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

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

29 October 2009 (29.10.2009)

(10) International Publication Number

WO 2009/129736 A1l

(51

eay)

(22)

(25)
(26)
(30)

71
(72

74

International Patent Classification:

B29C 44/06 (2006.01) B29C 44/32 (2006.01)
B29C 44/08 (2006.01) B29C 44/58 (2006.01)
B29C 44/24 (2006.01) B32B 5/18 (2006.01)
B29C 44/26 (2006.01) B32B 27/40 (2006.01)
B29C 44/12 (2006.01)

International Application Number:
PCT/CN2009/071383

International Filing Date:
21 April 2009 (21.04.2009)

Filing Language: English
Publication Language: English
Priority Data:
61/046,672 21 April 2008 (21.04.2008) US
61/091,109 22 August 2008 (22.08.2008) US
Applicant and

Inventor: CHOW, Kwong Lam Thomas [CN/CN]; Unit
704, 7/F, Sunbeam Centre, 27 Shing Yip Street, Kwun
Tong, Hong Kong (CN).

Agent: KANGXIN PARTNERS, P. C.; Floor 16, Tower
A, Indo Building, A48 Zhichun Road, Haidian District,
Beijing 100098 (CN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, 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, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
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, ST, 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, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, 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 (Art. 21(3))

100

(54) Title: MOLDED FOAMED ARTICLES AND METHOD OF MAKING SAME

Fig. 1

20097129736 A1 I 00 0 010 OO0 A0

S
=

(57) Abstract: A molded foam article (100) comprises a foamed core (110) of an expanded non-thermoplastic foam material
which is bonded to a skin (120) of an un-expanded or a minimally expanded non-thermoplastic material. Polyurethane is a suit-
able non-thermoplastic material. The skin (120) may be compressively molded of un-expanded polyurethane, and the foamed core
(110) is formed using water as blowing agents.



WO 2009/129736 PCT/CN2009/071383

Molded Foamed Articles and Method of Making Same

Field of the Invention

The present invention relates to molded foamed articles, and more particularly,
to molded foam articles including a skin and a formed core, such as arm rests, seats,
toys, doll faces, computer peripherals and accessories and the like. This invention also

relates to methods of molding polyurethane foamed articles.

Background of Invention

Articles comprising a foamed core embraced by an outer skin are known. For
example, arm rests, padded seats, and toy balls comprise a resilient foamed core
embraced by a protective outer skin. Traditionally, foamed articles comprising an
outer skin can be formed by a self-skinning process using self-skinning foam or
integral skin polyurethane (PU) foam as described in US Patent number US 3,664,976,
or by first forming a polyurethane skin by spraying and then forming a foamed
polyurethane core by “water blowing” as described in WO2007/115396. The use of
PU to produce foamed articles with water as a blowing agent is expected to become
more widespread due to the more environmentally friendly properties of PU compared

to the adverse properties of polyvinyl chloride to the environmental.

Shortcomings of conventional foamed article methods are known. For
example, the self-skinning process requires non-environmental and somewhat
hazardous blowing agents. On the other hand, the spraying method is not material
efficient and is more expensive, and the article shape suitable for production by this
method is more restricted. Also, the armrest of WO 2007/115396 includes an outer
skin which only covers the top portion of the foamed article, it is noted that such an

outer skin is easily peeled off and is therefore not desirable for use in durable furniture.

Hence, an improved method of making foamed articles and/or an improved

foamed article would be beneficial.
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Summary of the Invention

According to the present invention, there is provided a molded foam article
comprising a foamed core of an expanded non-thermoplastic foam material which is
bonded to a skin of an un-expanded non-thermoplastic material. Polyurethane is a

suitable non-thermoplastic material.

The skin may be compressively molded of un-expanded polyurethane, and the
foamed core is formed using water as blowing agents for foaming. Unexpanded

polyurethane promotes a smooth surface which is preferred for many applications.

Such a foamed article is advantageous because less environmentally damaging
chemical materials could be used to form the article, and the thickness of the skin

could be more accurately controlled.

The skin may comprise a first surface portion which is intermediate the lateral
wrap-around portions which define a lateral extent of the foamed core; and wherein
each of the lateral wrap-around portions extends transversely in a continuous and/or

jointless manner from the first surface portion.

A foamed article comprising a continuous wrap around portion mitigates the
presence of longitudinal weakness lines which are commonly found on such articles,
such weakness lines are usually under tension and are frequently the cause of surface

cracking of such articles which tend to shorten the usable life of the articles.

The skin is compressively molded from an unexpanded non-thermoplastic

foam material such as polyurethane.

