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WD 2004/ 054944 PCT/ | B2002/ 005534 PROCESS OF MAKI NG
SI LI CON - SILICON CARBI DE CERAM C USI NG Bl OPREFORM
W@ELaok@sM44 Sl LI CON CARBI DE CERAM C OBTAI NED THEREB002/005534
Field of the invention 5 The present invention relates
to a process of making silicon-silicon carbide ceramc
PROCGESS OFoMAKING GSHIICON f +0STHITONOICARBIDEUSC ERANHC USING

BIOPREFORMVE SILIOON: SHFCONTWARBIDE CERAMIC OBTSENED THEREBY
silicon - silicon carbide ceram c nade using a

Fnel(PbPﬂfeq pénqi(ﬂeri ved from nonocotyl edonous caudex plant
stem ckground of the invention 10 The dupl ex
si The pres@ﬁl mvmtlbha'a]ates 4o lai mrecqsSioCmakargasilicgn-silicon carbide ceramic

. rei aft nat ed as shows, excel | ent . .
using) RoBraAaIt Al I RO edope RSP BR: iy ShS Blesent invention
also GRE VIS Q@llﬁ:@ﬁ 1 BRICHR | carbiO 6drafs nidaNihe 8 UWRGIBoRmOferived from

tenperature strength and toughness together with other

mon@@t:dﬁ@dloupm]@emla@tste@ g., Young's nodul us, hardness,

et ther fore, is of great technol ogi cal

Badfg'régirlflgﬁ em%éoe properties can be exploited during
t heh@@ppleg atliconSHEsilidea combiae i(81C)i derdohie, hérefratibitldesdinated as Si-
kiln furniture particularly for _ heating sanita

SiC,\shows exc‘@g@gdﬂg/smgﬁael@fcgb pl@[p@@lef dike highy Q;qlqlﬁtwg cor¥081on and thermal

shoc[gIi %’sﬁ&%ﬁg gﬁ.{p gfﬁgﬁ R%ﬂlékééé\l}%’kgééc?ﬁ%gﬁgnd J‘éﬁ@?ﬁ%&%@%@%ﬁh other related

propemidsisé.gi, A odngfsnmbdulus Oldedtesnoatz), emd thmefq‘ngr'ﬁtdfr grefitotechnological

waste heat utiljzati ustri.al rnaces
impqstagee. éﬂ@ﬁ%ﬁ@@?gwﬁ gan ﬁ&#}?l@&# 311@?% e 4P wt@atms’f tlagymaterial in the

field$ Y lﬁlngﬁﬁmhﬂ'é kﬁaﬂ%latr f(ﬁeﬁk%hﬁ %aﬁi'taﬁ?t\){férﬁs RQABELrs, and crucibles for
ceram c seals for punps handlTng cofrrosive uid

calciningr flianeseentspovealer in ﬂ@orﬁsdéntkanqud&tmse hf%kﬂpﬂﬁh&mﬁhlghmmwce life

comSHGLR L 5,B0UErS Y Lok, prssel ol ol 8051 Ll vt i

induStFigTiuetlcey IR xRN fo Maditeb tr@edsbﬂ,én%&lbmed c cle §as turbines to
infiltration processing (LSIP) or reaction bon

generaipelebisia PoMSE.GTANYC SRS Br ewaps handhing eotresive ﬂ@ldszm@r inserts, etc.

& SRoRsferiiCi BBeRGl Sk ol SRty Fobpestignor isosaric

preséihg préQuidles@kinteging, HOIRRRE bino®ysish Chdrhicall vapor dépoSitroMphquld silicon
alloyed ne]t intq 25 carbonaceous performof SiC

mﬁlt@tmn@fggqsglggr(LSIParfg 1pagtionskonging redstion sintering. Referenceyls made to
the Ph.AMEEIAM R fon sngfgt a% I Z gﬁlc&t? %Qrb(de?’qg{)?)eP.ng?é%ﬁ,t Uﬁﬁfersﬂ:y of

authors present a revi ew of
Calcpltmc%) ragd radset es anfar®@1€ (EReative Snﬁ\lltmtiomajftSld\db adlloyed melt into

nphasis on the.Si, gr all t trati
carbaEass PRUOBR of WS B L Chaldabatty dng LK Dds; Hubldshed in the
J.Ank.€ERT 8 B[ 154‘9 11538 (780b)), ORI eNe SWBors#&ent a detailed review of
requi rement of 30 expensiVe synthetic raw powders,

the diffenghtepropessihg rowtaned Bi§ eamaimiths fWithcparticularcdmpiwbis lont the 8f or alloyed

fini shed However, synthesis of
s b e BPg oF SR SBTe y ot over i an
st THE dedvitiackasT fRCRMridd WokSiiN ek hithasRslt 1%V1eR}saE§eSrequ1rement of
of ten possess nat ur al conp03|te structures

nd
eXpeasig Bynt wcgfﬁvvm@a\'d@rﬁ, eemmplex peafpron making a@ér@éﬁﬁcylt nfchinability of the
ﬁmsﬁ%ivg ddcSetcE Jve(i" ?s ?ﬁ%%h }n%{eﬁa%nﬁg %@éﬁy grown plant

ntages ar ech | erarc |ca
struciunas has/rademgl ﬁ:med'edlriﬁterests. Plants often possess natural composite structures

and exhibit high mechanical strength, low density, high stiffness, elasticity and damage
tolerance. These advantages are because of their hierarchically built anatomy developed and

optimized in a long-term genetic evolutionary process. There is a possibility of producing
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35 optimzed in a |long-termgenetic evol utionary

process. There is a possibility of producing 1 WO
wQoM0H04044 PCT/ 1 B2002/ 005534 novel ceran ¢ PE/EB206)/@®5534

with a unique mcrostructure pseudonorphous to that of

naturally grown plant structures. The bio-structure

nove!l Qktandit mRerdl Gvitled @higab &mMirdctﬁféVﬁseh@dﬁl&{pﬁ&hseto that of naturally
ties with numerous potentjial applications

grovay ﬁ{%ﬁr b siractyes.STle biordrictire derivesheerpaid Vlatﬁylalﬂmomdahﬂve tailorable
prop\%}tfeyc& th %ﬁmgﬁ)% rp%‘%&%%&%l}%%ﬁon‘ée %gnﬁxg 3( Sl?merglaxcugom naturally

terial sci en erence

grovﬁaplemttstr&ctﬁﬁe% a9 Ceceditilyt ieeéive(Pih@éibEt tah@ﬁg dlic ﬁhﬂeh@l%wnﬂsts

ca de fromricge husk Cutl er Aug
SRS Rases i Sata B i U Ratei . T4 lonsitd APsghon gbilicon carbide

ﬁonﬁﬁ%%)}ngsg(; mq\%lgle g?nuA@xst P§7§i aﬁ% alllﬁ%etoaﬂ%%% &]]Ié (@géljxrggﬂon of silicon

carbide S yicthedlel by Tige IaaetdndrIsB Cetler, petlished ipniadaet. iCwaniSoc.Bull,,
ST Y 5358, S TR ST ey e Sippishers o

her@#1dd t I e f
ther i Ce@e@ §1E15ﬁ gj’l\lﬁclgofslulgér r?a %\E}Vegﬁbg?& gm’cosgﬁ a2tidl€ Qormation and

struchyrg o gsk h¢0n e siigkars frome tipe hatsCdy ANESSbarmas W B1Villiams and

A S BT B R i e s

informed| 6f @fstudsﬂ’t’élaﬁn@ t®\WRe disAbuibn lfGRlicoBdSi) ROnGIW of Qorﬁin@n brown
i n understanding the formation of Si C whiskers and

Indigg s, &ﬁmedl Qut 49 jaisein wnderstangding thel fégnmont ¢leBifpivhiskers and also of

ticl "Grow h S
ot RO o e BB By 15 BBk (B o i
whlsller& Petivyi p‘ro@éﬁ” SbiR. 1. Bkval@Sski, PublGashad. Pe‘?rokfﬁe and S.R. Skaggs,
Mater. Sci., 20, 1160-1166 (1985)) erein

Pubhéh%dq&féle ddaten Beiq 28, Meﬁs)ol 166| (1§83 wdhetairl ther am;l@ys des»;nbed a vapor-
llquﬂil @Shérgérgﬁ%k Oy Ofpe ¢ Fﬁ" (og? Vg %e IS ywix 3 aﬂ%’ e &Fttghfzed thermal

econposi ri ce hu |v)
decoﬁ@bmnbn ﬂ)YZ‘QJélluBk Lt do Tlligar Pegexgsl 79941 tifheal A pEbeRSS foR theGiroduction
|ICO ide fibers ((3-form, fromrice husk" by
of sfieph b SBeRafFora) oyt b Pl Cobain A K Rey and

A. Ka,]rﬁﬁ gﬁ%ﬁﬁﬂq&cﬁ%ﬁ‘o ~ a?ﬁcl ‘%i%c? 0% t gltr% éﬁ?d c%vmcal treatments

Inrirc

in ricd Resk® Iby SM Bﬁm;gAd(zaaad aﬁgazsm%nga %hw hﬁﬂw'h IMbfee Em 22, 2457-
er, Scj 457 464 7 erein the authors
2464@%‘%?5) Bheremhberanthass ideeriged ecf%ﬂaélkér%? $(¢ whiskenibyi epgbonizing

coke@ 468 ﬂuﬂé ﬁ%tr%‘ﬂ?&wﬁﬁﬁ 51%%9 PNT%E%E%QW (S/'Z?o A fea(L‘Slc whiskers

catal yst's to an artic mr ce
fromh gisk s husks! erolsf ofatathlysts?" bjpyMPaRelt ednd arid Kardﬁar @ublished in the

MY S 21546, L RVl e Aiseot i  BRmgfon of SIC
whisér§ byMbEbizngd Yics RPN vt ra'dS@d g3, avg)h 8 tan aglgi%fé (“Direct

catalyst, (vi) to an article ("D rect lysis
pyrolysisy Of itave rige duesksffor manionimaticat mb&hCosfvh@:@ ﬁmnaioei’ by R.V. Krishnarao

ond {0 BBl Y1 Chkoa b G e el R b am. Coram. Soc.,

74, QBﬁam&Zér(aHQIﬁQﬁhe.rem?cﬁe P d8sribed I8 o rnBh SbMSiAh %vhlskers by
ut hogs described the formation of SiC whiskers by 3

