wO 2007/148929 A1 |00 0 00O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T 00 OO

International Bureau

(43) International Publication Date
27 December 2007 (27.12.2007)

(10) International Publication Number

WO 2007/148929 Al

(51) International Patent Classification:
B29C 44/12 (2006.01)

(21) International Application Number:
PCT/KR2007/003015

(22) International Filing Date: 21 June 2007 (21.06.2007)

(25) Filing Language: Korean

(26) Publication Language: English
(30) Priority Data:

10-2006-0055858 21 June 2006 (21.06.2006) KR

(71) Applicant and

(72) Inventor: PARK, Jang Won [KR/KR]; B-401 Backsae
haeundae villa, 1504-11 Jung-dong, Haeundae-gu, Busan
612-848 (KR).

(74) Agent: CHOI, Han Soo; 105 Busan Technopark, San
84-2, Eomgung-dong, Sasang-gu, Busan 617-030 (KR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD FOR MANUFACTURING CROSSLINKED FOAM

-—~—160

|/\«—14O

\l/ 100

——120

>

|
=T !

NV

142

(57) Abstract: The present invention provides a method of manufacturing foam, including the steps of sealing a mold by providing a
lower mold having an arbitrarily- shaped molding surface, and then sequentially placing a middle mold having at least one arbitrarily-
shaped protrusion formed on one side thereof or both sides thereof and an upper mold having an arbitrarily-shaped molding surface
on the lower mold; simultaneously forming an upper preform and a lower preform, which are prevented from foaming, by charging
a foaming material in an inner molding space of each of the upper mold and the lower mold, which are divided by the middle mold;
opening the mold and removing the middle mold from the mold; placing an interface material in grooves formed in the preform by
the protrusion of the middle mold such that the upper preform and the lower preform are prevented from cross-linking with each
other; and simultaneously cross-linking and foaming the upper preform and the lower preform by sealing the mold.
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Description

METHOD FOR MANUFACTURING CROSSLINKED FOAM

Technical Field

The present invention relates to a method of manufacturing foam, and, more par-
ticularly, to a method of manufacturing foam, which can include at least one ar-
bitrarily-shaped hollow structure therein, or can include an arbitrarily-shaped filling
body therein due to the use of a middle mold.

Background Art

Generally, foam, which is manufactured using various resin materials and additives,
has excellent material properties. Therefore, the use thereof is rapidly expanding. Con-
ventionally, since foam is used for simple uses, such as packaging products, external
shock absorption, and the like, it has a single set of material properties because it is
manufactured using a single material. However, recently, functional foam, having
different material properties or colors for different parts thereof, has been increasingly
required. Therefore, various methods of manufacturing such functional foam have been
proposed.

Meanwhile, methods of manufacturing foam are roughly divided into a pressure
method and an atmospheric method according whether or not a mold is used. In these
methods, the pressure method, in which a mold is used, is a method of separately man-
ufacturing foam corresponding to the shape of an inner molding surface of a mold by
placing or charging a foaming material into the mold having the arbitrarily-shaped
inner molding surface, heating and pressurizing the foaming material placed or charged
in the sealed mold under suitable conditions, and then rapidly depressurizing the
foaming material heated and pressurized in the sealed mold.

The pressure method is most widely used in the fields of manufacturing foam
products for the reason that various foam products can be repeatedly realized according
to the shape of the inner molding surface of a mold. However, basically, since the
pressure method is characterized in that the external shapes of final foam products are
controlled using the inner molding surface of the mold, it is extremely difficult to form
a portion having specific material properties into foam products in a desired shape, so
that it is impossible to realize functional foam having different material properties for
different parts thereof.

