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Description
ADIABATIC MATERIAL COMPRISING EXPANDED
PERLITE AND POLYURETHANE AND METHOD OF
PREPARING THE SAME AND CONSTRUCTION

MATERIALS COMPRISING THE ADIABATIC MATERIAL
Technical Field

[1] The present invention relates to an adiabatic material comprising expanded perlite
and polyurethane, a method of preparing the same, and construction materials
comprising the adiabatic material. In particular, the present invention relates to an
adiabatic material of light weight, excellent adiabatic performance, fire resistance and
flame retardance, comprising expanded perlite and polyurethane, a method of
preparing the same, and construction materials comprising the adiabatic material.
Background Art

[2] Generally, an adiabatic material is used in making buildings, and mainly comprises
expanded polystyrene (hereinafter referred to as EPS) and expanded polyurethane
(hereinafter referred to as EPU). The EPS and EPU are lightweight, for example 100
kg/m’ or less, and low-priced, enable easy construction, and have excellent adiabatic
performance, and thus they are used in large quantities as an adiabatic material of
various buildings or a core material of a sandwich panel. However, they have dis-
advantages of easy burning, flame propagation and harmful gas generation, and thus
they are very poor at heat resistance and flame retardance.

[3] To solve the problems of the conventional adiabatic material, various adiabatic
materials with flame retardance have been developed, for example, typically a glass
fiber, asbestos/rock wool materials, a polyester-based fiber material with treatment for
flame resistance, or a polyolefin-based foam. However, the adiabatic materials do not
satisfy the requirements of adiabatic performance and acoustic absorption or they are
not lightweight and environmentally friendly, and thus they do not satisfy all of the re-
quirements for construction materials, such as light weight, flame retardance, adiabatic
performance and economical efficiency.

[4] And, conventionally an adhesive used to prepare an adiabatic material is an
inorganic, water glass-based sodium silicate, a cement, a two-component polyurethane
or a synthesized rubber-based adhesive. However, the inorganic adhesive is liable to

break, and an organic adhesive has a high viscosity, and thus it has difficulty in
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inducing to completely coat an uneven surface of a perlite foam. Therefore, it is
difficult to design a molding process so that the adiabatic material has effective flame
retardnace and adiabatic performance.

Korean Patent Registration No. 10-0530015 discloses a lightweight fire resistant
material prepared by mixing expandable perlite, diatomaceous earth, a loess powder
and an activated carbon as an inorganic compound, sodium silicate and alumina sol as
an inorganic binder, and a thermosetting phenol resin, and compression-molding the
mixture at a high temperature. The ingredients have excellent flame retardance, but
have a larger weight than EPS or EPU. And, the ingredients are molded into a molded
product by a molding process of a high temperature of 250°C or more, and thus it is
difficult to form a large area molded product, and manufacturing costs are increased
due to the high temperature molding process.

Disclosure of Invention
Technical Problem

An object of the present invention is to provide an adiabatic material having a simple
preparing methad, excellent flame retardance, adiabatic performance and fire
resistance and light weight, a method of preparing the same and construction materials
comprising the same.

Technical Solution

To achieve the object, according to the present invention, an adiabatic material
includes a plurality of expanded perlite first particles having a predetermined average
particle diameter; a plurality of expanded perlite second particles having such an
average particle diameter that they can locate in voids formed between the expanded
perlite first particles; and a one-component water-blown polyurethane binder. The
adiabatic material of the present invention includes the plurality of expanded perlite
first particles and expanded perlite second particles, having excellent adiabatic
performance, and polyurethan as a binder resin. And, the plurality of expanded perlite
second particles are mainly located in voids between the plurality of expanded perlite
first particles, and thus the adiabatic material is lightweight, and effectively retards the
fire progression to exhibit excellent adiabatic performance, fire resistance and flame
retardance.

The adiabatic material of the present invention may include 50 to 600 parts by
weight of the expanded perlite first particles and 50 to 300 parts by weight of the
expanded perlite second particles based on 100 parts by weight of the polyurethane
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binder, and alternatively the adiabatic material may further include at least one flame
retardant selected from the group consisting of a phosphorus-based flame retardant, a
melamine-based flame retardant and an inorganic flame retardant.

