2278132 1 METHOD AND APPARATUS FOR | MPROVI NG DI SPERSI BI LI'TY OF VEGETABLE
FIBER Fi €l d of the Invention The present invention relates to nethods of

i nproving dispersibility of vegetab]e fiber and to an apparatus for use in
such net hods. Discussion of the Background Vegetable f ed in a
wi de var\,ety of fields and various proposals have beenﬁzgmtesﬁespect to
nmet hods of their production. Methods of producing fiber using such as
banboo as the vegetable material have al,yeady been proposed by the present

i nventors. For exanple, a nmethod of produci ng banboo fiber is disclosed

I n Japanese Patent Laid-Open No. 4-216007 (UK 2 251 002 in part),

I ncluding: a first step of crushing a banboo nmaterial along the grow ng
direction of the banboo by neMBETHOD ANDDIARRARATRUS FOd a second .step of
openi ng up the banb I e e sending it
by means of a feed ?%W?ﬁéﬁfgﬁ Df%%?%§f§£%?§g1§£ Vﬁbﬁ§ABﬁﬁrg%§¥§ drumwth a
| arge nunber of teeth. Further, in the specification of Japanese Patent
Lai d- Open Application No. 5- 138617 (UK 2 251 002 in part), a method of

pr oduci ng banboo flber has been proposed, including: a first step of
crushing a Figlgogfpbhe Inventdon  ne growi ng direction of the banboo by
means of a rolling mll; a second step of opening the banboo nmateri al

obtained at the_first ste by ar opene and a thir ep_of forn1n the
bamboo material T aﬁ”ﬁ%%le eggdh‘ﬁ §?é§teﬁt &9 Re °sﬁl§r °€y Ja
turbo-m !l dispessibid inwt hxmsvéglartamcmltﬁm bambobofaheappanaauqu |f@ir argke

efficient YR'AG65h methods.
o

Discussion of the Background

Vegetable fibers are used in a wide variety of fields and
various proposals have been made with respect to methods of
their production. Methods of producing fiber using such as
bamboo as the vegetable material have already been proposed by
the present inventors. For example, a method of prbducing
bamboo fiber is disclosed in Japanese Patent Laid-Open
No. 4-216007 (UK 2 251 002 in part), including: a first step
of crushing a bamboo material along the'growing direction of
the bamboo by means of a rolling mill; and a second step of

l opening up the bamboo material obtained from the first step by
sending it by means of a feed roll to an opening device which
has a rotary drum with a large number of teeth. Further, in
the specification of Japanese Patent Laid-Open Application
No. 5-138617 (UK 2 251 002 in part), a method of producing
bamboo fiber has been proposed, including: a first step of
crushing a bamboo material along the growing direction of the
bamboc by means of a rolling mill; a second step of opening
the bamboo material obtained at the first step by a rag
opener; and a third step of forming the bamboo material
obtained at the second step into fine fibers by means of a
turbo-mill. These are methods for producing bamboo fibers in
a quick and efficient manner.-



2 It has been found, however, that, when the banboo fibers obtained by the
above nethods are blended with a cenent and forned into a banboo >
fiber-cenent formed body, there is about 1I5% difference in the flexural
strength of the obtained formed body between the case of using the banboo
fibers wwth a thin peel portion at the inside of the banboo materi alyand
the case of using the banboo fibers with the thin peel portion renoved. The
banboo fiber wi thout the thin peel sportion is superior in this regard.

For this reason, in the specification of Japanese Patent Application No.

4-177070 (K ﬁgszﬁééé ‘Ebunhheh‘&fw%'ifé}t 1:3&’@6“ %ﬁeﬁ‘aiiﬁef %;nggg,nque‘.,ﬁ%@posed a

nmet hod of  producin inclu first ste crushing a

bamboRPhaiBedabyal 41?%V3r8ﬁntﬁ&d§| easle#eafﬁ&fbfa ac?EPFFn@"(ﬁ 'l; a
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to Obj'éﬁ)é‘nésénP&EéHl:”hiSbM%at%ht well agdivz7d7o thgkfobers711.6), the o
present inventors have furthérmdre proposed a method of N/
producing bamboo fiber, including: a first step of crushing a
bamboo material along its growing direction by means of a
rolling mill; a second step of forming the crushed product
obtained at the first step into fibers by means of a hammer
mill type crusher having a certain mechanism; and a third step

*

of removing the thin peel portion inside the bamboo material
that is mixed into the bamboo fibers obtained at the above
second step.

However, when using the bamboo fibers obtained by these
~methods to produce a bamboo fiber-cement formed body or the
like, blending of the bamboo fibers with other materials is
necessary as described above. However, if the dispersibility
of the bamboo fibers is inferior, there are the disadvantages
that a uniform blending with the other materials is difficult
to obtain or production efficiency is low because it takes
time to obtain a uniform mixture. Particularly, if the fiber
diameter of the bamboo fibers is thin, the fibers tend to
entwine around each other to hamper homogeneous mixing with
the other materials. Thus the superior reinforcing effect
possessed by vegetable fibers has not been fully utilized.

