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SHRINKABLE FIBER FOR POROUS 
MOLDED BODY 

BACKGROUND OF THE INVENTION 

0001 1. Technical Field 
0002 The present invention relates to a shrinkable fiber 
suitable for use in obtaining a porous molded body. More 
specifically, the present invention particularly relates to a 
fiber to be dispersed in a fired body base used in a porous fired 
body, and to a shrinkable fiber that is excellent in pore form 
ability in a drying process prior to firing and in a firing process 
due to its capability of reducing degradation in moldability 
caused by addition of the fiber to the fired body base and 
exerting an appropriate heat shrinkage property. 
0003 2. Background Art 
0004 Fired bodies, such as earthenware, ceramics and 
refractory products, are widely used in daily necessities and 
industrial material applications. In recent years, lighter fired 
bodies have been required in order to improve portability and 
processability thereof in daily necessities and to prevent mass 
increase associated with enlargement offired bodies in indus 
trial material applications. 
0005. There have conventionally been a large number of 
technologies related to pore formation on a fired body, and 
Patent Literature 1, for example, describes a technology in 
which a globular hollow resin powder is added to a ceramic 
base and thus obtained product is burned down to thereby 
obtain a ceramic having pores. Also, Patent Literature 2 
describes a technology in which an organic fiber is contained 
in a refractory raw material and thus obtained product is fired 
to obtain a porous refractory product. 
0006 Patent Literature 1 Japanese Patent Application 
Publication No. 10-130073 
0007 Patent Literature 2 Japanese Patent Application 
Publication No. 61-10079 

DISCLOSURE OF INVENTION 

0008. As described above, there has been conducted a 
study for obtaining a porous fired body by adding a burnable 
component to a fired body base, but use of a large-size add-in 
material to obtain large-size pores will cause a decrease in 
fluidity and make molding of a porous fired body difficult. On 
the other hand, if the size of the add-in material is limited so 
as to prevent the degradation of moldability, neither satisfac 
tory pores nor satisfactory results can be obtained. 
0009. Therefore, an object of the present invention is to 
provide an add-in material to be added to a fired body base, 
the add-in material being capable of developing a pore of 
appropriate size efficiently without degrading the formability 
and productivity of a porous molded body, particularly a 
porous fired body when producing the fired body. 
0010. The inventors of the present invention have con 
ducted a keen experiment to achieve the above object and, as 
a result, have found out that a fiber with specific heat shrink 
age property is suitable as an add-in material for obtaining a 
porous molded body, particularly for a fired body, that this 
shrinkable fiber-containing fired body base is excellent in 
moldability, and that when firing the shrinkable fiber-contain 
ing fired body base shrinkage force of the shrinkable fiber 
generated by heat acts on a fired body base as well and 
deforms so as to encompass the fired body base around the 
fiber to form a pore in the fired body base so that water 
evaporation can be conducted Smoothly in a firing process, 
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whereby a porous fired body with an excellent appearance 
without any cracks can be obtained. The inventors therefore 
ended up completing the present invention. 
0011. The present invention has the following configura 
tions: 
0012 (1) A shrinkable fiber composed of a thermoplastic 
resin and to be dispersed in a porous molded body base, 
wherein the shrinkable fiber has a fiber diameter of 10 to 40 
um, a fiber length of 1 to 20 mm, and a dry-heat shrinkage 
percentage of at least 8% when subjected to heat treatment at 
80° C. for 5 minutes. 
0013 (2) The shrinkable fiber according to the above (1), 
having a weight residual ratio of 10% or lower when heated at 
5000 C. 
0014 (3) The shrinkable fiber according to the above (1), 
which is a conjugate fiber obtained by conjugating a first 
component composed of a thermoplastic resin with a second 
component composed of a thermoplastic resin having a 
higher melting point than that of the first component, wherein 
the conjugate fiber has a weight residual ratio of 10% or lower 
when heated at 500° C. 
00.15 (4) The shrinkable fiber according to the above (3), 
wherein the first component is a mixture of two or more types 
of thermoplastic resins, and at least one of the thermoplastic 
resins has a melting point of 100° C. or lower. 
0016 (5) The shrinkable fiber according to the above (3) 
or (4), wherein the centers of gravity of the conjugate com 
ponents are different from each other in a fiber cross section. 
0017 (6) The shrinkable fiber according to any one of the 
above (1) to (5), wherein a moisture percentage of a fiber 
assembly is 5 to 50%. 
0018 (7) The shrinkable fiber according to any one of the 
above (1) to (6), having a standard moisture regain of 2% or 
less. 
0019. The shrinkable fiber according to the present inven 
tion has an excellent kneadability with the raw material of a 
fired body base and does not impair the moldability of a fired 
body base when the shrinkable fiber is dispersed into the fired 
body base to obtain a porous molded body, particularly a 
porous fired body. Moreover, since the shrinkable fiber 
according to the present invention has an excellent shrink 
ability in a low-temperature region where a molded body 
base, particularly a fired body base presents plasticity, a 
shrinkage force of the fiber acts on the fired body base and 
deforms so as to encompass the base around the fiber so that 
apore of appropriate size can beformed efficiently in the fired 
body base. The pore that is formed in this manner exerts an 
effect of Smoothly conducting water evaporation from the 
molded body base, particularly from the fired body base, 
prevents the occurrence of cracks during a firing process, and 
improves productivity in the drying or biscuit-firing step and 
the firing process. Furthermore, thus obtained molded body, 
particularly fired body, is porous and light in weight and 
characterized in having excellent heat insulating properties 
and the like. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0020. The shrinkable fiber of the present invention is suit 
ably used in a molded body base which has plasticity during 
the stage of dispersion of the shrinkable fiber but is cured 
when dried or heated. 
0021 Hereinafter, the present invention is described in 
detail by using an example in which “a molded body” or “a 
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molded body base' is particularly “a fired body' or “a fired 
body base, but the present invention is not limited to this 
embodiment. 

