coating of polyethylene pro-
vides for better adhesion of the spacer-dehydrator ele-
ment to the ribbon 1. 

The dehydrator strip 4 is an elongated, preformed 
strip of elastic, polymeric material and has a preshaped 
cross-section adapted for insertion between opposed 
marginal edges of it pair of rigid, parallel sheets of a 
multiple glazed unit. The dehydrator strip is formed of 
a moisture vapor transmittable, elastic, polymeric ma-
trix having finely divided particles of desiccant material 
dispersed throughout the matrix. The spacer-dehydra-
tor element is described in detail in U.S. Pat. No. 
3,758,996 to Bowser. 

The spacer-dehydrator element 4 is secured to the 
flexible carrier strip 1 by a thin layer 3, that is, about 1 
to 10 mils, of an adhesive. Preferred is a hot melt adhe-
sive. By the term hot melt adhesive is meant a bonding 
agent which achieves a solid state and resultant strength 
by cooling, as contrasted with other adhesives which 
achieve the solid state through evaporation or removal 
of solvents. Prior to heating, a hot melt adhesive is a 
thermoplastic, 100 percent solid material, all adhesive. 
Application of heat brings the material to the liquid 
state, and after removal of the heat, it sets by simple 
cooling. 

The hot melt adhesive is employed in the practice of 
the invention mainly because of the economic reasons 
associated with process speed, simplicity and mechani-
zation. Hot melt adhesives are also used because of the 
speed in which they produce a bond. In the practice of 
the invention, economics indicate that the bond be-
tween the flexible carrier tape and the spacer-dehydra-
tor element develop very quickly because of packaging 
considerations. Also, the use of hot melts eliminates the 
cost of solvents used with solvent-based adhesives. In 
addition, solvent-based adhesives could not be used in 
the practice of the invention because the binding mech-
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[57] ABSTRACT 

A hollow panel is prepared by uniting vitreous sheets 
by a spacer of synthetic polymeric material between the 
sheets. Preferably the polymeric material is a mixture 
including two polymers of substantially different molec-
ular weight. A ribbon made of the polymeric composi-
tion is also disclosed. 

20 Claims, 4 Drawing Figures 
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VITREOUS SHEETS WITH SYNTHETIC 
POLYMER SPACER AND PROCESS FOR MAKING 

THE SAME 

This invention relates to a method ofmanufacturinga 
hollow panel by uniting vitreous sheets by means of a 
spacer of synthetic polymeric material located between 
and adherent to margins of such sheets. The invention 
also relates to spacer materials for such panels. 10 

Prior art methods in the category referred to (see, for 
example, U.S. Pat. Nos. 3,758,996 and 3,791,910) are 
capable of use in the mass production of hollow glazing 
units but there is need for improvements in certain re-
spects. It is often important to achieve a predetermined 15 
spacing of the vitreous sheets in the finished panel in a 
reproducible manner. This has proved to be difficult by 
some of the known methods due to characteristics of 
the prefabricated spacer strips, including minor varia-
tions in their cross-sectional dimensions, and/or to 20 
problems associated with the assembly and jointing of 
the sheets and spacer strips. Another disadvantage, 
attributable to various of the known methods, is that the 
panels do not satisfy one or more quality specifications 
which panel manufacturers are now frequently asked to 25 
observe and which relate specifically to properties of 
the spacer itself. The forces to which the spacers are 
subjected in course of use due to their manner of instal-
lation or environmental conditions require spacers to 
have a certain inherent strength but at the same time a 30 
certain elasticity. Panels made by known methods have 
developed various faults which are attributable to the 
inter-sheet joints. Some of these faults are clearly due to 
inadequate mechanical properties of the spacers but 
others have proved to be more difficult to explain. 35 

An object of the present invention is to provide a 
method by which vitreous sheets can be joined at a 
predetermined spacing, within very close tolerances. 
Another object is to provide such a method which is 
suitable for use under industrial conditions in the mass 40 
production manufacture of hollow panels with high 
quality hermetically sealed joints between the panel 
sheets such as may be required, for example, in hollow 
glazing units for installation in the exterior wails of 
buildings. 45 

According to the present invention, there is provided 
an improvement in a method of manufacturing a hollow 
panel by uniting vitreous sheets by means of a spacer of 
synthetic polymeric material located between and ad-
herent to margins of such sheets, which improvement 50 
comprises the steps of laying upon the margin of one of 
the sheets a hardenable viscoelastic ribbon having 
cross-sectional dimensions and a viscosity sufficient to 
maintain the two sheets at at least the required final 
inter-sheet spacing under the weight of the superini- 55 
posed sheet when the sheets are disposed horizontally 
with the ribbon between them, laying the other sheet in 
generally horizontal position supported by said ribbon, 
and then subjecting said ribbon to hardening conditions 
while the sheets are at said final required spacing to 60 
convert the ribbon into a spacer having a tensile 
strength of at least 4 kg/cm2, an elongation at break in 
excess of 50% and a water permeability of the poly-
meric material less than 0.2 g of water per m2 of surface 
per 24 hours per mm of material thickness per cm of Hg 65 
pressure. 

This improved method can be economically applied 
on an industrial scale with reproducible results. One 
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very important factor leading to this advantage is the 
formation of the spacer in situ from a ribbon which is 
able to support the superimposed vitreous sheet. It is not 
necessary to employ any extraneous temporary means 
for maintaining the vitreous sheets at the required final 
spacing while the ribbon undergoes conversion to a 
spacer strip with the specified properties. The assembly 
of the panel components is very simple. The thickness 
of the ribbon (i.e. that dimension thereof which is mea-
sured normally to the vitreous sheet on which the rib-
bon is initially laid) is not critical in the sense that the 
thickness of a finished prefabricated spacer strip would 
be critical. The ribbon thickness can exceed the re-
quired spacing between the vitreous sheets in the fin-
ished panel because the ribbon can be easily perma-
nently deformed to make its thickness equal to the re-
quired inter-sheet spacing before the strip is hardened. 

Furthermore the method according to the invention 
yields panels with inter-sheet joints having a combina-
tion of properties which has been found to be important 
for good performance, which properties include a high 
degree of water-impermeability of the sheet spacer. 
This factor contributes considerably to reducing deteri-
oration of the inter-sheet joints during prolonged use of 
the panel. 

The viscoelastic ribbon may be a continuous length of 
the viscoelastic material which is laid along the entire 
peripheral margin of the one vitreous sheet. As an alter-
native the ribbon may comprise two or more separate 
lengths of such material which are laid along different 
margins of such sheet and which may be caused or 
allowed to become joined or bonded together end to 
end during or after that operation. The terms "ribbon" 
and "spacer" where used in the above definition of the 
invention are to be construed accordingly, that is, to 
include not only a single piece ribbon and a single piece 
spacer respectively but also a ribbon and a spacer com-
posed of separately fabricated lengths of material. 

The term "hardening" where used in the above defi-
nition of the invention in relation to the viscoelastic 
ribbon is used as a compendious term to denote an in-
crease in viscosity and strength due to change in chemi-
cal composition of the ribbon and the cognate term 
"hardenable" is to be construed accordingly. The 
chemical change may, for example, involve vulcaniza-
tion or chemical cross-linking. 

In a preferred method according to the invention the 
viscoelastic ribbon is extruded Onto the margin of the 
one vitreous sheet, It is very convenient to carry Out the 
invention in this way. Storage of viscoelastic ribbon 
awaiting use is obviated and the ribbon is applied in 
fresh condition. The strip material can be extruded in a 
factory in which the seals or joints are formed and the 
quality of the extruded product can easily be checked 
and adjusted at any time. The ribbon can be laid pro-
gressively along the margin of the vitreous sheet by 
extruding the ribbon onto that sheet while the extruder 
and the sheet are relatively displaced. 

As an alternative procedure the ribbon can be de-
rived from a temporary storage facility. For example, 
the extruded ribbon can he coiled preparatory to with-
drawal from the coil to an assembly station. An anti-
adhesive material, for example, a material in powder 
form, may be applied to the extruded ribbon to prevent 
too firm adhesion between the convolutions. 

In preferred methods according to the invention the 
thickness of the ribbon (measured in a direction normal 
to vitreous sheets between which it is located prepara-
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tory to the hardening operation) is in excess of the re-
quired final inter-sheet spacing and pressure is exerted 
on the assembly to bring the sheets to that required 
value before the ribbon is converted into the spacer. 
Preferably, this is accomplished while the assembly is 5 
on a horizontal support, by means of one or more rollers 
spaced above that support by a distance equal to the 
required final inter-sheet spacing, the support and roller 
being relatively displaced to cause the roller to bear 
against the upper vitreous sheet. 10 

The viscoelastic ribbon is preferably formed of a 
composition having at 80° C. an estimated viscosity of 
40,000 to 120,000 poises estimated by means of a Bra-
bender plastograph wherein a bladed rotor is rotated at 
10 revolutions per minute in a quantity of the composi- 15 
Hon at 80° C. held in a container. The resistance to 
rotation of the rotor is compared with the resistance to 
rotation in a reference material and the result is used as 
a basis for the estimated viscosity of the sample. As 
stated above, the estimated range of 40,000 to 120,000 is 20 
not critical. Compositions outside that range can be 
used, e.g. compositions having an estimated viscosity up 
to 250,000 poises. 

The viscoelastic ribbon must be capable of resisting 
significant deformation under the forces imposed by the 25 
superencumbent vitreous sheet and of resisting any 
permanent deformation under any forces which may be 
imposed by the handling of the ribbon, for example, 
coiling and uncoiling as hereinbefore referred to, before 
it is laid on one of the vitreous sheets in the panel assem- 30 
bly operation. 

Preferably the viscoelastic ribbon has a tensile 
strength of from 0.5 to 3 kg/cm2. These values for the 
tensile strength of the viscoelastic ribbon and the values 
hereinafter given relating to the tensile strength of the 35 
spacer formed from the viscoelastic ribbon are obtained 
according to French Standard NP. 46.002 using an H3 
type gauge and a traction rate of 50 cm/minute. 

In preferred embodiments of the invention the visco-
elastic ribbon has an elongation at break in excess of 40 
700%. In certain embodiments of the invention the 
composition of the viscoelastic ribbon and the harden-
ing conditions to which it is subjected are such that the 
spacer has a tensile strength of from 4 to 50 kg/cm2. 
These values are not critical. For example, the spacer 45 
may have a somewhat higher tensile strength. Gener-
ally speaking the best panels incorporate a spacer hav-
ing a tensile strength of at least 10 kg/cm2, the optimum 
range being 12 to 16 kg/cm2. Advantageously, the com-
position of the viscoelastic ribbon and the hardening 50 
conditions are such that the spacer has an elongation at 
break exceeding 100%, for example, between 150 and 
500%, the optimum range being 150 to 450%. 

Synthetic polymers of various types can be used as a 
basis for the viscoelastic ribbon composition. There can 55 
be cited, for example, synthetic elastomers which can 
acquire a stable structure with the required physical 
properties simply by cooling. We refer here particularly 
to the class of materials called "thermoplastic rubbers". 
Preferred categories of synthetic polymeric materials 60 
for forming the viscoelastic ribbon comprise curable 
elastomeric materials and particularly those which by 
appropriate selection of curing or vulcanizing agents 
can be cured at relatively low temperatures, say less 
than 100° C. Deserving of particular mention are corn- 65 
positions based on one or more butyl rubbers alone or in 
combination with other polymers such as ethylene/vi-
nyl acetate copolymers or polyisobutylene, composi-

tions based on one or more ethylene/propylene terpoly-
mers particularly terpolymers of ethylene and propy-
lene with a nonconjugated diene (e.g. dicyclopenta-
diene, hexadiene or a bornene such as 2-ethyl norbor-
nene) such as compositions based on a combination of 
an ethylene/propylene terpolymer and polyisobutylene, 
and compositions based on depolymerized butyl rubber, 
e.g. on a combination of such a polymer with an 
ethylene/vinylacetate copolymer with or without the 
addition of some other elastomer. 

The foregoing is a summary of the most preferred 
elastomeric compositions but it is, of course, within the 
scope of the invention to use a viscoelastic ribbon com-
position of another type. As other examples reference is 
made to extrudable compositions based on a butadiene-
styrene copolymer or a butadiene/acrylonitrile copoly-
mer, natural rubber, polyisoprene and to compositions 
based on chiorosulphonated polyethylene (e.g. a ohIo-
rosuiphonated polyethylene as marketed under the 
Trade Mark "Hypalon" by DuPont de Nemours), or on 
reaction products of aliphatic dihalide compounds, e.g. 
dichiorodiethyl formal, with metal polysulphides, e.g. 
sodium polysnifide, polysulphide rubbers, Thiokol rub-
bers. 

Curable viscoelastic ribbon compositions will include 
an appropriate cross-linking or vulcanization agent. 
Vulcanizing agents suitable for compositions based on 
butyl rubber and ethylene/propylene terpolymers in-
clude para quinone dioxime in the presence of an oxi-
dizer. Various halomethyl phenol formaldehyde resins 
can be used for curing unsaturated elastomers, e.g. butyl 
rubber, at elevated temperatures or even at room tem-
perature (ref. "Ambient Curing of Unsaturated Elasto-
fliers with Halornethyl Phenolic Resins" by Kenneth C. 
Peterson; Paper presented to the Division of Rubber 
Chemistry, American Chemical Society, April 1971), 
Peroxides are suitable for cross-linking ethylene/propy-
lene terpolymers and agents for cross-linking such poly-
mers at room temperature and based on hydroperoxides 
are described in a paper by L. Corbelli and S. Gi-
ovanardi entitled "Crosslinking of Ethylene-Propylene 
Terpolymers at Room Temperature" published in the 
report of the Montedison Petrochemical Division Re-
search Centre (1975). 

