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MICROCELLULAR POLYURETHANE 
ELASTOMER, AND METHOD OF PRODUCING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a microcellular 
polyurethane elastomer and a method of producing the 
same, more particularly to a microcellular polyurethane 
elastomer for a shoe sole and a method of producing the 
same. 

[0003] 2. Description of the Prior Art 

[0004] A microcellular polyurethane elastomer has ?ne 
cells uniformly dispersed in a formed body, and is charac 
teriZed by its forming density loWer than that of a solid type 
polyurethane elastomer but higher than that of a ?exible 
polyurethane foam. The microcellular polyurethane elas 
tomer has been used for, e.g., shoe soles, gaskets, sealants 
and vibration insulators, and is still a very important mate 
rial. 

[0005] The representative microcellular polyurethane 
elastomer is produced by reacting a resin premix With an 
isocyanate component, Wherein the resin premix is a mixture 
of a polyol component and one or more aids/additives, e.g., 
chain extender, catalyst, foam stabiliZer and foaming agent. 

[0006] It is knoWn that polyester polyol and polyoxyalky 
lene polyol are used as the polyol component. 

[0007] HoWever, the microcellular polyurethane elastomer 
using a polyester polyol is insuf?cient in resistance to 
hydrolysis, although excellent in various physical proper 
ties, e.g., tensile strength, elongation and tear strength. 
Therefore, various attempts have been done to retard the 
hydrolysis, e.g., use of various types of additives and 
modi?cation of chemical structures of polyester polyol. One 
of the methods proposed so far for improving resistance to 
the hydrolysis is to contain 0.001 to 0.007 mol of a com 
pound having 3 active hydrogen atoms per 1000 g of the 
polyurethane resin produced, to cause a small quantity of 
branched structure. Such a compound, hoWever, is still 
required to be further improved in resistance to hydrolysis. 

[0008] On the other hand, use of polyoxypropylene polyol 
as the polyoxyalkylene polyol is knoWn to improve resis 
tance of the polyurethane to hydrolysis. HoWever, a poly 
oxypropylene polyol has generally insuf?cient reactivity, 
and causes problems, e.g., extended demolding time and 
deterioration of green and ?nal strength. These problems 
may be solved by increasing quantity of the catalyst, Which, 
hoWever, is accompanied by other problems, e.g., deterio 
ration of processability and moldability resulting from short 
ened cream time or gel time. 

[0009] Development of a polyoxyalkylene polyol exhib 
iting higher physical characteristics has been demanded 
even for the areas to Which the conventional polyoxyalky 
lene polyol is sufficiently applicable With its resistance to 
hydrolysis, because of the problems associated With produc 
tion of the polyol. One of the methods generally used for 
producing a polyoxyalkylene polyol is addition polymeriZa 
tion in Which an active hydrogen compound is reacted With 
an alkylene oxide in the presence of potassium hydroxide 
(KOH) as the catalyst. HoWever, it is knoWn that, When 
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propylene oxide as the common alkylene oxide is used for 
addition polymeriZation in the presence of a KOH catalyst, 
a mono-ol having an unsaturated group at the molecular 
chain piece terminal is produced increasingly as the by 
product, as the polyoxypropylene polyol increases in 
molecular Weight. 

[0010] In general, mono-ol content corresponds to overall 
degree of unsaturation of polyoxypropylene polyol. The 
mono-ol has a loWer molecular Weight than the polyoxypro 
pylene polyol produced by the main reaction, and greatly 
Widens molecular Weight distribution of the polyoxypropy 
lene polyol and hence decreases average number of func 
tional groups. It is also knoWn that the mono-ol retards 
formation of the polymer netWorks for the urethane-forming 
reaction With polyisocyanate compound, resulting in dete 
rioration of mechanical strength of polyurethane as the 
reaction product. 

[0011] Attempts have been made to improve productivity 
of the polyoxyalkylene polyol synthesis, While inhibiting 
formation of mono-ol as the by-product. For example, a 
double metal cyanide complex (DMC) is proposed as the 
catalyst for addition polymeriZation of propylene oxide, as 
disclosed by publications of Us. Pat. No. 3,829,505 and 
US. Pat. No. 4,472,560, Which describe that DMC is an 
excellent catalyst for polymeriZation of propylene oxide. 

[0012] Apublication of US. Pat. No. 5,728,745 discloses 
a polyoxyalkylene polyol synthesiZed in the presence of an 
improved DMC as the catalyst, Which gives a microporous 
elastomer shoWing a very high green strength and demolded 
in a short time, Without causing deterioration of the ?nal 
elastomer properties. Japanese Patent Publication No. 
3-47202 describes, in its exmaples, that the polyoxyalkylene 
polyol synthesiZed in the presence of a DMC catalyst gives 
a polyurethane-based resin for shoe soles highly resistant to 
moist heat. 

[0013] HoWever, addition polymeriZation of ethylene 
oxide as the alkylene oxide in the presence of a DMC 
catalyst needs several steps, e.g., deactivation of the DMC 
catalyst by the reaction With an oxidant (e.g., an oxygen 
containing gas, peroxide or sulfate), separation of the 
residual catalyst from the polyoxyalkylene polyol, and addi 
tion polymeriZation in the presence of a hydroxide of alkali 
metal (e.g., KOH), alkoxide of alkali metal or the like as the 
catalyst, as disclosed by US. Pat. No. 5,235,114. The 
inventors of the present invention have synthesiZed a poly 
oxyalkylene polyol in the presence of a DMC catalyst, and 
produced the microcellular polyurethane elastomer from the 
polyol, to ?nd that the microcellular polyurethane elastomer 
fails to satisfy the desired characteristics they have pursued 
With respect to demolding time, durability-related charac 
teristics (e.g., compression set), and cell shape in a speci?c 
range. 

[0014] One of the catalysts other than the above-described 
ones for synthesiZing polyoxyalkylene polyol is a phosp 
haZene compound, disclosed by a publication of EPO 763, 
555, Macromol. Rapid Commun. Vol. 17, pp. 143 to 148, 
1996, and Macromol. Symp. Vol. 107, pp. 331 to 340, 1996). 
When used as the catalyst for synthesiZing polyoxyalkylene 
polyol, the phosphaZene compound brings about advantages 
of controlled production of the mono-ol as the by-product 
and greatly improved productivity. 
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BRIEF SUMMARY OF THE INVENTION 

Object of the Invention 

[0015] It is an object of the present invention to provide a 
microcellular polyurethane elastomer Which can solve the 
problems involved in the conventional techniques. It is 
another object of the present invention to provide a method 
of producing the same. More concretely, the present inven 
tion provides a microcellular polyurethane elastomer shoW 
ing reduced demolding time, greatly reduced compression 
set and excellent mechanical properties, and, at the same 
time, excellent in appearances and coating characteristics, 
and also provides a method of producing the same. 

SUMMARY OF THE INVENTION 

[0016] The inventors of the present invention have found, 
after having extensively studied to develop a microcellular 
polyurethane elastomer of excellent characteristics and a 
method of ef?ciently producing the same, that the micro 
cellular polyurethane elastomer can have excellent mechani 
cal strength When it has an overall density (D) in a speci?c 
range and its compression set (CS2) and cell diameter on the 
skin surface satisfy speci?c correlations With its overall 
density (D), that the microcellular polyurethane elastomer 
can have excellent characteristics and its demolding time 
can be reduced to improve production ef?ciency by use of 
polyoxyalkylene polyol having a speci?c hydroxyl value 
(OHV), an overall degree of unsaturation and head-to-tail 
(H-T) linkage selectivity, and that the microcellular poly 
urethane elastomer can have reduced demolding time and 
excellent mechanical properties by use of a speci?c quantity 
of polyoxyalkylene polyol having a WZO/W8O ratio as an 
index representing molecular Weight distribution in a spe 
ci?c range, reaching the present invention. 

[0017] The present invention, Which solves the above 
problems, provides the folloWing items (1) to (21). 

[0018] (1) A microcellular polyurethane elastomer, having 

[0019] (a) an overall density (D) of 100 kg/m3 or 
more but 900 kg/m3 or less, 

[0020] (b) overall density (D) and compression set 
(CS2, unit: %) satisfying a relationship shoWn by the 
folloWing equation (1) 

CS2§O.OOOO8*D2—O.O91*D+42 (1) 

[0021] 
[0022] overall density (D) and average cell diam 

eter (X, unit: pm) observed on the skin surface 
satisfying a relationship shoWn by the folloWing 
equation (2): 

and having 

Xé 12050-0015D (2). 

[0023] (2) The microcellular polyurethane elastomer of 
(1), Wherein its overall density is 200 kg/m3 or more but 700 
kg/m3or less. 

[0024] (3) The microcellular polyurethane elastomer of 
(1), containing the cells having an average diameter of 1 pm 
or more but 200 pm or less. 

[0025] (4) The microcellular polyurethane elastomer of 
one of (1) to (3), Wherein its overall density and compression 
set satisfy a relationship shoWn by the folloWing equation 
(3)1 
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[0026] (5) The microcellular polyurethane elastomer of 
one of (1) to (3), Wherein its average cell diameter (X, unit: 
pm) observed on a skin surface satis?es the relationship 
shoWn by a folloWing equation (4): 

X2 11060-00151’ (4) 

[0027] (6) A microcellular polyurethane elastomer a 
polyol With a polyisocyanate compound to having an overall 
density (D) of 100 kg/m3 or more but 900 kg/m3 or less 
obtained by reacting, Wherein above described polyol con 
tains 50 Wt. % or more of at least one polyoxyalkylene 
polyol having a hydroxyl value of 2 to 200 mg-KOH/g, an 
overall degree of unsaturation of 0.001 to 0.07 meq./g and 
a head-to-tail linkage selectivity of 95 mol % or more for 
that of the polyoxyalkylene polyol produced by addition 
polymeriZation of propylene oxide. 

[0028] (7) The microcellular polyurethane elastomer of 
(6), Wherein above described polyoxyalkylene polyol is 
produced in the presence of a compound having a P=N 
bond as a catalyst. 

[0029] (8) The microcellular polyurethane elastomer of 
(1), obtained by reacting a polyol With a polyisocyanate 
compound, Wherein above described polyol contains 50 Wt. 
% or more of at least one polyoxyalkylene polyol having a 
hydroxyl value of 2 to 200 mg-KOH/g, an overall degree of 
unsaturation of 0.001 to 0.07 meq./g and a head-to-tail 
linkage selectivity of 95 mol % or more for that of the 
polyoxyalkylene polyol produced by addition polymeriZa 
tion of propylene oxide. 

[0030] (9) The microcellular polyurethane elastomer of 
(8), Wherein above described polyoxyalkylene polyol is 
produced in the presence of a compound having a P=N 
bond as a catalyst. 

[0031] (10) The microcellular polyurethane elastomer of 
(8), Wherein above described polyol contains 0.5 to 50 Wt. 
% of polymer-dispersed polyol containing 1 to 50 Wt. % of 
the polymer micro particles produced by polymeriZation of 
at least one monomer containing an ethylenically unsatur 
ated group. 

[0032] (11) The microcellular polyurethane elastomer of 
(10), Wherein above described polymer-dispersed polyol is 
produced by polymeriZation of at least one monomer con 
taining an ethylenically unsaturated group in at least one 
polyoxyalkylene polyol having a hydroxyl value of 2 to 200 
mg-KOH/g, an overall degree of unsaturation of 0.001 to 
0.07 meq./g and a head-to-tail linkage selectivity of 95 mol 
% or more for that of the polyoxyalkylene polyol produced 
by addition polymeriZation of propylene oxide. 

[0033] (12) The microcellular polyurethane elastomer of 
(10), Wherein above described polymer-dispersed polyol 
contains 10 to 45 Wt. % of above described polymer micro 
particles. 
[0034] (13) The microcellular polyurethane elastomer of 
one of (10) to (12), Wherein above described monomer 
containing an ethylenically unsaturated group is one or more 
types of monomers selected from the group consisting of 
acrylonitrile, styrene, acrylamide and methyl methacrylate. 