0022. The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body has a fiber diameter 
in the range of 10 to 40 um, or preferably 20 to 30 um. For 
example, in order to obtain a porous fired body, first a com 
position is prepared to obtain a fired body base, moisture or 
the like is added thereto to obtain a base having fluidity, and 
then the base is molded into any shape. In this case, it is 
preferred that the fiber diameter of the shrinkable fiber added 
to the base be 40 uM or less in order to prevent the fiber from 
protruding from the surface of the molded body to deteriorate 
the appearance of the molded body. Moreover, it is preferred 
that the fiber diameter of the shrinkable fiber be 10 um or 
more to prevent problems where the fibergets entangled with 
another and cannot be mixed evenly with the base raw mate 
rial or where the fluidity of the base is degraded to thereby 
impair the moldability of the base. It is more preferred that the 
fiber diameter of the shrinkable fiber be in the range of 20 to 
30 um in order to obtain an excellent moldability and produc 
tivity when molding the base into any shape and also to 
prevent the appearance of an obtained molded body from 
deteriorating. 
0023 The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body has a fiber length in 
the range of 1 to 20 mm, or preferably 3 to 10 mm. It is 
preferred that the fiber length be 1 mm or longer because a 
sufficiently large shrunk length (fiber lengthxshrinkage per 
centage (%)--100) is obtained by shrinking the shrinkable 
fiber and the shrinkable fiber deforms so as to encompass the 
molded body base around the fiber to form a large pore. 
Moreover, it is preferred that the fiber length be 20 mm or 
shorter in order to obtain uniform miscibility with the base 
raw material and base fluidity with sufficient moldability. It is 
more preferred that the fiber length be in the range of 3 to 10 
mm in order to create an excellent balance among pore form 
ability obtained by shrinking the fiber, and processability and 
productivity for obtaining a molded body. 
0024. The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body has a dry-heat 
shrinkage percentage of at least 8%, preferably at least 10%, 
and more preferably at least 15% when subjected to heat 
treatment at 80°C. for 5 minutes. In order to form apore in the 
molded body base by heat shrinking the shrinkable fiber, it is 
important to show a larger shrinkage percentage in a low 
temperature region of 100° C. or lower. The molded body 
base, which contains moisture and is readily deformable with 
a Small force, is Subjected to heat treatment at temperature 
lower than final firing temperature in a drying orbiscuit-firing 
process, after molded into any shape. In this process of heat 
treatment, the molded body base loses moisture, thereby 
reducing the fluidity. Specifically, before most of the moisture 
contained in the molded body base evaporates, or in other 
words in a state where the molded body base still has suffi 
cient plasticity, the fiber is heat-shrunk, hence the shrinkage 
force of the fiberacts on the molded body base and shrinks so 
as to encompass the Surrounding molded body base, whereby 
a large pore is formed. It is preferred that the shrinkable fiber 
have a dry-heat shrinkage percentage of at least 8% at 80°C. 
in order to achieve the effect of the present invention, which 
is to obtain a porous molded body by forming a pore of 
appropriate size by means of the shrinkage force of the fiber 
during the drying process that involves heating of the molded 
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body base. It is more preferred that the dry-heat shrinkage 
percentage be at least 10% and more preferably at least 15% 
at 80°C. in order to form a larger pore efficiently. The greater 
the dry-heat shrinkage percentage of the shrinkable fiber of 
the present invention, the more effective the shrinkable fiber, 
and thus the upper limit of the dry-heat shrinkage percentage 
is not limited. 
0025 Note that the dry-heat shrinkage percentage of the 
shrinkable fiber of the present invention used for obtaining a 
porous molded body may be measured after cutting the 
shrinkable fiberinto a fiber length of 1 to 20 mm, and may also 
be measured after cutting an uncut continuous tow into any 
length. The dry-heat shrinkage percentages that are measured 
by the above two methods are equal to each other within an 
error range. 
0026. The melting points of the thermoplastic resins com 
posing the shrinkable fiber of the present invention used for 
obtaining a porous molded body are not particularly limited, 
but the lower the melting points, the higher the shrinkage 
percentages. Hence, the melting points are preferably 165° C. 
or lower, more preferably 130° C. or lower, and even more 
preferably 125° C. or lower. Examples of the thermoplastic 
resins having Such range of melting points include ethylene 
copolymers such as ethylene-vinyl acetate copolymer, ethyl 
ene-methacrylic acid copolymer and ethylene-acrylate 
copolymer, elastomer resins such as poly-alpha-olefin and 
styrene-ethylene-butylene-styrene copolymer, low-density 
polyethylene, linear low-density polyethylene, high-density 
polyethylene, polypropylene, and propylene copolymers 
Such as ethylene-propylene copolymer and ethylene-butene 
propylene copolymer. Above all, considering the fiber form 
ability and the cost of resins, ethylene-vinyl acetate copoly 
mer, low-density polyethylene, ethylene-propylene 
copolymer, ethylene-butene-propylene copolymer and 
polypropylene are Suitably used. In addition, these thermo 
plastic resins may be used independently, or a mixture of two 
or more of the thermoplastic resins may be used, hence use of 
the thermoplastic resins can be determined appropriately in 
accordance with the desired productivity and fiber shrinkage 
property. 
0027. The thermoplastic resins configuring the shrinkable 
fiber of the present invention used for obtaining a porous 
molded body may be added with, for example, an antioxidant, 
light stabilizer, ultraviolet absorber, neutralizer, nucleating 
agent, lubricant, antibacterial agent, deodorant, fire retardant, 
antistatic, pigment, plasticizer, and other additives for exert 
ing various performances according to need without obstruct 
ing the effect of the present invention. 
0028. The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body may be a mono 
component fiber composed of one component of thermoplas 
tic resin, or a multicomponent fiber wherein two or more 
components of thermoplastic resins are conjugated. How 
ever, in order to improve the heat shrinkability of the fiberand 
to obtain a highly shrinkable fiber at a high productivity, it is 
desirable that the shrinkable fiber be a conjugate fiber 
obtained by conjugating a first component composed of a 
thermoplastic resin with a second component composed of a 
thermoplastic resin having a lower melting point than that of 
the first component. Although it is effective to make a ther 
moplastic resin having a low melting point into a fiberin order 
to obtain a highly shrinkable fiber, the crystallization speed of 
