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neriifolius D. Don) tJvflllJfloilFls ( Dacrycarus imbricafus (Blume) de Laub. var.patulus

de Laub.) nryrru;trlflol (Cephatotaxus griffithii Hook.f.) *rlnnl (Catocedrus
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^^,-.-{-f ^v--.-. t v.4- q a q vtat 4J .61 o a YnnlJurnnleruvttlutn n0 tlJdnt-n-[uft'Lrjun;il vessel '[unrrdltdr.l.lutuny6rrorrarroqj'[u

64rq3-jvxylem tttl':0ontilu frt"lLtdu.:trr-fll (monocotyledon) $nyn't'hrdur4' (dicotyledon) fr.i Z
, Xa- a ,

n ejrilildnuilvvllt n laAnl Fr (plant anatomy) fi un n rit ri'uo dr.r rniudn 16'ud n"nuruyn *
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1' vl'ttL rdu.: rdfl r rfl un { rno.:fi tfi fi viorirvio dr rd u.: oqj n ev{or n rysl ulil
6l d !r rdtflurvtiltlL rrnvhifi cambium 6.:rflurflorfl'orn3ryfirufir.:fir,ir1rifirfinrculnrfirdu uriorq

i___ ^ v u uvJ d !:.lnltts?rynrun{r.l'Ldtuo.tslnilnllrulnilrnrguonnejlviodr rda.: unSryrrdrs rfluunil rfiail

z. fi q1u rd ul { rfl un njrlo.:fi tfi fi viorirvio d r rd u{ 6fl { d'c roL d r 6'uo dr.r rfl u
:v rfl n u fi r1:-, rd r r { fi urir o o n rfl ufi rfi t#rfl otfi un ;fi rlltr;rfl ot*

St.1 urir{cullnqvtril' vessel firrfrs3r qv'lfr tracneios 'lunredtrdfl{ilrrfrfl.:rir.: 
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.<-._-' 1414 v a uyJ 6
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- nrfikltr;rdotfi (herbaceous sp.) rflufir1lrdur4'fitrjfi camoium
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fruTnnnvfiqruarirl6rflundurrrinadntv'Jfir (etectromagnetic wave) firir.:ndurirr r ri'u un,l'I
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3

fi11J1tnil0.:rfiutd (visible tignt) 6.:fidc.:nduryu.i'r.l 380-260 utTumnr :JrynoLdru$rq.i6
)^^-;1^ -!-- --- !-.=--. C dr j
n1{ I no il?.l Flt1lJ ulNu t{fle tudo.: *dor ttnv$Fl{ fr{uonsrnrurludrrdr$6{uan firirrflu

t v io o _, o da j f3=_i_._ p $ , ! d i- g$il0.:il4{{1uilq1tuuunn1rn1t.:{enfl0.:d{il{andu1 orru Ingronryodr.:fltfitfirfiprtuuu
c ov t ^J I I

Inn qv'Hun.:riltndud'.:neirrtunrvr.t?un1rd.:rn?lvvfLrc{.: (photosynthesis) 6lrflu1orr?uiu
'lunr ra iT .: aT r6uvridrrn yn d'r.: ru'[ufi t

n?v:r?un1?dlmrmvfunr rflunrvucunrrfidT d'ry'[unrrnir.:011r1?flo{fixdnr'flrfifi

nnolaflnd (chlorophy/t) tfluxnr{r,qdrdacfioqinru"luTnr.:fiirrfiraurrolirnsi'hfi6an,jr

nnol?ila1c{ (chloroplasg fite;drrdflrfit e'rnrTn('h lorflr.iruyiod.,6ulrjl,dt,l firiun,jr

lttnr (xylem) 'lutruvfiflrri'unrrfuoulrroonltri finvqn4orr{r{lu lnrailrurJrn'lu fifirlr
d'rucir{ rrnvrfio'[utdiund.:ruuarqrnercrorfind nrnolrilndfisy?i.r1,rfirfilunmnnrt'und.r

.:fUffA.:1{

tt?{l (light)

+

rlr (Hro) un;nrfi:outoroonkri lcor)
+
.t1.r.u (sugars)

.ll
u:l': (starch)

uior4 (minerals)

n1y{nd 1 $fi n{n1rd.:mrrlyfrr{.ltolfr'utri

.la!-hrYfioF ur, nrfuoulnoenltri rrnvnd.:.:'ruttn{unrn nrrri.r g :Js{rJ n?y:JQun,.}r
v-.---..r. - - i-.-+q-. -!- c u , i ,-id.:tnmv$ualqvtfrotTuvt'h urunvnrrfi:ouleroonkrf qvnnrrJ6flulilrflunrfTrlarnrn'lug:J

no.:rfl{ttnvtl.r.u rrnvrlnonJnosoonirsu (or) oonrr(o'rnralnariruyrx:Jrnhififirtl



druniT .: ndltrurtalfin;qnr:.Jdruhluflund'.xturrrfinynloqj'[uot,l'rrfi:.Jgrlfi 6.:rr.:r{rufi

n vqn'[ff[uri'ufi $ayLr{ r{,]ufi n vq n rfi un ynrulfflur{rurir.: 
1

x CO, + H2 O + energy 
--> 

(CH, O)* * X O,

i a arJ.reo 'n1tfr?{lrduvr5dfrfrut,rrinh raqndr unvfiTnr.:ai1{i'ru"l olssyrfinilfrffiarriotr.J

TnflnmnnLqruvrr.:r,[uqntt! ulon?;{'ulorr r6ukf (enzyme) drl#rfinrrflurqm6uyl3dfifi
c!vt4
Inr.:nfrld'u{our,lSoorqtfionmilrvunnlvrdnof 6,:rflunmrild'truuujnrvr.r.rrnrfi firfinrdutu
-t a.ro a f,a , t !

d.rfrEin raTofrr5fln'ir Metabotism firrflunry:.rcunmfifinrcu,irrflurionmrq?rurfirTnuny

r{ruurnmrordrfidin Metaborism firfinr{utufir uri.:oontd 2 nryLeuud'n do

1. Anabotism u6s nrvLeunlrnirr rflunrvLQunrrrildflu[iln.rilr.:rnfifi
.1-.-y-.r. v - / I r! r q r' lao d alnfl'J110{nLnltd.l tPl?'lvviur0 ttlnfluu:ln.:dreLug:Jnt1 qrnntrfrfrIl rnqn rdn uSoarrofi

uvrid niu luTnrlsu oonfirsu rloav{oia rir nrfuoutnoonlsr{ trJrflunm6uyr?dfifiTrurnqn
n'.JOYeetu,6,dc.ilturu $nvilLnr{dt1{6dud'ufiou niu l:lrfiu uflt rirnrn nnfTltamrrn r{n0Tn6 hfu d.:fir!

c{rilmnilrtll{l,unmrqirrrtnd *nvlnrrah':du 1 ,uurrf,on.rrn?ryunvr{zuurto.:fi.:fifiin
tV

riu 1 riotrJ n?vu?un1tnir.:riu riurflurJfrffiflrfifr'0.:1fr?idwru nrrd.:rnmyviun.:fi{prrflu
g !o u d

nryulun 1tc{ ?1.iyl d1 n rufl 0.:1\x

2. catabot ism u3o n ?vl?un l?dofl a n r fl rfl unryrrunr ryrr.: rn' fi d rfi urflor

fi'Lnmtjoflanrud'rrfifihrnqn'[ur!'lrifihrnqnrdn rflurJfrffifl.rfifinm:lnnrrJnoflv\d'.:.:1u'l#

rurirtndlduri nmurutq
I

fi'l nrvurufl? Anabolism uav catabotism lurrndfir oTsrfin{ufl5ou1 ri'u

fiTdnmtFclo.:ntvu?un1?Anabolism Hrnn.ir catabotism fiqqyfill,tnarrrfildu rrrifir

nt3uQunlt Catabolism fi'ffnmr5r lrnn"jr Anabolism qsrirlfinrrrn?ryrfilTntorfirnnn.:

Fl?'ltJc{1tJ1tnluntrru6 n un v tfi undrrrutolfi t rrriavtf, nrs vfi nrrrru rrnn rir.l
v t t d 4 6 a y .r,1". t , qV _ c Anu 0fl'l{ ltnn1Nilxnd1[Jltnrudnnnltru'Lnr'urnn.irnrqrlfi'0.:nrrl{lld.:rrulo.tr.Juteg {.t't

nrnnX{ofi t so.ltrofTrulnurfrnr 6rrfiflofio{fi'Lnmor1f,n:firdwru neirr.ir .nd.:.11urirulpr

'lutannn 1rlfi4ryr,lru uriorstilduug:Jrl'utrJru116"' d'.rrlunrrfinruunydn,ifiufitfisytdftr
^^- --3i{ q r-^^! -..y, ! v G v ui ,Y- a01111?vlN?\n{{1uLttJ.l0u vld.:.1'tuvtnuttnvdn,ifrurritl:JriufiqyqnurJeanrvl unvn;aloqjlu

ulNv
ndrrutilo hliu c{uo.l ttnv4nr{rulo.:m{n1fl rvu.irrfinuuavdn{fidinroqjfinvrirndrr.ru
.---,-{-.-q.". J tt 4 q o o .{e <' atualuill Ldnlttndou'tur ilndn vtr.:ru uavrrrr.:frin rfrofit nru rrnyfrn'f'nrrutrj nd'.lrrufi

dtrr,,a
rr,l6ooqjnvqnuilranrvrhJo{tugrJto.:nd'rrrurnrfi 6.:riiornvqnuldflutilrfluvrd.:.:ru]upJ

1lo.t1\5

ruuudul riotJ



5

--1 .--ey-- q9r <. ( I u-)- t t luonslnuilquses nn1 ? Hll tv [a{us1 nyit ll.tyt rllu0 rutt no d t't{yto qi01 da
dt I I v C c 

^y 
t I

m?o.tq.:ltu rJ1?nu1[tn unvultil16:Jrvlfltil1un1rair{y{d{{1une1iliou lr,fln'lr1.i',trn
d - ,)e t nn! ^ d r v
frt trndn'i frri'uvrruo{nrfllfr'fiuhudn1 riurflunnldlu'l fl fi.rorqnn'rflrflurirufiu rirfu
unvffrtorrrtrfi trJl{uflur{orn6.:6.:riu{ucvfi$rilnrnlil lurruyrdflorTufif{nnmrirr{eu
r d .test & a I t.l 9^ v , & a o Auy a Jo,i

n1.l'l 1o.lvlfltJ1 !stlJut{oliln{tlljtou Ll,lLnnv{a{{1un')1iltou tt0tiln{$fl.lytLFls1nvi{yt [utuo

tfi unvqnrirruTurJrpJhirfiornd.xrudcui6nmfruon:llorsnr.r 6un.jr biflu (fuetwood)
!!

fi1il1tnlfi'ild'.r.:runmuSouldri'.r1ug:.Jto.rfluunvriru unydoaru4fitfiflurfluur,leisnd'.r.:rufi

6''ttJ1?niln uvruuSodil.rdulr,liltd 6rarrrrnilrrur'lfrodr.rrio rflo.: unytT.:du 6.lqyrflu
I O e t v - ad h r

u tJ !u{ u n 0 n 1 ty{ mt u1 n ? 1 il rc ?ru I o.l u qlJfl { 1 n d u t:l

4
{.r



d
uvrvr 1

u (fuelwood)

lfiSlu (fuelwood)

-''x ^ rf,nr,tfi.: d.rtfrrrqrnfitfitrl'rflohV unynnilrrriflu{nn6r"[unmirilrLtJut{ornn{9
UI

d9a dt v

anrvl'lfirfrBrtiluvldwrunrnrriou tfifllufinr']rildrd'ryrrd'ruriofinrsufi.irTnlriu rvlrrvrflu
- ! ,1 ,' d e 

"-^{aqfrvrrld.iru frmFrrnn unvnl}J'rtnfii'1.:unyzu6ndulr,lrj1{'16'ro,r renewabte energy rui

.jr1u:1n1:iuqvfinrrrjruucitnd'rrrudut rru:.lranrn'lrirfinrrflund.r.r.runrrrriou rdu ly{frrq - " ----- 
|-

d o ,6 6r )--..2/---_ !a \y4t I v d r - Avrr-u?0n1T ttFln Lluttun{v,ln't.l'tut}.r?1Fr14.i 'L:lflu6.rri.:nx rilurulleilylftlrufrkii:lnrrrlliluls
o 6r q v 4 s^^.._ ! - o 

" 
v .4;.AyAt q ettnvslLiluLuFl?'lt?ou [nutsilryofl''l{a{ n5.]rSou"Lutu:Jyr {.tFl't'[{'L:]flu"Lunr:uld'lorurr

Xura, qv - i o !o d d
uonsrnfrhiillufiftnxrflurfrorvrnrfrard'ry1uqma1un??ilun1flilrvmil rriu d'.tnruy'l oldr"[u

.+^--i^ = , 
- 

- A | + i uo - v
zun Lilnau 01til'l tFt?0.:lunlutil1 ln''rtl.rFrru u.:ilnru rirf.rtFur urfulrvlill 0l1,t,t1rl{9 { ---'

tv
dodtt4odr
tdurur nrn rilufiu fr .:s1 n nrrdl?esil \.A. 2s34-2s3s drraildr *zuuru.ilyr rfi ovi'zuur nr:
illhrXtUq,At,ou,t

r-i'rlffLurJrvtrfitilu nuir tfifiluunvtfftilfilfrlun1?vi1qn6rr,rnrerfi:-l?il1rufi{ B,s14,szoq

nrril./fl fiqnnir 1,432,g76,g68 u.ryl/fl
\v4 4 t1 , .-61-.-^-:., <r!= 4 , - ^ (\ 4 6 !"r!,n,
LtlY'lul.l?0 llJ tlJu?{ls0uvritivttflnnuqrnnl?rs5rUrnllnro.rfr{L1{xfrfrfr"lriiilo1f

Vyeadd'tr-EaIntaredur5titunir{uilevno:-rfufrurfludru:irynorr0,rrlli.rrrnd fl0.tLrndfirirr.rri'rfirir.:r
Iv,

vdu niunnqunrd'u nrrdflrulrrnvrr?nln 6v?{r.Jo'rn? *nyfinnirr.jr "lfi" rfluarrduvrS{fi9q-
v3 E a -a-.i--.---4---, .. "-. s.4^-^.^,-- 4 

" 
or& u, ,tnrlluqlnnl?.ts?rytn:JLFlfl0.1?\fllt1.1{unUu fltuo.rtJ1s1n flr{uAllxsiln'Lfirilo'Lf rrril.r.l,,A h ,d v a u, , 4 q n d d .iq , a u u-_ a a oia , o d o{urll}.J tutuO tl.l txu vw [Ltnfl{tnuq fl{fr-Lurilo'L{{uqyulrflil.tvl=tfrfryionrudslutrrny

4 ,- - r :-y q 3 
'n ,, ,^--.4-t- t1 y o !or 3 uri e qo'r1,1'l? :I{61}J1tn6{n''lFluunv LLtu til401n1fi ry\0tL rrd.t?{,t't{'[d unvfrrfr"lriifrolfifr uvrqS.l!

vtvt

qvpio.rfi ttrriltfiflN (cambium) d.:rflurfloifiorn3rydrufir{ (taterat meristem) rf,nnafirdtqv
o qrd d v

vr''r tl/ vlx il n 1 tr u 1 fl n x frr uri'rr r,llo n r r llBr I r ndu

9-rr
ilvl



n1y{d 2 udn.r lnr.:airr frulfi rinyrdohi

ln erc#rr un sa{ dilrs nou y11.r r n fi torki
Ir'sfi'?lil fi ulfi rrrinsdu niu tfiau:lryfi r{vr f, duily rn u^ r,duu c yilrynou firadru

, I t- t y u ..,, ". vrir.:1 6':fidorc{outor1finunm1{:lrvlsrf rflud'rfr'u 60-65 .a rdotfiaruaon s % n.i

tulnroirll 10-15 % no 5-10 % unvnn 10-2ao/o tri'jTqvrflur{ruso.l drfiu fir no$nyfln
.r s u q.^y-.-, . J, t, & 

^dinon lu $Jnn ncurliu0itl'lvflo.tfrt frilevnoulud?flrf,orEorirl1 unvoqjmrrTudr.:ruotjr.l
.l-.--v & d' I tAv t & J - .V ,rtducrTu rfrorEooir.:1 tduri rflardarn?ry (meristematic tissue) uundu,dun.r,
(permanent tissue) d.: rfi'efr'utfnrrouloqnrTnflun{fisvnroqjurirdordonlr ro.r?yuu
, 3J- crir':1 r{lfirflurvuudrtn'sl (vascular tissue system) niu lrrnt (xytem) uny ly,lnrol

(phloem) uu, ,ruudil (ground tissue system) riu rnnrrub,r'r (parenchyma) nroamrutnrrur

(collenchyma) uloamrorrulnrrur (scterenchyma) rflufru

tnt':adr.:qalltnrilf rdorderi'r.r1 finrir?lrd rfinrdusrntnr.raS,rrdug.,ufirdnfi

q nfi rSa n'lr n n d lt n dr,l n r fl tt n d ru mr u n r! r ri t.tr urc l rTu qu rfl u rdo rd o (ti ss ue) Tn6.: a ir.r

fir6nfirlnralorqndfl d1tJ1?nr?{Fr.:oonfi.:nmfi6inoqjldodT .rar.rqrni rrndurin;rrndlor

filfidi ncvfio.lni:Jrvnourvd'llru rnqnfi unnrirrd'u 6.:ri'r"[rinralir.:ruro.r rrndunnrir.:riu



hrc44drr--t- -t)-'d'vv"Jd00n1il t{nn10.11\{vlttfln00nN1 svtJ?il?1{riou{1.:nnil rrriNodolroLd,]ar{nddur qyll
! ' ----- - --- I

grJ mtun'r u u,tn'fl il uri r{rulr,lr!n ; rfl ugrJfi lud u il fi urir n?1 }Jlil uiluouro{ gil i.x rqn drlu
4'r-yActv
tilo.ttJtslnnellJttnneil.rto{{frnrLnvufi1frfl0{r{nr[urinvrtna''lurtanltolfitfun.lqv

a

ilevnoLfrrfldrulr,rr!1 3 r{Qu do zuri':mnd (cett watt) rdor{rrrnd (cel membrane) uny

l:lrlnvrn'r46ru (protoplasm)

J y d q ! !, y
rf,or{r.rrtnd tflurfio:-t'r.:1 fir{rdoreorftJrlnvrnrrqfir firirur.lrynorrot Trlafiu unv

\ v " vA t y'Ltfu unvsvvnr,lrirfr naLFrlJn1trl1ur{1oonflo.r?{1rn'tuuonrrndrl'llqTnnnIa6I

ftJrlnvr nr afi r.r rfl uairurjrvnorfi fi 6i nso.r rt n d fi dnreruv riiuro{ run? fi fi nnufru
A V t o rr h rdd C t hv A d

r,lfler nrdra{u Trli.runl lrifrfr Ennldutd' uljroonrflu firrnrdflfi (nucteus) 6.rrflud'onrunr.rI I -- i--

addr
ilqnmrvr.:dernfrrir{ 1 n'raluttnd unvttTnvrnrndr (cytoptasm) drifluroru,lne nd1fl

{u viorir 6'r t rfi or{r rtn d un vfi oo unutun d (organ net tes) uiu ur FQlo n (vacuo te) kTn nrou

tn?t (mitochondria) lrhlql (ribosomes) nonG (golgi bodies) rflufr'u rfluriru

ilrvnor

fi'r rdo riil rq n dun vTrl rln vr n 
T ad r q v rfl uor ri'rl ryn or l a.: rr n dd fi fii n uri rfi o r{ n dlJ o.r1

d d t .^?^s^^...-tt--A- ^-^- 4-.\-t ,t--.-, - ")- 4 uv t?1{Fl'lfln.l0.lFl1l?vnoLvl.insv[14.l1,lt08nQfrfl[J Ll dQul0.rrTndytr]{n.:rudooq'l6uri zu{{rqad
v 4 6t-.)- .a A9 - d o d r : , t v

9{ u.: tdaa tilu?{qu1o.l t{n finfl nd 1 Fr ry un vN nr r r qr tiluo r.i'].: u.t ril t't ys ydt fl vior4l

fi.rrir.:1 nruluttnd unvtflur{rufiufi.:ue.rfi4nso{fix rirtfirrndfixnl}J1?nn.:g:Joqj16'uon
---!--..r..U v Sr .y ' .l (r4 67rtt/v v d y v . 4s1nufl{tlflllo{nuLFl?.:d?1{rl''}.r"1 n1fl [ur{nd Lr Lr,r tnfl0unt']uonAxu zurftrtnnrolfrturi

A 4 e 'q da c4{ a I Y - t tnYxufl v?otttJttFlLut{nnv\ixt{natnfl'lnu svtinalNuuurwol{uzutJ.:ttnzittnnrirsflu rJil.:

t{nn'ttnnvitndso.rfiqrrnvt}i1iltri'finmoriulnflnr{ umd'uor-rY,rflarrryuqr{rsnd
!

(intercellular substance) rfun'jr finrrfin nltlJanl (middle lametta) filnvoqjrvr,r,jtlzuri.r

rlndrJgr4fi to.:txnd aolrrndfi'oqjfinri'u *nvr:lur{rufifi 6nflu (tignin) rfluo.lrirlrynol

rirutr,tr! $nvfl{il?vnoufrefld'rtrvrnrfiu (pectin) 6rrfluarafi{'urirlfrtrn zufraolrqndurj.l

oonrflu
tt a d d

t . zuril rra drlgr4fi ra?o r3u n'j1 zuf{ 6 r (pri mary wa I t) rfl uzufifi rfi nr rurvr ioru

ri'l nmu:-i.: d'rr o{ tfl n d ud{qr nfi tA'a irr fi nr rdn nl uJ a n l rde do rfl uzuri.r rr n d#uurn rfl u

zuri.rrtndfifitriterrlvhinri'nri'ul:lrrodxunrrl (firrur.:lrjrflurvrfinu) rflurafiouuldon

flo.:n'uzuf.rrtnri1fia4fi rinrlrvnolt:JfirtLitnqTnd (cettutose) rafirrnnln6 (hemicelutose)t{

ttnv d'tttvlFl6u drr,rilfinfrusvy,lL'irfinmrfierduuurluzufirrndlJgrqfiro.i tracheio r,l?o

ia6
trber X{tqtfutFlil

v

1-lofi



I

2 . rufq tt a z{U fi fl nfi r,tio zurir rtnri'[r,lri (secondary wat t) rfl umi.r rrn dfi Q nr a -'--- - 'ii"
,&^'nfr.:iuudlsln zuf{txnd:Jgr4fi uqnn1mfl1irlru'rnrde oqjrvr,l,jr':rurilnndrJgu4fi rYurdo

r{rrtndqnairruilroonld'rflu g d'u rif.:#unnl{ (s2)nvuurfi4orfirdofi:lrylrru 85 % ro.:

Ftcltll,tu't1lo.lzuti.:tqndfinrr6fl{d'rtorlulnrlv{uSn rururiu$nuro{t{nd'l,untrmr.:ri'u{'w
.J ve Y - - c Y -n'rriTs.:d'r'iud'u s, s, tfrord'rornff:lunurolzuri.:rtndtu s, fihlnnllhi?a 6s.id'caruil'1.:

v q A , o t|!/d a J 3 v t A tytTu'lufranrtf,rHvrr'lri!nrrilrilfrsQ rfrilTu fnqy:lrynouhl6']El rrnnlnrq rfluolrirjrynol{

udn rnvtsfi rtnqlnn druir rtndlorlfifi rn?ry rfiilfisyfi finfluilryrrru zs% uurn.rdu 1

niu gruoSu (suberin) 6rfiu (cutin )dfi.r (wax)

ani.:nndrJgu4fi

d
R'lilvt 3 ua orqlnr r.: s{ir{ro.t etf{ rtn d

dYvc
n1ilyr 4 rrdo.ituflo.tzuu{t{na

lJFltna 61llJan'r

tJu.ltlnnnnflnlJ

v-qa
ilu{[snailnfln]J

l!

mirrrndrJgr4fi

riovir{rqnd
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Z i , . d I4! d6 b | |

rfi o rdo nir.:1 lufi t ua vhi fi Trr r.: a irr:ro.: ruri.: rrn dfi rn n ril{ rYu 6,: fi zunvi'rhio.r ri
r d b 9d F t v tl-tV I N c I a d v .iltvnouYll.:tFlufl0.l tlJlJlltil1ruttnnn1.:nuhJh.Jfl tliu fl1rrulnN1 lotuilnnqyilil1I{t{ndu1.:

i .{ u -, o Ja .
Ttqvfrtonrvqrfirrnd:J5ilqfi fifirtnqTnnmvrflfir{nqlnaurn nonrnulnilr qyfinrilrrnd

, oJ t e r r a r d t d
rJgt4fifiraurn"ir otrirhvnoilr{eu'[ur!rflurtnqln6$ayry'rnfiil 6rnor?ulnill sfi,Jf{r{adfi

yt

uuluavfif'{c{rufirflutifrrrnr{:Jgr4fiunv4fia4fi nvfirrnqlnnunyAnfiu ufiunlunrjruaor
3 A I o d sd v c r a a -! t tdtuotgotvuLilonltnfl{nililu{t{adilsuqrJttny4nflq]Jytttnnnrlflu rtu ryliFlFt (traceids)

dv.lerlrrd
svFruti{t{ndfrui.rurilililul finlrdvdruro.:Anfiuuu1$rilri6ilrrnro t.Jfir{nd(vessel) un;

lv'lrroi(fiber) fiilri{rsndliur finrenvrqilflo{Anfiuuurlur{ourormirrrndrlfiu4fi

or rirl * no u yl1{ I n fi fl a.: ar fi rra d

nr:.rfitdneimrnudn"irln?{di'r.uro.rrurirrtnd urinyd'u:JrynoildeflrfruluflrQ fi6fln

