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(57) ABSTRACT 

A sheet-form structure of expandable thermoplastic resin is 
provided Which is capable of undergoing a pseudo-one 
dimensional expansion in its thickness direction and Which 
enables manufacture of thermoplastic resin foams having 
reduced variations in thickness and Weight precisions, 
increased compressive strength, and excellent properties 
such as surface smoothness. Amethod of manufacturing the 
sheet-form structure, as Well as such thermoplastic resin 
foams, are also provided. 

A sheet-form structure 1 of expandable thermoplastic resin 
including granules 2 of expandable thermoplastic resin 
arranged generally uniformly for integral connection thereof 
through a thin ?lm 3 of expandable thermoplastic resin. A 
thermoplastic resin foam including a continuous, thermo 
plastic resin foam layer, a number of highly-expanded, 
thermoplastic resin portions provided on at least one surface 
of the continuous foam layer, and slightly-expanded, ther 
moplastic resin thin ?lms for covering outer surfaces of 
respective highly-expanded portions. 
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FOAMABLE THERMOPLASTIC SHEET-LIKE 
SYNTHETIC RESIN, THERMOPLASTIC FOAMED 

RESIN AND THEIR PRODUCTION METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to a sheet-form struc 
ture of expandable thermoplastic resin, for use in the manu 
facture of a thermoplastic resin foam, Which is capable of 
undergoing a pseudo-one-dimensional expansion in its 
thickness direction, thermoplastic resin foams and methods 
for manufacturing thereof. 

BACKGROUND ART 

[0002] Because of their light-Weight properties and excel 
lence in heat insulation, ?exibility, ?oatability and mold 
ability, thermoplastic resin foams have been Widely used as 
various heat insulating materials such as for roof insulations, 
roof covers for vehicles or ?oor insulations, cushioning 
materials, ?oating materials, or pro?les. 

[0003] In obtaining such thermoplastic resin foams, prior 
manufacturing methods typically heat a sheet of expandable 
thermoplastic resin containing a heat-decomposable bloW 
ing agent to a temperature suf?cient to decompose the 
bloWing agent to thereby effect foaming thereof. The foam 
ing of expandable thermoplastic resin sheet is effected by the 
action of pressure of gases released as the bloWing agent 
contained therein decomposes. Accordingly, the expandable 
thermoplastic resin sheet, When subjected to foaming, gen 
erally expands substantially three-dimensionally in a uni 
form fashion. In the manufacture of thermoplastic resin 
foams, especially in the continuous manufacture of elon 
gated thermoplastic resin foams, a measure is needed Which 
reduces the production of Wrinkles in the resin foams due to 
expansion thereof in Width and length directions. 

[0004] In the Japanese Patent Publication No. Sho 
48-9955, for example, a method is disclosed Which contem 
plates to reduce Wrinkles in a thermoplastic resin foam that 
Will be ?nally obtained. The method involves feeding a 
continuous sheet of expandable thermoplastic resin contain 
ing a bloWing agent for subjecting to heat foaming to obtain 
a thermoplastic resin foam Which is subsequently taken up. 
This take-up rate is increased relative to the feed rate of the 
expandable thermoplastic resin sheet, in such a proportion as 
to correspond to the lengthWise increment of the resin sheet 
that Will be gained as it expands, While the thermoplastic 
resin foam is stretched in its Width direction in such a 
proportion as to correspond to the WidthWise increment of 
the resin sheet that Will be gained as it expands. 

[0005] HoWever, this method requires complicated jigs 
and processes for WidthWise stretching of the continuously 
produced thermoplastic resin foam Which has been just 
heated and foamed. In addition, the requirement to stretch 
the thermoplastic resin foam before it is cooled leads to the 
reduction in quality of both lateral ends of a resulting 
thermoplastic resin foam. This necessitates the removal of 
those lateral ends from the resulting thermoplastic resin 
foam, Which problematically drops the productivity thereof. 

[0006] Since the above method employs a continuous 
sheet of expandable thermoplastic resin to form the thermo 
plastic resin foam, the thermoplastic resin foam thus formed 
is imparted thereto excellent thickness precision, Weight 
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precision and surface smoothness. HoWever, due to its 
homogeneity in its thickness direction, the resulting ther 
moplastic resin foam has a problem of poor compressive 
strength. 
[0007] Also, in the thermoplastic resin foam obtained in 
accordance With the above-described method, the planar 
expansion of the thermoplastic resin caused When subjected 
to foaming is counterbalanced by the lengthWise elongation 
and WidthWise stretch of thermoplastic resin foam Which 
accompany the forces that Will remain therein as a thermal 
stress. Thus, the resulting thermoplastic resin foam, if sub 
jected to change in temperature, is caused to change its siZe 
to a problematically large extent. 

[0008] Furthermore, the attempt to obtain an irregularly 
surfaced thermoplastic resin foam by utiliZing the above 
referred method results in the necessity of post-forming 
Which provides irregularities to a previously fabricated, 
plate-form thermoplastic resin foam, and accordingly fails to 
manufacture the irregularly-surfaced thermoplastic resin 
foams at high productivity. Due to the homogeneity in its 
thickness direction, the irregularly-surfaced thermoplastic 
resin foam obtained also had a problem of insuf?cient 
compressive strength. 
[0009] On the other hand, Japanese Patent Laying-Open 
No. Hei 7-16856 discloses a method Which obtains a sheet 
form thermoplastic resin foam by spreading pellets or 
rounded mass (hereinafter referred to as pellets or the like) 
of expandable thermoplastic resin containing a bloWing 
agent over a conveying belt, and heating the pellets or the 
like of expandable thermoplastic resin to effect foaming and 
expansion for fusive integration thereof. 
[0010] In accordance With this method, a thermoplastic 
resin sheet or another conveying belt is provided above the 
conveying belt to de?ne therebetWeen a restricted space 
Within Which the dispersion of pellets or the like of expand 
able thermoplastic resin over the loWer conveying belt are 
alloWed to be heat foamed, so that a thermoplastic resin 
foam having a desired thickness can be obtained. Concur 
rently, the spaces among the pellets or the like of expandable 
resin, de?ned in a planar direction of the sheet, are ?lled as 
they expand, thereby obtaining a sheet-form thermoplastic 
resin foam. 

[0011] Again, in this method, the expandable thermoplas 
tic resin, When subjected to foaming, expands three-dimen 
sionally. HoWever, since the pellets or the like of expandable 
thermoplastic resin are arranged tWo-dimensionally in an 
intermittent manner to provide spaces thereamong, the sub 
sequent, tWo-dimensional expansion of the pellets or the like 
of expandable thermoplastic resin ?lls those spaces. That is, 
the foam is obtained through the pseudo-one-dimensional 
expansion of expandable thermoplastic resin in its thickness 
direction. This eliminates the necessities of WidthWise and 
lengthWise stretch or elongation. 

[0012] HoWever, if this method is to effect foaming in the 
form of a pseudo-one dimensional expansion, the spaces 
must be predetermined Which accommodate the increments 
in area of the pellets or the like of expandable thermoplastic 
resin as they expand. In order to predetermine the siZe of 
spaces, the dispersion of pellets or the like of expandable 
thermoplastic resin must be controlled With extremely high 
precision. A spreader thus becomes necessary Which can 
disperse the pellets or the like of expandable thermoplastic 
resin With precision. 
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[0013] Also, this method contemplates to obtain a sheet 
form thermoplastic resin foam by heat fusing the intermit 
tently arranged pellets or the like of expandable thermoplas 
tic resin to unity While subjecting them to foaming. It 
hoWever presents a problematic possibility that those pellets 
or the like of expandable thermoplastic resin may not 
completely be fused to unity. Accordingly, high productivity 
can not be expected from this method. In addition, if desired 
to obtain a thermoplastic resin foam having an increased 
thickness, the siZe of pellets or the like of expandable 
thermoplastic resin must be enlarged accordingly. In such an 
instance, the necessity of uniformly heating the large-siZed 
pellets prolongs the foaming period to thereby reduce pro 
ductivity. 
[0014] It is Within the knoWledge of the present inventors 
that the spreading of pellets or the like of expandable 
thermoplastic resin must be controlled With a still higher 
precision, if particularly desired to obtain an irregularly 
surfaced thermoplastic resin foam. That is, Where the spaces 
are determined as excessively larger than for corresponding 
to the increments in area of the pellets or the like of 
expandable thermoplastic resin as they expand, there 
remains a possibility that the pellets or the like of expand 
able thermoplastic resin, if heat foamed, may not completely 
be fused to unity. On the other hand, if the determined spaces 
are smaller than for corresponding to the increments in area 
of the pellets as they expand, a thermoplastic resin foam Will 
be obtained Which is not irregularly-surfaced but in the form 
of a ?at plate. 