In order to solve the above problem, most parties in the related field are adopting a
method of manufacturing foam, in which individual intermediate foam products having
different material properties or colors are first provided, and then the intermediate

foam products are suitably cut and attached to form a desired shape, thereby realizing
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final foam products having different material properties and colors for different parts
thereof. However, this method has a disadvantage in that manufacturing costs are
increased because the manufacturing process thereof is complicated, and the defective
fraction of products is increased because the processes of cutting and attaching the in-

termediate foam products are performed by hand.
Disclosure of Invention
Technical Problem

Accordingly, the present invention has been made to solve the above problems, and
an object of the present invention is to provide a method of manufacturing foam, which
has variously-shaped inner structures for different parts thereof, or which has different
material properties for different parts thereof, in a single foaming process.

Another object of the present invention is to provide a method of manufacturing
foam, in which the inner configuration of the foam can be variously changed even
though only a variously-shaped middle mold, rather than a complete mold, is provided.
Technical Solution

In order to accomplish the above objects, an aspect of the present invention
provides a method of manufacturing foam, including the steps of providing a lower
mold having an arbitrarily-shaped molding surface, and then sequentially placing a
middle mold having at least one arbitrarily-shaped protrusion formed on one side
thereof or both sides thereof and an upper mold having an arbitrarily-shaped molding
surface on the lower mold, thus sealing the molds; simultaneously forming an upper
preform and a lower preform by charging a foaming material in inner molding spaces
of the upper and lower molds, which are compartmented by the middle mold, under a
condition of preventing the foaming material from foaming; opening the molds and
removing the middle mold from the upper and lower molds; placing an interface
material in grooves formed in the preform by the protrusion of the middle mold such
that the upper and lower preforms are prevented from cross-linking with each other;
and sealing the molds and simultaneously cross-linking and foaming the upper and
lower performs.

Another aspect of the present invention provides a method of manufacturing foam,
including the steps of placing a foaming material in an inner molding space of a lower
mold having an arbitrarily-shaped molding surface; providing a middle mold having at
least one arbitrarily-shaped protrusion formed on one side thereof or both sides thereof
and then placing the middle mold on the lower mold; placing a foaming material on the
middle mold and then placing an upper mold having an arbitrarily-shaped molding
surface on the middle mold, thus sealing the molds; simultaneously forming the

foaming materials, which are divided and placed by the middle mold, into an upper
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preform and a lower preform, respectively, under a condition of preventing the
foaming materials from foaming; opening the molds and removing the middle mold
from the remaining molds; placing an interface material in grooves formed in the
preform by the protrusion of the middle mold such that the upper and lower preforms
are prevented from cross-linking with each other; and sealing the molds and simul-
taneously cross-linking and foaming the upper and lower preforms.

The interface material is characterized in that it is placed in the grooves in a state in
which the interface material is covered with a different arbitrarily-shaped preform,
which is prevented from foaming, formed of one or more materials selected from
among materials the same as or different from the materials constituting the upper and/
or lower preforms.

Further, the interface material is characterized in that it is formed of one or more
materials selected from among liquid material and solid materials.

The solid material is characterized in that it includes an arbitrarily-shaped molded
product.

Further, when the interface material is a solid material, the method may further
include the step of removing the interface material after the step of cross-linking and
foaming the preforms.

It is characterized in that the middle mold has a plurality of protrusions, and the
protrusions are configured to be connected to each other.

Advantageous Effects

As described above, the present invention is advantageous in that foam, which has a
variously-shaped inner structure or inner molded foam which has different material
properties and includes a variously-shaped molded product therein, can be man-
ufactured in a single foaming process.

Brief Description of the Drawings

FIGS. 1 to 4 are schematic process views according to an embodiment of the
present invention;

FIGS. 5 to 7 are schematic process views according to another embodiment of the
present invention;

FIGS. 8 and 9 are perspective views showing middle molds according to the present
invention;

FIG. 10 is a perspective view showing a molded product according to the present
invention;

FIG. 11 is a perspective view showing an interface material according to the present
invention; and

FIGS. 12 to 16 are perspective views showing various foams manufactured
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according to the present invention.
<Description of the elements in the drawings>
10 : foam 12 : inner structure
14 : molded foam 22 : lower preform
23 : groove 24 : interface
26 : upper preform 30 : interface material
34 : molded product 120, 130 : lower mold
140, 150 : middle mold 160, 170 : upper mold
142, 144 : protrusion

200 : foaming material injection unit

Best Mode for Carrying Out the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the attached drawings. Here, the detailed description of facts
irrelevant to the technical ideas of the present invention and obvious facts in the related
art will be omitted.