Pyroly§isoPy Py e rlanks i withowisaey wetalistitoranyecoekting.y €Yiiotto an article
“C i rsion. of raw,
COoRFERSRNIn, S sk S Wk AT o nv
Krishmgrag, Y.R.Mahajan and T.J.Kumar, published in the J.Euro.Ceram. Soc., 18, 147-152
(1998)) wherein the authors describe the formation of SiC whiskers by pyrolysis of raw rice

husks without precooking, (viii) to an article (“Synthesis and characterization of SiC
2
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Kri shnarao, Y.R Mahajan and T.J. Kumar, published in
the J. Euro. Ceram Soc., 18, 147-152 (1998)) wherein
W b@4asonor s describe the formati on of Si C whi BRETBR062/005534
pyrolysis of raw rice husks without precooking,
(viii) to an article ("Synthesis and characterization

whiskefs Blofn c%cM@tZMé’Oﬁﬂfg%Sa%| 52@01{4‘&1959{&53'48@&&" plfslisBed in the
from coconut shell s’ A. Sel vam N. G Nai r and Sl ngh,

J MatgnibriiLstied 7i 1V-6h é199§))w ereindie) aughors described zgmeé@d of producmg SiC
1998) | n h |

whlské?sogso C@yr%lyg%% gllrd{s @Eélfspgcr?aﬁﬁ%{i/ Z\Qﬁg 1?) Jve%%ggs %Iﬂonde solution

folloveddetyyl Gryspa Kiehd dmﬁ;back@%ffthﬁ federBed oeltsi ate high pyrbbRing temperature,
fol ]l owed by drying. The drawbacks of .the referreg\F )

poor yiskl gmgganopnieph copYessipa begause éh%ur@&uéren@nb gbvey; Brgp pyrolysing

reactat fof 4 m@alvofﬁﬁriﬂﬁ{ssés%h‘ﬂﬁ ST er \?1 deglﬂé '%hlékfer/powder
very pyrolysing rea tor | ng v m nous

whlckamdmﬁirngpmfcessmgefohmakmg sbapes sﬁerpmrbllaﬂ mkmsﬂrmm&e r

h needs further processing f.or makl ”
FelPa THISH 9T HILE B D B S EBLRSS Ma RS0k o yIC wood” by
T. OtaarM 'Pék%héshﬁ' qIiRt M. RIAGESSS. fsﬁiuld?r&Q}JCY'Pﬁkn?}nC Mhed in the

by Oa, M akahashl ., T.Hi b awa, S.S0zuki and
J. Amﬂemm Sobi 78[dab34®|ala1j(1|9ﬁ51)hwher¢m the Amhwrmrm method of makmg

o~ 78[12].. 3409- 11 (19 . int be,
SIC i PRk Yy ‘e e R T s B G I P5iel of oak
charcb&lffbhcswai byl ﬁy(‘h@l}fsﬁ 18ttt mehitt Wigh Sinhiohadca] ohkidP) aridByoheat treating
i ece of charcoal followed by hydrolysis b

the charenal ronEInIE Si0sluThe dhawiicss Pdhemiond mosk ate requirement of
S h
muttipf SREORD iniEaS ¥ 080d 3" bRy e OBoronl Mgl product with

uncoriViéttbd PArbod Ebe istifidthiferaat ivdnipldte emrdm st segicent
firing, porous final product wth 15 uncqnvefted

' cmﬁnqenmt aleo sedede v *@Ncaamuqtifefé%i Biomospig eella silicog carbide
ceran%{?sB fotn v p fief qﬂ{if‘es% fg g 3hd (Mi@%u’bﬁﬁlr) » b Gt ’I{’Iﬁ]#acln‘ﬁi A.Kaindl

ic ce silicon ¢ i de’ "cerali cs from
publisieddn the JBunc€smim8pcaid, Ma-tdt3r (1008) aid Biomodphés lcgllular silicon

carbidsgeramgs ey picrh 1 (MefDgicah roPEHn Pp T CTelei TG A A-Kaind!
pubhﬁieh']ﬁocﬁe chﬁfr@ Uéif‘an?%@”ﬂscﬂdﬁ-qmﬂ“@@ '&j bvheﬂgﬁpﬁénétﬁﬁérs describe a

Properties" by fka and Kai nd
methgdibf ingking ceﬂulmﬁceraJnlos Wedlaimsstmplc pere agmauq%smﬁltratmg liquid

n_the.aut hors de crib
sitcofy A A0 Cofo f bpers el bt G o SRR s ol mapte
pme, Shals4C bid QshoRy) 'sﬁédlﬂléﬁsat]ldi% kiffitthtibn SidleC Wwat pARAOCdensity and
for 4 hours w thout pressur e into carbonj zed woody
micrqspuetare dathe Hiapl ePrO ys FABRE cHRyDreeyary Yeagd without
I idensity and

correia?ggoés?%é&%{el}?éeh%& %ﬁ‘g]b%lkﬁg? pr 5 u ?%ndom y varying

W Réferenec isr made woad atticieh@SilicoRT siliconedaabide laomposrces fabricated by

constitute the npin drawhacks of the_r ferr )
infltRgpR PEA LIPS MRGBIE BhaspaL. 01 B hig; $:S 1 izgind K Nivara,

pubhgliéﬂbﬂndﬁe CORRASdA RS ol 281 I{Haﬁ%i By (19992} %Er%ﬁi ﬁ{é eﬁfthé}s describe a

icon melt into charc
methdd ldf (ﬂlaianglddnsié $;ﬁ/$1€r eqmpqsutblbys ndidttratingt h@uld S1 (obtamed by melting

POWd,J% éﬁ'o?ts{@gibé G ﬁ%cg 18’?’%&%%%’89 élgﬁhgkr specnnen The

drawﬁ%b‘lft@ %ﬁ {HeSefd¥red Iikfo‘r]k bfefidHag il fl1@akich reinpbRRira 'aﬂ&ﬂlfﬁéfulty in infiltration
i

procedure hke?y to be arising out of usage of powdered silicon under vacuum.

Reference is also made to US Patent 6,124,028, titled “Carbonized wood and
materials formed thereform” by Denis C. Nagle and Christopher E.Byrne, 26
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30 powder Si) at 1700C under vacuuminto porous
comerci al oak charcoal specinmen. The drawbacks of

wo ba4oefoer red work are higher infiltration tenper/m2002005534
and difficulty ininfiltration procedure likely to be
ari sing out of usage of powdered silicon under vacuum

SeptBab&2WO0Pwhered 50 alies deBeritedRahebd 6f kddiddaHC &ekédu@ Gy reacting
"Car boni zed wood and naterials formed thereform

stoichiomesricto sigeferthan stoghiqmaetep HBantity B siieon atpl 508°Grfor 10ymmutes to 2
hour%%?ﬁé&?—%gé% 158&%1% %‘%gl%lzgcp é]%é gpé(?l%&?{&g& bé? %91 sg,\r'\ge%g\ceycl)gd maple,

whit® pitieg aell i wgod)s The cdtbwbaks i of the @f@ﬁideﬁzotmafe incomplete infiltration,
st oi ¢chi omaérl c otgantl y of silicon at 1500C for 10

diffichlty, neynloadivg ofoitie sfmah Prodid hgeasgr, stisking prablsghppd @bsence of

o SRFERE B bl o Srpmbooe ROl oy

woRkfeaenee |1madqatoeaneartmtf3|(1‘Ema1tomment Sordeibhis cethinjesi(Bcoceramics)” by

v HEh SRS b Eg) SBESHC o EC AU Dbl kb e utor

descfi'bé&j HChethbe rdﬁfaﬁﬂ@e&h‘lﬁ esianghsed rdéPe&ME@ b9f reﬁaﬁfepﬁﬁq:ti’ﬁft%ﬁr by molten
wood. Reference is mide to an article” ("Environnment

silicoro it dHBUE dasr AringisuieEdnioe pavlyzsd 'wdzgd spdcBhengh(Brazilian Rosewood,

e QR S 80550 St P S R38R e

Manb Grdod} eCheC &b ABRES dNthé eeBiréd/ Qotlb biel Ibﬁgtiﬂfﬂﬁa‘@cyn B%lés%gulred for
10, silicon at 1450C for 30 mnutes into pyro yzed

processEg théﬁ@raerse apd IpreducRBdeasBerturenthat vpanaczenting tactgl pasent plant
[ Bubi nga, Pau Lope, Australian
Stmcﬁfrgrbg @gél)%%% ngo wood) . The drawbacks of the

r efAewide d'aioietyk)f plamitd 2r8 @sddnfor krIakﬁigi differeycleRtieeof$iCagtramics. Plant
e ceramoc pr oduct

for progessin
Sheﬂﬁf%%l%sw%@@ et B PTpEtony %‘thWH’ék?ré of hibersabuiihe manufacturmg
I el d
Bl U1 8 ESBRRIAY SORECIg eHhom vaios
natusadlyi gtowass plint St dncdwmdiog . soltl swobds sind| hardnwbedspmmhipdaoyed for

most L.y .t he production ,of whi skers, or, fibers,
prodyiing r%ﬂ%%é‘étcﬁﬁnﬂﬁs IBrYa‘E%(s‘?eg © Y1 pRY H%HBP‘?HS@F‘&b%‘?‘F@’S“IOHS and
morSHYBEEY &f @E'nﬁuﬁﬂﬂb%@wn%lﬁhtogf&ﬁiredo RS SHapE ahd Q:Gin‘b%élhé?ﬂ 9f the bulk
natural ly grown nt stems including soft woods and

SiC h@ﬂucﬁﬁbn@ﬁsvﬁb’élg@rﬁﬂam}jéd for produci ng bul k Si C

ce of th tl ons di.nmen
C Bl g BB et Bl B e S R A G ofpla
strudbhrd Nin $érfnlscbﬂ li8Sandibificeh ape ﬁﬂﬁ:ttﬁ'@l”ﬁé?ﬁl!\rbé) oWwhh hRA& having been
bulk SiC @roduced may vary signjfi cantly However no
&

transfpripgdety Karbanaseeys praieran.rkdlpg i Jaster mafétr@t@neemd aeactipn of liquid
thrm%;h ?&Uhg glFHtl)lIHI th ségrt %ur a tSrl CRY" fud V}ﬂhz:{selgégpt o1 ,'hgvﬁlch relates to

om cC and u Fes, I'ch
overbmaa thetdiffivalties mﬁdnmdramg)ﬂﬁmaedj Spq@trﬁérofomn doetapting Hquld after the

faster_infiltration and, reaction  of uid.25 throug
complgion,ef RIE‘B mila atl%argjiéﬁa%ﬁv@?ts@@ma‘@n@ e Ngich Wsﬁﬁg costly post-

mﬁlﬁ’eﬁﬁﬁ QR Rent WY fehhovel Hfafede® me‘?tvf&ﬁgﬁ’? el SurBlck fring ?kégsb@csmventlon

wi thdrawi ng Infiltrated specine orm cont act
has beleq diblerfeden viaveof the fipkgting andéthehdeficiehicles péittiegmioa ad.

