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1. Field of the Invention

The present invention relates to an integral-skin polyurethane foam
and a preparation process and use of the foam. The integral-skin
polyurethane foam is used for automotive parts such as steering wheels
and air spoilers and furnitures such as arm rests and chair legs.

2. Related Art of the invention

The integral-skin polyurethane foam is characterized in constructing
a skin layer and foam layer at the same time by pouring reactive
components into a mold, foaming, curing and successively demolding. The
integral~skin polyurethane foam has excellent elasticity and wear
resistance and is thus widely used for cushioning materials in the
field of automobiles and furnitures. In order to form the skin layer, a
low boiling point organic compound is required as a blowing agent and
trichloromonofluoromethane (Code No. CFC-11) has been commonly used in
particular.

However, so-called trifluoromethane base compounds (hereinafter
referred to simply as CFC compounds) which are represented by
trichloromonofluoromethane have been in recent years understood to
destruct the ozone layer in the atmosphere. Thus, laws for regulating

the CFC compounds are realizing in the world.

As an alternative to the CFC compounds, hydrochlorofluorocarbons

parameter (hereinafter referred to as ODP) have been proposed as the
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ODP) have been roposed as the
HCFC-123), 1,1-dichloroc-l1-fluoroethane (Code No. HCFC-141 b), and 1-

monochloro~1,1-difluorcethane (Code No. HCFC-142 b).

Further, as the third generation, hydrofluorocarbons (hereinafter
referred to simply as HFC) which ODP is 0 have been proposed. Exemplary
HFC includes 1,1,1,2-tetrafluoroethane (Code No. HFC-134 a).

It has, however, been worried that these HCFC and HFC blowing agents
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- also caﬁnot be used with complete safety in view of protecting the
global atmosphere.

That is, although HCFC has a low ODP, it is still a group of
compounds which destruct the ozone layer. Although HFC is zero in ODP
and has no worry about the ozone layer destruction, it has a high green
house effect ; global_warming parameter (hereinafter referred to simply
as GWP) and henceforth cannot be used with a feeling of security.

As mentioned above, the so-called alternative chlorofluorocarbons
are merely a short term countermeasure for the regulation of
chlorofluorocarbons. Consequently, it has been desired to develop a
permanent and completely non-chiorofluorocarbon blowing technique, that
is, a so-called carbon dioxide gaé blowing technique.

In the field of usual polyurethane foams, the carbon dioxide gas
blowing technique using water as an blowing agent has been individually
developed in the field of a flexible foam, semirigid foam and rigid

foam. 1In the current state of the art, the so-called water blown foam
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already been manufactured to a considerable extent.
On the other hand, in the field of the integral-skin polyurethane

foam, a low boiling-point klowing agent is advantageously used in view
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That is, the term "water blown technique" refers to a technique for

blowing the foam with carbon dioxide gas generated by reaction of water
with an isocyanate group in the raw haterial. Consequently, when the
common preparation process of the integral-skin polyurethane foam which
uses a CFC-11 (boiling point 27.5 °C) blowing agent is carried out by
water blown technique without CFC, the carbon dioxide gas generated on
the mold surface, that is, in the vicihity of the polyurethane foam
surface forms a foam layer and'does not form a skin layer. Aas a
result, the integral-skin structure cannot be constituted. As to the
countermeasure for such phenomenon, Japanese Laid-Open Patent HEI 3-
32811 has proposed to maintain the mold temperature at 15 ~40°C, to use
a temperature sensitive catalyst having a high dependence on
temperature for the reaction of water with isocyanate. On the other
hand, a catalyst having a low dependence on temperature has been
propésed to use for the reaction of isocyanate with a OH-containing
compound. Japanese Laid-Open Patent HEI 3-33120 has disclosed practical
examples of the temperaturé sensitive catalyst. However, the process
for using the temperature'sensitive catalyst leads to delayed curing of
the polyurethane surface due to decreased temperature of the mold
surface, even though a high density ékin layer is formed, and impairs
appearance and quality of the resulting foam.

Further, a high content of closed cells and the resultant low
damping factor of blowing are liable to cause blisters and cracks on the

polyurethane foam in the stage of mold release. .As a result, the
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constitutes a very strong hard segment, results in an increased
hardness of the polyurethane foam obtained, and impairs tactile feeling
of the resultant foam. |

On the other hand, it has been considered a reaction mechanism to
similarly generate carbon dioxide gas by the reaction of isocyanate
without forming the urea bond. For example, Japanese Laid;0pen Patent
HEI 3~24108 has disclosed a process for reacting the isocyanate groups
each other to form a carbodiimide group and using carbon dioxide evolved
by the reaction for the-blowing agent, Japanese Laid-Open Patent HEI
3-152111 has proposed a process for reacting a cyclic carbonate with
isocyanate to form an oxazolidone group and using carbon dioxide
generated by the reaction for the blowing agent.

However, these processes have problems such as difficulty for
regulating the reaction velocity, use of an expensive catalyst and
requirement for combined use of chlorofluorocarbons in order to provide
a sufficient extent of foaming. Consequently, problems on the carbon
dioxide blown technigque c¢can not be substantially solved by these
techniques.

As mentioned above, the preparation process of the integral skin .
polyurethane foam by using the carbon dioxide gas blowing technique in
place of chlorofluorocarbons or alternative HCFC and HFC has not yet
been realized, although the subject is an urgeht desire of those who

are skilled in the art. The reason is that the technique has following
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(1) Extended demolding time is required and impairs productivity.

(2) Thick-walled molded articles are liabie to generate blisters and
punctures in the demolding stage.

(3) The polyurethane foam expands in the demolding stage and marks of
the mold surface are liable to remain on the product surface.

(4) The foam is rigid and tactile feeling is poor.

(5) The skin layer is thin,

The countermeasure for individually overcoming each disadvantage of
(1) ~(5) has already been found. However, a carbon dioxide gas blown
technique which can solve the whole items (1)~ (5) at the same time and
can be employed for an actual production line has not yet been
developed.

Japanese Laid-Open Patent HEI 2-199136 has proposed to used organic
carboxylic acid as a blowing agent. In the process, however, the
organic carboxylic acid which in used as the blowing agent leads to a
pProblem on time depeﬁdent stability_in the isocyanate reactive
ingredient. As a countermeasure for solving the problem, Japanese
Laid-Open Patent HEI 3-153721 has proposed to use for the blowing agent
an organié carboxylic acid salt of nitrogen base having at least one N-H
bond. However, the process is diffult to control the reaction velocity_
of the total system because the nitrogen base having the N-H bond
reacts too rapidly with isocyanate. |

Summary of the Invention
The object of the invention is to provide a process for preparing an

integral-skin polyurethane foam by using carbon dioxide as a blowing
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sur f agesHearasBean R d ayer and does not forma skin layer. As a result, the
I nt eg ure cannot be constituted. As to the counterneasure for
"such mmmﬂum\! anese Lai d-Open Patent HEl 3- 32811 has proposed to
mai’ nt di no tenperature at 15 - 400C, to use a tenperature sensitive
catal yst having a high dependence on tenperature for the reaction of water
with isocyanate. On the other hand, a catal yst having a | ow dependence on

t enper at uP8Ras been proposed to use for the reaction of isocyanate with a
OH cont ai ni ng. conpound. Japanese Lai d-Open Patent HEl 3-33120 has di scl osed
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surface, even though a high density skin I%gr.is formed, and inpairs
appear anc&harRregenf i inveptorsdavesigundnghatodfe integral-skin polyurethane

foam obtained by using boric acid or an ester thereof as a blowing
agent can eliminate all of the above disadvantages and provide a molded
‘article which is excellent in productivity and moldability and has good
touch. Thus, the present invention has been completed.

That is, the aspect of the invention is:

(1) An integral-skin polyurethane foam having a molding density of 0.3
4«0;8 g/cm®* and obtained by pouriné into a mold a reaction mixture of an
aromatic polyisocyanate, isocyanate reactive high molecular weight
compound; blowing agent and other additives, comprising using boric acid
ahd/or an ester thereof as the blowing agent.

(2) An integral skin polyurethane foam of the above (1) wherein the
blowing agent is a mixture of boric acid and/or an ester thereof with an
o;ganic carboxylic acid and/or an ester thereof.

(3) A preparation process of an integral-skin polyurethane foam having
a molding density of 0.3~0.8 g/cm* by pouring into a mold a reaction
mixture of an aromatic polyisocyanate, isocyanate reacfive high
molecular weight compound, blowing agent, and other additives,
comprising using boric acid and/or an ester thereof as the blowing
agent.

(4) A preparation process of an integral-skin polyurethane foam of the
above (3) wherein the blqwiné_agent-is a mixture of boric acid and/or
an ester thereof with an organic Carboxylic acid and/or an ester

thereof.
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tenperature sensitive catal yst has a di sadvantage of requiring an extended
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har dness. of the pol yuret hane foam obtained, and inpairs tactile feeling of
t he resul3kaye {%grﬁr (2) wherein the preparation process is a reaction

injection molding process.

(6) An automotive steering wheel, interior or furniture prepared by
the preparation process of the above (3), (4) or (5).

