PROCESS FOR MANUFACTURI NG CELLULOCSE MOLDI NG, PLANT COVPONENT EXTRACTI NG
APPARATUS, AND PROCESS FOR PRODUCI NG CELLULOSE ACETATE BACKGROUND OF THE
| NVENTION Field of the Invention. The present invention relates to a

process for nanufacturing a cellulose nolding which is biodegradabl e and

made from corncob neal; pl ant conponent extracting apparatus which
extracts a BB@@ES(S)E@RMYXP&ME‘I&C&’EU NGuCGsleL VLW B M INgnmd in
particularly, which can sinply extract and separate a. useful conponent

Wi t hout requi PLANTaCOMRONENT BEXTRWOIING ARFARABUS, ANIagent; and a
process for manufacturing cellul ose acetate which is useful as a

bi odegr adabl e @@Elscs ?@RW@ﬂ@%@@EEUL@EMCWBW rice straw.

Description of t e Rela Art Bio radable plastic is a plastic, which,

i ke any ordinary plastic, exhibits excellent functions when in use, but

which is quickly deconposed by mcroorganisns in a natural. environnent

(for exanple, in the_ soil) after Use and eventuallﬁ becones an organic
S

conmponent of earth, R GaraUDP HH ‘Bilbx ¥ ENRD drawing attention in

connection wth the current problem of waste and the |ike. Various kinds
of bi oBegdadfatthe Ipiastion products have been nmade public. Exanples of such
products include polylactic acids produced by dehydration and

pol yneri zat i ONhEr®zeentGhive sl rebd @isneda yr doeseefolri ma rstfacehriefg gor n,
potatoes, and the like with lactobacilli. Such products are used for an

agri Cuéélﬁ'{lgﬁ%sm& blﬁ%lvc%mq‘l F@Hﬂﬂfégl%gableaaﬂgdtrﬁﬁdls'fkgm EBVRYEH mPkl;ces of

raw nmat er|i S an cessing costs

a plant component extracting apparatus which extracts a useful
component such as cellulose from a plant, and in particularly, which
can simply extract and separate a useful component without requiring
a process of decomposing lignin with an agent; and a process for
manufacturing cellulose acetate which is useful as a biodegradable
plastic and made from bagasse, kenaf, reeds or rice straw.
Description of the Related Art

Biodegradable plastic is a plastic, which, like any ordinary
plastic, exhibits excellent functions when in use, but which is quickly
decomposed by microorganisms in a natural environment (for example,
in the soil) after use and eventually becomes an organic component of
earth, water and carbon dioxide, and is drawing attention in connection
with the current problem of waste and the like.

Various kinds of biodegradable plastic products have been
made public. Examples of such products include polylactic acids
produced by dehydration and polymerization from lactic acid obtained

by fermenting starch of corn, potatoes, and the like with lactobacilli.



the products are high, and these products are not necessarily rational in
consideration of foodstuff situations in the future. Although

pol ycaprol act one, Wi ch is another exanple of a biodegradable plastic, my
be satisfactory in physical properties as a. plastic and bi odegradability,
pol ycaprol actone is also so expensive that it is difficult to use as an
agri culSuclalpnostimtsareandetor|ak egracigltusel mhbidolini 8 ¢amiposd hag,medi cal
materials and the |ike. Mreover, a plastic obtained nerely by kneadi ng

corn stafchheWitd priwetdyl@nees sf kainghselrthissaid hirodegsatabbetplast i c.
This plastic, however, is not a biodegradable plastic in the true sense of

the wonde V%gi@g&é 5r@@ﬁ§p,e%9{aetﬁé§@r rb@%{otsaaﬁehﬁeehnlaéycte%sa?ﬂg%mﬁal whi ch

are deri om nat ur matter, such as starc e bi 0degr adabl e,

pol yet hyl ene .does, not der go_.any, change .(dgeco sition). Accordingly such
P onuctd Sresisarag o phion P FARRERE BRRTRRTEL Thai ¢ Tow pri ce. Thus.
spreadi ng of the biodegradabl e plastics, which have been heretofore known,
has been sl ow/gtlkaush B‘Pl}’tcﬁ@irpl%ﬁfé’é’teisﬁh&}bﬁ? angiesreeeele o decause they
require a conplicated process for manufacture and their prices are high.
The derlmodegordbbbdptpsidabheay peasttisfamtoducnsphysichadweverertiespasteed t o
increase nore and nore in the future for protection of the gl obal

envi r omieetic and HHedepshagbilityl Mfcapsolaciestkrie 186 dhexgerelvapttent of
products having hi gher performance and |ower costs. Under these

B s GVt N A R S S
a deriyativsr IDRLERLa doNRYEE 1 BN IakO8hd the like.

Moreover, a plastic obtained merely by kneading corn starch
with polyethylene is being sold as a biodegradable plastic. This plastic,
however, is not a biodegradable plastic in the true sense of the word,
since it has become clear that, although its components, which are
derived from natural matter, such as starch, may be biodegradable,
polyethylene does not undergo any change (decomposition).
Accordingly such products are being driven out of the market despite
their low price.

Thus, spreading of the biodegradable plastics, which have been
heretofore known, has been slow because of their unsatisfactory
performance, or because they require a complicated process for
manufacture and their prices are high. The demand for biodegradable
plastic products is, however, expected to increase more and more in the
future for protection of the global environment, and accordingly, there

is a desire for the development of products having higher performance

and lower costs.



of manufacture of this biodegradable plastic is a problem as is the other
bi odegr adabl e plastics. Corncob rneal, which is obtained by drying and
crushing, corncobs, is used as a fungal bed for growi ng nmushroons, an
abrasive for pulse, a nest building material for animals, and the |ike,
but is used very little as an industrial material. The greater part of the
corncobs Prodimeédr itheshranuavepnassyastidied ace neiag perfosmedrédnanet hod
for waste disposal, and thus,, there are many problenms with waste di sposal

i ncl udiyigddeesadnld ?ma@ﬁictdaﬁnpa\sbammeﬂly oBicetinlbsef feriehoprritader  way for
the effective use of corncobs. As described above, corncobs are thrown away

as vaslen, m\@ﬁwsEg%gg%cﬁig% égfoéwvaae@q%rbgfﬁﬂwé@& of higl bykese

| i gnoce ose and en corricobs are used as a raw
material. for i-na.riul'a. eturin i.odegradabl e plastic consisting mainly
of Ccelifargeairiafaal i pidditefiadie HiHsESS S PEp BRie” SRR e | <
zero. as, _hardly arly labor is required for gathering the raw material, and
costs whhtothmrebindagadayedplaséiafe by agricultural producers for waste

di sposal are no longer incurred. Accordingly, a biodegradable plastic ~
made from cor bmhecdls noemls ivkidd i$ @bheihéd iy dpyige acshpetshing, conpar ed
to other biodegrad.,-- _tblc plastics. | Hmvever, despite having the

f eat ur ey riRBLONSd1sdd8E S hasgAhedorRANG oV Rl OREdsRRYoRi e Lagakiw: pLastic
consisting niainly of cellulose or a derivative thereof nmade from

cor ncoq8r p’AL‘llBQ,SairPéset Eﬁﬂaﬁggfrﬁétéﬁéffor animals, and the like, but is used

very little as an industrial material. The greater part of the corncobs
produced is thrown away as waste. Incineration is a main method for
waste disposal, and thus, there are many problems with waste disposal
including degradation of the environment. Study is, therefore, under
way for the effective use of corncobs.

As described above, corncobs are thrown away as waste.
However, the majority of a corncob is composed of cellulose
(lignocellulose and hemicellulose). When corncobs are used as a raw
material for manufacturing a biodegradable plastic consisting mainly of
cellulose or a derivative thereof, the cost of the raw material is zero, as
hardly any labor is required for gathering the raw material, and costs
that have hitherto been borne by agricultural producers for waste
disposal are no longer incurred. Accordingly, a biodegradable plastic
made from corncobs is considered to be highly price-competitive,
compared to other biodegradable plastics.

However, despite having the features mentioned, there has not

been developed any bioderadable plastic consisting mainly of cellulose



is a high cost of esterification, or the like since it is difficult to
separate lignin fromlignocellul ose, of which corncobs mainly consist. In
order to manufacture a bi odegradabl e plastic consisting mainly of

cellul ose or a derivative thereof, separation of lignin from

|l ignocell L:ulose is required for obtaining cellulose (pulp of high

qual i t yr, a desidesee ithedeohniQlefudi teocris Edoposistle Bfddan éocyhof Wod
Conmponent bt ai ned by Steam ng Treatnent and Bl asting and Crushing

Treat gt h«igrﬂldd&@)of daeegidatiendritetike dhedlgtis ReBealcto skpatatat e,
Wod Chem cal Engi neering Section (retri eved on March 13, 2003), the

Internﬁi%rﬁHRj;mIHtli éééﬁﬁifcfs%“ff %%The/)jm“?ﬂgp gfl)# 26. hturI and

ht t enncori trnl = . However,

the separati nlnf mllgn ccl.l ul ose res man s, i.e
grinding cor ngﬂb%rcierf J%tﬁgﬁ%%'éh?ﬁthre %Coi?lpflﬁér%%ﬁ? %%E%?' 1¢ &%Bf}‘ﬂﬁpng a

sul furous acid treatnent. In addition to corncobs, plant. seeds such as
sunf | omalrgléfe@%cellué@%ﬁs% awdce ative Bpereafasepagation of deadn BRE ri ce straw
are also promsing plant raw materials for nnarnifacturirlg cellul ose of

hi gh digalodotluNarelsyrequiredi fodushtaiaingasikelosadbudp ofi kagls gueali tzhd
bagasse: which is cane trash obtai ned after sugar cane is squeezed to

extractys figsedbkheret Ov@rallsuds eth ¥ dbndintit £l BSfioikridydusWeoead material,
and the mgjority of such waste is thrown away. Incineration is a main

met hod a‘? m%g&ltggﬁéamé@' g@@'a[;dmg FREI 8 4 € A TRNB Jr;ggahl EfR4W th waste

di spos egrad e environnent. ereflore, study is
?Egelrl for Urslrg of Seﬂ%h ﬁne), EQ?GQP OrlayForest%alg'asc?uét i?%%ees:l}‘cr:ﬁw and

Institute, Wood Chemical Engineering Section (retrieved on March 13,
2003}, the Internet <URL: http://cs.ffpri.affrc.go.jp/fbd/kenmori/mori-26.html
and http://cs.{fpri.affrc.go.jp/fdb/kenmori/mori/mori-26.html>. However, the
separation of lignin from lignocellulose requires many steps, i.e.,
grinding corncobs in a stone mill, boiling with alkali and applying a
sulfurous acid treatment.

In addition to corncobs, plant seeds such as sunflower seeds,
bagasse which is cane trash, kenal, reeds, and rice straw are also
promising plant raw materials for manufacturing cellulose of high
quality.

Namely, agro-industrial waste, such as rice straw and bagasse
which is cane trash obtained after sugar cane is squeezed to extract
juice therefrom, is used very little as an industrial material, and the
majority of such waste is thrown away. Incineration is a main method

for waste disposal, and thus there are many problems with waste



of cellulose (ligxrocellulose and hem cellulose). Thus, '"Then they are
used as a raw material for manufacturing a bi odegradable plastic

consisting mainly of cellulose or a derivative thereof, as in the above
case, the cost of the raw material is zero, as hardly any | abor is required
for gathering the raw material, and costs that have hitherto been borne by
agri culdispasabinelyckng degragedien gitdhssenvigpament odderefticustogy is

Accordi ngly, a biodegradabl e plastic nade from bagasse, rice straw, or the
li ke i sircdbnisisdgr & tieehs dnghlwagtd.ce- conpel .itive, conpared to other

bi odegradabl e plastics. Further the majority of reeds growi ng on the

wat er front andpnkangbrityhbCBaksde HeeOsaR) athd the @ks arecsmosRbed
cellul ose. Therefore, when they are used as a raw material for
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which is expected to be highly price-conpetitive. er, despite having
t he feé:‘tﬁ.‘?tdeésr?eﬁ%‘}”oﬁ@f,eriagef%é HAQHGE L adwa%@agﬁ%% HlR8HEr adabl o

plastic consisting mainly of cellulose or a derivative_ thereof made from
t he af coomestingnodibligatsellWlenafor a desieatdve theseat, ramin whicchbagsy
collectively be referred to bel ow as "bagasse or the like"'). A possible
reason chee, the $oiss of abeinaw heaahrdwleis zaee asshhirdly coglalobr estequirecat i on or
the like since it is difficult to separate lignin fromlignocell ul ose, of

whi ch l?é‘ﬂg%%ﬁcﬂhgtﬂ?e Fhlerd@BeMal, a0eNsh$tsSthd thave efithrtdehedatiotg from or
the like bi odegr adabl e plastic. cotisisting in,)Inly of cellulose or a

deri vayvgerl Weol pRERRLEH! RSt Qladek HIsBoLhP A APSEL theaprdd, MeqUl red
Accordingly, a biodegradable plastic made from bagasse, rice straw, or
the like is considered to be highly price-competitive, compared to other
biodegradable plastics.

Further the majority of reeds growing on the waterfront and
kenaf, which is a fibrous plant, is also composed of cellulose.
Therefore, when they are used as a raw material for manufacturing a
biodegradable plastic consisting mainly of cellulose or a derivative
thereof, it is possible to provide a biodegradable plastic which is
expected to be highly price-competitive.

However, despite having the features mentioned, there has not
been developed any bioderadable plastic consisting mainly of cellulose
or a derivative thereof made from the aforementioned bagasse, kenaf,
reeds or rice straw (which may collectively be referred to below as

“bagasse or the like”). A possible reason for this is, as in the above

case, a high cost of esterification or the like since it is difficult to



obtaining cellulose (Pulp of high quality). Ho~, ~, 'ever, the seperation of
igni.1-) froni lignoccllulosc requires many steps, i.e., grinding b.-igassc
oi the like in a stone mll, boiling ~,v ith alkall and applying a

sul furous acid treatnent. Further, as described above, a steam ng nethod
and an extraction nethod with a solvent have conventially been used as

et hodseparaesiigadhi frgm dgmsefellulosapoheardtich baghsss ocdhle likegsejinkr om a

pl ant. However, as descri bed above, these nethods are i nadequate as an
extractdoeyzigei. hod used to separate and purify cellul ose, in view of
substantilal tinme and | abor for the separation of lignin which requires

many steps ang. .t USE, i Lifide, and high cost
required for ?ﬂégggparaﬁ%ﬁ%ﬁﬁgﬁﬁﬁkdégggt%%E%%%OEﬂyﬁgﬁnggirst obj ect of the
present .invention, is.to.provide.a process .fo nuf acturing a cell ul ose
moi i niziodREEebisc BliC st Une B A bR g HlBre Per inoeElding in a
si npl e and i nexpensive mariner by using, as a raw material,corncob neal
vvhi ch theseod tsenargtingen! ligniowromdignoacabalpse sorednirsd ©de present
invention is to provide a plant conponent extracting apparatus which can
separ atobtandiraxteHaoloséd (palp sif fikk, quahtynublesveand, rtaw depanmgon @& pl ant
conponent such as «cellulose, which is a main conponent of a biodegradable

pl asti Gigniw frbaYlighSiRUl ABsaFeRLIiAYs HEdME sE@BY, SEERSinAidBibag-@Eant of the
present T nventionis to provide a process for manufacturing cellul ose

acet at gL whieh; ) § Useld ifl?%oﬂriﬁg%ftﬂgal‘?{ali and applying a sulfurous acid
treatment.

Further, as described above, a steaming method and an
extraction method with a solvent have conventionally been used as
methods for extracting a useful component, such as cellulose, from a
plant. However, as described above, these methods are inadequate as
an extraction method used to separate and purify cellulose, in view of
substantial time and labor for the separation of lignin which requires
many steps and the use of an agent such as sodium sulfide, and high

cost required for the separation.

SUMMARY OF THE INVENTION
A first object of the present invention is to provide a process
for manufacturing a cellulose molding, which process can obtain a
biodegradable cellulose molding in a simple and inexpensive manner
by using, as a raw material, corncob meal which has hitherto been

thrown away.



bi odegradabl e plastic at a | ow cost, by using bagasse, kenaf, reeds or
rice straw as a raw material. A first aspect of the present invention is a
process for manufacturing a cellul ose nolding, the process conprising:
steam ng corncob neal at a. tenperature of 150 to 25007 and a pressure of
20 to 29 MPa; filtering the steaned corncob jTieal with a filtering device
to obtain a gokedpndndbjrsitdihthe presonitdnvangspong taspeatidsf atiHandr esent
invention is a plant conponent extracting apparatus conprising: raw

mat er i alorRpeeessi difraediisy hpplawdicng whicweart eepatatsupd yxparct| om & or
supplying a plant raw material and a raw material. pressurizing portion

for heatj a rd Z] Led . I at <150 to
b e g%ﬁ;&@ggsr %?Qg%%@?ef‘%ﬂﬁgf’ %}%lﬁﬂt oo AWIRLEY kakhahs

3500C an er suppl'y neats including a

pressurizer. and a heater _and supplying sub critical te ing a

t enper éPteilrUeloéff’ 158N B?%&%%??Ig‘éa?ft Béo T eo#‘)b%\ﬂf’o 30 MPa;
and hot water reacting nmeans for carrying out a steamng treatnment by

m xi ng WihBokdag B8NS A PEBEES T BeNHIBARYrEFPaterial wth the sub-critical
wat er supplied fromthe hot water supply- neans. A third aspect. of the
present i nventA ohirdsobjerioofsbefmresentprosesdonos mapudaistari preessd ul ose
acetate, the process conprising: steamng a material selected from

bagassger kfRafak €8s ABL1ILIESe Sidcautd Rvididhl &S sigeuV €66 @lrodudinigeaper at ur e
of 1 50 to 350'( and a pressure of 15 to 29 Mra;
biodegradable plastic at a low cost, by using bagasse, kenaf, reeds or
rice straw as a raw material.
A first aspect of the present invention is a process for
manufacturing a cellulose molding, the process comprising:
steaming corncob meal at a temperature of 150 to 250C and a
pressure of 20 to 29 MPa;
filtering the steamed corncob meal with a filtering device to
obtain a solid; and
molding the solid.
A second aspect of the present invention is a plant component
extracting apparatus comprising;:
raw material processing means including a raw material
supply portion for supplying a plant raw material and a raw material
pressurizing portion for heating and pressurizing the supplied plant
raw material at 150 to 350C and 5 to 30 MPa, respectively;
hot water supply means including a pressurizer and a heater

and supplying sub-critical water having a temperature of 300 to 350C

pressurized at a pressure of 28 to 30 MPa; and



filtering the steamed r iaterial with a. filtering device to obtain a
solid; and dehydrating and acetylating the solid by adding acetic
anhydride and sulfuric acid to the solid BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a partial sectional view, of an extruder having a
pressure-scal ed cylinder as an exanple of a pressure vessel for carrying
out a steam npotreaterentaciiogr oiceg g omchirsingobodi seeamohg t he present
invention. Fig.2 is a schematic view for explaining an exanple of a direct

pressukfeA@heh b PHO&ESS, tHENBWENE 18 e sslirtdid bl1aRt ahwphdsraake open.
Fig. 3 is a schematic view for explaining an exanple of the direct

pressu i p , i s St i Lel ddhe v B s are
0l amped g SEPREERER w BN PR fin ReibE Nutied MRSl ot
according to %‘a e.cand errbod'trzﬁnt of tf&?\}' resent invention. aiFi g. 5is an
enl ar ged scheffat P AcFHRECSREMNENATCSA ¥CIHAO A TR IOEP 4 v mat eri al
processi ng apparatus. Fi g 6 is a schematic view for explaining an
exenpl @rgcess dpemapavdpchusing eeliviless angtate sUppDFoSEPARDBIITNG: 7 is a
schematic cross-sectional view of an exenplary structure of a hot water
reactor. Fig. sBamiagpemnsptatial eeldaedsfronn ro gas s dogh af, yrestdsuandr e o
stators (noving vanes) in the hot water reactor and a cool er.

rice straw in a pressure vessel at a temperature of 150 to 350C and a

pressure of 15 to 29 MPa;

filtering the steamed material with a filtering device to obtain
a solid; and

dehydrating and acetylating the solid by adding acetic
anhydride and sulfuric acid to the solid

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial sectional view of an extruder having a
pressure-sealed cylinder as an example of a pressure vessel for
carrying out a steaming treatment according to a first embodiment of
the present invention.