[0035] (14) The microcellular polyurethane elastomer of 
one of (10) to (13), Wherein above described monomer 
containing an ethylenically unsaturated group contains 30 
Wt. % or more of styrene. 
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[0036] (15) The microcellular polyurethane elastomer of 
one of (1) to (14), Which is obtained by reacting an isocy 
anate-terminated prepolymer With a polyol, above described 
prepolymer being obtained by reacting an aromatic polyester 
polyol With a polyisocyanate. 

[0037] (16) Ashoe sole Which is made of the microcellular 
polyurethane elastomer of one of (1) to (15). 

[0038] (17) A method of producing a microcellular poly 
urethane elastomer, obtained by reacting a polyol With a 
polyisocyanate compound to have 

[0039] (a) an overall density (D) of 100 kg/m3 or 
more but 900 kg/m3 or less, and 

[0040] (b) overall density (D) and compression set 
(CS2, unit: %) satisfying the relationship shoWn by 
the folloWing equation (1): and 

[0041] and to have overall density (D) and average 
cell diameter (X, unit: pm) observed on the skin 
surface satisfying the relationship shoWn by the 
folloWing equation (2): 

X2 12050-001513 (2) 

[0042] Wherein, above described polyol contains 50 
Wt. % or more of at least one polyoxyalkylene polyol 
having a hydroxyl value of 2 to 200 mg-KOH/g, an 
overall degree of unsaturation of 0.001 to 0.07 
meq./g and a head-to-tail linkage selectivity of 95 
mol % or more for that of the polyoxyalkylene 
polyol produced by addition polymeriZation of pro 
pylene oxide. 

[0043] (18) The method of producing a ?nely foamed 
polyurethane elastmer of (17), Wherein above described 
polyoxyalkylene polyol is produced in the presence of a 
compound having a P=N bond as a catalyst. 

[0044] (19) The method of producing a ?nely foamed 
polyurethane elastmer of (17), Which is obtained by reacting 
a polyol With a polyisocyanate compound, Wherein above 
described polyol contains 0.5 to 50 Wt. % of polymer 
dispersed polyol containing 1 to 50 Wt. % of the polymer 
micro particles produced by polymeriZation of at least one 
monomer containing an ethylenically unsaturated group. 

[0045] (20) The method of producing a ?nely foamed 
polyurethane elastmer of one of (17) to (19), Which is 
obtained by reacting a polyol With a polyisocyanate com 
pound, Wherein above described polyisocyanate compound 
is an isocyanate-terminated prepolymer obtained by reacting 
an aromatic polyester polyol With a polyisocyanate. 

[0046] (21) The method of producing a ?nely foamed 
polyurethane elastmer of (20), Wherein above described 
polyisocyanate compound contains 20 Wt. % or more of the 
isocyanate-terminated prepolymer obtained by reacting an 
aromatic polyester polyol With a polyisocyanate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] The present invention Will be described in detail 
beloW by the preferred embodiments. 

[0048] <<Microcellular polyurethane elastomer>> 

[0049] The microcellular polyurethane elastomer has an 
overall density of 100 to 900 kg/m3, preferably 200 to 800 
kg/m3, more preferably 200 to 700 kg/m3, Wherein overall 
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density means density of the Whole elastomer including its 
surface layer section. Keeping overall density at 100 kg/m3 
or more gives the elastomer of improved mechanical 
strength and alloWs the formed elastomer to exhibit excel 
lent mechanical properties. The microcellular polyurethane 
elastomer of the present invention has folloWing mechanical 
properties; hardness (Asker C): 5 to 95, tensile strength 
(TB): 0.5 to 20 MPa, maximum elongation (EB): 100 to 
700%, tear strength (TR): 0.5 to 50 kN/m, and compression 
set (CS2): 3 to 35%, Which vary depending on its overall 
density. 

[0050] Compression set (CS2) is an important property for 
the microcellular polyurethane elastomer, especially for 
shoe soles, because it determines the product quality. The 
elastomer of loWer CS2 value suffers less dimensional 
changes When used repeatedly, and enables to keep desired 
elastic feeling for extended periods. It is determined in 
accordance With I IS K-6262, Where the circular specimen 29 
mm in diameter, cut from a sheet, Was tested under the 
conditions of test temperature: 50:1° C., test time: 6 hours, 
and compression ratio: 50%. The compression set thus 
determined is referred to as the “CS2” value in this speci 
?cation. 

[0051] The CS2 value of the microcellular polyurethane 
elastomer of the present invention satis?es the relationship 
shoWn by the folloWing equation (1): 

cs2 235*(“00259 (6). 

more preferably the folloWing equation (5): and 

especially preferably the folloWing equation (6): 

[0055] The microcellular polyurethane elastomer should 
have sufficient mechanical strength, When it has a CS2 value 
in the above range. 

[0056] Surface characteristics are also important for the 
foamed polyurethane elastomer for shoe soles. It is needless 
to say that surface characteristics greatly affect quality of the 
uncoated product, let alone coated surface of the product 
post-treated by coating. It is preferable that the microcellular 
polyurethane elastomer has a glossy surface Without defects, 
e.g., ?oW marks and pinholes, before being coated, and 
keeps the glossy surface Without defects, e.g., uneven col 
oration, after being coated. 

[0057] The inventors of the present invention have found 
that the surface characteristics are determined by siZe of the 
cells on the skin surface, Where the skin surface of the 
present invention means the surface of the microcellular 
polyurethane elastomer sheet in contact With the mold, e.g., 
of aluminum 12.5 by 150.0 by 250.0 mm in inner dimen 
sions, in Which it is formed. The surface (150.0 by 250.0 
mm) in contact With the mold bottom Was observed for its 
cell diameters by a microcamera at a total of ?ve position, 
the four corners and center, for the portion excluding the 20 
mm Wide sections from the edges in the length and breadth 
directions. The average diameter of these cells at each of the 
5 points is determined by image processor/analyZer, and the 
average cell diameter X on the skin surface is determined by 
averaging the average diameters at these points. 
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[0058] The cell diameter (X, unit: pm) observed on the 
skin surface of the microcellular polyurethane elastomer of 
the present invention preferably satis?es the relationship 
shoWn by the following equation (2): 

xéizoeu-‘mlsD (2) 

[0059] more preferably the folloWing equation (4): and 

XéllOeu'uulsD (4) 

[0060] 
X2 10060-001513 (7) 

still more preferably the folloWing equation (7): 

[0061] Controlling the average cell diameter on the skin 
surface in the above range substantially increases thickness 
of the skin layer. The inventors of the present invention have 
also found that increasing thickness of the skin layer 
improves mechanical properties, e.g., tensile strength, of the 
elastomer. 

[0062] The average cell diameter inside of the microcel 
lular polyurethane elastomer of (eg the average cell diam 
eter as measured Without skin layer) the present invention is 
preferably 1 pm or more but 200 pm or less, more preferably 
1 pm or more but 150 pm or less, still more preferably 1 pm 
or more but 100 pm or less, and most preferably 5 pm or 
more but 100 pm or less. The average cell diameter inside of 
the microcellular polyurethane elastomer of the present 
invention is determined by observing diameters of the cells 
at the four planes of the specimen in the sectional direction 
(perpendicular to the skin surface) by a microcamera, and 
?nding the average cell diameter by an image processor/ 
analyZer, Where the specimen is prepared by, e.g., cutting the 
sheet of microcellular polyurethane elastomer, formed in an 
aluminum mold of 12.5 by 150.0 by 250.0 mm in inner 
dimensions, into a shape of 3 cm in the length direction and 
1 cm in the breadth direction from the central portion, and 
removing the 4 mm thick upper and loWer sections. 

[0063] Keeping the average cell diameter at 200 pm or 
less, especially 100 pm or less, can inhibit groWth of the cell 
diameter, and give the microcellular polyurethane elastomer 
of good feeling of touch and improved mechanical proper 
ties. 

[0064] <<Production of microcellular polyurethane elas 
tomer>> 

[0065] The microcellular polyurethane elastomer of the 
present invention, having the above-described characteris 
tics, is produced by reacting a polyol including a polyoxy 
alkylene polyol having a speci?c structure as the main 
component, With a polyisocyanate compound in the pres 
ence of a foaming agent, catalyst and foam stabiliZer. Each 
component is described ?rst in detail. 

[0066] <<Polyol>> 
[0067] The polyol for the present invention contains 50 
Wt. % or more of at least one polyoxyalkylene polyol having 
a hydroxyl value (OHV) of 2 to 200 mg-KOH/g, an overall 
degree of unsaturation of 0.001 to 0.07 meq./g, and head 
to-tail (H-T) linkage selectivity of 95 mol % or more for that 
of the polyoxyalkylene polyol produced by addition poly 
meriZation of propylene oxide. 

[0068] <Polyoxyalkylene polyol> 

[0069] The polyoxyalkylene polyol for the present inven 
tion has an OHV value of 2 to 200 mg-KOH/g, preferably 9 
to 120 mg-KOH/g, more preferably 10 to 100 mg-KOH/g, 
still more preferably 20 to 80 mg-KOH/g, and most prefer 

Oct. 18, 2001 

ably 20 to 60 mg-KOH/g, vieWed from mechanical proper 
ties and demolding characteristics of the microcellular poly 
urethane elastomer. 

[0070] The polyoxyalkylene polyol for the present inven 
tion also has an overall degree of unsaturation of 0.07 meq./g 
or less, preferably 0.05 meq./g or less, more preferably 0.04 
meq./g or less, and most preferably 0.03 meq./g or less, in 
order to improve mechanical strength of the microcellular 
polyurethane elastomer and alloW it to exhibit its inherent 
properties in the early stage. 

[0071] Keeping an overall degree of unsaturation at 0.07 
meq./g or less greatly improves mechanical strength of the 
microcellular polyurethane elastomer. The loWer limit of an 
overall degree of unsaturation is not limited for the present 
invention, but around 0.001 meq./g. 

[0072] The polyoxyalkylene polyol for the present inven 
tion also has a head-to-tail (H-T) linkage selectivity of 95 
mol % or more, preferably 96 mol % or more, more 
preferably 97 mol % or more, Where the selectivity results 
from the cleavage mode of oxirane ring in addition poly 
meriZation of propylene oxide. Keeping head-to-tail (H-T) 
linkage selectivity at 95 mol % or more can keep polyoxy 
alkylene polyol viscosity in an adequate range, develop the 
compatibility With an aid/additive, e.g., foam stabiliZer, and 
also inhibit groWth of the average cell diameter and dete 
rioration of processability of the microcellular polyurethane 
elastomer. 

[0073] The polyoxyalkylene polyol for the present inven 
tion also has a WZO/W8O ratio of 1.5 or more but beloW 3.0, 
Where W2O and W8O are Widths of the peaks at 20 and 80% 
of the highest peak in the gel permeation chromatography 
(GPC) elution curve. 

[0074] The causes for broadening the molecular Weight 
distribution of polyoxyalkylene polyol include formation of 
mono-ol by the side-reaction of propylene oxide, and for 
mation of a high-molecular-Weight component as the by 
product. The mono-ol (corresponding to an overall degree of 
unsaturation, de?ned in this speci?cation) has a loWer 
molecular Weight than the polyoxyalkylene polyol produced 
by the main reaction, and sloWer than the component formed 
by the main reaction in peak holding time in the GPC elution 
curve. Decreasing concentration of mono-ol makes an over 
all degree of unsaturation of the polyol decrease, as a result, 
mechanical strength of the microcellular polyurethane elas 
tomer is greatly improved. 