Accordingly, a method using a surface-active agent, for
example, has been proposed as a method for improving the
dispersibility of vegetable fiber when the vegetable fibers
are in the form of a slurry in a large amount of water.



di amet er of the banboo fibers is thin, .the fibers tend to entw ne around
each othér to hanper honpbgeneous mi xing wi tih: t.he. other materials. Thus

t he Superior reinforcing effect possessed by vegetable fibers has not been
fully utilized. Accordingly, a method using a surface-active agent, for
exanple\ﬁhas been proposed as*a nethod for |nprOV|ng the dispersibility of
veget abl e fi ber when the vegetable fibers are in the formof a slurry in a
| ar ge anount of water. 3 However, thg methods to- be used in cases where
a surface- active agent is not desi rabl & and met hods for inproving the
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vegetabl e fibers aV|n% dispersibility that can be easily
wi th ot herand@dfruet stpte h?ﬁ#eﬁptoﬁeenpﬂ@MQ%QQe QereRafare.  of
i mproving dispersibility of vegetable fiber, conprising the step of passing

a body of vegetable fibets, qbtained b enin a_ve Ie mat.er i al
Chrough one or REFETOLREIZy A% pe an GRISHR b tEe "RYEERNE, dvER s o
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rotated, t88sily blended with other materials.
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The invention provides a method ©of improving
dispersibility of vegetable fiber, comprising the step of
passing a body of vegetable fibers, obtained by opening up a
vegetable material, through one or more sets of rolls in the
absence of a continuous water phase to improve the
dispersibility of the vegetable fibers, each of said sets
comprising at least two spaced rolls having a multiplicity of
teeth or pins and being operated with relative movement at the
periphery to apply shear forces to the body of fibres.

Preferably the rolls in each set are rotated, the
rotation being in the same direction so that the shear forces
are applied between oppositely moving surfaces.

The invention further provides an apparatus for improving
dispersibility of vegetable fiber, comprising one or more sets
of rolls each of said sets comprising at least two rolls
having a multiplicity of teeth or pins and disposed with a
desired separation to apply shear forces to a body of fibres
passed therebetween, and wherein in each set the rolls are
operable with relative movement at the periphery,-desirably so
that the peripheral speed of one of said rolls, rotatable in
the same direction as the direction of travelling of vegetable
fibers may be larger than the peripheral speed of another of
said rolls, rotatable in a direction opposite to the direction
of travel of the vegetab}e fibers. :



rotation being in the sane direction so that the shear forces are applied
bet ween oppositely noving surfaces. The invention further provides an
apparatus for inproving dispersibility of vegetable fiber, conprising one
or nore sets of rolls each of said sets conprising at least two rolls.
having a multiplicity of teeth or pins and di sposed wth a desired :
separation to apply shear forces to a body of fibres passed therebetween,
and wherein in each set the rolls a e operable with relative novenent at

t he periphery, desirably so that the peripheral speed of one of said
rolls, rotatable in the sane direction as the direction of travelling of
vegetabl e fibers may be |arger than the peripheral speed of another of said
rolls, rotgpﬁg eY| [@sPefite tf ohh8p¥enti0g .t (ROth rast ten tdre tmethedof the
vegﬁt ahtie ihi hesgard dtf:&ppébstuas aget %éﬁ; chhf :iﬁvteﬁbi Q:{La_ibr@ h*hé’éeiﬁ, E he

met hod and.in regar Q appar. S are se ut Jg e clains herejn, to

whi chg?eVgi'éﬁ‘cEegﬁS&P&ebé?ﬂ?&&? erieay | 5‘&]% ‘ﬂr}ﬁ(ﬁé’f‘? iOWEYRE 3% R on of
enboddeserd pdfi drhe afhv embiodtimdntsvay Hf thendnverifidafr, DESERIwIy ONbOF THE
DRAMWQQ§hghg. 1 is a view showing a node of enbodying a set of rolls of an
appar atus of ‘the present invention, Fig. 2 is aview showi ng a node of
enbodying a roll to be used in the apparatus of the present invention; Fig.

3 is an explanatory ﬂﬂfﬁ*95$5555§%i%ﬁ B SPERIp fﬁGgf rolls; Fig. 4 is an
expl anatory view of @ node 1or enbodyT ng 5___;25&____ S

Fig. 1 is a view showing a mode of embodying a set of o’/
rolls of an apparatus of the présent invention;

Fig. 2 is a view showing a mode of eﬁbodying a roll to be
used in the apparatus of the present invention;

'Fig. 3 is an explanatory view of modes for meshing a set
of rolls; , )

Fig.. 4 is an explanatory view of a mode for embodying a
set of rolls having pins; '

Fig. 5 is an explanatory view of a mode for meshing a set
of rolls having pins:; | _ )

Fig. 6 is a view showing another mode for embodying a set
of rolls of the apparatus of the present invention;

Fig. 7 is a schematic view showing an apparatus used in
an embodiment of the present invention:;

Fig. 8 is an explanatory view of the shape of teeth of a
roll used in the embodiment; and

Fig. 9 is an explanatory view of the angle of the teeth
of the roll of the apparatﬁs used in the embodiment.