According to another aspect of the present invention, there is provided a
process of forming a foam article by molding on molds which comprises an upper
mold, a lower mold and a mold core, the upper and lower molds collectively defining a
molding cavity for receiving the mold core, the mold core being arranged to form a
skin upon closure of the upper and lower molds and when the molding cavity is filled

with a skin forming agent, the process comprising:

e delivering a skin forming agent into the molding cavity,
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e inserting the mold core into the molding cavity, the mold core being arranged to

compressively form a skin layer upon closure of the lower and upper molds,

e curing the skin forming agent with no or minimal expansion to form a skin

layer,
e delivering a foaming agent into the cavity formed with the skin layer, and
e curing the foaming agent to form a foamed core.

A non-thermoplastic material such as polyurethane may be a suitable skin
forming agent for use in this process. A preferred density of the polyurethane
skin forming agent may be in the region of 1, and the density of the foamed core

of expanded non-thermoplastic material is far below 1.

Brief Description of Preferred Embodiments

Preferred embodiments of the present invention will now be explained by way

of example and with reference to the accompanying drawings in which:

Figure 1 is a top perspective view of an embodiment of an armrest partially

cut-up and exposing a transversal cross-section,
Figure 2 is a bottom perspective view of the article of Figure 1,

Figure 3 is cross-sectional view depicting a lower mold which is being filled

with a skin forming agent,

Figure 4 shows the formation of a skin layer portion by compressive moulding

according to one aspect of the present invention,

Figure 5 depicts delivery of a core forming agent into the lower mould of Figure

3 subsequent to the formation of the skin layer,

Figure 6 depicts a set of upper and lower molds for the formation of a complete

arm rest following the step of Figure 5,
Figure 7 is a perspective view showing a foam mould and a mold core,

Figure 8 is a perspective view of Figure 7 from another angle,
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Figure 9 is a perspective view of Figure 7 from yet another angle,
Figure 10 is a perspective view of Figure 7 from another end,

Figure 11 is a perspective view of the mould core,

Figure 12 is a perspective view of the mould core from another angle,

Figure 13 is a cross-sectional view depicting the filling of a skin forming agent
into a lower mould for formation of a skin layer with wrap-around portions using the

upper and lower moulds in combination,

Figure 14 illustrates the formation of a skin layer by compressive molding

using the upper and lower moulds,

Figure 15 depicts the filling of a core forming agent into the moulds after a skin

layer has been formed and a rigid insert is in place, and

Figure 16 illustrates the in-mould formation of an arm rest with a foamed core

and an outer skin.

Detailed Description of Preferred Embodiments

Referring to Figures 1 and 2, an armrest 100 as an exemplary embodiment of a
foamed article of the present invention comprises a molded foamed core 110 of
expanded polyurethane which is sandwiched between a molded outer skin 120 and a
rigid insert 130. The foamed core is molded into the shape of an armrest and comprises
opposite major surface portions separated by opposite minor surface portions. Each of
the minor surface portions define a lateral end of the arm rest and includes curved
bends such that the lateral ends is formed into a rounded shape and comprises which
define the lateral extremities of the armrest. The lateral extremities are rounded for

ergonomic and safety considerations.

The rigid insert is molded of hard plastics such as polycarbonate and comprises
a plurality of longitudinally extending ribs which protrudes upwardly from its upper
surface. The ribs are embedded into the lower major surface during the formation

process of the foamed core. The lower surface of the rigid insert is for attaching to a
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chair frame and therefore comprises anchoring means for such purposes. The rigid

insert could also be made of steel, alloys or other materials.

An outer skin of a compressively molded polyurethane layer is formed as a
protective skin which is bonded to the foamed core. The bonded outer layer extends
transversely across the entire upper major surface and the lateral ends of the foam core
until it is finally bonded to the lateral sides of the rigid insert. Specifically, the outer
skin is a single piece of a compressively molded layer which continuously wraps
around the outer surface of the foamed core, such that the foamed core is totally
embraced by the outer skin and the rigid insert. The continuity of the outer skin at the
lateral ends means that there is no longitudinally running joint on the lateral bends
which is found in a skinned elongate article such as an armrest. Such a joint at the
bends is an exposed weakness which is under constant tension, and would easily
develop into cracks and resulting in the peeling off of the outer skin, especially when

the bends are subject to constant impact.

Turning next to the formation of the armrest of a first embodiment of the
present invention, an exemplary molding process is illustrated with reference to a set
of exemplary molds and Figures 3-6. The set of exemplary molds comprises an upper
mold 210 and a lower mold 220 which are designed to form a skin of foamed

polyurethane compressively upon mold closure and material curing.