[0015] Accordingly, the aforementioned method requires 
a spreader for dispersing the pellets or the like of expandable 
thermoplastic resin in such a highly precise fashion as stated 
above, and has been extremely dif?cult to obtain a thermo 
plastic resin foam having a predetermined irregular con?gu 
ration. 

[0016] Also in accordance With the above manufacturing 
method, an individual pellet or the like of expandable 
thermoplastic resin, When foamed, produces a skin layer of 
a loW expansion ratio on its surface, resulting in the forma 
tion of a thermoplastic resin foam in Which highly-expanded 
portions of thermoplastic resin having peripheries com 
pletely covered With respective slightly-expanded thin ?lms 
of thermoplastic resin are heat fused to each other through 
the slightly-expanded thin ?lms. The resulting thermoplastic 
resin foam has a high degree of compressive strength, but its 
qualities such as thickness precision, Weight precision and 
surface smoothness, as Well as the variation in compressive 
strength, depend largely upon hoW the pellets or the like of 
expandable thermoplastic resin are dispersed. 

[0017] Also in accordance With the above manufacturing 
method, a pressure developed during foaming acts to fuse 
bond the neighboring highly-expanded portions through the 
respective slightly-expanded thin ?lms to thereby assure 
sufficiently strong fusion bonds. HoWever, the absence of 
foamed layers continuous in a planar direction of the ther 
moplastic resin foam obtained, as Well as small fusion bond 
areas, reduces the strength thereof against a ?exural load, if 
applied, to the degree that can not be said to be sufficient. 

DISCLOSURE OF THE INVENTION 

[0018] It is an object of the present invention to provide a 
sheet-form expandable thermoplastic resin Which is capable 
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of expanding pseudo-one-dimensionally in its thickness 
direction and Which enables the highly-productive manufac 
ture of thermoplastic resin foams having reduced variations 
in thickness and Weight precisions as Well as excellent 
qualities such as increased compressive strength and surface 
smoothness, and a method of manufacturing the sheet-form 
expandable thermoplastic resin. 

[0019] It is another object of the present invention to 
provide a thermoplastic resin foam Which can solve the 
problems encountered With the conventional thermoplastic 
resin foams, Which exhibits less variations in both thickness 
and Weight precisions, Which is excellent in surface smooth 
ness and has a high degree of compressive strength, and 
Which exhibits less variation in strength and a suf?cient 
?exural strength, and a method capable of manufacturing the 
thermoplastic resin foam at high productivity. 

[0020] It is yet another object of the present invention to 
provide an irregularly-surfaced thermoplastic resin foam 
Which exhibits less variations in both thickness and Weight 
precisions, Which has increased compressive strength and 
cushioning properties, and Which exhibits less variation in 
strength, and a method capable of manufacturing the ther 
moplastic resin foam at high productivity. 

[0021] A ?rst invention of the present application is a 
sheet-form structure of expandable thermoplastic resin foam 
characteriZed in that granules of expandable thermoplastic 
resin are planarly arranged in a generally uniform manner, 
and that the individual granules of expandable thermoplastic 
resin are integrally connected to each other through a thin 
?lm of expandable thermoplastic resin, thereby achieving 
the objects as described above. 

[0022] In the sheet-form structure of expandable thermo 
plastic resin according to the ?rst invention, the arrangement 
of the aforementioned granules of expandable thermoplastic 
resin is not particularly speci?ed, and may preferably be 
made in a lattice-like or ZigZag fashion. 

[0023] Also, the integration of the aforementioned gran 
ules of expandable thermoplastic resin With the thin ?lm of 
expandable thermoplastic resin may be accomplished in 
such a manner that the granules of expandable thermoplastic 
resin are at vertically central portions thereof integrally 
connected to each other through the thin ?lm of expandable 
thermoplastic resin. Alternatively, the granules of expand 
able thermoplastic resin may be at their respective vertical 
one ends integrally connected to each other through the thin 
?lm of expandable thermoplastic resin. 

[0024] Also, in the sheet-form structure of expandable 
thermoplastic resin according to the ?rst invention, a planar 
member may be laminated onto the thin ?lm of expandable 
thermoplastic resin to thereby effectively restrain the thin 
?lm of expandable thermoplastic resin from expanding in 
the planar direction. 

[0025] Also, in the sheet-form structure of expandable 
thermoplastic resin according to the ?rst invention, the 
aforementioned granules of expandable thermoplastic resin 
are preferably comprised of a mixture of a bloWing agent, 
and mutually substantially incompatible, highly-crosslinked 
thermoplastic resin composition and slightly-crosslinked or 
uncrosslinked thermoplastic resin composition. 

[0026] A second invention of the present application pro 
vides a method of manufacturing the present sheet-form 
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structure of expandable thermoplastic resin in a simpli?ed 
fashion, and is characterized that a sheet-form structure of 
expandable thermoplastic resin, While in a softened state, is 
introduced betWeen a pair of counterrotating shaping rolls, 
Which de?ne therebetWeen a clearance smaller in dimension 
than a thickness of the sheet-form structure of expandable 
thermoplastic resin and at least one of Which has a number 
of generally uniformly arranged recesses on its peripheral 
surface, to compressively force a portion of the sheet-form 
structure of expandable thermoplastic resin in a softened 
state into the recesses, and subsequently cooled and 
released. 

[0027] The third invention of the present application is a 
thermoplastic resin foam characteriZed that the thermoplas 
tic resin foam includes a continuous foam layer of thermo 
plastic resin, a number of highly-expanded portions of 
thermoplastic resin arranged on at least one surface of the 
continuous foam layer, and sightly-expanded thin ?lms of 
thermoplastic resin for covering outer surfaces of respective 
highly-expanded portions, and that the highly-expanded 
portions are integrally connected to each other through the 
slightly-expanded thin ?lms, thereby achieving the objects 
as described above. 

[0028] In the thermoplastic resin foam according to the 
third invention, it is preferred that the highly-expanded 
portions are provided exclusively on one surface of the 
continuous foam layer in a manner not to vertically overlap 
each other but to vertically de?ne a single layer, and that 
they are laterally heat fused to each other through the 
slightly-expanded thin ?lms. 

[0029] Also, in the thermoplastic resin foam according to 
a particular aspect of the third invention, the highly-ex 
panded portions are provided on opposite surfaces of the 
continuous foam layer. On each surface, they are arranged in 
a manner not to vertically overlap each other but to vertically 
de?ne a single layer, and are laterally fused to each other 
through the slightly-expanded thin ?lms. 

[0030] A fourth invention of the present application is a 
thermoplastic resin foam characteriZed that the thermoplas 
tic resin foam takes the plate form and includes a continuous 
foam layer of thermoplastic resin, a number of highly 
expanded, thermoplastic resin portions arranged on at least 
one surface of the continuous foam layer, and slightly 
expanded, thermoplastic resin thin ?lms, together With the 
continuous foam layer, for enclosing the respective highly 
expanded portions, and that at least one surface of the 
plate-form thermoplastic resin foam, located on a side Where 
the highly-expanded portions are uncovered With the con 
tinuous foam layer, de?nes an irregular surface in such a 
manner as to de?ne concedes at the highly-expanded por 
tions covered With respective slightly-expanded thin ?lms 
and concaves at portions located betWeen the neighboring 
highly-expanded portions. 

[0031] That is, the thermoplastic resin foam according to 
the fourth invention is a thermoplastic resin foam Which has 
at least one irregularly-de?ned surface. 