DETAIT.ED DESCRIPTION OF THE INVENTION

A method and apparatus according to the p;esent.inventioh
will now be described in detail by way of the accompanying
drawings.



set of rolls having pins; Fig. 5 is an .explanatory view of a node for
meshing & set of rolls having pins; Fig. 6 is a view showi ng another nobde
for énbodying a set of rolls of the apparatus of the present invention;
Fig. 7 is a schematic view show ng an apparatus used in an enbodi nent of
the present invention; Fig. 8 is an explanatory viéw of the shape of teeth
of a roll used in the enbodinent; and FPg. 9 is an explanatory view of the
angle of the teeth of the roll+of the apparatus used=itn the enbodi nent.
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the present invention™w |l  now be described in detail by way of the

acconpanyegfpodiyangnas appdridtuls GOV Rer&oant r usteénioh. r oRbfertia gmade
for enbodyi ng an apparatus of the present invention. Referring to Fig.1l, a
set of rorFig.ls eosett off edlls ad g adndtitutedrioy| a2roAll ar gadnanirel lof2.
teeth or a |arge nunber of pins are provided on the roll 1 and the roll 2.
Al t hough Bhdasgepsupbernef deetls an actargei nember tof sppRef areenroyd deisown

in Fig.2, that they_have a triangular_shape and that they be di sposed at
smal | i nePRnhei ERAledpend e Taklaid ng SHEROUG ofhe hEhRBE| oL TRBS, SEETh 5

and the roll 2

pr edet er n}ﬁeBOFrC] g%‘ta‘lgtﬁlé%'lrg’%gé%gﬁ%?ﬁjﬁr%‘r r. l l%%%ﬁ%%h?ﬂgsgfgﬁgea{:géz:htheé’f.
e 5L Ohagl kShES RBRARD Lty e SHhapchaT! BhohingE B cRTHT, |1
case of aj/EN$heUgitANrespect to a rotating shaft 3 of the roll. The
_ rqll 1 and the roll 2 constituting the set of rolls are disposed
at a predetermined interval from each other and the meshing of
the teeth 5 of the set of rolls is not particularly limited and
may be either as shown in Fig.3(a) or as shown in Fig.3(b).
Fﬁrther, shown in Fig.4 and Fig.S is the case of a cbnstfuction
where the roll 1 and the roll 2 have a large number oﬁ pins 6.
The set of rollé having the construction és described
are rotated in the same direction. Here, when thé traveling
direction of vegetable fibers to be processed and the rotating
direction of the rollé 1 and 2 are respectivély in the
" directions indicated by the arrows in Fig.1, the number of
rotations of rolls 1 and 2 are controlled such that the
peripheral speed of roll 1 is greater than the peripheral speed
of roll 2. The teeth or the pins are rotated in the opposite
direction to one another at points where the teeth 5 or the pins
6 disposed on the rolls mesh with each other. The vegetable
fibers are unraveled at such points and lumps and twining
thereof ére eliminated. It is thereby possible to impfove their
dispersibility with another material or the liKe.
o It should be noted.thét, the set of rolls may be

formed as shown in Fig.6 from a roll 1'and two rolls 2, and the



where the roll 1 and the roll -2 have a.large nunber* of pins 6. The set of
rolls having the construction as described are rotated i'n the sane *
direction. Here, when the traveling direction of vegetable fibers to be
processed and the rotating direction of the rolls 1 and 2 are respectively
in the directions indicated by the grows in Fig.1, the nunber of rot#tions
of .rolls 1 and 2 are controlled such that the peripheral speed of roll 1 is

greaﬁegbbﬁénoffh%o‘i@fé Rherl srestkofcuolhg2a dbe beekblos bbe piots are

rotated 1n the opposite direction to one another at points where the teeth

5 ori1ihetedns Gugitsresedren digngxdds sbsholisht eand 2t bee. n¥he vegetabl e
fibers are unravel ed at such points and |unps and tw ning thereof are

el i nlbmiiédd bhd dtt lserfdiycgmssi Mantocl npheveet hpherdl sppesdsi bitty with
another material or the like. It should be noted that, the set of rolls may
be foekd8 Asaddovdn inn they mermesmas rdgscnibed aheveol | Eupthgrporge

nunbers of rolls. 1 and 2 c%$53{tutiqgh§hset of rolls are not Limted.
Furt hBe, P1tRE andmbisddhtoof fihe teet or JtRe BiNF; §i BEG BRE it suffices
to control .the peripheral speeds of roll and, 2. 1Ln_fh ner. as '

desc ?‘ﬂégegbﬁ?g‘. mﬁﬁgﬁer"ﬁ&l@,’“sﬁ%’e C&?Qﬁ“‘in%‘:ﬁ‘é‘*rd‘g%?&o?ét%Egt%gegﬁ 5 or the

pi ns cesnat it e - L QUSH an C kRJokO+3fat e of
entmFﬁFﬁéslggbe%&?Ehggﬁgﬁﬁ%g§¥wﬁg§éggﬁewn,ﬂggg's%ﬁ?o$§hgg?t?hg veé%?able

fi be{/egét-EBlBr 2598%edo B privvediial, hamkl thdeotiedarnahap BREVeen the rolls
1 and 2, i.e., the separation between the teeth 5 or between the pins 6 on

two sephsaitiopr betwelny thie moldis llesmd ndy el pe ef etladl geparat3dnm though it

s nggt‘ldiarg'nt %gea%ger{%y Sb%rv%reit%léselny tchheanzgier(xjs a‘6(: Cc(s)rg dtl:er] ;E'gligeis (>
preferably 50 mm or less, more preferably 2 to 35mm, though it
is not limited and may be variously changed according to the
dimensions and shape-df_the vegetable fiber to be processed. A
separation exceeding 50 mm is not preferable because the effect
for improving dispersibility becomes difficult to obtain.

