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Reference is also made to a to an article (“Silicon / silicon carbide composites
fabricated by infiltration of a silicon melt into charcoal” by D.W.Shin, S.S.Park, Y.H.Choa
and K. Nihara, published in the J.Am.Ceram.Soc.,82[11] 3251-53 (1999)) wherein the authors

showed the acceptability of commercial charcoal made from heating oak wood at a
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about 1000C in an inert atnosphere, as preforns for
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S. Suzuki and Y. H kichi, published in the
approach and may be considered as main crlJrawback ofd the referred work.

eélgi?y, and its

Reference is made to an article (“Biomimetic process for producing SiC wood” by
T.Ota, M.Takahashi, T.hibi, M.Ozawa, S Suzuki and Y.Hikichi, published in the
J.Am.Ceram.Soc.,78[12] 3409-11 (1995)) wherein the authors demonstrated the usage of oak
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J. Am Ceram Soc., 78[ 12] 3409-11 (1995)) wherein the

aut hors denonstrated the usage of oak 2 WD
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for making SiC in wood |ike structure by suitable sal
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ar I mensi on, porosity and pore size
carbondaaabm iob lpwraiysmtmmght thasts, olmmge dpr éaearydlmeomwﬂ@tal tPOTCREH dmd pore

e R B Bl 05 e B BBl o 96R! TRy B overies o

the pr&faﬁm ald uRBE& thie fur¥RE | @bERSing NofPmeReikls BSing Pthem To make the
preforms, precursor woods are sel ected main on the

vanatnmam Isropefrtlbﬂemrzgeformarmecmor\mds arcgielectedgpaiply qrtiie asis of being

‘hard’ 8f fspﬁét 51 %gﬁ@ﬂ? afs{seor ﬁe‘cf sg{?he g’l?fer E% égrr%éspoqf)us or diffusive
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rsor one in-a
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the an@fpm&aéﬁfst@swwﬁ% respBet oy RRICCRrEa BRGHES G Speciens; no

studies ﬁv@tﬂe&g f&ﬂldttjéfatlﬁg ks g#e' s‘iét[écﬁfm Bf‘ﬂless‘tﬁt&ﬁlﬁt}J bt glaﬁtf stﬁﬂcﬁﬁ*é in terms
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of its afidtemidahviéamgepedicht aﬁers]ﬁaynngeﬁednotrmmfdumedc@owbmewmreform

hel p id AR
helps ghasbis SEATPAUTR RN DGO e sy Haterials in

SIgmﬁéa%ﬂgq%ce%bﬁ&& dHiintd.me. No information has been
reported relating to the nethods by whi chhm%rolytlc

t Naniafaymation dmsobeepl saported riglatiog cto ths pastt by “which pyrolytic

N Y T

lower ttéiﬁ]befratﬁfb@t BNfsient 8AldipRSe Rtile FRGHMY ERlir hitit@gichl Yeatures and
The present invention has been devel oped in view

mechapical Mtngeighoi Thg mmnt invprtiondhes ibeeredryeloped in vieay %ﬁﬁhegbregomg and

s of the, present invention,
other %ﬁ@ﬁpél?%?fﬁ%fag’ " out of the stem of
N@Ngeopivbedondite pRudexinterion, biuprebrmfil engsde out of the stem of

car bonaceous, shape of cel|ular, structure w
monoceidedononn gaudes et which @ffalrs GREhOnAFROYs |S§%9?09%6‘B sigucture with
umque ! 8crBY SEULRPS- tsﬁ{lcfalﬂltaf feaéﬁ S}pﬁﬂus fthé Efec?(s@?@ﬁﬁts The novelty

nvention 1s r processe
of thebpmsaitrmcémroa tethay entlikp roelﬁemr pmcess@eoblmqhn@‘ dmmfstmcturhederlved

et B o S S RSie propecies
followt[’r%,g& SRDIEhd RUERNBSE PHRRsPg 1Bt WbciTe Dr¥ink % sEBERY indlerial the
caudex stem of a monocotyledonous plant, a locally available cheap agricultural product, so

that it can ultimately be used as a novel material itself or it can make possible subsequent
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caudex stem of a nonocotyl edonous plant, a locally
avai | abl e cheap agricultural product, so that it can
w@bdosnsiiad y be used as a novel material itsel fPOrIB2002/005418
can make possi bl e subsequent 3 WD 2004/055133
PCT/ 1 B2002/ 0Q5 | i
gaseous F P EFIRGH 5P S BGar A ok EE BRELALIR rBferld ! Sgificantly
shorterﬁglgmsfdfe@{bj;l Y, shorter periods of time. The "pyrolyzed

reforms" or "carboni zed pref or Qr simly. .
Ity s ey zedrmee BPE T Sartopize s ar“gs érs’tn@%r ghagopl” referred to

in the pglg) t,;#é) g‘}éd@ ES&U\R&% re&“(ﬁk&r@ \IJMEN Bnut kO bd ﬁm@ﬂ% Hicytyledons,

ccasr onal gymmosper ns. Su
and ocdﬁﬂ@@l@ﬁmﬁdﬁp&r&@t Smbzwdoctswre (:ha)radtemzreti@a nunber of

(07 Rt miaHod el SeaHPath -G BERL A0TSR L B i . the

pernnetIeF &¢ t?hl% g{eﬁf rﬁéallélte‘ﬂf RARAGTRf thygesaxid ssues not

emaxis due to the presence of
Clﬁ)fm”emf 33 Wnéy bibse$ oot aligned akingghe MemyaHs Augto the gresence of

stein (jii) presence, of v, t cations bound in the
cambiugpiesp Iql%%olrppaqreqsgrgrﬂl? g’ﬁﬁ'c f%*l toVal ent  cross-1inks
g QpieM@ biSdivalEANGBRS Botu Inihe dell Q(ﬁllsahatoﬁ)rrgrlom for covalent
nd 1 nhi biting extension of cell walls_ in, th

cross-lidks @rossewalls) trensyarsato the( divection of sfovph apd m\ﬁbl‘i% extension of cell
1 {t\eéﬁﬁevﬁlls |ch are random and | ack preferred
walls iny, Qf stepp gxis pyrol yzed preforms" or "carbonized
1§ bEraBbriRtie the cﬁﬁsd—\tral[sgwmbb arestandomvendliack prefereadsayientation
are endowed with: (i) a conplex car b,gnaceollﬁ% el et al wood
St daplosl ProTmsY o fome WELTEE APy BRI AL SH Woody

ore n ertically elongated along the stem axis
precur%()) &&%{ﬁﬂgransverse and random car bonaceous

rgsa obmreo whrbgnideons pkeletal strucied Iwithadimdted agurabrr of localized
mcrofibrils in,t Mor epover

trachaedakase ghanpels ﬁ’Pﬁ@éE‘é Plogeriad eliie (5 400 =58 ﬁ%%%‘heg 8h trapggssse and
randon? U%}EQﬁdEgbusofes ﬁ@soé’cﬁnﬂg rifgth PRSP el atayh@demieefibrils in the

I'n t e referred prior arts, are responsi bl e
cross-\iraﬂrs ot her associ ated features of the "preforms”,

f
fl\gglfegy%rs hg‘ghéerg]aerétpl’fgpﬁogg s%]% @ﬁgrmt\g\(gl eg a%InB é)%%#é’é ﬂhder subnormal or

above-ﬁbfrﬁagr ‘Eé%%ﬁ@é‘ﬂfaﬁme‘én%ﬂdbvétﬁﬁﬂ tﬁ@ﬁeféke@f préoradits, are respon51ble for
grap Ptl zation v) retained typical mneral residues
other agsvictated ﬁa@tesmf@hfamrﬁyform&veﬂal ready been transforned

n@‘& ﬁ)sg tB? g@ﬁp rﬁr‘é?c? sﬁwg %’él%‘a{tﬁreg I:h&ré@er'is‘ﬁé? Of th€ Jobl$ precursors

roniIs a process

q]fiu YeakionGreRhARE O mwﬁhf)ﬁ@aegremdsmqﬂyﬂmmﬁon ous caudex
a

nt stemsuitable for |jquid. nfiltratio
g(a‘e)emﬁ@ned taieal omingraloFesisiust St gmgst Hﬁrbé&ryaﬁ’&ve Jilfeady been

ObVI ates ks as detail ed above. Anot her
&r}to @ {éh pﬁ% ion is to provide a considerably
Objects dl'ﬂh@_imféhhehytl c net hod