Preferably the viscoelastic ribbon is capable of being 
and is, in fact, cured at less than 100° C. to form the 
spacer in situ. The selection of the viscoelastic composi-
tion so that curing can take place without the necessity 
for the ribbon to be heated to high temperatures of 1000 

C. or more is of practical advantage for reducing manu-
facturing costs. The manufacture of the panels is partic-
ularly facilitated if curing can take place at ambient 
temperature or with only moderate heating. 

If heating of the viscoelastic ribbon is required to 
bring about its conversion to a spacer with the required 
properties, this can be achieved by placing the panel 
assembly in an oven. Alternatively heating can be con-
fined to the region of the assembly where the spacer is 
located. Locali :ed heating can, for example, be effected 
by a high-frequency heating technique provided that a 
polar compound, e.g. neoprene, is included in the rib-
bon composition or the composition includes a suffi-
ciently high proportion of a suitable tiller, e.g. carbon 
black, or titanium oxide, zinc oxide or barium oxide. 

In carrying out a method according to the invention 
it is often advantageous to pre-heat at least the margins 
of the vitreous sheets before applying the viscoelastic 
ribbon. 
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Preferably the viscoelastic ribbon incorporates a mix-
ture of high and low molecular weight polymeric sub-
stances. The use of polymers of substantially different 
molecular weights in the formation of the ribbon com-
position is recommended because adjustment of the 5 
relative proportions of such substances affects the vis-
coelastic properties and by appropriate selection of 
these proportions the viscoelastic ribbon can be given a 
favorable combination of properties enabling it to be 
conveniently laid, to support the superimposed vitreous 10 
sheet and to form after conversion a spacer with excel-
lent mechanical properties which provide a stable and 
strong inter-sheet joint with adequate flexibility to with-
stand rupture due to flexure of the vitreous sheets, for 
example, due to thermal gradients across the panel or, in 15 

the case of exterior glazing units, to wind forces. 
It is advantageous to employ a ribbon composition 

wherein there is at least one high molecular weight 
curable polymeric material diluted with at least one low 
molecular weight polymeric material and wherein the 20 
weight ratio of the low molecular weight polymeric 
material to the high molecular weight polymeric mate-
rial is between 0.5:1 and 1.6:1. According to another 
advantageous embodiment use is made of a ribbon com-
position comprising at least one low molecular weight 25 
curable polymeric material diluted with at least one 
high molecular weight polymeric material and in which 
the weight ratio of the low molecular weight polymeric 
material to the high molecular weight polymeric mate-
rial is higher than 2,5:1 e.g. between 2.5:1 and 3.5:1. 30 

By way of example, the viscoelastic ribbon composi-
tion may comprise a low molecular weight butyl rubber 
(mw. between 5000 and 50,000), e.g. Butyl LM and a 
high mOlecular weight butyl rubber (m.w. 400,000 to 
60O,000), e.g. Butyl B268, or a butyl rubber and a poly- 35 
isobuty!ene of substantially higher or lower molecular 
weight than the butyl rubber. 

The invention includes methods wherein the compo-
sition of the viscoelastic ribbon is based on one or more 
synthetic elastomers and is capable of being and is, in 40 
fact, applied in heated condition and converted to form 
said spacer by cooling in situ, e.g. compositions based 
mainly on a thermoplastic rubber as previously referred 
to. 

The viscoelastic composition preferably includes a 45 
tackifier for promoting bonding of the spacer to the 
vitreous sheets. 

In some embodiments the viscoelastic composition 
incorporates a hot melt adhesive. Such substances can 
also promote bonding to the vitreous sheets. Ethylene/- 50 
vinyl acetate copolymers which have been referred to 
as useful polymer bases for the viscoelastic composition 
also fall in the category of hot melt adhesives, as do 
terene resins. 

Various other types of ingredients can be incorpo- 55 
rated in the viscoelastic ribbon, e.g. a filler for improv-
ing mechanical strength, a vulcanization inhibitor or 
retarder, a drying agent, a substance such as carbon 
black to function as an ultraviolet radiation screen, and 
a plasticizer. 60 

For achieving a very durable bond between the 
spacer and the vitreous sheets it is recommended to 
apply a primer coating to the vitreous sheets where the 
spacer is to be located. A silane coating is particularly 
suitable for that purpose. 65 

In some methods according to the invention at least 
one desiccant-containing strip is laid adjacent to the 
viscoelastic ribbon so that the desiccant-containing strip 
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is located internally of the panel. The incorporation of 
the desiccant-containing strip improves the perfor-
mance of the panel, assuming of course that it is one 
which is hermetically sealed. Advantageously there is at 
least one desiccant-containing strip which comprises a 
desiccant distributed in a water-permeable binder. The 
desiccant increases the resistance of the sealed panel to 
deteriorations in optical properties or structure by the 
effects of moisture. By incorporating the desiccant into 
a strip the incorporation of the desiccant into the panel 
is facilitated and a very favorable distribution of the 
desiccant can be insured. The desiccant binder can be 
based on one or more synthetic elastomers, preferably 
one or more butyl rubbers, an ethylene/vinyl acetate 
copolymer or polyvinyl chloride, to mention a few 
examples. The binder may furthermore incorporate a 
hot melt adhesive, e.g. an ethylene/vinyl acetate co-
polymer or some other ingredient serving as a tackifier 
to assist adhesion of the desiccant-containing strip to the 
viscoelastic spacer ribbon if that adhesion is required. 

Advantageously the desiccant-containing strip or 
strips and the viscoelastic ribbon are caused to adhere to 
each other as or before the ribbon is laid on one of the 
vitreous sheets during the panel assembly operation. In 
some embodiments the desiccant-containing strip is an 
extruded strip. The viscoelastic spacer ribbon and the 
desiccant-containing strip can be co-extruded and 
caused to adhere as the ribbon is fed to or laid upon the 
vitreous sheet. 

As an alternative or in addition to incorporating a 
separate desiccant-containing strip in the panel, a desic-
cant can be incorporated in the viscoelastic ribbon 
which is to form the spacer. Of course desiccant can be 
incorporated in the panel in some other way. For exam-
ple, an air-pervious envelope filled with desiccant can 
be installed in the panel during assembly. 

According to a second aspect of the present invention 
there is provided a viscoelastic ribbon adapted to be laid 
between margins of vitreous sheets and converted to 
form a sheet spacer, characterized in that the composi-
tion of said ribbon comprises a mixture of polymeric 
substances of different molecular weights, (e.g. such as 
mentioned above), has a viscosity at 80° C. of 40,000 to 
120,000 poises, a tensile strength of at least 0.5 kg/cm2 
and an elongation at break in excess of 700%, and is 
curable by heating below 100° C. to form a spacer strip 
having a tensile strength of at least 4 kg/cm2, an elonga-
tion at break in excess of 50% and a water permeability 
of the polymeric material of less than 0.2 g of water per 
in2 of surface per 24 hours per mm of material thickness 
per cm of Hg pressure. 

Such ribbons, which are very useful in the manufac-
ture of hollow panels as hereinhefore appears, are new 
products in their own right. 

Preferred features for ribbons according to the inven-
tion, including preferred tensile strength and elongation 
at break values have been disclosed above in connection 
with the performance of a panel manufacturing method 
according to the invention. 

With respect to the polymeric material forming the 
basis of the viscoelastic ribbon we refer in particular to 
ribbon compositions comprising at least one high mo-
lecular weight curable polymeric material diluted with 
at least one low molecular weight polymeric material 
and wherein the weight ratio of the low molecular 
weight polymeric material to the high molecular weight 
polymeric material is between 0.5:1 and 1.6:1; also to 
ribbon compositions comprising at least one low molec-
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ular weight curable polymeric material diluted with at 
least one high molecular weight polymeric material and 
in which the weight ratio of the low molecular weight 
polymeric material to the high molecular weight poiy° 
meric material is higher than 25:1. 5 

There are certain combinations of polymers which 
afford particularly good results. These include: (a) a 
butyl rubber in combination with an ethylene/vinyl 
acetate copolymer or a polyisobutylene which is of 
substantially higher or lower molecular weight than 10 
said butyl rubber, and in particular a butyl rubber with 
a molecular weight between 400,000 and 600,000 in 
combination with polyisobutylene having a molecular 
weight substantially below that range or a butyl rubber 
with a molecular weight between 5000 and 50,000 in 15 
combination with an ethylene/vinylacerate copolymer 
having a molecular weight substantially above that 
range; (b) an ethylene/propylene/diene terpolymer in 
combination with a polyisobutylene of substantially 
lower molecular weight than such terpolymer; (c) a 20 
depolymerized butyl rubber and an ethylene/vinyl ace-
tate copolymer of substantially higher molecular weight 
than such polymer. 

The foregoing types of polymer combinations are not 
exhaustive of what can be used but with suitable selec- 25 
tion of the relative proportions of the different compo-
nents of the combination, ribbons which are particularly 
efficacious for the purposes in view can be produced. 
The optimum proportions of such polymer components 
for any given composition will depend in part on the 30 
nature and proportion of the other ingredients of the 
composition and in particular on the nature and propor-
tion of other polymeric material (if any) in that compo-
sition. Various examples of ribbon compositions, illus-
trating the above types of polymer combinations, are 35 
given below. 

Ribbons according to the present invention can be 
used for forming inter-sheet spacers in the manufacture 
of hollow panels and/or for making water-tight seals 
between vitreous sheets and frames in which they are 40 
mounted. 

Various features of the present invention are illus-
trated in the drawings. 

FIG. 1 is a side view showing the relationship be-
tween the spacer and the glass panes. 45 

FIG. 2 is a side view showing the manner in which 
the viscoelastic ribbon is applied to a glass pane. 

FIG. 3 is a side view showing the manner in which 
pressure may be applied to reduce the thickness of the 
ribbon. 50 

FIG. 4 is a side view showing a preferred assembly 
according to the present invention. 

In the following examples, Example 1 is an example 
of a panel manufacturing method according to the in-
vention, Examples 2 to 9 are Examples of viscoelastic 55 
ribbons according to the invention and Example 10 is an 
example of a panel manufacturing method in which 
ribbons according to the invention are used for forming 
an inter-sheet spacer and for sealing the panel in a 
frame. 60 

The following are the commercial sources of various 
substances used in those examples and the general na-
ture of those substances which are identified by Trade 
Marks: "Butyl LM", "Butyl 268" and "Butyl LM 430": 
vulcanizable isoprene/isobutylene copolymers mar- 65 
keted by ESSO; "EVA" and "EVA 506B"; hot melt 
adhesives marketed by UNION CARBIDE; "Methy-
Ion" AP 108: phenolic resin tackifier marketed by 
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GENERAL ELECTRIC; "Escorex" and "Escorez S 
280": hydrocarbon resin tackifiers marketed by ESSO; 
"Caloxol W5 G": calcium oxide desiccant marketed by 
STURGE CHEMICALS; "Levilite": silica gel desic-
cant marketed by RI-TONE PROOIL; Molecular Sieve 
desiccant marketed by UNION CARBIDE; "Tonox": 
vulcanization inhibitor comprising p,p1-diaminodj-
phenylmethane and m-aminoanilioe marketed by UNI-
ROYAL; GMF p-quinone dioxime vulcanizing agent 
marketed by UNIROYAL; OMYA EXH1; chalk dilu-
ent marketed by OMYA; "Noir P33": carbon black 
filler marketed by VANDERBILT; "Noir SOF": car-
bon black filler marketed by CABOT; Pb02, Pb02HC6, 
Mn02: accelerators for GMF vulcanizing agent, mar-
keted by RIEDEL DE HAEN; "Sheliflex"; plasticizers 
marketed by SHELL; "Dutral Ter 054/EM": vulcaniz-
able ethylene/propylene/ethylidene norbornene ter-
polymer marketed by MONTEDISON; "Vistanex 
LMMS" and "VISTANEX 140": non-vulcanizable 
polyisobutylene marketed by ESSO; "Sunpar 2280": 
plasticizing oil marketed by SUN OIL COMPANY; 
"Protektor G3108": antioxidant wax sold by FULLER; 
"Anox HB": antioxidant marketed by BOZZETTO; 
"indopol H300": non-vulcanizable polybutene mar-
keted by AMOCO; Glycerol ester of rosin adhesive 
marketed by TENNECO; "Kalerie 800" vulcanizable 
depolymerized butyl rubber marketed by HARDMAN. 

EXAMPLE! 

The glazing unit shown in FIG.. 1 comprises two 
sheets of glass I and 2 secured in spaced relationship to 
a spacer 3 which hermetically encloses the space be-
tween the two sheets. 

