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Corn, an irnportant economic crop, is grown abundantly in Thailand. After 

harvesting, corn stalk is considered an agricultural residue with as many as 6000-8000 

corn stalks per 1 rai (0.4 acre). It is ploughed up or burnt down in the field . Thus, this 

study aimed to find potential use of corn sta lk in pulp and paper production by finding the 

optimum pulping conditions and papermaking potential of corn stalk, comparing 

properties of pulp and paper produced from various parts of corn stalk from different corn 

cultivars (waxy and field corn), and obtaining optimum ratio between corn stalk pulp and 

commercial pulp to improve paper properties. Corn stalk was cooked by soda process 

with various concentration of sodium hydroxide (NaOH). Pulping time was 120 minutes 

and pulping temperature was 120 cc. The results showed that the optimum pulping 

conditions that provided paper with best strength properties (tensile index and burst 

index) for waxy corn and field corn were 15% and 25% based on oven-dried chip weight, 

respectively. When corn stalk pulp was used to substitute commercial pulp (hardwood 

and softwood) at the amount of 25%, 50%, 75% and 100% based on oven-dried pulp 

weight to improve paper properties, it was found that the pulps from both corn cultivars 

could improve strength properties (tensile index and burst index) with similar efficacy in all 

ratios and had better strength properties than the control paper which contained no corn 

stalk pulp. Therefore, corn stalk residue can be used in pulping and papermaking with good 

results. 
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d 
1.J 'VI 'VI 1 

lJ'VIth 

, " 
119'UU~ [;]~11..m~n.j L~'fl LL~:;m:;"'l'l~"lJ'fl'l1.h:; LVI PliJ'el [;]n m ~"lJtI1t1 [;]'l~'I~U vh LmN'I1U 

'fl[;]~1",mnJ L~'fl LL~:;m:;VI11iIil'fl'lVitl1t11l.m1 LLW~'It)lfIbl ~u~9:;u1).J11-num~~~ [;] L~'fl LL~:; , , 
I I ~ ~ 

n ~:;"'11iL Yi'flL tX LVi tI'IVi'fl (;]'fl rl'l1).J Iil'fl'l n1 ~Vl ~'I~U ~ nl1'1tJ'I iJ rl'l1).J n '" ~UVl1'1 ~ 1um ~'fll.f fmf 

~ " ., 1"" .J " dOL" - .,j ." 'i''' '(1'1 LL'l"'~'fl).J LL~:;u1 ).JL"lJ1).J1 Lntl'l"lJ'fl'l9'1V11 "''fl[;]~1",m~).Jm~~~1fI LtI'fl LL~:;m:;"'11i).J LLU'l ~U).J~'" , 
I I .., I 

ill).J1rum~H't~ (wood) LYi'fl LUUt)[;]bl~ULUm~~~[;] L~'fl LL~:;m:;"'11i~'I ~'I,rU9'1 ~).JiJm~~n1i1 , 
I I" • 

LL~:;"'1t) [;]~~uVlhn'1l1~ (non-wood raw material) (;]1'11 ).J1V1'" LLVlUYi'1lVliJ Lil'fl1~LYi'flLrtum~ 

, 1 c:I' - cald1 c::.I .::.. .:J.Jc::.I I 1 q% .J 0 ..:. J 
'fltl1'1 m[;]1).JtI'I).JVi'1l'fln'1lU"''''U'IVI).Jrl'l1).JU1 ~U 9 LL~:;).J rl nt.lll1 ViVl9:;U1).J 1 ~~1fI LtI'fl LL~:;m:;"'11i 

1~L'1IUL~tI'lrlut)[;]bl~u~1jJ1'111~ tiu~'fl liluih'lLVi'" (corn stalk) , 

I I "I 

if1'l LVi '" LtlUYi'1l LPI~1i~n9Vl~1rl ru'fl~1'1",i1'1"lJ'fl'lth:; LVI Pl1 VIti ~ m1'1tJ'ItJ~n 1~i'l 11n UVI n 
.u ... .." 

" 111rl"lJ'fl'ltJ~:;LVlPI L"'tl1U~'lU"lJ'fl'l L).J~"'91ntrnif1'l LVi'" H' LUU'fl1"'1~rlULL~:;l [;]1 U'fln91mrUtJ'I 

~1).J1~blU1if1'l L Vi"').J1 H'tJ~:;LtI'1lu1u~ [;]~1",n~~).J Lrli'fl'l~tJLllrl"'~1t1'1lU", L'1IU vh~~ J1lJu1~ 
" " ~).J U1",'fl).J tI1 LL~:;~1 Ltlulilu ~'lU"lJ'fl'ltrn 1u LL~:;~hlilut!utJ'I'fl19u11tJH'vi1~~[;]llru'Yll~~n 

"'~1t1'fl~1'1 L'1IU lJtlLL~:;t)[;]blllU'lu1~yh U'fl n91ndeK'Iif1'l LVi'" LLtX'ItJ'I~1).J1~bl HfLtlUL~'fl LYi~'ILU , , 

" I I '" 

Vi'l ~'Iri'fl1tX Ln"').J~1l1'l:;(;]'fl~'I LL'l"'~'fl).J LtlU'fl~1'1).J1n ~'It!u~'I4'", 1~rhliluif1'l LVi'" LtlU'1I'fl'l m~'fl 

91nmnn1ilfl~ (agricultural residues) ~'I~~~~[;]'1I'fl'lliluif1'lLVi"'I'l'flHiJtJ~:;).J1ru 6,000-8,000 

" , I'" 
1n~L~tI'IrlU Lt\'u1t191n1~Lil'fl LL~'I ~'I LUUL~'fl1t1lu iJ1B).J1ru'1l'fl'l L'1l~\l L~Ml'fluif1'1~'I LL~:;iJ 

ill).J1ru~nilu~rl'fluif1'1~1 Ld'fl LVltlUrlU Lt\'u1t1~1~91 nYi'1l~iJ Ld'fl1~i'l11tJ L"'tl1U'I1u~4'tldiJ 



2 

" JilUI"l,)l).J LLoii'l LLN'lJ'tl'l m:::vn~ 1~~~u~ nJi')tJ 

1.2.1 ~1~[ll,):::~L~).Jl:::~).J1un1r~ftUlL~'tl91nrlfuirl,) L~c;l L~'tl1-nun1r~ftUlm:::c;l1~ 

1.2.2 LmtJULV1tJU~).JU"i'lJ'tl'l L~'tl LL~:::m:::c;l1~~~ftUllJi91n~,)Ur;l1'11 'lJ'tl'lrlfUirl,) L~c;l 
r;ll'1~Ufi , 

1.2.3 ~llc;l~')Ur:::~~1'1L~'tl~~ftUl91nrlfuirl,)L~c;l (corn stalk pulp) r;l'tlL~'tlYll'1n1r~h~ 

L~).Jl:::~).J1unlr~ftUlnr:::c;l1~ 

~ J 1 ...J -J'" 1.3.1 t4n~l~l~[ll,):::Y1 L~).Jl:::~).J Un1r~~UlLtJ'tl LL~:::m:::c;l1~91n'''',)UUl1'11 'lJ'tl'lUlU 

1.3.2 

1.3.3 

irl,)L~c;l (~Ufiirl,)L~c;lirl,)L~UtJ')) ~1~~).J~'lJ'tl'lm:::c;l1~~~~~c;l Lc;lml1rlfu , , 

irl,) L ~ c;l LLr;l~:::~,)U~'tl ~,)ULU~'tl nu'tl n'lJ'tl'l rlfUirl,) L ~ c;l ~,)ULLnUn ~l'1'lJ'tl'lrlfU 
" , 

irl,) L ~c;l LL~:::rlfUirl,) L~c;l~'1rlfU).Jl ~ftUl L~'tlJi')tJfjfiL'l!c;ll (soda pulping) Lc;ltJH 

, " " 
L'l!L~tJ).Jlt1c;lr'tlnl'l!~V1I"l,)l).JLir).Jiru~'tltJ~::: 10, 15 LL~::: 20 'lJ'tl'l111~,rn:nul~LL~'1 

I I I "I I 

rlf).JL~'tlV1T.Jnm1Jjj 120 'tl'lf'llL'l!~L~tJ~ LtlUL,)~l 2 i')L).J'I 91n,ru111L~'tlV1~ftUllJi 
" " 1ULLr;l~:::~,)U'lJ'tl'lrlfuirl')L~c;l).Jl~ULLcJum:::c;l1~1~Ji111~,rn).JlmllU 60 nf).J 

I 0 --=a. 4:110 ~ 1.1 " 

Ul'tl Ul1 r1'1 L).JUlr Y11n1 rYi c;l~'tlU~).JU Ul L'll'l LL~'1 LL~:::~).JU Ul c;llUI"l,)l).J LL 'lJ'I LLN'lJ'tl'l 

m:::c;l1~r;l1'11 

LmtJU LV1tJU~).JU"i'lJ'tl'l L~'tl LL~:::m:::c;l1~~~ftUllJi91nrlfuirl,) L~c;lr;ll'1~ufi ~'tl , 
" , 

~Ufiirl,) L ~c;lirl,) mutJ') LL~:::~ufiirl,) L ~ c;l L~tJ'IlUlr) Lc;ltJH~,)U'lJ'tl'lrlfUirl,) L ~c;lV1~ , , 
J J ~"" 1" " oJ ..J ... ~" V1~c;lYl~l Lc;l91n'lJ'tl 1.3.1 LL~::: 'llMll,):::n1rUl).J LtJ'tl L-lJULc;ltJ')nU'lJ'tl 1.3.1 , 

, , " 
111 L~'tlV11Ji91 nrlfuirl,) L~ c;l~ufiir 1') L~ c;lirl,) L~UtJ ') LL~:::~ufiirl,) L~c;l L~tJ'IlUlr) , , 

).Jl'1'11n1rYl'tlm~'tl Lc;ltJHI"l,)1).JLir).JirU'lJ'tl'l1t1Lc;ln9ULu'tlf'tl'tlnl'l!~ (HP2) ~'tltJ~::: 

3 T.Jru~1Jjjn1rYl'tlm~'tl~ 80-85 'tl'lf'llL'l!ftL~tJ~ LtlUL,)~l 60 U1V1 LL~:::~hl"l,)l).J 

Ltlumc;l-Lu~ (pH) I"l'l~ 10 ± 0.2 

1.3.4 ~llc;l~')ur:::~~1'1L~'tl~~ftUl91nrlfuirl,)L~c;l (corn stalk pulp) r;l'tlL~'tlVll'1 

, , " 
UfUUN~).J~JilUI"l,)l).J LLoii'l LLN'lJ'tl'lm:::c;ll~V1 ~ftUl91 n L~'tln1 r~11~~~u , 



3 

~ .J 1 .. ..I " "'i' .F-! col -
I"In1!t1~11l1,):;Vl L '\.n.J1:;~l-J umj'~~ ~ LtI't1 LL~:;nj':;"lTIf"l n~U'lJ1,) LYl!?l Lumu LVlUU~l-JU~ 

'lJ't1-lm:;!?ll1!t~ ~~ ~1~"1 ml,)l.,u;11-l1 'lJ't1-l ~U~l,) L Yl !?l!?ll-l~Uf j',)l-Jn-l ~ n1!t1l-11~ !?l~')Uj':;l-Iri1-l L~'t1 

~ ~~~linn~u~l,) LYl!?l!?l't1 L~'t1Vl1-lmj'~l~ LmJ1:;~l-J1un1nJfuuNM.JU~~hurl,)1l-J LL~-l LLN'lJ't1-l • 

.., 0 IIV • ..., 

1.4 "JIil~1nj;\"JIil~n1'i,;)~!I 

" LL~ :;m:;!?l 11!t't11'"l 11.J L YlU-lYl'tl!?l't1 rl,) 1l-J ~'t1-l n1 j'1u j':; !?1U't1 ~ ~ 1l-1 n nl-J U't1 n'"ll nUn1 H),)U rll-J • • 
, " 

rl ru1l1Yl'lJ'tI-l~U~1,) LYl!?l 1 ~~ih L~l-J't1t!uvi11~iJ1 n • 

, " 
LUUL~ulm~u')1 (Individual fiber) L!?lU't11'"lJJ n1j'L'tl1~nilul-I1't1 hlL't11~ nilu't1't1 n'"lln~ul~ti1~ 

L~m'hL~'t1~~~~1~u1-iilum:;u,)Un1j'~~~m:;m1!t 

~J.J .,s".J ..... I ~ ",oJ 01" 
'lJ'tI-lU1 LU'tIVlLl-Il-J1:;~l-J n'lU Ll-ILU'tIm:;!?l11!tm:;'"llU~')'tIiJ1-l~l-J1 L~l-J'tI LL~,)U1 LU't1m:;!?l11!tl-J1Vl1 l-I 

LuuLLcJul~!?lun1j'L't11J1'fl'fl n cJ1U~:; LLnN~,)!?l L~'fl'"l:;9U [;]') LL~:;~ nvlUrlULuu,rU1 ~!?lVl1U Ld'tl 

m:;!?ll1!tLL~-l[;],) L~u1u'"l:;Ln!?l LLN~ !?lj':;l-Iri1-l L~u1u~')u rlUL't1-l~U Ln!?l LUULLcJum:;!?l 11!t~Ul-J1 

1.6.1 1~~1l1,) :;1Un1 j'~ ~ ~ L~ 'flLL~ :;m:;!?l 11!t'"l1 n ~,)U!?l1-l1 'lJ'fl-l ~U~ 1') LYl!?l (~uf 

~1,) LYl!?l~l,) muu')) ~ Ll-Il-J1:;~l-J1un1nhl-J1 ~~~ L~'fl LL~:;m:;!?ll1!t 

1.6.2 l~~'tIl-J~'lJ'fl-l~l-J~'lJ'fl-lL~'flLL~:;m:;!?ll1!t~~~~'"lln~U~l')LYl!?l!?ll-l~l.J.1f ~'fl ~l.J.1f " . . 

n1j'~11un1n.J~~m:;!?l11!t 

1.6.4 ~1l-J1nnl1t)~!?l Ll-I~'fl HVl1-ln1j'Ln1!tmnftUl-Jl1-iil~ LUUUj':;LtJ'lni ~ni-lfi-l'lhEJ . 



1.7.1 

1.7.2 

1.7.3 

1.7.4 

~ n1!t1 ~'U~t)1),,)1J),,)~ojf'el~~ LL~:;'l1'U'l4'£J~ L~mojf'el'l 

L[;11-£J~'lfim)'i'1Vl~'el'l 'eltJmnrLL~:;~1n~n , 

4 

" , 
1.7.5 'l L ~ )' 1 :;,x &.J ~ n 1 )' i'1 Vl ~ 'el 'I ~)' tJ &.J ~ n 1 )' i'1 Vl ~ 'el 'I LL ~ :; L1- £J 1J L1- £J 'I L i1 'el '" 1 L Y1 'el &.J ft [;1 , 

1Ji'1~,)1~'l4'£J 

1.7.6 L~£J'U'li'1milyj'UfiLL~:;~'l&.J~'l1'UltJ L&.J£JLLyjr 



.d 
tJ'VI'VI 2 

o 0" 
m:::~l1l;' L~tJl1r/l1Jvn-J1tJ~-l 1'~~ mhuJ1-l1 ;-l LI"lNi1-l Luuiu-n'elunu~1m~ultJ'"l1n~'ll 

~ LStJ-l~1unu'elth-lhJ Luur::: LUmJ L~tJ~ n1r~ ~~~mh:::~1unU'JJ'el-l L~ultJlruLii~~u'"l1 m11'JJ'el-l 

L~ultJ L'el-l i11~ Ln ~'"l1 nn1rlf'l~1r~ULih 1l.J LUu(;]1l.Jr:::~1ullX L~ultJ LLlJlf'i::: L~UL~'el~lJl'el nu 

L~yltJ'JJ'el-l~'ll ~'tl L'l!f'iffl.Jr:::L1lYl~~~1-l1"l11~ LL~-lLLNllXLLriih~u f'l1ul~n.llJn';hmJ1~ 

~h LfttJ-l~1 LLf'i:::'tl1~1rllX LLri~'ll L~tJ L~ultJ'"l:::i:J~ nl;'ru:::LUUL'l!f'iff'JJU1~ L~n LUULLvl-ltJ11 LLf'i:::LttJ1 

~-l~1~1nlLLtJ nrJ'eltJ'el'elnLuuL~ulm~tJ111~~1tJ m:::u1Un1HJ~ ~ L~'el (pulping) L~tJtJf'i tJ~~ 

~ .J .oJ lid _ I ~ 1I 0 dI 0 II 

'JJ'el-lU1LtJ'elYlL~~1:::~~ mul~LtJ'elnr:::~1l;'m:::'"l1tJm'eltJ1-l~~1L~~'el LLf'i1u1LtJ'elm:::~1l;'~1Yl11~ 

LUULLtJu1~~tJn1n'el1~1'el'elntJ1u~:::LLnNf'i1~ L~'el'"l:::4'U(;]1LLf'i:::~nl1UnULuu.ft'u1 ~~Vf1tJLn'el 
m:::ml;'LLlX-l (;]1 L~ultJ'"l:::Ln ~ LLr-l~ ~ r:::WJ1-lnU~U Ln ~ LuuLLtJum:::~1l;'~U~1 

cv ... -''''0 ... 
2.1.1 1j;Hl (;l'l..l'VI L"if'VI1 L!l'£l LU~~n~(;l1ti • 

" 0 0 

U'"l,UU m:::~1l;'hJ1~i:J L~tJ-lL~ultJ'"l1nL'l!f'i~ Lf'i~Lvl1,rU LLlJlrJ-li:Jn1rlf'l~1rL~~LLlJl-l~U1 L~'tl 
o " 0 

LYl~~~~1Jl1-l111Xnum:::~1l;'~n~1tJ ~-l,ru 1'~~~uVlH';hm:::~1l;'~1~1H1LLtJ-l'el'tln1~LUU 2 

n~~1~C1l1 ~'el 

~ .. ..J ."1 ~ 1 . . 1" 0 ~ 1 J' 1"" 0 2.1.1.1 1~'l~UYlLuYL'(iU tJ (fibrous raw matenal) ~LLn L~U tJ'"l1nLU'tl ~'llU~~1-l1 
" ," " 

L'llU 1~Lil'elLL~-l (hardwood) ;-li:J~nl;'ru:::L~ulmru 1~'"l1n~'ll~r:::nf'i1~tJ~~lu LLf'i:::1~Lil'tl~'tlu 
" 

(softwood) ~-li:J~nl;'ru:::L~ultJtJ111~~1'"l1nYi'llm:::~Mlu LUU~U [1 ] 
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~ ... .,11 '1 ' ~ 1 1'" ... , .J 2.1.1.2 1t;]QVllJYI 1.J "llL~Y tI (non-fibrous raw material) VlLLn ~1ni"l1.Jm~1 LlIU 

~1n~1.JL~1.J (filler) ~1inU~1.J (sizing agent) ~1n~1.Jm11.JLLii~LLNm:::Vl1~ (dry strength agents) 

..: .. J?I 1"'::1 ~1nYi1.Ji"l'l11.JLL'iI~LLNL1.Jtlm:::Vl1~Lutln (wet strength agents) ~1i t-Iri (dyes and coloring 

agents) LtlU~U [1] 

4. 1"l1L-D91t11umnnlJi'llJi'l1.J mi'lJU~~LL~:::mjfhL~t1~ (transportation and 

handling) i"l'li'Yi91iCU1tJ' t;]tl ~lJth:::L1lYl~jj i"l'l11.J~:::Vl'l n LL~:::th:::mr Vl1 umi • ... 
'lJU~~ L-DU t11t-1l!nLlJ11.hun~1~ Ll-lLlJ11.J1nLnuhJ LL~:::Ll-ltl~1uLLt-I~~ 

mnuVl1i Lllu~u • 
5. 1"l11-n91t11umiLL1.hnh1 ntJ't;] tl ~lJ Ltlun i:::Vl1~9:::~tl~jjI"l1 L-D91t1~ ~1~~Vl " . . ... , 
6. mnnlJfmi1 (storage) i"l'li'Yi91icu1n~Li1tlV11umiLnlJtJ't;]tl~lJ ~fimnnlJ • 

~U~tlVl.tltl91 mY i"l~.tltl LL~:::fmi1 i"l CU111YitJ't;] tl ~lJL r)1.~ i"l~~ • • 

.. ::'.J!'l '1 ".." '1 "" .. ~ 1 ~ • I 1.1 ..... J 91nYi"ll Y1~Y1 LuU L1.JtlUt;]ULL~::: L1.J~1.J~n i'l1.Jtl~ L'(iU tI'"l1n ~1t1 (cotton) utl 1U LL~:::Yi"ll"llUVltlU1 

L-DU nft'ltl crnt;]lJ'll'l1 ~lJU:::iVl LtlU~U LVltl~'lu1 m1.) L~u1EJ~t111.J11-n1un1i~ftt;] L~mL~::: 
m:::Vl1~,rn L~1.J191 n~'lu'lJtl~~h~u (stem) 1lJ (leaf) t-I1tl LL~ LL~ ~~ (fruit) ;~~11.J1itlLLtJ~ L~u1t1 
, ... 

V11~91nYi'lltltlnLllu 2 ui:::L1lYl1m1.)1 vl~i1 

, 0-

2.1 .2.1 L«u1EJV11~1.J191nLi1tl1~ (wood fiber) 

, ... 
LtlUL~u1t1V1L~1.J191nLi1tlL~ (wood) 'lJtl~Yl'llL1.JftVllu~tltl1un~1.J'lJtl~~U (conifers) LL~::: • 

tJ "I I 

Liltl L~'lJtl~Yi"ll1lJ L~t1~~ ~~L~~u~uVJn'JlilVl~11.J1itl L-D djutJ't;]~~lJ1umi~ftt;] L~tlm:::Vl1~1~ L~U 

1EJU I::: L1lYldL~1.J 191 n1.11fiii1.J'll1 ~ LL~:::lJ1~'llilVl n~11.J1 itlU ~ n LtlU~'lU1.11 L ~tl L-D1 Umi~ft t;] L~tl 
LVlm~Yi1::: LVlEJL~~U~U~t111.J1L-D~11.J1itlLLtJ~L~LtlU 2 Ui:::L1lYlt-lft'n1 ~tl 
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~ "J' , ."1 ~.",..J"" ~ 1'" . I" "" 2.1 .2.1.1 L~LUtltltlU (softwood) LuUIJ.JYl~ftm~ru::: um~tlUjuL'1J~ L"1Im(;lfttl~ .. 
i-lU Luu1~~1~~~~lu iJ~1nluLLr1uuj:::LYlPlL"1I(;lV1U1,) t~uiJL"l!ft~41'Vi')mYJj~(;l (tracheids) vh 

V1U1~ LUUv1tl~h L~U-lJ1fl1ulU~1[;]U 1"l,)1~m') L~~U"1Itl-l L~u1UUj:::~1ru 2.5-7.0 nft~ L~m L~U 
" ~1u~u~nft1-l'1Jtl-lL~ulUUj:::~1ru 15-80 l~tmL~m j;],)tl£11-l1~"l!il~\11~LLri l~~U~tl-llu l~~u 

1 ~" ~. 1" ~ ..J" .. ,~ ..J~ " 
~1~ U LuU(;lU [2] ~nU1~1 "l!~ft(;lm:::~1lfYl(;ltl-lmjl"l,)1~LL'1J-lLLN~-l LL(;l~,)'1Jtl-lm:::~1lfYl L~"'I::: 

" , 
1~ LrUU LUtl nj:::~1lf 1~~ii1 L~~tl L~ulm:::r.ru nULUUrltlU1 

" 
2.1.2.1.2 l~LUtlLL~-l (hardwood) Luu1munt)1-l ~~~lulu~~lu1~i,)-l Luu1~ 

Ldtl LL~-l t~uiJ L"l!ft~41'Vi,) n ~u1'~tlf~ (Iibriform) Vi1V1U1~1~1"l,)1~ LL;i-l LLN LLri ~1 [;]U LLft:::"'I:::iJ 

L"l!ft~41'Vi')m,)~L"l!ft (vessel) ;-lLUUL"l!ft~~iJ'1JU1~1V1nJ nt)1-l LLft:::~U-lu1-lLLYlmtl~t~ui')lu Vi1 

" ..J.?I ' • "" ~ 1 • " ..J.!' 1 . I ~ ~ .!" V1U1YlLuUYltlft1LftU-lU1 Uft1(;lU 1"l,)1~m,)L~ftU"1Itl-lL~U Uuj:::~1ru 0.2-1.3 ~ftftL~m L~U~1U 

" PlU~nft1-l'1Jtl-lL~u1UUj:::~1ru 20-300 l~tl"ljL~m j;],)tl£11-l1~'llil~\11~LLri l~L)jtl-lrtlULntluYln .. , 

2J n U,1 L~ u1u~1~ "l1 n 1~41'Vi,) nd~ 11-n-Vi 1 n j::: ~ 1lf~ [;] tl-ll"l ') 1 ~ LTU U LLft::: L dtl ~ J 1 L~~ tl 1~ 

91 LUU[;]tl-l LL;i-l LLNun L'1lU m:::~1lfYi~;{L~UU LUU[;]U 

"" " 
mjLru nUj:::L1lYl"1ltl-l1~~11~ LUtl'eltluLLft:::1~ LUtl LL;i-l m~ LLU-l LLU n (;l1~ 1"l,)1~ LL ;i-l'1Jtl-l LUtl 

1~tl£11-l L~ui ~ 1~ Ldtl LL;i-liJl"l,)1~V1U1 LL tlULLft:::I"l,)1~ LL ;i-l'1Jtl-l Ldtl1~ [;]1-l nULuu'1l')-l nt)1-l~1 n U1-l 

.!' 1 ..J1 '1" J' ~" . 2.1.2.2 L~Y UYl ~ ~~1"'11mUtl b~ (non-wood fiber) 

LL~,)~'1J1~ LLV1~-ll.h 1~~1V1fu ~~ (;l L~tl n j:::~1lf Vi"l!~~ft n LLft:::Vi"l!uftnV1~UL1UULUULm~-l1' (;l (l ~U~ 
.. \I.. .. 

~1rlry1umj~~(;l L~tl~1V1fui:ltlumj~~(;lm:::~11f"l!il~Yi LPllf (special paper) Vi'll LV1~1dV1ft1U 
I " I I 

"l!il~~1~1j(l~~(;lm:::~1lf1~~ LLft:::Lv11 LV1u~nu L~tl"'l1n1~ LUtl LL~-l ;-l t~m1,) 1u"'I:::iJ 3 LLV1~-llmy 

2.1.2.2.1 "1Itl-lm~tlYl1-lmjLnlf(;lj (agricultural waste) l~LLri ~1-lir1,) LLft::: 

mn~tlU LUU[;]U LUULL V1~-l1' (;l (l~UUj:::L1lYl L~u1t1~iJm~1 ru~1 n , 

2.1.2.2.2 Vi"l!~~~n~iJtl~(;l1~fin~'ll1~ l~LLri 1'(;l~~UUj:::L1lYlV1rY1 (grasses) 
" , , 

1'~{;)L~ulUUj:::LflYl\1"'1:::j')~lm~H~')u V1rY1V1Hnu1u~(;l~1V1nn~L~tlnj:::mlf 1~LLrimY1 

'1J"'Ij"'lU LLft:::1~ LUU[;]U 
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" ., , 
l'ULL'U'lLLn'U"II'el'lL~'UltJ 'U'eln'"llnU'U~'l~~ltJ (cotton ~1'el linter) i'lVlLij'UltJ~lmL~:;L~~~~ltJ~~ 

utJ ~-.14'~LtI'U1'~(l~11ut:;LJlYlltJt.J1'l ~m~lruLL'el~yj1L'l!~~ L~~~-.11-if~ft~L~'el'l!il~Vl LPili Lwn:;llX 
ill ill \I \I 

2.1.3 L~'1·n~f1{J'VI1{Jn1!J1l1'Yi'l.l'el{J '1.~ (wood physical structure) 

L'l!~ft~(j-tJn~l LLr1~LUmJ (cambium) ~-.1'el~5~'"llmU~'eln LLr1~LUtJ~'"l:;~n1nLU-.1tK'l~ft~L'l!~ft 
" 

~'Ul~~'el~ ~~'el~~~n1~ L'"l1ClJ L~11L~ L~tJ L'lI~ft~ L'"l1ClJ LihJf1'Ul'Un~ltJ LLl'UL~'ell~ ~'l'UL'lI~ft~ 
L'"l1ClJ'el'eln~1~1'U'U'eln'"l:;L'"l1ClJ(;]'ellu LtI'ULu~'elnl~ Ld'ell~~1'ell~ (wood) ut:;n'el11~'lm'll~ft'l!il~ 
(;]1-.11 ~-.1~"II'U1~LL~n(;]1-.1n'U~'llUi1-.1~nliru:;~~'el~'"l'Ur1'l1~~'U1"I1'el-.1~U-.1L'lI~ft ~'l'Ul~nJLd'ell~ 

I I I " 

Ut:;n'el11~'ltJn~~ L'lI~ftVl~tui1-.1t.J1'l LLr111 n~'l-.1 r11~t!lVl LntJ'ln11n1t~h L~tJ-.1111 ~lt'elil'UYlru , " 
~ .... J ~ ~" X ~. 1...1...1 0'" X J 

LL~:;'l ~~~11 'lI-.1 Lu'U~lt~:;~lm'll-JYl-.1 LLtfi1 ~ m-.11 '"l1 nnn"Il'U L1HJ·(i'l'U11'U"II'el-.1~1~'U L 'U'El LtJ'el 

~lL~tJ-.1d(j-tJn~11'l1L~~ (xylem ) L~tJ,rn'"l:;'el~~n11Lyj~L'el~ (pholem) ~-.1r11~t!1~~lL~tJ-.1'el1~lt 
" ., 

n'UtU"Il'el-.1111~~~1l1m~) L~~'el L~tJ~'ll~~'l~lfLLr1~LUtJ~ (vascular cambium) 
" 

LLU-.1tK'l~~l-.1 L~'el L~'el Lyj~ L'el~ LL~:;l'l1 L~~llX L~~~ln~'U L~'el n1 tL'"l1Cl.j L~11L~"II'el-.1~lrJf'U 
t:;~~1-.1Lyj~L'el~n111'l1L~l-J [2, 3] ~-.1LL~~-.1lWl1W~ 2-1 

Periderm 

Pith 
Pith Ray 

Va cular 
Cambium Pbcllogco 

(= cork cambiwn) 

.tal 1.1 J' ~ '" 
111'Yi'VI 2-1 LflNM1-.1"I1'el-.1L'U'el L~ [3] 

o ....J 
Yl1~'U1Yl 
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~ ~ 

L"lIftft1ULU'rl1~ ~1~11mLU--11~Liju 2 '1lU~ ~--1il 

~ n 1" "" , 2.1.3.1 L"lIftft U ~ LU'rl'rl'rl'Y (softwood xylem) 

~ 

lu1~ LU'rl'tl'rlU 1"l1 Lft~ lh:;n'rllJ~'JtIL"lIft~LVl1~ (;l (tracheid) 'vir'rl L~u1t1LiJu~ftn lh:;~1 (U 

~ ,~ 

LL~--1LLN U'rlnr.nmrU~--1iJmrL"lIft~ lh:;~1(U1m.lft:; 5-10 ~--1LUUL"lIft~~IL~tmll (ray tracheids) 

LLft:;~1 L~f.I--1m~11 (ray parenchyma) 1ULLU'JIff'J'lJ'JI--1'lJ'rl--1~u1~ LLft:;iJ LrnUfl:;LLUft (resin canals) 
I I" I 

~--1 LUU L YiN L~'rl~1:;~~I--1 LL U'J 1ff--1 LLft:;LLU'JU'rlWlI!l--1ft I~U LYl'rlftl L~f.I--1 L1=BU [2, 4, 5] 

~ 

n1""" CJ 2.1.3.2 L"lIftft U ~ L'Y'rl LL'lJ--1 (hardwood xylem) 

~ ~ 

1 u1~ L U'rl LL ~--1 "I:;Yi lJ L"lI ft ftl"l1 Lft ~~ft 1 f.I'1lU~ ~ 1 n n ~ 11 u1~ L U'rl 'tl'rlU 1~ LLn L"lI ft ~L 'J ~ L"lI ft 

(vessel member ~r'rl vessel element) L"lIftftl~LU'rlf (fiber) LLft:;L"lIft~YiIL1U1fl~1 (parenchyma 
I I I I II " 

cell) [2, 5, 6] ~--1LL~~--11WlIYiY12-2 ~--1LUUL"lIft~~ftnY1YilJ1~v1'J1tJ1u1~LU'rlLLii--1 t'l'JULm~(;ll!u 
~ 

m"lYiu1~u1~LU'rlLL~--1UI--1'1lU~ LLft:;YilJ1~um~l(Uhl~lnl!n 

0 0 
o!Io 
o 

_..r::"I:=:3~=~L:3:§:::~ WESTERN Q -.-..:... Q HEMLOCK 
SOFTwOOD C!:IZ£) 

~ 

f 

~ RAY TRACHEIO 

"."Ow~ g } o.~. ,.FJI==-=~ REDGU",", 
~ PARENCHYWA 

BIRCH 12oop.m I OAI( EARL YWOOO 

REOOUM 

ASPEN 

EUCALYPTUS QMEll"'''' , , 
TRACHEIO 

~------~v~------~ 
H.rdwood Fiber. 

~--------~v~------~ 
H_dwood V ••••• Ele,...."ta 

~ ~ 

111'Viv1 2-2 lff'Jmh--1'1lU~'lJ'rl--1L"lIft~'lJ'rl--11~ LU'rl'tl'rlULLft:;1~LU'rl LL~--1 [5, 6] 
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~1"'fUL'lIfHf"lJ'fl'lYl'll~1~ilL~'fll~ lunnn"lJ'fl'l~1v'fu (stalk) tiu il~mjru:;~rl~1Urlft'lIlU 
.. dO.,J.. J' ~... " ~.,J dO .,J~ ,.. J' ~... .. .. ,dO 'I 

L'lIfH'i"lJ'fl'lY'l'llVl~LU'fl L~ LLUlUl1'lnUVlY'l'llVl L~~LU'fl L~Iil:;~rl'.l1~"'ft1n"'ft1U"lJ'fl'lL'lIfHm1nn'l1 rl'fl LU 

I " I I 

vn Lrulrl~1"'r'fl L'llft~V1il"lJU1~ L~ n LLft:;~U 'fl~lum~1ruV1~1 n n~1 L'llft~'llU~~U1 

" " LrlN~r1'l"lJ'fl'lLf\'ulu 'fl1IilLLu'l'fl'flnlc1huu 3 -Du"'~n1 C;)'lU 

" 2.1.4.1 -Dyij~L~ftft1L~ftft1 (middle lamella) 

LijuurL '1 rur'flu[;]'flr:;"'~1'l Lf\'ulu tlr:;n'flu c1l'lu~ nUu (lignin) ;11",i.h~ L"'~'flUn1'l"'r'fl(;]'l 

tlr:;~1u~ ~ Lf\'ulu LL[;] ft:; Lf\'uLih H c1f'lU IlU il"lJU1 ~U1'l~1 n LLft:;~'fl'll~ L \1UC1f'lU n~'fl'l'ftVlrrPl,r 

~'lltl [2, 5, 6] C;)'lLL~~'llWl1Y'1~ 2-3 

8J 
"- Lumen 

82 
Middle 

81 
lamella 

p 

" ,, >-
2.1.4.2 ~.nr'l"lJ'fl'lLf\'Wu (cell wall) tlr:;n'fluc1f'lti-Dutl'flU1 "'ft1t1-DU C;)'lU 

" 2.1.4.2.1 ~.nr'lLf\'ulu-DuLLm",r'fl~.J1rWl!ft~tl~~1Jij (primary cell wall) 

".,J " '" .,J 
Lilu~.J1r'l L'llft~-DULLmVl L'lIft~ ~r1'l~U(;]'l LL[;]r:;u:;V1 ri1~'l L~uLUlIilUti'l LUI L~~Vl 'fl~ 

c1f1UU'flnMl"lJ'fl'lL'lIft~ ilCJU'lL'lIft~~U1'l~1n ~'lilrl'l1~"'U1LVitl'l 0.1-0.2 l~Lrln~UlnYhtiu CJU'l , 
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" L~ult1iuLL1m.h:;n'eltJ~')t1 L!liJL"lfft\1 Lft~ LLft:;LYWI~U Luu~')ul~n.i [8] LLft:;mliliJ L"lfft\1 Lft~'el~U1'l 

tJ1'l~,)U ~'lLL~C;)'l1UJl1Yi~ 2-4 ~1~ftJn111il:;Lrtl'l[;],)'lJ'el'lL~Ult1'lJU1c;)tl'elti ~Lrtln'h 1~L~11~ 
" tJtft (microfibril) lutJtmuu'W d:JU1:;LiJtltJun 

Middle F 
Lamella L 

Prim.lry 
Cell Wall 

Plasma 
Membrane 

" , 
2.1.4.2.2 c.JU'lL~Ult1iuYi 2 ~1'elc.JU'lL"lfftftVJ~WJiJ (secondary cell wall) 

" " LUuc.JU'liulu~c;) (tlC;)L-if1hh1nc.JU'lL"lfftftiuLLm) l.h:;n'eltJ~')m"lfft\1Lft~ 1LtJ'el 

tU (suberin) fii')~u (cutin) iJ~,)1~~U1 LL~'lLLNLLft:;iJn114'C;)Lrtl'l[;],)'lJ'el'l1~L~11~ tJtft~LUU 
" ..J" " 1:;LiJtltJ~1n n~1 c.JU'l L"lfftftiuLLm [;],)'eltl1'l L"lfftftYliJc.JU'l L"lfftftiuu~'el 1~ LtJ'elf (fiber) LYl1~C;) 

" " " (tracheid) LLft:;~ Lflft'el L1U1fl~1 (sclerenchyma) c.JU'l L'1Iftftiuu~1~11mLU'l'el'el muu 3 iu m~ 

ViP1Y11'ln11Lrtl'l[;],)'lJ'el'l1~L~11~tJtft [2, 5, 6] ~'lLL~C;)'llUJl1Yi~ 2-31~~'l~ 

" " 2.1.4.2.2.1 iu S1 (outer layer secondary wall) Luuiuu'tln~c;)'lJ'el'l 

c.JU'lL~ult1iu~ 2 iJ~,)1~~U11.h:;~1ru 0.1-0.31~L~n~~1 n114'C;)Lrtl'l[;],)'lJ'el'l1~Lfl11~tJtftlu 
" " iuuiJftm~ru:;fl~1t1Zl.l[;]') S ~1'el Z 

" " 
2.1.4.2.2.2 iu S2 (middle layer secondary wall) Luuiunft1'l'lJ'tl'l 

If I '" I I 

c.JU'lL~ult1iuYi 2 LuuiuYiiJ~,)1~~u1~1nYi~c;) 1.l1:;~1ru 1-51~LmL~~1 fiiC;)LuUr'eltlft:; 80-90 • 
" " " 'lJ'tl'l L~ulm1'l~~C;) LC;)t1ft n1!J'ru:;n114' c;) L1m[;],)'lJ'el'l1~L~11~tJtft luiuuLuuttlLULLu') L~t1')nu vi1 

" " , 
ltX L~ult11utJtL ')ruUiJ~,)1~ LL ~'l LLN~1 n n~ 1 c.JU'l L~ult1iu~U1 

chula
Typewritten Text
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~ ~ 

2.1.4.2.2.3 -n~ 83 (inner layer secondary wall) LtI~-n~'t~~~'Il'tl'lc.JU'l 
"I '" I I 

L~~'trJ-n~Yl2 LtI~-n~YlU1'lYl~~ lh~).J1ru 0 . 11).JLfO)j'l).J~j vi~'tl'tl1"'l1lJjjLfmrhtl~1~ jjmj~rJ'l[;]'l 
~ 

'Il'tl'l1l-JLfO)j1~u1flfO)ft1w1Uc.JU'lL~~'trJ-n~ 8 1 

,~ , 
mjYl c.JU'l L~~'trJ LL~fl~-n~jj mj~rJ'l [;]'l'Il'tl'l1).JLfO) j1~u1flYl1lJ L ",ij'tlWl~ "'l~~'l c.Jfl 

, ~ 

~'tl~).JU~'Il'tl'lL~~'tmtl~'tl£l1'l).J1n L~m'Uyj1~'tl£l1'lU'l't~c.JU'lL~~1rJ-n~ 82 

2.1.4.3 ~L).J~ (lumen) 

~ , 
~1j'lfO)jj 111LLfl~'tl1mjj~"'~1'lL~~'trJ ~'lLL~~'l'tWl1yjYl2-3 

2.1.5 '!l.:Jfi'u~n'!l1.J'VI1.:JLf\ii"ll'!l.:JL;f'!ll~ (chemical composition of wood) 

2.1.5.1 fO)1flu1m~j~ (carbohydrates) 

f011flu1m~j~ tJj~n'tlu~'lrJml'lrJ'Il'tl'l~1mfl£l'tlrJ1 "'fl1rJ"llil~ L~~ n~LfO)~ (glucose) 

LL).J~L~~ (mannose) ",1'tl1"llLfl~ (xylose) ).J1~'tln~LtI~~1rJm'l "'l~nfl1mtl~~1rJL'liyj'tl~LL'l!fO)fO)1 
~ ~ 

h~ (polysaccharides) L~rJ"'l~yjUyj'tl~LL"l!fO)fO)1h~ tJj~).J1ru1'tlrJfl~ 60 ii'l 80 'Il'tl'lLil'tl1~'f1'l"').J~ 
, ~ 

[4,5,9, 10] ~'l'tl'l~tJj~n'tlU"'ftn'Il'tl'lyj'tl~LL"l!fO)f011h~1~Lil'tl1~ ~1).J1jmLtl'l1~ 2 "llil~ ~'tl 

2.1.5.1 .1 L'l!fl~Lfl~ (cellulose) 

, ~ 

LtI~fO)1flu1m~j~tJj~LJlYlyj'tl~ LL'l!fO)fO)1h~Yljj111",un L).J Lfl~fl~'l tJj~n'tlU~'lrJL).J Lfl~fl'Il'tl'l n~ LfO)~ 

(glucose subunits, C6HlO0 6) tJj~).J1ru 1 ,000-10,000 L).JLfl~fl [5] L~rJ'"lru~).JU~'Il'tl'lL"l!fl~Lfl~ 
~ ~ , 
U~"'l~~~'tl~nUfO)'l1).Jm'l'Il'tl'l~1rJL'liL'l!fl~Lfl~ (degree of polymerization, DP) ~'lL'l!fl~Lfl~'t~ 

.!' 1".,,·1 ' -J 't ..!.I ' 'lI~ ).J"'l~).JfO)'l1).Jm'llJj~).J1ru 3,500 "'~'lrJ &i'l~ ~LrJ'tlm~~1l=tlJj~).J1ru 300-1 ,700 "'~'lrJ [5, 

12] 

~ 

~1"'fuml'lrJ£l'tlrJYl~"1~ (basic subunit) 'Il'tl'lL'l!fl~Lfl~ ~'tl L'l!flLfl1UL'tl~ 

(cellobiose) "'l~tJj~n'tlU~'lrJn~ LfO)~ 2 L).JLfl~fl L~'tl).J~'tln~~'lrJ~~fi~LU~1-( 1-4) 1nfl LfO)iD~n (~-
.. ~ ~ ~..I, ~.J .. 0, .J , 

1,4 glUCOSidic) L~rJ L).J Lfl~fl'Il'tl'ln~ LfO)~"'l~L'lI'tl).J~'tln~Y1f011jU'tl~'tl~~'tl).Jm LL"'~'lYl 1 'Il'tl'l"'~'lrJ 
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n~Lr1~Ll-JL~~~~rt'lnlJ,"nflJ'ellJ'el:;(;l'ell-J~1LLVlU'I~ 4 ~'el'l~U')tJn~Lr1~Ll-JL~~~r;l(;11.u [4,5,9, 10, 

v 1 .J 11,12] (;1'1 LL~(;1'1 Wl1ViVl 2-5 

fJ-1,4 glucosidic linkage 

OH 

Cellobiose unit 

~ , 
~lJfi:;1.t1L(;1 H~lJ~'1Jl1tJllJ Ll-J L~ n~ (intramolecular) LL~:;r:;~~1'1 Ll-J l~n~ (intermolecular) ;'1~:; , , 

L~'ell-J(;\m:;~~1'1~~1.t1(;1r'elniD~ (hydroxyl group, -OH) ~r11flJ'ellJ~1LL~U'I~ 3 nlJmJniDL~lJ~'tl~ 
'I 'I ~ ~ .J 'v~. I ..:, , 'i' ' ~.J v .J 
LlJ,)'1LLVI,)lJ LlJLl-JL~~~~'tl'ln~ Lr1~Vl'tl~r1(;1 LU LL~:;L'l!'tll-J(;l'tlr:;~,)1'1~1tJ L'l!L'l!~~ L~~Vl~lJ1lJnlJVl 

r11flJ'tllJ'el:;(;l'ell-J~1LL~U'I~ 6 nlJ'el'elniD L~lJ~ L~'ell-Jr:;~~1'1Ll-J L~~~~'el'ln~ Lr1~llJ~n~1tJL orl~rt'l~'el'l 
L'lI~~ L~~ [12] ~'1 LL~(;1'11lJJl1Vi~ 2-6 ~')tJ LVI~d~'1~'1 ~~ ltXL~lJltJ ~1l-J1rrl~r1'1~lJfi:;~')tJnlJL'tl'l 

~ 

1.~~ r1,)1l-JLL~'1LLN(;\'tlLLN~'1 (tensile strength) 9'1~'1~lJ 

~ ~, 

~~ 9'1vhltXL'lI~~L~~rJr1,)1l-J'l!'tllJU1 (hydrophilic) LL(;\~:;~1tJllJu11.~mnL-nlJnlJ Lil'el'l~1n~~ 
~ ~ 

~'tl'l LLN~'1 ~ (;1r:;~~1'1 Ll-J L~~~ LL~:;LLN~'1~ (;1Jl1tJllJLl-J L~ ~~,rlJrJl-J1n ~ n~'1~'1 Ln (;1 LLN LL,)lJL(;1'tlf 

,)1~ft (Van der Waal's forces) ~'1LlllJLLN~'1~(;1r:;~~1'1Ll-JL~~~~'el'l~~~rJi,)Ln(;1~lJ~n~')tJ [12, 

13, 14, 15] JlJ~'tl Ll-JL~~~~'el'lL'lI~~L~~rJr1')1l-JL~nml-J1n 'elth'lhri(;l1l-JL'lI~~L~~~1l-J1rrl~n 
Yh~1tJ1.~~')tJnr(;1LLri ~1'tl L(;1tJmrt1'tltJ~'el'l L'tllJ1.'lIJSL'lI~~ LMl (cellulase) 

(crystalline region) ~'1 Ll-J L~~~r.r(;1 LrtJ'I(;]')nlJ'elt11'1~lJ1 LLUlJ LlllJr:;LutJlJ rJr1,)1l-J~lJ1 LLUlJ~'1 9'1 

LlllJ~,)lJ~vh ltX L 'lI~~ L~~rJr1,)1l-J LL ~'1 LLN~'1 LL~'1hJ Lun:;~1tJ ~1l-J1rrl ~1lJVl1lJ(;\'el(;],)";1~:;~1tJ 
~ ~ 
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11l')'tl~1-lVl~,)l-J1 LL~:;iJ 1'1') 1 l-JVlU1 LLtlU~1 iJrl,)1l-J~1l-J11Cl1Un11fuJ1 LL~:;rl,)1l-J~Ul~~ ~11 ~ 
" u1'L'Jtul1hjl"l'elmL~-lLLN iJrl,)1l-J~~Vl~U ~1l-J11Cl~1tlBmmnU~1nrliJ1~~1fJ LL~:;iJrl,)1l-JLVll1m 

~1"l'tlU;h-l~-l [5] ~-lLL~~-l1U1l1Yi~ 2-7 

H H 

_." ~5C .. -~HO :~~ '~q .. _"'~~O~ ... 
- ·':HO~ .. ~:-HO~"'~u 

" H / f-! H : H : 

~ 
HO' OH ..... % .. HO OH 

........ o ·-·'·~ _ 0 o ·~·'· o. -~· · · 

·-.... HQ H""~"'HO H ..... ~u 
I H / f:I 
H : H : 

"~q .. - -.;b~~5.r-... ~HO OH. 

--.. ~HO~ .. ~u·-··:-HO~ .. 
I H I Hw----H : H : 

" '~q._ ... ~HO O~ .. "~q .. "-;O 0 

· ·-"~HO~ .. ~~HO~"'O 
H H 

~'Ufi~l1l'L61'iL~'U 

(H-bond) 

1l1Vivf 2-6 ~n1!tru:;n114' ~ L1fJ-lI1l,)'1I'el-l~1fJ t oJ! L'1I~\l t~~ LLvl~:;L~U ~,)fJn11L~'ell-Jvl'elnu~,)fJ~Ufi:; 
" lf1t~nlilu~-l1l1fJ1utl-JL~n~ LL~:;1:;Vl~1-ltl-J L~n~ [12, 13] • • 

1l1Vivf 2-7 u1'L')rufl')u~djut:J~n (fl')u~djU1:;LiJfJU) LL~:;fl')u~djU'ellrul1U 

(hhtlU1:;LiJfJu) '1I'tl-lL'1I~~t~~ [5] 
'1/ 

2.1 .5.1.2 Lf1ih'1l~\l t~~ (hemicellulose) 

Lf1n L'1I~~ t~~ LUU'tl-l rltl1:;n'tlu~iuoD'tlU'1I'tl-lYi'tlft LL'1I 1'1 I'll h~~'tl~1ULd'tll~ YiU 
'1/ '1/ 

" l-J1nLUU'elU~U 2 1'tl-l1il1nL'1I~\lt~~ iJ'tl~tl1:;l-J1ru~'tlfJ~:; 20-30 1uLi'l'tll~ ~~1Vl1-lLrliJ'1I'tl-lLf1n 
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L'l!~~ L~~~'fl (C6H1P 5)2n dlw~1nh:::n'fllJVi'ln,"l1fllJ1e1L~~V1~1l-l~:::~1EJJ1 ~1l-J1nl~:::~1EJ1~~ 
ll.m~~rel'flULL~:::~h"lrel'flt.\ Le:liJ L'l!~~ L~~ LijUVi'fl~ LL'l!f1,"l1hvrL-rluL~mnlJ L'l!~~ L~~ ~'fl1.h:::n'fllJ~'lEJ 

f11 flJ'flU 1e:1L~ n9ULL~:::'fl'fln; L9U LLl'1l'11"lnU~ Le:liJ L 'l!~~ L~~1.h:::n'fllJ ~'lEJJ1 m~ Ll-J L~~ ~ L~EJ'l 
, " 

VI~1EJ'l!U~ 1~LLri n~LfI~ (glucose) n1LL~nLVI~ (galactose) LLl-JULU~ (mannose) ~"lLtlUU1V11~ 

~~f11flJ'flU 6 'fl:::V1'fll-J (C6) ~"lLL~~"l1Wl1Vi~ 2-8 LL~:::1'l!L~~ (xylose) nlJ'fl:::nmu~ (arabinose) 
I " I I 

~"l LtlUU1V11~VliJfl1flJ'flU 5 'fl:::V1'fll-J (C5) [4 , 5, 9, 10, 11 , 12] ~"l LL~~"l1Wl1ViVl 2-9 

H H H OH 

(n) n~LfI~ 

H H 

H H 
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, " , 

DP l.h:;2-nru. 100-200 VlU'JtI ;n'ljju1VlunhJL~n~~1n~1LL~:;~1l-J11(1~~1t1(;]'Jhl~1t1n~1 , 

L'l!~~ L~~ [4, 5, 9, 10] 

, " 
(;]'J'tlfh'lL~i1L'l!~~L~~ vh.h:;n'tlU~'JtlU11'11~l-J1nn~11 'l!UV1 L'll'W mLL~nLl'1n~LrI 

LLl-J'WLL'W'W (galactoglucomanmannan) n~ LrI LLl-J'WLL'W'W (glucomannan) 'tl:;nm'Wn~ LrI LrI L1 

L'Wl'l!LL~'W (arabinoglucoronoxylan) n~LrlL1L'WhLL~'W (glucoronoxylan) 'tl:;nm'Wl'l!LL~'W 

(arabinoxylan) LU'W~'W [5, 9, 10] 

, " 
m1Vl L~i1 L'l!~~ L~~1.h:;n'ilu ~'JtlU1m~Vl~1t1'l!UV1 m 14' V1 Lttl'l (;]'J'1J'tl'l Ll-J L~ n~ 

~ , 
" U11'11~ 1'W~1t1 L 'lIYi'tlft LL 'l!r1r11 hV1~'ljjrl'J1l-JhJ LU'W 1:;LiJtlU~'l vh 1 ~L~i1 L 'l!~~ L~~~1l-J11m'l:;~1t11 'W 

mV1 LL~:;~11~:;~1t1L'l!L~t1l-Jl~m'tln1'll~~jjrl'J1l-J Lifl-Jif'W~'tltl~:; 17.5 1~~1t1n~1 L'l!~~ L~~ 

L~i1 L'l!~~ L~~jjrl'J1l-J~1~ rlJvl'tl m:;u'J'WmnJftl'1 L~'tl LL~:;~l-Jllii'1J'tl'l L~'tl Lu'Wmh'l 

~'l ~'tl Vl1 nL~'tljjml-J1ru.L~i1 L'l!~~ L~~~'l"l:;vi11~m:;V11lfjj m1l-JYl'WYl1'Wvl'tl LLN ~'l (tensile 

strength) r1'J1l-JYl'WYl1'Wvl'tlLLN~'WYl:;~ (burst strength) LL~:;r1'J1l-JYl'WYl1'Wvl'tlm1~U (folding 

endurance) ~'l Lrt'tl'l"l1n~1t1L'lI'1J'tl'lL~i1L'l!~~L~~jjrl'J1l-JLtI'W~'ln1'W (branching chain) ~'l vh 

1 ~m 1U V1 LVlrtm rl'W1:;Vl~ 1'l ~1t1 L 'lIvi11~l-J1 n~'W ~ ni'l ~'l L ~ l-J r1'J1l-J ~1l-J1 1(11 'Wm 1~ V1;nl-JJ1 '1J'tl'l 

I " I " 

LU'tl vi11~~1t1vl'tlmnl'1ttll-JU1LU'tl (stock preparation) 'W'tlm1nu'WL~'W1tJ"l:;jjrl'J1l-JUV1Vl~'W 

(flexibility) ~'l (;]V1i1rlJ'\.nrh~!l1Yim11:;u1t11~'1J'tl'l L~'tl (freeness) ~V1~'l L~'tlUV1 L~'tlLtI'WL'J~1'W1'W 
I " II I 

LL~:;L~i1 L'l!~~ L~~~'l~1l-J11(1'll'Jtl1~ L~'W1t1Yi'tl'l (;]'J 1~~1t1 Ln'tl LUtlnU1 vi11~~'WVl1'Wm1il-Jtr~rlu 
.... I II .... I 

U1'1J'tl'l L~'W1m Yil-J~'W L~'W1t11.h:;~1'W(;]'J rl'WHll-J1 n~'W LLvl'tlfh'lhri 1'11l-J L~'tl m:;V11lfLL ~'l lTnjj1'tltl 

" fl'WLnV1~'W LYin:;L~'W1t1VlV1(;]'Jl~L'll'Wrl'W [9, 10] 

, " 
~'J'WVl LU'Wrl1flul~ LV111'1r1'lVll-JV1'1J'tl'l L~'W1t1 1~ LLri L'l!~~ L~~ LL~:;L~i1 L'l!~~ L~~ 1'Jl-J Lttln~1 

L~Lm'l!~~L~~ (holocellulose) [10, 15, 16, 17] ~'lL~L~L'l!~~L~~~1l-J11mLl.l'l1~ 3 'l!u'V1I'11l-J 

" ft nlfru.:;m 1'fj Lrln :;,x'tl'l rl1.h:;n'tluYl1'l Lrljj'1J'tl'l L~'W1t1 ~'lt1 

2 .1.5.1.3 LL'tl~Yh L'l!~~ L~~ (a-cellulose) LtI'W~'J'W~ ~t1n~1 L'l!~~ L~~~ LLr1"l1'l 

(true-cellulose) hJ~1l-J11(1~:;~1t11'W~11~:;~1t1L 'l! L~t1l-Jl~V11'tl n 1'l!~ (NaOH) r1'J1l-J Lifl-Jif'W~'tltl 
, " 

"" .. " ~" "". ~ "" .. ~. I " 'I ~:; 17.5 Yl'~ru.Vl1:Jl-JVl'tl'l LV1 '\.nnl-JlJ1l-J1ru.l-J1nl")ru.!l1Yi'1J'tl'lm:;V111f"l:;V1l-J1n'1J'WI'11l-J LlJV1'JtI L'Wm1 

c.Jft 1'1 L~'tl hJ~1l-J11(1 LLtin LL'tl~vh L'l!~~ L~~'tl'tl nl-J11~'tlfl1'lu1~Yli~'tltl~:; 100 LLvllT m:;jjJ1m~ 
~ , 

" " 
LLl-J'WLL'W'W (mannan) LL~:;n~LrlLLl-J'WLL'W'W (glucomannan) 1.l:;1.l'Wl-J1~'Jm~l-J'tl LYin:;r1'l~'tl'l(;]'Jt1 

12-l~:;~1t11'W~11~:;~1t1L'l!L~t1l-Jl~V11'ilnl'l!~r1'J1l-J Lifl-Jif'W~'tltl~::; 17.5 L'll'Wrl'W LV1mL'tl~Yh L'l!~~ L~~ 
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lh:;n'au~')tJL~ Lft~ft n~ Lf'l~~~ LLvI 200 "'1l')tJ~u1tl ~~ LL~ftYh L'lIft~ Lft~;:Jf'l,)1~~1i"ltl.J~1 n lu 