The main object of the invention is to provide a process of making biopreform from

monocotyledonous caudex plant stem suitable for liquid infiltration and gaseous
transportation processing of materials, which obviates the drawbacks as detailed above.
Another object of the invention is to provide a considerably simpler pyrolytic method
of making preforms from naturally grown plant structures, the production of macro- and
microstructure of biopreform isomorphous to the parent plant structure with high precision

due to ambient heating, lower processing temperature and shorter holding periods.
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of making preforns fromnaturally grown pl ant
structures, the production of macro- and

worR@aostisict ure of bi opreformi sonorphous to tPEr/E0eN05418
pl ant structure with high precision due to anbient

heating, |ower processing tenperature and short

Stdll enothepaliea o thesinymipg0a IOBRYSS admvlleé%’o@f‘%ogﬁéhe caudex
ano r_ob t Vdgdeb@ highly
s o5 uP e P ! DRUAT 0 o e o it

advanta@&ﬂ@ CRE MR aP REUSatinabdcaudehef drapresince Iof 3116:1111}3 tofirvesqyfiar bundles
ch can be highly _ advantageous, f

randomiyndiehiongad b @m@élw s s eane s aiih high precision on
pyro lytilcats T %o%{rtag 8{? danﬁscan aééHS% Jokdid e&ssahﬁhgt Rete@riefidtion and

are re |ne In shape With hi gh precision
reactioP&f hq@ydsxbryctampdrtemnsbﬁ pases DOsuitahlt compogitioss. i ncr eased

o Rt O Lot LR o o Lo mase
followx{?%ﬂ‘gl%% d @R foriBtoRNRIH ehe £BIATTa ﬁ&n&d@@yledmeng camiex plant such

de a biopreformthat can be made

as cocdgnut c(l@tos: rmcﬁmq),opamma) palnf (Boraspies Heestl: ]{gf) ate pa]?r? (Phoenics

L R R e

Summ?xy @tggmﬁﬁ dactylifera), abundantly available in

opical countries in general, and in particular, in
lﬁwommglﬁmmmreyemmvmon PFOTIsSh PIRSESY Ol wa#lyg ghpjopreform from

monocgt;y%agg#lglr nﬁ? t%}ﬁ ?f?ﬂ‘? e@o&%eﬁé SficrbBkichgald structural and

Roco nous caudex plant stem
anatorfiddR FoairRS F lhllit%rmlﬁﬁdi shichafoupaises preheating raaplegm@f stem of a

anatom cal features of the plant precur
monocotytedoncwsscagfehplant #@ tgmpp@gge gt tl‘gtr@ixgeoqfs @r to é’&ab maintaining the
prehea{égﬁ glgtg elcggl u@e@%ﬁgxﬂ éa%ll@s;vecﬁbﬂ? feR g%&hél pfehkdted biem piece

nal ntarning t eated stem .
in a clfde8CRnddindrRoHdak withrepesm tat aetempexiatwm th@yranafapf 3P 1ha000°C,
preheated stein t%@ece in a clos

maintaigiingthg mpleg@ a‘h @ﬁ%\%peg}ggfaéure ?{eseﬁnﬁggﬁ a%{olgéﬂt%&ﬂosphere,
follow?cgﬁ)ger naceto u B &Qm]ﬁ?ﬁe Bibpidrghece at the peak

er se ener at ed anbi ent at nosph h
f1al dneweitboldimdni ronﬁ&memmionnglenmr@b@@leﬁonw rﬁ%ﬂ% %‘1‘% from the

sroup biaRoe o Lagh B g ALY Bl i eni oyl

F;%%ibﬁiek E%b&finne%@isth@ eichas® thBaness us planakeinl dbgm camprises 4
oenics dactylifera. In another enbodi nent of the

to 13.4 gmient i on, the ampunt of plant stem chosen conprises 4

Itlr%végﬁl er qrﬂ@dﬁx ?{ﬁeit,]ﬂle Lrét%é[gr X I;gg&ta é atéﬁfrleéi Oru; tate the rate of
1to 1(5‘& peilnhﬁ’utéQiﬁ [REE tethpeidtaretis bitaipehk tenperature is

t"al ned. get anot her  enbodi nt of the inventi

t Insyqb m@@alt enbutiwantidhe inventipl, eprRhegted; sterp RIESH 54 intained at

erat ur ol of 24 to 48
the peﬁl&? era[tﬁregmf %ﬁnﬁ B rrgg%% rrée}%t 0?fz h?ﬁgg iﬁﬁ%ntl on, the
hgas fehed fenito@irhere loE alicethventiom, pheebeating of deer pneb@atqmstela{plece is
arate of 1 to 15C per, mnute. In yet another
carried il iarraterof o 1AL PEVEBHESN, the reheated stem piece

| In ?&' b RleP @HibBiment of the invention, the reheated stem piece is maintained at

the peak temperature for a time period of about 5 minutes.
The present invention also relates to a process for making a biopreform form a
monocotyledonous caudex stem that preserves the microstructural, structural and anatomical

features of the plant precursor, comprising the steps of

5



the peak tenperature for a tinme period of about 5

m nutes. The present invention also relates to a
w@e@aem®sd3F or nmaking a biopreformforma PCT/IB2002/005418

nonocot yl edonous caudex stein that preserves the mcro

structural, structural and,anatom cal. features of the

Tt SISt Sopiooe GPE: oy &SP BRiogp s sk fant BEe srom

2004/ 0 abR31deCetd 11820072 80R4ABand With seth@rUicfdieAnii ece

of stem of a nonocotyl edonous caudex plant free from

iiipi bl mbjtefing tlee seldctcdkvton picve toeeehgatingiton tamnesaverpad the range

epi der @Sz)tgld&)) subj ecting the sel ected stem piece to

pr eheat’i gt G tenperature in the range of 50 to 90C

(Gl ) MRInfHiRInGtRIpreh@utdd KH8 pleed asihePeilt %@gbe@ttutbffer pemk period

tenperature for a time period of 24 to 48 hours (iv)

f ur t hedf Hetgt48lpurhe stem piece in a closed contai ner

.Qvided.with.a ven t . e ture .

00 sl bl e Rl bslpihe o RESR (pain? rBRUSPRAR sObent at o

pi ece fefipeRtire iR tHeargb 360 % MWE0ICes at the peak

tenperature under self-gener at ed agi ent atno Sggre th

(0)) TREREING g FAGot RSLT KR BIech 4ot e PBRG b aupges at the

obt ai n,4.p&e; _u&%ﬁé 48 s%lﬁg%?at@ﬂ?ﬂeﬁ?&&no@ﬁh&@e

i nventi on, e nonocot yl edonous plant 1s selected from

tlvd ofuontre cookngthi figrtled hCoedstempitdedo aptaBothe binpssform.
-flabellifer and Phoenics dactylifera., | n another

ARG TR s e e e oS FIREOwY DAt Flesiadfrom the

group gﬁ%{?ﬁ?ﬁg’@ @Bﬁlfnsit?u;ci ra, Bords3us 1&pBIliftandeihoR il Bftylifera.

nt o I nvention, thé preheating is carried .
cltanathet kmbpdivent 6f the inventiog theamewm of plant Stemrhigken comprises 4
l{enperature is attained. In a further enbodi nent of
0 13.4 80 i nvent | on, the heating of the preheated stem piece

| 1 yef BfidthderibddimbnttoMBd Rivertioh, tHe phBilating igdatiddeout Ebthe rate of
preésent invention also relates to a biopreform made

1 to 14°Eqer stieuts tiblfpeakrigmpesatyteds aftaived. caudex st ems t hat
eserye ncr r I ] : :
PR e ehitpaiocih 3¢ e HERHIoR, shelticatifh UF Ble ARflated stem piece is
carrieCOWIRE b $4t00f ( a) 15WNp@Fhiudi stributed smal |l trachaedal
channel s vertically el ongated al ong thf} Strﬁg axfirs (bg ¢
sThst preserd| [vostioni e ElaiPhsioartd PRRIGIrEgiage trom - stems o
monoc%@l&ibtn%hé 8511(%% s{Jn?sCtﬂgt?gger&elg% Bk oséﬁﬁflﬁ‘ﬁll QluchRall 43 anatomical
stem nda f

axi’'s w thout sec ry growt ue to absence o
featurgsarfiheplatichrevmyen camplisgimgler ed microfibrils surroundi ng
and defining the condycti annel s d 1 ni,nal
ctap sandpaly o Efé’rbﬁ@ﬁd?’%éf é‘iaggaﬁagh&‘@{‘% \%{%@Wgu@o?@ted along the
absgnee.of cambium (e) |eaf-trace bundles passing

singly rnto the stem
(b) substantially straight grains and longitudinal orientation of trachaedal channels

parallel to the stem axis without secondary growth due to absence of cambium
(c) woven and ordered microfibrils surrounding and defining the conducting channels
(d) minimal cross-walls perpendicular to the stem axis due to absence of cambium
(e) leaf-trace bundles passing singly into the stem
(f) containing mineral elements such as silicon
In one embodiment of the invention, the monocotyledonous plant is selected from the
group consisting of Cocos nucifera, Borassus flabellifer and Phoenics dactylifera.
In another embodiment of the invention, the amount of plant stem chosen comprises 4

t0 13.4 gm.



