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57 ABSTRACT 
A laminate composed of a fire-retardant resin composi 
tion comprising a polyolefin resin and hydrate of cal 
cium silicate containing 30% by weight or more of platy 
crystals and/or needle shaped crystals with an aspect 
ratio of 3 or higher in sheet form and having metal sheet 
on both sides thereof. 

7 Claims, 3 Drawing Figures 
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FIRE-RETARDING RESIN COMPOSITION AND 
LAMINATED PRODUCT THEREOF 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a resin composition 

and a laminated product using such resin composition. 
More particularly, this invention is concerned with a 
fire-retarding or uninflammable resin composition ob 
tained by mixing a specific inorganic filler into a poly 
olefin resin, and a laminated product composed of metal 
sheets or foils and such fire-retarding resin composition 
in sheet form interposed between the metal sheets. 

2. Description of the Prior Art 
Various kinds of material, when they are used, in 

general, as a building or constructional material, and so 
forth, are always desired to have higher uninflammabil 
ity or fire-retarding property, because the higher the 
uninflammability or fire-retarding property thereof is, 
the wider will be their utility. 

For instance, a laminated product of a metal-syn 
thetic resin-metal structure obtained by interposing a 
synthetic resin sheet between a pair of metal sheets in a 
laminal structure possesses various features such that it 
is of light weight in its entirety, which is closer to that 
of the synthetic resin per se, and has the mechanical 
properties such as bendability, etc. and the heat-resist 
ant property as well much superior to those of a product 
made simply of the resin composition to be used as the 
core material for the laminated product. In view of the 
fact that the synthetic resin sheet is covered on its both 
surfaces with the metal material, the laminated product 
has its considerably favorable fire-retarding property in 
comparison with the product made of such synthetic 
resin material alone. It has, however, been found out 
through the past experience in the practical use of such 
laminated product that, since the resin as the core mate 
rial is usually exposed at the lateral end faces of the 
laminated product, the resin material catches on fire 
when the laminated product is exposed to flame, and the 
molten resin drips to cause fire to expand or spread. In 
order to remove such defect of an accidental nature, it 
is necessary that the resin to be the core material for the 
laminated product be vested with uninflammability or 
fire-retarding property. 

For rendering the resin to be uninflammable or fire 
retarding, there has so far been taken a measures such 
that a large amount of inorganic filling agent is mixed 
into a resin material such as polyolefin resins, etc. to 
thereby decrease its heat-generating quantity and, at the 
same time, to suppress production of black smoke so as 
to prevent molten resin from dripping. 
As the inorganic filling agent to be mixed with the 

resin material for giving it the desired fire-retarding 
property, there have been known those inorganic fillers 
such as calcium carbonate, magnesium oxide, magne 
sium carbonate, calcium silicate, aluminum silicate, talc, 
and so forth; and inorganic hydrates containing therein 
crystal water such as aluminum hydroxide, magnesium 
hydroxide, and so on. 
However, for the purpose of mixing, calcium carbon 

ate, magnesium oxide, calcium silicate, talc, and other 
inorganic filling agents are required in an extremely 
large quantity, and no satisfactory result can be ob 
tained practically unless it is in a quantity of 400 parts by 
weight or more with respect to 100 parts by weight of 
polyolefin resin. On the other hand, magnesium hydrox 
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2 
ide, aluminum hydroxide, and other inorganic hydrates 
possess, to a certain extent, their effect of decreasing 
their heat-generating quantity and preventing the mol 
ten resin material from dripping, because such substance 
has the endothermic effect at the time of their decompo 
sition by dehydration from heat of combustion. How 
ever, even these inorganic hydrates are unable to pre 
vent the molten resin from dripping, unless they are 
mixed in an extremely large quantity such as, for exam 
ple, as large as 300 parts by weight with respect to 100 
parts by weight of polyolefin resin, when the resin ma 
terial is required to have high uninflammability or fire 
retarding property for those circumstances such as fire 
where the resin material should be subjected to high 
temperature flame, hence no satisfactory effect can also 
be obtained from such inorganic hydrates. 
Such resin composition which requires a large 

amount of inorganic filling agent to be mixed thereinto 
becomes very difficult to be pelletized, hence it is un 
able to meet the practical purpose; and, when it is pro 
cessed into a shaped product, it brings about decreased 
fluidity within the extruder or dies to make it difficult to 
be formed into an appropriate shaped product. Further 
more, the shaped product is liable to be brittle owing to 
loss of pliability which the polyolefin resin possesses, to 
increase its specific gravity, and other unfavorable ef 
fects. 
When this resin is used in the afore-mentioned metal 