.J 
~~~1"'m1~LtJ~LLft:;m:;~11~ [17] • 

2.1 .5.1.4 Lm'f1 L'lIft~ Lft~ (~ellulose) LilUL'lIft~ Lft~~ft:;ft1tJlu~11ft:;ft1tJ 

L 'lIL~tJ~1t!~1~ n1'l1111f'l,)1~ Lif~ifur~tJft:; 17.5 ~~ru"'1:Ji'j~~~ LLft:::9:;~n~:;n~ulu~11ft:;ft1tJ~;:J 
~111YHUUm~ LutihL'lIft~Lft~9~LLtJn1~91n~')u~~n~:;n~ulu~h~ 1"11 DP 'JJ~~Lm'f1L'lIft~Lft~9:; 

'a~1:;"'~1~ 1 00-200 ",ll')tJ [17] 

2.1.5.1.5 LLnw.h L'lIft~ Lft~ (Y-cellulose) LUUL'lIft~ Lft~~~ft:;ft1tJlu~11ft:;ft1tJ 
L '11 L~tJ~1t!~1~ n1'l1111 f'l,)1~ Lif~ifur~tJft:; 17.5 ~~ ru"'1:Ji'j~~~ LLft:::ft:;ft1tJ1~u~11ft:;ft1tJ~ d:lu 

m~ LLvl9:;~n~:;n~u1~~tJH' LL'aftn~ t!~~ vl.n!U LLn~~1 L'lIft~ Lft~9~ LLtJn1~91 n~')u~ LuuJ11u 

~11ft:::ft1tJvl1~ 1"11 DP 'JJ~~ LLn~~1 L'lIft~ Lft~9:;~1n~1 10 ",ll')tJ [17] 

2.1.5.2 ~nU'Y (lignin) 

~nUu Ltlun~~'JJ~~~111ufi11~'lI1~~iuoD~u~~~LLft:;;:JLf'lN~r1~~1~LLllu~U1.rn luLd'a • • 
" " , 

1~;:J~nUutl1:;~1rur'atJft:; 20-35 'lJ~~Li1~1~;il~",~~ [5, 1 0] ~nUULilu~11tl1:;n~UL1~oD'auVl;:J 
" " 
t'hmXn L~ Lft~ft~~ lJ nYlU~ nUULLft :::~~1,)~ nU~~1~"'U1 LL llU1:;"'~1~ LLft:;111tJl u'JJ~~iuu~ n'JJ~~ 

L~ultJ ~n~~fl~~~1')~nUL'lIft~Lft~ YlU~1nlu~,)u'lJ~~~11~L'lIft~iu~ 2 (S2) LLft:::~urL')rui'j~L~ft 
ft1L~ftft1 (middle lamella) 

~nUuLilu~11~tl1:;n~U~')tJ f'l1{U~U 1t!L~H9U LLft:::~~ n1 L9u1')~nULuu",1l')tJ~~tJ 

'JJ~~L~UftLYlHYlU (phenyl propane) ~~Ltlu~11~:;h~1~n ~1L~~~vI~nULUULf'lN~r1~ 3 i'j~ 

[4,5, 10] vl~LL~~~lUJl1Yl~ 2-10 

..J 
ll1YlVl 2-11 

," , 
LL~~~(;],)'a~1~~~r1tl1:;n~U"'ftn (",ll')tJVl".hnu) 'lJ~~~nUu ~~1~LLri p-

hydroxyphenyl L'JIU p-coumaryl alcohol, guaiacyl L'JIU coniferyl alcohol LLft:; syringyl L'JIU 

sinapyl alcohol LUUtifU [4,5,9,10,18] 
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111'Vivf 2-10 trlN~~1'l'lJ'tl'l~nu'W (native lignin) [5] 

iH,OH 110H 

CH CH 

» II 

<i~, CH'O*~' OH OH OH 

(n) p-coumaryl alcohol ('lJ) coniferyl alcohol (rl) sinapyl alcohol 

~ nU'WLu'W'tl'l ~lh:-;n'tlU'Vl1'l Lrlrl~llJ'll'lul'Wn11L~ ).Jrl'l1).J LL ~'l LLN'lJ'tl'ln 1:-;~111f L rt'tl'l'"l1 n 

1lJrl~'l'Wl'Wn11~~1'l~'Wfi:-;1:-;~tJ1'l L~'Wlu LLft:-;t.nnrlill).J1 ru.~'l'"l:-;Yi11lX L~'tlrlrlru.1l1Vi ~1ft'l LVin:-; 
~ . 
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I '" 

vl'tlf en--1~1~1rn~1U!jmmnUfl'J1~1'tl'\.~ LL~--1 LL~::fl'J1~:nU'tJl~1fJ ~11~m::~1~LuftfJu~'"l1n~ 

'lJ1'J Liju~ L "'~'tl--1 1 un r::u'Jun 1 re.Jft (;l n r::~1~ft nilu'"l::~ n ii 19 ~'tl'tl n 'tJl Jl'JfJ m r'te1L~ r't~on ~ Jl'JfJ 

m~".1-'tl ~1--11u,Tu(;l'tlumr~~ L~'tl ".1-'tlii19~'tl'tln 1u,Tu(;l'tlumrvl'tl nL~'tl Jl'JfJ~1nflrJ(;]1--11 L'1lU 

fl~'tl1u (chlorine) LtlU~U 

2.1.5.3 ~11LLV11n (extractives) 

~ .J "" I ."1 r. I .l' 't... 1 
~1rLLVlrn LuU~1rVl~fl'J1~"'~1n"'~1fJ LLVlrn'tlfJLuU'tl--1flur::n'tlU'lJ'tl--1LU'tl ~ YiU U 

'" '" ..,,, " 
ill~1 ruL~fJ--1 LftnU'tl fJ ~--1u.~unu']jil~'1l'tl--1Yi']jt!u1 n--1 LL~~ 1'"l::rJill~1 ruL~fJ--1 Lft nU'tlfJ LL(;]~1 r 

" L"'~1U.LtluLL1,.I~--1'1l'tl--1e.J~Yi~'tlfJ'tJl'"l1n 't~"'~1fJj;J'J ~11~~Vlu(;]'tl LL~~--1 LL~::mre.J Llh VlU(;]'tlmr~~ • 
" I "II I " 

Lil'tl L~'tl LLft::mrvl'tl n 1uu1--1'lJru:: r'J~~--16--1 Ltluj;J'J~11~L\l'tl 't~rJnftu r~ LL~::~ Ln~~u~nJl'JfJ ~1r 

I " 

rhulu ~1nLVlm~1~1rmLt1--1'tl'tlnLtlu 2 ur::L1lVl".~n1 ~'tl ~1nLV11nY1~::~1m:h'tJlnu~1nLV11n 

~~::ft1fJ't~Uj;J'J~1~::~1fJ~UVl1~ 

~1".fu'tl (;l~1lmrr~mre.Jft (;l L~'tl LL~::m::~1~ ~1nLV11mrU~11~m1LL V11nen~'lJ'tl--1~1rLflrJ • 
... 't- 11 .l' 't ~ 0 ... J 0 't...... ;. I" ""1'" J .l' "" ::. L'lJ1 u ULU'tl ~ ~U'lJru::Vl1mr(;l~LfJ'tlVl1 ~U'tlfJ~--1 '(iULLJ~'tl--1~1nfl~ umr(;l~LfJ'tl~1n'lJU 'tlnVl--1 

6--1rJU'1J"'1L~fJ'JnumrLn~vl'tl--1L~'tl~1--1L~'tl ~--1"'1nrJ~1nLVlm(;lnA'1--1'tl~1UL~'tl~1mrn~11~L~'tl 
~~en~~1 'tJlU'tlfJ~--1 ~--1 e.J~ n--1 mrL(;l1fJ~ L~'tl1umr~1 LLcJum::~1~~1 'tJlm n~u L rt'tl--1'"l1n L~'tl hi 

" " " LUfJnU1 ~'tl--1HL'J~11umru~~1n~u ~--1t!u9--1~'tl--1rJmrii19~~1nLVlm'tl'tln1um::u'Jumre.Jft(;l 

lum::u'Jumre.Jft(;lL~'tlm::~1~1uur::LVlP1'tVlfJ rJmrHt)(;ln~u"'~1fJ']jil~ ~--1LLt1--1Ltluur::L1lVl • 
".~n 1 ~'tlt)(;l~~uur::L1lVl't~LL~::t)(;l~~u~'tlJ1'1l't~ ~1"'fut)(;l~~u~LtlU't~ ~'tl ~fl1ftUj;J~ ~'JU 

t)(;ln~u~'tlJ1'1l't~ ~'tl ']j1U~'tlfJ U'tlLLn'J vl1--1if1'J LL~::'tmcJ L~'tlm::~1~~e.Jft(;l't~uur::LVlP1'tVlfJ . 
~'Ju1""\!LtluL~'tl~rJL~u1fJ~u fl~1fJnUL~'tl'"l1n't~Ld'tlLL;--1 fJnLt)uL'UYi1::L~'tlm::m~~1~e.Jft(;l'"l1n 
~Uu'tl~1LYht!u~9~LtlUL~'tl~rJL~u1fJm'J1uJl1uill~1rumrHt)(;ln~uLL(;]~::']jil~Yiu~1 rJmrLif • 
~fl1ftuj;J~~1n~~~ r'tl--1~--1~1'tJlLLri 'tmcJ ']j1U~'tlfJ vl1--1if1'J LL~::U'tl~1 (;l1~~1~U [19] 
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~ - tl 1" 2.1 .6.1 'W1Q~lJ 1~LJWUJ (wood) 

~1'11~tllKfl (eucalyptus) r.r~'hdlw1~~lVi'Jn1~Ld'flLLii~ (hardwood) ~L(1JL1'J fl1l-J11Cl 

U1l-J1 Htl1~LtJ'lIul~~EJH L'J~ntl~ nLYiEJ~ 4-5 11 LLft~1~ ~H'lC.J~(1J L'U~EJ 10-15 lKu/ti fl1l-J11Cl 

U1l-J1Htl1~LEJ'lIul~'fl£h~nt)1~'lJ'J1~ L1U Ynf~L~ftlJ'flf~ tl1fLti chu L~'flm~~TliLLft~L~'flL1EJ'fl~ 
" I I I I I 

:nu1~~ m~tllKfl~lJ Li1'fl u11tlvi 1 LUUL~'fl nr~~lH'"I ~1~ L~'fl ~ rull1Vi ~ Li1'fl u11tl vi 1 L~'fl L~EJ n11l-J~fi 

L~u1tJ'lJ'fl~~1'11~tllKfl'"l~iJl'1'J1l-Jm'J L'U~EJtl1~l-J1ru 1 nft~ Ll-J!111 LLft~L~Uc.hu~url'nft1~ 

L'U~EJtl1~l-J1 ru 18 1l-J LI'11Ll-J!111 [20] ~,)U'fl~ roltl1~n'fllJVl1~ ll'1iJ9~iJ L '11ft ~ Lftfltl1~l-J1 rur'flEJft~ 47 

~nUutl1~l-J1rur'flEJft~ 20 LtlnL'lIft~Lftfltl1~l-J1rur'flEJft~ 23 fl11LLVl1n~ft~ft1EJ1uJ1r'flU (hot 

water soluble) r'flEJft~ 2.4 fl11LLVl1n~ft~ft1EJ1'WLL'flftn'fltl'flftLLft~LlJU:nU (alcohol benzene 
o 

soluble) r'fltJft~ 1.5 lLft~Ltl1 (ash) r'flEJft~ 0.4 V1mft'elLUU~'Jutl1~n'tllJ'lJ'fl~fl11tl1~n'fllJ~uVl1-rl' 

LLft~fl11tl1~n'fllJ'flUuVl1-~u 1 [21] ~~ LLfl~~1uml1~~ 2-2 

~ - ..11 0'\")1" 2.1.6 .2 1(1J(l~lJVl l-J ~-lJ l-J (non-wood) • 

2.1.6.2 .1 'lI1U~'flEJ (bagasse) 

"I I" I " 

'"11 nn11~lJ~'flEJ'lJ'fl~ LN~lUU1 (1J1ft ~~9~1-if'lllU~'flEJ~1U",il\l LUUL;'tl LVi~~ LYi'fl C.J~(1J1'flU1'lJ'fl~ 
., 0 0 

LN~lU ~~t!Uilll-J1 ru'lJ'fl~'lI1U~'flEJV19~U1l-J1vi1 LUU1' (1J (l ~lJ L~u1EJ 1um1C.J~ (1J L~'fl nr~~l~~ LUU • 
I " I" 

~1UV1 mft'fl91 nm1H'lJ'fl~ Lr~~lUU1mft LLft~illl-J1ru'lllU~'tlEJV1 mft'fl9~~U'fl~ rllJ~~~'Jum1 
" " I" " 

C.J~ (1JU1 mftVll1 EJ'lJ1'J rllJU1 (1J 1 ftVll1EJ ~lJ ~~ L~EJtl n ~ LL~1U1 m ftVll1EJ'lJ 1'J9~ 1-D1.m'l1l-J 1 n n~ 1 
., ., .J"" 
U1(1J1ftVll1EJ~lJ LLft~~UrllJtl1~~Vlfill1Vi'lJ'fl~ LI'11'fl~ C.J~ (1J 1'tlU1'lJ'fl~ LN\l1UU1 mft LLft~l1mVift~~lU 

~U1 ~HVl~LLVlUrlu1~ 'lI1U~'flEJiJL~u1EJm1tl1~l-J1ru 0.8-2.8 nft~Ll-J(1J1 iJL~'WC.hu~url'nft1\1 
., 

tl1~l-J1ru10-34 1l-JLI'11Ll-J!111 LLft~iJ~'Jutl1~n'fllJVl1~Ll'1iJ~~i1 ~'fl L'lIftftLftflr'flEJft~ 26-39 ~nUu 
'1/ 

1,..0 J ~'" '" .J r 1'flEJft~ 19-22 fl11LLV11nVl ft~ft1EJ1uu 11'flU1'flEJft~ 3-11 fl11LL Vl1nVl ft~ft1EJ1UlL 'fl ft n'fl tI'tl ft LLft~ 
.0:::.. '" '" " ..... -t J 0 .... 

LlJU'lIU1'flEJft~ 3-11 LLft~Lm1'flEJft~ 1-5 ~~ LLfl~~ Luml1~Vl 2-1 LLft~ 2-2 ml-Jft1~lJ 
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2.1.6.2.2 yh..:Jii'1') (rice straw) 

~m~ru:::L~u1t1'11'el..:J~1..:Jif1')iJrl,)1l-liJ1,)1.h:::2-../1ru 0.7-3.5 ih~~ LWWi' LLfl:::iJ L~U 

~1u~uUnfl1..:J1.h:::l-l1ru 5-15 Ll-lLrlrLl-l1m' ~1~f1J'el..:Jf'1ur:::n'el1JVl1..:JLrliJ'1I'el..:J L~u1t1linn~1..:Jif1,)"::: 
, ., 

ur:::n'el1J~')tIL'l!fl\1 Lfl~r'eltlfl::: 28-41 ~nilUr'eltlfl::: 1 0-17 ~1rLLVlmVlfl:::fl1t11U1.11r'elu r'iltlfl::: 

13-17 ~1rLLVlm~fl:::fl1t11ULL'elflnml'el~LLfl:::L1Ju:nur'eltlfl::: 1-7 LLfl:::Lfhr'eltlfl::: 14-22 ~..:J LL~(?l..:J1u 

mr1..:J~ 2-1 LLfl::: 2-2 ml-lih~1J uj'elLmtl1JLVltl1J'1IU1(?l (dimension) '1I'il..:JL~u1t1~1..:Jif1,) ":::Yi1J~1 

~'elUif1..:Jiun~1 L~u1t1'l!il(?l~u 1 unrru~H~1..:Jif1,) 1 um:::1J')umrr.J~ (;) L~'el LL1J1J LrliJ~r'il LL1J1J~..:J 
.,j 1" _.J '1.J ," Lrll-l"::: ~r.Jflr.Jfl(;)LtI'il'el~ U-lJ,)..:Jr:::~,)1..:Jr'eltlfl::: 30-45 

, ., 
~1~f1JU r::: LVI PlL VIti mr 1 if~ 1..:Jifl,) LijurJ (;) tl ~1J r.J~(;) LU'el n r:::(?ll1!tUU1r1J~lU..:JU'elti • ., " 

l-lln L(?ltliJml-llruLYltl..:JUfl::: 20,000 lJ1ULVI1UU Lr'N1UVlr.J~(;) LU'elm:::(?l11!t91n~1..:Jifl')iJ LYltl..:J LL"'..:J 

L~tI') ~'el LN..:Jlum:::(?ll1!t1Jl..:JU:::~U LL11i1uu"9UULH~lUL~~tI(?lmrr.J~(;)L~'ilm:::(?l11!t91n~1..:J • • 

2.1.6.2.3 U'elLLn') (kenaf) 

~n1!tru:::L~u1t1'11'el..:Ju'elLLn')iJrl,)1l-liJ1')ur:::l-l1ru 0.6-6.0 nfl~Ll-l(;)r LLfl:::iJL~U 

~lu~uUnfll..:JUr:::l-llru 14-40 Ll-lLrlrLl-l1m' ~l~f1J'el..:Jf'1ur:::n'el1JY11..:J LrliJ'1I'el..:J L~u1t191nU'elLLn')"::: 

ur:::n'el1J~')tIL'l!fl\1 Lfl~r'eltlfl::: 64 ~nilUr'eltlfl::: 11-21 % ~lrLLY1rn~fl:::fllt11uJlr'ilUr'eltlfl::: 1.1 

~1rLLY1rn~fl:::fllt11uLL'elflnml'el~LLfl:::L1JU:nU1'eltlfl::: 1.2 LLfl:::Ltll r'eltlfl::: 0.6 ~..:JLL~(?l..:J1umn..:J~ 

2-1 LLfl::: 2-2 ml-lftl~1J L(?ltlU'elLLn')t!u4'(?l~1LUUrJ(;)tl~1J~~1l-l1rm11l-l1r.J~(;)LUUL~'elm:::(?l11!t~iJ • , ." 

~ ru1l1Yi~ LL11iU'el LLn')iJnrl1~..:J LLfl:::ml-l1 ruhJ LYltl..:JYi'el rl1J rl,)1l-l~'el..:Jm r Lu''el..:J91 nYiuVl mru\1 n 
., 

U'el LLn')iJ LLU') LUl-lfl(?lfl..:J ~..:J r.Jfl1tXml-l1rumrr.J~(;)fl(?lfl..:J U'il n91nur.Jflr.J~(;)1J1..:J~,)uu..:J~m.11Lu;·h 
., , 

m:::~'il1J Yirl-l~Yiu 'Uu')uL~YhLLfl:::~..:Jur:::~1!tff LUU~U 

2.1.6.2.4 Lm~ (bamboo) 
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1'fltl'Cl:: 1-5 l1l'lLL~(;)'11'W(;l1n'l~ 2-1 LL'Cl:: 2-2 m).Jfhl1lu L(;)tlLmc.lnl-JlnVll'111'Wl(;l::t)'W(;ln 

1111'l L ",il'fl LL'Cl::1111'l (;l::t)'W'tl'tl n"ll'tl'l1.h:: LVI PlL VIti U n.!",I"ll'fl'lLmc.l ~'fl ml-Jl ru~1 ~'tl'l"ll'fl'l1.h Lc.l(;lll-J .. 
finl-J'llI~ LYltlUrlml mlm~11l (;) LL'Cl::m~~'WVI(;) LLVI'WhJ~l-J(;)'Clrl'W , 

2.1.6.2.5 U'fl~1 (mulberry) 

Lij'WYi'll L~'Wlt1'llU(;)"'~'1~l~ L~'Wlt1~ln LU~'fln"ll'fl'l~I~'W 'fl~l'W(;l~::Q'Cl Moraceae 

n~'fl';jVltl1P11~(;lf~1 Broussnetia papyrifera Vent. 9(;) Ltl'WL~~'W~'W lJmn(;)~'Wml-J~'W~'W~~l-J , 
J' 0 ~.I ~ .1 J' ~ ,:- .1 .I!'l .. J' .. 
'll'W ~1"'~Uu~:: LVI PI LVltI~::'YiUu'fl~I"ll'Wm::~ (;) m::~It1'fl~VI'lu~::L VI PI u'fl~1 Lu'W'Yi'll'Yi'WLl-J'fl'l"ll'fl'l 

.. .. col 
LVltl LU'WL~y.Jl-JU'W~'W"ll'Wl(;)n'Cll'1 ih~'Wn~n1fru::n'Cll-J ~t11(;l1'Cl1'l~1 ~'WfiVl'Yiul'Wu~::LVlPlLVltln 2 , , 

I '" II I 

'llU(;) ~'fl 'llU(;)~'W)-h'l ~::nn'l LL'Cl::rh'WLU LU'W~~'l,m1'tl~t11(;l1'Cll'lfh LL'Cl::'llU(;)~ L~tI'l ~::nn'l LL'Cl:: 

nl'WL1JLtl'W~ L~tI'l LLvi~'YiUL(;)tlvr'l1LU ~'fl 'llU(;)~'W~'l'l "ll'Wl(;)"ll'fl'l~I~'WU'fl~I~'Yi'fl~::I1l(;) L'flILU~'fln .. .. 
l-J1HfYhm::(;)I1fL~~::nL~'Wc.llP1'W~n'Cll'JI;]'1LLvi 7 L"Jj'W~Ll-Jm ~'WLU ~'Wti'l 20 L"Jj'W~Ll-J(;l~ n'flltl 3-

'II , 

5 n ~'W~I~n'fll~!l'fl'Wn~1 3 n ~::nml-JlruLtl~'flnii'fltl L~'fltl'fl~ltl~::n'flU~'lm~'WLtI 2 'llU(;) ~'fl 
" I I " I I 

L~'WLtI~'WLU'WL~'flYll-Jl~1 n Lil'flL~ LL'Cl::L~'Wlt1t11'll-Jl~1 n~'l'WLtl~'fl n ~'1n l'l'lll-JtI1'l L 'U~tltl~::l-Jlru .. .. 
8 j1'Cl~Ll-Jm LLvinml-Jlruii'flm~tI'I1'fltl'Cl:: 7 'lJ'tl'lt11",t!ni'l~'W 

l'l'lll-JtI1'l"ll'fl'l L~'WLtI L~'Wc.ll'WPI'W~n'Cll'1"ll'fl'l L~'Wlt1 
'II 

(j1'Cl~Ll-Jm) (Ll-JLI'l~Ll-J(;l~) 
'llU(;)"ll'fl'lt) (;l n ~U i J i J , 

vii - ~'1 vii - ~'1 L'U'Cltl L'U'Cltl 
'II 

YJl'1ifl'l 0.7 - 3.5 1.5 5 -15 9 

U'fl LLn'l 0.6 - 6.0 1.6 14 - 40 25 

... 
0.8 - 2.8 1.6 10 - 34 20 'll1'W'fl'fltl 

L~Lc.l 1.5 - 4.4 2.3 7 - 27 18 

TJI'lI~tll1l~ 0.6 - 1.4 1.0 14 - 20 18 
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j;J1'i1.:J'VI 2-2 'il-lI'11.h~n'ilUVl1-l LPliJ'tJ'il-l L~u1E6 (;l ~ ~u [;]1-l1 Vl1-rlumn.Jft(;l LU'il m~~l1l!t 1u 

tl1~LVlP11vm [21] 

'llil~1'(;lCl~U L'llft~ tft~ ftnilu Hot water Alcohol benzene " LCl1 • 
(%) (%) Soluble (%) soluble (%) (%) 

~1-l;h') 28 - 41 10 -17 13 -17 1-7 14 - 22 

tl'il LLrl,) 64 11 - 21 1 .1 1.2 0.6 

" 26- 39 19-22 3 - 11 3 - 11 1 - 5 '111U'il'iltl 

lm~ 35-47 22-30 16 - 21 3-6 1 - 5 

~Pl1fttllJl~ 47 20 2.4 1.5 0.4 

2.1.7 n'i~1.J';l'Um'i~ij;JL~'il (pulping process) 

, " , 
LiJum~u')um1VlYitl1t112-JLLtlnL~u1t1'"l1n=Bul~'il'iln2-J1LuUL~u1t1L~tI')1 (individual fiber) 

... I I I 

t~ tI'il1~iJ n11 L'il1 ft niluV11-'ill~ L'il1 ft nil U'il'il n~ 1 n=B ul~ rilJl L Vi'ilU1 LU'ilVl ~ft (;llJlltll il u 

m~u')um1~ft(;l m~ml!t t~tlm~u')um1~ft (;l L~'il LtlUU~4'tlV1ri-l~iJ ~ft ~'il PI CU~2-J~'tJ'il-l L~'il • 

2.1.7.1 m~U,)Un11~ft(;l L~'il L=B-lnft (mechanical pulping process) 

Luum~u')um1~1 i LLN nft lum1LLti n L~ult1'il'il n LUUL~ulti L~tI')1 m1~ft (;l L~'il L=B-lnftJu 

"" J l~lJliJ m1L'il1 ft nil U'il'il n LL[;]~ ~i'i 11 tXft nilu'tl 'il UlJl,) ft-l Lvh'l1u lJl-l'l1um~~ 1l!tVl ~ ft (;l Jl')tI 
I I ... I 

m~u')um1~ft (;l LU'il L=B-l nft Ljj'ilYi-lH LtlU1::tI~L')ft1U1U~~i'i 11tXn~u2-J1 LV1~'il-llJl~ n Li1'il-l~1 n 

ftnilui'i1tlBmtl1nULL~-l PI,)12-J~U LLft~PI,)12-J~'ilU LLft')i'i11tXLn~~~ulJl [9, 22] m1~ft(;lL~'ilL=B-lnft 
~~ltX~ft~ft(;l'tJ'il-lL~'il (pulp yield) l'i'ilU~1-l~-l tl1~2-J1CU~'iltlft~ 80-95 [23] LL[;]i"JCUIl1Yi'tJ'il-l 

m~~1l!t~ ~ft(;l~1 n L~'iltl1~ LIlVld~~~1 t~tI~') ltl~~u 11tl ~ft (;lm~~1l!tV1'11-l~'ilYl2-Jvf ~-l1~iJPI,)12-J 
~1 LUU~'il-l LriuHu1U u~~uulJliJm1~ ~u1m~u,)Un11~ft (;l L~'il L=B-lnft L~'illtXPI CUll 1Yi'tJ'il-l L~'il • • 

" " ~-l~U t~tl1i~11LPliJ V11-'il PI,)12-J~'ilU V11-m1-l~11LPliJ LLft~PI,)12-J~'ilUL~1'lhtl i'i11 tXft nilu'tl'ilulJl,) ft-l 
" 
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~1fJ r;i'ilnlj~'"l~yi11~ L~ulmLfJ n'il'il n'"l1n nu M1Vi~--1--11U~1 ft Uni jU (;1 L~'ilf'i--1 L(;1fJl~L~'il~jJ 

~ 0, ~ ... ~ • I"" 
2.1.7.1.1 Stone Ground Wood (SGW) LuUmjU1Yl'ilUL)..JYlf'i'ilnLuf'i'iln'il'iln 

" 
LLft'n1--1v1'ilU)..J1 LLfJnL~ulfJ~,)fJ~UU(;1 (stone grinder) 

2.1.7.1.2 Refine Mechanical Pulping (RMP) LtlumjHv1'ilU'l!--1~f'i't)nLUft'iln • " , 
LLft'))..J1~ul~Ltlu:nuLftn1 LLft') LLfJnL~ulfJ'il'ilnLtluL~ulm~m1 ~,)fJ'"l1UU(;1 (disc refiner) 

2.1.7.1.3 Thermo Mechanical Pulping (TMP) LtlUnd~U,)Un1j~jJn1nl1~u 
1~Lftn1 )..J1~1ul'il~11uMI1,)~~,)1)..J~U~--1 L~'ill~ftnuulu~ul~!l'ilU[;],) ri'ilU~'"l~U11UL'ih'"l1U 
U(;1 

, , 
2.1.7.2 nd~UT\.m1jc.Jft(;1L~'ilii--1L~jJ (semichemical pulpinO process) 

~ ~'l'" ~ ... ~ ..., ~ 'i' ~ ... 
LuUnd~U,)Un1jYl L'l!Vif'i--1--11Unf'i ~1dLr1)..J LL~~Vi~--1--11U~,)1)..Jj'ilUj'))..Jnu L(;1fJYl~1dL~)..J 

LLf'i~~,)1)..J~'ilU'"l~·lhfJl ~ft nilul ul~!l'ilU[;],)f'i--1 LL~~f'i~~1fJ'il'il nU1--1~,)U LLft')u1)..J1U(;11 ~ L~ulfJ 

LLfJn't)'iln'"l1nnU ;--1U1--1'l!il(;1'il1'"l'"l~hl1if~,)1)..J~'ilU L~'il'"l1 n nd~U,)UnljdL1fJn~1 L~'il~--1 L~jJ 

(semichemical pulp) [9, 22] n1~1dLr1jJ~HLtlu Sodium Sulfite lU~Jl1,)~~Ltlun~1--1n'"l~~fJn 

nd:::U,)Un1jc.Jft(;1L~'il,rU~1 Neutral Sulfite Semichemical Pulping (NSSC) 

, , " 
L~ulfJl~~~f'i1fJ'il'iln vi11~ L~ulfJ LLfJ n'il'il n'"l1n nul~~1fJ L(;1fJ L~'ilVll~'"l1nnd:::u,)un1jih~jJr1,)1)..J 

LL;--1 LLN~'iluih--1~--1 jJr1,)1)..J'iJ1,)~~1--1 LL~:::m'il n1~~'"l~L~ft't)--1 (yellowing) ~1 n~1 L~'il~1~'"l1nn1j 

c.Jft(;1L~'ilL:n--1n~ [9, 22, 24] LLr;iCJ~CJft(;1'iJ'il--1L~'il~1~'"l1nn1jCJft(;1L~'t)Lr1jJ~'ilUif1--1~1 Uj~)..J1ru~'ilfJ 
, " , 

f'i~ 40-50 [24] nd~u')UmjCJft(;1L~'ilLLUUl1~1)..J1jmLfJn(;11)..J'l!il(;1'iJ'il--1~1dLr1jJVlHLtlU 3 Uj:::LJlYl 

'i' ~ ... J ~...: 'I"'~ 2.1.7.3.1 nd~U,)Un1jL'l!(;11 (soda process) LuUnd~U,)Un1j(;1)..JLfJ'ilYlLj)..J L'llLuU 

LLUULLdn L(;1fJ~1jLr1jJ~lftumjr;l)..JL~'il ~'il L'l!L~fJ)..Jl!1(;1j't)nl'l!~ (sodium hydroxide, NaOH) 

LYlfJ--1'il£J1--1L~mlUn1j~~mfJftnuU'il'iln'"l1nLd'ill~ 
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2.1.7.3.2 m:;lJ'lt.AnJ~iftl~vr (sulfite process) Ltlt.AnJ~till-JL~tl~:;lJlJmen Lentl 

~1nl'liJ~1flt.AnJ~vi1tlnmtl1nlJ~nilt.A~tl meniftYhf~ (sulfurous acid, H2SO) nlJllJiftl~vr 

ltltltlt.A (bisulfite ion, HS03' ) ~-l~1nl'liJd9:;L;hltl Ltl~tlt.A~nilt.A1,x'el~1t.A~tl Ln~mJ'el-lmen~n Lt.A 

, " 
ift L ~iln (Iignosulfonic acid) V1~1l-J1 ~rlft:;ft1t11111~ LLft:;~1l-J1~rlft:;ft1t1'el!Jnl-J1Yl¥tll-JnlJ~1nl'liJ 

...I" " " .J Yl L'llenl-J Ltltl 

(sodium sulfide, Na2S) LLft:;L'll~tll-Jle1m'elnl'l!~ (NaOH) 1t.An1~1tlnmtl11,x~nilt.ALLj;Jn(;]'l [5,9, 

24] 

.. 1'" . 2.1.8 n~:::'U'l'Un1~"''!lm!l'!l (bleaching process) 

I I I I " 

LUtl m:;en11fVll~91 n m:;lJ'lt.AnJ ~~~j;J LUtllJ niJl'l'l1l-J"IJ1'l~~1-lVlhJ~-ll-J1 mIn ~-lUt.A9-ltil'el-liJ .. 
•• 1 .J .J.J" 1..1 ~ 1..1 ,.J 'I" J' 'i' .J~,. 'I" cr 

nJ~n'elnLtI'elLYl'el -JJ'lti Lt.AnJ~ ~lJ ~-l1'l'l1l-J'lJ1'l~ 'l 1-l'lJ'el-lLtI'el LVI~-l'lJt.A LentlYl Ll-JYl1 LVlI'l'l1l-JLL"IJ-lLLN 

"IJ'el-l L~t.A1t1ft en ~ 1 ft-l LLft :;til'el-l n 1 ~ 1 ,x1'l'l1l-J'lJ1'l~~1-l'lJ'el-l L~t.A1t11'l-l M11Yltl~1~entl~llJiJnJ mftlJ~ 
. . .J cr ~".'"I ...I. ~ .. " •• I..oJ" ~ 

(brightness reversion) Ll-J'el LnlJ L'l LLJt.AL'lft1t.A1t.A LLft:;Yl~11'l C1! l'l'elI1lt.AVJt.A"IJtl-l n1~n'el nLtI'el9:;11l'el-l m 

~~ en ,rt.A~'el til'el-lYltl1t11l-Jvi11 ,xiJnJ~~ '1! L~m~tlltl1t.AnJ~~'elnL~'elU'eltl~~en LLft:;I'l'lnfttln~1~Ll'liJ 
...1'1 ~ •• 1 .J 'I '.:'1 " ...I " 'i'.J'I " .",..oJ.J •• 1 ~ ::. •• 1 
Yl L"ll Lt.An1~n'elnLtI'el LVI Lenl'lru1l1YlYll1ltl-lnJ~LentlYl L"ll~1nl'll-JI1l'elLtI'elYln'elnm t.A'eln91nt.At.AnJ~n'eln , 
.J ...I. ~.,/ 1..1 .J.J" ~ ~ , 
LtI'elI'l'l~Yl9:;nJ9en·Ci'lt.A ~:;n'ellJ'elt.A1 L-JJt.A L~'l!t.A men L'lll-Jt.A (fatty acid) LLft:;~1~LLYlmI1l1-l1 tltln 

I I "" 

1 t.Afi nl-J"ll 1 ;; L "llft ~ Lft~ LLft :;Le1i1 L"ll ft~ Lft ~9 :;iJ~'lJ1'l n1~V1 L ~t.A~ 1 L~ 'el ri'elt.A~'el niJ~11111l1ftUt.AiJ 

~1 LV111Jl-J191nVl~LI'l~Ll-J~'elf (chromophore) ~'el~1t.ALI'lN~~1-l'lJ'el-l~nilt.A [9, 1 0] ~-l LL~en-l1t.AJl1Yl 
...I 
Yl 2-12 

VI~LmLl-J~'elfd~1l-J1~rlvi1tlnmtl1nlJ LL~-l LL~:;WJ1l-J~t.Al~ vi11,xVl~Ylt.A'el~ n (phenolic 

group) 1 t.A LI'l ~-l~~1-lYl1-l Ll'liJ'lJ'el-l~ nilt.ALtl~tlt.ALtlt.A~1~L~n'elt.AI'l~ilt.A (quinone-like substance) 
I I " I I 

;-liJm1l-J~1l-J1~rl1t.AnJ~~"'nftt.ALL~-l1~ vi11,xL~'eliJ~~t.Al-J1Ut.AL'el-l [22] ~-l LL~"'-l1t.AJl1YlY1 2-13 



Coniferaldehyde 
10-20% 

Adsorbed light 

o-Quinone Methide 

CHO 
I He 
II 
CH 

OH 

Lignin structure 

p-Quinones 
o-Quirunes 
30 - 65% 

Adsorbed light 

P. p ' Stilbene Quinone 

p -Quin on e Metbi de 

o,el ate d Metal s 

quinone-like substance 

(conniferaldehyde structure, softwood) 

t11'VioVl 2-13 u!jnrtn Ll'liJ'lItN~~~U'flftn 1ULI'lN~~1~Vll~ Ll'liJ'1J'fl~ftnilu~ LU~EJULtlU 

quinone-like substance [22] 

26 

LVlEJun~L~'flri'fluYl'fln~l~r.nnni~u'Jumit:-lftI1lL~'flLl'liJhj~llOj~Ltluni~U'Jumii~lvl~~1'fl 
•• 1 .. '" "" ~ ~ .. ' . 1'" .J "" '~'1 J' ~... 0 ... .J .J~ ... 

l'lilnl1lnl1l1lJ lOj~lJ~nUUL~~'fl'fl~ui~lJlrui'flEJ~~ 2-4 IOjlnVllJ'fl~LV1lJ ~ULU'fl LlJ ~l~iULEJ'flVl LV1 

IOjlnn i~u'Jumit:-lft 111 L~'fl~~ Ll'liJ LL~~L:n~ n~ lOj~iJ m nLEJ n Lmft nilu'fl'fl n LYiEJ~ Lft nU'flEJ~1tl 'Wl~ Lm 
II I II I I 

tl'fln L~EJ ~~,rULU'fllOjl nn i~U'Jumn1~~'fl~IOj~iJftniluL ~ft'fl'fl~1ULU'fl1umlJl ruYi f"1'flu;h~~~ 
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~"" tJ tJ~ ~ ~" '1 tJ..J~ ,""~ . . 2.8.1.1 ,)fimnL rl ftnyu L~'tl~ yx Yl Ll-Jl-J~ (lIgnin bleaching approach) 

Luu~fim r~ LtJ ~fJU LrlN~r1~'1J'tl~~~Lrl r Ll-J~'tlf~'tl ~1 u~'JU'lJ 'tl~~ nilu L ~m111lX L~'tl hI 

Ln(;l~ L~ft'tl~~'WL~'tl L~'tl~l-J tr~nu LL~~ LL(;l (;l~1-'tl rl'J1l-J~U Lrt'tl~"'l1n~fidl).]1~vi11lX~ niluQn n19 (;l 

'tl'tlnltJ~ft~"'l1nmr~'tl nL~'tl ~~t!UL~'tl L'Jft1U1UL-n1 L~'tl"'l~nftUl-J1jj~ L~ft'tl~~nrlf~~rt~ ~fid,rn H 
v ...; ..J1" - .rJ ~ - dI.J.:J -=i ~ d~ 1.eII _ _ 

nULfJ'tlYl m.JftC.Jft~~~ LlIU LfJ'tlL'l!~nft~r'tlLfJ'tln~Lrll-J L'Yln~LlJUm~U'JumrYl Ll-Jl-Jmn'fl1ftnuu 

'tl'tln vi11lXC.JftC.J~~'1J'tl~ L~'tl~ft~~'tlnl).]ft(;lft~l-J1nun ilfJl-J1-ifLuumr~'tlnL~'tl LLumYu~'tlUL~fJ'J 

(single-stage bleaching) L~'tl~~'tln~'JfJm~u'Jumrd"'l~1lXrl'J1l-Jrl'J1l-J~~1~'lJ'tl~L~'tltJ1unft1~ 
, ,>-

L(;lfJ~1rLrljjYll-ii1umm'tlnL~'tl~fii1~'tl L'l!L~fJl-JLtJ'tlf'tl'tlnl'l!~ (sodium peroxide, NaP2) lt1L(;ln"'lu 

LtJ'tlf'tl'tlnl'l1~ (hydrogen peroxide, H20 2) L'lIL~fJl-Jl(;l1YlL'tllu(;] (sodium dithionite, Na2Sp4) 

LUU~U [25, 26] 

2.1.8.2 ~fimrn19(;l~nily (lignin removal approach) 

LilutJDmm~ jj m n 'tl1~ nilu'tl'tl n"'l1 nL~'tl (delignification) ~'JfJ ~1LLrljj 9~ Luu~fi~ 

1lXC.Jft ~'tlU-n1~ m'Jr ~'tl"'l~vi11 m~ L~'tljjrl'J1l-J'lJ1'J~~1~ ~'tlU-n1~~~ LLft~ 1).]vi11lX L~'tl~ ~1Umr~'tl n 

...; " v ""~.. "" ...; A': v v J' v ~"v ...; ..J~" ~ ~ ..J 
LfJ'tl LLft'J n ftUl-J1l-J~ L ~ft'tl~'tl nLl-J'tl'(jl-J C.J~nUrl'J1l-J'1!ULLft~LL~~ LL(;l (;l l-Jn L'1!nU LfJ'tlYl L ~ C.Jft C.Jft~m L-lIU 

L~'tl Lrljj L'Yln~~ niluQn n 19111 'tl'tl n ltJ ilfJl-J1-ifnum r~'tl nL~'tl LLUU~ft1fJiu~'tlU (mu Itiple-stage 

bleaching) ~1~fu~1rLrljj~1-if~'tl 'tl'tln~L"'lU (oxygen, 0) rlft'tlru (chlorine, C12) rlft'tlrull11 

'tl'tlnl'l1~ (chlorine dioxide, C102) lt1Ll1In"'luLtJ'tlf'tl'tlnl'l1~ (hydrogen peroxide, HP2) L'lIL~fJl-Jlt1 

LtJrlft'tlh~ (sod ium hypochlorite, NaOCI) L'tlL'lIU (ozone, 0 3) L'lIL~fJl-Jlt1(;lr'tlnl'l1~ (NaOH) 

LUU~uJ25, 26] 

2.1 .9 n1'i.wilnL~ilc;l',)!ll;rtj;l'iL'"l'\.mJiliililnl'1lvl (hydrogen peroxide bleaching, 

HP2) 

... • •. I..J ~tJ "" ~ ..J ~ ,...; 
L'Jl~nft"'l~Yl1mrY1'tlnYl'tlru~1ll-J r~l-J1ru 60 'tl~P\1L'lIftL'lIfJ~ 'lI~"'l~1I'Jm'Yll-Jrl'J1l-J'1J1'J~'J1~'1J'tl~LfJ'tl 

, '1/ 

" " I I 

llX~~ul~ ~nvl~u~-rl'JfJft(;lmr~ryL~fJC.JftC.J~~'1J'tl~L~'tl1lXU'tlfJft~1~ ~1~fu~ru~1JjJYlml-J1~~l-JnU 

mr~'tlnL~'tlLrljj ~'tl 70-80 'tl~P\1L'lIftL;fJ~ Lrt'tl~"'l1n~1l-J1rnvi11lXLn(;ltJDmmmr~'tlnL~'tl 
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(bleaching reaction) L~~ Lmftnilu~~~1u~UL~"(r~ 1UL~~ L~2-I1n~U ~-.1 ~ft 1,x1"l,)12-1'111(H'l~1-.1 
..; ... J' ~" 'i' ""..; J'l!f'l •. 1 ..;" ..... ~ "". 1 " 

'11~-.1 LtI~ In'1lU Lin Llntll"l,) 12-1 L '1I2-I'1IU'1I~-.1 LtI~Vl L'll L um rn~ nLtI~ In') tI ') flUI"I,) r2-1 1"I1lJ r:::2-I1 ru r~ tI ft::: 

o , J ~ 'i''' ' ."1 'I" J ,J 
10-20 LLft:::l"I,) rVl1 L U~111,):::Vl LlJULlJ ~ Llntl (;1~-.1I"1,)lJ ~ 2-1 1"111"1') 12-1 LlJUmln-LlJ~ (pH) L~ I"I-.1Vl~ ~Vl 

10.5 (hJI"I')nnu 11.0) LYin:::~lnl"l,)l2-1LUUmln-LlJ~~-.1LnULU 9:::vi1L,xUDmtl1mr~~nL~~Lnln 

L~hJ ~ L rt~-.191 n Lt!LIn rL 9ULU~ f~~ n L 'l! ~Ln In m r~ ft 1 tI ~') LU U~ U2-I ft'1l~-.1Lt! In r~ non ft Lr~ L~ ft . " 
(hydroxyl radical, HO) LLft:::1ULu~f~~nL'l!~ LL~UL~~~U Lr~L~ft (superoxide anion radical, 

, ~ 

00") ;-.1 HO' LLft::: 00 ' 9:::L;hLU~In~1t1L'lILWftnft'1l~-.1Yi~ftLL'l!1"I1"I1h~ (polysaccharide) L,x~U 
• 

onftLn(;1 (sod ium silicate, Na2Si0
3

) ~1-~LL2-InilL;tl2-Ieff'ftL~(;1 (magnesium sulfate, MgS0
4

) 

, " 
ft-.1LUL un r:::lJ') un 1 r~ ~ n L~ ~ U~ n91 nUI"I,) ri'J n1 rL~ ~lr{lJLft~:::mrn (chelant) L'llU 

Diethylenetriaminepentaacetic acid (DTPA) LLft::: Ethylenediaminetetraacetic acid (EDTA) 

..; , ~ ~ 'i' .1'- ~.-
LYi~'ll,)tlftlnmr~ft1t1(;1')'1I~-.1 Lt! LlnrL'"lULlJ~r~~n L'l!1n 

~ 

Ln In '11 U1 'WflULU ~-.1U 

1. mr~~nL~~~')tlLu~ftt!lnr~nonft L~~~U (perhydroxyl ion, HOO') Llntl(;1N ~-.19::: 

vi1L1XLI"IN~11-.1'11~-.1~~Ll"lrL2-I~~fLU~tlUXULU~~LUXU~hl~12-11rnvi1L,xL~~i'J~~u 
~ """ ~ 'I J 
LIn~n In-.1LL~In-.1 L'W111YiVl 2-14 

2. UDmtl1~Lnln91nmLLr~L~ft (free radical species) ~L;hvi1UDmtl1LUmrri1{1n 

~~Ll"lrL2-I~~f (chromophore elimination) 

quinone structure 

6t 
o 0 

(. ) 

OH --... 

(. ) 

carboxyl ic acid fragment 
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• I I '" 

;rl'lh'i~ Lth..!~'lIH~nl"l'lI~~I~ruYn~LPI~~fln9~~I~ru'el£hn.,il'l'lJ'el'llh::LVlPllYlU ~m1'1!T'I 
~ ..., ~ 

I "I I 

tlfJn 1~i'lltlluYJn1l11"l'lJ'el'ltl~::L Vl PI U'el n91 m!U;rl'l L 'r'i ~!T'I LUUfl C1J~'lI~~1 ~ C1J~1 n'llil~",il'l'lJ'el'l 
I I "" I 

Lfin ~fi~ft[;ltl~::~lruI"l1'1",il'l1.jfLUU'ell""~~~~U u'elnuuH djU'ell""~L~tJ'I~ [;lrfLLfi::~U1 ;rl'l L'r'i~ 

n~\..!fil Lil~ LLrllJlJ1' L'l rutl~:: L Vl PI [;l::t)U[;l n LLfl:: Luu~iltJ~lJ1'Llll"l fl ULLCllJVl'ltl'el L~1'n1 nfll'1 LLfi::li1f 

• ., tl ~ "'i' ."I.J" ., ~ ~'i' ~ tl ' ,J' " 
~1"'~lJ ~::LVlPl LVltJ 'lJl'l L'r'i~LuUVl~9nLLfi::Um.JlJ~Llll"l LU~ m"'I~'lI'1~::"''lI'1~'elm'''I~~1'l11 

~ ~ 

;rl'lL'r'i~LUU~'lI~mlJ"'mlJ4'~mnU[;l~::nfiL~tI'lfllJ",n~1 [27, 28] ftn~ru::.,r'lltl~nn ~ ~ 'ki 

1"l'l1 ~ LL[;l n til 1'1 flU ~::"'~ 1'1~ UfLLfl::lJ 1'L 'l ruL 'r'i 1 ::tlfJ n 

~ ~ ~ 

lu~uLLfi::ln~Ej'l~Un'lJU1~~ULLfi::9::,",'eltJ1 m'l~ultlVll'1~IUtlflltJ tl~'el'lLl-\il'el~U~Un91U'lU 

tl~::~lru 8-20 tl~'el'llJ1'L'lru;r'elnLd'elL~'elL91'ru 9~rilLil~~ln [;l')LLfl::~'eltJn1lJllJ ~1i1fU~'I[;lN 
~ . 

" , , 
LLii'l LLN nl"l'lI~~'1 [;]'1 util 30 L'l!U~iL~[;l~ 9Un'l 7.5 L~[;l~ LL~'l LLtil'llil~'lJ'el'l~Uf ;'IL~tIL~~tJ9::n 

~ 

1"l'l1~~'Itl~::~lru 2.2 L~m 'lJU1~L~U~IU~UUnfll'1'lJ'el'l~Ii1fU 2.5-5.0 L'l!u~iL~[;l~ (0 .5-2.0 il'l) 

d , • " .. tl d , .?l tl"".J::- ~ ~"nI J' 
L~tl ~lfil [;lU~ [;l')~'lJ'l1'19:: Ll-\UL fl'el n'el ~ LuU'l'l ~'ellJU'el n ~::n'ellJ ~ 'ltIL 'l!fi fiVl nUUl L~ ·Ci'l\..!LU'el 

" " 1l1tJluLtl~tl nnftn~ru::I"l~ltJ~'el'l111 LU\..!L'l!fl~~'lJl'l LU\..!L'l!fi~v1'el111 LLfi::v1'elm"'l~ (vascular 

bundles) vhmrl~ djULL"'rl'l~::~~m""~91n llJri'elU9::~'Itil'elltl!T'I L~~~ [27, 28, 29] 

9::n1'1'eltln llJ9::LUUL~U[;lNtlfilt1LL"'fi~ m'ltl~::~lru 30-100 L'l!u~iL~m L~Unfil'1'lJ'el'lllJ9:: 

L~ul~-n~ [;IN'lJ'ellJllJn'lJU'tl'elU1 
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., 

2.1 .10.1.3 ~'fln ifl'lLyj~"'l::l'J~'flnVl'lt?1'l~LLfl::~'flnt?1'lLl'JtI'fl~l'W(;i\.!L~£.J')n'W LL~ 

'flUf"l'Wfl::~l LL'vll.l'l 'll'fl ~'fl nt?1'l ~'flU~'l'WtI'fl ~'ll'fl'l ~l vl'W 'll'fl ~'fl n t?1'l Ll'JtI'flU ~l fl'll-Jl L~t1'flUd::'\tdl'l 
., ".1 '" 'U 'U 

n11J'll'fl'l11J LLfl::~lvl'W tJmn~"'lln~'flnt?1'l Ll'JtI~ L"'lrry L~1JL(;l LL~'l tJn'fl'fl'W"'l::l'J~ L;J£.J') WaLLfhu'W~ 

'W'lfl 

2.1.10.1.4 c.Jfl LLfl::Ll-J~~ LU'WLL'vlf'l'l~::~l-J LLU'l LLfl::~ld'fl1~ld~1'l1 'll'fl'lill'l Lyj ~ 

L'll'W Lth~'W f"llfl1Jlm~d(;l LU'Wvl'W 

'" '" <j' "''' .J '" " J' c::J.J. .J ~'W1 'llru::'lll'l L yj ~ LU'W~'Wnfll LLfl::"'l ::mtILl-J'fl [;l'W'll1'l L yj ~ L[;l'll'W ~'l'Wdl n'fl n~'l'W~'W'l"'l ::LU'Wdl nYl 

L"'lrru L~1J L[;l'flU [;lfl'fl~:n'l [;l'll'fl'lill'l Lyj ~ ~1l-J1HI L"'lrru LL~ m::"'llt1d'fl1J~l vl'W l'Jff'll'JUd::l-Jl ru 1 
w ~ w 

Ll-J[;ld LLfl::mr'lftnfl'llul'W~'Wl~ 2.1-2.4 Ll-J[;ld 

2.1.1 0.2 .1 91LL'Wnml-J~m~ru::Yll'lyj~nl!tf'll~[;lfLLfl::~l-J1J~'ll'fl'lLLU'l1'WLl-J~~ ~'l 

111t11'WLl-J~~Ud::n'fl1J~'ltILLU'l 2 "l!U~ ~'fl LLU'lLL~'l (hard starch) LLfl::LLU'l'fl'fl'W (soft starch) 
., 

[31] ~ll-JldmLti'll~ LU'W 6 "l!U~~~n1 ~'li1 

., , 
2 .1.10.2.1.1 ifl'l L yj ~ Lfttl'l~ (;lrf~1'flifl'l Lyj~ H (field corn) "'l::l'J~'el 

'lYltl1f'1l~[;lf~l Zea Mays L. 4'~'fl~l'W'l'lpf Gramineae l'J~'fl~1,rn.J~1 maize ~1'fl corn LLfl:: 

'fl1"'l~4'nn'Wl'W~'fl~'W L'll'W ifl'l~lft (~l~f1Jlllf"lL'vlil'fl) f"l'l (~l~f1J4''l~t)~m::rl) Lyj~ (~l~f1J 
~ 

11lf"llvl) U'fl Lf"l~:: (~l~f1Jllll!tlm::L'vlitl'l LLfl::4''l~t)~ LLlJ rl'fl'l~'fl'W) LU'Wvl'W 

H"l!u~,x'lUl-J (dent corn) LLfl::ifl'lLyj~H"l!u~,x'lLL~'l (fint corn) ~'lLLI'Wn1dL1t1n[;l1l-J~nl!tru:: • 
Ll-J~~ [31, 32, 33] 

ill'l Lyj~ H"l!u~,x'lUl-J~1'fl,x'l1J1J l'J~'flY11'l'lYltl1P1l~[;lf~l Zea • • 
"'i' - ~ "" .. "" -J ~ "" + ~. I "" mays indentata '111'l Lyj~"l!'W~'WLl-J'fl Ll-Jfl~ LL'vl'l LLfl'l[;lH(j'l'W~'l1J'W~~"'l::l-Jd'fltll.Jl-Jfl'l LU L'W'fl'l"'lln 

1JrL 'l ru[;l'fl'W1J'WLU'W~ 'l'W'll'fl'l LLU'l ~'lll'l"l!U~'fl'fl'W ~'l 'W~ 1 'W if l'l 'll'fl'l Ll-J~ ~ LU 'WLLU'l"l!U~ LL ~'l ~'ll'fl'l 
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", " 

Ll-Jft ~n (;]--1 LL!?l'Ill'lLtJIOlUn--1 LVlft'tl--1 LU'tl--11Oll nnvHntJflltJ~uf ifl'l L Yl ~'llu~il1 ~c.Jft c.Jftl'l~--1 LL!?ln 

'i'. I....... , ... 'i' ~.. .....'f J J' .:f" 
~lJ1l'lUU'tltJ n'J1Yl'ln'Ill'l L Yl~Vl'l LL 'Il--1 LLft~l-JlJtlJVll L1'tl--1 L'll'tl1l LLft~ LLl-Jft--1'VllftltJUUw n LLft~Ll-Jft ~ 

mays 

indurate ifl'lLYl~~~lUUU'Il'tl--1Ll-Jft~nLLU--1LL~--1LUU'tl--1fltJ1~n'tlU ~'lULLU--1!l'tlUIOl~'tl~l'lNnftl--1'Il'tl--1 
, " 

Ll-Jft~Vl1'tlmlOlhjnLfttJ Ljj'tlLl-Jft~LL~--19--1hJn1'tltJtJU~lUUU ifl'lLYl~'llu~il~'lUUUfl~'Il'tl--1Ll-Jft~,rn • • 
n~ LVlft'tl--14'~ LLft~L~'tl LL~--11Ol~LL~--1l-Jl n LUuif1'l L Yl~~ LVll-Jl~1un1n1l LtlumVll1~l'lrf Lrt'tl--11Olln 

111tJLULl-Jft ~nfll1~vil1~ifl'l L Yl~n~ LVlft'tl--14' ~ LUUfl111~~'llU~Vlrt--1 

... 'i' .... """ 'i' " .... ......J 2.1.10.2.1.2 'Il1'l LYl~ L'VltJUVl1'tl'Il1'l LYl~'Ill'l LVlum (waxy corn) l-J'll'tl 

, " 
1'VlmPllfll'lf~1 Zea mays certain ifl'lLYl~VlrlU1-iffutJ1~'Vl1U ifl'lLYl~'llu~iln~nl:!rw~Ll-Jft~ 

II I I I 

tJ1~n'tlU~'ltJ LLU--1Yl'ln'tl~mft LYlniiu (amylopectin) ~--1Vll-J~;--1 !?ll--11Oll nifl'l L Yl~'llU~~UVln LLU--1 

" 'tl~mftfl (amylose) LtlU'fl--1fltJ1~n'tlU'tl~~'ltJ 9--1vil1~LLU--1'"''tluifl--1LL~--1 ifl'lLYl~'llu~illOl~nm~ 
" 

n11LIOl1tlJ L~ULl'l'"''tluif1--1~U tffuLftn lrn ~mLft~LtJft'tl n~l-J Ll-Jft~Ul--1 

c.Jftc.Jftl'ltJ1~l-Jlrw 80-90 t)u 

... 'i' .... J - <'", 
2.1.10.2.1.3 'Ill'l LYl~Vl'l1U (sweet corn) l-J'll'tl'l'VlmPl1fll'l1'l1 Zea 

mays saccharata ifl'l L Yl~~ rlU1-iffUtJ1~'VllULLft~UtJl-JtJ~ nnU'tl~l--1 LLYliVlftltJ Ll-Jft~,rm~lfl 
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2.1.10.2.1.4 ill'lLViC;)~'l (pop corn) n~'tl'lYlmPll~~f~l Zea mays 

everta ill'lLViC;)~Ylu1iffulh::YllU L~~C;)I"l'tluill'1L~n LL~'1 Uf'ilmL""f'i~~U~~LLf'i::'lJUlC;)LL~nuh'l 

nu t11L~~c;)n~m~ru::LL""f'i~LrtJn~1 ill'lLVic;)ifl'l (rice corn) t11L~~c;)nf'i~L1un~1 ifl'lLViC;)L~~n , 

(pearl corn) ill'l LVi c;) ~'l Luuifl'l L Vic;)~n LLU'ILUL~~ c;) 1 ULU'tl fL~uuf~I"l'tluifl'1~'1 L-rluL~U'lnU 

ifl'l LVic;) 1i'1lUC;)~'l LL;'1 LLl'in'lJUlC;) L~nn~l L~nil'tlu LLf'i::Lri'tl~nYl'l1~1'tlU'"l::Lnc;) LLN~\.ul1uluL~~C;) 

VhL~L~ftc;) LL~nU1U'tl'tln 

2.1.10.2.1.5 ill'lLViC;)LLU'I (flour corn) n~'tl'lYlmPll~~f~l Zer mays 

" JcIII.. I dI ~ oJ a I \oi I " -=I 
amy/ocea 'lJl'l LViC;)Yl~'tl'lYlu)'::n'tlu LUULLU'I'tl'tlULn'tlUYl'lVl~C;) L~'tl L~f'iC;) LLn'"l:: L~fJU L~f'iC;)~Vlf'ilU 

II " " "''' 

~ L'llU 'lJl'l (~U1 VlT'tlUULVlft'tl'lUc;)1) VlT'tl~':hL~UYlfh VlT'tlnr1'1~'lJl'lLLf'i::~U1L~UYl~lLUlfn 
, ,., 

L~U'lnU &il'l'"llnnf'ilu~U!f Vi'lnYln L~~C;)~Yl~l LLf'i::Vi'l nnf'ilu~ufiLrU n~lifl'l LViC;)~UL~UULLC;)'1 , , 
, ., 

(squaw corn) VlT'tl Lrun~n~'tl~lifl'lLVic;)~ufYiULi'i'tl'l (native corn) 

" 'i' t1 .... ...l ~ .. , 
2.1.10.2.1.6 'lJl'l LVic;) 1 (pod corn) ~'1I'tlYll'1'lYlmPll~~),'ll Zea 

mays tunica n~m~ru::ln~L~U'Iifl'l LVic;)~uft1l n~l~ULLf'i::lfm~nn~lifl'l LViC;)fin~C;)l ni'l 
., , ., 

LUft'tl n~~Yl n L~~ c;) LLf'i::U'In LUft'tln~~lf n~ n-nuVlU'I ill'lL Vi c;)'1IUc;)ilhJnYl'll~~l ~ CUYll'1 Lm1f~n'"l 
~ .... .. .. , ., 

u~nHLYi'tlm)'~n1flLVhuu 

., 
U'tln'"llnUU'tll'"l LLU 'I '11 Uc;) 'lJ'tl'l ifl'lLVi c;) Luuill'lLVic;)lfml'tlU (young ear corn) ~n 

"llUC;)Vlrt'lnLJ1 ~'1 Ltlum)'u~nifl'l LVic;) L~'tl Lnulfml'tlu m)'u~nill'l LViC;)'1IUc;)eL~Yl'l),uft'tlulw.Vl~ 
-.! ~ ":1 " 'i' .,/ ,~ ~. I 'I a.,/.... v, ::. 

tl1'l Lnu 1 U'l LVin::'"l:: Lc;) wn'lJl'l LVic;)Yl LLmnu LU )'::U::L'lf'il Lumnnu LnU'l LViU'I 60-75 'lU LY11UU 

~l~l),Clu~nLJ1~f'i'tlc;)U UU~Ul~lu)')',m::t1'tl'lVlT'tl'lJ1ULUulfn~c;) 

"I " I 

'"ll nill'l LVi C;)r1'1 6 'llUC;)Y11J1 n ft l'l~l LL~'lill'1 ~U LU'tlYl LVi 1 ::Uf'i m'hULVl ru'lJ'tl'l " ~ 

U)'::LYlP1LYlU'"l::H1um )'U~ nifl'l LVi c;) 1i'llUC;)~'l LL~'1 ifl'l L Vic;) 1i'llUC;)~'l1.Ju LLf'i::ifl'l L ViC;)Vl'llU ~'1 
m)'u~nill'l LVi c;) luu),::LY1P1LYlmhulVln.! Ltlum)'u~ nill'l LVi C;)'1IUc;)~l-iiluTl ~~lVlm)'~'tl1Vll)'~~1 

I I "",.. I I 

LU'tl'l'"ll nnYl'll~~'tl'lm),'lJ'tl'l~f'ilC;) LVi~~'1~u ~nr1'1ill'l LVic;) L~u'I~~1r.rc;)'tl~LUn~~Yi'llYl&.Jft~ LYi'tl 
., , 

L-nll1ULUU)'::LYlPl Lc;)Un&.Jf'i&.Jft~1'tlUf'i:: 97 'lJ'tl'l&.Jf'i&.Jft~r1'1U),::LYlP1 VlT'tlU),::~lru 4 ~lUulUl'i'tlU ;'1 
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" tlIW~1'vtm1l-J'iI1'vt11~ [;It) ~'lr.h LUU'"I:;~tl'l'lJtI1£.J n1n.J~[;Iif1'J L~1'l L~£.J'l~[;I'J1~LVi£.J'l~tltil'fJrI'J1l-J • 

Ll-Jftl'l'lJ1£.J (grain) U~m~'fJLriuLl-Jftl'l'lJ1mUULl-Jftl'l~U{ (seed) u~m~tl'lJ1mUUaml'fJU u~m~tl 
'lJ1mUUan~1'l LLft:;u~n L~'fJ Hvh LUU'iI1'vt11'vt2Jn~1'vtfuL~m~[;It) [31] 

o " 

tl'l f1u1:;n'fJu~'Ju1vtrtJ'1Jtl'l Ll-Jftl'l LUULLlJ'l LLft:;inu1~U'fJ~U1'l ~'JU'1J'fJ'lif1'J L ~ I'lVlt11l-J1H L~£.J'l~ [;It) 
w " 

" 0 

n1 n LLft:;f1 ~'ll!U~'l~1l-J11C1H LUU'iI1'vt11~ [;It)VljjrlnUl1~~ LLft:;nrl1 C1 n c.Jft c.J~[;I Ll-Jftl'lif1'J L~ I'l . " 
" " lh:;l-J1ru~'fJ£.Jft:; 72 t111u1ii1Un11c.J~[;I'iI1'vt1n~£.J'l~[;It)'v1'llri 'vtl-J LUI'lLLft:;LrlUl-J LLtiljjU1'l 

" 
o " " 

u 1:; LVI PlVlUft nif1'J L ~ I'l LL~'J j;]l'lif1'J L ~ 1'l'v1'l~uluvi1"mJ1'vt2J n~1'vtfu L~£.J'l~[;It) [31] 
" w 

tJ tJ "I II 

tl[;l~1'vtnnl-J~1U'iI1'vt11tl~1'lnr)1'l'lJ'J1'l L'llU t112JuVi'll t11mft LLU'l t11Lii'fJl-J t11~l-J 'iI1'vt11 • 
o " 0 

m:;t1'fJ'lLLft:;~[;I~1'vtm1l-J~U1 L'llU t11l-J1HLUU~'JUc.J~l-J'1J'fJ'ltl1fm~nL1r1 t11'vt'fJl-J Lrl1'fJ'l~1'i11'l 

J12Ju1~c.Jl-J Lrli'fJ'lLrlfttlU £.J1~1'lLftU ~ft1~~n ~~l-J L~'fJ~1 LL'fJftnml'fJ~LLft:;m:;1'l1~1~ 
u'fJn'"l1ndfJ'ljjn11c.J~[;IJ1L~'fJl-J'"I1nif1'JL~I'l~~£.Jn~1 high fructose corn syrup L~'fJ1ii1u 

.J.J 0'" ...... 
'fJ[;I~1'vtm1l-J'iI1'vt1nLft:;Lrl1'fJ'lI'll-J'fJtI1'ln'J1'l'lJ'J1'l'fJnl'l'J£.J [31] • 

" "" 
2.1.1 0.4 .1 iU[;I'fJUn11Uftnif1'JL~1'l jjiU[;I'fJU~'lil 

" 

" 
2.1.10.4.1.1 lC1I'l:;~'JmmLmm[;l'fJf 'vt1'fJLLN'l1U~[;It) 1-2 r1f'l1~ftn 8-

" 10;;,'J LLft:;[;11n~uH7-15r)U 
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" 2.1.10.4.1.2 lclLLu1 ~n 1-2 f1f-.l L(;1t11r1'/J'l1-.l1'elm~lJ1J'el-.llCl(;1:; 

2.1.1 0.4.1.3 UflJ~'l~u1tXL1t1lJ LLfl:;LfilJ'r'1l~'1IL(;1t1'(hm1Yi1'lU m1f11l(;1 

1" ..,...I .... 1 'i' 'I" 2.1.10.4.1.4 '1I1ClLLYl1nLl1l'elnLCln1'el-.l LYi'elLI1l1t1lJJJ~n ~(;1t1"1:; L'1ILLNflU 

~1-t)1Cl LLVl1n LI1lt) fu~ n Lfltlfil~ 

" ~l~flJill'l LYi(;1Lfttl-.l~l1ltf 1.jh:;tI:;LLmU1:;lJ1CU 75 L"lIu~iLlJI1l11:;tI:;1:;~~1-.l~fllJ • 
75 L"lIU~LlJl1l1 LL~'l'l-ltl'el(;1Ltlum~lJ1 fl:; 4 LlJ~(;1 nfllJ~U'I-IU1U1:;lJ1CU 5 L"lIU~LlJI1l11tXLL\l 

" 
Yi'elU1:;lJ1CU f1'l1'1-1t1t)(;1LlJ~(;1ill'lLYi(;11tX~n 2.5-3 U'l HLlJ~(;1~Ufiill'lLYi(;1 3-4 nLflnflJl'lt)H L(;1t1 • 

s-

lu 1 H "I:;iJIXuill'lLYi(;1U1:;lJ1CU 8,500 IXu [28, 31, 32] tllH'f1l1lnLLfl:;1:;tI:;U~n~-.lil 

1. 1:;tI:;U~n 75X25 "lIlJ . ~tI'el(;1 2 LlJ~(;1l'l'el 1 ~~lJ Cl'elULLtlnL~~'el 1 IXul'lt) 1 ~~lJ 

2. 1:;tI:;U~n 75X50 "lIlJ . 'l-ltI'el(;1 3 LlJ~(;1l'l'el 1 ~~lJ Cl'elULLtlnL~~'el 2 IXul'lt) 1 'I-I~lJ 

3. 1:;tI:;U~n 75X75 "lIlJ. ~tI'el(;1 4 LlJ~(;1l'l'el 1 'I-I~lJ Cl'el'WLLtlnL~~'el 3 IXul'l'el 1 ~~lJ 

" 2.1.10.4.3 f1'lllJlX'el-.lmnll1J'el-.lill'l LYi(;1 

, s- s-

ill'l L Yi (;1 LijU~'1IV1IX'el-.l mnlll1lfl'el(;1'el1t1 mn"l1ru L~lJLI1l LLl'lfl'lllJIX'el-.l mnll"1:; , ~ 

1I I "'" 

~-.l~(;11'W"rl'l-.l'el'el n(;1'elnLLfl:;'ll'l-.l1:;tI:;IX'W"lJ'el-.lm1~~1-.l LlJ~(;1 tll~ln1Jl(;1t1l "I:;Ln(;1~-.ll'lt) luil~u ~'el 

1 u'll'l-.l1:;tI:;mn "I1Cl.iYll -.l ~h IXuLLfl:;llJ ~fl ~~ 11l"l:;fl (;1fl-.l~'eltlfl:; 25 

1 U'll'l-.l1:;tI:;t) t) n (;1'el mY 'l ~-'el'el n 1 'I-IlJ-L~lJ~~l-.l LlJ~ (;1 ~ fl ~ ~ 11l"l:;fl (;1 fl-.l ~t) tI fl:; 

50 

1 u'll'l-.l1:;tI:;~~-.lm1~~1-.l LlJ~ (;1 L~'f"l ~fl ~~I1l"l:;fl (;1fl-.l~t)tlfl :; 21 

, , .. 1 .1 ... 0 v 

2.1.1 0.5 LL~fN~fll1l UJJ1:;LVlPlYl~1f1Q! 

.. 
lllf1L'I-IU'el 

lllf1nfll-.l 

111 fI11l:;r)ul1ln 

111 fI11l:;r)U'el'eln 

1~ LLn 

l~LLfi 

l~LLn 

1~ LLn 

1~ LLn 
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2.1 .1 0.6 q~ufjn 

., 
n1rU~nif1,) LyjU1~l~lrtlU~ nl!1f'r1~I1f'W~'W ~'El r:;~~l~ L~'El'WiJ'W1,",~-yj ~~1l1 '"'~ ~1'El 

Uf'lltJ~'W r:;~~1~L~'El'Wmn!J1,",~-~~~1,",~ [32] LU1tJ~')lun1ru~n~'W~~~'W,rn9:;1!1f~f'l~~(;l~n~1 

Uf'lltJ~~~'W 

, .,., 
~n~ru:;'r1')lU'll'El~L~'WltJ91n~'Wif1,)LyjU1~'Wfiif1,)LyjU1L~tJ~~(;lf (field corn) u'W iJ'll'W1U1 , 

,",,)l~m,)'ll'El~L~'WltJ (fiber length) lnftL~tJ~n1JL~'WltJ91nll!L~'ElLL-ii~ ~~Lij'WL~'ElltJ~'W 'W'Eln91nd 
., ., 

'll'W1 U1 L~'W~h 'W~'W~ nf'll~'ll'El~ L~'WltJ91 n ~'Wif 1') L yj U19:; LL,", 1J n~ 1 L~'W ltJ91 n'r1~ 1l! L U'El LL -ii~ LLf'l :;1l! 

L~'El'fi'El'W [34, 35] ~~LL~U1~1'Wmr1~~ 2-3 ~n~ru:;~L1mm,)'ll'El~L~'WltJ91n~'Wif1,)LyjU1 ~~LL~U1~l'W 

., 
L~'WltJ91 n 1l! LU'El LL-ii~ 

L~'WltJ91n~'Wif1,) L yjU1 

,",,)l~m') L~~tJ'll'El~ L~'WltJ 
(nf'l~L~(;lr) 

2.7-4.6 

0.7-1 .6 

1.0-1.5 

L~'W~h'W~'W~nf'll~'ll'El~L~'WltJ 

(l~,",r'El'W) 

32-43 

20-40 

18-22 
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."tJ "" ~' ""t 2.1.11.2 'tl'l1'l r:;n'tlUY11'lLI'll-J'lJ'tl'l 'HJVl1'l1 'lJ'tl'lVlY'lJ1,) ~'" 

"tl "" ~' " "t .J 'l .J os "1n'tl'l1'l r:;n'tlUVl1'lLI'll-J'll'tl'l ')UVl1'l1 'll'tl'lVlU'll1,) ~'" VlLL~"''l UVI111'lVl 2-4 ":;LVlU 
, 

~1 ~,)U~1'l1 'lJ'tl'ltii'Uif1')t~",O'tl'll"ftlr:;n'tlUVl1'lLI'l0Y1LLVln~1'l1 flU 

.. "tl "" ~' " " t (;I1~1.:Jt'I 2-4 'tl'l1'l r:;n'tlUVl1'lLI'll-J'll'tl'l ')UVl1'l1 'll'tl'lVlU'lJ1,) ~'" [35] 

I 

'tl'l I"ftlr:;n'tlUVl1'l LI'lO " " t V1U'll1,) ~'" '" '" t Qj V1U'll1,) ~"'Vl ~,)UVl1 'lu LLnumn'l 
... 

(component) ... " tll1P1"1n 'lu LL~:; " (leaves " Vl'lVlU 'll'tl'lVlU V1U 

(whole LLnUmn'l if1')t~", only) if1')t~", 

stalks) (stalks without (nodes (pith only) 

leaves and pith) only) 

Cellulose, % 45.5 47 .7 41.4 44.2 47 .6 

Pentosans, % 27.1 26.2 29.0 28.3 26.0 

Pentosans in 

the Cellulose, % 11 .0 12.6 13.1 9.4 13.7 

Lignin, % 16.7 16.4 19.8 14.6 13.3 

Hot water 

solubility, % 14.9 12.7 14.9 10.6 18.8 

1 % NaOH solubility, % 47.6 40.2 

Alcohol-Benzene 

solubility, % 7.0 6.6 6.3 2.8 10.9 

Ash, % 6.9 6.0 6.2 10.3 5.8 

Si0
2 

in Ash, % 63.2 39.9 29.4 72.0 24.1 

... 
~1V1fU'tl'l I"ftlr:;n'tlUVl1'l LI'l 0 'll'tl'l L«U'ltl"1 n tii'Uif1,) t~ ",,rU,,:;O L'l!~~ t~~ (cellulose) 

LL~:;Lf1nL'l!~~t~~ (hemicelluloses) luml-J1cu~~'tluif1'l~'ll-J1n LL~:;iJml-J1CUftnUU (lignin) ~1 
~ ~ .... J ~"J' I ~"J'" v .J ~ .J 

Ll-J'tlLVltlUnULtI'tl"1n Ll-JLU'tl'tl'tlULL~:; Ll-JLU'tlLL'll'l [34, 36, 37] "''lLL~''''lluVl111'lVl 2-5 'l!'ln1rVl 

ml-J1CU'll'tl'l'tl'll"ftlr:;n'tlUVl1'l Ll'liJ'll'tl'l L«u'lm1ntii'uif1,) t ~'" LUW1Ue 9'lvi1 'l~tii'Uif1,) t~",iJl'l,)1l-J 
LVll-J1:;~l-J~,,:;U1,..nvi1n1rc.JftVl LtlW~'tl L~'tl 'l-iiL un1rc.JftVl nr:;"'1~ 1i11 
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~ ~ 

Li1'elrel'elWLLft::L~wlm1nl~Lil'elLLii--1 [34, 36] 

"lIil~'lJ'el--1L~wlt1 tl'hnruL'l!ft~ Lft~ 

(r'eltlft::) 

tfhJ1ruLtI~ L'l!ftft Lft~ .. 
(r'eltlft::) 

tl'hn ru ft nil W 

(r'eltlft::) 

L~wlt1"1nl~Ld'elrel'elW 40-52 8-12 26-32 

L~wlm1nl~Ld'elLLii--1 38-50 15-25 18-28 

L~wlm1n;rwir1'"JLYl~ 46-50 27-28 16-17 

1'(;l(l~u~llJl'lll~ ~'el "lI1W~'elti t1'elLLrf'"J ~1--1ir1'"J lm~ L~'elm::~1~~~ft(;llcrlwtlt::LVlP11Vlmhw , 
., I .J'l"d.J" ",.J calQo 11 .:'...J 
~'\..H1J LUWLtI'el ~t1~W(l--1 LtI'el ~t1t11Wnft1--1 t1nL'"JWL'llYl1::LtJ'elm::~1~~1Vl ~ftm1n(;lwtI'el~1 LVl1WWVl 

4'~LuwL~'ellt1m'"J lwJl1wtfhnrumtHf1'(;l(l~ULL(;]ft::'l!il~ Ylu~11wtJ 2540 ;:JmtHfwnfttl~~~1n , .. 
, ~ 

Yl~~ ~'eltlt::~1rur'eltlft:: 64.58 'lJ'el--1ill~1ru1'(;l(l~UYl--1l-1~~ t'el--1ft--1~11JlLLri lm~ t1t::~1rur'eltl , , 

ft:: 28.36 'l!1W~'tltl r'tltlft:: 4.40 ~1--1ir1'"J r'tltlft:: O. 76 LLft::t1'el~1 r'eltlft:: 0.005 (;l1~fh~u mh--1h 

rim~ "1n~ftmt~1t'"J" LN--11W~ft(;l L~'elm::m~lwtlt::LVlP11Vltllwu""uw YlU~1 t1fOl1fttl~~£--1fOl--1 , .. 

, ~ 

Ahmed LLft:: Zhu [34] lJl~n~1l-11~fimn(;l1t1~ L~'tl"1n;rwir1'"J LYl~~Wifir1'"J LYle;) Lfttl--1~(;l')" , 

L~t1fOl'"Ju~~l ~ill~1 ruLtI~ L'l!ft~ Lft~l-I1t11t11w'lJ ru:: L(;l1t1~ L~'eli1'f.ltl~~ ~ 1 wm tVl ~ft'f.l--11Jl;:J mt 

L(;l1t1~L~'tlL~t1m::u'"JwmtL'l!~1LLft::m::u'"JwmtfOln~[;] LL~'"Jvhmt~n~1~n~ru::(;]1--11 'lJ'tl--1L~W 
'1 "1.1 ....!( '1 "" 'i' oJ.F.! ... ~ ... oJ LtlLLft::'f.l--1fOl t::n'f.lUVl1--1 LfOl~'lJ'f.l--1 L'(iW Lm1n(;lW'lJ1'"J L Yl~ LYl'f.l LuttlULVltlUnUm::U'"JWmtL(;lttl~ LtI'tl 

L~t1m::u'"Jwmtlt1Lmlft'R~lw~m'"J::me;)L~m1--1 (dilute acid hydrolysis process) "1nmtVl~ft'tl--1 

YlU~1 n t::u'"Jwn 1 tlt1Lmlft'R ~1 W~111'"J::n t~ L~'f.l"'l1--1 ~1 ~1 t(l'll'"J tI ft ~ m t~ '1! L~m.n~1 ru LtI~ 
" I 1.1 I 

L'l!ft~ Lft~lJl~1 n~w LLft::£--1'll'"Jtlft~~ ruWJ~ LLft::L '"Jft11 wmtL(;l1t1~ L~'f.ll~i1'f.ltlft--1 ~ nYl--1£--1'll'"JtI L~~ 

rl1fOl'"J1~'lJ1'"J~~1--1 LLft::fOl'"J1~ LLii--1 LLN(;]1--11 'lJ'f.l--1 m::~1~ lJl~ n~1 m::u'"Jwm n(;l1t1~ L~'f.lr~''"J11t1 
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Reddy llft::: Yang [36] LJfl'11m'i'~m:nftm~ru:::LI"lN~tl-:J !l-:Jr)1.h:::n!lUV11-:Jll"ljjllft:::~l-JU~ 

(;]1-:J1 'lJ!l-:J l~u1rJ"Iln~u;h'J L'Vi!?li~\J~ifl'J L 'Vi!?l L~rJ-:J~(il'f L~!llmrJU LVlrJunu L~u1rJ"IlnYi'lf 3 'lfU!?l 

~!l ~lrJ (cotton) l.hu (flax) LLft:::U!lLLn'J (kenaf) ;-:J'ViU f J1 L~u1mln~uifl'JL'Vi!?ljjmmru~nUu 
I I " 

Vlu'hn~l L~u1rJ"Iln~UU!l LLn'J LL(;]l-Jl nn~l L~u1mln ~U1.hu U!l n"ll mrUL~u1rJ"Iln~uifl'J L'Vi!?l 

fi-:Jjjml-Jlrui"l')ll-JLtlw,J~n (crystalline) (;]!lm'i'~!?l~rJ-:Jc;l'J'lJ!l-:JLl-JLmLyju1ft (microfibrils) ~-:J LUU 

c.Jft 1lXl"l'Jll-J lL;-:J LLN'lJ!l-:J L~u1rJjj~1~-:J LL(;] l"l'Jll-J~1l-Jl'i'Cl1um'i'~-:J~!?l (elongation) 'lJ!l-:J L~u1rJ~1 

LLft:::~l-JU~~'J1LU'lJ!l-:J L~u1mln~uifl'J L'Vi!?l"l:::jj~l-JU~~I"l~lrJnu L~u1rJ"Iln ~UU!l un'J 

~ ,,~ .... .. .;/ " "'i' 'i' .,J 
Ahmed Uft:::l"lru::: [37] L!?l1"1 n1:tl'Jflm'i'L(;]'l'rJl-JLrJ!l LLft:::m:::!?ll1:t"lln(;]U'lJl'J L'Vi!?l L!?lrJMl1'J:::V1 

1-ii1um'l'L(;]1rJl-J L~!lllUU~fiL'lI!?ll l"l'Jll-J Lifl-JifU'lJ!l-:J~l'i'ft:::ftlrJL 'lI L~rJl-JLe:i!?l'i'!l n L'lI !?l1!lrJft::: 12-15 
.... II I I 

'1J!l-:JU1'\.nrn:nuL~LllX-:J ~W~!lVlT.lru~1Jn 150!l-:JPllL'lIftl~rJ~ LUUL'Jftl 60 mVl r.nnm'i'Yl!?lft!l-:J 

I 1 .. ."j.,J "" 'i''' ~ ~ .. .,J """ 'ViU'Jl ~Jll'J::: Um'i'L(;]'i'rJl-JLrJ!lYlL~l-Jl:::~l-JI"l!l ~l'i'ft:::ftlrJL'lIl!?lrJl-J Le:i!?l'i'!ln L'lI!?lYlI"l'Jll-JL'1Jl-J'lJU'i'!lrJ 

Villar LLft:::l"lru::: [38] LJf~n1:tlm'i'~l~!?l~'JU'i':::~~l-:J~'JULUft!lnU!ln (bark) LLft:::LLnUnftl-:J 

(core) '1J!l-:J~UU!l~l (kenaf) 1u~ (;] 'i'1~'JU(;]1-:J1 L ~!lU¥UU r-:J~l-Jllii'll-.fl-:J L~!l Llft:::m:::!?ll1:t~ c.J~ (;] 
"11 n~'JULU~!lnU!l n'1J!l-:J~UU!l~l LYirJ-:Jmi1-:J L~rJ'J "11 nm'i'Yl !?lft!l-:J'ViU~l ~!?l~'JU~ L~l-Jl:::~l-J1u 

m'i'U ¥UU N~l-Jllii Jf lUI"l'Jll-J Ll;-:J llN'lJ!l-:J m:::!?ll1:t (~1 ~'lfi1I"l'Jll-J U;-:J LL N (;]!l UN ~-:J LLft:::lLN~U , 

U!lLLn'J lU~!ln1uu!l~'JUl Luft!ln1umJ!lu 1u~uu:::'i'!?l 'lflU~!lrJ YJl-:Jifl'J mun~'JrJ LLft:::mU 

Ulftl-J~llYU L~!l~lif!llJft Ld!l-:J ~U~ LUUU'i':::LrJ'lfu1 um 'i'Lft!l nrJ (;] ~ ~U~ L~l-Jl :::~l-J1 UT.l (;]~l~m'i'l-J 
L~!l LLft:::m:::!?l l1:t'1J!l-:JU 'i'::: L Yl PlLYlrJ Lr;)rJ c.Jft m'i'~ ll"l'i'1 :::'!.f'Vi U~l LU~!l n 1 U'lJ!l-:JU!lYl n'lfUr;) ~!l U!l ~1 , 
.1 " .1 . 1 .. .,J 1"· .;/ " ~ I nI lJ!lLLn'J lJ!lm:::L"Il LLft:::lJ!lI"l'JUl l~l-Jl:::~l-JYl"l::: 'lfYllLrJ!lm:::r;)l1:t munft'JrJ Ll-JL~l-Jl:::~l-J '(i'JU 

• I"" 1 I 1 x. • I • I .. !;' ~ .. ."1 ~. I~ ".,J 1"· ."j ~ " LlJft!ln U'1J!l-:J~l-J!lU U'(iUlJ:::'i'r;)LLft::: mUlJlftl-JUll-JUl-JI"l'Jll-JLlJULlJ Lr;)Yl"l::: 'lfYlllrJ!lm:::r;)l1:tLr;) 

L'Vi'i'1:::jj!l-:J r)u'i':::n!lUYll-:J Ll"lmn~ L~rJ-:JnU'lflU~!lrJ LLft:::i-:Jifl'J ;-:JH'LUUrJ (;]Cl ~u1 um'i'c.J~(;] L~!l , 



3.1 .1.1 

3.1.1.2 

3.1 .1.3 

3.1.1.4 

3.1 .1.5 

3.1.1.6 

3.1 .1.7 

3.1.1.8 

3.1 .1.9 

3.1.1.10 

3.1.1 .11 

d ... 
3.1.2 L",j'il'ltJ'El 

3.1 .2.1 

3.1.2.2 

cI 
'IJ'VI'VI 3 

o I ..., _ _ 

r.nn'il1L1l'ilY11tn'l '"l'll-l'ltflLYi'lljlJj 
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iXU-if1'lLYitfl ;-rU{-if1'lLYitfl-if1'lLl-lUm (waxy corn, Zea mays ceratina) 

'"l1n~1L1l'illhnvl'il 4''lW1tf1r1'llUr • 
" iXU-if1'lLYitfl ;-rUfi-if1'lLYitflL~t.I'l~(wf (field corn, Zea Mays L.) '"l1n • 

I I " I 

L~'il1t.1tn'l ;'ll-J1'"l1n't~Li1'il'tl'ilU (L~'il~Uc.J~l-J); Crofton, Canada 

L'lIL~t.ll-J'te:Jtflj'iln't'l!~ (NaOH) Lmtfl,x'il'luBlliin1~ "''l1l-JU1~Y1i 99%. 

Merck KGaA, Germany 

~1~ft:::ft1t.1'te:JLtfI~L'"lULU'ilr'il'iln't'll~ (H20 2) (approx. 30% pure pa.); 

POCA SA, Poland 

~1~ft:::ft1t.1L'lIL~t.ll-JonftLn(;1 (Na2Si0 3 neutral solution QP; pH of 5% 

solution < 11 .5); Panreac Quimica SA. E.U . 
" , 
U1n~u 

m:::m1!tm'il'lLU'ilr 4; Whatman International Ltd., England 

d ~ 0 I I 

L"'~'il'l'll'l2 (;11LLl-lU'I (0 .1-21 kg); ru GX-20K, AND, Japan 

d :." 0 I I 

L"'~'il'l'll'l 4 (;11LLl-lU'I (0 .005-4,000 g); ru T8-4002, Denver 

Instrument, Germany 



3.1.2.3 

3.1.2.4 

3.1.2.5 

3.1.2.6 

3.1.2.7 

3.1.2.8 

3.1.2.9 

3.1.2.10 

3.1.2.11 

3.1.2.12 

3.1.2.13 

3.1.2.14 

3.1.2.15 

3.1.2.16 

3.1.2.17 

3.1 .2.18 

J ~ .x. . . , 
L~t'fl~,)I1l~,)1J..J'l!U (moisture determination balance); tU Kett FD-, 

600, Kett Electric Laboratory, USA 

J ~ ."1 
L~t'fl~,)I1l~,)1J..JLuUml1l-LU~ (pH meter); Denver Instrument, 

Germany 

~'fIU (hot air oven); Venticell, Germany 

L~i'fl~~J..JL~'fI (autoclave digester) ; Universal Engineering, India 

L~i'fl~~m::;'"l1m~'fI (disintegrator); Adirondack Machine 

corporation, USA 

L~i'fl~~L~t1::;lfL~u1t1 (Fiber Quality Analyzer, FQA); OpTest 

Equipment Inc., Canada 
J J , 

Lm'fl~UI1lLtI'fI (valley beater); ru UEC-2018A, Universal 

Engineering Corporation, India 
.J v I ~ I 

L~t'fl~,)l1lmn1tt::;U1t1U1 (freeness tester); ru L TDA, Regmed 