[0032] In accordance With a particular aspect of the ther 
moplastic resin foam of the fourth invention, the one surface 
of thermoplastic resin foam, located on a side Where the 
highly-expanded portions are uncovered With the continuous 
foam layer Which, together With the slightly-expanded thin 
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?lms, encloses the respective highly-expanded portions, has 
irregularities in such a manner as to de?ne concedes at the 
highly-expanded portions covered With the respective 
slightly-expanded thin ?lms and concaves at portions 
located betWeen the neighboring highly-expanded portions. 
The other surface of thermoplastic resin foam, located on a 
side Where the highly-expanded portions are covered With 
the continuous foam layer, de?nes concaves at its portions 
corresponding in location to the respective highly-expanded 
portions. 
[0033] The heights of convex portions de?ned by the 
highly-expanded portions, out surfaces of Which are respec 
tively covered With the respective slightly-expanded thin 
?lms, are preferably at least 1 mm. 

[0034] Apacking ratio, Which is a proportion in volume of 
a circumscribing rectangular parallelepiped that is occupied 
by the circumscribed thermoplastic resin foam, is preferably 
in the range of 50-90%. 

[0035] In the thermoplastic resin foams according to the 
third and fourth inventions, the aforementioned highly 
expanded portions, When vieWed in a plane, may be 
arranged in a suitable fashion, preferably in a lattice-like or 
ZigZag fashion. 

[0036] The thermoplastic resin foams according to the 
third and fourth inventions may further incorporate a planar 
member Which is laminated onto the aforementioned con 
tinuous foam layer. 

[0037] A?fth invention of the present application provides 
a method Which utiliZes the sheet-form structure of expand 
able thermoplastic resin of the present invention to manu 
facture the thermoplastic resin foam of the present invention 
in a simpli?ed manner. The manufacturing method is char 
acteriZed by the folloWing steps. In a ?rst step, a sheet-form 
structure of expandable thermoplastic resin incorporating 
granules of expandable thermoplastic resin, Which each 
contains a bloWing agent and planarly arranged in a gener 
ally uniform fashion for integral connection to each other 
through a thin ?lm of expandable thermoplastic resin con 
taining a bloWing agent, is heated to a temperature suf?cient 
to decompose the aforementioned bloWing agents to effect 
foaming thereof. In a second step, the foam obtained in the 
?rst foaming step is cooled. 

[0038] In the method according to the ?fth invention for 
manufacturing a thermoplastic resin foam, the aforemen 
tioned cooling step is preferably preformed by using a 
cooling unit Which has a space more than suf?cient to 
completely accommodate the sheet-form structure of 
expandable thermoplastic resin as it expands to leave a 
clearance therebetWeen to assure the manufacture of ther 
moplastic resin foam of the fourth invention Which has at 
least one irregular surface. 

[0039] The ?rst through ?fth inventions of the present 
application are beloW described in more detail. 

[0040] [Sheet-form Structure of Expandable Thermoplas 
tic Resin] 
[0041] In the present invention, used as the sheet-form 
structure of expandable thermoplastic resin containing a 
bloWing agent is the structure Wherein granules of expand 
able thermoplastic resin are integrally connected to each 
other through a thin ?lm of expandable thermoplastic resin, 
as described above. 
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[0042] Thermoplastic Resin for use in the Sheet-form 
Structure of Expandable Thermoplastic Resin 

[0043] The thermoplastic resin for use in the manufacture 
of granules and thin ?lm of expandable thermoplastic resin, 
Which together constitute the aforementioned sheet-form 
structure of expandable thermoplastic resin, is not particu 
larly speci?ed, so far as it is expandable. Examples of such 
thermoplastic resins include ole?n resins such as loW 
density polyethylene, high-density polyethylene, straight 
chain loW-density polyethylene (“polyethylene” Will be 
hereinafter used to refer to loW-density polyethylene, high 
density polyethylene, straight-chain loW-density polyethyl 
ene, or any mixture thereof), random polypropylene, 
homopolypropylene, block polypropylene (“polypropylene” 
Will be hereinafter used to refer to random polypropylene, 
homopolypropylene, block polypropylene, or any mixture 
thereof); ole?n copolymers such as ethylene-vinyl acetate 
resin; polyvinyl chloride, chlorinated polyvinyl chloride, 
ABS resin, polystyrene, polycarbonate, polyamide, polyvi 
nylidene ?uoride, polyphenylene sul?de, polysulfone, poly 
ether ketone, and copolymers thereof. These can be 
employed solely or in any combination thereof. 

[0044] Among the above-listed thermoplastic resins, the 
use of ole?n resins such as polyethylene and polypropylene, 
or any mixture containing thereof is preferred for their 
abilities to not only impart increased surface smoothness to 
the thermoplastic resin foams obtained in the third inven 
tion, but also facilitate the formation of surface irregularities 
in the fourth invention. The use of high-density polyethyl 
ene, homopolypropylene or a mixture containing at least one 
of them is particularly preferred, for the purpose of obtaining 
reconciled surface smoothness and compressive strength in 
the third invention, as Well as increased compressive 
strength in the fourth invention. 

[0045] The thermoplastic resins for respective uses in the 
granule and thin ?lm of expandable thermoplastic resin are 
not necessarily of the same type, but the same type of resin 
is preferably employed from the standpoints of expandabil 
ity and adhesion. 

[0046] When necessary, the thermoplastic resin for use in 
the aforementioned sheet-form structure of expandable ther 
moplastic resin may be crosslinked. The use of crosslinked 
thermoplastic resin is preferred, since it serves to improve an 
expansion ratio and leads to Weight reduction of a resulting 
thermoplastic resin foam. Any technique may be employed 
Which crosslinks thermoplastic resins. Exemplary thereof 
are (1) a technique Which melt mixes a silane-grafted 
polymer With a thermoplastic resin and subsequently treats 
the mixture With Water for crosslinking, (2) a technique 
Which melt mixes a thermoplastic resin With a peroxide at a 
temperature of loWer than a decomposition temperature of 
the peroxide and subsequently heats the mixture to a tem 
perature of not loWer than the decomposition temperature of 
the peroxide for crosslinking, and (3) a technique Which 
involves exposure to an ioniZing radiation for crosslinking. 

[0047] The above-cited crosslinking technique (1), Which 
utiliZes the silane-grafted polymer, Will be noW explained. 
The silane-grafted polymer, as described above, is not 
particularly speci?ed, and may be silane-grafted polyethyl 
ene or silane-grafted polypropylene, for example. The 
silane-grafted polymer is obtainable, for example, by graft 
modifying a polymer With an unsaturated silane compound. 
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[0048] The aforementioned unsaturated silane compound 
is a compound represented by the general formula 
R1SiR2mY3_m, Wherein m is 0, 1 or 2. 

[0049] In the formula, R represents organic functional 
groups Which include alkenyl groups such as vinyl, allyl, 
propenyl, and cyclohexenyl; glycidyl; amino; methacryl; 
and halogenated alkyl groups such as y-chloroethyl and 
y-bromoethyl. 

[0050] In the formula, R2 represents an aliphatic saturated 
hydrocarbon group or aromatic hydrocarbon group, and may 
be methyl, ethyl, propyl, decyl or phenyl, for example. 

[0051] In the formula, Y represents a hydrolyZable organic 
functional group, and may be methoxy, ethoxy, formyloxy, 
acetoxy, or propionoxyarylamino, for example. When m is 0 
or 1, Y’s may be identical to or different from each other. 

[0052] In order to increase a crosslinking reaction, a 
compound represented by the general formula 
CH2=CHSi(OA)3 may preferably be employed as the afore 
mentioned unsaturated silane compound. In this formula, A 
is an aliphatic saturated hydrocarbon group containing pref 
erably 1-8, more preferably 1-4 carbon atoms. Preferred 
unsaturated silane compounds as represented by 
CH2=CHSi(OA)3 include vinyltrimethoxysilane and vinyl 
triethoxysilane, for example. 

[0053] Generally employed techniques may be utiliZed to 
manufacture the aforementioned silane-grafted polymer, 
Without any particular limitation. One exemplary technique 
involves reacting polyethylene With the aforementioned 
unsaturated silane compound represented by R1SiR2mY3_rn 
and an organic peroxide to obtain silane-modi?ed polyeth 
ylene. 
[0054] For the above silane-grafted polymers having a 
silyl group, Y, if methoxy, is hydrolyZed When contacted 
With Water to form a hydroxyl group. The hydroxyl groups 
in different molecules react With each other to form Si—O— 
Si linkages, so that the silane-grafted polymers are 
crosslinked to each other. 

