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A fire protective glass panel for use in a Fire
protective window, door, and partition wall, which
comprises at least.one sheet of fireproof glass plate and
a fluorocarbone resin film of a chain molecular structure
type bonded to a side surface of the glass plate and
which has non-shattering property as well as fire
protection property. The fireproof glass plate is a
heat-resistant and light transparent crystallized glass
plate, Alternatively, the fireproof glass plate is a
wire glass plate., The fluorocarbone resin f£ilm has a
thickness of 0.02-1 mm and is made of one of FEP, PFA,

PCTFE, ETFE, and PVDF.
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FIRE-PROTECTION AND SAFETY

COMPOSITE GLASS PANEL

.Background of the Invention:

*
-

The present invention relates to a glass panel

for fire protection and, in particular, to such a glass
panel having nonshattering propexrty as well as fire
resitant or fireproof proﬁerty.

In order to prevent the spreading of fire, a
door, a window, or a partition wall are made of fire

resistant or fire proof matrials, for example, iron or

steel. However, iron and steel are not light transparent

and are, therefore, not desired for the windlow.
Further, the door and the partition are often desired to
ba made of light transparent materials.

As a glasg matrial for use in fire protection
doors, windows, partitions and other fire protection
structures, a fireproof or fire resistant glass plate is
Known 1in the art. A typical one .of the fireproof ¢glass
Plate is a wire glass which is a sheet glass with wovan

wire mesh embedded in the center of the sheet. aAnother



type of the fireproof glass plate is made of a

heat-resistant and light transparent crystallized glass
plate. As one of the crystallized glass, "Pire Lite"
glass plate which ls made Dby Nippon Electric Glass Compay

Limited, a corporation in Japan, and is available in
commerce. The crystallized glass consists of 3-5 wt.%

Li.0, 20~-35 wt.% A1203, 55-70 wt.$ Sioz, 1-3 wt.% TlOzo

2

1-4 wt.® 2xr0O 1-5 wt.3 PQOS' 0~4 wt.% Nazo, and 0-4 wt.%

2?

K,0, but a total amount of Na,0 and K,0 being 0.5 -4

wt.%. The crystallized glass contains the beta-gquartz ox
beta-eucriptite solid solution crystals. The
crystallized glass 1is disclosed as a heat resistant glass

in U.S. Patent No. 3,282,712. The crystallized glass

plate has been tested according to the Notificatlion No.

1125 of the Ministry of Constrﬁction of Japan and allowed

to be used as a fireproof glass for use in & fire

protective door, window, partition and other fire
protectlions.

A conventional soda glass plate 1s low in
mechanical impact resistance and 1in thermal shock.
Therefore, it is readily broken and shattered by those
impact ar shock. A safety glass is also known in the art
which is impraved in the mechnical strength and has

nonshattering property. As typical safety glasses, there
is known a laminated glass and a glass covered with a

thin plastic¢ film. IHowever, thoae safety ¢glasa has no
fire protection. Although the wire glass is effective as

a safety glass, it tends tO proken by a certain strength



of mecnhanical impact to form a through hole. Thereforae,

the wire glass is not sufficient for the safety glass.

summary of the Invantion:

} Co
Therefore, 1t is an cobject of the prasent

invention to provide a fire protection glass panel which
is excellent in the resistance and mechanical strength.

According to the present inventlion, a
firew-protection and safety composite glass panel 1s
obtained which comprises a fireproof glass plate with
opposite side surfaces and a layer of fluorocarbone resin
film of a chain molecular structure type bonded on one of
the opposite side surfaces.

The fireproof glass plate is made of a
heat-resistant and light transparent crystallized glass,
or alternatively, a wire glass.

The fluorocarbone resin film is made of one of
fluorinated ethylene propylene (FEP), tetrafluoroethylene
peffluqroalkoxyl ethylene copolymer (PFa),
polychlorotrifluoroethylene (PCFE), ethylene
tetrafluoroethylene copolymer (ETFE), and pelyvinyliden
fluoride (PVDE).

The fluoracarbone resin film preferably has a
thicknass of 0.02~1 rm.

According to another agpect of the present
invention, a fire~protectioﬁ and safety composite glass
panel is obtained which compriseas a plurality of glass
plate laminated with a layer of fluorocarbone resin film

of the chain molecular structure typée between adjacent



glass plates. At least one of the glass plates are the

fileproof glass plate.
According -to further aspects of the present
invention, & fire protective door or window 1s obtained

which comprises the composite glass panel and a frame for

supporting the composite glass panel.