In the method of the present invention, the vegetable
fibers are passed between a set of rolls_havin¢ the construction
as described above. It is théreby possible to eliminate lumps
and twining of the vegetable fibers to improve their
dispersibility. Thus, uﬁiform blending with other materials
becomes possible. Here, if the effect of improving
dispersibility is relafively limited.when the vegetable fibers
are passed through only one set of rolls, the'vegefable fibers
may also be processed so that they are caused to pass through-
sets rolls a plurality of times by providing a plurality of sets
of rolls.in the apparatus or by providing means for causing them
to pass through a set of rolls a plurality of timeé.

Although description is given in the';resent

specification in regards to the bamboo fiber as an example of



di mensi ons and shape of t:hé vegetable fiber to be processed. A separation
exceedi ng' 50 nmis not" preferabl e because the effect for inproving

di spersibility becones difficult to obtain. In the nethod of the present

i nvention, the vegetable fibers are passed between a set of rolls having
the conskfuction as descri bed above. It is thereby possible to elimnate

| unps and tw ning of the vegetable fibers to inprove their dispersibility.
Thus, uniform bl ending with, other materi o s becomes,possible. Here, if the
effect of i nproving dlsper3|b|I|ty is relatively Ilntted when the vegetabl e
fibers ar&egedsadd e hiiReirs ontlye opeesentoinventiont s nefetldimided vheraty.
al so be p&ggessed SO that they are ﬁﬁgsed t o pass. Lhroug@lse ) roIIs a A
plurality ’“ﬁl’n@slf‘:ﬂl ovmt@rtﬁrat ¥ WEYNGF VEELSUST V Hgers and

A P N R EE Ty Fnt R e SRR S %%i’ Se
Spec'f'cah?gndd%'f%ﬁYﬁEHt()$5WE$@quﬁhéhb€ﬁeaﬁ Eﬂoﬁxgﬁp%ﬁ esent
vegetable I bers € preseni 1 nvention i's not F mted the et It may al so

be i npl eneAveAtiHrISi< G B Olifp Mefsh 8o © £heensiandrbhecneente o@@l:ttéte
manufacturlng process of the vegetable fiber are not |inited. However, when

t he met howregtke tialbd epriditmy igvpreferablby t PO®eor npbeeent Ad, uhde siwiadile e
content of the vegetable fiber is preferably 10% or nore. An undesirable
powder i ngPeWAERdNG gt dile Vadatabiky Hiker may otouvegéfabhe wvegetabdedried
to have a styre content of |less than 1096 It should_be noted that the
moi st ur e éggﬁé'ntlsl drigd |Garhase \haiel s CPRERRE 6f HBREcthaded 0%t It

Fartigulaghguggygg ARY' Gt the moisture content is not limited where
an occurrence of powder does not particularly cause a problem.
Further, substantially uniform blending may be effected by
blending with a known method, if the average fiber diameter of
the vegetable fibers exceeds 1 mm, though it also depends on
such conditions as the length of the vegstable fibers. The
present invention is thus effective particularly for

those vegetable fibers with an average fiber diameter of 1 mm or

less.

It should be noted that, while the method etc. of
4 opening up vegetable matérial to obtain Vegeﬁable fibers, are

not limited, a wet opening method, for example, may be used.
Production method of wood pulp is an instance of the wet opening
method. For example, when kraft pulp is to be produced, the
material wood chip is digested by means of a mixed solution of
caustic soda and sodium sulfide. In some cases, this is’
further subjected to wet beating by means of a beater or a disc
refiner. |

Next, in the case where the vegetable fiber is to be
treated in a wet process, it is possible to use such methods as

one implemented for bamboo fiber, already proposed by the



Further, substantially uniformblending my be effected by blending with a
known nethod, if the average fiber dianmeter of the vegetable fibers e&xceeds
1 mm though it al so depends on such conditions as the length of the = -
vegetabl e fibers. The present invention is thus effective particularly for
those vegetable fibers with an averae fiber diameter of 1 mmor |esed It
shoul d be noted that, while the nethod etc. of opening up vegetable'
material to obtain vegetable fibers, are not limted, a wet opening nethod,

for exanple, may be used. Production nethod of wood pulp is an jnstance of
t he \ﬁe’{er% %'?@g%’e?ﬁﬁd.?Fa?aéﬁﬁﬁp?éree‘mehﬂ%ﬁaprﬁpuﬂﬁ-i25-2t5@ p¥Rdduced, the