'jr htnrtv'l:.t?n (microfibril ) rirurirfirilulerr.ra5'x'lfinr1]Jufi{u?.r fl.:ri'eod'luarrfiflotr{{
I v .4 q v I do, I .lv q I I d I 6

:JtvnoL 06tus1u {.:tllunet$0tJvrt1,lFt.igll ltny lunl1]Jrtt.lFt.t n1sytil?uLnnBilvfl{nni11 rI

n{nrdrflriu nrouninrn?ilril6n fir trTnrrlv{:-r3n

rov6laoaa
il?ynouruu06rus'ru nFlo rfl t.l r{nq In?{ ttnynnuu

6dtc,-J.l'.t?nn06eufl0.:tunn r{?uFter{olJylrJo.tA

lnrr.:c{ir{sfi A 2 *ay e fifi d.:rfrulfld'{n6ir.rsyfl.rd'roqjluarrrdor#.rao.:nd'urTurflu{u 1
AU

tilo.rc r n ruli,: rt a ddufi s, fi nn r ru d'r d'ry ri o q rua r :jG t orlfil T n6.rt6'fi n md'nr

tv.YA- ltolr'a,,ur{rutorrufirrndd'ufr s, unvnrjrurinvlllnrrtviGn :lrynoudus''rnnlrrlrlFTero.:lrurrnd

(micelle) uavfiuriurafirtncTnn finrririuodrirhlnrtvirin 6nr,lfi.rll6o z uriu krrnd uriny9A

d'u:lrvnoupicg uiluttnclnadruruurn flnrfiorri'uvrr.: drufr'rr so.r uuerlu frrulalnrrquI
I

louri (hydrogen bonds) [nvil1{fi1ud'{qrnrTu[urr1ufrefl van der waals forces uriny

rril u n n qTn a il rv n o L fr Q Uh tn q n r o r tn a QTn d fi o.: rdud nr fi or rir.l yn r pir ufi r.: lu uuo dum u dr u
hoc
Lfl[Ft?rsuLoun

4'3-o-
fr .:nmfi":nor rfl uTnfi mof (porymer) fi fi

-rten't?tvt 5 udn{nnuruvhlnrrtvilSnfi':lrvno:-Lduqrnnmmrupi'rtolhrtnd runvrqnatnas
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nrrfi nr fi or riurot ur.iurtaqln a'[uuri n vh rt n d q vurjr oo n rfl u z d'n:*rur 6o

dQurolutiunnqlanfi6orfirrrTuotj'r.:tflurvtfiflu 6tn'ir crystalline region 6tqvderfiorri'u

odr.:firyrfleu 70-90 % ro.:FrolrJflre lilrtnd qvr,flur{Qufirirfirrirutritfr rdoriu'irneiuto.t
o Jo ed a ! f, o qea a ioH 10{rtnQtndT [nnrnfl{nun1.luFttlruflefl{nurrnvnuill Lurnnnl?flfituuueuLU cross

vt

tinked riT'hITlrnrlnto.:rirlriarrmnirurnr{rhlld r{rufiuado6n 10-30 %to.ipr't1tJU'rQto.l

v t !a q , J , ?/ | $ - !+ -'Lilrqnd yr[fun.i't amorphous region qtlllud']uvtlJtvnoilFlQfltttJut{nQLnd ilflfinnnu
r , d a ! Y a v \vt ) q , ieun'till LrJlllu?ytLtu fi.:urq;frLrr{rld'.irfl tflo{srntflur{rufrfr hydroxyl group fivriolqv

I

- ! u,
Flfi{t_ilj1Lfi
!

.l a'o
n1y{yt 6 ttnn.ian:Jruvflo.ldquvltilu crystalline region LLny amorphous region

q y rfi u.i r ru fi rt n dfi Tnr x n ir.r fi rl a v n o r niq u a md uvr?du dn r 6r fi d'n uru v rfl uTyr d
I

"'- X u, , m r a ! q o a r t4
mofri'.rfru kiirri nTfltllsrnrn tflorfiriluTnhuqnnllrri6a rrn4Tna (cellulose) rafiltnqTnn

(hemicettutose) rny rnyfililriiun'rflrtatntn 60 6nfiu dTr,liuttnqlnn unviafit{nqlad
vdOOO,.e

fnnrqnFrn?eilriu.i1 lalnrtnqlnfi (hotocellulose) unvr{oufivr:-rri":6nfiu unvrtnqlns{ u6o

A o d , a o o ... &- a, !l , - d
rafi rtn4lnn syQn 6fl n.j1 6nlurtnqlnd (lignocellulose) uonslnf,{{fr dqufrlri rfludlTtnfr
6 o u v tlo . -l v
Luln?{ d t'1.11r0.: zuu{ t{ n n vr r?fl nQ 1 61 ?ttrtn (extractive) 0 n nlfl



o r d:l :v n o u vrx r n fi rnt rfl ut n €.: d f,r.:

golnrrilttnd (ceil wall component)

o s rirl ts na u il1{ r n fi yrdlxi rfl uln r.r

a#r.r flo.rruflrqnd (extraneous

scruslririreladl
nr iTular orrn vrt rfl uTr rd u{ n n1

lad'lpotysaccharides)
n s nr e1u Fr"r rira snr s d rfl u

nn1{ (soluble in neutral

t{aetafi (ceuulose) rfl u&'rfi rr.rof
Yaqd6te

fl o{ru"t nlatu n I 0t g2 rdo lJ no nu til u tr{u
Itddr
lilncn1 a uf oaval a tyt Et.: u,]{d2u

q v o )d"[u n-r rirn cnrafi ril u nnr.l

(partly or wholly insoluble in neutral

rafi rtnqlna (hemicellutose) rfl u1vr6 rr.rof
iad,vd,!.

lto{u'] n1nua1 gxu n [{o tJ no nu Iilun=.1d1,U1

u1n1n 6tilrann
q

n'r fl d 7 116 n{ dn Bruvlor I n qrl t o.: o { ri'il ty n o L yt 1.1 m fi I 0 {1fi

L{anTad (cellulose)

-

g/qovdda
td'u"Lu"Lu zu rh tr n d t o { fr x 1 n t f, nn-l rv n o r frr r rr n 4ln n un y rfl ud l 16 uvrSdfi fi o d r r ni - - -- ----- -ij-- - rc7ldurrN 

I

"luzuri.lrrnd lfidrutr,rr!fitrnqTndrfluorrirJeynorilryrrru 35-5s x drr,rfutffhn{rr'lu
rlrvrvralvrfl nrfirtnqlna oqi 33.8-48.2 '2,6rrfluu.r4fir,irhirnnqlnn rflunmlrynorL6uvrSd

fivrurnfi4r'lFr1r.rfi??r.r{rfi rrnQlnn rflunnfTrlarnrrnfifiri.l,rrinhrannd.r raio rfrrrfir:lulnrE
a 6 u aA t i'
drrfrnrnrrlrpi frr:lrvnoufr?fluilluflo.rhTuufinrnrrlrri'rfiu.rrfinr16flQ do D- nnTnra (c6H,206)
$- ! ' s c a3
Inlfrurinvliltnnnto-rtern4Tnd qvfrurnrn D - nqTFrn illnfi{ 15,000 r,rrjrflilrfinFiori'ufrr€r

t{uovttu B -r,+-tnnlnrfi6n d'rufiufiv covatent bonds surfinrfluly\firrofTrinr.: d.ru{.:ua.:
o 6ltd ."=I-t---- Y Y \r^ " iil1n nltulJnrudilLn Lrnvnluul ttmdtlrl?nAnu1'L6riluqrurulrn rrnvnl?frr:rneTnn'lu
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lfi finriufrluri'unyurttr p -t,+-tnntnrfifin rirtrir.r4uti'lilatrrrntjoflttnntnc{lff unv'lunaar
a d d t v io I 6 o 4 v t s -rq 6 4 d

x'r Fr n n{il rgrnFr?qrilenilnrn unvnrn rfiorm rirnralfirvi.*ufifi t6u1rri6'orl.u.rouuu

rrnnTnn"lrirflurl'rnrnnnlnrafit{rfluotamld lfififi2ri.:rrnd6.:ilrvno!drflrqnoTnd tfifl.l--- 1i-- - s a

r C d d o , ., ' 
11 

"odr{Lfrueqyr,uflurLrnyEorutju uuriouxnrvyi'r (tensile strength) 1frrrnn'jr zuri.:rtndfi

:lrvnou frQfl ttnqlnn itn;6nf,u
etviie-,e

ruridT rrn qTn an vtrja ynr r'lurir rurifia rr rrn rfi nrJfrffifl1n1?ufl ndnrfl d'rflil'l

(hydrotysis) tfi lerfl'[frnrerofiuvr3d niu nrordaql?nrrdoqrt unvnQriliou'luunlilrvrvrafilri
ty

arlrrn:lanfirfihirirnralfr qvfin'rrzufinrionnoaodqrnlfi firflnretaTtrrlnr{ lnyorotysis)!

6 teo qe s F .{ t1 v s Y a o Z

lqn4lndqrn'1il IngLtn:ndnilfn yrqruunr rrayn'r']rJtluFrl{l qutnnqLn?{ slnuuq{u1u'l--- 1i-- - ! c a I

nrnnnlnrntrlr,lfn'hlrfinuonnoaodtfinrfirflu lofinuonnoaodu?otovtfi'tuon (ethanol) tdo
a

o qyv A €
u't tJ1 L{ nL tFl ?0.1 uuFl

6l!tntrfi B $fi n{n1?ldorurioriutorilrnrnnqTnrn'lurtnqTna

rafi rtnOtaa (hemicellulose)

-

rafi rrnnlnarfl unrrrduud*rn.u'luzuri.rrtndfi fiofl'ilrvilrru 2s-40 % u]uas
6xaoavt!*oadaaSooou,(!.1

nlilL'LflLfi?Fl sunlilntt{FlA't L?fl vrtiluLv\nt}J0t d0.:tJFr1r0.1u1n1n L}J Lurr{FlFt'l [tFl vlt]

nlfLou s hrnnn lfr'uui ltlna (D-xylose) unvov?lfilud (L-arabinose) unv 6 Trurnqn 1A'--''- i- q

ruri nqlnra (D-gtucose) nrrinnrlnrq (D-galactose) imulun (D-mannose)rfluotrirlrvnolfi
i aY a d d a o -

s{olqilu''}nlnruprrfiull,t?oun1fltl.rn q1ulu 150-200 uuQr ilrt6fllriod'uunvfinrrrrnnfr.r
,9v

nlun11'lau 1
vt

rirn'rnhluu.roffinrlurafirtnqlnn firJ?rrrurrnriofltunnFirtriuTnrufidnrdru lnru

z - -x o
u'r1,lun n{u nnLF}6 61-65 % iu.rulun 7160/o nrunnrlna 6-fi % lrlnn 9-13 % irnv

aau't'
oyr't:t Lu6 uoflnQ1 3.5o/o uons1nflfl{orqnrttrrTua (L-rhamnosettnv3-o-methyl-L-

rhamnose) unv{lnra (L-fucose) rirr firfiorjluil3rrruriouilrnrfiu.:tritfiu tyo rafirtn4lna
!

qntaTorrtnr{ld'.iru,fi"ran?nrnvnvnrutd'd'rufr'rri'rnvnrflnr{ d'r}.lltnqndrrlrtri'd

\/A H
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rafinaqTna utnuti'olubihn{rtunv'hihunr trrnu (xytan) rflurafirrn4lanfinururn'lu

hi'[u n {r.r r{run qlnr rru uttuu (g r u co m a n na n) n vn u ru r nlutffll unru

Torari'rtrJnrri rnrrvvirafi rrnqlnalurdordototfir tri,jrqyrfluil'rlu rdfl.: ldfl,r 1r
rdl.:q' lfihn{r.:u6otfi'[Ti rrnusvqn uanrr'[ugr-lto.::..l?urrurnuln $qu (pentosan) nrnrqTrf,nr

tofirr (uronic acio)6.:tdriri nennqqlrfin(gtucuronic) unvnrnnrrrnnrrXlrfin (gatacturonic)

rrnvr.lTnrnlu,^q^,d'u,t (individual sugar) lurrnuu'rcnr.:0ru?nrruflo unvqTLl tff[uung
evfilGilrrutiluTntquilrnn'irlfflun{r.:'luurnrn'arri'u druluurnrioulfi'hn{.xs;fiil}:Jlru
tvluTnttu pirn'ir'luttnuurr fl'th.rrn'fl{rducfirflufirorq#u lannuat ptant) syfiil?ilrru
iv^iulnrrtu4.unn

@0H
J-o

,.,*A-Xo
oHl o*

,,@'s),q's.$r
oH 0H s,c

O-acetyl-4-0-methylglucuronoxylan : Ac = acetyl, _COCH 
3

nrr rd g rn prr d'Qo dx rafi rrn qTn afi nulutffh n{,r,:

..ff$,

cH?0H*q,
o-m oH cHr

's).@'
cHpH

cH?0H

9,67
cH?oH 0H

O-acetyl-galactoglucomannan : Ac = acetyl, -COCH3

otn nt t o rra nr.r d'Q s dr.: ra fi rt n qln n fi vwluhj'[]l uF] l
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H -/o\ H.

,onKgo-4y'o'
HOH

L- AnABINOFURANOSE

L- Ar

/-oa'.
'\{o'HOH
0- xYLoPYRANoSE

o -Xp

is
"K1,,)tuHr{H
D. MANNOPYRANOSE

D-Mp

cooH

uS7:;
H Otl

D -GLUCOPYRANOSYLU RONIC

o-GuP

fro:
"i(p-)tu

HOH
D .GALACTOPYRANOSE

0'GAe

H,
OH

O. GLUCOPYRANOSE

D-Gp

H

r"fr. ".)",*w
OH OH

L- R IIAIIN OPYRA NOSE

L- Rp

t_^
ts'. ")hxotp-Y

HOH
L. FUCOPYRANOSE

L- Fp

dYo.r'ioao
n1ilvr'1 1 rr?{Fl.tu'tn1n!iltnnntnillvrl\l1 tutfl}]tflnnLn?{ts

6nfiu (lignin)

vyraod'd'u{ou to,rtv'lufrrlnrtnuqfln (phenylpropane unit) rrrdorriori'u fi{Torflnrriltrfiudr
AAcl6rTtdtvAgri
dnf,unvfiqrualrifinioutr.rnrrfr unvsvdoufirffioqnnrorruioufi t zoor rflua'refitrlnynrfl
vt

f'r unytrinrarflluri,rvirnvnrr6uvr?dfirflunnr.r nrnirhX'6nf,urflunrrnynrflqvfro{ldnaor

unyoirtrflud'orxrJfrn?or 6.rflrnfisydrToroonrrlnflfitrinryyruTnrxnit virhif.:trivrerlfi.l
(t dd 9a

O.l FIU 3Y n Ol Yl 1.1 tFl ll Yl ttil q ?.1

A-e-c-a\s z/w
Phenylpropane unit

i 2 un oxTnx nir{to{uuc rllrrluwo firo.: 6 nfru

6 n fr urfl un mil rvn o rd rfl uTvr 6 m o f g fi fi fi fi fi r u rinh la n n r r n iun yfi Tnr er n 5r'r a d'lI

nlY,lvl

-a'd-f,!"
6 nf,uriluamrfr or.16 ntf, nufl.tfr nulufr n rfi n n r n n n r un vnr rluzurir rrad rfl uor ri

'ia-aed&drjrynolfifrodilryrrru 1B-33 %'[uzuri.rrtnd unvrfluo.rrirjrvnorfivirhizuri.:rqndfihrrlufi.r

rur{ilrnfioflrprnrir.rriutrl 6nf,u1utfi1un{T .rc{ruluqjnve{rSrru\l.ruon$oqzurirrrnd r.rlo

frnr6a n1$inn1 evfilnr{airludntothnf,uzunrrvu.ir.: lnefin (guaiacyt) unvlq?urdfln
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(syringyl) 6.:ft:lrvtrru z0% totrif.:rtndrioand'rlffhurnr fifir.Frrrufinf,u go.r d.nair

lutfi'lu rrnl fi fi ri?ru r ru6 nfr ur T 
n 1 s ;fi 6 nf, un rvs r fl f{ 2ri{ lr n d fi .r q yfi Tnm.r c{ ir.i rfl uln ri n

guaiacylpropane

ttdFr't guaiacylpropane

CHrO 

-to( \\_/cH.o-
Syringyl

ott__

_"/6\l_l_l-\\-// r r r

off.

syringylpropane

A u- q I r,l t b e
{.11\uyl.: Lu Lil Lu ttFllt ttny LN L:lni1.: uny

toA\_/cHro-
Guaiacyl

""Oi-i-t-
ffi,

dn1y{yl 13

syri ngyt propa ne fi rnurur nlutfflu n{r.r

",?o"
"? 

-o-
H@H
A- x-con

Hc-qcH?oHt -.Jg "3 
-o-

xi 
r o- cH x,@H

"3 I6J-+"
rA g-66^f xcoH

,,*{f *,g*, ! ' cto 
,7|..,o-!* x,cox \ ocx,

H@H HC-O

H!CO

HOHrC

o

- E -",1

""g'o'i'A *P"
Y,/ x^cos ./A'
J-'+" *.J$4"*| '5--

tr$J,o"*,
HC -o

H-COH HC 
- 

CH

,o{6}g "3-o-t*,

"J1&9."",HC-O
r**

,.*$',.o" x.?* 
",*0O-CH HC-o

lr
HCOH C-O

x,co$$ocx,
oHtGcl

d4'ecynrnfi t + tt6n{n1rrrorJ [u.iflo.r tnrr{c{m.rnnflululffluunrr
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d15ltiltn ( wood extractives)

6'r ?ttv] tnv il r u fi .: a r ffi h.jtrio.r rirJ rv n o r fi rfl uTnr rr a ir w o r n fii rr n r{ fi o qjlu grJ nrx l
"-A 'q r uo ,, ,1 v ! ,q , X !a ntvl'lvl0fl Lu?lJfl0.lu1n1n tt:l{ hru vrvrroq'Lurteulo'invfr rrny61?frfrolriil:vnoluflu

phenolic fifnsvv\Lludruqroluriutri nlrn?vs'rulo{d1?rril?no;o{'[uairurir.rl lorfr'utfi
dd,u,u3ofit il?lr runr ruil?nq v rrtn rixhjnrr nrQril6.i un yEis un nrixriuryr,r.irr dr d'uri'1fi.r!

tildonunvmnqvfiilSrrrudl?uil?nilrn'[urruvrdtrrri'ufirfludqudrd'rutu'h oanunym6n

6{ s vfi il?u r rur r n n'i r"[ud'] ur o { rdotfi a r r uvr rn fi r y ur n d r Arutun. rlt'rl rylfl q d1fi uiu zu n

rioc{nrflnilffitottfi (physical properties) nnoFrsu A u^rnAu unynirntrl5outolnrr

duorrl n'.trl,rrnfi'filnrr.rnirrrflu phenotic si,rfl'[unrrflorriurdorfinr''] rrnyrrlJar rriu mnr

lvrnriTuu (tectoquinone) uSonreuvrrndrflun'rrofluvr?d uiu fifinr rirt'[unmflo.rri'uril3flr

rflufr'u

dlrttrrnlutfifirirfirlunrmvruslfrr'ra (volatile extracts) nrnrrrfru (resin acids)
,9 .C r o ao(riroqjmlfur{'t??vt14l iifln'i1 IoFIorrfru oleoresin) arrilrynolilrymyr (terpenes) nrrr

tlfu (fatty acids) ttflt (carbohydrates ) itonnoaod (alconots) amfirilu aromatic

compound uunu'.rndri.,firiQudrruvrrn firfluareofluvrSf d.:finqynl'lur:lto,:rn6o
C or d dd d' a ,3 4 a - 

'
ttnnLtfltl lljundt{u}J ttnvlt}.Jnutstll unvtlul LnnotunludrilrtneyEnFnrftt acidic group

cjo.:0.:riilrvn0Lto.tilf{ttnd rfionm6uvrid'lutrinnrzurtufisuu].rFr fiqyur,rdousinrrof,uvrid

lugrJrie.rdrfrr (ash)

d r e rr rnTnr fl ri'Qtil $ilr o o nt6'rfl u

t.rllrl,nrndrvrufltri niu hlurvroffiu( monoterpenoid) qyryiuutA'd'rfllnflloilr
.jc'lddJ

tuo.:st n tilu6't trLT tnyl lJq n trl o n n t
2.3{'t?Ltil?nfirvrr,rttrild' r,irnlohlorrfiu urinvnrfltfY'luri',tli1nvnrufr.tflo'rilof

(ether) uSovt'tnalrrqrYorfitriumnd'r (nonpolar sotvent) rriu nrnrtsfu neprrfiu *nyilen
U.d
LFtttyroiytu (triterpenoids)

.,i ta Mr rt t q v o , d3. d1?ttil?nfrrviuu'Lri'lri'Lrinvnru'LupTqyrrnynrud'.]fl6ryof ttrinyn1fl'[uironnoaod

tdu unufiu unynmoylrmfi nr

4. a'''rurrnfi'ryuafllrilfr trinynrt'[ud',]drnyntflA'rro'rvrof irn;uonnoaod *ri
vYr44,"

nyaruluil'r rriu rirnrn uflr rrnvnrnrndorir.r 1
tt t4 'q, nt v6\ s e 4-r," io ,I,ttlJ?'ld'lTttvl?nsv ll.l Lx0.lFrlJ?vnorunn Lulnxdi'').lro.ttuo'Lf *nyilqruruoqj Lrultn

-A+vn'rin rfr o ifr tl rilor nril rvnolrx rnr fi 6ul'[uzurir r,rn dr orlfi riri a muyr rn fi fi zu n rio q rua r:j6
--.\v4t. .v-.-,-----.v hr F 3,

10.1Ll.tv'lu il{n1Fl't't}.J?0u10{nr?duntilt0{ Ll-r ilttJ1rud't?3yrr,ltj tLnyri]lrruduir
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OH OH

,od cH=cH 

&*
3,5,4'- trihydroxYstitbene

OH

::#""{1o::6xo oH
Okanin Melacrcidin

L^

""cd#* H3c-codp" 
"'

Betulin Acalyl methyl bolulinato

nt'rd t s ua nrd'rodroa.r,,nrnfi'nr"lutrihn{r.r

srnnmfin:Jrtotnrrtn?ry unrrfirynti Qs20) yr:r.jThiluni'r.r'lurJrvrnnlvrtr qyfi

orrirJrvnoltoram6uvr?tir,ld'n rflu rrnqTna (ceuutose) 33.8-48.2 % rafrrrnqlna

(hemicellulo se) 23.2-37.2 Z. 6nfru 19.1-30.3 X rrn$Gsn'j161ruil?n(extractive) 1 .1-g.6 %

rn ydQur o.: n mo f, uyrid fi .ro qjlugrJtord rfr.r o. i - 1s%

xci o o
Robinetin
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t ua oxGr r ruot rirl rvn or t o t n m6 uvr?dua vd iri'r 1utfir x r fr rr fi fi lurj rv ril fi lil fl
-u dd
(vrnutlunvnruy, 2530)

dun tlr rtnqtna rnutnrru anuu de
?tt01

aurirydr{vrf,

Casuarina junghuhniana Miq

61.23. c1 19 24.36 0.56

6YU,nli6.t

Cananga latifolia Finet & Gagnep

49.02 18.83 28.78 0.69

NYN?.I

Mangifera indica Linn.

38.58 17.53 34.75 0.66

lnrnrr'hluqj

Rhizophora mucronata Poir

45.24 21.65 18.00 1.94

uuvlt

Peltophorum dasyrachis Kurz.

35.22 16.65 23.25 1.12

lilsrfldu
Mimsa pigra Linn.

48.32 20.52 26.02 1.13

N',tv

Ne phel i u m I a ppaceu m Linn.

50.44 10.32 3'1.86 0.52

nryrtfr

Podocarpus neriifolius D. Don.

48.57 '11.60 34.45 0,47

6uFl1tiljfl

Pinus caribaca Morelet

66.46 10.95 26.80 0.1 3

aunol'[u

Pinus merkusri Jungh.

54.58 10.85 26.63 0.19

rtunrr'h

Pinus kesiya Royle ex. Gordon

54.43 9.17 25.48 0.41

6UvI.:

Tetrameles nudiflora R.Br.

44.45 12.22 34.72 2.8

d
qnlnLnfi n1il1a4rnu{6

Eucalyptu s camaldul e h sis Dehnh.