[0055] The above-described Water treatment technique 
includes a steam exposure technique, as Well as a Water 
immersion technique. In the case Where such a treatment is 
carried out at a temperature of higher than 100° C., it may 
be performed under pressure. 

[0056] Reduction in temperature of Water or steam for the 
treatment leads to a decreased crosslinking reaction rate, 
While an excessive elevation in temperature thereof results 
in heat adhesion of the expandable thermoplastic resin. 
Accordingly, the temperature may preferably be in the range 
of 50-130° C., most preferably in the range of 90-120° C. 

[0057] Also, since a shortened treatment period possibly 
prevents the crosslinking reaction from going to completion, 
the preferred period for Water treatment is in the range of 
0.5-12 hours. 

[0058] A technique for mixing the silane-grafted polymer 
is not particularly limited, so far as it provides a uniform 
mixture thereof. Illustrative techniques include a technique 
Which feeds a thermoplastic resin, as Well as the silane 
grafted polymer, into a single- or tWin-screW extruder for 
melt mixing thereof, a technique Which utiliZes a roll for 
melt mixing, and a technique Which utiliZes a kneader for 
melt mixing. 
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[0059] If an excessively larger amount of silane-grafted 
polymer is added, excessive crosslinking may takes place to 
reduce an expansion ratio of a resulting thermoplastic resin 
foam. On the other hand, an excessively smaller amount 
thereof causes breakage of cells, resulting in failure to obtain 
uniformly expanded cells. Accordingly, the amount of 
silane-grafted polymer to be added is preferably 5-50 parts 
by Weight, more preferably 20-35 parts by Weight, based on 
100 parts by Weight of thermoplastic resin. 

[0060] Also, When the silane-grafted polymer is employed 
to achieve silane-crosslinking, a catalyst for silane 
crosslinking may be utiliZed as necessary. The catalyst for 
silane-crosslinking is not particularly speci?ed, so far as it 
acts to promote a crosslinking reaction betWeen silane 
grafted polymers. Examples of such catalysts include dibu 
tyltin diacetate, dibutyltin dilaurate, dioctyltin dilaurate, 
stannous octoate, stannous oleate, lead octoate, Zinc 2-eth 
ylhexoate, cobalt octoate, lead naphthenate, Zinc caprylate, 
and Zinc stearate. 

[0061] If an excessively larger amount of catalyst for 
silane-crosslinking is added, a thermoplastic resin foam may 
be obtained Which exhibits a reduced expansion ratio. On the 
other hand, if an excessively smaller amount of catalyst is 
added, the crosslinking reaction rate may decrease to neces 
sitate a prolonged Water treatment. Accordingly, the addition 
amount of catalyst for silane-crosslinking may be preferably 
in the range of 0.001-10 parts by Weight, more preferably 
0.01-0.1 parts by Weight, based on 100 parts by Weight of the 
aforementioned thermoplastic resin. 

[0062] The above-cited technique (2), Which utiliZes a 
peroxide for crosslinking a thermoplastic resin, Will be noW 
explained. 

[0063] The peroxide for use in the present method is not 
particularly speci?ed, and may be dibutyl peroxide, dicumyl 
peroxide, tert-butylcumyl peroxide, or di-isopropyl perox 
ide, for example. The use of dicumyl peroxide or tert 
butylcumyl peroxide is perferred since their decomposition 
temperatures are closer to a melting point of the thermo 
plastic resin. Particularly preferred is dicumyl peroxide. 

[0064] If an excessively larger amount of peroxide is 
added, a decomposition reaction of thermoplastic resin may 
be alloWed to proceed favorably, resulting in the formation 
of colored thermoplastic resin foam. On the other hand, if an 
excessively smaller amount of peroxide is added, insuf? 
cient crosslinking of thermoplastic resin may result. Accord 
ingly, the peroxide is added in the amount preferably of 
0.5-5 parts by Weight, most preferably of 1-3 parts by 
Weight, based on 100 parts by Weight of thermoplastic resin. 

[0065] The above-cited technique (3), Which involves 
exposing a thermoplastic resin to an ioniZing radiation for 
crosslinking thereof, Will be noW explained. 

[0066] The higher doses of irradiation lead to excessive 
crosslinking Which causes reduction in expansion ratio of a 
resulting foam. The loWer doses of irradiation cause break 
age of expanded cells, resulting in the failure to obtain 
uniform expanded cells. Accordingly, suitable dosages may 
be preferably in the range of 1-20 Mrads, more preferably 
3-10 Mrads. 

[0067] Any technique may be employed Which exposes a 
thermoplastic resin to an ioniZing radiation. An exemplary 
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technique involves passing a thermoplastic resin betWeen a 
pair of opposing electron beam generators for exposing an 
electron beam to the thermoplastic resin. 

[0068] The thermoplastic resin for use in the manufacture 
of the aforementioned sheet-form structure of expandable 
thermoplastic resin preferably comprises a mixture of a 
highly-crosslinked thermoplastic resin composition and a 
slightly-crosslinked or uncrosslinked thermoplastic resin 
composition, Which compositions are substantially incom 
patible With each other. Since the slightly-crosslinked or 
uncrosslinked thermoplastic resin composition, When 
foamed, tends to ?oW, the use thereof not only serves to 
impart increased surface smoothness to a resulting thermo 
plastic resin foam in the third invention, but also facilitates 
the formation of irregularities in a resulting thermoplastic 
resin foam in the fourth invention. 

[0069] In the descriptions Which folloW, the Words “ther 
moplastic” or “thermoplastic resin” may suitably be omitted 
for simpler terminology. 

[0070] The “highly-crosslinked” of the highly-crosslinked 
resin composition, and “slightly-crosslinked or 
uncrosslinked” of the slightly-crosslinked or uncrosslinked 
resin composition are relative expressions as determined 
depending upon Whichever resin composition is higher or 
loWer in crosslinking level. Out of the tWo types of resin 
compositions, the resin composition having a relatively 
higher level of crosslinking is referred to as the highly 
crosslinked resin composition The other resin compo 
sition having a relatively loWer level of crosslinking is 
referred to as the slightly-crosslinked or uncrosslinked resin 
composition 
[0071] The highly-crosslinked resin composition (A) is a 
resin composition comprised primarily of a resin component 
(A‘) The slightly-crosslinked or uncrosslinked resin compo 
sition (B) is a resin composition comprised primarily of a 
resin component (B‘). Thus, Where a mixture of mutually 
substantially incompatible, highly-crosslinked resin compo 
sition (A) and slightly-crosslinked or uncrosslinked resin 
composition (B) is employed as a thermoplastic resin for 
constituting the sheet-form structure of expandable thermo 
plastic resin, their respective primary components, i.e., the 
resin components (A‘) and (B‘) shoW the substantial incom 
patibility With each other. 

[0072] Thermoplastic resins for use as the mutually sub 
stantially incompatible, tWo types of resin components (A‘) 
and (B‘) can be selected from the above-listed thermoplastic 
resins. The difference in solubility parameter betWeen the 
tWo types of thermoplastic resins may be controlled prefer 
ably in the range of 01-20, more preferably 0.2-1.5, to form 
uniformly ?ne resin components (A‘) and (B‘). 
[0073] If the solubility parameter difference exceeds 2.0, a 
coarser dispersion of resin components (A‘) and (B‘) may be 
established, leading to reduction in expansion ratio of a 
resulting foam. On the other hand, if the solubility parameter 
difference falls beloW 0.1, the increased compatibility of tWo 
types of thermoplastic resins may prevent the formation of 
resin components (A‘) and (B‘) The numerical value of 
solubility parameter, as described above, can be calculated 
from the equation o=p2 Fi/M. p is a density of a resin 
component, M is a molecular Weight of a monomer Which 
constitutes the resin component, and Pi is a number of moles 
each monomer-constituting group attracts. 
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[0074] If the difference in melt index (MI) between the 
above tWo types of thermoplastic resins becomes larger, a 
coarser dispersion of resin components (A‘) and (B‘) may be 
produced, leading to reduction in expansion ratio of a 
resulting foam. On the other hand, if it becomes smaller, the 
increased compatibility of tWo types of thermoplastic resins 
may prevent the formation of resin components (A‘) and 
(B‘). Therefore, the MI difference is controlled preferably in 
the range of 5-13 g/10 minutes, more preferably 7-11 g/10 
minutes, for the purposes of establishing a uniform and ?ne 
dispersion of resin components (A‘) and (B‘), as Well as 
obtaining a thermoplastic resin foam having an increased 
expansion ratio. 