Obj%cg%?{?e%%e(n St udy i s avail abl e which avoids the

The main object of the present invention is to provide an improved process for

making silicon-silicon carbide ceramic using biopreform derived from a monocotyledonous
caudex plant such as coconut (Cocos nucifera), palmyra palm (Borassus flabellifer), date
palm (Phoenics dactylifera) which obviates the drawbacks as detailed above.
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infiltration treatnment for renoval of adhered nelt

from product surface The present invention has been
waleoalopged i n view of the foregoing and ot her PCT/IB2002/005534

deficiencies of the prior art. 30 Cbjects of the

i nvention The main object of the present invention is

t ARGt Shfoch B theTpk@eadnRiea $Stof Bk a BiBKkEfREm made from caudex stem
silicon-silicon carbide ceram c using biopreform

of agappeetyledamps matodke yrdworseys skelgidxstiictiie ofuphichsis highly
advaffRERAY of RS STAGEHGH prBRIHT BB FROA A, copamic in a

signifitatittreduced pratessiiipsite. as det ai l ed above. 4 WO

2004/ 054944 PCT/ | B2002/ 005534, Anot her object of the, L
pr%él rotherabjgct Bﬁ%@rﬁ?ﬂh%’é{egl% 1§59 SFOHdR Frgehadyfpaking Si-SiC

? s d . . . |
coraril I oD e el FAIAE it S Rl dodiu fhar considerably
simphflesathe sges ofcdntacting gilican Kiithithé sdid baprefornpr ocessi ng of

sillcon-silicon carbide ceramic in a_ significant . .
” HIE P e e o Blechrereat T eRldn b a Rue e s ot bRt ghaking Si-SiC
cerarhidSfrdth @SEIBhrefdHE RlloMind Hqhi@ PRV ifRIAHBR 8RRk tﬁﬁckd%ﬂis costly

. Si-SiC ceramc froma biopreformfollowing ITquid

instrashgritasiom vk ekpenaivie amdt saphisticated rehnipmeoh séqiened by making contacts
singl.ifies the s of contacting silicon with the

betw 4TS iplR SR Rs B RE iy St Po R BEecont
| Ny edrothRr iobjetOoPihe \réken@interitivadis @b prdvkide g nidkhod ¢ making Si-SiC
ceramc froma biopreformfollowng liquid silicon

ceramigf whareint the gntiscrilivoguicastani is spasumredesss thaty no polid silicon remains as

i S .akj e i i 6 T e
ool 10 KRR 8 B SCRIAR1G0) fhagedstcon o
so thatid ilic@nddhared t6 atetmmﬁnawugfawoﬂ‘ t!hfé Iﬂnﬁhp@dﬂ@teﬂiefdbly alliminating the

rocessing . Yet another ject of the present .
cosﬂxrf) W%W@P%?qrsfefn@"%‘r%ﬁ/?‘&%orb : H@d%facmﬂeﬁge@ﬂﬂsa high-temperature
evac&a%foﬁf@r@aéx‘ﬂ@ﬁr\?%mcﬁéﬁ‘ﬁcﬁgf:t'c.r e silicon reactant is '

consuned so that no solid silicon remains as
Sumpmiry of the, inveti@by el i m nating the sticking of final

product to.remaining.solidified silicon.nelt 15 so . o

e sy /RESHOB FREYSS 4m iR Yesk PEACFR foE prepgBidiopof e Si-SiC
cerat’fﬂc%kng@Eiﬁgféﬂbwit{gtﬁf)ﬁ%ﬂaﬁﬁh Ratimd stiten iweVidpteforms derived from
procedure for renoval of silicon fromthe surfaces
stems jok goneeatiledefouljcghdeaxepipaty snalr @ caseawiudidcon nugifesa), palmyra palm
' 1 Ga f..4he invention The
(Bor%grségg%%?% éJrié%? g%l&pgi\lé ?yg%xcéc Iffén"ﬂg ‘oved process for
prERaficiclty f eHe dﬂ%&éﬁt Biveltida is2RatGaciRbhle BHBiICiceAmic composite is
following rapid infiltration of liquid silicon into
madg; i B mesiptepancy of icolbar feataresafcthe syd %ﬁ@@mﬂw aiidolviies of precursor

c , . i f.ar.al . }
plant; BB n OB reRRhic(HRIDOS S WHEN Bk unique macro- and
micr¢$thoenal chadetetiytidsfineardy isomoephoay & thy pedcutsbe planBssent

i ngention. i s that such duplex Si-Si C.ceramc_copposite

| oThe i bigprafort Hrcanis ebhaying Brge ugpber ohemalle Qimetppirachaedal

pore SRhshel Pa‘ﬁfﬁ&%ﬁr ARtritidh ale0&8cAly Qlﬁﬁgéfécﬁoeﬂong%@tlphﬁd}&%ores arising

=

and therefore, is a conpletely new Ceram c conposi tt
out afewesenahicyafitinily and also muorepeusamdlow spaces originating from the leaf-trace

bundles in the same direction, provides increased contour for liquid silicon infiltration and
reaction, which makes it possible to produce the resulting Si/SiC composite in a significantly
reduced time.

The trachaedal porosity, micropores and leaf-trace pores are finally filled up

completely by residual silicon yielding numerous reinforcements randomly distributed and
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mcro structural characteristics nearly isonorphous to
the precursor plants. The said bioprefornms, because of
whaniosiokar ge nunber of small er di aneter tracheed 2002/005534
pore channels randomy distributed and vertically
el ongated, alongwith m cropores arising out of woven
orienfddC4l6hg el drowadirediDa, MeraRkiay $hd ahib@YdpiP akeBanical properties of the
originating fromthe leaf-trace 30 bundles in the sane
final gnatesiedi on, provi des i ncreased contour for |iquid

och &b tns e by RRon, bR ol RS B o sticon

 silicon drbide fdepmiit lusing’ € digeefotiarderivad drdul asdivedigledonous caudex plant

porosity, micropores and |leaf-trace pores are finally
stemy Whicdy copPrisesmiraling iogsiheredi biparefarm | é‘?fh"eai Bom e Stem of a

. ‘ et .
o o, G B RS RAL SRS B cfucbi® B H A o mfBature in
the rayregevatf 14 60°Ceatot 1i600°C, inmdntemsngnide thak tenipscatureforca period in the range of

chani cal rties of, the f.inal material,
210 SEEu e Py RE Hsbedaiop lng GoomrB I SUFEABIbr ocess
f O & fRCenMBIgiMEnt At tRe HivehiF@) theShibbeBInt A RENEd §RMATbEs nucifera,
using a biopreformderived fromnonocotyl edonous
Boragsug dienelfifesand Phogniesrdaghiliféraconpr i ses heating t oget her

a hiopr.efor erived.fromt.he stem of o . .

ol PRl SR E Ry S e iR ER . o fticpp taen is in the range of
5.7 t6 18.0idpd for biteéfora GeiRing indthé BARE LAY Urte 3idgm! he range

of 14%?{0C tgﬂ%QOOC, mai nt ai ni ﬁdg@t he peak tenperature

f ol anogher pmRodimenhal thy Ageenten, the yagunmpis maitgined in gigggnge of 1.0

cooling to obtain the desired ceramc. In

mmﬁoéééé{ﬁ%ggghent of the invention, the biopreformis

deln areahel repbodiaan ofilubed freeation, 1 Hoprssus isf dtakiatd by echeating a

. and Phoepics dactylifera. ILn anpother enbodi nent of the
piecq Ay gt @na manocellsdroustcaules PBAL BlaR &MPLAFF fhideriaRgReof 50 to
90° . s/ . I. :

O b Pl P S, R RO E DghRf py hecing te
prehé¢atedesteinpigcetime clasedi aonthimenprionidad vath 4 wertt lae atemppratofe in the range

0 0. 05 . 15 | t h nbodi ment_of t
of 33 P WO R e epiete B e Cpoegrture i deh golh Benerated
ambiRh©&R0§hefd, %ﬂﬁed%y%ﬂ&‘é@k?dlg%‘%? SB&%%H%%r@oﬁﬁI at a

tenperature in the'range of 50 0C, mai ntai ni ng
t hEhgprghryd ingngor plspirelates i a siicopeasllicon epibidet eeramic prepared by a

proctSo e PAERE o MRAMD o ™ WRBETul: RV Ephovl v of o

monbddtylbdnoas ggudeRfplah And Qilit0R G a dradibleaindengadutitr &t £Bmperature in
pi ece _at the peak tenperature under self-generated 0

the rafesi (S A CriosiNEre, matbipindvk theppals tanpgeswieder # mgriedin the range of
2to &’H&ﬁ\%té‘s FoNGwRl 8? F\%%Qée”&oo?iﬂg to%t?céﬁ%%aé(}}’r@&‘ bL @l so

relates to a silicon - siticon carbide ceramc

pr Bpareeentmdimentprfahe dveatdory the biogrelfieat isndprived ditole Coeos nucifera,
Bor bi op 2@?%1@3 rg;&\ég’% froml%ﬁlzjre stem of a

_ 4nt and silicon in a
CT HEd3kiRr URBEHInYAE HERe #hvedtibh TRE hRbI S fisllicon taken is in the range of

5.7 to 13.0 gm for biopreform weighing in the range of 1.1 to 3.6 gm.

