MOLDING MATERIAL FOR EXTRUSION FOAM MOLDING, PROCESS FOR PRODUCING SAME,
WOODY MOLDED FOAM PRODUCED FROM THE MOLDING MATERIAL, AND PROCESS AND
APPARATUS FOR PRODUCING THE WOODY MOLDED FOAM Field of the Invention The present
invention relates to a molding material for extrusion foam molding, containing thermoplastic resin and

wood meal as MeNHNNEVEOTE RN FORIOAIRUSKONTRONNNMLOE BENE, PR O (a8 etbaynthetic wood

product manufaciyr I [ jal: ufacturing the
same. Descripti(?ﬁR Siﬂlﬁ/e%{%%ewgl’%@@gga%@ﬂoﬁ%ﬁgﬁgﬁﬁ?c@%mﬁkﬁn%%products, such
as resistance MOEEIMOAYIATE BRAhANWRROEE S S ND AEEA BroBUSHE QR MRERUAINHroducts)
produced by forming into a desired shifie w OIS SIORBEY pOLANIEdD by melt-kneading thermoplastic
resin and wood meal are widely used, for example, as building materials for wood decks that are installed
outdoors. One example of extrusion apparatuses used to manufacture this kind of synthetic wood
products by extrusion molding is shown in Fig. 8. This extrusion apparatus 641 includes an extruder
642 providedpyith & eylindrigalharrel 643 and a screw 645 rotatably mounted in this barrel 643; and a
driving source (not shown in the figure) for rotationaIIY driving the screw 645 of the extruder 642. It further
includes a die 650 th=terBESRA A ABIIHITEAL 1B HRG ML STRP BISR SIS A5 2199ttt 643a
provided at themairialGAdabstextesidend4Zood mbalerdenio ifgirdaynineétiowded psoduct (board) using
the extrusion 'ﬁ’iBRﬁ‘ i t { rials, such as wood
meal, thermop astlg%ﬁ%%%%mﬁeﬁrﬁ&g%ﬁﬁeﬁéﬁg%ﬁa%%?%ﬁﬁiggﬁggﬁiﬁ%mﬁ lg(%mpounding ratios,
is supplied inkPIABHAREIBEI B {Re BT DR EHOP BN BL4 (BrO dESiPthe barrel 643; an
extrusion force is applied towards the tip of the screw 645 of the extruder by rotationally driving the screw
645 with the %ri\slirrl Sours (?hteoli)rﬁi_ses&%%-feed the raw mixture while it is being heated and kneaded; and
the melted annépﬁa%rmm&hg'ﬁmerial 625a is extruded at the tip side of the screw 645 from the
outlet 643a provide&saate phtirelcBarqistssioneidmt! chldsddr ebTasfoRets fstherie (650, thereby

forming the systb@tiesvRahMeRtEW YIRS @€k RRatRDA abapadikniardedpasakite molding chamber
650a (refer to, f%r exmtheI, F?aten;r Documen 1%. Doculranent oftRe t tOlAr Pate %_goc ment Patent
Document 1:Japaniese URExaminad PaYERt ARphication PaBiEsHan R B Pe L2 BISESEre of the
Invention Prdisienepbiiies Soiveddythd mesdatioridely whdfahexeampnigtinaldorgtainiagaihermoplastic
resin and woggl sl asRaindaeresdiants isdadigsformed into a predetermined shape by extrusion
molding, the moldin§ material 625a melt-kneaded b%/ithe extruder 642 is forme (ﬂiﬁlto a desired shape in

the die 650 and thet SoBIABRISE STHERES FRBAAL SRRl Y SPatar weedBLHBE 8 GOV Buring this
process, the k@pppindisthowdomraoufactdire as phoductvith Stable quality while maintaining high
productivity. In the mapyiagius ahasyrtheityead B[GQ&%}I EONRINASAWRIIE S MRYALOT wood meal,

however, it is difficult to control the flow of the moldir%gétnaterlal 625a, hence making it difficult to achieve

both high proftiEthifl 2R LE5HY GEarR s heuHEreHHs PHrsbtEt: 2nd frdpX BRI fvhen a foaming
agent is_ addeddioshawmateei sisuie f t@anotheomdlyettiaing niasﬁndzemmolld]mgammmmz%a i_nto th(_a _
synthetic wogg proqHah, (&ferirddsd as. e Joamad ARG RRH PIRAUEE-E, e RIRTetNvention), it

becomes more difficult to control the flow of the molding material 625a in the extruder 642 and the die 650
because the Pre3lstObIaRECTBIRIG the MERliRG AR 698! f8example, abruptly changes as the
foaming agent foanis, asisio gopiil satiathéndheosaopaidgomateria) 62bathErsuhienfiuppdyaabtained foamed
synthetic wood pragucl i IKeN.19. sufferisieels. sysh.as.an wieyen dsibutionof Rufbles or generation
of nests resulting from an uneven distribution ofefoamlng go)(ses in the mo iIng material 625a, generation
of wrinkles ofhfiBeRlffdtser peisy RIS SN SLIS RIS 1BE fres th sy hidteRas s PBEhd so forth, making it

even more difieylbiadnanufastuse siphia preduetsayihouBiteiR: gkalitisr thro@h eXappelesayhen the raw

mbdure prepaged) simply %, adding 2 [oanming ageqt (o he Above.descried uw materials ncluding wood
meal, thermo%lastlc resin, pigment, felnFor_c[ng agent, and'so _Ol‘t\i\‘]l IS St_o}_‘r)e Bxtruded using the known
extrusion appardtuexeaded by erisednelibi defaranbe 1orFigo4d, tithhkadgemartegdriche barrel 643 of the

extruder pressure-feed the raw mixture while it is being heated and kneaded; and the melted and

plasticized molding material 625a is extruded at the tip side of the screw 645 from the

outlet 643a provided in the barrel 643 into a molding chamber 650a formed in the die



642 during melt-kneading causes the foaming agent to produce foaming gases, which then inflate to
produce bubbles which are likely to collect in the center of the molding material. When this molding
material 625a is cooled and solidified in the molding chamber 650a formed in the die 650 with bubbles
being collected in the center of the molding material 625a, the bubbles further collect at the center portion

(core portionki the wisithodiagtion ofifiedoames syotetisimeacRiaductisausinganrntamal defect due
to an internaltvct)lildtht hich ilalilarggrt an %L(?o-cafllett:i "nest.” FO'it 'stre? on, a ret(:E?ngular shape in cross
section of the Yoamed s‘i’/rnﬁﬂe oY ﬁfo 8t((r:%t hot be EhdlPed becaus8 HaCentral portion of the
foamed synthetic wood product swells in both directions in the thickness direction at the center in the
width directiogRlans.thg fengitddipal direction, and as a result, the foamed synthetic wood product cannot
be used as a product. Furthermore, the strength is so low that a foam-molded product having a quality as
high as that ALeRERANCRY item cannot be manufactured on a commercial basis or is very difficult to
manufacture Batent &tcannexpdridagnibabddved (g n&) HardaigA Shltcaens e BtrengtiNoa &aws468thed groove is
formed at the lower side of the molded board along the longitudinal direction. To overcome such a
problem, the structure of the extrusion apparatus 641 may be changed. For example, as shown in Fig. 10,
an attempt w \: ker plate 652 serving as a screen composed of a plurality of meshes
at the inlet partibih-of dibheedie 1660 mntddnapplipiiesistance to the molding material 625a by pushing the
molding material 625, ife\malding EhATRSL OhAMm LA e SR IRUAN e Mishes of the breaker
plate 652. By doing so, the internal pressure in the Earr | 643 was increased to suppress the inflation of
foaming gaseBait K BATE) W@%MQW&&%‘@F&W%@@%PW%W@Q@&‘E?the barrel 643 of the
extruder 642 wmaginpadereiif@ra andt subseguenthe thertdelding inalehial Hieda wasdatiagidced into the die
650. However, ev hen the foamed thetic. wood product was formed. using the extrusion
pparatus oA e A R Bl e Coter (core
of the foam-rabfded proauettheyredss-tHe kedldniat éhamber B30 aftsel keradactashintabiich the known
extrusion apppiysadilk shonvidmEigeR wasuwgedy. Thus, it was not possible to prevent the internal void
G shown in Fig. 9 frlomnoccurri ; maliin% it t(izlliﬁ;icult todobtzg[inta fo%lmed séypthetic woc%d 1product with high
strength. As describ&d above, when a R rlqﬁ:e{ﬁt)v/v,oaef%rcot- ree foamet syﬁfﬁeeﬁ{:n\(/)\l/lélog product is to be
obtained by exerssingrinuidiesrnioisodifjicd thecflowobflithéonoddihg meltbrizngeszbotpthe diffusion of
foaming gaseg iRdheimaldingrmaielipd@ror B@@ﬂqﬁ%ﬂ%ﬂ@&%ﬂ?ﬁﬁ&@t%@QGaﬁWHﬁ'tQQ molding, but also
the molding materjal 625a needs to be inflated by the foaming gases at the proper timing. However,
performing sﬂ?&%‘é%ﬁf?é‘f‘b@??ggﬂgi is difficult merely by changing the structure of the extrusion apparatus.
In light of these circlmpstéineles, whemrdsemingwention sldateeded toasalnds tlod problems:idth the
above-descrieg ganventianaldaehninis: 359400 e NRLEOTIS IO piaNide R mrlding, Material for

extrusion foam molding that is capable of manufacturing a high-quality foamed synthetic wood product by

analyzing the EB/RpOSILRFBE theorhatuteriaithe PrescAbRg B deto@pt dadsi USRS is to provide a
high-q_uality, dejieol-fheélfﬁan_feﬂesymthﬁatg'mwmialpﬂmmtl_’[mufam_u@d wimtmhel_iatﬁdﬁe-described molding
material.  Still angrher ORIRCt O iG IESERL VMR IR AMELE A LXHERION ApRgratus and an

extrusion method suitable for performing extrusion foam molding with the above-described molding
material for eXtAI&FSR TSR MBI MEaAD Tor BHRERY Wi Py b BRiEoldingrmatRaBhASbr solving the
problems willmaw be desityibedinithftaiesangachetibeyvboimesdis tdikinBestiviodetersGactying Out the
Invention. These reference erals.are inten o.clarify-the, corr ence hetween the descriptions
in the claims %Sn%ltwagv élsclﬁg#gl}#é’?rngfsqé‘f?br\l/%é’g %g?%ﬁ?glﬁ%g%%ts ?ﬁ(sagﬁl%%%%&lwa%aﬁlﬁ%ﬁg needless to say
that these refdfénReiAnieAB BEIetsUisdbe s PRSI IAS Thigretaprs ddehalcariakl@dite claims of
the present iRUEALORssultin 4TI GOHVES e AbANBFRRIaNS23naldibginRtaridligrextrusion foam
molding having.2 foaming,agent added. ferela o manufactiie a faamed, ynthetic wood product through
extrusion foam mgfalng according 0'tie presen ifvention'Is characterized %‘y comprising: wood meal
and thermoplastic r&siresanmlginihgréeiants NHRAE-Bropys hiakbneyvwitHinzrdhasule ageight of 300 to

1000 g/mol. ¢, thd BABoROIiRG FRALGKahMaYREi RItikpeAdRLsUehibal SaRstityents gdueniformly
dispersed, and.rrt]aly.be ranulated into .eIIetg with %gi[edetermiged rain size. For t@f molding
material, a c&?ﬁlﬂ)gucﬁaﬁw FALS Bt e i WS od THEs! AT $HE% Ié?moﬁférsuc?clzopeﬁ?ﬁarrﬁ%s e150-55 wt% of
wood meal tolasHgdvishofefesince to Flp. &dditidnatewsodach eanth¢Hamebpidsticthe sixtrarder alkane as
described above, the molding material may further comprise a filler and/or a reinforcing agent and/or a
pigment. The present invention also relates to a foamed synthetic wood product obtained by
extruding any of the above molding materials and th@foaming agent into a predetermined shape using an
extrusion apparatus, and to a method for manufacturing the foamed synthetic wood product. A
method for manufacturing the foamed synthetic wood product is characterized by comprising the steps of:

introducing any of the above molding material and a foaming agent into a screw extruder 12 provided in




The method for manufacturing the foamed synthetic wood product may comprise the steps of:

providing an extrusion die 20 that communicates from an outlet of the extruder 12 (an outlet 13a of a
barrel 13) to an inlet 30a of the molding die 30 between the extruder 12 and the molding die 30 of the
extrusion apparatus 11; applying resistance to the molding material 25a introduced from the outlet
13a OCI thi ;XM&[&% %@tiﬁﬁﬁ%ﬂgfméﬁi%g@qﬂfdﬁ@%ﬁ mraaeiaé%@rgﬁlgwgage%djﬁ;ggnaterlig_l 25;1_ in?;[(r)le
extruder 12; introducing the molding materia INto the molding chamber the molding die
evile maintadt L8 B R At RO B AR 255 0t R RREI B S AL nto e
extrusion die2@dsiabdecreasing a flow passage area of the extrusion die 20 from an inlet 20a towards an

outlet 20b_0f the_ eXWQ%@%ﬁiié%%ﬁ%ﬁ@ﬁ@)@é@c%@&?%@ Rﬁfﬁ‘i@iéﬁﬁ?l{jm& maigtialigmpassing _through
the extrusion die 20 upon pass,lng rough the outlet 20b of the extrusion die 20 to foam the molding

material 25a &t thETSE 304 B4R #&%B%@d’.emg celriehndhs st (R dReABparatus for

man uffagturinglaeﬁmarﬁéﬁasglrmtheh@wdwdpr&dl}ctmcbccﬁng@oﬁhﬁmﬁw&m@guﬁ\fmd i8 dhawamﬂeri.zed b_y
comprising: iy &;5RT&HXEHAEH LAnthatd %&%&%?oﬂdﬁ?@iﬁlgn%]%%?érﬁﬂﬁéfgwglw&{ mpplastic resin and

wood meal as main ingredients and a foaming agent, and melt-kneads the molding material at a
temperature SYERAft Y HigHRichis A aetemp Seitilif teMpbratdiey SHHERSAAEHISHET  an extrusion
die 20 that cohupwinicabessaitivanfatit €ddidad Gl thie: extweddrpit@dand 1eceives thereddleingsenaterial

xruded 1Y 148 CHHABLAR A e rosf AR A DS SAMMAIRIRSR AN AUIRLAOD o the
extrusion die 20 and introduces the molding material 25a passing through the extrusion die 20 into an
internally forrféekRsstdiigeeramithe santeiid Hisord Ghdisetierfedonethsdrigg fHat HEF95 moving in the
molding charakens3d rasile dey makgethey nidding svaigtah22ainte & shapescosrespanding to an internal
shape of the molding chamber 31.. . amesh-shaped breaker plate 22 that is provided at the outlet 13a
o the extrudir LI oA s B R B N SR crusion ce 20
and decreas@s BFoW prRsASiici eranekhe sianvietPodht SATMIST 20D teWArdS YR outlet 20b of the

extrusion die &ficult tPsefarabbirdhediow Rassremanea isvtherputiet ofitha extrusionuie is smaller than
the area of an inlet of the moldi urthéermgr

strength. a saw-toof Ing[ die've i tl(:)rme at.t eel’ &Qr tr}ﬁee(ﬁni gioglggé)?(l;a}hlal%l f%{ea foamed
synthetic wodd pr%}d’ucﬁ the outiet 2006 the' Extrision dié 20 may be formed 6 have e Same shape as
the shape of lngrlatigdaliof¢henmolding chamber 31 of the molding die 30, and an end portion at the
molding die side (mangdielsartionRaD:0hithe asistachadyrf-rpavubr fonped iR bayemayasess-sectional

shape similar[g) an slilghtl%/ s?ﬁler than a Shgpe the outlet 20b of the exxrusio d%%and is disposed at
a center posititH'#ithe 'SUtie BB of 1HEERAsiGh dre Lo CMPESPIAE EXAURIBTT 3&6%1 {tUs 11 for a
foamed syntipdtie 0/dodproguct thescremmxstrdiden plasabiy atbiexiasextihedetet portPredérably, the MFR
(melt flow rat@?e%@&nﬁ‘ﬁf PRRASIS RS EARIER AP PRelGal 264 1) FuniEShe HRQdermoplastic resin

may be one or a mixture of polypropylene (PP), pola/ethylene (PE), acrylonitrile butadiene styrene resin,

p
and vinyl chIFHETBOER @ffégiedflﬂlél}ﬁ\‘i@ﬁﬁ’(?ﬁr 650 pfiherlsiRiciruige fsibsehansliethe invention
according to thealappliaation.coBldduioyiske the ifolowipgenotablethebanthges.was increased to

suppress the inflation of foaming gases in the barrel 643 so that the dispersion state of
the foaming gases in the barrel 643 of the extruder 642 was made uniform, and
subsequently the molding material 625a was introduced into the die 650.

However, even when the foamed synthetic wood product was formed using the
extrusion apparatus 641 with such a structure, bubbles could not be prevented from
collecting in the center (core) of the foam-molded product formed in the molding
chamber 650a, just like the case in which the known extrusion apparatus 641 shown in
Fig. 8 was used. Thus, it was not possible to prevent the internal void G shown in Fig.
9 from occurring, making it difficult to obtain a foamed synthetic wood product with
high strength.