For the formation of the spacer an extrudable compo-
sition was prepared having the following ingredients: 

Parts 
by weight 

Butyl LM (low molecular weight butyl polymer) 100 
Butyl 268 (high molecular weight polymer) S 
EVA ethylene/vinyl acetate copolymer containing 
28% vinyl acetate units and constituting a hot 
melt adhesive 30 
"Methylon" AF 108 (phenolic resin tsckifier) 3 
"Escorez" (hydrocarbon resin tackiner) 5 
"Caloxol W 5 0" (Calcium Oxide drying agent) 8 
"Levilite’ (silica gel desiccant) 20 
Molecular sieve desiccant (KAISiO3) 5 
"Tonox" (vulcanization inhibitor) 2 
GMF (p-quinone dioxime) vulcanizing agent 3 
QMYA EXHI chalk 10 
Carbon black 
Pb02 (vulcanization accelerator) 9 
"Sheliflex" plasticizer 45 

The mutually soluble butyl polymers were mixed 
together at 1300 C. and mixing was continued while all 
of the other ingredients, with the exception of the vul-
canization accelerator, were added. The vulcanization 
accelerator was dispersed in the plasticizer and the 
resulting suspension was then mixed with the mixture of 
the other ingredients at 600 C. The resulting composi-
tion, which had an estimated viscosity at 80° C.  of be-
tween 40,000 and 120,000 poises, was extruded at 60° C. 
to form an extruded ribbon having basically a rectangu-
lar cross-section with radiused corners measuring 10 
mmX9 mm. This ribbon had a tensile strength of I 
kg/cm2 and an elongation at break exceeding 800%. 
The ribbon was wound onto a core surfaced with sili-
cone paper. After some days, a length of the extruded 
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ribbon 4 was drawn from the coil and laid progressively 
along the margins of glass sheet 1 as represented in FIG. 
2, which margins had been coated with amino-silane 
primer. The second glass sheet 2 which had been simi-
larly marginally primed was then laid onto the applied 5 
viscoelastic ribbon. The ribbon supported the second 
glass sheet without undergoing any perceptible defor-
mation under the supported weight. This assembly took 
place at room temperature. The assembly was then 
passed beneath a roller 5 (FIG. 3) located to exert .10 
downward pressure on the assembly to reduce the 
thickness of the ribbon (inter-sheet distance from 10 mm 
to 8 mm. The assembly was then placed in an oven for 
2 hours at 80 C. This heat-treatment brought about the 
vulcanization of the ribbon to form the spacer 3. At the 15 
same time the ribbon became very firmly bonded to the 
glass sheets. Tests on similarly composed and treated 
ribbon material showed that the vulcanized ribbon had 
a tensile strength of 16 kg/cm2, an elongation at break 
of 400% and a water permeability of the polymer of 20 
0.02 g of water per 002 of surface per 24 hours per mm 
of material thickness per cm of Hg pressure. During 
manufacture of the glazing unit the vulcanized ribbon 
was pierced and press.ære equalization between the inte-
rior of the unit and the environment was brought about 25 
in accordance with known practice in hollow glazing 
unit manufacture. The pierced hole or holes can very 
easily be resealed by local heating of the ribbon or by 
plugging or patching. 

In a modification of the foregoing method the ex  30 
-

truded viscoelastic composition was formulated as 
above except that the "Levilite" and the molecular 
sieve desiccants were omitted and the amounts of car-
bon black and "OMYA EXHI" were increased by a 
corresponding aggregate amount. During the assembly 35 
of a glazing unit using this modified extruded composi-
tion, a quantity of desiccant was enclosed in the unit. 
This desiccant was dispersed in a water-permeable 
binder, e.g. a binder based on one or more synthetic 
elastomers, forming a strip which was disposed just 40 
inside the course along which the extruded ribbon 4 was 
laid. 

EXAMPLE 2 

An extrudable viscoelastic composition was prepared 45 
having the following composition in parts by weight: 

"Ijutral Ter 054/EM terpolyrner (an mhytene/ 
propylene/diene terpolyaner 100 
Vstanex LMMS (polyisoburyfene of molecular 
weight (8,700-10,000) 1 00 
Sunpar 2280 (plasticizing oil) 54 
Protektor G3108 (anti -oxidant wax) 3.5 
Methylon AP108 (phenolic resin Lackifier) 3 
Escorea S 280 (hydrocarbon resin tackif’ier) 5 
Anox FIB (anti-oxidant) 2 
GMF (p-quinone dioxime) vulcanizing agent 4 
OMYA EXt-Il chalk 20 
"Levilite" (silica gel desiccant) 70 
Noir SOF (carbon black filter) IS 
Molecular Sieve 4A (dehydrating agent 
controlling rate of vulcanization) 
EVA 506 B (ethylene/vinyl acetate copolymer) 15 
Indopol H300 (polybutene) 20 
Glycerol ester of rosin (adhesive) 5 
PbO7 HC6 (vulcanization accelerator) 6 
Shdlflea 451 NC (plasticizer) 2 

The composition had at 80’ C. a viscosity corre-
sponding to a torque of 400 g.m. estimated by the Bra. 
bender Plastograph Type 50. The composition was 
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10 
extruded at 600 C. to form a ribbon of cross-sectional 
dimensions suitable for use as an inter-sheet spacer in a 
hollow glass panel. 

A specimen piece of the ribbon was heated at 80’ C. 
for3 hours. This treatment vulcanized the ribbon. Th 
vulcanized ribbon was found to have a tensile strength 
of 6 kg/cm2, an elongation at break in excess of 150% 
and a water permeability of 0.1 g water per m2 of sur-
face per 24 hours per mm of material thickness per cm 
of Hg pressure. 

EXAMPLE 3 

An extrudable viscoelastic composition was prepared 
as in Example 2 but with the following modifications: 
The 100 parts by weight of Dutral Ter 054/EM terpoly-
mer was replaced by 100 parts by weight of Butyl 268 
(butyl rubber with a molecular weight of 450,000 to 
520,000); the amount of Sunpar 2280 plasticizing oil was 
reduced to 50 parts by weight; the EVA 506 B, Indopol 
H300 and glycerol ester of rosen adhesive were omit-
ted. 

This modified composition had at 800 C. a similar 
viscosity. The composition was extruded at 60’ C. to 
form a ribbon for use as an inter-sheet spacer and the 
extruded ribbon was subjected to a vulcanizing treat-
ment as performed in Example 1. The vulcanized ribbon 
had the following properties: 
Tensile strength: 15 kg/cm2 

Elongation at break: above 10017-c 
Water permeability: about 0.1 g/m2 24 hours/mm/cm 

of Hg 

EXAMPLE 4 

An extrudable viscoelastic composition was prepared 
having the following composition in parts by weight: 

Kalene 800 (depolynierized butyl rubber:) 100 
EVA (ethylene/vinyl acetate copolymer containing 
28% vinyl acetate units) 30 
Viatanex 140 (polyisobutylene of molecular weight 
between 117,000 and 135,000) 4 
Butyl B268 polymer (molecular weight: 
450,000-520,000) 4 
Prote.ktur 03108 (anti-oxidant wax) 3.5 
Escorcz S 250 (hydrocarbon resin rackifier) 5 
GMF (p-quinorie dioxhne) vulcanizing agent 3 
OMYA EX1-Il chalk 20 
Noir SOF (carbon black filler) 20 
"Levilite" (silica gel desiccant) 20 
Molecular Sieve 4A (dehydrating agent controlling 
vulcanization rate) 
Anox I-tB (anti -oxidant) 2 
Methylon AP lOS (phenolic resin tackilier) 3 
PbOi HC6 (vulcanization accelerator) 6 
Shell l’iex 451 NC (plasticizer) 2 

This composition had a viscosity at 80’ C. of the same 
order as the composition of Example 1. The composi-
tion was extruded and vulcanized by heating at 80’ C-
for three hours. The vulcanized ribbon had the follow-
ing properties: 
Tensile strength: 10 kg/cm2 

Elongation at break: 230% 
Water permeability: about 0.1 g/cm2/24 hours/mm/cm 

of Hg. 

EXAMPLE 5 

An extrudable viscoelastic composition was prepared 
having the following composition in parts by weight: 
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Dutral Ter 054/EM 100 
Vistanes LMMS IOU 
Sunpar 2280 54 
Prolektor 03108 3,5 
Escorez S 280 5 
EVA5O6B IS 
Glycerol ester of rosin 5 
"Tocox" aromatic amine vulcanization retarder 2 
GMF 4 
OMYA EXH1 20 
Methylan AP 108 3 
Noir SOF 10 
Noir P33 (thermal semi-reinforcing black 
filler) 30 
Molecular Sieve 4A 
Indopol 1-1300 20 

Mo02 (vulcanization accelerator) 6 
SitelIflex 451 NC 6 

The composition was extruded and vulcanized in the 
same way as the composition in Example 2 and the 
vulcanized ribbon has similar properties to the vulca-
nized ribbon in that Example. 

EXAMPLE 6 

An extrudable viscoelastic composition was prepared 
as in Example 5 except that 100 parts by weight of Butyl 
B268 were used in place of the 100 parts by weight of 
Dutral Ter 054/EM. The composition had at 800 C. a 
viscosity similar to that of the composition used in Ex-
ample 3. The composition was extruded at 60° C. to 
form a ribbon and the ribbon was vulcanized by heating 
at 80° C. for 3 hours. The vulcanized ribbon had proper-
ties similar to those of the vulcanized ribbon in Example 
3, 

EXAMPLE 7 

-continued 
Pb02 HC6 6 
ShellIlex 451 NC 2 

5 
The composition had a viscosity of the same order as 

that of the composition in Example 3. The composition 
was extruded at 60° C. to form a ribbon. The ribbon was 
vulcanized by heating at 80° C. for 2 hours. The vulca-

10 nized ribbon had properties similar to those of the vul-
canized ribbon in Example 3. 

EXAMPLES) 

A viscoelastic composition was prepared having the 
15 following composition in parts by weight: 

Duty] LM 430 (butyl polymer with a molecular 
weight of 38,000-40,000) 100 
EVA 506 B 30 

20 Butyl B 268 8 
Protekior 0 3108 3.5 
Etcorez S 280 5 
Tacos 2 
GMF 3 
OMYA EXHI 20 

25 
Noir SOF 20 
Molecular Sieve 4A 1 
Methylon AP 108 3 
Mo03 7.5 
Sheilfiex 451 NC 75 

30 

35 

An extrudable viscoelastic composition was prepared 
as in Example 5 with, however, the following modifica-
tions: The composition contained 10 instead of 20 parts 
by weight of OMYA EXHI, 20 instead of 10 parts by 40 
weight of Noir SOF, and no Noir P33; the composition 
further included 20 parts by weight of Levilite and 2 
parts by weight of Anox HB, and contained 6 parts by 
weight of Pb02 HC6 instead of 6 parts by weight of 
Mn02, and 2 parts instead of 6 parts by weight of Shell  45 -
flex 451 NC. 

The viscosity of the composition was of the same 
order as that of the composition in Examples 2 and S. 
The composition was extruded to form a ribbon and the 
ribbon was vulcanized by heating at 80° C. for 3 hours. 50 
The vulcanized ribbon had properties similar to those of 
the vulcanized ribbon in Examples 2 and 5. 

EXAMPLE 8 

A viscoelastic composition was prepared having the 55 

following composition in parts by weight: 

Butyl 8268 100 
Vjstanex LMMS 100 
Surtpar 2280 50 60 
Protektor 03108 3.5 
Escorcz S 210 5 
Tonos 2 
GMF 4 
OMYA EXHI 20 
Noir SOF 65 
Molecular Sieve 4A 
Levilite 20 
Metliylon API08 3 
Anox 1-88 2 

This composition had a viscosity similar to that of the 
composition in Example 1. The composition was ex-
truded at 60° C. to form a ribbon. The ribbon was vulca-
nized by heating at 80° C. for a minimum of 2 hours. 
The vulcanized ribbon had the following properties: 
Tensile strength: 10 kg/cm2 
Elongation at break: well above 100% 
Water permeability: 0.08 g/cm2/24 hours/mm/cm of 

Hg. 

EXAMPLE 10 

A hollow glazing unit as shown in FIG. 4 was manu-
factured as follows: A frame component 8 was primed 
by application of a primer coat to the face to be con-
tacted by a sealing strip 9. The sealing strip 9, which 
was extruded from a composition as used in Example I, 
was laid on the primed face of the frame component 
and a marginally primed glass sheet 10 was placed in 
position to sandwich the strip 9 between that sheet and 
the frame component and subject the strip to sufficient 
pressure to deform it and insure firm contact of the glass 
sheet and the frame component 8 with the said strip. 
This sub-assembly was then heated for 2 hours at 80° C. 
to vulcanize the sealing strip and bring about its firm 
bonding to the glass sheet and the frame component. A 
second sub-assembly, comprising glass sheet 11, sealing 
strip 12 and frame component 13 was made in an identi-
cal manner. The two sub-assemblies were then con-
nected together by bolts such as 14, screwed into 
threaded socke s in the frame components S and 13, 
after positioning a spacer ribbon 15 between the internal 
marginal faces of the two sheets of glass, which faces 
had been primed with an amino-silane primer. Ribbon 
15 had been extruded from the same composition as that 
used for sealing strips 9 and 12. This ribbon 15 had a 
cross-section such that it became deformed and forced 
into firm contact with the glass sheets as the frame 
components became firmly bolted together. The com-
plete assembly was then heated for 2 hours at 80° C. to 
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bring about the vulcanization of strip 15 and its firm required value before the ribbon is converted into said 
bonding to the glass. spacer. 