In another embodiment of the invention, the vacuum is maintained in the range of 1.0
mm to 0.05 mm Hg,.
Detailed description of the invention

In the process of the present invention, synthesis of this duplex non-oxide ceramic is

made using infiltration of molten silicon into structured pores of a carbonaceous biopreform,
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t he range of 1450C to 1600C, maintaining the peak

tenperature for a period in the range of 25 2 to 4
worRewave®44 ol | owed by furnace cooling to obtai nP€TTEB2002/005534

desired ceramic. In one enbodi nent of the invention,

the biopreformis derived from Cocos nucifera,

whicBQé-8 $6/heflrbRiSh |oE‘§iﬁEo@¥Sé) FRARRILGA (ARfdsikink &8 ?ﬂetﬂ)ﬂ?ation of silicon
e 0

anot her enbodi nment of i nventi on, the anmoun

carbigdp ($i€0nthe auresacted siligon () being eresent i the residud mrogfity. The novelty of

i eform weighing in.the range of 1. 14+0.3.6 gm. 30 .
the ey BRI SB s Ok Pt ehprdng SR Bmits fom bio-
structie e diepteforms Nehe (fRAY ehabdrial i) theMprededt BaddSs Milkdg by an inexpensive

Detai |l ed description of the invention In the process -
procegingauts s ddises 3 PREEWISPIOWhICE yiransEirged fropka ﬁlaagwaelﬁble locally as a
) b i nf : ¢
cheafl Wil 0F aBSCAH irdaudiR WSS ebatd HdfInd emudey gom of o
monfvrhonge@fmuml;[ree&hmuﬁﬁﬁdtél?5gi9lés4 fa%fEE/( p@&&@@gg@%&ﬁ InW%’lé ;Zﬂiocess of

eads tq the reaction, of silicon (Si) with_ carbon (C

presqnés gpveptien i ff ¢ makingr silicosn (Fp-siicpnc C)ca_avbﬂ@e iy, stem of
i
monb&fylLASHRRS tateR tﬂ;érﬁ %Ecﬂ 2 éoé&ﬁ{;{‘g%d%f ﬁgﬁ}ggﬁ@g gnﬁﬁi%rt a palm (Borassus

resi dual por osi e novelt
flablkifeendate palins(Ricanicudadiilifers freusep topepsreshobiopmiimy Si C

bagsed ceram.cs from bi o; structure derjved pr.efqrns, .,
¢ nacrriie e r Rt et bt LS o VRIG G peiic fom the
said 3}??%%@% is‘@sﬁb]}? 'H?QE%ﬁ%ertﬁ‘ thORIBwasy ibeMtfRStepsPr ECUTr SOT

ch is transforne roma plant” available locally as
a (irbeiapa peacessall binprefgrm ofi pmyusia¢ anst Sape;tdesived] thiei fedm the stem of a

oo SRR 0P, 00y ROBERL RIBR B orans

flabdllifer)néatp paee@hoodhics BicplgBia)] WHER hiakes #iossiké RYuss doveDptocessing
(St)-silicon (SiC) carbide ceramc,, stem of . .
paramgighc SUGh asiupiBe S cucibleobsigmle sylindrigal shepe sontaning: as exhaustible
jf . I S . ! ,
amo QY R ST e bl R R PR Trtpt il Bl . temperature
in thetrenge op it €F00toml 600CCamdeng vaouirh én pheegamge of rive mirh @n,0.05 mm Hg,

holdglrgieg)%gg Eplﬁ?igql ?ﬁjfn? thhﬁgtgé}%%qsggt{)getcﬂc rgeg}:%f:gt{lq%? fgcriﬁtatmg easy and
msta%ﬁhé&wﬁ%ahﬁlg%méfﬁnﬁﬁo%&ﬁfct.(i) using a processed

i opreform of any size and shape, derived the fromthe
st Stheofa poroystavbamagtosd praosn dslrdeghtph sontastuwith elten Si, the liquid

s SRS BT ) oS R R PRt Bt by
simulfRKe%ss | chePRDS Bl cBioh Cheh§8en SY @hd R, OGARA! RUaddd! 36RErRES by volume
such as using a crucible of sinple cylindrical shape

diffugionod Shilmeughrthe solid rsagtisineprodueb e redctigh rate getviren GrindSi is faster
t; ' i.opr.ef arm f infil i on..apd,reaction at

e 0 DEORE LBy R GRS B8, B R Gndor,

publisheliinnAinn Celzen. rSaicgBuld] 63[20, 306-3319860H SoTthdihfiltréndiities normally

.for a geriod of 2 to 4 mnutes at the peak
estingaisch & 88 el smakli mayanqtnbe eeadigedh iy pragtice.nEkeshannslsumay become

chock®d BAUH% R eddd® df B3 SS?% ?g%}gﬁ?t W@J}no@{:t@&r PHE tqqarticu}atr é)rxl‘oblem is

car bonaceous preform i inc act w no
over@me besihg thei mbvel biopreform derived from monocotyledonous caudex plant stem.

The said biopreform by virtue of its genesis and uniqueness in its method of preparation, as
described in a copending patent application (entitled “A process of making biopreform from
the monocotyledonous caudex plant stem suitable for liquid infiltration and gaseous
transportation  processing of materials® by O.P.Chakrabarti H.S.Maiti and
RMajumdar.................. ), has numerous trachaedal channel porosity randomly distributed
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wets the preformand penetrates into its pores. This
infiltration of liquid Si is acconpani ed by

W@ eombosemeous chem cal reaction between Si andP@/IB202105534
is agai n governed by volunme diffusion of Si through
the solid reaction product. The reaction rate between

and @l@%&e@' alory {1RSd&h A%, hiRfOPOfYs! drishi! blﬁnoir %%&6@Jrlls and hollow

er-reinforced silicon carbide",” by E. Fitzer and
tubujar cprReWOTigNating @@@dthedeaﬁﬁa@équadlﬁs,mmnt@uhltht; szﬁﬁ@ ﬁjmctlon which

aved 95 1 0] e uh e ey S BB bt et i

phasprresdtion onding dfrsaiml cﬁrlﬁ"@é/ uﬁﬁg alByedcdingdnesio Bblemms melt”, by R.P.
converS|on of Cto not be conpleted. This
Messner and ¥ My Chiang, [pehlﬂahgd Hbl/éﬁé@ﬁ@mcﬁp% n?ﬁélﬂ%lm&%]
blopreforn1der&ved fron1ggm cotyledonous caudex pl ant
stem 30 The sal b|opre é%by virtue of its genesis
and unlqueness—fﬁ—+ts methed—oef * preparati on, as
descrlbed in a copending patent application (entitled
"A process of ﬁhklng bi opfilef orm from the
nmonocot yl edonous caudex plant stemsuitable for |iquid

il B0 PR RSN R REE L0 BRGSO e
ltﬂl?[ IT

of I, K3 STl e pomber of pore abd jL8R, AHTRED 8 s 51 mpl ey oo

pres@OOd (b A de RO é&ﬂi @2 tRO&halkr pock t?#dhl?.ghtatveﬂs aio?n%tfﬂlﬂ €low rate is
axis, mcro sarls out of the microfibrils

o T SR T B b Lt s e

numkﬁ?{%ﬂd’r&?&aﬁb@lglﬁ& neP BFFBEE thal 'ﬂlc}%%@e@ﬂﬂ@oﬁ 1 :mrauo?lnand reaction of

_ Wwhich gives rise to increased unmetric flow
liquifloBi iy gossiblSiintoasughenoeh eblqv;raﬁmmsmw[kmhf ultihizitelyi eshds in significant

ase.r.eaction. bondi n cardee usi
reauB AP £ BRGoe BB DR o, FRALP ES EORiomBof, Using the novel
biopPafeknY d&diedi oA thddétinioF! f&ﬁﬁoﬁd&o%/l&ﬁh%&ﬁﬁk ?‘Rﬁﬁ for hqiud Si infiltration
P 7305] . 1193- 1200, 1990] - dVsl it r4Ap

proommgemrslgnsﬁqan@y prsluged praressing spicles, o éhedurlle Si- §:@ c¢ramuq with macro-

and hg(ferg&c anne sagllréS ]'tg{%&n%}hﬁ%s ? g‘re g}’l h%gﬁ%m?e) f?{?s phrent plant, is a

comwle&mﬁevv Iincbfuuq&epl‘ébesﬁ‘ﬂlgtrouﬂetmﬂﬁiéfd?@lce 6 GR\FRE afthat the
tlve effect, of the small er pore radi us towards
Vol HFrBresFRt InYeRon drevines 2 grdcsise r ppgakinge sifipen-silisew carbide ceramic

o YSTEUOE f 1 565L BB Eoe CHBLL S8k S coppt (oo

nucifeedq), glalreyt pa?hrt WBaraissust Balsadifer)atdateo balin f((Phbdradsi dnczﬁll?y@ra) which
such nove

obvigieg fiecRel ks B RERTEN it TRy EHE U Ak ARCRER o the biopreform
is hig@gaabadasedhs }‘d}%cﬁl@S?ﬁﬁMﬁmﬁl ﬁﬁc&im% be s1f11'c L51h§b Shrbide ceramic

ceram c conposite. Using the | opre erive
in a siguificantly @dmﬁdcrfm@essmg @y@c,ydeeai@n of itadatex npinhel.t oﬁ smaller trachaedal

porel s bl A OGN B, S35 poes g

out o thb Wmfeh(’miéﬂ)fﬁﬁﬂs Bh& hBmeEduk Hollb R spasat é&ﬁ%ﬂﬁatmg from the leaf-trace
som)rphous to the cellular structure of the parent

bundlgs, iy the; sarge disgotinme pespging dasten infilimatinre apd seastion mf molten silicon
throdgh4t. q‘h@tﬁé?h({d%ﬁflg B Endich éJh&d@fa‘bBrf siftplifies the making of Si-SiC ceramic

from the said biopreform using liquid silicon infiltration technique to contact silicon with the

biopreform, because of possibility of loading of reactant silicon together with the said
biopreform to be infiltrated, thereby avoiding the costly instrumentation and expensive and

sophisticated equipment required for making contact between Si infiltrant and carbonaceous
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The present invention provides a process for making
silicon-silicon carbide ceram c using biopreform
wa@leoiuwe44 rom a nonocot yl edonous caudex pl ant BCDIB2a62/005534

coconut (Cocos nucifera), palnyra paten (Borassus
flabellifer), date pal m (Phoenics dactylifera) which

perfotfn @Qﬁh@érﬁi%n&lﬁﬁo@b’sﬁh? ) ateSreftaktREidBbIiOfakas in a TH& letely exhaustlble
car bonaceous skel et structure of the biopreform

amoit R hatatly splich glisers remping |ae| deftover, thateby teliminging the possﬂnhty of