The present invention uses:

(1) Boric acid and/or an ester thereof, or

(2) A mixture of boric acid and/or an ester thereof with an organic
carboxylic acid and/or an ester thereof, as a blowing agent.

Conventionally, in the process used water as a blowing agent, mold
filling ability of a reaction composition comprising an aromatic’
polyisocyanate, isocyanate reactive high molecular weight compound,
blowing agent, and other additives was poor. As a consequence, anh
amount of the water used as blowing agent must be increased in order to
improve the mold filling ability, héwever, using an increased amount of
water give rise to the disadvantages which exceés expansion of the
polyurethane'foam is liable to remain marks of the mold surface on the
product surface and to generate blisters and punctures in the demolding
stage.

Extending demolding time is effective in order to improve the
disadvantages, but it decrease productivity of the foam, further the
foam is rigid and tactile feeling is poor because of urea linkage
formed by reacting wate; and isocyanate.

The reaction compbsition comprising the blowing agent of the present
invention and aromatie isocyanate, isocyanate reactive high molecular
weight compound and other additives has excellent mold filling ability

and demolding ability compared from the composition using water as a
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having excellent tactile feeling can also be obtained because carbon

dioxide generated by reacting isocyanate with the blowing agent forms
the foams and formation of a urea linkage is liitle.

As mentioned above, in the present invention, water as the blowing
agent does not use at all or slightly use as a coexisting blowing
agent, therefore, the disadvantage of the process used water as a
blowing agent can be solved by the present invention.

Additionally, the blowihg agent used in the present invention does
not corrode a metal, on the contrary, use of formic acid represented an
organic carboxylic acid aé the blowing agent corrode a metal.

The integral-skih polyurethane foam of the invention can be prepared
by pouring a mixture of urethane raw materials into a mold with a
reaction injection molding process. In the course of molding, foaﬁ
expansion is pressed down in the portion which comes into contact with
the interior surface of the mold and an elastomer like skin layer is
constituted. Thus, the skin layer and foam layer are formed at the
same time to build up an integral structure. The integral-skin
polyurgthane foam obtained in the invention has excellent elasticity
and tactile feeling and can be favorably used for automotive interiors
such as a steering wheel, horn pad, crushlpad, instrument panel. lid of
a console box and glove box, head rest, arm rest and air spoiler ; and
furnitures suqh as a seat, leg and arm of a chair.

Detailed Description of the Invention
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Preferred isocyanates are_diphenylmethane diisocyanate,
polymethylenepolyphenyl isocyanate, an isocyanate terminated prepolymer
which is a reaction product of these polyisocyanates with active
hydrogen containing compounds and urethonimine modified polyisocyanate.

Particularly preferred aromatic polyisocyanate is polymethylenepolyp
henyl isocyanate having a high contént of poly benzene ring compounds of
more than three benzene ring cxompounds, more specifically 60 % by
weight or more content of three or more benzene ring compounds.

Further, a mixture with a urethane modified prepolymer of
diphenylmethane diisocyanate or urethonimine modified liquid
diphenylmethane diisocyanate can also be preferably used.

The isocyanate reactive high molecular weight compound which can be
used in the invention is a polyol which is obtained by addition
polymerization of propylene oxide alone or propylene oxide and ethylene
oxide on an active hydrogen containing compoundlsuch as water, propylene
glycol, glycerol, trimethylolpropane, pentaerythritol, sorbitol,
sucrose, triethanolamine, ethylenediamine tolylenediamine,
diaminodiphenylmethane or a_mixture of these compounds so as to obtain
an average funcﬁionality of 2 ~4., The polyol has a hydroxyl value of
24 ~ 55 mg KOH/g, ethylene oxide content of 10 ~ 25 % by weight for the
polyol, and terminal primary hydroxyl content of 70~ 95 % by mole.

Polymer polyol (Trade Mark) which is obtained by grafting an
.ethylenically unsaturated monomer such as styrene, acrylonitrile or
methyl methacrylate on the above polyol can also be‘favorably used.

When the ethylene oxide content is less the 10 % by weight, terminal
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weight or the terminal primary hydroxyl content exceeds 95 % by mole,

the reaction becomes too rapid and unfavorably leads to blisters in
thick walled portions of the foam obtained or sink marks in thickness
changing portions of the foam.

The blowing agent which can be used in the invention is boric acid
and/or an ester thereof, or a mixture of these compounds with an
organic carboxylic aéid and/or an ester thereof.

Boric acid and an ester thereof include, for example, boric acid,
methyl borate, ethyl borate, dimethyl borate, diethyl borate, trimethyl
borate, triethyl borate and other borate esters. These compounds can be
used singly or as a mixtufe.

The organic carboxylic acid and an ester thereof include, for
example, formic acid, acetic acid, propionic acid, lauric acid, stearic
acid, oleic acid, 2-ethyl hexoic acid, oxalic acetic acid, itaconic
acid, adipic acid, maleic acid, acetyl dicarboxylic acid, acetone
dicarboxylic acid, malonic acid, succinic acid, tartaric acid,
diglycolic acid, cyclopropane diglycolic acid, gultaconic acid,
tartronic acid, gultaconic acid, aconitic acid, citric acid,
benzenetricarboxylic acid, nitrilo triacetic acid, benzene
tetracarboxylic acid and mellitic acid, and methyl malonate, ethyl
malonate, butyl malonate, methyl maleate, ethyl maleate, butyl maleate,
methyl malate, ethyl malate, butyl malate, methyl succinate, ethyl
succinate, butyl succinate, methyl adipate, ethyl adipate, butyl

adipate, methyl tartrate, ethyl taftrate and butyl tartrate, methyl
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pol yur et hane foam by using carbon dioxi de as a bl ow ng -6- agent.
- organic carboxylic¢c acids and esters thereof can bée used singly or as a

mixture.

The amount of the biowing agent is 10 parts by weight or less,
preferably 0.5 ~ 2.5 parts by weight for 100 parts by weight of the
isocyanate reactive high molecular weight compound.

The blowing agent can also bé used in combination with a blowing
agent. Exemplary blowing agents which can be used include water and a
hydrocarbon, for example, pentane. The hydrocarbon has a lower boiling
point and must be free chlorine and fluorine in view of the object of
the invention as a countermeasure for the chlorofluorocarbon problem.

Various kinds of known catalyst for preparing urethane may be used
in the present invention. Exemplary catalysts include organometallic
catalfsts such as dibutyltin dilaurate and dimethyltin dilaurate, or a
tertiary amine sﬁch as triethylendiamine, N,N,N',N'-~tetramethylhexane-
1,6-diamine, N,N,N',N",N"'-pentamethyldiethylenetriamine, N,N'-bis (N"
,N*~dimethyl-3-aminopropyl)-N',N'-dimethylethylenediamine, N-methyl-N'-
(2-dimethy1amiﬁo)ethylpiperazine, N-ethylmorpholine, l-methylimidazole,
1,2~-dimethylimidazole, 3-(dimethylamino)propylimidazole,
dimethylaminoethanol, bis(2-dimethylaminoethyl)ether and 1-isobutyl-2-
metylimidazole. A particularly preferréd tertiary amine is l-isobutyl-
-2-metylimidazole. These catalysts can be used singly or as a mixture.

The tertiary amine can also be added to the reaction system as a
salt previously formed with boric acid or an ester thereof or the
organic carboxylic acid or an ester thereof. Additionally, the salt
may be added to the recation system as the solution dissolved in a

closslinking agent such as diethyleneglycol when the salt is solid.
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and/ or an ester thereof as the blow ng agent. (2) An integral skin
pol yur et hapeegrgansipin Préyarrbhane 1foapkscean @lsAcbe used in the invention.

Exemplary crosslinking agent include ethylene glycol, 1,3-propanediol,

1,4-butanediol, 1,5-pentanediol and ohter polyalkylene glycols;
diethylene glycol, dipropylene glycol, triethylene glycol and othér
polyoxyalkylene glycols; diethanolamine, triethanol amine and other
alkanolamines; and low molecular weight polyols obtained by addition of
alkylene oxide in an amount of 1~ 2 mols for an active hydrogen radical
to polyhydric alcohols such as triﬁethylolpropene and glycerol, and
amines such as ethylene and a mixture of 2,4-/2,6-tolylenediamine
isomers. These crosslinking agents can be used singly or as a mixture.
A particularly preferred crosslinking agent is diethylene glycol.

Surfactants which can be used include, for example, Nippon Unicar's
L-5430 and L-3601; Toray Silicone's SRX-274C, SF-2961 and SF-2962; and
other organic silicone surfactants.

Other additives which can be used are colorants, antioxidants, flame
retardants, viscosity ;educers, and internal mold release agents.

Known additives can be used.

An open mold process and reaction injection molding process can be
used for molding the integral-skin polyurethane foams. The reaction
injection molding process is particularly preferred.

The present invention will hereinafter be illustrated further in
detail by way of examples and comparative examples.