58.36 17.01 27.75 0.33
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ililfi 2

nrudsruGgo.rlffilu
v

- e ut $ da _-.-q_-9,_-:- +' t ? a h rr4 qevln1uutttJ?lqvLnnsvl.JQ?zuu1nltttnvulanqdLdu"'l rtu rirtnmltrF lv'lflr lr"t{
h Y4 t du o ,l ,4 o 9rl , q V u 6 &vlFlttvlu [tJ1nlu ttFltlulJgu.inlur [lt4urr'L{-Lunrrqldl 'l#rrrrtiou unyrflurfrorn6.r'[u

qn61t!ntTrurtilrvtnv nTrfitfiur#':In{frnrravrnflulFr6'r}Jtrnri'rlrrflurdourdltd'1ritfr
I t1 Y a q u h e.i{t-.-+!,, 4 v ,1 , t a do elrl.lltlFl'l1ile1Lt.lflntuFlsv tunilnlvlflo{ lilfluvrfrryirryruilnu rvlfl;'lrjrrqinytilnfrTrrxnfi.rtt

d I Ja ' 6l I I t v u tv v u . I
ttnvolntilrvnolfrilzunrionlt'lfinelriouunnrirtrTuhl:ir.r lfitf,nrlnrqyrflulfiorvrdlt6'drfifll

Vtr
'[Br duoqirl'lrln{arirrl unluflsd'u unifr.:fidrd'ry6osyfro{fiuo{n?1}r fro{nmtorffHun;{ | ' " -a' !
- ) oe

n n]Jruyto.i.l luyt s v [,f

Y,rdt <{ d d h ' ^ - X
LtJ y'l us v il n run't yt Fl l,t t0 lru 0 r q q yn q 1 ?il't Ft { uI

t. tiruu-n ra6anmrurjuto.:tri rfioqnrficitarinto.:1fir,r30{nq1nr1 fnqnri.launr
d F - -)-, "- 't4 tV j or. d d ^4jl,lioLon:Jail1Fttlto.td1?frnai1r{unrqr{'L:Jhru rfro'triarrmn rfiflL i6fl{qrunri:_i6du1 tA'

9VI v i 1,- -o v \v I y n q v '0tirlnn6ol rlliludt:lonurufntorlfuTod'nqln1 rilu.6'nrT airu:yra.irtrirr,rrinto,llfir,lSo
vtv

9/ v ' 4 ' F t1r 4 v t <J , o e
?nquu noilu{uuaail5rrnmo.:'LttuSo{nqfu []un.jr nl'rlruu'ruxju (density) uritirrirrj'r

uun10.t6'l?uu t!tilu!nLu'rl,tilnro.tu'ttl54n6froruuqil 4 o.1F11rrnrfrfla frfril3lirnrryirriu
v

riur3fl n.ir nx 1 ilrix{,i't ry{1 v (spec if ic g ravity)
q 4 Ata d I v I a-Luvt1{nrfln1v'tu5oil1{f,dnd 

nrrrrrrilulo.:d'nrqraSonrrlnr uil1flfi{ rirto,:tqn6rr
I

rioilureil?il1Fl?lto.ln1triu urilunrnito.:lfi 6rfinmr.r{ur{TLrTrfiflr{0.:un;fi6vr6ilnFioilen
F d o q , , 3 r.6 ! v

ttnvil?].J'lFt? s'ls'ttllusvfrolt-r.rronr0{ne1}Jduflo.rlfflulruyfrurnrrrlruriuriufrqfl

tvI Uvd d o
FtQltJttuuflo.l LtJytFl?1tJtu Ln1 =

rva' & Y
ile n10.: LtJYI Fl'l llJtUUU

tv9F l49d 4 ,
uttJl Fr ?1t 0.1 llJyt Ftx 1 l.Jxuuu

nrA &,
n.r,r. torhifr nrrrtfi ulnr 1

,v

ri'narinro.rrirfi fi rl?rr n r rvir ri'r1fifi nn. udutiu

he t d , hu- .. t _ 4 Uu 4 .J ,
LN n l { { u n n uq v il Fl'l'l tl ttul.lfl 0 { lils ; ttn n ri 1.t flu fr .:'lfi l r l t il Fl o 1 s fr n e 1 il u u.t rruu

rnnri.i{riurlnn'i1 z-g tvir nl1ill,tu'ruilutortfifizunrionrehirJ?}.Jlrunrx.rrriou (gross heat
+. J rrvar d F n-qdr-.il---. qr, vcontent) Fl0 Ltl0 LlJv'lutJil?}J1F]?tvtlnu Ll.tt4uvrunrrruulrriluqlqv'Lfiri'nFlJ.tcune1il50u

rio rail? fl il?ll r nr 14 r n'j rlfifi fi nr Q r il uur uuu ri r (o qru un vi rir, 2s24)'[uyn t n x {t rlfifiIufi fi
a I tle' t dv ,1 v t uy+ d an11il1,l1J1ttuuFl1d1tJ1?nlnnn Lv{Lnt{rfl ttriqyti.dnrnlrrrul1u:i4rn'jrlfiflufrfrnr't,trJuur

ttUUd.l
!
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d
9l1t1ityr 2 rLfi n.: d'nfl n1nrCI{ild{.:.ruqr nlfrln rFQL,r{rfr nso.:hs

{UN Lil

o1q

fl

nmuuur*dufi

(ouuri.r)

nir/rr.'

F t d\t
ut:J1run,t'tNtouyt tfi

(Gross heat content)

unnaoS/tr.'

qnrr6:.Jd'n

Euca lyptus ca ma ld u le n sls Dehnh.

12 0.91 4,143

nu:lavdrt'vrf,

C asu a ri n a j ung h u h n i a n a Miq.

10 0.75 3,250

A'

n?3nurut{n

Acac i a auri c u I aeformis Cunn.

12 0.70 3,071

nrvfiufnr{

Leucaena leucocephala Lam.

13 0.67 2,917

6vlln

Combretu m q u a d ra ng u I a re Kurz

4 0.65 2,745

6vtfi't

Azadi rachta siamensis Valeton

5 0.63 2,718

t9
rir nm rfa ufl o{tn1rfu n1il (heat of com bustion) rilunm{nr nit nrryu ioufi rfi orqr n

nrer-JnnrJnour,rio4ord'lnrQ1r.r5ouso.rrJfln?urrnrfi (thermochemistry) 6irrdofutfr"jrnirnnu
?--.lf y.= -- v-.--_ti- i s q9 J a !a , da dt0uvlLnLnnslnnl?3{un1ilvl?{tl!tru l0ru LttnLio.r!0friTuner rrnnoSfrrnof (calorimeter)

.^d^^d^-o_i _ ar-^.-.^--q_- !., v 5.-..--e- _y-- !l , q, d e v tlFIt0.11.10{unu qvtJfi1uI0{u0.i vtNttU.itllutudnndluurfl'tlloil-lfiilenuTonelliour{t{
4 l4vuTooonqrn?vuuld (adiabatic-jacket) nmfiriuT urnitnrruioulJ0{n1?dun'1ilsygn1n

rvlf,ndcstv'1fi1'[uLrafl1n'1flto.:60nfirsu finrrtld'u 25 lr?fl1n1fl (atm) nrutfr' anrQyd
lsrtlyt"''LalornrrdlousvnnttJl'lutiodrrnlltJ?n:sunnltLrflufrrrnyrrrf:loutnoontrr{'urjrflro.r

!t

ne1il5outo{n1?ffun''lrldruilaT ruS4vr:5-fivrmr4Frruiluou flardrraunrrflu irnrao?rioTrun

J--.---5.-..+r!4, -- d ' ,l ,- o _ 6t d, v arqlufi't?ouvl?uvlLlJllsdvl0rtu trJ uuilnluuFlrr-lu unno5rioniil u5olnrionft.r
; ! 3a -^.-^.-q,_a_. - -\v4t -lc _-,- -- ! s. 6l ? , vn{vl]]ontn{4iln:lLn10.t Lttflufld o.l't.rliil{fr6o nrr"LfinitFl?1}JioulJo{nlrdun1il

. tVlVAt d I I v I d , &
4'1 ttrttl.tl4usvtJFllnelilioulolto.rnl?frun1ilil'rnr,lSorioflfruoqjri'lolr{'rJrynouyt,t,lrnfito.l
11 ,, v 4\, t e t |ud dd.lti d'.rfrld'ndrorrudrir'L{ilarrduvr5tirfluorri:lrvnoilud'n lfruri lrnnTnn rafirrnnlnaaa
i-i-. 1.q.\u ' a d F a dds I I r d o o,
n nuu r.l Lu LN ttrlnvflurl svNUil.t''lruso'r61?duvtTti n'r noirr'[rirvir rTu 6lvtr'lri'rJStrcu
l $ d a !. <' -'[aIBrrtqu 

n1f Lou rnv0onB tsu fr rflun'r 4frr rfluairuilrynolluTnrxnir.lrolh rn11nfi

druQuttnnri'xri'uoontrl Tnrflfi'Qtil rflolfirjrynoLdru nrf:rou 50-55% unytalnrls u 6-7 o
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trnvoonfitsu 40-45 % orEfi'[rlntruiouturdotfr lfiuri laTorrrquunvnnfuou :l?tl'rru
I-$----f. X io nr t t y t ,1 vtfltn?n1tu0uuto.lvlvt't Ltnlne'tN?0uso{nlrdunr:Jrol'[r]ririnvtilnrunnrir.:flu

r,rar.rd 3 uapxnirnruiouto.rnraduertho.:nrrduvr?tifirfluo.rr{rjaynol'[uzuftrsndfl0.r

lfi red wood

. a o -{.^q^.- -_e-l -Ja r r vu0 nq1nfi1?0uvttu vtt:J uo.l fl:l?vn0L10.: uu.t t{nflvtN ila Fi0 nrr n?rilioullo.i n1?
v t t1 v , -..---- d-.--t aa '.1 I he .{ t ! 9 AeA r r€{ufi'lllflo.l Luttn? 6'l?ttvltn t{tllud1?vrtJoH Lurllndflo{'h] ttaviloHIndeu1o{riu'1fi lrj.jtqv

rflu'lur't.t'hnor rrjdon fi{ d'ruflon unvrdotfi ii.:firirfirflurrfiu arruv,lmfiuofrnr Lronnoflod
drA^,dvdltfluon rn6our filtiltvnoutjrfiu dl?il?ynotltilnfiu d1?uilrnrunirfiur.rrfiorfinlrlt6'd
Avr v l-..-q_.c_.,6r F q e ,6d v ,$nv LllFtlnelilt0u{lli.ittusvNoqtilu:Jirrrurdn{oflrrrifrfrzunrionirnrrrrufouro.:ntrdunrrrJ

,Fc
G

ta
G

itc
G.aag

ec
rp
F:o
vc
Ge.G

I rirnmliaurioun rirr I rirncruinuud.:n rin

mild 16 uc{n{ne1ilunnri1.rro{ri1ne1lliouro{n1?dun1:ltorhirJryiqul{xfrn riourrnv

tfl nno.: o.r rirhyn ouyt't.t lrr fi r or zufi rr n d
rirnrrl iouso{ n 1 ?ffun tJfi rirr,lrinoL uli.l

C. v
LLnnot/nril

t{nqln6 4,066
A6

rflt]rxnn [n6{ 3,980

nnuu 5,060

t v o a'!o or t v
tdurTu uavli]utttql,ifi.:frvn'lririrnQ1il5our0{n'rrdun1ilrorlfi'hunr:l (coniferous species)
dr , ' I!4 l, 4 qy6 r 6dilrirncuSou6{n'i1 '[lILun{rt d.runox'Lriuiu"irs{muilrnfifirunriori1FrQ1}Jiout

5000

4500

4000

3500

vvvtd
un{fi n n fi lttLil tn ne u lLon n0 fl on-tLu{u
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ruc{n{il}il'rilnc'r}.r5ouro{n1?dun'rilsro{tfiilry{arrttfiorriouun;udtnrrnrTnr

nrrrrvrrnGril, zsqq n.)

xuFlltJ

1l?t{1ru

d1?Llflrn

il?{nn tnu

4
tlonn0flon-

tlJUflU

l,

FllFll',ttJ?0U"1
Vv t

lJO.i LIJ n 0Ufi n 0l

f{1?rrr?n

FllF't',l1}J

,v
t0u"lun{q1n

vi 1n1?6npl

c{1?ttr?n

na1il trnn

F]1{10.1

n1A'11}J

v
?0u"1

avtfiflr (Ganua motteyana) 1.82 4548.73 4273.54 275.19

{r.:tri (Neesla matayana) 1.94 4,838.31 4541.01 297.30

drurir (Dittenia putchetla) 2.22 4629.32 4440.59 188.73

onilnrriou (Endiandra macrophytla) 2.25 4509.50 4427.65 81.85

r,t{rfiu (Eugenia kunstteri) 3.07 4626.08 4377.52 248.56

fr'uvrg.id1 (EI aeoca rpu s mac roce ru s) 3.32 4404.08 4296.45 107.63

6cfrouun (Sandoricum beccarianum) 5.62 4812.18 4449.33 362.85

n1?u'rFi''lFrIrIiouto.rnrrdunrrllnrr trrior unra01fi rnoftfiorfi rfludonfi tsu uoril

irrrnoifirnrof (oxigen bomb calorimeter) qv'l{nrnrt:iulqdn (benzoic acid : C6H'CO2H)

rfl un mr r n ?S'r ud'r llr tnri rtfrlnr fl
. AW rr O, lU o

urzu.rhil:liou'lrlilrunyun?{Tu1Fr o0 mesh ttdQil'rrrzuar.rrir 16nriorl#vror,rrrn
v avl' u o 14 tv a 6 t J a v 6 v v 6 t

nnntnnlLlryll ttneil1[ll0fiL1IUUJnneflLFlt0.l]J00fittlFl n1?0tlqYn0{0fiFlmQnv 2 tuf'l FllllF'lq!
t9V

ri'utrj udQilrtild'{riryrin rit,lfirrfior firfirirr,rrinlilrfiu t.t nir.rtrlr,lrnirnnuiou lnrrl{
^{i'd6oxror!artFlio.t Adiabatic oxygen bomb calorimeter 3{'lu0ntilFlu1t:.lolltuno!ilqilvnilil?vtJ1il

'105"{ rflurrnr t2 d',rhr.i rfiouril?rr*^r.u{uro.:ri'qodr.rffiorfirirtrjr,lrrirnrqrriou
,tvv

16orvrdq,liod'rotixro.rbifludrvn'uriT r,rrin svnnilrtiltr{lflufrqtLrdorviA{ ruflog

& A 6 v d -i , , Yu rr"
rno rnn{rnnuoflsyilnQavlvtfltltpllFt,trilflrQfiuodrvr,l,ir.:rTQlv,h4r rfio rflud'qrirnrc.l}JSou'[ug

Y u t q o o t a - ,i c
nr rq nrdunrrl fiq rlv,lfr r unvq vvir'lri'rfi on'rrduorrrlfraur rni nru'ld'r rrsr nr nroq ff'rtta

-a.rot'oonrrsuyrllil1nrnf ir\o finqrNd'u 20-25 ut?r.rn'rFl fufinoruunfifiirnrnriTqri'uts.rts

ritrrioror.rfl riouunvuffrnlrdunlilunvndr.rruto.inqnfilfrlil rirnirfrlfrtjdrurruqrn

6iln1t
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Hg = tw-e

m

lorflfi Hg rflurirrrorruiourornmdunnrj fiilricurfluunrnoirnfti

t rfl uq ruu4 fi lo.:ritfi rrn n ri'r.r riu'luryu.irr riouun yud.: nr rdurrrrl fi

ililc€rifluoqarrrnrdfld

e tfluzunnrulo.tFll'tuSourornrrdunrilrotn,ln (0.23rrFlno?lrru) ri':t

nrnrrrrc(fiudrfl rflu rr. )rornrn1n rvrinr ntrriltl firaurfl rflurrrnoi
.-q-.-r-q-.. A 3 4 loro , 6
rL uu ril 1 6ut 0.1 rt o ril 6i.t t,l i0 n r 0 s r { yl-16 ! u rie rJ ril u n ftl

rfl un dw r ua r q nro.r rnr6o.r unr n o?fi rn o i fi r,trio fl rfl urn n oi ni o or n.r
.--.4- - 4 q , ! di hul{n[dflfi {ltllurirnlfrto':tnr5o.:u'tlpiqrnnrrdunrr:Jsolal?il1nr51u 6o rilulq6n rofinr

(benzoic acid :cuHucorH fivrrr:iri1nr,r'uliourotntrffuoril ,jrrflu 26.43 fiTnsnFionf,rl
d ' y a6 ..^-^31.-1-^ru-.. d' o_^.-.1 !r_--..-! a:.-,-d o F y i14t0til1n:-J 6.34 nLnttFlno5nonfil) tlouur'[{rTlrrrTorrrnrnoSilrorofB.:nruun:J?trruuryr

udorirtloufl nr.:fi do z,ooo fiTnniu uia z.o 6nr nrorruuhdrr qyfruorrrlTrrflnmqonyrfiorfi

25 o{filtxardsn nrtlfrl?tuln1flto.:donfirqu finrrud'u 25 Lr?sln-lrt ncrriouqro{nl?

duetrilto.l nrnrtuulq6n *nvricrnrlo.r o;rirrrvr(rl'rfiraaiod'c:rorurioqj nrnnrrd'nqrura4frfi
:g uo 

o
rfr uiulo.rur fr q yc{1 ur rnur rir nQ r ruiouto.r rnriortd

w = Hg(m)+e

t

Hg = rirnQuiousalnror ruulq6Fr

m = lBrurrunrnrruuh6nfit{ (nir)

e = ilngilrorn,rrilioudrfinqrnnrnlorevrfin z.e

runnoi/rru. ( r,16o o.go ?n/ilr.J.) rirjpnlelulr

no{n?nsn ryrin fitr,lfihj (fir,lrjrflrflu ril.)
Utt = FrQllJlrnnrirrtorqruu4fr to.:rirfilfrr,lrio

I o rfl u d'.: rin y rioun r rn n n o.r

m
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n1fl.:d s unrxnirRrrtliousosnmduntltorlfifllu:-rr.rrfierfifilu:l?yrilfitfla (fieu.rr,

2515)

6lltfstug (volatile matter)

!o trra, , . '
nmfr luhifr druilrvnortot dl ttn fi ri'.rfi rfl un r r6uvr3d un v amofiuvrSd ammrfi

rr,lrirdrfiolfrfitrr'truiou Ltnv6onAtsu qvd'r}Xrfinr:Jfrn?trvrT .rrprfi 'hiamryrurunrflsflF,d.i

--'.'tfluar tunto.:nhuunvnr6'u otir.: uiuarruvrrnfi r:lufiairurlrynor rvroffiu r,lloarefi r:luq

aromatic compound r{currnqvfilnrrdoor4rn.ir too"r ffi016'i:rnrrlioufi4.rnoqy?yr1,rfl
d a t.,oonlJl uiontrtfrnntnilnlflxfiosrnnlrdunTrlto.:lfi rriu nrnoyfr6nr fi.:rfinrq.rnnratalnr

t4 c a d r 
'l)

Lnn ovLtflilnnqil (acetyl group)no.:lalnrtnqlnn tor:orrqmrurirflrirl#rfinrnr{uunynau do

qvfizunriorvr:rnmu1fllq Lrnvnl Tnrflri'etilambvuaer'[utriovfioql 75-80 x d'.:riufirtfirflnr'lnr
1

dFdqvA6a,Iydht!"
vtiltulrufl'trtvtuufrLilu'dunm€iil5orflufruoqjvrn otjrrrriu ur{lfi fikJur,rl'ryfisvd.uJr"[fr
-it:Jur{ornn.r

n 1 ril 1 il?lJ 1 ru ?{ 1 my rl,r fl s y fr'o.: fi n r r rn?fl tl {a rr fi s v1fi 6 oI

af9
fiun [r.r

rir nm rufo ur or nrrfu orrrl

(unno6lnill)

n rvfr u(fi lr u) Ac ac i a siamensls 4,792

tirutudo.: Nauclea orientalis Linn. 4,794

nryvi'ou Sandoricum indicum Carr. 4911

dtradn Cassia siamea Britt. 4441

tfltlfle Parashorea stellata Kurz 4853

:itnrv Cyno metra bijuga Span 4560
d

FlYtFlflUlru Hopea ferrea Pierre 5001

Flltf{'l Fagraea fragrans Roxb 4791

\14x1 Zizyphus jujuba Lamk 4781

tynirllt Afzelia xylocarpa 4761

tvtndo Dyospyros mottis Griff 5205

6z*n Combretum quadrangulare Kuz 4937

r{ytpl't Azadirachta indica A.Juss. var siamensis 5046
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l,crucible lerflil't crucible l:Jrrurluin'rrarrlv{frrfiqrur,r4fi zs0"x uru 3ourfi udrri,r

oonhJliluln4n'ntrtd'u r dtluo d.:ritnin crucibte udtiTt:JrzurdnnF.rrafi.: ufrljrnd'r
tvtvv o vrro v d Vr r{.:q r q un rvfr'kiurufn nr.: fr ( rrn n ri,r.:lri rfi ut o. s fi n h n ir.r )

^ v- - -t- - .Aqy^-..y^ ^^q-t -q-v..-v t' I o r,r , .r e2. Fll0u'l.lvl L{qvn0{u1tl.l Llrtt1,l.:nou ttdoqqurrurlor nrrlnlrinrrr'LdtrnrHrnqutfru
14- rtL rtn y n ? 0 u'1.: yl t.l Fl s y Fl 0.r u l ut n ru t n tl5 1 u In e il ry :t r ru d'{ f,

oaq'
Fle0u'1.:ytuflu,tfiturynelny$nt{1u,tn 20 ru{ (mesh) = 0 %

!aq,
Fl?0fl1.lyltJ1u'tn tilrynelnyLrn?.:uu.tFl 40 til{ (mesh) = 14.5 o/o

.aq,
Ftl0rj't.lytrJltu'tFltvlryn?1Ftvltnr{lu,tFt 60 r}.t{ (mesh) = 18.7 oh

a'aqr
F|lofl'l.iyttilu1Flturyn1l Flvttn?{?Ju1Fl 80 ttJS (mesh) = T.O vo

.aa,
Fl?Ofl1.lyllJllil'lFlLUr_Xnelnytlnt{TU'tn 100 ttrfi (mesh) = 3.4%

ia6,
neoUl.lytuljulnrnnn?'tFtytLn?{sU1n t00rr.rfi (mesh) = 56.4o/o

-o.- y- - -'- .o'a-.-1{1Fl10u'l.lvltllulnn1{"1 nuu}.J1Lr{?eilnu nqnmdl-tfr{rflu udrrfilliluyt-ornrrt

rfirtritff rfi o rfi rt{d'laf,uuril?rrild1??y rlru unyd rfir riol:J

n13u1il?il1 ru6't??v tliu s vilr Firo d r.:fi in1fl ilt{'lr{n.rlu cruci bte ilryrrru
11 0.00s ilerrll crucibte rirlrJorlu{'ou1v{frr fiqruraqfi 10s'x.u1u z d'rh.: udlilr

! u, , I

crucible oonlrfr.rlilrhfiululnqnrnrelildu ilryrurru t foht udr6lrird'rodtfiolu#.:

udn1u crucible :rl#tfi,hHrlilflr 6io'fo q*r4fr16'fi gso"r.u1u 2 urfi udQrdoil crucible

tjrr.rfiloupiruufirrio.ttrrl ulu 3 ulfi ufrr6rrdou crucibte trlor.:druluro.rrrn yiiorri'.:

rirnmilpril'rrnrtv{frr tflut'rnr o u1fi udQilr crucibre u.fiitfirfiuluTn4nrnn'rrdu r ,ihtuo
:,! - a
n{u1uun tn0u'tlJttJ 1 ru?{.ttty tl,tti

:.1?HrrunTrvtuu (%) = rSrvrinouufi.r (nir) -r.irrarinvrd'rq,rnoufi gso "r. (niut x roo

rirrarinoruri'.r (nfu)

-',!o tlyy , y,,a
Fl'tyt Fl'tue u Lnr n o{ ttn n Fi 1.i r]u'L].t tn u 0. 5%

3v
?lln1 (ash)

. ' - a' a.\tallt a , I I 6 s I d 4 dv q <LrlflilnFltl.J0ul LtJfluut0nrulttzur'Lv'l riq;rfiu'irfrto.:u{.:FdnEruyrilurJ.l B.:r{Qu
ddd,z-.,;,

rr1nfrAl1ltvt1Lu6ooqjudrqrnnmrzurlufi i3fln'jr drfr'r 6rrfludrulo{61rofruil?dfi fiod1u{
trirrnvfit lulfirj?rrrudrfrrfiilrvrllil 0.'1 4 o/o LLnul,o^i.,u.unu,irfifir sy" firorqqyfi

el 6aaduzolriilrvnourilu fi6n'r unnLdsroonttni u:.rnf,rfiEJiloontrri rflupiu fit,l.rnfrrj?rrrud,,i'.
d'd

tudooqirrlnqvfrzunrioilrvfivr6nrvr'lunm1frmulo.rtrifilu 6o ri.r}lvrd'.:rrun?1].Jfgunnn.r

unvtflunmvlunrarir{pr flufi16'srnlfi$rinvrfineytrirj?rrrud ui.r unnsir{rTutil n1ru1



27

I

rj?r.r'rrufirfirto.:lfifluarrumnr,lrtd lntrl{d'coti'xrurlfifiilrunraur:Gru1Gud.mryr1ru lilri.:
tutV

'[upnrzurlllfiT fild'lqcuu4fit{fi 250"r yriorri'.rilnrrh crucibte ulu 6 d'rhr udtir
9Vv

crucible oonurfi.r'hirfiululnqnrnrrrrdu u1u 1 dolu.: d.:rirr,lrin crucibte rrdrrirhJrzurdn
Y" rr,g ! t e v t e

nri.:'lurnrtv'ir4rfiqruu4fi 7s0"fl rfluunr t d'rlrur firhXrfiudnnri.: ud'rd'rritarin fir rit,lrin
t rq - a a v I - 'o - )

n nr n.:lri rfi u o. s fr n d n iu 6,rs y riluutarinfi q yri'rtrl'h'[un mri l uQ rulud n t{
I