Fig. 2 is a schematic view for explaining an example of a direct
pressure molding process, showing a state in which metal molds are
open.

Fig. 3 is a schematic view for explaining an example of the
direct pressure molding process, showing a state in which the metal
molds are clamped.

Fig. 4 is a schematic structural diagram of an apparatus

according to a second embodiment of the present invention.



Fig.9 is a schematic cross-sectional view shoving an exenplary structure of
the cooler. Fig.10 is a schematic view for explaining an exenpl ary
structure of a cooling water supply apparatus. Fig.1l1l is a schematic view
for explaining an exenplary structure of a filtration and storage devi ce.
Fig.12 is a block diagramof a controller according to the second

enmbodi ment of Rige Spreeaantniangedt sohenFitge t3ops-sepaenphvigEntl @nal vi ew of
an extruder having a pressure-seal ed cylinder as an exanple of a pressure

vessel &@impt@bl Pgwobiataridlegrodesdingadppataacsording to a third
enbodi mrent of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Process for rl\]/l.f;?g:‘ gcfgan&%aqico%e&ggk%}itgieﬁ%r%ggleé,?eﬁﬂﬂa@g,_anuf acturing

a cellul ose i ng acc ng to I ment of the present
invention ¢ ri ses steam ng .corncob neal in. a pressure vessel at a

t enper a?t%ﬁlrlﬁgrg’[f)e i’g@ F‘thZ%b‘fl Ny atar ﬁflgﬁﬁraepg‘rf‘r 'SJ?'O 29 MPa (which may
hereinafter be referred to as the "steam ng treatnment according to the
first embodir MiBnt’ s afsqhemiedts CRess SCSAHER CHIONE 6B ahgXetBPEHYai n a sol i d
prodc:lct., and nolding the solid product. The steam ng treatnent

accor distgutoutdeffd het weabadresaotwr.t. will be described first. The
steam ng treatnent, according to the first enbodinent is a process of

addi ng water tQgC8riRcePHarapkctivycPReaeshektiaisned dXerpyangstanshateushi ng
corncobs) and s%eam ng the mxture in a pressure vessel
stators (moving vanes) in the hot water reactor and a cooler.
Fig. 9 is a schematic cross-sectional view showing an
exemplary structure of the cooler.
Fig. 10 is a schematic view for explaining an exemplary
structure of a cooling water supply apparatus.
Fig. 11 is a schematic view for explaining an exemplary
structure of a filtration and storage device.
Fig. 12 is a block diagram of a controller according to the
second embodiment of the present invention.
Fig. 13 is a partial sectional view of an extruder having a
pressure-sealed cylinder as an example of a pressure vessel for

carrying out a steaming treatment according to a third embodiment of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION
Process for Manufacturing Cellulose Molding
A process for manufacturing a cellulose molding according to

a first embodiment of the present invention comprises steaming



at 150 to 2500C and 20 to 29 MPa, which define the conditions for the
sub-critical state (imedi ately before the supercritical state). In the
present invention, the steanm ng treatnment enabl es the separation of [lignin
fromlignocellul ose, which has hitherto required nmany steps. The steam ng

treatnment according to the first enbodiment requires a tenperature of 150
to 250c0ranebammedsur pro$sRIe vosoel aMPa, temper pikteeriabby ta 22dperadure of
180 to 2000C and a pressure of 25 to 28 MPa. The anobunt of water added is

pr ef er appyedQufO0l 0000201 Pay(w st nand heve i pitef Geatellyrs@l to aklheparts by
mass, relative to 100 parts by mass of corncob neal. The steam ng

treat ”E‘%Eeéﬁﬁﬂggﬂr@grt] I{€1§C(f:(!)f(?irn§f@qgl:§r@f§t éﬁbd&%ﬁ@rﬁ@@' Yileihb&thout for

10 to 30 m nut nore preferably for 15 to 2 m nut es. 10 Mor eover,

[ h ' f i .enbodi . i
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sul furous acid conpound to the corncob neal nmakes it possible to shorten
the ti RIodtCtt he steam ng treatment. Exanples of' the sul furous acid
conmpound incl ude sodiumor calcium sulfite. The anount of the sulfurous
aci d conpound Tdddetbdamingreéatmpint deaardiogpar the fyshasthodnmentoyial
preferably 2 to 5 parts by nmass, for 100 parts by mass of corncob neal.
The st gantegctieat fept. according to the first enbodinent is preferably
carried out by an extruder having a pressure-seal ed

The steaming treatment according to the first embodiment is a
process of adding water to corncob meal (a powder obtained by drying
and crushing corncobs) and steaming the mixture in a pressure vessel
at 150 to 250C and 20 to 29 MPa, which define the conditions for the
sub-critical state (immediately before the supercritical state). In the
present invention, the steaming treatment enables the separation of
lignin from lignocellulose, which has hitherto required many steps.

The steaming treatment according to the first embodiment
requires a temperature of 150 to 250 and a pressure of 20 to 29 MPa,
and preferably a temperature of 180 to 200C and a pressure of 25 to
28 MPa.

The amount of water added is preferably 10 to 1000 parts by
mass and more preferably 50 to 100 parts by mass, relative to 100
parts by mass of corncob meal.

The steaming treatment according to the first embodiment is

preferably carried out for 10 to 30 minutes, and more preferably for 15

to 20 minutes.

10



cylinder as shown in Fig.1. Fig. 1. is a partial sectional view of an
extruder having a pressure-scaled cylinder, which is an exanple of a
pressure vessel for carrying out the steam ng treatnent according to the
first enbodi ment. The extruder is conposed of: a cylinder 1 having a
material input port 2 at its base; a screw 3 having a spiral flight 4 for
kneadi ng (st edWiong)vandnettte sidiangin@ueratment dif shalfismicembedicmmiceb neal
and water (which may hereinafter be referred to sinply as the "materials")

whi ch haveupses ddiautdesbdii@uatd hetdrakely Be adapdttopehié cdrnaoheater 5 for
healing the cylinder 1; drive neans 6 including a notor 7 connected to a

power 3QuLfe 'I(}pé)tadﬁ]g‘gg%ai“ ?QeﬁgﬁaEnga%&?oégﬁﬁ%éﬂa% %é%‘f‘%@ﬁﬁf gear 8

havi ng "a pri me gear Iven schargi ng port or

di scharging a steaned a extruded product;. and a heat.insul ating materi al
1o oV aRFRG eSS 2y PGB fosHO ig: HRarBReof ARsuniF SChine SO eRL
connected with the 11 material input port 2 for feeding the materials into
the cylBxmemples afhtoughlitneurmesid gomppundoprelurle aogiagh osfcalpiisyi r al
flight 4 of the screw 3 shortens as the spiral flight 4 approaches the

di scharsgilfigeport 11 . Mreover, the cylinder 1 has a tenperature sensor 13
and a pressure sensor 14 installed near the distal end of the screw 3. The

steam ng treatyENG s Ak Mg d Quiierdud abigMRAbaRIMd heideehig i ed out by the
extruder, which is shown in Fig. 1, in accordance wth the follow ng

sequence._-The materi ahs i d I i t he
cyli ndér' © e]’EEﬁtr)lgu%ﬁ[Oi ?g f?r%ftgr?gﬁﬂ%‘tﬁgu@&ﬁ&%b?%ﬁéﬁﬁ%@? 2?5?#%%% eIHr?ger ature
of the cylinder is regulated to_a target teirrperature by the heater 5. As
vi ewed mﬁéﬁ’\ q)]]“el Bral’ﬁg%é/ mass of corncob meal.

The steaming treatment according to the first embodiment is
preferably carried out by an extruder having a pressure-sealed
cylinder as shown in Fig. 1. Fig. 1 is a partial sectional view of an
extruder having a pressure-sealed cylinder, which is an example of a
pressure vessel for carrying out the steaming treatment according to
the first embodiment. The extruder is composed of: a cylinder 1
having a material input port 2 at its base; a screw 3 having a spiral
flight 4 for kneading (steaming) and extruding toward its distal end the
corncob meal and water (which may hereinafter be referred to simply
as the “materials”), which have been inputted through the material
input port 2; a heater 5 for heating the cylinder 1; drive means 6
including a motor 7 connected to a power source (not shown) ior
rotating the screw 3 and a reduction gear 8 having a prime gear 9 and
a driven gear 10; a discharging port 11 for discharging a steamed and
extruded product; and a heat insulating material 12 covering the

cylinder 1 and the heater 5. A pump (not shown) is connected with the
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rotary shaft of the notor 7 is rotated clockwise to rotate the prinme gear

9 cl ockwi se, the driven gear 10 countercl ockwi se and the screw 3

countercl ockwi se, thus boiling the corncob neal while extruding the

corncob neal toward the discharging port 11. Since the pitch of the spiral
flight 4 of the screw 3 shortens toward the discharging port 11, the

cor ncobmatelial snpuimrassedoandedimg ébeearatorialsgatpftihe pyldsdgrel as it
approaches the discharging port 11. The corncob areal, for which the

st eam ngrbugat renimbhesibbanpaomuret2d A ipdtexiof utheds pirad dGkhtt e of dhechar gi ng
port. 11. While, in the present enbodi nent, the tenperature sensor 13 and

the pregsenes $eRIPEnd4Ofife sPatalflight 9 appfoarhleddele didteMrding pddritﬁteal end

of the screw 3, it 1s suffictent for an stal lation position of t

t enper gt.ur e, sensor to be further toward t i i of the
sorow 3 ISR Tata v gR L haBhee P e B e on, ' 12 o
the cylinder 1. The pressure_sensor 14 tray be ipstalled in space that

i s onePrESPHKC SN L dtiastplsg: REaF thﬁ’ed%ﬁg\ﬁr@{]f)%(%ﬁ?@"ed’f -al end of
the screw 3 of the cylinder | . Wen the steam ng treatnent according to
the first enfbdi sramisgdaeatmenduachyrding exthaderststihodimengis1, it is
necessary for the tenperature and pressure determ ned by the tenperature

sensor cargiedndut ey phessiiadsensaiickdid ghfoadh iwi Fii.nl t he accardanek 150 to
2500C and 20 to 29MPa, respectively. Mreover, it Is also suitable to

o oL AR Sl STDSS i, Alcarbiusta P 10 F e L

oy s ERRS BhullBin o e U9iBlact FHFuER A hbrR thPUR p AN
2, and the internal temperature of the cylinder 1 is regulated to a
target temperature by the heater 5. As viewed from the motor 7, a
rotary shaft of the motor 7 is rotated clockwise to rotate the prime gear
9 clockwise, the driven gear 10 counterclockwise and the screw 3
counterclockwise, thus boiling the corncob meal while extruding the
corncob meal toward the discharging port 11. Since the pitch of the
spiral flight 4 of the screw 3 shortens toward the discharging port 11,
the corncob meal is compressed and subjected to a specific pressure
as it approaches the discharging port 11. The corncob meal, for which
the steaming treatment has been completed, is extruded through the
discharging port 11.

While, in the present embodiment, the temperature sensor 13

and the pressure sensor 14 are.installed in the cylinder 1 near the
distal end of the screw 3, it is sufficient for an installation position of

the temperature sensor 13 to be further toward the distal end side of

the screw 3 than a middle portion, with respect to the axial direction,

12



di scharging port 11 thereof is directly inputted into the material input
port 2 of a second extruder for further steam ng. Wien two or nore units of
extruder shown in Fig. 1 are connected in a series for the steam ng
treatnment according to the first enbodinment, the steam ng conditions in
the extruders may, be the sane, or differ fromone another- as |long as the
st eanm nd thendytindes f.orlhd pecbaste semsect b eayriiénstai¢dfin a lspasendi ti ons
of the tenperature of 150 to 250C and the pressure of 20 to 29 MPa. In the

case i Rhhiighbnd feustieamitne ©eatidn ens odithteaicrero® roen ekerdidenl tadanot her,
it is preferable for the tenperature and pressure to rise fromthe first

extrudeor b g@lee‘)vasstofct?l%ngftiﬁgefxfruder. The steam ng treatnent of the
ing to ]he '

corncobfr;tea accordin irst enbodi nent as descri bed above obtai ns

' f h | 13 (f d. b h i he..l.i gni d
el | bl 056 vhi SRPERCTRORIEHEEny P IR NpBR IR0 6P o1 TEHoce | ul ose, and

sol ubl e hem cel lul ose (hereinafter referred to as "sol uble xylan"). The
filtratimhodimgnteist carried byt e cahaples showp iBeFspphr Hit g into
cellulose (pulp of high quality) as a solid and a filtrate containing the
sol ubl emetgsaaryToe tHd t¢matezatane ber@fifriessane Idetesetings] hyrtdwe material for
xyl ol i gosaccharides. In the present invention, it is preferable to proceed

to a mMpbgipraaiar senbbchanihl e gesssiibeddradoar 14afd pell thighselthe i s
subjected " to a Lreat-rrient s-Lich as washing with water or the like, in

o SRR RO B5La0, el Lp BBy o (111 ol

Moreover, it is also suitable to employ a process in which two
or more units of extruder shown in Fig. 1 are connected in a series for
steaming treatment, i.e., a process in which a mixture of corncob meal
and water steamed in a first extruder and extruded through a
discharging port 11 thereof is directly inputted into the material input
port 2 of a second extruder for further steaming.

When two or more units of extruder shown in Fig. 1 are
connected in a series for the steaming treatment according to the first
embodiment, the steaming conditions in the extruders may be the
same, or differ from one another as long as the steaming conditions for
the last connected extruder satisfy the conditions of the temperature
of 150 to 250C and the pressure of 20 to 29 MPa. In the case in which
the steaming conditions differ from one extruder to another, it is
preferable for the temperature and pressure to rise from the first
extruder to the last connected extruder.

The steaming treatment of the corncob meal according to the

first embodiment as described above obtains a mixture of polyphenol
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dehydrating and acetylating treatnent to renove alkali therefrom The
solid obtained by the steam ng treatnent according to the first

enbodi nmei -it described above is Subjected to the, nolding step, which wll
be described below, to obtain a cellulose nolding. The rr)olding step in
the present invel-ition preferably conprises separating the solid into a
first qdirdedriy a ctecoge fewin dthe ligehpipatd ¢ellglossd whiabeind frimed tthe fir st
solid by adding acetic anhydride and sulfuric acid thereto; filtering the

dehydr ahedd apsmasadiviodt ed 1Eald skl idsed dnd tseniihge HieMiagldwgeenove a sol id
and obtain filtrate; and stirring and mxing the filtrate and the second

sol i d t[He??itr?e{f{Eelaréfeqlfi?a tooégd“éﬁﬁubﬂ%xﬁlalﬂ’gui’ﬁh@rfﬂgf’é:ﬁionmjeﬁ!arﬂéltogf ai ned
g an step d

in the'stirrin m xing sub ystirring and mxing liquid cellul ose
acetate forned b d drating and acetyl.at.ing,the fjrst soli.d

(cel | ultﬁeﬁlxg‘ﬁﬁgteﬁ’é&géédﬁéo ‘gﬁﬁedm(f@g#d%ge‘i?qhﬂ@%{%%’ SRR ol ng
step of the present invention including the aforenentioned suy.bsteps. Wen

the |i @ualipfotuiet spkid amddedil trade epptEnaRst diesebibksxgan pileler and
accelerates solidification of the cellulose, and therefore, a nolding can
be obt dilnetie pahhoeteffisicmtla whediasab glwenatertinbidr ke. Further; when a
cellul ose nolding obtained by the present invention is used as a food tray
or a IynehgeeAtahheided.t is not necessary to coat the nolding with a resin
such as pol yet hyl ene for the purpose of obtaining waterproofing property .

Each of the syfsficps RLELENAREN idNCitUdedrd R rhBe T8I cet &P a

molding step, which will be described later, after the solid is subjected
to a treatment such as washing with water or the like, in view of
removing impurities from the solid. Further, a first solid which will be
described later is washed with water before being subjected to a
dehydrating and acetylating treatment to remove alkali therefrom.

The solid obtained by the steaming treatment according to the
first embodiment described above is subjected to the molding step,
which will be described below, to obtain a cellulose molding.

The molding step in the present invention preferably
comprises separating the solid into a first solid and a second solid;

dehydrating and acetylating the first solid by adding acetic
anhydride and sulfuric acid thereto;

filtering the dehydrated and acetylated solid with a filtering
device to remove a solid and obtain filtrate; and
stirring and mixing the filtrate and the second solid to obtain a liquid

product.
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wi |l be described bel ow. The separating substep is for separating the solid
obtained by the steam ng treatnent according to the first enbodi nent into
the first and second solids. The first solid is subjected to the
dehydrating and acetylating substep, which will be described later, to
obtain cellulose acetate. The ratio of the first solid to the sumof the
first and secéntiquedipdsiust,pybiehdblobtmined3ondhy stgsngran@ mpietgr ably 8
to 20% by mass, and particularly preferably 10 to 15% by mass. Wen the

rati o ghihstepobPQM iRy AMSSmikingd Sigagsédlieldse achisneeforohadiiey ef fects of
obtaining a nolding without using a chem cal glue or the like, and of

r enovi : f | +E .dj s I« ok €SHA. +1H;
oy St dialial o Slaceditd (e AHIHELE dolte [LethiiBloc] PARD- (HE8econd 1

d,. | ul .t dehydrat i | at i . Th
Firer seticlqentbes M dER B FaoltaRe e Thib s BrRRerbHEEHTRO: ogen
bonds by the hydroxyl. groups and is insoluble In both water and any

sol ventincinéing éhe afomempmyansdi sgbakep acVica thadiquichpradiictils carri ed
out as described below for converting a portion of hydroxyl groups in the

mol eculreolde dicetidtibogr aupsate seotsias pltdsdieci zed awldlata®s acetate, which
is soluble In both water and a solvent. In the present invention, the

acet yl aipnfidadifaeootht helcabkel asel tiacrifate, 4 snoldiher @bh pebdbtanéds and
nore preferably 55 to 60% When the acetyl ation degree of' the cellul ose

e prel 55 10 60% Wien _ j
ot ar ni AR Ao BTl At retiPe P BT Do AR B B BT FEERISDe o

remov chl’of‘di?’llsjgbgg%ginoefd %gfa%l’llé]%resent invention is used as a food tray or a

lunch container, it is not necessary to coat the molding with a resin
such as polyethylene for the purpose of obtaining waterproofing
property.

Each of the substeps preferably included in the molding step
will be described below.

The separating substep is for separating the solid obtained by
the steaming treatment according to the first embodiment into the first
and second solids. The first solid is subjected to the dehydrating and
acetylating substep, which will be described later, to obtain cellulose
acetate.

The ratio of the first solid to the sum of the first and second
solids is preferably 5 to 30% by mass, more preferably 8 to 20% by
mass, and particularly preferably 10 to 15% by mass. When the ratio
is 5 to 30% by mass, it is possible to achieve notable effects of
obtaining a molding without using a chemical glue or the like, and of

removing a substep of coating a molding with other resin.
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a nolding with other resin. The dehydrating and acetylating treatnent is

i ntended for reacting cellulose with acetic anhydride and sulfuric acid in
a pressure vessel equipped with a stirrer to substitute acetate groups for
t he hydroxyl groups, causing the formation of hydrogen bonds in the

cellul ose, and is expressed by reaction fornulae (1) and (2) bel ow when n
is the degreelife dehydsitnag inonl andtyhatsng se1ldggpeis ffr subgtdtingitbre
Reaction forrmula. (1) {C6H/Q2(OH)3}n + 3n(CH3CO) 20 --> {C6H7O2( OCOCH3) 3} n +

3nCH3CEH J HEQRERXEER H afStyhtH2@ - >
{%H?@(Oééjﬂ?ﬂig%tr?(&ﬁ ggﬁjmr?%cﬁl?glén{)ﬁea{-g&m éReacti g%}fﬂgr rrﬁiéa (1) 21'csghows t hat

t he reatfééﬂﬁe%f cel l ul ose and acetic anhydri de produces cellul ose acetate
and acetic¢ aci 5'vvith the conplete substitution of acetate groups. On the

ot her hand, reaction forml 2) shows that.. the reaction of cellulose
acetate produ hﬁSt é@ﬁé’rn%g O\ﬁnef Hs F%%E%qhﬁ?dfchﬁEPg‘ﬁ"ﬁgbrgﬁ%tl% %Ilr
produces cellulose acetate having a degree of substitution mand acetic
aci d. Thleagesn bongls By phedbgdtoxy! arewpaaitd isvinpoheale vRotrkalete (1)
and (2) can be reused. The dehydrating and acet.ylating treatnment. can. be

carri echraiiny solaeadr déinee: for ¢ httidd chyldrati mg asequesiydatidy freaitmertti d and
acetic anhydride are added to and reacted wth the first solid (cellul ose)

obt ai ngd dyridie ohit! 4§ YdRRibEGHLTBA for 8BHveRGal & Afittbh HIrey@M@ey]
(collected) fromthe resulting reaction product
groups in the molecule to acetate groups to obtain plasticized cellulose
acetate, which is soluble in both water and a solvent.

