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KOGYO KABUSHIKI K_AISHA 3 Japarnme
body corporste, of 25, l-ch'ome, Mini
bate-cho, Nara-shi, Ia”' do.
thie invention for Wh'
maybegramedtous,a.ndthemﬂwdby
which it is to be performed, to be particularly
descnbad in andby the following statement ; —
“Thisinvention el Ao a synthetic. wood
wlnchlsnwdlefrmn. ithetic resin and has
similar: appearance “and pmperucs 0. na.turad
_;andalsotoam for thi

Epansaptod:

esand

ohtamed Moreover, it is, gmcmfhly d.lﬁﬁlﬂt to
obtain a Jong and wide timber havmgnokmot
therean. - Furthermiore, recently. wood has risen
in_price. Thus," ﬂlexehasbeenadﬂnamlfor
synthetic: wood; havmg s::ﬁl-ar appean'ance and
Expanded a.rtlcl:e_s are. knowm whu:h are
made from " hard synthsetlc resins’ and have a
great number of micropores of . ‘'which . the
average dmmeter s less than 1" T, For €x-
ample, it is: kaown .16 “make & rmuropowus
poystymnc - article . expamlded about < 20-—50
times in volume which. i is manufactured by ex-
truding. polystyrene wtaining - hydrocarbons
such as: pentane, butane ‘and. propane
a sodium bucarbomte' and citric acid; thmugh
a die’ prowdcd with ‘a; i

poelystyrene but 1t-.'__dom no hzwe
the pmpertm equal those 'of natural wood
in cutting it wnth . $aw, planing it, nail-hold-
mg strength - and Othm' mdlamcal smmgth
properties:.

“The mvemmrs of ‘the present mventx n m—
v&ugated thee- crtises which make “the-
ties-of the. microporous polystyrene article dlf-
ferent from . nlatural .wood,, They- fomd'—r-th.at
[Pnce 25p] e .

(51 Inwmm'bnal Glhssi'ﬁcaﬁbn GO&F 47/.10

:
Ga. I104 106 107 108 1!10 \lll4- 116 117 159 180 181
- < 352358375455 508 - 52|1 530'!

. we pray that'a patent’

ngle apemm‘e, at-an

Oneoftl'recausesmdueuothefactthartthe
microporous , polystyrene article doeg not pos-
sess - the w—cadled annual ring structure of
natufal wood, i.e. the low dﬁmmty and high
density poruons coexisting altermately in
natural wood. Thereupon, the inventors sought
methiods bly which this defect could be reme-
died, ;and investigated .the properties of the
products resulting therefrom, The present in-
vemtion is- the successful outcome of this
research.

Accordmg to the present invention there is
provxded a:synthetic wood material of dcnsny
0.1.%° 0.7 g./c.c. which comprises contiguous
ﬁlamenmofafoanwdpulymarufstyremeor
of methyt methacrylate containing at least 50
weight, %, of styrene or methyl methacrylate-
derived units respectively, in which synthetic
wood  material ; :

(1) each filament has a I'ngher density at its
penphery than at its interior; :

2) .each: filament has a cross-sectional area
Of fmm 0.005 to 1 square centimetre;
"(3)some. of the filaments msdmuiualﬂ)y have

- an average density which:is greater than 110/

or less than 90%, of the average density of the
whole synthetic wood: material; and

*.(4) there are substantla.l’ly no gaps between
medmdual filaments, . o

The present invention also. pmvxdes a
method .of .making a synthetic wood material

rhich. comprises extruding & composition com-

g a molten styrene or methyl meth-

-acrylate polymer as defined above and a foam-~

ing-agent through orifices. into a buridle of fila-
ments,: and’subsequently foaming the fillaments
in & foaming: zone while they are still soft, the
foaming being carried out: so that the amount
of .expansion of each. filament is limited to
below. the full extent by the presence of neigh-
bouring filaments of the bundle and the con-
fines of the foammtg zone, and the proportion
of :polymer:.in the composition and extent of

.foammg being such that a material of density

mtherangeOl too7g/cc. is produced, and
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the extrusion being so carried out that each
of the expanded filaments has a cross-secnonal
area of from 0.005 to 1 square centimetre, and

that some of the expanded filaments individu—

ally have an average density whicly is greater
than 110%, or less t_ham 90%, of the average
density of the whole synthetic wood material:

As explained hereimafter it is possible to
make many different kinds of synthetic wood,
i.e. having different appearance and/or pro-

perties, within the above definition. In all the

various kinds of synthetic wood the density of
each individual filament is higher at the peri-
plmrythamatthcmtermr 'I‘hedmsltyorfan
individual filament sometimes inoreases sub-
stantially continuously from the centre to the
periphery, in which case there is not necessarily
a sharp boundary at which the periphery ends
and the interior begins., On the other hand, in
many kinds of synthetic wood material of the
invention, it is possible to lobserve a boundary
between ‘periphery and interior. When a cross-
cut is made through such a material ie. &
section transverse to the longitudinal axis of
the filaments and the exposed cross-section is
pigmented, the boundary can be observed. The
filaments appear to have a high density * skin ”
and a much lower density interior. There are
substantially no gaps between the filaments,
so the appearance of this kind of material is
of a bundle of filaments compressed together,
having high density  skins > where they meet.
The # skin ** of one filament is contiguous with
that of its neighbours and there iy no boundary
line visible to the naked eye from which one
can determine where the * skin ” of one fila-
ment ends and that of its neighbour begins.

There is however the above-described shsarp
boundary between the * skin* and the interiof
of the -filament. Another description. of this
kind of synthetic wood material is therefore
that it consists, in cross section, of a reticu-
late (network) of higher density material with
the holes in the network being completely

filled with lower denmsity materfal. The net-

work of higher density material corresponds
to the “skin * of the filaments in the altema-
tive description. - ¢
In the above general deﬁmtlon o:f the syn-
thetic wood material of the invention the fila<
ments are said to be “ contiguous ., The pre-
cise p'oim at which one filament ends and
another begins is frequently not visible to the
naked eye looking at a pigmented cross-sec-
tional face of the synthetic wood material, It
can of course be deduced, e.g. where a “ skin ”
is visible by apportioning a part, usually half,
tlnﬂnchlwsoftheskmftop:achonfﬂlecou-
tiguous filaments, Asemplamedmmlorcdbtalﬁ
hereafter the synthetic wood material is con-
veniently made by filaments ymder
ccmﬁmed conditions sp that each individual fila-
ment is not free to expand to the maximum
extent, i.e. the extent to which it could have

expanded in an unconfined environment. This

constraint on the expamsxon of individual fila-
ments produces the higher density at the peri-

phery than at the interior. During this process
neighbouring filaments while stilt in a molten
or soft: condition “ coalesce ”, in the sense- that
theyareﬁorcedtogeﬂxermthatthmwresub—
stantially no gaps between filaments and they

70

adhere to each other. The filaments dould -

therefore be validly described as * coalesced ”
insofar as they are made by this process.
The filaments -are mnuguous in the sense
that, considered in cross-section at any point
along their length, most of the periphery is in
contact with the periphery of a neighbouring
filament. However, the possibility cannot be

exclud'edﬂmsmaﬂgapsmyexwtbetwem_

neighbouring filaments at certain points along
their peripheries. In other words, while the
aamxstocreauteasyntheuawoodmamﬂm
which all the filaments are wholly contiguous
(completely coalesced) without leaving any
gaps, the occasional unpu«fecuon may rsulllt
in a few small gaps oocurring.

The term “ filament * iy used in the broad
sense of meaning a distinct Jongitudinally ex-
tending element, without implying ‘that its
cross-section is necessarily circular. It muy
have any shape, e.g. circutar, oval or polygonal,
for instance rectangular, square or hexagonal
Normeally the shape of most of the filaments
except those at the edge of the synthetic wood
material will be hexagonal: conveniently the
filaments are extruded throughs circular orifices
and since each filament is bounded by six
neighbours, it is' prevented from expanding
byldonsmmntsmeachofsmdxmcuons,so
producing a six-sided expanded filament. -

“In the synthetic wood material of the inven-
tion ‘some of the filaments have an -average
density which differs from the average density
ofﬂlewhuksynﬂlencwoodmatermlbymme
than 109,
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If the average density of the whole synthetic |

wood material is 4 and the average density of
a single filkment is B, B being a parameter
wlnchvanesfrmnoneﬁlammttoamthm B
is preferably greater than 0.2 x 4 for all- flar
ments. The individual filaments may be classi-
ﬁedmtotlu‘eegmupseachocfwlnch consists
of filaments having & certain average density,
namely lower density 0.2A<B<0.95A, inter-
mediate density: 0.95A=B=I. 05A, and
higher density: Bi<1 OSA, it is preferable
that the intermediate dens ity filaments account
for less than 30 volume ¢, of the synthetic
wood material and both said lower and higher
density ‘filaments account for more than 10
volume %,. Further it is also preferable that
the density difference is more than 0.1 g./c.c.
between the average demsity of said lower
density filaments and that of said hnglm‘
density filaments.