Fdv
% ]J?l.t1ClJlrn1 =

vo v VlI I
uluunti.: tilouttl,t'l

x 100
vvovd,

t dL1 9 o I h r r

Fl'tyr fnq'lnn1?Ft1uqu syFto.t ttrirtnutnu 0.i %

aXr
n'tfq n n n [y,l Llncn']tilo 0t

" .u dt vv aLila{s1no{Frurunouro{til ruorriil*nau,uo.:6t1r6urn6eidfi nrduau uns

latortrqu rfluara'[rihidrfiornred-unrrjld' nreqorfiorlviduoeiriudnerairurorfitarir
I F 4 a { ugar v t & 

t 

"* 

o

riarJirurnt so{tfiorilA.:ra6o1ilTlu d"rrirfirurn lfiffn11nfiqlr'llri.ireunyrfinrflu

rrJnrtoirEr tffiairunrarionuasrir'lri'rfluiuuTsrfrn 1 oeir.:rriu h]fiortv,l frqc

rl1l1?nsn6orlv'l (ignite) lriirer rrurlrafi rEr unvrirlrird'ornfi.:du 1 6nqnrflub'l1d'

lriur.: (veneer) fi u#lnv3 orfiorh'ltrEln'irhidn uayri'rlri?.:firur or rfrn rfl uan

ufl ?unosa gluoT nr nt urEo rfl unlerfi rudnarairurolfi rrafr rioilBrr nrrurndu rirs
'lri'finT 4orfiorlv'lrurndu ri.:run'[rirfiornrmrrfiorr,t6ounnnrss'relei nrrqnfiorb,,lunv

n'ttruoelllotlv{ei':firirutfrerdo.:n-uFr?1rJuuluriuro.rtriilluoirs ,rrr.r11*mudfinr.m

r.t ur u ri u r r n s s fi nt ?i e 1 n n'i r1 ffi u fi fi n r r ru u ur uri u air
9 rIEt da , J

tJo Fl{1 n't1 [tJy{ u14 tJ Ft?r ruraur ttuu nr

rrhg
Ltnsu n In.:oel Inu1u llnutq

ur.rudu (moisture)

I rn{ !+ d va6l 7 qvo , tyvt & oLtiv'luvlflFll?1]nru6ilLn Lunlr?vtl,tuur LBttirttnvtttt{.10r{rU ty\?'tyFlt'tilfruilnr'tril

dufiuf, nionmdunr:JunvnirnrQlrSou (catorific vatue) lorlfirrn Trrtri'rhjfirhJfinm#uuilr

tolrlq{t qvvrl'irtfiorLu#'rfirirnrqrriou 4,s00 fiTnunao?riefilanir.r lunrrrfiprnrrdunrril
---4-y3--...e----- ^^^^.^--\^^y^^- r'- a d a h r v Au,
10.1 [[J{{qvtnnn'l??vLl,tr]flo{u1v\?0}.r1 nLnl?tnnflrtBin Ly,i nruioutolryufr'Lriqlnnlt

dunrrrJqvriuo^.,,duou.nfr'o.r'lfrnrruioutlllunrmyu,lu.Srl#rfluto d'{rluni.rnr,]triouro.rtfi
A X hr4 Z

s vn n n{ t}.i 0 ne 1 }Jxulo.t l}.t }.t tJ 1 n fl u
tV

do 6l r dd d 6l / d 9 v , o aao .e i 6 dn1?vlu'l tlju6'l?il?vn0LvtlJulnildn Lutxnn ttnyNne1il6rArynrod.rild4n o'rriuutfr
3-.-!q Ir,, t\2J^ I 4 3.1 , !rr, hrr q , 3i ,6roflLuLnorsuL{'[6 2 dnu no ur-lur{rufr'Lrjnrrrr?n?vrlru'Ld rilur{euto.1urfrod'lumjrol{!s

aiQuilrvnoLfl0.rd'r?Auilsdfirlrvnorriudurfluzurirrrnd tilaurrnqvr,ir'[#rvruuoonrrlfr
a,atrd

uons1nsvfrn1ttilduuuiln.rvn.rtnrfito.rru1i{r{nd fi.rqvfinre,tlld1d'rulurjfrnSurnrrduprrris&l
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unvtnlrlnfialollfi rravr.i'rdnr{ouufirld'urirl.da.u.rnryuasld 6,:firunrio4ruc{uilnrorl}i
dlft9-a
fluotirrlrnmrri'{fizunsvr'zunriorirnrelNiouflo.llfirfluodr.:0q tfiflufifinntrdus{.:qylfidr

nTrrufourirn'jrtfiflufirrrXln'jr d'nBruyrliudrfinduriutfifiufiilrunmrJirrJq.:q*o.nt^u

nmnrfirflurirud,rfl

€ltvnrer'lfi 6 ttnnxrirnrruiouqo.:hirrnvrirufinrrudurir.:1 rfiluri'unirnro'uioufi 6nrQvoru1i.1

6rydn, 2s2B)

1' 
MC.= :Jfurrun?1r:f,u (.tr)

z 
H.M.c.= rirnrruiouvrinmr{ulusru;fiur (runnoStniu)

3L 
H.o.D.=nirnrcuioufinnr,ryo,u$fit(unao6lnflru)

tfifllufilfrqrnnmd'nrtfirrlrari 1 qyfiil?rurrulo.:r.5rfirvu,rut6' u6ofirinn.jr nlildu
oqjl.r1n 'iT rfluqvfro.:inmnnril?u.*^r',udurorlfifllu rfi'orflunmrfrrulJryfivranlillunrt
.-.-r1 e q t F .^^^-.y^ - & e o lr e ! otzu'l tvltJttnv tull?il1nlFllrlf0un.:nu Jnrtnrrurlfiurfrr'lunrvrrc{01n1fi6.isy rfluntrn^
il?r r ru nr m r d ut# ru d o rJ tv u'r il 2 5- 3 0'2. a n r ufi fi q ;lfr'lu n mn o r lfifil u nn efi r,l d'r n, rfi o fl o.r

tfinlriuncriru
y9
til n1u

M.C. il H.M.C. z H.O.D.1 M.C. ll H.M.C. Z
H.O.D. a

Tnrnx'h.Lrdn

Rhizophora apiculata Bl

37.00 2969.06 4712.57 27.09 4873.61 6684.47

lnrntblr,lr!
Rhizophora mucronata poir

34.37 3123.66 4759.62 22.11 5544032 7118.05

T:.1a.:un.r

Ceriops tagal C.B. Robinson

38.12 3092.37 4997.25 25.19 5128.17 6854.90

n1n1

Bruguicra parviflora Wight &

Arn. Ex Griff

32.47 3272.63 4846.07 26.21 5166.56 7001.43

a1llyIu

Sonnertia a/ba Smith

32.99 3094.88 4618.32 31.47 4402.92 6424.90

FlylJUfl',l?

Xylocarpus granatum Koen.

34.77 3144.20 4820.49 32.16 4815.12 7097.34

ilrn*n.l

Lumitzera littorea V oigt.

34.67 3336.52 5107.03 32.52 4632.92 6865.63

rlryffn

Brug u i c ra gy mnorrh i za Lamk.

33.66 3204,48 4830.66 24.10 5576.00 7346.46
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v & Y y , r a ! y vvY qw
riunrorll6urrnyulslndnlil$'rndoru rriuilu 1r?0 u'rFn.: rrnynerflnEluro{no{1:lriulric{r

d!

i - a' g - f, d & a s v e o ue tqlnilufiu ty{o:lo{nuu']l,t?0F111}Jxuq''lnnu nnonsul0{nun1?tfl't?11n'tu 1il10{!n1n n1?

ttl,"rdlt I qv t vt tv \r+1 v ,1 u
no{ luy'luno{ L1,t01n1fid1u1tnil'luLllu,ideunl{ 'l fl0.in0{ L}.r Ln n1?n0{ LNrrnnvno{Fl,t?1,r1.:

e 5il9 d t o

fiuuny o1slfldte1.: ri?0r.rnr,]rJnunouul]Jrno.:firlun?vildo1n1fl rflurfiol#nrvrrdo''rn1Fl
, ,r.r! 3 d o 

^a*te;r{ 
yUvq X

tl'tu LFr F1 fl .tltu n q vil 1 11,l Lt.l vl u ttl,l.i LFr tt?fl u

uu 4 t,
l,lJUlJOUfl a1{ Ly{Ofl n E1Ufl O{ nO.: UJa

n1v{d 17 udn{d'?€eilrnmnoqtriflu

nrafihirfluc{rrdarrtlrnQnunvnlflnrrtrduld (hygroscopic substance) fr'tfi.r1fi1{
o - !a ! uv X ,3rr- !!-r X I uv X
luu?teilil}JnrJ1iltud.t [ilsytlFlFll1lJ{u unm.t Le LuvrvrtJnelil{un1 [ilsvn1flnellJxu n1t

&' "rL' - i !, ! o u, , e i o
n n ttnyn1fl Ftl1u{ullo{ ltJuusvtn nluquntvvt.l Fr11iltu Lu Lt.l til 1nL n']'t}J{u L1J01n1Flg

& ut d a !'o ls t Ne v d
n?1ilfiuro.ilfi (moisture) r,lSorJ?rrrurirlutfi ur:-j.rtd 2 dn:gruv nro

d ?- d e t 
'

r3fln,jr ur6nrv u5orir{u (Free water) firovoqj'[ugrJtot to{rune to fiuoqjri'rqrur,r4fr
tvy a dl c a !l td I 4 d v t4 I td r a

ltnJn?1ilnu n1ttilillr?0nn10.:u10dtv [NutJnnonl?flFll,t?01,1nne10.1 ltJ ttFrtJt{nn0nltFlFt
I

h r o u hY

tv{ unvuluunflo.: [tJ

X a ? i tq v " ! u, d d , U -z. neTHfiura6oriT fioqi'[uzurirrsndtorrflohi u5o6fln.jr ilrdr (Bound water) rflu
j Jt, o 6, t4t o . ' tr d v v,

nrufiufifidcudrd'ryrio4runuriGri'x 'l to.:hi Tnrurqfl'rvodxE.: n1?Enrnvunrnr'Qro.:lfi

?. X a - !- ,
ryrrlvl.illudQuf,svfiLtr'i4ord'ufificrafir (surface adsorption) n1fl"[ulnt{65rtlfi Torufinfin

e v tv v , - XA
nur,lu{r{ann?flrr{nnd'll (adsorption force) ux4n6'udr,fifl,l{0.:rTL rta{doru,tflur?vu.j1.r

hraqnrorrlrriotalnrtquLouri (H-bond) firfinr{ulurrnqTnd rafrmnqlna urnvfinfiu 6r
x6dabt
LalnrLsuuoun svLnndufi u to.r oH (hydroxyl group)

rfiorlnofll#lfiufir rirr,lionelil{usvlvu,rufifiQtfioon}rlrioudlu'lu "l lp'flF,mll{u
di !, , r t .

syrnaouylr.l'tu to{e1{?vu.jr{rrns{ rio{.jr.rnluluqorrcnrq0 (vessel) rray tv,lUoi (fiber)

fivr (pit) r,l?o trlnurrf (ray) uavrio.:"jr.rfifioq|luzuri.rrtnd dordotfififin?lilrix.:d'lrvvrv
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. aJ r r ' , tu . ., r ,
4'l'l svillioffjltrirll rr.rrirfrriofl '[umrrnr.:{rll '[fi'hunu viiolfinu rrnylfi1un{r.:fifirjr
ilfintursvfi'd'nnnmfiruilruto.rri'rra3oncrrd'uqyrirnilr mro lnran'fir6drv'lurior.ir{nrfl
'[urtnd qvinn'oufioonrrriouTorflnlt?vluflsvrfinrdufifirriour{cu'lu1 qyrvrlrfloonrrl6lnrfl

nrrdl (diffuse) frrti6capitlary action uavs;?ynta!.J{ornranunryfi'.:ne.p{u1o.r1filvir

ri'Urrtruduto.iu?ttrlnlfifioqjlorarou ru nrmu{udur{vrf,unvfiqrura4frrlu 6uno'rril{uro.l
lfiftnrd'ir il?rrrunrcrru4'uar4nti (Equitibrium moisrure content) tfififinrmr{uldqnf6'l
----4 q d tl , u . __g, , n dr ,aU aFl?1tJtu Luolnlfitfan.Lilttti.l (air dry) unrlnfrrio.:"j1{nrelurtnri'lilfirjrludn1uy1o{run,)

oqjrnaulonrirQld'jr avd'Ln'rril{ufirir6nrvlulfiryu,lfll:Jeuuil0,urifi.rd'rti.ro{rd,.. r3fln"j.r

1prl,nr'rFr (fiber saturation point) h,ififinrrrrulilu4ln,jr1or,lilrpr6sn,jrtfian

rirunmfiqvvirlri'1fiuri'.rpirn.:trJsrnlnfitd'nnrr{uarqntifr'or'l,d'nd'.:.:.runrrriou

r,|iornrio.rfioniu {o:Lr.r'rrirt nm'[{qrur,l4fi to0'r u?orrnn,jr ortririrlitfflifinp.uduod
tnfl 6fln hiourrfi.: (oven dry) nri'r.nufi'HqyriQgdrlfi'ilTluzurilmnd ralorjr.i'uuartu,1.f,

rio.:'irrn r l'[urt nd mr doufi oo n ilr d'Q fli6nmd lru (d iffusion) .d'n rr nt adrrruq y rfi rdu
^:{ .--^:d--- 4' .r ^JonrrunTtfirfiulolqruu4fi fi.r'6'nrnmrndoufrrornnrlfrulur.nirrrnd nv{uoqjrTuqrura4fi

rfluodrtrrn nTri'r'[rlqrura4firfirfius''rn 25 -100'{ qyrfirud'nrrtnldrux.1u gz ryir rjrdu
--.{-. .t v eq di ivltOllo.ltuac-[ur'.tti.lttnrifiqvtrrnoufiriruTnt{df1.:To{rqnd lnaordflncrlrrnnrixro.:
:-J?rlrrur,crrud'u r{runrud'ulugrJto.rtorirqvmr6oufi drsnrrilunnrir.:sa.:nc1ud'u1o 1i
--!3-r- ' .{ r | & ? |

vttltol'ir.:u50riowrll.irulo.:n'Jrl.tfiuttnvil1fiou rdulfififinrrrilriQ.l,i,tryt1yC.t.l qvvirlri
uo9

n 1 ?ry r1rfl fl o.:ur rrn y n r r rufi ud I I r n ttn ;'[fiq r $t'.1 s r n

nrruril?urufllT udululfi loetermination of moisture content) iflun.rruriounv
1o'rr.i'rurinto.:rirfifiotj1ulfi rior5'n,tfnor.r uri.:ro.rlfi n1?lrlFrQlr.Jdulo.rtriarrrrnurld'

adunlflef t{u oven dry method distillation method electrical moisture meter titration

method hygrometric method rrffiGfifisillfftu#o.lilfrrj6n.ru.nd4^6o oven dry method
4t"- q i -ix.r l.rlrurt ou lun 1 ?u 1 Fl I 1 lduri.:il

t {ru6ora'ond'rrrvrulfififra.:nmurnrr'lu{u frr!(riurilulritu.rorlr,rqj nr6

ririlrd'nrlnTfld{ flr'tlilfioan'lr r v!nr rfiotr}1d'd'rotir.rr{ruro.:fuifi1riuri.:qurfiu11 tunrni
A1-y--l- 1'---, o 'o c 6

vt Lnu5o &tcotir.:iltur or tdnuTo tfl uzu{ oT e'H cruci bte rfl unrtwlunlmo{iud'Qoiir.: 6.1

n r t u v d'r n ei'n q v fr'o r r.i r u n 1 ? 0 lJ $n v d.r ri r r,t rin bii ri t,t rin nr.r fi ri o u
l,v o - -.1 -{._d-_, ! u . 1 ! u Lz. r 1 n 1 ?x{u1uun nuvr vr rifl n ? r ilr r,lrrn a or u5o dr ra rin n i.: utn

s. ilrri'oor.i'x1firiu hJou lu{ou fiqrura4fi 100 r 5', uunrruior5rurinro.:

tfrlri ul d fl u url nr r,r1o1fi url.r n fi vr
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dry weight)

?{}Jn1?

+.rjT tfrfiuri.:afivrhhi':6nn,i.: rjtarinn iorad'.rfl,fun,jr rl'rurinorufir (oven

9'
Ovb. u'tuluunnt{rr?n

9' I o 4 t\ v
|!a til'l il un 0 L tt1/.1 ]J't Ft't ul rull't Fl ?'t ]J x ult 0.1 til q 1 n

vd
ilrl.j'ttuF,ll'tilxu riT r,rrinnri.:urn - ri'larinorufi'r x 1o0

!-e
UIUUnOU$U.1

J
n1rr5loildn1il

Au, .j qve- o ! q v ra a r- q
nrrfr lfisvrfr 01l dnlil'Lniu fr til0.:rrqrn:Js{fl unrfl odr{ rdu r-Jfr n?urnn rJfr nSlr

tU

ntfilfind rJfrn?mvrxrnfi unvrlfrn3flrrr{drinflr nI1}.JrAflu1flfirfinfiurflo{s1nn'tnfioll
, \uy 4' a'+ea u,?' t d t v r d r 6q
dnlvllr0.r LtJouruo.rlJ'rslnd{il{eFl !nrrn Lufitl ilnen uLel}.JLy[J']ylFloFrru?{}.ItFiLunrr

t

o, 3 A r, J 4 u, , n , d .{ ;
rilurn0tiln.rlro.rtlJlJ''ln tuo.ru'rs1nn''l?rfiolJ6n1v'{1r0.rL}J deu[urysy[.1n1?4r-Ur?{fl}Jlnf,1r d.t

VtVt

qvdrhi'lfifirit,lrinnornr dreinl#nrrruururiuro.r'lrinnrn.r1rifirfl !,]nfinnn{fiuolsrfio.r

il1q1nn1?drurduo.:ri'ila;noLdrfiuc{'rrduvr?d *firftu amdulun rflltarBrrnunv6nfiuas

ruiln{d1nrfltfi

iln'tn (termites) rflurrun.rfifiN1nun1a{fln tdu rJnrnriprhiur}'t rJnrnri'nlfinorr.16o
Vt

tfiLflfln rinQn'[fr6u :lnrnrixl drufrornmrtnqTnd"lur.ni.rrrndto.:lflolfir,r6o{a4du1 fifi
9t

t{noladtiluo.:r{tjrvno:-r rfio'l{rfluorureudn1unrrdm.rdim rflohifinnrlnQnrfirvirnrflqy$ '--' qi

,,i6rada'
nndourrlfrfludn.)v\tilufiu unvfrdnlvirufiCIuv'Io{rir rilulnxnlil'lu urianrvrnrfluonri.rFl.i!

rfir

ronr (powder-post beetles) tilurnrnrdntfierr,rfi.:firfrtirnrt1fi uriqvfid'nrsruyn1?
v o r r ! u\ | !,

tll'lvl''ln1flurrnn1{s1nilRtnn?.:vr FtQttnlo.rNonr qvr{rtrjrr{lrinrilrou*nnroltfi rfio1dv1n
qt v , L,t tv ^ & Ur^ , X d ,o urY

LiluFlQ nloouqvtfl''t t:lnnnutuo [[J Lur{Qu1r0{n?yv,{ rrnvsy}.tnltnonn?1L0fl [u LiltJu unru
,t
s O 6 -J4 ,

Fl?'t suLFttrtlil s.tttld'n*fr*dnnonnrmrtflud'rrui rqryuflolfioonlJ1n1flilon fi{6.}il't?nilo.t
6 6t 11 u ^ l4vv , o 11 v dt t , i

ru] u iil urki n rtl f r lfi fu q y rs 1 y r{1 yt'r n 1 fl lfi s u 11, d o uri zu I rr dr I ufl ,:{

rulnr yrrirnrstfi (wood destroy fung i)

v o t1 , 6 t .a d y A vn''l?t1l'ril1n1fl til10{ruFl?1ttFlnt{uf}}.JnnBruynt{au tuo.tN1s1nna1il0io{n1?
o A, - 6 a

o1u1?flo{tfia?']frri1.rfu tr}n:r tfrnr white rot sydltJ''}?ndous{n1uo'tFiil?;n0Lro.ir,lti.:
V9tt,

rqni{rflot#lA'ri'{ ri'rufirilufinflu unvt{nqTnd 6.rn:-r.ititarinrorlfifiqnvirnru"[ulTu4orfr'ru
VUt

qvfiritrrinnnn{fi{ 90% n'rrrfr'rvirnlatolrfinrnsfrnfi syrliulA'rriu{orrfio{srnfinmr,i1nrfl

,v
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A a d o Ogd Uyd .a.{hnilu 6.:vtr1fifrlo.:1fiEnal sufrfrrro orqruotrfiurfluradorl uloorsrfinnrflrdufirro6d:r
- 3 urA-a
nLLUO tl.tvrfl.toou

$

ifinrar lfin brown rot qvtfrrd'rn1flrsy,{1y1ur{QufirfluTaTnrraqTnnrvitlu rflo1fifi
d t &, o d

Qntfinfl n{lflr{Trrrrnt€Jsvqun.:rflurix1 rinva'lortrifiqnulnrrorown rot rfrtirnrflqyfifi
,
oo6ao'urnrn n1?vl1n1alo{ tfinr1 tf,ot brown rot qynLtilnturtndtolrflordo il?16n rrnv

Yrda
lil l:.r o f ril 11 v rfl uL? uQ rrfi fi il?l.r r ru rr n n ln d N 1 n$

--^-+.-q^^^.-t1 
o ll v{r d o o I 6 u I

nr ?fr tfi n fl t{rvn nr ulfifrlu fi zu avir1#q run rffi to.rtfi r:J d uuurl n.rl:J rqiu fi t o.rtri
4r '! r r .---q- - 4 ? & u, X 4i
v^{utilnfl u L:J n't1il d1il1tn Lunl?n ndilu1 rrnynQl}Jfr uslnLmul nr ntld'4,rfr u rfrorqtn nrr

irjdtuurln'ril1{nlfln1il uavvnlrnfirorlfifilu rsiu rfinfl\flJnrd* 
^rlurururiumrKnnn.rv d o 6rL)4y4t .i o s 6 a tt r, & t y Au,Ltnvfl.i}Jzunvl'ltl,lLtJv'luvl8nil1n1fllnflttnild'rl.J1?nFn'tv,l.:rfldu rrrifrxlilioufr'lpiqvnornl

6 t -9 11 V q v , d o o I r I v u t

svtfiu'i1n1rvnnrulfito':t1in?1d'{nn1Q}.Jzunil1t1,tFr1ne1lliouro{hinnn{ rflollr
d F d v,1A t t v d hy t , vvs1n6rytdfl0.tPll.J?vnoLvl'l.ltPltJlJo.l Lil L:-ln5o11 n:Jnrrrdflil?n1o{'[ri rrnrRirnrrrlioutorlfi

-.-.-.-.-.-.-!- 4 e'3A r" o e o vv tq v n at n.l tx u tFl u,t n uu Lt J 0 til n n il 1 n 1 fl n,t u ttl.J n.: yt.t a 1 u Lil tt u il n 1 n tJ o Fl

y o t4v o t d 3 q a , u tonrrtrirvtrnrfl'hito.l tt:Jn{ olsu'r rora:lofro.l rfro rfinrmfrnrfr'rfurf,rhlvnnt€JtfflA'
q d v 6 -g^-..-q-.4-q-v v -9----y"uy+& | v u v v oLulJtuytflfllnuLuntlnsvtlludo Liltrunltnrvrln''la ti.LriddurriurTu n1rflo.iffun1rr{1yt1n1u
vrv d e ^:^q-u-z^Y^...-tr,qvq 1,_ q v o u,!8.JlJo.ltlrFlt1 svFlo.lvt'l l1,l Liluutt1r.: Lrittera4n rv,l?'tytlin?1 dltJl?nr{.}ytrnrtlfittnvrn?ry
.-o-.+-ls< ! C ' ' X Auv- a3'^rfrlTmld'd frnrrrrfru 35-50 % uSonrrrrduur,rflolnrr,lrrn 6rrflun'r'rrJxuyrtls.rpr.rr.ru-ro6?v

,6 r ,! X.'oqjtfrltiol'j'')'tlJo{ txnd ttFifr n?1ilfrunrrn'jrqnurrn filrjnuirfin1?rfi1yi1n1flr0.r rlin?'t

d'lneirr dQunmflo{riunmrfrrr,i'tnrfltfifluqrnu}Jn{vi'rn'rulfi uonsrnnmr,irhi'lfiurirud,)

fli frotvdn rdn{n1lfiLtfiflutfftuanrufiaio uunr rqiu nrrno{t{finfrrFu lornlrit#finrr

?vu1n01n''1nfi6 nmrfil1fiflluti"[uddAutf,u r,rlorirtrlt{1nfrqoilrjn,]n u6omnfinmvilnln

flo.tl.lofi rflufru
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Uilfi 3

fluufieril

filurfiull (extruded log) ttiofit3€rnriufi'etil?r rdornhldnruvi.l (fuet briquette) ulo
&Ad,
tdotil6{tfrflc (green fuel) rfluldorvrdrfiQilrnfizufrnlA'qrnfir 6{fi6nlurqnnTnnrfluorri