resin-metal type laminated product, the uninflammabil 
ity of the laminated product improves; however, there 
would inevitably brought about new disadvantages 
such that its bending property becomes considerably 
deteriorated with consequent breakage of the metal 
plates covering the surface of the core resin when the 
laminated product is subjected to bending. In addition, 
since the resin material has high specific gravity, the 
lightweight property (the property specific to the lami 
nated product) would be lost. 
As the results of studies and researches done by the 

present inventors as to the cause for insufficient preven 
tion of the molton resin material from dripping by those 
inorganic hydrates containing therein crystal water 
such as aluminum hydroxide and magnesium hydroxide, 
out of various inorganic fillers, which surely bring 
about decrease in heat of combustion and exhibit a cer 
tain degree of effect toward uninflammability of the 
resin, it has been found out that, as the first cause, the 
decomposition by dehydration of the crystal water 
takes place in a narrow range of temperature, that is to 
say, the decomposition by dehydration abruptly occurs 
in a temperature range of from 200° C. to 300° C. for 
aluminum hydroxide and in a temperature range of from 
300 C. to 400 C. for magnesium hydroxide, which 
causes foaming by the water content to deprive the 
resin composition of its self-sustaining property, and, as 
the second cause, the filling agentis in a simple granular 
form which can not afford to bring about entanglement 
among such granules, hence such shape is not effective 
for prevention of the molten resin from dripping. 

SUMMARY OF THE INVENTION 

On the basis of such findings as mentioned in the 
preceding, the present inventors conducted further 
studies and researches with a view to obtaining the 
inorganic filling agent free from various problems as 
mentioned in the foregoing such as foaming to take 
place at the time of shaping, fluidity to decrease during 
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the shaping process, and so on, and which is able to 
realize efficiently the decrease in the heat generating 
quantity, to prevent the molten resin from dripping, and 
to impart satisfactory sustaining property of shape at the 
time of combustion of the polyolefin resin. As the result 
of these studies and researches, they have discovered 
that calcium silicate type compound having a specific 
composition and shape is excellent as the filling mate 
rial, that a resin composition prepared by mixing and 
kneading polyolefin resin and the above-mentioned 
calcium silicate type compound is excellent as the unin 
flammable or fire-retarding resin, and that a laminated 
product which is able to satisfy its excellent uninflamm 
ability and the bending property, at the same time, can 
be obtained by laminating metal plates on both surfaces 
of a sheet of the resin composition. In this way, they 
successfully completed the present invention. 

It is therefore an object of the present invention to 
provide an improved uninflammable or fire-retarding 
resin composition made up of a polyolefin resin and a 
particular type of inorganic filling material in an amount 
much less than that of the conventional inorganic filling 
material, and yet capable of exhibiting excellent fire 
retarding effect when it is subjected to burning flame. 

It is another object of the present invention to pro 
vide an uninflammable or fire-retarding laminated prod 
uct produced by interposing the above-mentioned im 
proved uninflammable resin composition in sheet form 
between a pair of metal sheets or foils. 
According to the present invention, in one aspect of 

it, there is provided an uninflammable resin composition 
consisting essentially of: 100 parts by weight of polyole 
fin resin; and from 10 to 100 parts by weight of hydrate 
of calcium silicate containing therein 30% by weight or 
more of platy crystal and/or needle-shaped crystal with 
its aspect ratio of 3 or higher, said hydrate being in the 
form of powder granule composed of secondary aggre 
gate, in which said platy crystal and/or needle-shaped 
crystal are aggregated, and having its bulk density of 0.5 
or lower, said polyolefin resin and said hydrate of cal 
cium silicate being mixed and kneaded into said resin 
composition. 
According to the present invention, in another aspect 

of it, there is provided a laminated product consisting 
essentially of a sheet of an uninflammable resin compo 
sition composed of 100 parts by weight of polyolefin 
resin; and from 10 to 100 parts by weight of hydrate of 
calcium silicate containing therein 30% by weight or 
more of platy crystal and/or needle-shaped crystal with 
its aspect ratio of 3 or higher, said hydrate being in the 
form of powder granule composed of secondary aggre 
gate, in which said platy crystal and/or needle-shaped 
crystal are aggregated, and having its bulk density of 0.5 
or lower; and metal plates laminated on both surfaces of 
said uninflammable resin sheet. 
The foregoing objects, other objects as well as spe 