Industria Tecnica de Frecisao, Brazil 
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c!I J' I I .. 

L~t'fl~'lJULL~um::;11l1~ (sheet former); tU Rapld-Kbthen Blattblldner, , 

PTI Laboratory Equipment. Austria 

J ~ . 
L~t'fl~,)I1l~,)1J..J"'U1'l1'f1~m::;11l1~ (thickness tester); Frank, Germany 

, 
L~1'f1~rrl1lrhm1J..JLL~~LLt~[;]'fILLN~~ (tensile strength tester); tu 

Strograph E-S, Toyoseiki Seisaku-SHO LTD., Japan 

L~i'fl~rrl1lf'h~,)1J..JLL~~LLt~[;]'fILLN~n'lJ111l (elmendorf tearing resistance 

tester); tu Protear, Thwing-Albert Instrument, USA 
, 

L~1'f1~rrl1lrl1m1J..JLL~~LLN[;]'fILLN~U'V1::;f'l (burst strength Tester); iu , , 

Lorentzen & Wettre, Sweden 
, ... _ a..c::. _ I 

Lf'lt'fl~,)I1l~J..JUlJlL'l!~LL~~'lJ'fI~m::;11l1~; ru Color Touch PC, 

Technidyne corporation, USA 

nft'fl~'f'l'V11tPl~L'~nm'flULLUU~'fI~nnl1l (scanning electron 

microscope; SEM); iu JEOL JSM-541 OLV, Japan , 
.f_.:J go I q I 

L~t'fl~1JII1lm::;11l1~L~'fI'V1I1l~'fIUm1J..JLL'lJ~LLNlJI'fILLHtln; ru Saltaranpur, 

Universal Engineering Corporation, India 

" 3.1.2.19 'fl1~t.l1~'fIU (water bath); iu WB29, Memmert, Germany , 

3.1.2.20 m::;u'fInm~ 'lJU111l 25, 100 LLf'l::; 1000 i1f'lftftm 



3.1 .2.21 

3.1.2.22 

3.1.2.23 

<CIiI r .0:::10 CIo_ 
lJmn!lr 'lJU1~ 25, 50, 250, 500 ~~fHWlr 

, " LLVl'l LLn(H;lU~1r 

LVl!lfl~n LVl!lf 
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... ~ .!: ... ~ • I .. J . F.!'" -- J .J ... 1" ..l ' 
'l1U,)'"lEJUWl Vl ~ lJ r::~'l rl L Vi!l LurEJlJ LVlEJlJ~~lJ Vl'lJ!l'l LEJ!l LL~::m::~ 1~Vl t:J~ Vl ~'"l1 n'(1 ,)UVl1'l1 

'lJ!l'l ~Wif1,) L Vi ~~U1Hh') L Vi~if1,) LVlilEJ,) Lri!lYl1~,)U'lJ!l'l ~Uif1,) L Vil1l~~~~11l1~ LLft') vi1 mrVll1l~!l'l , , 

~!l L~!lYl1111,)::~ LYl~1::~~lumnVl~EJ~ L~!l'"l1 n ~Uif1,) LVi 11l ~1'l~U1f (~U1fif1,) LVil1lif1,) L YlilEJ,) , , 
"I I I .... 

LLfl::~ufiif1,)LVi~LftEJ'l~Vl1) L~!lH1umrt:J~Vlm::~1~y;llX~~llii'lJ!l'lm::11l1~~Y;~11l '"l1mrULL1J'l , , 

L~!l~1~~,)UYlti'l ~1vi 1 m r~ n~1 n'l m rYl!l n L~!l ~') EJ~ 1 r~::~ 1 EJ lel Ll1l n '"lULU!l f!l!l n 1 '11 ~ ~,)UL~!l~ 

L Yl~!lt'h~1vi1mrVl~fl!l'lYl1~11l~')ur::wh'l L~!l~1~'"l1 n ~Uif1,) LVi 11l fllJ L~!lVl1'l m rA'1~ LVI~1::~~ 

1 ... J 1" ....... ".. .J ... .J::. 0 ... 

umrt:J~ Vlm::11l1~LVi!l Yl~~lJVl11l1Url,)1~ LL'lJ'l LLN'lJ!l'lm::11l1~Vll1lVl~11l 'lJUVl!lUmr11l1 LUU'l1U , 

... ~ ... 
3.2.1 .1 n1nVlrEJ~,)VlCll1llJ , 

o ~""'i' ~ .. .J:f"'''''~ 1 .J 
Vl1n1rVl~VlU'lJ1,) LVi~Yl~'l'"l1nmnnlJ Lnm wn~~LrEJlJr!lEJLL~,) 11l'l LL~~'l U111ViVl 

3-1 ~'l~Uif1,) LVi~~~1~1rmrilJ L~ml~'"l::iJmEJmn'"l1ru L~lJLVlUr::~1r:u 80-90 rJu Ll1lEJ'"l:::vi1 , ~ 

" , " 
m r~ 11l ~Uif1,) LVi 1111 U~,)U'lJ!l'l ~1 ~u ~'l LL~ ~')Uy;~u~u~ulu'"lun'l rl,)1~EJ1')ur:::~1 r:u 60-90 

L'1IU~L~m (lJ1L')r:ul~Vl1'lJ!l'l~Uif1,)LVi~) ~'lLL~~'l1U111Vi~ 3-2 '"l1miuvi1n1rfl!lmU~!lnlX~~1 , 

u1~uif1,) L Vi ~~ ~1umrvi1 rl,)1~~:::m ~ LrEJlJr!lEJ LLft,)~1vi1 mr~ ~ LtlUv1!lUL~ n1 

'lJU1~v1!lU~::Ur:::~1r:u 2.5-4.0 L'1IU~L~m ~'lLL~~'l1U111Vi~ 3-3 LLfl::: 3-4 
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~1ml\HLtl,n1'flU;r1')tYi~'fl'flnLllu 3 ~,)u~'fl ~')uvl'flUif1')tYi~~-l~U~U-ll~~1U 

n1nJ'flnLtI~'fln (whole stalk) ~,)uLtI~'flnU'fln"1.l'fl-l~uif1,) tYi~ (bast) LLfl:;~,)ULLnUnf'I1-l'IJ'fl-l~U 
,~ ~ 

;r1')tYi~ (pith) ~-lLL~~-llU1l1YiYl 3-5 ~1nUUU1~uif1,)LYi~'r1-l 3 ~')ult1mnLL~~llXLLlX-l~U 

~ 

(n) ~Uif1,)LYi~'r1-l~U 

1l1'Yiv1 3-6 1'[;1~~u~lii1un1rC.Jft[;1 L~'fl LLfl:;m:;~1l!t91n~')ur;i1-l1 'IJ'fl-l~Uif1,) tYi~ 
col "" "" " " VI L[;1rtll-J LHJUr'fltILLfl,) 
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.. ..I 

3.2.1.2 mrc.JfWlLfJ'tl 

" " I I I 

LL'i'l::: 20 ~'tl,nl1"nrn:nul~LL~~ LVlfJ'tlru.'1Ml~V1H~~L~'tl~'tl 120 'tl~P\lL'l!'i'lL~m~ LUUL,)'i'll 2 -n,)L~~ . .. 
" " LVlfJn,yUVl'tlU~~U 

• -I' " " 'i' .,I." ~"" .~ 3.2.1.2.1 U1~,)UV11~1 ~'tl~VlU~l,) ~yjVlYlLmfJ~ ~Vl"'lln~'tl 3.2.1 .1 ~l"'lur~lru. 

l"),)l~~U (%moisture content) L~'tllflumr~lu')ru."'lJ1",un~ul~LL~~ (0.0. chip weight) 

" "'i' • • ~ 'i'''' ~ ~ .. J"I!:41 "J .,I " " , 
~'tl~VlU~l,) LyjVl LL'i'l:::l")lu')ru."'lur~lru.~'l!LVlfJ~ LtlVlr'tln L'l!VlYl ~'ll ~UmrVl~LfJ'tlYlI"),)1~L~~~UV11~1 

nu m~';jfimr~lu')ru.1Wl11")c.Ju')n n 

3.2.1.2.3 'I11~uif1,)LyjVlLL~'i'l:::i'l,)U~llJrr"'llulJ'tl~U (bomb) ~"'I:::HLUWl1'l!U::: • 
I I" " I I 

lumr~~LU'tl"'lUL~~ ~~LL~Vl~lU1l1yjV1 3-7 "'IVl'l11",un:nul~V11i'l'i'l~hJ1uLL~'i'l:::lJ'tl~U LVi'tllflu 

" mr~lu')ru."'l'elVl11i'l,)U~'tl~~'tl~L"''i'l,) (~lrLl")n) ~'tl:nul~ (Iiquor-to-wood ratio; LNV ratio) 

.. 'i' ." ~ ~ .. J'!:41 "..I 'I .. 
3.2.1.2.4 LVl~~lr'i'l:::'i'llfJ ~'l!LVlfJ~ LtlVlr'tln L'l!VlYl ~'ll LUmrVl~LfJ'tl'i'l~ LUlJ'tl~lJLL'i'l::: 

L~~J1'i'l~hJ"'IUL~~lJ'tl~U yjr'tl~~~"'IVlili~lm~'tl~J1~1i'l'i'l~hJ1ULL~'i'l:::lJ'tl~U L~'tllflumr 
" , 

~lU')ru."'l'elVl11i'l,)U~'tl~~'tl~m'i'l,) (~lrLl")n) ~'tl:nul~ ~~91nmr~lU,)ru. "'I:::yjlJ~l ~l",flJi'l')u 
" 

LUft'tl nu'tl n i'l,)ULLnUn'i'll~~'tl~ ~Uif1,) LVi Vl LL'i'l:::~uif1,) L yjVli~ ~u n I"11'el Vl11 i'l,)U~'tl~~'tl~ m'i'l,) 

" (~lrLl")n) ~'tl:nuW L'Vl1nlJ 10:1,39:1 LL'i'l::: 13:1 m~~l~lJ ~~LL~Vl~lu';jfimr~lu')ru.1Wl11")c.Ju')n 
" , , 

n "'11 nuuvi1 mru VltJ1lJ'tl~lJ1 ~LLlluLL'i'l:::'I11lJ'tl~ULL~'i'l :::lJ'tl~ULif1 Ll")r'tl~ ~~ LU'tl LLft'),yuil'tlVll~ 
" "I I I I 

mlu yjr'tl~i~ LUVlri'tln'l11 LVi'tl~,)fJlumr"'~'tl Lijul~nlJ Ll")r'tl~~~ LU'tl ~~ LL~Vl~lWl1yjV1 3-8 

~ 0 :., ~ _ d! .J'1" _" .J J'.J .J '1 ~ 0 

"'11 nUUYl1mr'l!~U1"'UnLfJ'tlYl LVl"''i'l~Vl~ LfJ'tl LL'i'l:::"'lili~l ru.1"),)l~'l!U~'tl~ LfJ'tl LVi'tl L'll ~Umrl")lu,)ru. 

c.J'i'lc.J~Vl~'tl~ L~'tl~l~ (%yield) 
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'" I I I 

3.2 .1.2.7 LLU,n11 Lfjttl~'lUV1il'3LriuHLYi'fl~ LI"lj'1:;'vfL~U1£1 ~Jl1Yij':;u1£1l~'lJ'fl--1 L~U 
ClIo r... CIII cal ~.J.J.cI 0 J' I ~S.I 

L£1 LLfl:;'l LI"ln:;V1'fl--11"l1.h:;n'flU'V11--1 LI"l)J'lJ'fl--1 L£1'fl ~'lUU1 L£1'fl'Vl LV1fl'fl~:;U1)J1'lJULL~um:;~l1li LYi'flL'l! 

Lumj''Vlt'l~'flU~)Ju~'lJ'fl--1m:;~l1livi'fllU 

, , " 
111 L~'flV1~~~ 1~)J1~ LI"ln:;'vf~)Ju~~--1vi'fllui1 

" , , 
111111 L~'flV1 LLU--111luif'fl 3.2.1.2. 7 )J1~t'l~11"l'l1)Jm'l L~uchu~ucl'nfl1--1'lJ'fl--1 L~U 

" , , 
1mLfl:;m)J1ruL~u1£1'lJU1t'l~U ~'lml"l1'tl--1~LI"ln:;'vfL~u1£1 (FQA) ~--1LL~t'l--11UJl1YiV1 3-10 m)J 

" )J1~j'.31U ISO 16065 Lt'l£1~:;vhmj'~t'lL~u1mLvifl:;I"lf--1LtJUr.hU'lU 5,000 L~U LLfl:;vhmj' 

" " 'Vlt'lMlU~1 3 I"lf--1LULLvifl:;~Jl1'l:; 

, . 

1" .. 3.2.1.3.2 ~Jl1Yij':;U1£1 t'l'lJ'fl--1 L£1'fl (freeness) 

II I I I 

111111 L~'flV1~ m:;~ 1m~'tl L1£1ur'flmLft'lL uif'fl 3.2.1.2.7 )J1V11 ~ 1 r'fl£1fl:;I"l'l1)J 

'" I I "" I I 

Lif)JifU'lJ'fl--1111 L~'fl (%consistency) LYi'flLiflumj'~1U'l ruV11111V1'Wn'lJ'fl--1111 L~'flV1~:;1iflumj'~ t'l 

~1~Jl1Yij':;u1£1l~'lJ'tl--1L~'fl ~--1LL~t'l--111lUJl11"l~u'ln n m)J)J1~j'~1U TAPPI T227 om-94 ~'l£1 .... 
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~ ~ 

tfh.J1~j' 1 ,000 i1~~~~j' L~£.IVi1n1j''"l~1"l1tfhJ1~nl11um::;lJ'Jn~(N 1'~~ru,.u:Ji1'lJ'tl\lt111u 

II' II' .J.., 1"" t; 0 I J 1~ 
m::;lJ'tln~'J\I LL~::;'vl1fl'J12-JL'lJ2-J'lJU'lJ'tl\lL£.I'tl'vl~\l91nn1n..nM11Ylj'::;lJ1£.1 ~ ~~Yl1£.1U11"l1Yl'vl1 ~ • 
~ , , 
r1\1'vl2-J~ hJ LU ~~1j'1\1'vl11"l1~Jl1Ylj'::;lJ1dl~'lJ'tl\l L~'tl LVl£.llJ rllJ~ ruw:Ji1 LL~::;1"l'J12-J Lif2-JifU'lJ'tl\l L~'tl 

..a J ~ .. .!' ~ 
1I1~'VI 3-10 LI"lj''tl\l'JLm1::;'vlLrlUL£.I (FQA) 

, 
Qo ...... I CIII .... 

3.2.1 .3.3 'JLl"ln::;'vl'tl\ll"llJj'::;n'tllJYl1\1LI"l2-J'lJ'tl\lLtl'tl 

- Le:JL~L'l!~~L~~ ~12-J~fi Acid chlorite 'lJ'tl\l Browing 

- LL'tl~YhL'l!~~L~~ (a-cellulose) 11l12-J2-J1~j'~1U TAPPI T222 om-88 
~ ~ 

- ~nilu 11l12-J2-J1m~1U TAPPI T222 om-88 
~ 

~ 
d , 

3.2.1.4 n1j''lJULLC.Jum::;~1~Yl~~'tllJ 

J' , t.I .d J' I • 

n1j''/JULLC.Jum::;~l'l~ (handsheet) '"l::;1'l1LI"lj''tl\l'lJULLC.Jum::;~1~LLlJlJ Rapid - Kothen 

(Rapid - Kothen sheet former) 11l12-J2-J1m~1U ISO 5269-2 L~£.I~til'JLl"li'tl\l'"l::;LL1.j\lLtlU 2 ~'Ju 
~ 

I'l\lLL~~\l1UJl1Yl~ 3-11 ~'tl~'JU~ULL~um::;~1~ (sheet forming) LL~::;~'JU'tllJLL~\I (dryer) L~£.IiJ 
~ ~ ~ 

iU~'tlUn1j';ULL~um::;~1~LtlUI'l\li1 
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~ ' " ff1'U (l1.J Ll1H 

"--------' 

..a '" 
11 1 ViVl 3-11 Lrir'tl..:J~'WLLcJ'Wm:;11l11fLLlJlJ Rapid - Kothen (Rapid - Kothen sheet former) 

"" " tl1ltljji'W~'tl'Wnlr~'WLLcJ'Wnr:;11l11fLU'W~..:Ji1 

II • " I II I 

3.2.1.4.2 LYlUI L~'tlfNl'W~'J'W~'WLLcJ'Wm:;11l11f ;..:J9:;'Vi11lXul L~'tl Ln111 mr911l ~tI..:J 

11l'Jn'l'l1EJ LU'W LLcJ 'Wm:; 111 11f tl1ltl~ Lrl~'tl..:J9:;'Vilmrm:;r.ntl L~'tl L~'tlllX L~'tl'tl~ m:;r.nmr'J LLcJ'WLv111 
'" "1 I 

fl'W 91 mr'W9:;jj m n:;lJ 1 tlU 1'tl'tl n ;..:J ft n1fru:;m:; 11l11fV11~'tl'tl m.n9:;jj ft n 1fru:; LU'WLLcJ'Wm:;11l11f 

'J..:Jnftl..J~jjL~'WcJl'W~'Wffnftl..:J'IJ'W111l 20 L'lI'W~u,.J~r ~..:JLL~I1l..:Jl'WJlIYl~ 3-13 
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,~ ~ 

3.2.1 .4.3 111 m:;~l1~V1~\JLLcJ\JLh.ltJ~'EliJLLft(nnu~t1 i:;ntJ ~')tI ni:;~l1~~\JLLcJ\J 

LLft')111).J1'EltJLL'IX-:j'l\J~,)\J'EltJLL'IX-:j ~~ru'\.-l1Jn 90 'El-:jPl1L'llflL~E.I~ d:J\JL,)fl1 5-6 \J1V1 ~-:jLL~~-:j'lWl1Yi 
J 
'VI 3-14 

111 LLcJ\Jm:;~1~~~~tJll~"'I1n~\Jii1,) tYi~~-:j 3 ~,)\J).J1i-:jJ1'\.-l,rn L~'El'\.-llJ1'\.-l,rn).J1m~1\J ... 
~'El-:jm:;~l~ (basis weight) LLfl:;j;J~ni:;~1~'l'IXiJ~\J1~m).J).J1tJli~1\J TAPPI T220 sp-01 L~'El 

~ 

'VI~~'EltJ~).JtJ""~iL1-:j LL~-:j LLfl:;L1-:j nfl~'El-:j m:;m~ ~-:jr;\'Ellt1il 
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."1 ,..J::' 
3.2.1.5.1.1 f'l'J1l-l~k\1'1Jtl,:mT:;"11~ (caliper) LLJl.U:;t1:;~1'lVl(fl'l(tl1n 

T:;~~1'l ~'J ~1k\U'WLL~ :;~'J ~1tHh'l'1Jtl'l n T:;1?l1~1l1t1'lr;l1l1'J:;n 1 TVlI?l~tlU~ ri1~k\1?l ~tl'JtI~1' 1?l1~ 

LUk\n~ftLl-l(flT (mm) Ll?lmhn1T1'I?l~'Jmf'l1tl'l1'I?lf'l'J1l-l~k\1 

3.2.1 .5.1.2 f'l'J1l-l~k\1 LLtlk\'1Jtl'lm:;1?l1~ (apparent density) LUk\ 

f'l'J1l-l ~l-l~wh:;~~ 1'l f'l'J1 l-l~k\ 1 LL~:;J1mrnl-l1 (fl T~1k\ ~tl'J t1~1' 1?l1~ LUk\nfl-l ~tl~ nU1 PI nLl-l (fl T 

(g/m 3
) 

" 
3.2.1.5.1.3 ~l-lU~ L=B'lLL~'l'1Jtl'lm:;l?l1~ ;1'lf'l'J1l-l'1J1'J~~1'l(brightness) 

LL~:;f'l'J 1l-lYiULL~'l (opacity) l' I?l ~ 'J t1Lf'l1tl'l1' I?l ~ l-lU~ L =B'l LL~'l ~'l LL~ I?l'l'l k\1l1Vi ~ 3-15 (;11 l-l 

l-l1m~1k\ TAPPI T525 om-02 LL~:; T519 om-02 ml-l~h~u Ll?ltl'lk\LL~~:;~1l1'J:;"'l:;l'i1n1T ..., 

3.2.1.5.3 ~l-l~~1k\f'l'J1l-lLLii'lLLN'1Jtl'lm:;l?l1~ (strength properties) l~LLri 

3.2.1 .5.3.1 f'l'J1l-lLLii'lLLN~tlLLN~'l (tensile strength) LUk\f'l'J1l-lLLii'lLLN 

I "..J 0 I 'l ~ 'l".J ~ .. I 

[;)tlLLNLf'lk\Vlm:;Vl1(;1tlm:;1?l1~ WLk\'JtJ1'J (tensile stress) Ll?ltl 'llLf'lTtl'l'JI?lf'l'J1l-lLL'lJ'lLLN[;)tlLLN 

~'l ml-ll-l1(;1T~1k\ TAPPI T494 om-01 Ll?ltl'lk\LL~~:;~1l1'J:;"'l:;l'i1n1TVlI?l~tlULLcJk\m:;1?l1~1k\'Jk\ .. 
" " I 

5 LLcJk\ LLcJk\~:; 2 f'lf'l "'l1m.rw11rl1f'l'J1l-lr;l1k\Vl1k\LLN~'lV11~l-l1ri1k\'Jru~1rl1~'lli1f'l'J1l-lLLii'lLLN 
" I 

~tl LLN~'l (tensile Index) LI?ltJ'W1rl1 f'l'J1l-l LLii'l LLT'l ~tl LLN~'l~1T~'JtlU1~l!nl-l1m~1k\ L~tl LUk\n1T .. 
>-

~ I?lU"'l9 t1Vl1'l ~ 1k\f'l'J 1l-l LLU TU T'Jk\'lJ tl'lU1 ~l!n l-l1 (;1 T~1WL~ ~:; LLcJk\ 
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3.2.1.5.3.2 ~'l12-J[i'fTW'Vl1'WLLN~n (tear resistance) ~'l12-J~12-J1rrl1J'el'l 

m:;""11f~,,:;[i'f1'WLLN m:;yh~'l,,:;yh 1,xm:;""11f'Vl "" ~'elm~rtA''W'lJ1'''''el'el n"1 mmJ~nU1 L~2-J Vl'll'ltl 

~1'""l~Lu'Wi1~~Hl'l(;]'W (mN) t""tlHL~i'el'l1'''''~'l12-JLLii'lLLN~'elLLN~n m2-J2-J1[;]r~1'W TAPPI T 414 .... 

~ , 
~1'W'l'W 1 """'Vl""~'ellJ "1m.r'WU1~1~'l12-J LLii'l LLN~'el LLN~nV11~2-J1ri1'W'lruVl1~1;'1lil~'l12-J LLii'lLLN • 

~ 

n 1 r~ ",,11,,4'tI'Vl1'l ~ 1'W~'l 12-J LLU ru r'l'W'lJ'el'lU 1Vlun 2-J 1 [;] r~1'WLL~ ~:; LL~ 'W .... 

3.2.1.5.3.3 ~'l12-J LLii'l LLN~'el LLN;'W'Vl:;~ (burst strength) ":;Lu'Wmr 

... ,..J. ... X ..J ~::" ..J .. 
'Vl ""~'ellJ ~'l12-J m'W'Vl1'W[;]'el LLN'Vl m:;'Vl1 nlJ~'W'Vl'lJ'el'l m:;"" 11f L 'WLL 'W'l [;]'l'U 1 n n'el'W'Vl m:;""11f,,:;m "" 

mr1J1""'Vl:;~ nVl'll'ltILtI'WnL~U1~m~ (kPa) ~'ltIL~i'el'l1'''''~'l12-JLLii'lLLN~'elLLN;'W'Vl:;~ ~'l'Vl""~'ellJ • • 
m2-J2-J1[;]r~1'W TAPPI T403 om-97 t""tll'WLL~~:;M11'l:;'fi1mr'Vl""~'ellJLL~'Wm:;""1~1'W'l'W 5 .... 

Vl1 r!1l'ltlJ1VlUn2-J1 m~1'W L~'el LU'Wmr~ ""l1,,4'tI'Vl1'l !1l1'W~'l12-J LLuru r'l'W'lJ'el'lJ 1VlUn2-J1 [;] r~1'WLL~ 
fl:;LL~'W 1~LtI'W~1;'1lil~'l12-J LLii'l LLN~'el LLN;'W'Vl:;~ (burst index) • 

3.2.1.6 ~n1f1ftn1fru:;'Vl1'lmtl1l1Yi'lJ'el'lL~'Ylt1LL'~:;m:::""11f~tJ~[;]"1mhY~1'l11J'el'l~'Y 

if11t~"" t""tlHn«'el'l'~'VlnPll.PSL~n[;]r'el'WLLlJlJii'el'lnn"" (Scanning electron 

microscope, SEM) 

LU'Wn 1r~ n1f1ft n1fru:::'Vl1'l mtl1l1Yi1J'el'l L~'Wlt1 LL~:;m:;"" 11f t""tI":;~ L~n:;l-fftn1fru::: 
X.. .. ...... .!'~~ X ::, ... 
~'WtJ'l1J'el'lm:;""11f mnL'WlJ'1l"" LL~:::mrM1'lYi'Wfi:;'lJ'el'l L~'W Ltl L'WL'W'elm:;""11f 'Vl'l LL'W'l1l1~[;]""1J'l1'l 

(cross-section) LLfl:;~'W~'l (surface section) 'lJ'el'lm:;""11f 

u1tJ~mr'Vl""~'el'l~'lVl2-J",,~1~"1nmr'Vl""~'el'lm2-J-if'el 3.2.1 2-J1'fi1mr~L~n:;l-ftJ~'Vl1'l~ti~ 
t""tl1-ifL'Vl~U.~ Two-way ANOVA with Replication ~r:::;lJ~'l12-JL~'el,r'Wr'eltl~::: 95 L~'elLmtllJLV1t1lJ 

~'l'W~1'l11J'el'l[i'f'Wif1'l tYi""~~'ltJ~~'el~2-Jllii~1'l1 'lJ'el'lm:;""11f~ tJ~[;]"1n[i'f'Wif1'l t~"" 

LmtllJLV1t1lJ~'l12-JLL[;]n~1'l'lJ'el'ltJ~mr'Vl""~'el'l t""tlturLLm2-J Microsoft Office Excel 2007 

~'l~Lrln:;l-fLmtllJLV1t1lJtJ~mr'Vl""~'el'lt""tl1-if One-way ANOVA ~r:::;lJ~'l12-JL~'el,r'Wr'tltl~:; 95 
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~ ~ 

iJ,ll..uMl1.m 1 ~Yl ~ ft'a -.1 ~ -.1 (;] 'a hHl 

I" I I I 

3.2.2.2 'r11n1~~~ L~'a ~u;h'J t Vi~r1-.1~'a-.1l~\ufr.nn~'Ju'lJ'a-.1~U;h'J t Vi ~~~~~ ~~l~r.nn • • 
~'aU~ 1 ~'JU~1~ft:;ft1ut'l!L~rmlel~~tlnl'l!~~~'J1wif~ifurm.lft:; 10, 15 LLft:; 20 'lJtl-.1J1l.nrn 
,.. I I I 

=Bul~LLlX-.1 'qru"'1Jn~'lif~tl 120 tl-.1Pl1L'l!ftL'U~ LUUL'Jft1120 U1~ ~'Jm~r'a-.1~~L~tl m~n1~ 
.J " Yl~ft'il-.1~'aUYl 1 'lJ'il 3.2.1.2.1 - 3.2.1.2 .5 

o oJ .J~" 0 ::. 0'" oJ" oJ ... 
3.2.2.3 U1LU'ilYl L~~1Yl1~'J1~~:;'a1~ 91nUUU1~1~m:;91mU'il~'JmM'a-.1~m:;r.nu 

J .J " 
LU'a m~n1~Yl~ft'il-.1~tlUYl 1 'l.I'a 3.2.1 .2.6 

"I I I I 

3.2 .2.4 LLU-.1111 L~'il~'Ju",il-.191 nn1~~m:;91m~tl L~'a1l11tJt)~~'J1~U1'J LLft:;L~U~1U 

~UUnft1-.1'lJ'a-.1L~U1U m~n1~Yl~fttl-.1~'aU~ 1 if'a 3.2 .1.3.1 

, , 
I ~~ d ~ ~ 

3.2.2.5 "'1~1Ml1Vi~:;U1U L~'l.I'il-.1LU'il ~1~n1~Yl~fttl-.1~tlUYl 1 'lJ'il 3.2.1.3 .2 

3.2.2.7 111 L~tl~ ~fi~91n~uif1'J tVi~~-.1~'a-.1~Uff ~~fi~1~ULL(;]ft:;~'J1~ Lif~ifU'lJ'il-.1 • 
~ , ~ 

t'l!L~U~lel~~'anl'l!~~1'r11n1~~ULL~um:;m~ ~'Jm~rtl-.1~ULL~Um:;~1~ ~1~~1~~~1U ISO 

5269-2 t~uJ1",.t1n~1~~~1U'lJ'a-.1m:;~11~ ~'a 60 nf~(;]tlmn-.1L~~~ ~1~n1~Yl~fttl-.1~tlU~ 1 
OJ) 

if'a 3.2 .1.4 

3.2.2.8 111 LL~UYl ~~'aU~1t) ~~~u"'ii~'J ltJ ~~u"'ii L=B-.1 LL~-.1 LLft:;~~~ ~1U~'J1~ LL~-.1 LLN 

(;]1-.11 'l.I'il-.1m:;~1~ L'llUL~U'JnUn1~Yl~~tlU1u~'au~ 1 iftl 3 .2 .1.5 

3.2.2.9 ~ n~1ftn~ru:;Yl1-.1n1U1l1Vi'lJ'a-.1 L~u1mLft:;m:;~1~~ ~fi~91n~'JU(;]1-.11 'l.I'il-.1 

~Uif1'J t Vi~~-.1~'il-.1~Ufi t~u'lifn~'a-.19ftYlnPlU~ L~ nmtlULLuu'1'l'a-.1nn ~ (scanning electron • • 
• I q ..... .J s... 

microscope, SEM) L'l!UL~U'JnUn1~Yl~ft'a-.1~'aUYl 1 'lJ'a 3.2.1.6 
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o 

3.2 .2.1 0 'lLrln::t-f~~Vl1'l~ti~ L'lhJL~tI')nUmTVlVl~tl'lIWEl'UYl1 iftl 3 .2.1 .7 

~ ~ 

ni'Ul'ltl'UmTVlVl~tl'l~'l~tlLUil 

3.2.3.2 vh mT~~l-l L~tl LL~::~lnrln LVltl ~l-l91 n~lT~::~lt1LtlLVl n 9'ULUtlftltl n L '1I~LL~:: 

~1 T~::~l tiL '11 L~tll-l'Bft Ln I'l vhmT'U,) Vl L~tl nU~lnrlm ~ L if 1 n'U LL~::vh mTI'l T,)91 Vl rh rl'J1l-l Lij'U 

mVl-LU~ (pH) "1ltl'l L~tl JI')mrlitl'l pH meter LVltlrl1r1,)1l-lLtl'UmVl-LU~"1ltl'l L~tl~ ml-l1::~l-lL'UmT 

vltlm~tl~'U ~tl pH 10±0.2 (~lll,)::Ltl'ULU~) tnnrl1 pH "1ltl'lL~tlfT'lhJCi'l 10 L~vhmTUfurl1 
pH JI')tI~lT~::~lt1L '11 L~tll-lLtlVlTtlnL'1I~9'ULJlrl1 pH ~ L,,-n-J1::~l-ll'UmTvltlm~tl 

"". ..1 "" ... • "" .,J 0 •• I.J... • 3.2.3.4 Ll-ltlVl1 m Tntl n Ltl tl9 'Uri TU T::tI:: L ') ~ 1 LL~ ') 'W 1 Ltltl VI ~l'Um Tntl n Ltl tl LL~,) l-l1V11 

rI,)ll-l~::tl1Vl L~tl nl4' Vl~l nrln~Lfl'UmTvltl n L~tltl nr.nn L~tlL ~"'l-lVl 

I I I II I II II I I 

3.2 .3.5 111 LUtlYlLJll-l1..n,nl1",,xn"'~'lvltl m~tl T,)l-l~'l"'lilll-l1rurl,)1l-l~'U"1ltl'l LUtl L~tl1if 

L'WmTri1'W,) ruJ1",,xn L~tl LL~'l ("'~'lvltln L~tl) LL~ :: ri1'U')ru"'1 ~~ ~ft l'l"1ltl'l L~tl~c.h'UmTvltln L~tl 
LL~,) LVltl'lfimTri1'U,) rumh'l~::L~tlVl LL~ Vl'lLrJl'Ull1r1 ~'U,) n n 



54 
"I I I I 

3 .2 .3.7 LLu .. :n.l1 L~'tl~'l1..l~il'l'"l1 n n1t~ m:::'"l1t1L~hl LYJml111J1' (1Uol'l1l-JU1'l LL~:::L~1..l~11..l 

~1..lUnft1'l'1l'tl'lL~1..l1t1 L-rl1..lL~tI'lnUl?l1l-Jn1tYl(1l~'tl'lt;l'tl1..l~ 1 -n'tl 3.2 .1.3.1 

11 I I I I 

3.2.3.8 t11t11L~'tlY11~tJ1'(1l~1~1l1Vit:::u1t11~'1I'tl'lL~'tl L-rl1..lL~tI'lnUn1tYl(1l~'tl'll1..lt;l'tl1..lY1 

1 -n'tl 3.2 .1.3 .2 

, 
3.2 .3 .12 ~Lrln:::lX~~YI1'l~ii~ L-rl1..lL~tI'lnUn1tYl(1l~'tl'lt;l'tl1..lV11 -n'tl 3.2.1.7 

LLlX'l L~'tll-nt1..ln1t~~t;lm:::(1l1lf LL~'lYl(1l~'tlU~l-JU'i1?l1'l1 '1I'tl'lm:::(1l1lf LL~'l~nlf1~~1L~'tl~~~t;l 
'"l1n~1..l-n1'ltVi(1l'"l1n~'l~'tl'l~1..ltft11..liJrl'l1l-J~1l-J1Hll1..ln1ttJfutJN~l-J~'1I'tl'lnt:::(1l1lf~~~m1n • • 
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L~'el~t.J~(;I91n~u;r1'JLYi~~\Hf;r1'JLYi~;r1(HlrwiY.llu'flm1~'hur'elrJ~::: 0, 25, 50, 75 • 
~ ..... .cAI '" 

LL~::: 100 'll'il'lUTI .. 'UnLrJ'el LLVl'l 
I I'" I 

3. m:::~ 1l!tVl t.J~ (;191 n L~'ellrJ ~uVljjm ~tJfUtJN~l-JU~'1J'il'l m:::~nl!t L~m m~Yl ~ LL YlU~'JrJ • 
J J Q '" 1I .... ,..t.I ~ r..... t.I 

LrJ'elYlt.J~m1n(;lU'1J1'JLYi~YiUfi'll1'JLYi~L~rJ'I~(;I'J lu'el(;ln~'Ju~'elrJ~::: 0, 25, 50, 75 • ... , 
o ..... d ... 

LL~::: 100 '1J'el'lU1VlUnLrJ'el LLVl'l 

J eo .J 1 J... tJ~ tJ...... 'i' " 4. m:::~1l!tYlt.J~(;I91nLrJ'il rJm'JYll-Jm~ ~U N~l-JU(;I'1J'el'lm:::~1l!tL~rJm~Yl~LLYlU~'JrJ • , , ... 
L~'elVlt.J~(;I91n~U;r1'JLYi~~Ufi;r1'JLYi~LftrJ'I~(;Itf lu'fl(;ln~'Jur'elrJ~::: 0, 25, 50, 75 • 

... ... 
~1Vlfu,ru(;I'ilulum~Yl~~'el'ljj~'1u 

, ... 
3.2.4.1 m1L(;I1rJl-JL~'illrJ~u 

1
" J'.J'" J 1" ~ eo... 0 1"J ::. 0 ... ~91 n PI'J 1l-J'JIU'1J'el'l LrJ'ellrJ ~UYlVl1 ~ ~'1'J fim ~Pl1U'J rulL~ ~'1 'JYl1l1 PI t.JU'J n n 91 nUUU1l-J1~n 

Ltlu~ULftn1 LL~:::U1l-J1LL'lllun'l~un'~1H 5 ~(;I~ LL~:::tl~~1n'l ~'1HLtlUL'J~1'ilrJ1'1ii'ilrJ 4 

-K'J Ll-J'I ii'l 24 -K'J Ll-J'I 

3.2.4.1.3 U1l~'ill-J1U~m:::91m~'el~'JmPli'el'lU~L~'el 9uL~ulmL£Jn'il'iln91nnU 
."1.!'lJ ,,40 .J .J."1 
LuUL~U m~iY.l1 LL~'J9'1Yl1mdU~LrJ'ilml-Jl-J1(;1~~1U TAPPI T200 sp-01 VlfJ~LPI~'el'lLUU~:::rJ::: 

L~'ilU1~1L~'ell-J1Vl1I'h~1l1Yi~:::U1rJ1~'ll'el'lL~'el ml-Jl-J1m~1U TAPPI T227 om-99 LL~:::VlrJ~m~ 
U • 

.J .J 1'" ~ tJ eo eo eo ::. .. .J J1 !AI " ~.J J 
U~L£J'ilLl-J'il ~Pl1mn:::U1rJU1 ~:::l-J1ru 300 - 350 l-J~~~(;I~ 91nUULnULrJ'elYl ~ L'Jt.J~l-JnUL£J'elYl 

t.J~(;I91n~U;r1'J LYi~ L~'ellflu,ru(;I'ilum~~ulLcJu~'el1tJ 
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.. 
lumi~uLLcJuni~c;J1~I1I'tllu 

• , .... ~ .... ""1;1" "a""..J~ 
vnmiVlc;Jft'tl-lL'llULc;JmnlJmnmmm.l'tl t1riU U'l.I'tl 3.2.2.1- 3.2.2.5 LLft'HnlJLtI'tlVlc.Jft(;l 

, .. 
H L~'tllflumi~uLLcJum~c;J1~I1I'tllU 

I II I I I " 

3.2.4.4.1 U1 L~'tllmtu L~'tllt1t11'l Llft~L~'tlYlc.J~(;l91nrXU'if1'l LVic;J~-l~'tl-l~U!f l-J1 • 
.... I "I I SI 

~1illl-J1CW·l'l1l-J~U L~'tllflumiri1u'lru~1u1~'I!n'l.l'tl-lL~'tlYl9~1flumi~uLLcJum~c;J1~ (;l1l-J 

~fimiri1u'lru1Wl1~c.Ju'ln n 

.. , .. 
3.2.4.4.3 'l'i1miUrlJ~'l1l-JLifl-JifU'l.I'tl-lU1l~'tl (%consistency) ri'tlu'l'i1mi~u 

LLcJum~c;J1~1,xilf"i1LvhnlJr'tltlft~ 0.3 ml-J~fimiri1u'lru1Wl1~c.Ju'ln n 

.. .. 
~ULLcJUm~c;J1~ ml-Jl-J1(;li~1U ISO 5269-2 Lc;JtlU1~'I!nl-J1(;li~1U'l.I'tl-lm~c;J1~ ~'il 60 nrl-JI1I'il 

~ ~ , 
mi1-lLl-J(;li L'lluL~mnlJn1iVlc;Jft'tl-l(;l'ilUYl1 if'tl 3.2.1.4 

3.2.4.4.5 U1 LLcJUVlc;J~'illJl-J11' c;J~l-Jlliirr'llU ~l-Jllii L1-l LL~-l LLft~~l-JlJ~~1U~'l1l-J 
LL;-lLLNI1I1-l1 'l.I'tl-lm~c;J1~ L'llUL~mnlJmiVlc;J~'illJ1U(;l'tlU~ 1 if'tl 3.2 .1.5 

3.2.4.4.6 ~n~1ftn~ru~Vl1-lmtl1l1Vi'l.l'tl-lL~U1t1LLft~m~c;J1~~c.J~(;l91n'l.l'il-lrXu 

if1'l L Vi c;J~-l~'il-l~U!f Lc;Jtl1i n~'tl-l9ftmiP1tI is L~ n(;li'tlULLlJlJ~'tl-l nn c;J L'llUL~t1'l nlJ miVlc;Jft'tl-l (;l'ilU • • , 
Y11 if'tl 3.2 .1.6 



col 
'U'VI'VI 4 

.J t.I v t.I ~ d't '" J .J c.J~n11i'l1'l~'a-li'l LL~I'I-l1l1i.1L(;I~'l'1l'a 4.1 ULth.~c.J~n11i'l1'l~'a-li'l t?l"'l1nn11i'lt?l~'a-lLU(;I'aUi'l 1 'l!-l 

Luun1n11'i'l'lu'1I'a-l~Uif1'l LVit?l~Ufiif1'l L Vil'lif1'l L~ili.l'l~-l 3 'i'l'lU~1c.Jft(;l L~'aJi''li.l~fiL'l!1'I1 LI'li.lLif • 
-t '" ~ '" <i" CII 't 't,.J '" '" t.I I .dI 

~1l1'l::: LUn11(;1~Li.I'aI'l'li.l~11~:::~1i.1L'l!Ll'li.I~ !l1'l1'an 'l!t?li'l"''l1~L'1I~'1IU1'ai.l~:::(;I1-l1 "''a 10, 15 
"''' I I 

LL~::: 20 '1I'a-lU1~Un:nU't~LL~-l Ll'li.I'qru~fJnl1H~~L~'a~'a 120 'a-lPl1L'l!~ Leni.l~ LUUL'l~1 120 U1l1 

LLft'l;11n11i'l1'l~'aU~~~ (;]1-l1 '1I'a-l L~'a LL~:::m:::1'I11=t~ c.Jft (;I"'l 1 n'i'l'lU(;]1-l1 '1I'a-l ~Uif1'l L Vit?l~U{ 
" 

ojf1'l L Vil'lojf1'l L ~ili.l'l 'tJi' c.J~n11i'l1'l~'a-l vl-l (;]'a 'ttlil 

4.1.1 c.J~c.Jft(;l'1l'a-lL~'a (%yield) 

• 1 .. " ..I " " 'i' .... 't 't ... .J~!i<I "d": X 
un(;lLL~'lL~'a"''l1~L'1I~'1IU'1I'a-l~11~:::~1i.1 L'l!Ll'li.I~ !l1'l1'an 'l!1'Ii'l L'l! LUn11(;1~Li.I'aLVi~'lJU 

c.J~ c.J ft (;1'11 'a-l L~'a"'l:::jJ f011~t?l~-l L~'a-l"l1 n L 'l! L~i.I~'t!lt?l1'a n 't 'l! ~"l:::Lif1 'ttl;11tl!jmm rluftnilu ~-l LUU 

'a-l rftl1:::n'aUi'l1-l L'" jJ~ ~1 ~ OJ'1I'a-lYi'l! Lt?l i.I;11L ~~Ufi:::1l1 i.lL Uft nilULL~ :::~Ufi:::1:::~~ 1-l ftnilurlu 
, , " 

"'1flu't!l Lt?l1(;1~ n;11~1i.1 'i'l-l c.J~ L~c.J~ c.Jft(;l'1l'a-l L~'a~~-l"l1 nn11~~ L~'aUUjJf011~1'I~-l [22] LL(;]"l1n 

"" , 
n11i'l1'l~'a-lilViU~1 'i'l'lU'1I'a-l ~Uif1'l L Vi I'I~-l ~ULL~:::'i'l'lULtlft'a nu'a n'1l'a-l ~Uojf1'l LVi t?l dj'a;11 n11~~ 

I I I ,.. I I I 

L~'aJi''li.l~11~:::~ 1i.1 L 'l! L~i.I~'t!l1'l1'a n 't'l!~l1 "''l1~ Lif~ojfULYi~~U f011 c.J~ c.Jft (;I'lJ'a-l L~'al1'tJi' n~ujJ f011 LYi~ 
'" I I I 

~-l~ U vl-l LL~ I'I-lL U(;I1 n-ll1 4-1 ~-lhl LUU'ttl (;I1~i'l ~1=t!Jl1'tJi' mh'l ~ 1 if 1-l ~ U jJ LVi i.I-l 'i'l'lU'1I'a-l 
II I " " I I 

LLnUn~1-l ~Uif1'l LVi 1'1 Lvi 1UUl1 LUU'ttl (;I1~i'l ~1=t!J ~-lflL il'a-l~1"'l1 n~~-l"'l1 nn11~ ~ L~'a LU'i'l'lU 

. I" " "'i' nI" "'i' ::,,,.J ~ "d.J " " 
Lu~'anU'an'1l'a-l(;lU'1I1'l L YlI'I LL~::: 'rl'lU(;IU'1I1'l L YlI'li'l-l(;lU i'l~1l1'l::: LUn11(;1~ Li.I'ai'l "''l1~ L'1I~'lJU'1I'a-l 

(reject) 'i'l-l c.J~ L ~c.J~ c.Jft (;I'1I'a-l L~'a LU~1l1'l :::vl-l nft1'l ~1 n~1~ "''l1'''l::: LUU Ll'li.I~ "''l1 ~ L ojf~ifu 1'ai.l~::: 

1 0 '1I'a-lJ1~un~u't~LL~-l "'l:::jJ~I'I'i'l'lU'1I'a-lL~'a~'t~~n~-ln~1~"''l1~Lif~ifu1'ai.l~::: 15 '1I'a-lJ1~un . " 
" " " :nu't~ LL~-l ~-l'i'l'lULtlft'a nu'a n'1l'a-l ~Uif1'l LVi 1'1 LL~:::'i'l'lu~uif1'l LVi t?l~-l ~u 



9l1~~v14-1 t'll.Jllii'lJ'fl~L~tl~~~In'"llmh'\.,!I;h~1 'lJ'fl~I?lU-IfI'JL~~l~\..!f-IfI'JL~~-ih'JL~{1m L~'flI?ll.JL~'flr;l'JUt'lI~~~~IUL'l!L~tmle:!~ffinl'l!~~fl'JIl.JL-Ifl.J-IfUj;h-l1 flU 

NaOH fh~fI ~ii Jl'IJ'il~ ~~'il PI'l1)J!J1'l'IJ'il~ ~1'IJ'L!l ~I'IJ eh'IJ ~'IJ!i nfl1~'IJ'il~ ~1'IJ'L!l lli)J1tl1~1 'IJ'L!l'IJ'lJ1 Jl~; n 1'i1ftl11"r.:\J1!l ''''IJ'il~ ~~'il 
(%) (%yieJd ± SO) (ilftii~)JJl'l ± SO) (t)JtPl'l~)JJl'l ± SO) (%fines ± SO) (ilfliiiiJl'l) 

~~J1iu Lt.l~tlnUtln unumn~ ~~J1iu Lt.l~tlnUtln u.numn~ ~~J1iu Lt.l~tlnUtln u.nuntn~ ~~J1iu Lt.l~tlnUtln unumn~ ~~J1iu Lt.l~tln'IJtln LLn'IJnfl1~ 
10 20.17 27.10 20.74 0.89 1.01 0.79 20.40 22.61 18.20 40.04 31.00 50.43 286.60 473.83 56.25 

±2.51 ±3.20 ±1.94 ±0.05 ±0.07 ±0.02 ±0.16 ±1.85 ±0.21 ±3.59 ±3.32 ±0.42 ±5.70 ±4.83 ±0.75 

15 34 .91 31.79 20.09 0.93 0.99 0.74 20.97 21.18 18.21 37.17 29.76 50.06 211 .50 462.25 64.20 

± 2.02 ± 0.67 ± 2.05 ± 0.02 ± 0.04 ± 0.01 ± 0.07 ± 0.24 ± 0.28 ± 1.26 ± 3.87 ± 0.49 ± 5.50 ± 3.45 ± 1.00 

20 35.60 37 .05 16.74 0.94 0.98 0.71 20.45 21.44 18.07 39.07 29.41 52.77 190.25 392.75 73.55 

±2.19 ±2.39 ±3.13 ±0.004 ±0.03 ±0.01 ±0.12 ±0.26 ±0.12 ±0.92 ±1 .20 ±0.31 ±2.75 ±5.25 ±0.25 

CJ1 
(Xl 

chula
Typewritten Text
58
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L~'ilYllil1HU1 CJ~ CJf'i IWll'tl'l L~'tl~ CJf'i(;11il1 n~'lu(;h'l1'l1'il'l t;lUif1'l L Yl '" Iil::YllJ~1~ ~'l12-J df2-JifU 

~ ... 'I '1"'~ .J..J .. ,J. .,., ~ ... , .. .J 
'1I'il'l L'l! L"'tl2-J Ltl '" 1'tl n L'l! '" LVl1 nu LtI'tlVl CJ~(;11il1 n '~'lU'lI'tl'l LLnUn~1'1 (;1U'lI1'l L Yl "'2-J ~1 CJ~ CJ~(;1'11'tl'l LtI'il 

~1~i'l'" YhL~~UU1f~1UL~~1L~ULtI~2-Jt;lU'lI'tl'l~'lULLnUn~1'1dtl11il::;:J'1IU1"'~U lJ'illJlJ1'1 ~'Inn . ~ ~ 

Iil1nmn'l~ 4-1 'lIU1"'~'l12-JtI1'l LL~::L~Uc.hu~u~n~1'1'l1'tl'l L~ULtI~ CJf'i(;11il1nt;luif1'l LYl'" 

~ ~ I J 0 ",.J '" .q ~ ~ ... J '" " ~ .: 
Vl'l 3 ~'lUUU YllJ'l1 L2-J'tlV11m1(;12-JLtI'tl"''ltli'l11~::~1t1L'l!L'''tl2-J LtI"'1'tln L'l!"'Vl~'l12-JL'lI2-J'1IULYl2-J'1IU 

.!" .. .!' ~ ..J .. .,., ~ ,,J.... , ..J'I ., ... 
'1IU1"'~'l12-JtI1'l LL~::LrlUCJ1U~Utln~1'1'11'tl'l LrlU LtlVlCJ~(;11il1n(;1U'lI1'l LYl'" LL(;1~::rl'lU2-J~1Vl Ln~ L~tI'I 

flU \.nnYllil11ru1~m12-J L if2-Jifu'lI'tl'li'l1n~;:J~L-iflum1t;l2-J L~'tl LVI1 flU Iil::YllJ11~'lULU~'il nu'tl n 

.,.,~ ~... .!', .. .!'~..J..J ""., 
'1I'tl'l(;1U'1l1'l L Yl"'UUIil::2-J~'l12-JtI1'l LL~::LrlUCJ1UPlUti n~1'1'l1'tl'l L'('lU LtlVl2-J1nVli'l'" 1'tl'l~'I2-J1~'il (;1U 

~ , 
~ , 

if1'l L Yl"''t1'1t;lULL~::LLnUn~1'1'1l'tl'lt;lUif1'l L Yl'" m2-J~1(;)lJ LL~:: Li1'ilYllil1HU1m2-J1 ruL~ULtI'lIU1'" Lft n 
~ 

'1l'il'l~'lU(;]1'11 '1l'il'lt;lUif1'l LYl'" YllJ~1 ~'lULLnUn~1'1'1l'il'lt;lUif1'l L Yl"'\!UIil::;:Jm2-J1 ruL~U1t1'1lU1'" 
a I ...J .J.... '" ..." '" ~ " L~n'il~1um2-J1ruVl~'IVl~'" ~'il U1::2-J1ru1'tltl~:: 50 1'tl'l~'I2-J1~'tl ~'lU'1l'tl'l(;1U'1l1'lLYl"'Vl'l(;1U U1::2-J1ru 

r'tltl~:: 37-40 LL~::i'l",Yf1t1~'il ~'lU'lI'tl'lLU~'tlnu'tlnt;luif1'lLYl",;:JU1::2-J1rur'tltl~:: 29-31 , 

, 
I L1 .... df 

4.1.3 ~1i'lJl1Yl1::lJ1t1 L"''1l'tl'l LtI'tl (freeness) 

I "I '" I 

L"'tlU n ~ LLft'l1'l1i'lJl1Yl m11::lJ1 tlLM'IlJ'tl n n'l m11::lJ1 m11'l1'tl'l L~'il\!UIil::;:J 1'l1~ "'~'I Li1'il 

" !.I '" .q ~ '1 '" .J ~.: ~~.J '" 
L '11 ~'l12-J L '1l2-J'lIU'lI'tl'li'l11~ ::~1t1L'l! L'" tl2-J LtI"'1'tl n L'l! ",1 Un11(;12-J LtI'tl L Yl2-J'lIU Vl'lULU'il'llil1 n m1L'lI 

i'l11~::~1t1 L'l! L~tl2-JLtlVl1'tl nL'l! ",1um 1t;l2-J L~m;11 ~ L~ULti Lii '" m1LLti n LUUL~ULti L~tI'l1 2-J1 n~u 
~ n~'I!J''Iri1L~Ln '" L~ULtI~;:J'lIU1'" Lft n (fines) ~~"''tl'tl n2-J12-J1 n~U~'lti [22] ~'I L~ULtI~;:J'lIU1'" • 

.... I " " I '" I I 

Lftn1 ri11~~UV1~'lLUm1~2-Jcri'lt112-J1n m1~2-Jt11'1l'tl'lL~ULtI~'ILYl2-J~U ;'IIil1nmn'lV14-1 YllJ~1 
I I "I I 

1'l1i'lJl1Yl1::lJ1 tlL~'1l'tl'l L~'tlV1 CJf'i (;11il1 n t;luif 1'l L Yl "''t1'1 t;lULL~:: L~'tlV1 CJft (;11il1 n LU~'tl nu'tl n'll'tl'l t;lU 
~ 

if1'l L Yl ",i'l'il "'~ft'tl'l fllJVl ~1f5if1'1 t;lU LL(;]1u~'lULLnUn ~1'1'1l'tl'l t;lUif1'l LYl "'\!UIil::;:J 1'l1i'lJl1Ylm1 
I I" I 

1::lJ1t1L~'lI'tl'l L~'il LUULU1 Ul1 PI (;1 1'1 fluif12-J V1 LUUL 'llUlJ.'tl11il L U'tl'l2-J11il1 n L~U LtiL U~'lULLnUn~1'1;:J 
" I I I 

'1lU1"'~ULL~::lJ1'1n11 L~u1t11U~'lU~U1 Li1'tl cJ1um1t;l2-J L~'tl ~'ltli'l11~::~1t1 L 'l! L~tl2-JLtI"'1'iln L 'l! ~'I 
~ ~ 

'tl11ilri11~ L~ULti ~'lUlJ.;:J'lIU1'" Lft n ~'I2-J1 n LL~::'tl11il~'tl '" cJ1U(;1:: LLnN Lu'll'l'lm n::lJ1t1t11L~ 
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Ld'aYl91TCU11"11~[l1YiT~lJltJl~'lJ'a'l L~'a91n LLvl~~~'Ju'lJ'a'l~u;h'J L Yi~ YilJ~1 L~'a~ ~~VI 
• I"" ... ... 'i' .... 0 ~ ... "" .J .J ~ ...... 'i' 

91mlJ~'anU'an'lJ'a'lVlU'lJ1'J ~Yi~l-Ji"lI~[l1YiT~lJltJ L~~'1~~ T'a'l~'1l-JIi"l'a LtJ 'a VI ~~Vl91nVlU'lJ1'J LYi~ " . 
" 0 

l1'1~ULL~~LLnUn~I'1'lJ'a'l~Uifl'J L Yi~ VlIl-J~hcKlJ ;'1~'a~i"l~'a'lnlJI"11i"l'J1l-Jm'J'lJ'a'l L~u1tJcK'I LL~~'1 

1uVl1n'l~ 4-1 tl'u~'a L~'a~ ~~Vl91 n LU~'a nu'a n'lJ'a'l~Uifl'J L Yi~iJi"l'J1l-Jm'J'lJ'a'l L~u1tJ~~'1n~1 
.J .J ~ nI.J 0 1 ....... J' .J~ .J 1 % '" '" ~ ... ... ~ .J J 

LtJ 'a VI ~~ Vl91 n '(i'JU'aU1 VII t-Il-JYiUVI ~'J'lJ'a'l LtJ'a um T'(il-J ~ ~ nlJUIU'atJ ~'1 mT~ l-JU1'lJ'a'l LtJ'a Vl1 

" I I " I I 

U'a n91 ni1U'lYilJ~11"11~[l1 Yi T~lJ 1 tJl~ 'lJ'a'l L~'aVl ~~ Vl91 n LLnUn ~1'1'lJ'a'l ~ uif 1'1 L Yi ~,ruiJ 1"11Vl ~1 
I I "" 

l-J1n T'Jl-Jti'l~m~CU~'lJ'a'l L~'aVl~~Vll~,ruiJ L U'a 1"1 'a Uifl 'I ~ ~ L~ £.I ~ LL~ ~iJilll-J1 CUL~u1tJ'lJUI ~ L~ n1 
"" I I 

LUU91U'JUl-J1 n vii 1 ,nuiuVI'aumT~ULL~um~~1~L~'aVl ~~ Vl91 n LLnun~ 1'1'lJ'a'l~uif1'J LYi ~iJ 
" 0 

i"l'J1l-J~Il-JIHI1umTT~lJlml1Vlhl~,rn 

o " 0 

L'l!~~ L~~ LL~~~nUU'lJ'a'l L~u1tJVl~~Vl91n~'Juvll'11 'lJ'a'l~Uifl'J LYi~~Uifif1'J LYi~if1'J Lt-li1m l1'1Vl 

u'lhl~IUmT~ l-J L~'a LL~ ~~ ~lum T~ l-J L~'a ~'JtJ~1 T~~~ 1£.1 L 'l! L~tJl-Jle:1 ~ T'a n 1 'l! ~ i"l'J 1l-J L ifl-J ifuvl 1'1 1 

nu cK'ILL~~'11UVl1TI'1~ 4.2 YilJ~11uYJn1 ~'JU'lJ'a'l~Uif1'JLYi~ Ld'al11mT~l-JL~'a~'JtJ~IT~~~ltJ 
L'l! L~tJl-Jle:1~T'a n 1'l!~~i"l'J1l-J Lifl-JifUL ~l-J~'1~U ~~~'JU'lJ'a'l LL'a~Yh L'l!~~ L~~1uL~'aiJ LLU'J LUl-J~9~ 
I" I" "I 

LYll-J~'1~ULL~~iJI"11 LYll-J~'1~U91n~~~'JU'lJ'a'l LL'a~Yh L'l!~~ L~~1u=nul~ (ri'aU~l-J L~'a) LLvl'a~1'1hri 

Vl1l-Jml-J1 CULe:liJ L 'l!~~ L~~ LL~~~nUu1 UL~'a n~lJiJ LLU'J L Ul-J~ ~~1~'1 tl'uri LL~~'1~1 Ld'al11 mT~l-J L~'a 
I I " I 

~'JtJ~IT~~~1tJL 'l! L~tJl-Jle:1~T'anl'l!~Vli"l'JIl-J Lifl-JifuLYll-J~U l111,x~'JU'lJ'a'l Le:liJ L'l!~~ L~~ LL~~~nUUVl 
" 

LUU'a'l fi"u T~n'a lJ'lJ'a'l L~u1tJ tl n ri 14' ~t-I1'a ~ ~~1 £.I 'a 'a n lul~ l-J 1 n~u LL~~~'1 ~~ 1,x~ ~ ~'JU'lJ'a'l 
" I I I I" I 

L'l!~~ L~~ (LL'a~Yh L'l!~~ L~~) Vl Lt-I~'a'a~1UL~'at-l~'191nmT~l-J L~'aiJ LLU'J LUl-J LYll-J~'1~U,rUL'a'l 



Lt.l~tlnUtln"lltl'l r;l'W 

if,') LYli?1 

1. 10% NaOH 

2. 15% NaOH 

3. 20% NaOH 

1. 10% NaOH 

2. 15% NaOH 

3. 20% NaOH 

1. 10% NaOH 

2. 15% NaOH 

3. 20% NaOH 

't1'lrll.h:::n't1U'Vl'N L'"liJ"ll't1'l L~'t1~ ~ft{1l~1 m'hU~I'l1 "ll't1'l r;luii1') L Yl(11 

l1Ufiif,') L Yl (11if,') mum (r't1tJft::: LVltJlJ rllJ~ (11 Cl~lJ) • • 

73.21 

71.12 

48.80 

86.16 

87.50 

89.86 

86.38 

87.97 

89.82 

89.64 

92.81 

92.48 

38.30 

40.06 

26.43 

56.74 

59.63 

61.91 

57.72 

62.56 

64.63 

39.06 

63.97 

65.46 

34.91 

31.06 

22.37 

29.42 

27.87 

27.95 

28.66 

25.41 

25.19 

50.58 

28.21 

27.02 

., I 

22 .10 

23.81 

19.87 

5.61 

4.27 

4.36 

4.82 

3.78 

3.01 

5.81 

3.95 

3.51 

61 

4.69 

5.07 

31 .33 

8.23 

8.23 

5.78 

8.80 

8.25 

7.17 

4.55 

3.24 

4.01 

~mfrw:::n1i~11'll1Ufi:::,...1't1n1nLUlJ:n(11rlU"ll't1'lL~u1tJ1'WLil't1m:::(111lfVl~ft{1l~ln~')u~1'l1 
., 

"ll't1'l r;lUifl,) L Yl(11 1~ LLn ~,)ULt.l~'t1 nu't1 n"ll't1'l r;lUifl,) L Yl (11 ~,)Ur;luif 1') L Yl m1'l r;lULLft:::~,)ULLnUn ftl'l 

"ll't1'lr;lUif',)LYl(11 {1Il"'Hh~lJ L;j't1H'~lift:::ftltJL'liL~m.Jlf1(11i't1nl'li~ (NaOH) ~'"l,)Il.JLifl.Jifu1't1tJft::: 
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., ., 

10, 15 LLft::: 20 'JJ'fl,:nl1'\.nrniBu1~LL~~ (;11l-H~1~U t~t1Hn~'fl~"ftm1P1~ Lftnm'flULLuuf'l'fl~nn~ , 

1"'"' J J ~ ::. J' ~ ~ 
(SEM) LL~~~ '1 LU111~V1 4-1 LLft::: 4-2 'l!~LL~~~ftmfru:::'lJ'fl~m:::~1~V1~~U~'lLLft:::111f1(;1~'JJ'l1~ 

'JJ'fl~m:::~1~ m"Jfh~u 

., ., ., 
(~) vl~~U+NaOH 10% (,,) vl~~U+NaOH 15% (~) vl~~U+NaOH 20% 

("11) LLnUnft1HNaOH 10% ('l!) LLnUnft1~+NaOH 15% (O-J) LLnUnft1~+NaOH 20% 



c.! J' J' .J ~ .dI ' d '" '" 
LVUJl.J1n'll'W L~'Wlt11'WL'WtJn1:::~1')1~VlI;J~'w"l1n~'J'WLu~!ln'W!ln (1l1lWl 4-1 (n)-(i"J)) LL~:::11I'W'lI1'JL~e;) 
::,,,..1 .. '" , ~"..r ."I..r .. '" .l' 

Yl'll1l'W (1l1~Yl 4-1 (\J)-( U)) ~m1t1Ul1l'J LL~::: LLeJ'lImtl!l!l n Le;)~1 n'll'W i"J'J1~ LLJ'WL'W!l Le;)tI'J n'W'lI!l\J Lri'W , 

lt1~1n;'W -rl!l'l~1\J1:::"d1\JL~'Wlt1U!ltl~\J m1~~1\J~'WD:::'lI!l\JL~'Wlm111Jl~1n~'W~!ltl1 LL~~1t-1fU 
..I... nI " " ~.J ::, ..; 'I" " " m:::e;)1~YleJ~11I"1n'(j'J'WLLn'Wn~1\J'lI!l\J11I'W'lI1'J L~e;) (1l1~Yl 4-1 ('1l)-(0-I)) 'W'W L~!l L'1li"J'J1~L'll~'lI'W 

,~ ~ 

'lI!l\J~11~:::~1 tiL '11 L~tI~lt1 e;)1'il n 1 'lII1lL~~~1 n~'W ~ n~ru:;~'WE1'J'lI!l\J n 1:::e;)1~ 1 'WLL~ ~ :::i"J'J1~ Lif~if'W 
~ ,.. ''''''.l' '1 '1 ..r .. :'l..r.. '" ~ , .. 

LL YlU,,::: L~ ~ i"J'J 1 ~ LLl1I n m'l n'W i"J'il Lri'W Ltl L 'WL 'W tJ m:::e;) 1~~ i"J'J 1 ~ LLJ'WL 'WtlLe;) tI'J n 'W~ 1 n,,'W L~ L t-I'W 

i"J'J1~ LLl1In~1\J 

, 
(1l1~Y14-1 (n)-(i"J)) 11I1~fh~u 

"1nIl1~~ 4-2 (n)-(UJ) ~\JLU'W~n~ru:::1l1i"J(;]e;)'ll'J1\J'lltJ\Jm:::e;)1~ ~rh~\J'llmti 500 LVll 

":::Ll1'W~1 Ln'ili"J'J1~ Lif~if'W'lItJ\J~11~:::~1t1L'lIL~tI~1t1e;)1tJn 1'l1I1l~lfl'Wm11li~ L~'il L~~~'W L~'Wlt11'W 
"I'" II 

Li1tJm:::e;)1~Y1eJ~11I"1nlli'Wif1'J L~e;)'t1\J 3 ~'J'W ,,:::;:jmnL'Wu=fte;)n'W1Jl~1n~'W -rltJ\J~1\J1:::t-I~1\J L~'Wlt1 

Ln!l~"11ru1~n~ru:::1l1 i"J(;] e;)'ll'J1'l'll!l'l m:::e;)1~~ eJ~11I"1 n~'J'W~1'l1 'lItJ\JIli'Wif1'J L~e;) ~ 
~'J1~ Lif~if'W'll!l\J~11~:::~1t1L '11 L~tI~1t1e;)1!lnl'l1l1l~lfl'Wm11li~ L~!l LVlln'W ,,::: Ll1'W~1 mnL'Wu=fte;) 

'" .l''11J' ..I ... nI ",,~.J 
n'W'lI'il\JLri'W Ltl 'WL'W!lm:::e;)1~YleJ~m1n'(j'J'WLLn'Wn~1\J'lltJ\J11I'W'lI1'J L~e;) (1l1~Yl 4-2 ('1l)-(UJ))"::: 

~n~1 -rl!l\J~ 1\J1:::t-I~1\J L~'Wlt11'WL~!l m:::e;)1~U!ltl n~1 LL~:::m1~ ~1\J~'WD:::'ll!l\J L~'Wlt1Yh lJl~1 n n~1 
nI"; " ,,~ , .. ~ "'" .. " ,,~ ::,,, ..I 
'(j'J'W'il'W1 'lltJ\J11I'W'll1'J L ~e;)tJm\J Lt-I'W Le;)'1l e;) 1tJ\J~\J~1i"JtJ 11I'W'lI1'J L ~ e;)Yl\J 11I'W (1l1~Yl 4-2 (\J)-( U)) LL~::: 

nI • I" " " ~.J • '" '(j'J'WLLJ~tJn'WtJn'll!l\J11I'W'll1'JL~e;) (Il1~Yl 4-2 (n) -(i"J)) l1I1~~1e;)U 



64 

n) L1.Hhln'W'tln+NaOH 10% ('11) LtJ~'tln'W'tln+NaOH 15% (~) LtJ~'tln'W'tln+NaOH 20% 

., ., ., 
('I) ;1'1~'W+NaOH 10% (9) ;1'1~'W+NaOH 15% ('U) ;1'1~'W+NaOH 20% 

('l!) LLn'Wmn'l+NaOH 10% ('l!) LLn'Wmn'l+NaOH 15% (OJ) LLn'WmnHNaOH 20% 

..a .... J' Q .J Q ,J I '" '" <i' _ ... " ~ 
1l1'V4't1 4-2 ftnl!tru.::Yi'Wc.JIJ'lJ'tl'lm::C;n1!Wlc.Jft[;l91n'('lIJ'Wm'l1 'lJ'tl'l[;l'W'lJ11J LYiVlYi'W~'lJ11J LYiVl 

if11JL'vtUm ~'tll-if~11ft::ft1£Jt'l!L~m,Jle1V1ffinl'l!c;1~~1J1~Lif~if'Wvl1'11 fl'W ~ri1ft'l'lJm£J 500 Lvh 
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" " PI,)Il-J'\.n..!I1J'il,:mT:;!1l1~ Lth...!nl T1' !1lT:;EJ:;l-h'lL ULL U') (;]'l~ 1 m:;VI~I'l ~(.ll~ihi'l 2 ~IU"lJ'il'l 
, '1".,Jo .,J o;r,.,J "" 

LLc.Jum:;!1l1~ 1l1EJ ~(;11l1,):;VlmVlU!1l 91nm)'1'lVl 4-3 9:;LVlU')1 VlPl,)Il-J L"lJl-J"lJU"lJ'il'l~IT~:;~IEJ 

L"i! L~EJl-J1t1!1lT'il n 1"i! !1l'"LYl1 flU m:;!1l1~~ c.Jft(;191 n~,)ULLnUn~I'l"lJ'il'lI11Uifl,) LVi!1l ~PI,)Il-JVlUl1J'il'l 
• I " • .., 

n T:;!1l1~U'il EJVI ~!1l ;'l91 n fl 1 PI') Il-JVlU 1"lJ'il'l n T:; !1l1~i1l-11L ~Vl T1U~ 1 V1U lV1Unl-J1 (;1 T~IUL vi 1 flU . ~ 

I "''' I I 

m:;!1l1~V1 c.Jft (;191 n LLnUn ~1'l"lJ'il'lI11Uifl,) LVi !1lUU ~ L U'il"lJ'il'l m:;!1l1~V1 LLl.lULL~ :;Ul'l n~1 m:;!1l1~V1 
, " 

c.Jft (;191 n~,)u~U"lJ'il'lI11Uifl ') LVi!1l T'il'l ~'ll-J 1 ~'il l11uifl,) L Vi !1li'lI11ULL~ :;~,)ULtJ ~''il nU'il n"lJ'il'lI11U 

ifl,)LVi!1l ml-Jfh~u 

(;I1'i1~v1 4-3 PI')Il-JVlUl1J'il'l m:;!1l1~~ c.Jft(;191n~,)U(;]I'l1 "lJ'il'lI11Uifl,) L Vi !1l~Ufifl,) L Vi!1lifl,) 

"" oJ",J"" 'i'''" 'l ~ .. .,J ""'v LVlUEJ') Ll-J'il(;1l-JLEJ'il!1l,)EJ!1l,)EJ~IT~:;~IEJ ~"i!L!1lEJl-J tI!1lT'iln L"i!!1lVlPl,)Il-JL"lJl-J"lJU(;l1'l1 nu 

" " PI,)Il-JL"lJl-J"lJU"lJ'il'l 

~IT~:;~IEJ L"i! L~EJl-J1t1 

" " ulV1un:nu1~ LL ~'l) 

10 

15 

20 

PI') 1 l-JVlUl"lJ'il'l n T:;!1l1~~ c.Jft mln~,)U(;]I'l1 "lJ'il'lI11Uifl,) LVi!1l 

~ufiifl,)LVi!1lifl,)LVli1EJ,), n~ftLl-J(;1T ± SO • 

" 
l11uifl,) LVi!1li'lI11U 

0,107 ± 0,0139 0,092 ± 0.0061 0.077 ± 0.0059 

0.084 ± 0.0081 0.081 ± 0.0067 0.069 ± 0.0154 

0.089 ± 0.0040 0.103 ± 0.0052 0.072 ± 0.0049 

4.1.7 PI,)Il-JVlY1LLl.lU"lJ'il'lm:;!1l1~ (density) 

, " 
PI,)Il-JVlUI LLl.lU"lJ'il'l nT:;!1l1~ LtlUfllV1~Il-Jl),(l ri lU') CUVll 'l~91 n n lTU1U1V1Unl-J1 (;l)'~IU 

" mll-J~l-J~ufiflU mT~rl'l~Ufi:;Vl1'il mTLL UU:n!1l flU"lJ'il'l L~ULEJLULU'il n T:;!1l1~ VII n PI,)Il-JVlUI LL l.lu 

,,", , .1' ~ ~ J' """ v v d ... v'l"."1 
"lJ'il'lm:;!1l1~l-JPlll-J1 n LL~!1l'l,)1 LriU ~EJ L'WLU'il m:;~l1~l-J mTM1'lViUfi:;nUVlT'il LL UU'l!!1l nu !1l LlJU 

IQ a 11'l".J.elI • .J 
'ilm'l!1l PI,)Il-J LL"lJ'l LLN"lJ'il'lm:;!1l1~9:;~'l LL(;1'Elm'l m(;11l-Jm),Vlm:;!1l1~l-JPllP1,)Il-JVlUI LLUUVl~'l 

m:;!1l1~9:;m ViN'il1 mf'l~!1l~'l LtlUc.J~ L~PI,)Il-J~U LL~'l"lJ'il'l m:;!1l1~~!1l~'l~')m'lluflu ~'lPl,)Il-J 

VlU 1 LL l.lu "lJ'El'l n T:;!1l1~9:; LU Ufl 1~ c.J n trUflU PI') Il-JVlUI "lJ'El'l n T:; !1l1~ ~J lV1Unl-J 1 (;1 T:;IU"lJ'El'l 
I " I I 

m:;!1l1~LvilflU m:;!1l1~V1~LU'ilLLl.lu9:;Ul'ln~lm:;~11~V1~PI,)Il-Jvlll-J (~) [9, 22] ;'l91nc.J~mT 
" 

v ~ .,J , .,J....J " "'i' ,,", 
Vl!1l~'il'l!1l'lLL~!1l'l ~'W1l1ViVl 4-3 ViU')1 m:;!1l1~Vlc.J~(;191n·Ci,)U"lJ'El'lLLnUn~I'l"lJ'El'l(;1U"lJl,) ~Vi!1l l-JPlI 
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" " LLft::~uih') LVi (;l~-l ~uuuilrh 12.1 LL(;1 n~h-l nwnnun 

, , " 
if1,) LVi (;l 9::L~U11 L~'el rl,)12-JLifl-Jif1.J'1l'el-l~1~ft::ft1t1 L '11 L~t1l-J't1l m'el n 't'l! c;lLl~l-J~U91 nr'eltlft:: 10 d:Ju 

" II I " 

15 'll'el-lU1~un1u't~ LL,x-l rl,)1l-J~U1 LL t..!u'll'el-lm::(;l1lf 1uYln~,)u'll'el-l ~Uif1,) LVi (;l9::il rh L'Yil-J~U LLlJ1 , 
I I " "" 

L~'elrl,)1l-J Lifl-Jifu'll'el-l~1~ft::ft1t1 L '11 L~ t1l-J't1lm'el n't'l! c;lL ~l-J~uLi:lur'eltlft:: 20 'll'el-lU1~un1u't~ LL,x-l 

tln n!J1 1 rl,) 1l-J~U1 LL t..!U'll'el-l m::(;l1lf~!:.I ft (;191 n ~')U~uif1,) LVi (;lvY-l ~UU-l il LL U') L Ul-J L ~l-J~U91 n 

rl,)1l-JLifl-Jifur'eltlft:: 15 'll'el-lJ1~uniu't~LL,x-l ~-l~'el(;lrl~'el-ln1J1l1Vi~ 4-1 (-l)-('il) LLft::1l1Vi~ 4-2 

(-l)-( 'il) 1u'llru::~ m::(;l1lf~!:.Ift (;191 n~,)uLtl~'el nu'el nil LL u') L Ul-Jft(;l ft-lmh-l L~u't~i (;l ~')um::(;l1lf 

~ !:.Ift(;191n LLnun ft1-l'll'el-ll'luif1,) L Vi (;lilrh~12.1 LL(;1n 1J11-l'el tJ1-lilutl~1 rl n.! ~-l !:.Ift~'t~91 n n1 ~~1U,) ru 

~1 m1l-J~U1 LL t..!U'll'el-l m::(;l1lf,ru12.1~'el (;l rl~'el-l n1J1l1Vi~ 4-1 (n )-(rl) 'll'el-l~,)ULtl~'el nu'el n LLft:: 

.J ~~ qlV let I ~.,J", 
1l1ViYl 4-2 ('11)-( a.J) 'll'el-l ~,)1.JLLnUnft1-l Yl-lU'el199::l-J (;1') LLtl~l-J191n'l!,)-l'll1.JLL!:.IUm::(;l1lf 'l!-l LLNYl1'l! 

1un1m(;lr(;lJ1'el'el n'el19 't,J~~1 L~l-J'el 

1 

E 0.9 ...... 
QO 0.8 ........ 
~ 0.7 r 
G 0.6 
~ 0.5 ? 
r.I 0.4 (:l 

.~ 0.3 

~ 
0.2 

0.1 
r 0 (" 

G: 10 15 20 

.l1lu'2hl1'Yi6ll1,,~u 

. n.J~unuun 

unumn" 

~,,)""lJl'21lJ'2'iU'2.lu"i:".l"""'SN::N .... u·h1l~uu'1liMun'\'lJA 
(~uN~u"ihl>lun1iu'bJu1-l" ) 

111'Yi.vl 4-3 !:.Ift'll'el-lrl,)12-JLifl-Jifu'll'el-l~1~ft::ft1t1 L '11 L~ t1l-J't1l(;l~'eln 't 'l!c;l~illJ1'el ~1 rl,)1l-J~U1 LLt..!U 

'll'el-l m::(;l1lf~ !:.1ft (;191 n~,)u1J11-l1 'll'el-l ~Uif1,) L Vi(;l 

~l-J~ L1-l LL~-l'll'el-l m::(;l1lf~ !:.Ift(;191n~,)U1J11-l1 'll'el-l~Uif1,) L Vi(;l~Ufif1,) L Vi(;lif1,) mum 

't~ LLn rl,)1l-J'll1,)~11-l LLft::rl,)1l-JVi1JLL~-l'll'el-lm::(;l1lf LL~ (;l-l't llU(;11~1-l~ 4-4 
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...I "" ~." 1 1 rd." 0 ..... - d -(;'I111-3'V1 4-4 ~ft'll'tl..:J~'J12-JL'll2-J'll'U'll'tl..:J ~'l!L(;lEJ2-J 11(;l1'tln 'l!(;lYl2-JI11'tl'i'l2-JUI11L'l!..:JLL'i'l..:J'll'tl..:Jm:::(;l11!tYl~ftl11 

91n~'J'U[;]1..:J1 'll'tl..:J~'W'if1'J L~(;l~'U(oif1'J L~(;loif1'J L~ilfJ'J 

NaOH ~'J12-J'll1'J'i'l~1..:J (% ± SD) ~'J12-J~ULL'i'l..:J (% ± SD) 

(%) 
0-

;J1'l L~(;lvl..:J~\J. Lu~~n\J.~n LLn\J.nfn-l 
0-

;J1'l LYi{;\vl..:J~\J. Lu~~n\J.~n LLn\J.mn..:J 

10 37.46 ± 0.48 23.73 ± 0.36 26.11 ± 0.62 84.66 ± 0.89 93.30 ± 0.92 74.68 ± 5.62 

15 37.50 ± 0.24 35.88 ± 0.63 30.70 ± 0.41 75.80 ± 0.74 83.04 ± 2.40 72.80 ± 0.84 

20 38.28 ± 0.76 39.13 ± 0.33 32.61 ±0.78 68.23 ± 2.24 86.48 ± 0.62 72.28 ± 1.77 

4 .1.8.1 ~'J12-J'll1'J'i'l~1..:J'll'tl..:Jm:::(;l11!t (brightness) 

o 0 ., 

L~\J.~1 L~'tl ~'J12-J L oif2-Joif\J.'ll'tl..:J'i'l11ft:::ft1tJ L 'l! L~EJ2-J111(;l 1'tl n 1 'l! vlL~2-J~\J. rh ~'J12-J'll1'J'i'l~1..:J'll'tl..:J m:::m1!t 
• I '" '" tJ I I 

Vl ~~11191nVJ n1 ~'J\J.'ll'tl..:J ~\J.oif1'J LYi (;l9:::iJrh L~2-J~\J. vl..:JilL U'tl..:J91 n~nU\J.I]..:J LU'U'tl..:JI"11.h:::n'tlUYl1..:J 
o ., 0 

L~iJVl~..:J ~ft [;]'tl rh ~'J12-J'll1'J'i'l~ 1'1 'll 'tl..:J n 1:::(;l11!t L(;lEJ I11N ~ n fh~' (;l'tl'tl n hJ2-J1 n~\J. vl..:J LLMl..:Jl \J.11l1 n..:JVl 
o ., ., 

4-2 LLft:::L~'tl H~'J12-JLoif2-Joif\J.'ll'tl..:J'i'l11ft1EJL'l! L~EJ2-J111(;l1'tln1'l!(;l1'tlEJft::: 10 LLft::: 15 'll'tl..:J111mrn=n\J.1~ 

LL lX..:J ~ 'J 12-J'll1'J 'i'l~ 1'1 'll 'tl..:J n 1:::(;l11!t~ ~ ~ 11191 n ~\J.oif 1'J L Yi (;li..:J ~ \J.9:::iJ ~ 1 ~..:J~ ~ (;l 1'tl..:J ft..:J 2-J 1 ~'tl 
dQ, ell "'1.1 o...,d ~ 

m:::(;l11!tYl ~ft 11191 n LUft'tl n\J.'tl n LLft::: LLn'Un ft 1'1 'll 'tl..:J 111 'U'll1'l L Yi (;l 11112-Jft1 (;lU Yl LU'UL1'U'U'tl19 LU'U~ft 
., ., 0 

2-J191 n ~'J'U'll'tl..:J ~'Uoif 1'J L Yi (;lvl..:J ~'Uu'U U1:::n'tlU ~'JEJ ~'J'U'll'tl..:J LU ft'tl n 'U'tl nVl iJ ~ L ~ft'tl..:J'tl2-J L~ EJ'J LLft::: 

do d." ~ • 'I" d d - 1 "." 0 d dod . Id 
'Ci'J'U'll'tl..:J LLn'Un ft1..:JYl2-J~'ll1'J Yl1 L mEJ'tlYl ~ft 111 (;l2-J ~'J 12-J'll1'J 'i'l'J 1..:JYl~..:J LEJ'tl n'J 1 LtJ'tl91 nLuft'tl n'U'tl n 

." 0'" d_ d "" ~." 1 1rt-L Yi EJ..:J'tl EJ1..:J L(;l EJ 'l LLft::: L2-J'tlYi 91 nu 1Yl ~'J12-J L 'll2-J'll'U'll'tl..:J'i'l1 1ft:::ft 1 EJ ~ 'l! L(;l EJ 2-J 11 (;l 1'tl n 'l! (;l 1'tlEJ ft::: 15 
., ., 0 

LLft::: 20 'll'tl..:J111~un=n'U1~ LLlX..:J ~1rl'J12-J'll1'J'i'l~1..:J'll'tl..:Jm:::(;l11!tVl ~~11191 n~'l'U'll'tl..:J LUft'tl n'U'tln LLft::: 

~'Uoif1'J L Yi (;li..:J ~'U,r'UiJ ~1~hl LLI11 n [;]1'1 rl'U2-J1 nun ~ LU'UL1'UdLti'tl..:J91 mfi2-J1 rt.l~nU'U'll'tl..:J~'J'U 

I '" I I 

rlU1ml~U 11l12-J~hvlU vl..:JLL'i'l(;l..:JLWl1YiVl4-2 vl..:JU'U L~'tll;hm1~2-JL~'tlL(;ltJ1if'i'l11ft:::ft1EJL'l!L~EJ2-J111 , 
I II I I 

(;l1'tl n 1'l! vlVliJrl'J12-J L;J2-Joif'U2-J1 n;'ULr'tl EJ1 ~1rl'J12-J'll1'J'i'l~ 1..:J'll'tl..:J m:::(;l11!tVl ~~ 11191 n~'J'U'll'tl..:J LU~'tln 
., 0 

'U'tl n LLft:::~'Uoif1'J L Yi(;lvl..:J~'U9..:JiJ ~1 hl LLI11 n[;] 1'1 rl'U2-J1 nun L Yin:::~ nU'U~ nn19 (;l'tl'tl n 1ul 'Um2-J1rt.lVl 
'" I I I 

2-J 1 n ~..:J LL[;] m 1~ 2-J L~ 'tl L(;l EJL if 'i'l1 1ft:::ft 1 EJ L 'l! L~ EJ2-J111 (;l 1'tl n 1'l! vlVl ~ 'J 12-J L oif 2-Joif'U~ 11u LrEJU ¥'tltJ LL~ 'J 

'tl~1..:Jhnl1l12-J 9::: L~'U~'J12-J LLI11 n[;] 1..:J'tl~1..:Ji (;l L9'UL 'Unnu'll'tl..:J m:::(;l11!t~ ~~ 11191 n~'J'ULLn'Unft1..:J'll'tl..:J 
I I I '" '" 

~'Uoif1'l L Yi (;l LL~~1~'J'ULLn'Unft1..:J9::: LU'U~'l'UVliJm2-J1 rt.l~ nU'UVlU'tl EJ n~ 1 ~'J'U~'U1 n11112-J vl..:Jil'tl19 
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J do ." r. I ."J.J .,.. 'I "-::;j 'I 
Lt.!'tl-.l~191nri'lt.!LLm.J.mnH119~'tl-.l~lJ~:::n'tltJYl1-.lL~~'tlt.!1 L-llt.! ~1nLYlm Lm '\n'tl~1UI~~ Lt.! 

.F-: .J 'do J ~ ." .. ., ." "'"' ~ .,,"' ., J .J 
lJ~~1ru.Yl~-.lm1 ·(j'lt.!'tlt.!1 L~tI~~1mN~'tltlft::: 31.33 LYltltJntJ'l[;1~~tJ LL~'l1~ft-.l91nn1~[;1~LtI'tlYl 

~'l1~ L -if~-ift.!L ~~~t.! 'tl-.l ~u ~:::n'tl tJYl1-.l L~ih ~~1e9:::ihfi~1 ru.ft ~ ft-.l n~ 1 ~'lt.!~t.!1 LL~ n'tl19iJ 

'tl-.l~u~:::n'tltJ~l'111~Ln~~'tl~1t.!ill~1 ru.~~1n n~1~'lt.!~t.!1 '1J'tl-.l ~t.!-if1'l LYl~n Ltlt.!1~ vh 1~~'l1~ 
, .J~ do .,., ~ ~ 'do J .,., ~ 

'1J1'l ~'l1-.l'1J'tl-.l m:::~ 11fYl ~ft [;191 n ·(j'lt.!LLnt.!nft1-.l'1J'tl-.l [;1 t.!'1J 1'l L Yl ~ [;l1 m 1ri'lt.!'tlt.!1 '1J'tl-.l [;1 t.!'1J 1'l L Yl ~ 

'tl£l1-.l L~t.!1~i~ 

4S 
1I r 40 a: 
)) 

35 It" 
C ., 30 
Q..-, 
~ H 2S ., a; 

-j:: :J 20 • AU'ih"l'tl-lllill5i" A'U ~~ 
l=- 15 • nJ:'aflUilfl ~ 
::l 10 r 
r 
It 5 
(" -c: 0 

lUlUflNI.J 

10 15 20 

ml~t iiI.riiu"llu-Jt:lI~::cIlu"i."lJtiiUlJ'1lIIiI~ilfl ''lJ~ 
(-mUN:''lIil.JihmAfl11u'bJulA\l ) 

1l1~oVI 4-4 ~ft'1J'tl-.l ~'l1~ L-if~-ift.!'1J'tl-.l~1 ~ft:::ft1t1 L"l! L~tI~1tl~~'tl n 1"l!c;1~iJ~'tlf011 ~'l1~'1J1'l~~1-.l 

'1J'tl-.lm:::~11f~~~[;191n~'lt.!~1-.l1 '1J'tl-.l~t.!-if1'l L Yl~ 

4.1.8.2 ~'l1~iitJLL~-.l'1J'tl-.lm:::~11f (opacity) 

L~'tlYl91~ru.1f011~'l1~iitJ LL~-.l'1J'tl-.lm:::~11f~ ~~ [;191 n~'lt.!~1-.l1 '1J'tl-.l~t.!-if1'l LYl~ 
.... .J .J I d '" '" '" .c:i ~ ~-.lLL~~-.l1t.![;11n-.lYl 4-4 LLft:::1l1YlYl 4-5 YltJ'l1 L~'tl1'l!~'l1~L'1J~'1Jt.!'1J'tl-.l~1~ft:::ft1t1L"l!L~tI~ Ltl 

I I II I 

~~'tl n1"l!~1t.!n1~~~ L~'tl LYl~~t.! ~'l1~iitJLL~-.l'1J'tl-.lm:::~11f'"l:::ft~ft-.l Lil'tl-.l~1'"l1nL~t.!1t1~1~1Hl 

~~1-.l~t.!fi:::~~flt.!1~~1n~t.!~~-.l'"l1n~~nilt.!~nih9~'tl'tln1u [22] LLft:::'"l:::L~t.!1~i~1t.!nHll'1J'tl-.l 
, ", 

m:::~11fV1 ~~[;1'"l1 n~'lt.!LU~'tl nt.!'tln LLft:::~t.!-if1'l L Yl ~vl-.l~t.! ~'lt.!m:::~11fV1 ~~[;1"l1n LLnt.!nft1-.l'1J'tl-.l 

~t.!-if1'l L Yl ~ YltJ~ 1 iJ~'l1~iitJ LL~-.l'1J'tl-.l m:::~11f 1"] LL[;1 n ~1-.l flt.!~1 nun 

J ~ .J ., ., ~ ." ~ ~ r.J'I ~ .,..1 
L~'tlYl'"l1~ru.1Yl~'l1~L'1J~'1Jt.!'1J'tl-.l~1~ft:::ft1t1 L"l!L~tI~ Ltl~~'tln L"l!~Yl L'l! Lt.!n1~[;1~LtI'tl 

LYI1 flt.! "l :::YltJ~ 1 m:::~11f~ ~~ [;1"l1 n LU~'tl nt.!'tln'1J'tl-.l~t.!-if1'l L Yl ~,rt.!iJ f011 ~'l1~iitJ LL~-.l~~-.ln~1 
.J~ .,., ~::.., do .,., ~ 0",..1 J 

m:::~11fYl ~ft [;191 n[;1t.!'1J1'l LYl ~Yl-.l[;1 t.!LLft:::·(j'lt.!LLnt.!n ft 1-.l'1J'tl-.l [;1t.!'1J1'l L Yl ~ [;11 ~ft1 ~tJ L t.!'tl-.l'"l1 nLtI'tl 