!

ilavno:-t unvrilu{aqtflBrrafl.rfinrl.rrrnriuT 'Hvrnuvrutrifilu nmzu6nfllurfiuil 'Hud'nn1r
trv

tfirnnrruurrrilurdorvl6{dril'tn (densified biomass fuet) lrrudr{nqriulJvir'l#firurprr6n

n.r rrdrrirhj'o prldrnrrruur udu srn#ufinnF r.u{urul d'o rnfirnr n'rrfi:lryrvrfitilufi

ilrvtlnrriQulrar!r.jr;norordnnrr rnren?n?rll 6.:fi{n4rudo'lfrru6ofi.:vp.:nlrnunrod
a

ll rr dr 
'r1n lri'jrqvliluriruoi'x1 to.:drfr'u 'h nrr u.Jdon t'o ,.n u?orauu,rn'udou..rnqr^.,

\t, uv , 3J 3 t .y-.-^_i, .3 ," !an??lJ trn1.i'l LntLn lLnoEJ nnl :lrvno:rrfuntrfrilryryrrtd'loqjlurlnlrnrfifiornrao:LQu

(tropical and monsoonal climate) 6.rfinrrrunlnunlulo.rrVuqfit.iruruu'',nr'rl.''lranrjr
qtr $-e-^^^-.^?g.7tval{,,6r do,dt'JlLxll?vtutuFl'luiln{{1u vl.lv\tu'l ttu rlnn:ltQr rrnvfrrLn irj,jrqvrilufirlun{tflorfrt
6 rdl A t I vrrdnrrldos (gymnospermae) unv fitnron (angiospermae) fir:lufirlri'iflotfi unvtrjhi'rflo

4^y -?--+.-q- o. Y^.--e---.o Y y--+_. A or o !a a a 14e 6 u,4tu vl'lvltllul'{xorqduuroorutju ?ailf{ {tfrt frtrflufrtfr16ryifrlTnld'rrnr$rurnv tnyl.:
v

ilrvalri'lunTtnunrduoqjlrn:lrt rrlu r,r{rtnrq:i BronilQrulo nronrud'o{ tilfl1yrflnr{
l1-.-.--vqra,Xr,d
tNfl?1vIr'?tl.Jrl'l 11il1n''l tlunu {rilQn tu6irildrurrrifro,lrirj:vnolro.lfinTurrnnTna d.rg

n r l r r n il n n l a u u * A'o o. u n Q 1 l.t So uq r n n r rdu n r rl ler u n e{16' s'.i a.r il r rn ilr r r zu fi n rrl ufil u
a urYZ

tyttJlJ tflI,:du

dnrrqfr 7 tlaor.:nitnrr,tllsoulotnrrffuprrrJtor{a4 rr,l6ol{rr,ldefilvrl{n1?rnBn? (n6jt1

r,!'zuurndll ru:htri, zsq I itit, 2s44 "tJ. {plu.r un yn ruy, 2s2g)

tfr nrto.r{a 4 u,rdo16rudofroy, r., n r rrn:r, r nirnrrrriourornrrdunrril rrnrnoi I niu
fddv

Hln0 nyrt?uuLrlr,l 4,115
{r{'r?lnrr 3567 82

ttnntJfiL 3,086.21

v,lr.r 4,148,
nvnlilyv\?l? 4,631

lrn0u 4,461

rfiB1fiflr{ilrer 4,580

zunnLx?'t 3,034.63
v

uru1lq?s1-l 3,016.34

lnu 4,1 50.06



34

9t9
v 4 

^u 
d a -j.4 q 

' 
o q9 6 d a 6

e 6 E tu n 0 L{ tu n 0 il.1 vl 1 { n 1 ? tn lJFl rvt l.t t ur n 
-Lu 

ryi a r I r rn uu r'L{ rfl u rfr o ry{ n { Tn fl n ?.1

I v Y c ne*..{-.-..a.q a , rd d 6txu {.:'[11Ifl0 Lfltllutfloty\n{'lunltrtild5 nya.lr.lvythc riln-on1r3flufid1il1rnritrr'Ifr'lu
I' u,v .-t_ -r4_sd_ ..qv! i^-le_-_- , J q\ , i obnltU{n1.l011,1'lt ttl 0u'l.l [?nnn1t t'f t{0 ty\n.ryrrJFl?1r.llru1rruun"t.l frlrjrvu.r'ryfrsv'lfflunrr

,tvttvtut
v v d6, - d dd.{ Ls' 4 I t 4 o dt a € dq{nilnutFl10.:Ln Luo.lslntuovtvtN0qslRnt0.rrnlo{In uSorr{rrrirrnn:_rfi.lrfJurfrorvlhlur{qfr

.a q q q-. -qrrot 4 a q r ls1. Auv d , y v !tJtu'lntnnn?{'ltlltnu1l.t'l ['itlutxotnn{ Lunl?iltnrl tnr]nt-Lfrllrnrrrnn:: syrfiu.jrflr{fiqfr
o 6t d a _ l9dtt V d 6 d dqvu'llJltUuttotv\in.:vlFlttvtu Ll.ty,lu nrurnlturntdn L1{u5€!neM,lu'tttiluFt'til1nl syu,t

.l , I r v I o q , d t i a'of, q, d rtJ1Lx.:'lilttJdvn?nun s.ls'ltiluFr0{NqrJntnirsvr'tvry,io-LfnrrL{.:ru!:lrydilEn'ty'tq.t4Fl n1?

:Jfu:JqtqruarfFlnflnlrtdilnQriluururiu6.:6nr,luvrrrr,ld,rlunmzu6n rdorvr6.:ufi.r6nqfin
--4-1-a!'--.-.. -y- irdt o o .l , r!.ro , ,!,,

1r u.: t { il n n Bilv n 6 1 fl 
' 

1il il u un v 6 ; n ? n-Lun l rur r r'L{l r u ril q il n l nifr fr ,i r ra ur t o qj vir trJ

rr ll'Llltll!71\ll"tutYlBNtn'elrl'lTPl'ltllPllJUFl:'{$?n tUlnnylutytilnnUtSOt}J?n1 LUll A.A.

1930 (il.PI.2a73) lorflirtcnrd.:rir.:ruoqilulrrrdofl do R.T. Bowtinq rfluriilrvfiry,f inrio.:,ffns _ ..v,_,_,qi_-_.,_&i,,.

ytat.rJ__--s-eiYqo!,
n 1 ?o n $y1.1 y,l u ryl u tJ ril 0 n 1 ? A 1 t n n 1 u n il ur n'LuJn n fr :J ? y til fl fi u is o t}J3 n r

d9
Luil

..-.t-1 .qy -4 v d 4 , ^.!v v ! o - &A -j .r ,. c 4jttvt{{{'[{tn5o.:o'olttlJL tnhtcuSonngdrfl46o'n ufir rfronr{rri rdosfr ru6ooqj'[uTr,: 16ouilny{
-----.Y--.-Y-. 4 q eq , v v vl e 3 aunlut0tlFlu {.:uonqlnstt]lunltttnlruurunrti.i?{Mrndi't.t?'1fl'[ds1nn1m1flrfrory,td.i

'ffnrrrvi.rtd'dndefl dT r,rfulurjrvrvrrrlvrulfrfinT nirur?o.rfio.ffnruvi.rqT nritilryryrrtrr'16'Lunm
-.i--{. .{ d & a v 'o qrv..---..^:t-.---4,, A , q Y ;- -unFlv{uLvluul,lrot{otiln{0nttvl.llnfl L{'dnrrurlrndaruSoangrfronrrd'trflunrilrrrnfidlr,r{n

'dilouuriu fio n.o. 2517 $Fililil?vdun?1ildrr5q otir.rlrfidflurfifltlfiri.rnr.rrflufinu'lqlorlr.r
li,.jnd, l

6oarir.r1 rrodr.:riotflor luil n.A.2s24 (nndn,2524) fifltvu'jrfinrrzufinflurfirrrfio
o r tv , .^^^.:_i.<--.-,,_..-, .^-s_-.<_- - u 4 d q , o Js'11,1u'1s0qL1.Mu n'l?t{nnttnOfld0ttvl'tto'tlt{tnoflsnr{1{rilon Alu.inrrfrl.:'Luil Te,ri6orJ

o.o.:J. z {.:ui'oroqnur
Or'lurJrvivrrtilfi:ltludGonzato o. catan tfr:.Jrrfiujflurfiuilfiuluil n.n.2sza i?sn,j,r

do
n3utrTnrn (green charcoal) lnrsrirro'r'h1fi1urarfr'r rnr l:Jufind'ra1fiuvrifi.r.:rfrn su

' J, u I o tt te r d v ' 
v

tilrtllou tidc4.:ur1il'flnrrtvi.: fr:rurpriduilr4udnnr.rrJryil''lru 3 {rJ. uyirrdorvl6,:fid'nrcruy
dr .{ a d c rr v v h t t v - A, Xtiluu1.ttlriltlt"l FnfrotLr I:li.:{lpirlriuuu r,le.rirrarinriloflfrsylfirirnQlilioud,tn.jrunir

{e

& oifitttJtll txCI l?\n{uuons1nsvlfi'rrjnQl?,ld{ rfirfi*.nn'.rrfiq6unidzu6nduufrrfi.:ld'riru6n
q

v-- 4.-.-....in.v.r.^lt-.r:-?^.a-.-y--.? ---v-..-6r. & a t4 ,q 6Fllfl ixotiln{ututllnQLl'{du1t.:unn1afll{u'rfrtJ rilurfrolvrdrdy0'tn rzurlvrfiricrrny}Jor,lr??

n'irriru firrflulnrrirrfintri n'lna$1fitdeu Flilyrnunr lr,r1ailfl1frrrnunrfi.rf,nf ila1fl.rl.r
o 4 -i v ___-9-9,- o 3 d qe 61, s n! v 6tuil1n1tfin]J1tnflrJnun1?u143{ntiln0fr.:tudo-16il1.:n1trnBntfil1"L{ Torfl'l,{tiny?i'alu1n1?'L{

rvrnrluTndirul rfio'l#c{rilmnzufinrdorndruvi.:vrlor{oryrhrffrrmrrvri duvrnrivrutfifilu do
.{'&ad
t?fl n11 LXo tyI6i.1 tltU1 (green fuel)

^^^-.4 X -..r-.1--,L a dr o d, tr 3nlrelnntflotvln{tlflen?{tttn10.:R'rn4{1fl{dQu-Lull n.n. ZSZO rT}Jflusrnnreur

{qfit raldt fi.:trirdnl fif'ranr rfiori,lllrdul#rflufi'urdn1 udr,ffernrlunryronludn riQfl



v35
t q tv d 4 v v q t , - '- o 4 v I t

ttvl.l tunnl:Jn?vr vItsv61il1tn0 nFlQrluttvr.i Ft1fl Fr1110.rtut0.:un{s1niluu1frtd Frdn'Liln1n!

q, u qr 4 4' J a v d a y r o ^ ! a d
ItfiFl [1,1ttl.l{qv Lfirrflor?\n{3{v0'rFl T.lruotvrflLnun?unl Lnn ttner]u4u lunl?zunnrdoty\n{rlue

svQnn'i1 *nv'[finrQril5oulunrn4.tfr'illri$firi1utfirr.:tfinr unjqvronrr5rn.jTri'rulfi ({zuuT

ttaynruy ,2529)

rvr nTulafflun1rn6 nfl urfi sil
a Aft d a & - v r d f, ogv - 4 d u

n''r?ilnnv,{utv}flt.l vt0txotl\n{0nttyl.:s1nn,til1n x.it LtennFltsln LfiBv\l{utoedf]it
Vtt,

rvdofi.rud.:n1rtfi:rLfiue (crop residues) {tfiq (weeo) fi.rir,rdofilraiodrurfiflslnqndluvqt
v

n??ilil?vmrri'rsr r,16oufiurirflvllnr]ofl svnndlllrilrunryrqunl? 3 riunou'lr,lnir 6o nrrI ! s - - - - -- -- 
|

vv.i a o qt , 4 F 4
rFr tfl l.rsuQ d n n 1 ?0 fi ua y nltyl't Lu trl,l.tlito n nil ?lJ 1 ruFl?1 il{ut

agv
1. nlttFlt€tildu?dFt

a

! - , dt d qe - ; 3 a a{ 4 o

tuo{q1nn1?zunnrrvr.l?\utvruu Ltuannl?ryrilFl11}Jl,lu1ttuu1to.1t5oty^,tri{{?ilen s.iyl't
qrv d v - ! ne al h y - A qu- I 6 4
Ll4Fro.rlJn1?nnlu'rfiljo{enqprL {{o1ssyLx un n??[n? dunn riloLlranr]]Jflulardnn{ uio

vt

rirtrjvrrin uririr rfiol#{nnfirdourirurfiodyn?nurinlrd'n r,16ooTql{rnr3o{doflru'rn'[utl

o J a- - o 6 t 
'

nrvleunltunF]{.u.r?FrR6!druQutJ'rn lnrufi'rl:Jfiu{nnGrfisy'lfflunrr.6'prsvfitur nrlrinror1i
Vt,t

rfiun'ir 25% lro.irdud'r4udnnxrorflurfiur fiurirufifirurprrdnqvfifiufifiQlun1?finrn'rv
9.

rTulrnn"irfiu{nnfifituT pr'lunin'j'r n'rt'Hinnfi:-rfildqrnfirrn ru'rno-a fifirilna rifitlrYlliot

' !- u ua' d
c{rufirfluzur(powdery) 10-20 % tlrtrlvrTLnlrd'oflurfiuilrrn odrrtrfin'u {nnfilfifiturn

3

rdn il1n"1 ulodTn'jr t frn6rumr lriu,lilrvfisvriur'[fr'[unrnifisyrfillrird'ln'rrzu6n
I

ll

(fi Tn n fu rio nQlur ) n md o fl fl u1 n{n rl Al o r q'Hrnr?o,r fi o n n ri r,r 1 uiu

i. trrSotdr:uru?{do r:lurnrio,rfrufifibfiofinfiri'ruts.rxdo 2-4 1u

d'uJlrnd'tilrld'[unrrduvl'ranrd{fir*fi,jrsrfiu,r.tl.r{u4{fi,r go % finrrmnqydrLtfr

z. tnriotdl $fl tr ttroifi a (ham mer mil l) tfl urnlo.rdlfi fi.Irlfi ndlodfi nrri'u
!

- i -,a, ---ty---t-- il el , e . A- c .r qttnuilu\u ttnvt.lFlvun?{?0.:0q11{n1{ Hro'rnnQn6L enqnfl{}.Jflu']FlLuryn?1$nyLrn?.t Rs;
v t o-.r? * V rl ,^ , t o J , !Frl.l0fJLunvun?{ vn lunnfiilfl1Ln0n ?{euilLnnn.J'tFrvttn?{qytJ1u00nq1nrAio{4nlTuyil

---y-. --4--, i ' t 1 !.r ,q A * X , n - :
?0.: ill t{To n ?v! e unr rru fi n riohl n v un ?{fi fi o qj1urnr3or dl uL! fr s yd? u'[unr :d'rmur nrdu

v \v - A 4' ,! ut .i e t

{nqld'rvd'lufrrotrttul Frflo.i Frvt[nr.:d{nooru]6flulri unirnrSordlrf,erfitriu,lrryfiqy'lfrri:t
4 4 - ia X ! o o.-
frtnpr r,lTo{nQfrfrn?'rl.t{u6.1 ruo.tslnqyvrr'l#rfirr:Jruurnrronfr'urornyrrnr.lq ! - -.'-

2. n*u?unrrdnuvil
vrantdvryadd

n 1 to Fl tryt.: 1'{ u tyt fl }.t 6''t tJ 1 ?n 0 n lFl u n''l il I n n 0

I . 6 na a fi r q v1{fi I a or tf, n rd u n rTu .ffor d'r t o r fiu ro.: fr,r fl 6r euSo u'r.r rufl fl e.l
tV

fifioqjtufirtfiorriu niufitord'tril'rnflr{tufiflr (stricky materiats) 1ufir uiu ry!nfiu
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(pectin) tannlfiu (gelatin) 6nflu unvtfru rflufrulunm:JrvarurTrro.niuror r,16ori'r'lufir

fi:J?ri'rruamrllfiur1 trjrfisuo fiorqlfifittfiordufifinrluflflrn,jr niu trifl1.r:r.r (6.rrflueTr

si'lflilrvaruluntvL?un1arufinrqrJ; ll3onryr1ilh runrrflud'rriefl:lrydru r,16oorql{d"l

:lrvaluTnrane.: uiu rrfl.:rflfln nrnr{rrudr n.nfi.r.,^ undn.ilprnu rflud'rrjrva.rufildn

z. d'nfi tufn rfl ui6 n mfi fr'o r1{rr n rlun r eri r'lrifi q rfi or n 1 ra n r u rdo,: q r n q d
d do o u I

uvr?ti Torflorqvnnmufnfi.:1{ s-a d'u surfinndururiuqnnrlo 3-4 orfind rfio}ifirujrrijoa!
o Oro .i

Yl1 ll,lil 1 n'l ?0 fi.l 1 ufl U

g.'ffn ufi'{ Tn u1il1fru6o'Hd',ril rvaru rfl un rnirfi ruloi n qfi uri.: udutir
^^^y^ t-_.._y-4 -6r_.!^-_^-_-_-_. J - , - J , !n1?0fi enqttu.lvlLllutelJenln{uFl tiloildtJrlldrrfroruilrvfi'tufrrul,tvd:J svdltJlrnulLt,t
s 6 , uvu- !

0 Fl Llluttyt.i tFtyt.t du

3. nrra niliul * ur.r u{uro.: uvir r{o rnns
& d !o 6 u v

nQrildulo.ifrta nfru'rrr rflud'nrqfiun;qnvi'r'[rinrcrrudun rrnld'rtnmdu unyntlil
v e , I q 1t a -^.1^.^..i^^-_..--,-4 ?_\yqv 

^ 
& d ,t0uqlnnltoFl 0tl'l.i ttnnltJv,lutvtfltJ ui0t{0rnnrdnuyitfrzudn'ldrifl.:rr.:frrrrrlfrurra6ooqj

e,-^Y^ - -.2-,4 & ^, , X a d xil1n n.:uusvrlo{Nnrrnnnrrl{u-Ltittvi.rrfrorndrilnrcrlfruriryrurru s-10% rnilyfiottyi.t
& oJa !

16o rvr 6l fr fr nr e 1 ilfi il s- i 0 % rr n r fi nrlv^l s ytri fi nd'uru n ru
--^-9-..-.,-4.-.-..3-q r oi -^^- -^---4 y --r!-,_- r - A dn1?ulttvl.lttotv{n{ LlJnlnttnntllunltnnn?rilfrud,]rJD6fr{rflttnyilrvufnrfi4or uTo

qvv o i o e
evli{ourrnrorfrndB.:avn?nliln1?nrnuvirrdorndl rnmytrjfr'o{nrosrfil'[uryra,j'rr{u r,llo
J^-.---i- - -! 'o e 

^1/v - A ., u.,d v
Te{t?n1vl0'rn1fl ltlo'ruQu LLnvflluln'[{c'a4ro.:i:tfinumn4nrnrrrlioutddqyrirl#uvirrdo
.-.-n-.. v q & F J o .e,tvtdltttittirdu nmnnriliilrilFr?llJfruTnru'HrnroL61lJ1?nd1t6'urifir:lunmrfrrufr'uyrulerfllri

i
o 6 i , qy.-.- - 6 q, Ar-.-- -.v-- a ar, o, a,s'ltLu :tr{ulnqvno{ LTtFI'1011 fl0rq [ttnrvrfrnrrlSouulqln[n1rrJ.]rlyu3odul r.rr'l{rfro
.l @ at:lunrril rvuriprndt.:ruttnvnuIunltrJn F] n1ril nd0L 

^rauduru.:uvi.: 
r{o rvrd,:arrrrn

vlndoLodl.t'irulnfl rir uvi.: r{o urfi.rtrJr,to6'rflrl{iln16fin ilonl.rnqt'l#af,vr udQfrtilmln
v v i, ..-.-t_l\.Y o 3 -^-q_.{-_= y _rt^t___ - c y A$an fin?\nuil{ n1v\uQ1tJ L0xJltrinltu FrQtulrdorfld.:fundl'LrjnlnrrnnAnnitufl.:qunryt

,vrdt
ttYl.: tn 0 t?\ n { UUq y Lt14.l

4a
fl u tfr fl l.t uo n s 1 n s vd e il :l rvr,l fnr tfi fi u udc fli ri o fl lu n r r ri r {pr r fl y yr 1.r n 1 ? rn re n r rn q Fr

?{1un??ilri1.l'l u0ns1nflfilurfiflllti.:rflur{orvr6.:,,fitfi^'''u'.rrnri.rnmrfi'udnrn.rvtfrruo'u1 !fi
^r^-. .-!, 9 qy6t & o ia o' o d6irfl tduvtr'Lfitilurfrornhrfrfrndur.ror.r Toru"[fr'[Lrntrrflu{nqFu rnys1nnrefifilurfiflllrfinrqrnI

--9.-, ! ' < o du o k , -, ..-.. iudnnrrtfrrunellluuludu 6.:vrr'lrirqrilmnrirtrlu:Jr3rJl#rflurirut6'niurdflrlfiflu d.:uon!
- q, LIU r dt diqlnqv Ltn11ilt0u Lntu'tuttnvnun'i1Slu rilo.islnnalluuturlu4.:n.jr udrfr arvrrnrirhJ

6l | 5l , , U, a ,
ltJ'r tu un 1 u Ll,t Fl ? 1 l ro u q.i n ? 1 n 1 u Lll :i r.: t u n ric fl
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d { 4 r cd6s u
lnto{r lJol,ttaou ntilyt [{ [u nlto pt

r . n rvuon dr tfl utrr?or fi ofi i r tfi 4 nr d ruft.l nm,ffprfi ra n fi s fi r,ldn n r r6fl r riu n r rdr

uurnro.:Rrutrfl'[ud:iuTurrrud.:qvilrvnorl:Jfirurrr?o.rfio doviouadnnnllflu'tnrfruilr4ud

nnr{ rird'lutortnufitn'lfr'srnlr fru fir hlffutrirflufiurdnl udmirhltdlunryuondr
9 , q a .{ o Att A e

n rvvt { nn fl ru d n rru n I q u rn or u 1.i rl, ilU c vt't'[fi r{ c ul o r fr r {l rn I v rfl u uyi.l

z. trr?ot'fforlnrfl'Wrtr{nu rflurndo.:odr.rirfld{d'nrrilnrrrqrn rn'?o.:ro,liru{r uny
_4'_ _ 3 - qy4-, d v I oe J -tnr0.:t-l0ttuo c{'ullrn L{tJoll\u uTon'orrr:ln.r'L{rrxqtnnrrflu{nrarutrrirfllunrr.d'n Torfl

ofd,'

urr{rutolfitnn rrdlhl'rflufiurdn1 frrrrnr6o.rdrur::fiouqu ra6onvdufr'?ufin 'ldn.:'iu
d'-A-u

rrrSor o'o rnrSo.r dpr s vq v'ilorfi ur{ Q ur o{fi q dilo o n r r rfl u rryi.r 1 nr d,r utfr n ro n

^.i3. tnrSoro'ortrvi.:rr:llqn4L (piston press densification) rnlo.:.d'rr:leynoLdQa And1-1a{
- A o y A- -t'n frtqvvtrufirfrd'u{nrqfi:.rqrnrio.rflou r{rtrJqjnevlonin qn4l.fnr{'nqfilrfrrfi:Jnruvio
--C^^----.. ---- 4-l-- a vd r o v/- :luiontvilondn fr{lldnuruvtilupir3nrg:Jnma vrruri'rfr{lrnrfiou{nrqfil rJnslnnl?tiLrnrdou

v de
unvrinrfrri'uzuri.:vio tol{nqFlrirhftfinnrorl.tSou'[uric,rqrur,r4fi t so-goo "r unylfrzunru6n

d

0 n ttvr.t nluyr?{ ntyLon
llOU?FrnnU

lt

n11r'utnn0unn61l

:lnrunryilonlrr

d
n1 y{ fr t a ua nr.: gil rrll il n 1 rfi 1 {'r uu o.t rn6o,i'fnr rryi.l ul u A n d Isa

+. rnriot'ffprttvi.l ttulnnndl (rott press densification) {nqfir: fr'orilrunradofll#fi
q qYv

turntdn rrnv'L{rTr:lrvnrurfrrrrriauril?lvd'nrlfirdmnnrrr?yu"i1.:anndo rio z fiuqunru
voal ,dtyt4t6v

nr.lfluvtr'Lfill{nqo'nuilutti't'ltJ"LuriQro.rftrrryirdnr (pittow - shaped briquettes) MirjQ.r
., ' t_=qvY o q, r 4 1/ a a a 6ten'l0tlvlLx?{u}J1n r1[1rfl1nFl0n1?sF]nnflunr'etnrtunoilnyn,tfl6nfruunyfinlurnnnlnn

s

^-r--.g'-.i--.qr. a v !-:'
0 r'r.r rrt il il n't fl [n 6 n 1 Q yll 0.: q iluq il ttn v tt?.t 0 Fl yt tfr nd u

5. ml3os'ffBrttvittrlltfipr rrvilrdn r,16o rilnLnil (peiletizing press densification)
r v n u 