cific ingredients for constructing the uninflammable 
resin composition and the laminated product according 
to the present invention will become more readily ap 
parent and understandable from the following detailed 
description thereof, when read in conjunction with 
several preferred examples thereof and the accompany 
ing drawing, in which: 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1 to 3 are respectively micrographs in the scale 

of 5,000 magnification showing examples of granular 
structure of the aggregate body constituting the hydrate 

5 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

4. 
of calcium silicate for use as the inorganic filling agent 
according to the present invention, in which 
FIG. 1 is an example of needle-shaped crystal; 
FIG. 2 is an example of platy crystal; and 
FIG. 3 is an example of the needle-shaped crystal and 

the platy crystal. 
DETAILED DESCRIPTION OF THE 

INVENTION 

In the following, the present invention will be de 
scribed in detail. 
As the polyolefin resins to be used for the purpose of 

the present invention, there may be exemplified homo 
polymers of a-olefins such as ethylene, propylene, bu 
tylene, and so forth; copolymers of the above-listed 
a-olefins and other a-olefins; block copolymers thereof; 
and blend of these polymers. In particular, the polyole 
fin resins containing polyetheylene as the principal con 
stituent is preferably used. 
The hydrate of calcium silicate is composed of SiO2, 

CaO, and H2O, in which at least 5 mol % or more of 
crystal water is contained. Examples of such hydrate of 
calcium silicate are: xonotlite (6CaO 6SiO2H2O), tober 
morite (5CaO 6SiO2.5H2O), and so forth. 
Powder granule of the hydrate of calcium silicate to 

be used for the purpose of the present invention is a 
secondary aggregate, in which the primary granules of 
the needle-shaped crystals and/or the platy crystals 
containing therein crystal water have become aggre 
gated among themselves to form a secondary aggregate 
body of an extremely bulky structure. More specifi 
cally, the powder granule contains therein 30% by 
weight or more, or preferably 50% by weight or more, 
of the platy crystal and/or needle-shaped crystal with 
its aspect ratio (length/width) of 3 or higher, the platy 
crystal and/or needle-shaped crystal being aggregated 
into the secondary aggregate body of high bulk density. 
The bulk density of the powder granule is 0.5 or less, or 
preferably 0.3 or less. As the example of such powder 
granule, there are shown in FIGS. 1 to 3 those micro 
graphs of the granular structure of the aggregate body 
constituting the powder granule of the hydrate of cal 
cium silicate (in the scale of 5,000 magnification), 
wherein FIG. 1 shows the aggregate body consisting of 
the needle-shaped crystal; FIG. 2 shows the aggregate 
body consisting of the platy crystal; and FIG. 3 shows 
the aggregate body consisting of both needle-shaped 
crystal and platy crystal. 

Incidentally, the content of the needle-shaped crystal 
and the platy crystal have been determined in such a 
manner that the powder granule consisting of the sec 
ondary aggregate of the crystals to be observed is 
placed in acetone, then it is subjected to vibration to 
disintegrate the aggregate body so as to disperse the 
secondary aggregate body into the primary granules 
(needle-shaped crystal or platy crystal), after which 
acetone is removed to enable the aggregate body to be 
observed under a microscope, within the sight of which 
the number of the needle-shaped crystal with its aspect 
ratio of 3 or higher is counted. 
The powder granule consisting of the particular sec 