FIGS. 1 to 4 are schematic process views showing a method of manufacturing foam
according to an embodiment of the present invention, respectively. In FIGS. 1 to 4,
sectional configuration views of constituents necessary for carrying out the present
invention are shown, respectively. The method of manufacturing foam according to the
present invention may include providing a mold 100, as shown in FIG. 1; forming a
preform by charging a foaming material in the mold 100, as shown in FIG. 2;
removing a middle mold and placing an interface material, as shown in FIG. 3; and
cross-linking and foaming the preform, as shown in FIG. 4.

The mold 100 may include a lower mold 120, an upper mold 160, and a middle
mold 140. The lower mold 120 and upper mold 160 may include respective molding
surfaces therein. The shapes of the molding surfaces are not particularly limited, and it
will be obvious that they may be freely changed depending on the shapes of final foam
products to be realized. The middle mold 140 may include protrusions formed on one
or both sides thereof. The specific shape of the protrusions is not limited, and may be
formed of a plurality of protrusions, and may further be formed by connecting the
plurality of protrusions to each other. In FIG. 1, a middle mold 140, on the lower
surface of which three protrusions 142 are formed, is shown. In FIG. 8, the specific
shape of the middle mold 140 is shown. Meanwhile, in FIG. 9, the structure of the
middle mold 140, on which a protrusion 144 is formed by connecting the protrusions
to each other, is shown. Reference numerals 122 and 162, which are not described,
designate respective foaming material injection pipes.

After a mold 100 is provided, the mold 100 is sealed by sequentially placing a
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middle mold 140 and an upper mold 160 on a lower mold 120. Subsequently, as shown
in FIG. 2, foaming materials are injected and charged into a space formed between the
molding surface of the upper mold 160 and the upper surface of the middle mold 140
and a space formed between the lower surface of the middle mold 140 and the molding
face of the lower mold 120 using respective external foaming material injection units
200, thereby simultaneously forming an upper preform 26 and a lower preform 22,
which are prevented from foaming. The foaming material used in the present invention
is not limited as long as it can realize foam.

When the preforms 22 and 26 are formed in a state in which they are prevented
from foaming, the mold 100 is open, and then the middle mold 140 is removed from
the lower mold 120. When the middle mold 140 is removed therefrom, as shown in
FIG. 3, grooves 23 are formed in the lower preform 22 by protrusions 142 of the
middle mold 140. It is obvious that the position and shape of the grooves formed on
the lower preform 22 are determined depending on the position and shape of the
protrusions formed on the middle mold 140.

When the grooves 23 are formed on the lower preform 22, interface materials 30 are
placed in the grooves 23. The interface material 30 serves to prevent a physical or
chemical bond between the preforms which is to adjoin each other through the
interface therebetween in a cross-linking and foaming process described below, and
may be formed of one or more materials selected from among liquid materials and
solid materials. Further, the interface material is not limited with respect to the material
properties thereof, as long as it can prevent the physical or chemical bond between the
preforms. The shape of the interface material may be configured to have no relation to
those of the grooves 23, but, if possible, may be configured to correspond to those of
the grooves 23. Further, in the case where the interface material 30 is formed of a solid
material, in the present invention, arbitrarily-shaped molded products may be used as
the interface material. Here, in the case where the protrusions of the middle mold are
configured as shown in FIG. 9, an example of the molded product which can be used
as the interface material is represented by reference numeral 34 in FIG. 10.