Referring to Figure 3, a quantity of liquid polyurethane prepared for skin
forming is introduced into the lower mold, as depicted in Figure 3. After a
predetermined quantity of liquid polyurethane has been introduced, a mold core 240
for skin forming is put in place and stacked on the lower mold as shown in Figure 4.
The polyurethane liquid is then allowed to cure without expansion to form a skin layer.
Because of the complementary shapes of the mold core 240 and the lower mold 220, a
polyurethane skin of a predetermined thickness will be formed by compression while
undergoing a chemical reaction, usually with heating. The skin thus formed could have
a thickness of less than 1.5 mm, or even 1 mm or lower. Similarly, the remaining
portion of the skin is formed on the upper mold by cooperation between the upper

mold and its mold core. More particularly, the mold core is shaped with a molding

5 P25649



WO 2009/129736 PCT/CN2009/071383

cavity and is adapted to cooperate with the upper mold to form the remaining portion
of the skin. When the upper and lower molds are closed, a complete skin will be

formed.

While the upper and lower skin portions are still in the upper and lower molds
respectively, an adhesive agent is applied to the free surface of the skin portions to
promote bonding with the foamed core to be formed. Next, a polyurethane foaming
agent for forming a lower density molded foam core is introduced into the lower mold,
as depicted in Figure 5. This core forming foaming agent has a higher expansion rate
compared to the skin forming agent (which is not or only very minimally expanded),
and is expanded by using water as a blowing agent to form a core of open cell structure
after curing. Next, the upper mold with a molding cavity shaped to receive the rigid
insert is stacked on the lower mold after the rigid insert is put in place, and an adhesive
agent is also applied to promote bonding with the upper and lower skin. After the
upper and lower molds are brought together and closed, as shown in Figure 6, heat is
applied to cure the foaming agent to form the foamed core, and an armrest comprising
a foamed polyurethane core is formed. Figures 7-12 show in more detail a set of molds,
comprising an upper mold, a lower mold and a mold core, for use in this exemplary

embodiment.

Referring to Figures 13-16, the formation of an armrest of a second
embodiment of the present invention comprising an outer skin which continuously
wraps around the lateral bends of the armrest will be explained. The molds used in
illustrating this formation process are substantially identical to that of the first
embodiment, except that an additional mold core 330 is also required. Specifically, the
molds comprise an upper mold 310, a lower mold 320 and a mold core 330, wherein
the upper and lower molds collectively defining a molding cavity for receiving the
mold core. The mold core is rigid and is arranged to form a skin by mold compression
upon closure of the upper and lower molds and when the molding cavity is filled with

a skin forming agent.

The mold core is for attaching to the molding cavity of the upper mold during

molding operation and is shaped to define a skin forming space when so attached and
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upon closure of the upper and lower molds. Referring to Figure 13, the mold core is
shaped to cooperate with the molding cavity of the lower mold to define a first skin
forming gap, and is shaped to cooperate with the molding cavity of the upper mold to
define a second skin forming gap, the first and second skin forming gaps collectively
define a complete skin forming gap when the upper and lower molds are closed with
the mold core in place. In particular, the mold core comprises a wrap around portion at
each lateral end which is arranged to maintain a skin forming gap with both the upper

and lower molds upon closure of the molds.

To form the skin, a skin forming liquid polyurethane is introduced into the
molding cavity of the lower mold, and the molds completed with the mold core are
then closed. This closure causes the liquid to fill the gap between the mold core and the
lower mold, as well as the gap between the mold core and the upper mold, whereby a
soft skin with continuous wrap-around portions at the lateral ends is formed upon
curing of the compressed foaming material. Similar to the first embodiment, the
polyurethane used as a skin forming agent is not expanded, so that a smooth surface
substantially of a non-open cell structure or substantially free of open cells could be

obtained.

After the skin has been formed as shown in Figure 14, the next step is to form
the foamed core. In this step, a rigid insert 130 is firstly attached to the upper mold, and
the upper and lower molds are closed. The rigid insert is provided with a bore which is
aligned with a bore formed on the upper mold so that core-forming foaming agents
could be delivered to the molding cavity via the bores, as shown more particularly in
the cross-sectional view of Figure 15. After the insert has been attached to the upper
mold, and the upper and lower mold closed, core-forming foaming agent is delivered
into the molding cavity and then cured to form a resilient foamed core with an open
cell structure. Similar to the first embodiment, water is used as a preferred blowing
agent to mitigate adverse environmental impact. The foamed core is firmly bonded to
the skin and the rigid insert, especially through the longitudinally running ribs, during

the curing process, for example, with adhesive agents.
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Although the foam core and the outer skin in the exemplary embodiments are
made of polyurethane, it will be appreciated that polyurethane is only an example of an
appropriate non-thermoplastic material suitable for making foamed articles, and other

non-thermoplastic materials could be used without loss of generality.
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Claims

I. A molded foam article comprising a foamed core of an expanded
non-thermoplastic foam material which is bonded to a skin of un-expanded or

minimally expanded non-thermoplastic material.