In these examples and comparative examples, the following aromatic

polyisocyanats, polyols, crosslinking agents, catélyst and blowing
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organl c and/ or an ester thereof. (3) A preparation process
of an |nt yuret hane foam having a nol ding density of 0.3- 0.8

g/cm by pourlng |nto a nold a reaction m xture of an aromatic
pol yi socyanate, isocyanate reactive high nol ecul ar wei ght conpound, bl ow ng
agent, and ageREs wed@i ¥$&%s, conprising using boric acid and/or an ester

t hereof as the blow ng a ent. gé A%Er aratlon rocess of .an |nteﬁ1ral Skl n
pol yur et hane foé\ﬁ"ﬂ?t’c%é” yt | h Rl epyRrage élj“é'ﬁflgl%n ¢

g‘];]d/bgltl ;naglgs ? {]Ce)rpvgb %lsétsecr)béaqgggoby suE)Jec r}ngrgaﬂ)l C gg\l‘m x)%}ﬂgrlgcotaCI d
diphenylmethane diisocyanate and polymethylenepolyphenyl isocyanate to
urethane modification by dipropylene glycol. Polymethylenepolyphenyl
isocyanate had an NCO content of 31.5 % and contained 70 % by weight of
three or more benzene ring compounds.

Aromatic polyisocyanate (B) : Polyisocyanate having an NCO content
of 29.2 % which wés a 70 : 30 mixture of carbodiimide modified
diphenylmethane diisocyanate and polymethylenepolyphenyl isocyanate.

. Polymethylenepolyphenyl isocyanate had an NCO céntent of 31.5 % and
contained 70% by weigh of three or more benzene ring compounds.

Polyol (A) ; Polyol which had an average functionality of 3, average
molecular weight of 6000 and ethylene oxide content of 15 % by weight.

Crosslinking agent (A) ; Diethylene glycol

Catalyst (A) ; A 33 % dipropylene glycol solution of
triethyenediamine.

Catalyst (B) ; 1-Isobutyl-2-methylimidazole.

Catalyst (C) ; Bis{2-dimethylaminoethyl) ether.

Catalyst (D) ; Dibutyltin dilaurate.

Blowing agent (A); Boric acid.

Blowing agent (B); 2-ethylhexanoic acid.

Blowing agent (C); Methyl borate.

Blowing agent (D); Trichlorofluoromethane (CFC-11).

Blowing agent (E); Water.

-13-



-7- (R). eEreﬁa—ratiﬁon'jﬁrocess of an integral-skin polyurethane foam of the

nol di n An aut onotive steering wheel, interior or furniture

pr epar rati on process of the above (3), (4) or (5). The
present invention uses: (1) Boric acid and/or an ester thereof, or (2) A

m xture of boric acid and/or an ester t eriof_mﬁth an organi c carboxylic
acid and/or an ester thereof, as a BFYW g~agent. Conventionally, in the
process used water as a bl owi ng agent, ld filling ability of a reaction
conposi tion @oﬁﬁﬁf%li ﬁﬁm%?Peé‘Foﬁ% ipg'eﬁﬁ’r'%ﬁng’é’c'i}la’ﬁé’ﬁe,lg‘? FBEFanck #o1Eati§Ale hi gh

nol ecul ar i ght ¢ ound .
13“%a%ts oé)%eosgﬁinking agent (A), 0.7 part of catalyst (B), 0.72 part

above™ mif"‘ edin the preparation process is a reaction injection

of catalyst (C), 0.01 part of catalyst (D) and 0.58 pért of blowing
agent (A). Aromatic polyisocyanate (B) and the above polyol component
were mixed at an NCO/OH_ratio of ;.05. Free blow foaming and mold
foaming were carried out.

In the free blow foaming the time from the mixing of polyisocyanate
and polyol components to the initiation of foam expansion (cream time)
and the end of foam expansion (rise time) were measured. THe density
of resultant foam (free blow density) was also measured.

In the mold foaming, a mold having dimensions of 400X 100 X 10 mmt
was previously warmed to 40°C.

A urethane raw material mixture was poured into the mold, the mold
1lid was closed, and the mold was allowed to stand for 3 minutes at room
temperature. Thereafter the molded item was taken out of the mold and
surface hardness at the demolding time was measured with an Asker—Type-C
hardness meter. Final hardness was measured after allowing the item to
stand for 24 hours after demolding. No blister occurred and mold
filling ability (Comformability to the configuration of the interior
surface of the mold) was good as illustrated in Table i.

Example 2

The same procedures as describea in Example 1 were carried out
except that 0.2 part of blowing agent (E) was added. No blister
occurred and mold filling ability was good as illustrated in Table 1.

Exémple 3

The same procedures as described in Example 1 were carried out



—_—

bl owi ngha@RRE Has RO RALAEGY additives was poor. As a consequence, an amount of
t he wat ¢ ng agent nust be increased in order to inprove the
mol d filf lﬁﬂ! however, using an increased anount of water give rise
to the di i ch excess expansi on of the polyurethane foamis
liable to remain marks of the nold surface on the product surface and to
generate blisters and punctures in the denol ding stage. Extendi ng. denol di ng
tine is efg%sePEVEhatn bbewidid pgentfPd\wag H@Pa?%%ﬂjg&njc_ partpf the g%?f’f-"é‘&se
productivity of the foam further the foamis rigid and tactile feeling is
poor becalrgensfand catpiyiadd) f ihd§) pyenee 5ePlarednky k- Oapart e ¥higsRe. The
~reaction conposition conprising the blow ng agent of_ the present invention
and ar omatdatalgels segpectivedry anier Blishart Woe gﬂ“@ﬁ arfl @edf ofiMdrgmbiddfBound

and other additives -has excellent nold filling ability
was good as illustrated in Table 1.

.Example 4
The same procedures as described in Example 1 were carried out
exceﬁt that blowing agent (A) was replaced by 0.58 part of blowing
agent (C). No blister was found and mold filling ability was good as
illustrated in Table 1.
Example 5
The éame procedufes as described in Example 1 were carried out
except that blowing agent (A) was replaced by 0.3 part of blowing agent
(A) and 0.47 part of blowing agent (B) and catalyst (C) was replaced by
0.53 part of the catélyst; respectively. No blister was found and mold
filling ability was good as illustrated in Table 1.
Example 6
The same procedures as described in Example 1 were carried out
except that blowing agent (A) was replaced by 0.47 part of blowing
agent (B) and 0.3 part of blowing agent (C) and catalyst (C) was
replaced by 0.53 part of the éatalyst, respectively. No blister was
found and mold filling ability was good as illustrated in Table 1.
Comparative Example 1
The same procedures as described in Example 1 were carried out
except that blowing agent (A) and catalysts (B), (C) and (D) were
replaced by 16 parts of blowing agent (D) and 1.5 parts of catalyst (A)
and 0.01 part of catalyst (D) and aromatic polyisocyanate (B) was

replaced by aromatic polyisocyanate (A). Free blow density was



and fengldunteabrdplated conpared fromthe conposition using water as a - 8-

bl ovm dingly, the integral-skin pol yurethane foam of the
prese mwum‘ n be obtained in high productivity w thout remaining
mar ks rface on the product surface and generating blisters

and punctures |n t he nol di ng stage. The foam having excellent tactile
feeling can al sq be ai ned because carbon_di oxide generated by reacting

i socyanat et MRt hé‘%BBW'i’?(j a@%rﬁouperﬂ%d MmRdd i bidddng ]fléFﬁa"{aﬁ)ﬁ%ﬁl a8 ur ea

linkage is little. As nmentioned above, in the present invention, water as
the bl owi nfil¥gEFtesods TrRleude at all or slightly use as a coexisting

bl owi n
g Comparatlve Example 2

The same procedures as described in Example 1 were carried out
except that blowing agent (A) and catalysts (B), (C) and (D) were
replaced by 0.3 part oflblowing agent (E) and 1.0 part of catalyst (B),
1.0 part of catalyst (C) and 0.01 part of catalyst (D). Free blow
density was ldwered. No blister was found and mold filling ability was
poor as illustrated in Table 1.

Comparative Example 3

The same procedures as described in Comparative Example 2 were
carried out except that blowing agent (E) was replaced 0.6 part of the
blowing agent. Free blow density was lowered and blister occurred on

the foam. Results were poor as illustrated in Table 1. -



agent, tl

agent us
contrary

h
agent . é@ﬁ '

bl owi ng agent corrode a netal
I nvention can be prepared by pouring
into a nold with a reaction injectio

the present

i nventi on.

zants

di ng process.