ondary aggregate body as mentioned above can be 
obtained from a heat insulating material of calcium 
silicate in the form of dust resulted from its cutting or in 
the form of powder resulted from its pulverization. For 
example, when a silicate material and lime are reacted 
under a normal pressure to form a swelled gel sub 
stance, and then the gel substance is shaped into a de 
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sired form, followed by curing the same by crystalliza 
tion through the hydro-thermal curing reaction in an 
autoclave, and then drying the cured substance, there 
will be obtained a low density shaped body, in which 
very fine crystals are aggregated. When this low density 
shaped product is comminuted, there can be obtained 
the above-mentioned powder granule consisting of the 
secondary aggregate body. In another way, silicate and 
lime as the raw materials are mixed together in water in 
an autoclave to produce a slurry of xonotlite crystals, 
then fibers or other reinforcing materials are mixed with 
this slurry, followed by shaping the material into a 
shaped product and drying the same, to thereby obtain 
a low density shaped body, in which the needle-shaped 
crystals are aggregated. By pulverization of this low 
density shaped product, there can be obtained a powder 
granule of high bulk density, in which fine crystals 
containing therein crystal water and needle-shaped 
crystals with its aspect ratio of 3 or higher at a ratio of 
30% or above are aggregated. It goes without saying 
that the hydrate of calcium hydroxide to be used for the 
purpose of the present invention should not be limited 
to this method of production, but any other appropriate 
methods which can satisfy the above-mentioned partic 
ular mixing ratio between the platy crystals and the 
needle-shaped crystals as well as the particular specific 
gravity of the resulting material may equally be em 
ployed. 
The uninflammable or fire-retarding resin composi 

tion according to the present invention may be obtained 
by mixing and kneading 100 parts by weight of polyole 
fin resin and 10 to 100 parts by weight, or preferably 20 
to 80 parts by weight of such powder granule of the 
hydrate of calcium silicate. When the quantity of the 
calcium silicate hydrate is too small, required effect of 
the fire-retarding property of the resin will be insuffi 
cient. On the contrary, when its quantity is too large, 
fluidity of the resin composition lowers to badly affect 
the shaping property. By the way, it may be permissible 
to mix other inorganic fillers into this resin composition 
for appropriately varying rigidity, hardness and other 
properties of the resin. 
As the method for producing the resin composition 

according to the present invention, there may be 
adopted a high speed mixing roll, a banbury mixer, a 
screw extruder, and other mixer-kneaders, all being in 
general use, in which the mixture of the materials is 
kneaded in a molten state under heat. Incidentally, there 
may also be added at the time of mixing and kneading 
various additives such as anti-oxidant, ultraviolet absor 
bant, and other stabilizers; smoothing agent; antistatic 
agent; pigment; carbon black; and so forth, depending 
on necessity. 
While the resulted resin composition can be used in 

various fields of application, it is particularly suitable in 
the field of constructional or building material where 
the requirement for its uninflammability or fire-retard 
ing property is highly stringent and in which field the 
resin composition is used as the core material to be 
interposed between metal plates to form a laminated 
panel. 

In the following, explanations will be given as to the 
laminated product of a metal-resin-metal structure, in 
which use is made of a sheet of the above-mentioned 
resin composition. 
For the purpose of manufacturing the above-men 

tioned laminated product, the resin composition is used 
in the form of a sheet having its thickness of from 0.5 to 
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6 
10 mm, or preferably from 0.5 to 6 mm. The metal 
material to be used for this purpose is principally in the 
form of a foil or a thin sheet of 0.01 to 1 mm in thickness, 
or preferably from 0.1 to 0.5 mm thick. For the metal, 
there may be used aluminum, alloys of aluminum, steel, 
tin-free steel, stainless steel, tin-plated steel, zinc-coated 
steel, and others. These metal materials may also be 
subjected to surface-treatment. It should also be noted 
that the metal material to be sticked onto both surfaces 
of the core resin material may be one and the same kind 
or different kinds, and that the thickness thereof may be 
the same or different. 
The resin composition to be the core material for the 

laminated product may be attached directly onto the 
metal sheet, or adhered thereto through an intermediate 
adhesive layer of, for example, an adhesive polyolefin 
resin having thickness of from 10 to 50 pum, when both 
sheets of the resin composition and the metal should be 
required to have tight adhesion between them. It may 
also be feasible that such adhesive polyolefin resin is 
mixed into the uninflammable resin composition. 
The laminated product can be obtained by laying the 

metal sheets over both surfaces of the core sheet of the 
resin composition, or by laying the metal sheets over 
both surfaces of the core sheet of the resin composition 
with the adhesive layer being interposed between them, 
after which the laminates are compressed under heat by 
means of a hot press. 

In another method, the laminated product can be 
manufactured by introducing the core sheet of the resin 
composition extruded from an extrusion T-dies sheet 
forming machine into a space between a pair of metal 
sheets which are continuously fed into a nipping part 
composed of a pair of mutually opposed and reversely 
rotating laminating rollers. In this case, sufficient heat 
and pressure are indispensable for sticking together the 
core sheet of the resin composition and the metal sheets. 
Such heat as required may be obtained by heating the 
laminating rollers, or heat from melt-extrusion of the 
core sheet, or both. 