the thermoplastic resin having a low melting point is gener 
ally so slow that broken yarn is generated frequently when 
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spinning yarn, causing degradation of processability and pro 
ductivity. Moreover, due to the low resin strength of the fiber 
composed of the thermoplastic resin having a low melting 
point, the fiber lacks in stiffness and there is a problem that, 
when adding the shrinkable fiberto a base and kneading them, 
the fiber becomes entangled with another easily. In order to 
solve these problems, it is preferred that the shrinkable fiber 
of the present invention be a conjugate fiber obtained by 
conjugating a first component composed of a thermoplastic 
resin with a second component composed of a thermoplastic 
resin having a higher melting point than that of the first 
component. Although the melting point of the second com 
ponent of the conjugate fiber is not particularly limited, the 
melting point of the second component is higher than that of 
the first component and is preferably in the range of 120 to 
180° C. and more preferably 155 to 165° C. in order to 
maintain Sufficient spinnability and provide an appropriates 
stiffness to the fiber. In addition, although the melting point of 
the first component of the conjugate fiber is not particularly 
limited, the melting point of the first component is lower than 
that of the first component and is preferably in the range of 60 
to 130° C. and more preferably 70 to 110° C. When the 
melting point of the first component is 130° C. or lower the 
shrinkability of the conjugate fiber can be improved in a low 
temperature region, and when the melting point of the first 
component is 60° C. or higher the processability can be pre 
vented from being degraded by the stickiness of the low 
melting point resin. It is preferred that the melting point of the 
first component be in the range of 70 to 110° C. in order to 
create an excellent balance between the shrinkability and 
processability in the low temperature region. A combination 
of the thermoplastic resins of the first and second components 
is not particularly limited and thus can be selected appropri 
ately in consideration of the balance among a desired shrink 
age property, spinnability, processability and stiffness of the 
fiber, hence the possible examples of the combination are 
low-density polyethylene/polypropylene, linear low-density 
polyethylene/polypropylene, ethylene-vinyl acetate copoly 
mer/polypropylene, ethylene-methacrylic acid copolymer/ 
polypropylene, propylene copolymer/polypropylene, low 
density polyethylene/propylene copolymer, ethylene-vinyl 
acetate copolymer/propylene copolymer, and ethylene-meth 
acrylic acid copolymer/propylene copolymer. 
0029 When the shrinkable fiber of the present invention is 
the conjugate fiber obtained by conjugating the first compo 
nent composed of a thermoplastic resin with the second com 
ponent composed of a thermoplastic resin having a higher 
melting point than that of the first component, although not 
limited, it is desirable that the first component be a mixture of 
at least two types of thermoplastic resins, and that at least one 
of the thermoplastic resins have a melting point of 100° C. or 
lower. It is known that a fiber composed of a thermoplastic 
resinheat-shrinks significantly at a temperature near the melt 
ing point of the resin. It is important for the shrinkable fiber of 
the present invention to shrink significantly in, for example, a 
low temperature region of 100° C. or lower where most of the 
moisture contained in the fired body base does not yet evapo 
rate, or in other words where the fired body base still has 
Sufficient plasticity, and then to extend the shrinkage force of 
the shrinkable fiber over the fired body base around the fiber 
to form a pore. Based on this perspective, it is desirable that 
the shrinkable fiber of the present invention contains a ther 
moplastic resin having a melting point of 100° C. or lower and 
shrink easily at low temperature. Although it is not a problem 
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even when the first component is composed only of the ther 
moplastic resin having a melting point of 100° C. or lower, it 
is desirable that the first component be a mixture of a ther 
moplastic resin having a melting point in the range of 100 to 
130° C. and more preferably 100 to 110° C. and a thermo 
plastic resin having a melting point in the range of 60 to 100° 
C. and more preferably 70 to 90° C. in order to prevent the 
processability and productivity from being degraded by the 
Stickiness of the low-melting point resins during a yarn-mak 
ing process. In this case, although the constituent ratio of the 
thermoplastic resin having a melting point of 100° C. or lower 
in the first component is not particularly limited, it is prefer 
ably in the range of 10 to 60 wt % and more preferably 20 to 
40 wt %. When the constituent ratio of the thermoplastic resin 
having a melting point of 100° C. or lower is at least 10 wt %, 
the effect of increasing the shrinkage percentage of the 
shrinkable fiber can be obtained sufficiently, and when the 
constituent ratio is 60% or less the surface of the fiber does not 
become excessively sticky, hence a satisfactory processabil 
ity and productivity can be achieved. The constituent ratio in 
the range of 20 to 40 wt % is particularly preferable because 
an excellent balance can be achieved between the shrinkabil 
ity and productivity of the fiber. 
0030. When the shrinkable fiber of the present invention is 
the conjugate fiber obtained by conjugating the first compo 
nent composed of a thermoplastic resin with the second com 
ponent composed of a thermoplastic resin having a higher 
melting point than that of the first component, although a 
conjugation pattern is not particularly limited and cross-sec 
tional structure configured by a concentric sheath-core type, 
eccentric sheath-core type, side-by-side, splittable type or 
sea-island type cross section structure is possible, a conjuga 
tion pattern in which the centers of gravity of conjugate 
components are different from each other in a fiber cross 
section is preferred in order to improve the heat shrinkability 
of the fiber, and examples of Such a pattern include an eccen 
tric sheath-core type and side-by-side conjugation patterns. 
In the case of a conjugation pattern in which the centers of 
gravity of the conjugate components are different from each 
other in the fibercross section, three-dimensional crimps such 
as spiral, Q-shape crimps and the like are generated due to the 
difference in heat shrinkage percentage between the conju 
gate components. This means that not only shrinkage of 
actual fiber length but also shrinkage of apparent fiber length 
occurs, and this conjugation pattern is preferred because a 
change in the three-dimensional shape of the fiber affects the 
fired body base surrounding the fiber and the fiber shrinks so 
as to encompass the Surrounding fired body base, whereby the 
size of the pore increases, leading to efficient formation of the 
pore. 