~~~ [;1"l1 n LU~'tl nt.!'tl n'1J'tl-.l~t.!-if1'l LYl~iJ~~f01'tlt.!-if1-.l L-if~ n1~~ ~ n~t.!LL~-.l'1J'tl-.l L~t.!1t19-.lvh1~~1n 
" 



69 

~'l CJ ft L,x LL~'l'Vl::;ft ~lum::;~l11=t 1~U!lU ft'l ~ 1 rl,)l l-JViU LL~'l~!l'l m::;~111=t9'ljj ~ 1~'l n~ 1 m::;~l11=t~ , ~ 

~ .., '" ~ .J d oJ c:rI '" - • .....J I 1" 
CJftIW"llnInU~l,) L ~I'l'(1,)U!lU1 'l!'ll-Jrl,)ll-J~!ll'lrlft!l'l nu CJftrl')1l-J",U1 LLUU~!l'lm::;l'll1=t 1'l'l'Vlnft1,) ') 

" " ~ .,J." ,J." 4 .J.J ." 
~l'lInU LI'lU m::;1'l11=t'Vll-Jrl,)1l-J"'U1 LLUUln1 9::;l-Jrl,)1l-J'VlU LL~'l~!l'lm::;l'll1=t'Vl~'l LU!l'l91 n m::;l'll1=tl-J 

'1i!l'l~ l'lL Umdn ~::;L9'l LL~'ll-J1 mrW!l'l ~'l n~!ll'lrlft!l'l rlU CJft m ~ij Lrln ::;",ft' n1=tru::;m~~¥l'l~Ufi::; 
.. .. ~ ~ ., 'I J' .J.. nl' " ,,~ ~ 'I" " 

"'~!lm~LLUU'l!l'lnU~!l'lLriU LU LULU!lm::;l'll1=t'Vl CJftln91 n'(1')um'l1 ~!l'lInU~l,) L~1'l LI'lU L'llnft!l'l 

'ft'Vlnl"lu1iLftnm!lULLUU~!l'lnnl'l (SEM) LL~I'l'l1tj1Wl1~~ 4-1 LLft::; 4-2 

~ 
G 
~) .... 
C 
?-
r.I II 
;I It 
? :::J 

!~ S ........ 
,~ 

;:: 
r 
I'" 
(t 

100 

90 

80 

70 

60 

50 • ~uirn"iVl~~"iiu 
40 

• n..J~£lnU£ln 
30 

20 unumn" 

10 

0 

10 15 20 

f\,-\l.Il ii}.JiiU'll£l"i:l"''$~:=<'nu'hn(au}.J'1l11il~n '\'1lA 
(ooS£lUN::'l.IO,nhl-liin.fi-u "bltt..:\,J ) 

" " 
LI'lUUn ~ rl,)ll-J LL ~'l LLNI1l!l LLN ~'l~!l'l m::;1'l11=t,rU9::;~U!ltl rlU~ufi::;~::;wh'l L~u1u 

~ 

" " 1'l~!ln1 'l! I'lr!lUft::; 15 ~!l'l111",,rn:nu1~ LL,x'l 9::;1,x ~1 ~'llUrl,) 1l-J LL~'l LLNI1l!l LLN~'l~'ln~1~111,)::; 
<CIt..J.J ::. .J_ "'.., ::..., ell 

L un1~CJft Ul LU!l!lU1 'Vl'lL U~,)U~!l'l n ~::;1'l11=t'Vl CJft 1n91 n UlU~ 1') L~ 1'l'Vl'lInU ~,)ULU ft!l nU!l n LLft::; 

" " " LLnUnft1'l~!l'l rflU-n1,) L ~ I'l l1'lULiJUL ~n::;~lft nilu~ n n191'l!l!l nl-J1n~U L~U1U9'ljj rl,)ll-J Liju~~~::; 

l-J1n~U~')U ~'lCJft1,xm~~¥1'l~Ufi::;~::;"'~1'lL~U1uLULd!lm::;1'l11=tvi11~l-J1n~w'1iUrlU LLI1lL~!lH 
rl,)ll-J L-nl-J-nU~!l'l~1~ft::;ft1UL'l!L~Ul-J1e:J1'l~!ln 1'llc;1~¥!l m'l::; 20 ~!l'lJ1",,rn~u1~ LL,x'l 9::;Lt.1U~1~1 
~'llUm1l-J LL~'l LLNI1l!l LLN~'l~!l'lm::;1'l11=t~CJftIn91 n rflU-n1,) L~l'li'l 3 ~')u L~'l-Jjj ~lftl'lft'l91n 
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~1l1'l:;1'Wmtc.J~ Vl L~'tl~iJmtHf ~'l1l-! L -nl-!-n'W"lJ'thl~1t~:;~1£.1 1 'n L~£.Il-!Le]C1It'tl n L'n ~~1'tl £.I ~:; 15 "lJ'tl'l 

J1V1uni'WL~ LL~'1 1C1lm:;L~'W-nC1l1'Wnnu"lJ'tl'l~'l'WLtlft'tl n'W'tl n LL~:;c;l'W-n1'l 1 Vi C1I~'1 c;l'W ~ LU'WL'll'We'tl1'"1 

J 1" J." 1" "" ~ ." ~ ~ .. L 'W'tl'll-! 1 '"I 1 n~1l1'l:; 'Wm tc.J~ Vl L£.I'tll-! mt '11 ~'l1l-! L"lJl-!"lJ'W"lJ'tl'l~1 t~:;~1£.1 b'n LC1I £.Il-! be]C1I t'tl n L 'nC1ll-!1 n 

Ln'WLtl 1C1l £.I ~1 t~ :;~1£.1 1 'n L~ £.Il-!Le] C1I t'tl n L 'n ~'"I:; L -n 1LtlVi 1 tlB rn£.l 1 rllJ'tl'l rftl t:;n'tllJY11'1 L~ iJ~'tl~1 'WLL~ 

~:;~'l'W"lJ'tl'lc;l'W-n1'l 1ViC1l LL~'lVi11m~N~11'1"lJ'tl'l Le]n L'n~~ 1~~ ~'1 LU'W'tl'lrftlt:;n'tllJ~~'1c.J~~'tl~'l1l-! 
" 

~ , 
~'Wfi:;"lJ'tl'l L~'W1£.11'WLu'tlm:;C1I1lfVi1LJlir'tl£.l~'1 [40] ~'1~'tlC1l ~~'tl'lrllJc.J~ mt~ L~n:;,x'tl'lrftlt:;n'tllJ 

Yl1'1 L~iJ"lJ'tl'l L~'W1£.1~ c.J~ Vl'"l1 n~'l'W~ I'll "lJ'tl'l c;l'W-n1'l 1 Vi C1I ~ ~'l1l-! L -n l-!-n'W"lJ'tl'l~ 1t~:;~1£.1 1 'n L~ £.Il-!Le] 

C1It'tlnL'n~~1'11 rl'W ~'1Vl1n'l~ 4-2 '"I:;L~'W~1 Le]nL'n~\l1~~V1~'1'"11nn1tc;ll-!L~'tliJml-!1n.A~C1I~'1 

, ~ , 
1'n L~£.Il-!Le]m'tlnL'n~L~l-!~'W m).J 1 n.A"lJ'tl'l Le]n L'n~\l l~~rifj'l~C1I~'1 

" ~ 

L-nl-!-n'W"lJ'tl'l~1t~:;~1£.11'nL~£.I).JLe]C1It'tlnL'n~L'Vhrl'W ~'tl1'tl£.l~:; 10 LL~:; 15 "lJ'tl'lU1V1un;'WL~LL~'1 
, ~ ~ 

m:;C1I1lfYl c.J~ Vl'"l1n~'l'WLLn'Wn~1'1 LL~:;c;l'W-n1'l 1 Vi C1I'I'1'1 c;l'W'"I:;1~'I'1'1,"h~'lIu~'l1).J LLii'l LLN ~'tl LLN~'1 

"lJ'tl'l m:;C1I1lf~ LLVl n ~1'1rl'Whl).J1nun LL~'"I:;iJ ~1'1 rl'W1'Wnnu"lJ'tl'l m:;C1I1lf~ c.J~Vl'"l1 n~'l'WLtlft'tln 
I "I I 

'W'tl n"lJ'tl'l c;l 'W-n 1 'l 1 Vi C1I Yl LU 'W L 'll'WU'tl1'"1 L U'tl'l).J 1'"11 n m:;C1I1lfYl c.J ~ Vl'"l1 n ~ 'l'W LLn'Wn ~ 1'1 LL~ :;c;l'W 
~ ~ 

-n1'l 1 ViC1l'l'1'1 c;l'W iJmt~ 11'1~'Wfi:;"lJ'tl'l L~'W1£.11'WL U'tl n t:;C1I1lfLJl LLii'l LlN).J1 n n~ 1 L~'W1£.1iJmnL'WlJ; C1I 

rl'WLJl~'1 ~'1 c.J~~LJl'"l1 n mt~ L~n:;,x~nlfn.A:;mt~ 11'1~'Wfi:;V1r'tl mnL 'WlJ; C1I rl'W"lJ'tl'l L~'W1£.11'WLd'tl 
nt:;C1I1lf~ c.J~ Vl'"l1 n~'l'W~1'11 "lJ'tl'l c;l'W-n 1'l 1Vi C1I 1C1l£.l1 ifn~'tl'l'~Yltt~tf:a Lft nVlt'tl'WLLlJ ~'tl'l nt1 C1I 

.J~ " ~ !:'"I.J , ~ <t .J.. -.l " 
(SEM) Yl bC1lLL~C1I'I b'l b'W1l1ViYl 4-1 LL~:; 4-2 'tl£.l1'1 btnVl1).J m:;C1I1lfYlc.J~Vl'"l1n'~'l'WLLn'Wn~1'1Vl'W 

-n1'l 1ViC1l'!'Whll"l'tl£.l LV1).J1:;~).J~'"I:;U1).J1 c.J~ Vl LU'Wm:;C1I1lf Lrt'tl '1'"1 1 n c.J~ c.J~Vl"lJ'tl'l L~'tl~LJlV1~'1'"11n 
1.1 d '1'" .J I 1.1 ~ ~ I J 11 I.t ..,.J 

mtVl).J L£.I'tl LL~ :;~1l1Vit:;lJ1£.1 LC1I "lJ'tl'l L£.I'tl ~'tl'W"lJ1'1 Vl1 LL~ :;Vl1 n'l1 ~'l'W'tl'W1 "lJ'tl'l Vl'W"lJ1'l 1 Vi C1I).J1 n C1I'IYl 

LJlmh'lHLL~'l1'Wc.J~mtYlC1l~'tl'l-n'tl 4.1.1 LL~:; 4.1 .3 tl''WL'tl'l 

~ , , 
Ltlft'tl n'W'tl n"lJ'tl'l c;l'W-n1'l 1 Vi C1I LL~:;c;l'W-n1'l 1 Vi C1I'I'1'1 c;l'W ~'1 LL~ C1I'I1 'W1l 1 ViYl 4-6 '"I :;VilJ~ 1 Yl ~'l1).J L -n).J-n'W 

, " 
"lJ'tl'l ~1 t~:;~1£.11 'n L~£.I).JLe] C1It'tl nL'n ~L'Vh rl'W m:;C1I1lfYl c.J~Vl'"l1n c;l'W-n1'l 1Vi C1I~'1c;l'W'"I:;1 ~1"l1 ~'nU 

~'l1).J LLii'l LLN~'tl LLN~'1"lJ'tl'lm:;C1I1lf~~'1n~1m:;C1I1lf~ c.J~ Vl'"l1 n Ltlft'tln'W'tln"lJ'tl'lc;l'W-n1'l 1 ViC1l'ilth'liJ 
" 

U£.I ~1 fOi' ry ~ LtI'WL'll'WeL rt'il '1'"1 1 n~'l'W"lJ'tl'l c;l'W-n1'l 1 Vi C1I~'1 c;l'W'!'W'"I:;tl t:;n'tllJLtl Jl'l£.l~ 'l'W"lJ'tl'l Ltlft'tl n 

'W'tl n~iJ L~'W1£.1"lJ'W1C11£.11'l LU'W~'l'W1 m1.l LL~:;~'l'WLln'Wn~1'1"lJ'tl'l c;l 'W-n1'l 1 Vi C1I~iJ L~'W1£.1"lJ'W1 C1Ii'W ~'1iJ 
~'l1).J~1).J1 n11 'Wm t~ ).JJ1~'1 LU'W91'W'l'W).J1 n 1C1l£.l L~'W1£.11 'W~'l'W"lJ'tl'l LLn'Wn~1'1~'tl~1 'Wc;l'W-n1'l 1 Vi C1I 
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~ t.I .: I q _ '" _ J' JCiiI I 

'Vl-ll1l'W'W'W19:::2-J f'1'l 12-J ~ 12-J1 nIL 'Wm nL 'WlJ l1l 'l LLf'l:::~ 11-l Yi 'Wfi:::l 'WL 'W'tl m:::~ 11f'Vl ~ n'l1 L~'Wl£.I'lJ'W1 ~ 

E.!1'l91 n~'l'W'lJ'tl-l Ltl~'tl n'W'tl n'lJ'tl-l ~'W'ir1'l L Yi ~ LYl £.I-l'tl£11-l L~£.I'l 9-l Ltl'W~f'll tXf'1'l 12-JLL ii-l LLN j;]'tl LLN~-l 
, " 

'lJ't)-lm:::~11fLYi2-J~'W [40] c;l-l~f'lmt1LM1:::,r~n1fru:::mt~t1-l~'Wfi:::vir't)mnL'WlJ:n~n'W'lJ't)-lL~'Wl£.1 
" , 

l'WLil't) m:::~11fYl ~~(;]91n~'l'Wj;]1-l1 'lJ't)-l~'Wif1'l L Yi ~ L~£.IHn~'t)-l'f'l'VlnPlU~ L~ n m't)'WLLlJlJ~'tl-l 

nn~ (SEM) LL~~-lH1.Wl1Yi~ 4-1 LLf'l::: 4-2 

., 120 
l6 ., 

100 t 
Q 

-IE 80 ., 
t~ 
... tID ., ........ 60 

8;1 E =z ;:z ....... 40 r 
('" 

~ 
Q 20 
tJ 
lG 
r 0 -~ 

• Auirn"(WA~"'lilu 

• n..lflUflUt)fl 

llflUflo:rN 

10 15 20 

fn"'lJliimJu'1Ja."tI-rm:;o:nu·hn~ulJ'l:IA'rnfl"\'1fA 
(~t)Ut:I:-"1J<l-Jlh"Ufl1lu'1JJulX'" ) 

1l1'Yiv1 4-6 CJf'l'lJ't)-lf'1'l12-J Lif2-Jif'W'JJ't)-l~1tf'l:::f'l1£.1L 'l! L~£.I2-Jlt]~t't)n 1 'l!c;)~nj;]'tl fOl1f'1'l12-Jc;l'l!Uf'1'l12-J 

LL ii-l LLNj;]'tl LLN~-l'lJ'tl-lm:::m1f~ ~~m1 n~'l'Wj;]1-l1 'lJ't)-l~'Wif1'l L Yi~ 

" " 
tl n ~ f'1'l 12-J LL ii-l LLN j;]'t) LLN c;l'W'Vl :::~'lJ't)-l m:::~11f,r'W9 :::~'W't) ~ nlJ~'Wfi:::t:::"d1-l L~'W 

".J"" ~ '" , .. .,..J .. 
L£.I L1J'WL~mnlJf'1'l12-JLL'lJ-lLLNl1l't)LLN~-l'lJ't)-lm:::m1f 91n~f'lmt'Vl~f'l't)-l LWl1Yi'Vl 4-7 LL~~-l'N~f'l 

'lJ'tl-lf'1'l12-J Lif2-Jif'W'lJ't)-l~1tf'l:::m£.lL 'l! L~£.I2-Jlt]~ t't) n l'l!c;)~n j;]'t) fOl1c;l'l!Um12-J LLii-l LLNj;]'fl LLNc;l'W'Vl:::~ 
, " 

'lJ'fl-l m:::~11f 9::: L~'W~ 1 fOl1 c;l'l!Uf'1'l12-J LL ii-l LLNj;]'t) LLN c;l'W'Vl:::f'l'lJ't)-l m:::~11fYl ~ ~ m1 n ~'Wif1'l L Yi ~~-l • 
., .J tl dI ., ., 'i' "" 'i'''.''1 ~tl'l ~ "" ~ dI J '1" l1l'WLLf'l :::'(i'l'WL f'l't) n'W'fl n'lJ't)-ll1l 'W'lJ1'l L Yi ~2-JLL'W'l L 'W2-J LlJ'W L L'W'Vl Pl'Vl1-l L~m n'W f'1't) L2-J't) L'l!~1tf'l:::f'l1£.1 

L'l! L~£.I2-Jlt]~t't)n1'llc;)~f'1'l12-JLif2-Jif'WL~2-J~'W91nt't)£.If'l::: 10 LU'Wt't)£.If'l::: 15 'lJ't)-lJ1".,rn~'Wl~LLtX-l fOl1 

c;l'l!Uf'1 'l 12-J LL ii-l LL N j;] 't) LL N c;l'W'Vl:::f'l 'lJ't)-l m::: ~ 11fn LL 'W'l L U2-J L ~ 2-J ~'1 ~ 'W LLj;]"l:::n fOl1 f'l ~ ~-l Ld't) 1 if . ~ 

I I .... ...." 