Viscoelastic ribbons having a composition according 4. A method as defined In claim 3 wherein said pres-
to any of Examples 2 to 9 can be used in place of the sure is exerted by bringing about relative horizontal 
viscoelastic ribbons 9, 12 and 15 in the above Example 5 displacement between a support on which the assembly 
10. is located and at least one roller which is spaced above 

In a modification of the method according to Exam’ said support by a distance equal to the required final 
pIe 10, the sealing strips 9 and 12 were not vulcanized overall thickness of the panel, to cause said roller to 
prior to connecting the sun-assemblies together. Alter bear against the upper vitreous sheet. 
such connection, a single vulcanization step was carried 10 S. A method as defined in claim 1 wherein the compo-
out to vulcanize the strips 9, 12 and the ribbon 15 siam1- sition forming said viscoelastic ribbon has at 80° C. a 
taneously. viscosity of between 40,000 to 120.000 poises estimated 

In a further modification of the said method, the by means of a Brabender plastograph test as herein 
spacer ribbon 15 was omitted and reliance was placed defined. 
on the strips 9 and 12 and their firm bondage to the glass 15 6 A method as defined in claim 5 wherein the visco-
sheets and the frame components for air-tightly and elastic ribbon has a tensile streneth of from 0.5 to 3 
moisture-tightly sealing the hollow unit. kg/cm2. 

Jr certain glazing units according to the invention, 7 A method as defined in claim 6 wherein th2 visco-
glass sheets were secured in spaced relationship by elastic ribbon has an elongation at break in excess of 
means at a cured spacer ribbon which was inset from 20 
the edges of the glass sheets and the groove between the S. tk method as defined in claim 7 wherein the compo-
projecting margins of the glass sheets was filled with a . . .............. 

siton o said viscoelastic ribbon and said hardening 
po1yvinhdcrie chloride mastic to provide an additional 

conditions are such that the spacer has a tensile strength 
moisture barrier and/or for any other required purpose. of from 4 to 50 kg/ cm2. 

The process can comprise, consist essentially of or 25 
consist of the steps set forth and the composition and 

9. A method as defined in claim 8 wherein the compo-

product can comprise, consist essentially of or consist of 
stion of said viscoelastic ribbon and said hardening 

the materials set forth. 
conditions are such that the spacer has a tensile strength 
of at least 10 kg/cm-. 

What is claimed is: 
 

1. In a method of manufacturing a hollow panel by 30 10. A method as defined in claim 9 wherein the corn -

uniting vitreous sheets by means of a spacer of synthetic position of said viscoelastic ribbon and said hardening 

polymeric material located between and adherent to conditions are such that the spacer has an elongation at 

margins of such sheets, the improvement consisting break exceeding 100%. 

essentially of the steps of (1) laying upon the margin of 11. A method as defined in claim 10 wherein the 

one of the sheets a hardenable viscoelastic ribbon hay- 35 composition of said viscoelastic ribbon and said harden-

ing cross-sectional dimensions and a viscosity sufficient big conditions are such that said spacer has an elonga-

to maintain the two sheets at at least the required final tOTi at break of from 150 to 450%. 

inter-sheet spacing under the weight of the superim- 12. A method as defined in claim I wherein said vis-

posed sheet when the sheets are disposed horizontally c3e1actic ribbon incorporates a mixture at nigh and loss 

with the ribbon between them, (2) laying the other sheet molecular weight polymeric substances. 

in generally horizontal position supported by said rib- 13. A method according to claim 12 wherein the high 

bon, and (3) Then subjecting said.ribbon to molecularhardening   weight polymeric substance is butyl rubber 

conditions while the sheets are at said final required of molecular weight at least 400,000 and the tow molec-

spacing to convert the ribbon into a spacer having a ular weight polymeric substance is butyl rubber of mu-

tensile strength of at least 4 kg/cm2, an elongation at 45 lee ular weight not over 50,000. 

break in excess of 50% and a water permeability of the 14. A method as defined in claim 1 wherein said vis-

polymeric material less than 0.2 g of water per m2 of coelastic ribbon incorporates a tackifier. 

surface per 24 hours per mm of material thickness per A method as defined in claim I wherein said vis-

cm of Hg. pressure, where-n said viscoelastic ribbon is coelastic ribbon incorporates a hot melt adhesive. 
cured in situ at less than 1000 C. to form said spacer, and 50 16. A method as defined in claim 1 wherein at least 
wherein � prior to hardening, said viscoelastic ribbon is one desiccant-containing strip is laid adjacent to said 
capable of resisting significant deformation under the ribbon so that the desiccant-containing strip is located 
forces imposed by the superencumbent vitreous sheet internally of the panel. 
and of resisting any permanent deformation under any 17. A method as defined in claim 16 wherein at least 
forces which may be imposed by the handling of the ss one said desiccant-containing strip comprises a desic-
ribbon before it is laid on one of the vitreous sheets in cant distributed in a water-permeable binder. 
the panel assembly operation. 18. A method as defined in claim 16 wherein each 

2. A method as defined in claim I wherein said visco- desiccant-containing strip is caused to adhere to said 
elastic ribbon is laid by extruding the same onto the ribbon. 
margin of said one sheet. 60 29. A method as defined in claim 18 wherein said 

3. A method as defined in claim I wherein the thick- desiccant-containing strip and said ribbon are caused to 
ness of the ribbon measured in a direction normal to the adhere to each other as or before said ribbon is laid on 
vitreous sheets between which it is located preparatory said one vitreous sheet, 
to the hardening operation is in excess of the said re- 20. A method as defined in claim 16 wherein said 
quired final inter-sheet spacing and pressure is exerted 65 desiccant-containing strip is an extruded strip. 
on the assembly to bring the inter-sheet spacing to that * * * 
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[57] ABSTRACT 

An improved impact resistant double glazed structure 
comprising a back laminate positioned opposite the 
direction of impact, said back laminate comprising a 
plurality of laminae selected from polycarbonate, glass 
and solid resinous materials, and a front glass laminate 
positioned forward of said back laminate comprising a 
plurality of glass laminae, including a relatively thin 
front glass lamina facing the direction of impact having 
a thickness of from about 30 to about 220 mils, a rela-
tively thin back glass lamina opposite the direction of 
impact having a thickness of from 30 to about 220 mils, 
and a relatively thicker glass core positioned intermedi-
ate  said relatively thin back and front glass laminae. 

29 Claims, 2 Drawing Figures 

1 
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IMPACT RESISTANT DOUBLE GLAZED 
STRUCTURE 

This invention relates, to impact resistant laminates. 
More particularly, it relates to bullet resistant double 
glazed structures offering protection against multiple 
shots from high power handguns and rifles, The im-
proved double glazed structure includes a back laminate 
positioned opposite the direction of impact or shock, 
said back laminate containing a plurality of laminae 
selected from the group consisting of polycarbonate, 
glass and solid resinous materials, said laminae of said 
back laminate being bonded together by a compatible 
adhesive, and a front laminate positioned forward of 
said back laminate respective to the direction of impact, 
said front laminate comprising a plurality of glass lathi-
nae, including a front glass lamina having a thickness of 
from about 30 to about 220 mils, facing the direction of 
impact, a back glass lamina having a thickness of from 
about 30 to about 220 mils opposite the direction of 
impact and at least one relatively thick inner glass lam-
ma positioned intermediate said front and back glass 
laminae, said glass laminae of said front laminate being 
bonded together by a compatible adhesive. 

BACKGROUND OF THE INVENTION 

2 
air space between the back laminate and the front glass 
laminate. 

FIG. 2 is a side view of the double glazed structure of 
the present invention wherein the back laminate is adja 

5 cent to and in contact with the front glass laminate. 

10 

15 

20 

25 

The use of so-called safety glazing or penetration 
�resistant glazing for windows, windshields and the like 30 
using multiple layers of polycarbonate, glass, and other 
resinous materials is well known. For example, glass 
polycarbonate resin laminates are described in U.S. Pat. 
No. 3,666,614, the glass and polycarbonate being co-
hered together using an ethylene-vinyl copoi’mer. In 35 
U.S. Pat. No. 3,520,768, there are described laminates of 
relatively thick glass having a comparatively thin poly-
carbonate foil as the cohering material. It is also known, 
as described in U.S. Pat. No. 4,027,072, to utilize certain 
polysiloxane-polycarbonate block copolymers as an 40 
adhesive in preparing polycarbonate containing lami-
nates. While generally useful, these laminates suffer 
from an inability to withstand multiple shots, especially 
when struck by high velocity bullets, such as those fired 
from rifles. Thus, for, example, in prior art laminates 45 
utilizing thick forward facing (impact receiving) glass 
plies, multiple shots at the thick glass front ply cause 
much glass cracking .and removal of glass from the 
laminated structure making it vulnerable to repeat hits. 
In order to withstand multiple high velocity bullet 50 
strikes, especially high velocity rifle bullets, the hereto-
fore known laminates had to be extremely thick and 
heavy. Even these thick and heavy laminates were not 
entirely successful since spalling on the back or down-
stream face of said laminates occurred with the resul 55 
tant danger of injury due to this spalling to persons 
behind these laminates. Thus, there is a need for lami-
nates which are relatively thin, are lightweight, and are 
able to withstand repeated hits by high velocity bullets. 

The present invention provides a laminate structure 60 
which has relatively light weight, is relatively thin, and 
yet is capable of withstanding repeated high velocity 
bullet strikes without bullet penetration or spalling of 
the back or downstream layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
65 

FIG. I is a side -view of the double glazed structure of 
the present invention wherein there is an intermediate 

DESCRIPTION OF THE INVENTION 

The present invention comprises an improved impact 
resistant double glazed . structure comprising a back 
laminate positioned opposite the direction of impact, 
said back. laminate comprising a plurality of laminae 
selected from the group consisting of polycarbonate, 
glass and solid resinous materials, said laminae of -said 
back laminate being bonded together by a compatible 
adhesive; the improvement comprising a front laminate 
positioned forward of said back laminate respective to 
the direction of impact, said front laminate comprising a 
plurality of glass laminae, including a front glass lemma 
having a thickness of from about 30 to about 220 mils, 
facing the direction of impact, a back glass lamina hav-
ing a thickness of from about 30 to about 220 mils oppo-
site the direction of impact and a relatively thick glass 
core positioned intermediate said front and back glass 
laminae, said glass laminae of said front laminate being 
bonded together by a compatible adhesive. 

The thickness of the front and back glass laminae in 
the front glass laminate is critical. The upper thickness 
range of these front and back glass laminae should be 
about 220 mils. If these front and back glass laminae are 
thicker than about 220 mils, the resistance of the double 
glazed structure to multiple shots is deleteriously af-
fected. The lower range of thickness of these front and 
back glass laminae is not critical but is limited only by 
practical considerations. For ease of handling and opti-
cal properties, this lower range is about 30 mils. It is also 
important that the inner glass core disposed intermedi-
ate said front and back glass laminae be relatively thick, 
i.e., thicker than either the front or back glass laminae, 
This inner glass core should generally be thicker than 
about 250 mils and may consist of a monolithic ply of 
glass or several glass plies bonded together by a com-
patible adhesive. Any of the usual types of glass used in 
so-called safety applications can be used as the glass 
laminae in the front glass laminate of the present inven-
tion including coated Or uncoated and chemically and 
thermally strengthened or tempered glass as well as 
common untempered glass. 

The improved double glazed structures of the instant 
invention are illustrated in FIGS. 1 and 2. FIG, 1 illus-
trates one embodiment of the double glazed structure of 
the present invention. In this embodiment, the double 
glazed structure A is comprised of a back laminate 6 and 
a front glass laminate 1 positioned forward of said back 
laminate respective to the direction of impact, the front 
laminate 1 being spaced apart from the back laminate 6 
by an air space 5. The back laminate 6 is comprised of a 
plurality of laminae 8, 9, 10 selected from the group 
consisting of polycarbonate, glass and solid resinous 
materials. The front glass laminate 1 is comprised of a 
relatively thin front glass lamina 2 having a thickness of 
from about 30 to about 220 mils, a relatively thin back 
glass lamina 4having a thickness of frOm about 30 to 
about 220 mils, and a relatively thick inner glass core 3 
disposed intermediate:.the front glass lamina 2 and the 
back glass lamina 4. The inner glass core is thicker than 
either the front 2 or back 4.glass laminae and generally 
has a thickness greater than: 250 mils and preferably 
greater than about 350 mils. The upper range of thick-
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ness of the ’inner glass core 3 is limited only by practical 
considerations of thickness and weight of the glass lami-
nate 1 and correspondingly of structure A. Preferably, 
the thickness of the inner core 3 ranges from about 220 
mils.to about [000 mils when said. Inner core is a single 5 
monolithic glass lamina.. 

The inner core 3 may consist of a single monolithic 
lamina of glass or ’it may consist of a plurality of glass 
laminae bonded together by a compatible adhesive. The 
front glass lamina.2 and the back glass lamina ’4 are 10 
bonded to the inner glass core by a compatible adhesive. 