In the case of using the intermediate adhesive layer, it 
may be attached initially onto the metal sheet, or onto 
the core resin sheet, or onto both metal sheet and core 
resin sheet simultaneously. 

In the present invention, the method of producing the 
metal-resin-metal laminate is not limited at all, but any 
known methods can be appropriately employed, such as 
extrusion coating, extrusion lamination, film lamination, 
or combination of these methods. It should, however, 
be noted that, in any of these methods, the essential 
requirement is to subject the laminated materials to heat 
for a period of time, during which the intermediate 
adhesive agent and the core resin composition will be 
heated to a temperature at least equal to their softening 
point so as to attain tight adhesion of the resin, and to 
pressure as well, under which the resin and the metal 
may be brought into a tight contact each other. 
While various methods may be adopted for increas 

ing the adhesive strength of the resin layer, a preferable 
method is to use an adhesive polyolefin resin. For such 
adhesive polyolefin resin, there may be employed modi 
fied polyolefins or any polyolefins containing therein an 
adhesive polymer. 
The modified polyolefin is a substance, in which 

polyolefin has been modified with unsaturated carbox 
ylic acid or its anhydride, or derivatives of the unsatu 
rated carboxylic acid or its anhydride. The modification 
is carried out in accordance with the known method, 



4,680,227 
7 

wherein such modifying compound is mixed with or 
grafted to polyolefin, or the acid radical or the acid 
anhydride radical of the thus obtained modified poly 
olefin is further changed into its derivatives. Further, 
this modification can also be done by mixing the thus 5 
obtained modified polyolefin with an unmodified poly 
olefin. 
As the polyolefins to be used for the production of 

such modified polyolefins, there may be exemplified: 
low density polyethylene, medium density polyethyl- 10 
ene, high density polyethylene, polypropylene, poly-1- 
butene, poly-4-methyl-1-pentene, copolymer of ethyl 
ene and propylene, copolymer of ethylene-1-butene, 
copolymer of propylene-1-butene, and blends of these 
polymers. 15 
As the unsaturated carboxylic acid or its anhydrides 

to be mixed with or grafted to these polyolefins, there 
may be enumerated acrylic acid, methacrylic acid, ma 
leic acid, maleic anhydride, citraconic acid, citraconic 
anhydride, itaconic acid, itaconic anhydride, and so 20 
forth. Further, as the derivatives of the unsaturated 
carboxylic acid or its anhydrides, there may be exempli 
fied esterified product of mono-epoxy compounds and 
the above-mentioned acid, reaction products of the acid 
and polymers containing in their molecules those radi- 25 
cals which can react with these acids, and others. 
Such modifying agent should preferably be present in 

the modified polyolefins at a ratio of from 0.01 to 3% by 
weight. The modified polyolefin which is usually used 
in preference is the one obtained by grafting 300 to 30 
3,000 ppm of maleic anhydride to the polyolefin. 

It is, of course, feasible that those coloring matters, 
stabilizers, fillers, and various other additives be further 
mixed with the modified polyolefins. 
The polyolefins mixed with an adhesive polymer are 35 

designated by those adhesive polyolefin resins obtained 
by mixing with the polyolefin a polymer resulted from 
reaction between a hydrocarbon polymer containing at 
least one active hydrogen at the end part of its molecule 
and in which 6.0% or more of its main chain is saturated 40 
and an unsaturated polycarboxylic acids or their deriva 
tives as well as mono-epoxy compounds and their deriv 
atives (vide: for example, Japanese patent publication 
No. 6012/1978). 
As mentioned in the foregoing, there are two types of 45 

adhesive polyolefins to be used in the present invention, 
the shaping process of which may possibly be done in 
exactly the same way as in ordinary polyolefins. That is 
to say, any of the various known techniques of extrusion 
coating, extrusion lamination, and film lamination can 50 
be equally applicable. 

In spite of its low content of the inorganic filling 
agent, the uninflammable or fire-retarding resin compo 
sition according to the present invention as described in 
the foregoing exhibits very excellent fire-retarding ef. 55 
fect, in addition to which its shaping property is satis 
factory, hence its shaping by extrusion and other meth 
ods is also possibly applicable. 
The products obtained by use of the resin composi 

tion according to the present invention not only pos- 60 
sesses its uninflammable or fire-retarding property, but 
also it has a relatively low specific gravity and a flexibil 
ity as well. For example, the above-mentioned lami 
nated product possesses its excellent uninflammable 
effect despite its low content of the inorganic filler, is 65 
light in weight, and has sufficient bending property at a 
normal temperature, hence it is an industrially useful 
material. 