Brief Description of the Drawings:

Figs. 1 to 9 and 10 are cross-sectional views of
samples in examples of Nos. 1 to 9 and 10;

Figs. 11 to 13 and 14 are cross—sectional views
of samples iﬁ comparative examples of Nos. 1 to 3 and 4;

Fig. 15 is a view illustating jmpact resistant
test of samples;

Fig. 16 is a front view of a fire-protective
window using the composite glass panel according to the
present invention; and

Fig. 17 is a perspective view of a

fire-protaective door using the composite glass panel

according tp the present invention.

Degcription of the Invgntign:

Briefly speaking, ﬁhe pregent invention attempts
to provida the safty or nonshattering property to a
fireproof or fire-resistant glass plate by laminating a
layexr of the fluorocarbone resin film of a c¢hain
molecular strucure type thereto.

The fluorocarbone resin of the chain molecularx
structure type has a unit structﬁre represented by the

followingss:
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where X, X', and X" arxe one of I, Cly ¥, -Cr3,

«Q=CF2-CF2=CF3, and the llke.

Because of a strong interatomié binding of such
as C—-C and C-F, and of a barrier effect of I atoms
covering the carbon chain, the fluorocarbone resin 1s
incombustible. The fluorocarbone rasin is Known
excellent in chemical stability, heat resistance, wear
rasistance, light transparence, and mechanical properties
such as extension‘and tensile strength.

The fluorocarbone resin film. can be joined onto a
surface of the fireproof or fire resitant glass plate by
the thermo compression bonding or by use of adhesive
agént. Rven if a combustible adhesive 1is used, it is
covered with the incombustible fluorocarbone resin film
and it is prevented from firing. When the fluorocarboné
£ilm is melted by the further heating, the molten
fluorocarbone resin encloses the adhesive so that the
adhesive is also prevented from firing.

The resultant composite glass plate has the
fluorocarbona rasin f£ilm laminated onto the glass plate

and ia provided with the nonshattering property and

axcellent impact absorption witout reduction of
incombustirility, light transparence, chemnical stability
and others. Therefore, the composite glass panel 18

useful for fire protective windows, OOLS, partitions and



others. Further, it is provided with high mechanlcal

strength and nonshattering property and 1§, therefore,

useful as a safety ox nonshattering glass plate fox

windows, doors, and other partition walls.

As several exampleées of the fluorocarbone resin of

the chain molecular structure type. there are known, as

typical ones, fluorinated ethylene propylene (FEP) ,

tetrafluoroethylene perfluoroalkoxyl ethylene copolymer

(RFA) ., polychlorotrifluoroethylene (PCFE), ethylene

tetrafluoroethylene copolymer (ETFE), and polyvinyliden

fluoride (PVDF).

The fluorocarbone resin £1lm used in the present

invention can have a desired thickness but preferably. of

Now, description will he made as to examples of

the present invention and comparative exanples.

Example 1

Referring to Fig. 1, a sheet of "Fire Lite" glass

plate 21, that is a heat~registant light transgparent

crystallized glass plate, was prepared with a dimension

of 2000x900x5 mm. A PFA film 31 with a thickness of 50

pm was bonded onto one gide surface of the glass sheet or

plate 21 to form & smaple of a composite glase panal.

bonding with pressure of 12 Kg/cmz at a teperature of 330

Oc.

Example 2

rReferring to Fig. 2, an FEFP film 32 with a



thickness of 100 um was bonded by a silicone adhesive

agent onto one surface of the glass plate 21 gimilar to

that in Example 1 to form a sample of the composite glass

panel.

Example 3

Referring to Fig. 3, a sheet of "Fire Lite" glass
plate 21 was prepared with a dimension of 2000x900x8 mm.
Two sheets of PFA film 31 with a thickness of 50 um were
bonded by use of acrylic adhesive onto both side surfaces
of the glasé plate 21 to form a sample of a composite
glass panel.

Example 4

Two "Fire Lite" glass piates 21 similar to that
in Fig. 1 were prepared. Referring to Fig. 4, a film 32
of FEP with a thickness of 125 um was held between those
two glass plates 21 and was bonded thereto to form a
sample of the composite glass panel. The bonding was
performned by the thermo compression bonding by a pressure

of 12 Kg/cm2 at a temperature 280 “c.

