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1. Field of the Invention

The present invention relates to a flexible high resilience

polyurethane foam and a process for preparing the same. More

particularly, the invention relates to a water blown flexible

polyurethane foam which is broadly used for

interiors, head rests and furniture cushion

automotive cushion

s, and a process for

preparing the same. Specifically, the invention relates to a water

blown flexible polyurethane foam which is e

xcellent in mechanical

strength, durability and riding comfort even under a reduced amount of

the catalyst in preparing the foam and a process for preparing the same.

The flexible high resilience polyurethane

foam of the invention is

suited for various cushioning materials, cushion interiors for vehicle

in particular.
2. Description of the Related Art

Conventionally, flexible polyurethane

foams have been prepared by

the reaction of an organic polyisocyanate composition with a resin

premix obtained by mixing an active hydrogen containing compound such

as polyoxyalkylene polyol with a blowing agent, catalyst, surfactant

and other auxiliary agents.

The organic polyisocyanate composition which has been used for

preparing the flexible polyurethane foam consists of tolylene

diisocyanate alone or a mixture of 95 to 50
diisocyanate and the remainder of polymethy

(Japanese Laid-Open Patent SHO 62-172011).

% by weight of tolylene
lene polyphenyl isocyanate

Such a TDI-high resilience

system (hereinafter referred to simply as TDI-HR system) which means a
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The fl«xible high resilience polyurethane foamof the invention is suited
for various cushioning nmaterials, cushion interiors for vehicle in
particular. 2. Description of the Related Art Conventionally, flexible

pol yur et hane _foans have been prepared by the reaction of an organic
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problems on working environment. TDI has also disadvantages of forming
a large amount of flash from the face of the mold in the mold filling
step and requiring a relatively long time for demolding. |
| In order.to overcome these disadvantages, techniques have been
proposed to use polymethylenepolyphenyl isocyanate in place of tolylene
diisocyanate.

For example, Japanese Laid-Open Patent SHO 58-458 has disclosed a
process for using a poiyisocyanate composition consisting of 60 to 90 %
by weight of 4,4'-diphenylmethane diisocyanate, 3 to 30 % by weight of
2,4'-diphenylmethane diisocyanate and the remainder of a three or more
benzene ring compound of polymethylenepolyphenyl isocyanate. Japanese
Laid-Open Patent SHO 63-38369 has disclosed a process for using a
urethane modified polyisocyanate composition having an NCO content of
15 to 30 % which is obtained by reacting a mixture consisting of 55 to
85 % by weight of diphenylmethane diisocyanate and the remainder of a
three or more benzene ring compound of polymethylenepolyphenYll
isocyanate with a polyol having a functionality of 2 to 4 and a
molecular weight of 60 to 1,500,

The MDI-high resilience system (hereinafter referred to simply as
MDI~-HR system) obtained by using polymethylenepolyphenyl isocyénate as a
primary ingredient is excellent in view of improved working
environment, enhanced demolding ability and reduction of mold flash.

The impact resilience is an index of riding comfort required for
vehicle cushions_and it has been a serious problem that the MDI-HR

system has a low impact resilience of 55 to 65 % as compared with that
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(Jabaneé;é Lai d- Open Patent SHO 62-172011). Such a TDI-high resilience
system (hereinafter referred to sinply as TDI-HR system which neans a
Dat e: 2 3 JUL 1996 fornulation obt ai ned by using tolylene
diisocyanate as a pri redi ent and a foamderived fromthe

formul ati on, P§ *é‘?&@PFEW{ %Yﬁ 8P gh IEnbRictl spegiiticcHatavgrable tthaZOthe MDI-HR

di ness to nake O .t he ot her hand, TDI has hi gh vapor
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al so di sadvangﬁge%aﬁ%migglrglggt &_a%gg amount of flash fromthe face of the

nmold in the no stéep requiring a relatively long time for
denol di ng. Further, the above MDI-HR system used chlorofluorocarbon as an

auxiliary blowing agent. However, such a blowing agent cannot be used
now because of the regulation for preventing a environmental disruption
due to destruction of the ozone layer. Accordingly, in the case of
pPreparing a flexible polyurethane foam with the MDI-HR system using
water alone as a blowing agent, the amount of water must be increased
and a great amount of urea bond generates as a result. The resulting
polyurethane foam is inferior in physical properties such as durability
(compression set) and riding comfort (impact resilience and
transmissibility at 6 Hz) as compared with the foam which is prepared by
using chlorofluorocarbon as an auxiliary blowing agent in combination
with water. Thus, it has also been difficult to reduce the density of
the foam.

Particularly, polyurethane foams used for vehicle cushions are
strongly required to reduce Fhe transmissibility of the foam at 6 Hz,
This is because human internal organs are said to resonate to the 6 Hz
and thus the high transmissibility of 6 Hz leads to resonance of the
internal organs which provides unpleasant feeling in the course of
driving the vehicle.

In order to overcome these disadvantages, for example, Japanese
Patent Publication HEI 06-021148 has disclosed a process for using a
polyisocyanate composition comprising 10 to 30 % by weight of a three
or more benzene ring compound in polymethylenepolyphenyl isocyanate and
1 to 10 % by weight of tolylene diisocyanate. Japanese Laid-Open
Patent HEI 4-185626 has described a process for using a polyisocyanate

composition comprising 1 to 20 % by weight of an isocyanate terminated
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In brde® to overcone these disadvantages, techniques have been proposed to
use pol ymet hyl enepol yphenyl isocyanate.in place of tolylene diisocyanate.
For exanple, Japanese Laid-Qpen Patent SHO 58-458 has disclosed a process
for using a polyisocyanate conposition consisting of 60 to 90 % by wei ght
of 4,4' -di pheR{;?Pﬁeltyﬁléﬁed%ﬁlivgéggré?mtte,lywleodw%wawiagﬂtpce;lfyester polyel, 10
2,4'-dipheny|neh%€3ﬁ diiso,¥aa€te and the renmainder of a three or nore
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benzene ring ppPQend fﬁeﬂqgh¥T5319¥k§%ﬁaﬁgl¥5§Mﬂﬁ$bing an impact resilience of 60 $%
or more, desifably 70 % or more and transmissibility at 6 Hz of 0.8 or
less, desirably 0.6 or less.

The presen£ inventors have carried out an investigation in order
to overcome the above problems. As a result, they have already found a
flexible polyurethane foam having good impact resilience and
transmissibility at 6 Hz by using a polyisocyanate composition obtained
by mixing polymethylenepolyphenyl isocyanate which contains a two
benzene ring compound of 60 to 90 % by weight and is 1.1 to 20.0 inh the
weight ratio of a three benzene ring compound to the sum of a four
benzene ring compéund and the less active iﬁgredient [three benzene
ring compound]/[four benzene ring compound + less active ingredient],
with tolylene diisocyanate in a weight ratio of 97/3 to 80/20 (Japanese
Patent Application HEi 07—09;900).

However, recently, a problem of becoming turbid on the internal
surface of a window glass has been pointed out in an elevated
temperature, sealed state of a vehicle cabin which uses flexible
polyurethane foam as a cushioning material and other interiors
(hereinafter referred to simply as a fogging phenomenon).

The reason of the fogging phenomenon has been variously examined
and the amine type catalyst contained in the polyurethane foam has been
pointed out as a source of turbidity. That is, the amine type catalyst
itself which is contained in the polyurethane foam or a reaction

product of the catalyst with other various additives is considered to

sublime in the elevated temperature and adhere to the internal surface

\
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as an environmental issue in the vehicle cabin.

As a countermeasure for the problem, requirement has been enhanced
to reduce the amount of the amine type catalyst which is used in the
preparation step of the polyurethane foam. 'However, reduction of the
amine type catalyst in the already known preparation process of the
flexible polyurethane foam has led to-problems because of impairment in
impact resilience, compression set and transmissibility of 6 Hz and,
additionally, great decrease in tensile strength, tear resistance,
elongation and other mechanical strengths. The above flexible
polyurethane foam which was found by the present inventors is also
desired to further improve these properties.

Processes for improving the impact'resilience, compression set and
the transmissibility at 6 Hz of the flexible polyurethane foam has been
known to use polyoxyalkylene polyol which is prepared in the presence
of diethyl zinc, metal porphyrin and a composite metal cyanidation
compléx catalyst and has a low.total unsaturation (Japanese Laid-Open
Patent HEI-02-115211, 03-068620, and 03-014812). However, according to
the trace experiment of the present inventors, these processes have |
provided flexible polyurethane foam having decreased breathability as

compared with the flexible foam prepared from common polyoxyalkylene

-polyol. The effect for improving impact strength, compression set and

transmissibility at 6 Hz has been unsatisfactory.

SUMMARY OF THE INVENTION
The object of the invention is to provide a water blown flexible

high-resilience polyurethane foam which has low density (overall foam
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of the #DI-HR system It is also quite unfavorable that the MD -HR system
has a high vibrational characteristic value of 0.8 or nore in the :
transmssibility at 6 Hz. Further, the above M -HR system used

bl owi, ng, agent, However, -such a bl owi ng
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the flexible high-resilience polyurethane foam.

As a result of an intensive investigation in order to accomplish
the above object, the present inventors have found that a flexible
high-resilience polyurethane foam having improved impact resilience and
compression set, excellent effect on the reduction of transmissibility
at 6 Hz and also improved mechanical strengths even under a reduced
amount of.an amine catalyst can be obtained by using, as an organic
polyisocyanate composition, a mixture having a specified ratio of
polymethylenepolyphenyl isocyanate being regulated in a specific

., composition of benzene ring compounds to tolylene diisocyanate or by
using an isocyanate terminated prepolymer obtained by reacting, when
necessary,.said mixture with polyoxyalkylene polyol having a specific
structure and by reacting sa}d organic polyisocyanate composition with
polyoxyalkylene polyol having a specified value in a hydroxyl value,
monool content and head-to-tail coupling selectivity. Thus, the present
invention has been completed.

That is, an aspect of the present invention is a flexible high-
resilience polyurethane foam obtained by reacting a mixture of an
active hydrogen containing compound, blowihg agent, catalyst,
surfactant and other auxiliary agent with an organic polyisocyanate
composition, comprising :

(A)_usiné water as the blowing agent,
(B) using an organic polyisocyanate composition consisting of :

(a) polymethylenepolyphenyl isocyanate represented by the formula
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usi'ng chl orof | uorocarbon as an auxiliary bl owi ng agent in conbination wth
water. Thus, it has also been difficult to reduce the density of the foam
Particul arly, polyurethane foans used for vehicle cushions are strongly
required to requce the transmssibility of the foamat 6 Hz. This is .
because humantdi’nter nal organs are said to resonate to the 6 Hz and thus the
high transmissibility of 6 Hz | eads to resonance of the internal organs

whi ch provi des unpl easant feellng in the course of driving the vehicle. In
order to overcone these di sadvant ageﬁggfor exanpl e, Japanese Patent
Publ i cati on HEI 06-021148 _has di d a pr cess r using a

pol yi socyanat e CO@ERS|I'~N rls O(ﬁp U by W%Bt of a three of )
.mor e benzene ring conp dJin oI h&&ﬁylen EPIyp i socyanat e and

wherein n is 0 or an integer of 1 and more, a wéight ratio of a three
benzene ring compound (n=1) to the sum of a four or more benzene ring
compound (n= 2) and the less active ingredient [three benzene ring
compound]}/ [four or more benzene ring compound+ less active ingredient]
is 1.1 to 20.0, and a content of a two benzene ring compound (n=0) is
from more than 60 % by weight to 90 % or less by weight, and

(b) 2,4~ and/or 2,6-tolylene diisocyanate in a ratio (a)/(b) of
97/3 to 80/20, and

(C) using an active hydrogen containing compound consisting of
polyoxyalkylene polyol [hereinafter referred to as polyoxyalkylene
polyol (C)] having a hydroxyl value of 10 to 35 mgKOH/g, monool content
of 15 mol% or less, and a head-to-tail coupling selectivity of 96 mol%
or more, preferably 96 to 98 mol% in the propylene oxide addition
polymerization ; and a process for preparing the foam.

The present invention further includes a flexible high resilience
polyurethane foam and a preparation process of the same, comprising
using said organic polyisocyanate composition consisting of an
isocyanate terminated prepolymer obtained by reacting a mixture of (a)
said polymethylenepolyphenyl isocyanate and (b) said mixture of 2,4-
and/or 2,6-tolylene diisocyanate with a single compound or a mixture of
polyoxyalkylene polyol having a molar addition polymerization ratio of
an alkylene.oxide having 3 or more carbon atoms to ethylene oxide of
60/40 to 15/85, average functionality of 2 to 4, and average molecular

weight of 2,000 to 10,000.
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1 to 10%% by wei ght of tolylene diisocyanate. Japanese Lai d- Open Pat ent HEI
4- 185626 has described a process for using a polyi socyanate conposition
conprising 1 to 20 % by wei ght of an isocyanate term nated -4-
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ring compound]/[four or more benzene ring compound+ less active
ingredient] of preferably 1.2 to 10.0, more preferably 2.0 to 4.0 and a
content of the two benzene ring compound of preferably more than 60 % by
weight to 80 % or less by weight.

Further, in the organic polyisocyanate composition (B), the
mixture of polymethylenepolyphenyl isocyanate (a) and 2,4; and 2,6-
tolylene diisocyanate (b) has, for example, a mixture ratio (a)/(b) by
weight of 95/5 to 85/15.

Polyoxyalkylene polyol used for preparing the isocyanate
terminated prepolymer (hereinafter referred to as polyoxyalkylene
polyol for modification) preferably has a molar addition polymerization
ratio of alkylene oxide having 3 or more carbon atoms to ethylene oxide
of 50/50 to 20/80, average functionality of 2 to 4 and average
molecular weight of 3,000 to 8,000.

On the other hand, the'polyoxyalkylene polyol (C), i.e. the active
hydrogen containing compdund(C), is prepared, for example, by carrying
out addition polymerization of alkylene oxide on an active hydrogen
contéining compound having 3 to 8 hydroxyl group in the presence of '
alkali metal hydroxide, preferably cesium hydroxide in particular.

The flexible high-resilience polyurethane foam of the invention is
excellent in impact resilience, compression set and transmissibility at
6 Hz and enables to prevent problems due to use of water as a blowing
agent and reduction of a catalyst amount, that is, deterioration of
impact resilience and compression set, increase in transmissibility at
6 Hz and reduction of tensile strength, tear resistance and elongation.

Consequently, the flexible high-resilience polyurethane foam of
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| ess, d&si rably 0.6 or less. The present inventors have carried out an
investigation in order to overcome the above problems. As a result, they
have already found a flexible polyurethane foan1having good i npact
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conposi ti on obtained by m Xing po enepo eny{: i SOCY
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20.0 in the weight ratio of a three benzene ring conpoun sum-o

four benzene mi Ngogosaiprd, aifbnt BRI watéeld1weof RPhedi & Nntbl oL 1heﬂ&ﬁ@ﬁ a
ring conpound]/[four benzene ring conpound + | ess active ingredient],

tol yl ene dii sigedanase, isheat IRIckhhnd &ither 0dhedt/ add 288/ et )aRaHIONG . Pat ent
Application HEl 07-094900). However, recently, a problem of becomng turbid
on the internal
DETAILED DESCRIPTION OF THE PREFFERED EMBODIMENT
In the present invention, tolylene diisocyanate is simply referred

to as TDI, diphenylmethane diisocyanate as MDI, 4,4'-diphenylmethane

diisocyanate as 4,4'-MDI, 2,4'-diphenylmethane diisocyanate as 2,4'-MDI

and polymethylenepolyphenyl isocyanate as poly-MDI, respectively.

| Poly-MDI consists of polymethylenepolyphenyl isocyanate

represented by the formula (1) :

OCN—@-CH: {@ CHzJn @’-NCO (1)

wherein n is 0 or an integer of 1 and more, and other less active

ingredients, for example, isocyanate dimers such as carbodiimide,
uretone imine and uretidione compounds, isocyanate trimers such as
isocyanurate compounds and tarry materials having unspecified
structure.

The polybenzene ring compound of poly-MDI consists of a two
benzene ring compound (n=0), three benzene ring compound (n=1), and four
or more benzene ring compound (n= 2), decreases content with
increasing numbers of the benzene ring, and substantially contains up
to a six benzene ring compound. Consegquently, the.amount of a four or
more benzene ring compound and a less active ingredient is referred to
as the total amount except the two and three benzene ring compounds.

In the organic polyisocyanate composition (B) which can be used in
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surface “of a wi ndow gl ass has been pointed out in an el evated tenperature,
seal ed state of a vehicle cabin which uses flexible polyurethane foamas a
cushioning material and other interiors (hereinafter referred to sinply as
a foggi ng phenonenon) .- The reason of the foggi ng phenonmenon has been _
variously exahihédVahtiame (ahiRedyriipe contaings the dmoapaezeren ring compound in
pol yur et hane foam has be%?ggointe out. as a source of turbidity. That is,

|

the am ne type GEPHPY T IMOXFhFRAD 180 B ottt #PAERE iR Phed 1961 YefebRatielddam
0 et oL SRR WD DR SERCL AT eldhe ans
internal surf@REGe [three benzene ring compound]/[four or more benzene ring compound +
less active ingredient] (hereinafter referred to as a weight ratio) of
1.1 to 20.0, preferably 1.2 to 10.0, more preferably 2.0 to 4.0.

Exemplary marketed poly-MDI is COSMONATE M-200.(manufactured by
Mitsui Toatsu Chem. Inc.). This poly-MDI has the weight ratio of [three
benzene ring compound]/[four or more benzene ring compound + less
active ingredient] of 0.3 to 0.9 and is hence unsuitable for poly-MDI
component which is used in the invention.

Poly-MDI which is used in the invention can be prepared by
phosgenation of a polyamine mixture formed by condensation of aniline
with formaldehyde in the presence of a catalyst according to the
process described in, for example, Japanese Laid-Open Patent HEI 5-
310676. Poly-MDI which can be used for the invention can be obtained
by carrying out the above reaction under the described condensation and
purification conditions described in the above patent.

The dquantitative analysis of the benzene ring composition in poly-
MDI can be carried out by subjecting the isocyanate group of poly-MDI to

deactivating such as a method for converting to methyl carbonate, and
successively to liquid chromatography using tetrahydrofuran or
dimethylformamide as a solvent.

In the organic polyisocyanate composition (B), no particular
limitation is imposed upon the isomer ratio of (b) 2,4-TDI and/or 2,6-
TDI. The isomer ratio of 2,4-TDI/2,6-TDI includes 100/0, 80/20 and
65/35 by weight.