[0075] Therefore, a polyoxyalkylene polyol containing a 
higher proportion of the high-molecular-Weight component 
has a higher viscosity than the one containing a loWer 
proportion of the high-molecular-Weight component, 
increasing viscosity of the resin premix containing a cata 
lyst, foam stabiliZer, foaming agent or the like and also 
viscosity of the isocyanate-terminated prepolymer obtained 
by the reaction With a polyisocyanate, and hence causing 
problems, e.g., deteriorated processability and ?oWability of 
the microcellular polyurethane elastomer, to deteriorate its 
formability and groW its cell diameter. 

[0076] The polyoxyalkylene polyol for the present inven 
tion is preferably produced from propylene oxide as the 
main monomer and ethylene oxide. Introduction of ethylene 
oxide into the terminal of the polyoxyalkylene polyol struc 
ture With the propylene oxide as the main chain alloWs the 
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polyol to exhibit a sufficient reaction rate, and also can 
sufficiently increase molecular Weight of the microcellular 
polyurethane elastomer. Content of ethylene oxide in the 
polyoxyalkylene polyol for the present invention is prefer 
ably 30 Wt. % or less, more preferably 5 to 30 Wt. %, and 
most preferably 10 to 25 Wt. %. Rate for producing a 
primary hydroxyl group at the terminal of the polyoxyalky 
lene polyol is preferably around 50 mol % or more, more 
preferably 70 mol % or more, still more preferably 75 mol 
% or more, and most preferably 80 mol % or more. 

[0077] It is also preferable that the polyoxyalkylene polyol 
for the present invention is produced in the presence of a 
compound having the P=N bond as a catalyst. More pref 
erably, the compound is one or more types of compound 
selected from the group consisting of phosphaZenium com 
pound, phosphaZene compound and phosphine oxide com 
pound, of Which a phosphaZenium compound is most pref 
erable. The polyoxyalkylene polyol produced in the 
presence of a phosphaZenium compound preferably has a 
hydroxyl value of 2 to 200 mg-KOH/g, an overall degree of 
unsaturation of 0.001 to 0.07 meq./g and a head-to-tail 
linkage selectivity of 95 mol % or more for that of the 
polyoxyalkylene polyol produced by addition polymeriZa 
tion of propylene oxide. Although the polyoxyalkylene 
polyol is preferably produced in the presence of a phosp 
haZenium compound, a hydroxide of alkali metal, e.g., 
cesium hydroxide (CsOH), may be used in combination With 
the phosphaZenium compound, so long as the effects of the 
present invention are not damaged. The catalyst for produc 
ing the polyoxyalkylene polyol Will be described in detail 
later. 

[0078] A polyol having a structure other than the above 
polyoxyalkylene polyol may be used for production of the 
microcellular polyurethane elastomer of the present inven 
tion. The polyoxyalkylene polyol for the present invention 
accounts for 50 Wt. % or more of the polyols, preferably 70 
Wt. % or more and more preferably 80 Wt. % or more. The 
polyol, other than the polyoxyalkylene polyol, Which can be 
used for the present invention, Will be described in detail 
later. 

[0079] The polyoxyalkylene polyol preferably has a num 
ber-average molecular Weight of 1,000 to 12,000 for the 
microcellular polyurethane elastomer for shoe soles. More 
preferably, it has a number-average molecular Weight of 
2,000 to 8,000, and ethylene oxide added to its terminals. 

[0080] <Production of polyoxyalkylene polyol> 

[0081] The polyoxyalkylene polyol for the present inven 
tion is also referred to as polyoxyalkylene polyether polyol, 
Which is an oligomer or polymer produced by ring opening 
polymeriZation of an alkylene oxide in the presence of a 
catalyst and active hydrogen compound as the initiator. One 
or more types of initiators and alkylene oxides may be used 
for the present invention. 

[0082] <Catalyst for producing polyoxyalkylene polyol> 

[0083] The catalyst for producing polyoxyalkylene polyol 
for the present invention is particularly preferably a com 
pound having the P=N bond in its molecular structure. The 
example of such a compound is one or more types of 
compound selected from the group consisting of phosphaZe 
nium compound, phosphaZene compound and phosphine 
oxide compound. 
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[0084] The preferable phosphaZenium compounds are a 
salt of hosphaZenium cation and inorganic anion, repre 
sented by the chemical formula (1), disclosed by Japanese 
Patent Application Laid-Open No. 11-106500, 

(1) 
NR; 

[0085] and phosphaZenium compound, represented by the 
chemical formula (2): 

(2) 

[0086] Where, (a), (b), (c) and (d) in the chemical formulas 
(1) and (2) are each an integer of 0 to 3, Which are not 
simultaneously Zero; R in the chemical formulas (1) and (2) 
is a hydrocarbon group of 1 to 10 carbon atoms, Which may 
be the same or different, Wherein tWo Rs on the same 
nitrogen atom may form a ring structure; (r) in the chemical 
formula (1) is an integer of 1 to 3, and representing number 
of phosphaZenium cation; Tr in the chemical formula (1) 
represents an inorganic anion having a valence number of 
(r); and Q‘in the Equation (2) represents hydroxy anion, 
alkoxy anion, aryloxy anion or carboxy anion, more con 
cretely, 

[0087] tetrakis[tris(dimethylamino)phosphora 
nilideneamino] phosphonium hydroxide, tetrakis[tris 
(dimethylamino) phosphoranilideneamino]phospho 
nium methoxide, tetrakis 
[tris(dimethylamino)phosphoranilideneamino]phos 
phonium ethoxide, tetrakis[tri(pyrrolidin-1-yl) phos 
phoranilideneamino]phosphonium tert-butoxide, or the 
like. 

[0088] The phosphaZene compounds useful for the present 
invention are disclosed by EP-763555, e.g., 

[0089] 1-tert-butyl-2,2,2-tris(dimethylamino)phosp 
haZene, 

[0090] 1-(1,1,3,3-tetramethylbutyl)-2,2,2-tris(dimethy 
lamino)pho sphaZene, 
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[0091] 1-ethyl-2,2,4,4,4-pentakis(dimethylamino)-2)t5, 
4)»5-catenad i(phosphaZene), 

[0092] 1-tert-butyl-4,4,4-tris(dimethylamino)-2,2-bis 
[tris(dimet hylamino) 

[0093] phosphoranilideneamino]-2)t5,4)t5-catenad 
i(phosphaZene), 

[0094] 1-(1,1,3,3-tetramethylbutyl)-4,4,4-tris(dimethy 
lamino)-2, 2-bis[tris(dimethylamino)phosphora 
nilideneamino]-2)t5 ,4>\.5 -catenadi(phosphaZene), 

[0095] 1-tert-butyl-2,2,2-tri(l-pyrrolidinyl) 
haZene, and 

[0096] 7-ethyl-5 ,1 1-dimethyl-1 ,5 ,7,1 1-tetraaZa-67t5 
phosphaspiro[5 ,5 ]undeca- 1(6) -ene. 

phosp 

[0097] The phosphine oxide compounds useful for the 
present invention are disclosed by Japanese Patent Applica 
tion No. 11-296610, e.g., 

[0098] tris[tris(dimethylamino)phosphora 
nilideneamino]phosphine oxide, and 

[0099] tris[tris(dimethylamino)phosphora 
nilideneamino]phosphine oxide. 

[0100] Of the above compounds having the P=N bond, 
preferable ones are phosphaZenium compounds and phos 
?ne compounds, and more preferable ones are phosphaZe 
nium compounds. 

[0101] <Initiator> 

[0102] The active hydrogen compounds useful as the 
initiator for producing polyoxyalkylene polyol include those 
having an activated hydrogen atom on the oxygen or nitro 
gen atom. 

[0103] Of the active hydrogen compounds described 
beloW, more preferable ones include ethylene glycol, pro 
pylene glycol, dipropylene glycol, glycerin, trimethylolpro 
pane, pentaerythritol, sorbitol, and sucrose. 

[0104] (1) Active hydrogen compounds having an acti 
vated hydrogen atom on oxygen atom 

[0105] The active hydrogen compounds useful for the 
present invention and having an activated hydrogen atom on 
the oxygen atom include Water, polyvalent carboxylic acids 
having a carboxyl group, carbamic acid, polyhydric alcohols 
having a hydroxyl group, sucrose and its derivatives, and 
aromatic compounds having a hydroxyl group. 

[0106] The polyvalent carboxylic acids having a carboxyl 
group include malonic acid, succinic acid, maleic acid, 
fumaric acid, adipic acid, itaconic acid, butanetetracarboxy 
lic acid, phthalic acid, isophthalic acid, terephthalic acid, 
trimellitic acid, and pyromellitic acid. 

[0107] The carbamic acids include N,N-diethyl carbam 
ate, N-carboxypyrrolidone, N-carboxyaniline and N,N‘-di 
carboxy-2,4-toluenediamine. 
[0108] The polyhydric alcohols having a hydroxyl group 
include ethylene glycol, propylene glycol, diethylene glycol, 
dipropylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4 
butanediol, 1,6-hexanediol, 1,4-cyclohexanediol, trimethy 
lolpropane, glycerin, diglycerin, pentaerythritol and dipen 
taerythritol. 
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[0109] The saccharides and their derivatives include glu 
cose, sorbitol, dextrose, fructose and sucrose. 

[0110] The aromatic compounds having a hydroxyl group 
include 2-naphthol, 2, 6-dihydroxynaphthalene, bisphenol 
A, bisphenol F, hydroquinone, resorcin, and bis(hydroxy 
ethyl)terephthalate. 
[0111] (2) Active hydrogen compounds having an acti 
vated hydrogen atom on nitrogen atom 

[0112] The active hydrogen compounds useful for the 
present invention and having an activated hydrogen atom on 
the nitrogen atom include aliphatic and aromatic amines. 

[0113] The aliphatic and aromatic amines include n-pro 
pylamine, isopropylamine, n-butylamine, isobutylamine, 
sec-butylamine, tert-butylamine, cyclohexylamine, benZy 
lamine, [3-phenylethylamine, aniline, o-toluidine, m-tolui 
dine, and p-toluidine. 

[0114] The polyvalent amines include ethylenediamine, 
di(2-aminoethyl)amine, hexamethylenediamine, 4,4‘-diami 
nodiphenylmethane, tri(2-aminoethyl)amine, N,N‘-dimeth 
ylethylenediamine, N,N‘-diethylethylendiamine, and di(2 
methylaminoethyl)amine. 
[0115] <Alkylene oxide> 

[0116] The alkylene oxide useful for producing polyoxy 
alkylene polyol for the present invention preferably has 
propylene oxide as the main component, and is more pref 
erably a mixture of 50 Wt. % or more of propylene oxide and 
one or more other alkylene oxide compounds. Use of this 
quantity of propylene oxide alloWs to control oxypropylene 
group content in the polyoxyalkylene polyol at 50 Wt. % or 
more. The polyoxyalkylene polyol has a suf?ciently loW 
viscosity, When its oxypropylene group content is controlled 
at 50 Wt. % or more to give a resin premix of good 
?oWability. The alkylene oxide compounds Which can be 
used in combination With propylene oxide include epoxy 
compounds, e.g., ethylene oxide, 1,2-butylene oxide, 2,3 
butylene oxide, styrene oxide, cyclohexene oxide, epichlo 
rohydrin, epibromohydrin, methyl glycidyl ether, aryl gly 
cidyl ether, and phenyl glycidyl ether. 

[0117] Of these, ethylene oxide is more preferable to be 
used in combination With propylene oxide. 

[0118] <Other polyols> 

[0119] A polyol having a structure other than the above 
polyoxyalkylene polyol may be used for production of the 
microcellular polyurethane elastomer of the present inven 
tion, so long as it does not damage the effects of the present 
invention. Such polyols useful for the present invention 
include di- to hexa-valent polyhydric alcohols, polyester 
polyols (including polyester polyols, aromatic polyester 
polyols and polycaprolactone polyols for common pur 
poses), polycarbonate polyols, and polymer-dispersed poly 
ols. 