The resins to be employed in the present
invention are polymers (homopolymers and
copolymers) of styrene and methyl methacryl-
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ate Thc reason is. that the mvmuun =amms a.t

ca:rry out the: extnmon:-:ove.r a cross-sectlmml
-direa; : : sion.. However, it is

th extruder and - the
§howg m:Flg 1 of

polymef of met&xyl mcthaory
3 methyl methacrylate

2 Thae copolymers of. styrene’‘a _
15 mﬂmcrylate contain'at least 50 wei ,
. styréme: amd meﬂxyl methacry'la.te- erived: umits ;-

T ihe amnoutit of. palymer preseni VS
- extmdbd from the penpheral orxﬁces is:.less

_'cool tonmdlo 53. Owter
edmmagmo'vess .along

‘number;” For’ example it i§pr _
¥ 5==100 micropores exist.in 1'mm?. The f
- ing agent'.whmch ﬂorms abuve—

o pes 59 and 59'
ls h:eated oa' cooled..

o said - 'fommmg agmt the nﬁaroepo
made smallex_, d- more niu The
ing agent’ 1s capable

L of the yesin very greatly, e.g.ithe
45 50. t.lmm ‘mentioned .above . in-‘connecti
apnorpmoc&ss butwehavcfmmadﬂw:tfor_

nuammg foammg agem:s thirough
employed i in th.e method o«f

o«f thls 1nvm11m., ;

i of the' total cross-secuoml
orifices against that of the die is
: expandmg ability of ithe resin

ding agents;: thus lettmg the

. 7 sion ought morma'll_y ; 1
.:50 mum of aboiit: 10 times, Otir experiments
"+ shiown that the average density A of whol

sired. article . must be mthin’_‘

0.1 to 0.7-g./cc.. : -
"The foammg agent may .be ori

: _sm_befomthemn ed:to- :

res’ are fonned in- specxﬂc shmpes
id apertures are -formed in the
j 'ampt . Unﬁcw posmomd at

. The, synﬂ!etlc wood matmal. (S.W.M.: for ' ‘densiti
_ shnnt) s usually more- expensive the greater . S.W.
24 the width -requin To obtam 'such a w1de -

-65 piece of ‘S.W.M. it is’
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apertures of the die have a high capacity for
expansion and maintaining the volumie avail-
able for the expamsion of the filaments less
than the volume which the filaments require
to expand freely. In other words, each filament
is constricted by adjacent filaments and accord-
ingly, the space in which individual filaments
are alfowed to expand is restricted. Individual
filaments therefore expand to have & low
density in their centre portions and high
density in their outer portions.

To make the S.W.M. of the present inven-
tion it is necessary to impart differemces in
density between individuat filaments, i.. inter-
filament density differences. It will be re-
called that some of the filaments have an aver-
age density greater than 110%, or less than
90%, of that of the average demsity of the
whole S.W.M. One way of imparting such
differences is to employ a die at Teast some
of the apertures of which bave different sizes,
lengths or lands shapes, and distributions.
Thus, density differences between the fila-

ments are ‘determined by the structure of the’

die. Structures of dies will be described here-
inafter, referring to the accompanying

Fig. 2 is a schematical cross-sectional view
of a die, together with the apparatus immedi-
ately upstream and downstrean thereolf.

In Fig. 2, character reference ¢ denotes an
extruder, character reference b denotes a die
and character reference a-1 denotes a breaker
plate mounted at the discharge end of the ex-
truder. The die shown in Fig. 2 is provided
with two plates in the middle and rear, each
baving a number of 2 . In Fig. 2,
mumerals 1 and 2 denote the plates, each hav-
ing apertures. These plates 1 and 2 are posi-
tioned at areas where the passage is enlarged,
its diameter substantially corresponding to
that -desired for the S.W.M. The plate 1 has
a number of apertures 11, 12, ..... uniformiy
distributed and these apertures have the same
size. The plate 2 also has a number of aper-
tares 21, 22, uniformily distributed there-
in and these apertures have the same size. The
diameters of the apertures in the plate 1 are
greater at one end (the resin inlet side or resin
outlet side of the plate) than the other. The
land length of the enlarged portion is largest
in the peripheral aperture 11 and decreases
gradually in the inner apertures, accordingly
being the smallest in the aperture 14. On the
other hand, the apertures in the plate 2 have
the same diameter throughout their fengths.

When die b having the structure as shown
in Fig. 2 is employed in carrying out the in-
vented method, the resin extruded from the
extruder g advances into the die & and passes
through plate 1. When the resip passes through
aperture 11 of plate 1, since the land length
of the enlarged portion is greater than that of
aperture 14, the resin advances more easily
through aperture 11 than through aperture 14.

Thus, after resin has passed through plate 1,
the loss of pressure of the resin-on passing
through plate 1 is less in the vicinity of apet-

ture 11 than in the vicinity of aperture 14.

Whereas when the resin is extruded by the
conventional extrusion process, the préessure
on the resin is greater in the center portion
than in the peripheral portion, by use of the
plate 1, the pressure of the resin is substan-
tially the same in the center and peripheral
portions, As mentioned abowve, since plate 2
has apertures of the same size (diameter and
length) uniformly distributed, the resin is ex-
truded through apertures of plate 2 under
substantially the same pressure, therefore, the
resin filaments extruded through plate 2 are
equalized. After being extruded through plate
2, the gml!amenf ts are expamdm dseendsm the confined
space, orming high density portions on
their outer surfaces.

- Fig. 3-is a perspective view of S.W.M. ob-
tained by using the die as shown in Fig. 2.

-In Fig. 3, almost all filaments are equally
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expanded, however; each of the filaments has

a higher density portion y and a lower dénsity
portion x. In addition, each filament is ad-
hered to adjacent filaments to formy a perfect
unitary article, Thus, the S.W.M. article ob-
tained, as shown in Fig. 3, has lower density
portions and higher density portions therein,
both extending through the length of article,
and as scen in the cross-section the higher den-
sity portions y constitute a network which sur-
rounds the lower density portions x. However,
in such an article the individual fifaments have
expanded to substantially the same degree and
each strand bas a small cross-sectional ares.

Fig. 4 is a schethatic aross-sectional view of
another embodiment of the invented method
wherein @ modified die is employed.

The die shown in Fig, 4 is similer to that
of Fig. 2 in that the apertures are provided
with two plates 1 and 2, and that plate 2 has

apertures of the same size uniformly distri-

buted. However, the die of Fig. 4 is different
from that of Fig. 2 in that plate 1 of Fig. 4
has apertures of different diameters 11, 12,
...... » each iof the apertures 11, 12, ......
respectively having the same diameter through-
out its length without an enlarged portion,
and alse in that plate 1 of Fig. 4 has larger
diameter apertures 14, 15, 16 in the interior
portion and smaller diameter apertures 11, 19
in the peripheral portion, o
When the invented method is carried out by
using the die & of Fig. 4, a microporous elon-
gate S.W.M., article is obtained which is con-
stituted from a number of coalesced filaments,
each filament having higher density at its peri-
phery than at its interior and the filaments at
the periphery of the S.W.M. article having a
lower average density and than those ‘at the
;?mtedon. The lfffctge result due to the fact that
apertures o center portion have larger
diameters than those of the peripheral portion
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‘ments’ (lower dms1_ty) are dxsposed i

plate 150 th:e pressure on thse‘m "E-_of “the
center portion is greater -than that of-the peri-
phm'al ‘portion in ‘the passage, with-the ‘consé-

ﬂmatﬂxeammmttdfieﬁnpa;wmg'

gough the ‘center: portion is larger than' tha
passing . through ‘the” peripheral ‘portion. iit"the
plate ‘2. Thus ‘the less: expanded - filaments
(}ugher density)’ are’ dlsposed in ‘the céntral
portion and: the more “highly - expam:ﬁté{ ﬁ]a-

pheral portion.- )