Meanwhile, in the present invention, in the case where the interface materials are
placed in the grooves, the interface materials may be placed in the grooves in a state in
which they are covered with a different arbitrarily-shaped preform which is formed of
one or more materials selected from among materials of the same kind as or different
kind from foaming materials constituting respective preforms and is prevented from
foaming. Here, in the case where the protrusions of the middle mold are configured as
shown in FIG. 9, an example in which the interface material placed in the grooves is
used by providing a preform 36 different from the upper preform and the lower

preform and then forming an interface material 38 in the preform 36 is shown in FIG.
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11.

When the interface materials 30 are placed in the grooves 23 formed in the lower
preform 22, as shown in FIG. 4, the upper mold 160, including the upper preform 26,
is placed on the lower mold 120, and then a mold 100 is sealed and heated, thereby si-
multaneously cross-linking and foaming the upper preform 26 and the lower preform
22. In this case, when the sealed mold 100 is heated, the interface 24 between the
upper preform 26 and the lower preform 22, which are adhered closely to each other, is
cross-linked in gel phase and then proceeds to a foaming process, but the portions 25
formed of the interface materials 30 proceeds to a foaming process without being
crosslinked. In this state, when the mold is opened and the forming process is
performed, since the portions 25 formed of the interface materials 30 are separated in
the foaming process, spaces corresponding to the shape of the interface materials are
formed in foam. These spaces are inner structures 12 formed in the foam 10 shown in
FIG. 12.

FIG. 13 shows an example in which molded pieces of foam 13 are integrally formed
in foam 10 in the case where the interface materials are foamed using materials
different from the foaming materials constituting the upper and lower preforms. That
is, when materials, having different material properties or colors from the foaming
material constituting the upper and lower preforms and having similar foaming
properties to those of the upper and lower preforms, are used as the interface materials,
molded pieces of foam having different material properties from foam are integrally
formed in the foam. If this example is suitably applied, it is possible to manufacture
foam including molded pieces of foam having material properties, or material
properties and color selected for respective parts of the foam.

Meanwhile, the present invention may further include the step of removing molded
pieces of foam, which are the interface materials, after the step of cross-linking and
foaming the preforms, in the case where the interface material is solid state and is si-
multaneously formed in foam as the molded pieces of foam, as this example. That is,
foam is manufactured in the form shown in FIG. 13, and the molded pieces of foam 13
are then removed from the foam, thereby obtaining the foam shown in FIG. 12.

FIG. 14 shows an example of foam manufactured in the case where the protrusions
of a middle mold are configured as shown in FIG. 9. As shown in FIG. 14, it can be
seen that inner structures 14, represented by reference numeral 14, can be formed in
the manufactured foam 10. FIG. 15 shows an example of foam manufactured in the
case where the protrusions of a middle mold are configured as shown in FIG. 9 and the
molded product shown in FIG. 10 is used as the interface material. As shown in FIG.
15, it can be seen that molded products 34 are integrally formed in the manufactured

foam. Further, FIG. 16 shows an example of foam manufactured in the case where the
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protrusions of a middle mold and the interface materials are configured as shown in
FIG. 9 and FIG. 11, respectively. As shown in FIG. 16, it can be seen that molded
pieces of foam 16 and inner structures 18 are integrally formed in the manufactured
foam 10.

Meanwhile, FIGS. 5 to 7 show a method of manufacturing foam according to
another embodiment of the present invention. In FIGS. 5 to 7, sectional configuration
views of constituents necessary for carrying out this embodiment of the present
invention are shown, respectively. In this embodiment, since the constituents thereof
that are the same as those shown in FIGS. 1 to 4 can be described as above, a de-
scription of those constituents will be omitted.

First, as shown in FIG. 5, a lower mold 130 having an arbitrarily-shaped molding
surface is provided and then a foaming material 22 is placed in an inner molding space
formed of the molding surface of the lower mold 130. When the foaming material is
placed in the lower mold 130, a middle mold 140 having protrusions 142 is placed on
the lower mold 130, a foaming material 26 is placed on the middle mold 140, and then
an upper mold 170 having an arbitrarily-shaped molding surface is placed on the
middle mold 140, thereby sealing a mold 100.