0031 When the shrinkable fiber of the present invention 
that is used for obtaining a porous molded body is the conju 
gate fiber obtained by conjugating the first component com 
posed of a thermoplastic resin with the second component 
composed of a thermoplastic resin having a higher melting 
point than that of the first component, the conjugate area ratio 
of the first component/the second component is not particu 
larly limited, but it is preferred that the conjugate area ratio be 
in the range of 70/30 to 40/60 and more preferably 65/35 to 
55/45. When the ratio of the second component is 30% or 
more, the number of yarn breakages in spinning chops, 
whereby high productivity can be obtained. Moreover, when 
the ratio of the first component is 40% or more, the shrinkage 
percentage of the conjugate fiber increases, whereby apore of 
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appropriate size can be formed efficiently. It is even more 
preferred that the conjugate area ratio of the conjugate fiberbe 
in the range of 6%.5 to 55/45 because an excellent balance can 
be achieved between the productivity and shrinkage percent 
age of the fiber. 
0032. The fiber cross-sectional shape of the shrinkable 
fiber of the present invention is not particularly limited, and 
thus a round shape Such as a circle or an ellipse, an angular 
shape such as a triangle or a square, a non-circular shape Such 
as a key shape or an octalobe shape, a hollow shape, or any 
other shape can be used. 
0033. The molded body base or, for example, a fired body 
base to which the shrinkable fiber of the present invention is 
added is molded into any shape, Subjected to the drying or 
biscuit-firing process at relatively low temperature, and there 
after fired at high temperature. The shrinkable fiber of the 
present invention heat-shrinks in the course of increasing the 
temperature in the drying orbiscuit-firing process, deforms so 
as to encompass the fired body base around the fiber, and 
produces a pore. Since the fiber is not particularly necessary 
after the pore is formed, it is desirable that the fiber be burned 
down at high temperature during the firing process. Based on 
this perspective, the weight residual ratio obtained when heat 
ing the shrinkable fiber of the present invention at 500° C. is, 
although not particularly limited, preferably 10% or less and 
more preferably 5% or less. When the weight residual ratio is 
10% or less, the problems such as detracted appearance and 
an abnormal odor generated by residual carbide of the fiber in 
an end product are prevented. A weight residual ratio of 5% or 
less is desirable because the above problems can be solved at 
a higher level. In order to achieve Such weight residual ratios, 
it is desirable to use a thermoplastic resin that is not carbon 
ized easily but thermally decomposed easily at the time of 
firing. Examples of Such thermoplastic resin include ethylene 
copolymers such as ethylene-vinyl acetate copolymer, ethyl 
ene-methacrylic acid copolymer and ethylene-acrylate 
copolymer, elastomer resins such as poly-alpha-olefin and 
styrene-ethylene-butylene-styrene copolymer, low-density 
polyethylene, linear low-density polyethylene, high-density 
polyethylene, polypropylene, and olefin copolymers such as 
ethylene-propylene copolymer and ethylene-butene-propy 
lene copolymer. 
0034. The shrinkable fiber of the present invention is 
added to a composition prepared as the molded body base or, 
for example, the fired body base, and thereafter kneaded 
evenly. The shrinkable fiber assembly is preferably in a wet 
state with a dispersive fiber treating agent applied thereto, 
rather than a dry state, because the fibers can be separated one 
by one in the wet state, thereby improving kneadability. 
Therefore, the moisture percentage of the fiber assembly is, 
although not particularly limited, preferably set in the range 
of 5 to 50% and more preferably 15 to 40% by adjusting the 
amount of the dispersive fiber treating agent applied to the 
fibers. Here, the moisture percentage of the fiber assembly 
does not mean the moisture contained in the fibers them 
selves, but a mass fraction of moisture retained on a fiber 
surface or in a gap between the fibers. When the moisture 
percentage of the fiber assembly is 5% or more, it is possible 
to prevent a problem in which the fibers are scattered when 
added to the fired body base, improving the spreading prop 
erty of the fibers, hence the fibers are evenly mixed with the 
fired body base so that a homogenous porous fired body is 
obtained efficiently. Moreover, when the moisture percentage 
of the fiber assembly is 50% or less, handling ability and 
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processability are prevented from being degraded by the 
increase in the mass due to the moisture. It is preferable that 
the moisture percentage of the fiber assembly be in the range 
of 15 to 40% in order to achieve an excellent balance among 
the effect of improving the kneadability, handling ability and 
processability. 
0035 Temperatures and speeds of temperature increase 
are important in the process of drying or biscuit-firing the 
obtained molded body base or, for example, the fired body 
base. When the temperature is too high or the speed oftem 
perature increase is too fast, the moisture evaporates drasti 
cally and consequently water vapor is generated in large 
quantity, causing a crack or large pore in the molded fired 
body base. In other words, when the fired body base contains 
an excessive amount of moisture, the fired body base has to be 
dried or biscuit-fired under a temperate condition, otherwise 
a crack or large pore is generated in the product, causing 
degradation of the productivity and product quality. The 
moisture that is contained in the fiberassembly at a stage prior 
to the stage of adding the fibers to the fired body base may 
exert the effect of improving the processability in the knead 
ing process, and the amount of moisture to be added to the 
fired body base is determined in consideration of the amount 
of moisture contained in the fiber assembly, so that an exces 
sive amount of moisture is not provided. However, the mois 
ture contained in each fiber itself, or in other words the mois 
ture expressed in standard moisture regain, does not 
contribute to the improvement of the processability of the 
kneading process but only delays the evaporation of the mois 
ture in the drying or biscuit-firing process and degrades the 
productivity. Based on this perspective, the standard moisture 
regain of the shrinkable fiber of the present invention is, 
although not particularly limited, preferably 2% or less and 
more preferably 1% or less. When the standard moisture 
regain is 2% or less, the set temperature can be increased or 
the speed of temperature increase can be increased in the 
drying or biscuit-firing process so that the process can be 
ended in a short time, leading to high productivity. It is pre 
ferred that the standard moisture regain be 1% or less in order 
to achieve higher productivity. 
0036. The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body can be spun by 
means of a regular melt spinning apparatus. Spinning condi 
tion, such as spinning temperature and pull-up speed, can be 
appropriately selected in accordance with the characteristics 
of the thermoplastic resins used as the raw materials and 
desired fiber characteristics, and the spinning speed can be in 
the range of for example, 180 to 350° C. and the pull-up 
speed can be in the range of, for example, 300 to 1500 m/min. 
When pulling up a fibrous resin discharged from a spinning 
nozzle by means of a winder, it is preferable to cool the fibrous 
resin in a medium such as air, water, or glycerin so that a 
spinning process can be performed stably. Above all, it is 
preferable to use a cooling method using air because the 
cooling can be performed in the simplest apparatus. 
0037 Melt flow rate (MFR) of each of the thermoplastic 
resins used as the raw materials is, although not particularly 
limited, in the range of preferably 5 to 100 g/10 min, more 
preferably 10 to 60 g/10 min, or even more preferably 15 to 40 
g/10 min, at 230° C. When the MFR of the thermoplastic resin 
is 5 g/10 min or more, resin fluidity that is suitable for melt 
spinning can be obtained, whereby the resin can be evenly 
discharged from the spinning nozzle and thereby the spinning 
process is performed stably. Moreover, when the MFR is 100 
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g/10 minor less, an appropriate tension acts in the course of 
pulling up the fiber, hence the number of yarn breakages is 
reduced and the spinning process is performed stably. When 
the MFR is 10 to 60 g/10 min, satisfactory stability can be 
achieved in the spinning process, and it is preferred that the 
MFR be 15 to 40 g/10 minto obtain sufficient stability in the 
spinning process. 
0038 Next is described a method of drawing the shrink 
able fiber of the present invention that is used for obtaining a 
porous molded body. For this drawing method, although not 
particularly limited, any known drawing method may be 
adopted, and examples thereof include a method of drawing 
by heating the fiber using a metallic heating roller or metallic 
heating plate in a contact manner, and a method of drawing by 
heating the fiberusing heated water, boiled water, pressurized 
saturated vapor, hot air, far-infrared radiation, microwave, or 
carbon dioxide gas laser in a non-contact manner. Above all, 
it is preferable to draw the fiber by using the metallic heating 
roll or heated water, in consideration of the easiness, ease of 
operation and productivity of the apparatus. 
0039. Because the shrinkage percentage of the fiber is 
prone to increase when drawing the fiber at low power, the 
draw ratio is, although not particularly limited, preferably 2.5 
or lower, and more preferably 2.0 or lower. When the draw 
ratio is 2.5 or lower a satisfactory shrinkability is obtained, 
and when the draw ratio is 2.0 or lower a sufficient shrink 
ability is obtained. Also, because the shrinkage percentage of 
the fiber is prone to increase when the fiber is drawn at low 
temperature, the drawing temperature is, although not par 
ticularly limited, preferably 80° C. or lower and more pref 
erably 60° C. or lower. When the drawing temperature is 80° 
C. or lower a satisfactory shrinkability is obtained, and when 
the drawing temperature is 60° C. or lower a sufficient shrink 
ability is obtained. Note that when the drawing temperature is 
too low, a yarn breakage occurs easily at the time of drawing, 
but since the draw ratio of the shrinkable fiber of the present 
invention is set to be low, yarn breakage during drawing is not 
a problem. 
0040. The drawing speed is, although not particularly lim 