8 
With a view to enabling those persons skilled in the 

art to put the present invention into practice, the fol 
lowing actual examples are presented. It should, how 
ever, be understood that the present invention is not 
limited to these examples alone. Also, for the sake of 
showing superiority of the product according to the 
present invention over the conventional product in its 
various characteristics and properties, several compara 
tive examples are presented. 

EXAMPLE 1 

50 parts by weight of calcium silicate (dust resulted 
from cutting of "KEICAL ACE'-a tradename for a 
product of Nippon Keical K.K., Japan-which is a 
powder granule of the secondary aggregate composed 
of 70% by weight or more of needle-shaped crystals of 
a xonotlite structure and having the aspect ratio of 3 or 
higher and a bulk density of 0.06) was mixed with 100 
parts by weight of a low density polyethylene 
("NOVATEC-L F 100"-a product of Mitsubishi 
Chemical Co., Ltd., Japan). The mixture was kneaded 
for ten minutes at a temperature of 230 C. in a banbury 
mixer, after which the kneaded mixture was taken out 
of the mixer and cooled. Then, this kneaded mixture as 
cooled was pulverized, followed by forming it into 
pellets of the uninflammable resin composition. Subse 
quently, the pellets were shaped into a sheet having 
thickness of 1.5 mm by use of a hot press machine 
heated to a temperature of 230° C. Following this, the 
thus obtained sheet of the uninflammable resin composi 
tion was interposed between a pair of aluminum sheets, 
each having thickness of 0.25 mm, and the laminates 
were then subjected to the melt-adhesion by means of a 
hot press, thereby forming a sandwich-type laminated 
plate of an aluminum-uninflammable resin composition 
aluminum structure. When this laminated plate was 
subjected to bending by 90 degrees with a radius of 30 
mm, no crack was found to have occurred in the alumi 
num sheets. 
From this laminated plate, two sheets of rectangular 

plates, each having a size of 5 cm wideX20 cm long, 
were cut out. This rectangular sheet was placed on an 
inverted “T” (L) bar which had been set horizontally 
along the longitudinal direction of the laminated sheet, 
and then the lower surface of the sheet was fired for ten 
minutes with a gas burner to measure an ignition time 
for the lower surface of the rectangular sheet, an igni 
tion time for the upper surface thereof, and a time for 
the uninflammable resin composition to become molten 
and start dripping. The results of the measurements are 
shown in Table 1 below. 

It was found that the ignition time for the lower sur 
face and the upper surface to set fire was retarded, and 
that the state of burning of the resin composition after 
ignition indicated a small burning flame and a very slow 
burning speed. After ten minutes' burning, the gas 
burner was put out, and a time during which the burn 
ing flame remained was observed. It was eight seconds. 
Further, no melt-dripping of the resin could be ob 
served at all. 

EXAMPLE 2 

Exactly same procedures were followed as in Exam 
ple i above, with the exception that, as the calcium 
silicate material, use was made of dust from cutting of a 
heat insulating material produced by Nichias K.K., 
Japan (a powder granule having a bulk density of 0.1, 
which is a secondary aggregate consisting of 50% by 



9 
weight or more of platy crystals in the tobermorite 
structure), with which the resin composition was pre 
pared. 
Then, the burning test was conducted on this resin 

composition in the same manner as in Example 1 above. 
The results of the test were excellent as shown in Table 
1 below. 

COMPARATIVE EXAMPLE 1. 

A resin composition was produced in the same man 
ner as in Example 1 above with the exception that, as 
the calcium silicate material, use was made of a granular 
body having a bulk density of 1.0 and being in a wollas 
tonite structure containing therein no crystal water. 
The thus obtained resin composition was then subjected 
to the same burning test. The results are as shown in 
Table 1 below, from which it is noted that the lower 
surface and the upper surface of the resin sheet quickly 
set fire with large burning flame and immediately 
started melt-dripping, hence no fire-retarding effect 
could substantially be recognized. 