mat er, i,al Lp i | ed_b s .of | xe | utj on of caustic soda
and s%’gﬁcuﬂn\?és)%ﬁﬁd%? 'ﬁ?\gég}e‘r%‘{ cageé?{lg%las ""I8$ a%&:g‘trﬁeg'ai%ﬁ ég@t g’(f I vierS beat i ng
by mapissiqiré ASRtsht OE%aTﬁ'O@CofeifnbE@r aniethe mbilRartARNNG]E the
vegetable fiber Is to be'treated'in a wet process, It is possible to use
such therests s then i Iphereatied horebenBAO SORLBY, malaheade proposed by the
present applicant (Japanese Patent Lai d-Open No. 2-26854) in which a banmboo
mat erdetlydratiaarsed to absorb water to bring its. nmoisture _content to 100% or
nmore and the noisture content thereof is then |owered by nore than 50% by
means of dehydrEtithe ¢aseHéhereecoppBingopénthg vegehablegdiidisns fasers as

descr'bed,is‘ff,a wet openi ng nethod or where the vegetable fibers are to
be bl R4 HDi%era ek ro28R1ng  Bethedngrswbpee: e yegekable ocessi ng

the T9:RQ0% AHMOS ¥ QnLTéjnggé: hw_ith other ma{:eri_.als after being

subjected to a wet processing, the fibers entwine afound each o
other where it is difficult to pérform a uniform blending. The
method of the present invention is particularly effective when

the vegetable fibers_to be treatéd_are in their wet state due to -
the processing as described. Generally, the dispersibility of
vegetable fibers is extremely'reduced for example when the

vegetable fibers produced by a wet_hethod or the Végetable
fibers treated with water and then dehydrated are to be mixed

with other materials. However, by treating the vegetable fibers

in such wet state with the method of the present invention,

their dispersibility is greatly imptoved so that a uniform ;J
blending is possible. |

According to the presenf invention, it is possible to

improve the dispersibility of vegetable fibers which, in the

prior art, have been unable to be homogeneously blended with

other materials due to lumps and.entwining thereof and there is

an advantage that a homogeneous blending with other materials

becomes possible.

| EXAMPLES
(1) Production Example 1 of Bamboo Fiber:



other where it is difficult to performa uniform bl ending. The nethod of
the present invention is particularly effective when the vegetable fibers
to be treated are in their wet state due to the processing as descri bed.
GEnerallxg the di'spersibility of vegetable fibers is extrenely reduced for
exanpl e whien the vegetabl e fibers produged by a wet nethod or the vegetable
fibers treated with water and then dehydrated are to be m xed wi th other
materi als. However, by treafiTtg the vegetable fiber& i such wet state with
the met hod of the present invention, their dispersibility is greatly

i nproved so that a hitekking emifl hghavingsepbls. radeopdi Faren LR lesent
invention, it is possible to inprove the dispersibilit f.ve eggble fibers

whi ch, in(§Ir4técr3rmrtfar1fql%af%aea%@f-‘%r%lb59dmﬁé hBﬁfﬁ_gEﬁéguéle@ "Shded with
ther materials.due to | twining thecepf and there.i .
Sdvant nge EEECE idenehne OF ol it WER UPRGr ChaftfrhrorRacIRE at &
i bl e. S OOpCT | e i, kber: K
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rolling at a presSsure of 25 kg/cmerr], eed roll speed of 15 mimn and a

t hr oughpuip£ofi £58Q defi/d Hft et H PP P IBEr and wasdcuasiaker piekds wddtaves
after being felled and was cut into pieces each having a |l ength of about 1

m Next, hbawing lzed drayilomfredlesutall was opened up into fibers by feeding it
by nmeans of a feed roll to-a drum which was _
Next, the rolled bamboo material was opened up into
' fibers by feeding it by means of a feed roll to a drum which was
rotated at about 1000 rpm, having a drum diameter of 500 mm, an
effective drum length of 900 mm and a large number of triangular
teeth provided thereon. Since powdered bamboo material was also
contained in the bamboo fibers obtained by means of such opening
process, the fibers and the powder were separated from each
other by means of dry sieviné. |
After the aboVe process, bamboo fibers of an average

fiber length of 25 mm and an average diameter of 0.5 mm were

obtained. The moisture content of fiber at this point was 28%.



rotated at about 1000 rpm having a drum di aneter of- 500 nm an effective
drumlength of 900 nmand a .l arge number of triangular ‘teeth provi déd .

t hereon. Since powdered banboo material was al so contained in the banboo

fi bers obtained by neans of such opening process, the fibers and the-powder
were separated from each other by nmeans of dry sieving. After the ab¥ve
process, banboo fibers of an 5 erage fiber length of 25 nm and an average
di ameter of 0.5 mm were obtai ned. The noisture content of fiber at this
poi nt was 28% (2) Production Exanple 2 of Banboo Fiber: Arolling mll

i d ' ol f 25 kg/- d f eed
SeTitabr ) a1y Sehaing i of 20 kol orlorl] anda fec

roll oll a banboo material. Next, a hammer m || type

crusher (MHM har irgantialg Gfiusherderiied actar edabyiM i(kp Gakkased) awas used;
a 25 mm nesh screen was provided at the bottom of the crusher; and the

Cr uspeeswageopdr 2i5etkicn30 difid faorfamd foll speedit afni 32fi/khgnotobamido
fibers having an average fiber length of 25 nmand an average di aneter of
0. 2 anbamboot matealiladd banboo material. I'n this condition, the thin peel

portion at the inside of the banboo material_ was ﬁﬁ@aéeted fromand m xed
in the bamboo Nexdnsa Rammen Wi ldotWRRLCHAFRDE (VHY, BOFAZENEBAked and the

and_ GERShEnp AR A e S Ao (TERFEShRb 198 8P a7 8 ¢n Mrplget ¢
o EBBRCIC g’ SERAUAL U R Wieton e, 0 titgncer i thercof ves
pr esgp;ehde v it Pl M0 HP for one hour to obtain 120 kg of .
bamboo fibers having an average fiber length of 25 mm and ah Aot
average diameter of 0.2 mm from the rolled bambdo material. In
this condition, the thin peel portion at the inside of the
bamboo material was separéted from and mixed in the bamboo
fibers.