ited, preferably 50 m/min or higher and more preferably 100 
m/minor higher in consideration of the productivity. Because 
the draw ratio of the shrinkable fiber of the present invention 
is set to be relatively low, increasing the drawing speed does 
not cause the problem of yarn breakage. Furthermore, single 
stage drawing or multi-stage drawing consisting of two or 
more stages may be performed in the drawing process, and 
when performing the multi-stage drawing the drawing meth 
ods using the above-mentioned heating roller, heated water 
and the like can be combined. 

0041. Whether the shrinkable fiber of the present inven 
tion used for obtaining a porous molded body has crimps or 
not is not particularly restricted, but it is preferred that the 
shrinkable fiber be a straight fiber that is not provided with 
any ZigZag mechanical crimps or S2-shape or spiral three 
dimensional crimps. It is not a problem that the shrinkable 
fiber to have latent crimps, and that it is exposed after, for 
example, the shrinkable fiber is added to the fired body base 
and molded to form a pore, but when the crimps are appar 
ently exposed at a stage prior to the stage of adding the 
shrinkable fiber to the fired body base, the fiber tends to 
become entangled during the process of kneading the fired 
body base and fibers. Therefore, it is desirable that the shrink 
able fiber of the present invention be a straight fiber without 

Sep. 9, 2010 

any obvious crimps, and it is more desirable that the shrink 
able fiber be a straight fiber with latent crimps. 
0042. In the shrinkable fiber of the present invention, a 
fiber treating agent can be adhered to the fiber surface so that 
the spinning and drawing processes can be performed stably 
or in order to fulfill product characteristics. The types of fiber 
treating agents are not particularly limited and can be selected 
appropriately in consideration of for example, compatibility 
with the fired body base. Moreover, the adhesion amount is 
not particularly limited and can be set to a desired adhesion 
amount by adjusting the concentration of pure fiber treating 
agent in consideration of the moisture percentage of the fiber 
assembly described above. The method of adhesion is not 
particularly limited and therefore a known method such as, 
for example, a roller method, a dipping method, an atomiza 
tion method or a pat-dry method can be selected appropri 
ately. 
0043. The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body is drawn and there 
after cut into a fiber length of 1 to 20 mm as described above. 
The method of cutting the drawn fiber is not particularly 
limited and therefore a known method such as, for example, a 
rotary cutting system or a guillotine cutting system can be 
adopted. 
0044) The shrinkable fiber of the present invention that is 
used for obtaining a porous molded body is added to the raw 
materials configuring the molded body base, and kneaded and 
evenly dispersed while adding water thereto to obtain an 
appropriate fluidity. The water content of the molded body 
base obtained after adding water is not particularly limited, 
can be appropriately selected in accordance with the type of 
base material to be used, the type of shrinkable fiber to be 
added, and the additive amount, and can be adjusted to obtain 
a desired fluidity. For example, the flow property of the fired 
body base is also not particularly limited and can be appro 
priately selected in accordance with the difference among the 
molding methods such as a mechanical wheel, hand forming 
method, rolling molding method and extrusion molding 
method, or the difference among the methods for executing 
casting, spraying, stamping and the like. The moisture per 
centage of the fired body base Suitable in various molding 
methods or construction methods can be, for example, in the 
range of 3 to 50%. 
0045. The mass fraction of the shrinkable fiber in the 
molded body base composition is not particularly limited and 
can be appropriately selected in accordance with the nature of 
the raw materials used in the molded body base, characteris 
tics of a desired molded body and the fiber length of the 
shrinkable fiber. However, it is not preferred that the ratio of 
the shrinkable fiber is too high because the fiber becomes 
entangled with another easily, uneven dispersion of the fiber 
is caused, or the moldability of the molded body base 
becomes deteriorated. Moreover, it is not preferred that the 
ratio of the shrinkable fiber is too low because it makes it 
impossible to achieve the effect of the present invention, 
which is to heat and cause the fiber to shrink when drying or 
biscuit-firing the molded body base, and then to form a pore 
by means of the shrinkage force of the fiber so that a porous 
fired body can be obtained. Base on this perspective, an 
appropriate mass fraction in the shrinkable fiber of the 
molded body base compositionis, for example, in the range of 
0.05 to 10% based on dry mass. In addition, it is not a problem 
that a pore forming material other than the shrinkable fiber is 
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also used and added to the molded body base composition 
within the scope that does not impede the effect of the present 
invention. 

0046. The types of raw materials configuring the molded 
body base is not particularly limited, and examples thereof 
include earthenware made of clay or colored clay, refractory 
products made of alumina or the like, and other fired bodies 
that may use any compositions of raw materials. Furthermore, 
a cement molded body made of portland cement or the like is 
even preferred in processes of drying and curing and particu 
larly in those processes involving heating, and Such cement 
molded body can be used for shrinking the shrinkable fiber of 
the present invention to achieve the effect of the present 
invention, although this cement molded body does not fall 
into the categories of the fired bodies because it is not sub 
jected to the firing process. Moreover, in the case of the 
cement molded body to which the shrinkable fiber of the 
present invention is added, it was possible to confirm the 
effect of preventing explosive fracture caused by a fire of the 
cement molded body, as described in, for example, Japanese 
Patent Application Publication No. 2000-143322. This is 
attributed to the mechanism in which the shrinkable fiber of 
the present invention is destroyed by the hot temperature 
during the fire, then pores are formed in the cement molded 
body, and water vapor generated by the fire escapes from the 
pores to the outside. The weight residual ratio of the shrink 
able fiber of the present invention is low and is 10% or less 
when heated at 500° C. so that pores can beformed efficiently, 
hence the shrinkable fiber of the present invention can be used 
suitably as a fiber to be added in order to obtain a highly 
fire-resistant concrete molded body. 
0047. When the shrinkable fiber of the present invention is 
added to a molded body base or, for example, a fired body 
base, the shrinkage force of the shrinkable fiber generated by 
heat acts on the fired body base as well and deforms so as to 
encompass the fired body base to form a pore in the fired body 
base. However, in order to efficiently form a pore on the fired 
body base by means of the shrinkage force, it is preferred that 
dry shrinkage percentage of the fired body base be sufficiently 
low in relation to the shrinkage percentage of the fiber, based 
on which the temperature of the fired body base without the 
shrinkable fiber is raised to 150° C. at a the speed oftempera 
ture increase of 1°C/min so that the dry shrinkage percentage 
obtained after holding the fired body base for 30 minutes 
becomes preferably 10% or lower, or more preferably 7% or 
lower. It is preferred that the dry shrinkage percentage of the 
fired body base be 10% or lower to form the pore by shrinking 
the shrinkable fiber of the present invention, but it is more 
preferred that the dry shrinkage percentage be 7% or lower in 
order to form the pores more efficiently. Furthermore, the 
larger the difference in shrinkage percentage between the 
shrinkable fiberand the fired body base during heat treatment, 
the more efficiently the pore is formed. Although unable to 
completely compare the shrinkage percentages due to the 
difference in the heat treatment conditions, the shrinkage 
percentage of the shrinkable fiber of the present invention that 
is obtained when heat processing is preformed at 80°C. for 5 
minutes is preferably larger than the dry shrinkage percentage 
of the fired body base, and the difference therebetween 
(shrinkage percentage of the shrinkable fiber-dry shrink 
age percentage of the fired body base) is preferably large. 
0048. The molded body base, particularly the fired body 
base added with the shrinkable fiber of the present invention 
is dried or biscuit-fired after molded into any shape, and then 
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further fired at high temperature. In so doing, temperature 
conditions and the like are not particularly limited, and thus 
they can be selected appropriately in accordance with the 
nature of the raw materials used in the fired body base, the 
moisture percentage of the fired body base, and the physical 
property of a desired fired body. The shrinkable fiber of the 
present invention has an excellent shrinkability in a low 
temperature region. In addition, the fired body base presents 
plasticity when containing moisture, but the plasticity is 
gradually reduced once the moisture evaporates. Based on 
these perspectives, it is preferred that the shrinkable fiber of 
the present invention be shrunk while the plasticity of the fired 
body base is sufficiently high in order to form a pore of 
appropriate size efficiently, hence it is effective to increase the 
time of the heat treatment in a region where the temperature is 
as low as, for example, 80 to 150° C. The porous fired body 
obtained in this manner is lighter than the fired body obtained 
by the conventional method, has excellent handling ability 
and heat insulating properties, and thus the porous fired body 
can be suitably used in, for example, a tea cup and the like. 
0049. When the firing temperature is set high or the speed 
of temperature increase is too fast, the moisture contained in 
the fired body base evaporates drastically, causing a crack or 
rupture in the molded fired body, but the fired body base 
added with the shrinkable fiber of the present invention has 
the effect of forming a pore by shrinking the shrinkable fiber 
and thereby conducting water evaporation Smoothly. There 
fore, use of the shrinkable fiber of the present invention can 
lessen the occurrence of defective products having cracks or 
the like caused by the water evaporation, and can improve 
productivity by reducing the time required in the firing pro 
cess Subsequent to the drying or biscuit-firing process. 
0050. The final firing temperature of the fired body base 
added with the shrinkable fiber of the present invention is not 
particularly limited and thus can be selected appropriately in 
accordance with the nature of the raw materials used in the 
fired body base and the physical property of the desired fired 
body, but it is preferred that the final firing temperature beat 
least 700° C. and more preferably at least 1000° C. When the 
final firing temperature is 700° C. or higher, the shrinkable 
fiber of the present invention does not remain in the fired body 
in the form of carbide and the like, whereby the problem of 
deterioration of the appearance of the fired body does not 
occur. It is more preferred that the final firing temperature be 
1000° C. or higher in order to further reduce the amount of 
shrinkable fiber remaining in the fired body. 

EXAMPLES 

0051. The present invention will now be described here 
inafter in detail by using examples, but the present invention 
is not limited to these examples. 