The organic polyisocyanate composition (B) which can be used in

the invention conéists of the above (a) and (b), and has a ratio (a)/(b)

" This Sheet Has Been RTlaced .
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-5- of the wi ndow gl ass. A counterneasure has been required for such a

f oggi ng phenonenon as a probl emon.the appearance of vehicle products and
at the sane tine as an environnental issue in the vehicle cabin. As a
countermeasure for the problem requirenent has been enhanced to reduce the
anount of thefadih %BE/%%PXI yeighihi Breferable PS/R tnSShLe i #eidht st &Be of
‘the pol yurethane foam However, reduction of the am ne type catalyst in the
al ready knowfOBPRRHTLN 67 5i28cBe Prepareft wPFEx?a:ﬁeebﬁd?WF’étﬁ%é’WB‘é‘fﬁ'ﬁ&s(?}ed
to problens be aH%e of inpairment in inpact resilience, conpression set and
transm ssi bi [T Ty k6 H and, additionally, great decrease in tensile

strength, tear esh R0 crs! Q08%ah2Re Aidnohleda FECHOINR' o iR08 P relbeing
the above organic polyisocyanate composition with polyoxyalkylene
polyol for modification can also be used as the organic polyisocyanate
composition of the invention.
Polyoxyalkylene polyol for modification which can be used has a
molar addition polymerization ratioc of alkylene oxide having 3 or more
carbon atoms, preferably 3 to 4 carbon atoms to ethylene oxide of 60/40
to 15/85, average functionality of 2 to 4, and average molecular weight
of 2,000 to 10,000, or preferably has a molar addition polymerization
ratio of alkylene oxide having 3 or more carbon atoms, preferably 3 to
4 carbon atoms to ethylene oxide of 50/50 to 20/80, average
functionality of 2 to 4, and average molecular weight of 3,000 to 8,000.
The polyoxyalkylene polyol for modification can be used singly or as a
mixture.
Polyoxyalkylene polyol for modification can be obtained by using
% an initiator includiné an active hydrogen containing compound having a
I functionality of 2 to 4, for example, ethylene glycol, propylene glycol
and other bifunctional active hydrogen containing compounds ; glycerol,
trimethylol propane and other trifunctional compounds ; and
pentaerythritol, diglycerol and other four functional active hydrogen
Containing compounds, and by carrying out polymerization of alkylene
oxide having 3 or more carbon atoms and ethylene oxide at a molar
addition polymerization ratio by 60/40 to 15/85 in the presence of a
catalyst. The polyoxyalkylene polyol thus obtained has a random

structure or a block structure or a mixture thereof. The random

structure is preferred. The polyoxyalkylene polyol for modification has
_
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pol'yur ethane foam whi ch was found by the present inventors is also desired

to further inprove these properties. Processes for inproving the inpact

resilience, conpression set and the transmissibility at 6 Hz of the

fl exi bl e pol yuret hane:- f oam has been known to use po?%fxyal kyl ene pooé%
nth&oa

which is prep”é‘r average Relepdssnveiadt af 0P %9 AQ: 00t Breferahiyr # nd

conposite neta yani dati on conpl ex catal yst and has a | ow total
unsat-uration 038 anese Lai d- Open Patent HElI - 02- 115211, 03-068620, and

03-014812) . Howeveg,, g%%ié?ﬁﬁ)l@ﬂe ;go a¥ £ d)""?ﬁex erlh i x}ﬁ] forPt4 tso be

I nventors, these proce have yure ane oam avi ng
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comon pol yoxyal kyl ene pol'yol. The effect for inproving inpact strength

conpressi on et eadl satassyithel Sbdve ¥pedifielzehrit thers innshé |n&flaet£ﬁditlon
polymerization ratio of alkylene oxide to ethylene oxide, average
functionality and average molecular weight.

The reaction of the above organic polyisocyanate composition (B)
with polyoxyalkylene polyol for modification can be usually completed
by stirring at about 80°C for several hours.

Next, polyoxyalkylene polyol (C) which can be used in the
invention has a hydroxyl value of 10 to 35 mgKOH/g, monool content of 15
mol% or less, and head-to-tail coupling selectivity in propylene oxide
addition polymerization of 96 mol% or more, preferably 96 to 98 mol%.

Polyoxyalkylene polyol (C) is a compound or a mixture thereof
having structure obtained by addition polymerization of alkylene oxide
on an active hydrogen containing compound having 3 to 8 hydroxyl
groups.

Active hydrogen containing compounds include, for example,
glycerol, trimethylol propane, hexane triol, mono-, di-, and tri-
ethanol amine, pentaerythritol, methylglucoside, diglycerol,
ethylenediamine, propylene diamine, sorbitol and sucrose.

These active-hydrogen containing compounds can be used as a
mixture.

Exemplary alkylene oxides which can be addition polymerized on the
above active hydrogen containing compounds include ethylene oxide,
propylene oxide, butylene oxide and styrene oxide. Propylene oxide is
used in most cases. |

No particular restriction is imposed upon the polyﬁerization type

_—_—
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SUMMARY *CF THE | NVENTI ON The object of the invention is to provide a water
bl owmn fl exible high-resilience polyurethane foam which has | ow density
(overal | foam Dat e: -6- density of 55 kg/[err] or less), is inproved in
i npact resilience and- conpression set, exhibits excellent effect on
reduction of iy §he radsdithen iRojyrerization f pikylameancide pacHhiabare Aqtdngt hs
even under a reduced anount of an am_ ne catalyst ; a preparation process of
the foam : afy3EOYRFhiCOREANE| SPMRANAd ot HFithehtRICCkr Qr \HIPESM ROl YReF iasdiny

can be carried out. However, preferred polyoxyalkylene polyol has 5 %
by weight if a blocked ethylene oxide group at the terminal of the

- polyol chain, that is, has a 5 % by weight or more of a terminal
oxyethylene group. The polyurethane foam obtained by using such -
polyoxyalkylene polyol is excellent in processing ability, curability
and mechanical strengths,

Polyoxyalkylene polyol (C) used in the invention has a hydroxyl
value of 10 to 35 mgKOH/g, preferably 20 to 30 mgKOH/g. The hydroxyl

~value less than 10 mgKOH/g leads to remarkable viscosity increase in
polyoxyalkylene polyol (C) and polymer polyol obtained by using the
polyoxyalkylene polyol (C) as a matrix and cannot be practically used
for preparation of flexible high-resilience polyurethane foam. On the
other hand, the hydroxyl value exceeding 35 mgKOH/g results in reduction
of ‘impact resilience and aiso unfavorably impairs mechanical strengths
and processing ability of the foam.

Polyoxyalkylene polyol_(c) used in the invention has a monool
content of 15 mol% or less. The content exceeding 15 mol% leads to
reduction of impact resilience and increase in compression set.

Further, polyoxyalkylene.polyol (C) use& in the invention is 96
mol% or more, preferably 96 to 98 mol% in the head-to-tail coupling
selectivity in addition polymerization of propylene oxide. The
selectivity less than 96 mol% gives harmful effect on all physical
properties such as impact resilience, compression set and
transmissibility at 6 Hz, and at the same time reduces breathability of
the resulting foam and causes shrinkage of the foam in sérious cases.

Such polyoxyalkylene polyol (C) used in the invention can be

- prepared by carrying out addition polymerization of alkylene oxide, for
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the flexXible high-resilience polyurethane foam As a result of an intensive
I nvestigation in order to acconplish the above object, the present

i nventors have found that a flexible high-resilience pol yurethane foam
havi ng i nproved inpact resilience and conpression set, excellent effect on
the reducti orf*3"PLe ai¥RPEIeNS Pride Andgotherapdkulens Prisieny ehemmeraasaryt, on
strengt hs eve redut¢ed anount of an am ne catal yst can be obtained

by using, as % uggg%%é’tb\ﬁ? YIYSERYRh SPRE LG s FRRRONND ol frithe wr@swaf;? r@f—d&_
oM Mt A R TR AN N
o oo, ™ RN O AR SRR SRS LA S
structure anq liyof ALt 588 G hYa PS8R Snd Yt gf %98&&&0@8&&# R)rrldf’gxtiGe is
preferably used. The cesium catalyst has commonly purity of 90 % by
- weight or more. The amount of the catalyst is 0.05 to 0.5 mol for 1 mol
of polyoxyalkylene polyol.

The addition polymerization reaction is carried out at 60 to 98 °C

under elevated pfessure of 4 kg/cm®* or less. The catalyst used is
removed after finishing the reaction by neutralization with hydrochloric
acid or phosphoric acid, adsorption with an adsorbent, washing with
water or ion exchange with an ion exchange resin.

Polyoxyalkylene polyol (C) used in the invention can be replaced
at least portionally by polymer polyol (Trade Mark) which is
polyoxyalkylene polyol modified by addition polymerization of an
ethylenically unsaturated monomer .

No pa;ticular restriction is put on the ethylenically unsaturated
monomer. Exemplary monomers include acrylonitrile, styrene, methyl
methacrylate and vinylidene chloride. Polymers obtained from these
monomers are dispersed in the form of particulates having usually a size
of 0.1 to 10 4 .

Combined use of the above polymer polyol with polyoxyalkylene
polyol can provide permeability improvement and hardness increases for
the foam withoﬁt decreasing impact resilience, compression set and
transmissibility at 6 Hz of the foam.

Polyoxyalkylene polyol (C) is used after preparing a resin premix
by previously mixing with other ingredients in order to obtain the

flexible high-resilience polyurethane foam by reacting with the above
—’————_’_/——,.
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polryoxyé'l kyl ene polyol having a specified value in a hydroxyl value, nonool
.content and head-to-tail coupling selectivity. Thus, the present invention
has been conpleted. That is, an aspect of the present inventionis a
flexible high- resilience polyurethane foam obtained by reacting a mxture
of an active MWPAPHRPWoRAPETHIARG LWPESLKLRN PO ng agent, catal yst,

ST I e TR A RN MR
Or9e01 ¢ BOl V5SB! SISIROS 00 SORFLSL! AL ot erpainking agon.

The blowing agent (A) is water. Water can be used singly or in
combination with carbon dioxide, nitrogen or hydrocarbon.

However, use of a chlorofluorocarbon blowing agent is unfavorable
in view of globai environmental protection against destruction of an
ozone layer.

ﬁse of the organic polyisocyanate composition obtained by mixing
poly-MDI having a specific benzene ring composition of the invention
with TDI in a specified ratio and polyoxyalkylene polyol (C) having a
hydroxyl value, monool content and head-to-tail coupling selectivity
which satisfy specific conditions can quite surprisingly Prepare a
flexible polyurethane foam having an overall density of 55 kg/m* or
less, high mechanical strengths, high impact resilience, low compression
set and low transmissibility at 6 Hz by use of a reduced amount of an
amine catalyst in the quite absence of the chlorofluorocarbon blowing
agent.

The catalyst which can be used is triethylenediamine,
dimethylethanolamine, bis(dimethylaminoethyl) ether and other known
catalysts.

The surfactant which can be used is a silicone type surfactant,
for example, SRX-274C (Trade Mark of Toray . Daw Corning Co.) and L-5309
(Trade Mark of Nippon Unicar Co.)

The crosslinking agent which can be used is triethanolamine,
diethanolamine and other alkanolamine crosslinking agent.

A flame retardant, viscosity reducer, antioxidant, coloraht, and

other known auxiliary agents can also be used.

In preparing the foam of the invention, the above organic

\
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-7 (1)* [err] wherein nis 0 or an integer of 1 and nore, a weight ratio
of a three benzene ring conpound (n=1) to the sumof a four or nore benzene
ring conpound (n> 2) and the |l ess active ingredient [three benzene ring
conmpound] / [four or nore benzene ring conpound+ |ess actjve ingredient] is
1.1 to 20.0, PRAVSPYBARE(COBPOHLEIRB i-én’é“?qdnyl%r?p%ﬁ%f‘ EFen)x jcontagpang

nore than 60%%’6’ ilght to 90 % or |ess Lﬁ and (b)) 2,4-, and/or
2, 6-tol yl enePaLy @95&%&@ PRI¥Y df o | Jé’}'/”(‘ 3 apg Woau’éﬂrﬁa(t)
using an acti \égm_@/drog o Q}:aj ni ”Brgs%@ 99181 eS:},I ngd poured into a mold

obtain a
by common procedures to obtain a foam having a desired shape.
According to the present invention, the flexible high-resilience
polyurethane foam thch has been molded into a vehicle sheet and other
articles has high mechanical strengths, high impact resilience, low
compression set and low transmissibility at 6 Hz.
The invention will be illustrated by way of examples hereinafter.
Part and % in the examples and comparative examples mean part by

weight and % by weight, respectively.

1. Synthetic Examples of Polyoxyalkylene Polyol (C)
(1) synthesis of polyoxyalkylene polyol A

To 1 mol of glycerol, 0.23 mol of cesium hydroxide was added and
dehydrated at 100°C for 6 hours under reduced pressure. Successively,
addition polymerization of propylene oxide was carried out at 80°C,
under maximum reaction pressure of 3.5 kg/cm® and then addition
polymerization of ethylene oxide was carried out at 97°C.
Polyoxyalkylene polyol thus obtained had a hydroxyl value of 24 mgKOH/g
and a terminal oxyethylene group content of 15 wt%.

Liquid chromatography was carried out on the polyoxyalkylene
polyol with a liquid chromatograph instrument manufactured by Nippon
Bunko Co. Monool content was measured from the area ratio of triol and
monool in the chromatogram. The monool content was 8.0 mol%.
Selectivity of'head to tail coupling was 96.3 mol$.

Selectivity of head-to-tail coupling was measured with a 400 MHz
C!? NMR instrument manufactured by Nippon bensi Co. by using deuterated

chloroform as a solvent. The selectivity was measured on the obtained
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referred to as pol yoxyal kyl ene pol yol
val ue of 10 to 35 ngKOH g, nonool content of 15 nol %
or less, and a head-to-tail coupling selectivity of 96 nol % or nore,

preferably 96 to 98 nol % in the propyl ene oxide addition polynerization ;
and a procesgnf‘cNMRpFB?)%trliuﬂg# ROy eRYA kY eng mod gt fropethe gRtEQrthar signal

[ | ud fl i bl ' il I h f d ' .
nol udes | Il oD 25ild chee, BaLYULSLIAnE O and R Rl SPALEL] U
compositon GEREL Lt ol 088 AGRe! 17 95L 8 Bl TR LRONALRGE,
sai d m xturegpdy? of- aﬁ@ﬁ%ﬁyl@h&f’%ﬁn@% ﬁéﬁi%@fﬂ%%%-ﬂ%&d‘ cléuﬁii e

conmpound or a m'xture of “pol'yoxya ene polyo ing a nolar addition
pol ymeri zat i g8sigtineft Odf 2BCR! Yn8NBwLX rdEet@d B thelkalld Qesdril¥d ahOHe t O
et hyl ene oxi de of

report ; F.C. Schiling and A.E, Tonelli, Macromolecules 19, 1337-1343

pof yoxyal kyl ene pol yol
(O] having a hydroxyl

[ herei nafter

(1986).
(2) sSynthesis of polyoxyalkylene polyols B to D
Polyoxyaikyléne polyols B to D were obtained by carrying put the
same procedures as described in Synthetic Example (1). Table 1
illustrates structure and analytical data of pdlyoxyalkyléne polyols A
to D. In the table, numbers of hydroxy group, 3 means a glycerol

initiated polyalkylene polyol and 4 means a pentaerythritol initiated

polyalkylene polyol.

selectivity (mol%)

Table 1

Polyoxyalkylene polyol (C) A B C D
Numbers of hydroxy group 3 3 3 -4
Hydroxyl value (mgKOH/g) 24 28 21 24
Terminal oxyethylene 15 15 15 15

content (wt%)
Monool content (mol%) 8.0 7.2 '10.5 14.0
Head-to-tail coupling 96.3 96.4 97.0 96.4

(3) Synthesis of polyoxyalkylene polyol E

To 1 mol of glycerol, 6.93 g of a so-called composite metal
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60/40 tb0 15/85, average functionality of 2 to 4, and average nol ecul ar

wei ght of 2,000 to 10, 000. -8- O her preferred aspects of the invention
include as follow. That is, in the organic polyisocyanate conposition (B),
pol ymet hyl enepol yphen i socyanate (a) has, for exanple, [three benzene
ring compoun8 ?Tg‘%ﬁp%rc%‘ﬂl@x HRAT2AKEE ISORBORRShOEUAHIE 1 €§§aJ§cFW’é‘qeﬁgFé’Eﬁ’ ent]

fuo benzene PR ESTHEERE B0 sPEREranS AETE PRaridss abh, RUEE “To 80 56 or

less by VVEigBtElemerJ.zatJ,on of propylene oxide was carried out at reaction
temperature of 90°C under increased pressure of 4.0 kg/cm?.
Polyoxyalkylene polyol obtained had a hydroxyl value of 33 mgKOH/g. The
above composite metal cyanidation complex catalyst was extracted with
an aqueous ammonia solution, polyoxyalkylene polyol was purified by
washing with water, successively 0.23 mol of potassium hydroxide was
added for 1 mol of glycerol, and dehydratién was carried out at 100 °C
for 6 hours under reduced pressure. Thereafter addition polymerization
of ethylene oxide was carried out at 100 °C. Polyoxyalkylene polyol
obtained had a hydroxyl value of 28 mgKOH/g'and terminal oxyethylene
group content of 15 wt%,

Monool content and head-to-tail coupling selectivity of
polyoxyalkylene polyol was measured by carrying out the same procedures
as described in the above synthetic Example (1). The polyol had a
monool content of 9.6 mol% and a head-to tail coupling selectivity of
85.4 mols%.

Table 2 illustrates structure and analytical data of
polyoxyalkylene polyol E,.

(4) synthesis of polyoxyalkylene polyol F

TO 1 mol of glycerol, 0.37 mol of potassium hydroxide was added
and dehydrated at 100 °C for 6 hours under reduced pressure, addition
polymerization of propylene oxidé was successively carried out at
reaction temperature of 115 °C, under increased pressure of 5.0 kg/cm?
and then addition polymerization of ethylene oxide was carried out at
115°C to obtain polyoxyalkylene polyol having a hydroxyl value of 28
mgKOH/g. Terminal oxyethylene group content was 15 wt%.

Monool content and head-to-tail coupling selectivity were measured
T T
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Further, in the organic polyisocyanate conposition (B), the m xture of
pol ynet hyl enepol yphenyl isocyanate (a) and 2,4- and 2,6- tolylene
di i socyanate (b) has, for exanple, a mxture ratio (a)/(b) by weight of

/ / 15. I yval kyl | yol df ' he j
? oo ﬁ%_t ;3 e ﬁg)r(‘fg?‘ﬂ@i ;sﬁ%?a OrE?%Tegﬁl?@E %)%_dgég%%bg SRshEre %3_3@&?
t t t t
Al Kyl ene ox; b1k Fhe B BP<Ya el TRaL o neleo PaRdRh BRECAIE: eSS0t o
20/ 80, aver agﬁéf%r:ecyﬁ%g%lt |_té:¥i fcr?épif'?é S%ggc&\(gq:?g%srrgls'egunlr gl vei ght of

3,000 to 8,0 a polryoxyaf kyl'ene’po °y§|' (O, i.e. the

active hydrogen cgii,aLn QQIEQm%QQdé%ctg?iﬁnﬁpgﬁ tiEQf &xanpre. by

carrying out addition polynmerization ene oXxide on an active
hydr ogen polyoxyalkylene polyol F.
Table 2
Polyoxyalkylene polyol (C) E _ F
Synthetic catalyst Composite metal Potassium hydroxide
cyanidation complex
Numbers of hydroxyl group 3 3
Hydroxyl value (mgKOH/g) 28 28
Terminal oxyethylene group 15 15
content (wt%) ‘
Monool content (mol%) 9.6 29.3
Head-to-tail coupling 85.4 96.3
selectivity (mol%)

2. Synthefic Examples of Polymer Polyol
(1) Polymer polyol a
Polymer polyol having a hydroxyl value of 19.5 mgKOH/g which was
obtained by graft polymerization of 20 parts of acrylonitrile on 100
parts of polyoxyalkylene polyol A (cesium hydroxide catalyst was used).
(2) Polymer polyol e
Polymer polyol having a hydroxyl value of 22.8 mgKOH/g which was
obtained by graft polyvmerization of 20 parts of acrylonitrile on 100
parts of polyoxyalkylene polyol E (composite metal cyanidation complex
catalyst was used).
(3) Polymer polyol f
Polymer polyol having a hydroxyl value of 22.8 mgKOH/g which was
obtained by graft polymerization of 20 parts of acrylonitrile on 100

parts of polyoxyalkylene polyol F (cesium hydroxide catalyst was used).
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cont ai ni ng conpound having 3 to 8 hydroxyl group in the presence of al kal
nmet al hydroxi de, preferably cesium hydroxide in particular. The flexible
hi gh-resilience pol yurethane foamof the invention is excellent in inpact
resilience, conpression set and transnissibility at 6 Hz and enables to
prevent problens due to use of water as a bl owi ng agent and reduction of a
cat al yst annun% that is éloratlo | npact resilience and

conpressi on se rﬁé’?’é%\ts’é’nl ﬂ TIRBAT & B’FF?‘EV“&F‘* EWPosHA P duct i on of
‘tensile strengt h, 'Tﬁ"ga&ﬁ%%ﬁé%&gﬁgﬁ}‘)ﬁ%am@an%e _@Bﬁgﬂt’:&%ﬁy Ya) W3 (q) were

fl exi bl e high-resiTirence po
prepared and used for examples and comparative examples.