(f) containing mneral elenments such as silicon In one
enbodi nrent of the invention, the nonocotyl edonous
WEk@ansi133 sel ected fromthe group consisting PET/BRO@E05418
nuci fera, Borassus flabell fer and Phoenics
act | ifera. t | FRse ltpdlmensmnal
hECAROE STEREARE O ATOGLar e op R AL
pore slﬂb @OH@I‘IM&% %@Qﬂé&55£8&1@€5¥/m E%)ﬁﬁg@@ﬁﬂ@.go 1BH H}l@tmedmm pores of

her enbodi ment of the_ invention, the_.bioprefaQr
dlametdnarstWBmg&Qf Sreriidi 1op and peplbpates di]ég)ﬁfﬁr AL g a[% fqur;ng i

di amet.er f 1 ﬁteUﬂm*cerlals usin
by BLER Flrifalp RN Yol Ty %@%%g%é’“‘?fand sl
bioprefB@fise Sbeingd drveh estetnnpiebes mﬁn@en@ﬁOtﬂed@Ogs [plpws spie biopreform
.present invention also relates to a nethod for making
Compflf@@&po& te materials using biopreforns obtained from
Eat)o 5 e(# ﬁ@%ﬁls&fbu@&‘ Om&® ttYa{cﬁé’é?iﬁP URarleRNV&rtisalyd elongated along the

conprising (a) randomy distributed small
tr aghraedzl channel s verti cal |y el ongated al ong the

{ b bst ant
e

p ar ﬁ%ﬁ]fél td thelshEn §5{1§ Ridsutseobidaeygrosel dmzlw @bsgtoe\mf hardbigm
absence of canmbium (c) woven and

m:)cwoﬁertrmdl adered micnodibrily surgueing ﬁtqu@e g@ ﬁaﬁ@{cpﬂ% channels
a%?lg%a cr%agewghs B%g%rhcﬁéu%ﬁo% stém B‘if(s 9?@ g ghdeAte dfRatBRim

ce of canbium | eaf -trace

E‘I UPRhLEaRARMIRG p’%ls snglptmotihestabem (f) contai ning
neral elenents such as silig¢on by incorporating the
c(@nmmammgmmémﬂ glementssuethg W ef orm 1 n one
nt [ osite material is

by mccgg?rg,l{x% CP%’%O%%G m&%ﬁgﬁ“bg%ﬁ??@??fﬁgﬁgf car bon- epoxy

qadae Brmbad et oﬁmebmennen ahe campdsita amtm% mele&?qéufaml the group

carbon- netal oxide, icon-Sili co .
consmm af @hOp@@ﬁXba%b%c OB R e B H-Stfleon carbide, carbon

Cls o I Reti€ siligbt BhrbideMRuéiclend lnethindilicide-silicon
metal % e gn léd}]l %ggﬁgl Piecoﬁl 1n| tride. I n another

carbid@,l”éhﬁﬁﬁh{tmmbxﬂé-ahhmmmﬂ anndeomd Stﬂm -gheayouirids: material is

'ncor orat d.jnto thebo .
i Bt R KR i top Jncangosfis TRkcIRl i€ floBoRdled ino
the bl@rﬁighﬂ B}ngldlétflai 's@l@@tedl gamt @Ngroap whbibting of gasedus trgnsportation,

nat’i on thereof In one e od| nment of the
liquid infileaticng reactiong snbstmuimtwné@@ﬁ sombisetipr thegeode| ected from

o B SRt A5 RSO 16  oE Yacid o

ﬁ&%@iﬂ BRICoRbs hitSfeld) \Bonkisas) alieW@‘e;aaimiJ]?hoeni’cs piaczmlnfem em
group osen con%rlielz% tq 13, 4ﬂ
m

et t
ehbogihes ambedimemng of ﬂ}@émqngﬁn,%beh pxépgfé)?qy? eﬁhcs:nosen comprises 4

| ti-dinmensional pore sizes conprising big pores of
to 13. guglrret er in the range of 60 to 130 gm nedi um pores_of
In yet another embodiment of the invention, the biopreform has multi-dimensional

pore sizes comprising big pores of diameter in the range of 60 to 130 um, medium pores of
diameter in the range of 5 to 25 pm and small pores of diameter in the range of 1 to 6 pm.
Detailed description of the invention

The present invention describes a process for making carbonaceous preforms that are
improved in respect of preserving the biological cellular structure of the precursor material

and thus can be called “biopreforms” and are uniquely different from those derived from



diameter in the range of 5 to 25 mand snmall pores of
dianmeter in the range of 1 to 6 m Detailed
waele®ensysd on of the invention The present i nvePCT/IB2002/005418
descri bes a process for meking carbonaceous preforns
woods bP ﬁfcogﬁe%opé gp F}f‘ﬁﬁﬁ&js Ané. C3RERNeBf oPIRSREXhNEvER®N lies in making
bi ol ogi cal cerfular structure of the precursor
bioprefomhethatbre eadawedhwshcan be cal | ed "bi opreforns” and are

niguely djfferent. fromithqse derived fro 7 .
40055 Hshernoh PPite0 SPEtSAT 50O GUg BB arpat y e s s and
randorr? Jeymesper mns. The novelty of the present invention
es in making biopreforns that are endowed with: (i)
(&) predeminpase oflorgitidinailytorigoted svghacgal danesl pREPSItE d

l.ong the stem axis_an r ] [ Y=Yo T8 (XTI IO

B8R BT orR afufiten S Bt ol Rt U ERuN frising out of
the woGdtPdHae)rd@ed asitrb¥ibfiisi i ) mi crochannel s and ni cropores

ordered and oriented | ongitudipnall risi ut of

t(he addiviene] dongiwdinat passagms deBvedl qnpﬁe%twe gg%‘ﬁ?ﬁ onal

I ' i nayl d : - eature

(O e P PERO0 Ein i KL AR SRR RIS fotures
of the freedrsor plaid whihdrigh degree bfiprabisiorat ures of the precursor

lant with high degree of eci si 0 1) reactive
oBarastive BurestIgs Do TRl THORGRS P B B e
- SR A% 'gm; ' apareaseton of liquid
con?%b(’?g%g?g% pi gfeiqrﬁ%i%i %cgitﬁlblgﬁseg?% I@l?bél S:ﬁgsﬂaﬁ%][ sui t%rllaloe e
of suitablepmsipoisitioss Writt oo rwittiouh sirultsineenst rpaetians thewswthoprs subsequent
therewith or subsequent. fuyrthe r I .
st Lt Sl TSR e A RE RS, LG it

with uﬁﬁ%@ mr%&iesM$ cHINI1SU SraBFoP R t R BostriBtuee hbathya fsompehous to the
an crostructure nearly isonorphous to the

precursrebmtssor pl ants. The bi opref orm prepared by the
ocess of the inventjon ar | i . £
CERSEE iR HPRES SR HoetbPERNRER) b pion o
dense BRNYhiefghe carainié ¥o@Boie Matehials Wiy mmiyc diffeper aypes avitlaaisotropic
other properties. Conposites of the types of
mechagigaband ether properiepoROBRPHIEH of thafipsh Dﬁﬁﬁ'%v?'epoxyn carbon-carbon,
carbon-sj | car hi ge, Jolir b e sl bid tal-
carbonGER ot R8T Baltc oSRPAPN TR, SRR sficgn cubide, me
silicont camsde} | tasitionet ahetal Isilividbesilédni carbidear dinbniuml oxidetalyminivm
... oxide-alum nium nitride, silica- Soiéj Lcon ni,tr ib?e n h the
nitridey gilirargiicam atrife and gadowt MpRicetons AfdheBCaP PE PG S
I AR%PROhatdaBforPind bdtifhition or suitable
procesIE %? igfg':og? ft‘%ﬁ?p%‘;rtgg@r? ?ghﬁgfﬁdﬁ]@g’%@{ol t utai on or suitable
combigativhiofatcloproodssssich processes. These materials find

applicatiqns Ln, space .and,aero-s e sectors, .in . .
BBl Sore SR e SBORS B P S B RS Seod in swomobit
industfé%g }ti?}%ﬂdr@ U nf Sndbtries, Ltk Ak lsﬂ:ﬁétﬁfdl Maserials B differegnNéngineering

ering “sectors. The cellular structure is ,
sectorselihet eilnled strixtthreaisinsaintainsi ovigho ARISOTaPi® POFSEY: OF PECULREHHO0d in

T

Thus, the biopreform finds use as filters in gas separation and absorbents for medical or other

applications.