Although in FIG. 1 the back laminate 6 is shown as 
being comprised of three laminae, it need not contain 
three laminae. it may contain only two laminae or it 
may contain more than 3 laminae. Back -laminate 6  i 15 
comprised of a plurality of laminae ’selected from  glass, 
polycarbonate and solid resinous materials. Preferably, 
the back laminate 6 contains at least one polycarbonate 
lamina and at least one lamina selected from the group 
consisting of glass and resinous material. Thus, for ex- 20 
ample, the back laminate can contain a polycarbonate 
lamina bonded to an acrylic lamina, two polycarbonate 
laminae bonded to each other, apolycarbonate lamina 
bonded to an acrylic lamina which’is in turn bonded .to 
another polycarbonate lamina, a glass lamina bonded to 25 
a polycarbonate’ lamina, or a polycarbonate lamina 
bonded to.an acrylic lamina which is in turn bonded to 
a glass lamina. One useful type of back laminate 6’ is one 
wherein all of the laminae therein are polyôªrbonate. 
The, back laminate 6 can comprise any of the  bullet 30 
resistant laminates known in theart. Some suitable types 
,of back laminate 6 which can be used in the instant 
invention are described, in U.S. Pat, No; 4,027,072, U.S. 
Pat. No. 4,123,588, U.S. Pat, No. 4,126,730 U.S. Pat. 
No. 3,624,238 and U.S. Fat. No. 3,657,057, all of which 35 
are incorporated herein by reference. . 

In the embodiment illustrated by FIG. 1, the front 
laminate .1’.is separated from the back laminate 6 by air 
’space 5. The distance that the back laminate 6 is sepa-
rated from front laminate I can vary over a broad range .40 
and one of its purposes is to improve the optical charac-
teristic of the double-glazed laminate structure A Gen-
erally, the air space 5 has a width of from ’aboUt.’l/lO to 
about 41 of an inch, preferably from about to ’about of 
an: inch.. . . .. :, 45 

Frame number ’7 is not ’critical, to the effectie use of 
structure A, but is used for promoting facile handling 
and manipulation thereof, and to generally reinforce 
and protect said structure. 

In.a more’.preferrcd embodiment of the instant inven- 50 
.tion illustrated by FIG. 1, the back laminate 6 of lami-
nate structure A is comprised of a plurality"of impact 
receiving layers, selected from the group consisting"of 
polycarbonates, glasses, and solid resinous materials, 
including a back polycarbonate lamina opposite the 55 
direction of impact or shock, said back polycarbonate 
lamina having on its exposed surface opposite the direc-
tion of impact a mar-resistant"coating less than’ 2 mils 
thick’ and which is harder and relatively more brittle 
than the underlying polycarbonate lamina,’ said back 60 
polycarbonate lamina’ having a thickness from about 30 
mils to  about 220 mils. When this type-of laminate is 
used as back laminate 6. in the double glazed structure 
A,’ the structure A is found to be not only resistant to 
penetration by multiple strikes of high velocity bullets, 65 
but also has greatly improved spall resistance. Such 
laminates are described in applicant’s coperding appli-
cation Ser. No. 862;775, filed Dec. 21, 1977, which is 

incorporated herein by reference. Briefly, in these lami-
nates, i.e., the back laminates 6 having the coated back 
polycarbonate ply having a thickness of from about 30 
to about 220 mils, it has been found that the notch sensi-
tivity of the back polycarbonate lamina coated with a 
relatively brittle coating is substantially. reduced if the 
thickness of such lamina is restricted to less than about 
220 mils and preferably from ’about 30 to, 150 mils. The 
minimum thickness of the polycarbonate back-ply is 
restricted only by current coating application technol-
pgy and maintenance of good optics of the coated prod-
uct. Thicknesses less than about 30 mils tend to be some-
what impractical. The upper range of thickness, i.e., 220 
mils, of.the ,coated.back polycarbonate lamina is critical 
in providing improved spall resistance. If the, coated 
back .polycarbonate lamina is thicker than about 220 
mils, there is no noticeable improvement, in the spall 
resistance of Structure A., 

Another embodiment of the instant invention is the 
double glazed structure B Illustrated in FIG. 2. In this 
embodiment, the double glazed structure B is comprised 
of a back laminate 21 positioned opposite the direction 
of.impact, said back. laminate comprising a plurality of 
laminae selected from polycarbonate, glass and solid 
resinous materials, and a front glass laminate 20 posi-
tioned forward of said back laminate 21 comprising a 
plurality of ’glass lamin’Æe, including a relatively thin 
front, glass lamina 22 facing the direction of impact 
having a thickness of from about 30 to about 220 mils, a 
relatively thin back glass lamina 24 opposite the direc-
tion of impact having a thickness of from 30 to about 
220 mils, and a relatively thicker glass core 23 posi-
tioned intermediate said relatively thin back 24 and 
front 22 glass laminae. In this embodiment, the surface 
of tlie lamina 28 in said back laminate 21 closest to or 
facing the direction of impact is adjacent to and in sur-
’face-to-surface contact with the surface of said back 
glass lamina 24 of said front glass laminate 20. 

In the embodiment of the double glazed structure 
illuitrated in FIG. 2, the’ front laminates 20 and the back 
laminates 21 are the same as the front laminates 1 and 
the back laminates 6, respectively, illustrated in FIG. 1. 
The difference’ between the double glazed’ structure A 
illustrated in FIG. 1 and the double "glazed structure B 
illi.istrated in FIG. 2 lies’ in the fact that in the double 
glazed structure of FIG. 2 there is no air space separat-
ing front laminate 20 from the back laminate 21. Rather, 
front laminate 20 and back laminate 21 are adjacent to 
and in ’surface-to-surface contact with each other. 
While front laminate 20 may be bonded to back lami-
nate 21 by a compatible adhesive, it is preferred that 
front laminate’ 20 is not bonded to back laminate 21 but 
is merely in physical surface-to-surface contact with 
back laminate 21. 

As in the embodiment of FIG. ’1, it is critical that the 
front glass lamina 22 and the back glass lamina 24 have 
a thickness of from about 30 to about 220 mils and that 
the inner glass core 23 be thicker than either said front 
glass lamina 22 or said back glass lamina 24. The inner 
glass’ ’Core 23 generally has a’ thickness greater than 
about ’250 mils and can contain -either a single mono-
lithic glass lamina or a plurality of glass laminae bonded 
together by ’a compatible "odhesive. 

While laminate 21 is shown in FIG. 2 to Contain 4 
plies, this, as discussed with respect to laminate 6 shown 
in FIG. 1, need not be the sole case. Thus, as with lami-
nate 6, laminate 21 cati"contain less than 4 plies, i.e., 2 or 
3 plies, or more than ’4 plies. Laminate 21 is comprised 



5 
of a plurality of laminae selected from glass, polycar-
bonate and solid resinous materials. Preferably, the back 
laminate 21 contains at least one polycarbonate lamina 
and at least one lamina selected from the group consist-
ing of glass and resinous material, Thus, for example, 5 
the back laminate can contain a polycarbonate lamina 
bonded to an acrylic lamina, two polycarbonate laminae 
bonded to each other, a polycarbonate lamina bonded 
to an acrylic lamina which is in turn bonded to another 
polycarbonate lamina, a glass lamina bonded to a poly- 10 
carbonate lamina, or a polycarbonate lamina bonded to 
an acrylic lamina which is in turn bonded to a glass 
lamina. One useful type of back laminate 21 is one 
wherein all of the laminae therein are polycarbonate. As 
is the case with laminate 6 of FIG. 1, laminate 21 can be 15 
any of the bullet resistant laminates known in the art and 
described in U.S. Pat. No, 4,027,072, U.S. Pat. No. 
4,123,588, U.S. Pat, No. 4,120,730, U.S. Pat. No, 
3,624,238, U.S. Pat. No. 3,657,057, and in applicants’ 
copending application Ser. No. 862,775, filed Dec. 21, .20 
1977, all of which are incorporated herein by reference. 

In a more preferred embodiment of the instant, inven-
tion illustrated by FIG. 2, the back laminate 21 of struc-
ture B is comprised of a plurality of impact receiving 
layers selected from the group consisting of polycar- 25 
bonates, glasses, and solid resinous materials, including 
a back polycarbonate lamina opposite the direction, of. 
impact or shock, said back polycarbonate lamina having 
on its exposed surface opposite the direction of impact a 
mar-resistant coating less than 2 mils thick and which is 30 
harder and relatively more brittle than the underlying 
polycarbonate lamina, said back polycarbonate lamina 
having a thickness from about 30 mils to about 220 mils. 
When this type of laminate is used as back. laminate 21 
in the double glazed structure B, the structure .B is 35 
found to be not only resistant to penetration by multiple 
strikes of high velocity bullets, but also has greatly 
improved spall resistance. In this embodiment, lamina 
25 of laminate 21 is a back polycarbonate lamina having 
a thickness of from about 30 to about 220 mils and hay- 40 
ing a mar-resistant coating less than 2 mils thick and 
which is harder and relatively more brittle than the 
underlying polycarbonate lamina on its exposed surface 
opposite the direction of impact. When this type of 
laminate is used as back laminate 21 in the double glazed 45 
structure B, the structure B is found to be not only 
resistant to penetration by multiple strikes of high ve-
locity bullets, but also has greatly improved spall resis-
tance. 

4,312,90.3 
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in the art and include metal oxides, modified melamines; 
ultraviolet hardenable organics such as acrylated mono-
mers or mixtures of these monomers with acrylate-
modified polymeric resins such as acrylate modified 
polyurethanes; inorganic glasses such as silica or alu-
mina; polyurethanes; silicone resins; silicone resins with 
recurring organic groups such as polymethyl acrylate 
or methacrylate; silica, such as colloidal silica, filled 
silicone resins; silicone resins derived from epoxy termi-
nated silaries; polyamide ester resins, and melamine 
based coatings. 

Preferred mar-resistant coatings are the silicone res-
ins, particularly, the colloidal silica filled silicone resins, 
and melamine based coatings. The colloidal silica filled 
silicone resin type mar-resistant coatings are described 
in U.S. Pat. Nos. 4,027,073 and 4,159,206, all of which 
patents are hereby incorporated by reference. 

These mar-resistant coatings may be applied directly 
onto the surface of the polycarbonate lamina of con-
trolled thickness, or the surface of the polycarbonate 
lamina may first be primed with an adhesion promoting 
primer and the mar-resistant coatings may then be ap-
plied onto this primed surface. 

The solid resinous materials which may comprise the 
laminae of laminates 6 and 21 may include epoxy, poly-
urethane, chlorinated aromatic ether, polyether sulfone, 
acrylic (polymethylmethacrylate) and rubber modified 
acrylics, polyarylsulfone, ’polystyrene, cellulose acetate 
�butyrate, polyesters, bisphenol flüorenone  polycarbon-
ate, and phenol-phthalein based polycarbonate, among 
others. 

Any polycarbonate resin can be used as laminae for 
the back laminate including but not limited to those 
described in U.S. Pat. Nos. 3,161,615; 3,220,9731 

3,312,659; 3,312,660; 3,313,777; 3,666,614, among oth-
ers, all of which are incorporated herein by reference. 

Any conventional adhesives may be used between the 
laminae of the back and front laminates including 
polyvinylbutyrals, ethylene terpolymers, epoxies, poly-
urethanes, silicones, acrylics, and ethylene acrylic acids, 
among others. The interlayer in- contact with any poly -
carbonate ply and most specifically the polycarbonate 
hack-ply must provide not only. good adhesion but also 
must be chemically compatible with the sensitive poly-
carbonate. The preferred interlayer for contact with the 
polycarbonate lamina’e is a polysiloxane-polycarbonate 
block copolymer. 

The polysiloxane-polycarbonate  block copolymers 
can be -expressed by the average formula 

(I) 
(Z)4 

(Z)4 , (Z)4 
. d 

In both the preferred embodiments, i.e., wherein the 
back lainina of laminates.. 6 and 21 is a polycarbonate 
lamina havng a thickness of from about 30 to about 220 
mils and has a mar-resistant coating on the exposed 
surface of the polycarbonate lamina opposite the direc-
tion of impact, the mar-resistant, hard and brittle coat-
ing has a brittleness and hardness effective to protect 
the underlying pOlycarbonate from abrasion, marring, 
and scratching. Such mar-resistant coatings are known 

where n is at least 1, and preferably n is an integer equal 
to from 1 to about 1000, inclusive, a is equal to from 1 t 
about 200, inclusive, b is equal to from about 5 to about 

65 200, inclusive, and ’preferably .b has an average value 
from about 15 to about 90, inclusive, while the ratio of 
’a to b.can vary from about 0.05 to about 3, inclusive, 
and when b has an average value of from about 15 to 
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deflection temperature (10 mils under 66 psi Load) of 
160’ F. 

Another such block copolymer, specifically General 
Electric LR-5530, has a specific gravity of 1.07, a tensile 
strength of 2200 to 2500 psi, an elongation of 500-700%, 
a tear (Die C) of 200 lbs/in., and a brittleness tempera-
ture below �76’ F. and a heat deflection temperature 
(66 psi) of 130’ F. 