1) To 85.0 parts of polymethylenepolyphenyl isocyanate containing 67.5
wt% of the two benzene ring compound, 24.0 wt% of the three benzene
ring compound, and 8.5 wt% of the four or more benzene ring compound
and less active ingredients, 15.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 14.5 parts of polyoxyalkylene polyol which had an average
molecular weight of 3,000, an average functionality of 2 and a prdpylene
oxide/ethylene oxide molar addition polymerization ratio of 20/80 and
was used for preparation of a random addition prepolymef was added and
reacted at 80 ?3 for 2 hours with stirring. An organic polyisocyanate
composition (a) for use in a foaming test was obtained and had an NCO-
content of 29.7 % .

2) To 90.0 parts of polyméthylenepolyphenyl isocyanate containing 72.9
wt% of the two benzene ring compound, 25.7 wt% of the three benzene
ring compound, and 1.4 wt% of the four or more benzene-ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 18.5 parts of polyoxyalkylene polyol which had an average
molecular weight of 7,500, an average functionality of 3 and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 50/50 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (b) for use in a foaming test was obtained and had an NCO-
content of 29.0 %.

3) To 95.0 parts of polymethylenepolyphenyl isocyanate containing 85.0

This Sheet Has Been Re
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the invention is extremely suited for uses which strongly require excellent
I npact resilience, conpression set and transmssibility at 6 Hz, for
exanpl e, cushioning materials of vehicle interiors including a head rest,

h back : sh d 1d sh i .. .DETAI.LED, DESCR| PTI ON OF
e PREEFEREB B OBr R pebtstie 3ifa SHRBbwiLS o8 Sreechd U RO BehatcT T
i | f t TDl | i i
A rery ey [ BBuld) and] DAEA T RARCEollY 89 WAUhER A Plng. compound

di | socyanat €afs fect adlveABis AOIIKAEL Y 81EROLY BREOHL1LAOABBE RN AR e having a

pol y- Ml , respectlve?y. Po consi sts ~pol'ymethyl enepol yphenyl
I socyanat e repiestiRtesordr Lheid QEMBd o das [&ddeh dLiseliPréd ifdr OarPhodb.

i nteger of 1 and nore, and other |ess active

Successively 20.0 parts of polyoxyalkylene polyol which had an average
molecular weight of 10,000, average functionality of 4, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 57/43 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (c) for use in a foaming test was obtained and had an NCO-
content of 27.0 %.

4) To 83.0 parts of polymethylenepolyphenyl isocyanate containing 71.1
wt$ of the two benzene ring compound, 16.3 wt% of the three benzene
ring compound, and 12.6 wt% of the four or more benzene ring compound
and less active ingredients, 17.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 21.0 parts of polyoxyalkylene polyol which had an average
molecular weight of 7,000, average functionality of 2, and a propylene
oxide/ethylene oxide molar a&dition polymerization ratio of 15/85 and
was used for préparation of # random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
éomposition (d) for use in a foaming test was obtained and had an NCO-
content of 29.2 %.

5) To 85.0 parts of polymethylenepolyphenyl isocyanate containing 72,3
wt® of the two benzene ring compound, 20.2 wt% of the three benzene
ring compound, and 7.5 wt% of the four or more benzene ring compound
and less active ingredients, 15.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. Aan

organic polyisocyanate composition (e) for use in a foaming test was
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ingrediénts, for exanple, isocyanate diners such as carbodiim de, uretone
I M ne and uretidione conpounds, isocyanate trinmers such as isocyanurate
conpounds and tarry naterials havi ng unspecified structure. The pol ybenzene

d t f [ d =0) ,
8, omound e 9 S BuCansl Soslpd by pangene {110 comound (1=0),
2), d t b L1 NG
(Lt 2 8] 30058, QD ol LSS AESUA, DU B BRSO 1

the amount oft@ dOkhe OtEwdTBéﬁzé}Fe“%?ﬁk? domBBursd, rraeuadﬂt&nef atﬂeeeﬁr@ectﬂeﬁeene
ingredient is referred to as the to amount except the two and three

benzene ri ngr&efRONRBEsRd | anahze.sowgartbﬂ: tRe| §0uR0BY aittiee bemdaNes ik ind RofBdurvdhi Ch
can be used in

and less active ingredients, 7.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (f) for use in a foaming test was
obtained and had an NCO-content of 34.4 %.

7) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 72.9
wt% of the two benzene ring compound, 25.7 wt% of the three benzene
ring compound, and 1.4 wt% of the four or more benzene ring éompound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 18.5 parts of polyoxyalkylene polyol which had an average
molecular weight of 5,000, average functionality of 3, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 40/60 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (g) for use in a.foaming test was obtained and had an NCO-
content of 28.9 %.

8) To 88.0 parts of polymethylenepolyphenyl isocyanate containing 70.0
wt% of the two benzene ring compound, 27.9 wt%¥ of the three benzene
ring compound, and 2.1 wt% of the four or more benzene ring compound
and less active ingredients, 12.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (h) for use in a foaming test was
obtained and had an NCO-content of 34.8 %. _

9) To 85.0 parts of polymetﬁylenepolyphenyl isocyanate containing 67.5

wt% of the two benzene ring compound, 24.0 wt% of the three benzene
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- 10 - the invention, (a) poly-MDl contains the two benzene ring conpound
i n an amount of fromnore than 60 % by weight to 90 % or | ess by weight,
preferably fromnore than 60 % by weight to 80 % or |ess by weight and has
[three benzene ring conpound]/[four or nore benzene ring conpound + |ess

active i ngr efHShCPPRAMNS naRd e8r r 8kbfeihe Fogg or \MtﬂrﬁhPer}zﬁPFoﬁ'“Eﬁ cemgoyng

a7 ket Eéeéﬁ{%%ﬁsé AHROSRENFISD CHah RIEE (o SO0y 4% S0 SaBaPete g

Icgfrpéun-cli-]h} [Sf Oi 5 Whn?%%ﬁegg%a\r%b?l‘L'ngsro‘?%?rg%ausnakéh‘* %gg b'g@]fr%gg %nrgr%é‘dlu‘ 1hrt'] of

0.3 10 0.9 aéﬁtdé§s9$£5§31H”§Lﬁéﬂ%Q' EﬁﬁyBﬁ&éﬁkygine polyol which had an average
molecular weight of 5,000, average functionality of 3, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 65/35 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 i:lfor 2 hours with stirring. An organic polyisocyanate
composition (i) for use in a foaming test was obtained and had an NCO-
content of 30.1 %.

10) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 72.9
wt% of the two benzene ring compound, 25.7 wt% of the three benzene
ring compound, and_l.4 wt% of the four or more 5enzene ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 18.5 parts 6f polyoxyalkylene polyol which had an average
molecular weight of 1,400, average functionality of 2, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 20/80 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (j) for use in a foaming test was obtained and had an NCO-
content of 28.0 %.

11) To 83.0 parts of polymethylenepolyphenyl isocyanate containing 71.1
wt% of the two benzene ring compound, 16.3 wt% of the three benzene
ring compound, and 12.6 wt% of the four or more benzene ring compound
and less active ingredients, 17.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 21.0 parts of polyoxyalkylene polyol thch had an average

molecular weight of 4,000, average functionality of 2, and a propylene
. R it
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cor'rponeFlt which is used in the invention. Poly-MJ which is used in the
I nvention can be prepared by phosgenation of a polyam ne m xture fornmed by
condensation of aniline with fornaldehyde in the presence of a catalyst

according to th ce desc din, .for exanple, Japanese La

hor o 1 coxiBrRTTom PriAs mieE Ak i BBkt izate ﬁ‘%}sn‘# 3788 g
obt ai ned by ¢ ve reacti er.th

condensat i gn %%ﬁﬁﬁ???ykrfpgﬂ&gﬁndl iaoﬁgné@:‘]ésc%rglgbtl(?n ﬁrdﬁ Sﬁv"éaspgflg?ﬁ an?he
quantitative QUShE & & NEoLONAGRS: HibH £ﬂr£199§dT;t ' %Pybfl\%?ﬁbyp%iﬁ'soE

carried out By subjectlng the isocyanate group o ctl tlng
such as a nNet&fsbsliiok ARYEESF Mdel On NEIEBYMIHARBEDAIR oBHLi RMCERS Havehy Nco-
| i qui d chromat ography using tetrahydrofuran or dinethylformam de as a

sol vent . content of 29.1 %.

12) To 83.0 parts of polymethylenepolyphenyl isocyanate containing 94.4
wt% of the two benzene ring compound, 5.2 wt% of the three benzene ring
compound, and 0.4 wt% of the four or more benzene ring compound and
less active ingredients, 17.0 parts of tolylene diisocyanate having a
2,4-/2,6~isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (1) for use in a foaming test was
obtained and had an NCO-content of 35.9 %.

13) To 93.0 parts of polymethylenepolyphenyl isocyanate containing 58.5
wt% of the two benzene ring compound, 36.9 wt% of the three benzene
ring compound, and 4.6 wt% of the four or more benzene ring compound
and less active ingredients, 7.0 parts of tolylene diisocyanate having a
2,4-/2,6—is§mer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (m) for use in a foaming test was
obtained and had an NCO—contént of 34.0 %.

14) To 100.0 parts of polymethylenepolyphenyl isocyanate containing
71.1 wt% of the two benzene ring compound, 21.9 wt% of the three
‘benzene ring compound, and 7.0 wt% of the four or more benzene ring
compound and less active ingredients, 13.5 parts of polyoxyalkylene
polyol having an average molecular weight of 5,000, average
functionality of 3, and a propylene oxide/ethylene oxide molar addition
polymerization ratio of 100/0 and being used for preparation of a
prepolymer was added and reacted at 80 °C for 2 hours with stirring.

An organic polyisocyanate composition. (n) for use in a foaming test was
obtained and had an NCO-content of 29.0 %.

[
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In the 6rganic pol yi socyanate conposition (B), no particular limtation is
| nposed upon the isoner ratio of (b) 2,4-TDl and/or 2,6- TDI. The isoner
ratio of 2,4-TDI/2,6-TD includes 100/0, 80/20 and 65/35 by weight. The

or 92 oLV, PECYRNAAT SATRESLs Lol Bl M S.CR RS, V3SR INET) 90,0
00120, e 4 o UL BBl A 491 0 B OTRER AR
the isocyanalgnd LRbOREaRE SPLLYHRE 2PLRd Ry PYr MR2E! bdikene ring compound
and less active ingredients, 25.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (o) for use in a foaming test was
obtained and had an NCO-content of 36.5 %.
16) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 78.9
wt% of the two benzene ring compound, 20.3 wt% of the three benzene
ring compound, and 0.8 wt% of the four or more benzene ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. Aan
organic polyisocyanate composition (p) for use in a foaming test was
obtained and had an NCO-content of 34.7 %.
17) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 69.8
wt% of the two benzene ring compound, 12.5 wt% of the three benzene
ring compound, andll7.7 wf% of the four or more benzene ring compound
and less active ingfedients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 86/20 was added and stirred for an hour.
Successively 19.0 parts of polyoxyalkylene polyol which had an average
molecular weight of 5,000, average functionality of 3, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 100/0 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (gq) for use in a foaming test was obtained and had an NCO-
content of 28.8 %.
Table 3 and Table 4 illustrate raw material compositions and
amounts of charge in the organic polyisoéyanate compositions used in

the examples and comparative examples.
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- 12 - an average nol ecul ar weight of 2,000 to 10,000, preferably 3,000 to

8, 000. Pol yoxyal kyl ene polyol (C for use in the invention can al so be used

for pol yoxyal kyl ene polyol for nodification as |ong as the polyol (C can

satisfy the above specified conditions in the nolar addition polynerization

rati o of al kyfterRreparaelanoCftR8gianRreidixde, average functionality and

average nol ecul ar wei ght. The reaction of ﬁshe above organi G gol | socyanat.e
%‘87 B e

conmposition (B) wFPRY EXyensprLRRL (G3) 683 Rodymern dofy el iwhd S&F d y

conpl et ed byirslttihrer iaggVeatl %QQ“} Je%rtlsgdgr several hours.

To a mixture of polyoxyalkylene polyol (referred to as an active
hydrogen compound in the tables) and polymer polyol as illustrated in
Table 5 and Table 6, additives were added and mixed as described below
to form a premix and used for examples and comparative examples.

(unit : wt part)

Polyoxyalkylene polyol A to F 80
Polymer polyol a to £ 20
SRX-274C (Silicone surfactant) 1.0

(manufactured by Toray <« Dow Cornhing Co.)

Minico L-1020 (Amine catalyst) 0.3
(manufactured by Katsuzai Chem. Co.)

Minico TMDA (Amine catalyst) 0.1
(manufactured by Katsuzai Chem. Co.)

Water (Blowing agent) 3.6

Examples 1~14
The organic polyisocyanate compositions a to h which were prepared
in the above 3 and the resin premixes prepared in the above 4 were
mixed so as to obtain an NCO-index of 100 as illustrated in Table 5 and
used for preparing a molded sample for evaluation of foam properties.
The properties were measured after allowing to stand for 24 hours
from demolding.
Molding was carried out under following conditions.
Mold : Aluminum test mold with dimensions 400X 400X 100 mm
Mold temperature : 55 *+ 2°C

Demolding time : 4 minutes (from pouring the reaction mixture into
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® {
Next, pol yoxyal kyl ene polyol (C) which can be used in the invention has a
hydr oxyl value of 10 to 35 ngKOH g, nonool content of 15 nol%or |ess, and
head-to-tail coupling selectivity in propylene oxide addition
pol ymeri zation of 96 mol % or nore, preferably 96 to 98 ol %
Pol yoxyal kyl ene pol yol (C) isthe 6'8&%0‘&91896‘?1%1“&1 e f@afher eof havi ng
structure obtained bé addi t%gn pol yneri zat { on

[

é n of q%§%lene. xige n,an.

active hydrogen cdTe%i FIRFFELTHAGAT TRAPUAGY 31t §°8° FSXY/’it?'gF ﬁpés)o. 18¥ing e

hydr ogen con}ng{'__rpidﬁg conmpounds include, for exanple, glycerol, trinethylol

pr opane, hexane 11 ol , mono-, di-, and tri- .ethanol am ne, pentaerythritol,

met hyl gl ucosi dgye,di19! a&giq_k, g&}/&yl)ene:diﬁgi KE40R" OPY! ene di am ne, sorbitol
ydr

and sucrose. These active ogen contal ni ng conpounds can be used as a
25 % ILD (kg/314 cm?®) : JIS K-6401

Tensile strength (kg/cm?) : JIS K-6401

Tear resistance : JIS K-6401
Elongation (%) : JIS K-6401
Impact resilience (%) : JIS K-6401

50 % Compression set (%) (dry, heat) : JIS K-6301
Transmissibility at 6 Hz (%) : Measured under 50 kg load,
5 mm amplitude with a vibration tester manufactured by Ito .
Seiki Co.
Results are illustrated in Table 5 °
‘As seen in Table 5, the foam of the invention has good impact
resilience, good compression set, low transmissibility at 6Hz, high
tensile strength, high tear resistance and large elongation even in a

overall density of 55 kg/m* or less.

eet Has Been Replaced

il

_29_.



m xture. Exenplary al kylene oxi des which can be addition polymerized on the
above active hydrogen containing conpounds |nciud”’éthylene |de
propyl ene oxide, butylene oxide and styrene gxjsdgectifis® W xi de is used
in nost cases. No particular restriction is i pol ymeri-zati on
type - 13 - in the addition polynerization “‘ﬁ | de on the
above active hydrogen containing conpound. Eit ck or random

pol ymeri zati on can be carried out. However, preferred pol yoxyal kyl ene
pol yol has 5 %
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by weight if a bl ocked ethyl ene oxide group at the term nal of the polyol
chain, that is, has a 5 % by weight or nore of a term nal oxyethyl ene
group. The pol yurethane foam obtmﬁed%y—ug—ng_é_uch pol yoxyal kyl ene pol yol

i s excellent in processing abilifg &r}ﬁpbéel - mechani cal strengths.

Pol yoxyal kyl ene polyol (C) used i l as a hydroxyl value of 10

to 35 ngKOH g, preferably 20 to 3 hydr oxyl value |ess than 10
ngKOH g | eads to remarkabl e vi sco n pol yoxyal kyl ene pol yol |
(© and pol yner pol yol obtained by usi ng the pol yoxyal kyl ene polyol (C) as
a matrix and cannot be practically used for preparation of flexible

hi gh-resi | i gnCeJpolyurefhang 1 ogam The ofner [hang, the hydr ofyl !al u¢g
exceeding 35 ngKOH ¢ result$ in r‘gdlﬁct i prcof Nrpabft [r@siliehcg ang al o
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and proce55| ng ability of the foam Pol yoxyamgyghgégﬁasc&gryg QQ) used in the
I nvention has a nonool content of 15 nol % or nt exceedi ng 15
nol % | eads to reduction of inpact resilience ( H% conpr essi on
set. Further, polyoxyal kyl ene polyol (C) used ion is 96 nol %
or more, prefevRANaFige @’@“‘@éeﬁt}l’v/ ?‘n the head-to-tail coupling sel ectivity
I n addition polynerization of | ene oxide. .The sel ectjvi.t S _than 96
) sl ves har o LIt pesaninpalyisphyen ppgirt 2 shtrinee e abovs 3
resilience, n t_and.tr NS It

) %E:% 8 WJ?C% aar lEl Eesr.q 85 seM gf (?(glggxsyeaalrl"cgrl]rl n&:@iggfrﬁe

tlrrereduces Fea |I| t I n oaman

A g MG ke Graatisin b
al kyl ene oxi gdgactfdd with a resin premix comprised of polyoxyalkylene polyol F and
polymer polyol f£. The organic polyisocyanate compositions i to g were
reactéd with resin premixes prepared in the above 4.
In any cases, the polyisocyanate compositions and resin premixes
were used so as to obtain an NCO-index of 100 as illustrated in Table
6. The same procedures as described in Examples 1~ 14 were carried

out to prepare molded foam samples for evaluating properties. The

properties were measured and results are shown in Table 6.



- 14 - exanple, propyl ene oxide and other al kyl ene—oxi-de, when necessary,
on the above active hydrogen cont ai njyf nd in the presence of a
catalyst. Al kali metal hydroxide isﬂﬂﬁ&;&gﬁg valBREedy ot f or addition

pol ymeri zati on. Exenplary al kali met am HE'MHE cl ude potassi um
hydr oxi de, sodi um hydroxi de and cesiu ' sium hydroxide is
preferably used. The cesium catal yst has commonly purity of 90 % by wei ght
or nore. The anount of the catalyst is 0.05 to 0.5 nol for 1 nol of:

pol yoxyal kyl ene pol yol. The addition polynmerization reaction is carried out
at 60 to 98 'C '
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under el evated pressure of 4 [err] or |less. The catal yst used is renoved
after finishing the reaction by neutralization with hydrochloric acid or
phosphoric acid, adsorption with an adsorbent, washing with water or ion
exchange with an ion exchange resim—Pelyoxyalkyl ene polyol (C) used in the
i nvention can be replaced at |east pgklj ' ol ymer pol yol (Trade
Mar k) which is pol yoxyal kyl ene pol yol I tion polynerization
of an ethylenically unsaturated nono lar restriction is put
on the ethylenically unsaturated nono nmononer s i ncl ude
acrylonitrile, styrene, nethyl methacrylate and vinylidene chloride.