F1g.51sapu'specuvewewofa
wood “obtained by ‘using the die :shown in
Fig. 4. The  higher “detsity - “filaments~ are
labelled Z and the lower density ones W. -

Fig. 6 is'a schématiccrogs-sectioial view
ofafurﬂnerdhﬁerentemwdlmmof«t}mm-'
vented. mcthod wh.erem amother kind of' die i

oyed. - .
ThedleofFlg Ghasonl!y'onepla.te-lm
: : ﬂnerwn,ther@fore,ﬂle%perﬂ

§ineses are ‘arranged
stage: calunm.'As shiown in Fig: 6, p
thinner :in the center portion; plafte I s'._pro-'
vided' ‘with apertures “af “imiformiy spa
pomts thelemgthofea:chbfapemn‘es 11; 12,
vw. is shorter in the ‘cénter.-portion and
lmgeu'mﬂnepenplmalpomonmfﬂmplate
' When . the- process is canried out by use of
the -die as shown 'in‘Fig. 6, smoethe]mgﬂm
of the: apertures 14; 15, ... . in the center
portion” areslnrteramdthoseof apertures 11,
18, .. v in'the pmphera:l portion are longer,
movement” of - the resin through ‘the. center
portion: is"easier than that: through the. peri=
pheral pomom ‘Accordingly, when ' number
of * resin "filaments éxtruded - through: the die
are coalesced together, 4 MHCroporois elongate

S.W.M: article cani be obtained - whick in-
cludes' less expanded (lnglm- density) filaments
d1sposed in the conter. portion

andmorelnghly

The dies ‘90 ffar dxescnbad have. conmmed
cylmdnml apertuires formed therein, but simi-
lareffec!smaybeobmmadbyfhemeofdhs
having a-number of: 'small slits’ formed therein,

the - glits - servmg m the same way as- the L

apertures,

Thedxesshowanxgs 2,4and6aremﬂy
emnplw of dies and the die to be employed
in the ipresent inverition are not limited to
those:shiown and described: hetein and accord-
ingly, any combinations of the shown. dies can
be, of .course; employed w1thm _ir.he Scopt of'
the ifvention:’ 5 - e

* Another way' 0 unparta quas1 anmnaxl _rmg
striccture similar to an’ “aninual - ring” structure
of natural ' wood to: 2~ microporous - elongate

article’ which' has been formed by extruding

resin info. a numnber ‘of ‘filaments. anid coalesc-
mgtheﬁlamemstogethermﬂratﬂncaoss—seo-
tional area "-at - the " -discharge = end  of
individual. - apertures “is - ‘made largm' than
that at "the inlet end of - saxd apertures

so that the resin is first formed into
amnnberofﬁlammfsantthemletmdufm-

dxdeMapaMQandthenpamallyexpmdﬂd
at' the. inlet of the enlarged

-'j'_pomonsoftheaperammkeepr-
~Outer. ‘'surfaces in contact
thh the walls ‘of said enlarged’ portions.

“Fig; 7.1s"a ‘schematic ‘view in Cross section
of ‘the “construction of “another kind of die
whachmaybeemplbyedmthemvmted
meﬂmd,mgethermﬂxanexu‘uder

“In Fig.7, a denotes an extruder and b de--

notes a “dié “into ‘which - resin is fed through
breakeér phte a-1 urider pressure and the resin
advances in the arrow direction. The resin
passage within die & ‘gradually increases in
cross-sectional area towards the discharge end.
At the discharge ‘end* ‘of the passage is a
mounted’ plate 2 lmvmg therein a number of
apertures 21, 22, ‘are’ digtributed over
thedes:rddmosssecuomlarea Tlnem]ct(wp—
stream) of these apertures 21, 22, 23, ......
bave smaller aross-sectional area a_nd Temain
noni-enlarged 211,-221; 231, ..... ‘and the
discharge (dnwnstream) erids are and.
ha:ve larger cross—secmmal area 212 222, 232,
" When the invented process is carried out
by the use of the die as shown in Fig, 7, the
resxnlsﬁrstfommedmtoanumharofﬁla-
ments at the smaller diameter ‘portions 211,
22.1, 231, and. the filaments are wused
o pama.lxly expand (by action: of the foaming
agent) upon reaching mlargeld diameter por-
tions 212, 222, 232 (It is assumed that the
gesin is* ‘aused to partially expand at m]arged
portions 212, 222, 232, ..... thereafter, the
fillaments advance with their outer surfaces in
coitact” with the ‘walls of enlarged portions
212,°222; 232,00 “However, in fact, this
phe.nomsenon Tes not T vistsally observed)
Tﬁ ﬁl)amm;; ohtam_n‘dedha,ve outer surfaces
which “are ‘less expan and have higher
densities than the interior of the filament:
Acaordm«gly, ‘when' 'a" mioroporous _elorigate
‘article is fonnsed by .coaléscing these filaments
gether, -this kind . of - cfensny dlstnbxmon
in“all the filaments.
shown “in Figures 812 below other

......

lélmdsofapexturethanthoseshowanxg 7

maybeusedtoproduceasumlareﬁect
Figs, 8 to 12 show. schematic views in cross-

sectmnufplaneswhxcharembemomtedat

the discharge end- of ‘die 4 in place of plate 2

of Fig. 7. - Figure. lZ'alsoslwwsanendvxew

(from the disc ‘end) of ‘the plate.

- In Fig’ | 'ﬂxerelsshownaplatewlmchm—

“enlarged ‘portions 222, 232. In Fig. 9

‘thiere is' shown a~ plate Whuch includes ‘petri-

pheral apertures 21; 24 being smgl:e-stage en-
larged and having both ot~ jons
211, 241 and emlarged portions 212; 242, and

_ r portion of the’
' .arpermresandﬂneﬁlamnsarepassmgﬂn'ough
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center apertures 22, 23 being two-tage en-
larged and heving non-enlarged pordons 221,
231, enlarged portions 222, 232 and furthetr
enla!rged portions 223, 233. In Fig. 10, there
is shown a plate which. has apertures 21 22
the diameters of which increase gradmﬂily in
the downstream (discharge) direction, wherein
there is no apparent line dzwld'mg between
non-ennarged and enlarged portions. In. Fig.
11, there is shown a plate which has apemn'es
wherem the land lengths of non-enlarged por:
tions 211 221, 231 are shorter than those
of portions 212, 222, 232. Fmailly,
Fig. 12 there is shown a pla'te ‘which is similar
to that of Fig. 7, but provided with small slits
of rectangular cross-section instead of the
apmm'es circular cross-section shown in Fig.

Flg. IBmafmntwewﬁmnthedlsclmge
side of the die shown schematically in Fig. 7.

In order provide the confinement required
to coalesce together the extruded filaments, it
is preferable to provide a plurality of pa.lred
rolls which can rotate in the advancing direc-
tion of the filaments emerging from the ex-
trusion orifices. The temperature of the outer
portions of the filaments is preferably mear
the softening point of the resin, at the location
of the mlls The rolls are prdmbly so de-
signed that when the filaments advance be-
tween- the paired rolls the filaments are nipped
and compressed by the rolls from above and
below, also right and left, but the rolls them-
selves are not positively dnven, but rotate by
their frictional contact with the advancing
filaments,

One kind of the above-mentioned rolls will
be desaribed in detail referring to Fig. 2 of
the drawings. In Fig. 2, a phuality of paired
rol.ls4arepmv1dadmaposmonwhereeach
of the resin filaments extruded through die
b are allowed to expand while being restricted
by adjacent filaments and the surface
mreoftheresmhasdroppedbelnwmssoftm-
ing point,

Fig, 14 is a perspective view of plurality of
paired rolls. In Fig. 14, all these rolls 4 are
arranged to be paired, r01134land42pr0'-
viding a pair and rolls 43 and 44 providing
anpther pair. Thep pair of rolls 41 and 42
have their axes disposed horizontally, but the
other pair of rolls 43 and 44 have their axes

" disposed vertically. The resin filaments ad-

vance between the paired rolls in succession.
The distance between the paired rolls can
be adjusted so that they may apply a slight
pressure against the outer filaments, and they
are ot positively driven, but rotate. through
their contact with the advancing filaments.
When slightly compressed by the paired rolls,
the resin filaments, being still maintained at
anellevatedtemperatm‘emﬂxevxcmtybfthe
softening point of the resin are coalesced to-
gether to form a unitary article.

