- 1 - METHOD OF PRODUCI NG HI GH DENSI TY FLEXI BLE PU FOAM 5 Thi s \
i nvention relates to a nethod of produci.ng a high density re .? !
fl exibl e pol yuret hane foam Pol yurethane foamis generally: Aﬁégg éfthe
reagtion of isocyanate with a polyner having a 10° hydr oxyl group or

. can group. Thi s polymer can be pol yester or polyether, which is
genekg¥ly called polyol. During the reaction, the gas generated, such as
carbon di oxi de, causes the reaction mxture to swell into the form of foam
In the case of a 15 polymer with a hydroxyl group, to liberate carbon
di oxi de sone free water nust be contained In=the reaction nixture. In
sone cases, hal ocarbon is added as a bl owi ng agent. I n these reactions,
other chem cals, such as a catalyst surfactant, are also 20 used. I t
i's inmportant t hat the yi '
m xed. The polyuretha oS 6
foamand rigid foam The erX|bIe foanlls easy to defornlunder | oad and
can recover

,d

5 This invention relates to a method of producing
a high density and resilient flexible pélyurethane
‘foam.
Polyurethane féam is generally formed by the
reaction of isocyanate with a polymer having a
10 hydroxyl group or carboxyl group. This polymer can
be polyester or polyether, which is'éenerally called
polyol. | During the reaction;, the gas generated, such
as carbon dioxide, causes the_feactidn mixture to
swell into the form of foam. In the case of a
15 polymer with a hydroxyl group, to liberate carbon
dioxide some free water must be contained in the
reaction mixture. In some cases, halocarbon is
added as a blowing agent. In these reactions, other
chemicals, such as a%cagalyst surfactant, are also
20 used. It is imporﬁant that the reactiog mixture must
be rapidly and sufficiently mixed. |
The polyuréthane foams are divided into flexible
. foam, semi-rigid foam and rigid foam. The flexible

foam is easy to deform under load and can recover



- 2 - fromdeformation upon renoval of |oad. There are generally two
processes for producing flexible polyurethane foam a one shot process
a« prepol ymer process. The former process is done by mxing the 5

prioperly fornul ated pol yol, isocyanate, catalyst, blow ng agent and t K
poured into the nold; In the prepolynmer process, polyol is firstly m xed

w th i socyanate to forma prepol yner which has term nal isocyanate group
and .is stable for storage. Wen 10 this prepolyner reacts with a
bdeWi ng agent such as water in the presenCe®of a catal yst a pol yuret hane

f oam product can be [ . 1Ih ol yurethane_foa rpduced by the
processes as describe aggber ggPﬁe?§8PeIFBSKEEaﬂgs}ﬁﬂgdeméhiggf?re
thereof is 18-30kg[ gfdn eSSl N$hi Y, | d have
poor resilience andeq oeaecfaﬁgfactoek?ghggsgg ?hgt P%ﬁg‘?"?}i Engsssﬁby:@used as
~packing and rubbi ng geliyiiriethane £HAMEVER, ohk sRof OpFélcdddtady Ni Had ail?m y
pol yur et hane foam has better mechanical 20 p?%perties? resilléhc , g.
confort and air per pexudsis.y amiecformerupedcessshoedons asy mpking ales and
others where a better |oad characteristic is required. The higher density
flexible foam can b@gareddyeformydntadghokybli nisecranate, catiiystwethod is
costly '

blowing agént.and then poured into the mold. In the
prepolymer process, polyol is firstly mixed with |
isocyanate to form a prepolymér which has terminal
iSocyanaté group and is stable for storage. When
10 this prepolymer reacts with a blowing agent such as.
' water in the presence of a catalyét a polyurethane foam

.product can be obtained.