As described above, when a high-quality, defect-free foamed synthetic wood



A high-quality foamed synthetic wood product could be manufactured by employing a molding material for
extrusion foam molding that contains wood meal and thermoplastic resin as main ingredients and also
contains 1-5 wt% of alkane with a molecular weight of 300 to 1000 g/mol when extrusion foam molding
was performed using the extrusion apparatus 11. In other words, as a result of the above-described

alkane beingpddead i0et anbpeadd syixing abd disslbtian ehipaminraasesdR theithgrmoplastic resin be
promoted but also.ab tion of foamin es into the wood meal could be ressed when the mixed
material in B BPAIOES DPHAS P 3 RS RS A A0S SRS e A gases o be
uniformly dispexdedhifiotne dnoidingtmateriapldingForthémibeeneldiagenitrpd e alkadetbding added, the

contact reSiS‘iﬁﬁﬁﬁe@ﬁﬁ"@@Fb&'ﬁﬁ@%‘é@@%%@%%@rth%ﬁg?|diﬂgm%ﬁqﬂrﬁ%ﬂg%@iﬁ%@ﬁ%@d’ and the

molding material in which the foamingggases were dispersed uniformly could be moved smoothly

Consequent§ tHE MdtHY HABREI L 8E ol Be P HdtMsd ThiBLRE MBRAGRA"Sb while the foaming
gases remained unifiotiply dispessedcumstiioceatepraseat ipseiitiohtisarathane toewlgeatided, the foaming
gases absorhedipthehpimanlasticsasin canchhsRIevantsd ram shsingdpawsiupsl the pressure of

the molding material 25a was released, and thus the molding material 25a could be prevented from
starting to fod¥e Hetct& BN MatstakEy st faminy diashat is eeileql BRI AHE & mal bubbles
were generatetiginifonhitly fdunied exresiontodpridaldibg aisilygi tiatebevepddsorddmealding material,
which allowed nof.only a high-quality foamed synthetic wood product to be manufactured but also the
productivity of extrusion molding to increase. =~ When the molding material was in the form of pellets
produced by melt-kASSHIRGORIECEShERPET Iritty eh tiotibr 1Y aidPe Asbighs et ish ddetisEsfuently granulating
them into a pfedstarsingdigressiEedicvasnossibiel toiand evhe -maldibgdmaidiigl easily and make the
working envirogtrgreqt less contaminated than in a case where the constituents in the form of, for example,
powder were handied individually. Furthermore, because the constituents, except the foaming agent,
were melt-kneaded Ytlhanetheeab e Lefifbemrlpgiipersat ot Atdo (e idhaReIsMson aPorifstmly

melt-kneaded slalewitiauh uneNeNnaaHRMGHE thensaRHkients couoha ashiruadinore easily during
melt-kneadingbin tf_lc(? extg@er ]Ic?{ Vt\/h.ep tIhe compogdin?gr?élo between the wood meal and the
thermoplastic PRLih Was BU-55 WiB5 BFWO6d MEal'ts 4556 Wis6 ot f&sin, the effect brought about by
adding the above-described alkane could be achieved reliably Furthermore, uniform dispersion of the

constituents gguiassraciigyechnaprasily during melt-kneading using the extruder 12 by pre-adding a

filler, reinforci t, and pi tto th |dli aterial ticularly b lt-kneading th
materils n ackancO TS BUIE He PTG R AP L A SAIEH & hetc wood

product usingrtheabovedesBriiidd aofdirngamateridljtwieein thig il diflge saatéeiah @Seuflewilyg in the
extrusion die £0 iYi’t@ﬁdé%RB RIESEHIIZEDRY ARRIVIRG BERIStaNGE RS MAKINGAIRHR AaqRt the outlet 13a

of the extruder 12 to increase the pressure of the molding material 25a in the extruder 12 and by making
the flow passHFE PO LRSI @80 En P fr T T RIMDG S RRAIaS Ihe8 it 20D of the
extrusion dietB&scitefiaspossible it takedullsadvantagie iclye eéipottohprestentiigqoie- tdaheing brought

about by addé*ﬁ%ﬂ%%@@%&@@ﬁﬁ%%&? suppress the foaming of the molding material 25a in a
pressurized state. As a result, the foaming %%ses in the extruder 12 and the extrusion die 20 could be

dispersed uniformly, Briidsfs 98 Fos PRV RISHIFveIght b area oG shatsind B85 could be
increased to ephdngdihie prdduetivityicent ddaetherroseo imihefapparatiesfed Namfactuony foamed
synthetic woqd OQrogl Cts ving.the l?rgl%ker l%l te 22 & the oHye 13 of th eXtI’-ledel’ 12 and the resistor
body 26 in thgrexlﬁ:uglénu | eﬁ%g]%h%l_lp(r)essﬁlr% 5%%haézcr%5§féll%§om§t rr?aa}%gvi% the barrel 13 of the extruder
12 could be ipktEwssiredhy @ prssRire in the extrusion die 20 could be maintained reliably. Because of

this, it was possible todakenéull advasiage ofithe affests browghiabeutday adding.alkanansuch as
enhanced dispensability of the fgamj S nd prevention of pre-foaming. In particular, with the
structure in w‘ﬁ%hatﬁlé)lf(%}téj ?3 g flg(niﬁ é)irt_}r%(s?i%)n?g?e \%?ggoﬁade to have the same shape as that of the inlet of
the molding chambefb¢ theldrisiditpdié mar kb eelidpradidrs (ahaharepretton28e)waiitrenhviolding die 30

side of the regissorbedi@uas: madsIse haus feabansisimjiadadmtalightysmeller than the shape of the
outlet 20b of the extrlgsioF die1 0 and also1 was diSé)O ed in the center %f the outlet120 q{ the extrusion
die 20, dispersion of t RPN énéan%%tgrllﬁ e Mol lilﬁléuﬁ%ar?eur?a ?gjﬁeﬁlafsgi%) (fﬁr%lﬁ%]ha &Karrow space
formed betwekaithvetastio utdibenayalleSthd fevuffifol moddenebltaHowity theob ubsiles in the foamed synthetic
wood product to be distributed more uniformly due to a synergetic effect with the effect of the alkane.

In the extrusion apparatus 11 for foamed synthetic wood products employing a biaxial extruder as the
screw extruder 12, the dispersion of the constituents tould be made even more uniform along with
melt-kneading of the molding material in the extruder 12, and mixing and dissolution of the foaming gases
to the thermoplastic resin could be further accelerated due to the addition of the alkane. Brief Description

of the Drawings Fig. 1 is an illustration of a pellet manufacturing apparatus used to manufacture a




Fig. 4(A) is a front elevational view of a breaker plate, and (B) is a cross-sectional view taken along line
B-B in (A); Fig. 5(A) is a plan view, (B) is a side elevational view, and (C) is a front elevational view of
a resistor body; Fig. 6(A) is a vertical cross-sectional view, and (B) is a horizontal cross-sectional
view of a molding die (first molding die); Fig. 7 is an illustration for a method of testing bending strength;

Fig. 8 is an illustration Qi GONNERHED R QXLTHSIAOFRARY AEUS; and afkithehdsiaitilBéstalop, afa void and
warpage occurring in a foamed synthetic woad product; and Fig. 10 is an illustration of an extrusion
oot pr VR ARHCL Gt e SRCL RS L o At B 0 R holaing materil for
extrusion foapagmoiding The molding material for extrusion foam molding according to the present

invention is used as aynplding m%‘ﬁﬂ@hf%&@ﬁ%@iﬂga E%ﬁﬁé&%'@xeécﬂ@@d%?@«ﬁlﬁq %Iﬂé’cﬂ? wood product
in a foamed state (foamed synthetic wood product) by extrusion. molding and, when used with an

additional fodMiryAGE8 AN PEARALToR HOIgiAG L e HSHR5gEnR 882 dAIEd synthetic wood
product whichredesccomegintiepa liyinegar dedua®mppssibke orddificuk todfanofacitreptope manufactured
with an extrua{gq&gggr%eﬁc Wm@mg@g material for extrusion foam molding (hereinafter, referred to
simply as the "molding material”) is prepared by mixing alkane (C"H22) having a molecular weight of 300
to 1000 g/mol, preferaBlyBed ity 8@6"67&?61}‘&%?&%‘%&3@?}1&0@0@ SAIHd FRtAC St meal and
thermoplastibyesimpesiripghastpe ofain ingredients such that the alkane accounts for 1 to 5 wt% of the

total amount. B??ﬁﬂ%ﬁ&@ﬁg?ﬁy Sf‘?ﬁé%%{%%i’ﬁgog{ﬁ%?éri‘éﬁ%Hg%&lﬁ%iﬁé%?&t%% Q'&%@gg’ a filler such

as talc, a coloring pigment, a reinforcing agent, an er secondary materials may be added to this

molding mat&itaHAFRd ARERNESIC P X rusEeyy apRaErEPrh b pReS e FdirrRE i fs e e8¢ the main ingredients
constituting theteralding matehalingaiienSatypemptthermnoplastoresinss thehudirgpabypitegylene (PP),

polyethylene tg?nlzﬂérat%gxlgmhrygog%adigneeﬁ styrene resin, and vinyl chloride, can be used. In addition,
not only can a si glae type of these Itll%er%'noblastic resins be used, but also multiple different types of these

thermoplastic resins @4 BEingdbeimetinsinaiRiin 2op exardptebwastexprdstid 2onainimgdnslural types of

thermoplastickesibs sanbe sellesied a0 uagiasmaimhmatiaeaholaitiisemiadisagnta however, from
among the above-described vasﬁious types of thermoplastic resins, polypropylene (PP) is used. Here,

the types of 6’5?3?8%86?/ ene include homopolymer, random copolymer, and block copolymer. In the

present invention, anylefsinasbetpprssuad pbihpropldegercegribe2qsechaRdntexduegsienioohpropylene collected
in accordance,yyifth e friainessiRaskaginddRery RliRg M ¢héSAT@e dn £t ASL dnRRbANRPYIENe

containing different types of polypropylene,. so forth can be ysed. . . The thermoplastic resin used in
the presentiVE U GUBBcPEAGHAR SHEUS A ARERS B R NET, A B BNt 6 for exarmple
a plurality of theldmgplastie vdglagomitm diffie rentdiE Rs ezt Barmived stopr edueepandsintwith an MFR

falling within the, aboyR;dgSEHRes args Rfiyalugsnifoqd meal For the wood meal which is another of

the main ingredients constituting the molding material, various types of commercially available wood meal
can be used. AlternaliteRc NSRBI HAKHBag splorspery HHISHMY AL U088Y used waste building

materials, wastepnatatialgsgsuch as sawdust generated during wood processing, and so forth by using a

tool such as a crusheg, cHIEL QeMiksion AOSHYRE CINGWOAAIRRG LSEH IS BPLRALGHIRLY limited, and

combined use of a plurality of types of wood will not pose any structural problem. However, it is preferable
to use wood Bpe8 WHIFsbraethRTEbht GI8RMctakimglithe Beliéngatistihoa i sifidheof the finally obtained

foamed synthetiodwood pr@thicinolding die 30 of the extrusion apparatus 11;

applying resistance to the molding material 25a introduced from the outlet 13a
of the extruder 12 into the extrusion die 20 to increase the pressure of the molding
material 25a in the extruder 12;

introducing the molding material 25a into the molding chamber 31 of the
molding die 30 while maintaining the pressure of the molding material 25a introduced
from the extruder 12 into the extrusion die 20 by decreasing a flow passage area of the
extrusion die 20 from an inlet 20a towards an outlet 20b of the extrusion die 20; and

releasing the pressure of the molding material 25a passing through the extrusion



For the wood meal to be used, any type of wood meal with a grain size of 1000 pm or less can be used.
Wood meal with a grain size of 150 to 200 tim is preferably used. The wood meal is preferably dried
before being mixed with the other raw materials in order to enhance the affinity with the thermoplastic
resin and prevent moisture vapor from being released at the time of heat-kneading. Dried wood meal with

a water conteié 0 LpyiPpREilestisietasaiiicddsed of thLeRiatesakie compewndingnistignietween this
wood meal andtthe ]a%ovet- escptt)%g thﬂg%orgloﬁ?tic [iesi is 50-55 wt%/45-50 wt% in terms of wood
meal/thermof)lfgs i resth AlkaRe " 4 or kA Cf: 22) to be added to the molding material
according to the predamthiventiothe vatiosionyypesrafualkanmesnofaytbangse thamddngraketheir molecular
weights rang%MI%QQchaé&%@{ b AlkaNe ML m%%@ﬁwg%tc%sﬁﬁﬁgan 300 g/mol has a low

melting point and boiling point and is difficult to handle, On the other hand, alkane with a molecular weight

of more than 1000 g/ CARNS frobiutl i FELIFEd Bl S AeE AL SR HE 8R3& nental results
shown later. hasothed wordspaikaneisraingostifnidaancl &xinbits d¢owendoitihgpoidt (50 C or less) when
below the lowgylifit 30R.gmelang jsRetolgum waxaalidhenialays, 308:e{mleen in the form of
a fluid, alkane exhibits low dispersibility in the resin (PP) and deposits on the surface, hindering the
intended effett P6HPHBIAG 4 3ght about.  The molecular weight of alkane to be added ranges
preferably from 350 ta 8&thgionaliard thareoprefierabtysfram €00uite608:g/imiad.ckhislatkienemds added in an
amount of 1 {9 %i%f’(%}{eelﬂgy(ﬁ ?&g&&tﬁgﬁmgm [htggxplr@%ngd Jnolding material. If the amount of

i )

alkane is less than 1 wit%, It d es not produce any effect, whereas it the amount of alkane is more than 5
W%, it will surface, et g ithe) anfin Fac thth o Baietl Heardii-ls the egEsisdire@bove-described
wood meal, thetmopiasiis mwsinormkatane) asillpisughas dgicia colaring pigmenticareinforcing agent,
and so forth in,an, amaunt,of spRioxTlsh b4p 3Gl dprihe dotal amount can, b added to the
above-described mol ing material. Ta C, given as an examplle ofa ﬁler, is aded to enhance the

strength of thadiiagyobeaimldisgsiratenbodBlsdiang denrdagried fiahZamiotmt 1o 25 wt% of the

total weight afdhespaaldinaanatesiaindl shaprallahameran oétalepthan this is added, the strength cannot be
enhanced. On the other hﬁ"?aé if 5019 n]gch 1tatlc%? ﬁ‘ldged thedw odthboart \t/vilé be}:%me ftragile and its
strength will decrease " " ThetaI t6 be Rddet cah hsa‘é/ré)vé re aaﬁve‘?yo\l}w e ré‘n%e oefed(rgfnesrizes. The
average grair Saal bhsheatsldpesfarably ranges from about 5to 30 pm. A pigment is added to color

the finally obtained synthietis wRRhheRICs ArsAding iadhedntended solioidhie finah product, various

types of pigments can be added at various. compounding ratios. In this embodiment in which a silver
oxide-based PGP Er SO 6 A ML By lGt AT DI s M1V AehaI Ghi s added im an

amount of aboutBiwt¥o@he total amount of the molding material. Furthermore, a reinforcing agent

can also b? added aﬁx_éféégﬁ},“éﬁ%-dBW%s?EQ@%@mﬁ%érb\ﬂ\ﬁypbfE@y&ﬁm@%éﬁs%%IQQEﬁQﬁ thermoplastic

resin, serving as a main raw material as described above, maleic modified polypropylene is added as the

reinforcing adEniie ShAAAYE ARG Mt H&Eveen the wood meal and the resin.  This reinforcing

agent does not prodticetlanyeffetinfhitscaddedampamatus todosmédk aadsihehkeigeroiepaodocmt of this

reinforcing agenf, i 8816 IV GANGHRE e pRudl e Hahek the aasl-Rhs.{hik Gipjorcing agent is
a

added preferably in, for example, an amount of about 0.3 to 2.0 wt% of the total amount of the obtained
molding matetiah MishdPacliifgtadinfordmpbaiatb nhferaalibed dsetl; thermoplastic resin, and alkane
constituting the abovardesgiobgsh meldinglmagatiakias waldasl the dikeLsuicht as taldspigroent, and
reinforcing agenf added A AR e RreleraRly Bis-sUred niamly inde e form,of a mixed
material. More pre?’erab? , these constituent materials are melt-kneaded in advance while being heated so
that the constitaehtd Hreidpietdeaiihrrsntnyiand stisbglisintgd e kpesHaesifataiahdroduced through
melt-kneadinguigeg ranulated drtapelets »ith a predetermined grain size. Production of pellets through
meIt-kneading of thePrgotll?eineg(t%gltgrigl igrtkt\is manner gggegﬁs%p%fe?{énvgdo sirrg) a tk toevvsrgrg‘gvanuIating
machine, such as a peﬁe iz&1 OF & Henscher mixer. FOr exa ﬁle, a pelle anufac uring apparatus 40
shown in Figeitweer uxecbinahigxeshbddidrent. The pellet manufacturing apparatus 40 shown in Fig. 1

includes a Preferably, the MFR (melt flow rate) of the thermoplastic resin ranges from 0.5
to 10 (g/10 minutes).

The thermoplastic resin may be one or a mixture of polypropylene (PP),



constant-amount supply apparatus 41 for supplying a constant amount of the constituents of the molding
material by, for example, the loss-in-weight method; and a screw extruder 42 for melt-kneading the
constant amount of raw materials supplied by the constant-amount supply apparatus 41 at a temperature
of about 170 to 180 C and extruding them. Pellets are manufactured by the underwater hot-cut method, in
which a die nezzle&havwg, mapy sed helksferinaddharain ismesnted atdbepivent end of a barrel 42a
of this extruder 42, the melted materials (strands) are extruded in the shape of a round cord into hot water
through this die nozzle 43, and these strands are cut at intervals of a predetermined length with a cutter
blade 44a of Bftasttef B Inverftionthis extruder 42, various known types of extruders can be used.