[0120] (Polyhydric alcohol) 
[0121] The polyhydric alcohols include di-valent alcohol, 
e.g., 1,3-propanediol, 1,4-butanediol, ethylene glycol, dieth 
ylene glycol, triethylene glycol, propylene glycol, dipropy 
lene glycol, tripropylene glycol, butanediol, pentanediol, 
hexanediol, cyclohexanediol and neopentyl glycol; tri-va 
lent alcohols, e.g., glycerin, trimethylolethane and trimethy 
lolpropane; tetra-valent alcohols, e.g., pentaerythritol and 
diglycerin; and hexa-valent alcohols, e.g., sorbitol. 
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[0122] (Polyester polyol for common purposes) 

[0123] The polyester polyol for common purposes 
includes polyester polyol produced by polycondensation of 
a dicarboXylic acid and polyhydric alcohol. The dicarboXy 
lic acids for producing the polyester polyols include adipic 
acid, succinic acid, aZelac acid, suberic acid and ricinolic 
acid. The polyhydric alcohols include ethylene glycol, pro 
pylene glycol, butanediol, heXanediol, neopentylglycol, 
diethylene glycol, triethylene glycol, pentanediol, cycloheX 
anediol, polyoXyalkylene polyol, polytetramethylene ether 
glycol, glycerin, trimethylolpropane, trimethylolethane and 
pentaerythritol. 

[0124] (Polycaprolactone polyol) 
[0125] The polycaprolactone polyol is a polyol from e-ca 
prolactone and polyhydric alcohol. These polyols have, in 
general, a number-average molecular Weight of 500 to 4,000 
and hydroXyl value of around 30 to 240 mg-KOH/g. The 
polyhydric alcohols for the above polyester polyols may be 
used for producing the polycaprolactone polyols. 

[0126] (Polycarbonate polyol) 
[0127] The polycarbonate polyols are liner chain aliphatic 
or alicyclic polyols produced by condensation of a polyhy 
dric alcohol (e.g., 1,4-butanediol and 1,6-heXanediol) and 
dimethyl or diethyl carbonate, and shoWn by the folloWing 
general formula (3): 

O 

[0128] Where, R1 and R2 are each an aliphatic alkylene or 
alicyclic alkylene group, and may be the same or different. 

[0129] They have, in general, a hydroXyl value of around 
60 to 200 mg-KOH/g. 

[0130] (Aromatic polyester polyol) 
[0131] The aromatic polyester polyols are produced by the 
interesteri?cation betWeen synthetic resin, e.g., polyethylene 
terephthalate, and polyhydric alcohol, or polycondensation 
of an aromatic carboXylic acid (e.g., o-, m- or p-phthalic 
acid) and polyhydric alcohol. The preferable polyhydric 
alcohols for the above purpose include polyoXyalkylene 
polyols and polytetramethylene ether glycols, in addition to 
the above-described polyhydric alcohols. They may be used 
either alone or in combination. The aromatic ester polyol 
preferably has a hydroXyl value of 10 to 150 mg-KOH/g, 
more preferably 15 to 100 mg-KOH/g and acid value of 0.7 
mg-KOH/g or less, more preferably 0.5 mg-KOH/g or less. 
Use of the aromatic polyester polyol as the polyol of 
isocyanate-terminated prepolymer helps improve mechani 
cal properties of the microcellular polyurethane elastomer. 

[0132] (Polymer-dispersed polyol) 
[0133] The polymer-dispersed polyol means the one dis 
persed With the vinyl polymer particles (hereinafter some 
times referred to as simply the polymer micro particles) 
partly containing the graft polymer, produced by dispersion 
polymeriZation of at least one monomer containing ethyl 
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enically unsaturated group (e.g., acrilonitrile and styrene) in 
a polyol in the presence of a radical initiator (e.g., aZobi 
sisobutylonitrile). Use of the polymer-dispersed polyol 
brings about the effect of sufficiently increasing hardness of 
the microcellular polyurethane elastomer. 

[0134] The polyols useful for the present invention include 
polyester polyols and polyoXyalkylene polyols having 2 to 6 
functional groups on the average, the above-described poly 
oXyalkylene polyols having speci?c properties for the 
present invention being more preferable. The polymer pro 
duced by the dispersion polymeriZation preferably has an 
average particle siZe of 0.1 to 10 pm. 

[0135] The polymer-dispersed polyol preferably has a 
hydroXyl value of 5 to 99 mg-KOH/g, more preferably 10 to 
5 9 mg-KOH/ g, for the microcellular polyurethane elastomer 
to exhibit sufficiently high mechanical strength. 

[0136] The polymer-dispersed polyol for the present 
invention preferably contains the polymer micro particles at 
1 to 50 Wt. %, based on the polyoXyalkylene polyol, more 
preferably 10 to 45 Wt. %. The monomer containing an 
ethylenically unsaturated group is preferably one or more 
types selected from the group consisting of acrylonitrile, 
styrene, acrylamide and methyl methacrylate. Use of the 
monomer containing an ethylenically unsaturated group, 
selected from the above group, for the polymer-dispersed 
polyol helps improve mechanical properties of the micro 
cellular polyurethane elastomer. It is particularly preferable 
to use the polymer-dispersed polyol containing styrene at 30 
Wt. % or more, still more preferably 40 Wt. % or more, and 
most preferably 50 Wt. % or more. When the polymer micro 
particles based on an acrylonitrile/styrene copolymer are 
used for the polymer-dispersed polyol, Whiteness of the 
microcellular polyurethane elastomer is affected by styrene 
content. Controlling styrene content helps produce the 
microcellular polyurethane elastomer of White appearances 
suitable for White-colored shoe soles. 

[0137] <<Polyisocyanate compound>> 

[0138] Any polyisocyanate compound Which is used for 
production of polyurethane may be used for production of 
the microcellular polyurethane elastomer of the present 
invention. 

[0139] The polyisocyanate compounds useful for the 
present invention include diisocyanates, e.g., tolylene diiso 
cyanate (including various types of miXtures of the isomers), 
diphenylmethane diisocyanate (including various types of 
mixtures of the isomers), 3,3‘-dimethyl-4,4‘-biphenylene 
diisocyanate, norbornane diisocyanate, 1,4-phenylene diiso 
cyanate, tetramethylXylylene diisocyanate, naphthalene 
diisocyanate, dicycloheXylmethane-4,4‘-diisocyanate, iso 
phorone diisocyanate, heXamethylene diisocyanate, hydro 
genated Xylene diisocyanate, 1,4-cycloheXyl diisocyanate, 
1-methyl-2,4-diisocyanate cycloheXane and 2,4,4-trimethyl 
1,6-diisocyanate-heXane; and triisocyanates, e.g., 4,4‘,4“ 
triphenylmethane triisocyanate and tris(4-phenylisocyan 
ate)thiophosphate. 

[0140] The other isocyanates useful for the present inven 
tion include the above-described polyisocyanates modi?ed 
With urethane, isocyanurate, carbodiimide or burette; and 
multifunctional isocyanates, e.g., crude tolylene diisocyan 
ate, polymethylene isocyanate and polyphenyl isocyanate. 
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[0141] Of these, the polyisocyanate or carbodiimide 
modi?ed polyisocyanate is preferable for production of the 
suitable urethane-modi?ed isocyanate-terminated prepoly 
mer by the reaction With polyol. 

[0142] The isocyanate-terminated prepolymer molecule 
contains the isocyanate group at 0.3 to 30 Wt. % (as 
isocyanate group content in the isocyanate-terminated pre 
polymer), preferably 1 to 30 Wt. %, more preferably 4 to 25 
Wt. %, most preferably 5 to 25 Wt. %. 

[0143] The polyol for production of the isocyanate-termi 
nated prepolymer is not limited. Some examples include 
polyoxyalkylene polyol, polyester polyol, polybutadiene 
polyol and polycarbonate polyol. They may be used either 
alone or in combination. 

[0144] Particularly preferable one is an aromatic polyester 
polyol or the polyoxyalkylene polyol for the present inven 
tion, Which is reacted With a polyisocyanate to produce the 
urethane-modi?ed isocyanate-terminated prepolymer. 

[0145] Especially, use of an aromatic polyester polyol as 
the polyol for the isocyanate-terminated prepolymer 
increases content of the isocyanate-terminated prepolymer 
from the aromatic polyester polyol and polyisocyanate to 20 
Wt. % or more, preferably 30 Wt. % or more, more preferably 
40 Wt. % or more, increasing its reactivity and hence giving 
the microcellular polyurethane elastomer of excellent 
mechanical strength. 

[0146] <<Foaming agent>> 

[0147] The foaming agents useful for production of the 
microcellular polyurethane elastomer of the present inven 
tion include Water, cyclopentane, trichloromethane, trichlo 
romono?uoromethane, 1,1,2-trichlorotri?uoromethane, 1,1 
dichloro-2,2,2-tri?uoroethane, and 1,1-dichloro-1 
mono?uoroethane. They may be used either alone or in 
combination. Of these, the more preferable one is Water used 
alone. 

[0148] <<Catalyst> 
[0149] Various knoWn catalysts may be used for the 
present invention. They include amines, e.g., triethylamine, 
tripropylamine, tributylamine, morpholine, N-methylmor 
pholine, N-ethylmorpholine, dimethylcyclohexylamine, 1,4 
diaZabicyclo-(2,2,2)-octane (hereinafter referred to as 
TEDA), TEDA salt, N,N,N‘,N‘-tetramethylhexamethylene 
diamine, N,N,N‘,N‘-tetramethylpropylenediamine, N,N,N‘, 
N‘,N“-pentamethyldiethylenetriamine, trimethylaminoeth 
ylpiperaZine, N,N-dimethylcyclohexylamine, N,N 
dimethylbenZylamine, N-methylmorpholine, 
N-ethylmorpholine, bis(dimethylaminoalkyl)piperaZine, 
N,N,N‘,N‘-tetramethylethylenediamine, N,N-diethylbenZy 
lamine, bis(N,N-diethylaminoethyl)adipate, N,N,N‘,N‘-tet 
ramethyl-1,3-butanediamine, N,N-dimethyl-[3-phenylethy 
lamine, 1,2-dimethylimidaZole, and 2-methylimidaZole; 
organotin compounds, e.g., tin octylate, tin oleate, tin lau 
rate, dibutyltin diacetate and dibutyltin dilaurate; and orga 
nolead compounds, e.g., lead octylate and lead naphthenate. 
They may be used either alone or in combination, preferably 
at 0.1 to 10 Wt. parts per 100 Wt. parts of the polyol, more 
preferably 0.1 to 5 Wt. parts. 

[0150] <<Chain extender>> 

[0151] The suitable chain extender is a polyol having a 
loW molecular Weight of 400 or less. These compounds 
include propylene glycol, dipropylene glycol, ethylene gly 
col, diethylene glycol, 1,4-butanediol, 1,3-butanediol, neo 
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pentyl glycol, 1,6-hexanediol, glycerin, bishydroxyethoxy 
benZene, bishydroxyethyl terephthalate and diethoxy resor 
cin. TWo or more types of the chain extenders may be used. 
The preferable extenders are ethylene glycol and 1,4-bu 
tanediol. It is preferable to use the chain extender at 3 to 60 
Wt. parts per 100 Wt. parts of the polyol, more preferably 3 
to 50 Wt. parts. 

[0152] <<Foam stabiliZer>> 

[0153] The foam stabiliZer for the present invention is not 
limited, so long as it is generally used for production of 
polyurethane foams, and knoWn organosilicon-based surfac 
tants may be used. The amount used is preferably at 0.1 to 
20 Wt. parts per 100 Wt. parts of the polyol, more preferably 
at 0.2 to 5 Wt. parts. The examples of the stabiliZers include 
SRX-274C, SF-2969, SE-2961 and SF-2962 (Trade Name, 
produced by Toray/DoW Corning Silicone); L-5309, L-5302, 
L-3601, L-5307 and L-3600 (Trade Name, produced by 
NIPPON UNICAR COMPANY LTD.) 