[0075] In the present speci?cation, MI is a value deter 
mined according to JIS K7210. 

[0076] For the purposes of establishing a uniform disper 
sion of resin components (A‘) and (B‘), as Well as obtaining 
a thermoplastic resin foam having increased surface smooth 
ness and expansion ratio, a mixing ratio in Weight of the 
highly-crosslinked resin composition (A) to the slightly 
crosslinked or uncrosslinked resin composition (B) is set 
desirably in the range of 2:8-812, preferably 4:6-614, more 
preferably at 5:5. 

[0077] If the crosslinking level of highly-crosslinked resin 
composition (A) is excessively high, excessive crosslinking 
may result in the reduction in expansion ratio of a resulting 
thermoplastic resin foam. On the other hand, if it is exces 
sively loW, cells may break during expansion to result in 
failure to obtain uniform cells. Its gel fraction, as indicative 
of crosslinking level, is thus controlled preferably in the 
range of 5-60 Weight %, more preferably 10-30 Weight %. 

[0078] If the crosslinking level of slightly-crosslinked or 
uncrosslinked resin composition (B) is excessively high, 
excessive crosslinking may result in the reduction in 
?oWability of a resulting thermoplastic resin foam. This may 
cause reduction in surface smoothness of thermoplastic resin 
foams in the third invention, as Well as dif?culty in forming 
irregularities in the fourth invention. Therefore, its gel 
fraction, as indicative of crosslinking level, is preferably not 
greater than 5 Weight %, more preferably not greater than 3 
Weight %. 

[0079] The gel fraction, as used in the present speci?ca 
tion, refers to a percentage of a Weight of crosslinked resin 
component remained after immersion in a 120° C. xylene 
solution for 24 hours relative to a Weight of crosslinked resin 
component prior to immersion in the xylene solution. 

[0080] Preparation of the mixture of mutually substan 
tially incompatible, highly-crosslinked resin component (A) 
and slightly-crosslinked or uncrosslinked resin component 
(B) can be accomplished by mixing the aforementioned tWo 
types of thermoplastic resins, and crosslinking the resin 
component (A‘) either solely or preferentially relative to the 
resin component (B‘). 

[0081] Exemplary techniques of crosslinking the resin 
component (A‘) either solely or preferentially relative to the 
resin component (B‘) include (1) a technique Which employs 
a crosslinking agent capable of crosslinking the resin com 
ponent (A‘) either solely or preferentially relative to the resin 
component (B‘), and (2) a technique Which, at a ?rst stage, 
mixes the resin component (A‘) With a crosslinkable group 
containing crosslinkable resin (C) of the same type as the 

May 30, 2002 

resin component (A‘) for subsequent crosslinking thereof to 
form the highly-crosslinked resin composition (A), and then 
mixes the composition With the resin component (B‘) at a 
second stage. 

[0082] HoWever, most preferred is (3) a technique Wherein 
a crosslinkable group-containing crosslinkable resin (C), 
Which is approximate in melt index to and of the same type 
as the resin component (A‘), is mixed With the resin com 
ponents (A‘) and (B‘) for subsequent crosslinking, since the 
technique can form a ?ne and uniform dispersion of resin 
components (A‘) and (B‘), facilitates preferential crosslink 
ing of resin component (A‘), and alloWs one to readily 
prepare the thermoplastic resin. 

[0083] The crosslinkable group-containing crosslinkable 
resin (C), Which is approximate in melt index to and of the 
same type as the resin component (A‘), is not particularly 
speci?ed, so far as it is a crosslinkable thermoplastic resin 
having a reactive functional group. Exemplary of such 
crosslinkable resins (C) are the thermoplastic resins 
described above as having an unsaturated group such as 
vinyl, allyl or propenyl, or a hydroxyl, carboxyl, epoxy, 
amino, silanol, or silanoate group. 

[0084] Speci?c examples of the crosslinkable resin (C) 
include maleic acid modi?ed polyethylene, maleic acid 
modi?ed polypropylene, silane modi?ed polyethylene, and 
silane modi?ed polypropylene. Silane modi?ed polyethyl 
ene and silane modi?ed polypropylene are most preferred 
for their abilities to readily crosslink With the resin compo 
nent (A‘) solely or preferentially over the resin component 
(B‘) and to readily crosslink after mixed. 

[0085] If the difference in melt index betWeen the resin 
component (A‘) and the crosslinkable resin (C) is larger, it 
becomes more dif?cult for the crosslinkable resin to 
crosslink With the resin component (A‘) solely or preferen 
tially over the resin component (B‘). Accordingly, the dif 
ference in melt index is preferably not greater than 2 g/10 
minutes, more preferably not greater than 1 g/ 10 minutes. 

[0086] Exemplary techniques of crosslinking the afore 
mentioned crosslinkable resin (C) include the use of perox 
ide for crosslinking, the use of isocyanate for crosslinking, 
the use of amine for crosslinking, and hydrolysis of a 
reactive functional group for subsequent aqueous crosslink 
mg. 

[0087] The technique Which hydrolyZes the reactive func 
tional group for subsequent aqueous crosslinking is most 
preferred for its ability to readily crosslink the resin after 
mixed. 

[0088] BloWing Agent In the present invention, a heat 
decomposable bloWing agent is employed as the bloWing 
agent contained in the aforementioned, thermoplastic resin 
granules and thin ?lm. 

[0089] The heat-decomposable bloWing agent is not par 
ticularly speci?ed, so far as it exhibits a decomposition 
temperature of higher than a melting temperature of the 
thermoplastic resin used. Examples of heat-decomposable 
bloWing agents include inorganic heat-decomposable bloW 
ing agents such as sodium bicarbonate, ammonium carbon 
ate, ammonium bicarbonate, aZido compounds, and sodium 
borohydride; aZodicabonamide, aZobisformamide, aZobi 
sisobutyronitrile, barium aZodicarboxylate, diaZoaminoben 
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Zene, N,N‘-dinitrosopentamethylenetetramine, p-toluene 
sulfonyl hydraZide, p,p‘-oxybis(benZene sulfonyl 
hydraZide), and trihydraZine triaZine. The use of aZodicar 
bonamide is preferred because its decomposition tempera 
ture and rate are readily controllable, and because it gener 
ates a larger volume of gases and has a higher level of 
hygienic quality. 

[0090] If the aforementioned heat-decomposable bloWing 
agent is added in an excessively larger amount, bubble 
breakage may occur to result in the formation of nonuniform 
cells. On the other hand, if added in an exvessively smaller 
amount, insuf?cient foaming may result. It is accordingly 
preferred that the heat-decomposable bloWing agent is added 
in the amount of 1-25 parts by Weight, based on 100 parts by 
Weight of thermoplastic resin. 

[0091] Other Applicable Additives 

[0092] When desired to impart increased strength to 
resulting thermoplastic resin foams, a reinforcing material 
such as a glass, carbon or polyester short ?ber; and/or a ?ller 
such as calcium carbonate, aluminum hydroxide or glass 
poWder may be added to the thermoplastic resins respec 
tively for use in the thermoplastic resin granules and thin 
?lm. 

[0093] In the case Where the aforementioned short ?ber is 
added as a reinforcement, if it is added in an excessively 
higher proportion, cell breakage may be caused during 
foaming to result in failure to obtain a foam having an 
increased expansion ratio. On the other hand, if added in an 
excessively loWer proportion, an insuf?cient reinforcing 
effect may be imparted to a resulting foam. Accordingly, if 
desired to incorporate the aforementioned short ?ber, it is 
added in the amount of preferably 1-20 parts by Weight, 
most preferably 3-10 parts by Weight, based on 100 parts by 
Weight of thermoplastic resin. 