Im the process mentioned .above, since the

outersuﬁmofﬂreﬁlammtspresentmﬁle
outer part of the finished article are cooled to
have a temperature in the. vicinity of the
softening pomt of the resin at the position
wherethem]l's41 42, 43 and 44 contact the
said resin. ﬁl'amen:ts there is less possibility that
the pores formed in the filaments are de-

70

stroyed or deformed by the pressure applied -

thereon by the contacting rolls. And moreover,
since the inner portions of the filaments are
at a temperature above the softening point

75

ofﬂnerxesm,theﬁlamentscanbeaw]mcedto-'

gother in their surfaces while they are still in
a softened state sufficient to adhere to one
another. In addition, since the zolls are not
positively driven but rotated through - their
contact with the advancing filaments, there is
less the possibility that the pores formed in
the filaments may be dstroyed or deformed.
Furthermore, since the resin ﬁlamenrs are!
coalesced between rolls rotating in the oppo-
site. dxrecnons, the surface of the filamenty can
be effectively smoothened and the article given
clearly defined edges.

Asseenmmsssecnonltlsapparentthat
the outer portion of each filament of the
S.W.M. of this invention has a higher density
and dontains relatively less number of micro-
pores, and that the inner portion has a low
density and contains relatively a larger num-
ber of micropores. In perticular, when . the
filaments contain pigments or the other color-
ing agents, the lower expanded portions
ally exhibit a darker color, while the higher
expanded portions exhibit a 'hghter color. Thaus
the outer portion of each filament is darker
while the inmer portion is lighter in colour, en-
abling the density difference to be observed
with the naked eye. Moreover, the individual
filaments have different degrees of expansion,
ie. differences in average deunsity.

hasynﬂxencwmdmba\rsedformdac-
ture of a furniture, it is desirable to have fila-
ments expanded about 2 to 4 times in volume
as. higher density strands, filaments expanded
about 6 to 15 times in volume as lower density
filaments, and also that said higher density
strands and lower density filaments account
for 15 to 20%, of the total volume.

Although some of the. filaments have dif-
ferent densities, it is allowed that some .of
them have the same densities. However, it is
desirable that strands eof different density are
interposed between those having the same
density. Thus, there can be various embodi-
ments in the arrangement of the filaments. One
embodiment is that the higher density and
lower density filaments are alternately ar-
ranged in a regular fashion; However such ‘a
regular  arrangement is not mandate. In
another embodiment some of -the filaments - of
the same density are disposed-adjacent to one.
another and the remainder of the filaments of
the same density are separated by ﬁl'ammrs of
different density. .
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more. hlghly ]

cession in a _honzontal mw

demsxty laym',-i' " K
) ; de:

ments W are concmtratedm
InFlg 18, some of -the hi
menrs Z fom‘ms outer layers, .th

higher: ‘denisity ‘filaments formr-.an.:mler bIock

and the -lower’ density filaments W are “dis-
m ‘between said -outer Fayers and said inner

The SWM sbown in : thcse figiires” has™

by the methiods !onedhemm

In the present-invention, .the addmon of: =
coloring agenis, “flame refardants, fillers and -

other additives conventionally: added to resins

ible, ‘Fillers “are. useful -foi increasing”

the density of the S.:W.M. In addition, to im-
phove the strength of the S, W.M.; synithetic
ﬁbres and/.or glass ﬁbres may be mcurporatdd
The S.W.M. has a great’ remstance against
bendmg in the. longlmdmal direction,
ring _its light. weight.: According}

'sume the S.W.M. is

totheannualrmgufnanrrall' nd: s
in. the longxtudmal! _rec‘non

smgle apm'tm'eas a wlm]e, anid-he "been
vxd.ed w1th consxdetable dhﬁerenge pm-

experimental -procedure;

by a co'mbmamn of rgidity _and '

vented synﬂleuc wood . will not change_ even
hen -sibject to saw-shearing .and planing,
and 'eces of such” synthenc wood can : be

rial: ; pulling off test can be
¢ b tl'ne-.procedure ‘of Japanese In-
g Standard--Z—ZlZl :According-to -the
;- when'-:an ~iron : nail
hawng a length of 45 'mm and -diameter - of
2.41" mm is -driven iinto a piece of cryptomeria
(]'apanese cédar) wood. by:a-depth of 15 mm
in :the direction -perpendicular .to the face of
the: piece; :the force’ required:to - pull the nail
Oﬂthewoodpwcensthhmﬂnemnge 10 to
25.:Kg.:On- the. other’ hand,” for :the: conven-
ton, -synthetic wood, when the degree of ex-
<the - resin is: not "generally ‘limited
3. times, it is"inipossible to maintain
thepulﬂmgforce at-10 Kg: When the degree
ofexpammmofthemn1snmﬂnan2to3
times, the pulling force is smaller than 10 Kg.
However; in the invented synthetic wood, even
when the “average degree of ‘expansion is -in-
creasadito-4.2- to: 4.7 -times;-thé-nail - pulling-
off-force may be- increased-to 13- Kg, In this
way; the nail pulhng ‘off force .is: compara-~
tively large in spite of the large degree of ex-
pansion and accordingly, the invented syn-

“thietic. wiood can be secured by nailing.
“The followmg Exanﬂg!es

furthier illustrate

100 we1gh¢ parts of granulm polystyrene
diameter range of  2-=3 min.) conteining
bout 4 weight % of ‘bistane’ was prepared.
0.5 weight; part "of sodium’ bicarbonate, 0.3

.weight part of citric acid atd’3 weight parts
- of fiie powdety clay were added to said poly-

styrene, The resultant mixture was intimately
mixed a:nsd charged into an. extruder having
ter: ‘mm.’- The thus . obtained

- le: to expand about 20 times
in vblmne, when, ¢éxtruded: through a die hav-

er.a.had the- following dimensions.
C ar plate. having. the. long
:150 mm and the shm't side of 20 mm

resm, and ha.vx

e ‘whole: surface of plate 1 are perfor-
'apertum extending through the direc-
e thickness ‘of the.plate. Amonsg the

pemnes, 0 aperturés are diswibuted in. a

. at putchofl()mmlong
and-short: side. directions, and :at the tenter. of
each area surrounded by 4 adjacent apertures

-1sd13posedmeaftheremxauung14apeu‘mres

The ‘apertures have the diameter of 4.4 mm.

Among ‘them, the apertures disposed in the

anid expanded in-a free.

: .in"Fig.. 2. Die b mounted on
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vlclmtydfshontsldesofplatelurepmvxded
with enlarged portions having the diameter
of 6.0 mm at the resin inlet side. Depths of
said enlarged portions are 20 mm with respect
to three apertures disposed in the position
nearest to said.short sides, and 18 mm with
respect to three apertures adjacest to said
three apertures, and then 6 mm, 4 mm, 2 mm:
in order with respect to every three apertures,
and the apeirtures at the center portion of plate
1 have no enlarged portion.

Plate 2 has the same dimentions as plate 1
in the fong and short side, and the thickness
of 20 mm. Over all the surface of plate 2 are
perforated 329 having the diameter
of 1.6 mm in the direction of the thickness of
plate 2. Among them;, 185 apertures are distri-
buted in a lattice form at the pitches of 4 mm
in the directionr of the short side and of 4 mm
in the direction of the long side, and the re-
maining 155 apertures are distributed by one
at every center of area surrounded by 4 ad-
jacent apertures.

The temperature of the extruder was main-
tained at 150—200°C, sold mixture was ex-
truded through said die. The resin filaments
extruded through said die was compressed to-
gether between a die frame while they were

stil in' a softened state into a microporous
board having the thickness of 25 mm and the
width of 180 mm,

Said board had an average density of 0.103
g/cc as u whole. All individual filaments con-
zl?emu‘:fg said bo_ém-d had higher deﬁlenw in

surface poirtions compared with inner
fons thereof '

The article was divided into individual fila-
ments, and the weight and volume of each was
measured, The average densities of individual
filaments were within the range of 0.086 to
0.218 g/cc. Their cross-sectional lareas were
within the range of 0.21 cm® to 0.08 cm?®.