[0154] <<Other additives>> 

[0155] The other additives useful for the present invention 
include a yelloWing inhibitor, ultraviolet ray absorber, anti 
oxidant, ?ame retardant and colorant. 

[0156] <<Method of producing the microcellular polyure 
thane elastomer>> 

[0157] The microcellular polyurethane elastomer of the 
present invention is produced by mixing, under agitation, a 
resin premix With a polyisocyanate compound, Wherein the 
resin premix is a mixture of the polyol for the present 
invention (including polyoxyalkylene polyol), and additives, 
e.g., chain extender, Water as the foaming agent, catalyst and 
foaming agent, Which is prepared beforehand. It is prefer 
able to keep an NOC index normally at 0.8 to 1.3, more 
preferably 0.9 to 1.2, Wherein NOC index is a ratio of moles 
of the active hydrogen in the total active hydrogen com 
pounds (polyol, chain extender and Water as the foaming 
agent) to moles of the isocyanate group in the polyisocyan 
ate compound. 

[0158] The mixing With agitation is effected normally by 
a loW- or high-pressure circulation type foaming machine at 
20 to 60° C., although varying depending on siZe of the 
molded product of the microcellular polyurethane elastomer. 
When a loW-pressure foaming machine is used in an open 
mold, for example, the mixture of the resin premix and 
polyisocyanate compound is injected into the mold, the open 
mold is quickly closed by a clamp, and the mixture is cured 
at 70° C. for 5 to 20 min by, e.g., hot Wind in a drier. 

[0159] When cured, the microcellular polyurethane elas 
tomer is WithdraWn from the mold, to analyZe its properties. 
The after cure, When required, is effected normally under the 
conditions of, e.g., 70° C. for 24 or 2 hours. 

[0160] The microcellular polyurethane elastomer is nor 
mally incorporated With 0.1 to 5 Wt. parts of Water as the 
foaming agent, 0.1 to 20 Wt. parts of a foam stabiliZer, 0.1 
to 10 Wt. parts of a catalyst for forming urethane and 3 to 60 
Wt. parts of a chain extender, all per 100 Wt. parts of the 
polyol, in order to satisfy the above required characteristics. 

[0161] <<Applications of the microcellular polyurethane 
elastomer>> 

[0162] The microcellular polyurethane elastomer of the 
present invention is excellent in mechanical properties, e.g., 
tensile strength, 100% modulus, maximum elongation, tear 
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strength and compression set, and also excellent in produc 
tivity coming from its reduced demolding time. The shoe 
sole of the microcellular polyurethane elastomer of these 
characteristics provides good feeling When the shoe on the 
sole is Worn and is excellent in durability. Controlling cell 
diameter on the skin surface in a speci?c range keeps good 
surface and coating characteristics. Therefore, the microcel 
lular polyurethane elastomer of the present invention can 
suitably ?nd various applications, including shoe soles, 
gaskets for electric appliances, gaskets for industrial parts, 
seat mats and foot mats, vibration and sound insulators, and 
shock absorbers. 

EFFECT OF THE INVENTION 

[0163] The present invention provides a microcellular 
polyurethane elastomer, excellent in mechanical properties, 
e.g., tensile strength, 100% modulus, maximum elongation, 
tear strength and compression set, and suitable for, e.g., shoe 
soles of excellent surface and coating characteristics. The 
microcellular polyurethane elastomer of the present inven 
tion, With its excellent mechanical properties, can be loWer 
in density than the conventional elastomer of the equivalent 
mechanical properties, and can reduce Weight of the prod 
ucts for various purposes. 

[0164] In particular, a microcellular polyurethane elas 
tomer retaining excellent mechanical properties can be 
obtained even With a reduced demolding time. 

[0165] The shoe sole or the like of such a polyurethane 
elastomer provides good feeling When the shoe on the sole 
is Worn and is excellent in durability and surface character 
istics. 

EXAMPLES 

[0166] The present invention Will be described by 
Examples, Which by no means limit the present invention, 
Wherein parts and percentages mean Wt. parts and Wt. %, 
respectively. 
[0167] <<Analytical methods>> 

[0168] The characteristics determined in Examples and 
Comparative Examples Were measured by the folloWing 
methods: 

[0169] <Analysis of polyoxyalkylene polyol> 

[0170] (1) Hydroxyl value (OHV, unit: mg-KOH/g) and an 
overall degree of unsaturation (C=C, unit: meq./g) 

[0171] These properties Were determined in accordance 
With JIS K-1557, in Which the number of hydroxyl groups 
in a polyoxyalkylene polyol corresponds to that of an active 
hydrogen compound used as an initiator. 

[0172] (2) Head-to-tail (H-T) linkage selectivity (unit: mol 
%) 
[0173] The 13C-NMR spectral pattern of the polyoxyalky 
lene polyol Was determined by a 13C-nuclear magnetic 
resonance (NMR) analyZer (JEOL LTD., 400 MHZ) With 
deuterated chloroform as the solvent. This selectivity Was 
determined by the ratio of the signal of methyl group (16.9 
to 17.4 ppm) in the head-to-tail linkage in the oxypropylene 
segment to the signal of methyl group (17.7 to 18.5 ppm) in 
the head-to-head bond in the oxypropylene segment. The 
methyl group to Which each signal is relevant Was deter 
mined, based on the values in the report by F. C. Schiling 
and A. E. Tonelli, Macromolecules, 19, 1337-1343 (1986). 
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[0174] (3) WZO/W8O ratio (as an index representing 
molecular Weight distribution of polyoxyalkylene polyol, 
unit: dimensionless) 
[0175] W2O and W8O are Widths of the peaks at 20 and 80% 
of the highest peak in the gel permeation chromatography 
(GPC) elution curve of the polyoxyalkylene polyol. The 
GPC analysis conditions are given beloW: 

[0176] Analyzer: ShimadZu’s LC-6A system 

[0177] Detector: ShimadZu’s differential refractome 
ter RID-6A 

[0178] Separation column: ShoWa Denko’s Sho 
dexGPC, KF series (4 columns KF-801, 802, 802.5 
and 803 connected in series) 

[0179] Elutant: Tetrahydrofuran for liquid chromato 
gram 

[0180] Liquid flow rate: 0.8 ml/min 

[0181] Column temperature: 40° C. 

[0182] (4) Terminal oxyethylene group content in poly 
oxyalkylene polyol (unit: Wt. %) 

[0183] The oxyethylene group content Was determined by 
1H-NMR analysis for the polyoxyalkylene polyol dissolved 
in deuterated chloroform. 

[0184] (5) Rate for producing the primary OH group at the 
terminals (unit: mol %) 

[0185] The rate for producing the primary OH group at the 
terminals Was determined by 13C-NMR analysis for the 
polyoxyalkylene polyol dissolved in deuterated chloroform. 

[0186] <Methods for analyZing properties of the micro 
cellular polyurethane elastomer> 

[0187] The sheet of the microcellular polyurethane elas 
tomer, formed in an aluminum mold 12.5 by 150.0 by 250.0 
mm in inner dimensions, Was cut by a punching die of given 
dimensions, to prepare the specimen for analyZing the 
properties. 
[0188] (6) Average diameter of the cells observed on the 
skin surface (unit: pm) 

[0189] The skin surface means the sheet (of the microcel 
lular polyurethane elastomer) in contact With an aluminum 
mold in Which it is formed, 12.5 by 150.0 by 250.0 mm in 
inner dimensions. The surface (150.0 by 250.0 mm) in 
contact With the mold bottom Was observed for its cell 
diameters by a microcamera (ShimadZu’s MICRO CCD 
SCOPE/CCD-F2) at the four corners and center, for the 
portion excluding the 20 mm Wide sections from the edges 
in the length and breadth directions. The average diameter of 
these cells at each of the 5 points is determined by image 
processor/analyZer, and the average cell diameter on the skin 
surface is determined by averaging the average diameters at 
these points. 

[0190] (7) Average cell diameter inside of the microcel 
lular polyurethane elastomer (unit: pm) 

[0191] The average cell diameter Was determined for the 
inside of the microcellular polyurethane elastomer sheet, 
formed in an aluminum mold of 12.5 by 150.0 by 250.0 mm 
in inner dimensions by observing diameters of the cells at 
the four planes of the specimen in the sectional direction 
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(perpendicular to the skin surface) by a microcamera (Shi 
madZu’s MICRO CCD SCOPE/CCD-F2), and ?nding the 
average cell diameter by an image processor/analyZer, Where 
the specimen Was prepared by cutting the sheet into a shape 
of 3 cm in the length direction and 1 cm in the breadth 
direction from the central portion, and removing the 4 mm 
thick upper and loWer sections. 

[0192] (8) Overall density (unit: kg/m3) 
[0193] The overall density Was determined by dividing 
Weight of the sheet demolded from the mold by its volume. 

[0194] (9) Hardness (unit: dimensionless) 
[0195] The hardness Was determined by an Asker C hard 
ness meter in accordance With JIS K-6301. 

[0196] (10) Tensile strength (TB, unit: MPa), 100% modu 
lus (M100, unit: MPa) and maximum elongation (EB, unit: 
%) 
[0197] The specimen for determining the above properties 
Was prepared by a dumbbell No. 1 die, and analyZed in 
accordance With JIS K-6251. 

[0198] (11) Tear strength (TR, unit: kN/m) 
[0199] The specimen Was prepared by an angle die With no 
notch, and analyZed in accordance With JIS K-6252. 

[0200] (12) Compression set (unit: %) 
[0201] The circular specimen, 29 mm in diameter, Was 
prepared from the sheet, and analyZed in accordance With 
JIS K-6262 at 5511° C. for 24 hours, With the specimen set 
at a compression ratio of 25%. The compression set thus 
determined is referred to as “CS.” 

[0202] The 29 mm diameter circular specimen prepared 
from the sheet Was also analyZed in accordance With JIS 
K-6262 at 50:1° C. for 6 hours, With the specimen set at a 
compression ratio of 50%. The compression set thus deter 
mined is referred to as “CS2.” 

[0203] (13) Viscosity of the resin premix (unit: mPa~s at 
25° c.) 

[0204] Viscosity at 25° C. of the resin premix composi 
tions shoWn in Tables 5 and 6 Was determined by the B type 
viscometer (Tohki Sangyo’s) in accordance With JIS 
K-1557. 

[0205] (14) Demolding time of the microcellular polyure 
thane elastomer (unit: sec) 

[0206] Demolding time is de?ned as time required for the 
elastomer to be demoldable from a mold after the mixed 
liquid of resin premix and polyisocyanate compound is 
injected into the mold. To be demoldable means the state of 
the microcellular polyurethane elastomer sheet to be com 
pletely cured and demolded from the mold Without causing 
any problem, e.g., partial exfoliation on the sheet surface or 
sheet missing. 

[0207] (15) Surface characteristics of the microcellular 
polyurethane elastomer 

[0208] The microcellular polyurethane elastomer, 
demolded out of the mold, Was visually observed to deter 
mine its surface characteristics, based on the comprehensive 
judgement With respect to gloss, and presence or absence of 
How marks or pinholes, and marked With A: good, B: 
average, and C: not good. 
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[0209] (16) Coating characteristics of the microcellular 
polyurethane elastomer 

[0210] The microcellular polyurethane elastomer, 
demolded out of the mold, Was stored at room temperature 
for 24 hours, and sprayed With a black coating material 
(Asahi Pen’s lacquer spray). It Was then dried at room 
temperature for 24 hours, visually observed for gloss and 
presence or absence of uneven coloration on the coated 
surface, and marked With A: good, B: slightly inferior in 
gloss or uneven coloration slightly observed, and C: lack of 
gloss or uneven coloration observed. 