[0094] If a length dimension of the short ?ber is exces 
sively large, cell breakage may be caused during foaming to 
result in failure to obtain a foam having an increased 
expansion ratio. On the other hand, if it is excessively small, 
a suf?cient reinforcing effect may not be imparted to a 
resulting foam. Accordingly, the length dimension of short 
?ber is preferably 1-20 mm, most preferably 3-5 mm. 

[0095] In the case Where the aforementioned ?ller is 
incorporated, if added in a larger amount, cell breakage may 
be caused during foaming to result in failure to obtain a foam 
having an increased expansion ratio. On the other hand, if 
added in a smaller amount, a suf?cient reinforcing effect 
may not be imparted to a resulting foam. The ?ller is thus 
added preferably in the amount of 10-100 parts by Weight, 
most preferably 30-50 parts by Weight, based on 100 parts 
by Weight of thermoplastic resin. 

[0096] Con?guration of Sheet-form Structure of Expand 
able Thermoplastic Resin 

[0097] Asheet-form structure of expandable thermoplastic 
resin is illustrated in FIG. 1 to shoW an exemplary con?gu 
ration thereof. The sheet-form structure 1 of expandable 
thermoplastic resin includes granules 2 of expandable ther 
moplastic resin integrally connected to each other by a thin 
?lm 3 of expandable thermoplastic resin. Stated differently, 
the aforementioned sheet-form structure 1 of expandable 
thermoplastic resin is con?gured such that the granules 2 of 
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expandable thermoplastic resin respectively de?ne pillar 
like projections Which protrude from one surface of the 
sheet-form structure 1 of expandable thermoplastic resin. 
Although the granules 2 of expandable thermoplastic resin 
are illustrated in FIG. 2 as being at either ends thereof, i.e., 
at loWer ends thereof connected to the thin ?lm 3 of 
expandable thermoplastic resin, they may alternatively be at 
vertically near-centered portions thereof connected to the 
thin ?lm 3 of expandable thermoplastic resin, as Will be 
described hereinafter. 

[0098] Also in the aforementioned sheet-form structure 1 
of expandable thermoplastic resin, the granules 2 of expand 
able thermoplastic resin are generally uniformly arranged in 
a lattice-like fashion, as shoWn in FIG. 2 by a plan vieW. 

[0099] The shape of granules of expandable thermoplastic 
resin is not particularly speci?ed, and may be hexahedral, 
cylindrical or spherical, for example. HoWever, the cylin 
drical shape, as shoWn in FIGS. 1 and 2, is most preferred 
for its effectiveness to alloW uniform expansion of granules 
of expandable thermoplastic resin. 

[0100] Where the granules of expandable thermoplastic 
resin are cylindrically shaped, a diameter of cylinder is not 
particularly limited since it depends upon the particular 
expansion ratio and thickness sought for a target foam. If the 
diameter is excessively large, a decreased expansion rate 
may result. On the other hand, if it is excessively small, the 
cylinders shoW an increased tendency to melt, due to the 
effect of heat generated during expansion, and become 
deformable to result in failure to exhibit one-dimensional 
expansion thereof. This leads to increased variations in 
thickness and Weight precisions. The reduced surface 
smoothness may also result. Accordingly, the granules of 
expandable thermoplastic resin, When cylindrically shaped, 
have diameters preferably in the range of 1 mm -30 mm, 
most preferably in the range of 2 mm -20 mm. 

[0101] The height of cylindrically shaped granules of 
expandable thermoplastic resin is not particularly speci?ed 
since it depends upon the particular expansion ratio and 
thickness sought for a target foam. HoWever, if it is exces 
sively increased, an decreased expansion rate may result. On 
the other hand, if it is excessively reduced, the simultaneous 
expansion of the granules and thin ?lm may take place to 
result in increased WidthWise and lengthWise expansion 
thereof. Accordingly, the height of cylindrically shaped 
granules of expandable thermoplastic resin is preferably in 
the range of 1 mm -30 mm, most preferably in the range of 
2 mm -20 mm. 

[0102] The spacing betWeen neighboring granules of 
expandable thermoplastic resin is not particularly speci?ed 
since it depends upon the particular expansion ratio and 
thickness sought for a target foam. HoWever, if the spacing 
is excessively increased, excessively insuf?cient ?lling may 
take place after the expansion of granules of expandable 
thermoplastic resin. If the spacing is excessively reduced, 
the area for expansion thereof is reduced to result in a 
tendency of greater expansion in both Width and length 
directions. Accordingly, the center distance betWeen the 
neighboring granules of expandable thermoplastic resin is 
preferably 2 mm -50 mm, most preferably 3 mm -30 mm. 

[0103] In order to impart to a resulting foam improved 
thickness precision and Weight precision, increased surface 
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smoothness in the third invention, as Well as uniformities in 
both irregularity shape and expansion ratio in the fourth 
invention, the aforementioned granules of expandable ther 
moplastic resin must be planarly arranged in a generally 
uniform fashion in the sheet-form structure of expandable 
thermoplastic resin. The fashion to arrange the granules of 
expandable thermoplastic resin planarly in a generally uni 
form manner is not particularly limited. They may be 
arranged in a lattice-like fashion as shoWn in FIG. 2, or 
alternatively, in a ZigZag fashion as shoWn in FIG. 3. Where 
the granules of expandable thermoplastic resin are arranged 
in a lattice-like fashion, the expansion of individual granules 
of expandable thermoplastic resin results in the formation of 
square prismatically shaped granular foams excellent in 
surface smoothness and having increased compressive 
strength. It is thus favored that the granules of expandable 
thermoplastic resin are arranged in a lattice-like fashion. 

[0104] Where the granules of expandable thermoplastic 
resin are arranged in a ZigZag fashion, the expansion of 
individual granules of expandable thermoplastic resin 
results in the formation of hexagonal prismatically shaped 
granular foams Which constitute a honeycomb-like structure. 
The foams obtained are thus imparted thereto the increased 
surface smoothness and improved compressive strength. It is 
therefore favored that the granules of expandable thermo 
plastic resin are arranged in a ZigZag fashion. 

[0105] The thickness of thin ?lm of expandable thermo 
plastic resin is not particularly speci?ed since it depends 
upon the particular expansion ratio and thickness sought for 
a target foam. HoWever, if the thin ?lm is excessively 
increased in thickness, the granules of expandable thermo 
plastic resin may be caused to move When foamed to result 
in the increased expansion in Width and length directions. If 
the thin ?lm is excessively reduced in thickness, it becomes 
dif?cult for the ?lm to retain the granules of expandable 
thermoplastic resin. Accordingly, the thickness of thin ?lm 
of expandable thermoplastic resin is preferably 0.05 mm -3 
mm, most preferably 0.1 mm -2 mm. 

[0106] Also, the fashion of integrating the granules of 
expandable thermoplastic resin With the thin ?lm of expand 
able thermoplastic resin is not particularly limited. In the 
sheet-form structure 1 of expandable thermoplastic resin, the 
granules 2 of expandable thermoplastic resin are integrally 
connected to each other by means of the thin ?lm 3 of 
expandable thermoplastic resin. In another particular 
embodiment shoWn in FIG. 4 by a cross-sectional vieW, the 
individual granules 2 of expandable thermoplastic resin are 
at vertically near-centered portions thereof connected to the 
thin ?lm 3 of expandable thermoplastic resin for integration. 
The vertically central portion of granule of expandable 
thermoplastic resin, as used above, is not necessarily a 
mid-portion along the height direction thereof, and refers to 
a portion around a center of gravity of granule of expandable 
thermoplastic resin. 

[0107] Planar Member 

[0108] In the ?rst invention of the present application, a 
planar member is preferably laminated on the aforemen 
tioned thin ?lm of expandable thermoplastic resin. The 
planar member serves to effectively restrain planar expan 
sion of the thin ?lm of expandable thermoplastic resin. This 
folloWs that the sheet-form structure of expandable thermo 
plastic resin, as a Whole, can be restrained from expanding 
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in both Width and lengthWise directions. It is thus desired to 
combine a thermoplastic resin containing a bloWing agent 
With the planar member to constitute the thin ?lm of 
expandable thermoplastic resin. 