' Addi tional ly,

ﬂm“mm nt invention does not corrode a netal,

c acid represented an organic carboxylic acid as the

The integral -skin pol yurethane foam of the
xture of urethane raw materials

on the

—é Q&%eentﬁ% addd sadvant age of the process used water as a bl ow ng
v t he bl owi ng

In the course of
nmol di ng, foam expansion is pressed down in the portion which cones into

contact vipth the rnterior sufface of the

sane ting

d and an el astoner

['Tke skin

layer is |constituted. Thus, fRE™E3G3 F €dnd f oaffd are forned at the
to build up an intggral structgre. The |@teg' [ -SKin pdlyur ef hane
foam obtgi ned in the inventipn has “excel?ent| él asti4city <and thetill @ feplb ng
and can Wé_tavorably u§60 Tof autan%tl € Tnierrorgs
Polyol (a 100 100 100 100 100 100 100 100 100
Crosslinking agent(A) 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
Catalyst (a) 1.5
(B) 1.0 1.0 0.7 0.7 1.0 0.7 0.7 0.7
(C) 1,0 (1,0 [ 0,72 0.72] 1.0 0.72] 0.53| 0.53
(D) 0.01} 0.01{ 0.01) 0.01f{ 0.01L}| 0.01| 0.01| 0.01| O0.01
Blowing agent (A) 0.58) 0.58| 1.0 0.3
(B) 0.47| 0.47
(C) 0.58 0.3
(D) 16 |° -
(E) 0.3 0.6 0.2
Aromatic polyiso- (a)| (B)Y| (B)| (B)} (B)| (B)| (B)| (B)| (B)
cyanate NCO/OH ratio| 1.05¢( 1.05|1.05f 1.05| 1.05| 1.05| 1.05| 1.05] 1.05
Free blow '
Cream time (sec) 14 13 13 16 16 16 15 16 16
Rise time (sec) 30 | 26 30 32 34 33 30 29 33
Density (g/cm®) 0.10/°0.29] 0.20] 0.24| 0.20]| 0.23| 0.22| 0.23| 0.22
Molding (10 mm sheet)
Density (g/cm* ) | 0.60| 0.59| 0.60| 0.63| 0.62| 0.62| 0.62| 0.60| 0.61
Hardness . ' .
Demolding stage | 45 68 “70 73 70 73 67 67 69
Final 75 77 81 83 78 80 78 76 77
Demolding time (min) | 3 3 3 3 3 3 3 3 3
Blister O| O X O} O @] O O O
Mold filling ability| O X O O O O O O O
Note) Blister: (O No blister, X Blister

Mold filling ability:

S ot a em omde = e WAL 1 AT WVREY YYD INS

YT YRE )

®)
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such—as_a steering—

wheel, horn pad, crush pad, instrunent panel. lid of a -
consol.e. hpox .an l,ove (gox, head rest, armrest and air spimﬂﬂ
fur ni t0fi@es Re€tat, leg and armof a chair. Detail JJI’”W{ME{U’,’
the 1nv m The invention will be illustrated heréinafter.x
aronat i I tes can be used for the invention. Preferred

i socyanates are di phenyl net hane dii socyanate, pol ynethyl enepol yphenyl
i socyanate, an isocyanate term nated prepolynmer which is a reaction product

of these polyisocyanates wi.th activye hydr o%er.l ‘cont ai_ni co ounda gnd
ur et honi m ) ABJAREIPLABE \§tesTaR stheel, Interior or furnitdre prepared Dy

the preparation process of claim (3), (4) or (5).



- nore

Particul arly preferred aronmatic .polyi socyanate is polymethyl enepol yp henyl
~i'socyanat e havie .ad high content of poly benzene ring conpounds of nore
t hdiisShg ri.-ng cxompounds, nore specifically 60 % by weight or
ree or nore benzene ring conpounds. Further, a m xture
W th 8di fi ed prepol yner of di phenyl methane diisocyanate or
urethonimne nodified liquid dighenylnethane di i socyanate can al so be
preferably used. The i socyandP&t¥acicPf\dhehP4RCIRAYEEUI ar wei ght conpound
whi ch can be used in the invention is a polyol which is obtained by
addi tion polynerization of propylene oxide al one or propyl ene oxide and
et hyl ene oxi de on an active hydrogen containing conpound such as water,
propyl ene gl GSEPakAtioBr Brocess b3y ABtegadafein PoAYREsthane toam with A t ol
sucrose, triethanol am ne, ethyl enedi am ne tolyl enedi an ne, )
di ani nodrprkary diexiimelewn SYSFERR AADEES Nk Y610% Ao 8R ol wdng sageiitoBPE H

acid and/or an ester thereof, or a mixture of these compounds with an
organic carboxylic acid aﬂd/or an ester thereof, and integral-skin
polyurethane foam which is prepared by the process and has low free

blow density, good moldability and no blister, are disclosed.



"n

an average functionality of 2 - 4. The pol yol as a h &P@% /

55 g KOH g, ethyl ene oxide content of 10 - 25:0%?9 me?@%% W%% ;?pp ’“rH
and termnal primry hydroxyl content of 70- 9 Gypael e. F%?gnerppﬁT gl """
(Trade Mark) which is obtained by grafting an étByDemitsF) i F%Satu‘r"a? """
monomer such as styrene, acrylonitrile or neth-lmhﬁbﬂﬁnrylaﬁéﬁén t%@P%%ﬁVE'

pol yol can al so be favorably used. Wen “the ett yl ene oxi de content asless
the 10 % by wei ght, term nal - 10 - prinary {hyexir RECERT . dfg& .........
decreases to IMIESRALEIKINOPGLYURETHANE HOAM,pPR UBAMBD

reduced reactivity. On the other hand, when the ethyl ene oxide content
exceeds 25 % by :

Background of the Invention
1. Field of the Invention

The present invention relates to an integral-skin polyurethane foam
and a preparation process and use of the foam. The integral-skin
polyurethane foam is used for automotive parts such as steering wheels
and air spoilers and furnitures such as arm rests and chair legs.

2. Related Art of the invention

The integral-skin polyurethane foam is characterized in constructing
a skin layer and foam layer at the same time by pouring reactive
components into a mold, foaming, curing and successively demolding. The
integral~-skin polyurethane foam has excellent elasticity and wear
resistance and is thus widely used for cushioning materials in the
field of automobiles and furnitures. 1In order to form the skin layer, a
low boiling point ‘organic compound is required as a blowing agent and
trichioromonofluoromethane (Code No. CFC-11) has been comﬁonly used in
particular.

However, so-called trifluoromethane base compounds (hereinafter
referred to simply as CFC compounds) which are represented by
trichloromonofluoromethane have been in recent years understood to
destruct the ozone layer in the atmosphere. Thus, laws for regulating
the CFC compounds are realizing in the world.

As an alternative to the CFC compounds, hydrochlorofluorocarbons
(hereinafter referred to eimply as HCFC) having a low ozone destruction

parameter (hereinafter referred to as ODP) have been proposed as the

second_ generation. p‘acemen't sheet




wei ght or the terminal primary hydroxyl content exceeds 95 % by nole, the
reacts on-beconmes too rapid and unfavorably leads to blisters in thick
wal | ed portions of the foam obtained or sink marks in thickness changing
portions of the foam The bl owi ng agent which can be used in the invention
Is boric acid and/or an ester thereof, or a mxture of these conpounds wth
an organi c carboxylic acid and/or an est.ep thereof. Boric acid and an ester
t hereof include, for exanple, boric acid, nmethyl borate, ethyl borate,

o ety 0 e i R Faod TS, Y B! B BOLAT e

Th% LA SRR, G200 2 b bPECRL L DA FIBIRAS,

acid, 2-et hybp1§%9) C 1361 84 crQ¥PL1C £366detndid Qeokhl AP kErFC-141 b), and 1-
monochloro-1,l-difluoroethane (Code No. HCFC-142 b).

Further, as the third generation, hydrofluorocarbons (hereinafter
referred to simply as HFC) which ODP is 0 have been proposed. Exemplary
HFC includes 1,1,1,2-tetrafluoroethane (Code No. HFC-134 a).

It has, however, been worried that these HCFC and HFC blowing agents
also cannot be used with complete safety in view of protecting the
global atmosphere.

That is, although HCFC has a low ODP, it is still a group of
coﬁpounds which destruct the ozone layer. Although HFC is zero in ODP
and has no worry about the ozone layer destruction, it has a high green
house effect ; global warming parameter (hereinafter referred to simply
as GWP) and henceforth cannot be used with a feeling of security.

As mentioned above, the so-called alternative chlorofluorocarbons
are merely a short term countermeasure for the regulation of
chlorofluorocarbons. Consequently, it has been desired to develop a
permanent and compleiely non-chlorofluorocarbon blowing technique, that
is, a so-called carbon dioxide gas blowing technique.

. In the field of usual polyurethane foams, the carbon dioxide gas
blowing technique using watér as an blowing agent has been individually
developed in the field of a flexible foam, semirigid foam and rigid
foam. In the current state of the art, the so-called water blown foam
already been manufactured to a considerable extent.

On the other hand, in the field of the integral-skin polyurethane
foam, a low boiling-point blowing agent is advantageously used in view

This is the replacement sheet
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acid,- adipic acid, maleic acid, acetyl dicarboxylic acid, acetone

di carboxyli.c acid, malonic acid, succinic acid, tartaric acid, diglycolic

acid, cycl opropane diglycolic acid, gultaconic acid, tartronic acid,

gul taconic acid, aconitic acid, citric acid, benzenetricarboxylic acid,

nitrilo triacetic acid, benzene tetracarbgxylic acid and nellitic acid, and.

met hyl mal onate, ethyl malonate, butyl malonate, nethyl naleate, ethyl

mal eate, butyl naleate, nethyl nalate, ethyl malate, butyl malate, nethyl

succi nat e, oft ltpe masbenbsn Eor bfarping khei akire lapet hy Appliqasien oft Wgtemdiopat e,

butyl adipate, nmethyl tartrate, ethyl tartrate and butyl tartrate, nethyl

benzoat e, etrhplowigz eaent; leadsto patimsapenblemsdndpbbislist ot Piebsin the
actual use.