~1t~:::~1£.1 L 'l! L~£.I2-Jlt] ~r't) n 1'l! C;)Ylf'1'l12-J Lif 2-Jif'WL ~ 2-J~'WLtl'W1't)£.I ~::: 20 'lJ'tl-l1l1".,rn:n'Wl~ LL tX-l ~ 'J 'W 
I II I I I 

m:::~11fYl ~~l1l"l1n~'l'WLLn'Wn~1'1'lJ't)-l~'Wif1'J LYi~,r'W Ljj't) Ljj't) H~1t~:::~1£.1L 'l!L~£.I2-Jlt]~t'tlnl'l!c;)Yl 
I II f I II I 

f'1'J12-J Lif2-JifUL ~2-J~'W fOl1 c;l'l!Uf'1'J12-J LLii-l LLNj;]'t) LLN c;l'W'Vl:::~"JJ't)-l m:::~11fn LL 'W'l L U2-JYl9:::L ~2-J~'WLr't)£.I1 

~ Ltl'WL'lI'WdLrt't)-l"l1n~nn'WtJnn14' ~'t)'t)n2-J1 n~'W L~'Wl£.19-lnf'1'J12-J LU'W~M:::2-J1n~'WJf'l£.l ~-l~~ ltX 

mt~11-l~'Wfi:::t:::"'~1-lL~'Wl£.11'WLd't)m:::~11fYhlJf2-J1n~'WL'lI'Wn'W [22] LLj;]"'1n~1nf'1n~1if1'Wmt 
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r;l2-J L~'el2-J1n Ln'WLU '"I:::~11mV'lN~11-l~'el-l LtliJ L'l!fl\j Lfl~ LLfl:::1J1-l~,)'W~'el-l L'l!fl\j Lfl~~n~1fl1U Li:l'W 

1 " "v .1' 11 J' ".d "v .. .. 
~fl \m1~~~1Wi'Wfi:::~'el-lL61'W U 'WL'W'elm:::11l11=tI1l'elUfl-l 'l!-l~'elI1lV'lfl'el-ln1J~fln1~,)LV'I~1:::'" 

".1 .....1' 1 ..I.. ..l 0 " "0;'..1 "" 
'el-lV'llJ~:::n'el1J'Vl1-lLV'l2-J~'el-lL61'W U'Vl~fl[;1'"11nri')'W[;11-l1 ~'el-l[;1'W~1,) LVi 111 'VlV'l,)12-JL~2-J~'W~'el-l 

~1~fl:::fl1UL'l!L~U2-JLtll1l~'elnL'l!~(;]1-l1 rl'W ~-l[;11n-l~ 4-2 

"I I " 

'1.A1WWn LU'el LL,x-l LVl1rl'W m:::11l11=tVl ~~[;1'"11 nr;l'W'ih') LVi l1li-l r;l'WnfOl1 ~'l!U.V'I,)12-J LL ii-l LLN (;]'el LLN ~'W'Vl:::fl , 

2-J1 n~~111 LLfl:::n fOl12-J1 n n~1 m:::11l11=t~ ~~ [;1'"11 n~,)'WLU~'el n'W'el n LLfl::: LLn'Wnfl1-l~'el-l r;l'W'n1,) LVi 111 , 
o ~ .. .J....l " "0;' ::..... 0;'''..1 .. 0 

'elU1-l L1n[;112-J m::: 111 11=t'Vl ~fl[;1'"11n'('l,)'WLLn'Wnfl1-l~'el-l[;1'W~1,) LViI1l'W'W2-J LL 'W,) L 'W2-J'VlV'l,)12-J LL~-l LLN [;1'el 

LLN~'W'Vl:::~ L~2-J~-l~'WLml n L~'el1if V'I,)12-J L if2-Jif'W~'el-l~1~fl:::fl1U L 'l! L~U2-JLtll1l~'el n L 'l!~L~2-J~'W LL(;]'"I1 n 

" .J .. ..l ::'~oo ..I 
~fln1~'Vll1lfl'el-l~'el 4.1 .1 LLfl::: 4.1.3 m:::11l11=t'Vl~fl[;1'"11n'('l,)'WLLn'Wnfl1-l'W'W L2-JV'I'elm"'2-J1:::~2-J'Vl'"l::: 

o ""!"I J .. J .J~" v " ..I ~ " 
'W12-J1 ~fl[;1 LlJ'Wm:::11l11=t L'W'el-l'"l1n~fl~fl[;1~'el-l LU'el'Vl LI1l"'fl-l'"l1nn1~[;12-J LU'el LLfl:::~Il1Vi~:::1J1U LI1l~'el-l 

L~'elfOl'el'Wif1-l~1 LI1lU~1n~1~')'W~'W1 ~'el-lr;l'Wif1,) L Vi 11l2-J1n ~-l~'W1'Wn1~'Vl11l fl'el-lnI1lLU9-l Lft'eln 1if~')'W 
" "0;' ::." 1 ....I ..1..1 0 1" ..I .. 

~'el-l[;1'W~1,) LVi 11l'Vl-l[;1'W 'Wn1~~fl[;1 LU'el LLfl:::m:::11l11=t LLfl:::~Il1,):::'Vl L"'2-J1:::~2-J'Vl'Vl1 ".m:::11l11=t'Vl~fl[;1 

" '"I1n~,)'Wr;l'Wif1,) LVil1li-lr;l'W~'el-lr;l'Wif1,) LViI1l~'Wfiif1,) LVil1lif1,) mu.u') ~'el 1if~1~fl:::fl1UL'l! L~U2-JLtll1l~ , 
" " 'elnL'l!~V'I,)12-JLif2-Jif'W1'elUfl::: 15 ~'el-l'l11".,rn:n'WL~LL,x-l 

~ 8 

§ 7 +------,--------

~ 6 
~ 
_~ tiD 5 
~;::-- 4 = E ?,;, 3 
~~ 

~- ~ 
~;::s 

~ 0 
-~ 10 15 20 

• ~uitn'VlA"'''~U 
_ lUl!i&lflU&lfI 

llflumn" 

nnl..lt iil..l"21U'1I{hlin-rn::inU'\<tnAU).i111 A'rnfl't'lJti 
(-fuuc::I::'UD"ihHufliiu'1:Um;'i\) ) 

1l1~oVI 4-7 ~fl~'el-l V'I,)12-J Lif2-Jif'W~'el-l~1~fl:::fl1U L 'l! L~U2-JLtll1l~'eln L 'l!~~n (;]'el fOl1 V'I,)12-J~'llU.V'I,)12-J 

LLii-lLLN(;]'elLLN~'W'Vl:::~~'el-lm:::11l11=t~~~[;1'"11n~,)'W(;]1-l1 ~'el-lr;l'Wif1,)LViI1l 
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" , .... 
4.1.9.3 Fl11WL'il-lLLNIWeJLLN'Un'1J'fl-lm:;~11'lt 

..J .. "" ~ .... ~ ~ .. ..J 
r,;l1n!ll~Vl 4-8 LL'l'lIMrl-lt.Jf'i'il'fl-lFl11l-JL'ill-J'ilU'il'fl-l'l'l1j'f'i:;rl1t1L"nL£'IEn.J LtI£'Ij''fln L"Ji£'lVl 

~[;)'fl~1~'lIilFl11l-JLLo7i-lLLN[;)'flLLN~n'il'fl-ln;:;£'Il'lt~t.J~[;I'"lln~1U[;)1-l1 'il'fl-l[;'lUifl1L~£'I ~-lL£'ItlUn~ 
Fl11l-J LL 07i-l LLN [;)'fl LLN~n~U'fl~ flU Fl11l-J LLo7i-l LLN Fl11l-JtI11'il'fl-l L~U Ltll-Jl n n~l~UD:;j':;V1~l-l L~ULti 
91 n t.Jf'i m j'Vl £'I f'i'fl-l~U~ 1 ~lV1fu m:;£'Il'lt~ t.J~ [;I'"ll n~1ULLnUnf'il-l'il'fl-l [;'lUifl1 L~£'I Ld'il Fl11l-J 

, ," 
Lifl-JifU'il'fl-l'l'llj'f'i:;f'ilt1L"Ji L~tll-JLtI£'Ij''flnL'l!£'I'Umj'[;'ll-J L~'fl L~l-J~U ~1 ~'lIilFl11l-JLLo7i-l LLN[;)'fl LLN~nhj 

LL[;I n[;)l-l flumh-l~,xtl~ll"l t1jLULL[;)f'i:;Fl11l-J Lifl-JifU~L if LLf'i :;9:;~~1~~1~~ £'I Ld'il LVltlUflU~1U~U1 
II " • tJ I 

'il'il-l[;'lUifl1L~£'I r1-lilLil'fl-l91nL~ULtI'ilUl£'1lULLf'i:;L~n~ml-Jlru~-ll-Jln LLf'i:;~-ln~1~1U~U1 'il'il-l 

" I I " 

,xU Ljj'fl LifFl11l-J L if l-JifU'il'el-l'l'llj'f'i:;f'ilti L"Ji L~tll-JLtI £'I j"t:m L'l! c;)L ~l-J~U ~1 ~'lIilFl11l-J[;'l lUVl1U[;)'fl LLN 

~n'il'fl-lm:;£'Il'lt~ LLU1 L Ul-J L ~l-J~-l~U ~ LUW-rlUn'el19 LUUL~j'l:;~ 1~ nilu~mJ1uL~ULtirl nril4' £'I ".J 'II 'II 

" , " 
'fl'flnLUl-Jln~U L~ULtlLn£'lmj'LLtln'fl'flnLUW~ULtIL~tl11l-Jln~U LUUt.Jf'i L~Fl11l-J LLo7i'l LLN'il'il-l L~U 

L ..J J' ,..J, "'.... " ,.... J ~ -J. ," 
tIL£'Itl11 ~-l'ilU [22] LL[;Imj'VlFll£'1'l1UFl11l-JmUVllU[;I'fl LLN'Un'il'fl-lm:;£'Il'ltVl t.Jf'i[;l91n·Ci1ULLJf'i'fln 

U'il n'il'fl-l [;'lUifl1 L ~£'I~Fl11l-J Lifl-JifU~'eltlf'i:; 1 0 'il'fl-l~lV1,xniuL~ LL~-l ~~1~1 n~l nj':;£'Il'lt~ t.J~[;I 

91 n [;'luif 11 L ~ £'I~-l [;'lu 'el19 L ~ j'1:;~ Fl11l-J L if l-JifU nvilL ~~ 1U LU ft'fl n U'fl n L~ 'l'l n n lj'LLti n fJ'fltl • 

I I I I '" "" 

Ljj'il [;'ll-J L~'il ~1t1'l'l1j'f'i:;f'ilt1 L"Ji L~tll-JLtlm'el n L'l! c;)Vl FI11l-J Lifl-JifUL~l-J~ULUU~'eltlf'i:; 15 'il'el-lU1V1,xn1U 

" " L~ LL~'l ~1~'lIilFl11l-J[;'llUVllU[;)'fl LLN~n~~1f'i£'lf'i-l'"llnFl11l-J Lifl-JifU~'fltlf'i:; 1 0 'il'fl-lU1V1,xn1UL~ 
I" I I " " " " " 

LL~-l LLf'i:;nftU~~lL~l-J~U~nLjj'flFl11l-JLifl-JifUL~l-J~WUU~'fltlf'i:; 20 'il'el-lU1V1,xn1UL~LL~-l r1-lil 

.J .J ~ .J .., Q ~ '1 r~.l' 0.., _ .J 
'il19 L U'el-ll-Jl'"ll nLl-J'fl [;Il-J Ltl 'fl £'I1t1 'l'l1 j'f'i:;f'i 1 tlL"Ji L£'I tll-J Ltl £'I j''fl n L'l! £'I L ~ l-J'ilU 9 :;VllL V1 Ltll-J L 'l! f'i~ Lf'i'l'lVl 

I I I I" I 

LV1ft'fl'il~LUL~'flU'fltlf'i-l ~-lt.Jf'i L~l£'l~1U'il'el-l L'l!f'i~ Lf'i'l'lVl LV1ft'fl'fl~LUL~'el L~l-J~U ~-l LL'l'l£'l-lLUmn-lVl 

" " 
4-2 LUUt.Jf'iL~L~ULtI~Fl11l-JLLo7i-lLLN~U ~1~'lIilFl11l-J[;'llUVl1U[;)'flLLN~n'il'fl-lm:;£'Il'lt9'l~~1~-l~U 

..I.f.!! .... -J "" ~ J-J .. , "'.... " , .... 
Ll-J'fl Lumu LVltlUCi1U'il'fl-l[;lU'ill1 L~£'IVl·Ci-lt.Jf'irl-lFl1£'1'l1UFl11l-JLL'il-l LLN[;I'fl LLN'Un 9:; 

L~U~l m:;£'Il'lt~t.J~[;I91n[;'luif11L~£'IvY-l[;'lU~~1'l'l-l~'l'l£'l j''el-l~Nl-Jl~'fl ~1ULUft'elnU'flnLLf'i:;~1U 
'II • 
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fI",)"UlLWiiU'2.IDoJ<l1-m::;nu'i'lJI.RUlJ'tllwrnn ''lJA 
(-muN:-"1IDoJihl-lun.ftu'tllm;{\l ) 

• ~u'2h"')'iw"tloJGiu 

• n..l~DnuDn 

col " " 'i' .... ~ ~ .. .J .... , , 
111'YWI 4-8 ~fl'lJ'tl'lfl'J1l-JL'lJl-J'lJU'lJ'tl'l~1rfl:::fl1t1 L'l!LVltll-J LtlVlr'tln L'l! Vl'VIl-J(;l'tl fl1fl'J1l-J 

~'llUfl'J1l-J LL~'l LLN~'tl LLN:Un'lJ'tl'lm:::Vl1~~~~(;l91mhu~1'l1 'lJ'tl'l~Uif1'J L'ViVl 
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91n~fl'lJ'tl'lrh P-value ~1~91nn1r(hfln:::,x~fl'VI1'l~ti~'lJ'tl'l~l-JtJ~'lJ'tl'lm:::Vl1~~~~(;l 

"l1n~'Ju~1'l1 'lJ'tl'l~Uif1'J L 'Vi Vl~ufif1'J L'Vi Vlif1'J mum L~'tl~l-J L~'tl ~'JtI~1rfl:::fl1t1 L 'l! L~tll-J1t1Vlr'tl n 

1'l!C;)~fl'J1l-JLifl-Jifu~1'l1 nu LVltlL-lf Two-way ANOVA ~r:::~tJfl'J1l-JL~'tl,rU1'tltlfl::: 95 ~'lLL~Vl'l1u 

(;l1r1'l~ 4-5 9:::Lt1U~1 fl'J1l-JLifl-Jifu'lJ'tl'l~1rfl:::fl1t1L'l!L~tll-J1t1Vlr'tlnc;)~1il1un1r~l-JL~'tl~1'l1 nu 

(A) iJ~fl~'tl~l-JtJ~'Vln'tlU1'l'lJ'tl'l m:::Vl1~~ ~~(;l91n~'Ju~1'l1 'lJ'tl'l ~Uif1'J L 'ViVl~Ufif1'J L'Vi Vlif1'J 
I I I I 

q ci I .... I CII .... 0 .... .or:i.... d .... "" I .dI 

mUtl'J'VILL(;ln(;l1'lnU'tltl1'll-JUtl~1flt1! 'VIr:::VltJfl'J1l-JL'll'tll-JUr'tltlfl::: 95 (P-value ~ 0.05) nfl1'Jfl'tl 

L~'tlfl'J1l-J Lifl-Jifu'lJ'tl'l~1rfl:::fl1t1 L 'l! L~tll-J1t1Vl r'tl n 1'l! c;)~1 il1un1r~l-J L~'tl Ltl~tlULL1Jfl'lhJ "l:::~'l ~fl1,x 

~l-JtJ~'Vln'tlU1'l'lJ'tl'lm:::~11~~ ~~ (;l91 n~'Ju~1'l1 'lJ'tl'l~Uif1'J L 'Vi Vl~ufif1'J L 'Vi Vlif1'J Ltl~tlULLtlfl'l1tl 

L-rluL~mnu LLfl:::L~'tl~91m.nrh F ~1U'Jru (Feal ) LLfl:::l'h F ~1~91n(;l1n'l (Ferit) ~'lLL~Vl'l1u 

(;l1r1'l~ 4-6 "l:::Lt1U~1 ~l-JtJ~VIn'tlU1'l'lJ'tl'lm:::Vl1~~ ~~(;l91n~uif1'J L'ViVl~ufiif1'J L'ViVlif1'J mum • • 
I I I I 

9:::iJrh Feall-J1nn~1 Ferit (Feal > Fcrit) Vh:::~tJfl'J1l-JL~'tllJu1'tltlfl::: 9511uLL~Vl'l~1 fl'J1l-JLifl-Jifu 

'lJ'tl'l~1rfl:::fl1t1L'l! L~tll-J1t1Vlr'tl n1'l!C;)~H1.un1r~l-J L~'tl ~1'l1 nu ~'l ~fl~'tl~l-JtJ"1i'Vl n'tlU1'l'lJ'tl'l 

nr:::Vl1~~ ~~(;l"l1 n~uif1'J L 'ViVl~ufiif1'J L'Vi Vlif1'J mum • 
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~1'\.lfun1r';j L~n::,xCJft'1Jtl~fl')'\.,u;h~1 '1Jtl~~Uif1,) L~(;1~U~if1,) L~(;1if1,) mum (B) ~fl~CJft 

t;ltl~~u"'mj;h~1 '1Jtl~nr::(;111i L(;1t11-O Two-way ANOVA ~~LL~(;1~lu(;11n~~ 4-5 ~U~1 ~~u"'mVJn 

tlth~'1Jtl~m::(;111i~CJft(;1'"11nfl')ut;l1~1 '1Jtl~~Uif1')L~(;1~u~if1')L~(;1if1,)L'\.lUm~~ 3 fl')u ~tl fl')u 

Ltl~tl nUtl n fl')uLLnUnft 1~ LLft::fl')u~uif1,) L ~ (;1~~ ~UlrU i:lrl1 LL(;1 n t;l1~ nutlth~ihrtl~ 1f01 tlJ ~ 
r::~u~,)1~L~tl,rurtltlft:: 95 (P-value :s 0.05) LL~(;1~~1 ~uif1,)L~(;11ULLt;lft::fl')ul~~~u"'mt;l1~1 

.J I.... dI ca. I 0 I .J1" ... 
'1Jtl~m::(;111iV1(;11~nU LLft::L~tl~'"I1rru1~1 F ~1U,)ru (Feal) LLft::~1 F V1 (;1'"11n(;11n~ (Ferit) (;1~ 

LL~ (;1~ 1 u(;11n~~ 4-6 '"I::L ~U~1 ~~lliiV1 ntl£h~'1Jtl~ m::(;111i~ CJft (;1'"11 n ~Uif1,) L Vi (;1~ufiif1,) LVi (;1 • • 
'" .r::.I .Qj I I .oJ.....J ~ '" ~ I .... 

'1J1,)L'\.lUm'"l::~~1 Feal ~1nn'J1 Ferit (Feal > Ferit) V1r::(;1U~,)1~L'lltl~Urtltlft:: 95 UULL~(;1~,)1 (;1U 

if1,) LVi (;1~~ 3 fl')u fl~ CJftt;ltl~~u"'mV1ntlth~'1Jtl~m::(;111i~ CJft (;1'"11n~uif1,) LVi(;1~ufiif1,) L Vi (;1if1,) 
• • 

(;11j1.:Jv1 4-5 rl1 P-value ~1~'"I1nn1r~ L~n::,xCJftV11~~ti~'1Jtl~~~u"'m'1Jtl~m::(;111i~ CJft(;1'"11n 

fl')Ut;l1~1 '1Jtl~~Uif1,) L Vi(;1~u~if1,) L Vi (;1if1,) mum Lritl ~~ L~tl~')t1i'l1rft::ft1t1 

L'1!L~t1~1t1(;1rtln1'1!~~~,)1~Lif~ifut;l1~1 nu 

1. ~,)1~'\.lU1 

2 . ~,)1~'\.lU1LL1.lU 

3. ~,)1~'1J1')i'l~1~ .. 
4 . ~,)1~V1U LLi'l~ 

I ..... q c:I I 

5. ~1(;1'11U~,)1~LL'1J~LLN(;1tl LLN 

I .... ~ CI I 

6. ~1(;1'11U~,)1~LL'1J~LLN(;1tl 

LLN~UV1::ft • 
I ......caI CI I 

7 . ~1(;1'11U~,)1~LL'1J~LLN(;1tlLLN 

A 

0.000103* 

0.007848* 

1.51 E-63* 

9.38E-25* 

1.01 E-or 

8.58E-08* 

0.011364* 

B 

9.63E-09* 

1.83E-13* 

3.46E-64* 

2.17E-39* 

1.2E-12* 

1.81 E-09* 

8.76E-13* 

A*B 

0.002166* 

0.02428* 

4.2E-55* 

4.16E-16* 

9.48E-05* 

7.28E-or 

0.01198* 

.. " " I' ... ~ .. ..I, !I'\ "oJ, v 
"nJ1m\-l~ A Pl~ c'/'i'l~~'1Pl'l1l-JL~l-J~lJ~~'1fl11~:;'i'l1tJ ~'llL(;ltJl-J ~;'](;l1~n(;lVl ~'ll ~lJm1ImJLtJ~1J11'11 nlJ 

B ~~ c'/'i'l~~'1~'llJ~1'11 ~~'1~lJ;r1'lLYi(;l~lJ~;r1'lh'j(;l;h'lL\-li1tJ'l 
... • 1_ ~ v'" " " I' ... ~ .. ..I, !I'\ " 

A *B Pl~ c'/'i'l~~'1u!l'~l-JYilJfi1:;\-l'l1'1Pl'l1l-JL~l-J~lJ~~'1~11~:;~1tJ ~'llL(;ltJl-J ~;'](;l1~n(;lVl ~'ll ~lJm11J1l-J 

L~~~1'11 nlJLL'i'l:;~'llJ~1'11 ~~'1~lJ;r1'l LYi(;l~lJ~;r1'l LYi(;l;r1'lmi1tJ'l 

* 
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(;11~1./1~ 4-6 1"11 F ~lJffinnn11'lLfln:;,xtJ~Y11'1~n~'1l'fl'lM,J1r~'1l'fl'lm:;C;l11~~tJ~~91nkl'l..wh'l1 
...... ~ ~ ..... ~ ....... ..1 ... ../... ~ .... ~ 

'1l'fl'l ~U'1l1,) L ~C;)~Ufi'1l1,) L~ ~'1l1,) LVlUtI') Ll-J'fl~l-J LtI'fl ~')tI~11~:;~1t1 L"l! L~tll-J Lf:iC;)1'fln • 
1"lIc;l~f1,)1l-JLifl-JifU~1'11 flU 

A B A*B 

Fcrit Fcrit Fcrit 

1. f1,)1l-JVlU1 11 .9838 3.259446 32.18997 3.259446 5.160015 2.633532 

2. f1,)1l-JVlU1 LLUU 

3. f1,)1l-J'1l1,)~~1'1 

... 
4 . f1,)1l-JVlU LL~'1 

I ~ .... 

5. f11~'l!UfI,)1l-J 

" I ... 

LL'1l'lLLN~'flLLN~'1 

I ~ .... 

6. f11~'l!UfI,)1l-J 

LL~'1 LLN~'fl LLNc;lU 

I ~ ... 

7. f11~'l!UfI,)1l-J 

5.562937 3.259446 73.82144 3.259446 3.18943 2.633532 

1400.176 3.109311 1453.621 3.109331 467.9134 2.484441 

118.2567 3.109311 324.3536 3.109331 32.3656 2.484441 

26.05319 3.259446 64.69641 3.259446 8.06383 2.633532 

26.44981 3.259446 37.08221 3.259446 13.64017 2.633532 

5.08339 3.259446 66.16565 3.259446 3.745733 2.633532 

.. " " I' ... 1 .. .J~ !I'I ".01 I ~ 
'1UJ1m'l-l~ A 1'It1 c.J~~t1-l1'l,)1~L~~~'W~t1-l~11~:;~1tJ L'l!L(;)tJ~ !1(;)1t1n(;)Yl L'l! L'Wm1(;l~LtJt1Iil1-l1 now 

8 ~t1 c.J~~t1-l~,)'W~1-l1 ~t1-lr1f'Wi1')h'l(;)~'W{i1,)LVi(;)i1,)L'I-liltJ'l 

A *8 ~t1 c.J~~t1-lUn~~~'W!f1:;wj1-l1'l,)1~L i ~i'W~t1-l~11~:;~1tJ L 'l!L~ tJ~1!1 (;) 1t1n~~1-n'Wm1r1f~ 

L~t1~1-l1 ri'WLL~:;~,)'W~1-l1 ~t1-lr1f'Wi1,) LVi(;)~'W{i1,) LVi(;1i1,)L'I-liltJ'l 

~ .J ..:::aI J ....., ~ 
91n tJ~ n1 11"1 nl!t1Vl1Ml1,):;Vl LVll-J1:;~l-Jl Un1nmtll-J LtI'fl91 n ~U'1l1,) L ~ C;)Vl'l 3 ~,)ULL~:;'vn 

~,)U~1'11 '1l'fl'l~Uif1,) L~~~\..!ifif1,) L~~if1,) LVlUtl') ~1~~l-Jllii'1l'fl'lm:;C;)1lf~~~~~ 9:;~U~1 L~'fl~ • • 

" I I I 

ml-J1 ruL~ult1'1lU1 ~ lU'flr! LijU~1U,)Ul-J1 n 1"11 ~1l1~ n 1 n:;u 1t11Jf'1l'fl'l LU'fl LL~:;tJ~ tJ~ ~'1l'fl'l LU'fl ~1 
" 
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, , 
" C}' t,; ....,q~ " a I d ..... q....... 'I " 
'il1'l L 'Yl ~ 'il1'l L "''WtI'lVl L'" r1'l1l-J LL 'lJ'l LLN (;]tl LLN ~'l LLf'1:: LL N ~'WVl::f'1 ~Vl ~ ~ r1tl n1 ~ L 'l! ~1 ~f'1 ::f'11t1 , , 

L 'l! L~t1l-Jlt1~~tl n 1'l!~1'Wm ~~l-J L~tl~ r1'l1l-J Lifl-Jif'Wrtltlf'1:: 15 'iltl'lJ1",un~'Wl~ LL~'l 

~'Wif1'lLVi~~'Wfiif1'lLVi~if1'lL",uml'Wm~Vl~f'1tl'l1'W(;]tl'W~ 4 ti'W ~'lLfttlnH~'Wif1'lLVi~.,r'l~'W ~ , 
I I " ... 

~l-J LUtl ~'ltl~1 ~f'1::f'11t1 L '11 L~t1l-Jlt1~ ~tl n 1 '11 ~Vlr1'l1l-J Lifl-Jif'Wrtltlf'1:: 15 'iltl'lU1",un:n'Wl~ LL~'l 

.J. ~ .J Q J J Q "" ..... ,..'" 

'1I'll'W~'l'WLLm'WLu'Wm ~"'1~1l1'l::Vl L"'l-J1::~l-Jl'Wm~L(;] ~t1l-J LtltlVl CJf'1(;]91 n (;]'W'lJ 1'1 L Vi ~'Yl'Wfi'lJ1'l L 'Yl ~ , 
.} % ""/'1" ... ~.,J .,/ .... .,/:::. 0 .,/~ " "" 'i' ..... 

Lf'1t1'l'(l(;]'l Vl L"'~l-JlJ(;]'lJtl'lLtltlLLf'1::m::~11jVl~Vl~~ 91n'W'W9::'W1CJf'1Vl L~91n(;]'W'lJ1'l L'Yl~Vi'Wfi , , 
~ , 

if1'l L 'Yl ~ Lft t1'l ~ (;]'lltJ LmtllJ L VltllJ rllJ~'Wif1'l L Vi ~~'Wfiif1'l L Vi ~if1'l mum ~'l91 n CJf'1 m~Vl ~f'1tl'l"'1 , 

L"'l-J1::~l-Jl'Wn1~CJ~ (;] L~tl LLf'1::m::~11j L~t1 CJ~(;] L~tl ~'ltl'lfiL'1I~1 ~jJn1~H~1~f'1::f'11t1L'1IL~t1l-Jlt1 

~~tlnl'l1~r1'l1l-JLifl-Jif'Wrtltlf'1:: 10, 15, 20, 25 LLf'1:: 30 'lJtl'lJ1",un~'Wl~LL~'l ~l-JL~tl~~ruWJn 
~ 

120 tl'lP11 L'l!f'1 L~t1~ LU'WL'lf'11 120 'W1Vll~CJf'1m~Vl~f'1tl'l~'lU 

~l-Jlliit1i1'l1 'lJtl'l L~tl~ CJ~(;]91 n ~'Wif1'l L 'Yl~~'W~if1'l LVi~ L~t1'l~Wn~ LLn CJf'1 CJ~(;]'iItl'l L~tl 
r1'l1l-JtJ1'l'iltl'l L~'Wlt1 LLf'1:: L~w.h'W~'Wff nf'11'l'lJtl'l L~'Wlt1 ml-J1 ruL~'Wlt1'lJ'W1 ~ L~ n LLf'1::~1l1Vi~::lJ1t1 

l~'lJtl'l L~tll~LL~~'lln'W(;]1n'l~ 4-7 
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4.2.1.1 t.J~t.J~[;11J'tl'lL~'tl (%yield) 

1 .J a . .J !.It,.. 

r.nnt.J~n11Vl~~'tl'l k![;1l11'lVl 4-7 9:::L"'k!')1 L)..J'tlfl,)1)..JL'lI)..J'lIk!'lI'tl'l~11~:::~lU 

t '!I L~u)..J1t1 ~1'tl n I'll c;l~1-nk!nl1rli)..J L~'tl L~)..J)..Jln~k! t.J~ t.J~ [;1'l1'tl'l L~'tl~ t.J~[;19ln rlik!ifl,) t Yl~~k!lf • 
ifl,) tYl~ L~U'l~[;1rf9:::iJ LLk!,) t U)..J~~~'l (~'tlU1 ,rWL~~'l~l 'tl'lfOllh:::n'tl1JVll'l LfliJ~'tl~1k!rlik!ifl,) tYl~ 

~ ~ 

~nril4'~'tl'tln1tJ)..Jln~k! c;l'l LL~~'l1k!c.J~n11~ Lfll1:::,x'tl'lfOltJ1:::n'tlUVll'l LfliJ'lI'tl'l !Xk!ifl,) tYl~"''lri'tlk! 

LL~:::wK'lm1!X)..JL~'tllk![;1ln'l~ 4-8 'tl~l'lhri[;11)..J c.J~c.J~[;1'l1'tl'lL~'tlhJ1~LL[;1m;h'lnk!)..Jlm!n Ln'tlLif 
, ,~ 

~lnflmk!m1rli)..JL~'tl L~)..J~k! 

.J .!r" .. .!r''l ""C;-
9ln[;1l11'lVl 4-7 LL~~'lfl,)l)..JU1,)LL~:::Lr-lk!c.Jlk!~k!Un~l'l'll'tl'lLr-lk! LU1J'tl'l[;1k!1Jl,) LYl~ 

~ufifl,) tYl~ L~U'l~[;1rf ~!X)..J L~'tl~,)U~11~:::~lUt'll L~u)..J1e:J~1'tln1'11c;lfl,)1)..J Lif)..Jifuuh'l1 nu YlU~l 
, , ~ 

Lij'tl fI,)l)..J Lii)..JifU1J'tl'l~11~:::ftlU t '!I L~u)..J1t1 ~ 1'tl n I'll c;lL ~)..J~u fI,)l)..JU1,) LL~::: L~u~lu~ucl'nftl'l1J'tl'l 

L~uluiJ LLU') tU)..J~~~'l LLul12J LL[;1 null'lnU)..Jl m!n LL~:::Ln'tl~9l1rulm)..JlruL~ulu~iJ'lIU1~ Lftn1 

9::: Li1U~l Ln'tl fI,)l)..J Lif)..JifU'lI'tl'l~11~:::~lUt '11 L~u)..J1e:J ~1'tl n I'll c;lL~)..J~U m)..Jl ruL~k!lu~iJ1Jk!l ~ 
I .... I I I 

Lftn1 iJm)..Jl ruL~)..J~U 'l!ULL~~'l~l ~lnfliJY11-num1!X)..J L~'tl Lifl1tJvil1lX L~ulmn~mnLun~'tlU 
~ ~ 

LijUL~u1U'lIU1~ Lftn LL~:::~U)..Jl n~k! 

, 
~ " .. 4.2.1.3 ~lllYl1:::U1U L~'lI'tl'lLU'tl (freeness) 

~ , , 
~ufifl,) t Yl ~ LftU'l~[;1rf9:::iJ LLU') t u)..J~ ~~'l (r'tlU1 'l!WL~ ~'l~l m11-n~11~:::~lU t '!I L~u)..J1t1~1'tl n 

1'11~1Un11!X)..JL~'tlvil1lXL~uluLn~mnLundjw~uluL~U')1 )..Jln~k! ~n~'lfi'lvil1lXLn~L~ulu~iJ 
.... I I .... I " 

'lIU1~Lftn"'~~'tl'tln)..Jl)..Jln~u~')u ~'lL~ulUY1iJ'lIU1~Lftn1 vil1lX~k!Y1~')lum1~)..J~~Ul)..Jln m1 
.... I " I 

~)..JU1'l1'tl'l L~ulu~'l L ~)..J~U [22] rl'l t.J~ llXI"l1~lllYl1:::U1U1~'lI'tl'l L~uluiJl"ll~~~'l Lij'tl Liffl,)l)..J • , ~ , 
Lif)..JifU'lI'tl'l~11~:::~lut'llL~U)..J1e:J~1'tln1'l1~1um1!X)..JL~'tl)..Jln~u ~'l~'tl~flft'tl'lnum)..JlruL~ulu 
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... 

6l1'i1.:J'VI 4-7 ~ ../.J_ ...... t ~""'t ~~ .. ../ ... ../ ... 
~l-JU(Wll'fl'lLtI'flYlC-l"HWil1nr;n.J'1l1'l Vi(;lViUfi'1l1'l Vi(;lL~tI'l (;J') Ll-J'fl(;ll-JLtI'fl(;l'lti • , 
~1d~:::~1t1t 'l! L~tll-JLtI (;ld'fl n L'l! (;)Vl fl'l1l-J Lifl-JifU~h'l1 flU 

NaOH 1"i1C-1~C-I~(;l fl'l1l-JtI1'l'1l'fl'l L~U~1W'lUtJn~1'l ilil-J1ruL~ulti 1"i1~1l1Vid:::U1t1 
'" , , 

(%) 
.. 

L~Ulti 'lI'fl'lL~Ulti 
<J 

L~'1l'fl'lL~'fl '1l'fl'l LtI'fl 'lIU1(;lL~n 

10 

15 

20 

25 

30 

(%yield (iJ~~Ll-Jm (Ll-JtfldLl-Jm ± SO) (%fine ± SO) (iJ~~~(;ld) 

± SO) ± SO) 

39.04 ± 1.85 1.10±0.10 22.85 ± 0.22 31.77 ± 2.92 488.25 ± 3.05 

37.06±0.17 1.08 ± 0.03 22.57 ± 0.20 33.43 ± 1.93 393.55 ± 1.65 

36.96 ± 4.44 1.08 ± 0.01 22.45 ± 0.21 33.23 ± 1.71 358.70 ± 4.30 

36.55 ± 0.09 1.05 ± 0.01 22.06 ± 0.23 35.50 ± 0.95 337.30 ± 4.20 

36.22 ± 1.01 1.05 ± 0.02 21.41±0.23 36.25 ± 1.13 301.40 ± 1.10 

, 
"'u Q.::I 4.2.2 'fl'lfl d:::n'flUYl1'lLfll-J'lI'tNLtI'fl 

I ~ ~ I 

L'l!~~ t~~ LL~:::~nilu 'lI'fl'l L~Ult1Vl C-I~(;l91n ~Uifl'l t Vi(;l~Ufifl'l t Vi(;l L~tI'l~(;l1 r1'lVl~'lL~~lUn1d 

~l-J L~'fl LL~:::~1Un1d~l-J L~'fl ~'ltl~1d~:::~1t1t'l! L~tll-JLtI(;ld'fl(;l L'l!(;)~fl'lll-J Lifl-JifU~h'l1 flU L~ C-I~ ~'l 
LL~(;l'llu(;l1n'l~ 4-8 ~'l9:::L~U~1 Ln'flviln1d~l-J L~'fl~'ltl~ld~:::~lt1t 'l! L~tll-JLtI(;ld'flnL'l!(;)~ fl'l1l-J 

I II I I I II 

Lifl-JifUL ~l-J~'l~U ~ (;l~'lU'1l'fl'l LL'fl~Yh L'l!~~ t~~lUL~'fl~ LLU'l tUl-JVl9::: L~l-J~'l~U LL~'fltJ1'lhn(;l1l-J 

~(;l~'lU'1l'fl'l LtliJ L'l!~~ t~~ LL~:::~niluluL~'flniu~ LLU'l tUl-J~(;l~1~'l Jun LL~(;l'l~1 Ln'flvi1n1d~l-J L~'fl 

~'ltl~1d~:::~1t1t 'l! L~ tll-JLtI(;ld'fl n L 'l!(;)~ fl'lll-J L ifl-JifUL ~ l-J~U vi11~~(;l~'lU'lI'fl'l LtliJ L'l!~~ t~ ~ LL~::: 
~nilu~ LiJU'fl'lr11.Ji:::n'flU'lI'fl'l L~ulml n nl4' (;lv;1'fl~:::~1t1'fl'fl n LUL~l-Jln~U LL~:::~'l C-I~ 1 ~~(;l~'lU 

'" 



L~tl~~~(;1"ln rXlJ;rl,) L Vi~ 
LitJ~~(;1rf 

1. 10% NaOH 

2. 15% NaOH 

3. 20% NaOH 

4. 25% NaOH 

5. 30% NaOH 

74.68 

86.52 

89.23 

90.79 

89.39 

90.87 

" , 

42.08 

60.73 

63.83 

65.54 

65.72 

68.05 

32.60 

25.79 

25.40 

25.25 

23.67 

22.82 

20.31 

6.78 

4.51 

3.98 

3.30 

3.13 

80 

5.01 

6.70 

6.26 

5.23 

7.31 

6.00 

ifl,) LVi~~lJfiifl,) LVi ~ L~u\ll (wf L~'fI1if 1"l,)1~ Lif~iflJ'lJ'fI\l~I~~:;~IUL'l! L~u~lt]~~'fInl'l!~'lJn1~~~ • 
~ " " 

LU'fIt;il\l1 nlJ l~LLri ~'fIU~:; 10, 15, 20, 25 LL~:; 30 '1J'fI\lUI'\.nrn:nlJl~LL~\l L~U~'fI\l~llJnft'fl\l 

"~V1~~Pl'W~L~n(;1~m~LL1J1J~'fI\lnn~ (SEM) LL~~\lln'WJllVi~ 4-9 LL~:; 4-10 ~\lLL~~\lft'mtru:; • 
J' _.... 0 .... 

Vi'W~,) LL~:;Jlll"l (;1 ~'lJ,)I\l'1J'fI\lm:;~I~ (;11~~1 ~1J 

", " 
"11 nft' n~ru6~'W~,)'lJ'fI\lm:;~I~Yi ~ft(;1"11 n ~'Wifl,) LVi~~'Wfi;rl,) LVi ~ L~t1\ll (;11" "I:;Vi1J'h • 

I I I I II II 

L~'fI Yl,)I~ Lif~;r'W'lJ'5\l~I~~ :;~It1 L'l! L~t1~lt]~~'fI nl 'l!~Yil ii1 'Wn1 ~~~ L~'fI L Yl~~1 n~'W Yl'W~,)'lJ'fI\l 
cJ.... J' c:III..... J' .... I' I I J' 

m:;~I~~~ n~ru:; Li1'WL 'W'fI L~t1') n'W~1 n'lJ'W I"l'fl 'll'fl\l,)I\l ~:;"'') 1\l L~'Wlt1 LL(;1~:; L~'Wlul'WL'W'fIm:;~I~ 

U'fltl~\l n1~~~I\l~'Wfi:;'lJ'fI\lL~'Wlt1yhl~~ln~'Wti'WL'fI\l ~\lLL~~\ll'WJllVi~ 4-9 (n)-("I) 
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(n) NaOH 10% ('lJ) NaOH 15% (fl) NaOH 20% 

('I) NaOH 25% (9) NaOH 30% 

, ~ 

~1".f1Jftm~ru:;1l1 fll'1 ~'lJ'.l1'1'lJ'fl'lm:;C;111=tYl ~~ [;191n ~'Wif1'.l LYl ~~'Wtfif1'.l LYl ~ Lftf.J'I~[;11" , 
I I I I 1J 

Yl1J~1 L~'fl fl'.l12-J Lif2-Jif'W'lJ'fl'l~1jfl:;fl1f.JL '11 L~mJl£l~j'flnl'l1C;)Yll-n1'Wn1j~2-J LU'fl L~hnJ1 n~'W L~'Wlf.J 

(n)-(9) 
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(n) NaOH 10% ('lJ) NaOH 15% (f"l) NaOH 20% 

(-.l) NaOH 25% (/OJ) NaOH 30% 

'i' col ~ ~.-d nI ~ , d .... " 
c.Jft'lJ'el-.l~1rft:::ft1t1 L'lI L(1)t1l-J L~(1)r'el n L'lI (1)Yl'Ci-.l c.Jft~l-JU (;1 m-.l1 'lJ'el-.l m::: (1) 1 'lfYl c.Jft (;1/Oj1 n (;1U 

" if1'lt~(1)~Ufiif1'lt~(1)Lfttl-.li(;1fL~LLri f"l'l1l-JMU1 f"l'l1l-JMU1LLUU ~l-J~L~-lLL~-l LLft:::~l-J~~1U • 
" 

f"l'l1l-J LL~-l LLN'lJ'el-.lm:::(1)1'1f~1-.l1 il~-l~'el Lllu 

, " 
f"l'l1l-JMU1'lJ'el-l m:::(1) 1 'If t(1)t1~'l hj~U'el~ flU mnLUU~ (1) LLft :::f"l'l1l-J~1l-J1 H1L umr 

"" d " 
t1U(;]'J'lJ'el-l L~ULtlLULil'el m:::(1)1'1f M1 nU1MUnl-J1(;1 rIii1U'lJ'el-.lm:::(1)1 'lfLVl1nu m:::(1)1'1fYlil &fl LLUU . .. 
mnLUU~(1)'lJ'el-lL~ULtI~-l f"l'l1l-JMl..l1'lJ'el-lm:::(1)1'1f/Oj:::U'eltlft-.l ~-.l/Oj1nc.JftmrYl(1)ft'el-lll..l111~~ 4-11 

,.,J " " 'i' col ~ ~ .-d'l !:"l ,,""..: J' 
/OJ:::~U'l1 Ll-Jtlf"l'l1l-JL'lJl-J'lJU'lJtl-l~1rft:::ft1t1 L'lIL(1)t1l-J L~(1)r'eln L'lI(1)Yl L'l! Lumr(;1l-JLtltlL~l-J'lJU f"l'l1l-JMU1 

'lJ'el-lm:::(1)1'1fil LLU'J t Ul-Jft(1) ~1ft-.l L~'eltl1 'el£l1-.lilUtI~1 rl ClJ LL~'el£l1-lhri ml-J Ln'el f"l'l1l-J Lifl-JifU'lJtl-.l 
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~1T~::~1ut'llL~u)J1t1~T'fln1'l1vl~1ii1umTvl)JL~'flL~)J~u91nr'flU~:: 25 LUU 30 '1l'fl~J1vllrn~u1~ 

;II ,-
G 
II 

~~ ., a: 
a ::r 
;;::I -,-tIt 
;:l ~ 

~S 
,-
r 
c;:: 

0.14 

0 .12 

0.1 

0 .08 

0.06 

0 .04 

0 .02 

0 

10 15 20 25 30 

A"nlJt'ijuijU'2lD\I~"l"m ::i'nU''lJ1 ~UlJ'll.IMDn 't'lJA 
(~Ui5I::'lI.N\h\lliin1iu"bJn'l-i''' ) 

, ~ 

m::~1l!tV1 ~~U191n vluii'1'l t Vi~~Wfih'l t Vi ~ L~U~~U1rf • 

~ ~ 

L~ululuLil'flm::~1l!t lnn~'l1)JV1U1 LL't.lU'1l'fl~m::~1l!tnrh)J1 n LL~~~~1 L~ululuLil'flm::~1l!tn 

mTLLUU1 ~nu1cJl LUU'flth~ ~ ~~~~ ~~ l1Xn mT~r1~~Ufi::T::V1~1~ nuvi1 1cJl~ ~'l1)J LL ~~ LLN'1l'fl~ 

m::~1l!t9~~~ t~u ~'l1)JV1U1 LL 't.lU'1l'fl~ m::~1l!t9:: Luurh~ ~n cYunu ~'l1 )JV1U1'1l'fl~ m::~ 1l!t ~ 
~ .., I V .J Q/ J' I I cJ -=I 6.' "tAl 
U1V1Un)J1U1T~1U'1l'fl~ m::~1l!tLVl1 nu m::~1l!tVl)J L U'fl LLUU9::U 1~ n'l1m::~ 1l!tVl)J~'l1)J n 1)J ('J) 

[9, 22] ~~91n~~mTVl~~'fl~lWl1Vi~ 4-12 ViU~1 L~'fl~'l1)JL.n)J.nU'lJ'fl~~1T~::~1Ut'llL~U)J1t1~T'fln 

, ~ , 
LL~::LLUU1~nu1cJl)J1n~~~ucJl'lU ~~LL~~~lumn~V14-8 



O.R 
~ 

0.7 r ........ 
c;: It' 

~ ~ 0.6 
5·c 

o.~ 01: 

55 0.4 -;1 C 
::It' 

0.3 r 0 
~-tt 

$~ 0.2 
r C 

0.1 (" ...... 
c;: 

0 

10 15 20 25 

fni).Jl "ii}.l"iiU"2JD"~'i'm::c;aiU't'l1lt\UIJ'll1Milfl 'l'l1A 
('fulJ~:J1Ia",h"'ii~u'blLll:j" ) 

30 

1l1~vI 4-12 ~ft'1J'fh'lYl,)1~ Lif~if'U.'1J'tl~~1rft::ft1tl L 'l! L~tmlf]c;]r'tl n 1 'l!C;)~~(;]'tl Yl,)1~'\.n.n m.l'U. 

'1J'tl~m::C;]11!J'~ ~~ ~~1 n~'U.if1,) L yj c;]viwfif1,) L yj c;] L~m~~rf , 
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...J I I ~ a ~ s,.. I J 
~1nfl1yjYl 4-13 LL~C;]~Yl1Yl,)1~'1J1,)~,)1~'1J'tl~m::C;]11!J' 'l!~~::L"''U. LC;],)1 L~'tlYl,)1~ 

" " 'i' .... ~ ~ .-...11 "1 "..I": J' , , 
L'1J~'1J'U.'1J'tl~~1rft::ft1tl L'l!Lc;]tl~ Lf]c;]r'tln L'l!c;]Yl 'l! 'U.n1r~~Ltl'tlLyj~'1J'U. Yl1Yl,)1~'1J1,)~,)1~'1J'tl~ 

m::C;]11!J'~~~~~'U.if1,) Lyjc;]vi'U.fif1,) Lyjc;] L~m~~rf~~~'U.'tlth~~Utl~1rl '1! Lrt'tl~~1n~nil'U.~~ LU'U. 

, " 
'tl~Fl1..h::n'tl1JYl1~ LYl~V1~~ ~ft (;]'tl ~1 Yl,)1~'1J1,)~~ 1~'1J'tl~ nr::C;]11!J'Lc;]tl ~N ~ n rh~'c;]'tl'tl n hJ~1 n~'U. [9, 

1 0] ~~ LL~c;]~l'U.~ftmr~ LYlr1::"hfi~1 rw'tl~FltJr::n'tl1JYl1~ LYl~'1J'tl~ L~'U.1tl~ ~~ ~~1n ~'U.if1,) L yjc;]vi'U.fi , 

I " I I I 

mr H~1dLYlm'U.mr~~ L~'tl~1 n~'U. LU'U.Lyj n::~ nil'U.m~'tl'tl~1'U.L~'tl1'U.m~1 rwV1U'tltlft~U'U.L'tl~ 
'II 

" Yl,)1~~1J LL~~'1J'tl~ m::C;]11!J' ~'U.'tl~ n1JYl,)1~~1~1rCl1 'U.n1r1,x LL~~Yl::ft ch'U. Lc;]tl 
'II , 

.J.. I ,. ~ Iq I l.I .J. ~.I.caI t.I .J. ~ '" J 
m::C;]11!J'YlYl1JLL~~'tlm~~~\lrrw ~:: L~~LL~~Yl::~~1'U.m::C;]11!J'~1nC;]1'U."''U.~ Lu'tlnC;]1'U."''U.~ Lc;] L~'tl 

~~1rrw1 ~1 Yl,)1~~1J LL~~'1J'tl~ m::C;]11!J'~ ~~~~1 n ~'U.if1,) Lyjc;]vi'U.fiif1,) L yj c;] L~tl~~~rf ~~ LL~c;]~l'U. , 

fl1yj~ 4-14 ~::yj1J~1 Ld'tl1ifYl,)1~ L if ~if 'U.'1J 'tl~ ~ 1 rft::ft 1 tl L 'l! L~ tl ~1f] c;] r'tl n 1'l! c;]1 'U.n1 r~~ L~ 'tl 
I ... '" " 

L ~~~'U.~1n1'tltlft:: 1 0 ii~ 25 '1J'tl~u1".un1'U.l~ LL,x~ Yl,)1~~1J LL~~'1J'tl~m::C;]1~::~ LL'U.,) LU~ftc;]ft~ 
I I ... I 

L1'tltl1 'tl~1~~Utl~1rl ClJ Lil'tl~~1~1 nL~'U.1tl~1~1 rClLL 'U.1J1 c;] n'U.l~~1 n~'U. "'~~~1nV1~ nil'U.~ n 

" rh~'c;]'tl'tlnltJ [9, 10, 22] vi11,x-rl'tl~~1~r::"'~1~L~'U.1tlU'tltlft~ n1mr::L9~LL~~'lJ'tl~L~'U.1tl1'U.Lil'tl 

nr::c;]11!J'9~vi11~U'tltl ft~ ~~ ~ft 1,xm::C;]11!J'~ Yl,)1~~1J LL~~U'tltlft~ ~~ LL~ c;]~1 'U.~ft n1r~ LYlr1::,x 
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.... 1 .... ~"'l J ,~ CJ d " " 
~'lFllJ'i':::n~UVl1'lLFll_l'll~'lLriU LtJ LUm'i'1'lVl 4-8 ~m'l L'l'nml_l Ll_l'flFl,)1l_lL'lJl_l'lJU'll~'l~1'i'ft:::ft1tJ 

L 'lI L~tJl_l1fl ~ 'i''fl n 1 'lI ~1 um 'i'tlfl_l L~'flL ~ l_l~ULtlUT'fltJft::: 30 'lJ~'lJ1'vltrn~u1~ LLtX'l i"l1F1,)1l_lViU LL~'l 

45 ,---------------------------------------
~ 40 t--------------------~ .-----
G 
~ 35 
?....... 30 -t----
Q )' 
~ It 25 
? :::I 

.::: Q 20 
lt~ F 15 

5 10 
r-
~ 5 

o 
10 15 20 25 

ffn)Jlw..iiu'1Ju"inm~'u'\'lfltlU} .... 'ltl~n ''lfA 
(i'uu~::'1Iu"lhmin-&U'\)lmloJ ) 

30 

111..,;1 4-13 ~ft'll'fl'lFl')1l_l L;rl_l;rU'll'fl'l~1'i'ft:::ft1tJ L 'lI L~tJl_l1fl~'i''fln 1 'l!~~i'J~'fl FI,)1l_l'll1,)~~1'l 

'll'fl'l m:::~1l!t~ ~fi(;l"1 ntlfu;r1,) L Vi ~~Ulr;r1,) L Vi~ L~tJ'l~(;If 

100 
:D 90 ,-
C5 80 ~~ ... 

70 C_ 
? ~~ 60 g ~ 
iI ;:J 50 
? g 
5 .... 40 
;j-

30 \:;: 
~ 20 ,-... 10 
Ii a 

• 

10 15 20 25 30 

fl1'lJtiil.tiiu'llu"iln~::N'u'\'l1tAUjJ'1t1~"illn ''lfA 
(~uu(:l!.'1lu"lhuUn1iu'Wua.i" ) 

111..,;1 4-14 ~ft'll'fl'lFl,)1l_l L ;rl_l;rU'll~'l ~1'i'ft:::ft1tJ L 'lIL~ tJl_l1fl~'i''fl n 1'l! ~~i'J~'fl FI,)1l_lViU LL~'l 

'll~'l m:::~1l!t~ ~fim1 ntlfU;r1,) L Vi ~~Ufi;r1,) L Vi ~ L~tJ'l~ (;If • 
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4.2.4.5 rh£K'1IUPl'l1l-JLL;i-lLLN[;]'flLLN~-l (tensile index) 

" ,.. ."I".JJ' ~ ~ .1' ., 
Pl'l1l-J LL'lJ-l LLNI'l'fl LLN~-l'lJ'fl-lm:::~l1l!t LuUPl'l1l-J LL'lJ-l LLNVl'lJUnUViUfi:::'lJ'fl-ll'CiU LU 

" J' .!'I 0 ~ 'I;J" , J 'I" "" 
LULU'flm:::~1l!tLuU~1Pln.! '"l1n~~n1tVl~~'fl-l LUll1ViVl 4-15 '"l:::mU'l1 Ll-J'fl L'1IPl'l1l-JL'lJl-J'lJU'lJ'fl-l 

~1t~:::~1UL'1IL~Ul-JLtlM'flnL'l!~1un1t~l-JL~'flL~l-J~U'"l1n1'flU~::: 10 n-l 25 'lJ'fl-lJ1t.nrn~uL~ 
, " 

LL,x-l rl1 £K'1IUPl'l1l-J LL;i-l LLN [;]'fl LLN~-l'lJ'fl-l m:::~1l!ti:J LLU'l LUl-J LYll-J~-l~U'flcl1-li:JtrU~1 ~ t1! LL[;]'"l:::i:J 

LLU'l LUl-J~~~-l'flcl1-lLlJi:JtrU~1~n.!l-J1ntrn Ld'flPl'l1l-J L'ifl-JifU'lJ'fl-l~ 1 t~:::~ 1U L 'l! L~ U l-JLtI ~ t'fl n L 'l! ~ 

L~l-J~ULUU1'flU~::: 30 'lJ'fl-lJ1Vltrn~uL~LL,x-l ~LtlUL'llunLii'fl-l'"l1nftnilu~nri1r.r~'fl'flnl-J1n~U L~U 
" " 

LU9-li:JPl'l1l-J LUU:SM:::l-J1 n~u~'lU ~-l ~~ L,xn1t~11-l~Ufi:::t:::Vl~ 1-l L~uLu1uLil'fl n t:::~1l!tvh L~l-J1 n 

" I " I 

~U LL[;]n1tVlrl1£K'1Ium1l-J LL;i-l LLN[;]'fl LLN~-l'lJ'fl-lm:::~1l!tmhm1i:J LLU'l LUl-J~Vl"NtrU 'fl1'"l Lu''fl-l'"l1n 

~1l1'l:::LUn1t~ftl'l L~'fli:Jn1tHf Pl'l1l-J Lifl-JifU'lJ'fl-l~1t~:::~1UL'l! L~Ul-JLtI~t'flnL'l!~l-J1n LnULU L~U 

~1t~:::~1UL 'l! L~Ul-JLtI~t'fl n L'l!~'"l:::Lif1LUvhu!jmU1nU'fl-lrlUt:::n'flUVl1-l LPli:J~'fl~LU~uif1'l LVi ~ 

LL~'lvi11mPlN~11-l'lJ'fl-l LtI~ L'l!Mj L~~ LL~:::U1-l~'lU'lJ'fl-l L 'l!~~ L~~ ~ nvi1~1u LUU~~ 1,xn1t~ 11-l 

~Ufi:::'lJ'fl-lL~u1u1uLd'flm:::~1l!tvi1L~U'flU~-l [40] t!UL'fl-l ~-l~'fl~Plft'fl-lnU~~n1tf) Lm1:::lf 

'fl-l rlUt:::n'flUVl1-l LPli:J'lJ'fl-l~uif1'l LVi~~ufiif1'l LVi ~ L~u-l~wf ~ Pl'l1l-J L ifl-Jifu'lJ'fl-l~1t~:::~1U • 
L'l!L~Ul-JLtI~t'flnL'l!~[;]1-l1 nu £K-l1'l1n-l~ 4-8 ~-lLL~~-lL,xL~U~1 LtI~L'l!~~L~~Vli-l'"l1nn1t 

~l-J L~'fli:Ju1l-J1 ru~~ ~-l'"l1 n rl'flUvi1 n1 t~l-J L~'fl Ld'fli:J n1 t~l-J L~'fl ~'l U~ 1t~ :::~1 UL'l! L~Ul-JLtI 
I I ... I 

~t'flnL'l!~Vl LYll-J~UtrUL'fl-l 

., 120 
\(E ., 

100 ~ 
Q 
"« 80 ., 
~-
- till ., ........ 60 

uij3 E 
:::z 
~ ....... 40 r ,. 
~ 

Q 20 
't:I 
'<E 
r 0 "~ 

10 15 20 25 30 

fj":n:lJt'iim'iU'lIDvC'n'rn::cnu'i'lftAUlJ'lIA'mn ''lfGi 
(iDU<'I::'1.ID\llhwun-nu'bJuM" ) 

111'WvI 4-15 ~~'lJ'fl-l Pl'l1l-J Lifl-JifU'lJ'fl-l~1t~:::~1U L 'l! L~Ul-JLtI ~t'fl n L'l! ~~i:J[;]'flrl1£K'1IUPl'l1l-J LL;i-l LLN 

[;]'fl LLN~-l'lJ'fl-l m:::~1l!t~ ~ftl'l'"l1n~uif1'l L Vi ~~ufiif1'l L Vi~ L~U-l~l'lrf • 
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tl.V~~l!llA.bLU~~ U L~t'~ flttl.»1 t'~IT.t'b1' t'~ ,mLul!! ~~U Lrtt'Lfl~~~ ~~fl~~J:Lfll!ll HLl!l:::W~pmt 
I I" 

flttl.»1t'GlT.u~t'fl,t1bLUt'LlA.It1!1:::~" flttl.»'t'~IT.:::gtl.~t'L~~bLU t'b1't'~"rtLul!! uLflrtLul!! ~"!it t'LflG 

flL~l1.fl~~J:Lfl'vJtl.~rt~rtLul!!~::: ~~ U rm l!l1 HLl!l:::W t'~IT.U~t'b" ~ ~ t'b" t'~ l' rtLul!! 