Where a polycarbonate layer without further descrip-
tion or designation is mentioned herein, it is the polycar-
bonate of bisphenol-A or 2,2-bis(4-hydioxyphenol) pro-
pane. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In order to more fully and clearly illustrate the pres-
ent invention, the following specific examples are pres-
ented. It is intended that the examples be considered as 
illustrative rather than limiting the invention disclosed 
and claimed herein. In the examples, all parts and per-
centages are on a weight basis unless otherwise speci-
fied. 

EXAMPLE 1 

11,9O3 
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EXAMPLE 4 

This Example illustrates a double glazed structure 
falling outside the scope of the instant invention. A 

5 double glazed structure is constructed by placing the 
back laminate of Example 1 one-quarter inch behind or 
downstream of the front glass laminate of Example 2 
with the laminate of Example .2 being nearest the direc-
tion of impact. Thus, the front glass laminate of Exam-

10 pIe 2 is separated from the back laminate of Example 1 
by a A inch air space. 

EXAMPLE 5 

This Example illustrates another double glazed struc-
IS ture failing outside the scope of the instant invention. A 

double glazed structure is constructed by placing the 
back laminate of Example I one-quarter inch behind or 
downstream of the front glass lathinate of Example 3 
with the laminate of Example 3 being nearest the direc-

20 tion of impact. Thus, the front glass laminate of Exam-
ple 3 is separated from the back laminate of Example 1 
by a inch air space. 

This example illustrates the preparation of the back 25 
laminate of the double glazed structure. There were 
laminated in an autoclave using a standard edge bagging 
technique with a temperature of 142° C., a pressure of 
100 psi, and a hold time of 20 minutes, a laminate con-
taining a 125 mil thick front polycarbonate ply facing 30 
the direction of impact and coated on its exposed impact 
facing surface with a mar-resistant coating bonded by a 
34 roil thick interlayer of LIZ-3320 polysiloxane-poly-
carbonate block copolymer to a 500 mil thick acrylic 
ply which is in turn bonded by a 34 mil thick interlayer 35 
of LR-3320 to a 188 mil thick polycarbonate ply which 
is in turn bonded by 34 mil thick interlayer of LR-3320 
to a 125 mil thick back polycarbonate ply opposite the 
direction of impact having a mar-resistant coating on its 
exposed side opposite the direction of impact. 40 

EXAMPLE 2 

This example illustrates the preparation of a front 
glass laminate falling outside the scope of the instant 
invention. An intermediate glass ply having a thickness 45 
of 250 mils was bonded, in an autoclave using a standard 
edge bagging. technique with a temperature of 135° C., 
a pressure of 100 psi, and a hold time of 20 minutes, on 
the surface thereof facing the direction of impact by a 
34 mil thick interlayer of LR-3320 to a front impact 50 
receiving glass ply 375 mils thick, and bonded on the 
surface thereof opposite the direction of impact by a 34 
mil thick interlayer of LR3320 to a 125 mil thick back 
glass ply. 

EXAMPLE 3 
55 

This Example illustrates the preparation of a front 
glass laminate falling outside the scope of the instant 
inveition. An intermediate glass ply having a thickness 
of 250 mils was bonded, in an autoclave using a standard 60 
bagging technique with a temperature of 135’ C., a 
pressure of 100 psi, and a hold time of 20 minutes, on the 
surface thereof facing the direction of impact by a 34 
mil thick interlayer of LR-3320 to a front impact receiv-
ing glass ply 250 mils thick, and bonded on the surface 65 
thereof opposite the direction of impact by a 34 mu 
thick interlayer of LR-3320 to a 250 mil thick back glass 
ply. 

EXAMPLE 6 

This Example illustrates the preparation of a front 
glass laminate of the present invention. A front glass 
laminate was prepared by laminating in an autoclave 
using a standard edge bagging technique with a temper-
ature of 135° C., a pressure of 100 psi, and a hold time of 
20 minutes, a glass laminate containing an intermediate 
glass ply 375 mils thick bonded on the surface thereof 
facing the direction of impact by a 34 mil thick inter-
layer of LR-3320 to a front impact receiving glass ply 
15 mils thick, and bonded on the surface thereof oppo-
site the direction of impact by a 34 mil thick interlayer 
of LR-3320 to a 125 mil thick back gihis ply. 

EXAMPLE 7 

This Example illustrates a double glazed structure of 
the present invention. A double glazed structure is con-
structed by placing the back laminate of Example I 
one-quarter inch behind or downstream of the front 
glass laminate of Example 6 with the laminate of Exam-
ple 6 being nearest the direction of impact. Thus, the 
front glass laminate of Example 6 is separated from the 
back laminate of Example I by a J inch air space. 

EXAMPLE 

� This Example illustrates the preparation of a front 
glass laminate of the present invention. A front glass 
laminate was prepared by laminating in an autoclave 
using a standard edge bagging technique with a temper-
ature of 135° C., a pressure of 100 psi, and a hold time of 
20 minutes, a glass laminate containing an intermediate 
glass ply 500 mil thick bonded on the surface thereof 
facing the direction of impact by a 30 mil thick inter-
layer of polyvinylbutyral to a front impact receiving 
glass ply 125 roil thick, and bonded on the surface 
thereof opposite the direction of impact by a 30 mu 
thick interlayer of polyvinylbutyral to a 125 mil thick 
back glass ply. 

EXAMPLE. 

This Example illustrates another double glazed struc-
ture of the present invention. A double glazed structure 
is constructed by placing the back laminate of Example 
1 one-quarter inch behind or downstream of the front 
glass laminate of Example 8 with the laminate of Exam-
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pie 8 being nearest the direction of impact. Thus, the 
front glass laminate of Example 8 is separated from the 
back laminate of Example 1 by a14 inch air space. 

All of the double glazed structures of Examples 4, 5, 
7, and 9 were repeatedly shot from 10 meters with a 144 
grain 7.62 mm NATO Round developing over 2,700 
fps. The results of repeated hits upon these double 
glazed structures are set forth in Table I. 

4,312,903 
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direction of impact, a back glass lamina having a con-
trolled thickness of from about 30 to about 220 mils 
opposite the direction of impact, and an intermediate 
glass core having a thickness greater than either said 
front glass lamina or said back glass lamina positioned 
between said front and back glass laminae, said front 
and back glass laminae being in surface to surface 
contact with said intermediate glass core and being 

TABLE I 
Double Glazed Penetration Results Spalling Results 

Structure Shot No, Shot No. 
Configuration - EXAMPLE 1 2 3 4 5 6 1 2 3 4 5 6 

4 NP NP NP P P P NS NS S - - - 
.5 P NP P - - - S - - - - 

7 NP NP NP NP NP NP NS NS NS NS NS NS 
9 NP NP NP NP ’NP NP NS NS NS NS NS NS 

In Table I, the symbol NP indicates no penetration; P 
indicates penetration; NS indicates no spelling, and S bonded to said intermediate glass core by a compatible 
indicates spalling. 20 adhesive. 

As can be clearly seen from Table I, the double 2. The structure according to claim 1 wherein said 
glazed structures of the instant invention, i.e., those compatible adhesive is comprised of a block polysilox-
prepared in accordance with Examples 7 and 9, were ane-polycarbonate copolymer prepared by reacting (A) 
resistant to penetration by six hits from a 7.62 mm rifle a halogen chain-stopped polydiorganosiloxane corn-
round, and further exhibited no spalling of the back of 25 posed of from about 5 to 200 chemically combined 
the double glazed structure. The double glazed struc- diorganosiloxy units consisting essentially of dialkyl-
tures falling outside the scope of the instant invention, siloxy units which are connected to each other by sili-
i.e., those prepared in accordance with Examples 4 and con-oxygen-silicon linkages wherein each of the silicon 
5, were not resistant to penetration upon repeat hits by atoms has two organo radicals attached through a car-
a 7.62 mm rifle round. Furthermore, even where pene- 30 bon-silicon bond, and (B) a dihydric phenol having the 
tration of the structure by the round did not occur, formula 
spalling of the back face of the back laminate occurred. 

It is interesting to note that the double glazed struc-
ture of Example 7 was superior to the structures of 
Examples 4 and 5 even though it was thinner than the 35 
structures of Examples 4 and 5, i.e., the combined thick-
ness of the glass plies in the front glass laminate of the 
structure of Example 7 was 625 mils, while the com-
bined thickness of the glass plies in the front glass lami-
nates of the structures of Examples 4 and 5 was 750 mils. 40 

This clearly demonstrates the criticality of using for-
ward facing glass laminates with thin outer glass plies 
and a thick glass core in providing double glazed struc-
tures having improved performance with respect to 
being able to withstand repeat hits by high velocity. 45 

It will be realized that the above examples are typical 
only of the practice of the invention. Thus, greater and 
lesser thickness of the various layers can be used where 
indicated. Likewise, while specific processes have been 
described in connection with the examples, generally 50 
speaking, other methods of laminating can be adapted to 
the making of the, exemplary structures. 

What I claim as new and desire to’ secure by Letters 
Patent of the United States is: 

1. An impact resistant double glazed structure con- 55 
sisting essentially of, in combination, (i) a back laminate 
positioned opposite the direction of impact, said back 
laminate comprising a plurality of laminae selected from 
the group consisting of polycarbonate, glass and solid 
resinous materials, provided that at least one of said 60 
laminae is a polycarbonate lamina, said laminae being 
bonded together by a compatible adhesive; and (ii) a 
front glass laminate positioned forward of said back 
laminate respective to the direction of impact and 
spaced apart from said back laminate, said front larni- 65 
nate containing a plurality of glass laminae including a 
front glass lamina having a controlled thickness of from 
about 30 to about 220 mils facing and nearest to the 

(Z)4 

HO_O_ 

b_-[’_ OH 

(Z)4 

where Z is a member selected from the class consisting 
of hydrogen, lower alkyl radicals and halogen radicals 
and combinations thereof, and R is a member selected 
from the class consisting of hydrogen, hydrocarbon and 
halogenated hydrocarbon radicals, and phosgenating 
the purified reaction product. 

3. The structure according to claim 1 wherein said 
intermediate glass core disposed between said front and 
back glass laminae in said front laminate contains one 
glass lemma. 

4. The structure according to claim 3 wherein said 
one glass lamina in said intermediate glass core has a 
thickness greater than the thickness of either said front 
or said back glass lamina. 

5. The structure according to claim 4 wherein said 
one glass lemma in said intermediate glass core has a 
thickness greater than about 250 mils. 

6. The structure according to claim 1 wherein said 
intermediate glass core has a thickness greater than 
about. 250 mils. 

7. The structure according to claim 1 wherein the 
surface of’ the lamina in said back laminate facing the 
direction of impact is adjacent to and in contact with 
the surface of said back glass lamina of said front lami-
nate. 

8. An impact resistant double glazed structure con-
sisting essentially of, in combination, (i) a hack laminate 
positioned opposite the direction of impact, said back 
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[57] ABSTRACT 

The present invention relates to a multiple glass pane 
with joints of plastic materials. 

It proposes, in order to reduce the cost of manufactur-
ing such panes, to let the plastic material of the exterior 
joint polymerize by itself at the ambient temperature 
while the panes are piled in stacks, by incorporating in 
the joints spacer pieces such as staples, thumbtacks or 
coil springs which are able to maintain the distance 
between the glass sheets until polymerization occurs, 
but do not interfere with the normal function of the 
joints after polymerization has occurred. 

The invention makes it possible to prevent any changes 
in the good appearance of the joints, and in their proper-
ties with regard to tightness and elasticity. 

17 Claims, 9 Drawing Figures 
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MULTIPLE GLASS PANE WITH IMPROVED 
JOINTS OF PLASTIC MATERIALS 

The present invention relates to a multiple glass pane 5 
with joints of plastic materials. 

Such multiple glass panes with joints of plastic mate-
rials are known from French patent Nos. 1,439,844, 
1,527,165, 2,211,413, 2,287,278, 2,288,069, 2,294,314, 
2,294,313, 2,294,140, 2,317,465. They consist of several 10 

glass sheets, placed in parallel with each other, sepa-
rated from each other by a peripheral spacer ribbon of 
plastic material and held together by an exterior assem-
bly joint, also of plastic material. The spacer ribbon may 
consist of a mixture of butyl rubber and polyisobutylene 15 

and the assembly joint may consist of polysulfide. In 
order to manufacture such multiple glass panes, for 
example double panes, the following procedure is used: 
The spacer ribbon is placed on the entire periphery of a 
first glass sheet, the two ends of the ribbon are joined in 20 

order to make said spacer ribbon continuous, a second 
glass sheet is placed on this ribbon parallel to the first 
sheet, the assembly is pressed lightly, the assembly joint 
cement is injected outside of the spacer ribbon along the 

25 
entire periphery between the edges of the glass sheets, 
which are thus separated, and the glass pane obtained in 
this manner is placed into a furnace where it remains 
until the assembly joint is polymerized. The multiple 
glass pane is finished when it leaves the furnace. 30 

The glass panes obtained in this manner are of good 
quality, the spacer ribbon and the exterior joint are well 
glued to each other on one hand and to the glass sheets 
on the other hand, and they supplement each other to 
ensure perfect tightness of the enclosed layer of air and 35 
high compression strength, property which are well 
maintained during aging. 

These joints of plastic materials also impart to the 
glass panes a flexibility and elasticity which give said 
glass panes the ability to withstand large stresses even if 40 
they are evenly distributed, as well as vibration and 
distortion, for example that due to expansion. 