Next, the obtained bamboo fibers were soaked and the
thin peel portions formed into small pieces, floated to the
water surface and were removed. After the bamboo fibers
deprived of the thin peel porfions were rémoved from the water,
the moisture content thereof was measured to be 800%. The '
obtained bamboo fibers were then pressure-dehydrated to obtain
bamboo fibers with a moisture content of 150%.

(3) Processing for Improving Dispersibility:

The bamboo fibers obtained in the manner of (1) énd
(2) above were subjected to proceséing for improving the
dispersibility of bamboo fipérs by using an apparatus as shown
in Fig.7. Dimensions, shape and rotating speed of roll 1a, roll
1b, rolls 2a, roll 2b and feed roll 7 of the apparatus were as
follows. |
Rolls la : diameter: 600 mm

1b height of teeth: 10 mm (see Fig.8)



banboo fibers with a noistdre content of 150% (3) Processing for |nproving
Di spersibtlity: The banboo fibers obtained in t he manner of (1) and (2)
above were subjected to processing for inproving the dispersibility of
banmboo fibers by using an apparatus as\Fhomn in Fig.7. Dinensions, shape
and rotati‘ng speed of roll la, rall rolls 2a, roll 2b and feed roll 7
of the apparatus were as foIIoms.“RoIIs | a .. dianmeter: 600 nm
| b hei ght of teeth: 10*m (see Fig. 8) Ppitch of teeth: 12 mm
(see Fig. 8 attaching angle of teeth wi'th respect to rotating shaft of
roll: 4 (see Fig.9) rotating spe&dtich 024015?% 2at"i"hg %?%é?il 250 rpm
Rol I's 2a . dianeter: 0 nm 2 ht .of teeth 0,_mm
pitch of teeth: 12 nm attachi ng & %Q h&nQ(iﬂq}%MQﬁtq ¢t t?)??ﬁ%ﬁ?% o

shaft of roll: 1.5 rotating spee 50 ()jHJ Speed m
Feed roll 7 . dianeter: %?%%qﬁh%é’%%{ q'h /iae 52é)plt (2 o?
teeth: 12 mm attachi ng angl e of E@%&%fﬁdf&ﬂé@ﬁﬂ*& tgndcgﬁﬁlng shaft of the
roll: 1.5 rotating speed : 750 rpm

rotatlng speed 1b: 250 rpm

Rolls 2a : diameter: 200 mm
2b height of teeth: 10 mm
pitch of teeth: 12 mm
O attaching angle of teeth with respect to

g rotating shaft of roll: 1.5°
| | rotating speed 2a: 150 rpm
rotating speed 2b: 160 rpm
Feed roll 7 : diameter: 200 mm
height of teeth: 10 mm
pitch ef teeth: 12 mm
attaching angle of teeth with respect to
rotating shaft of the roll: 1.5°
rotating speed : 750 rpm
s | It should be noted that spacing between the roll 1a .
and the rolls 2a was such that there was a separation of 30 mm
from the roll 2a located on the fiber introduction side of the
two rolls 2a and the separation between the next roll 2a and the
roll 1a was 20 mm. The separation between the roll 1b and the
roll 2b was 10 mm; the sepafation between the roll l1a and the
feed roll 7 was 5 mm; and the seﬁaration between the feed roll 7
'and'the roll 1b was 10 mm. The baﬁboo fibers obtained in
Production Examples (t) and (2)'above were senf.by means of a
conveyor 4 to the apparatus having the abqve dimensions, shape

and rotating speed, so that they were processed through the roll



It should be noted that spacing between the roll la.and.the rolls 2a was
such that there was a separation of 30 nrmfromthe roll 2a | ocated &n.{he
fiber introduction side of the two rolls 2a and the separation between t’he
next roll 2a and the roll la mag;?O nm The separation between the roll IDb
and the roll 2b was 10 nm the Yeparation between the roll la and thé feed
roll 7 was 5 nm and the separation between the feed roll 7 and the roll |b
was 10 mm The banboo fibers obtained in Production Exanples (1) .and (2)

above, yegrqseAl BYITRADS Qs QAN inrboidh Lfe ARFEN afbisaaving £bplabove
di mrensions, shape and rotating speed, so that they were processed through

the robl whichawapd toeareld Sreaas suid dixrdduintgh the roll Ib and the roll
2b which were rotated in the sane direction. (4) Production Exanples of

For ned4 BoByodtetied BsdynpRresduwd iForniedBody 1 Usi ng a Conparative Product
The banboo fibers (non-processed) obtai ned by Producti on Exanple (1) above
wer e i nt r oducedFpamedaBodyKBradugtionvExan TrdRARZ 13RI AF k¥ ha