2. A foam article according to Claim 1, wherein the skin is compressively molded of
un-expanded or minimally expanded polyurethane, and the foamed core is

formed using water as blowing agents.

3. A foam article according to Claim 1, wherein the skin includes wrap-around
portions which contains the foamed core, and wherein a first surface portion is
intermediate the lateral wrap-around portions which define a lateral extent of the
foamed core; and wherein each of the lateral wrap-around portions extends
transversely in a continuous and/or jointless manner from the first surface

portion.

4. A foam article according to any of Claims 1 to 3, wherein the first surface portion is

a major surface which is adapted for providing cushioning during normal use.

5. A foam article according to any preceding Claims, wherein the skin forms the
exterior or outermost layer of the foam article, and the wrap-around portions are

rounded.

6. A foam article according to any preceding Claims, wherein each wrap-around
portion receives a lateral extreme of the foamed core and comprises a plurality of
concave portions, the concave portions of the wrap-around portions being
collectively arranged to turn the lateral ends of the skin towards each other, and

each concave portion being jointless or continuous.

7. A foam article according to Claim 7, wherein each concave portion comprises two
rounded concave bends, the concave bends collectively defining the thickness

profile of the foamed core.

8. A foam article according to any preceding Claims, wherein the foamed core and
the skin are also bonded to a rigid insert, the rigid insert being on opposite side of

the first surface portion.
9 P25649
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9. A foam article according to Claim 8, wherein the skin and the rigid insert

collectively define the volume of the foamed core.

10. A foam article according to Claims 8 or 9, wherein the rigid insert extends laterally
between the wrap-around portions and longitudinally along the length of the
article, the skin being bonded to the rigid insert at its free lateral ends and

longitudinally.

11.A foam article according to any of Claims 8 to 10, wherein the rigid insert
comprises longitudinally extending ribs which are embedded into the foamed

core.

12. A foam article according to any of Claims 8 to 11, wherein the rigid insert is

formed of hard plastics or metal such as steel.

13.A foam article according to any of Claims 8 to 12, wherein the rigid insert

comprises fastening means for anchoring onto furniture.

14. A foam article according to any preceding Claims, wherein the skin layer is formed

of polyurethane (PU) or latex.

15. A foam article according to any preceding Claims, wherein the foamed core has an

open cell structure.

16. A foam article according to any preceding Claims, wherein the foam core is formed

of expanded polyurethane (PU).

17. A foam article according to any preceding Claims, wherein the foam core is formed
of a lower density polyurethane and the skin is formed of a higher density

polyurethane.

18. A foam article according to any of preceding Claims, wherein thickness of the skin

layer is less than or equal to 2mm, and preferably less than or equal tol.5 mm.

19. A foam article according to any of preceding Claims, wherein the article is an arm

rest, the first surface portion being adapted for arm resting.

10 P25649



WO 2009/129736 PCT/CN2009/071383

20. A foam article according to any of preceding Claims, wherein the article is a
cushioning article, such as a cushioning accessory for computer peripherals, the

first surface portion being adapted for impact absorption.

21. A foam article according to any of Claims 1-20, wherein the foam article is a toy,

such as a foamed ball or a doll, comprising a child friendly contact surface.

22. A process of forming a foam article by molding on molds which comprises an
upper mold, a lower mold and a mold core, the upper and lower molds
collectively defining a molding cavity for receiving the mold core, the mold core
being arranged to form a skin upon closure of the upper and lower molds and
when the molding cavity is filled with a skin forming agent, the process

comprising:
e delivering a skin forming agent into the molding cavity,

e inserting the mold core into the molding cavity, the mold core being arranged to

compressively form a skin layer upon closure of the lower and upper molds,

e curing the skin forming agent with no or minimal expansion to form a skin

layer,
e delivering a foaming agent into the cavity formed with the skin layer, and
e curing the foaming agent to form a foamed core.

23. A process according to Claim 22, wherein the mold core is arranged to permit
development of jointless lateral wrap-around portions about its lateral ends upon
closure of the upper and lower molds, and the process comprises developing
jointless lateral wrap-around portions of the skin layer upon closure of the upper

and lower mold.

24. A process according to Claims 22 or 23, further including attaching a rigid insert
onto the foamed core and bonding the rigid insert to the lateral ends of the

wrap-around portions of the skin.
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25. A process according to any of Claims 22 to 24, wherein the lateral ends of the
wrap-around portion of the skin are defined by a space between the mold core

and the upper and lower molds upon closure of the upper and lower molds.

26. A process according to any of Claims 22 to 25, wherein water is used as the

blowing agent.
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