Preferably, a biaxiah@xrydetiscHsedescritdiB3iRl %G‘d@&hlé@%@&%@%iﬂﬁ&“&ﬂﬁl@c%{@nscrews that rotate
by means of the alternate screw threads and grooves being engaged with each other. In this embodiment,

an extruder ifWHIARAHEGNS LeWL P RLRP IR BiKEIEREYirections is used.  The biaxial extruder is highly
advantageous in digpbrshnguttheyrfnamadtendisthecaoud@roflitst featidres ohmifirextdusion force due to the
engagement Siiuelire of iRGiREaR AN SRECHGKRERMING £iiealdus.ilie.e09agamaRt of the screws.

Furthermore, the biaxial extruder can prevent the temperature of the materials from increasing due to
friction becal8e RIRIRSPAME bR HISINEASE ATt 2R AR SIS ToreEe0eM AR WiIBW rotational
frequency, makieguieasycto ¢HBOMDIENOGe W peiatike ok theionaienialsvldihg foneperiopies heater (not
shown in theJ@Hﬁﬂé)g%}lﬂgg&%ﬁgmu@ﬁouter circumference of the barrel of the extruder. Therefore, the

biaxial screw can suitably manufacture pellets. The pellets of the molding material produced in this
manner are dehydr&tedhwithy & Eentrifagwast WW@%@WHP&E&@%@F&?%@%%@@& d used as the
molding matesial fenittiecfaamecksyitihetc faanid pracisabdrsaitiedalawrdanefpeiuirgd a foamed
synthetic woad produet Drying.ihe melding matsrial (Rellrsle, I malding materlal for.extrusion foam
molding that has been obtained as descibed above is su jected to extrusion foam mol Ing together with

the foaming agj&pd areetinha ieobarrehed Sprmnetideibbi provlicksrdedrébiebmiheistiape.  Before

such foam-mgldingrsmeariasmedeths manyiacpsesipeipt s dhe; Maleing material are dried sufficiently as
required using, for a{tygle, a dr%/er 47 as apeoml in Ei .2 It js greferable that the pellets be dried
ento [

. . ur result O ne be added,, the contact resistance bet
until a moisture con i}l ougeh the ]tsh

0.2 Witdb O fe

s is feached. rying method is no e|§3rticularly
limited, in thishermistrdisngnte fordeampldinthapielicis orddedbelded fareens thampldigonateusing a hot dryer

at a temperatyrgiRt 4R GCorntdheabava-degeriRad MRisHYe cARBRWASIrGacHer, Foaming agent
Foaming agents are classified i t&) normally vogatile min ents?igaseou ,sugh 23 CO2, N2,
chlorofiuorocHBOFISAL BB AN TRERIBIHGH TR TR Y ISR I /BRI GF SKhaD gas or liuid, and
degradable fedniéngcalpentsigizither typaidfoarfvingladeptrsadluding various types of commercially
available foaming agepisaMn08 KA JNithisembedientca draradakle foanindAaentis used.

Degradable foaming agents include nonorganic compounds, azo compounds, sulfonyl hydrazide

compounds, HErBSSRAHISHE ATL 51 RomRpSTHYSTARE @SR, SHSY) HBE BE st Fo 9hifify agents can
be usc_ad as Iongh&isg’_tnm&dih] @_ﬁapmseﬁaase:ﬂssmd\m_ssimhﬁmdhﬁmgmplaﬁﬁbmmlﬂdrbmg asa main_ raw
material of th éOQAE’éHQr%E?&k%'lng?‘{bde'&ﬁ%&8%@5%19%%88&%%9&‘6’%%8%' ldgpl product with

unwanted color etc. Furthermore, pellet-shaped foaming agents prepared by heavily adding a foaming
agent to a carrier réSSeIEEUEY)IEY RIS PR Vare %gg%%ﬁgﬁﬁ&%&%ﬂg%ﬁﬂlcm be used.

In this embodimentddinasien paichteantaninpREnsdmganteriteswhandBodidndicapanate belonging to
nonorganic cpmpounds 352 IfA0NRd, 0G0 WA HReH; Jeh%fﬁ%l‘é{?ge% %?tafé’ot%ﬁeus§8'uﬁi@9ded in the
required amouﬁt, cCort ing to the volume of gas generateé there , the extent Jf toaming of the
foam-molded’p FFIUEI PRl 9 ataisase, and so forth. For example, the added amount of the foaming
agent (master batchy e thig emokpeimentrisipreiarainly 0 ter faNtve.piotative By thedeialameunt of the
molding material and.the foaming agent.as,.100 wt%. The molding material.having the foaming agent
ced theretd o TS O L s L e e B Y o in
extrusion appgaredgiermiand dsamelzkneade il beirgHe thednddme|aivigrinktaribl 28k extruded by this
extruder 12 is iN{EQdbGRANING AR iemSIOR die 2o AlchiBe hintt & Backding dig8Pocentiiious with this
extrusion die EO, WhicI'I] fforms thelmoldi(rs]lg mategal C|1|i1t§ .agre(?eﬁ?rmined shape. The material formed into
a predetermiﬁee YA 19'CTEIBE St EShaMEs drﬂbr(% Uee d amed synthetic wood product of a desired
shape. Extrusion agpatiatusore, because the constituents, except the foaming agent, were




Various types of apparatuses can be employed as an extrusion apparatus used to manufacture the
foamed synthetic wood product. For example, the known extrusion apparatus described with reference to
Fig. 8 or the extrusion apparatus as an improved version, described with reference to Fig. 10 can be
used. In order to take full advantage of the effects of enhancing the dispersibility of foaming gases

and preventing:RIRnfeagaingeface intiadkicianyiatothe.maldinedie3QimdichareeHait about as a
result of addin% atlkgang, (ilt IS 1!ore'fet{able that the extrusio aJo;I)lar.atus 11 V\il& the following structure be
L It-kneade ta 1thQut unevenngss amon é € cons 1tueqt§gou c achiecved m ]f

used: i.e., a Suctle iy Which the pressurd Srthe Mibtding Mhatelidl 268 tid'eXfrlidel 1% can be
increased, theastglding aratdist@8mean the éntrodirced from the extruder 12 into the molding die 30 while
Its pressure Is ma'nWH&Qh@EQxﬁB@uﬁﬁg%ﬁ&iﬁéﬂﬁeEﬂQ@%H&%ﬂﬁ&@cﬁ%@ﬁ{é%gﬁlﬁi@%ﬁ{?%ed In the
molding die 30. An example structure of the extrusion, ap}garatus 11 suitable for extrusion molding

using the moltifig Faterial SEEUINEER the prdedit tvERfoPGAlEE Grutehabewity dihce to Figs. 2 to
6. The extiresiorvagdpandtod dkashemddrp&ighR vadltdiedla constant-amount supply apparatus 14 that
supplies the pellets Qf {hemalding AaiefiglPhanethin g ARAHS ARsFUPathRIALESR RN a foaming agent

in the form of a master batch in respective constant amounts; the screw extruder 12 that melt-kneads and
extrudes the FsHE Btk & Mokdirigateiig AR G tHedsdningrageAtagsplidartBUg s constant-amount
supply apparagust 1didheexirusion: die 2t thatrate ives thei extilgion mehtkned Rba wxteuded by the
above-descriped extrude othe malding dia 30 that forms the molding material 25a that has passed
through the a ove%%scri%‘éﬁbextrus%ﬂ g?é%o%nfo a predetermined shape and cools and hardens this
molding material; ah® &NFHaf oA eemes tHeafusivhahateord rrodrsédsiimithetic wood product)
that has beenwoeladsantegatidifieg aftesrhavig passedithngughdhial ntldingigdicidtheConstant-amount
supply apparatus . The above-described constant-amount suppl aratus 14 inclu a
moling. mate e R R AR R E present

invention obtairkonsddserifebcarevdad theoaneraaierthe nre s wsrdtBisandoataterighie®aand a

foaming-ageny feedgirddth thahmeygesthe deamingagess ndtheriue.ehaimmagterdatemaccording to this
embodiment ¥vith Rlell.elist fOthte mo{pit ma erj fegthowards.thedex%ldter 12 b tg's tmoI ing-material
feeder 14a in 3 CONSANT AMOUNE AL & time. After the peeﬁé%rsutsnlf) fhelemol’dinvgvarSh% erial and’te foaming agent
are deliveredfintadhenigppé tbpetvided pretisatalzave-tiasargddoiegitebo Uty addidd thespectively, the
pellets of the malding,maariabangihe fermingiagenticangisyrplied.do aeexpndanliat a
predetermined compounding ratio through the rotation of feed screws driven by motors M provided below
these hoppergstf“tﬁxtruder The extruder 12 into which the molding material and the foaming agent are
delivered in this mannerrisf. ahsdiemiypeapeoviddd ewittydarévand Shwhichnhieatdkngddoaitt melt-plasticize
the mixture %éhﬁsﬁ@!@@uﬁﬁﬁ?ﬁﬂ?@%@s@ﬁ%@%& PSS IgAMIRgIRIENRNRLIER Grdiydg this

melt-plasticized molding material 25a. Although this embodiment is described by way of an example

where the biaxiarSRIERFderaarsH 12 sehaRSI BYef WX Bktrusion apparatus 11, various types of screw
extruders can be usliéﬂﬂ@mlmasia nlmia_:pqi»a_fa&usefw manuﬂeltugin’gnlﬁdﬁa)dalsgxﬂnadewmd@me_xtruder with
these types if combinagion .. 1406 Pigxial REEW SUUHEL i high - 30UaRlagacws sadiskersing the raw

materials because of its features of high extrusion force due to the engagement structure of the screws 15
and a specifiéKHe &y afrdis, 29s he Erisats abtremelstitemaGre s prdkmbasrb W stitler can prevent
the temperatuxerafenalenald omciraseasing tueia ftictionteasatiseit isecapaklel ok producing a
necessary extrusion fgrce. eyven wjth a low.rotational frequency, ing.it easy to eqntrol the temperature
of the materiarlgﬁlléLlll %ﬁhﬂ%&%@%pl\g%a Sega(t)gg(‘r;?’olt?%ag\ﬁﬁ%r&:b ?ﬁg%itgﬂ&?e url];ﬂ%&vvi%i%%%noﬁ%éeouter circumference
of a barrel 13Hpétiebesialitiabory brndringralkanpiarrll aveabpesadutizners praferableusemas the extruder 12
of the extrusign@pprrpteiseddon of gleerkiaxial screw extruder 12 shown in Fig. 2 includes the barrel 13;
the pair of screws lgl rot ll}i #rov'%qg in the barrel %3'{}1 da ggitv(i)?gjsou ce.M composed of a speed

or :

ar' A 1% tructure 1pn.whic %HC ou € extrusion die S maqge . .
reducer, a motor, and€o ) that rotationa fy rives the screws I—ﬁurfhermore, he ex‘%rusmn die 20

and molding Hid3G theswribethimrersafainbiidedcrfrbdmaldagichhmebelrtet 1@ droadia #hd extrusion
direction, or righthandside Rimthe dseina®d) hidhemoldinkheoarrgld 3risforrmedinaijuinilar shape

whose front end in the extrusior'hdirectio iS O enltog?rm an outlet 13a and Wp%se rﬁar d (rear in the
extrusion direCtion? %‘“r f%ﬁfﬂ%’ﬁﬁos 4ge BAYRE Arating s }ﬁén B LS p&e(flvtefyollrl] &t _QL through which
the raw matevialscargdelivetadndthiopendrstes: throligrethebeited datist ividiet at the upper portion
of the rear end. Through this delivery inlet 13b, the mixed material of the molding material and the
foaming agent are delivered by the above-described constant-amount supply apparatus 14. At the
outer circumferential portion of the barrel 13, heatinggmeans (not shown in the figure) such as a band
heater is provided over the entire length of the barrel 13 so as to wind around or surround the barrel 13,
and the mixed material supplied into the barrel 13 is heated by this heating means. The barrel 13 is

divided into a plurality of zones (e.g., a melt zone 131, a foaming-agent decomposing zone 132, a



As a porous material, the wood meal contained in the molding material more easily absorbs foaming
gases generated by decomposition of the foaming agent than the resin material does. On the other
hand, when the wood meal absorbs foaming gases, the amount of foaming gases absorbed into the
melted resin becomes insufficient, and bubbles will not easily form at the resin portion, thus decreasing
the extent of {eamiod ekthe tinglyspiedrgrddeamed syothatic weoashpragidehl 25btiewryer, when using
the molding r’tr})ateriﬁllt ccordingsto thF Ipreg%ng invert‘llg%on, w%c@ con(tlains the a ove- es%ribed amount of
alkane with the aBovedtecbebitoletiar \?vévi%?ﬂ, 18 %(I)klaneeﬁ?grﬁo &g Bglrn(?ﬁnd’ga%gsygenerated by
decompositioilofthg twabnifdeage tetéormedvist thaidedissol peoihito: thebehtbstribpledtivresin while
suppressing apsorpiiaRfthe fapming gasesJnipdhe meedmgalintbe foaming-gas mixing zone 133.
Extrusion die The extrusion die 20, which introduces the molding material 25a extruded from the

barrel 13 of the extrUd8F TSP MBI i S0 Bed HBEE S RPN REEh PIRE P8 A\ ding material 25a
pressurized, isaéthetiablyrfasteneoam tix tfodaxi@mplediapeoiioth nd uighcansadagptecd@dabehe front end of the
barrel 13 of the gxprdandre- hiisfiysion: dieneR ineludes Aplgbrlf i sharg.according to the

shape of the outlet 13a of the barrel 13 of the above-described extruder 12 and an outlet 20b with a
shape accordiH§ 5 iHé AR GP& RIS 34 RE hediftAyngigses do S itheemapdss ik sHbwn in Figs. 3(A)
and (B), the veriidalevidtheohecélevutchdnaed Ak inlueridical dioatkseetion (refer to Fig. 3 (A)) decreases from
the inlet 20a towards the outlet 20b; and furthermore, the width of the flow channel 21 in horizontal cross
section (refer to Fig
decreases nddighBugiationsl disd Earige
described later. In this mamai itheraubatol I eifidhabamekdegfgiexisuded i2waneommunicate with
the inlet 30a g‘?‘}ﬁ'&ﬁmo'd&'{‘&-%’f% %(())r din 'tAb lgﬁgalé%re Ialt]t\a,e%1 . i% fitted in the above-described adapter 16
provided at the inlet 5da side of this extrusion die d an ?ufthermore, a resistor body 26 that apples
resistance to the moldiig mateHBISTBEMOv i SRR A GRPE eI TP heelifiss RhdMdy of the molding
material 25a jsoisROsEchémibRIfiRhehaRNat AL dhe @Xtpusian HigedQoAMong others, the breaker plate
22 is shaped like a djsc osed of small holes 22a in the forip.of a mesh, as shown in Figs. 4(A) and
(®). I order to allof the dbavS SAcHBEH B LT Brate 5 (3 e HHaH e adapter 16, a mounting
hole 16a withcpsiameiarasulesiantialyxaequivatasat to that of the outer circumference of the breaker plate

22, is formed in the adapter 16 so as to extend from the end surface of the adapter 16 at the extrusion die
20 side towards the E3grade? £ FF) slsstionalseibey BlusrEs plate- #84&BAdefed into this mounting hole
16a from the g¥tUKIORNHiE AlwidRe ARG {UMRENEIBrR, @fetaining ring 17 is inserted into this mounting hole
16a from the extrusion die 20 side so that the breaker plate 22 is mounted at a predetermined position in
the adapter 16.  TH&sY if tifeagiampravstdWh dnifeciyariesakne stanl Kolds 2081t this breaker plate 22
and t.he innerefé'Q%Hggﬁrgﬁg%?fat&%@g%ga%scribed retaining ring 17 form.part of the flow F:hannel for the
molding material 25a in the adapter 16. Because the breaker plate 22 is mounted in this manner
between the outlet 1Bggobtheiextraderll @resseb¢beoinlbti20a akitli®) extrusioraid 20, the molding material
25a extruded from the extruder 12 is introduced.into tgtcagexgge ion die 20 after passing through the small

|

holes 22a forthed T e BreSReP bl 222 BEEAULE L €% G5ibn material 25a to be extruded by the

extruder 12 is met withyrgsistanoasyhesh passing Hyouok dexvoaliholasee formed in this breaker plate
22, pressure can be 1@fo%pgeltsj 1o er malding material 25a in }Ihe.barrel 13 of the extruder 12.
Furthermore, the above-

eséhibed reddior I%océ)ﬁvféltfg%eeé 18 ABY"h&hnel 21 of the extrusion die 20
can keep the moldingim&terian ABatintibe @xarumibandie 203scceswiiag iy dppiadgyesisiance to the flow
of the molding spaigtial&sanm the extrusion die 20. Because such a pressurized state is maintained, the
molding material 251#5 3?)rl‘ljspt%ﬁe§)ressu§fed when passing through the e tru‘is)iorﬁédie 0 into the
molding die 30 describid Tatet™ HEREE) PRALIAY GE ERL S FBPAHE FIBIANHE T& P SB5 TP S m at the outlet
20b portion of the extrusion die 20 (the inlet 30a portion of the molding die 30). In order to make such
pressure relegsg RRRRIBEE @S ShRw Nk g «atfdhand (B) and Figs. 5(A) to (C), the resistor body 26
includes a main body shaped like a cuboid formed by extending the end portion of a torpedo section 26a
which is shaped like a tongue piece whose width and thickness gradually increase from the inlet 20a
towards the dutieti2Omatthe fextrusicivditv20;msobticlge section 26b provided with a rib 26d for fastening at
a predetermined posgfion ifufhe SXHHRIG0, U6 20N h RN RREHAN2AGIDLeadS to the outlet 20b of
the extrusion die 20 such thatthe thickness and width slightly decrease from the above-described bridge
section 26b towards the outlet 20b of the extrusion die 20 and, are maintained constant from there
onward. The rectangle that constitutes the contodr of an end face 26e (refer to Fig. 5(C)) of the
mandrel section 26¢ at the outlet 20b side of the extrusion die 20 is similar in shape to and slightly smaller
than the rectangle defined by the inner circumference of the outlet 20b of the extrusion die 20, and this
mandrel section 26¢ is disposed in the center of the outlet 20b of the extrusion die 20, thereby allowing