Sei sakusho), Wile operating the mxer, water and JI'S No.3 sodiumsilicate
wer e BBAEUCEt 1.5% by solid content to a cement to bring the noisture

tent thereof 50% anent h : tio of 70 t
30 of the banboBP: BANESRy HRFARL Gt FRPaR Ty, GeerakEd o2
m “”tﬁfrﬂdhét%ﬁ E:Q‘éﬂnp&’ées(j‘?gfaeﬂ@tlﬁe £t FSHuderd MREK Sark CADIRG dhixdr f or med

body. e specific gravit obtained forned body was 1.1 and its
f eXUgRM—QDrE?gbhm%&fh%‘%ulf@dﬂﬂyewﬂkm Séiswaustio) . Wi e section of the

formed body was i nspected, portions were found, where the banboo fibers had

operating the mixer, water and JIS No.3 sodium silicate were U
added at 1.5% by solid content to a cement to bring the moisture
content thereof to 150%. The cement was added thereto at a
ratio of 70 to 30 of the bamboo fibers by .dry weight and mixing.-
was effected for 2 minutes. It was then pressed and was cured
for two weeks to obtain a formed body. The specific gravity of
‘the obtained formed body was 1.1 and its flexural strength was
120 kg/cm? when it was dry. When a section of the formed body
was inspected, portions were found, where the bamboo fibers had
entwined around each other éﬁd were not uniformly mixed with the
cement. ;;J'

Formed Body Production Example 2 Using a Comparative
Product |

A formed body was produced under the same conditions
as in production Example 1 above but the mixing time was set to
5 minutes. The specific gravity of the obtained formed body was
1.1 while its flexural strength was 123 kg/cm2 when it was dry,
and portions where the baﬁboo fibers had entwined- around each
other and had not sufficiently mixed with the cement were found
in a sectioh of the formed body. It was impossible, however, to

achieve uniform mixing even.when the mixing time was made longer



entw ned around each other ‘and were not .uniformy mxed with the cenent.

For med ,.Botly Producti on'Exanple 2 Using a Conparative Product A fornmed body
was produced under the sanme conditions as in production Exanple 1 above but
the mxing tinme was set to 5 mnutes. The specific gravity of the obtained
fornmed b&gdy was 1.1 while its flexuq strength was 123 kg/cn2 when it was

dry, and portions where the banboo fii'bers had entw ned around each ot her
and had not sufficiently mxed:Wth the cenment werg:fpund in a section of

t he fornedtgggyt ig was i npossi bl e, however, to achieve uniformm xi ng even
when the nTXing ?lné was nmade | onger than this. Formed Body Production

Exanple 3 Using a PrPQHﬁEdPBBBgSP%@dﬁf&Qbﬁi B anp L3 Rgisrita IPneaiidon The
banboo fibers obtained by the Production Exanple (1) above and subjected to

t he procespirogessedeBetobadngnto3thecpPeesetrt Tmverkaan forned body under
the sane conditions as in production Exanple 1 above. The specific_gravity
of the obtained fornEbebbambaas fibersnebitad neideyr dthes Bradiatings Epample
Stbst ant | a1} ShPYer AndnauboeRESS B FREd TERES SHLIN G AT AR GH { | Ber s
Corpar at | ESP oHER SRCTBRRY Bo EPFDBRS DBBY T FE oy ioh & B8R AT it QB A L1
br ocossi ngPESARSEL R B ABF o IoPBEVE | g SPRCIFI® Y BEd o
obtained formed body was 1.1 and its flexural strength was 145
\v/' kg/cm? when it was dry. Further, sections on the formed body
were substantially uniform and it was verified that mixing of
the bamboo fibers and the cement was homogeneous.
Fofmed Body Production Example 4 Using a Comparative
Product
The bamboo fibers obtained by the Production Example
(2) above had become somewhat harder due to the pressure-
dehydration processing. Thus, they were subjected to
disentangling for ten minutes in the AIKO mixer. Next, a cement
was added at the ratio of 75 to 25 of the bamboo fibers by dry
1\ weight and they were mixed for 2 minutes. The obtained product
was then press-formed and cured for two weeks to obtain a formed
body. The specific gravity of the obtained formed body was 1.1
and its flexural strength was 115 kg/cm? when it was dry. When
a section of the formed bddy was inspected, a large number of
portions were found where the bamboo fibers entwined around each
other and were not uniformly mixed with the cement.
Formed Body Production Example 5 using a3 Coméarative
Product -
The mixing time with the cement was increased to 5

minutes under conditions identical to the above production



disentangling for ten mnutes in the AIKO m xer. Next, a cenent was added
at the ratio of 75 to 25 of the banboo fibers by dry weight and they- were
m xed for 2 minutes. The obtained product ‘was then press-fornmed and curedt
for two weeks to obtain a formed body. The specific gravity of the oltained
fornmed body was 1.1 and its flexufipl strength was 115 kg/cnferr] whew it
was dry. Wien a section of the forfred body was inspected, a | arge nunber of
portions were found where the banboo fibers entw ned around each ot her and
were not uniformy mxed with the cenent. Fornmed Body Production Exanple 5
usi nExerpdrepal.at | VEhdreduss fbediffepgntentnwichle tfexeerm@nts yasndagr eased
to 5 mnutes under conditions identical to the above production Exanpl e
4. anfeponkdionso Wit cinswbficdient hizkngaWweser adgioh sabs qzorttiadisy wi t h
insufficient mxing were al so substantially the same as in production
Exanﬁ&"@ Bameo afed BRECTHGELRR | BXaERAApAe 6 Using a Product Processed