Basing upon these results, the filaments
were classified into following three groups,

gl) lower density 0.086 to 0.097 g/cc

2) intermediate idensity, 0.097 to 0.108

g/cc
(these figures are obtained by multi-
plying the a density of the whole

board, namely 0.103 g/¢c by 95%
(0.95) and 105%, (1.05) respectively)
(3) higher density, 0.108 to 0.218 g/cc.
Thus, deviations in density among all fila-
mﬂa were investigated. ThiE results were as
ofliows,

Classification Numbers | Volume Average
of of ratios densities
filaments filaments - (%) (g/cc)
lower density 30 9.1 0.092
intermediate density 287 87.3 0.103
higher density 12 3.6 0.179
It was confirmed that the artidle had good pro-  density and higher density and then the num-

perties, but not excellent, probably because of
fewer deviations in density compared with
those of the following Examples.
Incidentally, the above measured values
were obtained as follows. A test specimen hav-
ing 10 mm thick was prepared by cutting sand
board in the direction perpendicular to the
Jongitudinal direction, The weight and volume
of the specimen were measured and the density
was calculated. Said density was assumed to
be the average density of the board. Then, the
specimenr was cut into individual filaments,
and the weight and volume of the individual
filaments were measured. The densities of the
individual filaments were calculated firom
above measured values. Basing upon the densi-
ties of the individual filaments, these filameints
were classified into lower dms:,ty, imtermediate

‘by means of Type

bers of filaments, volume ratios and average
densities were calculated. This test was con-
ducted by preparing three test specimens from
arbitrary portions of the board and by taking
the average value from measured values for
every specimen. The same procedure is used in
the following examples.

Said board has the surface hardness of 5—8
-D Durometer according to
ASTM D 2240-64T. A nail pulling-off test
was conducted by driving an iron nail, 45 mm
Iong and 2.41 mm in diameter, from: the sur-
face in a direction perpendicular to the longi-
tudinal direction of the board to a depth of
15 mm and by measuring the maximum load
required to pull out the nail. This load was
1.3 Kg. Incidentally, the average surface hard-
ness was determined from tests at ten random:
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’ points on:the board; and the average mﬂ;pull— tures of : the set. of” 122, for: example, 11, 115, 65
ing-off Joad was: deterniined from tests at five 1355 13; 14, 145; 165; 16;::. . Of course.on

- randompomtsontmboardf'lhe pro- averagewchofthewapemmxsmmded

\_ cedureisusedmth:efolliowmgexmnpl&.,’ by20n1yofthe122apermr&,aﬁdens.11'

‘s .. The-ficroporous board obtained in:this ex- ‘and 1157 are the: 1eft- over ones. Hefeimafter <
amiple had a fine appearance zmd good- pro-  this. distribution of apeftures is ‘referred to & 70
pacties, sirilar: to-a.straight-graine wd of matural double zigzag: distribution. of pitch o s #’ .
wﬁod,_mdcmﬂd beemployed as i cmstmcnon The diameters of ithese apettutés 115 1135;. 12

: B . are:as follows. Plate-1 fs divided: mﬁoﬁve

10 Exaiﬁple:- pa:rts along the long side ], dnd the -divided

Examiple, the..appar arerefemredtoABCmmdbroipom— 5
19_t021areanployed i nonfmmbothsxdes PantAhasﬂrelmgthof
Flg 19 isa+schematic: cross- view 105.5 mm elofig'long side 1B the length of
ofﬂnewhokappammsmed thememdd 100 mm. Cnhe]mgthofl%nm Part A has
15 of Example: 2. : 64 apermres, 11, 115,:12; . .nncand 107, 12"
. Fig. 20 is-ia: pamal enlarged cr secuonal s-diameters of: whnch are £ 5 . Part 80
wewtakenalongthelme i '1g.":19 Bhas60anpertur$,15 16 ; and 15,
. seenmtheanmweddnecndn S | A dtametemvfwlnchareall48m
Fig. 21 is-& .partial enlatged - longitudinal  Part. :Iras 58 apertimes, 18; 19;.195, 18/, 19'

20 sectional view taken along the line B—B of .iu¥ ‘diameters :of which aite alt: 46 i

Fig. 20. Among the apertures perforated in part A 85
In Fig. 19, character a denotes an extruder, apart\xm 11, 115, 12 . . and 117, 115/, 12’

characterbdsemfesad:le, and numeral 5 dé- . mthew ofshort'sxdasmam

notes @ terhper: r'egul'amt ‘as “shown in “provided with géd portions having the

25 Fig 1. , diameter of 6 mm t the resin inlet side.

In this example, 28 Kg: of r poly- ~Deptl f said enlarged portions are 20 mm 90
styremceontaxmng 6.0, weight %ofbuta'm"\ﬁé ith respect to th 11, 111, 12;
mixzed with 55 Kg of granular’ polystyrene 117 1117, 127, disposed | posmon nearest
cantammgmfoammgagentand ‘the mix- tos&wrtsuiesn,mdlSrmnw:threspectw

30 ture was added uniformly 160.g of polybutene theée apertures adjacent” d: three aper-
having an #verage piblecalar weight of 470  tires; dfid then 10 mim, 8 mm, 6 mm in order 93
and wvxscosxty,andtothethrssob@indd ith respect to ew‘ferythreeapemmatlast
mixture were added 2.4 Kg' of: fine powdery  the apertures 1 14,14’ posmoned close to the
talc 10—30 micron in diameter’ anxf 160 g of center have no enlm'ged portion p.

35 nixture  was: employed - .-Referring: to the perforated plate 2 shown

= it had ‘been intimagely in:Fig. 19,1t is .a. Téct: ar plate ha’wngthe 100

same dunensxons____.---p!lalte 1-in the- long and
side in the po'mon where it contiacts with
ten resin, and. having:the thickness of 20 .
40 n -_Overthewholyesmfaceofp&atezare
- - perforated 1085 .apertures having the dismetér 105
_50nnnand65mdnameters, Spect of.1.6 mm. g through the -directioh
cmmectedmsenm,andﬂre_fomler #s rotated of the thickness: Thedmnb{mmdfsaxdapser-
' : hmeby the ‘tures is-a double zigzag: distribution of piteh .-
5 x5 & __l'dlﬂg o thc  definition ‘mentionsd
‘above, - 110
: used m this Bxaiple: hadl
empeérature regulator $ as shown in Fig: 1
-gbet'mextrudm'aandd:eb By means of
said temperature regulator 5 whetein heated
~oil was circulated, - ‘the .resin was maintain 115
."wrrlnn 8. certa uemperaune rafige 4nd Wwas
4 : "dlebmtoanmnbcrbf
ﬁlam::nts weire passéd
while they were still in a 120
115 13, 135 14, 145 16 6 they : were: compressed to be
__;malatueedfmnwhﬁ'em : by safd frame 3; and: coalescence: was
direction of long side I.and-th pitch n in' the ,con _eted by mwns of a plurality of paired

60 du_r_ect:oncfshorts:de_m_areaﬂl()mm,and .yols 4 .

(b) "o’ furthér 60 apertures. 12, 15, 18 . Theplm‘auh pamed olls eomprised eight 125
distributed centrally. So that (Leavmg as1de the ;rolls on each side of the extrudate one set be-

two end apertures 11’ 1157y éach of the "said
60 apertures is surrounded. by 4 adjacent aper-

ing shown at 43, said rolls h-avmg a diameter
of 10 mm and their axes being in the vertical
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direction, and nine rolls 42 and 44 dmgosed
above and below the extrudate, said rolls being
25 mm in diameter and their axes being in the
horizonta] direction. The cross-sectional area
surrounded by said paired rolls was 20 x 600
mm. :

- Expanded resin filaments passmg through
sa:d paired rolls 4 ‘were cooled by water, then
pul.led off. by being. nipped thrcmigh a pair of
rubbg rolls and thus formed into an elongate
artic
" The article thus obtained was a board hav-
ngOmxnﬂuckmsmd6Wmmmdﬂ:
Individual filaments had their inner
highly. ‘expanded. (lower densities) and “their
outer portions less expanded (higher densities).
Their higher density outer portions were
coalesced firmly with adjacent filaments.
Moreover, since said coalesced outer surfaces
extended thirough the longitudinal direction,

%

the amclelmdaﬁneapparmceandprdper
ties similar to a straight grain structure of
natural wood.

Various measurements were conducted -om
the board thus obtained, and the results were
as follows.

Averagede.nmtyofﬂ:eboardasawhole
was 0.238 g/cc (expanding ratio about 4.2).
Then, the board was divided into individual
ﬁlaments, and the weight and volume of each
fitament were measured. The cross-sectional
areas of individual filaments were in the range
of 0.056 to 0.860 cm?. Their densities were in
the range of 0.181 to 0.295 g/cc. All fitaments
were classified into three groups according to
their densities, ie. lower density, 0.181 to
0.225 g/cc, intermediate density, 0.226 to
0.250 g/cc and higher density, 0.251 to 0.295
g/cc, The results were. as fo]l‘ows.