The preparation of a biopreform that is substantially isomorphous to the
monocotyledonous caudex stem precursor and suitable for liquid infiltration and gaseous
transportation processing of composite materials is possible due to:

(i) selection of stems of monocotyledonous caudex trees characterized by:
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Thus, the biopreformfinds use as filters in gas
separation and absorbents for nedical or other

wa@ppkiosasi ons. The preparation of a biopref or nPCTTER20022005418
subst anti aI 'y isonorphous to the nDnocotyI edonous

dex st precu nd,suitable f rically
(e S g yaeEaqeced AR bl Siuscd md vorical
COI’YQ@ﬁéE&&i gr@ﬁgeﬂlb@{eglaﬁs possi bI e due to: (| ) selection
of stems of nbnocotyl edonous caudex tree

éhhwmmy high swighmsmf poBay osbnsdoREeEEIRGek Hentation
(a) c%a%cf z{n;? fs gﬁeﬂ@l |toe Inel & F?ﬁ%ﬁ]il&ﬁl %%%h&ry growth due to

ran and ‘vertica ongat ed along

t heassbRi® Pehmbiy) extrenely high strai ght ness of
grains and predom nantly | ongi tudi na] .orie

f
e Frsmerscha oBiRariOH T PR MENRAPE #18 SBIRERS SO hammel
z%%%gl ﬁéd%? 119?59@% QdicARS NRE s@fn SRR abSnc¥BF &fnbium

ered mcro ssurrounlng and defining the

qonsliadrondeatiravediuadles gissingmningly édo treatsn wal | s
per pendi cul ar, to the

ei n due, t o,absence of
dBmsPgRee Qigypigalfaing @é feg?ﬂltst F‘éfi‘ea's ﬁ’r‘fafl%s passi ng
(i) dr gg}rﬁ}?ﬂeﬁg(a hhﬁa%& df bf @feﬁ?’ %@‘%ﬁoﬂ?fcoiyl/ddbﬁ@ls tdudex atee at low

|con (i1) drying or preheating
temper@ﬁ‘uréh&ing)aebwmtmgmﬁeof rmnocotyl edonous caudex tree

5 PR SIFSIEA A, 358 OB Dt kB pbn s
atmosp‘ﬁ@féea{t & dor@sNGeatRE wamkiadw hadtimeshlecr e at n ear

ormal pressures using a slow heating rate. 1% h d
rifherm&a pufpode f duying oqopr@h@amg Agtol elingigatg mGHftheg jgom the pores an

noi sture fromthe [.es r Y
ricrorges,of BEGHRST HSTor T AURACAATLHERR sl 1f BRAtpydone at o
relat1vﬂ9ﬂ8w€i téperhRl With| gentle wad ﬁo@raggfaklue Ehemﬂutgw ra;e mf | leto 2°C per

non- aggr essive heati ng rate
rminutd cmd@etp presepedbeprignaheeliglar @W‘é}’m&]—f IHa{ﬂnéPIag ‘af‘é‘ the dried

e, S 00T 2 PR e scfbon o s
REy fals hycdwaed peacticeotof agt moh(an)parafﬁns(lmlnngnﬁb 60 to 65°C) in

msto1o§;pafgﬁu§§§f(%g1usf§4s&%§fs El" grgﬁem?l to%gpg S,tt?yo t.ﬁ’ve??o%) Pearse,
Voll%qurﬂ’%flﬁ%é%g CﬁRlPéHﬂelgiv (%?1% 9 Everson Pear se, VoI .I

i ti’on, 1985, rchil Livingstone .
pliRplant ed]l munlkei egterins me.swble ur o 6ttapio&C (rst.t 1@3 Bl@chemlst )

(ref. " Bi oche I by, s Bonner
Ed. bYaTﬁHlegBEn%raﬁérlw é%egsib‘%’g Py 49J 50 ) In

bﬂlhﬁbtﬁtﬂﬁe @e@é@ %eteﬁt%r?@f éé?ﬁl&fstrﬁ@ﬂufdlis dibhi‘éffédlﬁzﬁthrmgh precision. The
I eved high precision. The preheating is

preheatinptib moa‘dnlfedr foa app¢rm§id0624 4a 48choms ﬁ@u p%mplggon t obtain constant

bt a| n constant weight of the preheated
we1ghb9%gag{ehear,lﬁ<ip twinmetry of dry or preheated powdered

MPRQGRIoYIvRHASRP BE d@}aﬁfj prchemed powdered monocotyledonous candex woody
specimen indicates that pyrolytic weight loss is practically completed by 600°C. Slow heating

at a rate up to 5°C per minute, up to 750 to 800°C, of preheated monocotyledonous caudex
stem specimen is done under self-generated ambient environment at near-normal pressure
without vacuum or flow of inert gases (nitrogen or argon) so that

(i) pyrolysis is complete

(ii) no collapse or distortion of cellular structure takes place

(iii) no graphitization takes place



speci men indicates that pyrolytic weight loss is

practically conpleted by 600C. Slow heating at a rate
WQ@IRooHo35883 per mnute, up to 750 to 800C, of pretEE2062/005418

nonocot yl edonous caudex stem specinen is done under

| f.-gener at ed anhi en | t r- nor mal
@‘Sé’é@gﬁ’a@ms W%gﬁt%tgocn&ﬁﬁg%yﬁ(ﬂg 6w of ﬁ%pﬁlgljr?dt%’ gases ‘
ensuring ek 1108 ecﬁol@frgicaf geR)uSD fedtates (df) theyparbntsplant arec prepéreed in the
(i1) no collapse or distortion of cellular structure
resulting stiaps opperows cqrbonareqtts revidyhT theiensiPrakes pl ace 9 WO

004/ 055133 PCT/ |1 B2002/ 005418 . (| ' . [ @B ¢ hich

FAIOE ot %”W&?‘F‘B%fa o st lgsbll% n&é&?{ 181n%‘dé3,§ B%ISS'UH ngfg%at 1-g .
temperah?6s BhRkOapdll dxidagioh Usfabiohadsu esdokndshe pangotm harmresidual

are preserved in_the resulting shape of, K porous 4 )
minerals i Stsbicaduote STighee hoaperagsoparBIGhhoRie PRogpures devature

Lower o [ Snebf s | §daBurbY bR SirSeursor plant
e oot e SR P s AU Sy o desirbouror
in the biepteddrinison of bi opreform and tends to transformthe

residual mnerals _into stable products. Hi gher
$renbastrgof Aiopsefares fogh é‘ierq"?e%% R O?nglﬁé?% r‘%gged( o geS, g lower
temperaéprgsu %‘EA he El{olﬂﬁ)h res HRSIHIRY sdihgemeAbd bEOBERL BiMMdsphere, with

ural Teatures of the precursor plant in the X
charactdalseips efiitrbies forSyantdhBeiid iofilttation rast gaseryisttrapapartatioy Rypcessing of

. hopocot yl edonous cgu(gex trees at lower tenperatures
material§ni§ afiext adiTHge BPBe4ur es and under sel f - géner at ed

D !bgﬂ)trei%hﬁo%%é@ froM tondebBlciohens Siides lanit sthinestfimble for
rapid-liquid infiltration or gaseous transportation h
liquid mfiiceEsi agd ofaseons drapspostatips progesiingn T URPGHRlSnEVREgmes the

o35 POSBEE] S5 TVRERSODEF AL ARG sy yigaibrd

conveniGRE P8edssANSP Widldid PrefbFrae dosh ngnobllyrarewn aplant structures, the
overconmes the drawbacks of the prigr art. The

productinyr of ymaceo-naich sucresmtee rafbbippeefogs fisopaosPhgys ﬁocm%r& plant
to ..conyenti. . in d

s AR ST BT o i e

horter MBS pafidisTEE aaitotidal seuctirebd Dibe dfiapretormanagepfionsthe gaudex

s Oﬁerthené)gex?eét SpI ant _structyre with hi recisiQn ..

stem ofha eeanesotyledgpepsaplantHe 28 Qj’ady%%geoh:?g &r@w* Efﬁtraﬂon because of
{5 & 19 Qi Q0. thd Bound tissue, that

the pre%eﬁlgrr?n §1|E_}§%§l{y gﬁ)@%@%{@h@%& tr%]}gﬂog(}l{r‘ disR§but QO thd BRund tissue are

opref orm made fromt he,
retained dtidéhape Svithh hith apmtision ooy | mulolytia straisfmmatien ranghsiye increased

o BB e A A Ry od U s o

suitabledéostﬁsicismgn@d in the ground tissue, that are retained
I n ape wth high precision on pyrolytic

tArmtish crigraficamh admahtagevel thecwastian iscthet e biopeefarp if gnade by
faster, inf,iltratjon and.reacti i QM
b S L 55 205 SO LS, o s cocon
(Cocos?i%@?j%%’), ﬂleﬁ?}afﬂa%ﬁf(Bozgﬁmgfﬂcﬁgﬂifbf), ?ei_‘n@ p:i;lnu@ﬁﬁoienins ?’gct_t)lk’fata), that
e bi opreformis made rolyti.c transfo i on
are in dinodeadecinsirenieabcountrion S %p’és‘ém ch %&S%I“ﬁ‘iﬁ Tatgesg rpducer of

coconufs inc&%ovrs}g}ld. The native people of India traditionally use their fruits, leaves and

various parts to derive food, beverages and varieties of essential items of their livelihood. In
fact, the trees indispensable parts of their social and cultural lives).