That is, the term “water blown technique” refers to a technique for
blowing the foam with carbon dioxide gas generated by reaction of water
with an isocyanate group in the raw material. Consequently, when the
common preparation process of the integ;al-skin polyurethane foam which
uses a CFC-11 (boiling point 27.5 °C ) blowing agent is carried out by
water blown technique without CFC, the carbon dioxide gas generated on
the mold surface, that is, in the vicinity of the polyurethane foam
surface forms a foam layer and does not form a skin layer. As a
result, the integral-skin structure cannot be constituted. As to the

countermeasure for such phenomenon, Japanese Laid-Open Patent HEI 3-
32811 has proposed to maintain the mold temperature at 15 ~40°C, to use
a temperature sensitive catalyst having a high dependence on
temperature for the reaction of water with isocyanate. On the other
hand, a catalyst having a low dependence on temperature has been
proposed to use for the reaction of isocyanate with a OH-containing
compound. Japanese Laid-Open Patent HEI 3-33120 has disclosed practical
examples of the temperature sensitive catalyst. However, the process
for using the temperature sensitive catalyst leads to delayed curing of
the polyurethane surface due to decreased temperature of the mold
surface, even though a high density skin layer is formed, and impairs
appearance and quality of the resulting foam.

Further, a high content of closed cells and the resultant low
damping factor of blowing are liable to cause blisters and cracks on the
polyurethane foam in the stage of mold release. Aas a result, the

sheal
This is the replacement shest
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orgami ¢ carboxylic acids and esters thereof can be used singly or as a

m xture. ~The anmount of the blowing agent is 10 parts by weight or |ess,
preferably 0.5 - 2.5 parts by weight for 100 parts by weight of the

| socyanate reactive high nol ecul ar wei ght conpound. The bl owi ng agent can
al so be used in conbination with a bl owi ng agent. Exenplary bl ow ng agents
whi ch can be used include water and a hydfotarbon, for exanple, pentane.
The hydrocarbon has a | ower boiling point and nust be free chlorine and
fluorine intenpavratiiré heenshtizet cetalyse haw entlismivastagec ofinteguirasgiran for t he
chl or of | uorocarbon probl em various kinds of known catal yst for preparing
ur et hane nagxtendededenalding timesent invention. Exenplary catal ysts include
organonetal lic catal ysts such as dibutyltin dilaurate and dinmethyltin

di laurate, or &ursherartheawdter Blewn sechnijgpehldadsdtangther problem. That

N, N, N, N -tetranmet hyl hexane-
is, the urea bond formed by the reaction of water with isocyanate

constitutes a very strong hard segment, results in an increased
hardness of the polyurethane foam obtained, and impairs tactile feeling
of the resultant foam.

On the other hand, it has been considered a reaction mechanism to
similarly generate carbon dioxide gas by the reaction of isocyanate
without forming the urea bond. For example, Japanese Laid~Open Patent
HEI 3~24108 has disclosed a process for reacting the isocyanate groups
each other to form a carbodiimide group and using ca;bon dioxide evolved
by the reaction for the blowing agent. Japanese Laid-Open Patent HEI
3-152111 has proposed a process for reacting a cyclic carbonate with
isocyanate to form an oxazolidone group and using carbon dioxide
generated by the reaction for the blowing agent.

However, these processes have problems such as difficulty for
regulating the reaction velocity, use of an expensive catalyst and
requirement for combined use of chlorofluorocarbons in order to provide
a sufficient extent of foaming. Consequently, problems on the carbon
dioxide blown technigue can not be substantially solved by these
techniques.

As mentioned above, the preparation process of the integral skin
polyurethane foam by using the carbon dioxide gas blowing technique in
place of chlorofluorocarbons or alternative HCFC and HFC has not yet
been realized, although the subject is an urgent desire of thoée who

are skilled in the art. The reason is that the technique has following

his is the reptacement sheet
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1,6-diamne, N,N,N,N',N''-pentanethyldiethylenetriamne, N N-bis (N

, N'- di net hyl - 3-am nopropyl )-N , N -di net hyl et hyl enedi am ne, N-nethyl-N -
(2-di net hyl am no) et hyl pi perazi ne, N-ethyl norpholine, 1-nethylim dazole,

1, 2-di met hyl i m dazol e, 3-(di nmet hyl am no) propyl i m dazol e,

di met hyl am noet hanol , bi s(2-di net hyl am noet hyl )ether and 1-isobutyl -2-
nmetylim dazole. A particularly preferred sertiary amne is 1-isobutyl-
2-metylimdazol e. These catal ysts can be used singly or as a m xture. The

tertiary an%:psead%gnt\:,mfi O%%reclo@SQPedd Weeh NG § tcnifoﬁhl;?‘%%%%garraq%ﬁ?b&% be.

|
previ ously tornme acid or an ester the e organic
carboxylic 55%é4n9£b&9ﬂ@§%%&dt?ﬁ?eOf' Additionally, the salt nay be added to

the recation systemas the so i on dissolved in a closslinking agent such
as di et hyl ene(ql)yﬁﬂen‘é{ggndén@?dfﬁd ttijné &Olrgcguired and impairs productivity.-
(2) Thick-walled molded articles are liable to generate blisters and
punctures in the démolding stage.
{3) The pblyurethane foam expands in the demolding stage and marks of
the mold surface are liable to remain on the product surface.
(4) The foam is rigid and tactile feeling is éoor.
{(5) The skin layer is thin.

The countermeasure for individually overcoming each disadvantage of
(1) ~(5) has already been found. However, a carbon dioxide gas blown
technique which can solve the whole items (1)~ (5) at the same time and
can be employed for an actual production line has not yet been
developed.

Japanese Laid-Open Patent HEI 2-199136 has proposed to used organic
carboxylic acid as a blowing agent. 1In the process, however, the
organic carboxylic acid which in used as the blowing agent leads to a
problem on time dependent stability in the isocyanate reactive
ingredient. As a countermeasure for solving the problem, Japanese
Laid-Open Patent HEI 3-153721 has proposed to use for the blowing agent
an organic carboxylic acid salt of nitrogen base having at least one N-H
bond. However, the process is diffult to control the reaction velocity
of the total system because the nitrogen base having the N~H bond
reacts too rapidly with isocyanate.

Summary of the Invention
The cobject of the invention is to provide a process for preparing an

integral-skin polyurethane foam by using carbon dioxide as a blowing

““4a i the replacement sheet
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--12 - The bel ow descri bed crosslinking agent, surfactant and ot her addives
are used-in the invention, when needed. Known crosslinking agents which are
commonly used for preparing integral-skin polyurethane foans can al so be
used in the invention. Exenplary crosslinking agent include ethylene
glycol, 1, 3-propanediol, 1,4-butanediol, 4,5-pentanediol and ohter
pol yal kyl ene gl ycol s; diethylene glycol, dipropylene glycol, triethylene
gl ycol and ot her pol yoxyal kyl ene gl ycol s; di et hanol am ne, triethanol am ne
-and ot her addeanol am nes; and | ow nol ecul ar wei ght pol yol s obtai ned by
addition of al kylene oxide in an anount of 1- 2 nols for an active hydrogen
radi cal to pol géydiresur ofhat dnsertdivasinveisapgdviibnl qir ahenseanfl girpenr ol , and
am nes such as ethylene and a m xture of 2,4-/2,6-tolyl enedi am ne

dioxide gas as a blowing agent of the integral-skin polyurethane foam,

the present inventors have found that the integral-skin polyurethane

foam obtained by using boric acid or an ester thereof as a blowing

agent can eliminate all of the above disadvantages and provide a molded

article which is excellent in productivity.and moldability and has good

touch. Thus, the present invention has been completed.

That is, the aspect of the invention is:

(1) aAn integral-skin polyurethane foam having a molding density of 0.3
~0.8 g/cm* and obtained by pouring into a mold a reaction mixture of an
aromatic polyisocyanate, isocyanate reactive high molecular weight
compound, blowing agent and other additives, comprising using boric acid
and/or an ester thereof as the blowing agent.

(2) An integral skin polyurethane foam of the above (1) wherein the
blowing agent is a mixture of boric acid and/or an ester thereof with an
organic carboxylic acid and/or an ester thereof.

(3) A preparation process of an integral-skin polyurethane foam having
a molding density of 0.3~0.8 g/cm® by pouring into a mold a reaction
mixture of an aromatic polyisocyanate, isocyanate reactive high
molecular weight compound, blowing agent, and other additives,
comprising using boric acid and/or an ester thereof as the blowing
agent.

(4) A preparation process of an integral-skin polyurethane foam of the
above (3) wherein the blowing agent is a mixture of boric acid and/or

an ester thereof with an organic carboxylic acid and/or an ester

thereof.