-. v
:lrvno:idrflrr:.ifrrvirrnvqnnhr (matrix and roller) rrr.:'ffnrsrn$ilfiilyflrrnyonn6.:rir1r]'rfinr

v v d o v v - !-- | a r! t1 u X 
t 

oFrl'ltltOus1nn1flFl?{ttnvil1n1?0fi,]n[]filtlluttilufrlvifrrnr;g'Ld uyirrfrornn^lsynonoon
-6f6dtq,!vaq,^:ltt'ttilutinuSottvi{ tdn rrvilfrqn'd'nro0nil1syqnd'nfrQu'lLfioFr.tr.rflu.ln rrnynelilatefiriluun
<- 

' ^, t ^ v t t ,
{{:lnn{oun'ir 3 tl. unvtduilr4ufnnrr 0.s-1.s tl. rit6'0.:n,rr'[r,rr!n,jrfinrrr'[{nred'nr

ruvi.rfiurfierrJ

nnn!
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twi'lttuuqnurfiri (cubing )uvru mrSordoruu:rrlrilrnr drrumnni,lrflu rnrioldrrfildurifrurf

ttUU flat circular matriix $nv flat annular matrix

€-
\j.-/ (2)

lJFlntt

I

,z
trvl.:rnotnn.:

.l i^---__.^_,^..- 6 , o !or, ,- tR1l'lvl 19 udtl.llntO.:dnilvi.lttuuttlor rrvitrdnfrl{urifrlvfruu flat annular matrix (1) ttnr

flat circular matrix (2)

o. rnr6old'nrrrvi.r'l{nng (screw extruder densification) rnrlold'rruulfiqyfidcu
tvd,

:Jrvnouudn6o anrffor (screw feeder) uav nryuontn u6onr;uon nngdnr (die, screw

cylinder) nrruuni, (compacting) uarurirrriT d'.:6.rrinqy"lfirornoflv,,lfirralorn?o.raupi'[u
.J o o v- v

nltiluutnnfledng nr [uiflnttr.:dnilxttrul 1,000 - 17,000 rlouririonrrl{fie lunrylonlor
un vq ; tfi n nl1l.J ious 1 n ur.:rTndtor{n 4ril rnducrolnn g'f,nr nryuo nlo rrn;ntrSprro.l

nr;lonlpr don.u.rnufinflurfiflilfifiturprrduilr4udnnr,:14'rf.ruri 10-100 finfiuJnr ore

ruilroonrflu

llou,tnnn!

rl d'ruriorfiu

ruyi.rilurfisrl

Gln1ilyt 20 rr?{ Ft.r r,ruQ yl 1 r n t ed t r r ur o r mr6a r d'or rrvi l'lfr'rc n r
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o. t rnriald'ora n g tfi n rndtr { (twi n-screw extruders) rfl urrrSo.:d'rrfi fi rndfl r
-)vtz d'u riorTrrnnrfrar:rrfrTri'Lfiur{Quro.rrndt.re fiujdflunorrrSo'[unrnarut6'rfloqqrnirerd'nr

un;ur.:rdaord4.r rirhlqrull4fitor{nqduqrfir 2sooq 6.:fr'o.rfideur,lriorfiu fi'nrvrond'n
tv

{nnfiufi"Hnrmfirurn 30-80 frnhmna u,nyfincudu2s-30% 6rc{ril1rndn16'lnfltlifro{nn
q

I
dv4

Fl?''l lJ{U1lO.1 ? n n nU nO U
9

I e a d a9 v
6.2 unSordnc{nl tuntJrvur-lfnrruiou (screw extruder with die heating)

!
tYrla9 d do q v A a I oro v a o v dd q c

n1f L,r tn?o.t0p]tunuql tllun0'rnne6 4 ut0l\{vrsv L{ t]'luenrlnt Lunl?0Frvll.llju'tntnnunvN
tV

ne1ildil1t6l.ro unyqyfr'orfinrrtrduilrvrurru 7-12o/o loreilnF rrcru5oufiifrnrqrnnmrdend

rvra.jrr{nq 6nA unvnrvronlorlri4rrfir.rvrofiqyrir'hiornirJwnouro{irf.rr,qndro{fitnnru
- A t v ue a o d , ] n, e t h e X
ri'runyrfrorlryaruriuld 6.r,iT riiufiorrfrrurvuu1f norriouurinavronlor nrrruSouf,qvrflu

r{rufi rfirqrnnlfluon firTormi',rtilq vd'o.r'l{nrcrriounr rfiun.ir 20Oox rfioriQfllfi'or ri{

:Jrynouro.:rufrnnd dourT,runynnru rflud',rLdoililrvd1u raiooTq'l{d'rrdoililrvn'rusrn
r q dr r o d a lom - & d

n1uu0n t{utt:l.itljflnxafl !un1?flotnlvnnnu e6nil [{ Lunltonsvnn0nsutiluruotFlu']nuta

, Jo e d - ^ & ! a k o h a Ja e 4 .{
lloy?yl,t?1.1vrvr1n1?0nqviln0u[nnflutuo{q1nn1ttnnn1? til [n ln{6iltieuu1ll0.tv,luLvrfltJltny

tA, r 4r a ia v t . t - -o d v
cvldrrvi{Tlurfr fl tlfr fr nqrlufn rniu (:l rvrl ru 1, 000- 1,zoo fi ta n ir.r/ail. ril nr) $ny ${Wns v

A tl r r 4r i o h rau at v r d v At r o r d ad
lorfiortv^{urnn"jrflu rfrourhJldsyfrn{urrnrsiurfrflQfiufrlu r{ru1uqjqy6flni6nrad'prlnrfllfr

.,i I - 3, e v I e v
LFl t0.1 tJ O{UfiUl 1 n 1 ?0 tl ?0U 1,1 ?0 0 0l t!1,1.i

na:uonln

I a'nrr,lv{fir

I

tlou2tlnnu

ntrrd z t un nrr{ru:l rrnuuouo,^dordn n nr rfr nfi rvrubinrQ 1il50u{
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o.g mr6old'nrang tfinrtrifirv:JrilrinrQ'tliou (screw extruder without die

heating) firad'nnmvixrunrdrari't-Lmr6o.:d'ornn^q qflnfiryu:Jlfinrer:r5ou rnrlo.rd'nrrf,prflt{v

v d !o 3 o
Fr't1l.tious'rnrrr{rdannlufrrfinrfiulunrvlond'n 100-200 or rfifl.:odr{rdfletilfro{'l{nrrl

fouqrnnruuon1unmriQ€rdrtfi6nflueioud'r 6rtri,ir r:lufro.:firy:-Ltl1#runynrtL nrrriou
+ Jrrt qrye.!.r 3 ^^^.d vd -^o&, --rr 3 - !o ^yvutLnflile Lilsv [50nil{vrilFr']'rti{u 60 % s{ilnrrflnn''r?0ne0urr anrlfln {ua64l4ur:Jr'lqdn'L}.1
o d v 6v 4 - U ,9 

I 
a\t' r 6.,d

s'']t:Jurro.rLn tunvrounr qvnnvrulnri'utrlri'rlr,lni rdn rrr d'u fitd' rieuilrnq;'[{firfififlr1

ruflsnrins'[un'rrrflud'qiltvd'ru r,lSoors'lfrd'r,irJ^.u.'.rnn1fluon n1r??r.JFTrotil{unQllfiu

tiluilu (ilavrrru o0o-BO0 filnnfu /nr.mnr) urifiufi.:ua.rtriujrryr.rtori'nirfl drflvirl#fiFr
4 t\rt r 4r . llv u u A o I ro av.{ a 3 J
ty'{ tn.tlun't'r ?\uLvrrJrJvr tnslnnr?0Flrrl,t.: trnvtilou'r 1ilil't Ltr.iiliil'trunxl}J{un1na1 10%
4l a lrf , , d v v o 4 tq, , 4 v d ' X a d
v{urvtfl}.rvrLnqvFroailneu tu}J1;nLn't?u1t]l ttl,!.:n}.t s.lilnnnttunel rfloty,lnlrnlr (green

fuel)

d-oo.rjad
n1t1{vr B ttdn{6}.11rFrvr1.trFl}.rlJo.rtfiotvrn{r1rflaul{{ufi (izuurunvn,-uv,2529)

,
aAad

tuFtll0.t tt0 i?\a.t t1fl e
Fl'l1ux u

o//o

A
1t

I
tn1

o//o

61??vtuer

o//o

c4
n't?:lout6nfl?

o//o

tt
nlFt?',tlJ?ou

$Frn0?/n?il

finn:ir,tr + nryfiutinr{ (t :z) 9.61 6.57 63.79 20.03 3,862.90

'ludrrl yrn +nr nrir rudr 5.26 7.835 68.70 18.205 4,112.099

d'r{'rrlvr n + nrndr rudr 4.81 8.705 67.23 19.255 4,368.545

d's{rrTvrn +nrnilrmrn (6: 1 .75) 5.605 9.1 45 66.885 18.365 3,799.55
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€i
uytyt 4

nrsiliuil?{nrun1illfifilu

c^tLr1t q & a c -- ,l
n r r1i"lffi u iilu tfi o tn fi ':Tpr u n r{ dQ uil r n q yfi rlryr,r r r?0.: l o,: n n unr {u dr rfl ufr .: ri rt#

rvnrra rdo.: rio {"[{' Tnrfl tqvylvodr.r0.rrio mr,,^rrruuri{ rFuurfl"[q uunu.ndrilvirl#rfint,

nrrlnn:Jrn riofio{or d'a tt^tn.ourd1fr1unrer,r.: d'r 6.:rr.: nrF.:fiflrnfi'svdr Fr?1:J6vo.r Fr

y^^Y^.*-4!A--_.rt, t-...24 - !o q*vAttl':uus': tniln1?iltLil?{rn [lneufrtilnrs1nnm'lt"lfifilu lnlurJrg:-jfilu'[rinnrtrflurirurfitriou
o q%Y. u

nmvrr"lri"lfiriluriruriu ttrlnrir.tslnnm1fiyrnr.r'rusrntfifluTnfln?.: 60 nmurJrgr.Jgi

filul#riluriru tflunrvltun.tduiuonmzunzu6nfir:lur{orvrfiru{rfifiqruntar4tn,j'rtfiflu u3o
.t' avltiflnQr riru (charcoal) ll1nn'i'1fr'o.:nrrvrd'.r.1'tune'tilious.tnn1rpJ1tufilo.:lfifilu lu
n?vLeunl?ru6 neiru6.r'ir rflud'0.:'irrinrdruruoonfr rquuloornrafi'syrflrtrlvirr.Jfrn?fl1n1?
v tqv, i
dunrrrJ 1#riolfi4nr lfielri'rfinnJfrn3ur tilTetnfin (pyrotysis) d.rsvt6'zunzufiprfidr6ru qlnnl?

r2r16'irri riru rnvs{rarir.: 1 l.r1nn'il 200 tf,nrlugrJto.rffrr uiu nrf11ourouontrril (co)
nrf:,outnroontrr{. (cor) firvru (cH,) dmu (crH6) 1ugilro.rrun,r t6'urj ,:. (Hro)

Hfinuonnoaod lcHrot-t; nrnrovifin (cH3corH) rilufr'u unyr.lrfufiu (tar) il?rrruro.:
' !u.

riruvrld's r n n,r ?ul 1 r{1 }J.r rnur1frq r n

zunzufinri'ru (%) = rOO

r.l'arin' o.r t:mr u idttrft u 1r Fr - r.ir r.r rin, o.r d r ufi tri rfl u ri r u

Tprlrjnfinrnirtriflu trJiuJrgrjlrirfluri'ru qy16'rirurfiu{ilayilrru 20-30% Trrnv

ll11,ninlo.rlfirrri.:rvirl?ur6u,-Jrru.* 33-60% lnrs:J?rrnr nrrrruilaileQuro{zunzu6nriru
Xuq-vlun:Jils{uilnruodr{ rqiu d'nururg:Jir.:ro.:1fi il3rrrurprHdu1ollfiflu rflnrrorrnr
rn n f, nr"[un'r r rzu r rin vry d':-r q eur,l4 fi 4.r 4 

pr fi 1fr rzu r rfl u fr'u



{uFt

t{oiiln.r

xutlllo.ltnl tJntinFl

(%)

tv
F|1n?1iltOU

u,nn0t/ntil

v\tanrlnltrtJl [ulJ

n?il/u'tvl

:lavfivrinrn

e/")

.i1uvl lFr

9 r* t

10 l,}J trJ la1n.itfiflc 33.88 6993 7.22 27.19 2.47

rmr6g 35.1 8 7'198 7.62 31.98 3.28

rlfierl#1ri [n']n.:mg? 19.31 7261 5.37 23.54 2.11

rFr10{ 23.83 7308 6.82 27.19 2.68

trirafin
1v

iFr'11{ull1u 29.46 6951 7.16 26.68 2.36

rn'r0 {tJ't FttEllJ
4d

34.18 7316 o.o I 28.81 2.87

-l , r ' )uv o a a t vn1r'1.:fi 9 Lrdn.tneliltt:-lrilreuro.rrirufr'ldqrnnrruzurTofltilntm']frunnrirtflu 04nr,

2s42 dnufi,2542)

a ruG rnr* rr fi t as rir ud rtrl ea nt r qr nhiill u
Auu t v t tt v r U, r n '.lt +tJ

nrilfrldinflneirQ!ludr.irorrirlrynoLflo.w.rli.rttarito.rlfi airulur!rflunr16uvr5tifr

finr 4 nrr fllouifl uor ri:l ?rn0Lildnflo.ilil rn qn dr rfiohirfi orrJfr nirrlvrlrtnfr ds vd r'|fi'-'- ''' -r 

' 

tt

nrrfuoufifiotir:J6flu$ilnrtil il?r'rrunrrfiloufifiluhiunvro{ufi.ifiuil?nn1vur1qrn1fir,ld'.1I

, o t{ 6 d ' 6 d Ut
rnnilflniu1 Lil[?Ln{d L?flnel nlfLoutdnfl? u'lLns']n

v

:l?rrrunrrirour6fifl? (%) = 100 - [ rl?il'rrus{1e?vnlfl (x) + r.Brrruirfir (%)]

o .!r,, d
Tnflfi'rhJnrusvilFr,l'rilrie{i'rrfl'rvrvri.il{ 0.2-0.5 n?M\Eu 7o-75% nrqudu

i-i6% (rodflilrymru 10% luanTryfilriffr.rrinri'Lrlrlor€rnx) qnrfiortll 240-250"% unv

rir nru iouil eyur ru 6, 800-7,200 urr aoirion ir rirn.ir nrr f:roudqu6r'[#n'] 1ll 50u 7,900

d ' - "- 3 A c d r , !i ro r t , i - {i a ' d
$nno?non?il yl.:utuo.l}]'ts1n n1?iloutdnfltLun1u[]JHFI'ttltourrvrl ilLr4vrn x{ilofltl\u.t

Vtrry

80-90 y. lrrflilrufnunvtTrfifi.:fiua.:rudood lfruri c{mfirvrufltfr (volatile matter) unvdrffra

(ash) :la;u'ril 0.5 -10 % (Meyers and Jennings, 1979)

< ordrrvt
c{1r?vr1iflfrflu'luriru nvfiorjrJrvr.rlil 7-30 'Z.Tnflilrufn fi.:riorn'j'r1utfrrrn unv

rfiorirrirutrJ}lnrrtrioufi zso"t luinTlv,{flrqrt6'ffrtrirr1 6o nrrfiLoulnroontrpi (cor)

:Jrvrrru 9% nrrfuoulrouoonhri'(co) :lrvl.rrru 2o%lalnrrtqu (Hr) ilrvlrru 64% $nt
ho"A
laTornrrfiou6u 1 (c"H,) rlrvvrru 7%

" - & u ' a dr
rl'uafu fr r,fir (asn) ds rfl ur{curor amofluvrid ( l norganic constituents; fi u,ldooqjr.rd'l

o r ! a --- o d Iq1nr1n1?ullnluyloruunfi 950'q firlrvl'rru 0.5-1 0% 6{srnn1?nresu'rc{rrofiuvr?ti'[uq{

rirulnrfll{rniorfio Neutron Activation Analysis (NAA) vtujrfinrrofiuvr3drirrl uiu Rt

- dd ' 3
Ba Br Ca Ce Cl Co Cr Eu Fe K Mg Mn Na Rb Zn Cu Sr V n1?Ouuvltfllvln1u
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d
uytyt 4

n'r arj iu rJ r{ n ruR.r ?rT ilSl u
6t 7*1 g'4lt - &

nT r'lfflfif,luiflutfrotnarlBranet r(rurrnqyfirIryr,r'rria.mo,:nfrurr{u 6rrflufi,:rirt'l'
xnrru rdo.rrio {1{ lnrfl tqnrvodrrd.rrionr,,^rrruuri.: rFuurEjlq uunu.ndriovirlr.iifrn

.l
nrrrlrt nil rn riofiotior d'fl ttnvnrquvfilfr1unrn4.: d'r fi.:rr.: nri.:fiflrndsyvir Frel!dyo."rFr

ttv..t 4 tird tv l^-..14- _- ; a nw ed,n'luus'l tnNnl?il?Lilxttfl LlnCuvtlinsrnnrrlffLfifilu loruur-JrgrJfilu'[rinnrur:]urirurd€iriou
o qwr, 'n'rrvrr'lri"lfirfluriruriu itnnrir{srnnm'lt'yrd'trrusrnlfifiluTnun?{ 6o nrlurJagrJtri

fllul#riJuriru tilunrvltun',tfi'fr'u.,nmzunzufinfi'rfluidornfi.:ufi.:fifiqrunrnn.:n,jrhifilu 
r,o6o

!a
vtlfflnQr nlu (charcoal) lrnn'itfr'ornrandrvrunrrilfousrnnl?rru1lylito.:tfifilu 1u

n?vLeunl?zufinriru6l'ir rflufro.:'irrTBrdruruoonfirquu6oornr adqyrflrtrlvirrJfrnifllnr?
v tdrt i :i -q-q.=-.rq a 14 a 14 a j ,1 , o !onurl'rt] tl4uotlvl6n tno Lt,lu-nilfln3flr 'lvlTrlnfra (pyrotysis) drqvtfi'zunzu6nrfidr6ry qlnn1?

rzurld'rrri ,i.u ,,^r^.rni'x 1 tJlnn'i1 zoo rfrpr'lug:-Jro.:ff'rr uiu nrrirourouonltr{ (co)
nrfiroulnroontrr{' (cor) firvru (cHo) drvru (crH6) 'lugilro.:uunr 1d'*ri ,:. (Hro)

trfintlonnaaod lcH,oH; nrnrovfifrnr (cH3corH) rilufr'u unyrirriufiu (tar) :-Frrrulo.r
, Au,

riruvrld's r n n 1 ?rzu't ?{ 1 tJ,t rnurtdq r n

zunrufinriru (%) = rOO

ri'.r rin, o r ltflr u fi'ltrii u 
'.J 

Fr - r.ir r.r rin, o.: d r ufi tri rfl u ri r u

lnrl:Jnfinraritlfifllu trJ*rJrgrJl#rfluriru qytfi'rirurfin{ilryilrru 20-30% TBrtLv

rllr,rrinto.rlfirni'lrvirriur?urJrr,.,.* 33-60% TpreJ:l3ilrnr nrrrllu:Jrilmuro.rzunzufrnriru
Xvq-,
tlunu:ls{€riln1flodr{ rrju dn:*rurg:Ji'r.rlo.rtri il?lrrurrrrudulorlfifilu rflnro.lrnr
ryr nr fl nr"[un r lzu r un y ry d'r-r q rur,lq fi 4 r 4 n fi 1{r2 r rfl ufr'u
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.l r ' Auv o a -i t vn1fl{rfi 9 $c{ot{n?1ilnrlrilmullo{riluvrl,nq1nn1?rr.J'rInuxilntnrfrttnnrirtfiu @6nrr,

2542 dnufi,2542)

a rrifi nr.: rn fi ror rirud urlmnt'rqr nlfiSlu
Auu t v t tt v € ,v ! 6t '6r a.)

nlilfrkiinrflnnirrrrudc.jTotri'r.levnoLro.urli.rrtadto.rlfi airu"lr,rr!rflunm6uvrTtifr

d d q q I v c f, A ,t, o ra a rt + h a
Nnl n n1?ilourll uo.t Ftll?yn0Llrn nl0.: rl.J rn nn T{ t}.ro Lil tn nLn n tu''r Lvr l3 tnrnq vri rlrf-'- 'a- i 4J

. Aa , ,t r N r F r !a"l rv o ! t w v
Ft1iilOUlil.iOflLllnflUrriln{ Lil 113U',trun1?L0UvllJ lU [rJttnvl0.lttl.lvrttlJ?fin1flil1s1n L].Jlln.l{
A r- A ! o y a d t d d l4Y
tnnillnral Lv,l tt Lnfld rrfln?'] Fl1tu0ur6nfl? u1 tnsln

il?rurrunrrfuourfififlr (%) = 100 - [ rj?r.nrun1mvrufl (%) + rJ?mruduir (x) ]

o Jrr,, d I o

Tnflvirt:Jnrusvilne1ilrie.ri1rfl1v?vu"j1{ 0.2-0.5 n?1ll?\Eu 7o-75% nrrrll{u

1-16% (rqdflilrvil1rr 10% lunnlevfilildrrrTarYLrirloflnr.:) qnfiotvt 240-2so'x rnt

nirnnrriouilryrurru 0,800-7,200 unnoirionfii drn.j'rnnfusudQuqi{l#ne1lfou 7,900

d , - Y N ) i d n , lt ,n ' . , i - {l a , d
ttnnotnon?}J 11.tutu0.tlJ'ts1n nlruautc{nu? Lunlu [ti LlFl']tuoutryr'l yru?4yrf {.itJofltyrfl.i

vrrrv

80-90 x lortnitrrinunvfltfifi.:fiun{tudoorj lA'uri arrfirvrufltd (volatile matter) uaydrfr'r

(ash) ilrvlrru 0.5 -10 % (Meyers and Jennings, 1979)

!d,d'ret
61??yr1,rflvrn1r !un1u qvfiodrjrvurru 7-30 V,lorflilrilfn firriofln,ir'lutfirrn unv{

rfiorirrirutrJ'[#nnrr.rioufi zso"t lurnrtllfi'rq;lfiffrrrir.r1 do nrTfuoulnoonlxri (cor)

:Jr;lrru 9% nnfr.rouilouoonl{ri(co) rJrvl.rrr.) 2oo/o talorlqu (Hr) ilrvrrru 64% $nv
t4o-A
laTorrnrrfirou6u 1 (C"H,) rlrvrrru 7%

o - J, . i 6r | 6 .{r
dt,lfufirfir (asrr) 6.rriluainutolamofiuv6f (lnorganic constituents; fiuadooqjr,ld'r

o I d a -^ <{ rq1nil1n1?tr.t1n'tuiloruunfi 950 
0r frilr;rurru 0.5-10% drqtnnlrnr?s1,l1d'rrofiuvr?d lut{

rirulnrtl'Hrniorfio Neutron Activation Analysis (NAA) rrujrfiamofiun?tirir.r1 tdu Al

Ba Br Ca Ce Cl Co Cr Eu Fe K Mg Mn Na Rb Zn Cu Sr V arrof,uvt3frr,lritfi

xufi

tXOtiln.l

XUtlllO.llFl'l tinuoFl

(%)

tV
Ft1n11N?OU

tlnn0t/ntil

v\v
ont1n1ttil't llrtJ

n?il/u1vt

:lavfiuinrn

(/")

.:1uvr tFl

v \u I

10 uJ til tnln{ttrfl? 33.88 6993 7.22 27.19 2.47

LFl',loq 35.18 71 98 7.62 31.98 3.28

t, \g t

ilno{ !}J l,r.r tnln{ tFlfl') 19.31 7261 EAa 23.54 2.11

tn'to{
4!

23.83 7308 6.82 27.19 2.68

tfirafin
av

IFl1?1UL1U 29.46 6951 7.16 26.68 2.36

tFr10EN10l?E'lU40 34.18 73'16 6.61 28.81 2.87
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d a ! 3 6 ,a o v -!nv veqyfr:Jfurrurfiufiurflurlfrnrnrlnrtrnn.rri'rqrur,l4frfit{rarrtri rnvo'rsv'tulu?ilro{d'}tilrvnou
v

rir.r1 tudrfi1 SiO2 15-25 % CaO 25-30 % MgO 6-7 o/o AlzO3 2-4 Yo FerO, 3-5 % Mn

0.5% NarO 1-2o/o K2O10-15% P (as PrOr) 1-3% S 0.05-0.06% (Meyersand

Jennings, 1979) rJ?r.nru:rordrfirunytflnrold'rt ofiuvr3flu{rfiT finn'udrdrynionrrnnu

nlJ nrun1yr lrnyrJn r{An1un1?rru1ri1u nrrl{rirurflur{o nr6.: nno nqunlnird r,i'.rlrjl{

:.lrvTflrf[uil1.ryr1{n1?rn:err? odr.:lrfinurflufirflT 'lsd'u'iril3rurrutoram ofruvrSti urtlutfi
A d e 6 r I ue A v ! u"&

fl ufi tn fl e nuno 1 q ttil fl] ?1 u Lfi tJ 1 n tu0.1 1.1'l s'] n n 0 { vl'l L}.lljuo q

uwt e v n !- o qtd F ( .1 i 3
n1?Lil1 LrJy{UFl1flnl1tJ50U LUyt0ltO"ln1fl Svvn L1,r}.illttJ1tuFl'rtlrout6nflt11\t.l}J1n1u

, !o- r d F r l,J tv o ! -J a t

riT ufrlflunmdrqyfrrJ?lJlrunlflJoulilnrn,j'r 80 % ririfrtirnmrzurfrqruraqfrnr, rfrutrl do

^ nu& a 6 xvdd F I 1 q

300-350"r qyld'rfrorn6{ufi{s'rn1fifrfrr-Brrrunrrf:iourafrflr'luri'rud'r n'ir os % uiu nrr
u, o,- J a -^^ a a I rt Yt .1 9 " 

' '
Lzu1Ll.tfln1nLrlniloru?lnfi 300 '{ luwrrlvlvl'r rr}.I'r']sv !tr?allunrrrzurufirdufililaT.r'rrn

{q{

o i.trty - ia - d d ^^ o 'q r, !
yl,t llilfirine]arlilrFl'trljournfilrntfi{ 80 % 'lurrri'luvn.:ndrri'u n1u1n11\tJeruuJ:lt.l'[unl?