The present invention provides a process of making a biopreform that preserves the
microstructural, structural and anatomical features of typical plant precursor, comprising of a
process of making the biopreform from the monocotyledonous caudex plant stem, suitable for
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(Cocos nucifera), palnyra pal m(Borassus flabellifer),
date pal m (Phoenics dactylifera), that are in
w@bwagdssiage in tropical countries such as | ndi aPCUiB2062/005418
is the third | argest producer of coconuts in the
liquid ¥@iltkHion B8 ALY BraR§RRlB0R hrocBebini 5fr1ﬁ§keﬁa1@,r1§1 Pr¥hdigiag 4 to 13.4
their fruits, |leaves and various parts to derive i
gm of 4 pistk obsemrfgesonasdtyleionets wader pleniswish aafojonshi ases nucifera),

thepr Livelihpaqd,,.,l fac e t.re i, .
pelmyiy B8 Boriiis BBy catinirny PG Aol > B A Wficfeype i e
range ofERY DGIT ﬁfe@éfhﬁﬁ%sﬁ;gpef BERES refe BKigow beopirighwiding for a

that preserves the mcro structural, structural and
period piRdotn 48 houesaaiuthepegk temperatare Ellavredpbe dpatig the said preheated

‘ e ! s onref
specinffl TP R R Shuafher BRSARTINE o TRAL 0% eBbcRh BRI R gl 87550 o
1000°C1 BrefiRaBROKiRD b hdaifGhtd BR0QR/ 18306 4EB mihitguhelding for a period of 5
. infiltration and gaseous transportati on processi ng
minutesratcHP abalk ByRSFEMEatINeg Selitisneaid apRicst mpwBEs Gilowed by
mcgémgf a nonocot yl edonous caudex plant such as

cocontit (Cocos nucifera), palnyra pal m (Borassus

fTiebpebedss of dhe intamtion & prefefibbecirded datatsidg the fdlowing steps:

t erature in_the rapge of,50 to 90C preferall

e d0 e 4P AG 2rpiece o Stgm 96,3 THEGEY %Oﬂmse?a“ﬁf% Biang such as

0 P&hdi of 0 h 11389K date palm (Phoenics
cocom{teg'r%(gcro gt gé%lﬁg%)l’ I %%égfab#%ga [ r%ssta% eﬁibgi g?lg’r eﬁeatped . ( .
dactyliqa) ifreenfrom dsibleodefebts dkie &notsrorpleosy dedl wifht lemgved gpidgrmis are

] a tenperature in the range of 350 to 1000C preferably
selectefisi ng a heating rate of 1 to 15C per minute, hol di ng

f(ay R RREIns ke PrehBitBdics tahpdritaredRake RIPRITHNOE0°C using a
under Self-generated anbi ent ‘atnosphere fol | owe

: . ; d by
heating mteadd twolithger miruterkddiag for atnesiof pfed 108 heurs™at the peak
eferably carried out using the follow ng steps: (i)
tempexﬁ{utr% 13.4 gin of a piece of stemof a nonocotyl edonous
qaEDdax spéokmbns aefuflier Ivatdritta dl6edasntirer eovdded with a vent at a
ra plain (Borassus flabellifer), date

pal ; al m_, .
temperptor dih itles rangg 350 er H)O,Ot’(_f? rsEISt # SRFtesTa ef Eépgé € per minute,
: | r .
oo 57 1 B QGRS USRS iSgucd mbin

atmosphergper ature in the range of 50 to 90C using a heating

te of 1 to 10C i nute,. hol ding f _perj od of
il ssbrivens S e it ey B BRARS ©
Sﬁ%%ogggﬁﬁgﬁn(aﬁég DEiAEAyeHay Bf AlErARGHakOMbRIE should not be

provi vent “at a” tenperature in the range of
constrigGo fimil 3@GCopesofithe prebautnvegtiomt e of 1 to 15C per

e, holding for a period of 5 mnutes at the peak
]Q@@é%irature under self-generated anbient atnosphere
(A \piecENSr SBRCHIBRDNA Bed, RPAghiHE X piO HetdirdiA IEDRUdSects like
final biopreform The foll ow ng exanpl es are given b

knots evadecey and iwitht remdved epidarmisewas prebeased ol o teveneraere of. %"C for 24
hours ConSt{(yéa,_%l%gtrgtelc)lfqbép‘érhr%in%%eqpe of the present invention.

Tt was further heated in a closed container provided with a vent at a temperature of

350°C for 5 minutes under self-generated ambient atmosphere using a heating rate of 1°C per
minute and then furnace cooled.

The product was analyzed by measurement of weight and was found to have 61 %
weight loss, It was further viewed by visual examination and by optical microscopy. Cracked

product was obtained. Some wood-cell organic matter was clearly seen in microscopic
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A piece of stemof coconut tree, weighing 8.23 gm
free fromvisible defects |ike knots or decay and
wowrah/osasdved epiderm s, was preheated at a t ePQETERDUY®5418

of 50C for 24 hours using a heating rate of 1C per

mnute, Jt was further heated in cl as cont al ] ,
observagipny whighvingh be prsentafue, g é‘?FﬁQ?PA%E r@“‘%&g" %@F‘g‘?ﬁ? at low
temperﬂn{%yt es under self-generated anbi ent atnosphere using

a heating rate of 1C per mnute and then furnace
EXAMBDBI2d. The product was anal yzed by neasurenent of

I ght d f to h .61, 9 [ . .
A

knots omd‘é%a‘i’rséiﬁpéﬁth CERE R epideir A6 Glas Wacheatat ait RadmpGatuee of 65°C for 48
wood-cel |l organic matter was clear|ly seen in

hours miiog askeaping ratelofMECpoamNBEL 38 W@W@d&%dﬁ@l@ose‘i container
o E YR AT, P 5 40 o o
atmosp%é%%@a%‘a%ea&@ka@@ 6f UTC jsér eitngrt and denfirnbceenoledei ghi ng

gm free fromyvisible defegts Iike knots .or ..
dise pyodnet Wik maly@%%@ew%q%ogam%ﬁwgﬁ% ang \5?1glét and was

t enperat | f ' NEMbRGefpRbEvely; 63
found tB&g?%S%ér#{a%esgﬁ gséglst 2&\5\16@80%#}?%8?}1’&??2%@ na cl osep?i y.
% weiSRNtoRE Nels faRmdy il eds Wttheravieand ot visutleeppeninatinneansd by optical

. 50C for 5 minutes ynder self-generated anbi :
microseanyo BOHERek Was ﬁbtagleaeléqtiwdrcgg]eorg?mi n@%& pvaﬁ]%%e&[ to bae nlgesent in
microséfgo%] Jbgér%ﬁ@nsc C}?}bﬁéjoly Tch_% i %é%plé‘t@épﬁﬁ@kiy zeghsytmation at low

asurenent of i near dinmensions and wei ght and was
temperfeddd t o have shrinkages of 15, 25 and 20 % of |ength,

wi.dt h and thickness respectively; 63 % weight |oss

found. It was further viewed by visual exam nation

%g)é&% (f?pstt:él‘ﬁaéf cJTORHORED RikighiBs 8IBCkmyise dhimivicdble deficts like
wood- cel |

organic matter wasS seen to be %r esent |02 °C for 48
knots o decay empindthatesmved epidemis,pvesprsheatefl & & tngEabg|od0a C for
pyrol yti ¢ transf.r tiorr1ni=l I : d contai
hours [heating Agﬁioég‘éﬁ%fpegt e 1t1 0 ﬁ\g%%st)nu gltt ?%Aeg@\]/{l/elaé: rlﬁsﬁg con a:tner
providgd SIhHVerk €% EfPRatirs 0bBE0WETR S Mmititéeeunden o¢lé generated ambient
ecay and with removed epidernms, wa rehe(g]tF&d at a
atmospthersesing aheating raBOTAdr pagmingtn and then gnace KA ng rate
10G per,m nube, 4l di Wasfoth@®$Slave 63 %
RodBR it B ed Uy Ryl O R d Ml PEhO R save 63 %
weighIBOCT Wis frtlibiVieasd bndimabeliigrioarnad &y cptivilenicroscopy. Cracked

at nosphere using a heating rate of 1C pe 1 nut e .and. .
product s Pl nede Semal a0C-7Hlb SR SIS VBN SIDRGUBY It Hicroscopi

asur. t ' t Brasfemati t 1
oA A am S B: WL nkA, gns dfbmacon ot low

tempe¥@8l nation and by optical mcroscopy. Cracked
product was obtai ned. Sone wood-cell organic matters
early seen in mcroscopic observations, which
MRY, iQ{e BF 8861bs Bk tleBCRERBE .23 Togl, YikdeCfrom visible defects like
transtormtion at low o
knots or decay and with removed epidermis, was preheated at a temperature of 90°C for 24

hours using a heating rate of 1°C per minute. It was further heated in a closed container
provided with a vent at a temperature of 350°C for 5 minutes under self-generated ambient
atmosphere using a heating rate of 1°C per minute and then furnace cooled.