Examples 1 to 7 and Comparative Examples 1 to 5 

0.052 A variety of shrinkable fibers were prepared using 
various thermoplastic resins, and thus obtained shrinkable 
fibers were added to a molded body base to manufacture a 
molded body. Note that the method for measuring the physi 
cal property values shown in the examples or the definition of 
physical property value is shown hereinafter along with the 
operation performed in each example. Table 1 below shows 
the conditions, the obtained physical property values and 
results. 
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0053 (1) Spinnability 
0054 Spinnability that is obtained when preparing the 
fibers using the thermoplastic resins was evaluated on a scale 
of four levels with (x), o, A and X. 
0055 (x) ... The number of times that cut yarn is gener 
ated when spinning the yarn for six hours in a row is 0. 
0056 o ... The number of times that cut yarn is generated 
when spinning the yarn for six hours in a row is 1 to 6. 
0057 A.... The number of times that cut yarn is generated 
when spinning the yarn for six hours in a row is 7 to 12. 
0058 x .... The number of times that cut yarn is generated 
when spinning the yarn for six hours in a row is 13 or more. 
0059 (2) Dry-Heat Shrinkage Percentage 
0060. The shrinkable fibers were heat-treated at 80°C. in 
a circulation oven for five minutes, and the dry-heat shrinkage 
percentages of the shrinkable fibers were calculated by the 
following equation. The average value was obtained by the 
number of specimens (N=20). Note that, for those short 
shrinkable fibers having a fiber length of 1 to 20 mm, images 
of the heat-treated and non-heat-treated fibers were scanned 
using a 3D Digital Fine Scope VC2400-IMU (manufactured 
by OMRON Corporation), and the fiber length of the heat 
treated and non-heat-treated fibers were measured. 

Dry-heat shrinkage percentage (%)=(Non-heat-treated 
fiber length-Heat-treated fiber length)+Non-heat 
treated fiber lengthy 100 

0061 (3) Weight Residual Ratio 
0062. A simultaneous differential scanning calorimeter 
(TG/DTA200) manufactured by Seiko Instruments Inc. was 
used to perform measurement under the conditions of sample 
mass of 6 to 7 mg and speed of temperature increase of 10° 
C./min, and the weight residual ratio at 500°C. was obtained. 
0063 (4) Moisture Percentage of a Fiber Assembly 
0064. Approximately 100 g of an assembly of fibers cut 
into any length was collected, and this fiber assembly was 
dried at 80° C. in the circulation oven for three hours to 
calculate the moisture percentage of the fiber assembly using 
the following equation. 

Moisture percentage of fiber assembly (%)=(Mass of 
non-dried fiber assembly-Mass of dried fiber assem 
bly), Mass of dried fiber assemblyx100 

0065 (5) Standard Moisture Regain of the Fibers 
0066 Numeric values of JIS-L-1030 were used to calcu 
late the standard moisture regain of the fibers. 
0067 (6) Melt Flow Rate (MFR) of the Thermoplastic 
Resins 

0068. The melt flow rate of the thermoplastic resins were 
measured at a test temperature of 230° C. and a test load of 
21.18 N (Test condition 14 of JIS-K-7210 “Table 1”). 
0069 (7) Preparation of a Fiber-Added Molded Body 
Base, and its Kneadability and Moldability 
0070. To dried powder of the raw materials of an earthen 
ware fired body that mainly contains granite powder and 
kibushi clay powder, 5% by mass of fibers on dry basis was 
added, thus obtained product was then kneaded while adding 
water thereto to obtain 25% of water content, and thereafter a 
tea bowl was formed using a mechanical wheel. How the 
fibers were dispersed in the molded body base, the number of 
entangled fibers, uniformity and moldability on the mechani 
cal wheel were evaluated on a scale of four levels with (x), O, 
A and X. 
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0071 (x) ... The fibers were dispersed sufficiently with 
out any entangled fibers, and the uniformity and moldability 
were particularly excellent. 
0072 o ... The fibers were dispersed at a satisfactory level 
with almost no entangled fibers, and the uniformity and mold 
ability were excellent. 
(0073 A.... The fibers were dispersed at a tolerable level. 
There were a small number of entangled fibers but the uni 
formity and moldability were obtained at a tolerable level. 
0074 x . . . . The fibers were dispersed extremely dispro 
portionately with many entangled fibers, and the uniformity 
and moldability were poor. 
(0075 (8) Firing Method, the Appearance of the Fired 
Body and the Formability of Pores 
0076. In an electric furnace that is heated up to 150° C. at 
a speed of temperature increase of 1°C/min, the molded tea 
bowl was held for 30 minutes to perform the drying process, 
and thereafter the electric furnace was heated up to 1200° C. 
at 1° C./min to fire the tea bowl. The appearance of the 
obtained fired body was evaluated on a scale of four levels 
with (x), o, A and X. The moisture was absorbed by a boiling 
method, the bulk specific gravity was measured by an 
Archimedes method, and the results were used as the indica 
tors of the formability of pores. 
0.077 (x) ... No cracks or carbides observed, with uniform 
and Sufficient level of appearance. 
0078 O...There were few cracks or carbides, but uniform 
and satisfactory appearance was obtained. 
0079 A . . . . There were a few cracks or carbides and 
nonuniformity attributable to disproportion of fibers was 
observed, but a tolerable level of appearance was obtained. 
0080 x . . . A large crack and many carbides were 
observed, and extremely poor appearance was obtained. 

Example 1 
I0081. An ethylene-butene-propylene copolymer having a 
melting point of 130° C. and MFR of 16 g/10 min was sub 
jected to melt-spinning. The number of times that cut yarn 
was generated when spinning the ethylene-butene-propylene 
copolymer for six hours in a row was 0, meaning that suffi 
cient spinnability was obtained. Thus obtained undrawn yarn 
was drawn at a draw ratio of 2.4 at 30° C. with a hot roll 
drawing machine, and thereby a drawn yarn having a fiber 
diameter of 21 um was obtained. The weight residual ratio of 
this yarn was 2% and the dry-heat shrinkage percentage was 
12% at 80°C., presenting high shrinkability. This shrinkable 
fiber was cut into 5 mm to obtain a fiber assembly having a 
moisture percentage of 26%. The kneadability of this shrink 
able fiber with respect to the fired body base was good, and the 
moldability with respect to the tea bowl was also good. When 
the molded tea bowl was fired by means of the abovemen 
tioned method, a porous fired body with extremely good 
appearance was obtained and the bulk specific gravity thereof 
was 1.4. Since the bulk specific gravity of a fired body that is 
obtained without adding the shrinkable fiber thereto was 2.1 
as shown in the following Comparative Example 1, it is 
understood that adding the shrinkable fiber made the fired 
body porous. 

Comparative Example 1 

I0082 Only the fired body base was kneaded and molded 
without adding the fiber thereto, to obtain a fired body 
Although the kneadability and moldability were extremely 
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good, the obtained fired body was cracked and thus the 
appearance thereof was extremely poor. This crack is attrib 
uted to the fact that the moisture contained in the fired body 
base has evaporated drastically under the abovementioned 
firing conditions. No more cracks were generated by lowering 
the drying temperature and reducing the speed oftemperature 
increase, but this has reduced the productivity of the drying 
and firing processes. Moreover, the bulk specific gravity of 
the fired body was 2.1, which caused a feeling of heaviness in 
a hand. 