[0211] <<Stock materials>> 

[0212] The stock materials used in Examples and Com 
parative Examples are described. 

[0213] <Polyoxyalkylene polyol> 

Synthesis Example 1 

[0214] First, synthesis of the polyoxyalkylene polyols 
used in Examples Will be described. 

[0215] Polyoxyalkylene polyol A 

[0216] A mixture of 1 mol of glycerin and 0.01 mol of 
tetrakis[tris(dimethylamino)phosphoranilideneamino] phos 
phonium hydroxide {[(Me2N)3P=N]4P+OH_} (or P5OH) 
Was desiccated under a vacuum at 100° C. for 6 hours, 
addition-polymeriZed With propylene oxide at 80° C. and 
0.372 MPaG (3.8 kg/cmZG, Where G stands for gauge 
pressure) as the highest pressure, and then addition-poly 
meriZed With ethylene oxide at 100° C., to prepare a 
polyoxyalkylene polyol having a hydroxyl value of 28 
mg-KOH/g. 

[0217] The polyoxyalkylene polyol thus prepared had a 
terminal oxyethylene group content of 15 Wt. %, an overall 
degree of unsaturation of 0.014 meq./g, and a head-to-tail 
linkage selectivity of 96.8 mol %. 

[0218] Polyoxyalkylene polyols B, C and D Were prepared 
in the same manner as for Polyoxyalkylene polyol A except 
that hydroxyl value and hydroxyl group number Were 
changed, as shoWn in Table 1, Where propylene oxide Was 
used as the main monomer, and ethylene oxide Was used in 
a quantity to keep a terminal oxyethylene group content at 
15 Wt. % in the polyoxyalkylene polyol. Polyoxyalkylene 
polyols E and F Were prepared in the same manner except 
that the terminal oxyethylene group content Was kept at 20 
Wt. %. Dipropylene glycol Was used as the active hydrogen 
compound for production of the polyoxyalkylene polyol 
having a hydroxyl group number of 2, and glycerin for 
production of the polyoxyalkylene polyol having a hydroxyl 
group number of 3. The analysis results of Polyoxyalkylene 
polyols A, B, C, D, E and F are given in Table 1. 

TABLE 1 

Polyoxyalkylene polyol 

A B C D E F 

Hydroxyl group number 3 3 2 2 3 2 
Hydroxyl value (mg-KOH/g) 28 22 28 22 28 28 
Terminal oxyethylene group 15 15 15 15 20 20 
content (Wt. %) 
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TABLE l-continued 

Polyoxyalkylene polyol 

A B C D E F 

Rate for producing the 80.8 80.3 81.2 80.9 90.9 91.5 
primary OH group at the 
terminals (mol %) 
Overall degree of unsaturation 0.014 0.018 0.013 0.017 0.011 0.010 

Head-to-tail linkage 96.8 97 97.2 97 98 98.3 
selectivity (mol %) 
WZU/WSU 2.67 2.63 2.61 2.59 2.51 2.48 

Synthesis Example 2 
[0219] Second, synthesis of the polyoxyalkylene polyols 
used in Comparative Examples Will be described. 
[0220] Polyoxyalkylene polyol G 
[0221] A mixture of 1 mol of glycerin and 0.37 mol of 
potassium hydroxide (hereinafter referred to as KOH) Was 
desiccated under vacuum at 100° C. for 6 hours, addition 
polymeriZed With propylene oxide at a reaction temperature 
of 115° C. and 0.490 MPaG (5.0 kg/cmzG) as the highest 
pressure, and then addition-polymerized With ethylene oxide 
at a reaction temperature of 115° C., to prepare a polyoxy 
alkylene polyol having a hydroxyl value of 28 mg-KOH/g. 
The polyoxyalkylene polyol thus prepared had a terminal 
oxyethylene group content of 15 Wt. %, an overall degree of 
unsaturation of 0.085 meq./g, and a head-to-tail linkage 
selectivity of 96.3 mol %, as determined in the same manner 
as in Synthesis example 1. 
[0222] Polyoxyalkylene polyol H Was also prepared for 
Comparative Example in the same manner as for Polyoxy 
alkylene polyol G except that hydroxyl value and hydroxyl 
group number Were set at 28 mg-KOH/ g and 2, respectively. 
Propylene oxide Was used as the main monomer, and eth 
ylene oxide Was used in a quantity to keep a terminal 
oxyethylene group content at 15 Wt. % in the polyoxyalky 
lene polyol. Dipropylene glycol Was used as the active 
hydrogen compound for production of the polyoxyalkylene 
polyol having a hydroxyl group number of 2. The analysis 
results of Polyoxyalkylene polyols G and H are given in 
Table 2. 

TABLE 2 

Polyoxyalkylene 
polyol 

G H 

Hydroxyl group number 3 2 
Hydroxyl value (mg-KOH/g) 28 28 
Terminal oxyethylene group content (Wt. %) 15 15 
Rate for producing the primary OH group at the 78.3 77.9 
terminals (mol %) 
Overall degree of unsaturation (meq./g) 0.085 0.088 
Head-to-tail linkage selectivity (mol %) 96.3 96.6 
WZU/WSU 2.61 2.65 

Synthesis Example 3 
[0223] Synthesis of the other polyoxyalkylene polyols 
used in Comparative Examples Will be described. 
[0224] Polyoxyalkylene polyol I 
[0225] A mixture of 100 Wt. parts of MN1000 (Trade 
Name, polyoxypropylene polyol having an OHV of 168 
mg-KOH/g (produced by Mitsui Chemicals, Inc.) and 0.05 
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Wt. parts of the so-called double metal cyanide complex 
(DMC) catalyst, composed of Zinc-cobalt cyanide, Zinc 
chloride, Water and dimethoxyethanol, Was addition-poly 
meriZed With propylene oxide at 90° C. and 0.392 MPaG 
(4.0 kg/cmzG) as the highest pressure, to prepare a polyox 
ypropylene polyol having a hydroxyl value of 33 mg-KOH/ 
g. The effluent was treated With ammonia Water to extract the 
DMC, and Washed With Water to purify polyoxypropylene 
polyol. Then, 0.26 Wt. parts of potassium hydroxide (KOH) 
Was added to 100 Wt. parts of the polyoxypropylene polyol, 
and the mixture Was desiccated under a vacuum at 100° C. 
for 6 hours. 

[0226] The polyoxypropylene polyol Was then addition 
polymeriZed With ethylene oxide at 100° C., to prepare a 
polyoxyalkylene polyol having an OHV of 28 mg-KOH/g. It 
had a terminal oxyethylene group content of 15 Wt. %, an 
overall degree of unsaturation of 0.010 meq./g, and a head 
to-tail linkage selectivity of 85.4 mol %, as determined in the 
same manner as in Synthesis example 1. 

[0227] Polyoxyalkylene polyols J, K, L, M and N Were 
also prepared for Comparative Example in the same manner 
as for Polyoxyalkylene polyol G except that hydroxyl value 
and hydroxyl group number Were set at the levels shoWn in 
Table 3. 

[0228] Propylene oxide Was used as the main monomer, 
and ethylene oxide Was used in a quantity to keep a terminal 
oxyethylene group content at 15 Wt. % in the polyoxyalky 
lene polyol terminal, except for Polyoxyalkylene polyols M 
and L, for Which ethylene oxide Was used in a quantity to 
keep the terminal oxyethylene group content at 20 Wt. %. 
Polyoxypropylene polyol (Diol-700 (Trade Name), pro 
duced by Mitsui Chemicals, Inc.), produced by addition 
polymerization of dipropylene glycol and propylene oxide, 
Was used as the active hydrogen compound for production of 
the polyoxyalkylene polyol having a hydroxyl group num 
ber of 2, and polyoxypropylene polyol (MN1000 (Trade 
Name), produced by Mitsui Chemicals, Inc.), produced by 
addition polymerization of glycerin and propylene oxide, for 
production of the polyoxyalkylene polyol having a hydroxyl 
group number of 3. The analysis results of Polyoxyalkylene 
polyols I, J, K, L, M and N thus prepared are given in Table 
3. 

TABLE 3 

Polvoxvalkvlene polvol 

I J K L M N 

Hydroxyl group number 3 3 2 2 3 2 
Hydroxyl value (mg-KOH/g) 28 22 28 22 28 28 
Terminal oxyethylene group 15 15 15 15 20 20 
content (Wt. %) 
Rate for producing the 78.3 78.0 78.5 79.1 88.6 88.5 
primary OH group at the 
terminals (mol %) 
Overall degree of 
unsaturation (meq./g) 

0.010 0.015 0.011 0.013 0.007 0.008 

Head-to-tail linkage 85.4 86.4 87.2 87.0 85.0 86.0 
selectivity (mol %) 
W2U/W8Q 4.18 4.06 4.60 5.15 4.50 4.81 

[0229] <Polymer-dispersed polyol> 
[0230] The polymer-dispersed polyols for the present 
invention Will be described by the examples, Which by no 
means limit the present invention. 
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[0231] The stock materials, abbreviations and analytical 
methods for the examples Will be described beloW: 

[0232] Polyoxyalkylene polyols A, I; (The polyoxy 
alkylene polyol used for synthesis of the polymer 
dispersed polyol is hereinafter referred to as Base 
PPG) 

[0233] Ethylenically unsaturated monomer-1; acry 
lonitrile (hereinafter referred to as AN) 

[0234] Ethylenically unsaturated monomer-2; sty 
rene (hereinafter referred to as St) 

[0235] Chain transfer agent; triethylamine (hereinaf 
ter referred to as TEA) 

[0236] Radical initiator; aZobisisobutyronitrile (here 
inafter referred to as AIBN) 

[0237] (17) Hydoxy value (abbreviated by OHV, unit: 
mg-KOH/g) and viscosity (abbreviated by 11, unit: mPa~s at 
25° C.) of the polymer-dispersed polyol 

[0238] These properties Were determined in accordance 
With JIS K-1557. 

[0239] (18) Polymer concentration (unit: Wt. %) 
[0240] The polymer-dispersed polyol Was Well dispersed 
in methanol, and the mixture Was centrifugally separated, to 
measure Weight of the methanol insolubles. For the polymer 
dispersed polyol from acrylonitrile as the sole ethyl 
eniclly unsaturated monomer, the polymer concentration 
Was determined by the nitrogen balance by the elementary 
analysis. 
[0241] Base PPG, put fully in a 1-liter autoclave equipped 
With a thermometer, agitator and liquid-sending device, Was 
heated to 120° C., With agitation. Then, a mixture composed 
of 58.5 Wt. parts of Base PPG, 12.45 Wt. parts of AN, 29.05 
Wt. parts of St, 0.55 Wt. parts of V-59, 2.76 Wt. parts of IPA 
and 0.28 Wt. parts of TEA prepared beforehand Was con 
tinuously charged into the autoclave, and the polymer 
dispersed polyol Was continuously discharged from the 
discharge port. The reaction conditions Were 0.444 MPaG 
(3.5 kgf/cmZG) as pressure and 50 min as residence time. 
The ef?uent, collected after the steady-state conditions Were 
attained, Was thermally treated under a vacuum at 120° C. 
and 2.66 kPa (20 mmHg, abs.) for 3 hours, to prepare 
Polymer-dispersed polyols O and P after the unreacted 
ethylenically unsaturated monomer, and residual additives, 
e.g., decomposed polymeriZation initiator and chain transfer 
agent Were removed. The results are given in Table 4. 