The product was analyzed by measurement of weight and was found to have 67 %
weight loss. It was further viewed by visual examination and by optical microscopy. Crack

product was obtained. Some wood-cell organic matters was clearly seen in microscopic
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tenperature. EXAMPLE-4 A piece of stem of coconut
tree, weighing 8.23 gin, free fromvisible defects

wo doa/05Bdt s or decay and with renpoved epi der nPGT/IB2862/005418
preheat ed at a tenperature of 90C for 24 hours using

heating rate of 1C per m, ™ r 180kt 1
observet}pn& (‘S‘hb@eaiaé( okt 691’?15399%5? OVi %&gn ﬂe{e \/Jeir%t hgl%r f%ﬁk%@i ow
temperh@p@er ature of 350C for 5 minutes under sel f - gener at ed

anbi

ent atnosphere using a heating rate of 1C per
EXAMBLE$ e and then furnace cool ed. The product was

g ’ t Rakibie defects lik
445, AR St 16 i o e
knots O &d@) alX ifhnatriosed apidednyis,opds maheamdcamm;wrat@ﬁ ££165°C for 48

hours e Efréa‘?“xﬁgsl rSee 1 BToROREg & T3B SO0H) bk pu§ed conteiner
prov1dg Gt % 2002400 ?e%%@erat&%s HMRPEADS 5 WhiuEdd WHYr Befperesaed ambient

due I ’nconp yt| c transformation at [ow

atmo sﬂlﬁfalfsﬁngt mh@tmgmdvlatf EE°(5 perAnipitecand dhensfuanace coelsdonut
Lqr:heﬁe E*,roé\mt gyg%n yﬁa(f’ wﬂears%%\e}f%tgo%\é 81%3?151‘38; gﬁ& SrelghK8nd was

erms,

found Y ﬁilfé%hﬁ&a“g%s 3r4orpehsd 2'6 % of leﬁétﬁ, fvidth 48d tﬂﬁdm&s mspewglvely, 71
eating rate of 1C per mnute. It was furfher 8\ 1
% weiglht doss| ws&ecfowmhtlalmr furfhen wieedwpy yigal, gxamipption an by optica

mlcrosgﬁ;grp z\ﬁﬂagr%rgg Fﬂi’goc o 9 Re rsq LGP ufﬂéErilﬁ{/ fsEergﬁ)nl?e" pleS&ved. In

ng a eat I ng per
microdfbpidtdds@netidh aibilir deaeel adivastulaimngdies due saers to be retained in
anal yzed by neasurenent of Ii eai di menih ons and

shape. \/K,Ehegmlt@h@t}v@%holme@np@s RatReCIeH D] Foea Jie Lhero ng?@(i%lal ngw The

t Hi f
o PP ML I IR o s s G pors o
diameélr Sf@ﬂlmge&ﬁmenﬁhge f @0dtobl Oogh) mdlunnpgreesxfabgmetmvarymg in the
crack was obt al ned and t st ruct urt al
range G drfot 1 B PROSERD GBI 3 5&%%5&%&%@&&9% $,§738 3 pm. The
blopretf ?xgl i gﬁgﬁ‘é}n&*]alc‘ac‘?énz% BiHIH; £ EndVe6@ndS RE Boritain fostly non-

ape errultlpI|C|ty of hol | ow
graphﬁb%élﬂb@h.s were clearly seen in the cross-sectional

view. The biopreformis observed to contain
di mensi onal pore sizes, |nclud|ng bi g pores of

agf?: gaf gt%'iﬁ/ bPQobdhut hRe! #8 f8 69 ong D from visibil defiects like
or lameter varying int range of 5 to, ng,rcnf A3
knots a»n de&y‘edﬂd with eemoveddirdasmés; Wﬂamhqgted @t gﬁ@mpgﬁ%lée 6 or
Th f
R

providdaRith hivent & @@éin e@@ﬁi‘é’éﬁ?ﬁfc/ﬁ)pﬁ aoiguteh uﬂdﬁ'memgenerated ambient
coconut tree, 0%8 23 gm freefromwieble
atmosphéreclsmg |a4hcetmg<m§¢ gf m@ayutaﬁad ep furng

S5 TpPPRL ighrok SRBGR st guh od s
found\@AShdvid lshiifikades ajfexd, i30 ﬁldcn)%sdf Imgthaméhh and thlckness respectively.

72.9% weight loss was found. It was further viewed by visual examination and by optical

microscopy. No crack was obtained and the structural integrity was seen to be preserved. In
microscopic observation, tubular channels of vascular bundles were seen to be retained in
shape. The multiplicity of hollow channels were clearly seen in the cross-sectional view. The
biopreform has been observed to be containing multi-dimensional pore sizes, including big
pores of diameter varying in the range of 70 to 120 pm, medium pores of diameter varying in

the range of 6 to 20 pum and small pores of diameter varying in the range of 1 to 5 pm. The
13



provided with a vent at a tenperature of 750C for 5

m nut es under sel f-generated anbi ent atnosphere using
w@2tveasitey rate of 1C per mnute and then fur nBCEIB2002/005418

cool ed. The product was anal yzed by neasurenent of

. i near. di on : - i
bioprelgp Hica SeBELFhERReARd UENAD ROM 2R HAI b fRn-graphiti
carbont hi ckness respectively. 72.9% wei ght | oss was found.

It was further viewed by visual exam nation and by
-¢al mcroscopy. No crack was obtained and the
SA L EQreloBi ) r Nyisible defects
O e B Rl i o
like knbtse desayedewitk eemb vedompidestnis, med praheatsfi ap e termpasature of 65°C for

mul tiplicity of hqllow channel.s wer.e .cl early.seen i :
48 hoyr, gmgg gealing 1ate,) ﬁg|1 Cglpgl\}mnfaﬁ% If B\ia.a &xrél}es i‘ﬁ?tﬁé Pl %ece%se@ container
provid@P SV Perk Gt %_eceglﬁﬁki%gir@ '8@ o507 fdr-PiniRAS @Rt s@l@penerated ambient

St zes, includin ores of diameter varying in the
atmosplereesing a Heeting rai2 ©F ATC pedninmepmdgberofurnficaseeled: var yi ng

i/fal?eyligrrf-]? w{tﬁg@g%@‘i{yg%b gsg ﬁe%ilgrnp%re]% %ﬁ’l‘?h}eggﬁ%}?% afH FEhLANd was
found #PRAE QRGAIR3eSET20, BBRRZL005 44 Bngthi aiitRhod thivlaksd esfeetively; 72.5

characteriZed by XRD analysis and found to contain )
% weighhlegsaphs found. dbrvipsniurxviened 70y Alssipb exapmation @by optical

. al a Imtree i ghi . o i s
microfh X CoRP Tt et ORlytand N8 L0 W ke e
bioprefRd@bdhifthe@BarRtetiea byl XRD antlgsipendtfoned of cGBainf wm-graphitic

48 hours using a heating rate of 1C per mnute. It was
carborf yrt her heated in a cl osed contai ner provided with a
Eli?l@ﬁﬁat a tenperature of 750C for 5 m nutes under

=gener ated anbi ent atnosphere using a heat.i.n}% )
r Atsleqf ofl stémpef covonut ereanseiphiag 4.0 gay dreeolbdmdvisiilsedefects like
roduct was .ana [ 0
oot B S be e A R o 8t of 65°C for 4
. ifde, | b heatédltrh aadMhed container
hours ?’Eﬁ%%g‘%‘?ﬁ%g&%@ }Q\ggpslnﬁg%g%@%a\felﬁg%t | oss was found.
provided withsa fremtt der tewipewatate lof A50¥L&ir xamitentndsn spifrgengrated ambient

opti cal 1 C[ 0SCOPYes 0 crack obt.ai ned t he
amosgie i aPesegge ) Gaet Lt £ ner RhAELoRR. [he
birRPHRIIQE N BEnalyred B rmeRarearhesf hedr BimetSionaaad ywight and was

and ?ound to corntai n"non-graphitic carbon. EXA

, _ MPLE- 8
found £o havecsbriokages ef2&f30cand of Jemath, wedthiand ghigkusss gspectively; 72.9

fr fromvisible defec [, : r . :
% wehE ol LA S0 R R50s 1 B0 oo Wl o
micro&dop$.aTo fick 4¥as dHRalhed aied the serubresd imegrititveasabed © hepreserved. In
mnute. It was further heated in a clogsed container . .
cropopii dhserwi : % reained
micrognopi¢i ehsarvatien tbulanehannels afevaserar bmdles wWomsrees 4p by retained in
e - i i il Riw. Th
tape SRR RS, DR 4, b o 5B Wi, Th
biopreF6iat Bk bekheolpenddad beaonaminihy redtidimersiat porertizesf including big
l'i near di mensi ons and |§ht (%?(gd was .. f ound tﬁd.have .
pores efifiRprtes yarvang phe mmeg od 7430 dpQpmy gdium PR PHAgRGter varying In

the rahgl K G550 LESRRELhMPbYres 62 dBmeter varying in the range of 1 to 5 pm. The

biopreform was further characterized by XRD analysis and found to contain non-graphitic

carbon.
EXAMPILE-9
A piece of stem of coconut tree, weighing 8.23 gm, free from visible defects like

knots or decay and with removed epidermis, was preheated at a temperature of 65°C for 48
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% wei ght | oss was found. It was further viewed by
vi sual exam nation and by optical mcroscopy. No
w@e@eksas obt ai ned and the structural integriP@I/vEe02/005418

seen to be preserved In mcroscopi c observation,

t.ubul.ar .channe f ontainer
rouns w54 g ARSI bR B BB oD el
provide®! Bamnet it we kaewbeatury o$860°d fmtmenmxt@sme otlf-gengrated ambient

view. The Dbiopreform has, been observed to ?
atmospheomesng? h@a‘twelw’fpné il rfe RSY BEfe gt er% P& udi ng bi g

%&%ﬁ%ﬁd&& Vgalsaﬁgf;ygéd Kﬁé% aglgfefn@mt (E’QIIfeﬁf‘ gi@hé?&oﬁ@ ahd Wk%@ﬂ: a?nd was