Pol ynmers obtained fromthese nononers are-dispersed in the form of
particul ates having usually a size of 0.1 to 10 [err]
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Conbi ned use of the above pol yner polyol wth pol yoxyal kyl ene pol yol can
provide perneability inprovenent and hardness increases for the foam
wi t hout decreasing inpact resilience, conpression set and transmssibility

at 6 Hz of the foam Pol ox al kyl ene. pol yol ( used after eparing a
resin premx by prTé‘\?l 5 "ﬁ’grm ?\éﬂ'@? b’“’e]cﬁ 8Rt 2% ﬁaBiLgé\f t’?‘S obt ai n

the flexible_hi l|Ie ce, D ur et hane foan1 ct| with the above

- 15 - organFB 'rg)% b%rilé) a?}é clﬁlgfﬁggjr% o T}@ @%ﬁ‘?%llg?y toﬁg?mr%gredl ents

to be contai ngyis%cgrgga ee%'st pgre%é structure of polyoxyalkylene polyol (C).
That is, as seen in Table 2, polyoxyalkylene polyol (C) which was used
in Comparative Examples 1 and 3 has too low selectivity of head—to—£a11
coupling in propylene oxide addition polymerization. In Comparative
Examples 2 and 4, monool content is too high in polyoxyalkylene polyol
(C) used. |

The organic polyisocyanate composition (B) in Comparative Example
5 is too low in the molar addition polymerizétion ratio of
polyoxyalkylene polyol in ethylene o#ide for modification. On the
other hand, the ratio is too high in Comparative Example 7. The organic
polyisocyanate composition in Comparative Example 6 has too low
molecular weight of polyoxyalkylene polyol for modification.
Comparative Example 8 has too high content of two benzene ring compound
in the organic polyisocyanate composition. On the other hand,
Comparative Example 9 has too low content therecf. 1In Compa;ative
Example 10, the whole organic polyisocyanate is polymethylenepolyphenyl
isocyanate and contains_no tolylene diisocyanate. On the other hand,
the organic polyisocyanate composition has two high weight ratio of
tolylene-diisocyanate in Comparative Example 11. The organic
polyisocyanate composition in Comparative Example 12 has too high
" weight ratio of [three benzene ring compound]/[four or more benzene
ring compound+ less active ingredients]. On the other hand,
Comparative Example 13 is too low in the weight ratio.
As mentioned above, in the case of using the organic

polyisocyanate composition which is outside the scope of the invention,
the organic polyisocyanate composition modified with unsuitable

polyoxyalkylene polyol, or polyoxyalkylene polyol (C) as an active
__,__——————————,——"\
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I nclude a bl owi ng agent, catal yst, surfactant and crosslinking agent. The
bl owi ng agent (A) is water. Water can be used singly or in conbination with
carbon di oxi de, nitrogen or hydrocarbon. However, use of a
chl or of | uor ocarbon bl owi ng agent i s unfavorable in view of gl obal

envi ronment al YSF‘B‘-!%’CFPBW‘HG& t YEdng erPPSFltibpfaﬁh%zf(?ﬁ@ degrepsegat shet he
| bt by, | y- MDI  havi
apoci 11" benEEIqR, Euican Mdtipme T ﬁ%rﬁ%ﬁ' {ih Ronds= pmaltls, 3rfras.
t d | C .
FEL 0 and hoLugy L KM ER® it elickhe WD SISO bkl TAGRL

content and head coup I ng sef ectivity

condi tions caRsPiidrReS Uedidrabatly Bt R %rénéxh%éh@iﬁt@ow W gi;hane foam
havi ng an overal | den5|ty of 55 [err] or less, high méchanical strengths,

hi gh i npact resilience, |ow conpression

Examples 15 ~ 17 gnd Comparative Examples 14~ 17

A resin premix was preparéd by using an increased amount of the
catalyst in the resin premix preparation of the above 4. The resin
premix thus prepared was mixed with an organic polyisocyanate
composition (B) and poured into a mold to obtain a molded foam sample
for use in the evaluation of foam properties. Table 7 illustrates used
polyoxyalkylene polyol (C), polymer polyol and organic polyisocyanate

composition (B). The following formulation was used in the resin

premix.
(unit : wt part)
Polyoxfalkylene polyol (C) 80
Polymer polyol 20
SRx—274C (silicone surfactant) 1.0

(manufactured by Toray-Dow Corning Co.)

Minico L-1020 (Amine catalyst) 0.5
(manufactured by Katsuzai Chem. Co.)

Minico TMDA (Amine catalyst) - 0.15
(manufactured by Katsuzai Chem. Co.)

Water (Blowing agent) 3.6

Preparation of molded foam sample for evaluation of properties and
the method of measuring the properties were the same as carried out in
the examples and comparative examples. Results are illustrated in Table
7. .

________~____________—-
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set and low transmssibility at 6 Hz by use of a reduced anount of an am ne
catalyst in the quite absence of the chlorofl uorocarbon bl owi ng agent. The
catal yst which can be used is triethyl enedi am ne, dinethylethanol am ne,

hi ch can b used A% T4 ERTRERA G JRB Trf BRERIEE Ty Lecanbiy, SEes Sk Renc

ni car Co.) TRE: ﬁ‘s??%ﬁcﬁ%%é?‘?v%. c%gzé’;ﬁﬁ%gaﬂ#ﬁgn%@% °ﬂ%°4¥t§%92<e'?> to

di et hanol am pR&NGOERSHLIRSKANY ARl Ng, %Qﬁééﬂl%hi?g ¥eehe dinblang,

retardant, viscosity reducer, ant1 oxi dant, colorant, and other known

auxiliary ag@aﬁlﬁaﬁ%ﬁv@é&mﬁﬁegsﬁq 15, 16 and 17 used equivalent polyoxyalkylene
polyol (C) and organic polyisocyanate compoéition (B) to those of
Comparative Examples 1, 2, 5 and 9, respectively.

As seen in Table 7, in spite of the difference in the catalyst
amount, the foam of the invention is excellent in mechanical strength
impact resilience, compression set and transmissibility at 6 Hz. In
other words, excellent properties can be obtained even in a less amount
of the catalyst and the fogging phenomenon can be improved.

On the other hand, foams of the comparative examples exhibit a
little improvement of some properties by increase in the catalyst

amount. However, the foams of the invention have much superior

properties.
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In preparing the foam of the invention,

pol yi socyanat e corrp05| tion (B)

the above organic

16 -
is mixed with a resin prem x contal ni ng

pol yoxyal kyFengpoffyotT(Cx; OWi ng dgtf[ (g ot T —aoXT T ageTTt
as to obtamapre;,crrbedJN |ne end poured JntQ l;;m_clbyc r}\l
procedures {o dbtajn & foam h EFII’ ~shape. “A¢corideng & ©
present inventilofr, [th 1 ¢x# |9hlg& pI|IeH’C€=’]!)d|yU & hiare [f 0 rrwmlceh
been nol ded|i ntljo™alvehli cl ¢ sheet 8t her jarticl gs has hi gh|necfhanical
st rengt hs, L|i gh |mPaCT Fe$TTTIENCE,  TOW ¢onpression se aToW
transmssibflitly at 6 |Hz. Haw o lwm ! o "
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The invention will be illustrated by way of exanples hereinafter. Part and
%in the exanpl es and conparative exanpl es nean part by

wei ght, respectively. 1. Synthetic Exanples of Polyoxyal kyl en i“
(1) Synthesis of polyoxyal kyl ene polyol A To 1 nol of gly @\‘\Eﬁlﬂ\m of
cesi um hydr oxi de was added and dehydra?Ie”t}Mﬁt [err] for 6

reduced pressure. Successively, addition polynerization. of propylene oxi de

was carried out at [err], under naxinmumreaction pressure of 3.5 [err] and

th ddi t |y, ty
Pol yoxyal kyl eie. pol doErepis Rfh Sl G BELAGABnE HphCOhRilysd b ercting
a termnal oxgy ﬁ'&mﬂ@‘%f %&%t‘i@é‘tlﬁr@‘i:o&tn Lan¥hdRink! &Mﬁuﬁ@r BRI H aﬂyltwas

carried out on the pol yoxyal kyl ené
catalyst, surfactant and other auxiliary agent with an organic

polyisocyanate composition, comprising:

(a) using water as the blowing agent,

(B) using an organic polyisocyanate composition consisting of:
(a) polymethylenepolyphenyl isocyanate represented by the

formula (1):

OCN@CHa {@ CHaJn @—NCO 1)

wherein n is 0 or an integer of 1 and more, a weight ratio of the three

benzene ring compound (n=1) to the sum of the four or more benzene fing
compound(n= 2) and the less active ingredient[three benzene ring
compound]l/[four or more benzene ring compound + less active ingredient]
is 1.1 to 20.0, and a content of the two benzene ring compound (n=0) is
from mofe than 60 % by weight to 90 % or less by weight, and

(b) 2,4-and/or 2,6-tolylene diisocyanate in a ratio (a)/(b) of
97/3 to 80/20, and
(C) using the active hydrogen containing compound consisting of
polyoxyalkylene polyol (C) having a hydroxyl value of 10 to 35 mg KOH/g,
monool content of 15 mol % or less, and a head-to-tail coupling

selectivity of 96 mol % or more.

2. A flexible high-resilience polyurethane foam according to claim 1

wherein {three benzene ring compound]/[four or more benzene ring

Sheet Has Been Reﬂlaced
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polyol with a liquid chromatograph i nStrumu“‘“FWmﬂH%Hmy Ni ppon Bunko
Co. Monool content was neasured fromthe ar and nonool in
t he chromat ogram The nonool content was 8.0 % Selectivity of head to
tail coupling was 96.3 nol % Selectivity of head-to-tail coupling was
nmeasur ed w t F¥P2ULd MHACPE ragtikRRNgrediepdnis rhrutactUrkeandytih sopkeie ofi
Co. by using deu%erated chl oroformas a solvent. The selectivity was
measur ed on tHE 8FFZENFeding compound g, Ffomsﬁ‘é’ﬁ? rdianof0 p%lWo%%ﬂh&F@n@ FoP¥ol

fromthe ratio of a si. (16.9 to 17.4 ppn) of the methyl group on an
oxypr opy! ene ¥EFnBA"SH: gsghg

3. A flexible high-resilience polyurethane foam according to claim 1
wherein [three benzene ring compound]/[four or more benzene ring
compound + less active ingredient] is 2.0 to 4.0 and the content of two
benzene ring compound is from more than 60 % by weight to 80 % or less

by weight.

4, A flexible high-resilience polyurethane foam according to claim 1

wherein the ratio (a)/(b) is 95/5 to 85/15.

5. A flexible high-resilience polyurethane foam comprising using as
an organic polyisocyanate composition an isocyanate terminated
prepolymer obtained by reacting the organic polyisocyanate composition
of claim 1 with a single compound or a mixture of polyoxyalkylene
polyol having a molar addition polymerization rétio of an alkylene
oxide having three or more carbon atoms to ethylene oxide of 60/40 to
15/85, averagé functionality of 2 to 4, and average molecular weight of

2,000 to 10,000.

6. A flexible high-resilience polyurethane foam according to claim 5
wherein polyoxyalkylene polyol has the molecular addition polymerization
ratio of an alkylene oxide having 3 to 4 carbon atoms to ethylene oxide
of 50/50 to 20/80, average functionality of 2 to 4, and average

molecular weight of 3,000 to 8,000,

7. A flexible high-resilience polyurethane foam according to claim 1

oo~ i



an oxypr opyl eﬁS“ELigR%ni°hZV.?L8”ﬁLa§1MUﬂ@J|ﬂUﬂ TR ©ssi'gnment  of “each
signal was referred to the value describ i n t e freport ; F.C. Schiling
0 o Sl TG o i Saevo 61 AT
R T s R o R T o
Poi i ated polarkaT s i BUARES S €0 &HGRERITLEHDe o B Asdo B2 o

pol yal kyl ene aQQEYi)'met-EQbﬁfdr%x1de catalyst.

8. A flexible high-resilience polyurethane foam according to claim 7

wherein the alkali metal catalyst is cesium hydroxide.

9. A flexible high-resilience polyurethane foam according to claim 1
wherein the active hydrogen containing compound (C) is polymer polyol
obtained by portionally modifying polyalkylene polyol with

polymérization of an ethylenically unsaturated monomer.

10. A process for preparing a flexible high-resilience polyurethane
foam by reacting a mixture of an active hydrogen containing compound,
blowing agent, catalyst, surfactant and other auxiliary agent with an
organic polyisocyanate coﬁposition, comp?ising:
(A) using water as the blowing agent,
(B) using an organic polyisocyanate composition consisting of:

(a) polymethylenepolyphenyl isocyanate represented by the

formula (1):

NCO ] .
CN—-@—CHz CH, @ NCO (1)
l@ JRN

wherein n is 0 or an integer of 1 and more, a weight ratio of the three

benzene ring compound (n=1) to the sum of the four or more benzene ring
compound{n= 2) and the less active ingredient[three benzene ring

compound]/[four or more benzene ring compound + less active ingredient]

‘This Sheet Has Been Iﬂilaced i1
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(b) 2,4-and/or 2,6-tolylene diisocyanate in a ratio (a)/(b) of
97/3 to 80/20, and
(C) using the active hydrogen containing compound consisting of
polyoxyalkylene polyol (C) having a hydroxyl value of 10 to 35 mg KOH/g,
monool content of 15 mol $ or less, and s head-to tail coupling

selectivity of 96 mol % or more.

11, A process for preparing a flexible high-resilience polyurethane

foam according to claim 10 wherein [three benzene ring compound]}/[four
or more benzene ring compound + less .active ingredient] is 1.2 to 10.0
and the content of two benzene ring compound is from more than 60 % by

weight to 80 % or less by weight.

12. A process for preparing a flexible high-resilience polyurethane
foam according to claim 10 wherein [three benzene ring compound]/[four
or more benzene ring compound + less active ingredient] is 2.0 to 4.0
and the content of two benzene ring compound is from more than 60 % by

weight to 80 % or less by weight.

13. A process for preparing a flexible high-resilience polyurethane

foam according to claim 10 wherein the ratio (a)/(b) is 95/5 to 85/15.

14. A process for preparing a flexible high~resilience polyurethane .
foam using as an organic polyisocyanate composition an isocyanate

"~ terminated prepolymer obtained by reacting the organic polyisocyanate
composition of claim 10 with a single compound or a mixture of

polyoxyalkylene polyol having a molar addition polymerization ratio of

_
as Been R laced i
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- 18 - cyanidation conpl ex catal yst cﬂmﬂmﬁmnumj E!ﬁobalt cyani de, zinc
chloride, water and di met hoxyet hanol ition polynerization
of propyl ene oxide was carried out at Featti'on™ tenperature of [err] under-
increased pressure of -4.0 [err]. Polyoxyal kyl ene gol yol obtained had a

hydroxyl val @& aikyeneyReideghaving shsee QLONPER P& %taépméyﬁ?lleﬁhﬂw e8iee of
al kyl ene

cat al yst was acte th an agueous, a nia _sqlution
pol yol was p&%?fl{; / ém\%'sr‘?ivﬁﬁa% &ani\}é’c%mp%%&fegs??/eq'yaﬁg ed‘f lecular

pot assi um hy e 1 nol of glycerol, and dehydration was
carried out g’t ? fm?b(r)&gqhoﬁé‘cs{{ot?nder reduced pressure. Thereafter

addi tion pol yneri zatl on of ethylene oxide was carried out at [err].
Pol yoxyal kyl ene pol yol obtained had a hydroxyl value of 28 ngKOH g and

term nal oxyashyl eN@ushion material obtained by molding the flexible high

resilience polyurethane foam of claim 1.

16, A vehicle sheet comprised of the cushion material of claim 15.

S
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group content of 15 wt % Mnool content and head-to-tail coupling
sel ectivity of pol yoxyal kyl ene pol yol was neasured by carrying out the sane
procedures as described in the above synthetic Exanple (1). The pol yol had

Ssrﬁ”ﬁﬁl ;%E"l?éﬁi“e o il &??Lf/"e?”é’ﬁﬁﬁ%ﬁ’??fh of L RebRIRRY ora o Y
4
ot or gl yoeror, P anioingantioh GEAEEK 3 BloRRIORR KA ENGAR Bile fhork
at [err] for g QIS & WHLE T 1y ?fﬁbéﬁeg é%l 638 1é%gg Il BRoRtedERbh Z8dd, OQxQ llent

propyl ene oxi de' was successtvel reaction tenperature o

[err], under ¢t 04r 6ASELE ReBESLI Bg.éid%s&fgéﬂblllty at 6 Hz and also improved

mechanical strengths even under a reduced amount of a catalyst and is

prepared by using, as an organic polyisocyanate composition, a mixture
having a specified ratio of tolylene diisocyanate to polymethylenepolyph
enyl isocyanate having a specific_benzenoid composition or by using an
isocyanate terminated prepolymer obtained by reacting the mixture with
polyoxyalkylene polyol which has specific structure and is used fpr
modification, and by using polyalkylene polyol which Satisfies specific
conditions in a hydroxyl value, monool content, and head-to-tail
coupling selectivity; and a preparation process of the flexible high

resilience polyurethane foam.

This Sheet Has Been R laced
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BACKGROUND OF THE INVENTION
1. Field of the Invention’ . N

The present invention relates to a* flexible high resilience
polyurethane foam and a process for preparing the same. More
particularly, the invention relates to a water blown flexible ‘
polyurethane foam which is broadly used for automotive cushion
interiors, head rests and furniture cushions, and a process for
preparing the same. Specifically, the invention relates to a water
blown flexible polyurethane faam which is excellent in mechanical
strength, durability and riding comfort even under a reduced amount of
the catalyst in preparing the foam and a process for pPreparing the same.

The flexible high resilience polyurethane foam of the invention is
suited for various cushioning materials, cushion interiors for vehicle
in particular.

2. Description of the Related Art

Conventionally, flexible polyurethane foams have been prepared by
the reaction of an organic polyisocyanate composition with a resin
premix obtained by mixing an active hydrogen containing compound such
as polyoxyalkylene polyol with a blowing agent, catalyst, surfactant
and other auxiliary agents.

The organic polyisocyanate composition wﬁich has been.used for
preparing the flexible polyurethane foam consists of tolylene
diisocyanate alone or a mixture of 95 to 50 % by weight of tolylene
diisocyanate and the remainder of polymethylene polyphenyl isocyanate
. {Japanese Laid-Open Patent SHO 62-172011). Such a TDI-high resilience

system (hefeinafter referred to simply as TDI-HR system) which means a

This iG the replacement shest
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Tab] e 2. Pol yoxyal kyl ene polyol (C) E F

Synthetﬁc cat al yst Conposi te netal Pot assi um hydr oxi de
cyani dati on conpl ex Numbers of hydroxyl group 3

3 Hydroxyl value (ngKOH g) . -28 - ~ 28 Term nal
oxyet hyl ene group 15 15 content (W% |
Monool contformulatsion) obtained by using €oXylene diisocyanate as2®.gimesgl-t o-t ail
coupling 96.3 selectivity (ml% 2.

Synt heti ¢ Eﬁaﬁﬁqlwtoﬁn%a ﬁ%m dmyiiyefl from mbeyfasmupation, as excellent in high

impact resilience of 60 to 70 % and readiness to make light weight. On
the other hand, TDI has high vapor pressure and is liable to cause
problems on working environment. TDI has also disadvantages of forming
a large amount of flash from the face of the mold in the mold filling
step and requiring a relatively long time for demolding.

In order to overcome these disadvantages, techniques have been
proposed to use polymethylenepolyphenyl isocyanate in place of tolylene
diisocyanate.

For example, Japanese Laid-Open Patent SHO 58-458 has disclosed a
process for using a polyisocyanate composition consisting of 60 to 90 %
by.weight of 4,4'-diphenylmethane diisocyanate, 3 to 30 % by weight of
2,4'-diphenylmethane diisocyanate and the remainder of a three or more
benzene ring compound of polymethylenepolyphenyl isocyanate. Japanese
Laid-Open Patent SHO 63-38369 has disclosed a process for using a
urethane modified polyisocyanate composition having an NCO content of
15 to 30 % which is obtained by reacting a mixture consisting of 55 to
85 % by weight of diphenylmethane diisocyanate and the remainder of a
three or more benzene ring compound of polymethylenepolyphenyl
isocyanate with a polyol having a functionality of 2 to 4 and a
molecular weight of 60 to 1,500.

The MDI-high resilience system (hereinafter referred to simply as
MDI-HR system) obtained by using polymethylenepolyphenyl isocyanate as a
primary ingredient is excellent in viéw of improved working
environment, enhanced demolding ability and reduction of mold flash.