Example 5

The "Fire Lite" glass plate 21 similar to that in
Example )l and a sheet of conventional soda glass plate 22
with a dimension of 2000x9200x3 mm were prepared.
Refercing to Fig. 5, a f£ilm 31 of PFA with a thickness of
150 nm was held between the glass plates 21 and 22 and

was bonded thereto to form a sample of the composite

galss panel. The bonding was performed by the thermo

compression bonding by a pressure of 12 Kg/cm2 at a

_ru-b‘.'hi".\‘
oA »?

> A"n

(X

.

-l

f“

\w}\--}"
. -
=



A

tenmperature 330 “c.

Example 6
The “Fire Lite" glass plate 21 similar to that 1in

Example 1l and two sheets of s0da glass plate 22 with &
dimension of 2000X9200x6 mm were prepared. Xeferring to

Fig. 6, the "Fire Lite" glass plate 21 was interposed

between two soda glass plates 22 and 22. Two films 32 of
FEP with a thickness of 200 um were held between the
glass plates 22 and 21 and between glass plates 21 and

922. Then, those three glass plates were bonded through

those FEP films 32 to form a laminated glass panel as a
sample of the composite galss panel. The bonding was
performed by the thermo compression bonding by a pressure
of 12 Kg/cmz at a temperature 280 “c.

Example‘7 .

A piece of wire glass plate 23 with a dimesnion
of 1900x900x6.8 mm was cut from a wire glass plate which
was available in commerce. Referring to Fig. 7, a film
31 of PFA with a thickness of 50 jm was bonded onto one
side surface of the wire glags plate piece 23, The
bonding was performed by the therme compression bonding
by a pressure of 12 Kg/cm2 at a temperature 330 °c.

Example 8

Rafarring to Fig. 8, & film 32 of FEP with a
thickness of 100 um was bonded by use of a silicone

adhesive agent onto one side surface of the wire glass

plate piece 23 similar to that in Example 7 to form a

sample of a composite glass panel accordlng to the
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present inventlicn.

Exanple 9

rReferring to Fig. 9, a £ilm 32 of FEP with a

thickness of lZS/pm'was held between two pieces of wire

glass plate 23 similar to that in Example 7 and was

bonded thereto under pressure of 12 Kg/cm , at a

temperature of 280 ®c. fThus, a sample of the composite

glass panel was produced.'

Example 10
Referring to Fig. 10, a film 31 of PFA with a

thickness of 150 pm was held between a wire glass piece

23 similar to that in Example 7 and & soda glass piece 22

with a dimension of 1900x900x5 mm and was bonded thereto

under a pressure of 12 Kg/cmg at a temperature of 330 OC.

Thus, a smaple of the composite glass panel.

Comparative Example 1

Two pieces of soda glass plate 22 was cut out

with a dimension of 2000x900x5 mm., Referring o Fig. 11,

a2 £ilm 33 of polyvinyl butyral (PVB) with a thickness of

1 mm wa§ held between the soda glass plate pieces 22 and

was bonded thereto under a pressure of 12 Kg/cm™ at &

temperature of 170 ®c. Thue, a comparxative sample was

produced.

comparative Example 2
Referring to Fig. 12, a PVB film 33 with a

thickness of 1 mm was held hatween a "Fire Lite" glass

plate‘piece 21 sinilar to that in Exanple 1 and a soda

glass plate piece 22 of a dimension of 2000x900x3 mm and

YIRS
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10

was bonded thereto under a pressure of 12 Kg/cm2 at. a

temperature of 170 °c. Thus, a comparative sample was
produced.

Comparative Example 3

Referring to Fig. 13, a PFA film 31 with a
thickness of 50 pm was bonded onto a side surface of a
soda glass plate piece 22 under a pressue of 12 Kg/cm2 at
a teperature of 330 “C., Thus, a comparative sample was
produced.

Comparative Example 4

Referring to Fig. 14, a PVB £ilm 33 with a
thickness of 1 mm was held between a wire glass plate
piece similar to that in Example 7 and a soda glass plate
piece 22 with a dimension of 1900x900x5 mm and was bonded

2

under a pressure of 12 Kg/om™ at a teperature of 170 °c.