But the manufacture of such glass panes is expensive. 
To begin with, the furnace for polymerization of the 
polysulfide requires a large investment, it consumes 45 
energy, and a certain number of panes breaks in said 
furnace. Furthermore, the polysulfide used must be of 
the type which is rapidly polymerized, in order to re-
duce the dwelling time in the furnace and to give the 
glass panes sufficient compression strength when they 50 
leave the furnace to permit stacking in piles. This poly-
sulfide for rapid polymerization is also expensive. 

In order to reduce the manufacturing costs, the poly-
merization furnace can be eliminated and a polysulfide 
with non-accelerated polymerization time can be used, 55 
if spacer pieces are placed in the glass panes, at least 
during the polymerization period, which keep the glass 
sheets separated until the polysulfide is polymerized and 
thus able to play its role. For this purpose spacer pads of 
rigid material could be placed as support at the edge of 6c 
the produced glass panes whose polysulfide has not yet 
polymerized, and only during the polymerization per-
iod, which comprise, bent out of their principal pane 
which is pressed against the edge of the glass panes, 
Fingers with a thickness equal to the space between the 65 
glass sheets, which are inserted between said glass 
sheets. But such spacer pads require two operations: 
placing and removal. 

2 
It is also possible, as described in U.S. Pat. No. 

3,940,898, to incorporate in the glass panes rigid spacer 
pieces, which consist of a cylindrical head with a diame-
ter equal to the distance between the glass sheets and a 
thinner part which is anchored in the cement of the 
joints. These spacer pieces effectively ensure the spac-
ing of the glass sheets during the time required for the 
polymerization of the cement of the joint, but they do 
stay in place after polymerization is completed and 
represent a disadvantage. On one hand they are visible 
and impair the appearance, and on the other hand they 
make the glass pane completely inflexible. 

In order to preserve the flexibility of the glass pane 
which is given to it by joints of plastic materials, it 
would be possible as described in U.S. Pat. No. 
2,275,812 to use rubber blocks as spacer pieces which 
are embedded in the cement of the joints. But these 
rubber blocks are comparatively large so that they 
cause protrusions of the joints toward the interior of the 
glass panes, which impair the appearance, and also air 
bubbles in the cement itself which interfere with the 
good adherence of the cements to each other and to the 
glass sheets. 

It is the purpose of the present invention to reduce 
the cost of manufacture of multiple glass panes with 
joints of plastic materials, and especially of glass panes 
comprising a polysultide joint, by eliminating in the 
manufacturing sequence of said panes the polymeriza-
tion furnace by. using a polysulfide, and in general plas-
tic materials, which polymerize at ambient temperature 
at a non -accelerated speed, and therefore are less costly, 
and by introducing in said glass panes at the moment 
when they are manufactured, spacer pieces of moderate 
cost which preserve the properties of glass panes with 
joints of plastic materials and whose purpose it is to 
maintain the spacing between the glass sheets as long as 
polymerization has not taken place. 

For this purpose it proposes to introduce into the 
joints of plastic materials, in the upright position, a small 
number of spacer pieces, practically without thickness 
and of a height equal to the spacing between the glass 
sheets, of small length compared to the dimensions of 
the glass pane and presenting a resistance to crushing 
which is sufficient to maintain the spacing between the 
sheets of glass while the joint or joints are not yet poly-
merized, but which nevertheless can be deformed by 
large pressures. 

Each spacer piece is in contact with each glass sheet 
of the glass pane at a small number of points, and prefer-
ably at only one or two points, so that the flexibility of 
the glass pane and its capacity to withstand vibration 
and deformation are preserved. 

In a first type of embodiment these spacer pieces are 
staples embedded in the plastic materials of the legs in 
such a manner that the joints of said staples are perpen-
dicular to the plane of the glass sheets. 

Preferably a spacer ribbon is provided in this case 
which comprises on the outside a strip into which the 
staples are inserted; they thus stay well in place while 
awaiting the placement of the second sheet of glass and 
the injection of the assembly cement. These staples can 
be put in place by means of an automatic stapling gun 
which is placed directly after the equipment which 
places the spacer ribbon on the first glass sheet, with 
said stapling gun being advantageously controlled by a 
logic circuit, 

In a second type of embodiment, these spacer pieces 
are thumbtacks with a crown-shaped head and prefera-



United States Patent [19] 

Greenlee 

[541 DIMENSIONALLY STABLE SEALANT AND 
SPACER STRIP AND COMPOSITE 
STRUCTURES COMPRISING THE SAME 

[75] Inventor: Thomas W. Greenlee, Shaker 
Heights, Ohio 

[73] Assignee: Tremee, Incorporated, Cleveland, 
Ohio 

[21] Appi. No.: 287,975 

[22] Filed: Jul. 29, 1981 

Related U.S. Application Data 

[63] Continuation of Ser, No, 507,232, Jan. 29, 1979, aban-
doned. 

[Si] Tnt, Cl. .... .. ..... ......... ........ B32B 3/26; E061" 3/24 
[52] U.S. Cl. ............................. ........... 48/34; 52/171; 

52/172; 156/107; 156/109; 428/76; 428/119 
[58] Field of Search .................428/34, 119, 174, 162, 

428/182. 295, 76, 122, 181; 156/107, 109; 
52/171, 172, 716-718; 49/486-494 

NJ 

[11] 4,431,691 

[45] Feb. 14, 1984 

[56] References Cited 

U.S. PATENT DOCUMENTS 

2,838,810 6/1958 Englehart et a!....................20/56.5 
2,885,746 5/1959 Gura 20/56.5 
3,280,523 10/1966 Stroud et a!..........................52/172 
3,288,667 11/1966 Martin 
3,753,996 9/1973 Dowser .................................52/172 
4,074,480 2/1978 Burton ..................................52/127 

FOREIGN PATENT DOCUMENTS 

1189518 4/1970 United Kingdom. 

Primary Examiner�Paul J. Thibodeau 
Attorney, Agent, or Firm�M. J. Colitz, Jr. 

[57] ABSTRACT 

A dimensionally stable sealant and spacer strip compris-
ing an elongated ribbon of deformab’ie sealant envelop-
ing and having embedded therein spacer means extend-
ing ingitudinally of the ribbon of sealant. The thick-
ness of the enveloping sealant extends beyond the 
spacer means in an amount sufficient to maintain a con-
tinuous sealing interface under applied compressive 
forces but insufficient to permit substantial distortion of 
the strip under such applied compressive forces. 

6 Claims, 4 Drawing Figures 
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DIMENSIONALLY STABLE SEALANT AND 
SPACER STRIP AND COMPOSITE STRUCTURES 

COMPRISING THE SAME 

This is a continuation, of application Set. No; 
007,232, filed Jan. 29, 1979, now abandoned. 

INTRODUCTION 

This invention relates to an improvement in struc-
tural sealants The invention has particular applicability 
to structural sealants used in the fabrication of thermal 
insulating, multiple: glazed structures, and will be de-
scribed with reference thereto. It will be appreciated, 
however, that the invention has other and broader ap-
plications limited only by the imagination of those 
skilled in the art to which the invention pertains. 

BACKGROUND OF THE INVENTION 

In general, the procedure for assembling a multiple 20 
glazed structure involves placing one sheet of glass Over 
the other in a fixed, spaced relationship, and then inject-
ing a sealant composition into the space between the 
two sheets of glass, stand along the periphery of the 
two sheets, thereby forming a sandwich structure hay- 25 
ing a sealed air pocket. 

Heretofore the means employed for maintaining the 
spacing between the sheets of glass was either of a tem-
porary, removable nature, or of a permanent nature. 
Exemplary of temporary removable spacer means are 30 
those disclosed in U.S. Pat. Nos. 2,275,812 and 
3,097,061. U.S. Pat. Nos. .3,758,996 and 4,lI3905 show 
embodiments of permanently installed spacer means. 
U.S. Pat. No. 3,758,996 also teaches the concept of 
incorporating a desiccant within the spacer means, The  35 
desiccant functions as a medium upon which moisture 
and organic materials in the sealed air pocket are 
sorbed. This prevents the  moisture from condensing on 
and fogging the interior surfaces of the sheets of glass. 

In practicing the teachings of thd prior art;: multiple 40 
steps are required. Where a removable spacer Imeans is 
employed, the spacer means must be set in place, the 
sealant injected, the sealant cured, and the spacer means 
thereafter removed. Where aperrnanent spacer means is 
employed, an adhesive is applied to secure the perma 45 

nent spacer to the glass sheets, the spacer is then set in 
place, and a sealant is then injected -into the peripheral 
channel formed between the spacer and the edges of the 
sheets of glass. 

These prior art practices are cumbersome, labor in- 50 
tensive and expensive, and are believed to have been 
instrumental in limiting the fabrication of energy saving, 
thermal insulating multiple glazing structures to factory 
assembly, and the installations thereof, to situations 
where cost effectiveness is established by very high 55 
energy costs. 

Clearly, the prior art practices do not readily lend 
themselves to on-the-job assembly, as is, for example 
required in retrofitting single glazed structures to ther-
mal insulating multiple glazed structures. U.S. Pat. No. 60 
3,73,149 describes a rather complex prior art proce-
dure for forming double glazed windows which can be 
used in retrofit applications. The procedure involves the� 
use of a spacer member in which is embedded a resis-
tance wire, and to which is appended a tubular member 65 
containing desiccant. The procedure involves cutting 
the thermo-electric spacer and sealing strip to the pe-
ripheral length of the panel with sufficient extra length 

2 
to farm electrical terminals for connection to a power 
supply source, unsheathing the ends of the resistance 
wire passing through the strip and applying an electric 
potential thereto to heat the strip until it becomes pli-
able, applying the strip to the perimeter of one panel, 
reapplying an electric potential to the resistance wire to 
soften the strip, aligning a second panel and pressing the 
panels together, again applying an electric potential to 
cure the strip, and trimming off the ends of the strip. 

In addition to being a cumbersome and undoubtedly 
expensive procedure, it should be noted that the ther-
mo-electric spacer and sealing strip employed � in the 
patented arrangement does not provide any means for 
positively maintaining a predetermined space between 
the panels. Indeed, the patentees state that the glass 
panes are gently but firmly pressed together until the 
sealing strip "shows a black vitreous effect all around." 

Other references, of general interest in showing the 
state of the art are U.S. Pat, Nos. 2,695,430 and 
3;045,297, and British Pat. N. 605,234 a11 of which 
show use of various rigid spacer members and, separa-
tors for multiple pane. window units, luminous panels 
and the like, 

Against this background. of cumbersome, inefficient 
methodology, and, .multicomponents materials and 
structures far assembling multiple glazing structures, 
the present invention contributes to the art a unitary, 
multipurpose structure which functions as a sealant and 
spacer, and optionally a desiccant, the use of which in 
assembling multiple glazing structures simplifies the 
methodology, reduces ’costs and permits assembly to be 
conducted on-site as a retrofit acitivity, or in a factory, 
with equal facility." Moreover, the use of the single uni-
tary rntdry ’structure of the present invention substantially 
reduces the labor and materials costs involves in assem-
bling multiple glazing structures, thereby making such 
installations cost effective against lower energy costs 
than is the case with more expensiveprior art mateijals 
and procedures. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an improvement in the structural sealant art 
having substantial applicability to the assembly of multi-
ple glazing strucfures as well as to other structures. 

It is a further Object of the invention to provide a 
unitary structure’which functions as a sealant and 
spacer, and optionally as a desiccant, and which finds 
utility in the fabrication of multiple glazing structures, 
and other structural assemblies. , 

Yet another object of’ the invention is to provide a 
dimensionally stable ’sealant and spacer strip which 
includes means for positively controlling the spacing 
between two mernbes which are in pressure contact 
with the strip. 

In accordance with one aspect of the present inven-
tion there is provided’ a dimensionally stable sealant and 
spacer strip comprising an elongated ribbon of deform-
able sealant enveloping and, having embedded’ ’therein 
spacer means extending longitudinally of the ribbon of 
sealant, the, spacer means haying surfaces and edges all 
of which are in  intimate contact with the sealant, the 
spacer means being ’capable of resisting compressive 
forces exerted in at least one plane normal to a plane in 
which the longitudinal axis of the spacer means lies, the 
thickness of the enveloping sealant extending beyond 
the spacer means in at least said one plane, being suffi-
cient to maintain a continuous sealing interface under 
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[57] ABSTRACT 

A multiple pane unit comprising a pair of sheets main-
tained in parallel, spaced-apart relationship to each 
other by a spacing and sealing assembly defining a sub-
stantially hermetically sealed, insulating airspace be-
tween the sheets. The spacing and sealing assembly 
includes inner and outer elements. The outer element is 
adhered to the marginal periphery of the inner, facing 
surfaces of the sheets. The inner element is self-adhered 
to the marginal periphery of the inner, facing surfaces of 
the sheets in communication with the airspace and in 
juxtaposition to the outer element. Both the inner and 
outer elements have at least minimum adhesive struc-
tural bonding strength. The inner element preferably 
comprises a moisture vapor transmittable matrix mate-
rial having a desiccant material dispersed therein, 
thereby ensuring communication between the desiccant 
and the airspace sufficient to maintain dryness of the 
airspace. The outer element is preferably composed of a 
substantially moisture-impervious material, to thereby 
prevent saturation of the desiccant and ensure the 
weathertight integrity or hermetic sealing of the unit. 