' t
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| somers. These crosslinking agents can be used singly or as a mxture. A
particul arly preferred crosslinking agent is diethylene glycol. Surfactants
whi ch can be used include, for exanple, N ppon Unicar's L-5430 and L-3601;
Toray Silicone's SRX-274C, SF-2961 and SF-2962; and other organic silicone
surfactants. Qther additives which can.be used are colorants, antioxidants,
flame retardants, viscosity reducers, and Lnternal nold rel ease agents.
Known additi-ves can be used. An open nold process and reaction injection
nmol di ng procddd kaRreparation Poecens of nan tinsegrlogkin-radiyirgthane doamms the
foams. The reaction injection nmolding process is particularly preferred.
The present2Boygeht) @F h2) Iwhesedn A Preparatipy RLosess ¥suat keactiondet ai | by
way of exanples and conparative exanples. In these exanples and conparative
exanpl es, tingerbiPWCAG1iRgG RFRERSS-

(6) An automotive steering wheel, interior or furniture prepared by
the preparation process of the above (3), (4) or (5).

The present invention uses:

(1) Boric acid and/or an ester thereof, or

(2) A mixture of boric acid and/or an ester thereof with an organic
carboxylic acid and/or an ester thereof, as a blowing agent.

Conventionally, in the process used water as a blowing agent, mold
filling ability of a reaction composition comprising an aromatic
polyisocyanate, isocyanate reactive high molecular weighﬁ compound,
blowing agent, and other additives was poor} As a conseqguence, an
amount of the water used as blowing agent must be increased in order to
improve the mold filling ability, however, using an increased amount of
water give rise to the disadvantages which excess expansion of the
polyurethane foam is liable to remain marks of the mold surface on the
product_surface and to generate blisters and punctures in the demolding
stage.

Extending demolding time is effective in order to improve the
disadvantages, but it decrease productivity of the foam, further the
foam is rigid and tactile feeling is poor because of urea linkage
formed by reacting water and isocyanate.

The reaction composition comprising the blowing agent of the present
invention and aromatic isocyanate, isocyanate reactive high molecular
weight compound and other additives has excellent mold filling ability

and demolding ability compared from the composition using water as a

This is the rep\acement shoqt

pate: 23 JUL 8%



pol yi'socyanats, polyols, crosslinking agents, catalyst and bl ow ng - 13
- agents=were used. Aromatic polyi socyanates (A) Pol yi socyanat e havi ng an
NCO content of 27.5 % which was obtained by subjecting a 70 : 30 m xture of
di phenyl net hane dii socyanate and pol ynet hyl enepol yphenyl isocyanate to

uret hane nodi fication by dipropyl ene glycol. Pol ynethyl enepol yphenyl

I socyanate had an NCO content of 31.5 %agd contained 70 % by wei ght of
three or nore benzene ring conmpounds. Aronatic polyisocyanate (B)

Pol yi socyanat e having an NCO content of 29.2 %which was a 70 : 30 m xture
of carbodii Flewingpaggnted Accordingly, the integral-skin polyurethane foam of the

present invention can be obtained in high productivity without
remaining marks of the mold surface.on the product surface-énd
generating blisters and punctures in the molding stage. The foam
having excellent tactile feeling can also be obtained because carbon
dioxide generated by reacting isocyanate with the blowing agent forms
the foams and formation of a urea linkage is little.

As mentioned above, in the present invention, water as the blowing
agent does not use at all or slightly use as a coexisting blowing
agent, therefore, the disadvahﬁage of the process used water as a
blowing agent can be solved by the present invention.

Additionally, the blowing agent used in the present invention does
not corrode a metal, on the contrary, use of formic acid represented an
organic carboxylic acid as the blowing agent corrode a metal.

The integral-skin polyurethane foam of the invention can be prepared
by pouring a mixture of urethane raw materials into a mold with a
reaction injection molding process. In the course of molding, foém
expansion is pressed down in the portion which comes into contact with
the interior surface of the mold and an elastomer like skin layer is
constituted. Thus, the skin layer and foam layer are formed at the
same time to build up an integral structure. The integral-skin
polyurethane foam obtained.in the invention has excellent elasticity
and tactile feeling and can be favorably used for automotive interiors
such as a steering wheel, horn pad, crush pad, instrument panel. lid of
a console box and glove box, head rest, arm rest and air spoiler ; and
furnitures such as a seat, leg and arm of a chair.

Detailed Description of the Invention

This is the replacement sheet
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di phenyl met hane dii socyanate and pol ynet hyl enepol yphenyl isocyanat e.

Pol yret hyl enepol yphenyl i socyanate had an NCO content of 31.5 % and
cont ai ned 70% by wei gh of three or nore benzene ring conpounds. Polyol (A
; Pol yol which had an average functionality of 3, average nol ecul ar wei ght
of 6000 and ethyl ene oxide content of 15 % by wei ght. Crosslinking agent
(A) ; Diethylene glycol Catalyst (A) ; A g3 %dipropylene glycol solution
of triethyenediam ne. Catalyst (B) ; 1-1sobutyl-2-nmethylim dazole. Catalyst
(© ; Bis(2-dinethylam noethyl) ether. Catalyst (D) ; Dibutyltin dilaurate.
Bl owi ng agent (7he; ilBednitGorGHdl Bé Quiagea@eat hdrBlnafedt hyl hexanoi ¢ acid.

Bl ow ng agent (O ; Methyl borate.

: ' Known aromatic polyisocyanates can be used for the invention.
Preferred isocyanates are diphenylmethane diisocyanate,
polymethylenepolyphenyl isocyanate, an isocyanate terminated prepolymer
which is a reaction product of these polyisocyanates with active
hydrogen containing compounds and urethonimine modified polyisocyanate.

Particularly preferred aromatic polyisocyanate is polymethylenepolyp
henyl isocyanate having a high content of poly benzene ring compounds of
more than three benzene ring cxompounds, more specifically 60 % by
weight or more content of three or more benzene ring compounds.

Further, a mixture with a urethane modified prepolymer of
diphenylmethane diisocyanate or urethonimine modified liquid
diphenylmethane diisocyanate can also be preferably used.

The isocyanate reactive high molecular weight compound which can be
used in the invention is a polyol which is obtained by addition
polymerization of propylene oxide alone or propylene oxide and ethylene
oxide on an active hydrogen containing compound such as water, propylene
glycol, glycerol, trimethylolpropane, pentaerythritol, sorbitol,
sucrose, triethanolamine, ethylenediamine tolylenediamine,
diaminodiphenylmethane or a mixture of these compounds so as to obtain
an average functionality of 2 ~ 4. The polyol has a hydroxyl value of
24 ~ 55 mg KOH/g, ethylene oxide content of 10 ~ 25 % by weight for the
polyol, and terminal primary hydroxyl content of 70~95 % by mole.

| Polymer polyol (Trade Mark) which is obtained by grafting an
ethylenically unsaturated monomer such as styrene, acrylonitrile or

methyl methacrylate on the above polyol can also be favorably used.

When the ethylene oxide content is less the 10 % by weight, terminal
o jacement sheet
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Bl. owi-ng agent (D); Trichlorofluoronethane (CFC-11). Bl ow ng agent (E)

Water. + - 14 - Exanple 1 A polyol conponent was prepared by m xing 100
parts of polyol (A), 10 parts of crosslinking agent (A), 0.7 part of
catalyst (B), 0.72 part of catalyst (C), 0.01 part of catalyst (D) and 0.58
part of blow ng agent (A). Aromatic polyi socyanate (B) and the above pol yol
conponent were mixed at an NCO'OH ratiq gf 1.05. Free blow foam ng and nold
foam ng were carried out. In the free blow foam ng the time fromthe m xing

of pol yi socyanate
primary hydroxyl content also decreases to less than 70 % by mole and

productivity becomes poor due to reduced reactivity.

On the other hand, when the ethylene oxide content exceeds 25 % by
weight or the terminal primary hydroxyl content exceeds 95 % by mole,
the reaction becomes too rapid and unfavorably leads to blisters in
thick walled portions of the foam obtained or sink marks in thickness
changing portions of the foam.

The blowing agent which can be used in the invention is boric acid
and/or an ester thereof, or a mixture of these compounds with an

- organic carboxylic acid and/or an ester thereof.

Boric acid and an ester thereof include, for example, boric acid,
methyl bérate, ethyl borate, dimethyl borate, diethyl borate, trimethyl
borate, triethyl borate and other borate esters. These compounds can be
used singly or as a mixture.

The organic carboxylic acid and an ester thereof include, for
example, formic acid, acetic acid, propionic acid, lauric acid, stearic
acid, oleic acid, 2-ethyl hexoic acid, oxalic acetié acid, itaconic
acid, adipic acid, maleic acid, acetyl dicarboxylic acid, acetone
dicarboxylic acid, malonic acid, succinic acid, tartaric acid,
diglycolic acid, cyclopropane diglycolic acid, gultaconic acid,
tartronic acid, gultaconic acid, aconitic acid, citric acid,
benzeneﬁricarboxylic acid, nitrilo triacetic acid, benzene
tetracarboxylic acid and mellitic acid, and methyl malonate, ethyl
malonate, butyl malonate, methyl maleate, ethyl maleate, butyl maleate,
methyl malate, ethyl malate, butyl malate, methyl succinate, ethyl
succinate, butyl succinate, methyl adipate, ethyl adipate, butyl
adipate, methyl tartrate, ethyl tartrate and butyl tartrate, methyl
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and pol yol conponents to the initiation of foam expansion (creamtine) and
the end of foam expansion (rise tinme) were neasured. THe density of
resultant foam (free bl ow density) was al so neasured. In the nold foam ng,
a nold having di nensi ons of 400X 100 X 10 mmt was previously warmed to
40[err]C . A urethane raw material m xtur,e was poured into the nold, the
nmold Iid was closed, and the nold was all'owed to stand for 3 m nutes at

room t enpepdiiyate, Tmyqaﬁé.%aﬁ;lae HEUHY dph AT ¥E s étabﬁfrpmialatet hengeéd and
surface hardness at the denDIdlng time was neasured with an Asker-Type-C

har dness ngigfinicFEfMoxJaEENRIAs AR ReSHE Qherbdflcanl bOWIM EDSyly 8 49 a

stand for 24 hours aftéer denolding. No blister occurred and no filling
ability (Gpifrgability to the configuration of the interior surface of the
nol d) was good as illustrated in Table 1. Exanple 2

The amount of the blowing agent is 10 parts by weight or less,
preferably 0.5 ~ 2.5 parts by weight for 100 parts by weight of the
isocyanate reactive high molecular weight compound.