When the mold 100 is sealed, the foaming materials 22 and 26 are simultaneously
formed into respective upper and lower preforms, which are prevented from foaming,
by suitably heating the mold 100, and then the middle mold 140 is removed from the
mold 100 by opening the mold 100. When the middle mold 140 is removed through a
molding process, as shown in FIG. 6, grooves 23 are formed on the lower preform 22
formed in the inner molding space of the lower mold 130 by the protrusions 142 of the
middle mold 140. Interface materials 30 are placed in the grooves 23.

When the interface materials 30 are completely placed in the grooves 23 of the
lower preform 22, as shown in FIG. 7, the mold 100 is sealed in a state in which the
upper preform 26 and the lower preform 22 are closely adhered to each other, and then
the upper and lower preforms 26 and 22 are simultaneously cross-linked and foamed
by heating the mold 100. If the middle mold and the interface material is suitably
selected and then cross-linked and foamed, as shown in FIGS. 12 to 16, various pieces
of foam can be realized as described above.

As described above, although the preferred embodiments of the present invention
have been disclosed for illustrative purposes, the technical ideas of the present

invention are not limited to this description.
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Claims

A method of manufacturing foam, comprising the steps of:

providing a lower mold having an arbitrarily-shaped molding surface, and then
sequentially placing a middle mold having at least one arbitrarily-shaped
protrusion formed on one side thereof or both sides thereof and an upper mold
having an arbitrarily-shaped molding surface on the lower mold, thus sealing the
molds;

simultaneously forming an upper preform and a lower preform by charging a
foaming material in inner molding spaces of the upper and lower molds, which
are compartmented by the middle mold, under a condition of preventing the
foaming material from foaming;

opening the molds and removing the middle mold from the upper and lower
molds;

placing an interface material in grooves formed in the preform by the protrusion
of the middle mold such that the upper and lower preforms are prevented from
cross-linking with each other; and

sealing the molds and simultaneously cross-linking and foaming the upper and
lower performs.

A method of manufacturing foam, comprising the steps of:

placing a foaming material in an inner molding space of a lower mold having an
arbitrarily-shaped molding surface;

providing a middle mold having at least one arbitrarily-shaped protrusion formed
on one side thereof or both sides thereof and then placing the middle mold on the
lower mold;

placing a foaming material on the middle mold and then placing an upper mold
having an arbitrarily-shaped molding surface on the middle mold, thus sealing
the molds;

simultaneously forming the foaming materials, which are divided and placed by
the middle mold, into an upper preform and a lower preform, respectively, under
a condition of preventing the foaming materials from foaming;

opening the molds and removing the middle mold from the remaining molds;
placing an interface material in grooves formed in the preform by the protrusion
of the middle mold such that the upper and lower preforms are prevented from
cross-linking with each other; and

sealing the molds and simultaneously cross-linking and foaming the upper and
lower preforms.

The method of manufacturing foam according to any one of claims 1 and 2,
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wherein the interface material is placed in the grooves in a state in which the
interface material is covered with a different arbitrarily-shaped preform, which is
prevented from foaming, formed of one or more materials selected from among
materials the same as or different from the materials constituting the upper and/
or lower preforms.

The method of manufacturing foam according to any one of claims 1 and 2,
wherein the interface material is formed of one or more materials selected from
among liquid material and solid materials.

The method of manufacturing foam according to claim 4, wherein the solid
material includes an arbitrarily-shaped molded product.

The method of manufacturing foam according to claim 4, wherein, when the
interface material is a solid material, the method further comprises the step of
removing the interface material after the step of cross-linking and foaming the
preforms.

The method of manufacturing foam according to any one of claims 1 and 2,
wherein the at least one protrusion formed in the middle mold includes a
plurality of protrusions, and the protrusions are configured to be connected to

each other.
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