And, according to another aspect of the present invention, a method of preparing an
adiabatic material includes (S1) mixing uniformly a liquid type one-component water-
blown polyurethane, the plurality of expanded perlite second particles, and water to
prepare a paste; (S2) adding the plurality of expanded perlite first particles to the paste,
and mixing them uniformly; (S3) providing water to the mixture of the step S2 to foam
and cure the one-component water-blown polyurethane; and (S4) drying the cured
material.

In the methad of preparing an adiabatic material according to the present invention,
preferably the paste of the step S1 is a high fluidity paste having viscosity of 300 cps
or less for uniform dispersion of the expanded perlite first particles and the expanded
perlite second particles.

The above-imentioned adiabatic material according to the present invention may be
used to construction materials.

Mode for the Invention

Hereinafter, the present invention is described in detail. The terms or languages used
in the specification and claims should not be limitedly interpreted as general or
dictionary definitions, but as meaning and concepts consistent with the technical spirit
of the present invention based on the principle that the inventor can define properly the
concepts of terms to explain his/her invention in the best manner.

An adiabatic material according to the present invention includes a plurality of
expanded perlite first particles having a predetermined average particle diameter; a
plurality of expanded perlite second particles having such an average particle diameter
that they can locate in voids formed between the expanded perlite first particles; and a
one-component water-blown polyurethane binder.

The expanded perlite according to the present invention can include an expanded
perlite used in the art, the present invention is not limited to a specific kind of
expanded perlite. And, the present invention is not limited to a specific particle
diameter of the expanded perlite first particles, however the expanded perlite first
particles having an average particle diameter of 2mm or more have the optimum effect.
For example, the average particle diameter of the expanded perlite first particles may
be between 2mm and 15mm, however the present invention is not limited in this regard.

Preferably, an average particle diameter of the expanded perlite second particles that
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can be used in the present invention is such that the expanded perlite second particles
can locate in vods formed between the expanded perlite first particles. For example,
the average particle diameter of the expanded perlite second particles may be between
0.01mm and 2mm, however the present invention is not limited in this regard.

[16] In the case that the adiabatic material according to the present invention includes 50
to 600 parts by weight of the expanded perlite first particles and 50 to 300 parts by
weight of the expanded perlite second particles based on 100 parts by weight of the
polyurethane binder, the adiabatic material may have the optimum effect designed by
the present invention.

[17] The adiabatic material according to the present invention may further include
additives used in the art according to necessity, which is obvious to persons having
ordinary skills in the art. For example, the adiabatic material may further include at
least one flame retardant selected from the group consisting of a phosphorus-based
flame retardant, a melamine-based flame retardant and an inorganic flame retardant.

[18] Hereinafter, a methad of preparing the adiabatic material according to the present
invention is described in detail.

[19] First, a liquid type one-component water-blown polyurethane, the expanded perlite
second particles and water are uniformly mixed to prepare a paste (S1).

[20] A predetermined amount of the expanded perlite second particles are added to the
stock solution of one-component water-blown polyurethane as a binder of a molded
product of the present invention, and the predetermined amount may be determined ap-
propriately according to necessity of skilled persons, for example 50 to 300 parts by
weight based on 100 parts by weight of the polyurethane.

[21] And, to uniformly mix the polyurethane with the expanded perlite first particles and
the expanded perlite second particles, viscosity of the paste may be reduced for high
fluidity. For example, the paste may be a high fluidity paste having viscosity of 300
cps or less, and for this purpose, 60 to 200 parts by weight of water may be used to
prepare the paste based on 100 parts by weight of a mixture of the polyurethane and
the expanded perlite second particles.

[22] In the case that a flame retardant is further included, preferably the flame retardant is
added to the polyurethane before the expanded perlite second particles are added to the
polyurethane, which may exhibit a flame retardant effect best. The flame retardant is
included with a predetermined content, and the predetermined content is determined
according to necessity of ordinary persons, for example 10 to 30 parts by weight based

on 100 parts by weight of the polyurethane.
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[23] Next, the expanded perlite first particles are added to the paste including the one-
component water-blown polyurethane, the expanded perlite second particles and water,
and they are mixed uniformly (S2).