COMPARATIVE EXAMPLES 2 TO 4 

The same procedures were followed as in Example 1 
above with the exception that, in place of calcium sili 
cate, use was made of calcium carbonate, aluminum 
hydroxide, and magnesium hydroxide, respectively. 
The test results are as shown in Table 1 below. 

EXAMPLE 3 

The resin composition was manufactured in the same 
manner as in Example 1 above with the exception that, 
as the calcium silicate material, use was made of dust 
from cutting of a heat insulating material manufactured 
by Asahi Ishiwata Kogyo K.K., Japan (a powder gran 
ule having a bulk density of 0.14, which is a secondary 
aggregate consisting of needle-shaped crystals in the 
xonotlite structure and with its aspect ratio of 3 or 
higher and platy crystals). The burning test was con 
ducted in the same manner as in Example 1 above. The 
results were very favorable as shown in Table 1 below. 

EXAMPLE 4 

Pellets of uninflammable resin composition were pro 
duced by the process of mixing 100 parts by weight of 
calcium silicate same as that used in Example 1 above 
with respect to 100 parts by weight of linear low density 
polyethylene ("NOVATEC-U-EX-20'-a product of 
Mitsubishi Chemical Industries, Co. Ltd., Japan) in the 
Henschel mixer, then kneading and extruding the mix 
ture in and from a biaxial kneading and extruding ma 
chine having a screw diameter of 30 mm into the re 
quired pellets. Subsequently, the pellets were shaped 
into a sheet of 1.5 mm thick by means of a T-dies sheet 
ing machine. No particular points of problem took place 
in the sheet forming operation. By use of this sheet of 
the resin composition, the laminated plate was manufac 
tured in the same manner as in Example 1 above, which 
was then subjected to the burning test. The results are as 
shown in Table 1 below, from which it will be noted 
that the fire-retarding performance of the resin sheet 
was very satisfactory. 
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EXAMPLE 5 

The same procedures as in Example 4 above were 
followed, with the exception that calcium silicate same 
as that used in Example 2 above was employed in the 
mixing quantity of 15 parts by weight. The results of the 
burning test are as shown in Table 1 below, from which 
it will be noted that the fire-retarding performance of 
the resin sheet was favorable. 

COMPARATIVE EXAMPLE 5 

In exactly the same manner as in Example 4 above 
with the exception that the mixing quantity of calcium 
silicate was 5 parts by weight, the fire-retarding perfor 
mance of the resin sheet was comparared. The results 
are shown in Table 1 below. 

COMPARATIVE EXAMPLE 6 

Pellets of the fire-retarding resin composition were 
manufactured by use of the biaxial kneading and extrud 
ing machine in the same manner as in Example 4 above 
with the exception that the mixing quantity of calcium 
silicate was made 200 parts by weight. Subsequently, 
attempt was made as to forming by extrusion of the thus 
obtained pellets into a resin sheet of 1.5 mm thick by use 
of a T-dies sheeting machine, but no sheet forming 
could be successful owing to extremely poor fluidity of 
the resin material. 

COMPARATIVE EXAMPLE 7 

The same laminated plate was manufactured in the 
same manner as in Example 1 above by use of 100 parts 
by weight of linear low density polyethylene and 300 
parts by weight of magnesium hydroxide. 
When it was subjected to the burning test, the lami 

nated plate exhibited favorable fire-retarding perfor 
mance as shown in Table 1 below. However, when it 
was subjected to bending by 90 degrees with a radius of 
30 mm as done in Example 1 above, there occurred 
cracks in the aluminum sheet. 

EXAMPLE 6 

A sheet of the uninflammable resin composition hav 
ing thickness of 1.5 mm was formed in the same manner 
as in Example 4 above with the exception that the mix 
ing quantity of calcium silicate was made 50 parts by 
weight. Subsequently, a laminated sheet having a lami 
nar structure of alminum/adhesive polyolefin resin 
/uninflammable resin composition/adhesive polyolefin 
resin/aluminum was formed by attaching an adhesive 
polyethylene resin film (“NOVATEC AP42OL” film 
having thickness of 50 microns, a product of Mitsubishi 
Chemical Industries, Co. Ltd., Japan) on the mutually 
opposed one surface side of each of a pair of aluminum 
sheets (having a thickness of 0.25 mm each), then inter 
posing the sheet of the uninflammable resin composition 
between these aluminum sheets, and subjecting the lam 
inates to melt-adhesion by means of a hot press. The 
thus obtained laminated sheet was bent by an angle of 90 
degrees with a radius of 30 mm, from which no cracks 
were found to have occurred in the aluminum sheets. 
Also, the laminated product was subjected to the burn 
ing test in the same manner as in Example 1 above, the 
results of which are very favorable as indicated in Table 
1 below. 
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TABLE 1. 
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RESIN COMPOSITION 
BURNING TEST 