The blowing agent can also be used in combination with a blowing
agent. Exemplary blowing agents which can be used include water and a
hydrocarbon, for example, pentane. The hydrocarbon has a lower boiling
point and must be free chlorine and fluorine in view of the object of
the invention as a countermeasure for the chlorofluorocarbon problem.

Various kinds of known catalyst for preparing urethane may be used
in the present invention. Exemplary catalysts include organometallic
catalysts such as dibutyltin dilaurate and dimethyltin dilaurate, or a
tertiary amine such as triethylendiamine, N,N,N’,N'-tetramethylhexane-
1,6-diamine, N,N,N',N",N"'-pentamethyldiethylenetriamine, N,N'-bis (N"
,N"-dimethyl~3-aminopropyl)-N',N'-dimethylethylenediamine, N-methyl-N'-
(2-dimethylamino)ethylpiperazine, N-ethylmorpholine, l-methylimidazole,
1,2-dimethylimidazole, 3-(dimethylamino)propylimidazole,
dimethylaminoethanol, bis(2-dimethylaminoethyl)ether and l-isobutyl-2-
metylimidazole. A pariicularly preferred tertiary amine is l-isobutyl-
2-metylimidazole. These catalysts can be used singly or as a mixture.

The tertiary amine can alsoc be added to the reaction system as a
salt previously formed with boric acid or an ester thereof or the
‘organic carboxylic acid or an ester thereof. Additionally, the salt
may be added to the recation system as the solution dissolved in a
closslinking agent such as diethyleneglycol when the salt is solid.
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The sane procedures as described in Exanple 1 were carried out except that
0.2 part. of blowi ng agent (E) was added. No blister occurred and nold
filling ability was good as illustrated in Table 1. Exanple 3 The sane
procedures as described in Exanple 1 were carried out - 15 - except that
bl owi ng agent (A) was replaced by 1.0 part of the bl ow ng agent and
catalyst (B) and (C) were replaced by L @zpart of these catal ysts
respectively. No blister was found and nol d f||||ng ability was good as
illustrated in Table 1. Exanple 4

The below described crosslinking agent, surfactant and other addives
are used in the invention, when needed.

Known crosslinking agents which are commonly used for preparing
integral-skin polyurethane foams can also be used in the invention.
Exemplary crosslinking agent include ethylene glycol, 1,3-propanediol,
1,4-butanediol, 1,5-pentanediol and ohter polyalkylene glycols;
diethylene glycol, dipropylene glycol, triethylene glycol and other
polyoxyalkylene glycols; diethanolamine, triethanol amine and other
alkanolamines; and low molecular weight polyols obtained by addition of
alkylene oxide in an amount of 1~ 2 mols for an active hydrogen radical
to polyhydric alcohols such as trimethylolpropene and glycerol, and
amines such as ethylene and a mixture of 2,4-/2,6-tolylenediamine
isomers. These crosslinking agents can be used singly or as a mixture,

A particularly preferred crosslinking agent is diethylene glycol.

Surfactants which can bé used include, for example, Nippon Unicar's
L-5430 and L~3601; Toray Silicone's SRX-274C, SF-2961 and SF-2962; and
other organic silicone surfactants.

Other additives which can be used are colorants, antioxidants, flame
retardants, viscosity reducers, and internal mold release agents.,

Known additives can be used.

An open mold process and reaction injection molding process can be
used for molding the integral-skin polyurethane foams. The reaction
injection molding process is particularly preferred.

The present invention will hereinafter be illustrated further in
detail by way of examples and comparative examples.

In these examples and comparative examples, the following aromatic

polyisocyanats, polyols, crosslinking agents, catalyst and blowing
This is the replacement sheet
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The sane procedures as described in Exanple 1 were carried out except that
bl ow-ng agent (A) was replaced by 0.58 part of blowi ng agent (C). No
blister was found and nold filling ability was good as illustrated in Table
1. Exanple 5 The same procedures as described in Exanple 1 were carried out
except that blow ng agent (A) was replaced by 0.3 part of blow ng agent (A)
and 0.47 part of blow ng agent (B) and catalyst (C was replaced by 0.53
part of the catal yst, respectively. No blijsster was found and nold filling
ability was good as illustrated in Table 1. Exanple 6 The sane procedures
as described in Exanple 1 were carried out except that bl ow ng agent (A)
was repl acedgenesOweie paed. of bl owm ng agent (B) and 0.3 part of bl ow ng

agent (C) and catalyst (C) was )
Aromatic polyisocyanates (A) : Polyisocyanate having an NCO content

of 27.5 % which was obtained by subjecting a 70 : 30 mixture of
diphenylmethane diisocyanate and polymethylenepolyphenyl isocyanate to
urethaﬁe modification by dipropylene glycol. Polymethylenepolyphenyl
isocyanate had an NCO content of 31.5 % and contained 70 % by weight of
three or more benzene ring compounds.

Aromatic polyisocyanate (B} : Polyisocyanate having an NCO content
of 29.2 % which was a 70 : 30 mixture of carbodiimide modified
diphenylmethane diisocyanate and polymeﬁhylenepolyphenyl isocyanate.
Polymethylenepolyphenyl isocyanate had an NCO content of 31.5 % and
contained 70% by weigh of three or more benzene ring compounds.

Polyol (A) ; Polyol which had an average functionality of 3, average
ﬁolecular weight of 6000 and ethylene oxide content of 15 % by weight.

Crosslinking agent (A) ; Diethylene glycol .

Catalyst (A) ; A 33 % dipropylene glycol solution of
triethyenediamine.

Catalyst (B) ; 1-Ispbutyl-2-methylimidazole.

Catalyst (C) ; Bis(2-dimethylaminoethyl) ether.

Catalyst (D) ; Dibutyltin dilaurate.

Blowing agent (A); Boric acid.

Blowing agent (B); 2-ethylhexanoic acid.

Blowing agent (C); Methyl borate.

Blowing agent (D); Trichlorofluozomethane {CFC-11).

Blowing agent (E); Water.

cate: 23 JUL 1996



repl aced by 0.53 part of the catal yst, respectively. No blister was found
and nol d-filling ability was good as illustrated in Table 1. Conparative
Exanpl e 1 The sanme procedures as described in Exanple 1 were carried out
except that blow ng agent (A) and catalysts (B), (C and (D) were repl aced
by 16 parts of blowi ng agent (D) and 1.5 parts of catalyst (A) and 0.01
part of catalyst (D) and aromatic polyi-sé&yanate (B) was replaced by

aromati c pol yi socyanate (A). Free bl ow density was - 16 - lowered. No
blister was found and nold filling aBkample was good as illustrated in Table
1.

A polyol component was prepared by mixing 100 parts of polyol (A),
10 parts of crosslinking agent (A}, 6.7 part of catalyst (B), 0.72 part
of catalyst (C), 0.01 part of catalyst (D) and 0.58 part of blowing
agent (A). Aromatic polyisocyanate (B) and the above polyol component

'weré mixed at an NCO/OH ratio of 1.05. Free blow foaming and mold
foaming were carried out.

In the free blow foaming the time from the mixing of polyisocyanate
and polyol components to the initiation of foam expansion (cream time)
and the end of foam expansion (rise time) were measured. THe density
.of resultant foam (free blow density) was also measured.

In the mold foaming, a mold having dimensions of 400X 100 X 10 mmt
was previously warmed to 40°C.

A urethane raw material mixture was poured into the mold, the mold
1id was closed, and the mold was allowed to stand for 3 minutes at room
temperature. Thereafter the molded item was taken out of the mold and
surface hardness at the demolding time was measured with an Asker-Type-C
hardness meter. Final hardness was measured after allowing the item to
stand for 24 hours after demolding. No blister occurred and mold
filling ability (Comformability to the configuration of the interior
surface of the mold) was good as illustrated in Table 1.

E#ample 2

The same procedures as described in Example 1 were carried out
except that 0.2 part of blowing agent (E) was added. No blister
occurred and mold filling ability was good as illustrated in Table 1.