The impact resilience is an index of riding comfort required for
vehicle cushions and it has been a serious problem that the MDI-HR

system has a low impact resilience of 55 to 65 % as compared with that
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Pol yer pol yol having a hydroxyl value of 19.5 ngKOH g whi ch was obt ai ned
by graft polymerization of 20 parts of acrylonitrile on 100 parts of

pol yoxyal kyl ene polyol A (cesium hydroxide catalyst was used). (2) Polyner
pol yol e Pol ymer polyol having a hydroxyl3 val ue of 22.8 ngKOH g whi ch was

obt ai ned byt griaf topalryspstam! | 26 of AdoRAIS ke ARRAbODI k! Ok Par TS

of pol yoxyal kyl ene pol yol E (conposite metal cyanidation conp | yst
was used) . sysemPbay reeihipbl yidirat i Ged 1y eRar ey 9kt 12 Valde YIS BY moyad! Ye of

22.8 ngKOH g which was obtained by graft polynerization of 20 parts of
acryl oni t r the teanswiGsibilitoatpbl §oxyal kyl ene pol yol F (cesi um hydroxi de
catal yst was used).

Further, the above MDI-HR system used chlorofluorocarbon as an
auxiliary blowing agent. However, such a blowing agent cannot be used
now because of thé regulation for preventipg a environmental disruption
due to destruction of the ozone layer. Accordingly, in the case of
preparing a flexible polyurethane foam with the MDI-HR system using
water alone as a blowing agent, the amount of water must be increased
and a great amount of urea bond generates as a result. The resulting
polyurethane foam i§ inferior in physical properties such as durability
(compression set) and riding comfort (impact resilience and
transmissibility at 6 Hz) as compared with the foam which is prepared by

~using chlorofluorocarbon as an auxiliary blowing agent in combination
with water. Thus, it has also been difficult to reduce the density of
the foam.

Particularly, polyurethane foams used for vehicle cushions are
stronglf required to reduce the transmissibility of the foam at 6 Hz.
This is because human internal organs are said to resonate to the 6 Hz
and thus the high transmissibility of 6 Hz leads to resonance of the
internal organs which provides unpleasant feeling in the course of
&riving the vehicle.

In order to overcome these disadvantages, for example, Japanese
Patent Publication HEI 06-021148 has disclosed a process for using a
polyisocyanate composition comprising 10 to 30 % by weight of a three
Oor more benzene ring compound in polymethylenepolyphenyl isocyanate and
1 to 10 % by weight of tolylene diisocyanate. Japanese Laid-Open

Patent HEI 4-185626 has described a process for using a polyisocyanate

composition comprising 1 to 20 %'by weight of an isocyanate terminated
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- 2Q - 33 Preparation of Organic Polyisocyanate Conposition The follow ng
organi ¢ pol yi socyanate conpositions (a) to (q) were prepared and used for
exanpl es and conparative exanples. 1) To 85.0 parts of

pol ynet hyl enepol yphenyl isocyanate contaifi-ng 67.5 wt % of the two benzene
ring conpound, 24.0 wt % of the three benzene ring conpound, and 8.5 w % of
the four orPreBPbYRRMmAentved fgomdindydeare didspeyanaget and podyestfireReLyoly510
parts of tolylene diisocyanate having a 2,4-/2,6-isomer ratio of 80/20 was

added and 9 FPel Foredsht Gfr didhipaydagthaaey diisosypastes agd $dI%orfat IBY ene

ol yol which had an average nol ecyl ar wei ght of 3,000, an_average
]P un%:/t i onal iwggf; %{' gﬁe%roépg;?xéenz)enzene ring compound of polymethygenepolyphe-

nyl isocyanate. These processes, however, have been difficult to
provide a flexible polyurethane foam having an impact resilience of 60 %
or more, desirably 70 % or more and transmissibility at 6 Hz of 0.8 or
less, desirably 0.6 or less.

The present inventors have carried out an investigation in order
to overcome the above problems. As a result, they have alréady found a
flexible polyurethane foam having good impact resilience and
transmissibiliﬁy at 6 Hz by using a polyisocyanate composition obtained
by mixing polymethylenepolyphenyl isocyanate which contains a two
benzene ring compound of 60 to 90 % by weight and is 1.1 to 20.0 in the
weight ratio of a three benzene ring compound to the sum pf a four
benzene ring compound and the less active ingredient [three benzene
ring compound]/[four benzene ring compound + less active ingredient],
with tolylene diisocyanate in a weight ratio of 97/3 to 80/20 (Japanese
Patent Application HEI 07-094900).

However, recentlj, a problem of becoming turbid on the internal
surface of a window glass has been pointed out in an elevated
temperature, sealed state of a vehicle cabin which uses flexible
polyurethane foam as a cushioning material and other interiors
(hereinafter referred to simply as a fogging phenomenon).

The reason of the fogging phenomenon has been variously examined
and the amine type catalyst contained in the polyurethane foam has been
pointed out as a source of turbidity. That is, the amine type catalyst
itself which is contained in the polyurethane foam or a reaction
product of the catalyst with other Qarious additives is éonsidered to

sublime in the elevated temperature and adhere to the internal surface
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oxi ge/ et pyl ene oxi de nol ar addition polynerization ratio of 20/80 and was
used for preparation of a random addition prepolyner was added and reacted
at [err] for 2 hours with stirring. An organi c polyisocyanate conposition
(a) for use in a foam ng test was obtai ngd and had an NCO content of 29.7
%. 2) To 90.0 parts of pol ynmethyl enepol yphenyl isocyanate containing 72.9
wt % of t heCfvehe)aindae 34a8§- conpound, 25.7 wt % of the three benzene ring
corrpound and 1.4 wt % of the four or nore benzene ring corrpound and | ess
active ingredi et §OURERIFeASIES hgp P%‘F'}/I’-’éﬁ‘él’Eﬁq §8§y%H?§t 8 fRrdgimg phenomenon
2,4-12,6-isomner /20 was add dstlrr d for an hour.

Successi vef§ a_Lsprg%Bngnt%n p?ﬁ"f&f?'&??(ﬁ prblleyg’r'o tshand ftafihe \samgghime
I I t f t I f 3 d I
mol ecul ar %g QII‘enQ: rgn Q’Qalaldscf eraggrb un }(IE 2??%+{¥ro _ and a propyl ene

oxi de/ et hyl'ene” oXi T ar ratio of 50/50 and

As a countermeasure for the problem, requirement has been enhanced
to reduce the amount of the amine type catalyst which is used in the
preparation step of the polyurethane foam. However, reduction of the
amine type catalyst in the already known preparation process of the
flexible polyurethane foam has led to problems because of impairment in
impact resilience, compression set and transmissibility of 6 Hz and,
additionally, great decrease in tensile strength, tear resistance,
elongation and other mechanical strengths. The above flexible
polyurethane foam which was. found by the present inventors is also
desired to further improve these properties.

Processes for improving the impact resilience, compression set and
the transmissibility at 6 Hz of the flexible polyurethane foam has been
known to use polyoxyalkylene polyol which is prepared in the presence
of diethyl zinc, metal porphyrin and a composite metal cyanidation
complex catalyst and has a low total unsaturation (Japanese Laid-Open
Patent HEI-02-115211, 03-068620, and 03-014812). However, according to
the trace experiment of the present inventors, these processes have
provided flexible polyurethane foam having decreased breathability as
compared with the flexible foam prepared from common polyoxyalkylene
polyol. The effect for improving impact strength, compression set and

transmissibility at 6 Hz has been unsétisfactory.

SUMMARY OF THE INVENTION
The object of the invention is to provide a water blown flexible

high-resilience polyurethane foam which has low density (overall foam
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was usedfor preparation of a random addition prepol yner was added and
reacted at [err] for 2 hours with stirring. An organic polyi socyanate
conposition (b) for use in a foam ng test was obtained and had an NCO
content of 29.0 % 3) To 95.0 parts of pd ynet hyl enepol yphenyl isocyanate
containing 85.0 -.21 - w%of the two benzene ring conpound, 11.3 w % of
the three BERSHHE Ofi Py KHApRMdesEhd i$ 2mREoxess ip hipRstr resfilignee Fadzene
ring conpound and.l ess active .ingredients, 5 0 parts of tolylene

di i socyanaf@mﬂ%ﬁ'ﬁsﬁ@nasezt,'49?‘51%35381‘@?1]193& SEfseten XeIMEEIAUPEd and stirred

for an hou%ransmissibility at 6 Hz and has enhanced mechanical strengths even

under a reduced amount of an amine catalyst ; a preparation process of
the foam ; and a vehicle cushion and other interiors which are formed by
the flexible high-resilience polyurethane.foam.

As a result of an intensive investigation in order to accomplish
the above object, the present inventors have found that a flexible
high-resilience polyurethane foam having improved impact resilience and
compression set, excellent effect on the reduction of transmissibility
at 6 Hz and also improved mechanical strengths even under a reduced
amount of an amine catalyst can be obtained by using, as an organic
polyisocyanate composition, é mixture having a specified ratio of
polymethylenepolyphenyl isocyanate being regulated in a specific
compositioﬁ of benzene ring compounds to tolylene diisocyanate or by
using an isocyanate terminated prepolymer obtained by reacting, when
necessary, said mixture with polyoxyalkylene polyol having a specific
structure and by reacting said organic polyisocyanate composition with
polyoxyalkylene polyol having a specified value in a hydroxyl value,
monool content and head-to-tail coupling selectivity. Thus, the present
invention has been completed.

That 1is, én aspect of the present invention is a flexible high-
resilience polyurethane foam obtained by reacting a mixture of an
active hydrogen containing compound, blowing agent, catalyst,
surfactant and other auxiliary agent &ith an orgaﬁic polyisocyanate
composition, comprising :

(A) using water as the blowing agent,
(B) using an organic polyisocyanate composition consisting of :

(a) polymethylenepolyphenyl isocyanate represented by the formula
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Suceessi yely 20.0 parts of pol yoxyal kyl ene pol yol which had an average

nol ecul ar wei ght of 10,000, average functionality of 4, and a propyl ene
oxi de/ et hyl ene oxi de nol ar addition polynerization ratio of 57/43 and was
used for preparation of a random addition prepol yner was added and reacted
at [err] for 2 hours with stirring. An ergani c polyi socyanate conposition
(c) for usdlin:a foam ng test was obtai ned and had an NCO content of 27.0
% 4) To 83.0 parts of pol ynet hyl enepol yphenyl isocyanate containing 71.1
wt % of the two benzene ring conpound, 16.3 w % of the three benzene ring
conpound, and 12.6 wt % of -t he f.uréﬁ mor & benzene ring conpound and | ess
active ingredients, 17.0 parts]of yl ene} di i socyanate having a
2,4-/2,6-isomer _rati 80/ 20 ‘Fded ahd sH d for an hour
Successi vel y 210€N Choty NEd had an averagel )

wherein h is 0 or an integer of 1 and moré, a weight ratio of a three
benzene ring compound (n=1) to the sum of a four or more benzene ring
compound (n= 2) and the less active ingredient [three benzene ring
compound]/ [four or.more'benzene ring compound+ less active ingredient]
is 1.1 to 20.0, and a content of a two benzene ring compound (n=0) is
from more than 60 % by weight to 90 % or less by weight, and

(b) 2,4- and/or 2,6-tolylene diisocyanate in a ratio (a)/(b) of
97/3 to 80/20, and

(C) using an active hydrogen containing compound consisting of
polyoxyalkylene polyol [hereinafter referred to as polyoxyalkylene
polyol (C)] having a hydroxyl value of 10 to 35 mgKOH/g, monool content
of 15 mol% or less, and a head-to-tail coupling selectivity of 96 mol%
or more, preferably 96 to 98 mol% in the propylene oxide addition
polymerization ; and a process for preparing the foam.

The present invention further includes a flexible high resilience
polyurethane foam and a preparation process of the same, comprising
using said organic polyisocyanate composition consisting of an
isocyanate terminated prepolymer obtained by reacting a mixture of (a)
said polymethylenepolyphenyl isocyanate and (b) said mixture of 2,4-
and/or 2,6-tolylene diisocyanate with‘a single compound or a mixture of
polyoxyalkylene polyol having a molar addition polymerization ratio of
an alkylene oxide having 3 or more carbon atoms to ethylene oxide of
60/40 to 15/85, aQerage functionality of 2 to 4, and average molecular

weight of 2,000 to 10,000. | e
This is the rep\acemem sh

Date: 73 JUL \%



nol ecul ak wei ght of 7,000, average functionality of 2, and a propyl ene

oxi de/ et hyl ene oxi de nol ar addition polynerization ratio of 15/85 and was
used for preparation of a random addition prepolyner was added and reacted
at [err] for 2 hours with stirring. An erfani c pol yi socyanate conposition
(d) for use in a foam ng test was obtained and had an NCO- content of 29.2
% 5) To 85.0 paPthenfprefeyred lagbecisp oify pine niylvehsimy dnalwiecast folliony 72. 3
wt % of the two benzene ring conpound, 20.2 wt % of the three benzene ring
conpound, and 7.3hak %%f inhehe ouganic polpidsmyasate rdomgosimipouns) and | ess
active ingredjents, 15.0 parts of tolylene diisocyanate having a

2, 4-1 2, 6- i sBAkmethyienepolgphenylyasocyanatie aind besr ried example, hbthreeAhenzene

organi ¢ pol yi socyanate_ c osition (e) for use in a foam ng test was
9 P ¥1ng é%mpound]/?gghr or moré ggnzene ring compound+-légs active

ingredient] of preferably 1.2 to 10.0, more preferably 2.0 to 4.0 and a
content of the two benzene ring compound ‘of preferably more than 60 % by
weight to 80 %.or less by weight.

Further, in the organic polyisocyanate composition (B), the
mixture of polymethylenepolyphenyl isocyanate (a) and 2,4~ and 2,6-
tolylene diisocyanate (b) has, for example, a mixture ratio (a)/(b) by
weight of 95/5 to 85/15.

Polyokyalkylene polyol used for preparing the isocyanate
terminated prepolymer (hereinafter referred to as polyoxyalkylene
polyol for modification) preferably has a molar addition polymerization
ratio of alkylene oxide having 3 or more carbon atoms to eﬁhylene oxide
of 50/50 to 20/80, average functionality of 2 to 4 and average
molecular weight of 3,000 to 8,000.

On the other hand, the polyoxyalkylene polyol (C), i.e. the active
hydrogen containing compound(C), is prepared, for example, by carrying
out addition polymerization of alkylene oxide on an active hydrogen
containing compound having 3 to 8 hydroxyl group in the presence of
alkali metal hydroxide, preferably cesium hydroxide in particular.

The flexible high-resilience polyurethane foam of the invention is
excellent in impact resilience, compression set and transmissibility at
6 Hz and enables to prevent problems-due to use of water as a blowing
agent and reduction of a catalyst amount, that is, deterioration of
impact resilience and compression set, increase in transmissibility at
6 Hz and reduction of ténsile strength, tear resistance and elongation.

Consequently, the flexible high-resilience polyurethane foam of

This is the replacement sheet



- 22 - obtained and had an NCO content of 34.8 % 6) To 93.0 parts of

pol ynet hyl enepol yphenyl isocyanate containing 80.1 w% of the two benzene
ring conpound, 17.4 wt% of the three benzene ring conpound, and 2.5 wt % of
the four or nore benzene ring conpound -afd-l ess active ingredients, 7.0
parts of talylene diisogyanate having a 2,4-/2,6-jisonmer ratio of 80/20 was
added and Ster FRYPYIPP P REGFEMedY SPELER EOpOPSASs Which StEorPlhEeAvITh (f)
for use in a fg m'tng_ test was. obtained and had an NC%) cont ent .%f. 34.4 % 7)
To 90.0 part*§eot=PorPRRThyFEhEHBIGPHnEMTH SPEERR £Fht 2L FRERFMIRGPFETY R0k of
the two berh?ze,n?of 'e'}gmﬁi)g:p%ﬂggion?i‘rbgmx\éé)@i%flstct'te vtem'.gfe li%@é s including a

head rest, sheet back and other sheet pads and sheet cushions.

DETAILED DESCRIPTION OF THE PREFFERED EMBODIMENT
In the present invention, tolylene diisocyanate is simply referred
to as TDI, diphenylmethane diisocyanate as MDI, 4,4;-diphenylmethane
diisocyanate as 4,4'-MDI, 2,4'-diphenylmethane diisocyanate as 2,4'-MDI
and polymethylenepolyphenyl isocyanate as poly-MDI, respectively.
Poly-MDI consists of polymethylenepolyphenyl isocyanate

represented by the formula (1) :

OCN@—CHZ {CNO\'C)O CHZ} @ NCO (1)

wherein n is 0 or an integer of 1 and more, and other less active
ingredients, for example, isocyanate dimers such as.carbodiimide,
uretone imine and uretidione compounds, isocyanate trimers such as
isocyanurate compounds and tarry materials having unspecified
structure.

The polybenzene ring compound of poly-MDI consists of a two
benzene ring compound (n=0), three benzene ring compound (n=1), and four
or more benzene ring compound (n= 2), decreases content with
increasing numbers of the benzene riﬁé, and substantially contains up
to a six benzene ring compound. Consequently, the amount of a four or
more benzene ring compound and a less active ingredient is referred to
as the total amount except the two and three benzene ring compounds.

In the organic polyisocyanate composition (B) which can be used in
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ring conpound, and 1.4 wt% of the four or nore benzene ring conpound and

| ess active ingredients, 10.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 18.5 parts of pol yoxyal kyleng pol yol which had an average

nmol ecul ar wei ght of 5,000, average functionality of 3, and a propyl ene

oxi de/ et hy!| Bife 18¥eMRp| 53) £94¥ THRI, cpBtains: thattwen bepzene singmyce@ound inas
used for prgparation of a randon1ad%ition prepol yner was added and reacted

at [err] fot" 2"RBAF LTWLEFA S iR OAn® Mg #RLEN LY PY ok Pandees danpieighti.on
5 8) To s LRRPr GrOBG R ENGT eporyRSant S50 0y Rifk o8t il VREAE AO%0
corpound, it 3 PEE BEnELRR AARTRESundY) ol 86 nol o SR8 Ty Compound”+
less active ingredient](hereinafter referred to as a weight ratio) of
1.1 to 20.0, preferably 1.2 to 10.0, mora preferably 2.0 to 4.0.

Exemplary marketed poly-MDI is COSMONATE M-200 (manufactured by
Mitsui Toatsu Chem. Inc.). This poly—MDI has the weight ratio of [three
benzene ring compound]/[four or more benzene ring compound + less
active ingredient] of 0.3 to 0.9 and is hence unsuitable for poly-MDI.
component which is used in the invention.

Poly-MDI which is used in the invention can be prepared by
phosgenation of a polyamine mixture formed by condensation of aniline
with formaldehyde in the presence of a catalyst according to'the
process described in, for example, Japanese Laid-Open Patent HEI 5-
310676. .- Poly-MDI which can be used for the invention can be obtained
by carrying out the above reaction under the described condensation and

- purification conditions described in the above patent.

The quantitativé analysis of the benzene ring composition in poly-
MDI can be carried out by subjecting the isocyanate group of poly-MDI to
deactivating such as a method for converting to methyl carbonate, and
successively to liquid chromatography using tetrahydrofuran or |
dimethylformamide as a solvent.

In the organic- polyisocyanate composition (B), no particular
limitation is imposed ﬁpon the isome£ ratio of (b) 2,4-TDI and/or 2,6-
TDI. The isomer ratio of 2,4-TDI/2,6-TDI includes 100/0, 80/20 and
65/35 by weight.