[24] The present invention is not limited to a specific particle size of the expanded perlite
first particles, for example an average particle diameter may be 2mm or more as
mentioned above. And, the expanded perlite first particles may be added with a pre-
determined content, and the predetermined content is determined appropriately
according to necessity of ordinary persons. For example, 50 to 600 parts by weight of
the expanded perlite first particles are added based on 100 parts by weight of the
polyurethane, which is preferable for the optimum adiabatic performance and fire
resistance and light weight of the adiabatic material of the present invention.

[25] After the expanded perlite first particles are added to the paste, water is provided to
the mixture to foam and cure the one-component water-blown polyurethane (S3).

[26] In the case that the one-component water-blown polyurethane is foamed according to
the present invention, the adiabatic material may be formed of a desired shape using an
appropriate mold according to necessity.

[27] After the polyurethane is foamed, the cured material is dried to prepare the adiabatic
material of the present invention (S4).

[28] In this case, the methad may further include an additional foaming step before the
drying step according to necessity.

[29] The adiabatic material prepared according to the present invention as mentioned
above may be used in various fields, for example construction materials.

[30] Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. The description proposed herein
is just a preferable example for the purpose of illustrations only, not intended to limit
the scope of the invention, so it should be understoad that other equivalents and modi-
fications could be made thereto without departing from the spirit and scope of the
invention. The preferred embaodiments of the present invention are provided to help

persons having ordinary skills in the art understand the present invention more

completely.
[31] Examples 1 to 4
[32] First, a one-component water-blown polyurethane, expanded perlite second particles

(average particle diameter: 0.43mm) and water were uniformly mixed with a mixing
ratio based on parts by weight shown in the below Table 1 (unit: g) to prepare a paste,

and then expanded perlite first particles (average particle diameter: 3.5mm) were added
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[33]

[34]
[35]

[36]

[37]

to and uniformly mixed with the paste, the mixture was injected into a mold of 220mn
width, 220mm length and 50mm thickness, and the polyurethane dispersed uniformly in
the mixture in the mold was induced to water-foaming and curing. The polyurethane
was cured in the mold, separated from the mold, and dried in a constant temperature

dryer of 80°C for 24 hours to manufacture a molded product.

Table 1
[Table 1]
[Table |
Expanded Expanded One-component |Water
perlite first perlite second  |polyurethane
particle particle
Example 1 80 50 100 200
Example 2 80 80 100 200
Example 3 100 185 100 200
Example 4 100 290 100 200

Example 1: compressive strength. flexural strength and density

The compressive strength, flextural strength and density of molded products man-
ufactured through the examples 1 to 4 were measured, and results are shown in the
below Table 2.

Table 2

[Table 2]

[Table |
Compressive Flextural strength  |[Density(kg/m’)
strength (kgf/cm) (kgf/cn)

Example 1 33 16 430

Example 2 29 15 360

Example 3 26 13.2 230

Example 4 22 8. 180

As shown in Table 2, all of the molded products manufactured through the examples

1 to 4 exhibited excellent compressive strength of 20 kgf/cnf or more and density of

500 kg/m’ or less, and thus they satisfy the requirements of light weight.
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[38] Example 2: thermal conductivity
[39] The thermal conductivity of each molded product manufactured through the

examples 1 to 4 was measured according to the standard KS L 9016-05, and results are
shown in the below Table 3.
[40] Table 3
[Table 3]
[Table |

Example 1 Example 2 Example 3 Example 4

Thermal con- |[0.068 0.057 0.048 0.026
ductivity
(W/mK)

[41] As shown in Table 3, all of the molded products manufactured through the examples
1 to 4 exhibited excellent thermal conductivity of 0.1 W/mK or less.