Classification Number | Volume Average .

of of ratios densities
filaments  filaments (%) ~ (g/cc)

* |lower density %9 9 0.208
intermediate density 841’ ' 71.5 0.236

' higﬁer detisity 45 13,4' 0.270-'

817 was conhrmed that the amcle had excellent
properties as mentioned - befow, probably be-

‘cause of rather broad deviations if density:

meboard!mdaﬁneappmmcemdgood
properties similar to straight grain structure
of natirral wood, andcouldbewnplnoyedm
the same way &s natiral wood, since it could
be planed or cut by a saw. The board had
the surface haxdness of 14~—20 when measured
by the testing method described in Example 1.
The board had a nail pulling-off strength of
8.0 Kg when measured by the method de-
scribed ' in Example 1. This mail pulling-off
snrmgth was superior to that of conventional

‘mioroporous synthetic resin woods having the

samedexmty
 Exampile 3.
In this Example, the raw materials and
tus was the same as in Example 2.
owever, the die used in this Example was

“different froim that of Example 2 both in the

numbers of apertures perforated in plate 1 of
&ebmdmﬂndm’buumo&safdapemm

“The plate had the same dimensions, and
thickness ‘and the diameter of the apertures
was the same as that of Example 2. These
were 1577 apertures, the distribution of which

was’ that 984 apertures were arranged in

.the same way as in the pr

§J*

25

30

35

double lines in the pm'lpheral portion at the

pttchonSnnnalongboﬂ:shonandbng
sides, and the remaining 593 apertures ar-
ranged in the center portmnmadouble zigzag
distribution of 5 x 5.

Usin
porous board 600 mm in width and 20 mm
in thickness was obtained in the same way as

"in Example 2,

"The board thus obtained was tested in the

the die having said plate 1, & mioro- '

70

75

same way as in Example 1, and the. results )

obtained were as follows.
The whole board had an average density of
0.244 gfcc. The individwal filaments had

h1gherdmmt1esmﬂmrouterpomonsand,

lower densities in their inner portions, and the
cross-sectional areas of the filaments were
within the range of 0.006 to 0.518 cm®. Said
filaments had average -densities within the

range of 0.151 to 0330 g/cc. The filaments .

were classified into fowllowmg three groups in
‘Examples.
(1) lower density, 0.151 to 0.231 gfcc .
(2) intermediate density, 0.232 to 0.256

g/cc
(3) higher density, 0.257 to 0.330. g/c'c

The mul:ts were as follows.

85
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Classxﬁcauon
of

-'_--lower densny b @).189 |
| 9:-29:9

It was confirined that. the article. had _quite
excellent properties-as .mentioned below; prob-

ably because' of further. broad’ deviations 'in .

- density.
% The board had the structure as shown in
Fig. 17, mw!mcbﬂlelngher densntyﬁlammts

'. were: conoentmted in- the ‘outer portion iof the
© 'board. The board hadthe ‘surface. hiardness.of
. 24—35 and the .nail pulling-off strength “of

- 10:2'Kg when tested in- the $same way, as' in
- Example 1. Theotherpmperuesmsuredby
L the conventional methods.were as follows. -
s compresslve strenguh (dlrectwn of thxckmss)
_ 20 Kg/fem?®
. compmsxve strength (]mgmndmal djrecuon)
293 Kg/cem? -

tensxle strength (longltu!dmal dn'ectlon) 55
© v 01200 Kg/cm’ s
- These properties made
: smtable lfor use as: structm'al =matenal

. Ex 1e4 T
25 Inthxs Example, the apparat\s was the gamie
. _as in Example 2, except for:dié: 5.  The die' &
. usedin this emample was the'sameasmEx—
'.ample 1; except plate. 2.

= Plate 2 used in tlns Examptle is shlown ln
Fxg. 22, '

- Fig. 22 (a) isa partlal fn'ont view of: plate
ZmedmﬂnsExample,asseenﬁ'omﬂneup-
‘stream (resin_indet) side. -

. Fig. 227(b) is a partial cnoss-sectnonal view
: mkenalongﬂnelmec-—c!oang 22(a)

- 'Plate’2 shown in ‘Fig. 22'is a

ptamehavmg 150 mm in long side 7, 20 mm in

: shmtsldemandZOmmmmlclmess Over the

-whole surface of plate 2 ‘were: perforated: 219
apertuires, 21, 22,70, .. extending i the-direc-
uonotfthettncknss ‘Said apertures were’ ar-
ranged -in"a double zigzag distribution of 6
(short side direction) x 4 (long side direction).

8

‘meits, ‘and the “weight -
'ﬁlament ‘were: medsured.

The apertures which were disposed in the peri-
pheral portion- had -enlarged. diameters at the
resin_inlet ‘side,. a fact which distinguishes die
b used in this example was different from that
of Example 3. 150 apertum indicated by

lu:dh ‘in .dm.tble

—df14mmattheresmdxsclmges1deand
enlargeddlameteronOmmattherwmmlet
side, length of the enlarged’diameter portion
bemglOmm '_I'heremammgwapermzz

As for the_, 'aw mterml 25 Kg of ploly-
styrene ‘particles ‘containing ‘7.9 weight %, of
‘butane weré. added - to 165 Kgofpolystymne

particles containing: no’ foaming agent; to the
mixture thus obtained were added 180 g of
polybutene then mixed wiell; ‘fiinther to- the
abo-vermxmreweread!ded27 Kg of  fine
powdery talc, and the mixture obtained was
employed as the 'raw inaterial. The raw

volunie, - when extruded i a die hnmng
2 single-aperture and expanded in a free space.

Said ‘raw materual ‘was fed “into :,exmnd’u'
and the process was ¢
way as in- Exampie® 2. A~ mi
having ZOnunmtlncknessandISOmmm

Mwsmemenrs were: cmdncted on’ theamcle

:::i.ccordmg 10" the samie’ mseﬂmds a8 in Example

= Said” arude had the avmge densny of
0.25 g/fcc as a.whole.” i
Said article was: dmdied into mdmdu:ai flia-

\_,vbhnne of each
- Individual ‘resin - filarnerts had thsem closs-

-sectional areas. withini the' range of 0.023 cm?

to 0.25 -cm?;. andlndluglm'densnymtbe
outer portions; and lower density in the center
portions. The' densities of the individual fila-

ied out m ‘the ‘same .
article *

55

65
material'was able fo’expand dbout 9 times in

B

85



12

1,319,271

12*"

15

25

30

ments were within the range of 0.081 g/cc to
0.54 g/cc. Based upon these results, all fila-

ments were classlﬁed into the follomng three -

groups:
() lower dessity, 0.081 g/ce to 0240

@) . m'tenmedxate dens1ty, 0241 to 0.260

(3 lngher dlens1ty, 0.261 to 0.356 g/cc.
Thus, the deviations if density among all fila-
inents were mvesngated The mullts were as

gfcc ﬂoll!ows
Classification Number Volume | Average .
o : of . ratio density
filaments filaments (%) . (g/cc) .
lower density 73 34.2 0.191
| intermediate density | 42 19.3 0.255
| higher density - 104 46.5 - - 0201 |

It was amhrmed that the atticle had quite ex-
cellent properties as mentioned . below, “prob-
ably because of further broad deviations ‘in
density. .

‘The rrmcroporm:s an'ncle hasd the structure as
shown in Fig. 17, in which the higher demsity
filaments were concentrated it ‘thie outer por-
tiony of the article. The structute of the article
is thus the same as in Example 3. '

The surface hardness and. siail puﬂmg-off
strength of the atticle weie ineasured in the
same way as in Example 1, andthemsults
were as follows: - .

- Surfage hatdness: 2230 .

Nall pullmg-oﬂ strength;: 11.2 Kg.

- Example 5.

In this Example, the raw material was ﬂdsm-
uwl with that empioyed in Example 4, and
ﬂlepracedmrewasmmtlcalthhthatoflix-
ample 3. However, plate 2 of die b employed
in_ this Example had cl'affm'ent dimensions, di-
stribution and shaj f apertures from those
gf Example 3. Said plate 2 is shown in F1g

3.

Fig. 23 (a) is a parmal front view: of plate
ZemployedmtlnsExampleS as. seen from
resin inlet side.

Fig. 23 (b) is a partial cross-sectional view
of plate 2. takm along the line D——D of Fig.