(xepul Jeel) Ut;t'b" ~~t'L" t'1T." rtLul!!tl.!!.l!l Ll!! LV"G"v • I'=' I D 1'='''''' I 

• • y~~t'fl~' l!lM 1 uLJIoJtl.~l!l M 1 uLJIotl.~UL~~~~ ~HLl!l:::Wt'~IT.~:::lA.tl.~t'L" ~~ 

t'L'1 t'~ 11 rtLu~p!!.~L~~~ ~~ ... l!l!!.t U ~bl!lkltrtfl~'!!.l flL~:::~LL~t'~IT.tl.JIort Jf 1 rtLu~ t'~IT.~~ 9 k17 ~M.Ll1 
I 

OE 

(""I:'",,"ttt.~U!J!1.Lr."(!rt;:tm(!~ ) 
!'"'1..U~Il\..tm~l.rr.l.nLt!::ru.L~"(!It,n..ttl1"(tlttLl.U 

sz OZ 51 01 :9-
o ~ 
1 3 -I 
l ___ ~ 

~ t2A t CJ ~ 

:'I 5 17 ....:::: ~ 
~ ~-

1-------+ s 5 
~ 

9 !!)t 

~ L tt 
.2/ 

8 

tl.~t'LlT.u' uL~UlA.t'l!l 9"v"G"v 
" ""I., I r--

~Jftl.tt'~t'L11 ~~t'b" t'~" rtLu~p!!.~ L~t'~IT.~~fl,V w~m!f.' ~~ ~11. 1 fu ~L~flll~t'Lfl~t'L~U ~1' rtLu~ 

~!1trt~ ~~ t'~11~ttl.~UllI1.Lrt'~1T. OS :::~fl~~tl.l;}m~rt~1 ... l!lllotUGLl!lkltrtfl~1l[.lflL~:::~LL~t'GIT. 

tl.lT.rtlT. 1 rtLu~ ~rt1 lA.t'~:::~lA.rtL' rttl.1 utl. 11 rt::: ~~'1 rn ~ L~fltl.rtt'Lfl~tl.IT.t'~rt M 1 rttl.1 um1 rtHLl!l:::W t'GIT. 
"" !Pi r;c." pcP I _o_pc:. I .r ~" I'=' 

• ~:::lA.tl.~t'b'1B~t'L"t'~11rtLu~p!!.~L~ t'~'1~ttl.g:UllI1.Lttt'~1T. 9G t'~ O~ :::~fl~~UL~tl.~rt~1G~1rt~ 
" " "I I 

LLUtl.lJl!lIlo' U~Ll!lkl' rtfll!l'If.' flL~:::~LL~t'~IT.tl.lT.rtIT.1rtLu~!!.' ~rt1 Lutl.11.1:::~ 9~-v lA.MLlltl.' t'~~l!llA. h h .. .!, """~ r I J> r" I. 

LLU ~~UL~ HLl!l:::Wt'~IT.t'~ t'L11 ~~ t'b11 t'~ 11 rtLu~ fl,V w~m!f.' rn ~ L~tl.1;}1HLl!l:::w~pmtflttl.»1 
t'~IT.:::gtl.~fl,Vtl.~~t'L11 t'~" rtLu~tl.I;}' HLl!l:::L Ut'~IT.~:::lA.tl.~ t'L'1 ~~t'L11 t'~ l' rtLu~ 

(xepU11SJnq) ~:::lA.tl.l!lt'L11B~t'b11t'1T."rtLu~tl.!!.l!lL~ g"V"G"v • -I .D f'=P _ t 

L8 



• 

3.5 ,----------

3 +------.----------~~--

o 
10 lS 20 2S 

A":n)JlitlJiiu'2J.Ni'n-m ::;;ruj"('lJl~U)J'l1Gl"S£ln''lJR 
({£1UCI::l.I£1"ih",un1iu'bluu" ) 

I ~ 

30 

~'tl LLN~n"1l'tl\lm:;~Il!tV1 ~ft(;1"'11 n~'W;h'l L 'Vi ~~'Wfi.jh'l L 'Vi~ L~tI\l~(;1t) • 
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"'11 n n1~~ L~ n:;,x ~~V11\l ~ ti ~"1I'tl\l~~1J~"1I'tl\J m:;~Il!t~ ~ft (;1"'11 n ~'W-n 1'l L 'Vi ~~'Wfi-nI'l L 'Vi ~ • 
'" I I I 

L~tI\J~(;1t) Lij'tl~~ L~'tl~'ltl~I~~:;~It1L'l!L~m.Jlel~~'tln1'll~V1~'lI~ L-n~-n'W~1\J1 fl'W L~tlH One-way 

ANOVA ~~:;~1J~'lI~L~'tl,r'W1'tltl~:; 95 ~\JLL~~\J1'Wmn\J~ 4-9 "'I:;L~'W~1 n1~H~I~~:;~It1 

L'l! L~tI~lel~ ~'tl n1'l1 ~1'Wn1~~~ L~'tl~ ~'lI~ L -n~-n'W~1\l1 fl'W "'I:;~\J ~~~'tl~~1J~~'l'W1"v1n.1"11'tl\J 
I " I I I 

m:;~Il!tV1 ~ftmln~'W-nI'l L 'Vi~~'Wfi-nI'l L 'Vi ~ L~tI\J~ (;1t)'tlrJl\JnUtl~1 r1 ru V1~:;~1J~'lI~ L~'tllJ'W1'tltl~:; . ~ 

I 'i' ... ~ ~ ... .J1!:"1 "d.J " " 
95 (P-value ~ 0 .. 05) LL~~\J'l1 ~1~~:;~It1~'l!L~tI~ Lel~~'tln L'l!~'Vl 'l! L'Wn1~(;1~LtI'tl'Vl~'lIW"1l~"1I'W 

~1\J1 fl'W ~1~I~Cl-n11~~~1J~~1\J1 "1I'tl\Jm:;~Il!t~t:Jft(;1"'11 n~'W-nI'l L'Vi ~~'W~-nI'l L'Vi~ L~tI\J~(;1t)n 
I 

~'lI~LL(;1n~l\Jfl'W tlnL'1'Wfil~'l!i1~'lI~LL~\JLLN~'tlLLN~n LL~:;Li1'tlYi"'lId(Ulfil F fil'W'lnJ (Fcal ) 

LL~:;fil F ~l~"'Ilnmn\J (Fcrit) "'I:;L~'W~1 ~~1J~~'l'W1mY"1l'tl\Jm:;~Il!t~~ftmln~'W-nI'lL'Vi~~'W~ 
... I I I 

-n1'lL'Vi~L~tI\J~(;1t)"'I:;nfil Fcal ~lnn~1 Fcrit V1~:;~1J~'lI~L~'tllJ'W1'tltl~:; 95 tlmrJ'Wfil~'l!i1~'lI~ 
.. I ...:- I " " 'i' ... ~ ~ ... .J1!:"1 "d 

LL"1I\J LLN(;1'tl LLNlln 'W'WLL~~\J'l1 ~'lI~ L"1I~"1I'W"1I'tl\J~I~~:;~It1 L'l! L~tI~ Lel~~'tln L'l!~'Vl 'l! L'Wn1~(;1~ LtI'tl 

~1\J1 fl'W ~\J ~~ ~'tl ~ ~1J~ ~'l'W1"v1 n.I"1I!l\l m:;~ 1l!t~ t:J ft (;1"'11 n ~'Woifl'l L 'Vi ~ ~'W~-nI'l L'Vi ~ L~tI\J~ (;1t) 



(;'I1'i1~fl4-9 mri'h~n:::,xCJftYl1,a~n~'IJ'tl..:J~l-J1J1i'IJ'tl,:mr:::,rl11~~CJ~Ul91n~'Wif1'JLVi(;)~'Wfi 
• 

"'i' ~x"..I"..I" 'i''''' ~ ~ .. .J "" 'IJ1'J LVi (;)Lfttl..:JnUl'J Ll-J'tlUll-JLtI'tl(;)'JtI~1rft:::ft1t1 L'1IL(;)tll-J b~(;)r'tln L'1I(;)Y1~'J1l-JL'lJl-J'IJ'W 

c;l1..:J1 now 

1. ~'J1l-J"''W1 

2 . ~'J1l-J"''W1 LLU'W 

3. ~'J1l-J'lJ1'J~~1..:J .. 
4. ~'J1l-JYl1JLL~..:J 

, .. 
Ul'tlLLN(;)..:J 

I _.o=aI a 
6. m(;)'l!'W~'J1l-JLL'IJ..:JLLN 

c;l'tl LL r..:J c;l'WYI:::ft • 

, "" 
Ul'tlLLN~n 

P-value 

1.16E-10* 

3.44E-09* 

7.69E-39* 

2.8E-16* 

3.41 E-09* 

8.99E-14* 

0.300416 

57.1388 

39.12721 

565.843 

51.80535 

39.16388 

122.684 

1.309372 

* .. "'v • v..J v J ~" < F F 
'I-Il-J1tH'I-ItJJ I'lfl l-J1.JtJ~1F1t1.J'Ylr:::~tJF1'l1l-JL'l!fll-J1.JrfltJrl::: 95 (P-value _ 0.05 LLrl::: cal> crit) 

" , , 

Fcrit 

2.866081 

2.866081 

2.578739 

2.578739 

2.866081 

2.866081 

2.866081 

89 

c;l..:JU'W 91 n CJft mr~ m~1"'1~111'J:::V1 L"'l-J1:::~l-Jl'WmrCJ~ Ul L~'tl91 n~'Wif1'J LVi(;)~'Wfiif1'J LVi (;) • 
L~tI..:JlUl1' ~1~~l-J1J1i'IJ'tl..:Jm:::(;)11!f'~~~~(;) ~1~nft1'JHif1..:J~'W Yhl~Y1n1J~1 ~111'J:::~L"'l-J1:::~l-J • , " , 
1 'Wn1rCJ~Ul LU'tl"1n ~'Wif1'J L Vi (;)~'Wfiif1'J LVi (;) Lfttl..:JlUl1' ~'tl m rH'~1rft:::ft1t1V1 ~'J1l-J Lifl-Jif'W'IJ'tl..:J • 
~1rft:::ft1t1L '11 L~tll-Jl~(;)r'tlnl'11(;)1'tltlft::: 25 'IJ'tl..:JJ1".un~'Wl~ LL~..:J Lct'tl..:J"1 nLtI'W~111'J:::~1~~l-Jum 

" 
LLft:::m:::(;)11!f'91 n~'Wif1'J L Vi(;)~'Wfiif1'J LVi (;) LfttI..:Jl Ul1' • 

~ I ~ I 

~'W1fu'W 9:::1-K CJ ftV11~" 1 n ~'Wif 1'J LVi (;) ~'Wfif1'J LVi (;) Lft tI..:J l Ul1' V1 ~'J 1l-J L if l-Jif'W'IJ'tl..:J ~ 1 rft :::ft1 tI 
"" II I I 

L'1I L~tll-Jl~(;)r'tlnl'11(;)1'tltlft::: 1 0-20 'IJ'tl..:Ju.1".un=n'Wl~ LL~..:J Lvhu'W Lil'tl..:J91n~111'J:::V1 L"'l-J1:::~l-J1'W 
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~ ~ ~ 

~1 ifl ~fll tlL"lI L~ m . .JLtI ~ i'tl n L"lI ~ Yl'J lj.J L if j.Jif'W1'tl tI fl ~ 15 '1I'tl'lUltnrn:n'WL~ LL ~'1 ~'1t!'W'l 'Wn 1 i 

_F.! q ..- J J .. ~" "" 'i' ' ..... d 0 _F.! q J 
LuitiU LVltlU~j.JUVl'1l'tl'l LtI'tl LLfl~m~~l~Vl c.Jfl Vl L~'"ll n Vl'W'1Il'J L V'j ~ Vl1'1V'j'Wn '"l'lVllmnuitiU L VltlUVl • 

" " 'i' q ~ ~ .. J'l "q ... J J ~, J .. 
Yl'Jlj.J L'1Ij.J'1I'W'1I'tl'l~lifl~fllti L"lI L~tlj.J Ltl ~i'tln L"lI~Vl nfHYltl'l now L V'j'tlVl'"l ~r1 n~l'Jl ni~~l~Vl c.JflVl 

'"l1 n~'Wifl'J L V'j ~~'Wft~~l ~~j.Ju--m'1l'tl'l L~'tl LLfl~m~~l~~~ n~l now 

I I I" 

miLmtiU L Y1t1U~j.JU--m'1l'tl'l LU'tl LLfl~m~~l~Y1 c.J~ Vl Hf'"ll n ~'Wifl'J L V'j ~u11'1~'Wf 1 'WY1U~'tl ~'Wf 
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n T:::~1~V1 ~ ~ IW"l1 n UlU;l1'l L Yl ~i1-.lM)-.l~ufi L~tJHf n ft'tl-.l'"l ~V1TU1,r~ Lft n m'tlULLUU~'tl-.l nn ~ , , 

II " I ,.. 
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, ~".J " " 'i' ... ~ ~ .. ..J'l!;"l ".J": J' ."l 
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.cI _ J'_.... d_ ~t.I~ ~ _,...J 
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~,)1~ Lif~ifu"JJ~-l~1t~:::~1tJL' L~mJ1~m~ n 1, (1)~H1 Un1tr;l~ L~~t~tJ~::: 1 0 "JJ~-lJ1~un~u1~ 
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111~VI 4-20 ftm~ru.~YfWC.J,)LLft~flll'1[;lI"l'1J,)l~'1J'fFJnT~m~YlC.Jftmln"I'W'1Jl')LYlI"IYl~~'eJ":l'YfWfi Yl • 
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('1J) ~ufiill,)LYi~LfttJ'I~(;l'f • 

... .... J' oCIIo.... d Clo "'" !: .... ~..J 
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."1 .F.!'" --:- ~.I ~.,J .. ~" "" ~ 0 ~ r1 .,J~... ~ r 
LlJUn1nlJrtJlJLYltJlJ~l-JlJ(;JYl,) LlJ'1Jtl'lLtJtlYlc.J~(;J L~"ln(;JU'1Jl,) LYi~(;Jl'1'V'iUfi UYlUrltl YiUfi • • 

., 0 

ill') L Yi~ill,) LVli.1tJ,) LL~::;~ufiill,) L Yi~ LfttJ'I~(;J')rl~ LLfl c.J~ c.Jft(;J'1Jtl'l L~tl rl,)ll-JtJ1,)'1Jtl'l L~u1tJ LL~::;L~U • 
o r .!''1.r;:.!''1'' ~" ~ ~ 
c.J1U~UtJn~1'1'1Jtl'lL~U LtJ lJrl-JlruL~u LtJ'1JU1~ L~n LL~::;~lllYir::;lJltJ L~'1Jtl'lLtJtl "li'l"lnn1rYl~~tl'l 

1,xc.J~~'1d 
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J " " .,. J 1!!"1 "J ~ "" ~ ~ ... " ~ " .,..,. .J J 
VI ~,)1~ L "ll~"ll'W"ll'tl-l~lW'l~VI 'l! L 'Wmi~~ LiJ'tl ~11 ~'W"ll1,) L Yl (;1Yl'W~"lll,) L Yl (;1"ll1,) L vt'WiJ')~U1-l'(i')'WVI 
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I I .. 

c.Jf'l c.J~~"ll'tl-l L~'tlVl c.J~ ~~1 n ~'W;J1,) L Yl(;1~-l~'tl-l~'Wfi , 

L~'tl LmiJU LVliJU"ll'W1 (;1~,)1~iJ1,) LLf'l:;L~'W~ 1W'I'Wff nf'll-l"ll'tl-l L~'W1iJ~ c.J~~~ln ~'W 
" .... I I I 

;J1,) LYl (;1~-l~'tl-l~'W~ VI ~,)1~ L;J~;J'W"ll'tl-l~lif'l:;f'lliJ L 'l! L~iJ~lel (;1i'tl n 1'l!~Vl1-n'Wmi~~ L~'tl11l1-l1 nOW 

~-lLL~(;1-l1Wl1Yl~ 4-23 LLf'l:;4-24 m~~h~u ~:;L~'W~1 Lij'tl1-D~,)1~L;J~;J'W"ll'tl-l~1if'l:;f'lliJL'l!L~iJ~lel 
I I I .... 

(;1i'tln 1'l! (;11'Wm i~~ L~'tl LVll now L~'tlVl c.J~~~ln ~'W;J1,) L Yl (;1~'Wfi;J1,) L Yl(;1 LftiJ-l~~1~:;rJ~,)1~iJ1,) LLf'l:; , 

L~'W~1'W~'Wffnf'l1-l"ll'tl-l L~'W1iJ~~-ln~1 L~'tl~ c.J~ m1 n~'W;J1,) LYl(;1~'W~;J1,) L Yl(;1;J1,) LvtUiJ') LLf'l:;~:; 

YlU~l L~'tl ~,)1~ L;J~;J'W"ll'tl-l~1if'l:;f'l1iJL'l! L~iJ~lel(;1i'tln 1'l!~~1-n'Wn1i~~ L~'tl L~~~'WL~'tliJ1 ~'W .. 
;J1,) L Yl (;1~-l~'tl-l~'Wfi rJ~,)1~iJ1,)"ll'tl-l L~'W1iJrJ rl11~ LL~ n 11l1-ln'W'tlfh-lrJl!iJ~1 r1 ru ~,)'W"ll'W1 (;1 L~'W , w 
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~1'W~'Wff nf'l1-l"ll'tl-l L~'W1iJ"ll'tl-l ~ 'W;J1,) LYl (;1~'W~;J1,) LYl (;1 LftiJ-l~ ~1~ :;rJ"ll'W1 (;1Vlii'tliJ f'l-l L~'W1iJ ~ 
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4.3.3.3 tfh.nruL~U1fJ'1lU1~L~n 

.. , J 'I" "" 'i' .. ~ ~!"l "J, ~ " 
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~'Wfi-ifl,) t~(rI L~t1'1~ l'ltfmh'l L~'W L~i(rl LLl'l Ll-J'El~"lrrulY1rl,)ll-J L'lJl-J'lJ'Wl-Jln mTi''Eltl~::: 15 'lJ'El'l • 
~ ~ ~ 

U 1 m!n=n'WL,j' LL 'LX'I ,,::: L ~'W~1 1"11 c;l'1!Url ,)1l-J LL ~'1 LLN ~'El LLN c;l'WYI :::~'lJ'El'l m:::(rI l1j-Y1 ~~ l'l"1 n ~'W • 
~, ~ 

-ifl,) t~(rI~'Wfi-ifl,) t ~(rI Lfttl'l~(;j'mI"11~'l n~1 ~'11"11c;l'1!Url,)ll-J LL~'1 LLN~'El LLNc;l'WYI:::~'lJ'El'lm:::(rIl1j-U .",] . 
dj'WhJ1'W~PlYl1'1 L~tJ')nlJI"11c;l'1!Url,)ll-J LL~'1LLN~'El LLN~'1'lJ'El'lm:::(rIl1j- c;l'l LL~(rI'I1'W['n~~ 4-31 
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rn'"\lJ,ib.riiU'1l~"'j;l'"\'SiI::o;nu·hJl~u)J'\ll~Dn ''lJA 
(~DUil:'''lJD,,)hwlnllu'1llu1-i'' ) 

, ~ 

1"11 c;l'1!Url,)ll-J LL~'1 LLN~'El LLN c;l'WYI:::~'lJ'El'lm:::(rIl1j-Vl ~~ ml n ~'W-ifl,) t ~ (rIvl'l~'El'l~'Wfi • • 

4.3.4.7 1"11c;l'1!Url,)Il-JLL~'1LLN~'ElLLNiiln (tear index) 

rl,)ll-J LL~'1 LLN ~'El LLNiiln'lJ'El'l m:::(rIl1j- t(rltlU n~,,:::i.Jrl')Il-J~l-J~'WfinlJtf,,4't1~~It1 

'fl~I'lL~LLri rl,)ll-JtI1') rl,)Il-JLL~'lLLN mr~~I'1~'WD:::'lJ'El'lL~'W1t1 LL~:::~PlYll'lmrLrtl'l[;],)'lJ'El'lL~'Wlt1 
"I j' ~."1' ~ ~ 0 ~ ~.. .. ~"I ~ ~ • F.! ." ,~." 
L'WL'W'El m:::(rIl1j- L(rItlLJ"" t1Y1 ~ 1 rl ruYl ~ (rI rl'El rl,)ll-J LL'lJ'I LLN'lJ'El'l Lri'W Ltl '11'1 Ll-J'fl LLJ rtllJ L Y1t1lJ rll (rI'1!'W 

~ . 
, ~ , 

rl,)ll-J LL~'l LLN ~'El LLNiiln'lJ'fl'l m:::(rIl1j-Vl ~~l'l"1 n~'W-ifl,) t ~ (rIvl'l~'El'l~'Wfi Lij'El rl,)ll-J L-ifl-J-if'W'lJ'El'l • 
~ ." ~ ~ "~1 !f'l ,,~, ~ ~ 1 ~ .. , ~ 

~lr~:::ftlt1 L'lIL(rItll-J Le:!(rIr'iln L'lI(rIYI '11 L'Wmrl'll-JLtI'Ell'l1'l1 n'W (rI'lLL~(rI'I 'Wnl~Y1 4-33 ,,:::m'W,)1 Ll-J'fl 

, " 
1irl,)Il-JL-ifl-J-if'W'lJ'il'l~lr~:::~It1t'llL~t1l-JLe:!(rIr'ilnL'lI(rI1'Wmr~l-JL~'il~'iltlft::: 10 LLft::: 15 'lJ'il'lthm!n 

" ~" 
=n'WL,j' LL'LX'I 1"11 c;l'1!Url,) 1l-J LL ~'l LLN ~'El LL Niiln'lJ'El'l m:::(rI l1j-Y1 ~~ l'l" 1 n ~'W-if 1') t ~ (rI~'Wfi-if1 ') L ~ (rI Lfttl'l • , , " 
~ l'ltfi.J 1"11 ~'1 n~ 1 m:::(rI l1j-Vl ~ ~ l'l" 1 n ~'W-ifl,) L~ (rI~'Wf-if1 ') t~ (rI-if 1') L ~UtI') V1 Ltl 'W L-D'WU'fll" 

Lrt'il'l l-J 1" 1 n ~~'lJ'El'lrl,)ll-JtI1')'lJ'El'l L~'W1t1 c;l'l LL~(rI'I1'Wnl~~ 4-23 ~'1":::L~'W~1 ~'W-ifl,) t~(rI~'Wf 
" , , 

;rl,) L ~ (rI Lft t1'1 ~ l'ltf,,:::i.J'lJ'WI (rI rl,)ll-JtI1')'lJ'il'l L~'W1t1Vl~'1 n~ 1 ~'W~'Wf-if 1') L ~ (rI-if 1') L~UtI') LL~ Lij'El 

I I I "" 

v;"lrrulV1 rl,)ll-J L-ifl-J;r'W'lJ'il'l~lnrli.JV11;n'Wmr~ l-J L~'El~'Eltlft::: 20 'lJ'El'lUT\.n!n=n'WL,j'LL'LX'I 1"11c;l'1!Url,)ll-J 
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LLii'l LLNu1!1 LLr'l~n'1l!l'l m'~~11lf~ c.Jftf;J91n;]uif1'l 'l ~ ~~Ufiif1'l 'l ~ ~if1'l Ll-lih.J'l9 ~iJ ,",1l-nn n~ 1 LL~ ~ , 
"" 'I" "" ~ ... 1 1 ~ "..!.,: J' .?I " Ll-J!I L'llfl'l1l-JL'1ll-J'1lU'1l!l'l~1r~~~1t1 L'llL~t1l-J f1~r!ln 'll~ LUn1rf;Jl-JLtI!lL~l-J'1JULuUr!ltl~~ 25 LL~~ 

30 '1J!I'l~1mrniul~ LL,x'l '"'1 (;)'llUfl'l1l-J LLii'l LLN u1!1 LLN~n'1J!I'lm'~~11f~ c.Jft f;J91n;]uif1'l 'l ~ ~~ufi , 
if1'l 'l~~ L~t1'l~f;J1nftuiJ LLU'l 'ltrl-J L~l-J~U ~'l!l19 LtlUc.J~l-J191n L~Ult1'1lU1~ Lftn1 ~1l-J1rn~!I~~1U 

" "" II I 

f;J~LLnN~uLL~ul~l-J1n~u LtlUc.J~ ltnuLi:l!l m'~~11fiJ L~Ult1'1lU1 ~tI1'll-J1 n~U1.rUL!I'l !lth'lLrri 
. " . 

ml-J,",1(;)'llUfl'l1l-J LLii'l LLNu1!1 LLN~n'1J!I'lm'~~11fYlc.Jftm1 n;]Uif1'l 'l~~i'l~!I'l~ufiiJ LLU'l'ltrl-JYlll-J , 
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fn .. uJllIulYutJD"c:I .... ~c:I:: c:I .... ul'iflAuu111Mon''1fGi 
('fDUc:I::tJ£I "ihuuniiu1ifulX,,) 

..,j " F.! ... " " ~ ... 1 1 .. .J .... 
111~'V1 4-33 LurtiU LY1t1Uc.J~'1J!I'lfl'l1l-JL'1Jl-J'1lU'1l!l'l~1r~~~1t1 L'llL(1ltll-J f1~r!ln 'll~Y1l-Jf;J!I 

'"'1 (;)'llUfl'l1l-J LLii'l LLN u1!1 LLN~n'1l!l'l m'~(1l11f~ c.Jftf;J91 n ;]Uif1'l 'l ~ (1l~'l~!I'l~Uf 

" " U1l-1,rn=nul~ LL,x'l ;]Uif1'l 'l ~ (1l~Ufiif1'l 'l ~ (1lif1'l L l-IutI'l9~1 ,x~l-JU--m ~1Ufl'l1l-J LL ii'l LLN'1l!l'l m'~m1f , 
" .J" 

i'lfl'l1l-JLLii'l LLNu1!1 LLN~'l LL~~LLN(;)UY1~~'1l!l'lm'~~11fYl',Nn~1;]uif1'l 'l~(1l~Ufiif1'l 'l ~~ Lfttl'l~f;J1 , " , 

~l.J LL~'l'1J!I'l n r~(1l11f ~1l1~r~u1t11~'1J!I'l L~!I fl'l1l-JtI1'l LL~~ L~U~1W'lUff n ~1'l'1l!l'l L~Ult19~iJ,",1 
" 

I I I" " II 

~1n~1 LLu1Li~!I~1l1'l~lun1r;]l-JLU!lrULLN~U (fl'l1l-JLifl-JifU~!ltI~~ 20 LL~~ 30 '1J!I'lU1l-1,rn=nul~ , 
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~ I 

LL~-l) ~u;h') L~ (1l~U~ifl,) L~ (1l L~rJ-l~ ~rf9~1~~~llii ~IUrl,)l~ LLii-l UN'lJ'tl-lm~(1l1~V1~-ln~1 ~U 

ifl,) L~ (1l~U~ifl,) L ~(1lifl,) LVlUm ~')~n-l f"l1 rl,)I~~U LL~-l rl,)l~m') LLfl~ L~u~hu~uffnfll-l'lJ'tl-l L~U 
I I ~ 

lmi;Jf"lI~-ln~1L'rlwlu uun LL~(1l-l~1 ~1l1')~lUn1~t:J~ ~ LU'tl LLfl~m~(1l1~'lJ'tl-l~Uifl,) L ~(1lr1-lMl-l 

~U~~;Jrl,)l~ LL~ n (;]1-lnU 9~~-l t:Jfl (;]'tl~~U~(;]1-l1 'lJ'tl-l L~'tl LLfl~m~(1l1~~ LL~ n(;]l-l nU~,)rJ L"1Iunu 

~ I 

~'luU l-l1 n ~'tl-l n1~~~U~~IUrl,)l~ LLii-l LLNVl LV1t nu ~Uifl,) L~(1l~Ufiifl,) L~(1lifl,) Ll-lUm;J • 

I ~ 

n1~t:J~~ LU'tl1.IT~1 ruU'tlrJ n~1 ~Uifl,) L ~ (1l~Ufiifl,) L ~ (1l L~rJ-l~~rf LL(;]'tlrJl-lhn m~ ~l.l'ifl,) L~ (1l~ufi • • 
ifl,) L~ (1l L~rJ-l~~rf~I~lnll~~~U~~IUml~ uii-l LLN'lJ'tl-l m~(1l1~~ ~-l n~1 Ld'tl ~~ L~'tllU~IlI,)~~ 
LVl~I~~~ 

•• 1 ."... 'I 'i' • I" 'I" d... • ""- • 
4.4 ~jI".Il·iHm1'1l'1i.lnL!l'il(;l'l!l'141'1j1~jl1!l ~;r~(;l'1L~lH1J'iI'1'i1'i1n ~'lI(;l'YI~(;l'il'14~1.J{;l{;l1.:1 'J 'iI'iI.:I 

d 
L!J'ilLLjI~n~(;l1'I!J 

~ufiifl,) L ~ (1lifl,) L l-lUrJ') ~~~ L~'fl ~,)rJ~l~fl~fllrJ L '11 L~rJ~LtI (1l ~'tl n L'1I ~ rl,)l~ L if~ifU~'tlrJfl~ 15 'lJ'fl-l • 
~ _.!' '1 "''' "'" .... ...'" ~ II"" J..... J " ~ '1 

UIl-lUn'1lU L~ LL l-l-l LLfl~~U'lJI,) L ~ (1l~Ufi'lJl,) L ~(1l LflrJ-l~ ~') VI ~~ LrJ'tl (1l,)rJ~ 1 ~fl~fllrJ L 'l! L(1lrJ~ LtI(1l~'tln • 
~ ~ I 

L'l!~ rl,)l~ Lif~ifU~'flrJfl~ 25 'lJ'tl-lihwJ'n:nUL~ LL~-l ~lvil n1~~'tlnLU'flc1f'JrJ~l~fl~fllrJLtlL(1ln9U 
• I" ~.. "" " :: ~,J" _ •. 1 ,J.J col 
Lu'fl~'fl'tln L'l!(1lrl,)I~L'lJ~'lJU~'tlrJfl~ 3 'lJ'fl-lUIl-lUnLrJ'tlLL'1.N 'tlruj.m~n1~n'tlnLrJ'tlVl 85 'fl-lP!IL'1IflL'l!rJ~ 

• 'II 

LUUL,)flI120 UIVl LLfl~f"llrl,)lwUUm(1l-LU~ (pH) rl'l~ 10 ± 0,2 L~'tl~n~lt:Jfl'lJ'tl-lm~~'tlnL~'fl 

I ~ I 

4,4, 1 ~n~ru~Vl1-lfrufil'Wi)Vlm'lJ'tl-lm~(1l1~Vlt:J~~91n~uifl,) L~(1lr1-l~'tl'l~'Wfi Lij'fl~I'W 
U 1 

" J' .J - "" 'i' ~ .. " 'i' "col ~ .. " 'i' I ~ L UL U'tl m~(1l1~VI t:Jfl ~91 n ~U'lJI,) L ~ (1l~Ufi'lJl,) L ~ (1l'lJI,) L l-lUrJ') LLfl~~Ufi'lJl,) L ~ (1l n'tlULLfl~l-lfl-l m ~ • • 
•• 1 ,J" ~ 'i' • I" ~.. "" " :: ~,J "'i' " " n'tlnLrJ'tl(1l,)rJ~l~fl~fllrJ LtlL(1ln9ULu'tl~'tl'fln L'l!(1lrl,)IW'lJ~'lJU~'tlrJfl~ 3 'lJ'tl-lUIl-lUnLrJ'flLLVl-l L(1lrJ L'l! 

n~'fl-l9flVlr~P!U~L~nm'tlULLUU~'fl-lml(1l (SEM) m~~I~u 9~L~U~1 ~uEj,)'lJ'tl-lm~(1l1~~t:J~~ • 
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... .... J' 4.... d ClIo ..,.... ~ ......." <i' 
1l1V4'V1 4-34 ftn1!tru~Yl'WtJ'l LLft~fl1 PI [iI "'~'l1'1~'fl'lm~C;n1!tVl tJft[il"i1 nvl'W~1'l ~ Yl "'Yl'Wfi~1'l L Yl'" • 

if1'lLVlUtJ'l ri'fl'WLLft~V1ft'l~'flnL~'fl t"'tJ (n) LLft~ (~) ~ri1ft'l~tJ1tJ 200 Lvh 

~'l'W (PI) LLft~ ('I) ~ri1ft'l~tJ1tJ 500 Lvh 
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11 1 'W.;! 4-35 ~mtru::;~U~'lLLft::;1l1~~~'il'l1-3'il'el-3m::;11l1'If~c.J~VlIiij1n~uif1'lLVi~~utfif1'lLVi~ , 
" , , 

LfttJ-3~Vlr) ri'elULLft::;~~-3W'elm~'el L~tJ (n) LLft::; ('il) Yln1~-3'ilmtJ 200 Lvh 

~'lU (~) LLft::; (-3) ~ri1~-3'ilmtJ 500 L'Vh 

" • I I I I I" 

r'eltJft::; 3 'il'el-3U1~,rn L~'el LL'-"-3 Ylijl1l'el~~u~~'l1u'il'el-3 L~'elYlc.J~VlIiij1 n~Uif1'l L Vi~11l1-3~Utf lUYli1~'el , 
" "'i' v"" 'i' " .".J1" "" 'i'''' 1 1"" VlU'il1'l ~ViVlViUfi'il1'l ~Vi~'il1'l mutJ'l'Vl 'l!~'l1~ L'il~'ilU'il'el-3~11ft::;ft1tJ ~'l!~tJ~ e:J~1'eln 'l!~1'eltJft::; 15 , 

... II II I 

'll'el-3U1~,rn:nu1~ LL '-"-3 (15%W) LLft::;~uif1'l LVi ~~utfif 1'l LVi ~ Lft tJ-3 ~ VIr) YlLi ~'l1~ L if~ifu'il'el-3 , 

~11ft::;ft1tJL'l!~tJ~1e:J~1'eln1'l!~1'eltJft::; 25 'il'el-3J1~,rn~u1~LL'-"-3 (25%F) 1~LLri c.Jftc.J~VI'1I'el-3L~'el 
~'l1~m'l'il'el-3 L~ultJ LLft::;L~U~1U~UU nft1-3'il'el-3 L~ultJ m~1 ruL~ultJ'ilU1 ~ L~ n LLft::;~1l1Vi1::;U1tJ 

1'" ctI.J '" .... .: ~'il'el-3LtJ'el 'l!-31iij1nn11'Vl~ft'el-3L~c.Jft~-3U 
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_ .J 

4.4.2.1 c.JfH·Jf'lI1l'il'tl'lLtI'tl (%yield) 

Ld 'tlYi 1 n1 nmtlu L VltlU'lJU 1 t'l PI,)l lJtll,)'lJ'tl'l L~U LtI~ c.J ~ 11l'"l1 n ~uif 1') L Vi t'l~'l~'tl'l 
~Ulf~'l ri'tlULL~:::Yl~'lyj'tln L~'tl ~')tI ~lj~:::~1t11f]Lt'ln '"lULU'tlf'tl'tl n 1 '1! ~ PI,)llJ L iflJifur'tltl~::: 3 'il'tl'l , 

.J " " LtI'tlil~l~ t'l~'lr1'l~uif 1') L Vit'l~Ulfifl,) L Vit'lifl,) mutl') LL~:::~ufiifl,) LVi t'l L~tI'l~l1lrf LLuI'"l:::L~ul~-n t'lLU , , 
, " , 

nj(u'lJ'tl'l~Uifl,) L Vit'l~ufiifl,) LVit'lifl,) mum VI LLluL~UU'tl1'"l LU'tl'llJl'"ll n PI,)llJ~lJ~ufi'il'tl'lilllJl ru , 

L~u1t1'ilUlt'l L~ n (fines) ~'tl ~Uifl,) LVit'l~ufiifl,) LVit'lifl,) mutl,)Yl~'l91nn1jyj'tl nL~'tl ililllJlru , 
" ~.t I .J J 0 .... 

L~u1t1'ilUl t'l L~ nLVilJ'ilU91 n n'tluyj'tl nLtI'tl (fllViYl 4-38) Yll1Yl~ t'l~,)U'il'tl'l PI') 1 lJtI1') LL~:::PI,)llJ 
, " " 

n~l'l'lJ'tl'l L~ULtlYl~'l n1 jyj'tl n LU'tl il ~ 1~ t'l ~'l LLuI ~lYlfu ~Uifl,) LVi t'l~ufiif 1 ') LVi t'l L~ tI'l~l1lrfuu , 

illlJl ruL~ULtI'lJUl t'l L~ n ri'tlULL~:::Yl~'l n 1 jyj'tl n L~'tl hl LLI1l null'l 11U YilL ~ PI,)l lJtI1') LL~:::PI,)llJ n~l'l 

'il'tl'l L~u1t1 ri'tlULL~:::Yl~'ln1jyj'tl n L~'tl hlil PI ')1 lJ LLl1ln ull'l11uJUL'tl'l 

4.4.2.3 illlJlruL~ULtI'lJUlt'lL~n 

" , 
~ufir1'l ri'tlULL~:::Yl~'lyj'tln LU'tl ~')tI~lj~:::~1t11f]LV'ln9ULU'tlf'tl'tl nl'1!~PI,)llJ LiflJifur'tltl~::: 3 'il'tl'l , 

J1YlUnL~'tlLL~'l c;1'lLL~t'l'l1UfllVi~ 4-38 9:::L~U~1 illlJlru'lJ'tl'lL~ULtI'ilUlt'lL~nYl~'l'"llnn1jyj'tln 
I " " I " I II 

LU'tlr1'l~uifl,) LVit'l~ufiifl,) L ViV'lifl,) mum LL~:::~ufiifl,) LVit'l L~tI'l~l1lrfil~l LYilJ~U LLul9:::LYilJ~ul~ , , 
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I "" I 

index) Vl ~~ Ul91 n U1'Wil1'J t ~ t'l11-l ~'a-l~'Wfil1-l ri'a'WLL~ :::~i-lyj'a n L~'a ~'JtI~ 1 ~~:::~1t11flt~rL9'WLu'af • ..., , 
'a'anl"l1~P1'J1l-JLifl-Jif'W~'atl~::: 3 'll'a-lu.1~um~'aLL~-l ~-lLL~~-l1'W111~Vl4-39 9:::L~'W~1 ~i-l91n 

I " " " 

m~yj'a n L~'a11-lUl'Wif1'J t ~ ~~'Wfiif1'J t ~ ~if1'J mtltl'J LL~:::~'Wfiif1'J t ~ ~ L~t1-l~ (wfu'W L~'W1t1ilm~ tA'-l • • 
-l'a LL~:::~n-l'al-J1 n~'W'a ~1-l L ~'Wl~i ~ ~ LU'WL'll'WdLct'a-l91 n L~'W1t1 ~ nvh~1t1 ~'JtI~1rLPlil~H1 'Wm ~ 
yj'am~'a 

I '" I " 

lflt~rL9'WLu'af'a'anl"l1~vh 1~ L~'W1t1Vlil'll'W1~~'W Lftn LL~:::LLPlu1'Wml-J1 ruVll-J1n~'W vh 1~ L~'W1t1il 
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~....... 1.5 +----t 
C~ ):s ... 
~ IE 1.2 +----
r-~ 
I"" -G: ~ 0.9 +----
Q~ 
l3S 
~ 0.6 

• n£lul'l£lmO£l 

• ""~-M£lmd£l 

0.3 

o 
('lJ) 

15%W 25%F 

" ,,~ ......." «i" " .,.J"",, 
\nJ1mll~ : 15%W = t;I'U'!I1'h'YHi\Yl'U~'!I1'hYl{;\'!I1'lLll'Um"'t;I).JLtJ~{;\'ltJ 15% NaOH . 25%F 

"'i' .:t or ..,.J" ..I " 
'!I1'l.Yl{;\LfltJ~""t;I'l"'j;'f).JLtJ~{;\'ltJ 25% NaOH 

I ~ 

(n) ~'l!i11'l'J1).JtPf--1--1'a LL~:; ('lJ) ~'l!i11'l'J1).J~n--1'a'll'a--1L~u1rJ VI C.Jft~91nUfuif1'J t'YiL'l't1--1~'a--1~'Wfi , 
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400 

c:I 350 
"Q .. 300 ? 

c:I 
p- 250 ~Ci "" ~Ci 
;:]6 200 • tlauwmnulm ,-6 
;:J II 

• \.f~"wDnulD ~~ Q 150 ""-:= 
100 ,-

G; 
~ 50 

0 

15%W 25%F 

'" ,,~ .......'" ~ '" ... -l '" J Sol \UJ1tJL'I-liJ) : 15%W = Pl\.l'1l1 /hVic;,Vi\.l~'1I1/hVic;,'1I 1 'lL'I-I\.ItJ'l"'Pll-JLtJ'tlc;,'ltJ 15% NaOH , 25%F 

,,~ ~ %,..J " .01 " 
'1I1'l ~Vic;,Ltm:l;lPl'l"'Pll-JLtJ'tlc;,'ltJ 25% NaOH 

n1 nmtJu LVI tJU ~~'1J'tl'l n 1d~'el n L~'tl ~')tJ~1d~ :::ft1tJlf]L~dL "l'WLU'el f'el'el n lan ~ rl,)1~ df~-n'W 

T'eltJ~::: 3 '1J'tl'l~1llnrm~'el LLtX'I ~iJ~'el~~llii~')lu'1J'el'l L~'el~~ftlJl"l1nvl'W-n1,) LVi~~1'1~'Wfi l'W~d~'tl • 
vl'W-n1,) L Vi~~'Wfi-n1,) L Vi ~-n1,) L 'vIi1tJ')~1if rl,)1~ L-n~if'W'1J'el'l~1d~:::~1tJ L an ~tJ~lf] ~d'el n 1 an ~1'eltJ~::: 15 • 

~ ......J '" .., '" ~ ........" ~ ~ % .. .J'l 1.1 1.1 '" 
'1J'tl'l'W 1 'vI'WnLtJ 'tlLL'vI'I (15%W) LL~:::lJI 'W'1J1,) LVi ~ Vi 'Wfi'1J1 ') LVi ~ L~ tJ'I Oi lJI,) Y1 Lan rl,)1~ L '1J ~'1J'W'1J'el'l • 

" I " 

~1d~:::~1tJLan~tJ~1f]~d'elnlan~1'eltJ~::: 25 '1J'el'lu'1'v1UmU'elLLtX'I (25%F) l~~~n1dY1~~'el'l~'Ii1 

I ," 

Ljj'tl LmtJ u LVI tJu rl ') 1 ~'vI'W 1'1J'el'l n d::: ~ 1l!1'VI ~ ft lJI"l1 n vl 'W if 1') LVi m1' 'I ~'el'l~'Wfi • 
I " 

'vi ft'l"l 1 n n1 d~'el mu'el ~')tJ~1 d~:::~1tJlf]L~ dL "l'WLU'el f'el'el n 1 an ~ rl,)1~ L if~if'W T'tltJ ~::: 3 '1J'el'lu,1'v1Un 
I I I" 

LU'tl LLtX'I ~'I LL~ ~'Il'W1l1ViVl 4-41 "l:::L~'W~1 rl,)1~'vI'W1'1J'el'l m:::~1l!1'VI ~ftlJl"l1 nvl'Wif1,) L Vi ~r1'1~'el'l 

~'W1fiJrhL~~~'W'vIft'l"l1n~'elm~'el'el~1'1jjum~11"lt1! J'WfiLL~~'I~1 n1d~'elm~m;11tXL~'WltJl'WLd'el 
nd:::~1l!1'iJ n1dLL 'Wu=B ~ LL~:::~T1'1~'Wfi:::n'Wl~ ~'eltJ~'I Lrt'el'l"l1 n'vlft'l"l1 n n1d~'el n L~'el L~'WltJiJ 

I " I 

m:::~1~'1 LVi~~lJUlJL'el'l [42] 
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0 .14 

,. 0.12 
,-
<E 0.1 ~~ ... -C ... 
? <E 0 .08 
c::I ~ 
JI - • riilu.~ilmdil ,-4C1: 
;! (; 0 .06 

:sS • "'~~ilmdil 
~ ,- 0.04 ,. 
Ii 0 .02 

0 

15%W 25%F 

" ,,~ ~ £" ~ " ....J"...I" 
'\UJ1m~"l : 15%W = iJl"''lIl'h'YiIi\'Yi'''Il'lll'h'Yi(;\'lIl'lL~".tJ'lYliJll.JLtJtl(;\'ltJ 15% NaOH , 25%F 

,,~ ~ %...J" ...I " 
'111'l ~'YiIi\L~tJ~~iJl'lYliJll.JLtJtl(;\'ltJ 25% NaOH 

, >-

1"l'J 1 l-J",'W1 'lI'tl'l m~~l1l~Vl t.Jft [;191 n!1i' W1J1 'J LVi 111 ~'1~'tl'l~'Wif • 

, ," 
Li1'tl LmutJ LVlUtJ 1"l'J 1 l-J", 'W1 m.l'W'lI'tl'l m:;11I1~Vl t.Jft[;191n!1i''Wii1'J LVi 11I~'1~'tl'l~'Wfi • 

"'~'191nn1jyj'tlnL~'tl~'JU~1j~~~1U1f1LI1ITL9'WLtJ'tlf'tl'tln1"l!~1"l'J1l-JLifl-Jif'W1'tlU~~ 3 'lI'tl'lJ1",t!n 

L~'tlLL,x'l ~'1LL~I1I'11'WJl1Vi~ 4-42 9:;L~'W~1 "'~'191nn1jyj'tlnL~'tl1"l'J1l-J"''W1LLl.l'W'lI'tl'lm:;11I1~~t.Jft[;1 

91n !1i''Wif1'J L Vi 11I~'Wfiif1'J LVi l1Iif1'J LV1i1U'J~ f'11 hJ LL[;1 nl'h'ln'W LLl1lm:;11I1~~ t.Jft m1 n !1i''Wif1'J L Vi 11I~'Wfi • • " , , 
if1'J LVi 111 L~u'll[;1tf~f'11~11I~'1'tlf.h'l~t!U~1 rlC1J t!wi LL~I1I'1~1 "'~'191nn1jyj'tln L~'tl L~'Wlu~~n~ru:; 

" d " >-
LA''! 'I 'tl LL~:;,r n'lfll-J1 n~'W ~'1 LL~ 111'11 'Wl11 Vi 'VI 4-39 vh 1,x L U'tl m:;11I1~~~'W I"l'J 1l-J",'W1 LL l.l'W'lI'tl'l 

m:;11I1~'1~I1I~'1 [42, 43] ;'1t.J~~1~9:;~m1l-Jt.Jmr'WntJf'111"l'J1l-J"''W1'l1'tl'lm:;l1I1~ ~'1LL~I1I'11'WJl1Vi 
d 
'VI 4-41 
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0.9 

~ 
0.8 

r-
G ~ 0.7 n IE 
~ ~ 

0.6 ; ·C 
c:I'G: 

0.5 fI r 
;S ;::J . riDu~DmdD -;sC:: 0.4 -w r c:J • "'~"'~DntdD ::ns 0.3 
S~ 
r c:: 0.2 
,. -
G: 0.1 

0 

lS%W 2S%F 

'" '" ~ ..,,..'" Cj' '" .....J '" J " \UJ1tJL"'f;) : 15%W = (;1U'1'hYH;''YiU~'1 'hYHI\'1'lL\lUtJ'l'''(;1lJLtJtl''''ltJ 15% NaOH • 25%F 

"I' ~ ~...,J" ..I " 
'1'l ~'Yi"'Li\tJ-.lOi(;1'l"'(;1lJLtJtl"''ltJ 25% NaOH 

, " 
FI'.l1l-J'vn..n LLthJ'il'il-:J m:::~l11!tVl t.Jft[;]~1 mi\J;r1'.l L Ylen'r1-:J~'iN~Utf , 

d _~ Q I .J 4 '" 11 'i' ~ V ~ 
Ll-J'El LuH.ltJ L'VltltJ FI'.l1l-J'1l1'.l~'.l1-:J'1l'El-:Jm:::en11!t'Vl t.J ~ [;],~1 n[;]U'1l1'.l L Yl en'Vl-:J~'El-:JYlUfi , 

, " 
'vHr-:J~1nn1T~'ElnLU'El~'.ltl~1T~:::~1t11e1LenrL~uLu'Elf'El'Elnl'1!c;lFl'.l1l-JL;rl-J;rUr'Eltl~::: 3 'il'El-:JU1l-nrn 

.J ... ~ 1.J c:r I I ...,J c:Ito '" '" 'i' :: 
LtI'ElLLlN en-:JLL~en-:J U1l1Yl'Vl 4-43 ~:::mU'.l1 FI'.l1l-J'1l1'.l~'.l1-:J'1l'El-:Jm:::en11!t'Vlt.J~[;]~1n[;]U'1l1'.lLYlen'Vl-:J 

~'il-:J~utfiJ ~1 L ~ l-J~U~~-:J~ 1 n~'El n L~'El'El rJ 1-:J iJUti ~1 il ru ~ LUUL1UdL ct'El-:J~ 1 n le1Len T L~ULU'El f , ~ 

'il'ilnl'1!c;l~:::L;r11uvi1uBmtl1ntJLFlN~r1-:J'1l'El-:J~~LFlTLl-J~'Elf (chromophore) ~'El~luLFlN~r1-:J 
I I I " I I 

'il'il-:Jftnilu on-:JLUU~'.lUVlYhl~Lu'ElLiien~ LL~'.lvi11mFlN~r1-:Ji1LufttiU1ULuuLFlN~r1-:JVll~~1l-J1Ttl 

n~tJl-J1iJ~1~~nLd'il~l-J~~ntJFI'.l1l-J~ULL~:::LL~-:JLLenen [25, 26] U'Elm1mrUle1LenH~uLu'Elf'El'Elnl'1!c;l 
fJ-:J~1l-J1Ttlfi19enft nilu'El'El n~1 n L~'El L~l-J~U~ n~'.ltl vi11 ~ m:::en11!t~ t.Jft[;]~1 n L~'El~ ~hUn1T~'El n 

L~'El ~'.ltl ~ 1T~:::~ 1t11e1Len T L ~U LU'El f'El'El n 1'1! c;liJ FI'.l1l-J'll1'.l ~~ 1-:Jl-J 1 n~u ~-:J~~-:J~ 1 n n1 T~'El n L~ 'il 
, " 

m:::en11!tVl t.Jft[;]'"l1 n ~U;r1'.l LYl en~Utf;r1'.l LYl en-n1'.l L~iltl'.l LL~:::~Utf-n1'.l LYl en Lfttl-:J~[;]1'"l:::iJ~1F1'.l1l-J , , 
, " 

'il1'.l~~1-:JLYil-J~UUT:::l-J1rur'Eltl~::: 12.13 LL~::: 9.06 ml-Jfh~tJ 



t-g,m.tt 6S-v :::~" as-v 
I 

~MLLmtN~~"t-14 Y~~Nl~'~Mlt,LJI-Jm~~Mlt,LJI-n~t-g,IT.~tn~'L~uuu1g,t-Ult:::~"g,t-t-~1:::mHu~~ I ~ 

:::~" u~, ~LnIT.I1t,~nl1.' t,LIT.~ Mlt,LIT.!mM~ Mlt,LlT.n~t-g,IT.~tnf).' g,m U g,u.tLUULbt-~I1.U Lbt-g,nmt-lA 
~ p::r p::r " "'... ,.. " " "r In ,.. F' 1: '.:; 

WDI1.' t,LJI-~Ml t,LJI-Jm~~Ml t,LJI-n~ULb~~1':1 ~HL~:::Wt-g,IT.~Wnt ~1-~tn!:l':::b:::~" [SV 'GV] t-g,m.tt 
, I 

nIT.I1M' Ll!mt-bHL~:::Wt-g,IT.t-~" r1lAI1Lt,l!l nIT.ULI1~' LlAHL~:::Wg,mnt~tn~' t-g,IT.t-~" t-b':::W.tLU f'~Ift:PJ:P I=',f' ""ho,f -

nt t,l':1lAnMl1.t LlA nIT.I1Mmtn~' t-g,IT.g,t-UI1.:::~" g,t-t-l!ll.tLUI1 nIT.ULI1U~' ~LnIT.~tn~' 11 nIT.r1l!l":::~" -i.r" 0 .r ~ ,.." p::r.r.D p::r .r 
Nm~~LnIT.I1g,~, U g,~.t LU U LbNm~tn~' U Lbt-g,n mnu. mlJ' lA g,m U g,~U Lbt-~l1.nIT.I1M' Ll!ll1gnM 

" p::r f" ,.. r J: I ~ r -.r ':=' I p::rJ ,.. 

t-g,~t-~~Mlt,LJI-n~uLb~~I':1~HL~:::wt-g,IT.t-~'m~I1Lt,l!l L~n!:l':::b vv-v ~MLLmtt-~~"t-14 t-~"g,~, "I I I 

U.ttI1.L !\t-g,IT. S :::~~ g,~ nJI-I1JI-' I1Lt,l!l J' u.t U g,g,} g,rmb'.t ~lJ:t~L~:::~.t L~~t,~g,~1U g,~.tLU U Lbt-~11. 
~ I 

• Jn~t-g,~t-~~Ml t,LJI-n~U Lb~~1':1 ~HL~:::Wt-g,IT.t-~" r1~I1Lt,l!lr1~~' r1~;U1' g,~, 
~ I I 

HL~:::.tUt-g,IT.t-~'mlAI1Lt,l!l V'S'V'V .. 

Jm~t-g,~t-J~Mlt,LJI-n~ULb~~I':1~HL~:::wt-g,IT.t-L~~t,LIT.I1Lt,l!l 

g,~l1lAI1Lt,l!l~U.' ug,g,.tg,l'1mb1b~lJ:' ~L~:::~.tL~~t,~g,~1Ug,UbLUt-g,IT.~1':1 £V-V L4ot.\Llt I "" r .. h .. I' h "I'" I" ,.. 