Example 2 
0083. A low-density polyethylene having a melting point 
of 102° C. and MFR of 23 g/10 min was subjected to melt 
spinning. Yarn breakages occurred frequently during spin 
ning, and the number of times that cut yarn was generated 
when spinning the low-density polyethylene for six hours in 
a row was 8, but an undrawnyarn was obtained with tolerable 
productivity. This undrawn yarn was drawn at a draw ratio of 
2.0 at 50° C. with the hot roll drawing machine, and thereby 
a drawn yarn having a fiber diameter of 34 um was obtained. 
The weight residual ratio of this yarn was 4% and the dry-heat 
shrinkage percentage was 37% at 80° C., presenting high 
shrinkability. This shrinkable fiber was cut into 15 mm to 
obtain a dry fiber assembly having a moisture percentage of 
0%. When this fiber assembly was added to the fired body 
base, scattering fibers were observed. Although the fibers 
were entangled with each other, a tolerable level of knead 
ability was obtained in the fired body base composition, and 
the moldability and plasticity with respect to the tea bowl 
were slightly low but obtained at a moldable level. When the 
molded tea bowl was fired by means of the abovementioned 
method, nonuniformity attributable to disproportion of the 
scattered fibers was observed insignificantly, but an 
extremely porous fired body having a bulk specific gravity of 
1.0 was obtained. 

Example 3 
0084. A low-density polyethylene having a melting point 
of 102° C. and MFR of 23 g/10 min was arranged in a first 
component, a polypropylene having a melting point of 160° 
C. and MFR of 16 g/10 min was arranged in a second com 
ponent, and these were conjugated in a conjugation pattern of 
sheath/core-first component/second component=40/60 and 
Subjected to melt-spinning. By arranging the polypropylene 
in the core component, the spinnability has improved signifi 
cantly, and the number of times that cut yarn was generated 
was 0, hence an undrawn yarn was obtained with sufficient 
productivity. This undrawn yarn was drawn at a draw ratio of 
1.8 at 50° C. with a hot water drawing machine, and thereby 
a drawn yarn having a fiber diameter of 25um was obtained. 
The weight residual ratio of this yarn was 3% and the dry-heat 
shrinkage percentage was 12% at 80° C., presenting high 
shrinkability. This shrinkable fiber was cut into 5 mm to 
obtain a fiber assembly having a moisture percentage of 30%. 
The kneadability of this shrinkable fiber with respect to the 
fired body base was extremely good, and the moldability was 
also good. When the molded tea bowl was fired by means of 
the abovementioned method, a homogeneously porous fired 
body was obtained and the bulk specific gravity thereof was 
1.2. 

Example 4 
0085. A low-density polyethylene having a melting point 
of 102°C. and MFR of 35 g/10 min was arranged in the first 
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component, a polypropylene having a melting point of 160° 
C. and MFR of 16 g/10 min was arranged in the second 
component, and these were conjugated in a conjugation pat 
tern of sheath/core-first component/second component=40/ 
60 and subjected to melt-spinning. The number of times that 
cut yarn was generated was 0, hence an undrawn yarn was 
obtained with sufficient productivity. This undrawn yarn was 
drawn at a draw ratio of 2.2 at 60°C. with the hot roll drawing 
machine, and thereby a drawn yarn having a fiber diameter of 
23 um was obtained. The weight residual ratio of this yarn 
was 3% and the dry-heat shrinkage percentage was 9% at 80° 
C. This shrinkable fiber was cut into 5 mm to obtain a fiber 
assembly having a moisture percentage of 30%. The knead 
ability of this shrinkable fiber with respect to the fired body 
base was extremely good, and the moldability was also good. 
When the molded tea bowl was fired by means of the above 
mentioned method, a homogeneously porous fired body was 
obtained and the bulk specific gravity thereof was 1.6. 

Example 5 

I0086 A substance that is obtained by mixing a low-den 
sity polyethylene having a melting point of 106° C. and MFR 
of 42 g/10 min with an ethylene-vinyl acetate copolymer 
having a melting point of 83°C., a vinyl acetate content of 
20%, and MFR of 35 g/10 minata mass fraction of 75/25 was 
arranged in the first component, polypropylene having a melt 
ing point of 160° C. and MFR of 16 g/10 min was arranged in 
the second component, and these were conjugated in a con 
jugation pattern of sheath/core first component/second com 
ponent=50/50 and subjected to melt-spinning. The number of 
times that cut yarn was generated was 5, hence a satisfactory 
level of spinnability was obtained. This undrawn yarn was 
drawn at a draw ratio of 1.8 at 50° C. with the hot water 
drawing machine, and thereby a drawn yarn having a fiber 
diameter of 25um was obtained. The weight residual ratio of 
this yarn was 4% and the dry-heat shrinkage percentage was 
16% at 80°C., presenting high shrinkability. This shrinkable 
fiber was cut into 5 mm to obtain a fiber assembly having a 
moisture percentage of 25%. The kneadability of this shrink 
able fiber with respect to the fired body base was extremely 
good, and the moldability was also good. When the molded 
tea bowl was fired by means of the abovementioned method, 
a homogeneously porous fired body was obtained and the 
bulk specific gravity thereof was 1.0. 

Example 6 

I0087. A low-density polyethylene having a melting point 
of 102°C. and MFR of 23 g/10 min was arranged in the first 
component, an ethylene-butene-propylene copolymer having 
a melting point of 130° C. and MFR of 16 g/10 min was 
arranged in the second component, and these were conjugated 
in a conjugation pattern of sheath/core first component/sec 
ond component=50/50 and subjected to melt-spinning. The 
number of times that cut yarn was generated was 3, hence a 
satisfactory level of spinnability was obtained. This undrawn 
yarn was drawn at a draw ratio of 1.6 at 40°C. with the hot 
water drawing machine, and thereby a drawn yarn having a 
fiber diameter of 38 um was obtained. The weight residual 
ratio of this yarn was 2% and the dry-heat shrinkage percent 
age was 28% at 80° C., presenting high shrinkability. This 
shrinkable fiber was cut into 3 mm to obtain a fiber assembly 
having a moisture percentage of 20%. The kneadability of this 
shrinkable fiber with respect to the fired body base was 
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extremely good, and the moldability was also very good. 
When the molded tea bowl was fired by means of the above 
mentioned method, a homogeneously porous fired body was 
obtained and the bulk specific gravity thereof was 1.0. 

Example 7 

0088 A low-density polyethylene having a melting point 
of 102°C. and MFR of 31 g/10 min was arranged in the first 
component, a polypropylene having a melting point of 160° 
C. and MFR of 16 g/10 min was arranged in the second 
component, and these were conjugated in a conjugation pat 
tern of first component/second component=50/50 and sub 
jected to melt-spinning by using a side-by-side nozzle. When 
the cross section of the obtained fiber was checked, the fiber 
was formed such that the high-flow first component with 
encompasses the second component, and the number of times 
that cut yarn was generated was 0, hence a sufficient level of 
spinnability was obtained. This undrawn yarn was drawn at a 
draw ratio of 1.6 at 40° C. with the hot water drawing 
machine, and thereby a drawn yarn having a fiber diameter of 
38 um was obtained. The weight residual ratio of this yarn 
was 2% and the dry-heat shrinkage percentage was 28% at 
80°C., presenting high shrinkability. Due to the difference in 
shrinkage percentage between these components, three-di 
mensional spiral crimps were generated during the heat treat 
ment. This shrinkable fiber was cut into 3 mm to obtain a fiber 
assembly having a moisture percentage of 20%. The knead 
ability of this shrinkable fiber with respect to the fired body 
base was extremely good, and the moldability was also very 
good. When the molded tea bowl was fired by means of the 
above-mentioned method, a homogeneously porous fired 
body was obtained and the bulk specific gravity thereof was 
0.9. It is estimated that the size of the pore has increased due 
to the developing power of the spiral crimps on the shrinkable 
fiber. 