Because of this mandrel section 26c, the flow passage area in the outlet 20b of the extrusion die 20
having the same shape as that of the inlet 30a of the molding die 30 described later, is sufficiently small
compared with the inlet 30a of the molding die 30. Therefore, the pressure of the molding material 25a
introduced into the molding die 30 through the outlet 20b of the extrusion die 20 is abruptly released, and

triggered by thisrelaaseuefPieasHstihenferming OpsRsdm Hesmaldingsnaiesialsiaseabruptly start to
inflate. Whe trtl.e mol%in%matterial gass sttrgroygih this e>t<lgrt%sion dcilte 2% thbaIkape added to the
molding matenal r?ﬁé’vsog 8l Cl[\llce drecte’d dse%ree(agmnde & lelistancdtd the' ?r?né’r%’ﬁ?i‘laﬂc%nof the flow
channel of theeldingsion, diec20: savdvhtinan gdditiing ltheammo liggninditaniale28aston smbsoel.flow, as well as
maintaining the ARAMAGRIZER SiRiSamed TR IRKENR ISRk IR KRR e foaming gases dissolved in
the molding materjal 25a in the gressurized state as described above and to prevent the foaming gases

from starting T HAS HERERS IHSRUTH e EO I HA T S T P ER R 1 e ABitig Bie 30
described lateppMaiding die As described above, the molding material 25a passing through the

extrusion die 20 is ipffdngach Nk, He.Mmelding di6 315 IRsmed Mmpredaiatningd § defined by

the shape of a molding chamber 31 formed in the molding die 30, and is then cooled and solidified into a
foamed syntRétiesw SRETH this FRBEdiMe R Ak aNiNgHie 30 TARE 1dANGHEH aggregate of
multiple dies asighovi300 foid 0Q) walut@sedetirblyndsldio §alie/30il, whoseei plefe3fldycotimuéioates with the
outlet 20b of US| i f 195 8(A): ; c g di isposed at the
outlet side of hlg‘?%?fn\% S?ngl%?e%%lﬁ{ g%%@ﬁ%%t%@%ﬁ@e%ﬁ@%eﬁ %Eg%gﬁ%%ﬁlggn%%ing die 303
disposed at tH& alket srfeBriHersekond iHodikg Wiel3mwepaced out at a predetermined interval; and so
on up to a seven malekiigsctie: 30 6vidr &R ERBeUN We Casal ofhtie epnbadiraent shiovini, theifigure (refer to Fig.
2). The msolcqliralg gl ar{‘?&{, %’{% ofia Cross-sec 'Oor@fanI SQ%}E? co rgtﬁgogledi&%ht@ th% tgplagemof the outlet 20b
of the above-described éxtrusion i 20 is Tormed in of the mdividua m}éfglng dies 301 to 307, and in
the case of tiie adégsbWithennddipgvieraitlel 32 for a cooling medium is provided in the wall thicknesses
of the first to third molding dies 301 to 303. A cooling medium, such as cooling water, is introduced into
this cooling mediumrLIOW chlantnel 32, thereby allowing the temperature of the extrusion material 25a to
gradually decrease aS it Hows frcorr%sﬁe first to third molding dies 301 to 303 so that the extrusion material
25a is solidified intoFardbsitedrfoaisieoitet produestone off ththisaemigrdihieatit cors fimwrehdnanels for cooling
medium are preniggchindhe walithicknrssesefthe frutthtenseventh msingdisr R0pt9, 307.  When
the molding mﬂ;[erial 25a %%ﬂ the extrusi%nl%ie 20 is introduced intqQ tQ:‘ngSt molding die 301 of the
molding die 28 BHMEE S dels e LB R A RS RTY HhatBraT SEL UL i e fiFSt molding die

301 is abruptly deplessigiized e tdythanstrucgly ¢ypt thigtabo viesdegdrisedrestrulsiondiebl0, and foaming
gases genergied Dy the.eRMINg AFRDLERRERCSECLINHP % MALEReRGING in HagsxlHGer 12 abruptly

inflate at thiséposition o foam the molding material 25a. The molding chamber 31 in the first molding

die 301 is fill dQVHATRE niEIIME 4t &8I D8AS Y DO EXSERRIASYS MSHBS tFE Molding material 25a
is formed inte@lshapécanespondingietiae shapdsoftihedmaidingoshambiodlathery dooled and solidified.
The molding materiplthat hashesnpeldedcaoiad.anddgumed g, aifpamed synthetic wood product in
the first molding die 301 is taken o the winder 50 through thé first molding die 301 and is cooled as it
travels from the seddfd iIERE GEPSOProns!af dERbIBFH B BEBORMF 5 BAUD 1BPRERBventh molding
die 307, in thaidbilek ddusyiie. mantiagtusengial enfoamed symbetispweood jegiglyiscorapleted. The
alkane addedoéou h m%(;iggdm teria wggksléaerggﬁeecgh moldin %Qtv%ﬂﬁ:ct% the foamed synthetic wood
' th t

: l
product more slidable agalns{][l &'ihnéf whll of the mol ing chamber 31 of the molding die 30, thus

maintaining the¥aitaEé srkasthhBssystiteridremtitte 6§ f8ahted AMRERY RBDECBIYIAIG.  As a result,
for example, WwriBkKesgaisED O fhe grAEativsoaban tstakiedlow, such as pulsation, of the molding
material 25a resultinr% Jr m IL%a asi 19 can bge E}H actggsilé{lprne%e%toends rgumdo%g%é%i&%ggvghg surface of the
foam-molded product. [Exam es&1 Below are the results'of'a comparative exp rment between
manufactured&RatnsiesloExampidd P to 19 (g/Whiein s atretnnNectigsrivdoptbaurBsloice manufactured
using molding: MG IRLEOLHINMIRS FE Breseldny riiRke aswelvatfeamed symteticiyeod products
produced in theS% exam Ie.]sj; gmd maqufﬁctured examples in which molding materials according to
Comparative%'%%n?ﬁﬁ?ése f:rcl)rﬁpé%lé Ve I':")%élr%sples 1 to 10) were used, as well as molded products

produced in these comparative examples. Purpose of experiment
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To investigate the effect of whether or not to add alkane, the effect of variations of the molecular weight
and amounts of added alkane on the molding performance for foamed synthetic wood products, physical
properties of manufactured foamed synthetic wood products, and so forth, thereby finding the optimal
range of molecular weights and amounts of added alkane. Manufacturing conditions Ingredients of the
molding material wEbe inpgredients of the molding materials used in the Examples and Comparative
Examples are shovxﬁp irnt Tab!)% rglrffl;l?bl 1& ;I’abletl%f i(r)u trhedlignts. 1(l)frm Iditn Orrrllsagterifsllstilg Examples and
Comparative Exampf)eslﬁé’vw a SriaTVF\/l\ft /o)g WRrodd powaeraﬁlelsﬁle e |gmerlllf E{%ln?orcing agent Alkane
(molecular weighlingmely Fdanimeag@et atl dedmereRIFEvailable wood meal can be used.
Alternatively, wood meal may be prepared by crushing unused wood, used waste
building materials, waste materials, such as sawdust generated during wood processing,
and so forth by using a tool such as a crusher, cutter, or mill.
The type of the wood to be used is not particularly limited, and combined use of a
plurality of types of wood will not pose any structural problem. However, it is
preferable to use wood types with some consistent coloring, taking into consideration the
finish of the finally obtained foamed synthetic wood product.
For the wood meal to be used, any type of wood meal with a grain size of 1000
pum or less can be used. Wood meal with a grain size of 150 to 200 pum is preferably
used.
The wood meal is preferably dried before being mixed with the other raw
materials in order to enhance the affinity with the thermoplastic resin and prevent
moisture vapor from being released at the time of heat-kneading. Dried wood meal
with a water content of 1 wt% or less is preferably used.

A preferable compounding ratio between this wood meal and the above-described

thermoplastic resin is 50-55 wt%/45-50 wt% in terms of wood meal/thermoplastic resin.

Alkane

For the alkane (C H,,,,) to be added to the molding material according to the
present invention, various types of alkanes can be used as long as their molecular
weights range from 300 to 1000 g/mol. Alkane with a molecular weight of less than
300 g/mol has a low melting point and boiling point and is difficult to handle. On the
other hand, alkane with a molecular weight of more than 1000 g/mol cannot produce a
desired effect, as is apparent from the experimental results shown later. In other words,
alkane is almost fluid and exhibits a lower boiling point (50 °C or less) when below the
lower limit 300 g/mol and is petroleum wax (solid) when above 300 g/mol. When in
the form of a fluid, alkane exhibits low dispersibility in the resin (PP) and deposits on
the surface, hindering the intended effect from being brought about.

The molecular weight of alkane to be added ranges preferably from 350 to 800
g/mol and more preferably from 400 to 600 g/mol.

This alkane is added in an amount of 1 to 5 wt% relative to the total amount of
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the produced molding material. If the amount of alkane is less than 1 wt%, it does not
produce any effect, whereas if the amount of alkane is more than 5 wt%, it will surface,

decreasing the foaming rate.

Other added materials

Besides the above-described wood meal, thermoplastic resin, and alkane, a filler
such as talc, a coloring pigment, a reinforcing agent, and so forth in an amount of
approximately 5 to 30 wt% relative to the total amount can be added to the
above-described molding material.

Talc, given as an example of a filler, is added to enhance the strength of the
finally obtained synthetic wood board and can be added in an amount of 5 to 25 wt% of
the total weight of the molding material. If a smaller amount of talc than this is added,
the strength cannot be enhanced. On the other hand, if too much talc is added, the
wood board will become fragile and its strength will decrease.

The talc to be added can have a relatively wide range of grain sizes. The
average grain size of the talc preferably ranges from about 5 to 30 wm.

A pigment is added to color the finally obtained synthetic wood board.
According to the intended color of the final product, various types of pigments can be
added at various compounding ratios.

In this embodiment in which a silver oxide-based pigment is used to apply
brownish coloring as one example, a pigment was added in an amount of about 3 wt% of
the total amount of the molding material.

Furthermore, a reinforcing agent can also be added as an additive. In this
embodiment in which polypropylene is used for the thermoplastic resin, serving as a
main raw material as described above, maleic modified polypropylene is added as the
reinforcing agent to enhance the coupling between the wood meal and the resin.

This reinforcing agent does not produce any effect if its added amount is too
small, and the larger the amount of this reinforcing agent, the more significant its effect,
though the higher the cost. Thus, this reinforcing agent is added preferably in, for
example, an amount of about 0.3 to 2.0 wt% of the total amount of the obtained molding

material.

Manufacturing the molding material

The wood meal, thermoplastic resin, and alkane constituting the above-described

12



44.6 39.8 10.1 3 0.5 2.0 (900) Yes Example 4 45.1 40.3 10.1 30.51.0 (470) Yes Example 5 44.6 39.8
10.1

molding material, as well as the filler such as talc, pigment, and reinforcing agent added
as required, are preferably pre-stirred uniformly to be in the form of a mixed material.
More preferably, these constituent materials are melt-kneaded in advance while being
heated so that the constituents are dispersed uniformly, and subsequently, the kneaded
material produced through melt-kneading is granulated into pellets with a predetermined
grain size.

Production of pellets through melt-kneading of the molding material in this
manner can be performed using a known granulating machine, such as a pelletizer or a
Henschel mixer. For example, a pellet manufacturing apparatus 40 shown in Fig. 1 was
used in this embodiment.

The pellet manufacturing apparatus 40 shown in Fig. 1 includes a
constant-amount supply apparatus 41 for supplying a constant amount of the constituents
of the molding material by, for example, the loss-in-weight method; and a screw extruder
42 for melt-kneading the constant amount of raw materials supplied by the
constant-amount supply apparatus 41 at a temperature of about 170 to 180 °C and
extruding them. Pellets are manufactured by the underwater hot-cut method, in which a
die nozzle 43 having many small holes formed therein is mounted at the front end of a
barrel 42a of this extruder 42, the melted materials (strands) are extruded in the shape of
a round cord into hot water through this die nozzle 43, and these strands are cut at
intervals of a predetermined length with a cutter blade 44a of a cutter 44.

For this extruder 42, various known types of extruders can be used. Preferably,
a biaxial extruder is used.

A biaxial extruder is an extruder including two screws that rotate by means of the
alternate screw threads and grooves being engaged with each other. In this embodiment,
an extruder in which the two screws rotate in different directions is used.

The biaxial extruder is highly advantageous in dispersing the raw materials
because of its features of high extrusion force due to the engagement structure of the
screws and a specific kneading effect due to the engagement of the screws.

Furthermore, the biaxial extruder can prevent the temperature of the materials from
increasing due to friction because it is capable of producing a necessary extrusion force
even with a low rotational frequency, making it easy to control the temperature of the
materials with, for example, a heater (not shown in the figure) provided around the outer
circumference of the barrel of the extruder. Therefore, the biaxial screw can suitably

manufacture pellets.
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The pellets of the molding material produced in this manner are dehydrated with
a centrifuge 45, and the dehydrated pellets are collected and used as the molding material

for the foamed synthetic wood product described below.

Manufacturing a foamed synthetic wood product

Drying the molding material (pellets)

The molding material for extrusion foam molding that has been obtained as
described above is subjected to extrusion foam molding together with the foaming agent
and turns into a foamed synthetic wood product of a predetermined shape.

Before such foam-molding is performed, the manufactured pellets of the molding
material are dried sufficiently as required using, for example, a dryer 47, as shown in Fig.
2.

It is preferable that the pellets be dried until a moisture content of 0.2 wt% or less
is reached. Although the drying method is not particularly limited, in this embodiment,
for example, the pellets were dried for more than two hours using a hot dryer at a

temperature of 120 °C until the above-described moisture content was reached.

Foaming agent

Foaming agents are classified into normally volatile foaming agents (gaseous),
such as CO,, N,, chlorofluorocarbon, and propane, including volatile foaming agents in
the form of either gas or liquid, and degradable foaming agents. FEither type of foaming
agent, including various types of commercially available foaming agents can be used.
In this embodiment, a degradable foaming agent is used.

Degradable foaming agents include nonorganic compounds, azo compounds,
sulfonyl hydrazide compounds, nitroso compounds, azide compounds, and so forth.
Any type of these foaming agents can be used as long as it readily disperses or dissolves
in the thermoplastic resin serving as a main raw material of the molding material, and
does not stain the obtained wood foam-molded product with unwanted color etc.

Furthermore, pellet-shaped foaming agents prepared by heavily adding a foaming
agent to a carrier resin, a so-called "master batch," are also commercially available and
can be used.

In this embodiment, a master batch containing PE as a carrier resin and sodium
bicarbonate belonging to nonorganic compounds as a foaming agent was used.

The foaming agent to be used is added in the required amount, according to the
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volume of gas generated thereby, the extent of foaming of the foam-molded product to be
manufactured, and so forth. For example, the added amount of the foaming agent
(master batch) in this embodiment is preferably 0.3 to 3 wt%, relative to the total amount
of the molding material and the foaming agent as 100 wt%.

The molding material having the foaming agent added thereto in this manner is
then continuously introduced into a screw extruder 12 provided in an extrusion apparatus
11 and is melt-kneaded while being heated. A molding material 25a extruded by this
extruder 12 is introduced into an extrusion die 20 and then into a molding die 30,
continuous with this extrusion die 20, which forms the molding material into a
predetermined shape. The material formed into a predetermined shape is cooled and

solidified to produce a foamed synthetic wood product of a desired shape.

Extrusion apparatus

Various types of apparatuses can be employed as an extrusion apparatus used to
manufacture the foamed synthetic wood product. For example, the known extrusion
apparatus described with reference to Fig. 8 or the extrusion apparatus as an improved
version, described with reference to Fig. 10 can be used.

In order to take full advantage of the effects of enhancing the dispersibility of
foaming gases and preventing pre-foaming before introduction into the molding die 30,
which are brought about as a result of adding alkane, it is preferable that the extrusion
apparatus 11 with the following structure be used: i.e., a structure in which the pressure
of the molding material 25a in the extruder 12 can be increased, the molding material
25a can be introduced from the extruder 12 into the molding die 30 while its pressure is
maintained, and the pressure of the molding material 25a can be quickly released in the
molding die 30.

An example structure of the extrusion apparatus 11 suitable for extrusion molding
using the molding material according to the present invention will be described with
reference to Figs. 2 to 6.

The extrusion apparatus 11 shown in Fig. 2 includes a constant-amount supply
apparatus 14 that supplies the pellets of the molding material obtained in the
above-described process and a foaming agent in the form of a master batch in respective
constant amounts; the screw extruder 12 that melt-kneads and extrudes the pellets of the
molding material and the foaming agent supplied through this constant-amount supply

apparatus 14; the extrusion die 20 that receives the extrusion material 25a extruded by
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the above-described extruder 12; the molding die 30 that forms the molding material 25a
that has passed through the above-described extrusion die 20 into a predetermined shape
and cools and hardens this molding material; and a winder 50 that collects the extrusion

material (foamed synthetic wood product) that has been cooled and solidified after

having passed through the molding die 30.