In the present invention, the acetylation degree of the cellulose
acetate is preferably 50 to 70%, and more preferably 55 to 60%. When
the acetylation degree of the cellulose acetate is 50 to 70%, it is
possible to achieve notable effects of obtaining a molding without
using a chemical glue or the like, and of removing a substep of coating
a molding with other resin.

The dehydrating and acetylating treatment is intended for
reacting cellulose with acetic anhydride and sulfuric acid in a
pressure vessel equipped with a stirrer to substitute acetate groups for
the hydroxyl groups, causing the formation of hydrogen bonds in the
cellulose, and is expressed by reaction formulae (1) and (2) below when
n is the degree of polymerization and m is the degree of substitution.
Reaction formula (1)

{C¢H,0,(0H),}, + 3n(CH,CO),0 — {C;H,;0,(0OCOCH,),}, + 3nCH,COOH

Reaction formula (2)
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by a dehydrator and is dried. The above procedure obtains cellul ose
acetate. The anobunt of sulfuric acid added is preferably 1 to 10 parts by
mass and nore preferably 3 to 5 parts by mass relative to 100 parts by
mass of dry cellul ose. The anbunt of acetic anhydride added is preferably
1 to 20 parts by mass and nore preferably 5 to 10 parts by mass, relative
to 100 {GaHy 6,y CEESH ,pf,, dr(Beah)HLOse. {OfH FoyErC Ot )i.¢Oabidlcan be
preferably added, and the anobunt thereof added is preferably 1 to 10 parts
by n35§ﬂgngnﬁgq§:@(ﬁﬁerably 3 to 5 parts by nass relative to 100 parts by
mass of cell'ul oSe. The dehydration and acetylation treatnent is preferably

carried out under r f r ef Y, to 10
Ve, The tempd et R BOTabl i ine ReeTRT IR YA
preferably from60.to 100'C and re preferabl rom70 tp 9 . The
stirri r@@%b&aé&@&“@ﬁ&r&@dﬁsa??g?ﬂlaﬁ aeedavs é’%‘/}‘{)ﬁceprceﬁ‘f’ﬁgﬁ"fl?ﬁg% eferably
from30 to 100 rpmand nore preferably from 40 to 60 rpm The duration of
t he delopdnpldtensahatidosion af sicetiate gaompst P phefdbgs Jandograstion 30

hours and nore preferably from 20 to 24 hours. The cellul ose acetate

obt ai n€driyulah@) dsthysrsath aigttan deaacietry bétcelignlbseat amat e ipsroid udeat ¢l
(subjected to the filtration treatn-ient) to separate |iquid cellul ose

acet at d;cngabﬁ@ei@i&?'rwl:%% poehallg- (1Thed Mdierdp fedh Bk s 1Rdekat € s

stirre m xed wth the second solid in the stirring and m xing
subst ep,

soltd BEETR O vingra dERTSK b itucdh, 3 A1 dberld BBd. PRREURercTne
acid produced in accordance with reaction formulae (1} and (2) can be
reused.

The dehydrating and acetylating treatment can be carried out
in accordance with the following sequence.

Sulfuric acid and acetic anhydride are added to and reacted
with the first solid (cellulose) obtained by the filtration treatment, and
acetic acid is removed (collected) from the resulting reaction product
by a dehydrator and is dried. The above procedure obtains cellulose
acetate.

The amount of sulfuric acid added is preferably 1 to 10 parts
by mass and more preferably 3 to 5 parts by mass relative to 100 parts
by mass of dry cellulose. The amount of acetic anhydride added is
preferably 1 to 20 parts by mass and more preferably 5 to 10 parts by
mass, relative to 100 parts by mass of dry cellulose.

Moreover, acetic acid can be preferably added, and the amount

thereof added is preferably 1 to 10 parts by mass and more preferably

3 to 5 parts by mass relative to 100 parts by mass of cellulose.
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efficiently used as biodegradable plastic. The stirring and m xing substep
is for obtaining a liquid product by stirring and mxing the liquid

cel l ul ose obtained by the dehydrating and acetvlating treatnment, and the
second solid. At this tine, the second solid is preferably stirred and
mxed with the liquid cellulose acetate after being dehydrated. The
stirring and fiihd dghgdbstiom esdrettrlation ¢caeaimdnsus preferably ol | owi ng
sequence: (i) The liquid cellulose acetate and the second solid are kneaded

by a pubpgfed 80itaPREEARCEréutOBSBNNG SaRbli SRe BioRg melfethiplyl §)toor 18
the like while an appropriate anmount of water is added thereto to prepare a

pulp || 1 T8 £ORCENLLAH.0, D14k IELEI By L iy ggked, and vat e

is add o the pulp guid so th the“concentration thereof falls within
o0 2PLOBLL LS ane . The COncenty 31 Al Oy e Rl Bl LSy Gppref o a0l
Ui e 00 G ndthr stdsing sreve (0 B G TR O ATORTE Py 1 i t od,
direct pressure nolding which will be described belowis preferable. An
exanpl eredtrhbe tdisrecdfepabbs liremn®0 dionOPr geessni iorieeprefeseblhdromi t h
reference to Figs. 2 and 3. Figs. 2 and 3 are schematic
40 to 60 rpm. The duration of the dehydration and acetylation
treatment is preferably from 15 to 30 hours and more preferably from
20 to 24 hours.
The cellulose acetate obtained by the dehydrating and
acetylating treatment is filtered (subjected to the filtration treatment)
to separate liquid cellulose acetate from solid cellulose acetate. The
liquid cellulose acetate is stirred and mixed with the second solid in
the stirring and mixing substep, as will be described later, to obtain a
liquid product. The solid cellulose acetate, on the other hand, can be
efficiently used as biodegradable plastic.
The stirring and mixing substep is for obtaining a liquid
product by stirring and mixing the liquid cellulose obtained by the
dehydrating and acetylating treatment, and the second solid. At this
time, the second solid is preferably stirred and mixed with the liquid
cellulose acetate after being dehydrated.
The stirring and mixing substep is preferably carried out in
the following sequence:

(1) The liquid cellulose acetate and the second solid are kneaded

by a pulper (an appliance for loosening and dispersing solid pulp) or
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views for explaining the exanple of the direct pressure nolding process.
Fig. 2 shows a state in which z netal nolds are open, while Fig. 3 shows a
state in which the nolds are clanped together. A direct pressure nol ding
machi ne shown in Fig. 2 is forned by a core nmetal nold 20 nounted to a
core netal nold nounting plate 32, and a cavity netal nold 22 nounted to a
cavi t y theetlake ohile amwan prapphae emaunkmickeder ps isldol dhereispdsed at the
core netal nold 20, and a wire nesh filter 24 is disposed at. the cavity,
net al %ﬁ%@ar@&1§ﬂﬂ@§hqgj@e spaced a predeterm ned di stance therefrom
Further, a heater 28 is provided at the core netal nold 20 and the cavity

et al (ﬁﬁl gi sa‘hflg?heehlﬂﬁaﬂghdé)pghggg[m 1ieh i QG- cREERSET 8 nPivtERGs maChi ne

shown Irst, t tenperature of the core netal nold 20 and the

[ d i §. adj - f | Y.
T200C, Rt P10 Ao Jietd 36 ST s Bee Rt ot Bt I it ' 2

concave portion of the wire nesh filter 24 b n unillustrated liquid
productafsQWWPI%Q‘?S?a%g%or?h%rFCB?CQTHé%UHbIo%fet g Paiﬁ)dlcﬁ%léﬁiﬁzt 26 which
has passed through. the wire nesh filter 24 is collected by an

uni | | ugtredtmcblyol O eéot50% hpanassAfniémone peofdredili i) to RO Gy myapet al
nmold 22 is noved and clanped to the core netal nold 20. The coll ected

portionijpf theHd guhsuntedught@binanchpulp irthidid hdjhetdd dui dsireg laul ose
acetate in the dehydrating and acetylating treatnent for reuse. Fig. 3

Shote SRS DUAEIGTAPapEL rolts are clamedogetner. The [Tl

While a molding process in the molding step is not particularly
limited, direct pressure molding which will be described below is
preferable.

An example of the direct pressure molding process will be
described with reference to Figs. 2 and 3. Figs. 2 and 3 are schematic
views for explaining the example of the direct pressure molding
process. Fig. 2 shows a state in which metal molds are open, while Fig.
3 shows a state in which the molds are clamped together.

A direct pressure molding machine shown in Fig. 2 is formed
by a core metal mold 20 mounted to a core metal mold mounting plate
32, and a cavity metal mold 22 mounted to a cavity metal mold
mounting plate 34. Knockout pins 30 are disposed at the core metal
mold 20, and a wire mesh filter 24 is disposed at the cavity metal core
22 so as to be spaced a predetermined distance therefrom. Further, a

heater 28 is provided at the core metal mold 20 and the cavity metal

mold 22.

19



shown in Fig. 3. Although clanmping force varies according to the
configuration and structure of a nolding, clanping force in general is
preferably about 10 t. Canping tine is preferably 1 to 10 m nutes and
nore preferably 3 to 5 mnutes. Conponents in Fig. 3 which are simlar to
those in Fig. 2 are designated by the sane reference nunerals, and

det ai | ed descihptheomoltiiveg dof the diné¢tt pressaitemaellénki maichipesthevn 26 is
solidified, the cavity netal nold 22 is noved to open the netal nolds. At

that tijfepid e gebi diHd esmlpcatirdre pITatiect 026 mstddieldR0 aridigheor e net al
nold 20. Therefore, the solidified |liquid product 26 is separated fromthe

o, RS T 0 B SR e gt mr el T

prodL C and dried, and subsequéntly subjected

ol 0 orl ANE 1S 4 QR AP AL CLPLR bEa RO Rg | YRB AoV ToRlRE R e

repeated. The above direct pressure nol ding can shorten the lding tine
becaus@ chBchvE trEmting ohdheewyeh are sty [tap24i by wn emitvstratid dd¥Peoduct 26
is supplied to the concave portion of the wire mesh filter 24 and pressed
by t he proreidtesappipide2s. afdbdtteos hepilrg sapgplidchéigmisleptodygcestXp, in
which the liquid product 26 is shaped and hardened by the core netal nold

20 and Jhe i R pagBtal threld22hthalre firee figaahed ia delldenidgyt #nper at ur e,
can be carried out at the same tine. Thus, a cellul ose nolding can be

Obtain?ﬂnﬁhﬂﬂ&%ﬁe&h&ﬂﬁgﬁﬂﬁg?ﬂegﬁg[uAﬂ%@tﬁﬁigbﬂgckﬁnﬂiﬂﬂ?%ﬁ%ﬂﬂbhﬁﬂ%@d can be
mold 22 is moved and clamped to the core metal mold 20.

The collected portion of the liquid product 26 can be mixed
with the liquid cellulose acetate in the dehydrating and acetylating
treatment for reuse.

Fig. 3 shows a state in which the metal molds are clamped
together. The liquid product 26 is solidified in the clamped state
shown in Fig. 3. Although clamping force varies according to the
configuration and structure of a molding, clamping force in general is
preferably about 10 t. Clamping time is preferably 1 to 10 minutes and
more preferably 3 to 5 minutes.

Components in Fig. 3 which are similar to those in Fig. 2 are
designated by the same reference numerals, and detailed description
thereof is omitted.

After the liguid product 26 is solidified, the cavity metal mold
22 is moved to open the metal molds. At that time, the solidified liquid
product 26 is adhered to the core metal mold 20. Therefore, the

solidified liquid product 26 is separated from the core metal mold 20
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preferably used as a food tray, a lunch container, or the |like. A plant
conponent extracting apparatus according to a second enbodinent of the
present invention, which will be described later, can be preferably used
in the steaming and filtration treatnents of the process for nmanufacturing
cellul ose acetate of the present invention. According to the process for
manuf adtyupinghiagedbivl obe kmotkiong pinst Be. fThetlignisbgirodict 26 thives present
invention, a cellulose nolding, which is biodegradable and includes as a

raw, v rl%t%'ihéh isCREREQD arRBld i@t ahdsshibkbgukatbesnjbe i taway, can be
obtained sinply and at a | ow cost. Pia of Conmponent Extracting Apparatus

21 Nex'[tnrﬁn?frr?%]ﬁ;mqgﬁp(m anﬂ&{)éﬁﬂ%garr?@%ﬂmng%?&ghn@rés% fhetsgeond

enbodi e réen i nvention be descri’bed. The plant conponent
extractln app a he. present .iventi.on can,.pe referabhly used in the
for egmrﬁa ﬁ?tapﬁ) %rl}lh‘bsean&%llqlﬂgosngﬁer%tp ot Rrﬂﬁeéﬁ *67Hi ng k-)
the first enbodl rr| crit of the present invention. Further, the plant
conponé?ﬂ repeatedi ng apparatus of the present invention can also be used
in a process for manuf~:icturing celli-l.lose acetate according to a third

enbodi rnerit. e thever ésent prassnticomoldihg clan-ghiolrtdre thesordldeangl ater. A
steam .rig nethod and an extraction nethod with a solvent have

Conventt'ﬁ@féabwa’a%ermésﬁ%&%gﬁéﬂﬂ@dﬁeﬁmra&xhg@ﬂewgnawmeﬁwhe tigmpzanent ,
such as CetlL110SC, froma pla However, as described above, these _
e oS S 88030 5 COLAPR (R o eanterong purify
and pressed by the core metal mold 20, and the shaping and
thermosetting step, in which the liquid product 26 is shaped and
hardened by the core metal mold 20 and the cavity metal mold 22 that
have reached a hardening temperature, can be carried out at the same
time. Thus, a cellulose molding can be obtained simply.
The obtained cellulose molding is biodegradable and can be
preferably used as a food tray, a lunch container, or the like.
A plant component extracting apparatus according to a second
embodiment of the present invention, which will be described later,
can be preferably used in the steaming and filtration treatments of the
process for manufacturing cellulose acetate of the present invention.
According to the process for manufacturing a cellulose
molding in the first embodiment of the present invention, a cellulose
molding, which is biodegradable and includes as a raw material
corncob meal that has hitherto been thrown away, can be obtained

simply and at a low cost.

Plant Component Extracting Apparatus
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t he separation of lignin which requires many steps and the use of an agent

SUCh as sodium sul fide, and high cost required for the separation. The
pl ant conponent extracting ~--tpparatus of the present inverition can
separ~-j-tc and extract., in a sinple, continuous and rapid manner a plant

conponent such as cellulose, which is a main cornponerit. of n

bi odegr adabl e Nxistd plart wiorhpaneosiardrantiageAPPEer atigp i COfEADSsiCePs. The
pl ant conponent extracting apparat.us ~according to the second enbodi nent
of the qIRsRNEmBYEIThEatiofi thd ipsedehoisteanion plilinbe demwritat¢er iBlieby using
hot water -Linder high tenperature and high pressure conditions.

Speci fL}fﬁ'n'tycoﬁ?%r@rﬁ%xﬁ%@cir%%?%r@éﬁéf%ﬁ'tﬂl'ﬁgpr@sﬁ%ﬁ@f Al Hsniisnf @imes by raw

mat er i processi ng neans inc a raw material supply portion for

supplying_.a plant. ravv _.-nateri.al and r i SULhZ] portion
; g(r) geé?lieﬁﬁr%ﬁ peeddir g E%retg?éngtfblb (iegs(iq’ %Waﬁﬁg%c%{ Ee)ljrigg &’Egltla 65% to

oC and 5 to 30 MPa, respectively;, hot water suppl ans including a
pr essu_rm_@éfﬂl%écﬁoadt%ﬁ@rt&%flésbﬁ@]@@)d{rﬁenﬁéﬁ{@?e Eﬁaggﬁgbw?ﬂ&on- °
sub-critical vvater having 3500C pressurized at a pressure of 28 to 30 Mra,
and hotFuettterr, theaptd mgconeposchbextaeiinggpparalist edritegpresthrent by
m xi ng the heated and pressLirized plant raw Tyi,-.itcrial with the

sub- crijhivealtionatcan asspPld adedirier o phrdiat fovanermnaimppiyingardliuloset he pl ant
conponent extracting apparatus of the present invention, steanming Is
carried, Quyt, 1 By, R4JHEe o0 lther®!ARbol@N R &f tBE present invention,

which will be described later.

A steaming method and an extraction method with a solvent
have conventionally been used as methods for extracting a useful
component, such as cellulose, from a plant. However, as described
above, these methods are inadequate as an extraction method used to
separate and purify cellulose, in view of substantial time and labor for
the separation of lignin which requires many steps and the use of an
agent such as sodium sulfide, and high cost required for the
separation.

The plant component extracting apparatus of the present
invention can separate and extract, in a simple, continuous and rapid
manner, a plant component such as cellulose, which is a main
component of a biodegradable plastic, without using an agent or using
many steps.

The plant component extracting apparatus according to the

second embodiment of the present invention is used to steam a plant

raw material by using hot water under high temperature and high-
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heated to 150 to 3000C and pressurized to 5 to 30 MPa, sub-critical water
(hot water) having a tenperature of 300 to 35WC., and kneading the
resulting mxture while nmaintaining the conditions of the tenperature and
the pressure. In this vvay, the deconposition and renoval of lignin from
| ignocell -Li |ose, -~~-hich have hitherto reqLiired use of an agent and
many stgpssureatpb@itso mpl ySaacifmaltkl the planedosuponrntaesgiraghiegst ep.
Nanely, the plant, raw material supplied through the ra~v materijil

s- Li pplgy, PRI O for}&*ﬂé&hbgfﬁwﬁnhh&laawoa&@wgﬂind@mMIan@a@m is
pressuri z%d (ar| d preferably conpressed) to the aforenentioned pressure

wh f
o tor Al AE R RS ST A R TRAPIANE, AT Rldbfetialnhd B HIE T

into the hot water reacting
means fromthe raw nmateri aI roce sin ans_ynder the sa pressure
condi tllﬁﬁterSGgﬁﬁééHﬂ%}ng pettien Ocrrbg"f‘ge Hel?f?%%%“amgﬁ is added to
the raw material, and the mxture is kneaded. Therefore, the steam ng
t r eat n@mpw]aﬁduelaMmaxmaaﬁl;naé@rtriéQ touB OO ABdrd &8 I M)Pécesm ng systens
enabling continuous processing, unlike conventional steam ng processes in
whi ch acpbutaiviely; hbtsteps suepleprated iowladtegtapnessatieeriandte present
i nvention, a mxture of polyphenol fornmed by a change frorn decornposed

and re%%r'drﬂg"sﬁ)pﬁlg}ﬁqg%ub i 0881 w‘é.lﬁéﬁhakflﬁg% tefrf I\Fepgt@ne 5h800 to

deconposition irgnoceflulos.,c., and sol ubl e Cel | U OSC (sol ubl e

--d{eigﬁr&?ﬁ) é?egggr‘%%{ig{a?gb%%g@f&Bf'%’to ffa?lr Bcrhfr ed fo as the

h° Y odd st'eam ng. urt en a Iter|ng

device is provided, the M XtUre can be filter dto separ at el ect
fil tratréaéglrﬂ%i“ﬁ?%s erfa{émg%asﬁﬁam@&%%m%ﬁ%éfemlﬁﬁ%%g pul p of

hi gh quality) as a residue.
heated and pressurized plant raw material with the sub-critical water

supplied from the hot water supply means.