The polyurethane foams produced by the processes

as described above are flexible foams énd the density

15 thereof is 18-30kg/m3. These are low density

flexible foams and have poor résilience and load
characteristic so that they are mostly used as packing
and ;ubbing materials. However, it is found that a
higher density.polyurethaﬁe foam has better mechanical
20 properties,lresiliénce, comfort and air permeability
and.can be used in shoe soles, hat liners and others
whére a betterlload éharactgristic is.required.
| The highef denéity flexible foam caﬁ be produced

under high molding pressuré; This method is costly



-*3 -.and the fornmed foam has a | ayer of skin surface that causes poor air
Al t hough there are other high denS|ty foans made from ot her

peQ jiablllty
: ys, their confort characteristics are not” as satisfactory 5

et hane foam |In accordance with the invention there is provided a
manuf acturing a high density pol yurethane foam conprising :

as.
o

pul veri zing waste pol yurethane foamto a particle size of 0.5 mMmto 3 nm
drying the pul verized pol yuret$hahe-foam mxing the dried foamw th
pol yur et hane fornming conposition which includes a polyol and a diisocyanats”
conpound, al | owi n@nd hthey Segmed tfodmhas ma daysn o @kisc Rurifasiel \that

10

conpressing the foaned body to, achieve a 15
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as polyurethane foam.

In accordance with the invention there is
provided a meﬁhod for manufacturing a high density
polyurethane foam cooprising : pulverizing waste
polyurethane foam to a particie size of 0.5 mm to 3 mm,
drying the_pulverized polyurethane foam, mixing the
dried foam with polyurethane forming composition
which includes a polyol and a diisocyanate compound,
allowing the mixture to foam in a mold and
meohanically compressing the foamed.body to acﬂieve a
predetermined volume. As waste polyurethane foam is
reused by thlS process, this is not only economical
but also can save the energy supply for treatment of
waste foam. |

The pulverized foam powder should be
sufficiently dried before mixing with the polyurethane-
forming'composition so that these powders can be
.completely soaked in the visoous miatuie. To obtain
a uniform size distribution of powder, the pulverized
powder can be sereened before mixing.

The'polyurethane-forming composition may include

can

&



.conpl etely soaked in the viscous mxture. To obtain a uniformsize
~distribution of powder, the pulverized powder can be screened before
i Xi ng. 25 ot The pol yur et hane-formn ng conposition may include
4. ipolyol, diisocynate, a catalyst and additives: The m xture is ‘
formul ated with a proper ratio and thoroughly m xed with a suitable amunt
of pul verized foam The cured foamis found, upon testing, that 5

its density, resilience and | oad characteridstic are higher than those
p#@duced by any known praqcess, as descri bed abo
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environment. The folddui.Ng @ RIvtdd £oatsQB! ¢duhd, | bpyat EaktoRg Pf thie
process of this invention and is : _

5 its density, resilience and load characteristic are

higher than those produced by any known process as
described abdve. |

An object of the inventién is to provide a
method of making a higher density flexible

10 polyurethane foam from waste polyurethane foam.

| Another objecg of the-inveqtion.is to provide a
methbd of re-ﬁsing'waste polyurethane foam, thereby
saving the productiop cost and the energy supply for
tréatment of waste pdlyurethane foam that can cause

15 air pollution in the environment.

The following example is presented in
illustration of the ptocess of this'invention and is
not intended as an undue limitation on the generally

- broad scope thereof.

20 - About 100gm of waste polyurethane foam is
"ground into a powder form until the particle size
_thereof is 0.5mm - 3.0mm. The powder is then placed

in a drying apparatus for drying. After drying the
powdered substance is subjected to screening to get a

25 uniform size distribution. The screened powder is



not intended as an undue limtation on the generally broad scope thereof.
_ ' : About 100gm of waste pol yurethane foamis-:ground into a
po frormuntil the particle size thereof is 0.5mm- 3.0nm The powder 2
[ pl aced in a drying apparatus for drying. After drying the -
powdegred substance is subjected to screening to get a 25 uni form si ze
di stribution. The screened powder is - 5- then put into a mxer into
whi ch 25gm of Voranol 3800 polyol, 12.5gm of TD about 0.32gm of silicon
and Tin-9 are further added. ("Vorano?"~is a Registered Trademark). 5