Constant-amount supply apparatus

The above-described constant-amount supply apparatus 14 includes a
molding-material feeder 14a that supplies the pellets of the molding material according
to the present invention obtained as described above to the extruder 12 in a constant
amount at a time; and a foaming-agent feeder 14b that merges the foaming agent in the
form of a master batch according to this embodiment with pellets of the molding material
fed towards the extruder 12 by this molding-material feeder 14a in a constant amount at
a time. After the pellets of the molding material and the foaming agent are delivered
into the hoppers provided in the above-described feeders 14a and14b, respectively, the
pellets of the molding material and the foaming agent can be supplied to the extruder 12
at a predetermined compounding ratio through the rotation of feed screws driven by

motors M provided below these hoppers.

Extruder

The extruder 12 into which the molding material and the foaming agent are
delivered in this manner is of a screw type provided with screws 15 which heat-knead
and melt-plasticize the mixture of the pellets of the molding material and the foaming
agent and then extrude this melt-plasticized molding material 25a. Although this
embodiment is described by way of an example where the biaxial screw extruder 12 is
employed as the extrusion apparatus 11, various types of screw extruders can be used,
such as a uniaxial screw extruder, a multiaxial extruder, or a screw extruder with these
types in combination.

The biaxial screw extruder is highly advantageous in dispersing the raw materials
because of its features of high extrusion force due to the engagement structure of the
screws 15 and a specific kneading effect, as described above. Furthermore, the biaxial
screw extruder can prevent the temperature of materials from increasing due to friction
because it is capable of producing a necessary extrusion force even with a low rotational

frequency, making it easy to control the temperature of the materials with, for example, a
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heater (not shown in the figure) provided on the outer circumference of a barrel 13 of the
extruder 12. Therefore, a biaxial screw extruder is preferably used as the extruder 12 of
the extrusion apparatus 11.

The biaxial screw extruder 12 shown in Fig. 2 includes the barrel 13; the pair of
screws 15 rotably provided in the barrel 13; and a driving source M composed of a speed
reducer, a motor, and so forth, that rotationally drives the screws 15. Furthermore, the
extrusion die 20 and molding die 30 described later are provided at the front end of the
barrel 13 (front in the extrusion direction, or right-hand side on the drawing of Fig. 2).

The barrel 13 is formed in a tubular shape whose front end in the extrusion
direction is open to form an outlet 13a and whose rear end (rear in the extrusion direction,
or left-hand side on the drawing of Fig. 2) is closed. A delivery inlet 13b through
which the raw materials are delivered and that penetrates through the barrel 13 is
provided at the upper portion of the rear end. Through this delivery inlet 13b, the
mixed material of the molding material and the foaming agent are delivered by the
above-described constant-amount supply apparatus 14.

At the outer circumferential portion of the barrel 13, heating means (not shown in
the figure) such as a band heater is provided over the entire length of the barrel 13 so as
to wind around or surround the barrel 13, and the mixed material supplied into the barrel
13 is heated by this heating means.

The barrel 13 is divided into a plurality of zones (e.g., a melt zone 131, a
foaming-agent decomposing zone 132, a foaming-gas mixing zone 133) along its entire
length and is constructed such that the zones 131 to 133 can be temperature-controlled
individually with the heating means.

Each of the screws 15 includes a round-bar-shaped revolving shaft; and a screw
constituting the thread portion thereof such that the screw is integrally and helically
provided around this revolving shaft. The revolving shaft provided at the rear end
(left-hand side on the drawing of Fig. 2) of each screw 15 protrudes backwards from the
rear end of the barrel 13, and the protrusion is linked to the motor M serving as a driving
source. The screws 15 are a biaxial conical screw with a shape tapering towards its
front end and are rotated by the driving source, with an angled screw threads and screw
grooves formed thereon engaging with each other symmetrically.

The area where the screws 15 are located in the barrel 13 is defined by a
melt-kneading section 151 located in the melt zone 131 to melt-knead the heated raw

materials; a decomposition-promoting section 152 located in the foaming-agent
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decomposing zone 132 to promote the decomposition of the foaming agent; and a
dispersion-promoting section 153 located in the foaming-gas mixing zone 133 to
promote the dispersion of the foaming gas. The screw teeth in the individual sections
have the respective shapes suitable for their individual functions.

When the screws 15 are rotationally driven through the operation of the driving
source M, the mixed material supplied into the barrel 13 through the constant-amount
supply apparatus 14 is pressure-fed along the groove between the screw portions of the
screws 15 towards the front end of the screws 15 while being heat-kneaded and turns
into the melt-plasticized molding material 25a, which is then extruded from the front
ends of the screws 15 out of the barrel 13 by the extrusion force applied thereto.

As a porous material, the wood meal contained in the molding material more
easily absorbs foaming gases generated by decomposition of the foaming agent than the
resin material does.

On the other hand, when the wood meal absorbs foaming gases, the amount of
foaming gases absorbed into the melted resin becomes insufficient, and bubbles will not
easily form at the resin portion, thus decreasing the extent of foaming of the finally
produced foamed synthetic wood product.

However, when using the molding material according to the present invention,
which contains the above-described amount of alkane with the above-described
molecular weight, this alkane promotes foaming gases generated by decomposition of
the foaming agent to mix with and dissolve into the thermoplastic resin while
suppressing absorption of the foaming gases into the wood meal in the foaming-gas

mixing zone 133.

Extrusion die

The extrusion die 20, which introduces the molding material 25a extruded from
the barrel 13 of the extruder 12 into the molding die 30 described later while keeping the
molding material 25a pressurized, is detachably fastened with, for example, a bolt
through an adapter 16 at the front end of the barrel 13 of the extruder 12.

This extrusion die 20 includes an inlet 20a with a shape according to the shape of
the outlet 13a of the barrel 13 of the above-described extruder 12 and an outlet 20b with
a shape according to the shape of an inlet 30a of the molding die 30 described later. As
shown in Figs. 3(A) and (B), the vertical width of a flow channel 21 in vertical cross

section (refer to Fig. 3 (A)) decreases from the inlet 20a towards the outlet 20b; and
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0.5 (470) Yes Among the above-described molding materials, the composition of the molding material in
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described befawhdifoRMparativg s BeNRs Bdend 02 ﬁlfpl%ﬂiﬂﬁn@g%fsm&aﬂﬂe&er to HkExamples 1 to 5
and Comparative Examples 1 to 7 in Table 1, the wood meal "A-100" (% ain size of 50 to 200 pm)

manufactureé@ﬂéﬁ%@l@ﬂ#déﬂt‘@%e%ﬁ@méhﬁ%ﬁ@ rFeki fPwasibibe R it AR hisefgaEd by mixing OG
PP (MFR = 1,0} aRd segycie batlBcanRRIMER & b @@ iRiac] df the molfizused in
Examples 6 and 7 and Comparative Examples 9 and 10 was high-density polyethylene (HDPE) "HY430"
manufacturedlb)BdemmFEdly@myleheﬂ@onpmmaﬂlewuﬁea It ghectiorof ProPaeedttbdim Examples 6 and
7, only the momc“k‘%@n wgfgaqgswq[t e allfatnﬁ) f[r dlff 96 In Comparative Examples 9 and 10, the
molecular Welg%ts and compoun ng fatios of the alkane ere made different. The talc was "SP-40"

(average grain size @b&&mﬁlmanuﬁaqweadxbm&w&alaehadusutﬁia@@n 1ld@ra§h@eplgmmthw<as "Brown

710" (sHveroQ%de er| manufactue ByTg%a%o oCor Ehg r%n rtcm agent was "Yumex
1010" (maleic aci xl{,rg "Manufactured by ¢ r?)r/% eglr%ti%ra %lustrlélsal‘zde The foaming agent

was "PolythIéﬁ@%%wh?m%m%ﬁiﬁ@éalﬂ@%é|Wﬁé&¥ﬁ(§ﬁé@éeéédé’@c’tée@&ﬁfértb65|n PE)

manufacturediby 5\ GORMIERdReiaCba kddishbealikane mas cMitabl Shentisalsuison ditsui Hi-WAX
100P" in Examples 1, 3, and 6, Nippon Seiro Co., Ltd., "155F Wax" in Examples 2, 4, 5, and 7, Mitsui

Chemicals, Inc., "Mitsui Hi-WAX 200P" in Comparative Examples 2 and 9, Mitsui Chemicals, Inc., "Mitsui

Hi-WAX 410P" in COmpagativer&smbptekes plag 22 MisbapTHémicdisc heeporsidsei sHiall/ioked 00P" in
Compara‘uveﬁa AN Iegfgf nzilr(l)g aNrirPeQRna§sqqi5‘3vg%’F!f§9.' 4(;3%5 dvéﬁ‘i(" in Comparative Examples 5, 6, 8, and

10. Pre-mixing conditions
In order to allow the above-described breaker plate 22 to be fitted in the adapter

16, a mounting hole 16a with a diameter substantially equivalent to that of the outer
circumference of the breaker plate 22, is formed in the adapter 16 so as to extend from
the end surface of the adapter 16 at the extrusion die 20 side towards the extruder 12.
The above-described breaker plate 22 is inserted into this mounting hole 16a from the
extrusion die 20 side, and furthermore, a retaining ring 17 is inserted into this mounting
hole 16a from the extrusion die 20 side so that the breaker plate 22 is mounted at a
predetermined position in the adapter 16.

Thus, in the example shown in the figures, the small holes 22a of this breaker
plate 22 and the inner circumference of the above-described retaining ring 17 form part
of the flow channel for the molding material 25a in the adapter 16.

Because the breaker plate 22 is mounted in this manner between the outlet 13a of
the extruder 12 and the inlet 20a of the extrusion die 20, the molding material 25a
extruded from the extruder 12 is introduced into the extrusion die 20 after passing
through the small holes 22a formed in the breaker plate 22. Because the extrusion
material 25a to be extruded by the extruder 12 is met with resistance when passing
through the small holes 22a formed in this breaker plate 22, pressure can be applied to
the molding material 25a in the barrel 13 of the extruder 12.

Furthermore, the above-described resistor body 26 formed in the flow channel 21
of the extrusion die 20 can keep the molding material 25a in the extrusion die 20

pressurized by applying resistance to the flow of the molding material 25a in the
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The above-described raw materials were melt-kneaded and formed into pellets using the pellet
manufacturing apparatus described with reference to Fig. 1. The extruder was counter-rotating biaxial
parallel screws (0 65 mm). Melt kneading was carried out with this extruder at temperatures of 170 to 180
C to extrude strands about 4 mm in diameter, which were then cut about every 6 mm by the underwater

hot cutting mgihagion did D& PaiRiQf {henrrpridcas, saddingsmatatiahweir.aehyadiaiaswith the centrifuge

until a moistuig con entt?f 52@058'?3% al'% réaagshend. tlExgru%i% Eo%rmsrggl ien c%podtiﬁ)ions 1din The pellets of
the molding ma eriartha X/velpeepr(% (ced ﬁrd’ug%1 &re-f(r%@aotlng Werd Extrtisionmo ﬁélaousflrﬁ; the extrusion

apparatus dedieritedtwithadletented Figskiagat @asier for EncammplasgimatdiahgdConiparative Examples 1
to 5, "Polythlgne &E4095 phank achy ey &iwa ShemiGaldnthGBribifofMasielpaicherrepared by

adding sodium bicarbonate to PE as a carrier resin) was added as the foaming agent in an amount of 0.5
Wt% relative t9'the total weight including the molding material and the foaming agent, and then extrusion
molding was carriedroader to iInaBeruphativeexalrpkepoBsdrie @5 extrusiotaolding and<Barried out with

only pellets of {e. molding material, withou, adding, & foaming agent, In, comparatiye Examle § fo 10, a
foaming agenfl wassdded. € extruder used was an counier-ro?’a%mé) iaxXiaf' conical screw extruder
"T-58" manufretue o pyxtintinat Bxdmisionm of a Befede heingndwliverechintontheentuger, the pellets of
the molding material obtained through pre-kneading were dried with a hot dryer at 120 C for more than

two hours untin$¥AEEEs Y ki Brob R dnfon il n st e mideduiEht(? iRy Peiets of the
molding matgriabweiexdeivared inia thesxuder lagether it the abevewessressipaming agent.

The extrusion temperatures (setting temperatures for the extruder through the extrusion die) were 180 to
190 C, and tHestolirg disddiesmioathipasiiofdindhdiedyusinh digdte redaleddiskeeeii @026 In addition,
during molding, (e, Alt /R RIRYIYRA I f1e.LATEL CLIbe xR S ARERSd Ia g gmosphere, instead
of evacuating t roug?‘n 'fhe air vent. In this manner, foameé synthetic WOOdan‘O ucts formed into boards of
145 mm in wildghtinde2s annfirimtiiekivess-drei adbuifaet yeedonefiventiallysirhthaiten gthv dif ection.
Measuremenét%nd observations hﬂﬂeasurement related to changes in the state of the molding material In
order to find Sl FIWHAE ) 8P ha B e ah SRLUtHE SENRG on the variations of molecular

weight and amountgrf thaalkRne.addeddhs presswobthe meldingaateral @tragdmdgiermined
position (position indicated by arrow X in Fig. 3(Ai)) at the inlet side of the extrusion die was measured,

and furtherm8rdherpaagigluist deexbutfeleratistiaPpsid s erEwiruSio A bis piratis as measured
when the extgyder wag Ajvsm 4t e maximyn, Ry isughh taalihe amer st af e d material was

measured during operation at the maximum rate of extrusion (kg/hr), that is, at a screw rotation frequency
equivalent to@08% Htied drasitnumemrbeoltorelighs mapdicthectaxiturm datestlartisionidhe target value
was set to 70, (kglhnh sp el the.cases i whidh (he maximum rale. of @xirsion.eqnal g gphiher than
this target vallie were marked "0" Gnd cases in which lfﬁis arge% value was not reached were marked "X".
Measuremeninabphysiqal priepedies e e shmaobuiacharedhmelgathpoodijeis Gueedodrnds)

3(A) and (B)) formed between the inner wall of the outlet 20b of the extrusion die 20 and
the outer circumference of the mandrel section 26c.

As described above, because the resistor body 26 including the torpedo section
26a, the bridge section 26b, and the mandrel section 26c is placed in the extrusion die 20,
the molding material 25a passing through the extrusion die 20 flows along the inner wall
of the flow channel 21 of the extrusion die 20 by means of the resistor body 26 and
converges into a relatively thin flow when passing through the space between the inner
circumference of the outlet 20b of the extrusion die 20 and the outer circumference of
the mandrel section 26c, thereby promoting uniform dispersion of the foaming gases in
the molding material 25a.

Because of this mandrel section 26¢, the flow passage area in the outlet 20b of

the extrusion die 20 having the same shape as that of the inlet 30a of the molding die 30
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To find out how the molecular weight of the alkane used and variation of amounts of added alkane affect
the finally obtained molded products (wood boards), the density, weight, bending strength, and surface
smoothness of the obtained molded products (wood boards) were measured or investigated. For the
density, the target value was set to 0.80 to 0.85 g/cm3, measurements within this range were marked "0",

and measureaewﬂﬁeaqm,qstfgiﬁﬁaqagﬁﬁmﬁgo%'at@a Ml URLIQNet 30aFd¥ftﬁQ@nWﬁiQ§tc@é e wood board,
the above-de,Pgribg(g wood board otdergl g%.have a wi?% g}‘n%r%%urpég and thicmgs%iof3 5 mm was cut

. L ressure o L1 ateria nto, the
into a length o 608 it 1 Highsare thé Wellg%ffla fiedsuremerits Withih énf)arg value range of 58 to

62 kg were nibirkegh 0¢ anderirsefrtmextrs oonside2his rarwgpd wsteasndrked thHgfoednlbition. For the
bending strengith, of §hg 1eed RRaTHa iR RRIRCHI e W g WaS it st ieppth of 500 mm and

placed on maunting bases disposed with a separation of 400 mm as shown in Fig. 7, and then the load
applied to thdlfface of the wood board was increased at the middle position between the mounting
bases until the wooWbeartbe brakié)gvhareappmsthetloadevds saeastivadliéa0 thhs déndingdidength, with the

target value 610 J3fil MEARHEMENHORI WY tistagelyalugnyere Matkad. ' A0t ppasurements

equal to or above this target value were marked "0" for evaluation. The surface state of the wood

board was oBYERSP bif e NaRBg @ kdgistians theieici ARtHOMeRBiE e W RRIEQ $vere generated due
to uneven flowanériesds afud the iz €l ok anywslichs winklesionthesuwifiage dhkedeaood board. Results of

et e I EEISR! MeasHEmEntS, cheRniRn s, A0d valuaipme memipa e

above-described items are shown in Table 2. [Table 2| Results of measurement, o

evaluation CRageliAThBIdIRPIRtEHEIPHS RO Rerizkost fodrirPsNed PrdaacitBSated Pressure
(MPa) Max. ratencftexindstomiilse/ berbre pesky (@ eemsd) 4 faad nigneade j MYedabisirengtihSurface state

(kg/zm)(kg) En)l((?l 18{!ged%e 30 described later.

Molding die

As described above, the molding material 25a passing through the extrusion die
20 is introduced into the molding die 30, is formed into a predetermined shape defined
by the shape of a molding chamber 31 formed in the molding die 30, and is then cooled
and solidified into a foamed synthetic wood product.