In the plant component extracting apparatus of the present
invention, steaming is carried out by adding, to the plant raw material
heated to 150 to 300C and pressurized to 5 to 30 MPa, sub-critical
water (hot water) having a temperature of 300 to 350, and kneading
the resulting mixture while maintaining the conditions of the
temperature and the pressure. In this way, the decomposition and
removal of lignin from lignocellulose, which have hitherto required use
of an agent and many steps, can be simply and quickly carried out in
a single step. Namely, the plant raw material supplied through the
raw material supply portion, which forms the raw material processing
means, is pressurized (and preferably compressed) to the
aforementioned pressure range while heated to the aforementioned
temperature range in the raw material pressurizing portion, and

pressed into the hot water reacting means from the raw material
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The raw niaterial pressurizij.-i-, portion formng the raNv materi~-fl
processin' - nmeans serves to pressurize the plant raw material, which is
supplied through the raw naterial supply portion, at a tenperature of 150
to 3500C (preferably 180 to 3000C) and a pressure o f 5 to 30MPa
(preferably 15 to 28 MPa). The tenperaturc and the pressure can be

appr opriracebyirsenecaed Umder the sboeepreasges ceagdoidnngSubsensieniie of the
plant raw material. In the raw material Pressurizil-Ify portion,

appl i catd o eicratiehe s teir (B onesessy iy ddied tbithe Siveanatgii cat dehte i n t he
hot vvater reacting portion, and preheating are carried out at the sanme

time. E P I ud I e } b S hdurt her nor e,
at t hi ST iR e B B e 1 e be
deconposed. by the water jncluded in.the. raw material_. For , in the
pr oces§O8¥ %Ph‘is r‘?&rE’éild QPSS ARFLGT &) PIRSTSSHB (PSEEMS £ gl%%ggll#%cobs,
nanmely cores of corns, used as the plant raw material, hot water is added
under ~ e tépvaLS PRO@TSangs asglike comvenigngd stpaming PRCHItRE of
extracting fat and oil and producing light oil from sunflower seeds used
as t he vpht arpluratityeof ateps heermparedr onla icsrprigssoalezed to 15 to 20
MPa. The steam ng treatnent can be continuously carried out by the hot

water reacting ffRapseSRer aivérgribal aaligture otfﬁﬁﬂﬁpweeﬁﬁl{f@rmaﬂgbﬁ a The hot
wat er supply neans includes a pressurizer and a heater for generating and

suppl yi it r i L : e PHESSHI and ma
further ar§ glc({lxl}a}t%‘?@%ﬂﬁfb%%ga?ﬁgn%g%inf%ﬁ?pn%ﬁgégeﬁéﬁgﬁmt eréltdaeﬁpl?, a g

filter If(r)] m%%vbgrefhé récce))ﬁ%g‘é"‘s”ﬂ

fon of lignocellulose, and soluble
hemicellulose (soluble xylan) is obtained as products (which may
hereinafter be referred to as the “decomposition products”) by the
steaming. Further, when a filtering device is provided, the mixture
can be filtered to separately collect filtrate containing polyphenol and
soluble xylan, and cellulose {(pulp of high quality) as a residue.

The raw material pressurizing portion forming the raw
material processing means serves to pressurize the plant raw material,
which is supplied through the raw material supply portion, at a
temperature of 150 to 350C (preferably 180 to 300%C) and a pressure
of 5 to 30 MPa (preferably 15 to 28 MPa}. The temperature and the
pressure can be appropriately selected from the above ranges
according to the type of the plant raw material. In the raw material
pressurizing portion, application of a pressure necessary for the
steaming treatment in the hot water reacting portion, and precheating

are carried out at the same time. Further, gas included in the raw

material is removed. Furthermore, at this time, at least a portion of
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equi pnent, and the like, if necessary. The water purification nechanismis
used to renove inpurities and ions included in raw water to, for exanple,
prevent clogging of the healer, pipes and the like. The pressurizer is
preferably a plunger type punp, and particularly preferably a. plunger
type punp having a. rated flow of 10 Iliters/mnute at a di scharge pressure
of 30 MRa.plimg meatreatdsal pasflee decymphred baxdrangder onchuiledanddia bath
heating type, which wuses a nickel alloy coil. The sub-critical water is
hot wat-gk hawidigalR tenperature and a pressure |lower than those at the
critical point of eater (i.e.., a. tenperature of 3750C~ and a pressure of

22 MPa). The gy Cd b "H/atgr%f kHcd € oPTRRethih &\ eMi188ei SndBARNhavVIi ng a
pressure of 2 to&g%ﬁmﬁ/gélan apt e(r:rpergture éf13 Oto 35800. Tk?g hot wat er

[ f [ h ' be f hol |
body. t RAGEGRC B aRek FH S ol BTG O BT e Rt UBTER TR “ana &

plurality of noving vanes provided inside the hollow baody and di sposed
adj acetlang réat g @Téﬁlysléogé”ql@rb’é a@é?ét‘éﬂdﬁtqkl%cﬂpﬂéfdf’ﬁoﬂp?n whi ch the
plant raw material and the hot water pass through the holl ow body being
t he axipgesburetaft28rno 30 MPa.efh dbiei peowdrenof katrasting faarrasd avikadidsposed
adj acent to each other so as to alternately rotate in reverse directions

Wi th t hgodid@alk REht Bil Wimhstheloptanseédw usdidbisathaplahbeakot water pass
t hrough the hollow body being the axis of rotation. The steam ng treatnent

aw mares P A T TR AL BEC SIS AR SEES el )
. : y
steaming treatment can be continuously carried out by the hot water
reacting means operating hot water in these pressure ranges.

The hot water supply means includes a pressurizer and a
heater for generating and supplying sub-critical water having high
temperature and pressure, and may further have a water purification
mechanism including a water tank, a filtering device, ion exchange
equipment, and the like, if necessary. The water purification
mechanism is used to remove impurities and ions included in raw
water to, for example, prevent clogging of the heater, pipes and the
like. The pressurizer is preferably a plunger type pump, and
particularly preferably a plunger type pump having a rated flow of 10
liters/minute at a discharge pressure of 30 MPa. The heater is
preferably a heat exchanger of molten salt bath heating type, which
uses a nickel alloy coil.

The sub-critical water is hot water having a temperature and a
pressure lower than those at the critical point of water (i.e., a

temperature of 375°C and a pressure of 22 MPa). The sub-critical

25



necessary to provide a heating neans at the hot water reacting neans
because the steaming treatnent can be carried out by using the heat and
pressure applied by the raw material processing neans, and the heat of the
sub-critical water supplied. However, the hot water reacting neans may be
formed so as to be heatable, if necessary, such as a structure in which

t he holwatbindyhe spresangd rfveortiohd sounsetdaving anpreaguvarmds2dftot Be hot

wat er reacting neans are preferably structured so as to be rotated by

fluid prpssang gesaipiredurbyoft Beofo®50fCthe fluid passing through the
hol | ow body, i.e., the flow of the hot water and the plant raw materi al

heat ed and prequghio%qgaf%rerggﬁfel G k&l cafg@?bﬂ@ tFRABE iRl

vane- shaped stators or Ich are tw so as to be ro%ated by

force in the direction of the .flow). Thi.s structure.enahl es continuous
stirri ﬁﬂa%i%fh QﬁmEGntf%@t]ilﬂEOg’ bafiﬁ@f&dﬁ? 3@“% h—&eé Hlﬁ’él%m RFVANS can be
provided so as to be adjacent to each other and alternately rotated in
rever sargl thethohwatgiripesheaarr 2 @lvealith iy REV 4165 PTREESES being t he
~axis of rotation the plant raw rnaterial and the hot water are kneaded

ef fi ci énside thettesléby bhddy strehdns pgsed eatjaeant caredsh sthét soens Lty bearri ed
out. As a result, a short or conpact hot water reacting neans can be

for med okt sichoveiitaaibhereldiieheniey mhnstieanimgteAhl emtthvedlyt the hot
wat er reacting neans nmay be fornmed so as to be rotated by a notor

connected, 10,2, DOUEH SANTE 190115 FBAYAliGd BLC xiThe Rblayk Dagsi s

formed so as* {0 pass plrant raw, teri e hot water there
t hr oug

O T R R S T T
as to alternately rotéte in reverse directions with the direction in
which the plant raw material and the hot water pass through the
hollow body being the axis of rotation. The steaming treatment is
carried out at high temperature and high pressure by using the plant
raw material and water. In the above structure, it is not absolutely
necessary to provide a heating means at the hot water reacting means
because the steaming treatment can be carried out by using the heat
and pressure applied by the raw material processing means, and the
heat of the sub-critical water supplied. However, the hot water
reacting means may be formed so as to be heatable, if necessary, such
as a structure in which the hollow body is heated from the outside.

The moving vanes of the hot water reacting means are
preferably structured so as to be rotated by fluid pressure generated
by the flow of the fluid passing through the hollow body, i.e., the flow

of the hot water and the plant raw material heated and pressurized by

the raw material processing means (e.g., vane-shaped stators or the
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circular cross-section is particularly preferable. Further, at |east the
nmovi ng vanes and an inner wall of the hollow body are preferably forned of
ni ckel alloy. A supply pipe for supplying the plant raw naterial, a supply
pi pe for supplying the hot water, and a discharge pipe for discharging a
deconposi tion product generated by the stean ng are connected to the hot
wat er ddacwirigh areansistédconaerteibed rotadedibabirscsirathe difsadionoftthe | i ke,
such as one manUfactured by Noritake Co.., Ltd, can be suitably used. The

t enper gidire ARk BEASSHIR ¢éMSbHS ¢hetitatiowabeirrirgaetithgut comeangingeai ng t he
steam ng treatnent vary according to the type of the plant raw material or

i nt endeg.; . e I - t paye materi al
it is gﬂé e%gg:t:fegnf'o)sg@{&@t ee ?@gn%e a?%?ggtscoaﬂ%ggoezE{g§§%0(%%o(%§éferabl y 180 to

20000) dth ressure.to 28.tq. 30 MPa. n,sunfl ower. s. re used as
t he raﬁ%?‘é??ég,e% ioghﬁfeq%¢ng%rQ%te?§§P¥%ﬁ%dt”élnﬁaeé’re ﬁr&él?? gﬁfgbg to 220C

(preferably 180 to 200C) and the ressure to 15 to 20 MPa.. The duration of
t he st egfhride demation 1Psth<F1éft@ﬁa1ﬁP}d oS58 3o e e S 9A LI E s er abl y
15 to 20 mnutes. The raw material pressurizing portion of the raw materi al
pr ocesshegpmeansawem dterfedraved thy hohotdtzw @mgdﬁ&ﬂﬂéﬁfﬁmw&he raw

mat eri al supply portion is provided, a rod-shaped rotating body disposed

i nsi de Wherdyy kRw éx@aenb%yzr@mnbﬂvic@gl Bespuffidicgthovearriedeout diks af  whi ch
narrows fromone end at ich the raw material supply portion is provided

to the ather,, %ﬁ]l%r%.&eél&ﬁ{\;)e%(gc{jh[}?% L NG fé&tﬁ@%gﬁ@aﬁfs chhendebiewdbase body.

A di schargi g port is provi at the other

without lowering the efficiency of steaming. Alternatively, the hot
water reacting means may be formed so as to be rotated by a motor
connected to a power source or by magnetic force. The hollow body is
formed so as to pass the plant raw material and the hot water there
through, and may have a cross-section of any shape, such as a
circular, oval, square or rectangular shape. The hollow body having a
circular cross-section is particularly preferable.

Further, at least the moving vanes and an inner wall of the
hollow body are preferably formed of nickel alloy. A supply pipe for
supplying the plant raw material, a supply pipe for supplying the hot
water, and a discharge pipe for discharging a decomposition product
generated by the steaming are connected to the hot water reacting
means. A commercially available static mixer or the like, such as one
manufactured by Noritake Co., Ltd., can be suitably used.

The temperature and pressure inside the hot water reacting
means during the steaming treatment vary according to the type of the

plant raw material or intended use. For example, when corncobs are
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of the holl ow base body at which the raw material supply portion is not
provided. Wth this structure, when the rod-shaped rotating body is
rotated, the plant raw material is pressed, while heated, along the spiral
groove fromthe end at which the raw material supply portion is provided
toward the discharging port at the other end, and can be conpressed at a
desi r edigirceasithe. rafvtrhatghial hi isoptafarbhbetdedy theyepepsraisteutedS&o as to
have a cross-section of any shape such as a circular, oval, square or

rect angyl 250%hapeefeirABIPAld @0 bBse (hogidpites erabsyrdas 28 dior 80IMiPa.
cross-section because the pressure applied to the plant raw material by

Lhe 1 odyBAAPe, [OLANLNG: DRYY LALaLa%d 3 dayt it bl 1846 agcormsIc whi f or m

Furt her, roove I's provi at ther aped 28 rotating body

fromthe one end toward the er t hereof ,s0 .t t el i dt h) of
the gr &6V ta‘?fﬂé’ler\é?‘ﬁﬁ‘? SV\JS&%P[Bn??ﬂGeb JBW@?EiY%é@tstapp 9@0%1{}?6[&1]@& de
toward the di schar%}ng port side when the raotati ng body is disposed in the
hol | owHzgseusedy. 1 tcn20nMPast rifee drratior ol iR REtidErEMEYY Sonveyed
whil e pressed. The rotating body is preferably formed in the shape of a

rod hayiregeealslybs0atnt 8al inyncitesulrad moregsedecthblynibnta @0nmiofutenabl i ng
efficient and uniform conpression. Further, the raw material processing

means nmay haveyy vadl matRirisl pleddigrizavg Prireidralofahes sakvi Ziditgripdr ti on,
whi ch may be connected in a series according to the type of the plant raw

TR | B L RO 5, B OFRS, AEofOBREE gt o wpSR BT, o

are used as raw mate our erial pressurizing

port! Or}a%\; Er"n treerfigf gglp%lgoggﬁ%r?qsl Sré‘vi%%h', %sr(t) —sslgggg]dtrho artf‘nV\é %%tdej‘r“ al

disposed inside the hollow base body and having a spiral groove, the
width of which narrows from one end at which the raw material supply
portion is provided to the other, and a heater for heating the inside of
the hollow base body. A discharging port is provided at the other end
of the hollow base body at which the raw material supply portion is not
provided. With this structure, when the rod-shaped rotating body is
rotated, the plant raw material is pressed, while heated, along the
spiral groove from the end at which the raw material supply portion is
provided toward the discharging port at the other end, and can be
compressed at a desired pressure.

Although the hollow base body may be structured so as to have
a cross-section of any shape such as a circular, oval, square or
rectangular shape, the hollow base body preferably has a circular
cross-section because the pressure applied to the plant raw material
by the rod-shape rotating body rotated inside the substrate becomes

uniform. Further, the spiral groove is provided at the rod-shaped
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at a pressure of 28 to 30 MPa. Wien sunfl ower seeds are used as the raw
material, three units of the raw nmaterial pressurizing portion are
preferably connected in a series to steamthe raw material at a pressure
of 15 to 20 MPa. Water nay be added to the raw nmaterial processing neans.
However, by adding hot water in the hot water reactor as described above,

t he steatitigg bedyfeom danobe oad towarduthaathesr eedithegeot spdhritdhs whil e
t he amount of water is easily adjusted. Moreover, the plant conponent

ext r actjingh dppacaf us tbk ghvepesentllynuaniows ey thetlaey macétide cool i ng
means for cooling the deconposition product, which has been produced by

deconpgsi.t. . t : . S Lo
Eroduc%ﬂﬁélﬁ“% e S A
eat exchanger,.. or the |j.ke using.a circul atory,systemfor. circulatin

wat er) >i?ﬁ’[c%f ﬂ% digRpsrddn ﬂ%‘? é’é’ai%‘? BRSG :?S%tyhe%d%]cjo%%}gs?'iriﬁ‘lgﬁu%?bgﬁgt Wi tgh
cold water. The forner has an advantage in that_the deconppsition product
can be plagataiaw reatteal hecouseved philoereasey: diiredorytagdPREYCES d wat er
thereto. Further, a filtration treatnent after cooling is sinplified, and
a hi ghqpeéesably foeahedinhdregehapatifchrod necexsarsy whem tialdy gpregkne is
not decreased during the cooling, is unnecessary, thereby enabling further

reduct i@ sksé@sbn iWhenrhbefaacopnag dffiicft edit Urifoleact@aprysélai ng col d
water therewith, the cooling nmeans nmay be formed, as in the case of the hot

wat er reacting BaRs JRICFdPeH 208U PP RsBRtd MeRAmay have plural
units of the raw material pressurizing portion, which may be
connected in a series according to the type of the plant raw material or
intended use. For example, when corncobs, i.e., cores of corn, are
used as the raw material, four units of the raw material pressurizing
portion are preferably connected in a series to steam the raw material
at a pressure of 28 to 30 MPa. When sunflower seeds are used as the
raw material, three units of the raw material pressurizing portion are
preferably connected in a series to steam the raw material at a
pressure of 15 to 20 MPa.

Water may be added to the raw material processing means.
However, by adding hot water in the hot water reactor as described
above, the steaming treatment can be carried out under desired
conditions while the amount of water is easily adjusted.

Moreover, the plant component extracting apparatus of the
present invention may further include cooling means for cooling the
decomposition product, which has been produced by decomposition in

the steaming treatment, by mixing the decomposition product with

29



t hrough which the plant raw material and the hot water pass, and a
plurality of noving vanes provided inside the hollow body and a plurality
of noving vanes di sposed adjacent to each other so as to be rotated with a
direction in which the deconposition product and water pass being the axis
of rotation. It is effective when the noving vanes are disposed adjacent
to eachdtheateandr divt eanatiogyoubhapsExohangefse., By rebrepdxaiiamsthe
direction in which the deconposition product and water pass being the axis

of rotajd g lieusingced virsilandryayetém forotircifietinpisegeypaeshand t he
hol | ow body may be simlar to those of the hot water reacting neans, and

the ”Dlei‘&ié{ériﬁlz’t«?zl'i& cﬁfzf%figgl khe éééé&g?gs%ﬂoh pb&dliet atRe &yl hwitdrpressure

0
generated by t oW 0 wat er t he deconposition product after

t he steam e.q. ., vane; shaped. stator i C re..tw to be

ot at ed 1y nEs Hits ¥R TERPERS uEERGR) Re N laPosi i A B Ry be
structured so as _tQ_ be rotated by a tor connected to a{ower source or
by magriitickly ceoded hgeaese af p%yoit);l,efﬂ);% gizant ngsCoeWMEErial for the
movi ng vanes and at |east an inner vv-all of the hollow body of the cooling
nmeans ahemetd. FSpadbiefr edfiltyatiarstmdtenonkeftarcadléngiikesingplthicds

manuf actured by Noritake Co., Ltd., is preferable. A supply pipe for

suppl yidaighepeasrifobkht @xdp-ateet,, whicupsleqspariowheupphyi ng the col d
wat er, and a di scharge pipe for discharging a cooled product are connected

Lo the £oQlhig {ABRDE d clPels b8 WhilinAUpRbbl0le, GMRARECCS9RLY NehdRAYs can be
owering the cooling efficiency.
enabling further reduction in cost.

When the decomposition product is cooled by mixing cold
water therewith, the cooling means may be formed, as in the case of
the hot water reacting means described above, by a hollow body
through which the plant raw material and the hot water pass, and a
plurality of moving vanes provided inside the hollow body and a
plurality of moving vanes disposed adjacent to each other so as to be
rotated with a direction in which the decomposition product and water
pass being the axis of rotation. It is effective when the moving vanes
are disposed adjacent to each other and alternately rotated in reverse
directions with the direction in which the decomposition product and
water pass being the axis of rotation. The structures and materials of
the moving vanes and the hollow body may be similar to those of the
hot water reacting means, and the moving vanes are preferably
structured to be rotated by fluid pressure generated by the flow of cold

water and the decomposition product after the steaming (e.g., vane-

shaped stators which are twisted so as to be rotated by force in the
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A cooling water supply nmeans for generating and supplying cooling water
can be connected to the cooling neans. The cooling water supply neans nmay
be formed by a pressurizer, a cooling nechanism and, if necessary, a
purification mechanismincluding a water tank, a filtering device, ion
exchange equi pnrent and the |ike. The purification mechanismis used to

r enove flowutirecasnandHoweserj tot ndedingvanesunagrbe siriorurehaplas, thor event
cl ogging of the heater, pipes and the |like. The pressurizer is preferably

a pl unges rbyPRPBFPa mater pahiceubardoya pi@ker abhitca of bygetadngec punp
having a rated flow of 10 liters/ mnute at a discharge pressure of 30
MPa. A0 nly used cooling device may be used as the cooling nmechani sm
Si nce the deconposition product produced in the steanming treatnment is a

m xture of polyphenol  and cel l.ul gse, and sol ubl e xyl.an, filtering device
may be provi dé%lCE‘&l all9y &% Sf%‘?‘?gﬁé’eﬂﬁ? t%%&ﬁ?ﬁgaaé%@iﬁ%% ‘ot Pr8&uct into
filtrate containin% pol yphenol and_sol uble _xylan, and cellul ose (pul p of

hi gh quanes pngkas least ameinmex srall pd tha bahiong Doyt Ak thetcopliBg reacti ng
nmeans. Filtration may be carried out after the produced deconposition

pr oductmeantseaparalli | §petdicadly,na sastonager teanide drkayeguble aapnieed out
w thout storing. The filtering device nay have a storage function so as to

store tfgnhifhttated and NIreslibe af tied. f id bli“élfér@fﬂ)_leFUAtd%ep}glﬁpiSp@_ff@ﬁe tank
for separately storing the filtrate and the residue may be provided

separ atsﬂsae%@gggl%@deEbHﬁééi@%rﬁ%@oﬁ%c&{, Y gﬂgp%ﬁg?@tfokﬁgﬁgiﬁﬁg @{y plant

may be U e raw terial ‘regardl ess her I's wood or

222_ \é\g%g%ggvggteﬁxgrqal E?’difS(r:lng]rge %qlprétfo(%fdivslc%vgrtgri]r?tg'a tcp)%lerc?%{"lohluncgc e(fzeel lul ose

connected to the cooling means. As a result, a short or compact
cooling means can be formed without lowering the cooling efficiency.