A di tot P t, | L i on, The_banboo Li per, bt ai ned by Producti
Exanpl € (2)  abARETER R G SHE DO CERABBL8S bl kB8 BIRES n (3) and 4
iqnt ] : tio by d i ght of 25
o 7ErotfRE Atithe e O iredd ThoPhat {0l obral ned product vas
then press-forfpg W%g&st%%\g‘ggﬁﬁg %EQQEEQORO%&%W%)TM

specific gravity of the obtailned \ T and™ TtTs fTexuUr’a
st r eapbhrenandl GUNG@HE WiEthd MPScEsyin$eaki Q8ScPIbERAE 1Hor(Ad gy, vere

uni formand it was confirned that the banboo fibers and the cenment had

m xedementoweie. introduced into an AIKO mixer at the ratis by dry
weight of 25 to 75. They were mixed for 2 mihutes and the thus o
obtained product was then_press-formed and cured for two weeks
to obtain a formed body. The specific gra?ify of the obtained
formed body was 1.1 and its.flexural strength Waé 168 kg/cm?
when it was dry. Sections on the formed body were uniform and
it was confirmed that the bamboo fibers and the cemen: had mixed

uniformly.



15 WHAT IS CLAIMED I'S:. 1.- A nethod of iwmproving di spersibitity—of_vegetable
fiber, \eorrprl sing the step of: passing a body of vegeta Q’i &ers obt ai n¢ ned

by opening up a vegetable material, through at |east on “’ ﬂ,lﬁ”m
t he absence of a continuous water phase to i nprove di spe¥

veget abl &fibers, the or each set of rol]l conpri.sing at Ieast tmo pated
rolls provided with a nultiplicity of &t h or pi ns and rotated in-
the sane direction as each ot:heri so that shear forces.,are applied to the
body .of fibres between oppositely novi ng surfaces. 2. A method according
to clai m 1WHAHeIS8i OLARMEDe&8h or pins on each roll are disposed in lines
inclined with respect to the rotational axis of the roll. 3. A nethod
according to claiml1 or 2, wherein the noisture content of the vegetable
fibers at the time of being passed through the rolls is 10%or nore. 4. A

met hod accor dangidtthdd abe" %m iy QhEpErEibiiveIcovahatRbTe indeE,

veget abl e fi bers qbtained openi ng up said vege able materi al

| ess. 5. CWHEﬁﬁéﬁga(ﬂEﬁcﬁ 8Pt 8LanPassiNg, dsbody, of M?E?Pl?héltﬂ?errﬁng
up of the &Bﬁ&iﬁéﬂebifab?khahg* S:l;b)/a avé@étél@Pé“ ﬁatamhmgl through @ Mashst

according to_an rein roving the
di spersi bi PPeyS éﬁ Of F@ﬁ%hén %Qﬁl f S&Bc(?f °1%F1§ \7(? OMS ke, Phass to
veget abl e improveadd spey=ihillity afwdthervegetable fibers, the or each

set of rolls comprising at least two spaced rolls provided
with a multiplicity of teeth or pins and rotated in the

o/ same direction as each other so that shear forces are applied
to the body of fibres between oppositely moving surfaces.

2. A method according to claim 1, wherein the teeth or pins
on each roll are disposed in 1lines inclined with
respect to the rotational axis of the roll.

3. A method according to claim 1 or 2, wherein the moisture
content of the vegetable fibers at the time of being passed
through the rolls is 10% or more. '

4. A method according to claim 1, 2 or 3, wherein the
average diameter of the vegetable fibers obtained by opening
up said vegetable material is 1 mm or less.

5. A method according to any of claims 1 to 4, wherein the
opening up of the vegetable material is by a wet opening
method. '

6. A method according to any of claims 1 to 5, wherein prior
to improving the dispersibility and after the opening up of
the vegetable material, the vegetable fibers are subjected to
a wet processing. ‘



C L M S 16 7. An apparatus for bilit
vegetabl e fibers, the apparatus conpri si ng at ﬁﬂ"wﬁ “H l roI I‘s,. the
or each set including at least two rolls mhlc th a
multiplicity of teeth or pins , are di sposed. mnth a pr edet er-fg ned
separation, and are rotatable in t sane direction as each other tawapply
shear forces to a body of fibers passed therebetween. 8. The nethod of any

of C"?' 5 fnt GpPatHtdSIe8H 1A ARPEELPErRIE1NTEY b8 Yefddble
fibers, the apparatus comprising at least one set of rolls,
the or each set including at least two rolls which are
provided with a multiplicity of teeth or PhWS' , are
disposed with a predetermined separation, and are rotatable in
the same direction as each other to hpply shear forces to a
body of fibers passed therebetween.

8. The method of -any of claims 1 to 6 carried out in an
apparatus according to claim 7.