TABLE 4 

Polymer-dispersed 
polyol 

O P 

Base PPG A I 
Hydroxyl group number 3 3 
Hydroxyl value (mg-KOH/g) 20.1 20.2 
Polymer concentration (Wt. %) 30.5 30.2 
St/AN Wt. ratio 70/30 70/30 

[0242] <Polyisocyanate compound> 

[0243] 
[0244] Isocyanate-terminated prepolymer Q Was prepared 
by the folloWing procedure: 676 Wt. parts of 4,4-diphenyl 
methane diisocyanate (Cosmonate PH (Trade Name), pro 

Isocyanate-terminated prepolymer Q 

Oct. 18, 2001 

duced by Mitsui Chemicals, Inc.) Was reacted With 324 Wt. 
parts of polyoxypropylene diol (Diol-1000 (Trade Name), 
produced by Mitsui Chemicals, Inc.), having an OHV of 112 
mg-KOH/g) in a nitrogen atmosphere in a separable ?ask at 
80° C. for 2 hours. It had an isocyanate group content of 20 
Wt. %. 

[0245] 
[0246] Amixture of 100 parts of terephthalic acid and 125 
parts of tripropylene glycol Was charged in a four-necked 
?ask, equipped With an agitation rod, dehydration tube, 
nitrogen gas introduction tube and thermometer. Next, a 
nitrogen gas Was introduced into the ?ask, Water produced 
Was distilled off While carefully controlling bumping, and 
the content Was heated to 200° C. The ef?uent Was incor 
porated With 0.045 parts of tetraisopropyl titanate as the 
titanium-based catalyst, after its acid value Was decreased to 
20 or less, and system pressure Was sloWly reduced to a 
vacuum of 1.33 kPa, at Which Water Was further distilled off. 
The reaction Was continued until acid value of the ef?uent 
Was decreased to 1 mg-KOH/g or less, to prepare Aromatic 
polyester polyol S. The reaction system Was returned back to 
the normal pressure, and the ef?uent Was cooled to 80° C. 
and incorporated With 3.4 Wt. parts of distilled Water. The 
mixture Was continuously heated for 2 hours, With agitation, 
to deactivate the titanium-based catalyst, and Water Was 
distilled off under a vacuum. Aromatic polyester polyol S 
thus prepared had an acid value of 0.3 mg-KOH/g and 
hydroxyl value of 113.1 mg-KOH/g. 

[0247] Isocyanate-terminated prepolymer R Was prepared 
in the same manner as for Isocyanate-terminated prepolymer 
Q, except that Aromatic polyester polyol S Was used as the 
polyol Working as the isocyanate modi?er. 

[0248] <Catalyst> 
[0249] MINICO; Trade Name, produced by KatuZai 

Chemical, amine catalyst (triethylenediamine) 

[0250] <Chain extender> 

[0251] Ethylene glycol; produced by Wako Pure 
Chemical Industries’ 

[0252] <Foam stabiliZer> 

[0253] SF-2962; Trade Name, produced by Toray/ 
DoW Corning Silicone, silicone foam stabiliZer, 
<Foaming agent> 

[0254] Ion-exchanged Water (hereinafter merely 
referred to as Water) 

Isocyanate-terminated prepolymer R 

Examples and Comparative Examples 

[0255] Examples and Comparative Examples Will be 
described beloW. 

[0256] Each composition of polyoxyalkylene polyol, the 
chain extender and Water as the foaming agent, foam stabi 
liZer and catalyst (this composition is hereinafter referred to 
as resin premix) is described in Table 5 or 6, Where unit for 
all of the items is Wt. parts, except for molar ratio. 

[0257] Table 5 describes the compositions of the present 
invention, prepared by Examples 1 to 5, each comprising 
Polyoxyalkylene polyol A, B, C, D, E or F, and the one 
prepared by Example 4 additionally containing Polymer 
dispersed polyol O. Table6describes the compositions pre 
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pared by Comparative Examples, Wherein the resin premix 
prepared by Comparative Example 1 comprised Polyoxy 
alkylene polyols G and H, each polymerized in the presence 
of a KOH catalyst, and those prepared by Comparative 
Examples 2 to 6 comprised Polyoxyalkylene polyol I, J, K, 
L, M or N, each polymeriZed in the presence of a DMC 
catalyst, the one prepared by Comparative Example 5 addi 
tionally containing Polymer-dispersed polyol P. 

Example 1 

[0258] A mixture of 372 Wt. parts of Polyoxyalkylene 
polyol A, 563 Wt. parts of Polyoxyalkylene polyol C, 45 Wt. 
parts of the chain extender, 5 Wt. parts of Water, 5 Wt. parts 
of the catalyst and 10 Wt. parts of the foam stabiliZer Was 
agitated for mixing at 500 rpm in a stainless steel container 
for 5 min, to prepare the resin premix. A polyisocyanate 
compound Was added to the resin premix in a quantity to 
keep an isocyanate index NCO/OH at 1.0, i.e., ratio of moles 
of the active hydrogen in the resin premix to moles of the 
isocyanate group in the polyisocyanate compound, Wherein 
the resin premix and polyisocyanate compound Were kept at 
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Example 3 

[0261] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 1, except that 
Polyoxyalkylene polyols A and C Were replaced by Poly 
oxyalkylene polyols E and F. Table 5 gives its composition, 
and Table 8 its demolding time and Table 9 properties. 

Example 4 

[0262] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 1, except that 
Polyoxyalkylene polyols A and C Were replaced by Poly 
oxyalkylene polyol C and Polymer-dispersed polyol O. 
Table 5 gives its composition, and Table 8 its demolding 
time and Table 9 properties. 

Example 5 
[0263] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 3, except that 
Isocyanate-terminated prepolymer R Was used as the poly 
isocyanate compound. Table 5 gives its composition, and 
Table 8 its demolding time and Table 9 properties. 

TABLE 5 

Example Example Example Example Example 
1 2 3 4 5 

Resin Polyoxy-alkylene A 372 — — — — 

premix polyol B — 376 — — — 

C 5 63 — — 683 — 

D — 569 — — — 

E — 372 — 372 

F — — 5 63 — 5 63 

Polymer-dispersed O — — 171 — 

polyol 
Chain extender 45 3 6 45 1 00 45 
Water 5 4 5 6 5 
Catalyst 5 5 5 20 5 
Foam stabilizer 10 10 10 20 10 

Isocyanate-terminated Q 519 431 519 902 — 
prepolymer R — — — — 519 

NCO/OH 1.0 1.0 1.0 1.0 1.0 

40° C. beforehand. The mixture Was agitated for further 
mixing at 1,500 rpm in a homomixer for 3 sec, and imme 
diately injected into an aluminum mold, 12.5 by 150.0 by 
250.0 mm in inner dimensions, kept at 40° C. beforehand. 
The mold Was closed, and put in an oven, also kept at 40° 
C. beforehand. The microcellular polyurethane elastomer 
thus prepared Was analyZed for its demolding time, and 
various properties after it Was demolded out of the mold. 

[0259] Table 7 gives viscosity of the resin premix, and 
Table 8 demolding time and Table 9 properties of the 
microcellular polyurethane elastomer. 

Example 2 

[0260] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 1, except that 
Polyoxyalkylene polyols A and C Were replaced by Poly 
oxyalkylene polyols B and D. Table 5 gives its composition 
(Where unit for all of the items is Wt. parts, except that for 
NCO/OH), and Table 8 its demolding time and Table 9 
properties. 

Comparative Example 1 
[0264] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 1, except that 
Polyoxyalkylene polyols A and C Were replaced by Poly 
oxyalkylene polyols G and H produced in the presence of a 
KOH catalyst. Table 6 gives its composition (Where unit for 
all of the items is Wt. parts, except that for NCO/OH), Table 
7 viscosity of the resin premix, and Table 8 its demolding 
time and Table 10 properties. 

Comparative Example 2 
[0265] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 1, except that 
Polyoxyalkylene polyols A and C Were replaced by Poly 
oxyalkylene polyols I and K produced in the presence of a 
DMC catalyst. Table 6 gives its composition, Table 7 vis 
cosity of the resin premix, and Table 8 its demolding time 
and Table 10 properties of the microcellular polyurethane 
elastomer. 

Comparative Example 3 
[0266] The microcellular polyurethane elastomer Was pre 
pared in the same manner as in Example 1, except that 
Polyoxyalkylene polyols A and C Were replaced by Poly 
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oxyalkylene polyols J and L produced in the presence of a [0271] 
DMC catalyst. Table 6 gives its composition, and Tables 8 
and 10 its demoldin time and ro erties. g P P TABLE 9 

Comparatlve Example 4 Example 1 Example 2 Example 3 Example 4 Example 5 

[0267]‘ The microcellular polyurethane elastomer Was pre- Overall 510 510 510 510 510 
pared in the same manner as in Example 1, except that density 
Polyoxyalkylene polyols A and C Were replaced by Poly- (kg/m3) 
oxyalkylene polyols M and N produced in the presence of a Average Cell 44 42 4O 45 4O 

. . . . . diameter on 

DMC catalyst. Table 6 gives its composition, and Table 8 its the Skin Sup 
demolding time and Table 10 properties. face (,um) 

Diameter of 15-80 15-80 15-80 20-100 15-80 

Comparative Example 5 his“? cell 
In 

[0268] The microcellular polyurethane elastomer Was pre- Average 40 42 45 55 50 
pared in the same manner as in Example 1, except that fhafgeter?’f 
Polyoxyalkylene polyols A and C Were replaced by Poly- L211; Ce 
oxyalkylene polyols K produced in the presence of a DMC Hardness 7O 69 7O 75 72 
catalyst and Polymer-dispersed polyol P. Table 6 gives its (Asker C) 
composition, and Table 8 its demolding time and Table 10 TB (MPa) 4.2 4.5 4.5 5.5 5.6 
properties. 

TABLE 6 

Comparative Comparative Comparative Comparative Comparative 
Example Example Example Example Example 

1 2 3 4 5 

Resin Polyoxy-alkylene G 372 — — — — 

premix polyol H 563 — — — — 

I — 372 — — — 

J — — 376 — — 

K — 563 — — 683 

L — — 569 — — 

M — — — 372 _ 

N — — — 563 — 

Polymer-dispersed P — — — — 171 

polyol 
Chain extender 45 45 36 45 100 
Water 5 5 4 5 6 
Catalyst 5 5 5 5 20 
Foam stabilizer 10 10 10 10 20 

Isocyanate-terminated Q 519 519 431 519 902 
prepolymer R — — — — — 

Molar ratio (NCO/OH) 1.0 1.0 1.0 1.0 1.0 

[0269] 
TABLE 9-continued 

TABLE 7 

Comparative Comparative Example 1 Example 2 Example 3 Example 4 Example 5 
Example 1 Example 1 Example 2 

M10D (MPa) 2.5 2.7 2.8 3.4 3.3 
Resin premix viscosity 910 1050 1220 
(mPa _ S at 250 0) EB (‘70) 390 400 400 400 360 

TR (kN/m) 26 29 31 40 3:; 

cs (%) 5 3 6 7 5 

[0270] 

TABLE 8 

Comparative Comparative Comparative Comparative Cornparative 
Example 1 Example 2 Example 3 Example 4 Example 5 Example 1 Example 2 Example 3 Example 4 Example 5 

Demolding 480 490 420 380 380 660 540 550 530 500 

time (sec) 
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TABLE 9-continued 

Example 1 Example 2 Example 3 Example 4 Example 5 
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prepared by Examples 1 and 2 (Table 5) and those prepared 
by Comparative Examples 6 to 8 had the same compositions 
as those prepared by Comparative Examples 1 to 3 (Table 6). 
Their quantities injected into the mold were adjusted to have 
the different overall density. 

cs2 (%) 9 s 9 s 9 
Surface A A A A A 
character- TABLE 11 
istics 
Coating A A A A A Com- Com- Com 
character- parative parative parative 
istics Example 6 Example 7 Example 6 Example 7 Example 8 