A cooling water supply means for generating and supplying
cooling water can be connected to the cooling means. The cooling
water supply means may be formed by a pressurizer, a cooling
mechanism, and, if necessary, a purification mechanism including a
water tank, a filtering device, ion exchange equipment and the like.
The purification mechanism is used to remove impurities and ions
included in raw water to, for example, prevent clogging of the heater,
pipes and the like. The pressurizer is preferably a plunger type pump,
and particularly preferably a plunger type pump having a rated {low of
10 liters/minute at a discharge pressure of 30 MPa. A commonly used
cooling device may be used as the cooling mechanism.

Since the decomposition product produced in the steaming
treatment is a mixture of polyphenol and cellulose, and soluble xylan,

a filtering device may be provided for filtering and separating the
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t o manuf acture bi odegradabl e plastic of good quality in the end, it is
particularly preferable to use at | east one selected fromthe group
consisting of corncobs, which are cores of corn, plant seeds such as

sunfl ower seeds, bagasse, which is cane trash obtained after sugar cane is
squeezed to extract sugar therefrom kenaf, reeds, and rice straw. An
enbodi weEconoposteop ed wonpdrehttrext canttphyirg pataplaenobandhsotkisent
invention will be described belowwith reference to the drawings. In the

f ol | owixj@an g aeRb eellllvbé (hutprofcolit gimlisgheas tdsduel after ahe mat er i al
wi Il be mainly described. However, the present invention is not limted to

this enbodiig t%}g%t ﬁ%%&ﬁn{)eeﬁdtéég%%%y CORPRNSR nfa HaCtdNgeappar at us

of the presen Ion w ribed with reference to Figs. 4 to

12. In the present enbodi nent, corncebs are, used I Lal:, and an
ent i r o4l BT FECWR dred Ao PRLLOR AT BnRd ARIT Bt iy
treatnent is carried out by adding to the, system sub-crjlrgi cﬂ wat er havi ng
a t enpér atafiegcotarsig0 of gnIFoRT Canted 8 WHdBHposIRIIBR- L 8&ckEhHE

| i gnocel | ul ose causedl by the steamng treatnent, a m xture of pol yphenol
and celdeviosendphgvoh sighgguilnetipn sndstd sbdre therilieblapoge (sol uble
xyl an) are obtained. The mxture is stored and filtered to separate the

cel | ul gggiduiomridefisglatid e Xhahand sheragotyphaoolsdpiraiety stdwngesul ting
deconposition product is cooled after the steam ng treatnent by addi ng

col d V\@I’lgrfiftPa{@%.n?f ?ﬂgﬁie'si&aesrﬁ%%bggaﬁ\ﬂdeé’s%ﬁv?rﬁ%?ﬁ?%meﬂﬂ?@di ment

includes a raw naterial processi paratus r mat eri al processing
nmeans) f:llﬁ%{ a ,sub-critical water supply apparatus (hot water supply nmeans)
120, allhin%ede¥i% eact or (hot water reacting means) 130, a cool er (cooling

In the present invention, any plant may be used as the raw
material regardless of whether the plant is wood or non-wood. For
example, from a point of view that the resulting cellulose can be used
to manufacture biodegradable plastic of good quality in the end, it is
particularly preferable to use at least one selected from the group consisting
of corncobs, which are cores of corn, plant seeds such as sunflower
seeds, bagasse, which is cane trash obtained after sugar cane is
squeezed to extract sugar therefrom, kenaf, reeds, and rice straw.

An embodiment of the plant component extracting apparatus
of the present invention will be described below with reference to the
drawings. In the following, a case in which corncobs are used as the
plant raw material will be mainly described. However, the present
invention is not limited to this embodiment.

The embodiment of the plant component extracting apparatus
of the present invention will be described with reference to Figs. 4 to

12. In the present embodiment, corncobs are used as a raw material,
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rneans 140, a cooling water supply apparatus (cooling nems) 150, and a
filtration and storage device 160. The raw T-riaterial processing

apparatus 110 includes a raw rnateria.l supply portion for supplying
corncobs and a raxv rnii:j-terlal pressurizing portion for applying heat
and pressure to the supplied corncobs. The sub-critical water supply

app, ar afridh ah2éntivel sidgena ibdagiteat puhpelapdeasmktanb dal 8Od&E.ng  devi ce
and supplies su[D-critical water to the outside. The hot water reactor 130

m xes theahfaledearthdesseliked Qo by eriiny ¥ the dydtbn saitbceitiddical
water to carry out a stearning treatnent. The cooler 140 i-i-iixcs cold

water o Vﬂetrhhgvig{gogﬁtg&%g@%@gp@@;t&mt roeet ) rpﬁe%cg;héabmggsiﬁaﬁani i no,

treat m‘%% to Co odu e cooling water supp app .ttus 150 a

booster punp and _.a cool. nmechani and supplies cold ter..The
fiItrafP@ﬁﬂéﬁdoghgpéﬁéhHQSF%&aiﬁﬁ“fE%ﬁﬁ@é§eglgg%%?ﬁﬁﬂjP8ﬁE;?6?D§%8Ping t he
cool ed deconposition product, and a filtering device for filtering the
deconposinalyphereduand adlelesen(dupFpfhish qwelipaw ard solePlpr ocessi ng
apparatus 110 is formed by a raw material supply portion 11 1 for

suppl yigniwinglehe (5b9ubdnsydanparauitenintd prEssunixing jpostdred 468 f or
heating and pressurizing the corncobs 119 supplied through the raw

mteriﬁétel%ldp%)é_e i@ htlde HAISUTFRSSIHAN8 o 6OPNCRDSad khd fhe. 5 is an
enl arged schemati C cross-sectional view showi ng an exanple of the raw

rnater ) BhREeTS Y ARRA AL, %%1}?1%%;oqego;'}ﬁgsgiﬁbn;ﬁf&wcp% B d 11

I fipu an I nput poyt~shutter 112,
fgfrgo: gﬂqr;glrrlen%%Qar%l]i%gsg%gt}negn% tt])gfoelljggirgghecoﬁgvgvg%re% %helg ouctiuggrt 111 are

As shown in Fig. 4, the present embodiment includes a raw
material processing apparatus (raw material processing means) 110, a
sub-critical water supply apparatus (hot water supply means) 120, a
hot water reactor (hot water reacting means) 130, a cooler (cooling
means) 140, a cooling water supply apparatus (cooling means) 150,
and a filtration and storage device 160. The raw material processing
apparatus 110 includes a raw material supply portion for supplying
corncobs and a raw material pressurizing portion for applying heat
and pressure to the sﬁpplied corncobs. The sub-critical water supply
apparatus 120 includes a booster pump and a molten salt heating
device and supplies sub-critical water to the outside. The hot water
reactor 130 mixes the heated and pressurized corncobs with the
sub-critical water to carry out a steaming treatment. The cooler 140
mixes cold water with a product {decomposition product) produced in

the steaming treatment to cool the product. The cooling water supply

apparatus 150 includes a booster pump and a cooling mechanism and
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hel d or supplied to the raw material pressurizing portion 113 by cl osing or
opening the input port shutter 112. Wth this structure, the raw material,
nanely, corncobl 19, can be supplied continuously. Further, an.
unillustrated feed purnp is attached to the raNx~ inaLerial input port 1llla
such that corncobs are supplied by the feed punp through the raw matcri al

i nput pardplidd aold watex. c{fhienfitralioh a@ot stotage devbee dtoimeiudds ¢
supplied by controlling the feed punp according to the anount required.

Al t houghotdhe: shapefdf seningolite copldd eidcosn poesithar tpreulwet, Yand iani t ed,
corncobs are preferably forned into chips having a dianeter of about 2 to

3 mMm T r nat er.i i 'g&mgjcg i,s+formed such that a
screvvy% F%lgﬁgh%%{gg%r%’[raﬂtﬁg{rg%z%% %‘li i dgﬁglgglséééclﬂﬁl%{the cylinder (hollow
substrate) 114 at, which the raw material, suppl ortion 111 is rovi ded.
The screen 115ShEROWTS} H’:\g' ér g%@éﬁ“éﬁbatteﬁéﬁp?%/%%’Stsﬂggead?pag%t&ﬁ Er@ from an
end of the screw, at which the raw materi al suEpIy portion 111 i%

provi désl formesr By a rewonigde @l SURPL, Portianst Al TeREUHIPKHRBE CUERPs A

di scharging port 114a is provided at the other end of the cylinder 114

(the dildtnl ardda ehwt heasatiaivprassuhizehgt hertiemy Il 3 .for dréadingsaupgl y porti on
111 is not provided. Wien the screw 115 is rotated, the corncobs are

heat ed padsprpsaul iedorabdhdi Bebangeglit oM idiezh dhechaw ghagepient 114a in a
conpressed state. A notor (drive nmeans) 118 is provided at the side of the

screw 115, ol 4l 161 TG ARSI (o WRRLYOBYT 1100 #5359 ded. The

SCcrew hnected to

enlarged schematic cross-sectional view showing an example of the
raw material processing apparatus.

The raw material supply portion 111 includes a raw material
input port 11la and an input port shutter 112, such that corncob119
supplied through the raw material input port 111a are temporarily
held or supplied to the raw material pressurizing portion 113 by
closing or opening the input port shutter 112. With this structure, the
raw material, namely, corncob119, can be supplied continuously.

Further, an unillustrated feed pump is attached to the raw
material input port 111a such that corncobs are supplied by the feed
pump through the raw material input port 111a into a cylinder 114.
Corncobs can be automatically supplied by controlling the feed pump
according to the amount required.

Although the shape of corncobs inputted is not particularly
limited, corncobs are preferably formed into chips having a diameter of

about 2 to 3 mm.
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nmotor 118 via an unillustrated reduction gear including a prine gear and a
driven gear, and is rotated by electric power supplied froma power source
(not shown). By the rotation of the screw 115 inside the cylinder, the
corncobs supplied are heated at a tenperature of 150 to 3500C and
pressurized at a pressure of 28 to 30 MPa so as to be conpressed. The

t enper at ur e i §hr edermbltyritdPriees5riGg podtionrkl Priefleraisid/susb theat 2000C.
The corncobs in this state are hereinafter referred to as the "conpressed

COrncolsserAp (8b&CIkApcoftatind Goldg) Nestisnlisphecdnii dreafylimeecyl i nder
via a wall thereof, and a heat retaining jacket 117 for retaining heat by

cover | pof % SLBSLIAG) MRl B WARRtACRRQN e Al LRBRLRRRT 1UNR

cylind SO0 as tao’surroun e cylinder, nsi de of the
cylinder can be uniform ated. Further, a te rature sensor 108 and a
pr essuﬂ%roé’éﬁ%gr ’ii'l]@@ S&F@“%rlgﬁ t}@& heEMTR %f%‘i’%%’h‘gﬁgiﬁbe%ﬁ% ffﬂﬁﬁe% t he
cylinder 114. Two or nore units of the raw naterial processing apparatus

110 cashsetenardserean and ebthescrew,tah whighethe Fawt erperaauFeP t he
pressure of each unit of apparatus may be the same or different from one

anot hep@sidond lass phevapmir atwsrdonhecttéd rtend feehot diatarend eddier 130
satisfies the conditions of the tenperature of 150 to 350C and the

pressurgrefy) 5 AQi30hMPind hdrhel Ta8esipraMitiel Ahehe i ong ofditié er from
one apparatus to another, it is preferable for the tenperature and pressure

tg ,[ ihsg: oo c%rl tf%ﬁlFLtﬁ'l%t ?Pﬁg?req{&'%fttﬂet Q@reﬁﬁ)cgf'%hm? thBifdy mat@ndit he last
paratus "(n>_ 2).
supply portion 111 is not provided. When the screw 115 is rotated, the
corncobs are heated and pressurized, and discharged from the
discharging port 114a in a compressed state. A motor (drive means)
118 is provided at the side of the screw 115 at which the raw material
supply portion 111 is provided. The screw 115 is connected to the
motor 118 via an unillustrated reduction gear including a prime gear
and a driven gear, and is rotated by electric power supplied from a
power source {not shown).

By the rotation of the screw 115 inside the cylinder, the
corncobs supplied are heated at a temperature of 150 to 350C and
pressurized at a pressure of 28 to 30 MPa so as to be compressed. The
temperature is preferably 150 to 250C, and more preferably 180 to
200C. The corncobs in this state are hereinafter referred to as the
“compressed corncobs”.

An electric heater 116 for heating the inside of the cylinder via

a wall thereof, and a heat retaining jacket 117 for retaining heat by

covering the electric heater 116 are provided at the outside of the
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Further, the raw material processing apparatus is pressurized and heated
in advance for a steam ng treatnent by the hot water reacting neans.
Furthernore, gas included in the raw material is renoved. The sub-critical
wat er supply apparatus 120 includes a water tank 121 for tenporarily
storing water, a nolten salt heating device 123, and a plunger type

boost ercypiipePl.14The asatesuraokni?the sylicaierectledrdlny the imslidem{gale
heati ng device 123 via a supply pipe 124 at which the plunger type booster

punp Pl i pEo¥hAefe uHiCo MRl e hdatedP! PESHAEZES tBih hdvartRirengaiséy pesboost er
punp Pl "to a desired pressure, and in this state, the water is heated to

h b h -cradical ef .. MPa i
appl | o T A RECgaer SeBOLIP d R p U P AR SRR arilpelpdl T 1

further heated to generate sub-critical water (hot water) having a

t enper dtif@ odrthspeyhadgsobtd- Moreover, an end of a supply pipe 125 for
suppl ying sub- critical water is connected to the nolten salt heating
devi ce 123. THovomol eresahitshehthagaveviaeerial procespnes eePargttfe hot
wat er reactor 130 via the supply pipe 125 so that the sub-critical water

can be cantuiafudesédyn sepEd ¢d 4 eetirs. hdh thds eragecaticoterhperafiee anolint  of
the sub-critical water supplied to the hot water reactor 130 is preferably

1017, S000gPE 8,00 B oy r ey Ay D o prdmIRneIEE,
:? ? ﬁglfgﬁ%]ggy%%i{%g&l%hgg Bn]gzafss nd aﬁ83r5&§égﬂ%e%qgﬂﬁgeﬂ{e 12{ e di sposed
reactor 130 satisfies the conditions of the temperature of 150 to 350TC
and the pressure of 5 to 30 MPa. In the case in which the conditions
differ from one apparatus to another, it is preferable fof the
temperature and pressure to rise from the first apparatus to the
second, the third,..., and the last “n”th apparatus (n 2 2).
Further, the raw material processing apparatus is pressurized
and heated in advance for a steaming treatment by the hot water
reacting means. Furthermore, gas included in the raw material is
removed.
The sub-critical water supply apparatus 120 includes a water
tank 121 for temporarily storing water, a molten salt heating device
123; and a plunger type booster pump P1. The water tank 121 is
connected to the molten salt heating device 123 via a supply pipe 124
at which the plunger type booster pump P1 is provided. The water is
pressurized by the plunger type booster pump Pl to a desired

pressure, and in this state, the water is heated to thereby generate hot

sub-critical water. A pressure of 28 to 30 MPa is applied to the walter,
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between the water tank 121 and the booster punp Pl, such that inpurities
and ions included in the water are renpoved in advance. The nolten salt
heati ng device 123 is a heat exchanger forned by a nolten salt bath, a

heat exchange chanber provided inside the bath, a nickel alloy coil, and a
tenperature sensor 128 for neasuring the tenperature of the water. The
wat er , amnd ¢h tas prermitized santc t blee Watlcy ise rt hea kfd den satEnade

pressuri zed by the booster punp Pl and supplied to the nolten salt heating
devi ce skP3.cricheaiedri (hdtheabegthaeohangenpbanbere afi@Ghen 38dC.0 the
supply pipe 125. At this tinme, the tenperature of the sub-critical water

can be indi req\tﬂhﬁ?&p@ rol 18ty oY% %gg)ﬁlgléi?ﬁglggef&emﬁbﬁiw s@b-the nolten

salt bath. The wat’er reactor nected to an ‘end of a supply

pi pe 165, .the other. end of which.is conpected to the di scharging~part 37
114a ofcTtHea M%tlérq%nﬁ??éjeg%ithﬁ %&Bgﬁrétsﬁ tﬁff@&lq\%%gﬁ?@tl%g" hgit% ¢ wat er
reactor 130 is connected to the raw material processing apparatus 110 via
the supppites peltbsating desige iR 3rigyconnackedHey th@é&%r“fﬁéggt%?c&% is
formed by a cylindrical body 131 and three stators (tw sted vanes) 132a,
132b anB(32e thicspapedy ipipehk2bysa niat dhle pobycriti®@nl Watewohhnldei cal body
131 has a circular cross-section and includes a conpressed raw materi al

suppl y Reitintdh 99¢ 15 PIeéd Wattele hstRRItEr FehttdB333at. Dhe andureanst ther oduct
di scharging port 136 at the other end thereof. The stators 132a, 132b and

132 i j 11: t i
1320 o ARAESY AL 0GR EREReSIAelbd abifonale vo Laabin
compr o554, 2PABBIS ATE SHRSCT FRbr B EfedANG 4646108 Shfigchon of

arr ow

mass, relative to 100 parts by mass of corncob meal.

Further, as shown in Fig. 6, an activated carbon filter 126 and
ion exchange equipment 127 are disposed at the supply pipe 124
between the water tank 121 and the booster pump P1, such that
impurities and ions included in the water are removed in advance. The
molten salt heating device 123 is a heat exchanger formed by a molten
salt bath, a heat exchange chamber provided inside the bath, a nickel
alloy coil, and a temperature sensor 128 for measuring the
temperature of the water. The water, which has impurities and the
like removed therefrom and is pressurized by the booster pump P1 and
supplied to the molten salt heating device 123, is heated in the heat
exchange chamber and then fed to the supply pipe 125. At this time,
the temperature of the sub-critical water can be indirectly controlled
by controlling the temperature of the molten salt bath.

The hot water reactor 130 is connected to an end of a supply

pipe 165, the other end of which is connected to the discharging port
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axis of rotation. The steamng treatnent is perfornmed by the stators being
successively rotated in reverse directions such that the conpressed
corncobs and the sub-critical water, which are supplied through the
conpressed raw material supply port 134 and the hot water supply port 135,
respectively, are kneaded while passing through the cylindrical body 131.
Fur t herl,14defphedres tdistehalghmressong d36aiatwoniést damelondiemdtof a
supply pipe 166, which in turn is connected to the cooler 140. Each of the

st at or gy d328rcalcddR BOG is SAenbstdDtHRU YAk OnateridPcelswingi ng a ni ckel
alloy plate to the left or right (e.g., at an angle of 90), as shown in

Fig. 8a iyl S[hastﬁ?'i Fiaothe &%ﬁﬁpé?l%%.a@@s sf Wr?‘fﬁ‘ﬂgt@r afd W pressure

in the @HERTSn o arr ow conpresse corncobs dand the
sub-critical water hr ou t he ndr i cal and s.are

rot at ed” ?Wrar(?@&tﬂéﬂcg? it %‘Pf‘?ﬁgkb%?l Céfﬁ{%‘{l{lgﬁi bf)dtyhgg)t{\ﬂ% thite %%ﬁi)resr ature
and the pressure of the hot water reactor in the present enbodinent are
150 t o (2BOBEd(preter ABRR, 1882brndobtdc dipgosediia Bae MyAlndEsdboodVel vy, and
can be adjusted according to the <conditions of tlie tenperature and

pr essune bf The cyviividraakiboaly 1prohessi egrapparatass-$dotionhentdenper at ure of
the sub-critical water, and the anmount of the sub-critical water supplied.