The organic polyisocyanate composition (B) which can be used in
the invention consists of the above (a) and (b), and has a ratio (a)/(b)
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and sl ess,active ingredients, 12.0 parts of tolylene diisocyanate having a
2,4-/12,6-isonmer ratio of 80/20 was added and stirred for an hour. An

or gani ¢ pol yi socyanate conposition (h) for use in a foam ng test was
obt ai ned and had an NCO-content of 34.8 % 9) To 85.0 parts of

pol ymet hyl enepol yphenyl isocyanate containing 67.5 wt % of the two benzene
ring conpo@fd?7/34to 4 200by tveighhy cerefenaklie 95/5 -t $§5/15 jhyy webgipoundhe and
8.5 wt % of the four or nore benzene ring conpound and | ess active

i ngr edi ent §OmAFsikipAr (B) SANtRY Preprred Wit \saset BY HHWilRg he coampanegtpstier

rati o of 80/20 was added and stirred for an hour.
and (b).

Further, the isocyanate terminated prepolymer obtained by reacting
the above organic polyisocyanate composition with polyoxyalkylene
polyol for modification can also be used as the organic polyisocyanate
composition of the invention. |

Polyoxyalkylene polyol for modification which can be used has a
molar addition polymerization ratio of alkylene oxide having 3 or more
carbon atoms, preferably 3 to 4 carbon atoms to ethylene oxide of 60/40
to 15/85, average functionality of 2 to 4, and averade molecular weight
of 2,000 to 10,000, or preferably has a molar addition polymerization
ratio of alkylene oxide having 3 or more carbon atoms, preferably 3 to
4 carbon atoms to ethylene oxide of 50/50 to 20/80, average
functionality of 2 to 4, and average molecular weight of 3,000 to 8,000,

The polyoxyalkylene polyol for modification can be used singly or as a

mixture. ‘

Polyoxyalkylene polyol for modification can be obtained by using
an initiator including an active hydrogen containing compound having a
functionality of 2 to 4, for example, ethylene glycol, propylene glycol
and other bifunctional active hydrogen containing compounds ; glycerol,
trimethylol-propane and other trifunctional compounds ; and
pentaerythritol, diglycerol and other four functional active hydrogen
containing compounds, and by carrying out polymerization of alkylene
oxide having 3 or more carbon atoms ahd ethylene oxide at a molar
addition polymerization ratio by 60/40 to 15/85 in the presence of a
catalyst. The polyoxyalkylene polyol thus obtained has a random
structure or a block structure or a mixture thereof. The random

structure is preferred. The polyoxyalkylene polyol for modification has
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Successively 14.5 parts of pol yoxyal kyl ene pol yol which had an average

nol ecul ar wei ght of 5,000, average functionality of 3, and a propyl ene

oxi de/ et hyl ene oxi de nol ar addition polynerization ratio of 65/35 and was

used for preparation of a random addit+ar2 prepol yner was added and reacted

at [err] for 2 hours with stirring. An organi c polyi socyanate conposition

(i) for usan iavepadeoawilagularsweight obt 2u098d tantl N8, aprafecrblibdt 8AP wf 30. 1

% 10) To 90.0 parts of polynethyl enepol yphenyl isocyanate containing 72.9
wt % of the8+t088-benzene ring conpound, 25.7 wm % of the three benzene ring

corrpound and 1.4 wt% of the four or nore bénzene ri n ound a d | ess

active ingredi eReEOxyalisyisne; Bolyol; §F Y| fqte uge| Yo tPantht énﬁé rﬁjmaa IS 've

24/26|so rr rati.o of 80/20 wa d an Ilrredfor

Successi vefS? §°§ %’&V%Y%ﬁqﬁﬂ?ﬂg@%gyﬁ%‘n@%b ’sf&tlﬁﬂlisnlﬁgﬁ %snlééve‘rmlé’
(C) can satisfy the above specified conditions in the molar addition
polymerization ratio of alkylene oxide to wethylene oxide, average
functionality and average molecular weight.

The reaction of the above organic polyisocyanate composition (B)
with polyoxyalkylene polyol for modification can be usually completed
by stirring at about 80°C for several hours.

Next, polyoxyalkylene polyol (C) which can be used ip the
invention has a hydroxyl value of 10 to 35 mgKOH/g, mbnool content of 15
mol% or less, and head-to-tail coupling seiectivity in propylene oxide
addition polymerization of 96 mol% or more, preférably 96 to 98 mols%.

Polyoxyalkylene polyol (C) is a compound or a mixture thereof
having structure obtained by addition polymerization of alkylene oxide
on an active hydrogen containing compound having 3 to 8 hydroxyl
groups.

Active hydrogen containing compounds include, for example,
glycerol, trimethylol propane, hexane triol, ﬁono-, di-, and tri-
ethanol amine, pentaerythritol, methylglucoside, diglycerol,
ethylenediamine, propylene diamine, sorbitol and sucrose.

These active hydrogen containing compounds can be used as a
mixture. _

Exemplary alkylene oxides which-can be addition polymerized on the
above active hydrogen containing compoﬁnds include ethylene oxide,
propylene oxide, buﬁylene oxide and styrene oxide. Propylene oxide is
used in most cases.

No particular restriction is 1mposed upon the polymerization type
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nol ecul ar wei ght of 1,400, average functionality of 2, and a propyl ene

oxi de/ et hyl ene oxi de nol ar addition polynerization ratio of 20/80 and was
used for preparation of a random addition prepol yner was added and reacted
at [err] for 2 hours with stirring. An-otdani c pol yi socyanate conposition
(j) for use i%r}.laérdgam ng tﬁzst was obtained and had an NCO- content of 28.0
% 11) To &8. BHALLHT POLYMRAIZIELON XS spRelfpe PXistey QRathe abaveiantage71. 1

wt % of the_ t benzene ri.ng conmpound, 16 3 % of the three benzene ring

conpound, Bﬁﬁgﬁgf%cﬂi’%’ﬁ’fmgh%o'%ﬁflgbr Ef5her \t,ﬁe]w‘?%n%r FRRGOT AAYEURTL 235 d N ess

2412, o Eair arrh s ket SfeRRtre eBRPIRAYEI R R s 5

ﬁgfﬁﬁﬁfgye% :htPRE 15 KibcRyYy Bé%gi’%ké’ g 1&e fﬁ%\ﬂg' aqvf%.ght&g.ﬂna@ 8¢/ 3h20e

ght™ of 4,000, averag unctronality o , and a propyl ene

polyol chain, that is, has a 5 % by weight or more of a terminal
oxyethylene group. The polyurethane foam.obtained by using such
polyoxyalkylene polyol is excellent in processing ability, curability
and mechanical strengths.

Polyoxyalkylene polyol (C) used in the invention has a hydroxyl
value of 10 to 35 mgKOH/g, preferably 20 to 30 thOH/g. The hydroxyl
value less than 10 mgKOH/g leads to remarkable viscosity increase in
polyoxyalkylene polyol (C) and polymer polyol obtained by using the
polyoxyalkylene polyol (C) as a matrix and cannot be practically used
for preparation of flexible high—reéilience polyurethane foam. On the
other hand, the hydroxyl value exceeding 35 mgKOH/g results in reduction
of impact resilience and also unfavorably impairs mechanical strengths
and processing ability of the foam.

Polyoxyalkylene polyol (C) used in the invention has a monool
content of 15 mol% or less. The content exceeding 15 mol% leads to
reduction of impact resilience and increase in compression set.

Further, polyoxyalkylene polyol (C) used in the invention is 96
mol% or more, preferably 96 to 98 mol% in the head-to-tail coupling
‘selectivity in addition polymerization of propylene oxide. The
selectivity less than 96 mol% gives harmful effect on all physical
properties such as impact resilienée,tcompression set and
transmissibility at 6 Hz, and at the same time reduces breathability of
the resulting foam and causes shrinkage of the foam in serious cases.

Such polyoxyalkylene polyol (C) used in tﬁe invention can be

prepared by carrying out addition polymerization of alkylene oxide, for
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- 24 - oxide/ethylene oxide nolar addition polynerization ratio of 10/90
and was used for preparation of a random addition prepol yner was added and
reacted at [err] for 2 hours with stirring. An organic polyisocyanate
conposition (k) for use in a foam ng testl4was obtai ned and had an NCO

f 308 | | i t
content of 2Qahpfe, b2dpyerm@3oRidiaahd SheROhYRPIRY! & g. %ﬂ%ﬁ%kg&%ﬁ@?ﬁﬁ e

containing 94.4 wt% of the two benzene ring conpound, - . ree
benzene ri ngheoapsuendct B h§d Aogdn®wceht ke n§ OdbmpBund i e thENFRIABNEE NBE a

conpound and | ess active ingredients, 17.0 parts of tolylene diisocyanate

havi ng a catalyst. Alkali metal hydroxide is used as the catalyst for addition
polymerization. Exemplary alkali metal hydroxides include potassium
hydroxide, sodium hydroxide and cesium hydroxide. Cesium hydroxide is
preferably used. The cesium catalyst ha§ commonly purity of 90 % by
weight or more. The amount of the catalyst is 0.05 to 0.5 mol for 1 mol
of polyoxyalkylene polyol.

The addition polymerization reaction is carried out at 60 to 98 °C

under elevated pressure of 4 kg/cm®* or less. The catalyst used is
removed after finishing the reaction by neutralization with hydrochloric
acid or phosphoric acid, adsorption with an adsorbent, washing with
water or ion exchange with an ion exchange resin.

Polyoxyalkylene polyol (C) used in the invention can be replaced
at least portionally by polymer polyol (Trade Mark) which is |
polyoxyalkxlene polyol modified by addition polymerization of an
ethylenically unsaturated monomer.

No particular restriction is put on the ethylenically unsaturated
monomer. Exemplary monomers include acrylonitrile, styrene, methyl
methacrylate and vinylidene chioride. Polymers'obtained from these
monomers are dispersed in the form of particulates having usually a size
of 0.1 to 10 ¢4 .

Combined use of the above polymer polyol with polyoxyalkylene
polyol can provide permeability improvement and hardness increases for
the foam without decreasing impact resilience, compression set and
transmissibility at 6 Hz of the foam.

Polyoxyalkylene polyol (C) is used after preparing a resin premix
by previously mixing with other ingredients in order to obtain the
flexible high-resilience poléurethane foam by reacting with the above
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2,4~/ 2, 6~isomer ratio of 80/20 was added and stirred for an hour. An
organi ¢ pol yi socyanate conposition (1) for use in a foaming test was
obt ai ned and had an NCO-content of 35.9 % 13) To 93.0 parts of

pol ynet hyl enepol yphenyl isocyanate contailirg 58.5 wt % of the two benzene

ring COWDO%,\%@&%%@%M@ é&ﬁﬁ,ﬂsigggﬁd ri ng conpound, and 4.6 wt % of

the four or re benZene t1ng conpoun éss active ingredients, 7.0

parts of tolylengy&hdeeystrire i ReMddients 2udt beZedhitalRBRTid hbOr&Yindfafl Mas
added and stirred for an hour. An organic polyisocyanate conposition (m

for use in ghd1Ra8 AP lRShg Vifene Pl Gtaa¢s e buirgdcedhtNehl crtseDiniing3dgdht’o
14) To 100.0 parts of pol ynet hyl enepol yphenyl isocyanate containing 71.1
wt % of the two behe eslowingageatp@nds Ratér W fadr che bdnwedbsirrageor iing

compound, and 7.0 wt% of the four or nore benzene ring
combination with carbon dioxide, nitrogen or hydrocarbon.

However, use of a chlorofluorocarbon blowing agent is unfavorable
in view of global environmental protection against destruction of an
ozone layer.

Use of the organic polyisocyanate composition obtained by mixing
poly-MDI having a specific benzene ring composition of the invention
with TDI in a specified ratio and polyoxyalkylene polyol (C) having a
hydroxyl value, monool content and head-to-tail coupling selectivity
which satisfy specific conditions can quite'surprisingly prepare a
flexible polyurethane foam having an overall density of 55 kg/m* or
less, high mechanical strengths, high impact resilience, low compression
set and low transmissibility at 6 Hz by use of a reduced amount of an
amine catalyst in the quite absence of the chlorofluorocarbon blowing
agent. .

The catalyst which can be used is triethylenediamine,
dimethylethanolamine, bis(dimethylaminoethyl) ether and other known
catalysts.

The surfactant which can be used is a silicone type surfactant,
for example, SRX-274C (Trade Mark of Toray- Daw Corning Co.) and L-5309
(Trade Mark of Nippon Unicar Co.)

The crosslinking agent which can be used is triethanolamine,
diethanolamine and other alkanolamine crosslinking agent.

A flame retardant, viscosity reducer, antioxidant, colorant, and
other known auxiliary agents can also be used.

In preparing the foam of the invention, the above organic
This is the replacement sheet

Date: - 72 JUL 1998



compound -and | ess active ingredients, 13.5 parts of pol yoxyal kyl ene pol yol
havi ng an average nol ecul ar wei ght of 5,000, average functionality of 3,
and a propyl ene oxi de/ et hyl ene oxi de nolar addition polynerization ratio of
100/ 0 and being used for preparation of ¥ prepol yner was added and reacted

o L1 bR 1Hielta BoSBAEELON, 3 SEIRE PO SSEURIELE, cosi L o
oo i g TR BB REAPTERDANEEOL RIS RNENE, e
benzene agents so as to obtain a prescribed NCO-index, and poured into a mold

by common procedures to obtain a foam having a desired shape.

According to the present invention, the flexible high-resilience
polyurethane foam which has been molded jnto a vehicle sheet and other
articles has high mechanical strengths, high impact resilience, low
compression set and low transmissibility at 6 Hz.

The invention will be illustrated by way of examples hereinafter.
Part and % in the examples and comparative examples mean part by

weight and % by weight, respectively.

i. Synthetic Examples of Polyoxyalkylene Polyol (C)
(1) synthesis of polyoxyalkylene polyol A

To 1 mol of.glycerol, 0.23 mol of cesium hydroxide was added and
dehydrated at 100°C for 6 hours under reduced pressure. Successively,
addition polymerization of propylene oxide was carried out at 80°C,
under maximum reaction pressﬁre of 3.5 kg/cm* and then addition
poiymerization of ethylene oxide was carried out at 97°C.
Polyoxyalkylene polyol thus obtained had a hydroxyl value of 24 mgKOH/g
and a terminal oxyethylene group content of 15 wt%.

Liquid chromatography was carried out on the polyoxyalkylene
polyol with a liquid chromatograph instrument manufactured by Nippon
Bunko Co. Monbol content was measured from the area ratio of triol and
monool in the chrométogram. The monéol content was 8.0 mol$.
Selectivity of head to tail coupling was 96.3 mol%.

Selectivity of head-to-tail coupling was measured with a 400 MHz
Ct* NMR instrument manufactured by Nippon Densi Co. by using deuterated

chloroform as a solvent. The selectivity was measured on the obtained
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ri ng conpound, and 12.5 wt% of the four or nore benzene ring conpound and
| ess active ingredients, 25.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An

or gani ¢ pol yi socyanate conposition (0) -fdo7 use in a foam ng test was

bt ai ned NoF t 9 90. f .
pol yret hy?gﬁl;po ygﬁg%?uﬁ%g%%%gg&%g‘ﬁ%ﬁipgmbg%'?g.ofd‘%8%’o?‘r Heths aisane
ri ng conpou r n n n %:
thegf ou?por t]rrdrggQgeln-);\tte‘fr)loggr|)'ng ggrrpl%ﬁ:rlllggaiﬁgrpeéé %‘c%?gg&%gr%‘reg%i eré?“ggt%&dng

parts of tohydene-dhiseem nﬂ&getbaevimna_l26147,/72;§-ﬂaﬁ@"§;§m)r ¥l enOineBR{20 Was
added and stirred for an hour. An organi c polyi socyanate conpositioh (p)

for use in qrdupashngn taypbropE enbt sadiedlt aldk igdheda-NeChen ceapl1 ig.34. 7 %
17) To 90.0 parts of polynethyl enepol yphenyl isocyanate containing 69.8
Assignment of each signal was referred to the value described in the
report ; F.C. Schiling and A.E. Tonelli, Macromolecules 19, 1337-1343
k1986). |
(2) synthesis of polyoxyalkylene polyols B to D
Polyoxyalkylene polyols B to D were obtained by carrying put the
same procedures as described in Synthetic Example (1). Table 1
illustrates structure and analytical data of polyoxyalkylene polyols A
to D. In the table, numbers of hydroxy group, 3 méans a glycerol

initiated polyalkylene polyol and 4 means a pentaerythritol initiated

polyalkylene polyol.

Table 1
Polyoxfalkylene polyol (C) A B C D
Numbers of hydroxy group 3 3 3 4
Hydroxyl value (mgKOH/g) 24 . 28 21 24
Terminal oxyethylene 15 15 15 15

content (wt%)

Monool content (mol%) 8.0 7.2 10.5 14.0

Head-to-tail coupling 96.3 96.4 97.0 96.4
selectivity (mol$)

(3) Synthesis of polyoxyalkylene polyol E
To 1 mol of glycerol, 6.93 g of a so-called composite metal
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wt %.0f the two benzene ring conmpound, 12.5 wt % of the three benzene ring

conpound,

and 17.7 wt% of the four or nore benzene ring conpound and | ess

active ingredients, 10.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 was addedignd stirred for an hour.

Suecess! voLfahlof BAlLandle i) blbelanol ho LS DO 0 81t B

nmol ecul ar wei

aver e functiona Ity

0xi de/ et hyIc18r 03d 4GB0t Hnd2d HhdtrBRyPHNEE! 222108 'Hd Qagf 190/ O and was

used for preparation of a random a

It1on prepolynmer was a and reacted

at [err] fQol3mémidasivhtdt prbpyidha. offHeOl L 20 YOROGY ARAR i6RNPOSI ti on
(q) for use in a foam ng test was obtained and had an NCO- content of 28.8
% Tabl e 3 tangedathire 4f i90°QStfiddre ihavedsRicpredsueeBOS.0i R§emNd anount s of
charge in the organi c polyi socyanate conpositions used in

Polyoxyalkylene polyol obtained had a hydroxyl value of 33'mgKOH/g. The
above composite metal cyanidation complex.catalyst was extracted with
én aqueous ammonia solution, polyoxyalkylene polyol was purified by
washing with water, successively 0.23 mol of potassium hydroxide was
added for 1 mol of glycerol, and dehydration was carried out at 100 °C
for 6 hours under reduced pressure. Thereafter addition polymerization
of ethylene oxide was carried out at 100 °C. Polyoxyalkylene polyol
obtained had a hydroxyl value of 28 mgKOH/g and terminal oxyethylene
groﬁp content of 15 wt%.

Monool content and head-to-tail coupling selectivity of
polyoxyalkylene polyol was measured by carrying out the same procedufes
as described in the above synthetic Example (1). The polyol had a
moncol content of 9.6 moi% and a head-to tail coupling selectivity of
85.4 mols%.

Table 2 illustrates structure and analytical data of
polyoxyalkylene polyol E. |

(4) Synthesis of polyoxyalkylene polyol F

To 1 mol of glycerol, 0.37 mol of potassium hydroxide was added
and dehydrated at 100 °C for 6 hours under reduced pressure, addition
polymerization of propylene oxide was successively carried out at
reaction temperature of 115 °C, under ' increased pressure of 5.0 kg/cmz
and then addition pdlymerization of ethylene oxide was carried out at
115°C to obtain polyoxyalkylene polyol having a hydroxyl value of 28
mgKOH/g. Terminal oxyethylene group content was 15 wt%.

Monool content and head-to-tail coupling selectivity were measured

This ié the replacement shut
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t he-exanpl es and conparative exanpl es. - 26 - [err] -27- [err]

- 19 -
by carrying out the same procedures as described in Synthetic Example
(1) of the polyoxyalkylene polygl. The monool content was 29.3 mols
and the head-to-tail coupling selectivity was 96.3 mol%.

Table 2 illustrates structure and analytical data of

polyoxyalkylene polyol F.