Overall 350 350 350 350 350 
density 

[0272] (kg/m3) 
Average cell 50 55 8O 9O 85 
diameter on 

the skin sur 

face (um) 
Con?‘ CO“? Con?‘ CO“? CO“? Diameter of 30-150 30-150 50-210 60-220 60-220 

parative parative parative parative parative . .d H 
Example 1 Example 2 Example 3 Example 4 Example 5 bill; Ce 

Overall 510 510 510 510 510 Average 95 95 150 145 155 
density diameter of 
(kg/m3) inside cell 
Average cell 65 70 75 72 80 (Mm) 
diameter On Hardness 16 18 16 17 16 

the skin sur- (Asker C) 
face (Mm) TB (MPa) 1.2 1.3 0.9 0.8 0.8 
Diameter of 25-110 20-90 20-90 25-100 30-150 EB (‘70) 320 330 300 310 310 
inside Gen TR (KN/m) 6.0 5.9 4.9 5.1 4.8 
(Mm) cs (%) s 9 17 13 12 
Average 85 90 88 110 120 C52 (‘70) 1O 13 28 24 23 
diameter of 
inside cell 

(Fm) 0276 The numerals of the correlations for the resent 
H d 72 7O 7O 71 74 (281:?) invention between cell diameter and overall density (D) 
TB (Mpa) 22 3_4 3_6 38 4_9 are given below for the microcellular polyurethane elas 
M1OD(MPa) 1.8 22 23 26 27 tomers prepared by Examples 6 and 7 and Comparative 
EB (07”) 280 340 350 350 340 Examples 6 to 8 having an overall density of 350 (kg/m3): 
TR (kN/m) 14 1s 20 19 26 
CS (‘70) 12 1O 9 1O 15 0.00008*D2—O.O91*D+42=2O.O 
CS2 24 21 18 22 22 
surfagzo) C B C B B 0.00008*D2—O.O91*D+4O=18.O 

character- 0.00008*D2—O.O91*D+38=16.O 
istics . 

Coating C B B B B [0277] The numerals of the correlations for the present 
character- invention between cell diameter and overall density (D) 
is tics 

[0273] All of the microcellular polyurethane elastomers 
prepared by Examples 1 to 5 and Comparative Examples 1 
to 5 had an overall density of 510 (kg/m3), and the numerals 
of the correlations for the present invention between com 
pression set (CS2) and overall density (D) are given below: 

0.00008*D2—O.O91*D+38=12.4 

[0274] The numerals of the correlations for the present 
invention between cell diameter and overall density (D) 
are given below: 

12050301513658 
1105030151512 
1005030151465 

[0275] The mechanical properties of the microcellular 
polyurethane elastomers having an overall density of 350 
(kg/m3) are given in Table 11, wherein those prepared by 
Examples 6 and 7 had the same compositions as those 

are given below: 

1205030151710 
11050110151651 
1005030151592 

[0278] To explain these results: the microcellular polyure 
thane elastomers of the present invention, prepared by 
Examples 1 to 5, showed a shorter demolding time and 
hence greatly contributing to improvement of productivity 
than those using the polyoxyalkylene polyols polymerized 
in the presence of the conventional KOH catalyst (Com 
parative Example 1) and in the presence of the DMC catalyst 
(Comparative Examples 2 to 5), as shown in Table 8. 

[0279] It is noted that the microcellular polyurethane 
elastomers of the present invention, prepared by Examples 
1 to 5, show excellent mechanical properties, having a much 
higher tensile strength, 100% modulus, maximum elonga 
tion and tear strength, and a much lower compression set 
than those using the polyoxyalkylene polyols polymerized 
in the presence of the conventional KOH catalyst (Com 
parative Example 1) and in the presence of the DMC catalyst 
(Comparative Examples 2 to 5), as shown in Tables 9 and 10. 
Improved mechanical properties, and surface and coating 
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characteristics are also noted With the microcellular poly 
urethane elastomer prepared by Example 4 Which used the 
polymer-dispersed polyol and that prepared by Example 5 
Which used the aromatic polyester polyol as the isocyanate 
terminated prepolymer modi?er. 

[0280] It is also noted that even the microcellular poly 
urethane elastomer of loW overall density exhibited 
improved mechanical properties, because those prepared by 
Examples 6 and 7 have a much higher tensile strength, 100% 
modulus, maximum elongation and tear strength, and a 
much loWer compression set than those prepared by Com 
parative Examples 6 to 8, as shoWn in Table 11. 

[0281] The microcellular polyurethane elastomer satis?es 
the compression set (CS2) requirement for the present 
invention, When its cell diameter on the skin surface is 
in the speci?c range. The cell diameter is an important 
factor to have the microcellular polyurethane elastomer, 
exhibiting not only good surface characteristics as the 
important property but also excellent mechanical properties. 

[0282] Use of the polyoxyalkylene polyol having a 
hydroxyl value (OHV), an overall degree of unsaturation 
and head-to-tail (H-T) linkage selectivity each in a speci?c 
range can easily give the microcellular polyurethane elas 
tomer of excellent mechanical properties, i.e., greatly 
increased tensile strength, 100% modulus, maximum elon 
gation and tear strength and greatly decreased compression 
set, and, at the same time, excellent surface and coating 
characteristics. 

What is claimed is: 
1. A microcellular polyurethane elastomer, having 

(1) an overall density (D) of 100 kg/m 3 or more but 900 
kg/m3 or less, and 

(2) overall density (D) and compression set (CS2, unit: %) 
satisfying a relationship shoWn by the folloWing equa 
tion (1): 

and having 

overall density (D) and average cell diameter (X, unit: 
pm) observed on a skin surface satisfying a relation 
ship shoWn by the folloWing equation (2): 

X2 12050-0015D (2). 

2. The microcellular polyurethane elastomer as claimed in 
claim 1, Wherein its overall density is 200 kg/m3 or more but 
700 kg/m3 or less. 

3. The microcellular polyurethane elastomer as claimed in 
claim 1, containing the cells having an average diameter of 
1 pm or more but 200 pm or less. 

4. The microcellular polyurethane elastomer as claimed in 
claim 1 or 2, Wherein its overall density and compression set 
satisfy a relationship shoWn by the folloWing equation (3): 

5. The microcellular polyurethane elastomer as claimed in 
any one of claims 1 to 3, Wherein its average cell diameter 
(X, unit: pm) observed on the skin surface satis?es a 
relationship shoWn by the folloWing equation (4): 

X2 11050-001513 (4) 

6. A microcellular polyurethane elastomer having an 
overall density (D) of 100 kg/3 or more but 900 kg/m3 or less 
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obtained by reacting a polyol With a polyisocyanate com 
pound, Wherein said polyol contains 50 Wt. % or more of at 
least one polyoxyalkylene polyol having a hydroxyl value of 
2 to 200 mg-KOH/g, an overall degree of unsaturation of 
0.001 to 0.07 meq./g and a head-to-tail linkage selectivity of 
95 mol % or more for that of the polyoxyalkylene polyol 
produced by addition polymeriZation of propylene oxide. 

7. The microcellular polyurethane elastomer as claimed in 
claim 6, Wherein said polyoxyalkylene polyol is produced in 
the presence of a compound having a P=N bond as a 
catalyst. 

8. The microcellular polyurethane elastomer as claimed in 
claim 1, obtained by reacting a polyol With a polyisocyanate 
compound, Wherein said polyol contains 50 Wt. % or more 
of at least one polyoxyalkylene polyol having a hydroxyl 
value of 2 to 200 mg-KOH/g, an overall degree of unsat 
uration of 0.001 to 0.07 meq./g and a head-to-tail linkage 
selectivity of 95 mol % or more for that of the polyoxy 
alkylene polyol produced by addition polymeriZation of 
propylene oxide. 

9. The microcellular polyurethane elastomer as claimed in 
claim 8, Wherein said polyoxyalkylene polyol is produced in 
the presence of a compound having a P=N bond as a 
catalyst. 

10. The microcellular polyurethane elastomer as claimed 
in claim 8, Wherein said polyol contains 0.5 to 50 Wt. % of 
polymer-dispersed polyol containing 1 to 50 Wt. % of 
polymer micro particles produced by polymeriZation of at 
least one monomer containing an ethylenically unsaturated 
group. 

11. The microcellular polyurethane elastomer as claimed 
in claim 10, Wherein said polymer-dispersed polyol is pro 
duced by polymeriZation of at least one monomer containing 
an ethylenically unsaturated group in at least one polyoxy 
alkylene polyol having a hydroxyl value of 2 to 200 mg 
KOH/g, an overall degree of unsaturation of 0.001 to 0.07 
meq./g and a head-to-tail linkage selectivity of 95 mol % or 
more for that of the polyoxyalkylene polyol produced by 
addition polymeriZation of propylene oxide. 

12. The microcellular polyurethane elastomer as claimed 
in claim 10 or 11, Wherein said polymer-dispersed polyol 
contains 10 to 45 Wt. % of said polymer micro particles. 

13. The microcellular polyurethane elastomer as claimed 
in any one of claims 10 to 12, Wherein said monomer 
containing an ethylenically unsaturated group is one or more 
types of monomers selected from the group consisting of 
acrylonitrile, styrene, acrylamide and methyl methacrylate. 

14. The microcellular polyurethane elastomer as claimed 
in any one of claims 10 to 13, Wherein said monomer 
containing an ethylenically unsaturated group contains 30 
Wt. % or more of styrene. 

15. The microcellular polyurethane elastomer as claimed 
in any one of claims 1 to 14, Which is obtained by reacting 
an isocyanate-terminated prepolymer With a polyol, said 
prepolymer being obtained by reacting an aromatic polyester 
polyol With a polyisocyanate. 

16. A shoe sole Which is made of the microcellular 
polyurethane elastomer as claimed in any one of claims 1 to 
15. 

17. A method of producing a microcellular polyurethane 
elastomer, obtained by reacting a polyol With a polyisocy 
anate compound to have 

(1) an overall density (D) of 100 kg/m3 or more but 900 
kg/m3 or less, and 
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(2) overall density (D) and compression set (CS2, unit: %) 
satisfying a relationship shoWn by the following equa 
tion (1) 

and to have 

overall density (D) and average cell diameter (X, unit: 
urn) observed on the skin surface satisfying a rela 
tionship shoWn by the folloWing equation (2): 

X2 12050-001513 (2) 

Wherein, said polyol contains 50 Wt. % or more of at 
least one polyoXyalkylene polyol having a hydroXyl 
value of 2 to 200 rng-KOH/g, an overall degree of 
unsaturation of 0.001 to 0.07 rneq./g and a head-to-tail 
linkage selectivity of 95 rnol % or more for that of the 
polyoXyalkylene polyol produced by addition polyrner 
iZation of propylene oxide. 

18. The method of producing a ?nely foarned polyure 
thane elastrner as claimed in claim 17, Wherein said poly 
oXyalkylene polyol is produced in the presence of a corn 
pound having a P=N bond as a catalyst. 
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19. The method of producing a ?nely foarned polyure 
thane elastrner as claimed in claim 17, Which is obtained by 
reacting a polyol With a polyisocyanate compound, Wherein 
said polyol contains 0.5 to 50 Wt. % of polyrner-dispersed 
polyol containing 1 to 50 Wt. % of the polymer rnicro 
particles produced by polymerization of at least one rnono 
rner containing an ethylenically unsaturated group. 

20. The method of producing a ?nely foarned polyure 
thane elastrner as claimed in any one of claims 17 to 19, 
Which is obtained by reacting a polyol With a polyisocyanate 
cornpound, Wherein said polyisocyanate compound is an 
isocyanate-terrninated prepolyrner obtained by reacting an 
aromatic polyester polyol With a polyisocyanate. 

21. The method of producing a ?nely foarned polyure 
thane elastrner as claimed in claim 20, Wherein said poly 
isocyanate cornpound contains 20 Wt. % or more of the 
isocyanate-terrninated prepolyrner obtained by reacting an 
aromatic polyester polyol With a polyisocyanate. 