M poreés o In the range of
found t@ﬁhv@@lnﬁlﬂfhgéﬂﬁ“?l Baraaé 3éf% dfhamgthemdxhrayd thjcknesy wepqcaﬁ@lé 73.5

h f f
%% weichy o dh o a8 RBRG o ot ehore GPRRT A P dotical
m101osc\§§$; beg crawlo%fa%ledparﬂ' @€ 8trBn®l aifegfty R el td b@pl;eserved In

free fromvisible defects |ike d
mlcrosolepmt (ﬂnsmvatdcm; aybdmdchamhlsr@ﬁm@dare‘?}méqﬁrh*’%re Spei to be retained in

reheat ed at erature o 1 Th
shape. ulgg gcil%ofﬁ@#o 716 SEIq geg%pue:eg in ﬁl?én%réglsvﬁgtéoqan lé/lew e
b1opref<5:?ﬁ RaObech GHRENed i bE %on!a‘imﬂ@&uﬂw-ﬂtrhmﬂdmahpm sizesaincluding big

sed container provided with a v

pores of éna:peteawamymg;m tBorroge of 88 torl My ids H@Eﬂlg} PYEs f’f diameten varying in
t..at h Th

e renf B 3 R DB g B et o To

bioprefédha hss oty dlﬁﬁfcme@rbty YRD anadysis atidfnsil dasogtaén non-graphitic

wei ght and was found to have shrinkages of 22, 32 and
carbon.34 9% of length, wi dth and thickness respectively; 73.5

Mpﬁﬁ%ght | oss was found. It was further viewed by
exam nation and by optical mcroscopy.
A Blkse WVESteRb bAcOashuantbel heighingu8LBrgm, frer &gr ffw%gefects like

knots of glsGaeMOR KR AGREVadt CRISRE AT IR 41 BEpYalhPBr 65°C for 48
hours Jsﬁﬁg 'E?Qtlﬂ\%ratec‘ Q?Q@C pERGnidiHel TPRE ifivhepthebtetlliava closed container

re clearl’y seen in the cross-sectional
provided ®#h afhat aba wnlmﬁratum bE 2006 chr Sbsisuies qudey gsdi-generated ambient

cont aj ni i -dj i ona ing big
atmospperecis g Krestats ob I by ieg AppARs pithatad G 79
Il oﬁIggﬁdé '%d@%ﬁ@zed bl ASRLRMenA bY Welpht endtvm ﬁmnul]m mVe 71 %
gm and ||~ pores of diafmneter r m
welghtr msgeltofval fmhe gmvecthby wisuap reéﬁ@r%%éfﬁ H‘g?ﬂ"a microscopy.

t, d Db al
StructiBnGEERh S GOt B RAVEER] 915 B (hE sEtRter 16 mproscopi

observa RGP Biakins @RwWINGH 88 icB)u18: Sicpire wlth@péaramewfsqrmk@ was observed
defects |li'ke knots or decay and with renoved

from plgee dieplatss, was preheated at a tenperature of 65C for

m@_ﬁgurs using a heating rate of 1C per mnute. It

E Farther heated in a closed contai ner rovi ded .
Vi the MRBEmAdT @ochanmpeetweighing SZ30@M dreesirom iisibly defects like

under sel f-generated anbi ent ere. us o
knots oRedeckng A 16OYS eéﬁrwnweepfgﬁgﬁ%ﬁqa iy of 65°C for 48
hours &gi% %SheaIlgg rfile (?fgun 4P nAilAs Y& fhsPi-BaBeH&ITeNh didsed container

to have 71 %
provided with a vent at a temperature of 1000°C for 5 minutes under self-generated ambient

atmosphere using a heating rate of 1°C per minute and then furnace cooled.
The product was analyzed by measurement of weight and was found to have
shrinkages 80 % weight loss. Whitish powdery material appeared on the surface-which are

easily dislodged and reveal the black carbonaceous preform beneath the surface. It was
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wei ght loss. It was further viewed by visual
exam nation and by optical mcroscopy. Structural

WO pi0eg5ilsy was seen to be |lost with cracks vi sP@l/EB2002/005418
the surface. In mcroscopic observation, breaking

down of the cellular structure w r of isible on
further cetade PR g SEragon P o Srtisd) s PRBE B Y
outer sl BhctATOLGORRNYonlib &R, depebgll g nlcrBS:ogi observation,
ree fromvisible defects |ike knots or deﬁg an due 1o
carbonatiebs slefrtalesiruspirel evasi seen g dIape aprstdetl MG P %Spa’io Pe
.. of 65C for 48 . hour i ] 161 0fark&rBffion. Cracks
partial pxidation occprrifgbepase %g #fgr?gg?gnﬁ i?aﬁ{ug rbglpggc{egu contai ner
and strb@M] dB8nMbiaRoA Apesiredito thake mpemaplace doé td doger fiempgrature for
m nut es under self-generated anbient atnosphere using
pyrolytic hpating.ng rate of 1C per minute and then furnace
ol ed. T FVeE@nyemeasur ement  of
eg’ﬂf’maar@%\%g{g%?gﬁ%hg\@%s‘%gvey shrinkages 80 % wei ght
(D %eheapMtididasily pedbleyawansteiiak of prebongin end phegenewable and non-

surface-which are easily dislodged and reveal the
polluting soawces foryoraee biosTsiP™ or m beneath the surface. It was
3151)5 %fégeg%ggéﬁﬁblﬁgﬁéﬁam RORAIGeadilyrhdtshinableshiopkefiyrm
I'Sual “examnatron &nd by optical m croscopy. KX?FKF
Vi) dowitaieratuesandoumtisentstmbsphereanygoly tie transfpigation facility

integri s seen,to bhe.destroyed. ' S j 3
* dB9een blOBFE O drBbira BEET SREEy, of BpfibfheSER A, marerls
includiSag BAYR: ESRASSEs, IWitls AABuP hReRs ahdl aliedbyudue tearly isomorphous to
p

rtial oxidation occurring because of higher
the celtudarstmetrs &f thé papniadlgnts.Suelk 8hsf or mati on. Cracks and

structural . disintegrat}j ear e _ghageearbid

ek SEBORhER SPEROSIa (D SR SR-UESSY spopASs (ARG, hacartide
compdgﬁé,n(cﬁd‘éﬁ%@%ﬁi&f ~kilicopr @sEae domwmisite,ofe)asibicor-i pilicon carbide

sits i mitonalr BREIEN 4hdaod Joi [ae TR LsEselicps, caride
COMpOsHe, £,

aBki g, bl onr ShehMhich ke nl datbid e,
compaies, O RRG e b FERRRRE, G o composic
(i) aldshinivi SMcéerGaeied wompanite, affpirasisl wats hapesifsy suely carbon-

transformation faciljty (iv tre hi oprefar | es
magnefsinn aad cashon-plegriniugy( PO aﬁﬁ‘g"r‘?‘gﬁ‘ifgﬁﬁgléa?. a?s
i ncl udi ng ceram c conposites, with uni qgue nmacro- and
m crostructure nearly isonorphous to the cellular
structure of the parent plants, such as, (a)
car bon-carbon conposites, (b) carbon-epoxy conposite,
(c) silica-silicon carbide conposite, (d) silicon
nitride -silicon carbide conposite, (e) silicon-
silicon carbide conposite, (f) transitional netal
(such as Mo, Zr, Ti, Ta, Fe) silicides-silicon carbide
conposites, (g) alumna-alumniumnitride conposite,
(h) copper- silicon carbide conmposite, (i) alum nium
silicon carbide conposite, (j) metal matrix conposite
such as carbon- magnesi um and carbon al um nium (j)
porous cellular silicon carbide materi al
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16 WD 2004/ 055133 PCT/1B2002/ 005418 W claim 1. A
process of making a biopreformfrom nonocotyl edonous
we2awdessipd ant stemthat preserves the mcro PCT/IB2002/005418
structural, structural and anatomnical features of the
pl ant precursor, which conprises preheating a piece
We clapii: st em of a nonocot yl edonous caudex plant at a

tenperature in the range_of 50 to 90C, nmi ntai ni t he
1A mpes Al elipe ;}0&6%533 o pengeotyledhnons gpdex plat ‘stem ¢hat
predePlels AW ehibhb sth@Rbral) $trtuBRir 1288 %&ﬁ%&ﬂ qg&tﬁtte@ gﬁ’ thé ptnt precursor,

.cl osed container provided wth a vent a
whicle gpeptisasreheating @ piseegef sterBs0a oo doneisneaidek pipnt at a

h iece at...the.peak. t enper.at ur nder .
templfip BTHE KEEG o o8 R oG e iR % iEfest Rty nivee e peak
temp@@tuird) Jollawedbahdutinh @hdrhRREREDEEM pleceAn B A6RE ToARiner provided
claimed in claiml wherein the nonocotyl edonous pl an%3

with § Ve % @temPITAiAS IHAEC rEes RS 388 1e il 990 Fgmeintaipingghe stem piece at
Lf S | .CS

he 4 a0 3504 AUBHLLL S0 FIARILRS plqved by e

coolifietosibtain ke tdomefitrmof pl ant st em chosen conprises 4 to

13. 4 4. A process as clained i laim1 wherein
2. Apsasyatined iteen Tiheren s monacoyledongueplant i selscted from the
gro®Séoristihg 8f Chéds MEHKal BEIRBERIbEI Y a8l PROAGS: %a’ét 1ffera.
process as clainmed in clalm erein the pre eaﬁeof
3. A picesn gsicdaimed dén glaim flavimedinghe ameuntpefplant stepectatsen eothprises 4 to
13 time period in the range of 24 to 48 hours. 6. A
’%bess as clainmed in claim1 wherein the heating of