In this embodiment, this molding die 30 in the form of an aggregate of multiple
dies as shown in Fig. 2, includes a first molding die 301 whose inlet 30a communicates
with the outlet 20b of the extrusion die 20 (refer to Figs. 6(A) and (B)); a second
molding die 302 disposed at the outlet side of this first molding die 301 spaced out at a
predetermined interval; a third molding die 303 disposed at the outlet side of the second
molding die 302 spaced out at a predetermined interval; and so on up to a seven molding
die 307 in series in the case of the embodiment shown in the figure (refer to Fig. 2).

The molding chamber 31 of a cross-sectional shape corresponding to the shape of
the outlet 20b of the above-described extrusion die 20 is formed in each of the individual
molding dies 301 to 307, and in the case of this embodiment, a flow channel 32 for a
cooling medium is provided in the wall thicknesses of the first to third molding dies 301
to 303. A cooling medium, such as cooling water, is introduced into this cooling
medium flow channel 32, thereby allowing the temperature of the extrusion material 25a

to gradually decrease as it flows from the first to third molding dies 301 to 303 so that
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5.5 75 (0) 0.85[1.43] (0) 6.16 (0) 200 (0) Minor (good) Example 2 5.0 75 (0) 0.82 [146] (0) 5.95 (0) 195
(0) No (good) Example 3 5.5 70 (0) 0.85[1.43] (0)

the extrusion material 25a is solidified into a desired foam-molded product.

In this embodiment, no flow channels for cooling medium are provided in the
wall thicknesses of the fourth to seventh molding dies 304 to 307.

When the molding material 25a from the extrusion die 20 is introduced into the
first molding die 301 of the molding die 20 formed as described above, the molding
material 25a extruded into the first molding die 301 is abruptly depressurized due to the
structure of the above-described extrusion die 20, and foaming gases generated by the
foaming agent decomposed during melt kneading in the extruder 12 abruptly inflate at
this position to foam the molding material 25a.

The molding chamber 31 in the first molding die 301 is filled with the molding
material 25a foamed as described above, and the molding material 25a is formed into a
shape corresponding to the shape of the molding chamber 31 then cooled and solidified.

The molding material that has been molded, cooled, and formed into a foamed
synthetic wood product in the first molding die 301 is taken off by the winder 50 through
the first molding die 301 and is cooled as it travels from the second molding die 302, the
third molding die 303, and so on up to the seventh molding die 307, in that order. Thus,
the manufacturing of a foamed synthetic wood product is completed.

The alkane added to the molding material works to make the molding material or
the foamed synthetic wood product more slidable against the inner wall of the molding
chamber 31 of the molding die 30, thus maintaining the surface smoothness of the
manufactured foamed synthetic wood product.

As a result, for example, wrinkles caused by the generation of an unstable flow,
such as pulsation, of the molding material 25a resulting from foaming can be

satisfactorily prevented from occurring on the surface of the foam-molded product.

[Examples]

Below are the results of a comparative experiment between manufactured
examples (Examples 1 to 7) in which synthetic wood foamed products were
manufactured using molding materials according to the present invention, as well as
foamed synthetic wood products produced in these examples; and manufactured
examples in which molding materials according to Comparative Examples (Comparative
Examples 1 to 10) were used, as well as molded products produced in these comparative

examples.
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6.16 (0) 205 (0) No (good) Example 4 5.5 70 (0) 0.85 [1.43] (0) 6.16 (0) 198 (0) No (good) Example 5 5.0
75 (0) 0.82 [146] (0) 5.95 (0) 195 (0) No (good)

Purpose of experiment

To investigate the effect of whether or not to add alkane, the effect of variations
of the molecular weight and amounts of added alkane on the molding performance for
foamed synthetic wood products, physical properties of manufactured foamed synthetic
wood products, and so forth, thereby finding the optimal range of molecular weights and

amounts of added alkane.

Manufacturing conditions
Ingredients of the molding material
The ingredients of the molding materials used in the Examples and Comparative

Examples are shown in Table 1.

[Table 1]

Table of ingredients of molding materials in Examples and Comparative Examples
Raw material (wt%)

Wood Resin Talc Pigment Reinforcing  Alkane Foaming
powder PP PE agent (molecular agent
weight g/mol)  added?
Example 1 44.2 39.7 10.1 3 0.5 2.5 (900) Yes
Example 2 44.2 39.7 10.1 3 0.5 2.5 (470) Yes
Example 3 44.6 39.8 10.1 3 0.5 2.0 (900) Yes
Example 4 45.1 40.3 10.1 3 0.5 1.0 (470) Yes
Example 5 44.6 39.8 10.1 3 0.5 2.0 (470) Yes
Example 6 44.2 1985 19.85 10.1 3 0.5 2.5 (900) Yes
Example 7 44.2 19.85 19.85 10.1 3 0.5 2.5 (470) Yes
Comparative
Example 1 45.7 40.7 10.1 3 05 e Yes
Comparative
Example 2 44.2 39.7 10.1 3 0.5 2.5 (2000) Yes
Comparative
Example 3 44.2 39.7 10.1 3 0.5 2.5 (4000) Yes
Comparative
Example 4 45.3 40.6 10.1 3 0.5 0.5 (900) Yes
Comparative
Example 5 453 40.6 10.1 3 0.5 0.5 (470) Yes
Comparative
Example 6 44.5 39.5 10 3 0.5 2.5 (470) No
Comparative
Example 7 44.5 39.5 10 3 0.5 2.5 (4000) No
Comparative
Example 8§ 42.1 374 10 3 0.5 7.0 (470) Yes
Comparative
Example 9 44.2 19.85 19.85 10.1 3 0.5 2.5 (2000) Yes
Comparative
Example 10 44.2 19.85 19.85 10.1 3 0.5 0.5 (470) Yes

Among the above-described molding materials, the composition of the molding
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Example 6 5.0 75 (0) 0.85 [1.43] (0) 6.16 (0) 180 (0) No (good) Example 7 4.8 75 (0) 0.82 [146] (0) 5.95
(0) 175 (0) No (good) Comparative Example 1 8.0 60(X) 0.92

material in Comparative Example 6 is in fact categorized in the molding materials
according to the present invention. However, it was described as included in
"Comparative Example" because extrusion molding was carried out without adding a
foaming agent to the molding materials in Comparative Examples 6 and 7, as described
below.

In Comparative Examples 8 to 10, a foaming agent was added.

In Examples 1 to 5 and Comparative Examples 1 to 7 in Table 1, the wood meal
"A-100" (grain size of 50 to 200 wm) manufactured by Kaneki Fuel Co., Ltd., and the
resin was block PP (MFR = 5) produced by mixing OG PP (MFR = 1.0) and recycled
bottle cap PP (MFR = 10.0) at a mixing ratio of 1:1.

PE used in Examples 6 and 7 and Comparative Examples 9 and 10 was
high-density polyethylene (HDPE) "HY430" manufactured by Japan Polyethylene
Corporation, with a mixing ratio of PP:PE = 1:1. In Examples 6 and 7, only the
molecular weights of the alkane were made different. In Comparative Examples 9 and
10, the molecular weights and compounding ratios of the alkane were made different.

The talc was "SP-40" (average grain size of 23 um) manufactured by Fuji Talc
Industrial Co., Ltd.

The pigment was "Brown 710" (silver oxide series) manufactured by Toda Kogyo
Corp.

The reinforcing agent was "Yumex 1010" (maleic acid-modified PP)
manufactured by Sanyo Chemical Industries, Ltd.

The foaming agent was "Polythlene EE405F" (master batch including sodium
bicarbonate added to carrier resin PE) manufactured by Eiwa Chemical Ind. Co., Ltd.

The alkane was:

Mitsui Chemicals, Inc., "Mitsui Hi-WAX 100P" in Examples 1, 3, and 6,

Nippon Seiro Co., Ltd., "155°F Wax" in Examples 2, 4, 5, and 7,

Mitsui Chemicals, Inc., "Mitsui Hi-WAX 200P" in Comparative Examples 2 and

Mitsui Chemicals, Inc., "Mitsui Hi-WAX 410P" in Comparative Examples 3 and

Mitsui Chemicals, Inc., "Mitsui Hi-WAX 100P" in Comparative Example 4, and
Nippon Seiro Co., Ltd., "155°F Wax" in Comparative Examples 5, 6, 8, and 10.

Pre-mixing conditions
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[1.30] (X) 6.67 (X) 220 (0) Yes (large) Comparative Example 2 6.0 65 (X) 0.90 [1.33] (X) 6.53 (X) 209 (0)
Yes (large) Comparative Example 3 7.5 60(X) 0.92 [1.30] (X) 6.67 (X) 210 (0)

The above-described raw materials were melt-kneaded and formed into pellets
using the pellet manufacturing apparatus described with reference to Fig. 1.

The extruder was counter-rotating biaxial parallel screws (¢ 65 mm). Melt
kneading was carried out with this extruder at temperatures of 170 to 180 °C to extrude
strands about 4 mm in diameter, which were then cut about every 6 mm by the
underwater hot cutting method.

The pellets of the produced molding material were dehydrated with the centrifuge

until a moisture content of 2% or less was reached.

Extrusion foam molding conditions

The pellets of the molding material that were produced through pre-kneading
were extrusion-molded using the extrusion apparatus described with reference to Figs. 2
to 6.

In Examples 1 to 7 and Comparative Examples 1 to 5, "Polythlene EE405F"
manufactured by Eiwa Chemical Ind. Co., Ltd. (master batch prepared by adding sodium
bicarbonate to PE as a carrier resin) was added as the foaming agent in an amount of 0.5
wt% relative to the total weight including the molding material and the foaming agent,
and then extrusion molding was carried out.

In Comparative Examples 6 and 7, extrusion molding was carried out with only
pellets of the molding material, without adding a foaming agent.

In Comparative Example 8 to 10, a foaming agent was added.

The extruder used was an counter-rotating biaxial conical screw extruder "T-58"
manufactured by Cincinnati Extrusion.

Before being delivered into the extruder, the pellets of the molding material
obtained through pre-kneading were dried with a hot dryer at 120 °C for more than two
hours until a moisture content of 0.2% or lower was achieved. Subsequently, the pellets
of the molding material were delivered into the extruder together with the
above-described foaming agent.

The extrusion temperatures (setting temperatures for the extruder through the
extrusion die) were 180 to 190 °C, and the molding dies (first to third molding dies) had
a water-cooled jacket at 90 °C.

In addition, during molding, the air vent provided in the barrel of the extruder
was opened to the atmosphere, instead of evacuating through the air vent.

In this manner, foamed synthetic wood products formed into boards of 145 mm in
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Yes (large) Comparative Example 4 6.5 60(X) 0.92 [1.30] (X) 6.67 (X) 210 (0) Yes (large) Comparative
Example 5 6.0 65 (X) 0.90 [1.33] (X) 6.53 (X) 210 (0) Yes (middle) Comparative Example 6 4.5 75 (0)

width and 25 mm in thickness were manufactured sequentially in the length direction.

Measurement and observations
Measurement related to changes in the state of the molding material

In order to find out how the state of the molding material changes depending on
the variations of molecular weight and amounts of the alkane added, the pressure of the
molding material at a predetermined position (position indicated by arrow X in Fig.
3(A)) at the inlet side of the extrusion die was measured, and furthermore, the amount of
extruded material per hour in the extrusion apparatus was measured when the extruder
was driven at the maximum output such that the amount of extruded material was
measured during operation at the maximum rate of extrusion (kg/hr), that is, at a screw
rotation frequency equivalent to 90% of the maximum motor torque.

For the maximum rate of extrusion, the target value was set to 70 (kg/hr), so that
the cases in which the maximum rate of extrusion equal to or higher than this target
value were marked "O" and cases in which this target value was not reached were
marked "X".

Measurement of physical properties etc. of manufactured molded products (wood
boards)

To find out how the molecular weight of the alkane used and variation of amounts
of added alkane affect the finally obtained molded products (wood boards), the density,
weight, bending strength, and surface smoothness of the obtained molded products
(wood boards) were measured or investigated.

For the density, the target value was set to 0.80 to 0.85 g/cm3, measurements
within this range were marked "O", and measurements outside this range marked "X" for
evaluation.

For the weight of the wood board, the above-described wood board molded to
have a width of 145 mm and a thickness of 25 mm was cut into a length of 2000 mm to
measure the weight, and measurements within a target value range of 58 to 62 kg were
marked "O" and measurements outside this range were marked "X" for evaluation.

For the bending strength of the wood board, the manufactured wood board was
cut into a length of 500 mm and placed on mounting bases disposed with a separation of
400 mm as shown in Fig. 7, and then the load applied to the surface of the wood board

was increased at the middle position between the mounting bases until the wood board
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1.20 [--] 8.70 (X) 245 (0) No Comparative Example 7 7.0 65 (X) 1.20 [--] 8.70 (X) 240 (0) No Comparative
Example 8 5.0 70 (0) 0.90 [1.30] (X) 6.54 (X) 207

broke, whereupon the load was measured. For this bending strength, with the target
value set to 155 kg, measurements below this target value were marked "X" and
measurements equal to or above this target value were marked "O" for evaluation.
The surface state of the wood board was observed by the naked eye to visually
check whether or not any wrinkles were generated due to uneven flow of resin and the

size of any such wrinkles on a surface of the wood board.

Results of experiment

The results of measurements, observations, and evaluations regarding the
above-described items are shown in Table 2.

[Table 2]

Results of measurement, observation, and evaluation

Change in molding material  Physical properties of foam-molded product (board)

Pressure Max. rate of  Density (g/cm?) Weight  Strength  Surface state
(MPa) extrusion [foaming rate] (kg/2m) (kg)
(kg/hr)
Example 1 5.5 75 (0) 0.85[1.43] (O) 6.16 (O) 200 (O) Minor (good)
Example 2 5.0 75 (0) 0.82 [1.46] (O) 5.95(0) 195(0) No (good)
Example 3 5.5 70 (0) 0.85[1.43] (O) 6.16 (O) 205 (0) No (good)
Example 4 5.5 70 (O) 0.85[1.43] (O) 6.16 (O) 198 (O) No (good)
Example 5 5.0 75 (0) 0.82 [1.46] (O) 5.95(0) 195(0) No (good)
Example 6 5.0 75 (0) 0.85[1.43] (O) 6.16 (O) 180 (0) No (good)
Example 7 4.8 75 (0) 0.82 [1.46] (O) 5.95(0) 175(0) No (good)
Comparative
Example 1 8.0 60 (X) 0.92 [1.30] (X) 6.67 (X) 220(0) Yes (large)
Comparative
Example 2 6.0 65 (X) 0.90 [1.33] (X) 6.53 (X) 209 (O) Yes (large)
Comparative
Example 3 7.5 60 (X) 0.92 [1.30] (X) 6.67 (X) 210(0) Yes (large)
Comparative
Example 4 6.5 60 (X) 0.92 [1.30] (X) 6.67 (X) 210(0) Yes (large)
Comparative
Example 5 6.0 65 (X) 0.90 [1.33] (X) 6.53 (X) 210(0O) Yes (middle)
Comparative
Example 6 4.5 75 (0) 1.20 [--] 870 (X) 245(0) No
Comparative
Example 7 7.0 65 (X) 1.20 [--] 870 (X) 240(0) No
Comparative
Example 8 5.0 70 (O) 0.90 [1.30] (X) 6.54 (X) 207 (O) No (good)
Comparative
Example 9 7.5 55 (X) 0.89 [1.35] (X) 6.45(X) 190 (O) Yes (large)
Comparative
Example 10 6.0 62 (X) 0.90 [1.33] (X) 6.53 (X) 195(0) Yes (large)
Considerations

Considerations based on the pressure and the maximum rate of extrusion of the
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(0) No (good) Comparative Example 9 7.5 55 (X) 0.89 [1.35] (X) 6.45 (X) 190 (0) Yes (large) Comparative
Example 10 6.0 62(X) 0.90 [1.33] (X) 6.53 (X) 195 (0) Yes (large) Considerations

molding materials

In the cases of extrusion foam molding using the molding materials in Examples
1 to 7, it was found that the pressures of the molding materials in the extrusion die were
lower than those in Comparative Examples 1 to 5, 9, and 10, except for Comparative
Examples 6 and 7 in which no foaming agent was added and Comparative Example 8 in
which the alkane compounding ratio was higher than the assumed range.

On the other hand, it was found for extrusion foam molding using the molding
materials in Examples 1 to 7 that all the maximum rates of extrusion were as high as 70
(kg/hr) or more, which are higher than the maximum rates of extrusion in Comparative
Example 6 (75 kg/hr) and Comparative Example 7 (65 kg/hr) in which no foaming agent
was added.

Example 6 received an evaluation similar to that in Example 1, except for the
strength. Example 7 received an evaluation similar to that in Example 2, except for the
strength (the subsequent considerations are similar and omitted).

Furthermore, Comparative Example 8, in which alkane according to the present
invention was used in an amount larger than that according to the present invention, is
not preferable because the foaming rate decreases and hinders foaming.

Comparative Example 9 received an evaluation similar to that in Comparative
Example 2, except for the strength. Comparative Example 10 received an evaluation
similar to that in Comparative Example 5, except for the strength (the subsequent
considerations are similar and omitted).

From the points described so far, it was found in extrusion molding using the
molding materials in Examples 1 to 7 that adding alkane with a molecular weight
determined according to the present invention in an amount determined according to the
present invention brings about the effect of preventing foaming gases generated by
decomposition of the foaming agent from inflating (pre-foaming) in the barrel of the
extruder or the extrusion die and also the effect of promoting the foaming gases to inflate
when the molding materials exit the extrusion die and the pressure is released.