I'n thi %n\‘yﬁXdes%f c§ﬁ%fbsse%iapa@enﬁﬁ'éﬂaqu@1§ﬁ)l}ufb@@t the aeandi hboRsawfr t he
ravv material processing appar~:ttLis and the hot water reactor wher eby

i L R

cal ciurm ls'llél.‘rfelrgg tg%reo he s¢ ggc?rds tlgget hle§2b and 132c are disposed
adjacent to each other and alternately rotated in reverse directions
with an axis parallel to a direction, in which compressed corncobs and
sub-critical water pass (i.e., a direction of arrow A in Fig. 7), being the
axis of rotation. The steaming treatment is performed by the stators
being successively rotated in reverse directions such that the
compressed corncobs and the sub-critical water, which are supplied
through the compressed raw material supply port 134 and the hot
water supply port 135, respectively, are kneaded while passing
through the cylindrical body 131. Further, the product discharging
port 136 is connected to one end of a supply pipe 166, which in turn is
connected to the cooler 140.

Each of the stators 132a, 132b and 132c is formed by, for
example, twisting a nickel alloy plate to the left or right (e.g., at an
angle of 90°), as shown in Fig. 8. The stators 132a, 132b and 132c are
subjected to a fluid pressure in the direction of arrow A when the

compressed corncobs and the sub-critical water pass through the
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with the sub-critical water. Addition of the sulfurous acid conpound can
shorten the tine required for the steaming treatnent. The sul furous acid
conpound may be added in the conpression process of the raw materi al
processi ng apparatus 110 or added to the hot water reactor 130 together
with the sub-critical vvater. T-he arnount of the sulfurous acid conpound
added icylprdfienhblogdyl 184, Ehgahtss bye massted ancacanmslgned sritlhithe2 to 5
parts by nass, relative to 100 parts by nass of the corncob neal. As shown

in Fi godentdeotderhendigf. the pipe 166 and one end of a supply pipe 153
i ncluding a plunger type booster punp P2 are connected to the cool er 140.

Wth this SUTUGldten @R ANCHn (HRCARDOSHE B (AEOfhe Gk pipdyead fn the

steamric~ trea ter reactor 130 is cool ed by being

m xed with cold water. .In this ot t.enmper at urg_o t can be
qui ckl yCORETEdt %Fﬁ?‘?%@?nf&rtehﬁgﬁoﬁo %gtoe (lpégi?r bq¥3£8§g§c§p§gfabove, as
shown in Fig. 9, the cooler 140 is formed by a cylindrical body 141 and
three @nd &% to3M MBd, vappeytivaba andxandie adrastid gese8d e tadhe
cylindrical body 141. The cylindrical body 141 has a circul ar cross-

sect i orcartitiorsd vdabeatednperposid iaond prodsatre suphiey rpor matédicdnd a col d
wat er supply port 145 at one end, and a cool ed product discharging port

146 at ﬁﬂ&%e%ne% Aphitdereefi o, e sdmperatdsal thdbubasttiddovater,di sposed
adj acent to each other and alternately rotated in reverse directions with

enit’ o e and al fernatel y rse directions v
ol o wiEy Bec Do e BT R Ry R PR PRSI SBE R T he axi s of

rotati %r%éalr:rﬁrr}ghggh lgg%aqgfeoc{T%% 'ShA2r the conditions of the raw material

processing apparatus and the hot water reactor, whereby the reaction
can proceed successively.

In the above steaming treatment, a sulfurous acid compound
such as sodium sulfite or calcium sulfite may also be added together
with the sub-critical water. Addition of the sulfurous acid compound
can shorten the time required for the steaming treatment. The
sulfurous acid compound may be added in the compression process of
the raw material processing apparatus 110, or added to the hot water
reactor 130 together with the sub-critical water. The amount of the
sulfurous acid compound added is preferably 1 to 10 parts by mass,
and more preferably 2 to 5 parts by mass, relative to 100 parts by mass
of the corncob meal.

As shown in Fig. 4, the other end of the pipe 166 and one end
of a supply pipe 153 including a plunger type booster pump P2 are
connected to the cooler 140. With this structure, a product

(decomposition product) produced in the steaming treatment by the
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product supply port 144 is connected toward the other end of the pipe 166
connecting to the hot water reactor 130, and the cold water supply port
145 is connected to an end of a supply pipe 153 connecting to the cooling
wat er supply apparatus 150. The cooler 140 is structured to knead and m X
t he deconposition product and cold water, which are respectively supplied
t hr ougthdtheadec oeposirt 130 ipramicd supplyg poited with gpld Mretegol I Watser
supply port 145, by the stators being successively rotated in reverse

di rect iypgs, tMBitken e dhehe qareemastdhdse praditt lewdrédie col d wat er
t hrough t'he cylindrical body 141. The cooling water supply apparatus 1 50

| ncludes a walat 2l 4o ink ot REREFALLLYF U] AGSERIRIG AMbw, GRO! T g

devi ce 152, an structure o circulate the stored water via the

or odet SHAHRAR Limilr i SOl T b o g Bigbr SRRk HatBe G40 <Ry

connected to the cold water supply port 145 and jncludes the plunger type
boost erthgaapstRLOrs (t‘{vftﬁifﬁéc‘t’%@eﬁ)olﬁ%i:&é‘%\hl%n%fl‘i%%P%?@gtléanQS 1 at the

other end and can continuously supply cold water to the Cooler 140 while
t he colodlivedcal iodyr égdur Thedcphintirecadobsderl plprP2. cisctihdugnoshe
tenperature of the water can be appropriately selected according to

cool i NG;eRf{diC i8N Yn cluidies beapes AipBdtich P&@ﬂ@rc&tﬁu"pﬁgi pobo@4Marebuer, as
shown in Fig. 10, an activated carbon filter 154 and i1on exchange

S0l DTl 8 PSR5E, BESIEE ettty adbolcibpraail Dooster purp
discharging port 146 at the other end thereof. The stators 142a, 142b
and 142c are disposed adjacent to each other and alternately rotated
in reverse directions with an axis parallel to a direction, in which the
decomposition product and cold water pass (i.e., a direction of arrow B
in Fig. 9), being the axis of rotation. Further, the decomposition
product supply port 144 is connected toward the other end of the pipe
166 connecting to the hot water reactor 130, and the cold water supply
port 145 is connected to an end of a supply pipe 153 connecting to the
cooling water supply apparatus 150. The cooler 140 is structured to
knead and mix the decomposition product and cold water, which are
respectively supplied through the decomposition product supply port
144 and the cold water supply port 145, by the stators being
successively rotated in reverse directions, while passing the
decomposition product and the cold water through the cylindrical
body 141.

The cooling water supply apparatus 150 includes a water tank

151 for temporarily storing water and a cooling device 152, and is
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the water are renoved in advance. A cooling device 152 is a heat exchanger
formed by a water bath, a heat exchange chanber provided inside the water
bath, a chiller (cooling nechanism, and a tenperature sensor 156 for
measuring the tenperature of the water. The water, which has inpurities
and the like renoved therefromand is pressurized by the booster punp P2
and suptriuetuted theiconldtegtitestared $52¢erivia cbel esblingtdryipedtS 2 raithnge
chanber and then fed to the water tank 151. At. this tine, the tenperature

of the gl ¢a\8f eankansheto £Hd] EBE N 160N BObt @l ey neiatd edinpRgathee.
tenperature of the water bath. A pipe 167 is connected at one end thereof

to the Pﬂiﬁ%l%q tﬁ%ogﬂggjgglpﬁgg?LgBP?‘[}ﬁ%g{: islégn?l%:cttgﬁ O EoldQvagmel y, the

cool er I'$ conne I on and storage device 160 via the
pi pe 167. sho in Fig. 11 the filtration and storage deyice 160 41

i ncl udegél%p@tsBP‘ébﬁqrdaﬁPdl cliides thsinlyngid % 8??[?{(5’ IBPO%%CIIS (cool ed
product) which has been cooled in the cooler 140, and a filtering device

162 f orcorinecicidnip atsadderabpdsing water ankt 1S Find tdsopder eBdARpBd AL on

product is tenmporarily stored in the storage tank 161, and subsequently
filteredbmyntibersly |sgsplygcdil meeet@? the seplenildO filita dhe cb8d, wabert ai ni ng
sol ubl e xyl an and pol yphenol, fromcellulose 163, which is a residue after

Li gni n jksyFeampuesed Sr ené nuBsteerphelp Pe. diisebapbet i pemifddtsireasmect ed
at one end thereof to the filtering device 162 so that the filtrate

o P SHo R O B 0SS OR o3, By bionre ey,
Irgwt rr]r:tt%‘:ﬂ! éﬂer}rqlpggaggl\!é ce p%%%éra;rﬁ% ﬁetlol gl,d).se thus obtained is suitable as a
Moreover, as shown in Fig. 10, an activated carbon filter 154
and ion exchange equipment 155 are disposed between the water tank
151 and a booster pump P3, such that impurities and ions included in
the water are removed in advance. A cooling device 152 is a heat
exchanger formed by a water bath, a heat exchange chamber provided
inside the water bath, a chiller {cooling mechanism}, and a
temperature sensor 156 for measuring the temperature of the water.
The water, which has impurities and the like removed therefrom and is
pressurized by the booster pump P2 and supplied to the cooling device
152, is cooled in the heat exchange chamber and then fed to the water
tank 151. At this time, the temperature of the cold water can be
indirectly controlled by controlling the temperature of the water bath.
A pipe 167 is connected at one end thereof to the cooled
product discharging port 146 of the cooler 140. Namely, the cooler

140 is connected to the filtration and storage device 160 via the pipe

167. As shown in Fig. 11, the filtration and storage device 160

41



which is a main conponent of biodegradable plastic. Further,

xyl ol i gosacchari des can be obtained by reacting soluble xylan with

xyl anase. Pol yphenol can be used as an ingredient. of food or as a raw
material for medical products. As shown in Fig. 12, the input port shutter
112, the electric heater 116, the notor 118, the tenperature sensors 108,
128 andnthédes tehetpraass tarkskmt dor 109ring ¢hpodetempampoPpragticP?2 and t he
feed punp, the nolten salt heating device 123, the cooling device 152, and

the li K@o@lﬂ@%@ﬂ@c@?&ﬂihheﬂaéll@yﬁl aowlelidet theaoloyexamtgcind 40 a
controller (E 170 so as to be controlled thereby. In the present

enbodi ﬁ?érin@"dé*@ﬂc'e' Hsh 18t ?ﬂtéﬁﬁglt@lwec% s%@ho&p%}&]&ulr:@wm &56Rld 1 nput

port 111a is<riven to continuou supply corncob neal chips (chips
havi ng | engt h. of about 2 to. .3 whj ch. arc; obtai ned dr.yi d
crush? sfecanAesSn A et o FRTATAID T <OrfiE Pensn i S hpD
cylinder 114 is adjusted to a_ desired tenperature &150 to 2500C) by the
el ect r s dheatrseame Wi filldered by fhatilseringAgrics 192150 S6Pdgaked so t hat
the corncob rneal is supplied to the cylinder 1 14. As viewed fromthe

mot or Fil8ratehébhdotamtashaig sofublheylanmind ddgphendt drenh ceBukedse to
rotate an unillustrated prine gear clockw se, an unillustrated driven gear

count er@Adckniish @Nd reRedus aferr lithieointemelveekihsesrbhus eatierg o he
corncob neal while extruding the corncob neal toward the discharging port

-cg%ltt oKy Pheldsr BSHAW flikerfipg rows

1 14a. Hi i Qf
tomrdq?hgﬁgéigégﬁg%liﬁg 1%0?%1&1%?5%4 , e corncob rascal is conpressed arid

RIS A S TN A RN M S T
servi n%nac? collected. Alternatively, the filtrate and the residue obtained after
the filtration may be stored in the filtering device 162.

The cellulose thus obtained is suitable as a raw material,
which is a main component of biodegradable plastic. Further,
xyloligosaccharides can be obtained by reacting soluble xylan with
xylanase. Polyhenol can be used as an ingredient of food or as a raw
material for medical products.

As shown in Fig. 12, the input port shutter 112, the electric
heater 116, the motor 118, the temperature sensors 108, 128 and 156,
the pressure sensor 109, the booster pumps P1 and P2 and the feed
pump, the molten salt heating device 123, the cooling device 152, and
the like which are described above are electrically connected to a
controller (ECU) 170 so as to be controlled thereby.

In the present embodiment, an unillustrated feed pump

mounted to the raw material input port 111a is driven to continuously

supply corncob meal chips (chips having a length of about 2 to 3 mm,
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the raw material is pushed out of the ra% material by the operation of
the screw and discharged to the outside via an unillustrated gas separator
nounted to the discharging port 114a. The conpressed corncob neal is
extruded fromthe discharging port 1 14a and supplied via the pipe 165 to
the hot water reactor 130. At the sane tinme, sub-critical water is

cont i nuEH$dly sgeppbistichcld b d hdngubndrétidaingweatecobsuppiYytappar at us 120.
At this tine, the inside of the hot water reactor 130 is held at a

pressurg i e 11151 Suhsd ek Rl daulr B SBIE cgfinldie Pl esisusg@j@tedhicla the
corncobneal 1s conpressed’in the raw material processing apparatus and

extruded t.h f T, i 9 i i 1 ol

i nut escfe%fﬁ%.eﬁgﬂ%ﬁ%ﬂﬁgiiil%ﬁﬂé"%ﬁ%?“ﬁﬁﬁ*%égﬁ&gﬁ%h%t‘%lﬁgﬁ?ﬁ‘%ﬁ?ﬁ T
wat er su ied. Wth thi t t , th h

the 1 edEnPeBhaNt b 102 11 BREDERM APGLd DA T rSb® BrPE b the

time the corricolo neal is si-ipplied fromthe rmv nmat.eri~~ processing
appar attwstid oylismtercbhéegiemie wedatrone dhgustotord 5% .cdis ﬁ@tQTrYeabﬁrE‘hPf
uniformy and continuously. A  deconposition product produced by the

st e, ~i rffengndtiogal MBNfs ¢ atSYpdbicRavike ticheotzael @n Udilwsoaéetdeprinve t h col d
w~-Acr (hmTing a tenpen:aurc of '---) to 5 - C) supplied fromthe cooling

ot BSHPEIOIA0S Byt 8ol5hcq or s gan o Supeniaulguygon o,
decr eas( 1, prS3eUf £ ARG ThER! Blabfhd DR ddIa Bllall MERITENT 1 the
extruding the corncob meal toward the discharging port 114a. Since
the pitch of the spiral groove of the screw 115 narrows toward the
discharging port 114a, the corncob meal is compressed and subjected
to a specific pressure of 28 to 30 MPa as it approaches the discharging
port 114a. At this time, air included in the corncob meal serving as
the raw material is pushed out of the raw material by the operation of
the screw and discharged to the outside via an unillustrated gas
separator mounted to the discharging port 114a. The compressed
corncob meal is extruded from the discharging port 114a and supplied
via the pipe 165 to the hot water reactor 130. At the same time,
sub-critical water is continuously supplied from the sub-critical water
supply apparatus 120.
At this time, the inside of the hot water reactor 130 is held at
a pressure which is substantially the same as the pressure at which
the corncob meal is compressed in the raw material processing

apparatus and extruded therefrom. The steaming treatment is carried

out (for 15 to 25 minutes) by using the heat of the corncob meal and
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The steaming treatt'rient of the corricol) nme~:i
conponent extracting apparatL.ts of the present

above obtains a m xLure of polypheriol (forined by a change fromthe
l'ignin) and cellul ose which are fortned b~~- the deconposition of

| i gnocel | ul ose, and sol uble xylan (soluble herniccllulose) in a sinple and
cont i nithicosa branneral Wwatdthenppiiesl.f iWithathionstmectturentthef hohevatsrxt ur e

obtains cellulose (pulp of high qLiality) as a solid. Wile,

by using the pl~-J.
i nvention as descri bed

nt

in the present

enbodi reRlcter LMD LAMPEE AL HE ehsens@itiod @@ matididhe opriagdutemperaonrd 09 are

i nstall
suffici
be furt

ed in the cylinder 114 near the distal end of the screw 115,

it is

E}e_lrggrl l—{ight}%}g(ﬁr%a I‘bglf'llgﬁestii%l%sg’ié ?Erﬁ&o%%e%ﬁ@%@ F&d $EA1R0Mhel 08 to

e screw 115 t

Wi th respect to.t

ial. direction, the cylinder 114  Th
7305 Al el PACFREE B TATBUSohhD At PESSABCIUY CRibt "t he tot al

sensor
| ength

of the screw 115 fromthe distal end of the screw 15 of the

a mddle portion,

1
cyl i nderoriduct phefsegmirte teai@ e At W et mdy HEb KO THIBUGESAY ash t he raw
material is mainly described in the above enbodi nents, the same applies to

a case devomipioshtianppeoduot pevdifren biettoosbroisngstresétheast it he ravv

material. The cellul ose obtained by separating lignin. with the filtration
treat mhiphBeQr st ldosgsh qlauetdge e herirbl@iwatehyldiegrnabonds by
hydroxyl groups and is insoluble in both water and any solvent. Therefore,

a_denydialhog, and aeetyl %ﬁr’;pgv PIRAIRA {15 CBO1IES vatlerasuflgher | bed bel ow

for conver

I'ng a portion o groups in

apparatus 150, and is cooled. Subsequently, the cooled
decomposition product is temporarily stored in the storage tank 161
with decreasing pressure, and then subjected to the filtration
treatment in the filtering device 162.

The steaming treatment of the corncob meal by using the plant
component extracting apparatus of the present invention as described
above obtains a mixture of polyphenol (formed by a change from the
lignin) and cellulose which are formed by the decomposition of
lignocellulose, and soluble xylan (soluble hemicellulose) in a simple
and continuous manner. Further, the filtration treatment of the
mixture obtains cellulose (pulp of high quality) as a solid.

While, in the present embodiment, the temperature sensor
108 and the pressure sensor 109 are installed in the cylinder 114 near
the distal end of the screw 115, it is sufficient for an installation
position of the temperature sensor 108 to be further to the distal end
side of the screw 115 than a middle portion, with respect to the axial

direction, of the cylinder 114. The pressure sensor 109 may be
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nol ecul e to acetate groups to obtain plasticized cellul ose acetate, which
is soluble in both water and a solvent. The dehydrating and acetyl ating
treatment is intended for reacting cellulose with acetic anhydride and
sulfuric acid in a pressure vessel equipped with a stirrer to substitute
acetate groups for the hydroxyl groups, causing the formation of hydrogen
bonds iinstdldeddhl algse;e dhdtiis cagiessdd obyher edel ilongtlorafutlae s¢tgwand (2)
bel ow when n is the degree of polynerization and mis the degree of

subst i tjuts epomReRE tdigtalf ehaW Rt Hd skr&wHDI 6(dfHke cytiddd:Cica@).. , O {0
HO, (Go{=}CI-1:{)}" + 3nCH, 000H Reaction formula (2) Cl-1.,0, ({C(_>OH)

*n(3 mil. tAl{li"llghge7 éon%ﬁ%gﬂf glﬁz)coffnc@lgé?‘ SAGLEPX Ra Clteﬂv@n forml a

(1) shows t ha se and acetic anhydrlde pr oduces
ceIIquse acetate an et|c aci d mLth the co Iete %bltutlon of

acet at EM8FOURS 1S BRAE Fﬁ% ihgghti t ga%li’?%‘ﬁe fov@& ™ hat t he

reaction of ceI | ul.ose acetate produced in accordance vmth reaction fornula
(1) andppiies tprogasesrceilighosdlagdeties Haam igcaceigpelrs dp: usghSS tuti on
to and acetic acid. The acetic acid produced in accordance wit.h reaction
formul abe(dgwandtéRplcan be reused. For exanple, the dehydrating and

acetylating treatnent can be carried out in accordance with the foll ow ng

sequence. Afterhd hejluieké %k(t@%éalt@ﬁ%)ep@%@i%qgwn ,withe thel fintastiom
treatnent is trashed with water to renove all therefrom sulfuric acid

and aC%}éggﬁggx%' 551816, A0 %E 10 @Rdrdieaatied ¥ Hydidgeabbaherdpgol i d,

aceti c acCi

the hydroxyl groups and is insoluble in both water and any solvent.
Therefore, a dehydrating and acetylating treatment is carried out as
described below for converting a portion of hydroxyl groups in the
molecule to acetate groups to obtain plasticized cellulose acetate,
which is soluble in both water and a solvent. The dehydrating and
acetylating treatment is intended for reacting cellulose with acetic
anhydride and sulfuric acid in a pressure vessel equipped with a
stirrer to substitute acetate groups for the hydroxyl groups, causing
the formation of hydrogen bonds in the cellulose, and is expressed by
reaction formulae (1) and (2) below when n is the degree of
polymerization and m is the degree of substitution.