Ignition Time Melt-Dripping 
Polyolefins Fillers Lower Upper Occured nin. Size of Burning 
(part by wt.) (part by wt.) Surface Surface after burning Flame 

EXAMPLE 1. low density calcium silicate 5 min. 9 min. not occured small 
polyethylene 100 50 

EXAMPLE 2 low density calcium silicate 5 min. O not occured small (on and off 
polyethylene 100 50 firing occasionally) 

EXAMPLE 3 low density calcium silicate 4 min. 8 min. not occured small 
polyethylene 100 50 30 sec. 

EXAMPLE 4 linear low density calcium silicate 9 min. no not occured small (on and off 
polyethylene 100 100 filing occasionally) 

EXAMPLE 5 linear low density calcium silicate 3 min. 6 min. not occured medium 
polyethylene 100 15 30 sec. 30 sec. 

EXAMPLE 6 linear low density calcium silicate 4 min. 8 min. not occured small 
polyethylene 100 50 30 sec. 

COMPARATIVE low density calcium silicate 3 min. 5 min. 4 min. large 
.EXAMPLE 1. polyethylene 100 100 (vigorous) 
COMPARATIVE low density calcium carbonate 3 min. 4 min. 3 min. 30 sec. large 
EXAMPLE 2 polyethylene 100 100 30 sec. (vigorous) 
COMPARATIVE low density aluminum hydroxide 3 min. 5 min. 4 min. large 
EXAMPLE 3 polyethylene 100 100 30 sec. (vigorous) 
COMPARATIVE low density magnesium hydroxide 3 min. 5 min. not occured large 
EXAMPLE 4 polyethylene 100 100 30 sec. 30 sec. 
COMPARATIVE linear low density calcium silicate 3 min. 5 min. 7 nin. large 
EXAMPLE 5 polyethylene 100 5 30 sec. 
COMPARATIVE linear low density magnesium hydroxide 8 min. O not occured small 
EXAMPLE 7 polyethylene 100 300 firing 

What is claimed is: 
1. A laminated product composed of a plurality of 

metal sheets; and a fire-retarding resin composition in a 
sheet form, said fire-retarding resin composition consist 
ing essentially of 100 parts by weight of polyolefin resin, 
and 10 to 100 parts by weight of hydrate of calcium 
silicate containing therein 30% by weight or more of 
platy crystals and/or needle-shaped crystals with its 
aspect ratio of 3 or higher, said hydrate being in the 
form of powder granule composed of a secondary ag 
gregate, in which said platy crystals and/or needle 
shaped crystals are aggregated, and having its bulk 
density of 0.5 or lower, and said metal sheets being 
laminated on both surfaces of said fire-retarding resin 
sheet. 

2. A laminated product according to claim 1, wherein 
said hydrate of calcium silicate is one selected from the 
group consisting of xonotlite and tobermorite. 

3. A laminated product according to claim 1, wherein 
said metal sheet is made of a material selected from the 
group consisting of aluminum, iron and stainless steel. 
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4. A laminated product according to claim 1, wherein 
said hydrate of calcium silicate is in the form of a pow 
der granule having bulk density of 0.3 or lower and 
containing therein 50% by weight or more of platy 
crystals and/or needle-shaped crystals with its aspect 
ratio of 3 or higher. 

5. A laminated product according to claim 1, wherein 
said polyolefin resin sheet is composed 100 parts by 
weight of polyolefin resin and 20 to 80 parts by weight 
of hydrate of calcium silicate. 

6. A laminated product according to claimi, wherein 
a layer of an adhesive polyolefin resin is interposed 
between said fire-retarding resin sheet and said metal 
sheet. 

7. A laminated product according to claim 6, wherein 
said polyolefin resin is one selected from the group 
consisting of polyethylene and polypropylene, and said 
adhesive polyolefin resin is one selected from the group 
consisting of modified polyolefins and polyolefins 
mixed with said modified polyolefins. 
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