Example 3

The same procedures as described in Example 1 were carried out
This is the replacement sheet
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Conpar ati ve Exanple 2 The sanme procedures as described in Exanple 1 were
carri-ed out except that blowi ng agent (A) and catalysts (B), (C and (D)
were replaced by 0.3 part of blowing agent (E) and 1.0 part of catalyst
(B), 1.0 part of catalyst (C) and 0.01 part of catalyst (D). Free bl ow
density was |owered. No blister was found5and nold filling ability was poor

ot Bt e ko IR BA| (R APELT E, MESEOL
Fr g e R AR R R A o e
in Table 1t:atalysts respectively. No blister was found and mold filling ability
was good as illustrated in Table 1.
| Example 4

The same procedures as described in Example 1 were carried out
except that blowing agent (A) was replaced by 0.58 part of blowing
agent (C). No blister was found and mold filling ability was good as
illustrated in Table 1.

Example 5

The same procedures as described in Example 1 were carried out
except that blowing agent (A) was replaced by 0.3 part of blowing agent
(A) and 0.47 part of blowing agent (B) and catalyst (C) was replaced by
0.53 part of the catalyst, respectively. No blister was found and mold
filling ability was good as illustrated in Table 1.

Example 6

The same procedures as described in Example 1 were carried out
except that blowing agent (A) was replaced by 0.47 part of blowing
agent (B) and 0.3 part of blowing agent (C) and catalyst (C) was
replaced by 0.53 part of the catalyst, respectively. No blister was
found and mold filling ability was good as illustrated in Table 1.

'Comparative Example 1

.The same procedures as described in Example 1 were carried out
except that blowing agent (A) and catalysts (B), (C) and (D) were
replaced by 16 parts of blowing agent (b) and 1.5 parts of catalyst (A)
and 0,01 part of catalyst (D) and aromatic polyisocyanate (B) was

replaced by aromatic polyisocyanate (A). Free blow density was
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- 17
3
100
10
0.7

0.72 0.53 0.53 (D
Bl owi ng agent

(B)
0.58

- Tabl e Conpara. Exanple Exanmple 1 2 3 1 2
- 4 5 6 Pol yol (A 100 100 100 100 100
100 100 100 Crosslinking agent(A) 10 10 10 10 10
10 10 10 Cat al yst (A 1.5 (B) 1.0 1.0
0.7 1.0 0.7 0.7 0.7 (O 1.0 1.0 0.72 0.72 1.0

0.47 0.47 (O
loweFed No blister was found and mold filling ability was good as

illustrated in Table 1.
Comparative Example 2
The same procedures as described in Example 1 were carried out
except that blowing agent (A) and catalysts (B), (C) and (D) were
replaced by 0.3 part of blowing agent (E) and 1.0 part of catalyst (B),
1.0 part of catalyst (C) and 0.01 part of catalyst (D). Free blow
density was lowered. No blister was found and mold filling ability was
poor as illustrated in Table 1. |
Comparative Example 3
The same procedures as described in Cbmparative Example 2 were
carried out except that blowing agent (E) was replaced 0.6 part of the
blowing agent. Free blow density was lowered and blister occurred on

the foam. Results were poor as illustrated in Table 1.
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(D - 16 (B 0.3 0.6 0.2 Aromatic polyiso-
(A - (B) (B) (B) (B) (B) (B) (B) (B) cyanate NCO OH ratio
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 Free blow Creamtine
(sec) 14 13 13 16 16 16 15 16 . 16 Rise tine
(sec) 30 26 30 32 34 33 30 29 33 Density
(g/cnferr]) 0.10 0.29 0.20 0.24 _OI;Q 0.23 0.22 0.23 0.22 Mlding
(10 mm sheet) Density (g/cnerr]) 0.60 0.59 0.60 0.63 0.62 0.62
0.62 0.60 0.61 Hardness Denol di ng st age 45 68 70 73 70
73 67 67 69 Fi nal 75 77 81 83 78 80
78 76 77 Denmolding tinme (mn) 3 3 3 3 3 3
3 3 3 Table
Compara. Example Example
1 2 3 | 2 3 4 5 6
Polyol (a) 100 100 100 100 100 100 100 100 100
Crosslinking agent(a) 10 10 10 10 10 10 10 10 10
Catalyst (A) 1.5 : :
(B) 1.0 1.0 0.7 0.7 1.0 0.7 0.7 0.7
(c) 1.0 1.0 0.72| 0.72| 1.0 0.72| 0.53 | 0.53
(D) 0.01(0,01( 0.01( 0,01 0,01 0.01)0.01| 0.011{ 0.01
Blowing agent (A) 0.58| 0.58{ 1.0 0.3
(B) 0.47 | 0.47
(C) 0.58 0.3
(D) 16 -
(E) 0.3 0.6 0.2
Aromatic polyiso- (a) (B) (B) (B) (B) (B) (B) | (B) (B)
cyanate NCO/OH ratio{ 1.05( 1.05} 1.05| 1.05| 1.05/ 1.05] 1.05] 1.05] 1.05
Free blow :
Cream time (sec) 14 13 13 16 16 16 15 16 16
Rise time (sec) 30 26 30 32 34 33 30 29 33
Density (g/cm®) 0.10] 0.29| 0.20 0.24| 0.20} 0.23| 0.22| 0.23| 0.22
Molding (10 mm sheet)
Density (g/cm )| 0.60| 0,59 0.60( 0.63{ 0.62| 0.62| 0.62} 0.60| 0.61
Hardness '
Demolding stage | 45 68 70 73 70 73 67 67 69
Final 75 77 81 83 78 80 78 76 77
Demolding time (min) 3 3 3 3 ‘3 3 3 3 3
Blister @) O X @] @) @) O O @)
Mold filling ability O X O O O @) O O O
Note) Blister: (0 No blister, X Blister
Mold filling ability: QO Good, X Poor
| cement sheet
Tris is the reple
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Blister 0 0 X 0 0 0.0 0 0 Mol d-filling-
ability - 0 X 0 0 0 0 0 Note
Blister: 0 No blister, X Blister Mold filli ngl“mumt/)“'“um/ufw
Good, X Poor - 18 - Clal ms (1) An integral-skin polyure

a nDIdlng density of 0.3 -0.8 g/cn8 and gbtai ned by pouring *info

reaction mixture of an aromatic polyi socyanate, isocyanate reactive hlgh

nol ecul ar wei ght conpound, bl owi ng agent and ot her additives, conprising
using boric acid and/or an ester thereg@fz@gsthe bl ow ng agent.

(1) An integral-skin polyurethane foam having a molding density of 0.3
~ 0.8 g/cm®* and obtained by pouring into a mold a reaction mixture of an
aromatic polyisocyanaté, isocyanate reactive higﬁ molecular weight
compound, blowing agent and other additives, comprising using boric acid

and/or an ester thereof as the blowing agent.

(2) An integral-skin polyurethane foam of claim (1) wherein the
blowing agent is a mixture of boric acid and/or an ester thereof with an

organic carboxylic acid and/or an ester thereof.

(3) A preparation process of an integral-skin polyurethane foam having
a molding density of 0.3 ~0.8 g/cm’® by pouring into a mold a reaction
mixture of anh aromatic polyisocyanate, isocyanate reactive high
molecular weight.compound, blowing agent, and other additives,
comprising using boric acid and/or an ester thereof as the blowing

agent.

(4) A preparation process of an integral-skin polyurethane foam of
claim (3) wherein the blowing agent is a mixture of boric acid and/or
an ester thereof with an organic carboxylic acid and/or an ester

thereof.

(5) A preparation process of an integral-skin polyurethane foam of
claim (3) or (4) wherein the preparation process is a reaction

injection molding process.
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(2) -An integral -skin pol yurethane foam of cI aim (1) wherein the blow ng
agent is a mxture of boric acid and/or an ester thereof Wth an or gani
carboxylic acid and/or an ester thereof. (3) A preparati on B@ l!!\
i ntegral -skin pol yurethane foam having a nolding density of

by pouring into a nold a reaction m xturggof an aromatic polyi sbcy'anate

i socyanate reactive high nol ecul ar wei ght conpound, bl ow ng agent, and

ot her additives, conprising using boric acid and/or an ester thereof as the
bl owi ng agent6) (ah) adtquiatpae adticeripg odesd, cinteriontayfakniiiine poésanedt hvne
foamof claim (3) wherein the blowing agent is a mxture of boric acid

and/ or an esé epreipaeation prodessn obr ghadimc (3 HAXYdF c{( 3ei d and/ or an ester
thereof. (5) A preparation process of an integral-skin polyurethane foam of

g ig the replacement sheet
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claim (3) or (4) wherein the preparation process is a reaction injection
nDIdLngeprocess._ -19 - (6) An autonoti've steering wheel, interior or
furniture prepared by the preparation process of claim(3), (4) or (5).

- 20 -
INTEGRAL-SKIN POLYURETHANE FOAM, PREPARATION PROCESS AND USE OF SAME

Abstract of the Disclosure

A preparation process of an integral-skin polyurethane foam with a
carbon dioxide blown system comprising using as an blowing agent boric
acid and/or an ester thereof, or a mixture of these compdunds with an
organic carboxylic acid and/or an ester thereof, and integral-skin
polyurethane foam which is prepared by the process and has low free

blow density, good moldability and no'blistér, are disclosed.
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