After mxing for,30 m nute the,reaction nixture is ed-intq the nold;
At that tinme, t ﬁgeﬁoﬁﬂgr 1Pgbc6nﬂf§?’él &"E%a‘r(})ébcq nf??ﬂe c?’g&%ad‘r?ln%&ql}r e and .
uni formy incor d it hegf d ' | swvel {o vol4nme as

| arge as five_tgﬁégg’?' #rggﬁo& %fgx%%ﬁggd%%i*tég'lﬁoq% iag"#hen
conpressed  mechagi,cgl a 2} e roo i@§qgﬁ wrgs for The
cast foamis fi %grl?/ rhgleegggggglr:o%dﬁ% nnr}j a ter@%:oo i nég;.Rezﬂ 'S ef%oam Is a
hi gher flexibl eprademark)-

5 After mixing'for 30 mihutes, Ehe reaction
mixture is poured;intO'the mold: At that time, the
powder is comﬁletely soaked ih the reaction mixture
and uniformly incorporated ﬁith the formed foam which
swélls to a volume as large as five times. This

10 expanded foam in the mold is thén compressed
mechanically and cooled at room tempetatu:e for 24
hours. The cast foam ;s finally released_from the
mold after cooling: This foam is a higher flexible

polyurethané'foam and test data for thié foam is

15 given as follows :-
1. Dehsify of PU foam | 0.178g/cm3 :
2. Hardngss (ASKER TYPE C) 37
3. Tensile Strength ' s 3.Okg/cm2
4. Elongation : 65%
20 5. Influence of Heating No stiékiness & crack
6. Decrease in Elongation -8%

7. . Decrease in Tensile

Strength ~-7%

8. Air Permeability B 200 l/mzsec.



3

pol yuret hane foam and test data fb[ this foamis 15 given as follows

- 3 1 Density of - PU f oam 0.178g/[err] 2. Har dness . ( ASKER
TYPE C) 37 3.: Tensil e Strength - 3.0kg/[err] 4. -
El'\argati on 65% 20 5. | nfluence of Heating (I)
No stickiness & crack 6. Decrease in Elongation -8% 7.

Decrease in Tensile Strength -7% 8 Air Perneability . '
.2_90/..I7--[err] -6- 9. Water Vapour Trapsgigsion Rate 3036 2 [err]
Abdve 90% RS/ 24hrs) ~ CLAIMS 1. A met hod for manufacturing a high
density 9. Water Vapour Transmission -

Rate 3036

(g/m2/40°C, Above 90% RH/24hrs)



pol yur et hane foam conprising : pulverizing waste 5 pol yur et hane foam
to a pgetcle size of 0.5 nmto 3 nmm drying - the pul verized pol yur et hane

; " /m xing the dried foamw th pol yurethane f'orm ng conposition which -ﬁ
|ncIUo. polyol and a diisocyanate conpound, allow ng the mxture to fo

in & dnd 10 mechani cal | y conpressi ng the J“'Hﬂp Blﬁchl eve a
pr edet\er mmed vol une. 2. A net hod as cl ai ned |n t he

pol yur etfiane- f orm ng conposition con5|srs7e53ent|alfy of polyo '
di i socyanate, a catalyst and additives. 15 3. A met hod as cl ai ned ~j
In either one of the preceding clains, CLAINS, conprising the step of '
screeni ng the pulverized pol yurethane foam before m xi ng. 4. A net hod as
claimed in claim1l of naking a 20 polyurethane foam substantially as

-herei nbefore des jtmxiA_ %E%r1 2 R§ hnagﬂggggurad by a

met hod as clained in cIa|n1 , ta y as reln efore cribed. 25
polyurethane foam comprising : pulverizing waste

5 polyurethane foam to a particle size of 0.5 mm to 3 mm,
drying the pulverized polyurethane foam, mixing the
dried foam with polyurethane forming composition |
which includes a polyol and a diisocyanate compound,
allowing the mixture to foam in a mold and

10 mechanically compressing the foaﬁed body to achieve a
predetermined volume. |
2. A method as claimed in Claim 1, wherein the
poiyurethane-forming composition consists'essentially
of polfol, diisocyanate, a catalyst and additives.

5 3. A method as claimed in either one of the
preceding claims, further comprising the step of
screening the puiverized polyurethane foam before
mixing.

4. A method as claimed in claim 1 of making a

20 polyurethaﬁe foam substantially as hereinbefore
described.

.5. A polyurethane foam when manufactured by a
method as claimed in claim 1, substanfially as
hereinbefore described.

25