4. A phdesdsedigigteddn S1LM PinvdeRin theGRblidaifly iPsHridd odt 4ah8 r&k of 1 to
1 to 15C per mnute. 7. A process as clainmed in claim

10°G porvainsfetill peakitemperatde itawinglece i s maintained at the
5 A ol o U o T B S TR s

pealnrtengreedtyledoionting pefod &xths raipe@POPLd 88 Agurst he steps of
(i) selecting a piece of stem of a nonocotyl edonous |, )
6. A progesieR ciimed Mrqlaim | posrein theihspting el the prehpatre steppiscegis carried

out YecﬁélgdtoVYiSb@BEﬁ%\ﬁ@é?' epiderms (ii) subjecting the

sel ect stem pliece to preheating to a tenperature in
7. A ptagessraantpimedin ddint bwhefdir theirgheatidrten pieng ist haintained at the peak
reheat ed stem pi.ece at the peak tenperature for a
tem{i)efr%]repfgr Adigee Q?Fgéi&tago‘&é[ HEYSS: (iv) further heating
8. A phdt@sSioRThdNIRE 8 bidhréfofhOBRA LRABAGIMAEIROY LARRX MR Bmprisi
pvent at a H?één'pedrbgt Sre in the rar?g}g of SSOQLF%XNOOCC: Hprisig

the gteps ofai nt ai ni ng the further heated stem piece for a

(her etk Ehiess Pt i Bioroeivslte eI it e from

visible defects like knots or decay and with removed epidermis

(i)  subjecting the selected stem piece to preheating to a temperature in the range
of 50 to 90°C

(i)  maintaining the preheated stem piece at the peak temperature for a time period
of 24 to 48 hours

(iv)  further heating the stem piece in a closed container provided with a vent at a
temperature in the range of 350 to 1000°C

(v)  maintaining the further heated stem piece for a time period of 5 minutes at the
peak temperature under self-generated ambient atmosphere

(vi)  furnace cooling the further heated stem piece to obtain the biopreform.
17 |



(vi) furnace cooling the further heated stem piece to
obtain the biopreform 17 WO 2004/ 055133

weEFaDALEIeD2/ 005418 9. A process as cl ai ned i nPCl/EB2002305418
wherei n t he nonocotyl edonous plant is selected from

9. A }:frpgegg %.? nguﬁe%ﬁ'cﬁar_xjﬁl(r;gwﬁ% Se%éiglg ?n({h%?bt&%ﬁ@lioﬁ%ﬁﬁﬁ $Ystlected from the

er an rocess as
gro@E@bﬂﬁﬁMgmf@@bm&zj@hEdﬁir&sﬁhﬁalﬁﬁh@mﬂ@h@n&:ﬂﬁa@yhﬁra
osen conprises 4 to. 13.4 gm ﬁaroc s a 44
10. A prpeashres claimed i dlvig: %\H@F@%ther?@l%% RERkIhCRLhesH qogprises 4 1o
13 9%, at the rate of 1 to 10C per mnute till peak
%rrperature is attained. 12. A process as clainmed in
11. A lﬁbaesmas clieedimcihie Shebdrbinghe praheatine shermieddoustag the rate of 1 to

lece is C out at, a rate of i to 15C per
%Pﬁﬁt@nutféﬁflﬁaglt?}ﬁ?eé?tﬁ%s AHABSY 1 om st ens of

12. A 5(}89&& 9%815 %ﬁl&%ﬁé‘reﬁftﬁgﬁec BRITiEd Pidhéandd Standetes carried
stri d sma

ute trachaedal channels vertically
outedt amgtatodd talléﬁ.gperhtemu@t emaxis (b) substantially

h d |
13. A BPBERIB T oS ofSapEeP o f kSl Boathrising,
SEF ety gmﬁtn!&eai UghallOtradined echahnela Maitically oe)longawdnalong the

and order ed mcrofibrils surrounding and defining the
condigotay channels (d) miniml cross-walls

51850l B G oA b AARSATGE st o
st egarafle)to Ctl@enitaﬂnmbdsgwmdm sedonddre weowth duia chabrenes of cemblum

14, A biopreform as aj,med in_clai rein,t

h S0Py PRGBS B S eBgE and (P GFE fle cgPotpne chamnels
C I

SR ISy ik GO PRy A 1§ pPRCASRURA Al b o it
Cleilenf- 1&ce\bmncﬂesrpas$mg simglyrittocthe pleent st em chosen

c nprises 4,to.1l bi opreform as cl ai ned
CPHiARMEMIRS IQEW@%%S“B%%F@F%W m has

14. A lop tdfofth T NHiRRAin RYIR 13 vaREeif TR Monib&tdyledehode it Cié selected
meter 1n the range of 60 to 130 pm nedi um pores

ﬁ:odm afret groupncersistingngl @fcos rurifesr, pRorasenss wabelligsr aad o?hoemcs
dl%aeter in the range of 1 to 6 m 17. A nethod for
da con‘posn te materials using biopreforns obtained
15. A bloPrefSine B PhRERSin cRimMBNNEetY thelemous: ¢fl plart Stedaclsbsen comprises
bi opreform conprising (a) randomy distributed snall
4tDrléc‘hgedal channel s vertically el ongated al ong the

16. A F”é’%‘? 51& Ia% é]? nae‘f’cf gxsc,ﬁ ant %%Wg%freﬁ {h@'r?ﬂ%fﬁ @frg'ﬁlg%gﬁm—dimensional pore

siRg c8hpfiking Q)l% b@resto@aheﬂﬂetér ini thb earigessefoanbat30 gmpwediwhugores of
to absence of canbi um (c) vvoven an% ordered

diagmhetetoinithe range efi? tcb%amr?gl Sallporssl dpragier 1n shefapgs plgt o 6 pm.
17. A GREWEES making composite materials using biopreforms obtained from stem pieces

of monocotyledonous plants said biopreform comprising

(a) randomly distributed small trachaedal channels vertically elongated along the
stem axis

(b) substantially straight grains and longitudinal orientation of trachaedal channels
parallel to the stem axis without secondary growth due to absence of cambium

(c) woven and ordered microfibrils surrounding and defining the conducting channels

(d) minimal cross-walls perpendicular to the stem axis due to absence of cambium

(e) leaf-trace bundles passing singly into the stem
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(d) mnimal cross-walls perpendicular to the stem axis
due to absence of canbium (e) | eaf-trace bundles

w@a®giosy3si ngly into the stem 18 WO 2004/ 055183I/1B2002/005418
PCT/ 1 B2002/ 005418 (f} containing mneral elenents

mch ?s Sili.con gg [ corcﬁgratli ng the conposite

t SPRIPnE RBCALECmPRE SAASHICPE A net hod as cl ai med

by inBopbatifl Hle ¥RBIRILE rab@iat P asitiepreRiari al is sel ected
fromthe group consisting of carbon-epoxy

18. A wethpdms clailmeh in slaiboky. whewin theaposenesite masdsel dapepged from the
r.hon- net [.d N -ShljcC de, o :
eroff AR X oiiFBroad b BauRbbhy PoGERSleS Carbon-silicon carbide
carlsir-metatlemddd, | sititoregilibird earbadd) minsialisilioon dertdlie) mraisitional metal
..hitride and silica-silicon nitride., 19. A nethod as. .
siligflershigen e bideap ity Aside Humiriua visids ppd siigq 8P njtde.
19.A x?ﬁﬁ&f Qﬁél@'ﬁﬁe@l hUfmt P?ewh@eﬁlot?m@ chﬁlngéé AatEBiNOheRgloRatE thio the
rom the group consisting of gaséous transportation, )
biopriefirind by raf inkethodt selentedrfe@ptthe grovpu batsisting iodrgasaals drapsportation,
. G jnation thereof., 20. A nethod,as.clained in claim
11qui<$ %@?@?% r‘?ﬁ@‘_”?’rﬁﬂ%’&‘ﬂﬂ"@ﬂ‘@ﬁaﬁ §°‘E3‘P5’larf1°’il ﬂuegeé)ge cted from
20. A thitBodLOLRIARAD S Shindd70lhdrBia8e RitmbEARAoMRE PHEMSs selected from
flabellifer and Phoenics dactylifera. 21. A nethod as
the graipneasisting ¢ &Conos TueieracBorassus flahellifer and Phoenins deglyiifera.

o1, A SRR SRR et o PEBRL3En compris 4

13.408ht i - di nensi onal pore sizes conprising big pores of
diranmeter in the range of 60 to 130 tm nedi um pores of
22. A mpthadtesclaimed Ha claimg b7 athesein ghe bioprafarmy hasanyltidémensioral pore

size%i c%nrr?;}rﬁfné ﬁgtp%?esr&ncﬂgmgﬁcer hiR r@méé Br 60 13 130 um, medium pores of

diameter in the range of 5 to 25 pm and small pores of diameter in the range of 1 to 6 pm.
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