-- --- - -'g t s

ru,r1 sydr'[fir.rnzu6orfitd'firJfu1run1flr0urdfinrar{utdunvnT efiriruhifi:Gru1iln1frout

- t , oe , v | | \, & Y
rd fi fl rr{.ri ud { zu n'lfi n e''r ].r io ur o r n mdu or r :l t o r ri r ulfi a'r i u do u_- 

- { g

d
sr1?1{vr 10 $e{n{Fi16}Jfi6vrxnfiso':tfirrrr6rJri'nfiulduutilud.:s1nnrtuJTlurnrTtv'lflr

6rfi, zs+o t.)

.Ad
6llJU9lvt1{tnil

I

noutBtl
raa-srrurfiqruu4fi 1"t)

200 300 400 s00

61myr1,lfl (%) 87.2 82 42.5 30 '19.0

rj?rurrudui'r ('2.) 0.07 0.28 0.84 1.4 1.28

rrTiuourafifl? (%) 12.73 17.72 56.66 68.6 79.72

n':1iliou 1ro.i nlrdunt l ( unrao3ln ir.r ) 4,1 83 4,350 6,250 6,600 7,200

Gurrurunru6n (%) 100 91 49 34.5 27
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J
Ft1?1{tvl 11 rLdor{ri1dildGil''r'rmfiro{lfiqnn6:Jd'afiuJdflulilud',:srnnmrzur'lurnrb,iflrfi

qruu4fi 300" { drrnrrir.r 1 ri'u firfl, 2s4o n.)

Jgt']'1{vr 12 ttd rr.: rir nrcr I iouro.: nr rffunriltortfitnrnrr1rl 6n 1 a n izo p ho ra a pi c u I ata

Bl. ) myln.: n'r.rll1r,lqj (Rh i zop h o ra m u c ron ata poi r). un rriru fi lA'qr n n'r r
, a ' tl v Jo d v a

rr,l 1 rrQfl Lrt10j'n0 luyto.tylo 1 m0 4ty! r qlui pnr.l.l r Grv{a, 2S2g)

d 4 alan
rnEo.: fr o frt'ilu nr e uil ta nt^rtrifil u n 1 ?uil r?{n l r rhlfl utrirfl uri rua r r mn ri rlfr Ter fl 1{

:"A
1. tnrnduuSool (retort or oven method) lorsnrnirhiurr1'luviour,rdn r,liornrrolfi

il nrfi nfi or rrdQlfi'neliliounrnnrruon rfioo:-Ltfi'lrlrflurirulnrtLlrifiornr n rfrr rnrrflp'di
. d9 O-.^-_-.:_ -_ _,_. Atl , d d .t F t I d ot'lFl1{.l ttnvilFtuvlu Lunl?tJnnfi.: nruvi Lnre;il4runrnnr ilrJilrrunri:.tournfrlr4l 6.:qnur

hJtt'luqnarunarrurix 1 uiu nq*r,ldn

z, rn'r rvlofrrut (furnace method) rfl unrrrnrdouhiriruqia{.jruru'lurnrfi .:16'i:"t

nr q r r io un r fl '[fr'6 n r o ;fi n e L q ]r rfl u r n r fi' n r r r n luri'o.r rl fr rj6 n r l

arffimr.:rnfi I

nautil1
ua-rranfirrnr (urfi)

30 60 120 180 240

rqmryruu (%) 87.2 76 42.5 41 40 39.5

r.J?r.nrudiri'r (y,) 0.07 0.8 0.84 0.64 0.86 1.04

nrf:lournfiar (%) 12.73 23.2 56.66 58.36 59.1 4 59.46

nr,rril iou ror nr rdunr T rl ( rrnr noiln iu ) 4,'183 5,600 6,250 6,250 6,250 6,250

il?urruzunzufin (y') 100 57 49 46 46 47

tfintriuasriru
rir nm rioufi cnmsa u uril (u nao6/n ill )

Y9
!il I

n1u

Tn.rn'rr'[urdn 4712.57 6684.47

firln.:nrr'hrdn 4594.18 6599.46

nnln.rnrrl::rdn 4598.91 6686.57

lnrn'r.:lulrar! 4759.62 71 18.05

fitlnrnr.rhlrar! 4708.91 6772.00

mnln.rnrrl,'utr,rrpj 4536.29 7487.25



45

3. rrllu.l't (kitn method) lnrunrltntrafifisydrhlrfluriru"[urnr"hiFnrldl'r.rdQu rdo

o v Xu, ,J hratd
u1 nel il touu ilj ril n fl u [].t Ll,l tljunlu

6 , J a | ( dt ! a lqy vqyruue'trFl'tnnuuro0l-l rrnrrnlry'lofrru{ rilurPtTo.rfrofr'Hnrr'ril?ous1nn1fluon }.11

Vt
o 6 9vt ,d a 4 d o , d t .J !1 I v

ir'Lr,l'Llll.rqruuQilq{flu ry'{0 Luo.rFlil?ynoLvn.:rFlt.lflo.r t}Jdn1flnl tnns{'t??vt1rfln1{"'l il'ln

r.t1rjun1fl{fln 6'mryrul r1,l6i1filri0n ul1'[u]iTnfl ulnqtv'ivirhi6'rl1?n tfiur.rr'lfrrJrvtllri6ul'- ---s I

he 3a J e , \-vt, 'i --.=------=uf Y qt

ki naylrunrril l5fln.j'] nltnn'uynnlu'[i (destructive distillation) :tr{zunzunFlunnv]insvtlu
v

ff'rrunvrosrune rdu n:orrirfrr.r uJilinuonnoflod nrprv,loffinr aiQurirurfluzunzu6nroll#o

e nv ' rl 6d , A\2' -,---) " \,'- qC ' u
r'mqlrnol'Ld (by product) ttnofl't.tL?rlri nluvrLnslnnltnnurlnlflLl.1uil n].lFl1Flqlil?ou

ro{n1?dunrilunylBrrrunlfLourafiurdr niu n'rrndurirnrfllfinrvfruruxri.fi lert"W rorr
!

I i i ^ \v,-- i4vL a, p -,q- -- d
ry'iofrrur frqrura4fr 400"{ svtA'ri1u 30.74 % irnvri'rufrtdriufrnir:-Fr1urr1i1rout6fru?

T 0.26 %'l#nir nrryu Souto{ n 1 ?dunrrrl rfi rduq l n 4, 387 un no?/n i}r tfl u 5,4 1 4 $n no3/n f}l
. v dc(v'nilu unvnuv, 2524)

n1ytfi 22 116Fr{d'nuruydrnorro.rnrr'[r]'rrqrt.tiou'lutnrtzu'r (1) rrnv'[utntnduuSool (2)

drr,lf:-lnrr'ldrnrrzu'r1unmurJrgrJtri"hi'uluriTuuriqv'[dr,ldnnTr16fl']fiuriLn''r?ndu
o uv 4 I o qL'ut,d J qu it d l'lu vyrrnrfl'Li mo qyno.lvrl Lt LlrLJqruuqil4.r tv\0sv L1,r0.iF1il?vnoLvt''l.ttPtilll0.t Lltdnluna ttnnl?

or qr . i - 3 \ v I rrl d 6r ! q d, 
'-Ldrnrrzursv-L{nQrilfouvrrnnrjuqrnnltrg.r'r 

Ll,r}.r10.1[[.J Lutn'] s.rtilun1?fl1nIsvtnLnl:In1{'l
! - 3 . ! o I vt r I r jl
firfiprf,u'Lurnlrr.J'r rilo.ts'1nfi1{syqnrzurtufidrflulnrtv,lnrfl1ulnr ttnvu[i'i1nrr'lfrtnrtzursv

^tAY , J
6'rllrnnetnl.lqruu4frtfrflrnn.jtnlnduu6oor unvrn'rrv'lofuufl fin'rl.J uritunmuil?tiltli{
oed t 6v ^ i 6,, .i q-c !+,qv, q !-- -,,--4' 4'Lr.rriluriruflfl{nsuuilytqy LdtFnrzu'r ruo.ts'rn rllu'lnn''l?vr}.rFn Lxs'ru Lut?o.rfl0.rFr1tFt?0.ltJo

runvrilil?ynorln1?d1 m.rre.r'rriludtdaqjfi'xtilornfigrJ urr ni1.r'l ri'uoantl u:-iroon rflu

1. urrn'rrr lfrirri rnlfiuryfifle rn1A3 fnnv16[uqr]d'run??l.Jru6nriru tv'r?']v tflu

rurrfi"[rXzunzu6nr4r TnruJnfiqyl#zunzu6nilrvrrru 35 % "[utrurfifinirnsqunir unvr,rr{nE1u

t Y Urt
n1tno6?'t{ tFl1 LPr'l'1fl



46

2. m1kin1'lr tduri rrrlrnnLnnu,r.d,d'uunou rnrdunnu rflurnrfirinlff[unm

rarTrirurfio'lfrd0fl tv'{?1v rfioLsvtilfioiu4u'[unmrioair,:trrr unvi6n.rrrioai.r.rrnrfilrjd.r

flrn tfifl{$Fiq0rl,tqtr n'rtrjlufiu rfio1c{1fiflluudeilri'dnrir.:1 uiu d,doa unn:r Fu urrjr rrI q '. q I o !.oruu tbrror! rt6 rt s
v q uv u ..nnlttdctrur fiqvkiriru tnr:Jrvunvrfiqylrirunzu6n TourqilryotitfiqtrrrFunnlqyrflurntfi

qe J a'[#zunzu6nrrirudr4or da rc %

g. ,r.,^duufi t6'uri rnrrrfnlv{f unyrnnri'qlltfiuullrrix1 iflunrfiaynrn'lunm
'[i'r r u ryr m v a r ru mn rnr d o ufr r ahltd'lufi si r.: r tA'

I

nTrr:JrgrJtffiuraler{orvr6rfit6'qrndrrrntrirfluriru tnrulfirnrril{sflnd'u r,r6si6

tinn rixrYuqvrirlri'2n zu6 mri?rrrurirrri'uunyzun zufinfinirnrrrliouerruri'.:rlrvfiyr6nrv^i'[unre

lt'murrnnrirtduh.l fi{r,lilrflfi{ilrvfivr6nrn'lunmurJr.riltrilflurirutrirvirriu fi.rr,lrtfrqrng

diln1?

tjtvr{yrfnlfl%=Ho^xM^

Hguu(Moo+Mr-M*")

Hg. urrafi.: nirnrruiourorriru fiyrirurflu unrnoSlnfti

---.--.a- .Y u d , dMc 1rlJ1fln{ uruunnruflou lluucutilu nfil
' y^-._._ _l4.edq o j 

-..i^-i-9- I rd , o dli gw 1,l tJ 1 fl n.: Fl 1 n a 1 l.J ?0 u1 0.1 LlJ fl uu i0 tt 0 tvr n t fr uu r iril rgrJ fr r,l dr u iil u lnr n o3/

nfti

Moo tl r r a fi .: rlt,trin ol rr#.: s o.rtfifl u r,16o r4o rv,i d r fi ri'r r r iuJ rgrl fi r,rrfi a rfl u n ir.r

MF r,lilrn fi { r.i'rurinfl urarir rn rfi 1{ fi raurr rfl u n il
M r" r,r r r r fi ,: 

'ir 
r,orin t o.: d'uri r u r,r3o ri'Q ri r u fi r,u ri,r fl rfl u n i'.J

dara^.mrr.:fr 13 ttdFl.ltJnzudnunv:lrvfrvr6nrvr'lun1rzufinriruslnrn1xfinrirl1 {:.J?l.r lrnyrr[uy,

2526)

{uFr?to{[gt't srarufinriru (%) rjtcfrilGn1v{( %)
t h td

N'ltPtty'le 31.3 47.6
v

IO{n1 22.7 36.9
n{ tt}flQ 23 38.3
n.: Fl 23.9 39.0
Lrnnilnnu 22 43
Prunnl 19 JO
ad
Flutl4uulno 30 4g
of, 33 42
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\

tn10{noo

rnrurfrrlv,l{

r,Ft'ltlut1,lufle

I

rn'l n{u1ilutt]J1l Ft''r.i'1
I

ffi

rmlnunnLltlla1{'1
I

mfid 23 $dn{eilLtlturi't.i"l to.ttrtltzu't

r9

?@

ecD
?o

a--9/
<----9-
Fc<
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nrarfi or:Jfr nier'[un''reurJegrJlflrirfl uriru
)uvqrnfr1d'nrireul udl'ir n'rrurJrg:Jhilrir:luriru syd'o{1{nerriourrri r1#o.rr{

ilrvnotlvrrs rnrfilo{lfinnrud'e urirflo.rsrntrirflu{nqfiilnrr.:ah.:unyo.:rirleynorvn.: rrrfifi

a dr 6'u fr o u n ry :.J I u n 1 r'[u n r rfi lfi u:l an n r n r:] u ri r ud r u:-i r o o n tfr d'.: il
t . n r a"[#nr Q r il io urvfl v urn n dtvt un m r.r io ufi l#uritfflurya y rrn dq vn nf ra

trjli"lunrarvu,rfltl.]d']runvrir{'rfiran.:run'oodnralurrnri'hi ?yrufloonilr rir'[rX'rrmu{uouoqE

ttrl d v ,1, t a,a3 ! v c , \r4 t

LtlPlofl 1 nnn{ ttutnflenLJnlao:r Llr rrnqv lril.ru'rflrnnqrnntrdnruFlqtorJnrr,lnirl1r]r6o:lu
X ur+t v

oonilltnfl n1?FnflFll1rfiulolhiflu (dehydration) sv'Hrqnrrrnu?oriourfiultrfiuo-tiri':.t
!

-F-.-- 4 ! v hvdr \e+t .o o r uy*tllttJ'ltunelt.]tut?l.lFlull0.l tlJv'lu lJu'lFrlt0.t LilTlu ttnyFrildil:lntsy'try-Lunrrtrfltrol'Lti$lutilo
-Y-.- ; ---'-3---lqro1 qro & v t 6 ,tiu "l 6.:utn'irfinrril.:'L{Slu'Lfifrnr'r''}tJfru{oanrriourzur frqvrj'tflnnryflvren1lun,l?rr.J1ri1u
poY-!rv!v6174,Xrrve,[o 0nil{fl.:{efll?vvg nfln{{1uFr?'u.riouvrqypio.r-L{.[nnrrlduoonhlqrnlfid'rfl nn'lrru

e' & o o v & q uya'
nelilfouiluonslnsvvrl"L#nrrrtfrululfifiluryrr,lfloon]Jl LrdQ fl,:rir'lri'nrrrvu,rufiryrr,lfltfrfi

Ao u v & f, y t "Xu, e 4qruu{tJn'l'l ?vt1rfl00n}J'11\?0}J'l nLn?1}Jflu S.lsyd{tnnililnfn1?ni il.Lorqrn nqudtrrlo.l
uYaA
tou'ttJnn0uoo ntJ1q1 n tFl1 t9.t1

lun T nr:J rgrltfifil ulurn T 
rzu r nr m r io ufi "[{lun r rd rl#lfifl ufi nn r r{un n n.:

\v X r < q, ! Uya![ns1n n1t -qn tTl ry\o L1rL1{rhu10l Lnyrqyyrrnrurn
9

u 4 i rr ' X uv t i
5o u rfr fl { y'r o fr q ytai nr r u fr uo o n q r n lfi r{ r ufi fl.: tri tr,t fi

< q, ! UYa!
rvr o-Lrir x rh ul o {'Lfi fr s vvr r ri r u rfr nr n'r rduon il o d r r n u ani un y ifi n pr Q.r r.,r!
v\o I

uv
[ns1n

tV , 4 Uyf]{uu n1?vfl vFl'tu Fte't}Jfl u1t0.1 Llruru
o qe, t4vA -.-.-4--Va { i o, o.lea , 

'ar! rt vat & v ; g
svvl'l [uneulO.i L[Jilnntu'] tlrtJtl\]Jflu {.ltiluzunil1h,rrnnfi,luto'i.[ifrqnrzur'luririluirririfrruTu
Y 4 d O, 

^ 
d ' tu.,A

fiq fl 6.: rfl u ru 4'lrXzu n zu 6 nr'[un m url rgrJlfifil u ra?o ri r uri r n r

2. lvfl vdno.i n1?tn n tfl urilu (carbonisation) udrnrn nrnrt{uonryrufl oona
q I \v , -- -.-3. : .3 o <! t, .le tr ve- t6llsln tilsul,ll.Jnttne qiluQilsvt?l.J4.lflu0fl1.ltQntie d{urn:-lnofl-Lfintrrzurlufifunlqrnifi

svrfinrilnQ'[vlunvnrQrriouuiu16flrri'rnTrdunrtJtrrilfi'etil uri'[unayrrunlrLrilr?iltfiflluhX
a

6l t o 6t , d o u ,|,q9d .{ 
^ 

.jtUunlu s1tilusvFlO.liln1?s1nn:lttJ'ltuflO{o1n1fi LtJ-LulltrntfrU{y\osytnnnl?dunrr:J rfro
qvA t t -^.^9^^,-.\-V4qr+, -._--- 6t , q !- o .i o rra'tutnfrlJilnln1?eunnur1n1fl Ll.J {.t LtJv{ueynn1flrilun1u-tufr{n n1?rRnn1?nduvtrnrfllf fr

q ruuqfi ri1.r'l 6'r r.r 1 ?n oGrLr utfr'd'{fi

rJfr n3ar nrrrriou (therma| reaction)fi rfi ndulurn1 u{1 fi qilunfi I so- 1 80"{q!

r,16opirn'jr 2oo"q svtfin lnlrtnfinlo.:rflfirtnnTn6rnyilQnd1ruil?nd?vr1rfltfi'Lr{rfinsynn
h' ut, Y - r u u ?
ldoonhjniolri'.:lfrnrtntrrrfrLoutnroonttm" nrnrv,loffinr unyn?Frovfifinrir,rrdnriou fioruunfi

2BO -350"er svrfinlvtlrtnfralo.luln4Tna r{rulnTe1nfiaro.rfinfluqyr?1fi 280 "r u^rur,fr'ug
9t

l.J1nfiu{l4Flrvu"j1{ 350 - 400"{ rrnvssdrJpnifi firyvr.jr.: 450-500 "{ ri,t.uto,inrr$ilrst

nn'rn rfl uri lus vfi ne1 l.r d r d'ry tn ar vfirur n nru nr r'hi'fi n r r uri ranT yl rfl uriruo tjx m Br rSr

do
nqvnlnlurn
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f-- -+d \v' !o 
^ 

d .d F o 6e, !
fr eruunfr nrq;1d'ciruvruil?N1 run1?Lournfi u? 00-80 % rrnvlFrr rudl??y rl,rsd,r vi'r tu nluvrI ! _.._ej_ ..

t1, q U r' I v q96 v 4 tv o 
^Uyld'lorforldlra tur1vd1ufulfflunf,rr3ou uriri'rvrr'Lri"lfiirileanrnri]uriruodxfrrl Tnrtl1,ff

^ 
l1 , ' 

a'a o d I
qruu4fi4{ qvlA'rirufrfr:-Frrrunrrftl0urdfiflr 80-90 % unyfinrr?vruflun{rudooqjriou riruq

!rnr,< o v u
il Lnq.it1rlJ1vd1um tr.llffluennrunttl '[urruv6urri'urirfr'ornm'l#'lA'zunzu6nrirunr svrio.tt ' - -' - -ri-

q9d | 6r , A ^J ., -J3 o r orr q
nlllnlJ LulJn'l3tt]l?dn1v\tllun'1u0u1.3t1"'l vlotuunlrFtl Lunrruuqytrnir Ltqirfl Lunl?ilnn?{,itlt{{
I4,
lUFl?fl

n1ruil?dnlnriluriru tfifluqvniou r Fr.ruldfluuiln{6nrnsrnfifirti'hjr{riQuluro.t
l!

,1 , ! ! e t , v
Lil n1?tFtnouvtro{ntltrioulufiutrifilufiraurenoGrirfllrrflri''}l,ruorLfln0ruunfirirl r d'rflt{l

Vtrr

1. n1?uiltdnrntffl#rfluriruqvrfindufifirbiriou fiqruraqfi drn,jr 200"r
!---.=-4---t----!l , & qr , Xurr, !o, ^ 6 r ! r!{{qvtnnluun{s'lnil Liltvtl,lflFre1}.rxu0on !iluiln rrn'r tu t}.l6auyltiluzursyt{lur{ruyrttt,lryt
. 4 oqra ra 3 ? q , o'- rI d rc k6n q.ivl1[utnn]lnn?U1n1?fvt1,ltll0.lu1Lur{euItnFrslnu:.r Lflfr?on'il0.tFt1flL'LArorrnrrnvnnrdJ-E

t9t9
a dd o y O o a h V I d a
fiufifirirurinTlrnqnnrroonill frulfiairufirfin:-Jfrn3flrd'{n6ir,rsynnriluunrlrirflu rrnd 1

z. rflonmfi t fierur,rnfid.:n.ir 200 't fiq1fifirnrflrililrflnfi 1 synnfirilunI { { -U

lrirflu lsnd z 6lfinxlfrndllrunrrrliouernn'']ti1J0fl (endothermic reaction) '[un'rrrfinrrJ

=-=-- - g e i te a q <\ 14 a , w v d t

flnlu't fr{svtTilrfrnilflnfurivrTrlnfrn odx{r 1 rillorri':-Jrvn0L1o,:zuli.trrnd'[urixqcuuqfi
ftt,

2oo-280"T rrnvdQufioqiri'orrfrrtrlsvnnlflrflurrnfil uyru rflo.:qrnriru'lutorfiutrifiorur,rnfi{ - -i--- -ti-'
vd

6.l1lU

o ,.+'-o-t v t\ r^.---a-.-. 14e : g !r {yc. rl.J0 LlrFtl'll.r?0un0 tilqilu4rJfl 0.l r.t? [lqvrnllu4{nar 280"{ ilFr'ttsv
cr 4^ q-. 3 - ta 6 rr s.! r & .i ^nnlatilu tfle1143 LutflFtusvtnnilfniEjlLillrLnfrdnvquu?.:ltu Noqruu4fioqiryil.jl{ 280-

vt

500"x rrn vlut rtflro.:fi fi n'r nl n nil 6i0flild'.:'r''runeril flouoo nil1s l nhi (exotherm ic
I

reection) rflurraqhlqrur.l4fi4lfiuod1{?xnr5q orr{'rlryno:-tyt'r.trnfito.tzurirrrndqyqnuJduu{

hl rfluriruunvffrqfitfrnrnrJfrn?rrtvrTrtnfin 1d'irri tofir,,^r^.f:.routproontsr{ n1rrfi F)

rJflnfurnT r:lnorrJnosvtd'.:.t1unQriliou r,lio FrluFrQ'rr..riou q;rfindululffhn{t.r fiqrur,rnfr
llt

drn'jrtffhunL tflo{}.r1s1nil?Nlruto'rrv,ruTFrrxulutffhrn{r.rfi4'rn,jrlfi1LrLFm

"lutruvfir'nrruldfluuilntqruu4rfin1nmnd z rflurrprfi g oruunfi'[urrnfi t.r ! - -i----.-sj-.-

o&-!
fi q vcrfr uqun n1 fl rflurfl nfi z un vdqufi od d'n uirtrllutfrq vn nr il rilun nfi r

! 
- -'- -! 

v
+. rfi o fr 'trorhifl ufi q rur,rq fi 4.rdun'j'r 500"x fi rhiq y r:J d u uurJ n.r rfluri rud

t a ff--=:-rf., t ( 4 ( t4 + t qv dU c edtJlril ttnvsvtnnnlrvtnn [v,{ txu F]1i:rourouon [rn 'lalnrrqu v'loffndlarf urnvrfrr
llac6tyai
lalnrnrriuou tiluttnqnfi'1fl il3orrnfi 4 qruu4frsyo{luri,:r s00-600"{ lutruyfifirl:i

nnlfl tfl uriru d?ulutortfifi fi eruranfi rfi ilfi u6',]fl sunn"rfl rfl urn nfi 't rr nfi l s ynnru rfl urr Frt{
!- i a -^'3 c, z'
fr 2 rnvtsnfrz qyfiorur,lnfirfirufiurflunmfi g

qt
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rflnfi 4
tlnfi 3

rflFrvr 2

dov
n1y{fi 24 udn{n1lfinrrnqilu4frrir.r 1 rorfiutfiflu

-..---i{-tltn+' q ' ! .u- a r 
^ 

y d
n1?vt{u hlilusvnnlfltiJurilu frdtJHtn:fu rTrrrur{ru'lu4nrnvfiolfrqruu4fr q.:n,j1

U

400"t pj'.:riunrrrzurrirut*lnrflrnlilsvtfr1*'fifirurnrrdn ril?'rys;uilrrqnrvrlri'rflurirutd.irfl
,\vi-t .r ,lo rqc uyAay , d

ne'l Ltlvtttruln'Lury 6.:-[unrl:JflrTEsurnrorlfifr1{mrrirusyfrnQl}.tl'reilrvil1ru 30-50 {rr.