Table 2 .
Polyoxyalkylene polyol (C) E F
Synthetic catalyst Composite metél Potassium hydroxide

cyanidation complex

Numbers of hydroxyl group 3 : 3
Hydroxyl value (mgKOH/g) 28 28
Terminal oxyethylene group 15 15
content (wt%)
Monool content (mol$) 9.6 29.3
Head-to-tail coupling 85.4 ' 96.3
selectivity (mol$%)

2. Synthetic Examples of Polymer Polyol
(1) Polymer polyol a ’
Polymer polyol having a hydroxyl value of 19.5 mgKOH/g which was
obtaineé by graft polymerization of 20 parts of acrylonitrile on 100
parts of polyoxyalkylene polyol A (cesium hydroxide catalyst was used).
(2) pPolymer polyol e
Polymer polyol having a hydroxyl'value of 22.8 mgKOH/g which was
obtained by graft polymerization of 20 parts of acrylonitrile on 100
parts of polyoxyalkylene polyol E (composite metal cyanidation complex
catalyst was used).
(3) Polymef_polyol £
Polymer polyol having a hydroxyl value of 22.8 mgKOH/g which was

obtained by graft polymerization of 20 parts of acrylonitrile on 100

parts of polyoxyalkylehe polyol F (cesium hydroxide catalyst was used).
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- 28 - 4. Preparation of Resin Prem x Pol yoxyal kyl ene pol yol (C) and pol yner
pol yol which were prepared in the above 1 and 2 were used. To a m xture of
pol yoxyal kyl ene polyol (referred to as an active hydrogen conpound in the
tabl es) and polymer polyol as illustrated in Table 5 and Table 6, additives
wer e added and m xed as described below to forma prem x and used for
exanpl es and conparative exanples. (unkt2g -wt part) Pol yoxyal kyl ene pol yol
Ato F 80 Polymer polyol a to f

20 SRX- 274C (3Si brepuratson fdc bagdnic Polyisocyanate Composiki®n
The following organic polyisocyanate compositions (a) to (q) were
prepared and used for examples and comparative examples.

1) To 85.0 parts of polymethylenepolyphenyl isocyanate containing 67.5
wt% of the two benzene ring compound, 24.0 wt% of the three benzene
ring compound, and 8.5 wt% of the four or more benzene ring compound
and less active ingredients, 15.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 14.5 parts of polyoxyalkylene éolyol which had an average
molecular weight of 3,000, an average functionality of 2 and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 20/80 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (a) for use in a foaming test was obtained and had an NCO-
content of 29.7 % .

2) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 72.9
wt% of the two benzene ring compbund, 25.7 wt% of the_three benzene
ring compound, and 1.4 wt% of the four or more benzene ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 18.5 parts of polyoxyalkylene polyol which had an average
molecular weight of 7,500, an average functionality of 3 and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 50/50 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (b) for use in a foaming test was obtained and had an NCO-
céntent of 29.0 %.

3) To 95.0 parts of polymethylenepolyphenyl isocyanate contalnlng 85 0
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manuf act-ured by Toray * Dow Corning Co.) Mnico L-1020 (Am ne catal yst)

.3 (manuf actured by Katsuzai Chem Co.) Mnico TMDA (Am ne catal yst)

.1 (manuf actured by Katsuzai Chem Co.) Water (Bl ow ng agent)

3.6 Exanples 1~ 14 The organi c polyi socyadate conpositions a to h which
were prepared in the above 3 and the resin prem xes prepared in the above 4
vere mixed ¥5%RE ttheobraibenzenanedng ermpoyndi 0 -dswid ofstheittdrepnbandsne 5

and used for  preparing.a | ded s e for _eval uation of foam properties.
The propert 'rrégg °H8‘és Lﬂr‘r‘gdgaff”égn% 1% A9UE PrsPAFR] beprene 1Hgr SORROYRE
denol di ng.

(
0
0

and less active ingredients, 5.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 wés added and stirred for an hour.
Successively 20.0 parts of polyoxyalkylene polyol which had an average
molecular weight of 10,000, average functionality of 4, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 57/43 and
was used for preparation of a randomléddition'prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (c¢) for use in a foaming test was obtained and had.an NCO-
content of 27.0 %.

4) To 83.0 parts of polymethylgnepolyphenyl isocyanate containing 71.1
wt% of the two benzene ring compound, 16.3 wt% of the three benzene
ring compound, and 12.6 wt% of the four or more benzene ring compound
and less active ingredients, 17.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 21.0 parts of polyoxyalkylene polyol which hadlan average
molecular weight of 7,000, average functionality of 2, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 15/85 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (d) for use in a foaming test was obtained and had an NCO-
content of 29.2 %.

5) To 85.0 parts of polymethylenepolyphenyl isocyanate containing 72.3
wt% of the two benzene ring compound} 20.2 wt% of the three benzene
ring compound, and 7.5 wt% of the four or more benzene ring compound
and less active ingredients, 15.0 parts of tolylene diisocyanate having
a 2,4;/2,6-isomer ratio of 80/20 was added and stirred for an hour. An

organic polyisocyanate composition (e) for use in a foaming test was
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Mol di ng was carried out under follow ng conditions. Mdld : A umnumtest
nold with di nensions 400X 400X 100 mm Mol d tenperature : 55 J[err]

Denolding tinme : 4 minutes (frompouring the reaction mxture into - 29
- the nold to denolding the foan) Foam.pspperties' were measured in

accor dance th the foll ow n% met hod. Overall density [err] : JI'S K-6401
25 % | LD (KYeRiAef And pad an NCOjgantent ef 34.8 $.

6) To 93.0 parts of polymethylenepolyphenyl isocyanate containing 80.1
wt%.of the two benzene ring compound, 17.4 wt% of the three benzene
ring compound, and 2.5 wt% of the four or more benzene ring compound
and less active ingredients, 7.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ‘ratio of 80/20 was added .and stirred for an hour. An
organic polyisocyanate composition (f) for use in a foaming test was
obtained and had an NCO-content of 34.4 %.

7) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 72.9
wt% of the two benzene ring compound, 25.7 wt% of the three benzene
ring compound, and 1.4 wt% of the four or more benzene ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Succéssively 18.5 parts of polyoxyalkylene polyol which had an average
molecular weight of 5,000, average functionality of 3, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 40/60 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (g) for use in a foaming test was obtained and had an NCO-
content of 28.9 %.

8) To 88.0 parts of polymethylenepolyphenyl isocyanate containing 70.0
wt% of the two benzene ring compound, 27.9 wt% of the three benzene
ring compound, and 2.1 wt% of the four or more benzene ring compound
and less active ingredients, 12.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was‘;dded and stirred for an hour. An
organic polyisocyanate composition (h) for use in a foaming test was
obtained and had an NCO-content of 34.8 %.

9) To 85.0 parts of polymethylenepolyphenyl isocyanate containing 67.5

wt% of the two benzene ring compound, 24.0 wt% of the three benzene
This is lhe replacement shost
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Tensile strength (kg/[err]) :JIS K-6401 Tear resistance : JIS
K- 6401 El ongation (% : JI'S K-6401 I npact resilience (%
:JI'S K-6401 50 % Conpression set (%9 (dry, heat) : JIS K-6301

T_raﬂsrri Sjsibbi lity at 6 Hz (%f: Measur ed ddder 50 kg |l oad, 5 nm anplitude
with a vibrat t est Sei Ki : | t.

1 ustrat o SomgpinE’ ARRCHLS el S e ESS: 28 e opoeats mifg RSN as
good i mpact _resi i Lo ,
0ah tene: Padcted, SPEfve, ARAPRGRIRE TSN BTpitts orYOiARNE AR ace Rav il
overal | denshty_ of ¢2dsdnle’ kafio l02S8a/20 was added and stirred for an hour.

Successively 14.5 parts of polyoxyalkylene polyol which had an average
molecular weight of 5,000, average functionality of 3, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 65/35 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate

- composition (i) for use in a foaming test was obtained and had an NCO-
content of 30.1 %. |

10) To 90.0 parts of polymethylenepolyphenyl isocyanate containing 72.9
wt% of the two benzene ring compound} 25.7 wt% of the three benzene
ring compound, and 1.4 wt% of the four or more benzene ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 18.5 parts of polyoxyalkylene polyo; which had an average
molecular weight of 1,400, average functionality of 2, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 20/80 and
was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (j) for use in a foaming test was obtained and had an NCO-
content of 28.0 %.

11) To 83.0 parts of polymethylenepolyphenyl isocyanate containing 71.1
wt% of the two benzene ring compound, 16.3 wt% of the three benzene
ring compound, and 12.6 wt% of the fSur or mofé benzene ring conipound
and - less active ingredients, 17.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour.
Successively 21.0 parts of polyoxyalkylene polyol which had an average

‘molecular weight of 4,000, average functionality of 2, and a propylene
This is the replacement sheet
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30 - . - 31 - [err] - 32 -

- 24 -

oxide/ethylene oxide molar addition polymerization ratio of 10/96 and

was used for preparation of a random addition prepolymer was added and
reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (k) for use in a foaming test was obtained and had an NCO-
content of 29.1 %.

12) To 83.0 parts of polymethylenepolyph;nyl isocyanate containing 94.4
wtd of the two benzene ring compound, 5.2 wt% of the three benzeﬁe ring
compound, and 0.4 wt% of the four or more benzene ring compound and
less active ingredients, 17.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (1) for use in a foaming test was
obtained and had an NCO-content of 35.9 %.

13) To 93.0 parts of polymethylenepolyphenyl isocyanate containing 58.5
wt% of the two benzene ring compound, 36.9 wt% of the three benzene |
ring compound, and 4.6 wt% of the four or more benzene ring compound
and less active ingredients, 7.0 parts of tolylene diisocyanate having a
2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (m) for use in a foaming test was
obtained and had an NCO-content of 34.0 %.

14) To 100.0 parts of polymethylenepolyphenyl isocyanate containing
71.1 wt$ of the two benzene ring compound, 21.9 wt% of the three |
benzene ring compound, and 7.0 wt% of the four or more benzene ring
compound and less active ingredients, 13.5 parts of polyoxyalkylene
polyol having an average molecular weight of 5,000, average
functionality of 3, and a propylene oxide/ethylene oxide molar addition
polymerization ratio of 100/0 and being'used for preparation of a
prepolymer was added and reacted at 80 °C for 2 hours with stirring.

An organic polyisocyanate composition (n) for use in a foaming test was

obtained and had an NCO-content of 29.0 3%. This is fhe replacement shest
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Conpar at ¥ve Exanples 1- 13 The organi ¢ pol yi socyanate conposition a
obtained in the above 3 was reacted with a resin prem x conprised of

pol yoxyal kyl ene polyol E and pol yner polyol e. The organic polyisocyanate
conposition a was reacted with a resin -peenix conprised of polyoxyal kyl ene
pol yol F and pol yner polyol f. The organic pol yi socyanate conpositions i to
q were react¥d TR ¥ B ¢ S&rks pfc Prikerethvd paeral yohenytie isboyanate tontaiyingsks p

t he pol yi socyanate co sitions,and resin pren xes were used so as to :
obt a!on Zm 'ﬁ%qr}nﬁg?( 'ﬂ*;g)gﬁ'@ze&? FERq qompewrd i A7Tamté of thee thaee hensemelur es

as described in Exanples 1~.14 were carried out to prepare nolded foam
sanpl es foFlnélgloﬂg?%Ag 5P%p]é%$| ‘éE{. °Fh§£?)rfc?b‘ér?¥ FOrRebenzapes rird capBoYss Ul t s

are shown éﬁh-ﬁ%ggeaé%ive ingredients, 25.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. An
organic polyisocyanate composition (o) fon use in a foaming test was
obtained and had an NCO-content of 36.5 $%.

16) To 90.0 parts of polymethylenepolyphenyl.isocyanate containing 78.9
wt% of the two benzene ring compound, 20.3 wt% of the three benzene
ring compound, and 6.8 wt% of the four or more benzene ring compound
and less active ingrédients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio of 80/20 was added and stirred for an hour. an
organic polyisocyanate composition (p) for use in a foaming test was
obtained énd had an NCO-content of 34.7 %.

17) To 90.0 parts of polymethylenepolyphenyl isocyanate contaiﬁing 69.8
wt% of the two benzene ring compound, 12.5 wt% of the three benzene
ring compound, and 17.7 wt% of the four or more benzene ring compound
and less active ingredients, 10.0 parts of tolylene diisocyanate having
a 2,4-/2,6-isomer ratio_of 80/20 was added and stirred for an hour.
Successively 19.0 parts of polyoxyalkylene polyol which had an average
molecular weight of 5,000, average functionality of 3, and a propylene
oxide/ethylene oxide molar addition polymerization ratio of 100/0 and
was used for preparation of a random addition pfepolymer waé added and

- reacted at 80 °C for 2 hours with stirring. An organic polyisocyanate
composition (g) for use in a foaming ﬁést was obtained and had an NCO-
content of 28.8 %. |

Table 3 and Table 4 illustrate raw material compositions and
amounts of charge in the organic polyisocyanate compoéitions used in

the examples and comparative examples. place ment sheet
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The- f oans in Conpar ati ve Exanples 1~ 13 do not satisfy the spécification of
the invention in the conposition of organic polyisocyanate used or the

structure of pol yoxyal kyl ene pol yol (O is, as seen in Table 2,
pol yoxyal kyl ene polyol (C) which was used n Oorrparatlve Exarrpl es 1 and 3
has too | ow sel ectiVITy of TNegf & far t— cpuptg—Tn—gropyte O¥%t-cHe-
addi tion polymerizgtion.Sln Comprat)i e Examp| es 2}lagd 4 noneol eoptent is
. . ¢ (=) .
too high in pol yoxyal%lﬁne pot yor (CP used® [T orggni cf pol yigsqcganat e
conposition (B) in [Conparalive Exanpgle 5 {s tpbo low in the nplarf addlition
pol yneri zation ratijo off polyoxyal lkyllese pplyof 1 n e¢thylepe rdg 10
nodi fication. On thepthgr|hardg the wat i Jﬁs too hgh in npariatli ye
Exanpl e 7. The orggni c |p®l yi socyanatte conposifion ifn Conpa aft i'vd BExqnpl e 6
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nol ecul ar wei ght of pol yoxyal kyl ene pol yol for nodification. Conparative
Exanpl e 8 has too high content of two benzene ring conpound in the organic
pol yi socyanat e conposition. On the other hand, Conparative Exanple 9 has
too |l ow content thereof. In Conparative- R8aaple 10, the whol e organic

pol yi socyanate i s pol ynet hyl enepol yphenyl isocyanate and contains no

tolyl ene di4seeyparitaonPr tRe@iRt B¥@mikand, the organic polyisocyanate
conposition has two high weight ratio of tolylene diisocyanate in :
Conpar ati ve Exapplyoxbhlkiiehe0 bgRyold CPoand $otymeraipd1 ¢S thiwdte Prepared
Conparative Exanple 12 has too high weight ratio of [three benzene ring
conpound] / {d ahe abovenilealidrz @aee rniseg.conpound+ | ess active ingredients]. On
t he other hand, Conparative Exanple 13 is too lowin the weight ratio. As
ment i oned aboveToia miksuraisd pplymsiyagkylaneopglynlc (referred to as an active

hydrogen compound in the tables) and polymer polyol as illustrated in
Table 5 and Table 6, additives were added 'and mixed as described below
to form a premix and used for examples and comparative examples.

(unit : wt part)

Polyoxyalkylene polyol A to F 80
Polymer polyol a to £ 20
SRX-274C (Silicone surfactant) 1.0

(manufactured by Toray + Dow Corning Co.)

Minico L-1020 (Amine catalyst) 0.3
(manufactured by Katsuzai Chem. Co.)

Minico TMDA (Amine catalyst) 0.1
(manufactured by Katsuzai Chem. Co.)

Water (Blowing agent) 3.6

Exémplgs 1~14
The organic polyisocyanate compositions a to h which were prepared
in the above 3 and the resin premixes prepared in the above 4 were
mixed so as to obtain an NCO-index of 100 as illustrated in Table 5 and
used for preparing a molded sample for evaluation of foam properties.
The properties were measured after.allowing to stand for 24 hours
from demolding.
Molding was carried out under following conditions.
Mold : Aluminum test mold with dimensions 400X 400X 100 mm
Mold temperature : 55 * 2°C

Demolding time : 4 minutes (from pouring the reaction mixture into

This is the replacement shoeet
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pol yi socyanate conposition which is outside the scope of the invention, the
organi ¢ pol yi socyanate conposition nodified with unsuitable polyoxyal kyl ene
pol yol , or pol yoxyal kyl ene polyol (C) as an active - 36 - hydrogen
conpound, the curing property of the foam decreases at the denol ding tineg,
and additionally, the foamalso |owers t@fstle strength, tear strength,

el ongation and ot her nechani cal strengths, inpact resilience, conpression

set and transmissibility at GH& moFX B leRolding e F¥pyonparative Exanples
14~17 A resin prem x was prepared by using an i'ncreased anount of the

Foam properties’ were measured in accordance with the following

method.
Overall density (kg/m®) :+ JIS K-6401
25 % ILD (kg/314 cm?) : JIS K-6401
Tensile strength (kg/cm?) : JIS K-6401
Tear resistance : JIS K-6401
Elongation (%) : JIS K-6401
Impact resilience (%) : JIS K-6401

50 % Compression set (%) (dry, heat) : JIS K-6301
Transmissibility at 6 Hz (%) : Measured under S50 kg load,
5 mm amplitude with a vibration tester manufactured by Ito
Seiki Co.
Results are illustrated in Table 5
As seen in Table 5, the foam of the invention has good impact
resilience, good compression set, low transmissibility at 6Hz, high
tensile strength, high tear resistance and large elongation even in a

overall density of 55 kg/m* or less.
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catalyst“in the resin prem x preparation of the above 4. The resin prem X
thus prepared was m xed with an organi ¢ polyi socyanate conposition (B) and
poured into a nold to obtain a nol ded foam sanple for use in the eval uation
of foam properties. Table 7 illustrates used pol yoxyal kyl ene pol yol (O,

pol ymer pol yol and organi c pol yi socyanat8oconposition (B). The foll ow ng
formul ation was used in the resin premx. (unit : w part) Pol yoxyal kyl ene

pol yol (O 80 Pol ynmer pol yol
20 SRX-274C (Silicone surfactant) 1.0
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(manuf act ured by Katsuzai Chem Co.) Mnico TMDA (Am ne catal yst)

0.15 (manufactured by Katsuzai Chem Co.) Water (Bl ow ng agent)

3.6 Preparation of nolded foam sanple for evaluation of properties and the
met hod of measuring the properties were the sane as carried out in the
exanpl es and conparative exanples. Results are illustrated in Table 7.

37 - As illustrated in Table 7, Exanples3ll5, 16 and 17 used equi val ent

o o (] v ¥ o~
. . (421 O (9] < [Tp] [Te]
=" @ « < (] [3a) [5g] . . — o~ . .
— ~ wn o~ R —~ — o
o = o] - wn (9] (32
. . <y ™~ ™ O [ ] n
[~ m (5] bO o ™ kN . . oy ™~ . .
— —i wn ~N L o —f — (=]
. . ™ ~ 73!
(AN ] [asn] 3 ot o <p o . . - ™~ . .
— —{ (Yo} ™~ i o L] -t o
[}
a o ™ < N o o
4 4 o ™~ 22 \¥e] - w
E — < < ’O (o] (o] —{ . . (o] o~ - pe
g — ~{ Te] (o] -t — L] o
m
o wn n 8 [ @
. . ~ o &~ (=] <
< < < o o <+ o~ . . P ~ . .
— 7] (3] —{ (o] —~t — o
—]
TS |8 | o A
(o] . . <p Ve
S < ] O o ™ - . . o~ ~ . .
— un o i o i — =]
IR EEREY w | B
o . .
s Qo < L o ™ o~ . . -l ™ . .
— [Te} o L] (=] ~{ ~ — (=]

+J
- — ‘U
(& m Q
e A _c
— o] >y
o (¢] . 1%
Sy ol — )
—~ o ~ — S
0 s — [ N
2, 1] ™ O 1= bl e}
- o]} £ ~ O ~ o0
3 gl & S el BBl 7|
~N
3 0} o o} kv £ - L] - o Y]
S — e 0 —~ ~— O ~ - [} «
o | > ~— o _ L) @ ]
) A Q ] S ~ o 3] By
= ~ o + - > ™ + Q -~ ol o +$
0 [ o + ~ o &) o o o] o
3] > - c X - o ] <] -~ = -l —
~ x [} [ [)] 4 [] [} — )] o
[o] 1= > o] o ~ 3] + Il 7] 0
> > Q QO ()] + ] = 0 ] o
213|219 “lal®lalS]%] 8] %
- (7]
[« [« Ul Q > —~ %= [} (U] 44 E )
W > =] s —~ ] -t ¥ :u 2 o] =
— ~ 5 o - o 0 Q 0
) o] © - ae 7] e o ) o
~ o, 5 0, ) o o o] g | o o
Q b Q [o] > 79 [J] @ — 5 (=3 St
[0} -~ Q o 4 (o) ™~ 2] B4 2] - n [
£ 13 ord =} jo 1)
[ =] [ = el
M [} 1 =4
n o 8 | «
Q % o]
[+ QO 2 fy

This is.the replacement sheet .