Reaction formula (1)

{CcH,0,(0OH);}, + 3n(CH,;CO),0 — {C,;H,0,(0OCOCH;};}, + 3nCH,COOH
Reaction formula (2)

{CH,0,(0OCOCH;);t, + n(8-m)H,0 — {C,H,0,(0COCH,),,(OH); ), +

n(3-m)CH,COOH
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removed (collected) fromthe resulting reaction product by a dehydrator,
and is dried. The above procedure obtains cellul ose acetate having an
acetylation degree of 51 to 61. The anmount of sulfuric acid added is
preferably 1 to 10 parts by nmass and nore preferably 3 to 5 parts by nass
relative to 100 parts by mass of dry cellulose. The anount of acetic
anhydri de addéteastipnefoenablay (1) sho2G thhat thebheavdssn afdatbrlosgranérably 5
to 10 parts by mass, relative to 100 parts by nmass of dry cell ul ose.

Mor eovefqetd€ @ity dGHd SASUREes Riethiababl acarddehin @rdcttheaatuntht ey eof
added is preferably 1 to 10 parts by nmass and nore preferably 3 to 5 parts

by rmsSc#rﬁbﬁ%ﬂevgubgtﬂ%(aio@%gﬁaz%egr}ﬁgﬁﬁu s. CBld ‘Eh@%ﬁheﬁ%lﬁa,%%@'ﬁo@%i ng and

acetyl a. treatnent 1s arried out under a pressure of 5 to

15 MPa,_ and no refergbly 8 to 10 Mra. temperature for the

dehydr afPirBHJ]é‘n{jﬁa%%?WSaE 1dhthe reﬁfi]foé“r QEI%‘;TﬁelBﬁegcqt@tF Ib'ﬁ)fﬁiceacg&nrmr e
preferably from70 to 90"C. The stirring speed for the dehydration and
acet yl stdanrdiagqsr tith dishy tiarofereiad 11 20nd paienBr asreep i BHIBEY from 40
to 60 rpm The duration of the dehydration and acetylation is preferably
from 1%de1ad0 hoting antkgmeer ef pubkertattion mam@hdeai@4chdurBhe Wriclte

cellul ose acetate itself is a biodegradable plastic, it is also possible

to use L8l Y A$ECAEThal & A% Ph HAKALRNE AlBRAI [YANIQHE (1KiaRd (Df camtier i al s
(for exanpl'e, corn starch and polylactic acid) therein to nake

bi odegr aqllablde pl astics of different properties. According to the plant
rellsed, . .
conponent”.” eXtracting apparatus of the second enbodi nent. of the present.

'nvention, a q-!‘oarn;[eical(::r?p e, t %t dgﬁggrating and acetylating treatment can

be carried out in accordance with the following sequence. After the
solid (cellulose) obtained by the filtration treatment is washed with
water to remove alkali therefrom, sulfuric acid and acetic anhydride
are added to and reacted with the obtained solid, acetic acid is
removed (collected) from the resulting reaction product by a
dehydrator, and is dried. The above procedure obtains cellulose
acetate having an acetylation degree of 51 to 61. The amount of
sulfuric acid added is preferably 1 to 10 parts by mass and more
preferably 3 to 5 parts by mass relative to 100 parts by mass of dry
cellulose. The amount of acetic anhydride added is preferably 1 to 20
parts by mass and more preferably 5 to 10 parts by mass, relative to
100 parts by mass of dry cellulose. Moreover, acetic acid can be
preferably added, and the amount thereof added is preferably 1 to 10
parts by mass and more preferably 3 to 5 parts by mass relative to 100

parts by mass of cellulose.
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as cellulose, which is a main conponent. of a biodegradable plastic, can
be separated and extracted in a sinple, continuous and rapid manner

wi t hout using an agent or using many steps. Process for Manufacturing

Cel lul ose Acetate In a process for manufacturing cellul ose acetate
according to a third enbodi nent of the present invention, first, at |east
one sel ected Thonchaghssog larat patlyledbug tremtnendasspreferablst eaned in a
pressure vessel at 150 to 350-C and 15 to 29 MPa. (This treatnent nay

her ei nafdrefebe el glERS bPcgSuthOf 'SSteam NP4 r eatinentreasededi by Botd he

third enbodinent”.) 47 -Ba-vssc" Lised in the present invention is cane
trash ppgd GaResd %Xl @Gcdt£8on |
t her ef (r)lgﬁm ufgt h’gfrl],éet‘e%({:ﬁgif:al S a%éi%}?lﬁa I aﬁ%t %Iﬁ tlf'l1e rrcal Vow ?gnlisl y

(hi bi sbus). a ultivate a cro | arit. "Reeds" [ | ant s
of the préf%?ﬁn&]geﬁpé? rﬁ(ﬁrom Bgl‘jyg’dﬁ?twebfﬁf %ﬁﬁf grqrﬁgf(ﬁétﬁ*?e(?ﬂg?e%lzhoeﬁe and
the subtropical zone, and grow mainly on the waterfront, "Rice straw'
refers &tﬁmnarﬁw%ﬂoﬁﬁhécﬂ%ﬂ%@r%ﬁlﬁpk%ndj a6¢ @hr doPelsnBrelsrsPdy frefkr ef r om
The stcarnin- treat.nent according to the third cn-1bodinment will be

descri Ig@to D speaaindgmdreeptdfierabhyt fmuoct@ito®Q optrhe Thie ddratian dbdi ment
is a process of adding watcr to powdered bagasse or the |i ke obtained by

(dryi ngrande G4 HeHBG% aARty 84181 afivin NOpkdR rAbYY femi NSaopBeSseies wessel at
150 to 350"C “and 15 to 29 MPa, N,,Tl-iich are defining the conditions for

t he Swrh%%%r%%r%ﬁ?t gro(rhr’g@%aégllyo&eg_ore the supercritical state.). The

While cellulose acetate itself is a biodegradable plastic, it is
also possible to use cellulose acetate as a base and knead various
kinds of materials (for example, corn starch and polylactic acid)
therein to make biodegradable plastics of different properties.

According to the plant component extracting apparatus of the
second embodiment of the present invention, a plant component such
as cellulose, which is a main component of a biodegradable plastic,
can be separated and extracted in a simple, continuous and rapid
manner without using an agent or using many steps.
Process for Manufacturing Cellulose Acetate

In a process for manufacturing cellulose acetate according to a
third embodiment of the present invention, first, at least one selected
from bagasse, kenaf, reeds, and rice straw is steamed in a pressure
vessel at 150 to 350 and 15 to 29 MPa. (This treatment may
hereinafter be referred to as the “steaming treatment according to the

third embodiment”.)
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steaminal, tre~:.ttncnt according to the third enbodi ment nakes it

possible to carry out the scparation of lignin fromlignocelluilose, which
has hitherto required nany steps. The steam ng treatnment according to thc
third enmbodinment requires a tcrnperat Lire of 150 to 350 , C and a
pressLirc of 15 to 29 MPa, prefcrably a tenperalLUe of 1,50 to 250'C and
~:j. pi-cssuréBafgaksel a1skdin WRa. preavuch tnimve rpieh és eand blashaobtatpedat ur e of
180 to 200'C, and a presstirc of 25 to 28 MPa. 48 The anount of water

added igtdy §fi85 AR e 10s0eED08 BAELEaRY j(IRSS tABELM¥ONE aftéeabl y 50 to 100
parts by mass, relative to 100 parts by mass of bagasse or the |ike. The

St ea ng {9aLIE! 043,00 SIEANEARIIEI O 9 (B Joupen nut e, and

nore pretera r m nutes. eover; int team ng treat nent
according to the third epbodinent,. a sulfurous.acid co nd may be added
6 e cBlugsed ot A GTOn PRETCt OBREReY 9% RORRNBIT RIS Ram ion of ¢ he

sul furous acid conpound to the bagasse or the |like nmakes it possible to
shor t e tameineaerdaigly and widely digtritasesein thetampaatszorkeasd M ous
acid conpound include sodiumor calciumsulfite. The anmount of the

sul f ur eushtacpitaiompotnan ddgeny irsaimplyed rridid waletivobd. paics Hirawess, and
nore preferably 2 to 5 parts by nass,for 100 parts by mass of bagasse or

the |ikese Thg, SLLAGHNhA B AN e e Sth tedrkhSeil Fémerbadi ment is

particularly preferably carried out by an extruder having a pressure-
seal Edtﬁ%lrfjaf}g%{ as shown in Fig. 13. Fig. 13 is a partial sectional view

The steaming treatment according to the third embodiment will
be described.

The steaming treatment according to the third embodiment is a
process of adding water to powdered bagasse or the like obtained by
drying and crushing, and steaming the mixture in a pressure vessel at
150 to 350C and 15 to 29 MPa, which are defining the conditions for
the sub-critical state (immediately before the supercritical state). The
steaming treatment according to the third embodiment makes it
possible to carry out the separation of lignin from lignocellulose, which
has hitherto required many steps.

The steaming treatment according to the third embodiment
requires a temperature of 150 to 350C and a pressure of 15 to 29 MPa,
preferably a temperature of 150 to 250C and a pressure of 15 to 25
MPa, and more preferably a temperature of 180 to 200C and a

pressure of 25 to 28 MPa.
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of an extruder having a pressure-sealed cylinder, which is an exanple of a
pressure vessel for carrying out the steamng treatnent according to the
third enbodi nent. A case in which bagasse is used as the raw, naterial

wi |l be described. The extruder is conposed of: a cylinder 20 1 having a
material input port 202 at. its base, a screw 203 having a spiral flight
204 for kneadiThe aste@ant ng)waher exlideddingrefomandyi 1@ todl @08l penié brgasse
and water (which may hereinafter be referred to sinply as the

" mat er irAh§s)andMRbES draver Psens 0ngutl Dedph bt ughmialss, 42 1a8kertical oonput port
202; a heater 205 for heating the cylinder 201; drive nmeans 206 including

a notor, a?r% ug{ﬂggé%q 6é’g%%£é)ﬁgrth%oﬂk%? (not shown) for rotating the screw

203 and® ‘Fe I on gear ving a prime gear 209 and a driven gear
210; a dischargin ort 21 1 for dischagqi a st eaned d truded
oroduct . a hodie PHETr EagCalRiea 1 D3g ANE AT GhE i atrio80 and t he
heater 205, and the Ilike. A punp (not shown) is connected with the

mat er i Alinwpe, pedtmozePrderdbbufong 1one A& BHnalt$sinto the cylinder 201
through the material input port 202. A pitch of the spiral flight 204 of

the screw 203lsherteandnaché lseeapiing trickitgidnt2@4cappioachahet teirdi schar gi ng
port 2 1 1. Moreover, the cylinder 201 has a tenperature sensor 213 and a

Pr essuien B8RSR 14 sWFLRbLGk MRRE o iR h &tk yehe aeld ddheo sSEEaYMZAEse The
steaming treatment is carried out by the extruder, which is shown in Fig.

IR i R R R R e
P odpanpah o Berhiens Fan e ik Blad{ PUSSER 1S Thoteh e 2t to
time for the steaming treatment. Examples of the sulfurous acid
compound include sodium or calcium sulfite.
The amount of the sulfurous acid compound added is
preferably 1 to 10 parts by mass, and more preferably 2 to 5 parts by
mass, for 100 parts by mass of bagasse or the like.
The steaming treatment according to the third embodiment is
particularly preferably carried out by an extruder having a pressure-
sealed cylinder as shown in Fig. 13. Fig. 13 is a partial sectional view
of an extruder having a pressure-sealed cylinder, which is an example
of a pressure vessel for carrying out the steaming treatment according
to the third embodiment. A case in which bagasse is used as the raw
material will be described. The extruder is composed of: a cylinder
201 having a material input port 202 at its base; a screw 203 having a
spiral flight 204 for kneading (steaming) and extruding toward its

distal end bagasse and water (which may hereinafter be referred to

simply as the “materials”), which have been inputted through the
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205. As viewed fromthe notor 207, a rotary shaft of the notor 207 is
rotated cl ockwise to rotate the prinmer gear 209 clockw se, the driven gear
210 countercl ockwi se and the screw 203 cou. ntercl ock-,wise, thus boiling
tl:-ie hagassc while extrudi ng the bagasse toward the discharging port 2
11. Since the pitch of the spiral flight 204 of the screw 203 shortens

t owar d rhheedin$ ¢hargi porp@OL; 2dThesatver PAGakseh estingottpr eybiedleand0dubj ect ed
to a specific pressure as it approaches the discharging port "2 1 1. The

bagassgirif@muhheh d Bl eama%h HiSRIMBOY: cHddnbatedesm poritetedres
extruded through the discharging port 211. Hot wat er produced by an

unil lu t n. L,esuppl i ed
througﬁﬁpﬁS%%a‘{?RH%iﬁc%gﬁ giér\étS%Qggéébg\ha?&% (Qﬁtl pr en?ég\r?%&ﬁ' r% t he
tenperature sensor dt ressur ens 4 are installed in the

cyl i ndéy PIENE grak 2 eaHigs “?é B %Efart ﬁ\rﬁ%erglpa Bost?fl ]c?(ernt for an
installation position of the terrperature sensor 2 13 to be further- toward
di st al disdhaggifeg of stdamedrand2ogdrusdad prafldgte apbedt oRSUIRHRASr espect to

the axial. direction, of the cylinder 201. The pressure sensor 214 may be

i nst al liIgdtériad meeVEhﬂig tseandifhder OO ohnichehe diealtelr 2@b haafd the screw
203 front the distal end of the screw 203 of the cylinder 201. Wen the

steam ng.drea m&:lzf}ﬁ%)éﬂb% )t EH8nkbtéd wieRbat ARAeri Sl fﬁ{?ﬁt%ﬁm by the

extruder sho it is necessary for the tenperaturé and

pr essurg, gt erl aed, by LD cHETBSER0 S, S53Mr 21 ATl PRESSUTe sensor

material input port 202. A pitch of the spiral flight 204 of the screw
203 shortens as the spiral flight 204 approaches the discharging port
211. Moreover, the cylinder 201 has a temperature sensor 213 and a
pressure sensor 214 installed near the distal end of the screw 203.
The steaming treatment is carried out by the extruder, which
is shown in Fig. 13, in accordance with the following sequence. The
materials are inputted by the unillustrated pump into the cylinder 201
through its material input port 202, and the internal temperature of
the cylinder 201 is regulated to a target temperature by the heater
205. As viewed from the motor 207, a rotary shaft of the motor 207 is
rotated clockwise to rotate the primer gear 209 clockwise, the driven
gear 210 counterclockwise and the screw 203 counterclockwise, thus
boiling the bagasse while extruding the bagasse toward the
discharging port 211. Since the pitch of the spiral flight 204 of the
screw 203 shortens toward the discharging port 211, the bagasse is
compressed and subjected to a specific pressure as it approaches the

discharging port 211. The bagasse, for which the steaming treatment
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ranges of 150 to 350C and 15 to 29 MPa, respectively. Mreover, it is also
suitable to enploy a process in which two or nore units of extruder shown
in Fig. 13 are connected in a series for steamng treatnent, i.e. a
process in which a mxture of bagasse or the I|ike and water steaned in a
first extruder and extruded through a discharging port 211 thereof is

di r ect | lyas ripmetrt edm pliededheés mattendatl thnopgh pbet d2@heaofging pedondlext r uder
for further steamng. In the present invention in which bagasse or the

l'i ke i sHus&fhtdrhgred 8asingy ah LEERURRAA tetRRdRewatEt dbipplgarppechialy when
two units of extruder are connected in a series. Wen two or nore units of

extrude Rwn ol i uﬁ&ﬂ 1,81 I Of - m ng
t.reat ntlgaeI?lt acgth)gd‘lgéngg!,heg‘%a'?‘}%: SHhi rg%ftéﬁggggr}rleﬁt%g dtlﬁgelgtg[eén?%és%%ﬁtdi tions in
t he ext blgers may be the sane or differ fromone another as long as the

st eam n% onditions for the |last connected extruder satisfy the conditions
of the tenperature of 150 to 350 C and the pressure of 15 to 29 MPa. In
the case in whiVdnle timetlae axeisayg tcyRBodiBRN Wi i e PDSHRERES SRS er to
another, it. is preferable for the tenperature and pressure to rise from
the fir3i3 ead thderressutrbesdrasir 2 bAreet etk teXterdudethe Tydirsi@adDidgnearat nent
of the hagasse or the |ike as described above obtains a m xture of

pol yphend didwn et RY thechanas J0dMtt ReshiF@fient Arahncieldtbliestohi ch are
formed by the deconposition |ignoccllul ose, and sol ubl e hem cel .| ul osc

e Ao S ety RO P AL R

qual it can t'ai ne tration tration

treat rreSr}td)e g1f tﬁg%cmeé} 40% than a middle portion, with respect to the axial

direction, of the cylinder 201. The pressure sensor 214 may be
installed in a space that is one fourth of the total length of the screw
203 from the distal end of the screw 203 of the cylinder 201.

When the steaming treatment according to the third
embodiment is carried out by the extruder shown in Fig. 13, it is
necessary for the temperature and pressure determined by the
temperature sensor 213 and the pressure sensor 214 to fall within the
ranges of 150 to 350C and 15 to 29 MPa, respectively.

Moreover, it is also suitable to employ a process in which two
or more units of extruder shown in Fig. 13 are connected in a series for
steaming treatment, i.e. a process in which a mixture of bagasse or the
like and water steamed in a first extruder and extruded through a
discharging port 211 thereof is directly inputted into the material
input port 202 of a second extruder for further steaming. In the

present invention in which bagasse or the like is used, the steaming
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The cel |l ul ose obtained by separating lignin with the filtration treatnent
is crystallized due to the formati on of hydrogen bonds by the hydroxyl
groups and is insoluble in both water and any solvent. Therefore, a
dehydrating and a.cctylating treatnent is carried out as described bel ow
for converting a portion of hydroxyl groups in the z nolecule to acetate
gr oups treabeaitroan dst puitaddyceanrit @ s tawdreat wo Whilkhof §X8B0EBT @en bot h
wat er and a solvent. The dehydrating and acetylating treatnent is intended
for reactidcigedeld vl 9sge¥Wth acetic anhydride and sulfuric acid in a
pressure vessel. equipped with a stirrer to substitute acetate groups for

the hydroxyl §URALAS:wSISNStd Linie® of Qmbiion Howmdioges bondss i n t he
cellul ose, and is expressed by reaction fornulae (1) and (2) bel ow when n

React| G GH A DC e Fpie By b kAR G agl Rl L phay, . ()
CH GOORTRBAEITSH 5 Ghi b @ATE B RURTIEIRNS Tha LR AETSY TE P U8 fnd
acetic anhydride produces cellul ose acetate and acetic acid with the
conpl etsersalst diffgn bomformx enatbegrsulsng an theestramminggonditions fon

the last connected extruder satisfy the conditions of the temperature

of 150 to 350C and the pressure of 15 to 29 MPa. In the case in which

the steaming conditions differ from one extruder to another, it is

preferable for the temperature and pressure to rise from the first

extruder to the last connected extruder.

The steaming treatment of the bagasse or the like as described

above obtains a mixture of polyphenol (formed by a change from the

lignin) and cellulose which are formed by the decomposition of

lignocellulose, and soluble hemicellulose (hereinafter referred to as

“soluble xylan”). Cellulose (pulp of high quality) can be obtained as a

solid by the filtration (filtration treatment) of the mixture.