LGRS hA
Sthle[g oﬁf? > e tp?(gdur%{e t%g fa ocggghcﬁ?i 5’ sfi]?%{? ﬁ%ggig‘éssglcop ad{leres to the

exteﬂnall’ aefoeioDge ikl pﬂ@iﬁh&tﬁ&efdb@@llﬁﬁﬂﬁing the cestBhabesiuse for removal of
randoml y distributed and vertically el ongated, coupled

silicqg ﬁf‘l’fnr‘ililec?ué@é?se'ékeﬁ?@% ighsismpsTatymg €V Een, teaiamt ity chemicals.
e Sy B0 (O G PRAGTR SO hAHIE bt PRIER 11 10.3.6 gm ofa
pieced @aStieprefonin derived ﬁom the dteneak‘:a nonoaftyleddionn csudek gpiant such as such

as GGl REPes” PHRETAK PAETOR. RIS ASTERrS A0 i bty (Phoenics

dactffBKRH ShATRAHLRG. T 614§ o M Sifeord e dréBlel 1o £ERUAE 1min to

to contact sili'con wth |opre orm because
0.05 ps off bigl attayemperhfaammﬁ@e oﬁngr: oddd50C 1@| 1600%n withgehdiding at the peak

tempAipbite e Bipiedn Qe ey romssanLon el B Brist S5k

35Pepafatish of MeeHioprfdrBI RN destABHd el Wpeﬂ&h RgpEibaNo.
between Si infiltrant and car bonaceous

filed poarwdate Fprpay afgelraco ysaacedpes is 6¢S$flbﬁd bastlebalownal

P AEBRS T HELEESnSEE Rk Ayt st

anatcyhicalcfenturesnaf] typicalsplhitf prost@sor dré @r&bxyzeelcbﬁipfieési prehddiigg 4 to 13.4
ossSibility ff sticking of theflp pr oduct tohéppe .

gm of @ piCRiOf @tegm apResaedineBnCadex Plagksiehias eewr%;a q@s nucifera),

iy 15 (FEKS S 068 Bl P b Ao e i

rangs of 50 o 90F© prafereblyursirece hedtingeratt ohl rig, 10°C per minute, holding for a

. hi gh- rature evacuation, tre chemi cal.s.
veriofy B 7 £ 0 B e e e SRl tpLoted Bl RSP Blreraid prebeated
speche @28lbsedloohtdiker %r@vﬂé'ﬂ @ftha vedk §f3§ té?ﬁpe%tﬁﬁr ﬁftﬁé Mnge of 350 to

derived fromthe stem of a nonocotyl edonous caudex

10005C ameferabbhusisg g hshting sate @é dntot 15(°©qmsmmum ﬁxelda)g for a period of 5

I B
i, B W, O AR Tpder T i e Hplopersy Ryigwed by
ﬁlmg@&cabhﬂgcon in a crucible under a vacuumof Immto 10
0.05 min of Hy at a tenperature in the range of 1450C
t oThe oprePatEtion ach gt deipprefarm Hibatdak suhsmﬁ@l%at ispmorphouy to the
mon?cg)tc%lggoﬂoﬂs cgﬁdeéxé&%rﬁel%c&s o (5)'1}1&{3%] :qu}clg Jrug ﬁ@%}ﬁ?{%n and gaseous

rnace coolin arati on

transpeﬂatidrhﬁdcessmguf caxnpesitd ntegerinbyis iposdiblodudlm: fil ed on
ven date. ?r ease of referepce the procedure is

() s Pob 81678 Of B1ongoqigiedorous rendsx dtees ehasacterinefl Y- t he
i t I
rl%g@ ML HE h]Fi 1?&9:1‘&{'91156&&1 ?ﬁh{t/‘%%sggﬁ& ! z distEibtied'and vertically

anat om ¢ eatures o nt precursor
are plegeredatbngdshpstemexispr eheat | ng 4 to 13.4 gmof a

208 GBrmely Bkt 5B g iy o BPhudid orientaion

f | ab%lflttatﬁdehal éh'%hﬁel@ @bﬁuém%@ ket Q;ag Wdhbﬁtege@émda@y gfowth due to
tenperaturelnt range of 50 to 90C preferabl

usi ng &efﬁéafﬁ?ﬁi@blﬂ@t e of 1 to 10C per mnute, hoI di ng
f o{c) ¥oven and ordered microfibrils surrounding and defining the conducting channels

(d) minimized cross-walls perpendicular to the stem axis due to absence of cambium
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period of 24 to 48 hours at the peak tenperature
foll owed by heating the said preheated 20 specinen in
w@2@kosed4 cont ai ner provided with a vent at a PCT/IB2002/005534
tenperature in the range of 350 to 1000C preferably
using a heating rate of 1 to 15C per m nute, hol ding
f ofe) AuR&iold Rafirae bunldd pessie sihdl9 iR6 e dt@fper at ure
under sel f-generated anbi ent atnosphere followed by
f ubheregeneo of typisal minerad elgmants (seeh asfsilicopiopr ef or m t hat
oy 4.S. SUDS .allye .so (o
6D diging st DREURs. & URCHEE BF s RecHPuosPRisdpnas ealey wee at fow

tempérturt usidg d slow hdatibgiaten and gaseous transportation
essing of conposite materials is possible due to:

(i) PYIOTH BBy ToRIAONSeHIBE ahaddcior DAUEn BT Csliasperated. ambient
atmogﬁlfe?iatctg‘g{ Adrhial fﬁl% é@ﬁsg%?ﬁ sIb @& er of smaller
t aeda C el s

rac han ran y distributed and
v€eThd mainl purpesk off gatieg oaprehentingds &t eimiasiesn@iStufdrom the pores and

._extrengly hi st rai_ght ness qf ai nd .,
micr RGO HAnPPOCY S15G UATBRSRARS il hacPb fIaigrl i3 REsfitebly dore at a
relativBRNBReS télﬁ;%éf}hﬂu{?é with $dBe Al MhrlagdoPesbive NRUEting 888N Yo 2°C per
growt h due to absence of canmbium(c) woven and
minugy gleardet toipzesefveshe buginal cedlukud istryctarecbfetént iplagt traterial in the dried

ducting ¢ el injm zed cross.- I
Woocgg[ﬁ-‘ﬁ éﬁ]a?t&(ﬂ\ %{{&F@ as ﬁlg pé%ﬂ{nuég&eglpg utg,is V\’anjtl)égqud on two facts:
Capiuig a9cotfine® Gtadifed Hdd uRCHIIBAORRABRO AR ing G 60 to 65°C) in
nunmerous | eaf -trace bundl es passing singly into th

histokqgéﬁm stuylies r(_é@e‘ﬁﬂi@jm@hemgspw‘c g]hecpﬁeﬁ@l #ind e‘hlmiﬁd’_t’,sb)( ﬁﬁ?prggl Pearse,
Vol I %&rﬁdi&drg)l9?5}7?661@%0181119@%%%@ ng of the piece of

rh of nonoco nous tree at | ow

t efii) plat UElEmbtsdan Gnaberill Oive RRBId Wotor 68 1© 79°C i(fef)“ Plant Biochemistry”,
rolytic transformation treatnent at 350 to 1000C

B pfames Beprerged dFaY gac dspdenic PiesioliRepe Wrothbar
oI Bith RACERH, ot S GualP IRl RchBlet whi%iffblcision. The

purpose of drying or preheating 1I's m na
preheaing tis rcenfimed foha pariodsofa?dl to Mi8chapo fars cahpletien vwotitain constant
. Ste Preheati ng of trachaedal channel is preferably
Welghbpid g prefeatePiolipfel y | ower tenperature with gentle

angh3RRpAGEH&ESS bY ﬁrﬁ@@bfaﬁ%‘cé@?@w@&e&_ﬁl&lo%s}yllﬁbn&% caudex woody
mnute I'n order to preserve the original céllular

specigneniindigates that prarokytic wslightlossas practidally womiptetett bee00°Godldw heating