Date: 93 JUL 1996



pol yoxyalkyl ene pol yol (C) and organi c polyi socyanate conposition (B) to
those of Exanples 1, 5 and 6, respectively. On the other hand, conparative
exanpl es 14, 15, 16 and 17 used equi val ent pol yoxyal kyl ene polyol (C) and
or gani ¢ pol yi socyanate conposition (B) tf t hose of Conparative Exanples 1,
2, 5 and 9, respectively. As seen in Tab 277, in spite of the difference in

the catal yst conpardtivehexdmpags of~tBe i nvention is excellent in nmechanical
strength inpact resilience, conpression set and transmssibility at 6 Hz.

I n other words, exthel begenipr pphyilscegan:ie bempdyidios th @veRindd anl €8S 2BBVY M
of the catalyst and the foggi ng phenonmenon can be inproved. On the other
hand, foans @fstiractedpartit Aveesinappémist epinphigedaot i gdllyexyaikyQenaseiilyol E
sonme properties by increase i.n the catal yst anount. However, the foans of
t he i nventi oANARAYREEHPSLYSér¢or The organic polyisocyanate composition a was

reacted with a resin premix comprised of polyoxyalkylene polyol F and
polymer polyol f. The organic polyisoc&anate compositions i to g were
reacted with resin premixes prepared in the above 4.

In any cases, the polyisocyanate compdsitions and resin premixes
were used so as to obtain an NCO-index of 100 as illustrated in Table
6. The same proéedures as described in Examples 1~ 14 were carried
out to prepare molded foam samples for evaluating properties. The

properties were measured and results are shown in Table 6.
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cat-al yst:, surfactant and other auxiliary agent wth an organic

pol yi socyanat e conposition, conprising: (A using water as the bl ow ng
agent, (B) using an organic polyi socyanate conposition consisting of: (a)
pol ynmet hyl enepol yphenyl isocyanate represented by the formula (1): [err]
wherein nis 0 or an integer of 1 and nore,zga-weight ratio of the three
benzene ring conmpound (n=1) to the sumof the four or nore benzene ring
conmpound(n[err]2) and the less active ingredient[three benzene ring
conpound] /] four or nore benzene ring conpound + | ess active ingredient] is
1.1 to 20.0, and a content of the two benzene ring conpound (n=0) is from
nore than 60 % by weight to 90 % or |ess by weight, and
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(b) '2,4-and/or 2,6-tolylene diisocyanate in a ratio (a)/(b) of 97/3 to
80/ 20, and (C) using the active hydrogen contai ni ng conpound consi sting of
pol yoxyal kyl ene polyol (C) having a hydroxyl value of 10 to 35 ng KOH g,
monool content of 15 nmol % or |ess, and-a¥head-to-tail coupling selectivity
of 96 nol %or nore. 2. A flexible high-resilience polyurethane foam
according to cl aiThe1£9aMs dnnComparativse Bxamples Ag- Lhmvonot |dattdsfy cthenor e
benzene rin . -. 40. - campound + | ess active ingredient] is 1.2 to 10.0
and t he Congg$ﬁ1§}patlon oanhe invention in the composition of organic
polyisocyanate used or the structure of polyoxyalkylene polyol (C).
That is, as seen in Table 2, polyoxyalkylene'polyol (C) which was used
in Comparative Examples 1 and 3 has too low selectivity of head-to-tail
coupling in propylene oxide addition polymerization. In Comparative
Examples 2 and 4, monool content is too high in polyoxyalkylene polyol
(C) used.
The organic pdlYisocyanate composition (B) in Comparative Example
5 is too low in the molar addition polymerization ratio of
polyoxyalkylene polyol in ethylene oxide for modification. On the
other hand, the ratio is too high in Comparative Example 7. The organic
polyisocyanate composition in Comparative Example 6 has too low
molecular weight of polyoxyalkylene polyol for modification.
Comparative Example 8 has too high content of two benzene ring compound
in the organic polyisocyanate composition. On the other hand,
Comparative Example 9 has too low content thereof. In Comparative
Example 10, the whole organic polyisocyanate is poiymethylenepolyphenyl
isocyanate and contains no tolylene diisocyanate. On the other hand,
the organic polyisocyanate composition has two high weight ratio of
tolylene diisocyanate in Comparative Example 11. The organic
polyisocyanatg composition in Comparative Example 12 has too high
weight ratio of [three benzene ring compound]/[four or more benzene
ring compound+ less active ingredients]. On the other hand,
Comparative Example 13 is too low in-the weight ratio.
As mentioned above, in the case of using the organic
polyisocyanate composition which is outside the scope of the invention,

the organic polyisocyahate composition modified with unsuitable

polyoxyalkylene polyol, or polyoxyalkylene polyol (C) as an active
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t wo ‘benzéne ring conmpound is fromnore than 60 % by weight to 80 %or |ess
by wei ght. 3. A flexible high-resilience pol yurethane foam according to
claiml1 wherein [three benzene ring conpound]/[four or nore benzene ring
conpound + less active ingredient] is 2-(3¢0 4.0 and the content of two
benzene ring conpound is fromnore than 60 % by weight to 80 %or |ess by
wei ght . 4. hydrogen| eqmpaundhi the cucing @ropepty wir thdfoamfdammeasesrati rhjet 0
claim1 wherein the ratio éa)/(b is 95/5 to 85/15. 5. A flexible

hi gh-r esi | AEMRIE198] Fifet REASAIEAORVHYr | She1Foami akFoadowsrsotganite strength,

pol yi so_cya at e itiqQn an .isocyanate term nated prepolymer obtained by
reacting t % ’br%é%ﬁ%éb' egf’%??cty*aﬁa‘t‘ hﬁbs‘!‘%qhéﬁl'?ﬁl é?é?'?ﬂti‘sw impPastsi ngl e
xture of

conpound OEeSLfEen e, comprgss on a{lg%d gransm1551b111ty at 6 Hz.

Examples 15 ~ 17 and Comparative Examples‘'l4~17

A resin premix was prepared by using an increased amount of the
catalyst in the resin premix preparation of the above 4. The resin -
premix thus prepared was mixed with an organic pblyisocyanate
composition (B) and poured into a mold to obtain a molded foam sample
for use in the evaluation of foam properties. Table 7 illustrates used
polyoxyalkylene polyol (C), polymer polyol and organic polyisocyanate

composition (B). The following formulation was used in the resin

premix.
(unit : wt part)
Polyoxyalkylene polyol (C) 80
Polymer polyol 20
SRX-274C (Silicone surfactant) 1.0

(manufactured by Toray-Dow Corning Co.)

Minico L-1020 (Amine catalyst) 0.5
(manufactured by Katsuzai Chem. Co.)

Minico TMDA (Amine catalyst) 0.15
(manufactured by Katsuzai Chem. Co.)

Water (Blowing agent) 3.6

Preparation of molded foam sample for evaluation of properties and
the method of measuring the properties were the same as carried out in

the examples and comparative examples. Results are illustrated in Table

7. |
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pol yol having a nolar addition polynerization ratio of an al kyl ene oxide
having three or nore carbon atoms to ethyl ene oxide of 60/40 to 15/85,
average functionality of 2 to 4, and average nol ecul ar wei ght of 2,000 to
10, 000. 6. A flexible high-resilience pplyurethane foam according to
claim5 wherein polyoxyalkylene pol yol has the nol ecul ar addition
ponnerizatiOn r f an al kyl ene _oxjide having 3 to 4 carbon atonms to

et hyl ene oxi de of %d‘/lgﬁst'ﬁ“fé/ Tapler hy&xpnRtes dhal 1§ yandf 12 usediequivd lent
aver age nol 000. . 7. A flexible

hi gh-resili g’%@@%%%&’?%ﬁ%%ﬁ?go&’a% rHiFGLE PAUYAFRFYANate composition (B) to
those of Examples 1, 5 and 6, respectively. On the other hand,
comparative examples 14, 15, 16 énd 17 used equivalent polyoxyalkylene
polyol (C) and organic polyisocyanate composition (B) to those of
Comparative Examples 1, 2, 5 and 9, resp;ctively.

As seen in Table 7, in spite of the difference in the catalyst
amount, the foam of the invention is excellent in mechanical- strength
impact resilience, compression set and transmissibility at 6 Hz. 1In
other words, excellent properties can be obtained even in a less amount
of the catalyst and the fogging phenomenon can be improved.

On the other hand, foams of the comparative examples exhibit a
little improvement of some properties by increase in the catalyst

amount. However, the foams of the invention have much superior

properties.
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- 41 - wherein the active hydrogen containing conpound (C) is obtained by
addi tion pol ynerization of al kyl ene oxide on an active hydrogen contai ni ng
conmpound having 3 to 8 hydroxyl groups iﬂst he presence of an al kali netal

hydr oxi de catal yst. 8. A flexible high¥resilience pol yurethane foam
according to claii 7 |whefei n tHe a| kal imneta cqtallyst|is|cesi um hydroxi de.
9. A flexib]e high-repilijende palgleret hanp o ¢gam jaacprdi ng fto Cl ail ma 4
. . . . . . (2] ['s) - O
wherein the active hydgopen|cantaini n8 scnpo.ufrr‘d (@] is polyﬁeru\palryc)l .
obt ai ned by pofti énal|l y podifVing p@;@ Kyl eh& pol yiol" Wit h Pl ynerl 2atijon
of an ethyl enifgal lLy_Unsafurated noponmer. {10.{ A prodessifon priepating a| -
fl exi bl e high-resilignce] polyurlet harge fodm by reactfingj a i xtjurejof |an
active hydrogep contgi ni pg ¢ondoung,8 § ., el lvwli8|lalalel®
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bl ow ng agent, catalyst, surfactant and ot her aUX|LLaLy—agenL—%k%h—aﬁ—

organi ¢ pol yi socyanate conposition, conprising: (A usin
‘bl owi ng agent, (B) using an organi c polyi socyanate qﬂuu || lﬂi tlng
of : (a) polynethyl enepol yphenyl isocyanat®-represent (1):

[err] wherein nis O or an integer of 1 and nore, a melght ratlo of the
t hree benzene ring conpound (n=1) to &M um of the four or nore benzene
riing conpound(n[err]2) and the | ess active ingredient[three benzene ring
conpound] /[ four or nore benzene ring conpound + |ess active ingredient]

1. A flexible high-resilience polyurethane foam obtained by reacting
a mixture of an active-hydrogen cdntaining compound, blowing agent,
catalyst, surfactant and other auxiliary agent with an organié
polyisocyanate composition, comprising: .
(A) using water as the blowing agent,
(B) using an organic polyisocyanate composition consisting of:

(a) polymethylenepolyphenyl isocyanate represented by the

formula (1):

[ NCO ] |
ocx—@cm @ CH. @ NCO (1)
B2
wherein n is 0 or an integer of 1 and more, a weight ratio of the three
benzene ring compound (n=1) to the sum of the four or more benzene ring

compound(n= 2) and the less active ingredient[three benzene ring
compound]/{four or more benzene ring compound + less active ingredient]
is 1.1 to 20.0, and a content of the two benzene ring compound (n=0) is
from more than 60 $ by weight to 90 % or less by weight, and

(b) 2,4-and/or 2,6-tblylene diisocyanate in a ratio (a)/(b) of
97/3 to 80/20, and
(C) using the active hydrogen containing compound consisting of
polyoxyalkylene polyol (C) having a hydroxyl value of 10 to 35 mg KOH/g,
monool content of 15 mol % or less, ;nd a head-to-tail coupling

selectivity of 96 mol % or more.

2. A flexible high-resilience polyurethane foam according to claim 1

wherein [three benzene ring compoundg hﬁigr or more benzene ring
This is the Teplacemen
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- 42 - i5 1.1 to 20.0, and a content of the two ' ound (n=0)
Is fromnore than 60 % by weight to 90 % or |ess m@ﬁ%’r%gmb)
2,4-and/or 2,6-tolylene diisocyanate in a ratio (& L Ofn »t0 80/ 20,

and (C) using the active hydrogen contai4f mg conpound consi sting of"

pol yoxyal kyl &p@oRed yplleég)aéawaggxg@eg%%ﬁtgf(wg gaé Yo 26 Olgnhor.ﬁé J&t%%q_vo%

nonool content of 15 nol % or S, head-fo talrl coupling selfectivity

of 96 mol %o BBhfenel king AmPERELIS EPEm Mo2RANA0 68 € ¥ LBight to 80 &
hi gh-resilience pol yuret h%ne Poam accor dni‘ ng to claim 10b‘§rxwher§|l n t%r ee "

benzene ri ngesenppurgilghk{ our or nore benzene ring conpound + ] ess active
ingredient] is 1.2 to 10.0

3. A flexible high-resilience polyurethane foam according to claim 1
wherein [three benzene ring compound}/[four or more benzene ring
compound + less active ingredient] is 2.0 to 4.0 and the content of two
benzene ring compound is from more than 60 % by weight to 80 % or less

by weight.

4, A flexible high-resilience polyurethane foam according to claim 1

wherein the ratio (a)/(b) is 95/5 to 85/15.

5. A flexible high-resilience polyurethane foam comprising using as
an organic polyisocyanate composition an isocyanate terminated
prepolymer obtained by reacting the organic polyisocyanate composition
of claim 1 with a single compound or a mixture of polyoxyalkylene
polyol having a molar addition polymerization ratio of an alkylene
oxide having three or more carbon atoms to ethylene oxide of 60/40 to
15/85, average funétionality of 2 to 4, and average molecular weight of

2,000 to 10,000.

6. A flexible high-resilience polyurethane foam according to claim 5
wherein polyoxyalkylene polyol has the molecular addition polymerization

" ratio of an alkylene oxide having 3-£o 4 carbon atoﬁs to ethylene oxide
of 50/50 to 20/80, average functionality of 2 to 4, and average

molecular weight of 3,000 to 8,000.

7. A flexible high-resilience polyu;gthane foam according to claim 1
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and-t he tontent of two benzene ring conpound is f % by
weight to 80 % or |ess by weight. 12. A processgm‘m‘\&nnﬂmr‘mf | exi bl e
hi gh-resilience pol yurethane foam according to cl aresn fthree
benzene ring conmpound]/[four or nore benzgne ring conpound + | ess active
ingredient] is 2.0 to 4.0 and the content of two benzene ring conpound is
from nore t Héierednokhy, agsivhthydsogen @eptaining gompaaingh(C) i3, obtaingdokbess
for preparing_a flexible high-resilience polyurethane foam according to

cl ai m 10 whetdditippPlymepizapiop9f jadkytene Oxide o anjactivephydingess f or
preparing a flexible high- rrgﬁi | i encgngol g ref hane foam using as an organic
pol yi socyanaf ¥ @R FMBRWH NRERY nbPed 1 K&} SFOPBPR P THEPUHEAFASE BY
reacting the_qrqganic polyi.socyanate .copposition of claim 10 with a single
conpound or %ﬂ?ﬁ Xt 'ﬂ?téﬁo#"\}dmnde Satalyst? | |

8. A flexible high-resilience polyurethane foam according to claim 7

wherein the alkali metal catalyst is cesium hydroxide.

9, A flexible high-resilience polyurethane foam according to claim 1
wherein the active hydrogen containing compound (C) is polymer polyol
obtained by portionally modifying polyalkylene polyol with

polymerization of an ethylenically unsaturated monomer.

10. A process for'preparing a flexible high-resilience polyurethane
foam by reacting a mixture of an active hydrogen containing compound,
blowing agent, catalfst, surfactant and other auxiliary agent with an
organic polyisocyanate composition, comprising:
(A) using water as the blowing agent,
(B) using an o;ganic polyisocyanate composition consisting of:

(a) polymethylenepolyphenyl isocyanate represented by the

formula (1):

NCO

OCN@CHz [@ Cﬂz}n @ NCO (_1)

wherein n is 0 or an integer of 1 and more, a weight ratio of the three

benzene ring compound (n=1) to the sum of the four or more benzene ring
compound(n2 2) and the less active ingredient[three benzene ring
compound]/[four or more benzene ring compound + less active ingredient]
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pol yoxyal kyl ene pol yol having a nolar addition poI y t| on ratio of
[err] 43 an al kyl ene oxi de having three or m)re "iww&!ﬂmgt hyl ene .
oxi de of 60/40 to 15/85, average functionality of

nol ecul ar wei ght of 2,000 to 10,000. 15. 42 A cushi on rraterl al obt ai ned by

mol ding the flexible hi gh resilience pol yurethane foamof claim1l. 16.
vehi cl e sheefisconpriosed. ®f ahbea Gonbedd JFAtRE Blo BEnfdrdl Pidg -compound (n=0) is

from more than 60 % by weight to 90 % or.lesé by weight, and

(b) 2,4-and/or 2,6-tolylene diisocyanate in a ratio (a)/(b) of
97/3 to 80/20, and
(C) using the active hydrogen céntaining compound consisting of
polyoxyalkylene polyol (C) having a hyd%oxyl value of 10 to 35 mg KOH/g,
monool content of 15 mol % or less, and s head-to tail coupling

selectivity of 96 mol % or more.

11. A process for preparing a flexible high-resilience polyurethane
foam according to claim 10 wherein [thrée benzene ring compound]/[four
or more benéene ring compound + less active ingredient] is 1.2 to 10.0
and the content of two benzene ring compound is from more than 60 % by

weight to 80 % or less by weight.

12, A process for preparing a flexible high-resilience polyurethane
foam according to claim 10 wherein [three benzene ring compound]/[four
or more benzene ring compound + less active ingredient] is 2.0 to 4.0
and the content of two benzene ring compound is from more than 60 % by

weight to 80 % or less by weight.

13. A process for preparing a flexible high-resilience polyurethane

foam according to claim 10 wherein the ratio (a)/(b) is 95/5 to 85/15.

14. A process for preparing a flexible high-resilience polyurethane
foam using as an organic polyisocyanate composition an isocyanate
terminated prepolymer obtained by reacting the organic polyisocyanate
composition of claim 10 with a single compound or a mixture of
polyoxyalkylene polyol having a molar addition polymerization ratio of
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an alkylene oxide having three or more carbon atoms to ethylene oxide of
60/40 to 15/85, average functionality of 2 fo 4, and average molecular
weight of 2,000 to 10,000.

]
15. A cushion material obtained by molding the flexible high

resilience polyurethane foam of claim 1.

16. A vehicle sheet comprised of the cushion material of claim 15.
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FLEXTBLE HIGH RESILIENCE POLYURETHANE FOAM

ABSTRACT OF THE DISCLOSURE

The invention discloses a flexible h{gh—resilience polyurethane
foam which has improved impact resilience and compression set, excellen£
effect on the reduction of transmissibility at 6 Hz énd also improved
mechanical strengths even under a reduced amount of a catalyst and is
prepared by using, as an organic polyisocyanate composition, a mixture
having a specified ratio of tolylene diisocyanate to polymethylenepolyph
enyl isocyanate having a specific benzenoid composition or by using an
isocyanate terminated prepolymer obtained by reacting the mixture with
polyoxyalkylene polyol which has specific structure and is used for
modification, and by usihg polyalkylene polyoi which satisfies specific
conditions in a hydroxyl value, monool content, and head-to-tail
coupling selectivity; and a preparation process of the flexible high

resilience polyurethane foam.
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