The cellulose obtained by separating lignin with the filtration

treatment is crystallized due to the formation of hydrogen bonds by

the hydroxyl groups and is insoluble in both water and any solvent.

Therefore, a dehydrating and acetylating treatment is carried out as

described below for converting a portion of hydroxyl groups in the

molecule to acetate groups to obtain plasticized cellulose acetate,

which is soluble in both water and a solvent.
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formula (2) shows that the reaction of cellulose acetate produced in
accordance with reaction fornmula (1) and water produces cellul ose acetate
havi ng a degree of substitution mand acetic acid. The acetic acid
produced in accordance with reaction fornulae (1) and (2) can be reused.
The dehydrating and acetylating treatnment can be carried out in accordance
with the fol |l diidndedsgirenteg adfd ecetyiatsog itded orkhilissig)tcolteal frsd by t he
filtration treatment is washed with water to renove al kali therefrom

sul furiea2¢ifk arflu1886t@haRbydridenpasiRIdRd s0lfA4c keagtiadaw th the
obtained soli1d, acetic acid is renoved (collected) fromthe resulting

[eact ! R o5 gg%lgﬁg%ﬁr\%t%ga Al fodifivdtin [eadlOME BRfSdlEe

aving an acetylation degree o
anount of sulfuric acid added.is preferably 1 1 art by mass and nore
pr ef er dBieyhydrgxyl gapvRsSpyamdng, eaf‘?%at%’riﬁ’g(}ﬁ’a‘& erbior?é{% Hst[%c?r y
cellul ose. The anount of acetic anhydride added is preferably 1 to 20
parts melhdsseanddiis exprafsrhbyyesction fopmrdae b)) apdsla) hedpit vhen o 100
parts by nmass of dry cellul ose. Mdreover, acetic acid can be preferably

added, rpnpg thbed@%mtnbf polenenfizaddadand wr &f ehahlogreetaf 4Qbpartigidyy. mass
and nore preferably 3 to 5 parts by nass relative to 100 parts by nass of

cel I ul ag8&, {188 %%Bé/@aagi)on and acetylation treatnment is preferably carried
out at a. pressure o to 15 MPa, and nore preferably 8 to 10 N Pa. The

et Ll ok ASYEFIConInd GESL A0, B eaieh v domm o0 o 1

Reaction formula (2)
{C.H,0,(0COCH,).}, + n(3-m)H,0 — {C,H,0,(0COCH,},,(OH); }n +
n(3-m)CH,COOH

Reaction formula (1) shows that the reaction of cellulose and
acetic anhydride produces cellulose acetate and acetic acid with the
complete substitution of acetate groups. On the other hand, reaction
formula (2) shows that the reaction of cellulose acetate produced in
accordance with reaction formula (1) and water produces cellulose
acetate having a degree of substitution m and acetic acid. The acetic
acid produced in accordance with reaction formulae (1) and (2) can be
reused.

The dehydrating and acetylating treatment can be carried out
in accordance with the following sequence.

After the solid (cellulose) obtained by the filtration treatment
is washed with water to remove alkali therefrom, sulfuric acid and
acetic anhydride are added to and reacted with the obtained solid,

acetic acid is removed (collected) from the resulting reaction product
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stirring speed for the dehydration and acetylation is preferably from 30
to 100 rpmand nore preferably from40 to 60 rpm The duration of the
dehydration and acctylation is preferably from 15 to 30 hours and nore
preferably from20 to 24 hours. Wiile cellulose acetate is a biodegradable
plastic itself, it is also possible to use cellulose acetate as a base and
knead var bodishydiatisr,afinddseadiiads Theraksenprecedorre chtaicls erldupspieyl actic
acid) therein to nmake bi odegradabl e plastics of different properties. As

descri bgd (abovevihieaf! At ELNBANGREr&XbF &1 kA% Bpparatus according to the
second enbodi nent Of the present invention can suitably be used in the

process for n-ianytachHiigosGatd Lase RREIFLE orRFEaring o POl (i rd

enbodit-fient. "AtCording pr ocess act.-uring c ul ose
acetate of the third enbodirrient of th resent | nvention el | ul ose
acet at Y 1a%%ANCLMTER) ieﬁ@{jrls)’ gi t(fi’d%é’raaf a ye%%%f&@%ﬁet 9%’193)1\9&5 St can
be nmanufaccured by -usin,-.1 bagasse, kenaf, rceds or rice _straw as thc
ra-w it endes of exvPLEBlTve (The drenuabo aewic sinkrdriskeadded vent i on
~wi || now be described nore specifically by way of exanples, though the

pr esentpréfavgblyi 0rtol S0rpattsl byirhedstand mesee erafpladsly Btand artIhey
stearni ng, of bagasse was carried out by~two serially connected units of

pr essurg;seaketh §¥t HHIEO 052 SROMN thAsEidl diBceliiBostwo serial Iy connect ed
extrudergL I ncluded a fi rsﬁaﬁ%xt ?%cr with aﬂigdi scharging port 211 thereof

connected to %g?égxgélﬁ}laée%wtac&?(ﬁnzgg p?teferably added, and the amount

thereof added is preferably 1 to 10 parts by mass and more preferably
3 to 5 parts by mass relative to 100 parts by mass of cellulose.

The dehydration and acetylation treatment is preferably
carried out at a pressure of 5 to 15 MPa, and more preferably 8 to 10
MPa. The temperature for the dehydration and acetylation is
preferably from 60 to 100C and more preferably from 70 to 90C. The
stirring speed for the dehydration and acetylation is preferably from
30 to 100 rpm and more preferably from 40 to 60 rpm. The duration of
the dehydration and acetylation is preferably from 15 to 30 hours and
more preferably from 20 to 24 hours.

While cellulose acetate is a biodegradable plastic itself, it is
also possible to use cellulose acetate as a base and knead various
kinds of materials (for example, corn starch and polylactic acid)
therein to make biodegradable plastics of different properties.

As described above, the plant component extracting apparatus

according to the second embodiment of the present invention can
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a second cxtruder, so that a kneaded m xture steamed in the first extruder
could be inputted into the cylinder 20 1 of the second extrtider directly
through the materia.1 input port 202 thereof. Five parts by mass of
calciurn sulfite and 50 parts by mass of water were added to 100 parts b-v
ni ass of bagasse chips,which were about 5 mm square and fornmed by crushing
bagasseuiTdelyrbXtwsed insthe proicessdor maungifacherivgg eellallosapeetptet 202
into the cylinder 201 of the pressure-sealed extruder is showmn In Fig. 13.

Then. theoraihgmBefad vherdBethiPo@anunhe. of the first extruder were set to the
val ues stated in Table 1, the notor was driven to rotate the screw 203 and

after five m nut eadi 1 xt ruded
t hrough t he dir}\;éccﬁ)zrrdglltlﬁgt%por% rﬂ)g?ﬁf-ﬁggﬁf?r%%éag&gfg%gﬁgg%tc@ﬂgg?%%(fétg‘ﬁﬁtfough t he
di scharging port, 21 s inputted direct i nt t he | i nder 2Q1 of the
second %8 xXdYeubeird; & I??Qpﬁﬁt BFe?ﬁ%t¥n$%?ﬁOn?dfﬂﬁﬁﬁﬁek%%gﬁﬁﬁg

(steami ng) was carried out.. The conditions set and kneading (steam ng)
time forsefaddomynoddrringr e kiodsgsadabie Tppéiciat aTiaw Cosperadt e and
pressure stated in Table 1 are the values as determ ned by the tenperature
sensor r@indifaotutde bpr asiug denser, kehd reeespectriocesravwarst thee ragach
extruder is structured such that. hot water, generated by an unillustrated
hot watghisSMRP! Y apparatus and having a tenperature of 200C and a pressure
of 15 MPa, is supplied to the extruder at a flowrate of 20 liters/ m nute.
Table I lenperat ure (N) Pressure (MPa)

EXAMPLES

The third embodiment of the present invention will now be
described more specifically by way of examples, though the present
invention is not limited to these examples.

Example 1

The steaming of bagasse was carried out by two serially
connected units of pressure-sealed extruder as shown in Fig. 13. The
two serially connected extruders included a first extruder with a
discharging port 211 thereof connected to a material input port 202 of
a second extruder, so that a kneaded mixture steamed in the first
extruder could be inputted into the cylinder 201 of the second
extruder directly through the material input port 202 thereof.

Five parts by mass of calcium sulfite and 50 parts by mass of
water were added to 100 parts by mass of bagasse chips, which were
about 5 mm square and formed by crushing bagasse. The mixture was
inputted through the material input port 202 into the cylinder 201 of

the pressure-sealed extruder as shown in Fig. 13. Then, the
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Time for treatment (mn) First extruder Second extruder 180 195 15 The
bagasse whi ch had been steanmed by the two serially connected extruders was
cooled by an unillt.istral.ed cooling device and filtered by a filtering
device. The resulting solid (cellulose) was inputted into a pressure
vessel equipped with a stirrer, and after 5 parts by nmass of acetic acid
10 par tteniyereseecdn dcetd ss1archy fthddisstde Strpatdrswiey e megstaoths wiaflueisc aci d
for 1 00 parts by mass of the solid were 56 further inputted into the

pr essurga¥&$ sl TaBRd 1t he eMndtvh-avda. driveacietofak e Repew @03amyessure of
10 MPa and a stirring speed of 60 rpmto vyield cellul ose acetate. The

of 15 %Bé@aﬁﬁg Q%fnh'ﬁé?édtf‘ul%lég%’fﬁ?%%@? ARRIE el T Blod ke, Tan

evi oo CHTHAPFO TR GTodb S ArsA BRp i 21 T TnE o GaFERedptitntlos of

cel lul ose acet ate obtained . _ . i
extruded through the discharging port 211 was inputted directly into

the cylinder 201 of the second extruder through its material input port
202, and kneading (steaming) was carried out. The conditions set and
kneading (steaming) time for each extruder are as shown in Table 1.
The temperature and pressure stated in Table 1 are the values as
determined by the temperature sensor 213 and the pressure sensor
214, respectively. Further, each extruder is structured such that hot
water, generated by an unillustrated hot water supply apparatus and
having a temperature of 200°C and a pressure of 15 MPa, is supplied to
the extruder at a flow rate of 20 liters/minute.

Table 1

First extruder

Second extruder

Temperature (C) 180 195
Pressure (MPa)j 7 15
Time for treatment 7 8

(min)

The bagasse which had been steamed by the two serially

connected extruders was cooled by an unillustrated cooling device and

filtered by a filtering device. The resulting solid {cellulose} was

inputted into a pressure vessel equipped with a stirrer, and after 5

parts by mass of acetic acid, 10 parts by mass of acetic anhydride and

S parts by mass of sulfuric acid for 100 parts by mass of the solid were
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are shown in Table 2. Table 2 Raw material Bagasse Qutward shape Wite

fl aky powder Specific ;cavity- 1.32 (25 -C, 1.35 (4C ) Bulk density
(kg/liter) Gass transition tenperature Mlting point (C 0.25--0.5 160 -
180 230 - 300 The steami ng treatnent of bagasse according to the present

I nvention has made it possible to carry out in a single step the renoval

of |i gdumntlieompugrat ahtwtlos reaksoe vassii t dedttha sgulved wethyeasteshbs, and
to acetylate cellul ose without conducting any pre-treatnent after the

renovalfoph 4 herird 4 hersfdsemreselc hoad Pdi RRUNY sthieihs gpeeel bLHOSHhNto acetic
acid, to thereby obtain cellul ose acetate with a drastic reduction of the

st eps ' | . : t ai ned
n fhﬁgaf#&%gﬂ%%é R T R e P e S PR gt i e
repl aced.

y kenaf crushed into 5 t uare chips, reeds, rice straw
The phy%it a‘fvag?]b tPes® &t eé@fllrﬁl%t;gga%ﬁa?g oBt gg%gﬁraatﬁjeresﬂﬁ\@ndci n Table 3
bel ow. The acetyl ation degree was 51 to 62% and neasured four tines. Table
3 which water was generated by an unillustrated cold water supply
apparatus and supplied to the cooling device at a flow rate of 40
liters/ minute. The physical properties of cellulose acetate obtained

are shown in Table 2.

Table 2

Raw material Bagasse

Outward shape White flaky powder
Specific gravity 1.32 (257C), 1.35 (4C)
Bulk density (kg/liter) 0.25- 0.5

Glass transition temperature (C) | 160 - 180

Melting point (C) 230 - 300

The steaming treatment of bagasse according to the present
invention has made it possible to carry out in a single step the removal
of lignin from lignocellulose which has hitherto required many steps,
and to acetylate cellulose without conducting any pre-treatment after
the removal of lignin therefrom, such as dipping the lignocellulose in
acetic acid, to thereby obtain cellulose acetate with a drastic reduction
of the steps as hitherto required.

Examples 2 to 4

Cellulose acetate was obtained in the same way as in Example

1 except that the bagasse chips were replaced by kenaf crushed into 5

mm square chips, reeds, and rice straw. The physical properties of
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Exanmpl e 2Exanpl e 3Exanpl e 4 Raw mat eri al Kenaf ReedsRi ce straw Qutward
shapeWi te powderWiite (1ightWwlite powder yell owy powder Specific

gravityl, 32(25"C),1. 3 3 (25C),1.32 (25C. 1 .35(4C)1.36 (4V)1.36 (4-O

Bul k density0.2-7)-0.50.25-0.48 0,25-0.5 (kg liter) Gass transitionl65- 1
80 160- 180 160- 180 tenperature CC) Melting point230- 285 225 - 290 230 -
300 (2QclB8ovHAT:dtStEAItEDed Sreprlosessinf Dabhmaubeorur Ting acewilptiosse

nol di ng, the process conprising: steam ng corncob neal at a tenperature of
150 to P5AGE wad 31 B 695 be Pl @ WPaimids.t ering the steamed corncob
meal with a. filtering device to obtain a solid; and nolding the solid. 2.

The prolc%eél% gf claim1, wherein the nolding step conprises: separating the

solid intoafirst solid and a second solid; dehydrating and acetyl ating
the fifrst solid by addi ndEagaiple @anhydri Bxaanglsd f urni c Bzadhpleefiet o
filteripgy R @eiorat gdand acely-Tatreddsol i d with|Riteldtenwng

Outward shape |White powder White (light White powder

yvellow) powder
Specific gravity |1.32 (25%7C), 1.33 (257), 1.32 (257C),
1.35 (4C) 1.36 (4C) 1.36 (4%)

Bulk density 0.25-0.5 0.25-0.48 0.25-0.5

(kg /liter)

Glass transition | 165 — 180 160 - 180 160 - 180

temperature {C)

Melting point 230 - 285 225 - 290 230 - 300

()
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device to renove a solid and obtain filtrate; and stirring and m xi ng the
filtrate and the second solid to obtain a liquid product. 3. A plant

conponent extracting apparatus conprising: raw material processing nmeans
including a raw material supply portion for supplying a plant raw materi al
and a raw material pressurizing portion for heating and pressurizing the
suppl i sdHA'AAG CAAIMBERr [l at 150 to 350'C and 5 to 30 MPa, respectively;
hot wat er supply nmeans including a pressurizer and a heater and supplying

sub-crigical gﬁbcegylfag rAakefRetatu@ aofe 13 dondidifg, phesstidesad at a
pressure of 28 to 30 MPa; and hot water reacting neans for carrying out a

st eam NYm E% nt by m xi ng the heated and pressurized plant raw materi al
Wth the™® ical wat er supplied fromthe hot vvater supply neans. 4.

The apparatus of cl.aim rein e hot vva re MRARs, | f or med
by a hol | ow b§&§afrﬁ%ﬁ‘i’lm¥\h@}? Eﬂe?]nélg& EeﬁPpFﬁ 9%gsses a%ﬁ
plurality of noving vanes provided inside the hoI I ow body and di sposed
adj acemressugachl 3Phier 280 to alternately rotate in reverse directions
with a direction in which the plant raw rria.terial passes through the
hol | ow body bdilngritfpetlaxisteafngdicarhenb tedlheithppdidtospilevia o3 or 4,
wherein: the ratio material pressurizing portion includes a holl ow base

body at,yhaighs SReid;aywArterial supply portion is provided, a rod- shaped
rotating body dispdsed inside the hollow base body and havi ng a spiral

groove, and a hgﬂi&r fd% Srg)q?&.l ng the inside of the holl ow base

2. The process of claim 1, wherein the molding step comprises:
separating the solid into a first solid and a second solid;
dehydrating and acetylating the first solid by adding acetic

anhydride and sulfuric acid thereto;
filtering the dehydrated and acetylated solid with a filtering

device to remove a solid and obtain filtrate; and
stirring and mixing the filtrate and the second solid to obtain

a liquid product.

3. A plant component extracting apparatus comprising:

raw material processing means including a raw material
supply portion for supplying a plant raw material and a raw material
pressurizing portion for heating and pressurizing the supplied plant

raw material at 150 to 350C and 5 to 30 MPa, respectively;
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body, the width of the spiral groove narrowing fromone end, at which the
raw material supply portion is provided, toward the other end; and the raw,
mat erial pressurizing portion conpresses the supplied plant raw materi al
by rotating the rod-shaped rotating body to convey the raw nmaterial. train
the one end toward the other end while heating and pressurizing the raw
material. 60 GotTwatapparmplysnafaranynoheliofg al piewsBizer and arlhpeter
conprising cooling nmeans for cooling the product produced in the steam ng

treat "R{Hd Ry 'liyiiﬂg dul1e RUHQEHT vatket hsuippl 4 edmgadré twat &)f.300 tolEs@npar at us
of any one of clainms 3 to 6, further conprising a filtering device for

filter i&%stsglﬁ-i%c?%lﬂcé ﬁ%ggg&g\?ﬁ? @Swae%ﬁtﬁ@{g.%dt reatment. 8. The appar at us

of any ‘one ai s erein e plant "raw material is at |east
one selected fromthe g_r ougj consi st cor ncqﬁsff‘rﬁl ant. seeds, bagasse,
. r

f
kenaf, reeds aWf WRler L€R& n%ﬁb%%gg}g&%%ﬁﬂ?%& BN ose acetate,

the process conprising: steanmng a naterial selected from bagasse, kenaf,
reeds dfidatmiesd kY maiKing thehesdateandsped ssatriged anpartataw angtenisd o 350- C
and a pressure of 15 to 20 MPa: filtering the steaned material with a
filteriwghdgve seb-ornbtal watar solppdiedifiuchb ety hatt imgtansiuppéy yhasanag t he
solid by, adding acetic: anhydride and sulfuric acid to the solid. 61

4. The apparatus of claim 3, wherein the hot water reacting

means is formed by a hollow body through which the plant raw

material passes, and a plurality of moving vanes provided inside the

hollow body and disposed adjacent to each other so as to alternately

rotate in reverse directions with a direction in which the plant raw

material passes through the hollow body being the axis of rotation.

5. The apparatus of claim 3 or 4, wherein:

the raw material pressurizing portion includes a hollow base
body at which the raw material supply portion is provided, a rod-
shaped rotating body disposed inside the hollow base body and having
a spiral groove, and a heater for heating the inside of the hollow base
body, the width of the spiral groove narrowing from one end, at which
the raw material supply portion is provided, toward the other end; and

the raw material pressurizing portion compresses the supplied
plant raw material by rotating the rod-shaped ro_tating body to convey
the raw material from the one end toward the other end while heating

and pressurizing the raw material.
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6. The apparatus of any one of claims 3 to 5, further comprising
cooling means for cooling the product produced in the steaming

treatment by mixing the product with supplied cold water.

7. The apparatus of any one of claims 3 to 6, further comprising
a filtering device for filtering the product produced in the steaming

treatment.

8. The apparatus of any one of claims 3 to 7, wherein the plant
raw material is at least one selected from the group consisting of

corncobs, plant seeds, bagasse, kenaf, reeds and rice straw.

9. A process for manufacturing cellulose acetate, the process
comprising:

steaming a material selected from bagasse, kenaf, reeds and
rice straw in a pressure vessel at a temperature of 150 to 350C and a

pressure of 15 to 29 MPa;

filtering the steamed material with a filtering device to obtain
a solid; and

dehydrating and acetylating the solid by adding acetic

anhydride and sulfuric acid to the solid.
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