[0109] The material for constituting the aforementioned 
planar member is not particularly speci?ed, and can be an 
inorganic Woven or nonWoven fabric such as a glass paper 
or chopped strand mat; an Woven or nonWoven fabric of 
organic ?ber such as polypropylene or polyester; a thermo 
plastic or thermosetting resin sheet; a ?ber-reinforced ther 
moplastic resin sheet; or a metallic sheet. 

[0110] The inorganic ?ber for use in the aforementioned 
inorganic Woven or nonWoven fabric may be a glass or 
carbon ?ber, for example. An excessively high loading of 
inorganic ?bers may result in failure to achieve Weight 
reduction of a resulting foam. On the other hand, an exces 
sively loW loading of inorganic ?bers may result in failure 
to restrain expansion of the sheet-form structure of expand 
able thermoplastic resin. Accordingly, the inorganic Woven 
or nonWoven fabric, if used, has a basis Weight preferably of 
10-500 g/m2, most preferably of 20-300 g/m2. 

[0111] The organic ?ber for use in the aforementioned 
organic Woven or nonWoven fabric may be a polypropylene, 
polyester, nylon, or aramid ?ber, for example. An exces 
sively high loading of organic ?bers may result in failure to 
achieve Weight reduction of a resulting foam. On the other 
hand, an excessively loW loading of organic ?bers may 
result in failure to restrain expansion of the sheet-form 
structure of expandable thermoplastic resin. Accordingly, 
the organic Woven or nonWoven fabric, if used, has a basis 
Weight preferably of 10-500 g/m2, most preferably of 
20-300 g/m2. 

[0112] The thermoplastic resin for use in the aforemen 
tioned thermoplastic resin sheet is not particularly speci?ed, 
and may be polyethylene, polypropylene, or polyethylene 
terephthalate, for example. In order for the thermoplastic 
resin sheet to exhibit increased adhesion to the sheet-form 
structure of expandable thermoplastic resin, the thermoplas 
tic resin sheet, for use as the planar member, is preferably 
formed of a thermoplastic resin Which is same in type as the 
thermoplastic resin used in the manufacture of sheet-form 
structure. 

[0113] The thermosetting resin for use in the aforemen 
tioned thermosetting resin sheet is not particularly speci?ed, 
and may be melamine resin, phenol resin, epoxy resin or 
unsaturated polyester, for example. 

[0114] Examples of metals for use in the aforementioned 
metallic sheet include aluminum and iron. 

[0115] The aforementioned sheet comprised of thermo 
plastic resin, ?ber-reinforced thermoplastic resin, thermo 
setting resin or metal, if made excessively thick, fails to 
achieve the contemplated Weight reduction of a resulting 
foam. On the other hand, if made excessively thin, the sheet 
fails to restrain expansion of the sheet-form structure of 
expandable thermoplastic resin. Accordingly, the sheet has a 
thickness preferably in the range of 0.05-1 mm, most 
preferably in the range of 0.1-0.5 mm. 

[0116] Examples of ?bers for use in the aforementioned 
?ber-reinforced thermoplastic resin sheet include inorganic 
?bers such as glass and carbon ?bers; organic ?bers such as 
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polypropylene, polyester, nylon and aramid ?bers; and 
metallic ?bers. These ?bers may be employed in the form of 
Woven or nonWoven fabric. Also, the thermoplastic resin for 
use in the aforementioned ?ber-reinforced thermoplastic 
resin sheet is not particularly speci?ed, and may be poly 
ethylene, polypropylene, or polyethylene terephthalate, for 
example. In order to provide increased adhesion betWeen the 
above sheet and the sheet-form structure of expandable 
thermoplastic resin, the thermoplastic resin may preferably 
be employed Which is of the same type as the thermoplastic 
resin used for the manufacture of the sheet-form structure. 

[0117] If the ?ber-reinforced thermoplastic resin sheet 
formed by combining any of these ?bers With a thermoplas 
tic resin is excessively increased in Weight, the contemplated 
reduction in Weight of a resulting foam fails. On the other 
hand, if the sheet is excessively decreased in Weight, its 
ability to restrain expansion of the sheet-form structure of 
expandable thermoplastic resin may be lost. Accordingly, 
the ?ber-reinforced thermoplastic resin sheet has a basis 
Weight preferably in the range of 10-500 g/m2, most pref 
erably in the range of 20-300 g/m2. 

[0118] The ?ber content of the ?ber-reinforced thermo 
plastic resin sheet is preferably in the range of 10-70 parts 
by Weight, most preferably in the range of 30-60 parts by 
Weight, based on 100 parts by Weight of thermoplastic resin. 
The ?ber content of less than 10 parts by Weight may 
become insuf?cient for the combined ?bers to provide a 
desired reinforcing effect. On the other hand, if the ?ber 
content exceeds 70 parts by Weight, it may become dif?cult 
for the ?bers to be combined With the thermoplastic resin to 
unity. The insuf?cient adhesion of the resin sheet to the 
sheet-form structure of expandable thermoplastic resin may 
also result. 

[0119] Method of Manufacturing the Sheet-form Structure 
of Expandable Thermoplastic Resin 

[0120] A method of manufacturing the sheet-form struc 
ture of expandable thermoplastic resin of the ?rst invention 
is not particularly speci?ed, and can be exempli?ed by the 
folloWing method. 1) a method in Which a thermoplastic 
resin, a bloWing agent and the others as required for con 
stituting the sheet-form structure of expandable thermoplas 
tic resin are fed into an injection molding machine for melt 
mixing at a temperature of loWer than a decomposition 
temperature of the heat-decomposable bloWing agent, and 
the melt is injected into a mold having recesses correspond 
ing in shape to the granule of expandable thermoplastic resin 
and subsequently cooled. HoWever, most preferred is the 
folloWing method. 2) the method as recited in claim 7 
Wherein a thermoplastic resin, a bloWing agent and the 
others as required for constituting the sheet-form structure of 
expandable thermoplastic resin are fed into an extruder for 
melt mixing at a temperature of loWer than a decomposition 
temperature of the heat-decomposable bloWing agent, a 
subsequently extruded, sheet-form, expandable thermoplas 
tic resin, While in a softened state, is introduced betWeen a 
pair of counterrotating shaping rolls Which de?ne therebe 
tWeen a clearance of a dimension less than a thickness of the 
sheet-form, expandable thermoplastic resin and at least one 
of Which has an outer surface provided With a number of 
uniformly arranged recesses, a portion of the sheet-form, 
expandable thermoplastic resin While in a softened state is 
compressively forced into the recesses, and the sheet-form 
resin is cooled and released. 
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[0121] [Method in Accordance With the Second Invention 
for Manufacturing the Sheet-form Structure of Expandable 
Thermoplastic Resin] 
[0122] As stated above, the method by Which the sheet 
form structure of expandable thermoplastic resin according 
to the ?rst invention can be manufactured is not particularly 
limited. It is hoWever preferable to employ the method 
according to the second invention, as Will be described later, 
for the manufacture of the sheet-form structure of expand 
able thermoplastic resin according to the ?rst invention. 

[0123] First, a sheet-form, expandable thermoplastic resin 
in a softened state is obtained by generally employing a 
technique Which utiliZes an extruder for melt mixing an 
expandable thermoplastic resin therein and subsequently 
extruding therefrom, or a technique Which utiliZes calender 
rolls for melting an expandable thermoplastic resin. The 
technique utiliZing the extruder is most preferred in terms of 
continuous Weight precision and metering characteristics. 

[0124] The form of expandable thermoplastic resin in a 
softened state is not particularly limited, so far as it is 
continuously fabricable. The form may be a sheet or multi 
strand form, for example. HoWever, the sheet form is most 
preferred Which enables precise metering in a direction 
perpendicular to How (in a cross direction). 

[0125] The recesses provided on the outer surface of 
shaping roll are preferably arranged in a generally uniform 
fashion, in order to obtain improved characteristics in 
Weight and thickness precisions of a resulting sheet-form 
structure of expandable thermoplastic resin. The arrange 
ment of recesses on the outer surface of shaping roll is not 
particularly speci?ed, so far as it is made in a generally 
uniform manner over a Whole area of the outer surface of 

shaping roll. It is most preferred, hoWever, that those 
recesses are provided in a more uniform fashion, i.e., in a 
lattice-like or ZigZag fashion. 