[42] Example 3: thermal radiation testing and gas harmfulness test

[43] The molded products manufactured through the examples 1 to 4 were tested for
thermal radiation and gas harmfulness according to testing methads, No. 2006-476
(KS F ISO3660-1:2003) and No. 2006-476 (KS F 2271:2006) announced by Ministry
of Korean Construction & Transportation, and results are shown in the below Table 4.

[44] Table 4
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[Table 4]
[Table |
Example 1 |Example2 |Example3 |Example4 |Standard for

determining
quasiincomb
ustible
materials

Total amount 7.4 4.4 29 1.1 8 MJ/m’ or

of radiated less

heat (MJ/m")

Period of 0 0 0 0 10 seconds

time when or less

thermal

radiation rate

exceeds con-

tinuously

200kW/m’

(sec)

Harmful None None None None Should be

crack or hole none

to penetrate a

sample

during fire

Time when a |11:25 13:48 17:48 19:31 9 minutes or

mouse stops more

its behavior

(min:sec)

[45]

As shown in Table 4, according to the tests for thermal radiation and gas

harmfulness, the foam molded products according to the examples 1 to 4 of the present

invention exceed a standard value used to determine quasiincombustible materials.

That is, it is found that the adiabatic material according to the present invention is a

high performance adiabatic material corresponding to a quasiincombustible material.

Industrial Applicability
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[46]

The adiabatic material of the present invention uses two kinds of expanded perlite
particles having different average particle diameters, in which expanded perlite
particles of a relatively smaller average particle diameter locate in voids between
expanded perlite particles of a relatively larger average particle diameter. Thus, the
adiabatic material is a quasiincombustible material having light weight, excellent
adiabatic performance, fire resistance and flame retardance and the reduced likelihood
of harmful gas generation in the case of exposure to flame. And, the present invention
uses a one-component water-blown polyurethane as a binder resin, and thus the
polyurethane is induced to foaming and curing by water and has a low viscosity of
fluidity, so that the expanded perlite particles and the polyurethane binder are easily
mixed, consequently a method for preparing the adiabatic material is simple. And, the

method does not use a solvent, and thus is environmentally friendly.
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Claims
An adiabatic material, comprising:
a plurality of expanded perlite first particles having a predetermined average
particle diameter;
a plurality of expanded perlite second particles having such an average particle
diameter that the expanded perlite second particles can locate in voids formed
between the expanded perlite first particles; and
a one-component water-blown polyurethane binder.
The adiabatic material according to claim 1,
wherein the average particle diameter of the expanded perlite first particle is
between 2 mm and 15 mm.
The adiabatic material according to claim 1,
wherein the average particle diameter of the expanded perlite second particle is
between 0.01 mm and 2 mm.
The adiabatic material according to claim 1,
wherein 50 to 600 parts by weight of the expanded perlite first particles and 50 to
300 parts by weight of the expanded perlite second particles are included based
on 100 parts by weight of the polyurethane binder.
The adiabatic material according to claim 1, further comprising:
at least one flame retardant selected from the group consisting of a phosphorus-
based flame retardant, a melamine-based flame retardant and an inorganic flame
retardant.
A methaod of preparing an adiabatic material, comprising:
(S1) mixing uniformly a liquid type one-component water-blown polyurethane, a
plurality of expanded perlite second particles, and water to prepare a paste;
(S2) adding a plurality of expanded perlite first particles to the paste, and mixing
uniformly the expanded perlite first particles with the paste;
(S3) providing water to the mixture of the step S2 to foam and cure the one-
component water-blown polyurethane; and
(S4) drying the cured material.
The methad of preparing an adiabatic material according to claim 6
wherein the paste of the step S1 is a high fluidity paste having viscosity of 300
cps or less.

The methad of preparing an adiabatic material according to claim 6 further
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[9]

[10]

comprising:

adding at least one flame retardant selected from the group consisting of a
phosphorus-based flame retardant, a melamine-based flame retardant and an
inorganic flame retardant in the step S1.

The methad of preparing an adiabatic material according to claim 6

wherein the step S4 further includes an additional foaming step before the drying
step.

Construction materials, comprising an adiabatic material defined in any one of

claims 1 to 5.
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