The sel ion of 65C a e eat i erature, i8S
ot a iR B b, o8 D ORey B mOfkel BB HiGtontls caudex
stem¥pacitrie@eis tdont SRdEOLIRFerRA@f hinbichirehvitdtinedk abDedrOndrfe) pressure
in histological studies (ref. "Hi stochem stry:

witho vgewin enflowed ingpigasesdnitragen ot meens¥rihfear se, Vol. |
& ijn}?yréé/ﬁs@.&&*x@&e 1985, Churchil Livingstone) 15 (ii)
pl C

nucl'ear materials are stable up to 65 to
70@l) poebllapse Br distorfidrochedtutal syrlictureEakeslpjacd anmes Bonner

an 1ii)JﬁoEgr\e{Sﬂiglga{tionAtg1?e%%rlg.c% Press, 1965, pp. 49-50 )
(iv) mineral residues are not converted into stable compounds,
ensuring that the biological structural features of the parent plant are preserved in the
resulting shape of porous carbonaceous residue — the biopreform.
Heating at lower temperatures results in incomplete pyrolysis. Heating at higher
temperatures causes partial oxidation of biopreform and tends to transform the residual
minerals into stable products. Higher heating rates and higher heating temperatures denature

the cell structure and destroy the near-isomorphous structural features of the precursor plant
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In both the cases, retention of cellular structure is
achieved wth high precision. The preheating is

weooviiosmeed for a period of 24 to 48 hours for PCT/IB2002/005534
conpletion to obtain constant weight of the preheated
product. 20 Thernogravinetry of dry or preheated

in thp GisRsBEMIHIatREY o PR rhafEAXst¥Rd df monBES B ous caudex trees
i ndi cates that rolytic weight loss is practically

at %‘U@Fplt@FE@'aW%@Oé n@rowheamresgureat and runder (gelftgenegted ambient

L
atmoﬁﬁl%er%,naﬁﬂf 81&6%626& 8888% %181221{)% fg?pa%id ﬁ’% ég nll’gf]lﬁ‘?ttslon 1y %asa?ﬁi; et{;ansportatlon

processing cg‘emw(fr&ﬂs;dis & end ugigye methddnt at near - nor mal
(e W thout vacuum or flow of inert gases
fﬁ?§ eigrm tieiAgd diom magnosefyledpngis: eglex Plang stem suitable for
1 (ofpar. (i f I
Y T g
drawbhd«smf(the/prlm arer'Bie pyslytio emethmbcmtdembﬂy/ atrtpénﬁes mthen compared to

d the bi
com el F QIR e PIGTISQROR TENEHD SFeiorAla yettues, the

prodhidnh8f nBero-efdl kiid?8stARARE T HiNERKH ﬁ;@fn@ﬂfh@ﬁ@ Q¥Sthe parent plant
residue - the biopreform Heating at |ower

structuspydthaligh esecisieny beagusenof m@nm leatingylowviey prc@essHQatempgrature and

o BINEHo LRGSR MRR P Boplh 08 B e ccen

stemna fee frdinS cdtiedoriud it i BighBt sdvahitagbaus foe %ﬁhidgmﬁﬁia@i%n because of
and hi gher heatl ng, tenperatures denature 't he cel

the presenca o Rlenin @f yassttlep Purdies rademlysdnisibpted dn the grgundmwe, that are

r f 0 5
rotain@Eit SB9RS oG g PRI L Botonkt MRCHRAAL i five inorcased
contdnirsx,passﬁmgﬁasﬁarqrﬁihtm all ractiuobdy ligaids jSStréISpkﬁwtlon of gases of
. g{e{ees | ower tenperatures and near-normal pressures

suifa &OHW%‘PO%%I f-generated anbient atnosphere, with

ch r S o] AN o] - t

R A AL L R e
transformation dinuy thegstem rodtahimdno®tytedonboie paekes miand stich ae doconut (Cocos

i b RS i GRS (BB, R bai et BT, o o in
abunBirkeas &o@ﬁaﬂfouﬂﬁie@ Ishél & In@MeAER tﬁ@ﬁnrdcﬁ@ég%ﬂf&m@f of coconuts
the prior art. pyrol ytic method consi derably

in the wigpld Th%gatmmonlemé dig traditiondlhwesstthein ﬁdultp;rlmy@s gnd varfious parts
Lgr, I n uGt.ur

to de?@g 'f&%i %é\?er éeg%n% ?I%é@? S gsr? %qi Frg,sqfﬁh% E}}@ 8 i fgct the trees
mdlspemablefp@ﬁﬁbfﬁleﬁr@babll%ma dufuiahBv@dr ent plant 10

structure with high precision because of ambient

he]a?k’f? $igps Qféhf‘e?reb“r”géé@@‘il%arﬁenper ature and shorter

do}j' N9 Rerq, 5’ H"e Qéeo BeCh opf'é‘f% Ji‘e%rﬁ/egf Holf the stem of a
pre rmrra romt e caudex a

monmmdenhmphedmttemplmtasnmhlas duc@hhwoaoiumr(&gﬁomcyfem) palmyra palm

iltration caus e presence of plenty
(Borﬁgfggﬁgwf P éﬁﬁafd@s(% ffgrwsl‘*@gﬁ nl n the ground
1 §54€7 tol 33 o' s11i'c§1t1 ¥al ﬁﬂ%eh ﬁfépevltWtB@ cg% greform in a crucible

preC|S|on on pyr ol ytlctrans rratlon an
i nidv)el ead then heated under a vacuum of Imm to 0.05 mm of Hg at a temperature in

the range of 1450°C to 1600°C with a holding at the peak temperature for a period in the
range of 2 to 4 minutes to make the final product

(iv) The final product was furnace cooled

The following examples are given by way of illustration and therefore should not be

construed to limit the scope of the present invention,
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15 contours, assuring faster infiltration and reaction
of liquids or transportation of gases of suitable
w@e 0vposiotd ons. Anot her significant advant age iBCT/IB2002/005534
the biopreformis made by pyrolytic transformation
fromthe stem of a nonocotyl edonous caudex plant such
as coconut (Cocos nuci fexamMpElinMyra pal m (Borassus
flabellifer), date palm (Phoenics dactylifera), that :
ar &.1j gm 26 aghiensoeinerack-fies, Mr@f@rmm@md et eeaomutiwood prepared in

‘ La twhich is.the third Largest producer of .cocqonuts
sccof kD uhbF bl b p AT Pe o 2 i SepRariGRERRIR s teken
togethe withe5)7 Einubt slene@rY 8Hicdf dinVArbofdS nitédd Soatk® JBAAN®] graphite

food, beverages and varieties of essential itens of
cruciblfepf size appre¥maiely SO nma diameatore S wpre dhicknassipng é h% s of length. The

boirixgé1 o $hPbrub bR fvas (fi‘ﬁ.%&‘ lwiﬂpgleﬁl%trag El{ﬁlzcl)x;n 'oﬁ %iﬂuf}b I}%e%ﬁ% %R)g){eform was

the present |nvention are:
placal. (ihecgrapliitebtrapibél osntniding the bidpreforinhandssiicdrofvag then heated in a

nonocot yl edonous caudex plant such _as_such as coconut
co @gs}’v ﬂd@&@%ﬁ furpace @) pdeBResture Bgrlggé’ (jsunder a vacuum of Imm of

Hg bt absdroldf & 4 nudldes PR i | o5 %3) iati

g ok B0 riod 1 & mufiiHee. oméirﬁgg%&‘gi §oBe@R Gl doh€ %) anBifrared radiation

pyromstgst Rhe wkadh tehwesaind bf othe eérocibled 'was eneasurbd esephidtély with a
s .t hen heate der a vacuum of 1mm.t

. . 0.05 f
diseqngoti S1aPGH, ¥k Rise] Ry o Bt Gsatt Wiadue: £ v furmace-

coold fofpraditeliRl fighl dkralifie peak tenperature for a period in
the range of 2 to 4 mnutes to nmake the final product

(i Vhe prasiugs was anplpeedchy weasuremenscfor dioedretimehsions, bulk density and

. i e r bYen b f illustration
porol il BRSO BRI ot S L e B tound 10 b
1.32 96 qeiginkbgd)n 2. 560/ tiphndioh) et 045 %d(EhriMRagd0ALRD ARngth, width and
. .PCT/ 1 B20Q2/ 005534, EXAMPLE-1 1.1 gm of a_ pi ece of i
thickaesgarsnepdeely pindispidng nearaet-shage fermaptioad dheipraduetd The bulk density

nd R BR9 4 IREINEDEE L £ SPAE y ORLL 4 camis
by X§h afalyslissarenfoand ®i Hel containing BothahoRi anidt$iCdhasssat ed

cylindrical graphite 5 [ bl.e of size approximately
50 mm di aneter, 5 mﬂthmgj%@d 115 mm of |ength.
Thes Batdompiice! HecBEMELD HopeRrhi ddrREd D t%'hﬁgx%nﬁr%g wood in

silicon on which the said biopreformwas place
accotflageshivith ovr capebfling @pplicatinn Np. t he bi opred summarized above was taken

Ll Leon as then.heated..n a. cqmmercial wate .ol .
t()‘getj%lgllc P@?‘ewm é)geeleé?el’éa et b 8reTot n?fﬂ%?)@,oﬁﬁ@ &ylindrical graphite
crucibRCafReCipptdiimalely $®nin® HiateR! 5 At Phicknedd B €55 mEDBf length. The

erature control was done g_an i nfrared radiation
81

boﬁotilg ggm%P%h wih éilled avith ¢lempetpbsilieen on witich thewwsicbbiepreform was
P TSRO QLELAA A o S AAORRRY 8 b et o
conuhbreinl fnaterapeketed firgatetad apemperatird b£15000@under @actum of 0.95 mm
of Hg for a period of 2 minutes. The temperature control was done by an infrared radiation
pyrometer. The exact temperature of the crucible was measured separately with a
disappearing filament type optical pyrometer through quartz window. It was then furnace-
cooled to produce the final ceramic.

The product was analyzed by measurement for linear dimensions, bulk density and
porosity by boiling water method. The % change of the linear dimension was found to be
1.40 % (shrinkage), 2.44 % (expansion) and 1.47 % (shrinkage) along the length, width and
thickness respectively, indicating near-net-shape formation of the product. The bulk density
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The product was anal yzed by neasurenent for |inear

di mensi ons, bulk density and porosity by boiling
wowroens4et hod. The % change of the |inear di nEPGT/IBRONABDSS34

found to be 15 1.32 % (shrinkage), 2.56% (expansion)

and 1.45 9%shrinkage) along the | ength, w dth and

and {31 fHEGRS SwACRRGELd MeLD ¥8 tg.hpg'd.he %Iﬁg % Cle %Hﬁ% %?H%her examined

formation of the product’. densi
by XRd» awdlysjs svesfotiod b eontainipg bathghe StamhSiCHpHaRes% The

product was further exan% XRD anal ysi s and

found to be containing b . i and Si C phases.