Thus, a comparative sample was produced.

These samples and comparative samples were
subijected to the following impact-resistant, firing,
smoking, and fire-~resistant éests.

Now, the inpactwresistant tast will bhe dascribed.
Referring to Fig. 15, one of those samples and
comparativa samplas in tﬁe abova~desoribed Examples and
Comparative BExamples 1a disposed ag a teat piece 5 at a

predetermined position of an iron frame 41, The iron

frame 41 has a hook 42 on its top to which an end of a
wire 43 is connected while a weight 44 being connected to
the other end of the wire 43, The weight has & mass of

4% Kg. A distance is adjusted 1524 mm from the hook 42
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to the centrold of the welight 44. The weight 44 and the
wire 43 are turned about the hook 42 so that the welght
44 is brought up at a level H higher than a free
position. Then, the weight 44 is freed and collides with
the test piece S. The collision is repeated with gradual
increase of the level H one by one., The impact resistant
factor of the test piece S is represented by the maximum
lavel Hoax of the weight which cannot make a through hole
in the test piece but makes a total amount of broken and
fallen glass fragments 50 grams or leass.

The firing and the smoking tests are carried out
by heating a test piece in a gas heating furnace
according to the standard heating curve by the
NptifiCation No. 1125 of the.Ministry of Construction of
Japan. The test piece is observed as regards whether or
not the test piece smokes and fires.

The fire-resistant test is carried out by heating
one side surface of the test piece by a gas firing flame
according to the standard heating curve and observing
whether or not a through hole. is made in the test piece
and whether or not firing flame blows to an opposite side
surface of the test piece. The time duration from start
of heating to occurrence of any one of those phenomena
represents the fire-resistant factor of the test piece.

Table 1 shows a result of those tests for the
samples and comparative samples in the above-described

Examples 1-10 and Comparative Examples l-4.

/
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Takle 1
. —_— N I §§§§§ies S _”“*ﬁ
1 m;wﬂm%z 3 4 | 9 6

Impact resistance (cm)| 30 ‘0 80 100 140 50
Firing No No No No No No

Smoking - NoO No No No No NG
Fire over OvVer over over overdgver

resistance (minutes) | 180 180 180 180 180 1@0

-.M ———y

N — [ﬁ S B
7 87' 9 10 ”
Inpact resistance (cm) 50 65 80 go
__Eiring “_ NGO . No No  NoO
Smoking | No NO No NO
“'Fire - - | over over Oover over
_ resistance (minutes) 20 20 20 20 B
T :Comparative Exampiés )
f lﬂ“m_fq 3 40 )
Impact resistance (cm) 120 120 30 10
\Firing - 1 Yes Yes NO Yes -
"-Smoking | " vea Yes No Yyes .
Fire resiétance (minute=z) 8 6 & 5

M

According to the test result shown in Table 1,

the samples in Examples 1-10 by the present invention axre

excellent in the impact resistance and do neither fire

t.

nor smoke. Further, the samples of Examples 1-6 have a
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fire resistance of 180 minutes or more and samples 0Of
Examples 7-10 have a fire resistance of 20 minutes or
more . ﬁowever, the samples of Comparative'Examples 1-4'
have a degraded fire resisgtance although they are
excellent in the impact resistnce. In the comparative
sample 1, both of soda glass plate pieces 22 thermally
cracked to form a through hole about 8 minutes after
heating start. In the comparative sample 2, a soda glass
plate piece 22 at a nonheated side thermally cracked and
falled off about 6 minutes after heating start and then
the PVB film 33 was evaporated and fired. 1In the
comparative sample 3, the soda glass plate piece 22
thermally cracked about three minutes and falled off
about s8ix ninutes after heating start. In the
comparative sample 4, the soda glass plate piece 22 at
the nonheated side thermally cracked after heating staxt
and the PVB film was evaporated and fired about five
minutes after heating sgstart.

Referring to Fig. 16, a window is shown which
conprises a glass plate 51 and a sash 532 for the glass
plate 5L. The composite glass panel according to the
pregent invention is used for the glass plate so that the
window 13 a fire protective and safety window.