HoeN %9G 1lC,l4QIl1tt~IAC,~.."t-Il~'liltJo' C,LII. 
" r ",.... % J:" .!." 

jf1.~l4tJolC,L~f1.Jtl :J%9G • HoeN %9 l 1lC,l4QIl'tt~IAWf1.I1.'C,LII.l4tJo' c,LlI.fmtJoliltJo' C,LII.f1.ijI = M%9 l : ~11.1IlLttl1. '" I"" "r-'" " .> "....... .>.., ... 
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o 
lS%W 2S%F 

. riillu~ilImdill 

• "1~.J~ilImdill 

... "'i' ....... '" 'i' '" .....1 ... J '" ,unm","l : 15%W = 1Il'l.l'll1'hYi(i\Yi'l.l~'lI1'hYi(;l'll1'lL"''I.ItJ'lYlIll~LtJ!l(;l'ltJ 15% NaOH , 25%F 

... 'i' ~ x~ ... J ... 
'lI1'lIYi(;lLflm~IIl'lYlIll~LtJ!l(;l'ltJ 25% NaOH 

1l1V4v1 4-44 t.Jft'll'tl":ln11Yl'tl nL~'tl~,)rJ~11ft::ft1rJl~LV11L9ULU'tlf'tl'tl n 1 "J!~~n~'tl 
Fl,)1~YiU LL~'1'11'tl'lm::V11lt~ t.J~Ul91 n r;lU~1,) L Vi V1~'1~ltN~wf • 

I _ q a I .. • 

4.4.3.5 Fl1V1'l!Url,)1~LL'lI'ILLNUl'tlLLNV1'1 (tensile index) 

... , 

118 

~1,)LVi(;1v1'1~'tl'l~ufi\-lft'l91nn11Yl'tlnL~'tl~,)rJ~11ft::ft1rJl~L(;1n9uLu'tlf'tl'tlnl"J!~rl,)1~L~~~U¥'tlrJ • 

I II I I 

m::(;11ltYl t.J~Ul91 nr;lU~1,) LVi(;1v1'1~'tl'l~ufi nI"i1ft(;1ft'l\-lft'l91nYl'tl nL~'tl'tl~1'1nt!rJ~1 ~ ru Yl Li~u . ~ 

.J ~..I ~ •. 1..1 ~ 1 .. a 'i' " ~ J' 0 1 "J' .J .. 1 
LlJUULU'tl'l91n\-lft'l91nn11Yl'tlnLrJ'tl L~U rJ~'1IU1(;1Lftn LFl'l'l'tlLLft::\-In'l'tl~1n'1lU Yl1 \-IViUYlt.J') U 

n11~¥1'1~Ufi::'lI'tl'l L~u1rJ1 UL d'tl m::(;11ltftV1ft'l ~ n~'1 L~u1rJ~L~'1'1'tl\-l1mrn'l'tl6'1Yi11,xn11 
~11 J' o~!:-'1' ~ ~1 ~!:'..I .. 

m::91mLN'1I'tl'lL~U rJ ULU'tlm::(;11ltYl1 L(;1 L~~~1L~~'tlUlft'tl(;1Fl,)1~m,)'lI'tl'lL~U rJ (;1'1UU L~'tl~ 

n11~'1~ (;1 9\1Yi11,xutL ') ru.~nn11 L~\I'I'tl\-l1'tl1Xn'l'tl'1l'tl'l L~u1rJ Ln (;1 n11'11 1 V1'tl'tl n 1~~1rJ LUUt.Jft 1,x1"i1 

~'l!i1rl,)1~ LL;i'l LLN~'tl LLN ~'1'l1'tl'lm::(;11ltft(;1ft'l [42, 43] t!UL'tl'l ;'1\-1ft'l91nn11Yl'tlnL~'tl1"i1~'l!i1 

Fl,)1~ LL;i\l LLN ~'tl LLN ~'1'11'tl'l m::mlt~ t.J~ Ul91 n r;lU~ 1') LVi (;1~ufi~ 1') LVi (;1~ 1') L \-li1m LLft ::~ufi • • ... 
~1')LVi(;1L~rJ'I~Ulift(;1ft'lU1::~1ru.¥'tlrJft:: 22.81 LLft:: 18.43 m~~1~U 
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, " 
~1 ~'lli1~'l1l-J LL~-l LLNl'i'tl LLN~-l'1J'il-lm:::m1tV1 c.J~11l"'l1 n ~Uif1'l L Vi ~r1-lMI-l~Uf 

I '" I I 

'1J'tl-l m:::~11tV1 c.J~m1 n~Uif1'l LVi ~r1-l~'tl-l~\.Atf~~1~ ~~-lVl~-l91 n~'il n LU'tl'tlfl1-l~,rtJ~1rl ru ~-l c.J~ , ~ 

~1~ dju1uL uVi f'lV11-l L~ tJ'l nu ~1 ~'lli1~'l1l-J LL~-l LLN l'i'tl LLN ~-l'1J'tl-l n ~:::~ 11t ~-l LL~ l1l-lL U111Vi~ 4-45 

~'llil~'l1l-J LL~-l LLNl'i'tl LLN~UV1:::~'1J'tl-lm:::~11t~ c.J~11l91n~uif1'l LVi~~\.A1H1'l L Vi~if1'l LVliltJ'l LL~::: , , 
" ~Ufiif1'l LVil1lL~tJ-l~l1ltf~11l~-lU~:::l-J1ru1'tltJ~::: 26.93 LL~::: 15.01 l1l1l-J~1~U , 

" , 
if1'l LVi 11lr1-l ~'tl-l~UfiVl~-l"'l1n n1~~'tl n LU'tl ~'ltJ~1 ~~:::~1tJ1t1Ll1ln 9\.ALU'tl f'tl'tl n 1 'll~ ~'l1l-J Lifl-JifU1'tltJ , 

", , 
~::: 3 '1J'tl-lt11Vl,rnLU'tlLL~-l ~-lLL~11l-lLU111ViV14-47 9:::L~U~1 ~1~'llil~'l1l-JLLii-lLLNl'i'tlLLN~n'1J'tl-l 

m:::~11t~ c.J~11l91 n~Uif1'l LVil1l~-l~'il-l~Ufi ~~1 L~l-J~UVl~-l91 n~'tl nL~'tl LtlUc.J~l-J191 nL~ULtJ~ , 
", " 

~n1tru::: L~-l-l'tl LL~ :::,xn-l'tll-J1n~UVl~-l"'l1 n n1~~'tl n LU'tl vi1L ~ L~ULtJ~ ~'l1l-JU ~Vl~U~-l~U LtlUc.J~ L ~ 
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1"l,)1l-J~1l-J1nllun1rfu LLN~n L~l-J~U ~nvY-l~u~lun1rfu LLN~n'lJ1 t'l'lJ'tN L~u'luluLd'tlm~t'l1l!t 
l-J1n~U ~-l~U ~-l~'tl-lHLLN~n~~-lL~'tlvhl,xm~t'l1l!t'lJ1t'l'tl'tln Ltlu~rll,xrh~"1IUI"l,)1l-JLL~-lLLN[;]'tl 

, " , 
LLN~n'1J'tl-lm~t'l1l!tLYil-J~U1.rUL'tl-l [42, 43] 

15%W 25%F 

• riaurlamOD 
_ l1A-.Jrhlm£'o 

, " 
,",1~"1IUI"l,)1l-J LL~-l LLN[;]'tl LLN~Ul'l~rl'1J'tl-l m~t'l1l!tVl ~ft(;l~1 n ~Uif1,) L 'Vl m1-l~'tl-l~Ufi • • 
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• riDurlDmOD 

• VI~"l'~DmOD 

1l1VioV1 4-4 7 ~rl'lJ'tl-ln1ryJ'tl nL~'tlJf,)u~1rrl~rl1u1!1Lt'ln~uLtl'tlf'tl'tl n 1"11 ~~iJ[;]'tl 

,",1~"1IUI"l,)1l-J LL~-l LLN[;]'tl LLN~n'1J'tl-lm~t'l1l!t~ ~ft(;l~1n ~Uif1,) L 'Vl t'lvY-l~'tl-l~ufi • 
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., "" 
if1'l LYH')"'-l~tJ-ll1'Wfi1!1lm::vh mn1.ntlu LY1t1UnU~l-JU~'lltJ\I n ~::!1l1~Y1 ~~ IW~1 n ~'Wif1'l L 'Vi!1l"'\I~tJ\I • 
l1'Wf ntJ'WLLft::~ft\l m ~~tJ m~tJ ~'l tI ~ 1~ft::~=ntlLtlL!1ljL~'WLUtJ ftJtJ n Lon !1lrtJtlft:: 3 L~tJ1l1 ~ ft m ~ 
'Vl!1lfttJ\ll-J1';jLf"ln::lX'Vl1\1~n~ L!1ltlH Two-way ANOVA ~~::~Uf"l'l1l-JL~tJ,r'WrtJtlft:: 95 ~\lLL~!1l\l 

1 ...I .. I •• 1'" Qj ""- ...I... nI I 

'Wunn-l'Vl 4-10 ~::m'W'l1 m~ntJnLtltJ (A) l-J~ftUltJ~l-JUUl'1JtJ\lm::!1l1~'Vl~ftUl~1n''''l'WUl1\11 'lltJ\I 
II I. I 

~'Wif1'l L'Vi!1l"'\I~tJ\ll1'Wfmh\l;:Jt!tI~1,", ry'Vl1-l~n~ Y1~::~um1l-JL~tJ,r'WrtJtlft:: 95 (P-value :s 0.05) 

;\I~l-J1Jvi ~\I n ~1'l L~ LLn f"l'l1 l-J'll1'l ~~1\1 LLft::,"l1 ~onUf"l'l1l-J LLii\l LLN(;]tJ LLN~'W'Vl::ft'lltJ\I n ~::!1l1~ LLft:: • 
." ... I. I ..J~ " ~ 1 ...I .. 
Ll-JtJ'Vi~1nU1f"l1 F f"l1'W'lru (F cal) LLft::f"l1 F 'Vl L!1l~1nUl1n-l (F crit) !1l\l LL~!1l-l 'Wunn\l'Vl 4-1 0 ~::m'W 

~1 ~ft'1JtJ\lm~~tJm~tJ (A) ;:J ~ft(;]tJ f"l'l1l-J'1J1'l~~1-l LLft::rh ~'llUf"l'l1l-J LLii\l LLN (;]tJ LLN ~'W'Vl::ft'1JtJ\I , 

~1~fum~';j Lf"ln::lX~ft'1JtJ\I~'Wf~'Wif1'l L'Vi!1l (8) ~~-l~ft(;]tJ~l-JU~(;]1-l1 '1JtJ\lm::!1l1~ L!1ltl 

H Two-way ANOVA ~\lLL~!1l-l1'Wunn\l~ 4-10 'ViU~1l1'Wfi~'Wif1'lL'Vi!1l (8) ;:J~ft(;]tJ~l-J1Jvi'1JtJ\I • 
I ., 

m::!1l1~Y1 ~~Ul~1 n ~'Wif1'l L 'Vi !1l"'\I~tJ\ll1'Wfi L~ LLn f"l'l1l-J'1J1'l~~1\1 LLft::~ 1 ~'1lUf"l'l1l-J LLii\l LLN(;]tJ • 
.... I q .... 0 _ "'::'4..J &.0' ~ ~.., 

LLN!1l'W'Vl::~'1JtJ\lm::!1l1~tJtI1\1l-J'WtI~1f"ln.!'Vl1\1~nUl 'Vl~::!1lUf"l'l1l-JL'1ltJl-J'W~tJtlft:: 95 (P-value :s 
." ... I. I ..J~ " ~ 1 ...I 

0.05) LLft::Ll-JtJVi~1~ru1f"l1 F f"l1'W'lru (Fcal ) LLft::f"l1 F 'Vl b!1l~1nunn-l (Fcrit) !1l-lLL~!1l-l 'Wunn-l'Vl 4-

1 0 ~::L~'W~1 l1'Wfi~'Wif1'l LVi!1l (8) ;:J~ft(;]tJf"l'l1l-J'1J1'l~~1-l LLft::~1~'1lUf"l'l1l-J LLii-l LLN(;]tJ LLN~'W'Vl::ft • • 

~1 n ~ft m ~~tJ nL~tJ ~'ltl ~1 ~ft::ft1t1LtlL!1l n ~'WLUtJ ftJtJ n Lon !1lrtJ tift:: 3 ~;:J (;]tJ ~l-JU~ (;]1\11 '1JtJ\I 

." "'..r:! Qj ~ ..-." ...I ... "" 'i' :::, 
LtltJ LLft::m::!1l1~ Ll-JtJ'Vl1mnu~tlU L'VltlU nmll-JUUl'1JtJ\I LtltJ LLft::m::!1l1~'Vl ~ftUl~1nUl'W'll1'l L'Vi!1l'Vl-l 

~tJ\ll1'Wfi~ 6\1 11.J ~ 1 'Wm ~~tJ n L~tJ vi 11,x'Vl nu~ 1 ~ 1 ~ft::ft 1t1LtI L!1l n ~'W LUtJ ftJ tJ n Lon ~ ~ 1 l-J 1~n L if 1vi1 • 

II I I " I 

l1'Wfif1'l L'Vi !1lif1'l L~Utl'l LLft ::l1'Wfif1'l LVi!1l L~tI\I~Ulrf ;:J f"l'l1l-J'1J1'l~~ 1\1 '1J tJ\I m::!1l1~Y1 LYll-J~-l~'WLi~tJ 
Qj ~ I ...11 I I •• 1'" • I " 
L'VltlUnUf"l'l1l-J'll1'l~'l 1\1'1JtJ\lm::!1l1~'Vl l-J ~1'Wm1ntJ nLtltJu~::l-J1 ru~tJtlft:: 12.13 LLft:: 9.06 

Ul1l-J ~ 1 ~u 1 'W'll ru:: L~ tI'l n'W~ 1 ~ft ::ft1 tlLtlL!1l n ~'WLUtJ ftJtJ n Lon ~ri n ft uvi 11,x n ~::!1l1~;:J ~ 1 ~'1lUf"l'l1 l-J 
., 

LLii\lLLN(;]tJLLN~-l'1JtJ-lm::!1l1~ft!1lft\l u~::l-J1rurtJtlft:: 22 .81 LLft:: 18.43 Ul1l-J~1~U ~n"'\l6\1 

~\I~ft 1,x~1~onUf"l'l1l-J LLii\l LLN(;]tJ LLN~'W'Vl::ftft!1lft\lU~::l-J1rurtJtlft:: 26.93 LLft:: 15.01 unl-J~1~U • 
~\lti'W l'Wm~~ n~1~1~ !1l~'l'W~::~~1\1 L~tJ~L~~1n~'Wif1'l L'Vi !1l(;]tJ L~tJ'Vl1\1 m ~f.f 1~ L ~l-J1::~l-Jl 'Wm ~ 



122 

~ft(;lm~~n'l!t L~'tll,x~l-JU~~1'WfI'J1l-JLLii'lLLN'lJ'tl'lm~~1'1!t~~1'Wi'W(;l'tl'W(;]'tl1tJ (n1tYl~fl'tl'l(;l'tl'W~ 
4) ~'U;'ilnv1'"1::hi'Vhn1'i~'iI n L~'iI ;';l!l~1'ii~::~n!l1;rL~'iL'"I'I.IL tJ'iI;'iI'iI n 1'l1 c;l 

~l-JU~(;]1'11 'lJ'tl'l 

m~~1'1!t 

1. f1'J1l-J'I-I'W1 

2. f1'J1l-J'I-I'W1LLll'W 

3. m1l-J'lJ1'J~i1'1 
~ 

4. f1'J1l-JYlULL~'1 

P-value 

0.479471 

0.5 

A B 

Fcal Fcrit 
P-value F 

cal Fcrit 

1.137778 161.4476 0.545369 0.751111 161.4476 

161.4476 0.545956 0.738997 161.4476 

0.006357* 10028.59 161.4476 0.043199* 216.5102 161.4476 

0.154195 16.38322 161.4476 0.080111 62.48526 161.4476 

.. , ~ 

LL'lJ'ILLN(;l'tlLLN~'1 0.10959 33.08127 161.4476 0.33815 2.897219 161.4476 

, "' ... 
6. m~'1!'WfI'J1l-J 

LLii'l LLN(;]'tl 

LLN~'WYI~fl • 
, "' ... 

7. f11WD'WfI'J1l-J 

LLii'lLLN(;]'tlLLN 

* 

0.042379* 225 161.4476 0.021798* 852.2633 161.4476 

0.188013 10.80447 161.4476 0.489308 1.069605 161.4476 

.. ..1 ..I, ~ •. 1 ..I 
~tl eJfl1Jtl'ln11-ntlnLtJtl (ntllJLLfl:::"'fl'ln11-ntlnLtJtl) 

~tl eJfl1Jtl'l~lJjr;rl'1 t ~ ~ (~lJfi;rI'1 t ~~;rI'1 L ",ilm LLfl:::~lJlr;h'l t ~ ~ L~tJ'l~ (;]'5) .. . 
.. ............... .J ....... !", < 
~tl l.JlJtJ~l~ru'Vl1:::~tJ~'11l.JL'lItll.JlJ1tltJfl::: 95 (P·value _ 0.05) 
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~ .... .J ".J,,~ ~ ~ ~I .J-'1".J 
U1tn.mLtI'flLL~-l L'r'i'fl~"JI LUn1~tJft[;1m:;"l1~ r.nnUUYWI~'fltJ"UJtJ[;1m-l1 'lJ'fl-lm:;C;)1~YltJft[;1 Lc;) L'r'i'fl 

~ n~1~1 L~'fl~ tJft [;1'"l1 n ~u;h'l L'r'i C;)~-l~'fl-l~Utf,ru iJ rl'l 12-J~12-J1 ~n L um nJ ftJUN~2-Jllii'lJ'fl-l • • 
I I I " 

n~:;C;)1~VltJft[;1'"l1 n LU'flYl1-ln1~A' 11~~1'fl hl on-ll~ tJft n1~Ylc;)ft'fl-l~-l ~'flluu 

.,J.,J .,J.,. 
'"l1n[;11n-lYl 4-11 LLft:;1l1'r'iYl 4-48 (n)-('lJ) LL~C;)-lrl'l12-J~U1'lJ'fl-lm:;c;)1~Yl2-Jm~ 

UftJUN~2-Jllii~'ltlL~'fl~tJft[;1r,nn~uif1'lL'r'iC;)~-l~'fl-l~U1fLc;)tI'"l:;'r'itJ~1 ~1~ftJm:;C;)1~~tJft[;1'"l1n • • 
J 'I ;;.,J.,. .I~.I --'i' " J.,J.. "" 'i' ::. ~ .. J 

LtI'fl Ltl nUYl2-J m~LJ ~tJ LJ N ~2-JtJ [;1 Lc;) tI m ~Yl c;) LL YlUC;)'l tlLti 'flYl tJft [;191 n [;1 U'lJ 1 'l L 'r'i C;)Yl-l~'fl-l'r'i Un L2-J'fl • • 
I I I I " 

~91 nnVl'ri' [;1nfl'lULUn1~Yl c;) LLYlULU'flYl1-l n1 ~A'1Vl L~2-J~U 9:;'r'itJ~1 m:;C;)1~iJrl'l12-J~U1ft c;)ft-lLU 

~ nI J.,. ~ .,J~ ,~" "J .,J .. "" 'i' 
Yl n'fl [;1 n '(j'lU L2-J'flL YltltJ ntJ m:;m~Yl L2-J Lc;)Yl c;) LL Yl UC;)'l t1LtI'flYl tJ ft [;19 1 n [;1U'lJ 1'l L'r'i c;) (m:;c;) 1~ • 

.J I~.J J' v ..... '1'" J' 
rl'ltJrl2-J) Yl LUUL"JIUU'el19 LWtl-l91n L~ULtiLULU'fl m:;C;)1~~12-J1~ntltJ[;1'l LLft:;LLUtJ"JIc;) nu LC;)2-J1n'lJU • • , ~ 

LUUtJftL'LXrl'l12-J~U1'lJ'fl-lm:;C;)1~ftc;)ft-l Ll~'flih-lhrim2-JVl'ri'[;ld1fl'lU1'fltlft:; 100 : 0 'lJ'fl-lu,1m!n 
I I II ... I 

LU'flLL'LX-l rl'l12-J~U1'lJ'fl-lm:;C;)1~:;iJ~1L~2-J~U91n'ri'[;ld1fl'lU1'fltlft:; 75 : 25 'lJ'fl-lu'1~,rnLU'flLL'LX-l 
'i' " ~,,~ 'I'" .,J .,. "J .,J .. "" 'i' ~ .. " 'i' 
Lc;)tl9:;L~U Lc;)"JI c;) Lumru'lJ'fl-lm:;C;)1~Yl2-Jn1~YlC;) LLYlUC;)'lti LtI'flYl tJft[;191 n [;1U'lJ1'l ~'r'ic;)'r'iUfi'lJ1'l L'r'i c;) • 

"" I "I 

if1'l L ~UtI') vl-lU'el19 LU'fl-l2-J191n L~ULtiL UL U'fl n ~:;C;)1~Vl tJft [;1'"l 1 n ~Uif1'l L'r'i c;)~ufiif1'l L'r'i c;)if1'l • 

LLft:;Ld'fl LmtltJ LVltltJ~ufi'lJ'fl-l ~Uif1'l L 'r'i c;)~iJ tJft ~'fl rl'l12-J~U1'lJ'fl-l m:;c;) 1~~ tJft[;1 • 
I "I I I 

91 n LU'flLti ~uVliJm ~Ylc;) LLYlU~'lti LU'flVl tJft [;191 n ~Uif1'l L 'r'i c;)~ufiif1'l L'r'i C;);]1'l L ~UtI'l LLft:;~ufi • • ., ., , 
if1'l L 'r'iC;) L~tI-l~[;1rf,rU9:;'r'itJ~1 rl'l12-J~U1'lJ'fl\l m:;C;)1~iJ ~1Vll~ LL[;1 n ~1-l nU'fliJ1\liJ,rtl~11"l n.! LU 

., , 
'ri'[;1nfl'lU1'fltlft:; 0:100,25:75,50:50 LLft:; 75:25 'lJ'fl\lu'1~,rnLU'flLL'LX\l LL~iJrl'l12-JLL[;1n~1\l'fliJ1\l 
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...... ..J ... do " 1;' ... .J ".J '1'" ..J _ .J 'I ..J 
l-JtU.lYl'tl(;1n6i'l\Js'tltl~~ 100:0 'lJ'tl'lUl1.rWnLtI'tl Lm'l 'l!'l ~umru'lJ'tl'lm~V111!tYlt.J~(;191nLtI'tl LtltI1'lYl 

iJmrYl V1 LL YlU~'lti L~'tl~ t.J~ (;191 n c;luil 1'l L yj V1~Ufiill'l L yj V1i11'l L VlUtl'l LL~~~Ufiill'l L yjV1 L~tI'l~(;11ri • • 

... ..J... • I'" • I ~ " .J..J - "" 'i' ..... 
6l1~1~'VI 4-11 1"l'l1l-JVlUl'lJ'tl'lm~V111!tYll-JmrurUuNt'll-JU(;1V1'ltILtI'tlYlt.J~(;191n(;1U'lJ1'l LyjV1yjUfi • • 

" 
i11'l L yj V1i11'l L VlUtl'l LL~~~Ufiill'l L yjV1 Lfttl'l~ (;11 • 

'ii'1I1'i1~1'U'i~wh:J ';11L~61.w'Ufi';11L~61';11L'VIij!l1 
• 

~ .. .. " 
L!I'!l'V1tJillI1~1nll1'U LiliI"L!lI'U LiliI"L!l!l11 

-n11t'Vf!ll9i'!lL;'!l 

0 : 100 

25 : 75 

50 : 50 

75 : 25 

100 : 0 

0.116 ± 0.037 

0.092 ± 0.004 

0.090 ± 0.001 

0.085 ± 0.002 

0.113 ± 0.036 

0.092 ± 0.001 

0.090 ± 0.001 

0.088 ± 0.001 

0.085 ± 0.002 

0.113 ± 0.036 

0.14 ,------------- 0.14 

0.116 ± 0.037 

0.098 ± 0.002 

0.091 ± 0.001 

0.089 ± 0.001 

0.091 ± 0.001 

;lI 0.12 ··---
(" 

CO 

0.092 ± 0.093 

0.090 ± 0.001 

0.089 ± 0.001 

0.090 ± 0.002 

0.091 ± 0.001 

~ O.l2~_ L 
~ ..... 0.1 ........ __ __ 
r r ..... ....;..;::...-. ............ -::...!I-..... £ - - • 
~ ~ 0.08 -.or 

~ ..... 01. 
~ ~ 0.08 • ---r--'" • 

Q ~ 

~ 1i 0.06 
:S.;; 
~..., 0.04 f-------------

~ 0.02 f--------------

0 '-------------

o 20 60 80 100 

iii !i 
P.a 
(" " 0.06 
;I.;; 
S"" 0.04 
(" ,. 
a: 0.02 

o 
o 20 40 60 80 100 

-+-Waxy corn : HW -. Field corn : HW -+-Waxycorn : SW -. Field corn : SW 

... ..J... .1 ... . 1 ~".J..J - "" 'i' ..... 
1l1~'VI 4-48 l"l'lll-JVlUl'lJ'tl'l m~V111!tYll-Jmruruu Nt'll-JU (;1V1'ltl LtI'tlYl t.J~ (;191 n(;1U'lJl'l Lyj V1yjUfi • • 

" 
ifl'lLyjV1ifl'lLVlUtl'l (waxy corn) LL~~~ufifl'lLyjV1Lfttl'l~(;11 (field corn) lU'tJml~'lU~1'l1 
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I I '" I 

mnJfutlN~)JU--m~'lmUtlVl ~~[;191n~t.A;r1'l LVi ~l1-.l~'fl-.ll1t.Afi ViU~1 ~1~fu m:::~11iVl~~[;191 n • • 
I "I I I "I 

Lutllu ~t.AVlil m Ttl futl N ~)JU--mL~U n1 TVl ~ LL Vlt.A~ 'l U LU tlVl ~ ~ [;19 1 n ~t.A;r1 'l LVi ~11-.l ~tl-.ll1t.Afi L~tl • • 
~91 ru1~'iJ [;1n~'lt.Al t.AmTVl ~ LL Vlt.A~'lm~'fl~ ~~[;191 n~t.A;r1'l L Vi ~ L~)J~t.A 9 :::ViU~1 f1'l1)J~t.A1 LL Ut.A 

"" 0 ..: J' 1 ... do ..I "" ... ."1..1 .,J 
'lI'fl-.l m:::~11i)J f11 LVi)J'lIt.A t.AYJ n1 'fl [;1 n'C'l'lt.A L)J'fl LVlUU nu m:::~11if1'lU '"))J 'fl19 Lut.A~~)J191nLU'flVl 

" ~~ [;191 n~t.A;r1'l LVi ~ L;r 1 ttl'fl ~-rl'fl-.l~ 1-.l T:::~~1-.l ~1'fl L;r1 ttl LL VlTm:::~~ 1-.l L~t.A1Ult.AL U'fl m:::~11i t~~ • 
J' I I Lot c:r .J.... ,.J. .... ~ .... J 1.1 I 

'lIt.A LL[;1'flU1-.l LTn [;(1)JVl'fl[;1n'C'l'lt.AT'flU~::: 100 : 0 'lI'fl-.lt.A1~t.AnLU'fl LL ~-.l f1'l1)J~t.A1 LL t.At.A'lI'fl-.l m:::~11i 

"" 0 ... do ... :: .....1 ....,J!"l ..J J' ..I 
9:::)Jf11~~~-.l91n'fl[;1n'C'l'lt.AT'flU~::: 75 : 25 'lI'fl-.lt.A1~t.AnLU'flLm-.l VlLut.AL-lJt.At.A'fl19Lt.A'fl-.l)J191nmT 

LLt.AUI11'l'll'fl-.l L~t.A1Ult.ALd'fl m:::~11iVi11~lJ~un L~'fl LVlUUrlUtl[;1n~'lt.A~t.A1 Vi11~f1'l1)J~t.A1 LLUt.A 

.,J... do ... :: ... ..1 ... "" 0 Ii' OJ ~ ...... 1 "" 
'lItl-.lm:::~11iVltl[;1n'C'l'lt.AT'flU~::: 100 : 0 'lI'fl-.lt.A1~t.AnLU'fl Lm-.l )Jf11~~~-.l L~U9:::L~t.A L~"lI~ t.Amru 

.F.! ""... .,J"" .....1 .,J .. ... ... Ii' ........ Ii' J' x .. .,J 
LuTUU L VlUU num:::~11iV1.)Jn1TVl ~ LLVlt.A~'lU LU'flVl ~~ [;191 n[;1t.A'lI1'l LVi ~ViWj'll1'l LVi ~ L~U-.l'Ci [;1'lVl • 

" 0 " 

'iJ[;1n~'lt.Ar'flU~::: 100 : 0 'lI'fl-.lU.1~UnLU'fl LL~-.lUt.A f1'l1)J~t.A1 LLUt.A'lI'fl-.lm:::~11illJilf1'l1)JLL[;1nui1-.l 

rlt.A)J1 nun LL~:::~1~funnll'll'fl-.lm:::~11i~ ~~[;191 n L~'fllum'l~ilmTVl ~ LLVlt.A~'lU L~tl~~~ [;191n 

" 0 0 

~t.A;r1'l L Vi ~l1-.l~'fl-.ll1t.Afi iiil LL t.A'l L U)J L-rlt.AL~m rlt.ArlU f1'l1)J~t.A1 LLUt.A'lI'fl-.l m:::~ 11iVl ~ ~ [;191 n LU'fllu • 
" I I I " 

~t.AVlil n1TVl~ LL Vlt.A~'lU L~'flVl ~~[;191 n~t.A;r1'l L Vi~l1-.l~'fl-.ll1t.Afi • 

I I II I I 

Vl~ LLVlt.A~'lmU'flVl~~[;191n~t.A;r1'l LVi~11-.l~'fl-.ll1t.Afi1t.A'iJ[;1n~'lt.AVl LVl1rlt.A 9:::ViU~1 m:::~11iVl ~~[;1 • 
..I 1 ;, ..I 1 .,J"" .1 .... 1 ~Ii' ... ..I.,J.. ...... Ii' 

91nLU'fl U'Cit.ALL~:::LU'fl UU1'lVl)JmTlJTUuN~)JU[;1 L~umTVl~ LLVlt.A~'lmU'flVl ~~[;191n[;1t.A'lI1'l LVi~ • 
o " 

l1t.A{;r1'l L Vi ~;r1'l muu'l9:::1 ~rhVl~-.l n~1l1t.A{;r1'l L Vi~ L~U-.l~ [;1r)Lft nu'flu 



i'91"i1~'nJ"i::wh~ ';11LV.(;l~ufi';11LVi(;l';1'JL,..ij!l1 
• ... .. ... ., 

~!ilVi ~fi 91'"11 n 91U L~'iI l!liu L~'iI l!l!l11 

-D111v. '" l'iil ~!1il 

:II 
r'"' G l-
II IE 
I- ;; 

~ 'C 
GIll: 
PGI 
;! ;I 

]~ 
rlil 
;:I 'G 
:s ;; 
;;wo 
rC ,. ..... 
« 

0 : 100 

25 : 75 

50: 50 

75: 25 

100: 0 

0.8 

0.75 

0.7 

0.65 

0.6 

0.55 

0.5 

0 20 

0.606 ± 0.090 

0.688 ± 0.026 

0.705 ± 0.009 

0.743 ± 0.014 

0.662 ± 0.101 

40 60 80 

0.689 ± 0.009 

0.702 ± 0.005 

0.720 ± 0.006 

0.741 ± 0.017 

0.662 ± 0.101 

:II 
r'"' 
~~ 
I- ;; 
C J 

? 'C 
IillE 
tlr ,;:1 
]~ 
;: Q 

"13 :S:l ;;lW' 
rC ,. .... 
« 

100 

0.606 ± 0.090 

0.665 ± 0.011 

0.689 ± 0.010 

0.703 ± 0.007 

0.688 ± 0.010 

0.8 

0.75 

0.7 

0.65 f- -

,. I 

0.55 

0.5 I 
0 20 40 

126 

0.689 ± 0.009 

0.705 ± 0.011 

0.712 ± 0.082 

0.699 ± 0.013 

0.688 ± 0.010 

60 80 100 

~Waxvcorn : HW -. Field corn : HW ~Waxvcorn : SW -. Field corn : SW 

G! , ..I.... .lv. 1 ...-" d..J ~ "" ~ 
111ViVI 4-49 f1,)1l-J'Vl'W1 LL'W'W'1J'tl ,.md~~l1l!tvu.JmdlJnJlJNMJUI'lVl')mtl'tl'Vl c.J"HW~lnl'l'W'1Jl,) LYiVl • 

" ~'Wfifl,)LYiVlifl,)L'Vlilm (waxy corn) LLfl~~'Wfifl,)LYiVlLfttl ~ ~l'lrf (field corn) 1'W'tlI'ld1~')'W(;h~1 



127 

.J.J ,.J ... 
r.nnl1l1n'lVl 4-13 LL~:::1l1ViVl 4-50 (n)-('1J) LL~CfI'l~,)1l-J'1J1,)~,)1'l'1J'tl'lm:::(;111!tVll-J 

n1~tlfUtlN~l-JU'i~')U L~'tl~~ftI111011n~uif1,) LViCfl~ufiif1,) LVi Cflif1,) LVlum LL~:::~ufiif1,) L ViCfl L~U'l • •• 
% .. ~ ,. ~ .J _ .J 'I; .J 'I .J... • I ~ • I ~~ 
'(jI11,) LCflUIOI:::ViU')1 ~1Vl~um:::Cfl11!tVl~~m1nLU'tl LU'(jULL~:::LU'tl Lum,)Vll-Jn1~lJ~UlJN~l-JUI11 LCflU • 

" .::f.J Q "" ~ ...... ... .J Q.J...... J n1~Vl CfI LL VlUCfI ,)U LU'tlVl ~~ 1111011 n 111 U'1J 1') L Vi CflVl'l~'tl'lViUfi Ll-J'tlViIOl1 ru1Vl'tl111 n~')u1un1 ~VlCfl LLVlULU'tl • 
Vl1'ln1~Pf1~ L~l-J~U IOI:::ViU~1 ~,)1l-J'1J1,)~~1'l'1J'tl'lm:::Cfl11!tiJ ~1~CfI~'l1uVJn1 'fll11n~,)U'tl~1'l L~U 
1~-nCfl L~'tlLVlUunum:::Cfl11!t~,)U~l-J i'ldLrt'tl'l1Ol1nL~'tl~~ftm1n~uif1,)LViCflEJ'liJ~'tll-JLVlft'tl'lLL~::: • 
~ 1 ' , .. I.J 'I .J .J ...::. -:'I.J •. 1 ... ... ... ~::. 

U'l l-J~1Un1~Y1'tlnLU'tl LU'1Jru:::VlLU'tlVl1'ln1~mVl'l 2 'llUCfI LlJULU'tlY1'tlnL~UU~'tlmL~,) CfI'lUU 

m:::Cfl11!tL~'tlVl1'ln1~A'1ft')U19'lLUUm:::Cfl11!t~iJ~,)1l-J'1J1,)~~1'l~'l 

0-

LftU'l~l11rfL~m!'tlU 

... , .J... . lv . 1 ...- ... .J.J - ...... ~ 
(;1111.:Jt1 4-13 ~,)1l-J'1J1,)~,)1'l'1J'tl'lm:::Cfl11!tVll-Jn1~lJ~UlJN~l-JUI11Cf1')mU'tlVl~~1111011nI11U'lJ1,) LViCfl • 

0-

~ufiif1,) LVi Cflif1,) mum LL~:::~ufiif1,) L ViCfl LftU'l~ I11rf • • 

i'r;t'i1~1'U'i::",'h~ ,j11L~(;1.w'Ufi,j11L~(;1,j11~~U!J1 "L .., 0''' L d' li 0' "1111 ~j;I~'Ufi"1l11 ~j;lL~!J.:J (;11 • • ... ... .. a-

~~'el"l.!Ji'U LiI'el"l.!J!J11 L~'el "I.!Ji'U L~'el"l.!J!J11 ~!I'!I'tHJlIr;t~1nr;t'U 

.u11tvlf;tr;i'!l~il'!l 
a-

m'ifl1 

0 : 100 83.14 ± 0.010 82.11 ± 1.250 83.14 ± 0.100 82.11 ± 1.250 

25 : 75 69.84 ± 0.075 63.27 ± 0.821 68.24 ± 1.325 61.17 ± 1.240 

50: 50 60.05 ± 0.825 55.01 ± 0.410 58.74 ± 1.875 51.89 ± 0.010 

75: 25 52.17 ± 0.010 47.44 ± 0.280 49.56 ± 0.976 44.80 ± 0.170 

100 : 0 42.54 ± 0.385 42.54 ± 0.385 40.53 ± 1.465 40.53 ± 1.465 
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~ 90 ,------------
11 
r 
IS 
II 
~ 
C 

90 .. 
80~1 ~"'-------------------~ 80~~-----------

~ 70 r--~~--------- 70 ~ 
~...... 60 f---------==~k:::_----
~a 50 f---------~~=_ ~~ 

;:I to 
., 01 

60 r--~~~~-------
-~ 50 -------1 • ...,;::~"""""'r__---

-~~ ? 01 
.~~ 40 
~.... 30 f-------------

.:::: 40 
~ ..... 30 }--------------

~ 20 ------------ ~ 20 
~ 10 ,. 10 r---------------
« 0 ------------

~ 
r 
r 
IE 0 '---------------

o 20 4) 60 80 100 o 20 40 60 80 100 

-+-Waxyeorn : HW -. fieldeorn: HW -+-Waxyeorn : SW -. fieldeorn : SW 

tl1Vi;!4-50 ~')1~'1J1')~~1~'1J'el~m'~m~~i:ln1dUfUUN~~JlJ~~')iJL~'el~CJ~Ul91n~U'ir1')LVi~ , 
" ~U{_if1')LVi~_if1')LV1UtI') (waxy corn) LLft~~U{_if1,) LVi~L~tI~~Ulr) (field corn) lu'tlm1~hu~h~1 

..J..J .. ..J 
91 nmn~Yl 4-14 LLft~Jl1ViYl 4-51 (n) - ('1J) LL~~~~,)1~YlU LL~~'1J'el~m~m~Yl 

CJ~Ul91 n L~'elYl1~ n1dA'1~i:l n1dUfUUd~~~U~L~tI n1 dYl~ LL YlU~ ')tI L~'el~ CJ~ Ul91 n ~U_if1,) L Vi~~ufi , , 
'" I I" I 

_if1,) LVi ~_if1,) mUtI') LLft~~ufi_if1,) LVi~ L~m~ Ulr) ViU~1 ~1V1fum'~~1~Vl CJ~Ul91n L~'ellt1~uVli:ln1d , 

U fuu N ~~u~iL~ tI n1 dYl ~ LL YlU~ ') tI L~ 'el ~ CJ ~ Ul91 n ~ u_if 1') LVi ~ ~ufi_if 1') LVi ~ _if 1') L V1UtI ') L~'el , , 
" , " 

'tlUlnrl')ulun1dYl~ LLYlU~1n~U ~,)1~l1U LL~~'1J'el~m'~~1~i:l LLU') LU~ LYi~~ULftnU'elti LLft~9~i:l~1 
" I I " "I I 

ft~ft~~1n~uLi:j'el'tl Ulnrl')ulun1dYl~ LLYlULYi~~U91 nt'eltlft~ 25:75 '1J'el~111V1,rnL~'el LL,x~ Vl LUU 

L-rlud'el19 Lrt'el~~1 n91 n~'tlm1rl')ut'eltl ft~ 25:75 '1J'el~J1V1,rnL~'el LL,x~ L~ult1'1JU1~ Lft n~1~91 n 

.J 1 ;. .J ..J ~ "" ~ 1 J' ~ J' 0 1 "J' ..J1 ~ 1 J' 
LtI'el tI'(iULLft~LtI'elYlCJftUl91nUlU'1J1')LVi~ ULU'elm'~~1~LVi~'1JU Yl1 V1ViUYl Un1md~L9~ LL~~ ULU'el 

m~~1~yhl~~1n~u ~1~,)1~l1ULL~~'1J'el~m'~~1~~~i:l~1L~~~U LLvln1d~~1~,)1~l1ULL~~'1J'el~ 
_d, d.... ~x '" 

m'~~1~nftU~~1ft~ft~ L~'el'elUlnrl')ulun1dYl~LLYlULVi~'1JULtlud'eltlft~ 50:50, 75:25 LLft~ 100:0 

" , 
LL~~'1J'el~L~u1t11ULU'elm'~~1~vi11~U'eltlft~ ~,)1~l1ULL~~'1J'el~m'~~1~~~ft~ft~,rUL'el~ [9, 10, 22] 

I "I I 

~~lu'tlm1rl')u 75:25 LLft~ 100:0 '1J'el~111V1,rnL~'elLL,x~ 9~i:lLLU,)LU~ft~ft~~1n~1m'~~1~~,)U~~ , 

I "I I I " 

L~'ellt1~uVli:ln1 dU fUUN~~lliiL~tI n1 dYl ~ LL YlU~ ')tI L~'elVl CJ~ Ul91 n ~U_if1,) LVi ~~Ufi_if1,) LVi ~ L~tI~ , , 
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X'- q 4 .J I '" Jd_ "''''<i'' .... .-
'(1 In') '"l:::l-J 1iI,)1l-JVlU LL~'l'lJ'tl'l n 1::: 111 1 'l!tVl ~'l n') 1 n 1 1Vll1l LL Vl'W11l ') tJ LtJ'tlVl ~ ~ 1n'"l1 n 1n'W'lJ 1') ~ 'r'l11l'r'l'W~ 

411') L'r'lI1l;r1,) L~i1tJ')'tltJ1'ljjum~1 ~ 'kJ LL~I1l'l~1 L~'tl~ ~~1n'"l1 n~'W;r1,) L'r'lI1l~'W{;r1,) L 'r'l11l L~tJ'l~ In l' 
... ~ ... ~. 1 .J 0 0 ~ 1 ~...... 0 d .!' 1 

~1l-J11nM1'l'r'l'Wfi:::LL~:::L'lJ1 LlJ'tlI1l-JJ'tl'l,)1'l1:::~,)1'l Lri'W tJ LI1l'W'tltJn'J1 L'W'tl'l'"l1 n iii') 1 l-JtJ1') 'lJ'tl'l L'(1'W tJ , 
o >-

~'ln~1 ~'lLL~I1l'l1'WIl1'r'lYl 4-23 vi11,xm1m:::L9'lLL~'lL'WLu'tlm:::11l1'l!tvhl~~ 1iI,)1l-J~ULL~'l'lJ'tl'l 

I If I I 

m:::11l1'l!tjjLL'W,)LUl-JL~l-J~'W LL~:::L~l-J~'ln~1m:::11l1'l!tVlI1l~'tlU (68.37 ± 0.650) 'tltJ1'l-DI1lL'"l'W ;'lun~ 
dI -=IX .J_ ~ I d II J q I 0 '" I 

LtJ'tl1tJtJ1,)'"l:::l-J'r'l'WVl~,) LI1ltJ1,)l-Jmn'J1 LtJ'tlLtJ~'W L'W'tl'll-J1'"l1n L~'WLtJl-J'lJ'W111ltJ1') LL~:::Lmy Vl1L~1iI1 

1iI,)1l-J~U LL~'l'lJ'tl'lm:::11l1'l!tjj 1"11 ~1 LLvl Ln'tljjm1VlI1l LLVl'WL~'tlLtJtJ1')~')tJ L~'tl~ ~~1n'"l1 n ~'W;r1,) L'r'l11l 

~ J dq '" c:..t 0 " J 0 "I 4 

'l!'l LU'WLtJ'tl Vl l-J'lJ'W111l ~'WL 'r'll-J'lJ'W Vl1L ~~ 111 ~,)'W'lJ'tl'l LtJ 'tlLtJtJ1') ~ 111 ~'l Vl1L ~1iI11i1,) 1l-JVlU LL~'l 'lJ'tl'l 

_I c!.t J_.... J ..... I JA 
m:::111 1 'l!tl-J iii 1 L'r'll-J'lJ'W LL~:::Ll-J'tl'r'l'"l1 ru1'tllnn~,)'WL'Wm1VlI1l LLVl'WVl LVl1 n'W '"l:::'r'lU,)1 n1:::11l1'l!tVl~~1n 

d L J.,. .I~.I --'i' ... d J .... ...... 'i' ~..... 'i' 
'"l1 nLtJ'tl tJtJ1,)Vll-Jm 1lJ1UlJN~l-JU In Ll1ltJ m 1Vll1l LL Vl'WI1l')tJ LtJ'tlVl ~ ~ 1n'"l1 n In 'W'lJ 1') L 'r'l11l'r'l 'Wfi'lJ1,) L'r'l11l , , 

" I I I 

LfttJ'l~ In l' '"l:::jjlil,)1l-J~U LL~'l'lJ'tl'l n1:::11l1'l!tYl~'ln~1 m1Vll1l LLVl'W~,)tJ L~'tlYl~~1n'"l1 n~'W;r1,) L'r'lI1l~'Wif 
~ , 

.; "'i1~1'\J'i::wh~ ,J,';) L 'Vi j;\~'lJfi,J',;) L 'Vi j;\,J,'n "'I'Ll!l,;) 
• ... .. .. ... 

L!l'il'Vl eJiHil~1 n (;l1J L~'ill!lj'IJ L~'ill!l!l',;) 
';11h'l (;l j;j'il L~'il 

... 
n1'ifl1 

0: 100 

25: 75 

50: 50 

75 : 25 

100: 0 

84.81 ± 0.760 

86.41 ± 0.425 

85.86 ± 1.630 

83.27 ± 0.170 

79.52 ± 0.220 

68.37 ± 0.650 

74.92 ± 0.655 

78.53 ± 1.095 

78.95 ± 0.950 

79.52 ± 0.220 

84.81 ± 0.760 

88.89 ± 0.645 

87.98 ± 0.055 

86.34 ± 0.250 

83.18 ± 0.115 

68.37 ± 0.630 

n.20±0.195 

80.85 ± 0.085 

82.79 ± 0.295 

83.18 ± 0.115 
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95 'I -----------------------

, 90 ~,--------------------
f" 
~ 85 ~--------------------~ 

~ 80 ~--~~~~.~-~-~-~-.~-~-~--.~ 
",..... I ,-:"::"::-
e~ 75 r-~~~~--------------.... .Y' 
S~ 70~~~---------------------
$..... 65 r-----------------------
~ 60 
f" ¢ 55 ~----------------------

50 ~----------------------

o 20 40 60 80 100 

-+-Waxy corn : HW -. Field corn : HW -+- Waxy corn : SW -. Field corn : SW 

111 .... ;14-51 rl'nl_JYiuLL~_.1'lJ'fl_.1m:;~11!t~i1n1nJfutl~_.1~l_JU~~'Jm~'fl~~~~~1n~U'if1'JLVi~~Ufi • • ., 
if1'JLVi~if1'JL~uU'J (waxy corn) LL~:;~u1fif1'JLVi~L~tI-.1~rWr (field corn) 'lU'tl~~1fhU~1_.11 

.,I .,I .~ ........ 
~1n~1n_.1Yl 4-15 LL~:;fl1ViYl 4-52 (n)-('lJ) LL~~_.1rl1~'J!Url'J1l_JLL'lJ_.1LLN~'flLLN~_.1 

.,I... .I~.I .,..., d.J ~ "" ~ ::. ~ .. ~ • d 
'lJ'fl_.1m:;~11!tYll_Jn1~u~UuN~l_JU~~'Jmtl'f)Yl~~ ~~1n~U'lJ1'J LVi ~Yl_.1~'fl_.1ViUfi L~tI~:;ViU'J1 Ll_J'f) • • 