[0126] The shape of recesses provided on the outer surface 
of shaping roll is not particularly limited, and may be 
hexahedral, cylindrical or spherical, for example. Most 
preferred, hoWever, is the cylindrical shape Which facilitates 
fabrication of recesses, uniform molding of granules of 
expandable thermoplastic resin, and releasing of a resulting 
foam therefrom after cooled. 

[0127] The diameter of cylindrical recesses, if so shaped 
on the peripheral surface of shaping roll, is not particularly 
speci?ed, since it varies depending upon the particular 
con?guration sought for a target sheet-form structure of 
expandable thermoplastic resin. HoWever, the excessively 
increased diameter presents dif?culties in releasing a cooled 
foam from a mold, and may also cause breakage of the thin 
?lm of expandable thermoplastic resin. The excessively 
reduced diameter may cause breakage of granules of 
expandable thermoplastic resin during a releasing process 
subsequent to cooling. Accordingly, the diameter is prefer 
ably 1 mm -30 mm, most preferably 2 mm -20 mm. 

[0128] The height of cylinders, if so shaped to de?ne the 
recesses on the peripheral surface of shaping roll, is not 
particularly speci?ed, since it varies depending upon the 
particular con?guration of a target sheet-form structure of 
expandable thermoplastic resin. HoWever, the excessively 
increased height presents dif?culties in releasing a cooled 
foam from a mold, and may also cause breakage of the thin 



US 2002/0064641 A1 

?lm of expandable thermoplastic resin. The excessively 
reduced height may result in failure to form the one 
dimensionally expansible, sheet-form structure of expand 
able thermoplastic resin. Accordingly, the height is prefer 
ably 1 mm -30 mm, most preferably 2 mm -20 mm. 

[0129] The clearance de?ned betWeen the pair of shaping 
rolls must be dimensioned to be smaller than a thickness of 
sheet-form structure of expandable thermoplastic resin 
While in a softened state. The clearance, if comes Within this 
range, is not particularly speci?ed, since it varies depending 
upon the particular con?guration of a target sheet-form 
structure of expandable thermoplastic resin. HoWever, the 
excessively increased clearance may result in failure to form 
the one-dimensionally expansible, sheet-form structure of 
expandable thermoplastic resin. The excessively reduced 
clearance may cause breakage of thin ?lm of expandable 
thermoplastic resin during a releasing process subsequent to 
cooling. Accordingly, the clearance is dimensioned to be 
preferably 0.05 mm -3 mm, most preferably 0.1 mm -2 mm. 

[0130] As the sheet-form, expandable thermoplastic resin, 
While in a softened state, is introduced betWeen the pair of 
shaping rolls, a pressure is applied thereto from the shaping 
rolls With their clearance being maintained unvaried, so that 
portions thereof can be compressively forced into the 
recesses. 

[0131] The technique of cooling the sheet-form, expand 
able thermoplastic resin in a softened state, portions of 
Which have been compressively forced into the recesses for 
shaping thereof, is not particularly limited, so far as it is 
capable of cooling the resin to a temperature of not greater 
than a melting point of expandable thermoplastic resin. For 
example, a cooling Water may be alloWed to How interior of 
the shaping rolls. 

[0132] The speci?c procedure for practicing the method of 
manufacturing the sheet-form structure of expandable ther 
moplastic resin is noW described With reference to FIG. 5. 
A thermoplastic resin, a heat-decomposable bloWing agent 
and the others required for constituting an expandable 
thermoplastic resin sheet are fed into an extruder 11 shoWn 
in FIG. 5(a), melt mixed at a temperature of loWer than a 
decomposition temperature of the heat-decomposable bloW 
ing agent, and subsequently extruded into a sheet form from 
a die 12. The extruded, sheet-form expandable thermoplastic 
resin, While in a softened state, is introduced betWeen the 
shaping rolls 13, 14, Which respectively have recesses 13a 
corresponding in shape to the granules of expandable ther 
moplastic resin and maintain a clearance therebetWeen, for 
concurrent cooling and shaping thereof. Consequently, a 
sheet-form structure of expandable thermoplastic resin is 
obtained Which is con?gured such that pillar-like projections 
de?ned by the granules 2 of expandable thermoplastic resin 
protrude from one surface of the thin ?lm 3 of expandable 
thermoplastic resin. 

[0133] In the case Where the individual granules of 
expandable thermoplastic resin are at vertically near-cen 
tered portions thereof connected to each other through the 
thin ?lm of expandable thermoplastic resin, a pair of shaping 
rolls 13, 13 shoWn in FIG. 5(b) may be employed Which 
respectively have recesses 13a, 13a corresponding in shape 
to the granules of expandable thermoplastic resin. 

[0134] In the case Where the sheet-form structure of 
expandable thermoplastic resin incorporates the thin ?lm of 
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expandable thermoplastic resin Which is comprised of a 
thermoplastic resin containing a bloWing agent and a planar 
member, as stated earlier, a technique 1) utiliZing the pro 
cedures shoWn in FIG. 5(a) may be employed to fabricate 
the sheet-form structure of expandable thermoplastic resin 
Which is subsequently heat fused to the planar member. 
Preferred, hoWever, is a technique 2), as illustrated in FIG. 
6(a), Wherein, While the sheet-form, expandable thermoplas 
tic resin is shaped by a combination of a shaping roll 13 
having recesses 13a corresponding in shape to the granules 
of expandable thermoplastic resin and a shaping roll 14, the 
planar member is introduced on the shaping roll 14, so that 
the sheet-form, expandable thermoplastic resin is shaped 
While the thin ?lm of expandable thermoplastic resin is 
united With the planar member. 

[0135] In the above-described case Where the individual 
granules of expandable thermoplastic resin are at vertically 
near-centered portions thereof connected to each other 
through the thin ?lm of expandable thermoplastic resin, and 
Where the thin ?lm of expandable thermoplastic resin is 
comprised of a thermoplastic resin containing a bloWing 
agent and a planar member, tWo of the sheet-form expand 
able thermoplastic resin in a softened state are fed to 
interpose therebetWeen the planar member, as shoWn in 
FIG. 6(b), in the above technique 2). In this instance, the 
pair of useful shaping rolls 13, 13 may be respectively 
con?gured to have recesses 13a, 13a corresponding in shape 
to the granules of expandable thermoplastic resin. 

[0136] [Thermoplastic Resin Foam] 

[0137] The thermoplastic resin foams in accordance With 
the third and fourth inventions of the present application are 
thermoplastic resin foams Which can be manufactured by 
foaming the sheet-form structure of expandable thermoplas 
tic resin of the ?rst invention. 

[0138] That is, as the sheet-form structure of expandable 
thermoplastic resin is subjected to foaming, the granular 
portions of expandable thermoplastic resin are duly foamed. 
In this instance, an outer surface of each granule of expand 
able thermoplastic resin is hard to retain therein bubbles 
produced during foaming to result in the formation of a 
slightly-expanded thin ?lm Which exhibits a reduced expan 
sion ratio compared to an interior portion of the granule. As 
the interior portion of the granule proceeds to expand, such 
a slightly-expanded thin ?lm is alloWed to get closer to a 
slightly-expanded thin ?lm of a neighboring granule, so that 
they are generally heat fused to each other. This results in 
such a state that the slightly-expanded thin ?lm covers an 
outer surface of the highly-expanded portion de?ned interior 
of granule, and generally in such a state that a number of 
highly-expanded portions are heat fused to each other 
through the slightly-expanded thin ?lms. 

[0139] In a particular aspect of the fourth invention, the 
selection of particular foaming and cooling conditions some 
times leads to the construction Wherein highly-expanded 
portions, as covered With respective slightly-expanded thin 
?lms, are spaced from each other but are integrally con 
nected through a continuous foam layer. 

[0140] Also, the thin ?lm of expandable thermoplastic 
resin, Which serves to connect the granules of expandable 
thermoplastic resin in the sheet-form structure of expandable 
thermoplastic resin, becomes a continuous foam layer Which 




