20 Claims, 2 Drawing Figures 
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MULTIPLE PANE UNIT HAVING A FLEXIBLE 
SPACING AND SEALING ASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to multiple 

pane window units, and more particularly, to multiple 
pane window units having a non-metal, flexible, spacing 
and sealing assembly. 10 

2. Discussion of the Technological Environment 
Multiple pane window units generally comprise a 

pair of glass sheets maintained in spaced-apart relation-
ship to each other by a spacing and sealing assembly 
extending around the marginal periphery of the inner, 15 

facing surfaces of the sheets, to define a substantially 
hermetically sealed, insulating air space between the 
sheets. The spacing and sealing assembly generally 
comprises an inner spacer-dehydrator element extend-
ing around the marginal periphery of the inside facing 20 

surfaces of the glass sheets and an outer sealing element 
extending around the outside periphery of the inner 
spacer-dehydrator element. 

In one typical form of multiple pane window con-
struction, the inner spacer-dehydrator element corn-
prises a hollow metal spacer element generally adhered 
by a mastic composition to the marginal periphery of 
the inside, facing surfaces of the sheets, to provide a 
primary hermetic seal. The metal spacer element is 
generally tubular in shape and filled with a desiccant 30 
material, which is put in communication with the insu-
lating air space to absorb moisture therefrom to enhance 
the performance and durability of the unit. The outer 
sealing element generally comprises a resilient, mois-
ture-resistant strip placed around the marginal periph- 35 
ery of the glass sheets and the outer periphery of the 
inner spacer-dehydrator element to provide a second-
ary hermetic seal. A drawback of multiple pane win-
dow units having a metal spacer element is the cost of 
fabricating the metal spacer element. 40 

U.S. Pat. No. 3,791,910, issued to the present Inven-
tor, G. H. Bowser, and assigned to the assignee of the 
instant invention, teaches a multiple glazed unit having 
resilient inner and outer spacing and sealing assembly 
elements. The inner spacer-dehydrator element corn- 45 
prises a desiccant material dispersed throughout a mois-
ture vapor transmittable matrix material, such as a mate-
rial selected from the family of thermoplastic elastomers 
comprising block copolymers of styrene and butadiene. 
The matrix material is adhered to the marginal periph- SO 
ery of the inner, facing surfaces of the glass sheets by 
means of a continuous bead or ribbon of an adhesive 
moisture-resistant, mastic composition which forms an 
adhesive structural bond to maintain the sheets about 
the spacer at a predetermined spacing. The outer sealing 55 
element includes a continuous bead or ribbon of an 
adhesive, moisture-resistant material. A drawback with 
this type of multiple glazed unit is that the spacer-dehy-
drator element is not self-adhering to the sheets, thereby 
increasing the complexity of the fabrication/manufac- 60 
ture of the unit. 

U.S. Pat. Nos. 4,226,063 and 4,205,104 issued to Che-
nel teach a multiple pane window unit having a spacing 
and sealing assembly comprised of an inner filament 
made of a first plastic material such as desiccant con- 65 
taming polyisobutylene and an outer mastic layer con-
sisting of a second organic material such as a silicone or 
polysulfide elastomer. The outer mastic layer forms an 
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adhesive structural bond with the glass sheets and pro-
vides for the mechanical stability of the window, while 
simultaneously ensuring water tightness of the unit. A 
disadvantage of the Chenel window units is that the 
inner filament does not contribute to the mechanical 
stability of the unit. A disadvantage of the Chenel unit 
is that the inner filamentary seal is has very low mois-
ture vapor permeability which limits migration of mois-
ture from the airspace into the polyisobutylene material 
of the inner filamentary seal. This property is undesir-
able because moisture is prevented from being removed 
readily from the insulating airspace to prevent hazing or 
fogging of the unit, and eventually, buildup of moisture 
on the inner glass sheet surfaces, which may cause stain-
ing and scumming thereof, will occur. It would be pref-
erable to have desiccant material dispersed in a moisture 
vapor transmittable matrix to improve communication 
of the desiccant with the airspace, to thereby increase 
the rate of moisture vapor removal from the airspace. 
The Chenel patents further teach an inner filamentary 
seal comprised of two or more juxtaposed layers, the 
concentration of desiccant material dispersed through 
each layer increasing progressively from the outside to 
the inside of the unit, to purportedly improve the rate of 
moisture removal from the airspace. This design unduly 
complexifies the fabrication of the unit. 

U.S. Pat. No, 4,199,254 issued to Laroche teaches a 
hollow panel prepared by uniting vitreous sheets by 
means of a spacer made of synthetic polymeric material. 
The synthetic polymeric material preferably comprises 
a hardenable viscoelastic ribbon having a tensile 
strength of at least 4 kg./cm2, an elongation at break in 
excess of 50%, and a water permeability of less than 0.2 
g. of water per rn.2 of surface per 24 hours per mm. of 
material thickness per cm. of Hg pressure. Due to the 
impermeability of the spacer material, it is necessary, in 
order to obtain an appropriate rate of moisture removal 
from the panel airspace, to employ a separate desiccant -
containing strip in communication with the airspace. A 
limitation of this teaching is that the mechanical stabil-
ity of the unit depends entirely upon the outer spacer 
element. 

It would therefore be desirable to have a multiple 
pane unit which eliminates the disadvantages and limita-
tions of the prior art units. 

SUMMARY OF THE INVENTION 

The present invention relates to a multiple pane unit 
comprising a pair of sheets maintained in spaced-apart 
relationship to each other by a spacing and sealing as-
sembly defining a substantially hermetically sealed, 
insulating air space between the sheets. The spacing and 
sealing assembly includes an outer element adhered to 
the marginal periphery of the inner, facing surface of 
the sheets, wherein the outer element is characterized 
by the property of being substantially moisture-impervi-
ous, an inner element self-adhered to the marginal pe-
riphery of the inner, facing surfaces of the sheets and 
disposed in vapor communication with the insulating air 
space, wherein the inner element is characterized by the 
properties of being substantially water vapor permeable 
and having sufficient adhesive bonding strength to 
maintain the sheets in spaced-apart relationship to each 
other without allowing the sheets to move away from 
each other, resulting in substantial variance of the thick-
ness of the air space; and a dehydrator element for ab-
sorbing moisture present in the insulating air space. 
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[57] ABSTRACT 

A protective ballistic panel includes a first -impact, front 
layer and a spaced rear layer each of which is made of 
a relatively tough, nonmetallic material. The front and 
rear layers are connected to one another at their respec-
tive peripheries by an intermediate peripheral strip 
made of an at least semi-elastic material such as formed 
polyurethane or rubber. The peripheral strip together 
with the front and rear layers define an enclosed her-
metically sealed air space betweeen said front and rear 
layers. The front and rear layers are each of laminated 
construction and comprise plural plies of composite 
material such as Keviar, glass fibers, ballistic nylon and 
graphite fibers. The protective capacity of the first -
impact front layer can be increased by providing a plu-
rality of Keviar plies therein together with at least one 
intercalated ply of Mylar film, all of the plies of the 
front layer being connected together by a laminating 
compound or by rivets. 

S Claims, 1 Drawing Sheet 
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PROTECTIVE BALLISTIC PANEL HAVING AN 
INTERIOR IIERMETICALLY SEALED AIR SPACE 

The present invention relates to a ballistic panel for 5 
protection against projectiles, shrapnel, and the like. 

In recent years increasing use has been made, for 
armoring purposes, of composite materials based on 
fibers of ballistic nylon, glass fibers, graphite fibers, (an 
aromatic polyimide), Keviar and others. Armor panels 10 

made of composites formed of these and similar materi-
als excel in their stopping power, which is higher than 
that of the metal plates used before. 

These panels are used as body armor (e.g., bullet-
proof vests), appropriately are shaped as protective 15 
helmets, and are used in aircraft (seats of attack helicop-
ters to protect the gluteal region of the crew) and on 
ground vehicles (walls of armored personnel carriers). 

Two general criteria are decisive as to the protective 
efficacy of a ballistic panel: 20 

a) Its capability of stopping a projectile or shell frag-
ment: 

b) Its capability of absorbing the momentum of the 
projectile or fragment and distribute it over the 
panel surface, to prevent what is known as "trauma 25 
effect", the latter referring to the effect due to 
non-penetrative impact on the protective panel 
which is liable to produce a local deformation that, 
propagated to the body of the wearer, may cause 
injuries such as serious contusions, broken ribs, 30 
etc., 

While prior-art, single-layer or monolithic ballistic 
panels may have been satisfactory with respect to the 
first of the above criteria, they failed with respect to the 
second, being unable to eliminate the trauma effect. 35 
Another disadvantage of the prior-art panels is their 
high cost, which is due to the very high price of the 
above mentioned composite materials. 

It is one of the objects of the present invention to 
overcome the disadvantages of the prior-art ballistic 40 
panels, and to provide a panel that has not only a very 
high projectile-stopping capability, but is also relatively 
free of the trauma effect, and that, furthermore, requires 
less of the expensive composite material to produce a 
given projectile-stopping capability or, alternatively, 45 
shows a higher stopping capability for the same weight 
of composite used. 

According to the invention, this is achieved by a 
protective ballistic panel comprising a first-impact, 
front layer and a rear layer in spaced-apart relationship, 50 
both made of a relatively tough, nonmetallic material, 
and a connective, intermediate layer in the form of an at 
least peripheral strip made of an at least semi-elastic 
material, wherein said peripheral strip substantially 
hermetically encloses and, together with said front and 55 
said rear layer, defines an air space. 

The invention will now be described in connection 
with certain preferred embodiments with reference to 
the following illustrative figures so that it may be more 
fully understood. 60 

With specific reference now to the figure in detail, it 
is stressed that the particulars shown are by way of 
example and for purposes of illustrative discussion of 
the preferred embodiments of the present invention 
only and are presented in the cause of providing what is 65 
believed to be the most useful and readily understood 
description of the principles and conceptual aspects of 
the invention. In this regard, no attempt is made to 
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show structural details of the invention in more detail 
than is necessary for a fundamental understanding of the 
invention, the description taken with the drawing mak-
ing apparent to those skilled in the art how the several 
forms of the invention may be embodied in practice. 

In the drawing: 
FIG. 1 is a perspective view, including a vertical and 

a partial horizontal cross section of the ballistic panel in 
the form of a bullet-proof vest according to the inven-
tion. 

Referring now to the drawing, there is seen in FIG. 1 
as a non-restrictive, actual example, a part of a body 
armor, such as a bullet-proof vest, consisting of a first-
impact front layer 2 made from a relatively heavy (6-7 
mm) sheet of one of the above- mentioned composite 
materials, and a rear layer 4 of the same material, but 
thinner (0.8-1.5 mm). Each of these "layers" is itself a 
laminate comprising a plurality of basic plies, the heavy 
first-impact front layer 2 of the embodiment shown 
being formed of 30 basic plies, and thinner rear layer 4 
being formed of 5 plies, the panel thus comprising a 
total of 35 plies. 

These two layers 2, 4 are connected to one another by 
a strip 6 running around the entire periphery of the 
armor’ the strip 6 being cemented on one of its sides to 
layer 2, and being cemented on the other side to layer 4. 
The peripheral strip 6 is advantageously made of a semi-
elastic, closed-cell, foamed material such as, e.g., poly-
urethane or, alternatively, a similarly processed rubber. 
Assembling the two layers 2 and 4 and the peripheral 
strip 6 produces an air space 8, that is substantially 
hermetically sealed off by the strip 6 and has a width 
determined by the thickness of the strip, i.e., about 12 
mm. 

Given the above design, the previously mentioned 
advantages of the ballistic panel according to the pres-
ent invention are due to the following: 

I) Part of the impacting projectile’s energy causes 
deformation of the peripheral strip 6 between the 
layers 2 and 4, and is absorbed by the strip being 
turned into heat. 

2) Between the two layers 2 and 4 there is created a 
pillow of air confined in space 8 by the peripheral 
seal formed by the strip 6. This air pillow consti-
tutes itself an elastic element diffusing the projec-
tile’s momentum over the large surface of the rear 
layer 4, thereby preventing local deformation of 
the latter in the region of the hit. i.e., preventing or 
at least greatly attenuating the trauma effect. 

Comparative tests with pointed ammunition showed 
the ballistic panel according to the invention to stop 
projectiles that penetrated a conventional monolithic 
ballastic panel. Attenuation of the trauma effect was 
tested on targets consisting of the respective ballistic 
panels to be compared, backed by a 10 cm plasticine 
layer. Using round-nosed ammunition, the indent pro-
duced in the Plasticine backing by the projectiles hitting 
the ballistic panels had a depth of 16 mm with the panel 
according to the invention, as against a depth of 32 mm 
with a conventional, single-layer ballistic panel consist-
ing of the same amount of plies (35). 

A distinct enhancement of the protective capacity of 
the ballistic papel according to the invention was seen 
to result from the intercalation, between the plies of the 
heavy front layer 2, of a single ply of Mylar film, a 
polyethylene teraphtalate compound. For instance, if, 
as given earlier by way of example, the front layer 2 was 
composed of 30 single plies of Keviar, the above im-