In other words, if it is assumed that alkane added to the raw materials does not
work to suppress pre-foaming in the extruder or the extrusion die, an increase in the
volume of the molding material resulting from pre-foaming must cause the pressure in
the extrusion die to increase to a level around the measured value (8.0 MPa) in
Comparative Example 1, in which no alkane was added.

However, all measured pressures in the extrusion die in Examples 1 to 7 were
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Considerations based on the pressure and the maximum rate of extrusion of the molding materials In
the cases of extrusion foam molding using the molding materials in Examples 1 to 7, it was found that the
pressures of the molding materials in the extrusion die were lower than those in Comparative Examples 1
to 5, 9, and 10, except for Comparative Examples 6 and 7 in which no foaming agent was added and

Comparative |5xanmpig Sobwhigh thesalkane CompRMncing fatin wes.higher thamihenassumed range.

On the other hand, it was found for extrusion foam molding using the maqldin terigls.in Examples 1 to
7 that all the RGO L GPERHTE TAMPES FGRBL S0t mdre vihie S Higher than the
maximum ratébkipfrertrutioin pre Cormpag atiieaExagrile Gl Bdeyhndane GomparsitivelExample 7 (65 kg/hr)
in which no f@%ﬁ%%@&ﬁg%&@ﬁﬂw-with Examelas &E@Q&Y@&%%@'H@&Q@ﬁ%%éo that in Example 1,
except for the strength. Example 7 received an_evaluation similar to that in Example 2, except for the

strength (the RIGHEM LT CBHL AL ARSI SFe ahnfd ASFI BRsit i PreseiiheiHEPe, Comparative Example
8, in which alkane doodrelimgrto thprpifegemnt grmeentiofiowaisgibetbiasan dieowhtiler gert¢hanithat according to
the present inyepfionsds HQhPE&IRIaBIEREGALEEIE NaMinQ AR HREIeASES.0AIndgEs foaming.

Comparative Example 9 received an evaluation similar to that in Cqmﬁggratlve Example 2, except for the
strength. CorfrstiA EXARfTE i RNCER Ser 3 Sval LRIGR S TP 1ol e TAYC U HIRT AVBCExample 5,
except for thmﬂt&mgtha@ﬂm'eds(ml_nsaqluem ccfahsiﬂe_vaftigmm@kbailagianﬂtbmmmy_mg thFsogh the points
described so far, It Was ‘Zﬁr‘{ﬂ RIS é‘d@&'%&ﬁ‘ﬁi@g %J?%'%W&H“@é%}é"&l{‘aﬁéﬁmp'es 1to 7 that

adding alkane with a molecular weight determined according to the present invention in an amount
determined alCeSttiRdg 6 THE HHESERG N STHYH Pty Bbiuth St of preventing foaming gases
generated by decormpesitianefihe doamsoe pgaphibenydefl @ikt a-fadraingpirathie barrel of the extruder
or the extrusign die and also the effect of promoting the foamin ses to inflate when the molding
materials e B e e e e th
alkane addedamefadale andvetidRyasedadn woekhes suppradsamegcastingdh atdedxiader or the extrusion
die, an increaggximthe Melyore atibe Mmekingrratgiah rasuting fiamveresteapingweust ause the

pressure in t B.6X ru%ion.die to increase to a level around th(Fc{nea ured vaIuE (a8.0 Mfa) in Comparative
. \% I) S OWlﬁ(%tha'[ the mé(lj( mclil ate of eXtI‘l1 10n did not decrease 1n BEx ﬁl]’pele . ..
Example 1, in'which no alkane was added. However, all measured pressures in extrusion die in

Examples 1 torgspasteyeloivde tlitinotodaljorvei g egsuréo(@ i) irpldoraparative Example 1 but also the
pressures in other GaRParatyeExamMes: (ampasativefoxdmPiescilfn.a/fdaandd0). This means that,

pre-foaming of foaming gases in the extruder or the extrusion die is ressed by adding alkane with a
molecular we%&ﬂ(idd%% ﬁ?@giéeg%en?ﬁ‘?él% fﬁ‘é’ﬁgﬁéﬁ’f}ﬁ?@rﬂ?ﬂ%l&%’gﬁ’@%{ détermined according to the
present inventimntainedruriHeyehehmoit prevfedening eclers)tiormignpuhbleshrathelerfolting snaterial in the
extruder or the exrusiondieiBe-08ps v afthesXiHY Of MatesialRARSIPYIQugR he extruder or the

extrusion die decreases. For this reason, if the flow volume of the molding materia%ighe volume of the
flowing matefWf AU eSS p SR IO aGHB e aer Bredmeding emirridle Wbk ot change
greatly betweenldefbie ardwaiter doamiilg;oblen gnatxim unolrhine ofaexinlidiprhéweilhibpniidst decrease.
However, as g.resplt of comparison between Example 1 and Comparative Example 6 in which the
compositions of the molding materials were substantially the same and the only difference lay in whether
or not a foaming ag@AGASE Vind RiakiRth thateshsn dhgrikis wibotrnelesHime digid comparative
Example 6 weterfbifkgdeshantinthénatibe maimuns ratéeafiexirusioindittrehdrdrease in Example 1
irrespective of the addition of a foamin ent for extrusiondmolding. Thus, it w, nd that the
denaty of the e B B AT sopd B A L ceriion cie)
in Example 108 fr&indairadhs e tavemamsdst abgivdlentas trel oripsig cih CoRpERARIDERample 6, that
is, pre-foamingitas.supRIBssedaiang that jeaninen ol the:mpiding prateinaloaruekad suddenly in a
relatively shot%epgri%(giglg t&rge from when the molding material exited the outlet of the extrusion die until
cooling of the moﬁlng material by the molding die started. As described above, it was found that when
the alkane with a molecular weight determined according to the present invention is added in an amount
determined accordigg{adbe deSeeiyR PHYRcASBpiY AR BreffRamiAt RR SpRIRRSS BHkIthe barrel of
the extruder or the extrusion die but also when to start foaming can be controlled by a combination of
maintaining and’ ﬁ)osequently releasing the pressure in the extruder or the extrusion die. Considerations
based on physical gfopediesiets. esédamdersidied products (wood boards) Considerations based on
density The foam-molded products (wood boards) produced in Examples 1 to 7 exhibited low
densities and high foaming rates compared with not only Comparative Examples 6 and 7 in which no
foaming agent was added but also Comparative Exa?t%ples 1to 5 and 8 to 10 in which the same amount
of foaming agent as that in Examples 1 to 7 was added.



It was found from this fact that when alkane with a molecular weight determined according to the present
invention is added in an amount determined according to the present invention, not only is it possible to
control when to start foaming the molding material, as described above, but also foaming can be
promoted. Factors hindering foaming probably include absorption of foaming gases generated by
thermal decompositigr fftheforRmipgageRtintedReNRPE DRt sERMQIS JURSIARGMHESUIting in no
contribution (tthhg foatmin%%%){lt e resin portion. With the ct%mgtosiliio descrtibe in Examples 1 to 7, wood
foam-molde %‘iyocfﬁlé dRith 90w de(hasrﬂﬂlll%ﬁ%eﬁi(é%mfggfnﬁﬁ rate; Edmparaeiiith é(ael@rﬁf) rative Examples,
could be manufhé¢turedipholsatviynbegagees additidtedbthelstkarmpromstEdaidesdtiord ehfoliming gases

hot into the V\f_QQ@ m%alibytﬂe@ﬁt@a@&uamrf&%mg agéﬁlttﬁ'@t%hﬁ{ 1BVeRovhe R theialkane with a
molecular weight determined according to the present invention was added, wood foam-molded products

with low density and"A1gh RIS IRYrARLS dBthd Aoy B MR Y i B U R L SHHBBY S and 5 in which
the addition amoutinyasticpwieh) wikechios bedddethe fovaerdimid¢iewtng datesrdingtbabeording to the
present invenfion., f g5 BrORBPbLRGC A& Wt &0 AKNGRAJIIAR ARHAHMNhd Wi¥e 0L less, the alkane

was absorbed mainly into the wood meal and did not contribute to absorption of foaming gases into the
resin portion. M eiRleahHESHRGHIF RN GREHERIGRBI QBRSSP RURY6 or more, the alkane dissolves not
only into the wood Rgsabbutiadee natts the iy eliechbBsinglade As @pesulif thenibamingsgases become more
easily absorbed inig s melied iesinpsaRakaRbIsYing foaming.wih.a bigh eaming rate, as described
above. Ing’?glls manr?er,%n Examgfgé) 1to 7, the proéﬁj(:%%%foa_m-tmlgﬁlae(liJ products were lightweight (refer
to "Weight" i TTABieSY)sEidanE HHBEM 8P GBI Paom i dhfafeamae fichedseid B aYesulV Bk the foamability
being enhancre @ug teithe aadedhatkanBx fagnsiderations hbsachanostkengihiucts bl foam-molded
products produced using.the. molding materials in Exa s 1 to 7. exhibited a sli ecrease in bending
Chrenath, o BB S Comparative

Example 1 thaemctemmpiobibiy inwdscagrtiicadsyabsana siomaiedoihtpipiies of dekiiHptalkane.

However, thesgegreasacinthendingnstee ngihniesulingfrapnaddition of the alkane is extremely minor, and
the required strengt Asfhencﬁ}ég?gab cause V& e meas ggg V%H}?”%Eh vvca%sign{'%aé\et%hi ggr than the value in
the above-described evailation stahdards (in compliance wi (I)? 7 JastidFider Parts", a load of

155 kg, whiclhdeohiggrgtolihieopkepe semasndi sy fficiardtdyhighodafoefongradtivaliuge vadrisiderations based on
surface stateqensitl WaS foun@hat shesusiages ofdheotrrmed sywnpsticiwaod Ripdusts produced through

extrusion foam molding carried out using the molding materijals in Examples 1 to 7 were superior, without
rge wrinkledh WG U AR ORI ST A Gub BT A M AL Wi ) ange determined
according to tleepnesehtdeventiomn, targesverinklesiare fdbnd oprehabubfacescinv@bmparative Examples 2,
3, and 9 in which,theymelacHi eI MtR¥CeLRtd ARONGANGas absEHERSIIRELIRY &R WhEA alkane with a

molecular weight within the range determined according to the present invention was used, wrinkles were
found on the DAt B SRIHARE] FERRERT YN ET IS sSSP AP BB RBUPAtive Examples 4 and 5
in which the amounimoé added wlkamne alkasdalditidn wiount of 1 istgsesunoed fhorktheeabove-described
results that when glkans with ggleGHlas WeigbhAate oAt acsriding fo ieRIeRR0R myention was
added in an amount determined according to the present invention, smooth movement was ensured due
to, for exampi%?fal%é?é%%ﬁeﬁ?%%ﬁtﬁﬁq%éﬁ’éfﬁﬁ%IBfQﬁ@lﬁSlEﬁﬁée%tW%’aﬁﬁ%{efﬂégnner surface of
the molding dbamibgmafitherigtofdingihieathercthysstiweesistully preventing the above-described wrinkles
from being generatgd  Fherefore.|f was fqund that adding, 119 pi%of Allkgna withelecular weights of
300 to 1000 g/mol is eftective m’preventlﬁg such Wwrinkles from eing generated. ven when alkane
with a molecligktweigtt(efitrthy ey dodeddeiBeanthihg a e beldeg d Shyhafeiiie ¥ 2though negligible
for practical ugerdeiedoung andh@stufagdindExamplanhniRdichalieneivdtiaiolecular weight of 900
g/mol, close to the upper limit 1000 g/mol, was added. For this reason, in order to completely prevent
such wrinkles from being generated, the molecular weight of the alkane to be added is preferably 800
g/mol or less and nievaspleteraip60d girsio¢eatiess. Other Uniformity of foaming ~ When the cut

surfaces of the produged {aamadealnnriic WRRM RWPMRISHEIR RRSERYRc Y theeRakgd eye, no bubbles
were found to cgllegtbang nol.vgidds were f.oijnd (féo occur at the cent(?ir ‘?ortignﬁ ofdthe foam%d synthetic
wood produc%% pl%( (R ﬂss’il% Ehgcﬁ%faihng IS8R X%?nmd?aerg cl)thl,t Tk e E5885 of foamed
synthetic woad B0 dketsiprediveadnitie dgnodurtion &laeohrigueE xandléurtthetmare, bubbles were
distributed densely and uniformly over the entire cut surfaces. In Comparative Examples 1 to 5, 9, and
10, on the other hand, bubbles were distributed unevenly even though no serious defects, such as the
internal void G shown in Fig. 9 described in conventithal techniques, were found. From the above
results, although a fatal defect, such as a large void at the center portion, could be prevented from
occurring by providing the breaker plate and the resistor body even in the foamed synthetic wood

products manufactured using the molding materials in Comparative Examples 1 to 5, 9, and 10, the



Therefore, it was found that the addition of 1 to 5 wt% of alkane with a molecular weight of 300 to 1000
g/mol is effective in promoting such mixing and dissolution of foaming gases to the resin and making the
dispersion of the foaming gases uniform. Productivity As described above, in the case of extrusion
molding using the molding materials in Examples 1 to 7, the productivity of foamed synthetic wood

products could lsphadnpreasadRredbs8 ke rnaltingonateraliouinfigxtudenand the extrusion die
could be prevented}flrom n\gre%oa ing by, agdiggra%ane eterrininegl acc%rcfgn tc% Epne fﬁgsent invention and
a relatively high maximium rats of ExtiisiBR CoUIS BE Behisvad e 8rg, Me eong §$ of tie ‘manufactured
foamed syntlvaticwdp dnprod aodstiverchouedrs ivegExsraplesdhdec@omiparative Bdatnpled ares calculated by

the foIIowin_g SYRIESSIAY Mg Eﬂi‘(ﬁl MEIAUETHERN E%Ué'-%lé'é‘c?'iﬁmee?aluatiox{M%aﬁ%‘se(ﬁ{ extrusion
(kg/hr)/VVeight of foamed synthetic wood product (kg/2m)] x 2000 (mm) The calculation results are

shown in TaBIPBERG YEHR SO A BA G A0t of 54FEH Syriet i lod IS er hour Max
rate of extrusignweagatsoffinaiodd pgbdubib@npfactedddength per hour (m) (kg/hr)(kg/2m) Example 1 75
6.16 24.35 Example 2 75 5.95 25.21 Example 3 70 6.16

Considerations based on surface state

It was found that the surfaces of the foamed synthetic wood products produced
through extrusion foam molding carried out using the molding materials in Examples 1
to 7 were superior, without large wrinkles.

In contrast, even when the amount of added alkane was within the range
determined according to the present invention, large wrinkles were found on the surfaces
in Comparative Examples 2, 3, and 9 in which the molecular weight exceeded 1000
g/mol.

Furthermore, even when alkane with a molecular weight within the range
determined according to the present invention was used, wrinkles were found on the
surfaces of the produced foamed synthetic wood products in Comparative Examples 4
and 5 in which the amount of added alkane was below 1 wt%.

It is presumed from the above-described results that when alkane with a
molecular weight determined according to the present invention was added in an amount
determined according to the present invention, smooth movement was ensured due to,
for example, a decrease in the contact resistance of the molding material against the
inner surface of the molding chamber of the molding die, thereby successfully
preventing the above-described wrinkles from being generated. Therefore, it was found
that adding 1 to 5 wt% of alkane with molecular weights of 300 to 1000 g/mol is
effective in preventing such wrinkles from being generated.

Even when alkane with a molecular weight within the above-described range was
added, slight wrinkles, though negligible for practical use, were found on the surface in
Example 1, in which alkane with a molecular weight of 900 g/mol, close to the upper
limit 1000 g/mol, was added. For this reason, in order to completely prevent such
wrinkles from being generated, the molecular weight of the alkane to be added is

preferably 800 g/mol or less and more preferably 600 g/mol or less.
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22.73 Example 4 70 6.16 22.73 Example 5 75 5.95 25.91 Example 6 75 6.16 24.35 Example 7 75 5.95
25.21 Comparative Example 1 60 6.67 17.99 Comparative Example 2

Other

Uniformity of foaming

When the cut surfaces of the produced foamed synthetic wood products were
observed by the naked eye, no bubbles were found to collect and no voids were found to
occur at the center portions of the foamed synthetic wood products produced using the
molding materials in Examples 1 to 7, unlike the cases of foamed synthetic wood
products produced with conventional techniques, and furthermore, bubbles were
distributed densely and uniformly over the entire cut surfaces.

In Comparative Examples 1 to 5, 9, and 10, on the other hand, bubbles were
distributed unevenly even though no serious defects, such as the internal void G shown
in Fig. 9 described in conventional techniques, were found.

From the above results, although a fatal defect, such as a large void at the center
portion, could be prevented from occurring by providing the breaker plate and the
resistor body even in the foamed synthetic wood products manufactured using the
molding materials in Comparative Examples 1 to 5, 9, and 10, the above-described
difference was caused probably because the function for promoting mixing and
dissolution of foaming gases to the melted resin to make the dispersion of the foaming
gases uniform and for maintaining such a uniform state was not fulfilled sufficiently in
the cases where no alkane was added, like in Comparative Example 1, or where the
molecular weight or the amount of the added alkane was outside the range determined
according to the present invention, like in Comparative Examples 2 to 5.

Therefore, it was found that the addition of 1 to 5 wt% of alkane with a molecular
weight of 300 to 1000 g/mol is effective in promoting such mixing and dissolution of

foaming gases to the resin and making the dispersion of the foaming gases uniform.

Productivity

As described above, in the case of extrusion molding using the molding materials
in Examples 1 to 7, the productivity of foamed synthetic wood products could also be
increased because the molding material in the extruder and the extrusion die could be
prevented from pre-foaming by adding alkane determined according to the present
invention and a relatively high maximum rate of extrusion could be achieved.