23
Pgate 2 is identical with that &mployed in

Emamp]c 4 in distribution and dimensions of

as easily seen fromy- isofi of
ig.- 23 with Fig. 22. However, p-lhte 2 em-
poned in thls Example is different frﬁm Ex-

ample 4 in that the portions of enlarged
dxameterareprowdedmtlnresm discharge
side. In particular, 150 apertures indicated

\".l'

10

50

by numeral 21, which were arranged in double .

lm&smﬂxepmphei*alporuonhadﬂnedmanmter
of 1.4 mm at the resin inlet side and the en-
larged diameter of 2.0 mm at the resin dis-

dh?.rge side, deptly of the enlarged diameter

55

being 10 mm. The remainihg 69 apértmres

indicated by numeral 22 were arranged in the
center portion and had the diathetér of 1.6
Thus, a microporous article was obtained.

60

Measurements- were condiicted on the article -

mthesameway"asmExamplSel afid the re-

sullts ‘were ds follows. -

Said article had the averague density of 0.24
g/ac as a whole.
Said article was divided into individual fila-

65

ments, and the weight and volmne of each fila- -

ment were measured. -

Individual filaments had -  cross-sediional
areas within the range of 0.032 to 0.200 cm2,
and higher density in.the outer poitions and
lower density in the inner portions. The dexnsi-
tieg of the individual filaments were withifi. the
range ‘of 0.071 to 0.420- g/cc. Based upon
theserwults,anmeﬁlh:mntswereclasmﬁed

-into the folfowing three

groups:
(1) lower density, 0.071 to 0.228 g/ct
(@)

g/cc
"(3) higher dlensxty, 0.252 to 0420 g/cc. -
Thius, the ‘deviations in density among. all fila-

70

75

intermediate density, 0.228 to 0252 '

80

medits were mvesngated. The remlw were a5

followvs.
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© density.

Classxf;l_cauon o
ﬁlammts

of .

. Number [

© filaments . .-

Volume
ratio

(%)

Average'
density

- (g/ CG)

: iower densxty :

' fmtermedlate dens1ty

‘_ hlgher dens1ty

7.4 | .. 0385 |

. It was. conﬁmmed.thamﬂmamm}ndgnte
- excellent properties as mentioned . below,

prrobably ‘because of abeve demanons B

“Fhe surfésée hamdness and n.a11 .pullmg-aoﬁ

" . strength of the. article were meastred in the

10

same way as in. Example 1, andtheresults
were: as follows: | [ -
- Surface. hardness: 35—45
* Nail puﬂlmg—cff strength: 12.5.K

A Comparing the above results with those of Ex-

ﬁ ample 3, it is clear that the article” obtained

20
- Example 4. However, die b employed in this

:._-15'__ in this Example has a little higher nail: pulling-
: mess thsan that of Example 3.

off strength, .and much greater. sum'face hardl-

e Exampla 6 .
In thls Example the: raw maftenal was idm-
tical with that employed in Example 4-and .S,
mdtheproeedumwasxdmcalmtht}maf

Example was different from that of Example

© 4 in that the die b had a: single:plate 1; as

shown in Fig, 24, instead of plate’.]1 and 2.

. Incidentally, in thls Example, the ‘procédure
: was carried out without cnrcu!anng the:

medium

in the temperature tor.

‘Fig. 24 (@) is a pamal front v:ew otf- plate 1

._ employed in this Example 6, as. seen--from the
- yesin.inlet side;’

Fig. 24 (b) is a partial. cross-sectis -&iew

' ;oprb.teltakenalongthchneE—-—EofFlgg.

35,

2 (a).
Platellsarectanglﬂarpla:te vmgthe

long side 36. mm, the short side 20 .mm and

thickness 30 mm, and hag 23 apertires. per

- forated in .a-double zigzag. dlstnbunon of
* 7x7. Said apertures are:classified’ into -three

groups - aaccordmg ‘to the. shape ‘thereof. The
first -group. inclixdes: four -apertures’ which: are
lowtedattlmcomerandaredimotedby
numeral 11 in Fig. 24. Said apertures have:the
identical diameter of 2.5 .mm throughout .the
whble lmgth The secomd group mcludes the

8 apertures which are located in: the peri-
pheralpoﬂmnanlddsenmedbymmxeml 12 in
Fig. 24. Said. apertures. 12 .have the-diameter
of 1.6 mm at the resin infet side and the. en-
larged diameter of 2.2 mm-at the resin dis-
charge side. Said enlarged diameter begins at
the depth of 1.6 mm from the resin inlet side.
The_third group includes 11 ‘apentures which
are Jocated in the -ceniter;.portion: and denioted
by numeral 13 in Fig. 24..Said apertures. 13.
have the diamter of 16mmattheresmmlzt
side, the first en]arged diameter of 2.2. mm in
the midde portion, and the second -enlarged
diameter of 2.4 mm; at the resin discharge side.
Said first enlarged diameter. begins at the
depth of 15 mm from the resin inlet side, and
said second enlarged diameter at the dep«th of
22,5 mm.

Employing abave-menuomd apparatus, a
microporous article having a rectangular cross-
section of 20 x 36 mm was obtained. Measure-

45
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60
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ments were conducted on-this article in the -

samewayasmExamplzl Theresulnswere
as follows.

The whole article had an, avelrage density of
0.213 g/cc. Individual, filaments had cross-
sectional areas within the: range of 0.031 to
0.483 em?, and higher dmsm:y in the outer
pbrum!s ansd JOWer dms,uy in the. inner

The amele ‘was dmded lnm 1nd1v1duad ﬁla-
ments and their weight and .volmne were
mensured. The densities.of ;the - individual fila-
ments were within, the Tange of ‘0:075 to 0.341
g/cc. Based upon these. results, the filaments
were classified into the. foﬂnwmg three groups
mﬂlmsamewayalsmﬂneprecedngxampla

(1) Jower dessity;. 0.075 1o0:0.202 gfcc

(2) intermediate. densx ,+0.202 to 0.224

3 h{ghm‘ density;- 0224 to 0.341 g/cc.
Thenumberofﬁlanm!smezdrgwupand
their volume and average density were investi-
gated. The results were as follows. -

70

75

80

85
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Classxﬁeanon Number Volume 'Average
- of of ratio density
ﬁlaments filaments (%) - --(g/cc)
.lower dens1ty . 8 - 45.5 0.146 -
| intermédiate dens1ty 3 7.0 . 0.203
higher density 12 48.5 0218 |

Said article had the higher dmmy filaments
concentrated in the center portion of the
articlé, and had a structure similar to that
shown in Fig. 5.

It was_confirmed that the article had good
properties as mentioned below, probably be-
cause of this structure. -

The surface hardness amid- nail ptﬂhng-
strength of the article measured in the same
way as in Example 1, and the results weré as
follows. _

Surface hardness: 15—20

- Nail pulling-off strength: 13.8 Kg.
The article was suitable for use as a structural
material, because it had a high nail pulling-off
strength aand a fine appearance as well as pro-
perties similar to natural wood having a
straight grain structure.

: _ Example 7.

“In this Example, the raw material;
apparatus and procedure were identical with
those in Example 3, except that blower de-
noted by numeral 6 in Fig. 25 was established
at the resin discharge end of die 5, wherein the
extruded resin filaments disposed in the outer
portion were cooled by blowing air at room
temperature. Fig. 25 is a schematic cross-sec-
tional view of the apparatus employed in this
Example. The reference numerals, apart from
6 md.tcatmg the blower, have the same signifi-
cance gs in 1«1g 19.

Thus, a microporous board which was simi-
lar to that of Example 3 and had the density
of 0.26 g/cc wag obtained.

"The surface hardness of the article was
measured in the same way as in Example 1,
and was fouhd to have a large value 50—60.
Howevet, said article had a rough surfax:e

: Example 8.

In thls Example, the raw material,
apparatus and procedure were identical with
those of Example 7, except that air at 20°C is
circulated through a pipe denoted by numeral
7 in Fig. 26 was established instead of blower

6. By use of air as a circulating cooling
medium, the extruded filaments disposed “in
the outer portion were cooled. Fig. 26 is a
schematic cross-sectional view of the apparatus
employed The reference numerals, apart from
the pipe 7 have the same significance as in
Fig. 19 in this Example. A microporous article
having high surface hardhess (55—65) and a
smooth surface, which is quite different from
that of Example 7, was obtained.