Referring to Fig. 17, a fire protection and

safety door is also shown which comprises a glass plate

61 made of the conposite glass panel and a door frame 62,

The door is installed in an opening 63.
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WHAT IS CLAIMED IS8:

1. A fire-protection and safety composite glass
panel comprising a fireproof glass plate with opposite
side surfaces and a layer of_fluorocérbogg’resin film of
a chain molecuiar structure type bonded on one of said
opposite side surfaces.

2. A composite glass panel as claimed in Claim
1, which further comprises another layer of said
fluorocarbonﬁ resin f£ilm bonded on the other side
surface.

3. A composite glass panel as claimed in Claim

1, wherein said fireproof glass plate is made of a

heat-resistant and light transparent crystallized glass.
4. A composite glass panel as claimed in Claim
3, wherein said crystallized glass consists of 3-5 wt.%

Lizo, 20-35 wt.% A1203, 55-~70 wt.% Si0 L=3 wt.% Ti0

2? 2?
l-4 wt.% Zroz, l=5 wt.% PZOS’ 0-4 wt.% Nazo, and 0~4 wt_.%

K,0, but a total amount of Na,0 and K.,0 being 0.5 -4

2 2
wt.%, said cryétallized glase containing beta-quartsz
solid solution crystals,

5. A composite glass panel as claimed in Claim

1, wherein said fireproof glass plate is made of a wire

gla$5 ¢
6. A composite glass panel as claimed in Claim

1, whereln sald fluorocarbone resin £film is made of one

of fluorinated ethylene propylene (FEP),

tetrafluoroethylene perfluoroalkoxyl ethylene copolymer
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(FPFA), polychlorotrifluoroethylene (PCFE), ethylene

tetrafluorocethylene copolymer (ETFE), and polyvinyliden
fluoride (PVDF).

7« A composite glass panel as claimed in Claim
1, wherein said fluorocarbone resin has a thickpness of
0.02-1 nm,

8. A fire-protection and safety composite glass
panel comprising a plurality of glass plates laminated
with a layer of fluorocrbone resin film of a chain
molecular structure type between adjacent glass plates,
at least one of said glass plates being a fireproof glass
plate.

2. A composite glass panel as claimed in Claim
S, wherein said fireproof glass plate is made of a
heat-resistant and light transparent crystallized glass.

10. A composite glass panel as claimed in Claim
7, wherein said crystallized glass congists of 35 wt.$
Li,0, 20~35 we.¥ AL,0,, 55-70 wt.% $i0,, 1-3 wt.$ Tio,,
-4 wt.% 2rQ0,, 1-5 wt.% Po0zs 0-4 wt.3 Na,0, and 0-4 wt.%
K,0, but a total amount of Na,0 and Kzo being Q.5 «4
wt.3%, said crystallized glass containing beta-quartz
solid solution cryetalsa.

ll. A composite glass panel as claimed in Claim

8, wherein said fireproof glass plate is made of a wire
glass.

le. A composite glass panel as claimed in Calim

8, wherein said fluorocarbone regin Film is made of one

of fluorinated ethylene propylene (FEFP),

g

{
54

)
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tetralfluoroethylene perriuocrcalkoxyl ethylene copolymer

(PFA), polychlorotrifluoroethylene (PCFE), ethylene
tetrafluorcethylene copolymer (ETFE), and polyvinvliden

Lluworide (PVDF).

l3. A composite glass panel as claimed in Claim
¢, wherein said fluorocarbone resin film has a thickness
of 0.02~1mm.

14, A fire protective window comprising a window
glass and a sash for said window glass, said window glass
comprising a fireproof glass plate with opposite side
surfaces and a layer of fluorocarbone resin film of a
chain molecular structure type bonded on one of said
opposite side surfaces.

15. A fire protective window as claimed in Claim
14, wherein said window glass comprises a plurality of
glass plates laminated with a layver of fluorocarabone
resin film of a chain molecular structure type between
adjacént glass plates, at least one of said glass plates
being a fireproof glass plate.

1l6. A fire protective door comprising a glass
panel and a frame for said glass panel, said glass panel
comprising a fireproof glass plate with oppoagite side
surfaces and a layer of fluorocarbone resin film of a
chain molecular structure type bonded on one of sald
opposite side surfaces,

l7. A fire protective door as claimed in Claim
16, wherein said glaés panel comprises a plurality of

glass plates laminated with a layer of fluorocarabone
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resin film of a chain molecular structure type between

adjacent glass plates, at least one of said glass plates

belng a fireproof glass plate.
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