EXANRiof 8 pidde DfCra Rk HofbRER REived &6kr ddcBBut wood in accordance
bi opreformderived from pal myra pal mwood in

withgug sonenskiee apnlication Noopendi ng apgIsugmarized Mboveawds taken together

: ' . aken t her wth. 12, m.of .
i ST SE6FRANE 15 P S AR Gl gt SIBAL e o
size approRidiatela|Sognmpdibieter,Cy Hen Hickrebs sid €1 MM oR ieiBile e bottom of
50 {)‘rm di aﬁfﬁt er, 5 mmthickness and 115 nm of | ength.
the lepypst Wiadowith glementad sibicen aa svhich thecaig bippiefaspewesplaced. The
: ep,s S : .
sofd Bl 1Bl O SHT RS MLASH 1 commori
wates jjdcketed famacd htem tangetatarei of 1500%D onder @i wlcuwmt«f0.20 mm of Hg for a

.Jacketed furpace at a tenperature of, 1500C under_ a,
peridLh % migiicd, B femPemFUrRiGoRaR Wagaaedy o mitagech pdiagion pyrometer.
The ERa2t LRRRLLRIIBNE CRICTII Wi SncdQREd BdpaRitelly N1 A S appearing filament
radiation pyroneter. The exact temperature of thie
type @nticdlpyeometst teraugh guarse pandave |1y wais tthera furdaceaguoiedr fonproduce the
nt type optical pyroneter through quartz w ndow.
_%‘ then furnace- 30 cooled to produce the final
Cc eTB&pEoduth ap bRLlE W&e@ﬁﬂéﬂi@ﬁdfopyingﬁaéﬂfeﬁﬂ@%, Hufl density and
y

fmal{cif:}a 1

| i near di mensions, bul k density and porosity |
poropigy by hgiling: witerrmethed. Tip & whangsrefethe flneardiniensian was found to be

dj [ fo . oA hr i w244 .% |,
1.24 3 TR 954 100G ah om0 o 0 hidel ARG e et bwidth and
thickne gt fesetvely hindicagSE né 10 slidpe Ebsmationcifeaé 'r*[])ﬂgiuct. The bulk density
near-net-shafpe formati on of the groduct. The bul k
and {he perqsiy wes fydbiede 64 gavecrat/ 3.

{ D &0 Jhearedurt avd femther examined
by XS Atliidls MRELLANRS Qnbitnig g&hgtgé Sea@idcfudlo 0 The

product was furt exam n anal‘ysi's” and
found to be containi ng IBXAMBIE-8i and Si C phases.

LE- 2.3 gmof .a piece, of crack-free bioprefagorm
dert i _ o ofe _8? %@-%E’W#O% @sw&%f{%em AQCQRYEHVQagrin accordance
with QIR @B Fridsh A RIP1ic6@3d R, No. and %H?Eﬁfnhﬁﬁ?e@g e WES taken together
el enent a

., taken together with 13 sificonin a
with J§rbammft elementalositienn inyd bowmi aldegroatedi dydindriest igedphiteferucible of

sive SESHRRET SOl AL AEHES 8 (TR APLSERREE S boom o
the chidibleavasi filtedabigrelindhta$ kilic6:06n Whiodihe réafdh_ﬁollﬁéfdi‘m was placed. The
bi opreform was placed. The graphite crucible

graphitsn paicie gonthiaing Byr pprefaranands bilivem wasetben heatet dateechmmercial
wate% zhcﬁet‘é@ Hrph& lal'éga@%@aﬁlﬁ{a of ng@t?gm{e ra?v 1? Ale %.9(% m%of Hg for a

nperature o nder "a vacuum O m
periodoof Zaminutes. The temperature control was done by an infrared radiation pyrometer.

The exact temperature of the crucible was measured separately with a disappearing filament

type optical pyrometer through quartz window. It was then furnace-cooled to produce the

final ceramic.
The product was analyzed by measurement for linear dimensions, bulk density and

porosity by boiling water method. The % change of the linear dimension was found to be
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period of 2 mnutes. The tenperature control was done
by an infrared radiati on pyroneter. The exact
wao eqopesatur e of the cruci bl e was neasured sepaP@r/EB2902/005534
with a disappearing filanent type optical pyroneter
t hrough quartz window. It was then furnace-cooled to
1.22 P§ @sﬂwﬁﬁkadge 162,06 (xphnsic) 2 amd 1101 Ty shrikagi)CiloN@Bthe length, width and

anal yze % nmeasur enent for |inear dinmensions,

bul
thickpesg sesppctivedy. ipdigdingineabpetubaps fymaEo of phe preductTihbe dplk density

. L4 r, Gk [ So,f 9 .
and (RN lva) Wylt 8572 1 BECE B 80" THEDrd ol fps Ayt Romined
by XRDanglysisent éngidto beicehtaindmytboth heckirnnd $i€ papest i vel y,

i ndi cati ng near-net-shape_formation of the product.
The bul k density and tWé@‘%y was found to be

2.54 g%f&gi%&ﬂg@g{é%—%ée R&}Ef@?&% g&?ve dOI{I EB%(EE& wood in accordance

exam-ne ana oun
with oantapeniding dpplitatioheN&i _and Si CaphawematizddXd#idvk Bvab taRerBtogether

it 0 S A 2550 e S SBr S eHERR cucvte of

size &”jﬂ;l%)hﬁﬁfélgpﬂo MNen d@ektSUBTHRA RRENSRANE MBSAkEBngth. The bottom of
together " wth 13.0 gmof elenental silicon in a boron

the cmc?hlcie whas diblad edthcglbinenial sh¢ongemphichahe saiditivpsefofmagas placed. The

Sj ze_ approxi nat el Q dianeter., 5 mmithickness and .
srapiyteccipfiB; SRR, the RioEler T ot vEy i FEAER I & ommercia
watef jabketeld Wirhdiceedt @n@Mpalatié bf ¢600°0C et 6 Ratifien $8020 mm of Hg for a
bldgpreform was placed. The graphite crucible

t

periodift3aminuies- tlhe tempyraroeontvhdvasidone i anaisiterrdrrapiation gyrometer.
The %){eéﬁ%teer i%%'o?ltlles%éﬁfe ‘ngsc&gés%gec{ %ékg%?e?% %qgaa mc%%s%qpeﬁging filament

ure o under ‘a vacu

type opticl pypsnétod tiedugh guanizt ekhdowh&t wvaspiemhafuricee-cookd ab produce the
was done by an infrared radiation pyroneter. 30 The

final gergm¥ic.t enper at ure of the cruci bl e was neasur ed
SCPRE Blodh: Whd thaly Al SBPRERLIASer: I bATRRE di¥RSoRP blkMensity and
pyrong{oer t%ou aquua tz w nég]gew It was then P ensily an

porosityr rabeilingovaer methpdoThe & thangefafithe linearadiimensiFhevas found to be

uc S zed by.ne e for linear .
122 PEEkesiD 2 06 By SR Ty Gl §Peg GG Fielgnsth, width and
thick¥eds@espRBENDE - indiof il fdaaneesiabe ¥o¥enation Fthdl pfFINet. The Wak density
found ‘to be 13 WD 2004/ 054944 PCT/| B2002/ 005534 1. 22
and the perpsity agdyundxode 2 Bk garsiand)0.65 ¥nd’he ppaduct was further examined
og-shr ink. I he | engt h i . i .
by XA AT RS SRl b EobREY ool B SR, SETRBRRE per optica

micrdstepier #adied inditkeed tlak thieaslidlyr riad dtfubrRre of @hd bjopy&Bdrm has been
found to be 2.63 gmcc and 4.61 % The product wa ‘

s

retaigagr Witk s idifind neel ofinjlicorindbmigidi spagmend: enmvertechSiein the cell wall.
' i S, - .

mhe SAGOALPLGBAIHS, L s CoRIPSos, BRI S e e

specintemralso cevedtedwhaidhé fongitadinalatnbelar vhannels wf vasydardiundles contained

soticfetfiin s 45 aomvoregh Sy e i ALt il i gpcture of
the HidgrbfofR Ha® BEGHpe¥er i vith HigOh@Piiohen ¢hd Bt fed Specimen could also
be confirmed by detailed SEM examination. The presence of Si and SiC phases were also
confirmed by EDXA during SEM investigation.
EXAMPLE-6
2.2 gm of a piece of crack-free biopreform derived from coconut wood in accordance
with our copending application No. and summarized above‘ was taken together

with 12.1 gm of elemental silicon in a boron nitride coated cylindrical graphite crucible of
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si ze approximately 50 nm di ameter, 5 mmthickness and
115 mm of length. The bottom of 10 the crucible was
WO pdokeshowd t h el enental silicon on which the saPdI/IB2002/005534
bi opref orm was pl aced. The graphite crucible
contai ning the biopreformand silicon was then heated
size iappraxnmmiy r50i dlmbter 3 ﬂmk&tieldleémaﬂdatﬁ aim af length. The bottom of

te ratu of , 16 avaumofO 0 of Hg
the Griclb e’ﬁtﬂ'fe&thslﬁ clemeniah sicof Ry éﬁﬁ@rsg%%ﬁlep@m s placed. The
graphRé cﬂﬁﬂﬁe RYn@hitd Eﬂeaﬁi@grefﬁﬁﬂi Qﬁd Qﬂlcgﬂ WUEEEhER - he%t-gﬁein a commercial

exact tenperature of the crucible was nmeasure
wateg ewkﬁ‘@dé’wlaw atha Eempewmpeﬁr%ﬁg%’ uhmvacmﬁmtqfﬁbw mm of Hg for a

ter throu artz. w dow

peri o & Sunh P Elpopbitcantiionas doie Siogh infacsl Spation pyrometer.
The k& tsrhper@breadtathy 2ARHKY WA AR 51888 Bépat6] |vblﬂ§§rdlsappearmg filament

di mensi ons, bulk density and porosity g ling
type\pptical prspmer teuglymuam yéndsiv. tTh evas.th@aﬁuuaqeemﬂadntw\a@duce the
ﬁnalfc oo be 1.22 % (shrinkage), 2.08 % (expansion)