Here, the lengths of the manufactured foamed synthetic wood products per hour
in the Examples and Comparative Examples are calculated by the following expression

using the measurement results in Table 2.
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65 6.53 19.91 Comparative Example 3 60 6.67 17.99 Comparative Example 4 60 6.67 19.49 Comparative
Example 5 65 6.53 19.91 Comparative Example 6 75 8.70 17.24 Comparative Example 7 65 8.70

[Max. rate of extrusion (kg/hr)/Weight of foamed synthetic wood product
(kg/2m)] x 2000 (mm)

The calculation results are shown in Table 3 below.

[Table 3]
Manufactured length of foamed synthetic wood product per hour
Max. rate of extrusion Weight of molded product Manufactured length per hour (m)
(kg/hr) (kg/2m)
Example 1 75 6.16 24.35
Example 2 75 5.95 25.21
Example 3 70 6.16 22.73
Example 4 70 6.16 22.73
Example 5 75 5.95 2591
Example 6 75 6.16 24.35
Example 7 75 5.95 25.21
Comparative
Example 1 60 6.67 17.99
Comparative
Example 2 65 6.53 19.91
Comparative
Example 3 60 6.67 17.99
Comparative
Example 4 60 6.67 19.49
Comparative
Example 5 65 6.53 19.91
Comparative
Example 6 75 8.70 17.24
Comparative
Example 7 65 8.70 14.91
Comparative
Example 8 70 6.54 2141
Comparative
Example 9 55 6.45 17.05
Comparative
Example 10 62 6.53 18.99

As is apparent from Table 3 above, 22.73 to 25.91 m of foam-molded products
(boards) could be manufactured per hour in Examples 1 to 7, whereas a productivity of
more than 22 m per hour was not achieved in any of the Comparative Examples, as
shown by the minimum of 14.91 m in Comparative Example 7 (not foamed) and the
maximum of 21.41 m in Comparative Example 8.

In this manner, it was found that when alkane with a molecular weight
determined according to the present invention is added in an amount determined
according to the present invention, a high-quality foamed synthetic wood product can be

manufactured while enhancing the productivity.
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14.91 Comparative Example 8 70 6.54 21.41 Comparative Example 9 55 6.45 17.05 Comparative
Example 10 62 6.53 18.99 As is apparent from Table 3 above, 22.73 to 25.91 m of foam-molded
products (boards) could be manufactured per hour in Examples 1 to 7, whereas a productivity of more
than 22 m per hour was not achieved in any of the Comparative Examples, as shown by the minimum of
14.91 m in Coparibie xampled fopkfarmed) and the maximum of 21.41 m in Comparative Example
8. In this n]annerEit was f%nd that when alkane with a molecular weight determined according to the
present invention is addea' s AREMEUNt determined according to the present invention, a high-quality
foamed synthetic wodgieroderstreda be manufactured while enhancing the productivity Descriptions of
reference numgrals gl.Extrusion Apparatus 12.(Screw) Extruder 13.Barrel 13a. Outlet (for Barrel 13)

13a. Outlet (for Barrel 13)

13b. Delivery Inlet (for Barrel 13)

131. Melt Zone

132. Foaming-Agent Decomposing Zone
133. Foaming-Gas Mixing Zone

14. Constant-Amount Supply Apparatus
14a. Molding-Material Feeder

14b. Foaming-Agent Feeder

15. Screw (For Extruder 12)

151. Melt-Kneading Section

152.  Decomposition-Promoting Section
153. Dispersion-Promoting Section

16. Adapter

16a. Mounting Hole

17. Retaining Ring

20. Extrusion Die

20a. Inlet (For Extrusion Die 20)

20b. Outlet (For Extrusion Die 20)

21. Flow Channel (For Extrusion Die 20)
22. Breaker Plate

22a. Small Holes

25a. Molding Material

26. Resistor Body

26a. Torpedo Section

26b. Bridge Section

30. Molding Die

30a. Inlet (For Molding Die 30)

30b. Outlet (For Molding Die 30)

31. Molding Chamber

32. Flow Channel for a cooling medium
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13b. Delivery Inlet (for Barrel 13) 131. Melt Zone 132. Foaming-Agent Decomposing Zone 133.
Foaming-Gas Mixing Zone 14.Constant-Amount Supply Apparatus 14a. Molding-Material Feeder 14b.
Foaming-Agent Feeder 15.Screw (For Extruder 12) 151. Melt-Kneading Section 152.
Decomposition-Promoting Section 153. Dispersion-Promoting Section 16.Adapter 16a.Mounting Hole
17.Retaining Ring 2Gk&xrusianiRie20aastalor Extrusion Die 20) 20b. Outlet (For Extrusion Die 20)
21.Flow Chaq?el (Fo(tEOI%xtrusign Die %92) 212.Ereaker Plate 22a.Small Holes 25a.Molding Material

, ply Apparatus

26.Resistor Body stant-Amount
42. Extruder

42a. Barrel
43, Die Nozzle
44. Cutter

44a. Cutter Blade

45. Centrifuge

47. Dryer

50. Winder

625a. Molding Material
641. Extrusion Apparatus
642. Extruder

643. Barrel

643a. Outlet (For Barrel 643)
644. Hopper

645. Screw

650. Die

650a. Molding Chamber
652. Breaker Plate
G (Internal) Void

X Pressure Measuring Position
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26a. Torpedo Section 26b. Bridge Section 30.Molding Die 30a. Inlet (For Molding Die 30) 30b. Outlet (For
Molding Die 30) 31.Molding Chamber 32.Flow Channel for a cooling medium 40. Pellet Manufacturing
Apparatus 41. Constant-Amount Supply Apparatus 42. Extruder 42a.Barrel 43. Die Nozzle 44. Cutter
44a.Cutter Blade 45. Centrifuge 47.Dryer 50.Winder 625a. Molding Material 641. Extrusion Apparatus
642. Extrudep64pviBarrel 643a. Outlet (For Barrel 643)

1. A molding material for extrusion foam molding, the molding material having a
foaming agent added thereto to manufacture a foamed synthetic wood product through
extrusion foam molding, comprising:

wood meal and thermoplastic resin as main ingredients, and 1-5 wt% of alkane

with a molecular weight of 300 to 1000 g/mol.

2. The molding material for extrusion foam molding according to Claim 1, wherein
the molding material is melt-kneaded such that constituents are uniformly dispersed and

is granulated into pellets with a predetermined grain size.

3. The molding material for extrusion foam molding according to Claim 1 or 2,
wherein a compounding ratio between the wood meal and the thermoplastic resin is

50-55 wt% of wood meal to 45-50 wt% of resin.

4. The molding material for extrusion foam molding according to any one of
Claims 1 to 3, further comprising:

a filler and/or a reinforcing agent and/or a pigment.

5. A method for manufacturing a molding material for extrusion foam molding, the
molding material having a foaming agent added thereto to manufacture a foamed
synthetic wood product through extrusion foam molding, the method comprising the
steps of:

mixing wood meal, thermoplastic resin, and alkane with a molecular weight of
300 to 1000 g/mol such that the alkane accounts for 1-5 wt% of the total to prepare a
mixed material; and

melt-kneading the mixed material until constituents are uniformly dispersed and

granulating the composition into pellets with a predetermined grain size.
6. The method for manufacturing a molding material for extrusion foam molding

according to Claim 5, wherein a compounding ratio between the wood meal and the

thermoplastic resin is 50-55 wt% of wood meal to 45-50 wt% of resin.
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644. Hopper 645. Screw 650.Die 650a. Molding Chamber 652.Breaker Plate G.(Internal) Void XPressure
Measuring Position CLAIMS 1. A molding material for extrusion foam molding, the molding material
haying a foaming agent added thereto to manufacture a foamed synthetic wood product through extrusion
foam molding, comprising: wood meal and thermoplastic resin as main ingredients, and 1-5 wt% of

alkane with agmolecutgg wigighd fr3RhiFLARM gimabiadghadnelding matesialdan exsusign foam molding
according to Claim.1, wh¢ ein %he rénol%lin .ma}eﬂial IS melt-knefaded such thz%]tjhconstituents are uniformly
Oop er 1

dispersed ang1e brlgﬁlﬁ?a ed Thto pentshith & pr%roaélt(g%flnrgl gorracf’llrll1 e e 11 ar‘ﬁ’é%lilﬁatmaterial for

extrusion foamermuidikepadsbrdihghovCladnmdabrtix hbereidaatcorspoundity riitimbetween the wood meal
and the thermoplastic resin is 50-55 wt% of wood meal to 45-50 wt% of resin. 4. The molding material for
extrusion foam molding according to any one of Claims 1 to 3, further comprising: a filler and/or a

reinforcing agent and)dPY SIS NEHICUS VR For I BE T HE A BT PSR BT extrusion foam
molding, the molddnmgerateyiahhayitpanfohmikhgraiggntfaddied tyeneiottoarpadufactinedafopemed synthetic
wood produchg[ygglglg}gg{g@%gmsmolding, the method comprising the steps of: mixing wood
meal, thermoplastic resin, and alkane with a molecular weight of 300 to 1000 g/mol such that the alkane
accounts for 1-5 wt% of the total to prepare a mixed material; and melt-kneading the mixed material
until constitu@nts areAumiédrodlyodispeuseduaing gfanmkatingtheicompdpibdndniopelisisgritt a
predetermineg graip size. 6. The method for manufacturing a molding material for extrusion foam
molding accord ng to Claim 5, wherein a compounding ratio between the wood meal and the
thermoplastic resin i$"5OB5 REIHOMRYIGRE Martel 25259 MEYe 3pYedlRp of Elate ethdaddr manufacturing a
molding matavahiag axtiisios carewraldiagraecoitiagntehEdaiimsoarappaviaceinda filler and/or a reinforcing

agent and/or a J&T&% ar%gneltigneaded w'ith th%_ae I\ﬁv&?ec%glt rpeeglutalq?otgreﬁringgrl 2tllﬁz aresin, and the alkane. 8.

A foamed synthetic Wpélt% progluoct lgl%tgllﬁtgaabﬁte%(tru ing the molding materia according to any one of
Claims 1 to 4dasrmpesiéhifiepaant intehg udeRpgiiled shape using an extrusion apparatus.

introducing the molding material extruded by the extruder into a molding
chamber of a molding die while maintaining the molding material in a pressurized state;
and

releasing the pressure of the molding material when introduced into the molding
chamber of the molding die to foam the molding material and cooling and solidifying the
molding material passing through the molding chamber of the molding die while forming
the molding material into a shape corresponding to a cross-sectional shape of the

molding chamber.

10. The method for manufacturing a foamed synthetic wood product according to
Claim 9, further comprising the steps of:

providing an extrusion die that communicates from an outlet of the extruder to
an inlet of the molding die between the extruder and the molding die of the extrusion
apparatus;

applying resistance to the molding material introduced from the outlet of the
extruder into the extrusion die to increase the pressure of the molding material in the
extruder;

introducing the molding material into the molding chamber of the molding die
while maintaining the pressure of the molding material introduced from the extruder into

the extrusion die by decreasing a flow passage area of the extrusion die from an inlet
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9. A method for manufacturing a foamed synthetic wood product, comprising the steps of: introducing
the molding material according to any one of Claims 1 to 4 and a foaming agent into a screw extruder
provided in the extrusion apparatus and melt-kneading the molding material at a temperature equal to or
higher than a decomposition temperature of the foaming agent; introducing the molding material

extruded by the exiyudentintoon moldingehambenef a molding die while maintaining the molding material
in a pressurized state;land 0 releasin%%te pressure oftthe moldinq mateﬁiﬁ! when introduced into the
molding chamber of garsnlgﬁjln%p&%sflor oametﬁréomlcl)]l%l%la nﬁl Al And Eot Ing Gt rélcs)ll?éli@/lﬁg the molding
material passingnthreugh treugioltinepthiaeh itier ofttaom diditegf die wWisile dblimgngatheatasiting material into
a shape corr%gpgpmgr;g,lgiﬁ%o@@;sectional shape of the molding chamber. 10. The method for
manufacturing a foamed synthetic wood product according to Claim 9, further comprising the steps of:
providing an extrusion die that communicates from an outlet of the extruder to an inlet of the molding die
between the éktrudeAardttheimaelding iefof 1Heaextdusimheppavatusoduct appipingmesistance to the
molding material IntradueeCi(QALhmAUUEL LG RIFMISLINEING RERIFIAN.AR IR RR5e the pressure

of the molding material in the extruder; = introducing the molding material into the molding chamber of
the molding dithWiNRS MRSFhESIFIAL IR HISELPBDLT RRM S AR rAReRal kgt Csaifinthe extruder into
the extrusionmiiéehyl deeneagiagtarti @yupbissage ghkeahah thdcextrpsioriodie fiipenaandniethdowards an outlet
of the eXtrUSiP&HliQ%@Qﬁ- releasing the pressure of the molding material passing through the extrusion
die upon passing throtigh the outlet of the extrusion die to foam the molding material at the inlet of the
molding die. 11. An 8X&UESIPRP SRR TR BN6aR et Sy MITHE W Ob Bt Sroddet BOFRsAtiAY:  a screw
extruder that #eceiMama maldifng: Mmalesdad canrtakiagethenrmoplastic resin and wood meal as main
ingredients and 2 foaryng,agent and melikneads Ik moIdg Mafeal 4t lempgrature equal to or
higher than a decomposition‘temperature gfltﬁe%ammg agent, an extrusion die that communicates
with an outletfafiecethgderding rerenaPthenadamghnizasntraemidet o\athatesplider; and a
molding die thahramprmcaRamin al evirtatthgiexteysiemdRiabdintiedusestieading material
passing throurgqflhe eﬁtrugion iF iFto an iHltern I(%/ formted. r‘polging I(I:hamber anddcoolts and solidifies the
molding matera }H%\(/:inagmine he'mo %ﬂ amber while c?rr%ﬁlr%ré ?haesn%‘BFd?r?ger?%(flérllglginQ[c"Jué shape
correspondinigtanah Shapered] thh apddofiglsbambiting chamber, a mesh-shaped breaker plate that is

provided at the outle}, pRIiRthefdh 8 extedelnthhRaSanyanRles Gl portRiRiIaIOLLeskthat is provided
in the extrusion céig and d%g{ease a flow passage area in the extrusion die from an inlet towards the

outlet of the SRFIEORME "% S extrusion apparatus for a foamed synthetic wood product according to
Claim 11, wherein the owi@dssagbaaieaivvtthel dutlet oftthe @xdiasioh digdssssraflewthandge area of an

inlet of the malding Qi€ et LRSI AN ARPAIA T B IpRME INRRLGMWROd product according to

Claim 11, wherein the outlet of the extrusion die is formed to have the same shape as the shape of
an inlet of the molding chamber of the molding die, and an end portion at the molding die side of the
resistor body1i8. form&ddehasea grpaaise tbiontlshape sikiiartocnd  lightlycondallerdhan a shape of the

outlet of the exXiryipn gie. ARFHR ASRIRRhAL ASEMAPARILPB NG QLUISH AlLNeARIUSIRMmAIE.

the area of an inlet of the molding die.

13. The extrusion apparatus for a foamed synthetic wood product according to
Claim 11, wherein

the outlet of the extrusion die is formed to have the same shape as the shape of
an inlet of the molding chamber of the molding die, and

an end portion at the molding die side of the resistor body is formed to have a
cross-sectional shape similar to and slightly smaller than a shape of the outlet of the

extrusion die and is disposed at a center position in the outlet of the extrusion die.
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14. The extrusion apparatus for a foamed synthetic wood product according to Claim 11 or 13, wherein
the screw extruder is a biaxial extruder. 15. The molding material for extrusion foam molding according to
Claim 1 or 2, wherein the MFR (melt flow rate) of the thermoplastic resin ranges from 0.5 to 10 (g/10
minutes). 16. The extrusion apparatus for a foamed synthetic wood product according to Claim 11,

wherein the MER (melidlowriats) giphedhesmoriasia t9sinciangssdiiRouibate ddifg/&) minutes). 17. The
molding mate&al fO{ extr]L:jsio foam molding accqrding tao Clalim 1 or 2, wherein the thermoplastic resin is
alm ng?] v«@/e )’(1a extru

one or a mixture of 6ocf§/p p %rr%n(ﬁgg, ?rp?o exttﬁlf/ ehe acry onci]t?ﬂe butadiene styrene resin, and vinyl

chloride (PVC). 18. The extrusion apparatus for a foamed synthetic wood product according to Claim 11,

wherein the thermopiasticsegin is QB8P BiXIEat RAIRIRRYIeRE4BR) RAlY&iRYIeRe (PE), acrylonitrile
butadiene styrene resin, and vinyl chloride (PVC). ) ,
wherein the MFR (melt flow rate) of the’thermoplastic resin ranges from 0.5 to 10 (g/10

minutes).

16. The extrusion apparatus for a foamed synthetic wood product according to
Claim 11, wherein the MFR (melt flow rate) of the thermoplastic resin ranges from 0.5 to

10 (g/10 minutes).

17. The molding material for extrusion foam molding according to Claim 1 or 2,
wherein the thermoplastic resin is one or a mixture of polypropylene (PP), polyethylene

(PE), acrylonitrile butadiene styrene resin, and vinyl chloride (PVC).
18. The extrusion apparatus for a foamed synthetic wood product according to

Claim 11, wherein the thermoplastic resin is one or a mixture of polypropylene (PP),

polyethylene (PE), acrylonitrile butadiene styrene resin, and vinyl chloride (PVC).
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