Ltnvfitulntduri'r4udnar.:drn"ir 30 {rJ. rit,lT ntfifiturnrlr,lr$unyrflutrifiuri.rfl1nnaril.l!

rddt
n mil rd n 1 rfi tr riou rfi o}i'hin n r fl rfl uri rulfi rirfi u

tttrl
I klda d o d I

ri r ulfifr rfr ni u ril u ar n fr r-r tfr o l ru r q r n n r lfi nnJ fl ffi u 1 n'r r n dufi r n r a fi n r q r ni rJ m n S
tvt

, rC e i I a v o t4v v 11 y A -nl truvl tn nsutvlr?1{ n1 ?tn nn 1?n nuvllnl U til d{ tn n Lnsl n dn:*ruvro'l n{u ttnoq yd'r rn m
tyUd v .{ a d Vru A

nfl O.l FllUYl tn ntU [tl fi'lU
vad

n'lutil ud t'rr uritirtrjuil'ril1 n un vtrjfi nhuEu$6usr{n rfl uriQ.ifi nr1il5out6i
,rrldl ! v 4, q ,4t v t4 4 one1ilduoons1nlfi ?vuvfltio.rFrou'ldf,luilfi1m10qj60u1 filnr'l{rrn1il?yil1ru a- 12 d''rh.:

e d .r ---,g, + -l _: gs 3 or ! uo , i IFlluLlludfl'l?1ru'lvlu !nnusuLtdusun nnufrtnntruiilunduro.rn?nu1dt.l frrqv[51

^ X d' o,.,, ! .,i,
rfrniurfroeruunfi:lrvrurru 180-200 "{ ronhXi'jrhifiludcuuur?ilnn1flrfludru fi.:rirurnq a ir''-'-
o I a .lt 6 d o 4 v t o o - &il'ln1?tzu1n1uLfiu [XLFI'lttJ'l nsviln1?vllnltnnu?01,rqnn1tdun1il ]oltlqtdnrdorvldl tray

9t
dovo1n1fln{ rvfl;fr'HrQnr:Jrvlrru js-zs t'QTll': ttnvil?il1ilnr{uqyuurfildurioul rfio

ttyar 4 v a -i a { 1 , o , Yu 'oqrull4tlLutFllttJ'13{.111J neul1?l,lu'lvrlliltrlnflusyil?vnoLd.taril{Fi1.t"'l reilfi'{'Lou'tfudu

il1nlJ1il



51

v q 1 e - C- - Uu49 )4 | o ^ & - !,,neutiluc{tvl1 lttlsvNfl1l LtJdnl$ttun"i1u'ttJunu (tar) rfrnlu{lfrilao.:nr.iu rrdfi.l
r hvl 6 , v

'j'rhiFr.rnnrflrfluriru:irylJ'rru 21u3 lorrn'r rio.rfll{rrnrdn s-t o d',tlil.t
vv q d! I 4o a t ( q I NVdo a t t rth yFl'lutljudTll 1r?0du'l t.luoou svd{tnnttu'J1fl1.l.LildFlr iil ttri.t u,Anrrt'ltrLndqv

6rd(9
n n'r u tLunluvt dlJ:l ttu[nrJ

I

ni'u"[a 6.:fir rortv,lorudo{n{lilsvilo.rrliuriuilno{d'orrsuunnr'[rirfiu,irtfinnre rflu
tV

nlulrtJnltn?

'[uvn.:vrqrvfi firnrru4ruqrura4fitrit#4.rnrirr s00"{ qylfrzunru6nrunynilR1lrro.i
I a' r a ! '' - 1i'

-'- -1.4-4-trg-,--r3ie,-! &e v , t q Xn, c , Nr , d'nluq{flu q{n0 !ne11lflntfl1{l.rua1nru}J1n n16eu [uflo{{u [rJnn1fl[iJunlu Llulnn0uyt
ll

qrura4fi1urflrrfi 4 svq{n'j1 500ot tfir{nuuonfi.rnn1flrfluriruufrrqydtJfrfifurrTufrrrfifil

oonl.r1s1nnr€Jlu fi{ rfionJfrfiSrrnltterd'erorffrtrirnrri:rourolriru rirhi'r{rufirfluriru

rde tfi flanrfl d'rlilL1rr{ru r{.r zun'[#1fr2n rud nrorrirudrnr unvldff'rr nixl rfiudu6n
-r_______-c-{.=_-ti_i-._3.-4,- y t4y a v f,-r<c, r 4y1lilnf nlrilntnnuntal{'lufi1r.r1?nsvfi.rrnn LFlq1nn1rtnnn0uytrJd14100us1.l'l Hdn:cruy

ll

Ll't.tr1-l'r tflowrqrnnrrdunr:Jtorriru unvnr?r{n1ud'ero{ff1roons'lnlffilqyfiil?}J't[ufio€J
ardgYrotUtd-'

1r1n u1nilaofll#fiornlnrrfirtrJr,ir:JffimdurnrJnohJ6nriruqyrfinnmdurrt]nnrflrfludrfir
< o ct , at 3 aarzc , t tle ! r, '.1il1n 6l'i'ttiludoliiorfluilltiFornrnrf,r{?vL:rld'rfrotilfiornrnrJfrffiarrir.r1 fiuqorunv

qruu4ficvFiol'l nnn{su6.iqrur,l4firJnfi lunrvri,lunmurJrgrJtfilrirflurirulprul{rnrmr

riun'irnmilotnl Tnasvrirnreilnnlno.:nr{u4n:Jno.: nioru1 1:.Jri'rnrrqnroflrinnhetriafivr
j qU.""-. - a t -\4n.VJ y 4' o.te t 6 a , nx{01q LTultl?{lJouFtofl [n Luvl?LilFletn1 ci.iqyvrl tt.ltnrnrofll rflun.t tyflyr?n']frrilu'lurFt,trr.l.]
.g.^.--^&^.-^t,y-.tt----- o ,, v , v o V 

" 
Jtaun{1u0flnL0 nmnltu'lne1N?0UtJ'lUl^lu.i tFl1tzu1o0n'['1.:U0n nrzuilltnf ytrdf fltudn6.la

Et a o !o r q 6 7/ v o v a q q y t jC qtiluneulvlFl n1ilsvtflun{mntteuln nrruurrnryrr0rru6gfl rflud'ryilorJ rn1frfrflu1n rdn
6 t4v q 

' .l r ar -J , qV o Uu J I dtuun.: LntenttQnlltFllllu'ln Lury nlrtlJnLnlrv{0r0'lriru0onrur-L{synr;ytr'Lririlornrrirurflu

ntfililrvltru 60-70 o{ tn?''rvfr1rflnrnr'[urruvfirirufl.:fiqrur,l4fi4.rn'jrfl dlffari'u
a o o h 13 ,ed

0on1ltsu Luuttfl 1n1fi nlusvqntllu Lt'{{uro{.[66n (spontaneous combustion)

n nr*ruvd nJd auhItorlrirfi o n nr s r,fl u rirulri
V V I v t dy.y
firruorvn.rd1uufi1FTnro.rrirufrld'qTnnmurJrg:-llfiflu syniuros$nnr1.:A'ruirrfi 6r

^---f-?----. 4 y , vte ' J Jlr ue^ eorsilurliuhuuTo{mqilnoflld'otjr.r6ufrkiqr nn1Trzu1lf fr nrd'r.reqj'lurio.:.i'r.lno.l rqndfr.:

c{'tuilQnfi1r$vrtn6ilfiqnroqjnrr'luvrof (pore) qnlr,lfirniarsuril?1vl,rEorr,lrfll:l:ir.:

d'nt*ruvlnrrtairrtot zuri.rrtnzi6.: rFrlutfifluqyu:-i{oonrflu zuri{ rqnd:lsilnfi Lrny

- -i t I e t

uFflnfr fr.:ilrvnold'Qfl 51 s2 s3 fu rfionnrarfludrulfiani'rrtndrJglqfiua;ufiflnfisygnr { t z J - '--- -'-{,"-rj'----'-'i' -.ri !

virn'rflt:lnnrutflutJli.rttndfifirflordflQriu uura.rduuryu"i'xrrnd (middte tamela)
6 a e u d o qta 

' '--(\--, AnqvnvnlflFlnniltlu{t{nn vl1 Lutnn1o.:e1{[nfl?011t{adtu ltu14BaJn?1ililu1to.tttFiny
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.6 Y t 11 q - qtv dv a v e; v 6 ttvAt{nnnann{n?fl ofl'l{ Ltnnl}Jng{Fr.lilanBilytfltJlto.ltJu{L{ndvlv{od{tnntfiu lttri0uqiltJil.l
t. ,Jt{nd (pi$ uritdsut,r (margo) qnriTnTutJ u,ldourirlurdo (torus) Fnroqj lurrrro.:ilrn

uqru ruf.: rta dfi rdn n.: 6'r fl d ruf,!uqru zuri.r rradrf, nr aspi rated

rtndunrqonJrnr,lqrul{

'JJayuiltu0qyt{oilFlnnuuu{

ll
9dvCCtvaaddogl/alhtqv
nlovrtJu.lt{anqvtuue''rnnBily10.:r,le Lfi}.lylnlu[n?{6il{tdu tflu1a lil nn1fl tllutJu.:g

d dN r o .{ . t r d - . AFflLfrtririlutvtfrflu (amorphous structure) o.lrfiJrynouyn.r trrillJo.: zutir ttnd druritdl
t tA tu a d d ' .i

rJrvnorl:Jhefld1?6uvr5d urirfror.iT unryLeunlauilrgrJtfifllurirl# rtnqTnd rafirrnqTna

unvdnf,u dn'rflFi'? nrrfiroufirudootirflorq''lnn1r 6n1fld'xflo.rrxnnTndunyrafirrnnTnc{gq!

duvvi'6tcla<\.Uy\tqd4,qvlJnltqLn?nutuilnnlflululo{ttx.witJtnt{di1{nn1u l ttnrlv'lvrmanrt "n1u" unyn{ttil
<t d t4Cr - A v tt vlgq

0.1Friltvnoljil1.: tFr}.J10.i Lilqvdn1flFr,t tuo{s1n ne1ilt0u trnnlu LtJnfl{ Fl{tnitlnn]gilyyll{
vt

nlaARlFl (Anatomical features)tto.:trid'.rrfilfirirrrrzurt6' unyLfiu.rilofisyifiqd'u,jrrflutri

tfloler

d - c 9 v td v

n1ilfi 25 udn{Tn?.1?{t'r.tto.iun?Lv{vr urinvduhrnnn ilrvno:jpiru rnfuoufiprrYuu{.:ur.lI

'Yaeutd
l.t 1 n ?vu.i l.:d'uE nr ri'ulil u{ I rrx fn

n rua ru?d uld er u urjnr rfi alfin ar er rfl uriruq

J t - 
t t oo,o Y

{nqrJrva.:r{r,rd'nfirirlfiflutrlur.lrnnrrnrl#rfluriT u firfi01#fi4ruar:i6'[unrrrflurdo

^ iai , Auy d F d d , r e

rn6.rfr6fru ritufrld' uonslnfrililJ'rturrlfLouLdfrflr nirrrqrrioulJo{nlrdunrr.lnrfiuuffc
a

fl.rfir.Brrru?{1??vr1,{flnnn.r6nfrrfl dsrirl#tilrfinrnr{uunyndurfiorirtrj"H.rru nmfirirulfifi

lnrxnirt unvor r{:lrvnorvrr.: rnrfid u.lduul:ldq zuntri'riru1fifi nrrunr:iGdur fi r:lduulildnql

,ly
tnttn

t, nrr4ryrfiuilQn (mass loss)lunrrurlrnjtrThlrfluriru lrenro.rtfiqyorulduhlt s ! - -ii ---- ---

:lrvrrru os -70 % to.:rlrr,rrinlfirr#.: rdo.rqrnnrearyrdunrrrr{urrnyo.:ri-rl?vnoLy}''r.rrnfi



ltl nms{n1sd'c$o{ttaqlna rafrnnqlna 6nf,u ravdllrvr?n 6.rdruudourifirun'lunT rdru
.Yvl.l vq - I dd t ja d V

Ld fl lJ? nil{ 6 u n 1 ?ri n n n 1 uyt ds ;{e fl 
'Lu 

n 1 ?q rU td rJ }J e n u0 fl n.:

2. nlrrildEluuiln.rsurnr dnuruylnrxnirrtorllftrtndnnrildauuilnr nnonqua

1ru1nunvnQ''rlJlru'rflo.rturinvrrndfinnrn.: virhi'rirufitdqrnnmu:lrgrJtriflufinmr,lr,d'Q#{ 3

frru dovrr.rfirudl.r#a (tangential) vrr.rdruinfi (radial) unvil1{d1uam (longitudinal) lna

toynvodr.:d.inrrund'rnr{ffruflrr (longitudinar) d.:rfinfiuil^rnn"ilnlrraprrinto.:1fifi?m.tn'l

s1ndn1fl6nfirolur#.:rfloL'100 rvir rdo.:qrnlruraqnrrnqTnato'rhi4ryrdroonfirquryu.jr.r

r,trhrnqlnrn rinv{uri'uluilfrrfllnrrrnuduouri'ryu.ir.:o;noulornrrfirouudonnru rfluriru
A o , q 

'ddv , <r A tc ata , t

$nYtnn Lnt.ld?1.: 114:JTll.Jan:Jilvnn1fl liltnQnT0.i rrnr lv'lyr (graphite) d.lLtn,]'ttJfl'tril0flnQr

Fre1rfl1?ro{ rsnnTna
!

rtnqlna runatdyi

nt'rd 26 unnxdnuruvTnrrtnil{unvne1ilfl're$o.rdo.ruuQflTilrnnntolrrnnTnd ttny

runetv,lfr

3. ne1ililqu (Porosity) nmfi rufi ttnr{rlgr.r4fr unv4fr t4fi nvqnri'rnrfllilnn1fl rfl u
tv

ruri.: rtndfii rfio r,6scrTu tuln tLnvF'l/)''llJrru'rfl0.i rrrinyrtndn nrnr "lurruvrdsrrTunrldol

rvu'irlttnd (middle lamella) finvnrflfinriuzurirrqnd rirhXrfinrriol.jrlTnrurolrrnddu rir
osa'ue 6 ' d a{ tr g
114 rrJo LIJ n n 1 u r1l un'rus.r il ey! Eu rv{ tJ 1u

+ n1l:i6flu$iln{Rr'triluuu rirufizu6nqrnflurqFrfiuri,tlfiilsvfinrrrruuuruilun.:n.ir
!

ri'rufizufrnrsrnflluir#.: lilitrun;nruv, 2s2G) odr.rtrfifrrilFr.l'rr.rlruluriurolrirufilfrqyfinir
v t vtv+t A lu, d .t v
riofln'irlfif,lu tfrolrrqrnnrrfilfi4ryrfiurrn (fr0 1) unyrirufinn'rrnqurfirdu (fro 3)

, v ,! r uv) t .,
n5orut riLnrrt:lduutt:Jn.:turnto.rhitflo.rqrnnrrrzurriru ({o z) r,iT hXnrQ'uluilurolriru

I

rrl 6 fl ut:l fi r fl '[uan r n n t rn d'ufi r n "r ebifi t'r nro o nfr rq uun ydn ?1 n 1 ?ry mfl t o.: fi'rr rfl uhl

o.852
nm

I

I

T/t\
I Ar^'uuuu\. irlli .'\

lAi' V1.03 ) oonirnu i

i /l i'-jii,tvtr

, q Au, ' ! oloy ; 3
0fl1.1??frt?Q Fre1il$uu1l0{nluvrLFlsvFroal nnn.ililyvlotuun}JTtLtuzu'riyilnu onrrnrlnnrl3{



54

ctil'lnfi4ntvu'i1.i 250-350"x fior{nrzunnrrvtuflotFr,:'runpoontrllorflriliflurfiflu fr
e v v a .^i..^c^:--.-^.-{^^,-^- ,n , d ' .r 6 \v , v -uunouttu.lnuutil1Fl?iltttJs?.:10.: tilon1u (Lrjmud{sjo.io1n1fi) frqyldncruuiluur4qT.r

(real density) totriru ne1il{Nfiuf,rvu"itnmruuriurrfr'q?.:tolrdoriruri'lorur,lnfifi"lfirrur
)- i b
vrorr?'trvr:JrrellJrou t"r siourfi tdunnr.rli"lun mfi ztd.rqyrfiu1d,i..ff r.n.r^*uo^r.u

r 9- ' j
uriuufiqSlq ;u I nfi q n rvu'l'xq rura4 fi z so-eso "r uiuriu

n1r{d zz nmrtldsuu:lnlnruuriuufr'q3.:to.rrdoriru (rsdflqrnlfiun1fl{fin) ntrqcura4fi
)n, l- I r
fr'l{ratr fra'nnnmrfrilne1iliou t "q riourfi (Cutter ef a/., 198i)

5. n1?nnn1u^oau{u (sorption characteristics) qrnnmrfinnrar:l6fluuilallne.t

nhlrrnvo.rri:Jtvn0uvt1.ltnrfi'[uriru riT'[rilorr,turn (fiber saturation point) :rolriruduyr

ru qruu4fi 400 rnv 600ot firJrvlnru 14-1s% firriofln'jrlfiorrrnnfi'otrhJeyurru so.z.

n1ten$nvn.urr.u{uto.:ri'rufidnuruvtnd'rde{fi'ulfi urirfio:l3urrunrou{u1uo1n1flfi
alev.v

il1n viion,:uiudlrYvrd4ln'jr 30 % dluev4nuayn1sncrilfiurioen,jrlfi svrfiubi'jrnQru

ntutrn'lunltqnrn;n1uu..u{uoutrirunornr riordonctududud'vrrffi Bo % nlr{u'[u
o1n1 nolqcv r{r1'rl rnT ylugn quno.: ri'ru6.:fi urn n'jrtrlldrfi r{u

6. nr rll frruu'tulv{fl t (el ectri cal res istivity) 4 run u:JFa o.:hjlor efi'cl:Jq y rfl uouou

lr{flrddrdofintru{ufios $nvsvfr'1unr;$61v:lflr1ddfi4nr fiotilfirrc,rru{uoqitulfirnn (rir

noufrtunrulv^lflr = 10" fir 10" lor-tl.r.y d.rfiqc,rau:i6nmrfluouculy,hl.rdrfieuryir

rTuaurutylfirfifi:Jrydvr6nrndfi4nr giu uriurud'ntnvi (baketite) 6.:'Hrfluuarqrioc.rqr

tv{flr rdolfitdiunrcrruiouqutfirrnlranrfld'rtorTnr.:nir.:ornirjr;nou rxnfi vi.rhincu

g

z
o

g

cr{alrtxo'tEr/tP€tatuPt ('c,

q v r r c 
-.---fft.ly hv"] - o.!,luuou?utl.lnnlzcvnnn{0fl''l{?entt?Fl1ilqruu4lt4 ttur nrrrrutlfifrqruu4fr4.:nrri,rhiriru

dHfinmufiruvnulv,lfirdr6rarurrnrirtv{flrlddn,jrrirufirzu'rlnral{qruuan;i.nri. 6rriru



lfifirirun'rerruT fiqrura4fi'lnd' goo"t nrrmnrirh^lflrtddn.jr{nqdfinrrfuourfluo.rrirlrynou
- ^! c y c h rra !d t ,y c oevlnxfin qrudrurTfifi rflud'curlvlt4rfrdto.:rirulrl vrrlriarlmn'[frndo.:1nfi'rrri6rnnrnrou

(sEM) mmn4Tnarai'r.rto.rrirutdlorunr.: lorflliltio.:il'rricod'xrirutrl rnrdoulnr,lyotjr.rfi,i'r
6 v o v ttY d u .i

tilu ria r vr r rir d'c o d'xlfi u5o ri'r o ti r r fn q 6 ufi lri fi q run r rifi rfl ud'o rirtv,l fl r

q rua l u6'|,u n r rlf.:r ur or rir u
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e o t'te a.{ '-a!o r1 v q !-- 4-
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lnrsrln fi nmqntr,lfiaol t{o rn6.rsyrfinrdurfiofinmlri'nrorruiouurird'o ryr6{qufi.:q Fr
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n1fl{rfi 1 5 u?{n{d'n:*il;ro.rrFn14{fr'rfilu rrnylmrurfr'rriru tornerrlrlfilq

fn:*rusriruilesnou Yt
lFl1l'titniln1ug

(nrlru t)

Y4t
tFl11't{nilviu

tnrtu.zl

rirr,lrin fr'rrnrruldou

ilrvnorra5q

5.9 nn.

1 0.'l nn.

6.9 nn.

9.8 nn.

r{ruarrorrnr 25.0 nlJ. 23.5 {}.t.

F1e'r1.r1,ru11ror zufi rmr rT,r rnr rildofl

ilavnorraiq

2.0 sr.J.

5.3 fitJ.

2.0 {rJ.

5.3 su.

ilrnrnr rfruilr4udnR1.rR1fluon

rfruilr4ufnnr.:nrfl'lu

30 1r.r.

26.5 {rJ.

28.0 {}.r.

24.0,fu.
vtdqluLFrl rduzu'rfluflnnr{|lrJuon

d9E

rfruilraudnnr.tnrr'l,uq

19.0 {rJ.

16.0 {:J.

25.0 {r..1.

21.0 {}.J.

drua{sr nfirrorirfirfirilr n rn'r 15.0 {}J. 13.5 :r:J.

dQun{ qr n:Jr n rnrfi n r nrd r ror f:-Ln rruy! 6.5 {}.i.

rfruil r audn n r{nr fl 'lufi ro.r irn rruv 16-32 $il. 1B-32 xil.

r-Br r n rro.rrior dun rrl 1.24-2.OOdnt 3,040 nlt.xlJ.
v4 V t i?.r9r.r r?{uzurfiuflnn1.t

!

Pll'tt.t1,tu1

t.len

1U'tfit

slueu?

17.5 xlJ

4.0 {}.r.

0.7 nn.

1.2-1.4,iu.

61 e.

2'1.0 {r.r.

3.0 xr.r.

0.9 TrJ.

1.6 er}.t.

379

F)?'')ilUU1110{SUaU 1.0 sr.].

tU
{o.r01n1fl?0uoon 1 {1.J. 1.0 {tJ.

rioro r nr o rfi ur{'r un y rd sfi uir 55 n?.x;..t. 4x 12.5 {}.t.

n a 1 1,1 l,ru'r fl o.r zu rir tn r u d.: q r n"ld quc u
+!

ttnvn?0L Lnuv rqnfl 5.2 {r.J.

XO.1 LdY']u 9i12.5 {tr.
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'Rvifrnrnri'lr'lfrrru
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rfrnsv"hiilrrfrvrinrvl'lunrr'l{lru (heat utilization efficiency) rrnnrjrtri'u:lrvRrinlv\n1?'l{.i'lu
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, 6, Auv X v I t 3/ , o,*ilzua'lrisrufrki losrfrolvrdlunnrir.tflu nrailryffiunirrix 1 d'snnirrnr].11?nnluaruarn

t. rlavfivr?n1iln1?'lfr{1u (HU ) % =

tv ,

lFrrrunrrrioufiilrl6'fivTtr,rrn x 1 00

lFrrrunn rriouror ldo rnhrfilri
tv v

rl?ilrrunrQ1lrioufirirlfrir-lf'rur.ror = MC, (Tr-T1 i + (M - f"4, )L
,9
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-v"Y-dada p = 6t?'rili0ua1 lfl 't ylo,lu1 = 1 ttn'6te ?i nT! -f, .i f1 I rsn tTfl 3{

T 2 = qruuqfiflorrlrr6on, 0{fl'rr{nrfifl?{
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M1 = 1.1'11,11.t1ifl 0.1u1vlLunooq, n?l.l
v

L = nrmriourio].:to{dl firi'r s+O unno?lnflt
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,

H = nirnQ'iNSouduprrilroridornfi.t
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dtltllr.l{fr 17 ttdn.id'eotjr.lnmrlrvrfiuni'rrJryfir6nrlrnrr'|fr.:rulorrdornhurtrf,n (lrdunv

n ruv, 2539 44m,zSqz i'tit,Zsqq)

aA
{Utl'tlO'1[{OLTIA{l tfiotrnr :lerfivrGnrnnreld.:ru

ot/o

vny
on?1n1f r9.,r'r Luil

vd
nf N/u1vr

dx9
.:1UYl Ltl

ri'rufirdanriuiu nrjr.'t 28.63 7.57 2.58

riruayrnlrfiflr nilr.t 29.69 7.2 2.71

riruunr6ild'a
$ nilx.t 28.58 6.31 2.42

4rrdd
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t n:h. z 21.27 20.83 1.12

rrdd
nluHlnonvir?uu

I nrir.t 20.89 7.78 1.20
t I h* t

n1u10 [lJ trJ nilr.t 31.98 7.62 3.28

riru:Jfi0.:1#tr.i n:Jru. t 27.19 6.82 2.68
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