“11 % (shrinkage) along the length, width and 20

t hlrhk prﬁ@ﬁlcf eapandlyxed by nicaglirebhtnr N@sdr dittensibaf)Sulk density and

f or pat i on of the product. The bulk density and the
porogigy g. MWD G5 qdoTB@ %. changgnpicthe dingandigensionTies found to be

L5PAOSEa 2 4 DS AT, DY TGI8 i, it n

thickasst fespecumlypmﬂlcamg: nearer&pshap@tfudnah)m oftthe @t‘(&ﬂlct hlaie bulk density
he cel |l ul a ture of th |opref rm has, been

and {gporonis bt o 4 PG @GoAndoh 38 i Br ot e et examined

by B HaBRE HAMERE 8 bel dentdnih %oﬂ?rﬂe %Yazg{d S#D. H{b‘és Further optical

m croscopi ¢ exam nation of the polis sect foh cut
mlcram@pg: sthdies endjcdted tthat Hbe icaflilat rapedrucspe of the blajjrsﬁ)rm has been
t ubul ar . channe

t h t d |
reaif Gt B 3P8R poc ol REdhrEche Said et et SPvEGH Sl fthe cell wall
The iii@ros@piEEtReinSida bMNthe IR likkEACseORbA cutTABhg tHREleASh of ﬁé infiltrated

ring structure of the biopreform has been preserved

specml% alsp gpvastedcthati the l¢ng1wﬂmal wbular pha@dlssﬁe@sm Wwdled contained
sl G0 R G TRl S5 LB GBEY THRRh By B o of

the Hi(yprEfai% tehy rbeﬂgpﬁEMvedWmhtmg&bte@islonw&ﬁﬂ@atea spec@fiROEould also
be c [éance of crack-free hi opreT orm derived from coconut

drbyadetaiicdaneld exgiipationy The meeransgoiadhrnd §1G haske were also
conf%?ﬂgl%grﬁmtA%ﬁgn REXEiNBS gggn together with 12.1 gm

nment al | con In oron nitride coated
cylindrical graphl te cr UEKAMPIGE- 714 WD 2004/ 054944

 Cif R RHA oR Rl el e AP BBVt OBCE DM OTood h gocordance

with e Gopérl Lhi@eng th el enenbale Sindsan ;asveihs togeth
t he Sgl dn%g?g%ﬂgjecf(l)rmwa's‘m Tﬁg graphlateecrucpag)(en ogether

withclde} aimnefrrjemergaloditignmeinos frozemonitridei eetedweydindtient ghapdite drucible of

iLal ..water Jacketed fur at a
size pbEFRPIY 0 o bkt B B Fteon A S0t S e e bottom of
the dradible vasElddoglitiotlemeialbiliedn o MhidlEihe %ﬁﬂt M{)ﬁeﬁﬁ'ﬁi W& placed. The
was done by an_infrared radiation pyroneter. The

graphiie; exuciblasentaininge thef bipprefarpyand pilicoasvarethenhegted in a commercial
wateP HORERH Fihadd 41 AnfheRARRLF 16068 LA EVacuum of 1,00 mm of Hg for a

period of 4 minutes. The temperature control was done by an infrared radiation pyrometer.

The exact temperature of the crucible was measured separately with a disappearing filament
type optical pyrometer through quartz window. It was then furnace-cooled to produce the

final ceramic,
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type optical pyroneter through quartz wi ndow. It was
then furnace-cooled to produce the final ceramc. The
w@e@dosto4mas anal yzed by nmeasurement for |i neaPCT/1B2002/005534
di mensi ons, bul k density and 10 porosity by boiling
wat er net hod. The % change of the |linear dinension was
f oUhel Pfdﬂubﬁwaﬁ- 260 (15heRd@Bent 3r BB%4er (HXBANSHD BhilkaBéhsity and
1.13 /oé_shri nkage) along the length, width and
porogity bx hedingrwaipegeihpd) yhe % ghangei ¢igthp dineardimegpigpavas found to be

fo@r [ o e . I ' .
1.26 9B (R 2 O R eRBREIE) ud T o b (ARAGED Mp 98t . wideh and
thick}}tnes:sdgsﬁectllgay,f indichtdng ﬁemgieﬂﬁhhpﬁ fyrmétion grfa’they pi*cﬁiu&ln ’he bulk density
ound {o be containin oth the Si and Si C phases. )
and thg POFRSFEY Sy ifeund tpcperd 65 89S 9% ¢fe- el preuch g funher examined
XRis : Il eahid %c.f% . hj has been
by ret %ﬁ%ﬁ v]\[/lfal tfﬁﬁ%@oﬁ %itéol e pggﬁc}%@% %d?éﬁ%{h%&?‘he voi d
s pabe main advanvtegescaf the Présent inventidrl axeal | . The
1 ¢roscopi c.exami nati on of .the _poljshed sectiagn cut
o) 1P bR SePLRe Taapier b OF el e B Sr e Ard offgwable and
r ex@apsthiidabuiche | ongi tudi nal tubul ar channel s of
vascul ar bundl es contained solidified silicon with
b heelag e eesiness igifebricatiom gechnigue hedause THeemplete avelidagbepf complex
ri tructure of t he.bi opref orm has been preserved
WI{)](%V ?ré)gocﬁﬁs{e]% rlldo%igﬁﬁcﬁﬂt%%pﬁ ]ﬁ‘f]ﬁflgr ated speci nen could
cdl Bereabe] shapd tdpaBiditpeddadend fluesbeFEYeadiFthavkinable bibpgforms
resence of Si and Si C phases were also confirned by
DYRTJGF-hage Samatiag eanabyiyi on. EXAMPLE-7 2.2 gmof a
[ 00, b Wolg [ 2
G510 Sk il S L5 LBt R SRRy means of
Nounlaading, unitheui zegdiraineme fvastlyt iakienmémgétoh eid expehsidd e@uipment
ggip of el enent al ,sigcon in a boron nitride coated
y [SSHERRRSIVe §Fofiedly OGS bl e of size approxi mately
50 mm di aneter, 5 nmthickness and 115 nm of | ength.
The bottomof the crucible was filled with el enental
silicon on which the said biopreformwas placed. The
graphite cruci ble containing the biopreform and
silicon was then heated in a comercial 30 water
j acketed furnace at a tenperature of 1600C under a
vacuum of 1.00 mmof Hg for a period of 4 m nutes.
The tenperature control was done by an infrared
radi ati on pyroneter. The exact tenperature of the
cruci bl e was neasured separately with a di sappearing
filament type optical pyroneter through quartz
wi ndow. It was then furnace-cooled to produce the
final ceramic. 15 WO 2004/ 054944 PCT/|1B2002/ 005534
The product was anal yzed by neasurenent for I|inear
di mensi ons, bulk density and porosity by boiling water
nmet hod. The % change of the linear dinension was found
to be 1.26 % (shrinkage), 2.04% (expansion) and 1.09
% (shrinkage) along the length, width and thickness
respectively, indicating near-net-shape fornmation of
the product. The bul k density
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5 and the porosity was found to be 2.68 gm cc and 3. 06
% The product was further exam ned by XRD anal ysis

wapa4Odemd to be containing both the Si and SiEPHEe@05534

The mai n advant ages of the present invention are: a)
cheap and easily available raw materials of

Welckdmt / nati ve origin and of renewable and

1.

10.

non- pol 1 uting sources 10 b) rel ative easiness in, )
f %b.P Qests & ‘&’@cﬁ‘ﬁlflé}% tha sHlifop-siicop osasbide eceraraic dusig: agbiopreform

CQBRV &P oM Lo IAGERR &Fﬁi@l}&gﬁt‘ didih %&%h i&s}%ggsegﬁgtﬂ% together a

c) 1 ncreased shape capabi ecause 0
r bagirdfHromdetivedafodre thi stpmeffar menocd}yledoavunetudsh pheat and silicon in a

for ion.capability e) sinple and faster_fabricatjon ,
¢ SETHIG BteE SRt g FAnSTTedn 0 HEEaA L 90 HOUNS, apaintaining
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crucible under vacuum at a temperature in the range of 1450°C to 1600°C, maintaining
the peak temperature for a period in the range of 2 to 4 minutes followed by furnace
cooling to obtain the desired ceramic.

A ceramic as claimed in claim 6 wherein the biopreform is derived from Cocos
nucifera, Borassus flabellifer and Phoenics dactylifera.

A ceramic as claimed in claim 6 wherein the amount of silicon taken is in the range of
5.7 10 13.0 gm for biopreform weighing in the range of 1.1 to 3.6 gm.

A ceramic as claimed in claim 6 wherein the vacuum is maintained in the range of 1.0
mm to 0.05 mm Hg.

A process for making silicon-silicon carbide ceramic using a biopreform derived from
monocotyledonous plant stem which comprises heating together 1.1 to 3.6 gm of a

piece of biopreform derived from the stem of a monocotyledonous caudex plant
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1.1 to 3.6 gm 30 9. Aceranmic as clainmed in claim®6

wherein the vacuumis maintained in the range of 1.0

mmto 0.05 mm Hg. 10. A process for making

silicon-silicon carbide ceramc using a biopreform

derived from nonocotyl edonous plant stem which

conprises heating together 1.1 to 3.6 gmof a piece

of biopreformderived fromthe stemof a

nonocot yl edonous caudex plant 17 WO 2004/ 054944

PCT/ 1 B2002/ 005534 sel ected fromthe group consisting

of Cocos nucifera, Borassus flabellifer, Phoenics
dactylifera, and 5.7 to 13.0 gmof silicon in a

cruci bl e under a vacuumof 1mmto 0.05 mmof Hg at a
tenperature in the range of 1450C to 1600C, hol di ng

the heated material at the peak tenperature for a

period in the range of 2 to 4 mnutes followed by 5

furnace cooling. 10 15 20 25 30 18
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