Comparative Example 2 

0089. A polyethylene terephthalate having a melting point 
of 260° C. and an IV value of 0.64 was subjected to melt 
spinning. A sufficient level of spinnability was obtained. This 
undrawn yarn was drawn at a draw ratio of 2.5 at 80°C. with 
the hot roll drawing machine, and thereby a drawn yarn hav 
ing a fiber diameter of 18 um was obtained. The weight 
residual ratio of this yarn was 15% and the dry-heat shrinkage 
percentage was 3% at 80°C., presenting low shrinkability. 
This fiber was cut into 6 mm to obtain a fiber assembly having 
a moisture percentage of 28%. The kneadability of this 
shrinkable fiber with respect to the fired body base was good, 
and the moldability with respect to the tea bowl was also 
good. When the molded tea bowl was fired by means of the 
above-mentioned method, cracks occurred and many car 
bides were observed on the fiber, which damaged the surface 
appearance. The bulk specific gravity of the fired body was 
1.9, which was still heavy. 

Comparative Example 3 

0090. A commercially available polyvinyl alcohol fiber 
(vinylon) having a melting point of 240°C., a fiber diameter 
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of 17um and a fiber length of 6 mm was obtained. The weight 
residual ratio thereof was 25%, the dry-heat shrinkage per 
centage was 2% at 80°C., and the moisture percentage of the 
fiber assembly was 0%, meaning that the fiber assembly was 
in a Substantially dry state. The standard moisture regain was 
5%. This fiber was about to be added and kneaded with the 
fired body base, but the processability was poor because the 
fibers scattered easily. The moldability with respect to the tea 
bowl was not on a satisfactory level. When the molded tea 
bowl was fired by means of the above-mentioned method, 
acetic acid odor was generated. Cracks occurred on the 
obtained fired body and many carbides of fibers were 
observed, which damaged the Surface appearance. The bulk 
specific gravity of the fired body was 2.0, which was still 
heavy. 

Comparative Example 4 

0091 A polypropylene having a melting point of 160° C. 
and MFR of 24 g/10 min was subjected to melt-spinning. A 
satisfactory level of spinnability was obtained. Thus obtained 
undrawn yarn was drawn at a draw ratio of 4.0 at 80°C. with 
the hot roll drawing machine, and thereby a drawn yarn hav 
ing a fiber diameter of 25 um was obtained. The weight 
residual ratio of this yarn was 2% and the dry-heat shrinkage 
percentage was 4% at 80° C., presenting low shrinkability. 
This shrinkable fiber was cut into 1 mm to obtain a fiber 
assembly having a moisture percentage of 26%. Because the 
fiber length was as short as 1 mm, the kneadability of this 
shrinkable fiber with respect to the fired body base was good, 
and the moldability with respect to the tea bowl was also 
good. When the molded tea bowl was fired by means of the 
abovementioned method, cracks occurred, which made the 
appearance unacceptable. The bulk specific gravity of the 
fired body was 2.0, which was heavy. 

Comparative Example 5 

0092. A high-density polyethylene having a melting point 
of 130° C. and MFR of 26 g/10 min was arranged in the first 
component, the polypropylene having a melting point of 160° 
C. and MFR of 16 g/10 min was arranged in the second 
component, and these were conjugated in a conjugation pat 
tern of sheath/core-first component/second component=50/ 
50 and subjected to melt-spinning. A satisfactory level of 
spinnability was obtained. This undrawn yarn was drawn at a 
draw ratio of 4.3 at 90° C. with the hot water drawing 
machine, and thereby a drawn yarn having a fiber diameter of 
16 um was obtained. The weight residual ratio of this yarn 
was 3% and the dry-heat shrinkage percentage was 5% at 80° 
C., presenting low shrinkability. This shrinkable fiber was cut 
into 5 mm to obtain a fiber assembly having a moisture 
percentage of 26%. The kneadability of this shrinkable fiber 
with respect to the fired body base was good, and the mold 
ability was also acceptable. When the molded tea bowl was 
fired by means of the abovementioned method, cracks 
occurred, which made the appearance unacceptable. The bulk 
specific gravity of the fired body was 1.9, which was slightly 
heavy 
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TABLE 1. 

Dry-heat 
Conjuga- Spin- Drawing Fiber Fiber Moisture Shrinkage Kneadabil- Appearance Bulk 

Compo- Compo- tion nabil- Tempera- Draw Diameter Length Percentage Percentage ity and of Fired Specific 
nent 1 nent 2 Pattern ity ture(C.) Ratio lm ill % % Formability Body Gravity 

Ex. 1 co-PP - 8 30 2.4 21 5 26 12 O X 1.4 
Ex. 2 LDPE A 50 2.0 34 15 O 37 A A 1.O 
Ex. 3 LDPE PP Sheath X 50 1.8 25 5 30 12 O O 1.2 

Core 
Ex. 4 LDPE PP Sheath 3. 60 2.2 23 5 30 9 O O 1.6 

Core 
Ex. S LDPE PP Sheath O 50 1.8 25 5 25 16 O O 1.O 

EVA Core 
Ex. 6 LDPE co-PP Sheath O 40 1.6 38 3 2O 28 (3 8 1.O 

Core 
Ex. 7 LDPE PP Side-by- 8 60 1.5 29 3 2O 33 8 8 O.9 

side 
Comp — (8 X 2.1 
Ex. 1 
Comp PET (3 8O 2.5 18 6 28 3 O X 1.9 
Ex. 2 
Comp PVOH 17 6 O 2 A X 2.0 
Ex. 3 
Comp CC) 8 8O 4.0 25 1 26 4 (8 X 2.0 
Ex. 4 
Comp HDPE PP Sheath 8 90 4.3 16 5 26 5 O X 1.9 
Ex. S Core 

PP: Polypropylene 
co-PP: Propylene copolymer 
HDPE: High-density polyethylene 
LDPE: Low-density polyethylene 
EVA: Ethylene-vinyl acetate copolymer 
*How the fibers are dispersed in the molded body base, the number of entangled fibers, uniformity and the like. 
PET. Polyethylene terephthalate 
PVOH: Polyvinyl alcohol 

1. A shrinkable fiber composed ofathermoplastic resin and 
to be dispersed in a porous molded body base, wherein the 
shrinkable fiber has a fiber diameter of 10 to 40 um, a fiber 
length of 1 to 20 mm, and a dry-heat shrinkage percentage of 
at least 8% when subjected to heat treatment at 80°C. for 5 
minutes. 

2. The shrinkable fiber according to claim 1, having a 
weight residual ratio of 10% or lower when heated at 500° C. 

3. The shrinkable fiber according to claim 1, which is a 
conjugate fiber obtained by conjugating a first component 
composed of a thermoplastic resin with a second component 
composed of a thermoplastic resin having a higher melting 
point than that of the first component, wherein the conjugate 
fiber has a weight residual ratio of 10% or lower when heated 
at 500° C. 

4. The shrinkable fiber according to claim 3, wherein the 
first component is a mixture of two or more types of thermo 
plastic resins, and at least one of the thermoplastic resins has 
a melting point of 100° C. or lower. 

5. The shrinkable fiber according to claim 3, wherein the 
centers of gravity of the conjugate components are different 
from each other in a fiber cross section. 

6. The shrinkable fiber according to claim 1, wherein a 
moisture percentage of a fiber assembly is 5 to 50%. 

7. The shrinkable fiber according to claim 1, having a 
standard moisture regain of 2% or less. 

c c c c c 