WHAT WE CLAIM IS:—

1. A synthetic wood material of density 0.1
to 0.7 g./c.c. which comprises contiguous fila-
ments of a foamed polymer of styrene or of
methyl methacrylate containing at least 50
weight %, of styrene- or methyl methacrylate-
derived units respectively, in which synthetic
wood material :

(1) each filament has a higher density at its

ery than at its interior;

(2 each filament has a cross-sectional area

of from 0.005 to 1 square centimetre;

(3) some of the filaments individually have
an average density which is greater than 1109,
or less than 90%, wof the average density of the
whole synthetic wood material; and

(4) there are substanually no gaps between
individual filaments,

2. A material according to Claim 1 when:m
the demsity of each filament increases con-
tmuously from the centre radially outwards to
the periphery.

3. Amatermlaccord.mgtoClalmlorz
containing from 5 to 25 filaments per square
centimetre of cross-section, _

4. A material according to any preceding
Claim, wherein all the ﬁl%ments mdmdually
have an average density which is greater than
20%, of the average demsity of the material
and comprise:

(1) low density filaments havmg individually
an average density less than 95%, of the aver-
age density of the material, these filaments
constituting more than 10 by volume of the
material,

50
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Said article had the higher density filaments
concentrated in the center portion of the
articlé, and had a structure similar to that
shown in Fig. §.

It was confirmed that the article had good
properties as mentioned below, probably be-
cause of this structure.

The surface bardness and nail pulling-off
strength of the article measured in the same
way as in Example 1, and the results were as
follows.

Swrface hardness: 15—20

Nail pulling-off strength: 13.8 Kg.

The article was suitable for use as a structural
material, because it had a high nail pulling-off
strength and a fine appearance as well as pro-
perties similar to natural wood having a
straight grain structure.

Exampie 7.

In this Example, the raw material,
apparatus and procedure were identical with
those in Example 3, except that blower de-
noted by numeral 6 in Fig. 25 was established
at the resin discharge end of die b, wherein the
extruded resin filaments disposed in the outer
portion were cooled by blowing air at room
temperature. Fig. 25 is a schematic cross-sec-
tional view of the apparatus employed in this
Example, The reference numerals, apart from
6 indicating the blower, have the same signifi-
cance as in Fig. 19.

Thus, a microporous board which was simi-
lar to that of Example 3 and had the density
of 0.26 g/cc was obtained.

The surface hardness of the article was
measured in the same way as in Example 1,
and was found to have a large value 50—60.
However, said article had a rough surface.

Example 8.

In this Example, the raw material,
apparatus and iprocedure were identical with
those of Example 7, except that air at 20°C is
circulated through a pipe denoted by numeral
7 in Fig. 26 was established instead of blower

HIIIIII Illlll ||||| |l||| Il |II|

6. By use of air as a circulating cooling
medium, the extruded filaments disposed in
the outer portion were cooled., Fig. 26 is a
schematic cross-sectional view of the apparatus
employed. ‘The reference numerals, apart from
the pipe 7 have the same significance as in
Fig. 19 in this Example. A microporous article
having high surface hardness (55—65) and a
smooth -surface, which is quite different from
that of Example 7, was obtained.

WHAT WE CLAIM IS:—

1. A synthetic wood material of densxty 6.1
to 0.7 g./c.c. which comprises contiguous fila-
ments of a foamed polymer of styrene or of
methyl methacrylate containing at least 50
weight %, of styrene- or methyl methacrylate-
derived units respectively, in which synthetic
wood material:

(1) each filament has a higher density at its

iphery than at its interior;

14 1,319,271 -
Classification Number Volutiie Average
ol of ratio density
filaments filaments (%) (g/cc)
lower density 8 45.5 0.146
intermediate density 3 7.0 0.203
higher density 12 48.5 0.278 -
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65

'(2) each filament has a cross-sectional area

of from 0.005 to 1 square centimetre;

(3) some of the filaments individually have
an average density which is greater than 1109,
or less than 90 of the average density of the
whole synthetic wood material; and

(4) there are substantially no gaps between
individual filaments.

2. A material according to Claim 1 wherein
the density of each filament increases con-
tinuously from the centre radially outwards to
the periphery.

3. A material according to Claim 1 or 2
containing from 5 to 25 filaments per square
centimetre of cross-section.

4. A material according to any preceding
Claim, wherein all the filaments individually
have an average density which is greater than
20%, of the average density of the material
and comprise:

(1) low density filaments having individually
an average density less than 959, of the aver-
age density. of the material, these filaments
constituting more than 10%, by volume of the
material,
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(2) intermediate filaments having’ “indi

vidually an :average
105%, of the average
these filaments constituting
. volume of the material, and

(3) high density filaments baving
vidually an average density of fron mor
105%, of the average density of the mat
these filaments constituting more than 10%, by
volume of the material, the difference between
the densities of filaments (1) and (3) being
greater than 0.1 g./c.c.

5. A material according to any preceding
claim wherein the filaments at the periphery
of the material, are of higher average demsity
than those at the centre.

6. A material according to any one of claims
1—4 wherein the filaments at the periphery
of the material are of lower avérage density
than those at the centre. :

7. A material according to any preceding
claim wherein the filaments are of polystyrene
or poly(methyl methacrylate).

8. A synthetic wood material substantially
as herein described with reference to Fig. 3, 5,
15, 16, 17 or 18 of the accompanying
drawings.

9. A synthetic wood material according to
claim 1 substantially as described in any one
of the Examples.

10. A method of making a synthetic wood:
material which comprises extruding a composi-
tion comprising a molten styrene or methyl
methacrylate polymer, containing at Ieast 50
weight %/, of styrene- or methyl methacrylate-
derived units respectively and a'foaming agent
through orifices into & bundie of filaments,
and subsequently foaming the filaments in 2
foaming zone while they are still soft, the
foaming being carried out so that the amount
of expansion of each filament is limited to be-
Jow the full extent by the presence of neigh-
bouring fitaments of the bundle and the con-
fines of the foaming zone, and ‘the proportion
of polymer in the composition: and extent of
foaming being such that a material of density
in the range 0.1 to 0.7 g./c.c: is produced,
and the extrusion: being so carried out that
each of the expande

density of the material,
lss tham 30% by

d filaments has a cross-
sectional area of from 0.005 to 1 square centi-
metre, and that some of the expanded fila-
ments individually have an average demsity
which is greater than 1109, or less than 909,
of the average density of the whole synthetic
wood material.

11. A method according to Claim 10 where-
in the extrusion is carried out so that the
amount of polymer present in the filaments
extruded from the peripheral orifices is less
than that present in the filaments extruded
from inner orifices. '

12. A method according to Claim 11 where-

*
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ving' indi- i the ‘shapes, lengths, sizes or distribution of
density of from 95 16 -

the ‘orifices are such that the amount of poly-

- mef, extruded through each of the peripheral
~“orifices is greater than that extruded through
* each"of the inner 'ones.

13 A miethiod ‘according to Claim, 10 where-
" il the extrusion is carried oyt sy that the
 amotint of Polymer present in the filaments ex-

truded from the peripheral orifices is greater

than that present in the filaments extruded
from the inner orifices.

14. A method according to Claim 13 where-
in the shapes, lengths, sizes or distribution of
the orifices is such that the amount of polymer
extruded through the peripheral orifices is less
than is extruded through each of the inner
ones.

15. A method according to Claim 14 where-
in the polymer is extruded through a first
plate having apertures extending therethrough,
each of which has a constant diameter through
the thickness of the plate, the peripberal aper-
tures having a smaller diameter than the in-
terior ones and a second plate having aper-
tures extending therethrough, each of which
has the same average diameter.

16. A method according to Chaim 14 where-
in the polymer
plate which is thicker at the peripbery than
at the interior and has apertures extending

17. A method according to any one of
Claims 10—16 wherein the differences in
densities of the several filaments are produced
by foaming the filaments by different extents.

18. A method according to claim 10 of mak-
ing synthetic wood material by extruding a
polymer into filaments and subsequently foam-
ing the filaments, while restricting the amount
of expansion of each filament, substantially as
hereindescribed.

19. A method according to Claim 10 carried
out in apparatus constructed and arranged
substantially as herein described with reference
to and as illustrated in any ome of Figures 1,
7—14, and 19—26 of the accompanying
drawings.

20. A method according to Claim 10 carried
out in apparatus con and arranged
substantially as herein desaribed with reference
to and as ilfustrated in Figures 2, 4 or 6.

21. A method according to Claim 10 sub-
stantially as described in Example 1.

22. A method according to Claim 10 sub-
stantially as described in any one of Examples
2—8.

23. A synthetic wood material made by a
method claimed in any one of Claims 10—19
and 22,

24. A synthetic wood material made by 2
method claimed in Claim 20 or 21.

is extruded through a single-
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