I " I I " 

~~~1~'JU'lUn1~Yl~ LLYlULU'f) 'ltl~U~'JtI LU'f)Vl~~m1n~uif1'J LVi~l_J1n~u rl1~'J!Url'J1l_JLLii_.1 LLN~'fl 
.. q~.., ~ J' .Qj, I I q 

LLN~_.1'lJ'fl_.1n~:;~11!tl_JLLU'JLUl_JLVil_J~-.1'lJU LL~:;l_Jrl1~-.1m1m:;~11!tYl~~'flU (34.66 ± 5.68) 'fltl1_.1l_J 
I " I I I II 

t!tI~1rlt1J Vl LtlUL'JlUULil'f)_.1~1 n LU'f)Vl~~~~1n~uif1'J L Vi(1l;1'1~'f)_.1~u1fLif11tl LLYl~m:;~~1'1 L~U'lti . ., 
~1'fl'Jl'JtI L;'fl l_J L~U'lti LL~~:; L~ULif1 ~'J wlU vi1 'l ~ L~U'ltl~ 1l_J1 Hl~ r1'1~ufi:;rlul~l_J1 n~ULL~:; 

LLii'l LLN~U tiULL~~_.1~1 L~'f)~~~~~1n ~Uif1'J LVi (1l~_.1~'f)'I~Ufi~1l_J1~n'Jl'JtI'lun1~tlfutlN~l_JU~ • • 
.J ~ .J " lI-=' I ..., Qj a I 4 ~ J' 

'lJ'fl_.1 n ~:;(1l11!tYl ~~ ~~1 n LtI'fl 'ltl~u'l ~l_J rl1 ~'J!Url'J1l_J LL'lJ'I LLN ~'fl LL N ~'I LVi l_J'lJU'"l1 n n~:;(1l11!tYl (1l~'flU 

., 
~1 n ~Uif1'J LVi (1l;1'1~'fl'l~ufi Tii1 LLU'J Lill_J L'JlUL~tI'J rlUrlU rl1 ~'J!Url'J1l_J LLii'l LLN~'fl LLN~'I'lJ'fl'l • 

I I I I" I I 

LU'f)Vl~~ ~~1 n ~Uif1'J LVi (1l LVl1 rlU '"l:;ViU~1 m:;(1l11!tVl ~~ ~~1n LU'f) 'ttl ~ULL~:;LU'fl 'ltltl1'JVli1n1~ 
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tlf1Jtl!~~)JlliiL(;lrJ mTVl (;l LLVlU~'JrJ L~'el~ CJft IW~1 mlU;l1'J L ~ (;l~\J1fif1'J L ~ (;lif1'J L"'UrJ'JIil:;1'LXrh~~~ 
., 

n~1~ufiif1'J L ~ (;l L~rJ~~ (;ltfL~ nU'elrJ • 

j;l1~1.:JvI 4-15 rl1vl'llUrl'J1)J LL ~~ LLT~(;]'el LLN ~~'1J'el~ m:;(;l11t~j:J mTtlf1JtlN~)J1J1i ~'Jm~'el~ CJft(;l • ., 
1il1n~uif1'J L ~(;l~Ufiif1'J L ~ (;lif1'J L".Um LLft:;~ufiif1'J L ~(;l L~rJ~~(;ltf • • 

0 : 100 

25: 75 

50 : 50 

75: 25 

100 : 0 

34.66 ± 5.68 

46.93 ± 1.52 

65.92 ± 1.69 

82.42 ± 3.41 

104.28±2.11 

~ 
120 ,-------

; 100 

68.25 ± 0.63 

77.99 ± 3.04 

84.30 ± 2.10 

95.65 ± 2.28 

104.28 ± 2.11 

? 
1G> 
? 
!: 
ai is 

'13 ? 80 ~-------~~~~-- '13 
? 

!:--.. ?, 60 ~------~~~-----------

~~ 
~ ...... 40..r::~""'-=-=---------
r
CO 

I;! 20 ~--------------
~ 
'G 
.& 0 

o 25 50 75 100 

!:-- .. ?, 

'r E 
~ z 
;; ..... ,. 
r-
CO 

I;! 
~ 
'G 
r-

'CO 

120 

40 

20 

0 

, 

0 

34.64 ± 5.68 

45.25 ± 1.18 

60.00 ± 2.22 

76.09 ± 1.92 

97.87 ± 3.53 

25 50 

68.25 ± 0.63 

76.27 ± 1.64 

83.08 ± 2.69 

91 .04 ± 2.51 

97.87 ± 3.53 

75 100 

-+-WaKyeorn : HW -. Fieldeorn : HW -+- WaKY corn: SW - .. Field corn : SW 

., 
1il1n~uif1'JL~(;l~ufif1'JL~(;lif1'JL".um (waxy corn) LLft:;~ufif1'JL~(;lL~rJ~~(;ltf (field corn) 

1 U'fl m1~'hu(;]1~1 
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I I I " I 

Vl~f'l"1l'tl'l m~~I1tYHl nl1tlfmh'l ~~u"i ~'lm~'tlV1 t:J~ ~91n ~Uifl'l LYH11'0''1~'tl'l~ufi 'ViU~1 Lij'tl •• • 
I" I I " 

'tl~11~'lulun11Vl~ LLVlUL~'tllt1~u~'lti L~'tlV1t:J~mln~uifl'l L'Vi~~ln~U ~1;'l!Url'lI~LLii'l LLN[;]'tl 
, ... 

LLN;UVl~~"1I'tl'lm~~I1ti:JLLU'lLU~L~~~'1~U LLf'l~i:J~I~'1n~lm~~I1tVl~~'tlU (1.99 ± 0.18) 
, ."., 0 ., J ...., ~ 1 1 x 0 ~ ... ."x J , .,J~ ... ." 

'tltl1'1~UtI~lrl'1! 'tl19LU'fl'l~191nn11~n'l'ViUfi~'lI'tl'lLriU tI ULU'tlm~~I1tVlI L~~'lIU "lI'Irl1Vl L~~ 

LLU'l LuultlluViPlVlI'1 L~mnU~I;'l!Url'll~ LLii'lLLN[;]'tl LLN~'1'l1'tl'lm~~I1t ;'1 LL~~'11WlI'Vi~ 4-52 
o .,." .,J ... J 'I.,J." ... J.,J... ...... 'i' 

(n) LLf'l~~I~1Unm..l'll'tl'l m~~I1tVl t:Jf'l~91n LtI'tl LtltI1'lVl~ n11Vl~ LLVlU~'lti LtI'flVl t:Jf'l~91n~U"1II'l L'Vi~ 
... , 
'0''1~'tl'l~Ufi tii:J LL U'l L u~ L-rluL~tI'lnUnU~1 ;'l!Url'll~ LLii'l LLN [;]'fl LLN;UVl~f'l'll'tl'ln 1~~11tV1 t:J~ ~ • • 

~'ltlL~'tl~t:J~~91n~uifl'lL'Vi~LVhnu 9~'ViU~1 m~~I1t~t:J~~91nL~'tllt1iULLf'l~L~'tllt1t11'l~i:Jn11 
tlfUtlN ~~U"iL~tI n11Vl~ LLVlU~'lti L~'tl~t:J~~91 nUfuifl'l L 'Vi~~Ufiifl'l L 'Vi ~ifl'l L ~Utl'l9~1~~I~~'1 . ." ... 
n~l~ufiifl'l L 'Vi ~ L~tI'I~ ~rfLft nU'tltl • 

r;1111.:1~ 4-16 ~1;'l!Url'll~ LLii'l LLN[;]'tl LLN;UVl~f'l'll'tl'lm~~I1t~i:Jn11tlfutlN~~U"i~'ltlL~'tl~ • • ... 
t:J~~91 n~Uifl'l L 'Vi ~~Ufiifl'l L'Vi ~ifl'l mum LLf'l~~ufiifl'l L 'Vi ~ L~tI'I~~rf • • 

'!l91'1~1'U'::'wh~ ,j'1~ t .... r;1\1'Ufi,j'1~ t .... j;l,j'1/n\ ... U!l~ . 
• ... ... ... ... 

L!l'!l'Vl~fi91"'1n91'U L~'el"l.!lj'U L~'el"l.!I!l1~ 
,j11h'l!;lIJl'!lLi1'!l 

... 
m'fl1 

0 : 100 

25: 75 

50: 50 

75 : 25 

100: 0 

1.99±0.18 

2.86 ± 0.06 

4.06 ± 0.06 

5.20 ± 0.09 

6.90 ± 0.08 

6.00±0.17 

6.00 ± 0.09 

6.10±0.14 

6.48 ± 0.05 

6.90 ± 0.08 

1.99±0.18 

3.02 ± 0.05 

3.98 ± 0.13 

5.22 ± 0.09 

6.67 ± 0.03 

6.00 ± 0.17 

6.00 ± 0.23 

6.10±0.14 

6.40±0.15 

6.67 ± 0.03 

.. J... ...."J 1.1 .J ... '" '" ~ 1.1 '" 
\.llJ 1 tJL\.l"1 : m:;I'",;-Fl'lU f"llJ Fltl m:;~11';-Y1lJtll1lnri'l'U1:;\.l'l1\1LEltlYl~fH;],~1 nl1l'U~1'l. Y1 c;] l1Itl LEltlYl1·-1n11F11 

Lvhriu 0 : 1 00 ~tl\lJ1\.l\!nL~mL~\1 \.l1tlm:;C;]1,;-~1lJ1~Y1"'LLYI'U~'ltJL~tl~~~11I"1n~uih'lLY1'" 
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-+-Waxycorn: HW -. Fieldcorn : HW -+-Waxy corn: SW -. Field corn: SW 

~ftm')n~uif')') LYH"~Ufif')') LrH"if')'HVlilm (waxy corn) LLft~~ufif')') LVi'" L~rJ~~(;lrf (field corn) 

lu'tl(;ln~')uj;h~1 

" un~ LLft')~')')~ LLii~ LLN(;]'e) LLN~n'lI'e)~m:;"'')1=t ~u'e)~rllJ ~')')~m') ~,),)~LLii~ LLN 

LLft~mj~1,)~~Ufi:;'1J'e)~ L~ulrJ L"'rJtr94'rJ~f'l'e)uif')~il~ft~')n~~'" ~'e) ~,),)~LLii~ LLN'lI'e)~L~ulrJ ;~ • 
.J .J , 0 ~ .J .. .J 1 ~ .J"" 

9')n(;l')n~Vl 4-17 LLft:;Il')ViVl 4-54 (n)-('lI) VilJ,),) fl,)VljlJm~"'')1=tVl~ft(;l9,)nLrJ'e) rJ'~UVl~mj 

UflJUNfl~lJ~L"'rJmjVl '" LL VlU~,)rJ L~'e)~ ~ft (;l9,) n ~uif')') L Vi ",~ufiif')') LVi ",if')') LVlilrJ,) LLft~~ufi • •• 
", " 

if')') L Vi'" L~rJ~ ~(;lrf Lij'e)'tl (;l n~')ulumjVl '" LLVlU~,) n~u 'f'l') vl'llil~')')~ LL ii~ LLN(;]'e) LLN~n'll'il~ 

m~"'')1=tilLLU,)Lir~L~~~~~U LLft~ilf'l')~~n~')m~"'')1=tVl'''fl'illJ (2.20 ± 0.05) 'il£h~ilurJ~')rrqJ 
, "" 

UULLfl"'~~') f'l') vl'llil~')')~ LL ii~ LLN (;]'e) LLN~n'll'e)~m~"'')1=t lun nllil~u'e)~ rllJ ~')')~ LL ii~ LLN LLft~mj 

., ~ ~11.t , ~1 ~1.J .. ., 
M,)~ViUfi~'1J'e)~L'~U rJ ULU'e)m:;"'')1=t~')nWl')~')')~m,)'1J'il~L ... U rJ LVin~L'~U rJVl~ft(;l9')n(;lU 

... I I" I 

if')') LVi "';1~fl'il~~ufiil~')')~m')V11nft L~rJ~Vlr'e) L'rh rlUrllJ L~'e) lrJ~u LLft~Lij'e)~9,) mn f'l') vl'llil~')')~ • 
LLii~ LLN(;]'il~n~'tl(;ln~')ulumjVl'" LLVlULVlIrlU 9~VilJ~,) m~m1=t~ ~ft(;l9,)nL~'illm~~'u~ilmj 

UflJUNfl~lJ~LvmmjVl '" LLVlU~,)rJ L~'e)~~ft(;l9,) n ~uif')') L Vi "'~wHh') L Vi ",if')') LVlilrJ,) LLft~~ufi • •• 
" " , 

if,),)LVi"'L~rJ~~(;l')1u'tl(;ln~,)U1'e)rJft~ 0:100,25:75, 50:50 LLft~ 75:25 '1J'e)~U,)VlUnL~'e)LLlX'I ilf'l,) 
, " , 

hhL(;ln(;],)~rlu'e)~')~ilurJ~')rrqJ LL(;]9~ilf'l,) LL(;ln(;],)~rluV1'tl(;lj,)~,)U1'e)rJft~ 1 00:0 '1J'e)'1U,)VlUnL~'e) 
., 'i' .J"" .,.J .J .. .,., 'i' ., "" "" ,.J , 

LL Vl ~ ~ '" rJ n j ~ '" ') 1=tVl ~ n ') jVl '" LL Vl U '" ') rJ L rJ 'e) Vl ~ ft (;l9 ') n (;l U'll ') ') ~ Vi '" 'lI ') ') L Vl U rJ ') 9 ~ ~ ~ ') Vl ~ ~ n ') ') 

m~"'')1=t~ ~ft(;l9,) n~uif')') L Vi ",~ufiif')') L Vi'" L~rJ~~(;l')1lJ~') nun • 
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~ l~fu m:::C;l1li~ tJ~ (;191 n L~'El1t1m'l~ iJn1 ~tJfU1..h'H'l~~Lc;}t1 n1 ~YlC;) LL YlU~'lti , 

YlC;} LLYlU~l n~u I"il~'lIUrl'll~ LL-n'l LLN(;\'El LLN~n'IJ'El'lm:;C;}lliiJ LLU'l LU~'ClC;}~N LL'Cl:;iJl"il'ClC;}'Cl'lnr)l 

m:;C;}lliYlC;}~'ElU (7.22 ± 0.25) 'ElUl'1iJUtl~lrl'lJ ~'1LL~C;}'11umn'l~ 4-17 LL~:;1l1Vi~ 4-54 ('II) 

~ .,J~ ",!... Ii'''.,J , .,J 1.,J .,J!"I .J '!.'"I 
'lI'I tJ'ClYl Lc;}U~ LLU'l LU~Yl LL(;In(;ll'191ntJ'Cln1~Yl C;}'Cl'El'lYl LL~C;}'1 U1l1ViYl 4-54 (n) Yl LlJULlJUULlJUtJ'Cl 

~19 1 n 1 uLil'El m:;c;}lliiJ L~ult1'IJUl c;}iul um~l ruL ~ ~~1 n~u ~'1 tJ'Cll~ fi 1 ~'lIUrl'll~ LL-n'l LLN (;\'El 

... ..., ~ Ii'.1 "" .,J "" ~ 1 ... o:J 

LLN'Un'Il'El'lm:;C;}lli~ rll'Cl C;}'Cl'l L~'Eltl1 LL'Cl:; Lc;}t1lJn (;I m:;c;) lliYl tJ'Cl(;l91 n LtI'El t1m'l9:;~rl'l1~ LL'IJ'I LLN 

I .J ~ J " J J qJ' J ,,_ ~ " I 

~1 nn'll n~:;C;}lliYl tJ'Cl(;l91 n LtI'Ellt1~u LU'El'l91 n L~ult1Ylm'l9:;~ViuYllun1~Ml'1ViUfi:; Lc;}~l nn'll 

L~Ult1~iU [9, 22, 44] ~'1~Un1~~l"il~'lIUrl'll~LL-n'lLLN(;\'ElLLN~n'IJ'El'lm:;C;}lli'ClC;}'Cl'l Ld'El~(;In~'lU 
I I I " " I 

1 Un1~Yl c;} LLYlU~'lti L~'ElVl tJ~(;I91 n~u-nl'l LVi c;} L Yl~~u LUUtJ'Cl~191 n 1 udl'El m:;c;}lliiJ L~ult1VliJ 

'IJUlc;}m'l'ClC;}'Cl'l LL'Cl:;Ld'ElYl91~rull"il~'lIUrl'l1~LL-n'lLLN(;\'El~n~~(;In~'lulun1~YlC;}LLYlULVhnu 9:; 

ViUr)l m:;C;}lli~ tJ~(;I91 n L~'Ellt1m'l~ iJn1 ~tJfUtJN~~~Lc;}t1 n1~Yl c;} LL YlU~'lti L~'El~ tJ~(;I91 n ~U , 
" 

-nl'l L Vic;}~ufiifl'l L Vic;}ifl'l mutl'l LL'Cl:::~ufiifl'l LVi c;} Lfttl'l~ m1u~ (;In~'lu~'Eltl'Cl:; 0: 1 00, 25:75, , , 

50:50 LL'Cl:; 75:25 'IJ'El'l~l~Um~'ElLL~'1 iJl"ilhlLL(;In(;\l'1nU'Eltil'1iJUtl~lrlC1J LL(;\9:;iJl"ilLL(;In(;\1'1nU 

.,J... nl " 1;' ... d "Ii' .,J... " d.,J.. " 
Yl'El(;ln·(j'lU~'atl'Cl:; 1 00:0 'IJ'El'lUl~Umtl'a Lm'l Lc;)t1m:;C;}lliYl~n1~YlC;} LLYlUC;}'ltILtI'ElYltJ'Cl(;l91n(;lU 

ifl'l LVic;}ifl'l L~Utl'l9:;iJl"il~~'1 nr)lm:;C;}lli~ tJ~(;I91n~u-nl'l LVic;}~U{-nl'l LVic;} L~t1'1~(;I'lllJ~ln 
un 

J;l1'i1~vI 4-17 fil~'lIUrl'll~ LL-n'l LLN(;\'a LLN~n'IJ'El'l n~:::C;}lli~iJ n1~tJ fUtJN~~~~'ltIL~'a~ tJ~ (;I , 
" 

91 n~Uifl'l L Vi c;}~Ufi-nl'l L Vic;}-nl'l mum LL~:;~ufiifl'l LVi c;) Lfttl'l~ (;If , , 

';(;I'i1~1'U'i:::wh~ ,r1';1L~J;I~'Ufi,r1';1L~J;I,r1/n'\.rU!l';l 
• ... .. ... ., 

L!I'!l\'1~~(;I~1n(;l1J L~'f)'I.!lj'U L~'f)'I.!l!l1';l 
,J11h-U;t 1Ji'!l L~'!l 

., 
m'ifl1 

0: 100 

25 : 75 

50 : 50 

75: 25 

100 : 0 

2.20 ± 0.05 7.22 ± 0.23 

3.16±0.21 6.23 ± 0.49 

3.87 ± 0.54 5.94 ± 0.39 

3.98 ± 0.41 4.61 ± 0.45 

3.90 ± 0.43 3.90 ± 0.43 

2.20 ± 0.05 

3.09±0.13 

3.81 ± 0.38 

3.90 ± 0.47 

3.29 ± 0.06 

7.22 ± 0.25 

6.42 ± 0.34 

5.15 ± 0.39 

4.53 ± 0.39 

3.29 ± 0.20 
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-+--Waxy corn : HW -. Field corn: HW -+--Waxy corn : SW -. Field corn : SW 

.. I ..... Q CJ I c::III ..J.-=.I .1- .. 1 ~ 11 .J.J_ 
111~'VI 4-54 1"11~"llkWI')1~LL'lJ\lLLN(;]'elLLN'Un'lJ'el\lm:::m'lfYl~mjLJjULJN~'U.JU(;]~')£.IL£.I'elYl~'Ci(;] • ., 
'"l1n~'W_if1,) LYi~~'W~-if1') LYi~_if1,) mum (waxy corn) LL'Ci:::~'W~-if1') L Yi~ L~£.I\1~(;]rf (field corn) 

1'W 'tl (;] j1 fh 'W 1111 \I 1 

I " I t I I 

mjA'1 (L~'el1£.1~'WLL'Ci:::L~'el1£.1£.11')) vHjmjtlfutlN~~~'lJ'el\l m:::~1'lfL~£.1 mjYl~ LLYl'W~,)£.1 L~'elV\ • 
" " ~ft (;]'"l1 n ~'W_if 1') L Yi ~"'\I ~'el\l ~'Wfi (~'Wfi_if 1') L Yi ~ _if 1') L ~u £.I ') LL'Ci :::~'Wfi_if 1') LYi ~ Lft £.1\1 ~ (;]rf) 1 'W • • • 

I I" I 

4-18 '"l:::L\1'W~1 ~'Wfi'lJ'el\l~'W_if1,)LYi~ (A) iJ~'Ci(;]'el~~u"i'lJ'el\lm:::~1'lfVl~ft(;]'"l1nL~'tll£.l~'WV\iJmj • 
I I II I I I 

Yl ~ LL Yl'W~,)£.1 L~'elV\ ~ft m1 n~'W_if1,) L Yi ~"'\I ~'el\l~'W~'el~1\1iJ,r£.l~1 ~ C1!Yl1\1~ ti ~ Vlj:::c;lU 1"1') 1~ Lii'ell1''W 

~'el£.l'Ci::: 95 (P-value < 0 .05) L~£.I~~u"i'lJ'el\lm:::~1'lfc;l\lmh')1~LLri 1"I,)1~'lJ1,)~~1\1LL'Ci:::,"hc;l"llU 

1"I')1~ LL ~\I LLN(;]'el LLN ~\I'lJ'tl\l m:::~1'lf ~')'W1'Wn nW'lJ'el\l~~u"i'lJ'el\l n j:::~1'lf~ ~ft(;]'"l1 n L~'ell£.l£.l1')~iJ 
I I "" 

mjYl~ LLYl'W~')m~'tlVl~ft(;]'"l1n~'W_if1,) LYi~"'\I~'el\l~'Wfi,r'W YiU~1 ~'Wfi'lJ'tl\l~'W_if1,) LYi~ (A) '"l:::iJ~'Ci • • 
I I I 

I I cI I cl_ 0 _ Q.... eM ........ 

(;]'tl1"l,)1~'jJ1,)~,)1\1 LL'Ci:::1"I,)1~YlU LL~\I'lJ'tl\l m:::~1'lf'el£.l1\1~'W£.I~11"1 C1! Ylj:::~U 1"I,)1~ L"ll'tl~'Wj'tl£.l'Ci::: 95 

(P-value < 0.05) 

"I I I 

"'\I~'el\l~'W~ (8) VliJ~'Ci(;]'tl~~U"i(;]1\11 'jJ'el\lm:::~1'lf c;l\lLL~~\l1'W(;]1n\lVl4-18 '"l:::L\1'W~1 m:::~1'lfV\ 
"" ..1'1; ... ..1..1_ ...... 'I' ::. ~r~..I ..1.1 
~mjYl ~ LLYl'WL£.I'el L£.I·(i'W~')£.1 LtI'elYl ~'Ci(;]'"l1 n (;]'W'jJ 1') L Yi ~Yl\lMl\lYi'Wfi 'el (;]j1·(i')'WmjYl~ LLYl'W'lJ'el\l L£.I'tlYl • 
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H'"l:::~'1 CJrI(;)'fl~2-Ju"ii"ll'f)'1 m:::!'l11!t 1~ uri 1'l'J12-J"ll1'J~~1'1 "h c;l"llUml2-J LLii'l LLN (;)'fl LLN~'1 LLNc;lU 

Yl:::~LLrI:::LLN~n"ll'fl'lm:::t'll1!t'fliJl'1jjt!t1~ll'lC1JY11'1~n~ ~1:::c;lUI'l'J12-JL~'illrU~'fltlrl::: 95 (P-value < 
I I I I ., 

0.05) ~1~fum:::t'l11!tVljjnl1Ylt'l LLYlULU'flLtlm'J~'JtI LU'flVl CJft(;l'"llnUlWnl'J L~t'l"''1~'f)'1~Uf ~U~l 

'tlml~'JUnl1Ylt'lLLYlU"ll'fl'lL~'fl~H '"l:::~'1CJrI(;)'fl~2-Ju"ii"ll'fl'ln1:::t'l11!t 1~LLri 1'l'J12-J"ll1'J~~1'1 l'l'Jl2-JiiU 

.. ~ r .QQ..,oQ .J &II d '" .Jq 
9I1'i1-11't1 4-18 nl1'J Ll'ln:::~CJrlYll'1~ tl (;l"ll'fl'l~2-JU (;l"ll'fl'l m:::t'll1!tYl CJrI(;l'"ll nLtI'flY11'1 nl11'l1Yl2-Jnl1 

1.1 fU1.1N~2-JU"ii"ll'fl'l m:::t'll1!t~'JtI L~'fl~ CJft (;l'"l1 nUlU'ifl'J L ~ t'l~'1~'fl'l~Ufi LU • • 

m:::t'll1!t A B A*B A B A*B 

1. l'l'Jl2-J~Ul 0.814885 0.268872 0.808029 0.602976 0.618663 0.676213 

2. 1'l'J12-J~U1LLt.lU 0.689655 0.134839 0.941649 0.845502 0.688078 0.905233 

3. 1'l'J12-J"ll1'J~~1'1 0.03233* 9.46E-12* 0.726068 0.005661* 4.93E-12* 0.502118 
.-

4. l'l'Jl2-JYlU LL~'1 

, v'" 
5. 1'l1t'l"llUI'l'J12-J 

LLii'l LLN(;)'f) LLN 

, v'" 
6. 1'l1t'l"llUI'l'J12-J 

LLii'l LLN(;)'f) 

LLNc;lUYl:::rI • 
, v'" 

7. I'll t'l"llUI'l'Jl2-J 

LLii'lLLN(;)'flLLN 

0.342199 0.453685 0.451907 7.88E-05* 4.73E-09* 0.057596 

0.019973* 8.59E-11 * 0.148096 0.969185 0.0004* 0.367047 

0.77995 7.23E-11* 0.703364 0.528769 0.001561* 0.923285 

0.133804 0.000507* 0.218674 0.113076 3.57E-06* 0.27284 

lUntlL\.l(;j A ~fl ~~'!Jfl~l~\..l~'!Jfl~~h..lojfl'lh'iC;) 
.. .....J. J "'''' JJ ... "'''' 'i" ~ .,,. 

8 I'Ifl ~~'!Jfl~flll1r1¥"i'l'Un11'VlC;) LL'Vl'ULtJfl'Vll~n111'11C;)'ltlLtJfl'Vl ~~1I1"11nll1'U'!Jl'l \ l'iC;)'Vl~t'!fl~l'i'U~ 

A *8 ~fl ~~'!Jfl~tJ~~l-J~'U!f1::\.l~1~~'U~'!Jfl~r1f'Uojfl'l t l'i c;) LL~::~lI1 n~'l'Un11'VlC;) LL'Vl'UL~fl'Vll~n11A'1 
'" ~.J .. ""~ ~ .,r 
C;)'ltlLtJfl'Vl ~~1I1"11nll1'U'!Jl'l \l'iC;)'Vl~~fl~l'i'Ufi . 

* ... ...... 0 .... J.... J:" 1.1 < 
I'Ifl l-J'UtJt'!1I'1CU'Vl1::C;)UI'I'l1l-JL'I!fll-J'U1fltJ~:: 95 (P-value _ 0.05) 
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L~'il~"l m,n CJft'lJ'il'lt.J!i~l-J~'WfiT~\..dl'1~'Wf'JJ'il'l ~'W;h') LVi ~ LLft::'tl ~ n~,)'Wn1TVl~ LLVl'W 

L~'ilVll'1mT~l~')m~'il~CJ~~"ln~'Wifl,) L Vi~i'l~'il'l~'Wf (A *8) ~nCJftj;J'il~l-JlJ~ j;Jl'11 'lJ'il'lm~~l1:t 
..J " " ~'ILL~~'Il'W~ln'lVl 4-18 "~L~'W~l I'll P-value nl'lll-Jlnn~l 0 .05 l1'1~'W LL~~'I~l t.J!i~l-J~'Wfi 

T~"'~l'1~'Wf'lJ'il'l~'Wifl,) LVi ~ LLft~'tl~n~,)'Wn1TVl~ LLVl'WL~'ilVll'1 n1T~l hln CJftj;J'il~l-JlJ~1~1 'lJ'il'l 

..J... .J "I ~ .J " .,.J..J ~ .,., ~ !:. ~ ... , ... 
m::~l1:tVll-Jn1TVl ~ LLVl'WL£J'il L£J·C"i'WLLft~L£J'il L£J£J1,) ~')m£J'ilVl CJft ~"1 n ~'W'JJ1,) LVi ~Vl'l~'il'lVi'Wfi'il£J1'1l-J , 
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col 
'UVIVI 5 

91 nCJ~ n1T~ mfl~l~lll'l:;~ m".J1:;~l-Jl'Wn1nj;lhn.JL~'tl91n~'Wifl'l LYlVl LL~:;~'l'W'lJ'tl-l 

~'Wifl'l L YlVl~'Wlfifl'l L YlVlifl'l L~i1m ~l~~l-JlJ1i'lJ'tl-l L~'tl LL~:;m:;Vll1f~ ~~~Vl LVlm11 ~'Wifl'l L Yl Vl LLj;] • • 
" ~:;~'l'W ~'tl ~'l'WLUft'tl n'W'tl n'lJ'tl-l ~'Wifl'l LVi Vl ~'l'WLLn'Wn~l-l'lJ'tl-l ~'Wifl'l LVi Vl LL~:;~'Wifl'l L Yl Vl~-l ~'W 

.. .f " ..... 'i' 'i' 1" 'i' ... 1 1".J " " " l-J1CJ~IFlLtI'tlVl'lf(lfi~'lIVll ~Vltl 'll~lT~:;~lt1~'llLVltll-J ~VlT'tln 'lIVlY1r1'lll-JL'lJl-J'lJ'WTtltl~:; 10, 15 LL~:; 

~ --! 1" "" "" .J.J.- Q.~ CiiI ~ 0 d 
20 'lJ'tl-l'Wl~'Wn'll'W l-JLm-l IFll-JLtltlY1'tlru~lll-J 120 'tl-lP11L'lI~L'lItI~ Lu'WL'l~1120 'W1Y191n'W'W'W1LtI'tl . " 
.J "" 
Y1 CJ~1Fl1~'WLLj;]~:;~'l'W'lltl-l~'Wifl'l L Yi Vll-Jl~'WLL~'Wm:;Vll1f ltn~t.ll~trnl-Jl IFl T~l'W 60 nfl-Jj;]tl (;l1T1-l ..., 

", , 
'tl IFlTl~'l'WT:;~~l-l~lnr1iJ nlJ;'W1~Vllii1'Wn1T~l-J L~'tl~l'vlflJ LLn'Wn~l-l'lJtl-l ~'Wifl'l L Yi Vl iJ fOil LYl1 nlJ 

" 
39: 1 T'tl-l ~-ll-Jl ~tl ~'Wif 1'l L Yi Vl~-l ~'WLL~:;~'l'WLUfttl n'Wtl n'lJtl-l ~'Wif 1'l L Yi Vl ~tl 13: 1 LL~:; 10: 1 

I I I II 

(;l1l-J ~1 ~lJ Ljjtl L-nr1'l1l-J Lifl-Jif'W'lltl-l~lTLr1iJl 'Wn1T~l-J L~tl L~ l-J~'W YilJ~l ~'l'Wj;]l-l1 'lltl-l~'Wifl'l LVi Vl 

9:;iJr1'l1l-JtI1'l LLrl:; L~'W~l'W~'Wff n~l-l'lltl-l L~'Wlt1~1,.] LLIFl n j;]l-l now LLj;]1.fil-Jl ruL~'Wlt1'll'W1Vl Lft niJ 

r1'l1l-J LLIFl n j;] 1'1 n'WLu'Wtlrh-ll-Jl n LVltl~'l'WLLn'Wn ~l-l'lltl-l~'Wifl'l L Vi VliJ1.fil-Jl ruL~'Wlt1'll'W1Vl Lft ntl~l'W 
.r;: .J.J ".1" .. -J " "'i' ::'''.1 " 
uTl-JlruY1~-lY1~Vl r1tluT:;l-JlruT'tltl~:; 50 Ttl-l~-ll-Jlr1tl '(i'l'W'll'tl-lIFl'W'lll'l ~ViVlY1-lIFl'W uT:;l-JlruTtltl~:; " . 

1".f .. J , -J ... , ~ .J J, -J 
n1 TT:;lJ lt1 Vl 'll'tl-l Ltltl LL~:; CJrl CJ rl IFl 'lltl-l Ltltl 9:;Vi lJ'll '(i'l 'WLLn'Wn ~ l-l9:;l-J I'll (;l1Y1 ~ Vl LLrl:; (;l1 n'l1 '(i'l 'W • 
, " 
~'W 1 'lltl-l ~ 'Wif 1 'l LVi Vltl tll-l-D Vl L 9'W Ttl-l rl-ll-J 1 ~tl ~'Wif 1'l L Yi Vl ~-l ~tHLrl :;~'l 'W LU ft tl n 'Wtl n'll 'tl-l ~ 'W 

ifl'lLViVl (;l1l-J~l~lJ 

L~tl LmtllJ L Vl tllJ ~l-JlJ1i~l-JlJ1i L;-l LL~-l'lJtl-l m:;Vll1f VilJ~ 1 L~tl~91Trul~ r1'l1l-J Lifl-Jif'W 

'lJ'tl-l~lTrl:;rllti L 'lI L~tll-J1~VlT'tln 1'l1iLYl1n'W r1'lll-J'lll'l~~l-l'lJ'tl-l m:;Vll1f~ CJ~1Fl91 n~'l'W~'Wifl'l L ViVl 
" , 
~-l ~'W9:;iJ fOil ~-lVl~ Vl Ttl-lrl-ll-Jl ~tl ~'l'WLUfttl n'W'tl nLLrl:;~ 'l'WLLn'Wnrll-l'lltl-l ~'Wifl'l L ViVl IFlll-J~l~lJ 

~l~flJ r1'lll-JVilJ LL~-l'lltl-l m:;Vll1f~ CJ ~ 1Fl91 n ~'l'WLU fttl n'Wtl n9:;iJ rll~-l~~ Vl Ttl-lrl'll-Jl ~'tl ~'W 

ifl'l L YiVl~-l~'WLL~:;~'l'WLLn'Wnrll-l'lltl-l~'Wifl'l LVi Vl IFlll-J~l ~lJ 
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Ln'tl LmEJU LVlEJU~~U~ ~1'I...!.~,)1~LLii'l LLN'll'tl'lm::;~11]j 9::;~U~1 rl1vl'lli1~,)1~ LLii'l LLN 

~'1n~1~,)1...!.LtJ~'tl n1...!.'tl n'll'tl'l ~1...!.'1f1,) t ~ ~ LL~'tlth'lhn (1]1 ~ L~'tl~ c.Jft (1]91 n91 n~,)1...!.LLn1...!.mn'l'll'tl'l~ 1...!. 

... 'i' l' ..J 0 'l~ ~ "" "" "".r;: ~'l ; '!'l '111,) ~~~ ~L\'W1::;~~Yl9::;1...!.1~1 'll ~1...!.n1rc.Jf'l(1]LEJ'tl L1...!.'tl'l91n~LJr~1ruLri1...!. EJ'll1...!.1~·(i1...!.'tlfJLLJ1...!. 

911...!.,)1...!.~1n 9'1~'1c.Jf'l'l,xrl1~1l1~mrr:;u1EJ1~'ll'tl'lL~'tlLLf'l::;c.Jf'lc.Jft(1]'ll'tl'lL~'tl~1n~1~,)1...!.~1...!.1 'll'tl'l~1...!. 
, ~ ~ 

ojf1,) t~~ LL~~19::;'l,x~~U~~11...!.~,)1~ LLii'l LLN'll'tl'lm:;~1]jVl~n(1l1~ vl'lU1...!. 'l1...!.'111...!.~9EJi19'1 L~'tlnH' 

~1Vlfu~1l1,)::;~ LVl~1::;~~'l1...!.mrc.Jft(1] L~'tl LLf'l::;m::;~1]j91n~,)1...!.~1'11 'll'tl'l~1...!.ojf1,) t~~ 
~ ...... 'i' ... "" J'l'" cr ,.. ~ "" J.. 'l'" 

~1...!.fi'll1,) L ~~'ll1,) LVl1...!.EJ,) Yl Vl~,)1~ LL'll'l LLN(1]'tl LLN~'1 LLf'l::;LLN~1...!.Yl::;f'l~Yl~~~'tl mr 'll~1rf'l::;f'l1EJ • • • 
I I II " 

t"l!L~EJ~1t1~r'tln1"l!~11...!.mr~~L~'tlVl~,)1~ Lojf~ojf1...!.1'tlEJf'l::; 15 'll'tl,nl1Vlun=D1...!.1~LL,x'l 

~ , , 
YlnU~1 ~1...!.ojf1,) t~~~'1~1...!.'l,xrl1vl'lli1~,)1~LLii'l LLN~'tl LLN~'1 LLf'l::;LLNvl1...!.Yl::;f'l'll'tl'lm::;~1]jVl~Vl~~ • • 

" I I " 

vl'lU1...!.'l1...!.mr~n]j1Vl1~1l1,)::;Vl LVl~1::;~~'l1...!.mrc.Jft(1] L~'tl91 n~1...!.ojf1,) t~~ (~1...!.fiojf1,) t ~~ LftEJ'I~(1]1) • 
~'l,x~~u~'ll'tl'lm::;(1l1]j~~~~~ 9'1 L~'tln H'~1...!.ojf1,) t~ ~~'1 ~1...!.'l1...!.n1rc.Jft (1] L~'tl ~,)EJ~fit"l!~1 t~EJH' • 
~1rf'l::;f'l1EJt"l!L~EJ~1t1~r'tln1"l!~~~,)1~Lojf~ojf1...!.1'tlEJf'l::; 10, 15, 20, 25 LLf'l::; 30 'll'tl'lJ1VlUn~1...!.1~ 
LL,x'l ~~L~'tl~'tlruVllln 120 'tl'lPl1L"l!f'lL:nEJ~ LU1...!.L,)f'l1120 1...!.1Vl ~'1~U~1 'tl(1]n~,)1...!.r::;Vl~1'1~1rL~iJ . " 
rlU~1...!.1~~Hi11...!.n1r~2-JL~'tl~1VlfU~1...!.ojf1')t~~ (~1...!.fiojf1')t~~L~EJ'I~(1](f) iJrl1LVl1rlU 17:1 ~1Vlfu • 
~2-JU~i')1tJ'll'tl'lL~'tl1~LLri c.Jf'lc.Jft(1] ~,)12-Jm,)'ll'tl'lL~1...!.'lmLf'l::;L~1...!.~11...!.~1...!.~nf'l1'1'll'tl'lL~1...!.'lEJ m2-J1ru 

.!' 'l cr 1'" "" "" 'i'''' "" ...... Lri1...!. EJ'll1...!.1~ Lf'lnLLf'l::;~1l1~r::;U1EJ ~'ll'tl'l LEJ'tl9::;2-J LLl...!.,) L 1...!.2-Jf'l~f'l'l L2-J'tl~,)1~ L'll2-J'll1...!.'ll'tl'l~1rf'l::;f'l1EJ 

t"l! L~EJ2-J1t1~r'tln 1"l!~~'lii11...!.mr~2-J L~'tl L~2-J2-J1 n~1...!. LL~hl LL(1] n ~1-l rl1...!.2-J1 nun 

Lrl'tl LmEJU L VlEJU~2-J~ L=D'I LL~'1 LLf'l:;~2-J~ ~11...!.~,)12-J LLii'l LLN'll'tl-ln r::;~1]j Ln'tl ~,)12-J 

L ojf2-Jojf1...!.'ll'tl'l~1rf'l::;f'l1EJ t 'l! L~EJ2-J1t1 ~r'tl n 1"l! ~~'lii11...!.mr~ 2-J L~'tl L~2-J~1 n~1...!. c.Jf'l~U~1 ~,)12-J'll1,)~~1'1 
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, " 

'1I'fl,mr:::C;l11fili"ll LVil-J~u LL~rl'l1l-JVitJ LL~'1'11'fl,mr:::l?!l1fil LLU'l LUl-Jf'lI?!~N ~'lui"lllfl"1lilrl'lll-J LLii'l LLN 

I"''''' CIII.... ~ .t .J CIII I .J.J .... .., .... 
(;1'il LLNI?!'1 LLf'l::: LLN I?!UYl:::~'1I'fl'l m:::l?!l1fl-J LLU'l L Ul-J L'Yil-J'lJULr'flr.l1 LLf'l:::l-J rll~'1Yl~I?!Yl rl'lll-J L'1Il-J'lJUrm.l 

II " I I " " 

f'l::: 25 '1I'fl'lih\nrn:nUL~LL,x'l LL~n~tJili"llf'lI?!f'l'lLn'flrl'lll-JL-nl-J-nULVil-J~ULilur'fl£.Jf'l::: 30 '1I'fl'lUllnrn 

~UL~LL,x'l 1fl'ltl'U ~111'l:::~L"'l-Jl:::~l-J1umr~fi(;1L~'il'"llnt;lU-nl'lLViI?!~ufi-nl'l LViI?!L~£.J'I~m" ~'fl mr , 
, " " 

H~l rf'l ::f'l1£.JV1 rl'lll-J L -n2-JifU'lI'fl'l~l rf'l ::f'l1£.J L '1! L~£.J2-JLtJ I?! r'fl n L'1! 1?!1'fl £.Jf'l:: 25 '1I'fl'lUl"'Un:nUL~ U,x'l 

LrttJ '1'"l 1 n LilUMl1'l::~1,x~2-J~ ~lUrl'lll-J uii'l LLN "lItJ 'I m:: I?! l1f (i"lllfl'1!ilrl'lll-J LLii'l LLN ~tJ LLN~'1 
LLf'l:: LLNIflUYl:::f'l) '1ItJ'Im::l?!l1f~~~~1?! 1u'1Iru::~ ~f'l~fi(;1 LLf'l::~111Vir::tJl£.JL~"lItJ'I L~'il~hJ~ll-Jln , , 

" "I " 
LnULU lfl'lUU 9'1 LfttJn~111'l::il1umr~fi(;1 LUtJ LLf'l::n r:::l?!l1f'"lln t;lU-nl'l L Vi I?!~Ufi-nl'l LViI?! Lft£.J'I~ (;1t) , 

5.1.3 

'"lln ~f'lmnm£.JtJ LV1£.JtJ~l-J~'1ItJ'I L~tJ LLf'l::m::l?!l1f~ ~fi (;1L~'"llnt;luifl'l LViI?!~l'1~ufi , 
1u~d~'fl ~Ufi-nl'l LVil?!ifl'l LVlil£.J'l LLf'l::~ufi-nl'l LViI?! L~£.J'I~(;1t) L~tJ~'"l::~n1flilm::l?!l1f~~fi(;1'"lln , , 

" " 
rtJ£.Jf'l:: 10 LLf'l:: 15 'IJtJ'IU1"'Un:nUL~LL,x'l) t;lU-nl'lLViI?!~ufi-nl'lLVil?!ifl'lLVlil£.J'l'"l::1,x~l-JtJ~~lU , 

Q' ~ cr 1.c:I.... .J I 1.1 

rl'll l-J LL'IJ 'I LLN"lI'il 'I n r::: I?! l1fYl'l rl 'l1 l-J LL '11'1 LLN (;1 tJ LL N I?! 'I LLf'l::: LL N I?! U Yl ::f'l"lltJ'I n r::l?!l1fYl ~'1 n'J 1 (;1U , ~ 

ifl'l L ViI?!~U{-nl'l L ViI?! L~£.J'I~(;1t) r'll-Jn'lrl'lll-J"lIl'l~il'1 LLf'l::rl'lll-J",Ul LLl.lU"lItJ'I m::l?!l1friili"ll~~'1 
nil~'l£.J tJrh'lLrri(;112-J i"l1 rl'l 12-JVitJ LL~'1"l1tJ'Im::l?!l1f ~111Vir::tJl£.JL~'1ItJ'I L~tJ rl'll2-J£.J1'l LLf'l::L«U 

I I I I" 

~lU~U~ n f'll'1'11tJ'I L«u1£.J'"l::il i"l1V1 (;11 nil LLf'l:: LntJ ~111 'l::1 um rt;l2-J LUtJ LL N~U (1 ihJ1l-Jl ru 

" " " ~lrf'l::f'll£.JL'1! L~£.J2-JLtJl?!rtJn L'1!1?!1tJ£.Jf'l:: 20 '1ItJ'IU1",un:nUL~ LL,x'l) t;lU-nl'l LViI?!~ufiifl'l LViI?! Lft£.J'I , 

~ (;1t)'"l::1 ,x~l-J~ ~lUrl'lll-J LL ii'l LLN'lJtJ'I m::l?!l1f~ ~'1 ni 1 t;lU-nl'l LVi I?! ~U{-nl'l LVi I?!-n 1'l LVlil£.J'l 

r'll-Jn'li"llrl'lll-JVitJ LL~'1 rl'lll-J£.J1'l LLf'l::L«U~lu~U~nm'l"lltJ'I L«u1£.Jriili"l1~'1nil L'1lwlu tiULL~I?!'1 
, ", 

il ~111'l:: 1umr~fi (;1 LUtJ LLf'l::m::1?!11f"l1tJ'It;lU-nl'l L Vi ml'l~tJ'I~ufiV1ilrl'lll-J LL(;1 n ~ l'1rlU rJtJl-J~'1 ~f'l , 

L ",il£.J'lilrl'l1l-J~1l-Jln11 umrvilUBm£.J1 rltJ~l nrlil~1ii1um rt;l2-J L~tJ L~~ nil LLf'l::H'm2-Jl ru 
, " 

~lnrlil1umr~fi(;1 LUtJml-Jl ruutJ£.Jnil t;lU-nl'l LVi I?!~Ufi-nl'l LVi I?! Lft£.J'I~(;1t) tJrJl'1Lrri (;11l-J t;lU , 
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I , I I ... 

LUUn11Ul L~~VI LUlf£ml~r,n n~lll'l:::VI~VI~~'tJtl'l~Wifl'l LrHll~'l~~'l~ufi ~~ ~u • • 
"'i' ~ ... " 'i' " coI..I" " "" 'i' col ~ ~ rI; 'tJl'l L~~~W)'tJl'l L~~'tJl'lLVlUU'lVl L'lfrl'lllJL'tJlJ'tJU'lI~'l~11~:::~lU L'Jl~UlJ LtI~1!Jn L'Jl~1~U~::: 15 • 

... ... II I 

'tJ~'lU1V1l!n=nul~ LL,x'l (15%W) LL~:::~uifl'l t~ ~~Ufiifl'l t~~ L~U'l~U1f Vlli f1'lllJ LiflJifWll~'l • 
., " I 

~11~:::~lut'Jl~UlJlt1~1tlnl'Jl~1tlu~::: 25 'tJtl'lU1V1l!n=nul~LL,x'l (25%F) lJlvhn11vltlm~tl~'lU 

~11~:::~lUlt1t~1L9ULUtlf~tlnl'Jlvlrl'lllJ LiflJifurtlu~::: 3 'lItl'lJ1V1l!m~~ LL,x'l L~tl~m~l ~~'tJtl'l 
n11vl~ n L~tl~iJ~tl~lJmi'lltl'l L~tl LL~:::m:::~l~~ ~~U19l n ~Uifl'l t~~vr'l~tl'l~Ufi ~'l9lnn11 • 

I I I II 

Vl~~tl'lMul~~l Vlft'l9ln n11vltl n L~tl ~~ ~~U1'l1tl'l L~tlVl~~U19ln ~Uifl'l t~ ~~ufiifl'l t~~ L~U'l • • 

U1'l LL~::: L~Ut.hu~urr n~l'l'lltl'l L~U1UVlft'l n11vltl n L~tliJ rll ~ ~ ~l ~'l n~ 1 L~tl ntlun11vltln L~~ LL~ 
illlJlruL~U1U'lIU1~ Lft nnftuiJilllJl ruL~lJ~'l~UVlft'l9l n n11vltl n L~tl Utln9l mrU~11~:::~lU 

'IJ 

I ., 

vh 1,xm:::~1~VI~~U19ln~uifl'l t ~~~Ufiifl'l t~~ifl'l LVlUU'l LL~:::~ufiifl'l t~ ~ L~U'l~U1f iJrl'lllJ • • 
I J ~ ': ... 1 '" 0 _ J cJ _ 

'tJl'l~'ll'l'lltl'lm:::~l~Vl L~lJ~'l'llU u1:::lJlru1tlU~::: 12.13 LL~::: 9.06 UI1lJ~l~U LlJtl LVluunu 

I ..I~ I I •• 1 oJ 'I col ~ ~ 'i' • 1 ... 
rl'lllJ'tJl'l~'ll'l'lltl'lm:::~l~Vl LlJ~lUn11YitlmUtl LU'lIru:::L~U'l nU~11~:::~lU Ltl L~n9ULutl1 

~~ nl 'Jl vlnvh l,xn 1:::m~iJrh ~'lfUrl'll2-J LL ii'l LLN ~tl LLN ~'l'lltl'l n 1:::~1~~ ~~'l U1:::2-Jl rur~u~::: 
., 

22.81 LL~::: 18.43 U1l2-J~l~U ~n~'lU'l~'l~~ l,xrh~'lfUrl'll2-J LLii'l LLN~tl LLN~UVl:::~~~~'lU1:::2-Jlru • 
" 0 ~ 
1~U~::: 26.93 LL~::: 15.01 UI12-J~l~U 

I I ., 

LtlUn11Ul L~~Vlt.I~U191 n~Uifl'l t ~~~'l~tl'l~ufi ~tl ~ufiifl'l t ~ ~ifl'l LVlUU'l LL~:::~ufi •• • 
... I I'" I" I 

ifl'l t~~ LftU'l~U1f2-J1Vl~ LLVlUL~~Vll'ln11~i'1 ~~ L~tl9lnl~Li1mLii'l (L~~ lu~u) LL~:::L~~9lnl~ 
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.t, ..J L L v ..l '" 1;' v..J '" ..J 1!:"1 LtJ/il'fl'flt.! (LtI'fl tltI1'J) t.!'flr;]nrl'Jt.!~'fltlft::: 0, 25, 50, 75 LLft::: 100 '1I'fl-lt.!lV1t.!nLtI'flLLtN L'Vi'fl 'II ~t.! 

II " I I 

ifl'J L'Vi C;]~-l~tl-l~t.!fiut.!;:J rl'J ll-J~ll-Jlnll t.!nl nJfUlJ N~l-Jum'1l'fl-l m:::C;]l1:tYl c.Jft r;]"1 n L~tlYll-l • • 
nl~~ l1r11V11tl hJ "1 n c.Jft nl ~Yl c;]fttl-l Mtllr11~ 1 L~tl~ c.Jft r;]" 1 mlt.!if 1'J L'Vi c;] ~ ll-Jl ~Cl'll'J tiL t.!nl ~ • 

I I"" II 

tl flJtll-l ~ l-JlJ"i (;]1-l1 '1Itl-l m:::c;] l1:tYl c.J ft r;]" 1 nL~'fl Ltl ~t.!L ,x~~t.!1r11 ~-l 1'1 'J 1l-JV1t.!1 rl'J 1l-JV1t.!1 LL t.l t.! 
I .... I .... cI Q' I ........ cal 

rl'J 1l-J'll1'J ~ 'J 1-l m ll-JYllJ LL~-l m c;]'l!t.!rl'J 1l-J LL'll-l LL N r;]'fl LL N C;]-l LL N c;] t.! Yl:::ft LLft::: LLft::: LL N ttl n"JJ'fl-l • , , .. 
m:::c;] 11:t LL~ C;]-l~ 1 L~ tl Yl c.J ft r;]" 1 n ~t.! if 1 'J L'Vi c;] ~ 1l-J 1 ~Cl'll 'JtlL t.!nl ~~ ~1-l~ t.!fi:::'ll'fl-l L~ t.!LtlL t.! L u.tl .. , .. 
m:::C;]l1:tlr11l-Jln~t.! LLft:::~1l-Jl~Cl1.l1l-Jl 111 t.!nl ~YlC;] LLYlt.!LU'fl LtI~t.!l~n r1l'JtI 

LLN~n'll'fl-lm:::C;]ll!t;:J LLt.!'J LUl-J~lftc;]ft-l L~'fl;:Jnl~tlflJtlN~l-JlJ"i'll'il-l m:::C;]l1:tr11'JtI L~'fl~ c.Jftml n • 
~t.!if 1'J L 'Vi C;]~-l~'fl-l~t.!fi 'fl th-lhri r;]1l-J L~'iI~ c.J ftr;]"l n ~t.!if 1'J L 'Vi C;]~-l~'iI-l~t.!fi~ll-Jl ~Cl'll'J til t.!nl~ • • , , .. 
tlflJtlN~l-JlJ"i r111t.!rl'Jll-J LL;-l LLN'll'il-l m:::C;]l1:tYl c.Jftmln LU'ilLtltI1'J 1 ,x~~t.!1r11 L'llt.IL~tI') rllJ m:::C;]l1:t • 
.,J ..J" 
Yl c.Jft r;],,1 nLtI'fl lt1~t.! 

L~'ilYi"l~rul rl'Jll-J LLr;] n(;]l-l'll'fl-l~t.!{'ll'il-l ~t.!ifl'J L 'Vi c;]~;:J (;]'iI~l-JlJ"i(;]1-l1 'll'il-l m:::C;]ll!t~ 
.,. ..J L ; ..J L .,J." tl v tl...... 'i' '" ..J.,J c.J ft r;]"1 nLtI'fl tI'(j t.lLLft::: LtI'iI tltI1'JYll-J nl ~ ~lJ N~l-JlJ r;]'ll'il-l m:::c;] 11:t ~c;]tI nl ~Yl c;] LL Ylt.!c;] 'JtlLtI'flYl • .. 

c.Jft ml n ~t.!ifl'J L 'Vi C;]~-l~'fl-l~t.!fi 'VilJ~ 1 llJ~l,,:::tl flJtlN ~l-JlJ"i'll'il-ln ~:::C;]11:t Lc;]tI n 1 ~YlC;] LL Ylt.!r11 'JtI • • , , .. 
LU'ilYl c.Jftr;]"l n ~t.!ifl'J L 'Vi c;]~t.!fiifl'J L'Vi c;]ifl'J LV1i1t1')V11'fl~t.!fiifl'J L'Vi c;] Lfttl-l~ r;]1' (;]1-l ri~ll-Jl~Cl'll'JtlL t.! • • 

..,~.Jd_ "'II 0.., d ",.=I 
C;]-lt.! t.! Ltl 'ilYl c.J ft r;]" 1 n r;] t.! 'll 1 'J L'Vi c;] ~ 1l-J 1 ~Cl t.!1l-J 11'1l Yl c;] LL Ylt.ILti 'iI Yll-l nl ~rll L'Vi 'iI'll'J tiL t.!nl ~ 

tlflJtlN~l-JlJ"ir111t.!rl'Jll-J LL;-l LLN'll'il-l m:::C;]ll!t lr11 Ltlt.!'flth-l~ • 
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5.2 ,j''!l L-..U'!l LL U::: 

.!' ~"" ell - ell .J1 !I"l "J 1"" J • ~ 1 1 
-ntH~LLV1..:J V1j''tl~~~ruV11J~ V1j''tlL'l~1Vl -n Ltm1j'(;l~L£J'tl V1U'tl£J~..:J L'V'I'tl~~n11Vl1~1m(jU £J U'1lru:; 

U1~ L~'tl1~u'tl£J~..:J Li1uUlU 

5.2 .2 1"l'l1iJn1j'~m~1~Uf'1l'tl..:JUluif1'l L'V'I~-nU~~U1 L'llU ~Ufif1'l L 'V'I~V1'l1U L~'tl1-if 
LmmJ LY1£JUrlUif1'l L 'V'I~~Ufiif1'l L'V'I~if1'l LV1U£J'l LL~:;~ufiif1'l L'V'I ~ L~£J..:J~(;l'r~1rtUn1N1Uij4'£Jd , , 
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1l1fHJ'I..I'Jn n 



~fin1'ifihu/HUmJJ1tu L'JIL~!lJJ11J(;l'i'!ln 1'J1 c;i'm"ll' 'l.In1'i~JJL~'!l 
"'l1n~~TmT~1u'lruV11tfhJ1ruL'lIL~m.Jl!lC;)T'tlnl'l1~~H1umTUf~L~'tl 
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tJ'hJ1tUL'!IL;itJ~tl!"':fJnt'llli1 (nf~) = ~1~,rn~ut~u.~'1 (0.0. weight) x 1'l'l1~L;r~;rU'lltl'lL'lIL;itJ~tl!"'~tl",t'llvWl~tl'lm: 
100 

-------------------- (1 ) 

., , " 
• V11u.1V1UnUfuif1'lLYiC;)LL~--1 (0.0. weight) ri'tluUf~L~'tllv'f~--1i1 

tum~1~ • , , " 
s,.. '" ~ c:aI'1 ~ I,.t d ci d '" 
~U'IJ1'l LYiWr1 L'l! LUmT~~LiJ'tlW';1'l1~'l!U (% moisture content, %MC) T'tliJ~:; 13.91 
., , 
u.1V1Un'lJ'tl--1Ufuif1'lLYic;)Y11~1ULLvi~:;tJ'tl~U LVllrltJ 174.75 nf~ 

0.0 . weight = 

" " u.1V1un:nul~LL~--1 

" , 
(u.1V1Un'lJ'tl--1Ufuif1'lLYic;)Y11~1utJ'tl~u) (100 - %MC) 

100 

= 174.75 g (100-13.91) 

100 

= 150.44 gOD. weight 

= (0.0. weight)(15) 

100 

= 1 50.44 g x 1 5 

100 

= 2257 g 
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'" I I I 

~,nru Uf'f}\l-n\lt'l!L~Ut.ll~~i'flnl'l!~LvllrllJ 22.57 ntt.l L~'fllw.~'l!L~Ut.ll!l~i'flnl'l!~V1jjfOl'Jlt.l 
" " Liit.l~U1'flUft:; 15 '1I'fl\lUl"nrn=nUl~LLtX\l 

%yield = 0.0. weight '1I'fl\lUfU~l'Jt'Vl~"'~\lUft.lL~'fl x 100 

0.0. weight '1I'f}\lUfU~l'Jt'Vl~ri'fluUft.lL~'fl 

--------------------- (2) 

, ," 
L~'fl'1l'fl\lUfu~l'Jt'Vl~ ("'~\lUft.lL~'fl) jjfOl'Jlt.l~U1'flUft:; 84.04 

~lmrn'1l'fl\lL~'flUfu~l'Jt'Vl~~l~"'~\ln1iUft.lL~'fl LVllrllJ 1,392.3 ntt.l (~lmrm'Jt.l 4 

lJ'flt.l1.J) r,nn 

0.0. weight = (~lmrn'1l'fl\l L~'flUfu~l'J t'Vl~"'~\lUft.l L~'fl) (100 - %MC) 

100 

= 1,392.3 x (100 - 84.04) 

100 

= 222.21 gOD. weight 
'" '" I I 

~\ll!u ul"'l!m~'flLLtX\l'1l'fl\lUfu~l'Jt'Vl~"'~\ln1iUft.lL~'fl LVllrllJ 222.21 ntt.l 

" , , 
ul"'l!m~'flLLtX\l'1l'fl\lUfu~l'Jt'Vl~"'~\ln1iUft.lL~'fl LVllrllJ 222.21 ntt.l 

r,nn~t.ln1i~ 2 '"l:;1~ 

%yield = 222.21 gOD. weight 

(150.44 g 0 .0 . weight)(4) 

= 222.21 x 100 

601.76 

= 36.93 % 

x 100 
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" , , 
~,nrti ~tl£Jft~~ft~~[;1'lJtl-lL~tl~tiif11L~(;lV1~-l~l-lL~tl Lvi1ri'U 36.93 LUtlfL:nti~ 

~fhhu'Jw-aj;!j111'JU"lJ'el~"lJ'el~L'VI~'J (1f1nAi1) J;J'el.J1'V1Un6iu'li1'JL'Vij;! (L/W ratio) vI"I."iI1u 
... col 

n1jj;!~L!I'el 

" , 
t11mrn'1ltl-l~tiif11 L~VlVil~ltiLL~ft~Utll-lU Ll'i1ri'U 174.75 nfl-l 

" , 
~tiif11L~(;liJ~11l-l~ti (ritlti~l-lL~tl) ~tl£Jft~ 13.91 

, " 
UtiLL~(;l-l(h ~tiif11 L~(;lV1Un 100 nfl-l 9~iJ~11l-l~titl~ 13.91 nfl-l 

fh~tiif11 L~Vl~l~ltiLL~ft~Utll-lU 174.75 nfl-l 9~iJ~11l-l~titl~ lVi1ri'U 24.31 nfl-l 

" " , 
~-lUti t11V1un91-l'lJtl-l~tiif11L~(;lritlti~l-lL~tl Ll'i1ri'U 174.75 - 24.31 = 150.44 nfl-l 

:: ~ oX J ''1 ., ., 'i' ,~ ~ 
ti1V1tin~11l-l'lltiVltl£J Lti[;1ti'lJ11 L~(;l LVI1nu 24.31 nw .. 

" " 'lJtl-lL'llL~£Jl-llel(;lrtlnl'll(;l1tl£Jft~ 15 'lJtl-lt11V1un:ntil~LL~-lLtlti 

L 

ml-l1ruJ1~lfltimr~l-lL~tl 
2,000 + 24.31 

2,024.31 

13.46 

I 13 

w 
ml-l1 ru (J1V1UnLL ~-l) 'lJtl-l~tiif11 L ~ (;l 

150.44 

150.44 

'" "II • I I 

~-lUti 'tl [;1 r1~1ti'lJtl-lt11 ~tlt11V1un ~tiif11 L ~ (;lVil fl tim r~l-l L~tlViL 'lll~ £Jl-l lel (;l rtl n 1 'll ~ ~11l-l 
" " Lifl-lifti~tl£Jft~ 15 'lJtl-lt11V1un:ntil~LL~-l iJrl1 Ll'l1ri'u 13 ~tl 1 (L/W ratio = 13 : 1) 
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.-4 0 r.., .. " "Ci' GI ~ ~ GI .. 

16m'ifl1'l.1'HU'VI1'l.11,nm L!lil IR 'l.I"lI 11 ~'Vi IR'YI'"I~ ~"11 ~ 'l.Im'iIRn'i~'"I1!1 L!lil (disintegration) 

", , 
0.0. weight = (Ul'l,nrn'll'el'l L~'elrXhl'if1,) L~~~~'Hifl-J L~'el) (100 - %MC) 

100 

(0.0 . weight) x 100 

(100 - %MC) 

---------------------- (3) 

" I I I 

U1nWmL~'1"1J'el'lL~'el~1~flJL'"i~'el'l~m:;"'l1m~'el (disintegrator) LVllnlJ 24 gOD. 

weight 
, ," 

L~'elrX'W;h,)L~~ (~~'1rXl-JL~'el) ~f"l')1l-J~'W¥'eltJ'(i:; 84.04 
" , , 

ml-J1ruu1Y\H~1~flJ~m:;"'l1m~'el LVllnlJ 2,000 i1'(i~~~j 

"~ ~ ~'" LLY1'W1"l1~1'11 L'W~l-Jn1jY1 3 "'l::: L~,)1 

J1mrn'll'el'l L~'el rX'Wif1,) L ~~~~'1rXl-J L~'el = (24 g 0 .0 weight) x 100 

(100 - 84.04) 

= 150.38 g 

'" II I I I" 

~'1,r'W U1~,rm~'elrX'W_ir1')L~~Y\"'l:::1fl'Wn1j~m:::"'l1m~'el1'WLL(;]'(i:::l"lf'l LVllnlJ 150.38 
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~fin1~Fh'U'ltun1~"'1m~1tulr,L~'el~1,..r1.Jn1~"'1~hn1~~~1.J1!Jlhll'el~L~'el (freeness) 

, ~ " 
LVnnUj'tltlft::: 1.14 

... I I I I I ... 

• 'vnuhn ru'lJ'tl,n4.1 LU'tlVl ~'tl'li'llH~'..:J91 n mj~ n j:::91t1 LU'tl LYi'tlt) (11~ 1 mn:::U1m4.1 
" , , 

L(1Itlri1~'W(1Il,n-D\4.1LU'tlVlrJ % consistency Lvhri'u~'tltlft::: 0.3L'Wuhnru 1000 i1ftftftl'lr 

... , I ... I 

91n~ Injm j~l'W,) ru~luh,J1 rull1 LU'tl LYi'tlLift) (11~ 1 m n:::u1t1ll1'lJ'tl'l LU'tl 

= 

---------------------- (4) 

"" ::.J.J.J ~ ~" .J = ~,)1l_J L'lJl_J'lJ'W'lJ'tl'l'W1 LtI'tlVl L~j'tl'l')(1I~1l1'Y'lmn:::U1t1 L(1I'lJ'tl'l LtI'tl 

(freeness) ~'tl'lmj 
" , , 

C2 = ~')1l_JL~l_J~'W'lJ'tl..:Jll1LU'tlVl~ftIn91n~'W~1')L'Y'l(1l (~ft'lmj~m:::91t1 

II I I I 

V1 = ml_J1rull1LU'tlVll_D1'Wmjt)(1I~1~1l1'Y'lmn:::U1t1l~'lJ'tl..:JLU'tl Lvhri'u 

1,000 i1ftftftl'lr 

V2 = ml_J1ru~lL~'tl~~'tl..:Jmj~1 L~'tlL_D1'Wmj~1~1~1l1'Y'lj:::U1t1l~'lJ'tl..:J 
.J 

LtI'tl 

0.3 x (1000 i1ftftftl'lr) = 1.14 X V2 

= 263.16 

263 i1ftftftl'lr 

... I ... I I ... 

~'1l!'W ~'tl'li'l111 LU'tl~ft..:J91n~m:::91mU'tll.h:::l_J1ru 263 i1ftftftlnj LL~,)L~l_J1119'WrJ 

ml_J1InjLU'W 1000 i1ftftftlnj LL~')1111ut)(1I~lmn:::U1t1~1'lJ'tl'l L~'tl 
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~ ~ 

• "vl1t1l'l/nrnm':;C;11~LL,x'l (O.D. weight) Mc;l'lU 
~ , 

r.nn m':;C;11~iJt11"vl'l1m.J1I11'i'~1uVl~'tl'ln1'i' L'Yl1nlJ 60 nrl-Jl'i'tlI1l1'i'1'lLl-JI11'i' LL~:;iJL~U 

chU~UUn~1'l'lJ'El'ln'i':;C;11~ L'Yl1nlJ 20 L'lIU~Ll-JI11'i' 

~ , 
Qj 0 v.dl '" I ..... ..... 

1 1111'i'1'l Ll-JI11'i' 9:;l-JU1"vlUnL£J'tl LL"vl'l L'V11nlJ 60 m'l-J 

1tr2 9:;iJJ1"vl'l1nL~'tlLL,x'l L'Yl1nlJ (3 .14)(0.2/2)2 x 60 = 1.884 nrl-J 

_ ~ .JoICII ~ v .. I _ ..... I 

C;}'lUU m':;C;}1~'V1l-JU1"vlUnl-J111J'i'~1U (basIs weight) L'V11nlJ 60 n'i'l-JI11'tlI1l1'i'1'lLl-J11J'i' 

I CIII~ _.J '" I.., ..... 

LLc.JU 9:;l-JU1"vlUnL£J'tlLL"vl'l L'V11nlJ 1.884 m'l-J 

, .. 
Ll-J'tl 

• "vl1J1"vl'l1n L~'tl91n~u;h'l LVi c;}~1-ii1un1'i'~uLLc.lun'i':;C;}1~~1~iJn1'i'c.J~l-J L~'El1m{uLL~:;L~'El 
1£Jm'l 

80.82 
... '" ... II... t ... I 

~'tl'ln1'i'~ULLc.lUm':;C;}1~v1'l~U 40 LLc.lU c;l'l'l1U t11"vl'l1nL~'tl LL,x'lv1'l"vll-JC;}Vl~'tl'ln1'i' L'Yl1nlJ 

1.884 x 40 = 75.36 nrl-J 

~ , 
t11"vl'l1nL~'ElLn£Jn = (0.0 . weight) x 100 

(100 - %MC) 



= 75.36 x 100 

100 - 80.82 

= 392.91 g 

~-l,rU r;l'tl-li-lL~'tlLtlunr.nnr;lU;r1'JLYi~L~'tl1i!lumi~uLL~Um~~11~ 40 LL~U LVl1ri'u 

392.91 nf~ 

II I I II II 

• ~1ill~1ruU1 LU'tlVi r;l'tl-lH~-l~~~ 1Umi~ULL~Um~~1~ 

r.nn ~'J1~L;r~;rU"lJ'tl-lJ1L~'tl (% consistency) '"l1nr;lU;r1'JLYi~ iJ""1Lvl1ri'ur'tluf'l~ 1.33 

r.nn~(;]i % consistency = 0 .0 . weight x 100 

water + 0.0 . weight 

1.33% = 75.36 nf~ x 100 

water + 0 .0. weight 

water + 0.0. weight = 5,666.17 - 5,666 nf~ 

• I ~ "" :: "" 1"'" " " .'"1 " "" 1 !;AI .l' • uiU~'J1~L"lJ~"lJU"lJ'tl-lU1LU'tl ~~~'J1~L"lJ~"lJULuUi'tlUf'l~ 0.3 LYi'tl '11 LUmi"lJU 

LL~Um~~l1~ 

(1 .33)( 5,666.17) = 

25,120.02 

25,120 

161 



162 .. .. 
c;l\lUU ~tl\lL~~t'h LVl1rllJ 25,120 - 5,666 = 19,453 nrl~~(;lT 

....... Ii' -., .. "l. ~ .. ~ ~ .. . 
'Jfim'iFl1'U'HU1!I1'U11!1'UnL!I'fl !l14'U (hard wood) V1~~ ~"li ~ 'Um'i'Uj;lL!I'fl (beatmg) 

I"" I "" I I 

r,nn L~tl1rJ~uiJrl,)1~~UrmJrl::; 9.15 LLM1\1~1 L~tl1rJ~uiJU1V1UnL~tlLL""\I (~,)Ul1 
I " I"" 

djUL~tl"1\1) LVl1rllJ 90.85 nf~ "lnU1V1UnL~tl1rJ~Ul1\1V1~~ 1 00 nf~ 

.... I" I I " 

fh~tl\lmTU1V1UnL~tl1rJ~u 360 nf~ ,,::;~tl\l-n\lL~tl1rJ~uLVl1rllJ 360 x 100 = 396.26 nf~ 

90.85 

" I d " ..., J ':'1 " J "d4CII ~ ..., oJ .... 
c;l\lUU ~tl\l-n\l LrJtl1rJ~ULVl1rllJ 396.26 nT~ L~tl1V1 L~ LrJtl1rJ~UV1~U1V1un LrJtl LLV1\1 

LVl1rllJ 360 nf~ 

...... Ii' -., .. ~ .. ~ ~ .. . 
'Jfim'iFl1'U'Jtu1!l1'U11!1'UnL!I'fl ~!I!l1'J (soft wood) V1~~ ~"li ~'Un1'i'U(;lL!I'fl (beatmg) 

J "oQj J'" I a! ".rr:aI~ _ oJ" ..J 
''In LrJtl1rJ~U~rl,)1~"1!UTtlrJrl::; 12.23 LL~~\I,)l LrJtl1rJ~U~U1V1UnLrJtlLLV1\1 (~')UV1 

J .. , .... 
LUULrJtl"1\1) LVl1rllJ 87.77 nf~ "lnU1V1UnL~tllrJ~Ul1\1V1~~ 1 00 nf~ 

87.77 

" I I " I I" I" I 

c;l\lUU ~tl\l-n\l L~tl1rJ~uLVl1rllJ 41 0.16 nf~ LYitl1,n~ L~tl1rJ~Ul1iJulV1un L~tl LL""\I 

LVl1rllJ 360 nf~ 
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__. _ ~ :: AI CLI • :: 

'lfinI1FlI'U'ltunI1'V1'1Jnlltu'UIL!I'il~''V11'Un11'V1'FllnI11::'UI!1'U1 

% consistency = 0.0. weight x 100 

water + 0.0. weight 

------------------------ (5) 

% consistency = x 100 

23000 n12-l + 360 n12-l 

= 1.54% 

" I" I I I I 

~~ll''W r1'lI2-lL-if2-l-if'W'lJ'tl~LtjteJ 1£J~'WLLft:;L~'tl1£Jm'lVl'tl~l\.w·ij-'tl~lJ(11 L~'tliJrl1 LYl1nlJ ¥'tl£Jft:; 1.54 

. r:: :: J .,J" J J J 1!:"l ~, 
• V11u'i'2-l1m'lJ'tl~'WIL£J'tlV1(;1'tl~(;1'l~"lnLr1'i''tl~lJ(11L£J'tl LYl'tl 'll L'WnI'i''l(11r11~1l1Ylnl'i''i':;lJl£J 

l~'lJ'tl~L~'tl (freeness) 

C1V1 

0.3 x (1000 ijft~~m) 

= 

= 

= 

C2V2 

1.54 X V2 

194.81 

195 ijft~~m 

~~t!'W m2-l1 (;1'i''lJ'tl~Jl L~'tl~l'l'tl~(;1'l~"1 nLr1i'tl~lJ (11 L~'tl L~'tl1fl 'WnI'i't) (11 rll~1l1Yl nI'i' 

'i':;lJl£Jl~'lJ'tl~ L~'tliJrll LYl1nlJ 195 ijft~~m 
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....... f ........ .r. ..... ... .. ~.¥ 
'lfiFl1'U'uu'\.nU1\11'UnL!l'!l ~!l'll'U (hard wood) LL~~L!l'!l ~!l!l1'l (soft wood) LVi'!l ~'!I L'Un11"l1'U 

LLcl'Un~"1'H 

" m:::~11~iJi:n\nrm.Jl(;l~~lU (basis weight) LYllrlU 60 nr).J~'tl(;l1n'lL).Jm .. 
L""uc.hu~uffmn'l'll'tl'lm:::~11~LYllrlU 20 L'l!U~L).Jm 

" I 

fl,)1).JLif).JifU'lI'tl'lt11L~'tl (% consistency) LYllrlu~m.l~::: 0.3 

" " • \nt11~unm:::~11~LL~'1 (0.0. weight) lJlc;l'lu 

" r.nn m:::~11~iJt11~Un).Jl(;l~fJ1U LYllrlU 60 nr).J~'tl(;ll~l'1L).Jm LL~:::L""Ur.huPluffn~l'1'l1tl'l .. ~ 

" m:::~11~LVllrlU 20 L'l!U~L).Jm c;l'lUU'"l:::lJl~l 

~ I ~ I 

nj::;~Il!tiJ~uV1 1 (;l111-.l Ll-J[;l1 9::;iJtllV1un LU'f) LL""~ Lvl1rlU 60 nfl-J 

" I 

LLtJU '"l:::iJt11~UnLfj'tlLL~'1 LYllrlU 1.884 nr).J 

" I" I" I I I 

• ~1t11~un L~'tllrJ~uV11flUn1 ~~ULLtJum:::"l1~V1hJiJ L~'tlV1 CJ~(;l'"ll n JlUifl,) L Yl~ CJ~).J 
I I 

• .dI .ct .cal. , ..... .., 

'"lln % consistency 'lItl'lLrJ'tl 'l!'1).JfllLVl1nU~'tlrJ~::: 1.54 

LLVlU~11u~).Jn1~~ 4 '"l:::lJl~l 

% consistency = 0.0. weight x 100 

water + 0.0. weight 

1.54% = 1.884 nr).J x 100 

water + 0 .0. weight 

water + 0.0. weight = 122.34 nr).J 

... '" I" I " 

c;l'lUU t11~UnL~tllrJ~uV11flUn1~~uLLtJum:::~1~ LYllrlU 122.34 nr).J 
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• uftJPl'l1~Lif~ifU'1l'fl~J1L~'fll,xnPl'l1~Lif~ii\m11ntJ1'flm'l~ 0.3 L~'flliilum1~uLL~U 

(1.54)(122.34) 

= 628 

" " ~~t!u ~'fl~L~~inLvhntJ V2 - (water + 0.0. weight) = 628-122.34 = 505.66 i1'/'l~~1111 
" , " 

LL'/'l~LL~~~~1~'fl~HU1LU'flLVhntJ 628 nf~ ul'fl m1~ULL~Um~~11f 1 LL~U 

...... 0 r.., ... ...... .... .... 'i'...... ... .. l-
';lfiFl1'U'HU"'1'U1".'Um!J'!l'VI~~111t;j1nl11'U"lI1'hvt{;1'V11Jn1·HI·6'U.JL!J'!l ~!J'6'f'U (hard wood) LL~~ 

... .. ... "n .¥ , L!J'!l ~!I!11';l (soft wood) Lvt'!l ~"1f 'Un1~"JJ'ULL~'Un~{;11'I!J 

" I I I" I I" I 

• vnu1V1t!n LU'flVl CJ~11191n~uif1'l L ~ ~Vll iilum1~ULL~Um~~11fVln LU'flltJ~uLL'/'l~LU'flltJ 

m'lCJ~~luil11n~'luull~1 nu 

vl'l'fl~l~L-rlij il11n~'lU'1l'fl~L~'fl~CJ~mln~uifl'lL~~ul'flL~'tllm~:'u LvhntJ 50 : 50 

" 91n m~~l1f 1 LL~U nU1V1t!~~1m~1U'lJ'fl~m~~11fLVhntJ 60 nf~ul'fl1111n~L~{;11 
.u 

" " ~~t!U m~~11f9~nU1V1t!mL,x~ LvhntJ 1.884 nf~ 

JULL~~~~19~lvl 

= 

= 

50 x 1.884 

100 

50 x 1.884 

100 

= 0.942 nf~ 

= 0.942 nf~ 
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,,:;1~~1 L~'ilvnrn 100 nf~ ,,:;ilrl'Ju~djUL~'il"1~'il~lwm~1ruLVhrllJ 18.27 nf~ LL'(l:;ilJ1'il~ 
1um~1ruLVhrllJ 81 .73 nf~ 

... ::. J' .JJ .. ,,"'i'..... ... .J ... 
{1l~UU LU'il'll'il~LtI'ilY1~'(l"'''1n'''U'll1'J LYi{1l"N~Un 18.27 ni~ 1i.j:;~1"1nLtI'il 1 00 ni~ 

'h~'il~mnd'il'll'il~L~'il~~ftm1n~u;h'JtYi{1l1i.j1~mrn 0.942 nf~ 1i.j:;~'il~i~L~'il 

LvhrllJ 0.942 x 100 = 5.16 nf~ 

18.27 

~ , 
~1n~'il~m~~ULLcJUni:;{1l1~1U'JU 25 LLcJU ~'il~H L~'il LUtlnLVhrllJ 5.16 x 25 = 129 nf~ 

I I I " 

Ln'il L~'ilVl~ft"'1i.j1n~uif1'J tYi{1lill"l'J1~:nULVhrllJ~'iltl'(l:; 77 .89 

1", .J... ....,j .J J."I .J .. ''I. F-: ,... ....,j :: ''I 
,,:; {1l'J1 LtI'il~Un 1 00 ni~ 1i.j:;~'('l'JUY1 LuULtI'ilIi.jN'il~ LUu~~1ruLY11nlJ 22.11 ni~ LL'(l:;~U1'il~ LU 

m~1ruLVhrllJ 77.89 nf~ 

.... " I I I 

~~,rU Li1'il'll'il~ L~'ilVl~ft"'''1n~uif1'J tYi{1l,,1~~,rn 22.11 nf~ 1i.j:;~11i.j1nL~'il 1 00 nf~ 
" I I I I 

'h~'il~mni1'il'll'il~L~'ilVl~ft"'''1n~uif1'JtYi~1i.j1~~,rn 0.942 nf~ ":;~'il~-n~L~'il 

LvhrllJ 0.942 x 100 = 4.26 nf~ 

22.11 

~ , 
~1n~'il~m~~ULLcJUni:;{1l1~~1U'JU 25 LLcJU ~'il~1;fL~'ilLUtlnLVhrllJ 4.26 x 25 = 1 06.5 nf~ 

" "I " 
~~,rU ni:;{1l1~ 1 LLcJU li.j:;ilt11~,rnL~'il;1~~~{1lLVhrllJ 5.16 + 4.26 = 9.42 nf~ 

~ ~ .J ~ , 
n1~'il~m~~ULLcJUni:;{1l1~ 25 LLcJU t11~,rnLtI'il;1~~~{1lVl~'il~1'hVhrllJ 9.42 x 25 = 235.5 

~ , ~ 

"1n,rul.lflJl"l'J1~Lif~ifU'll'il~L~'il (% consistency) ri'ilU~ULLcJUni:;{1l1~1~ilrhLVhrllJ 

~'iltl'(l:; 0.3 
I " I " 

Ln'il t11~,rn~1"'~~1U'll'il~ni:;{1l1~V1~'il~m~ LvhrllJ 60 nf~~'ill?l1n~L~"'~ ~~,ru ni:;{1l1~ ... 
~ ClIo _ '" 1_ _ 

":;~U1~UnLm~ LY11nlJ 1.884 ni~ 
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% consistency = 0.0. weight x 100 

water + 0 .0 . weight 

0.3% = 1.884 nrl-J x 100 

water + 0 .0. weight 

water + 0.0. weight = 628 nrl-J 

II '" " I . JJ I I 

~~UtJ 111Vlum.11 L~'t)V; ~'t)~ 1-Dl tAn1 j~tALL~tAm~ (;111!t 1 tA'tl (;J n ~'J tAL~ 't)v; c.J~ (;J"'l1 n ~tA 
, ., 

if1'JLVi(;l[;]'t)L~'t)1tJ~tA 50:50 LVllrlU 628 nrl-J [;]'t)m~(;l11!t 1 LL~tA 

" tJ I " 

Vl1n~'t)~n1j~tALL~tAm~(;l1lf"i1tA'JtA 25 LL~tA "'l~~'t)~H1l1L~'t)r1~Vll-J(;l LVllrlU 628 x 25 

= 15,700 

., ., 
~~UtA~'t)~L~l-J1l1LVllrlU 15,700 - 235.5 = 15,464.5 nrl-J 

.... 0 .... ... ... ...... ~ ..."' ~ •• 1 ... 
';l5Fl1'lJ/HU~1nFl1Ju'a~L!Jil'VI~'il9l~1n61'lJ"lI1';l~~61 L~il ~'lI ~'lJn1~nilm!Jil (bleaching) 

fl1jLrln~1-DltAn1j~'t)m~'t)"'l~ri1tA'Jrul~"'l1n~1Vlum~'t)LL~~ (0.0. weight) '1l't)~L~'t)~ 
c.J~m1 n~tJif1'J L Vi (;lri't)tAn1j~'t) n L~'t) 

." , 
0 .0. weight = (1l1Vlun'1l't)~L~'t)~tAif1'JLVi(;lVl~~~l-JL~'t)) (100 - %MC) 

100 

= 450 x (100 - 80.04) 

100 



= 89.82 nfl_J 

... II I I I 

vl,n!U 1.l1ln!nL~'flLL""'l (0.0. weight) '1I'fl'lL~'flri'flUn1r~'flnL~'flLvhri'u 89.82 nfl_J 

fl'l1l_JLifl_Jifu'1l'fl'l'ttlL~rL'"lULtJ'flf'fl'fln't"l!C;) (HP2) rmJ~::; 3 

fl'l1l_JLifl_Jifu'1l'fl'lL"l!L~E.ll_J'Dfhnl11 (Na2Si03) r'flE.l~::; 2 

= 

100 

-------------------- (6) 

= 

89.82 x 3 

100 

89.82 x 2 

100 

= 2.695 nfl_J 

= 1.796 nfl_J 

168 

vl'lJU (;]'fl'll-nttlL~n'"luLtJ'flf'fl'fln't"l!c;) Lvhri'u 2.695 nfl_J L~'fllm~fl'l1l_JLifl_Jift.!Lvhri'u 
r'flE.l~::; 3 LL~::;(;]'fl'll_rr"l!L~E.ll_J'D~Lnl11 Lvi1ri'u 1.796 nfl_J L~'fllm~fl'l1l_JLifl_Jift.!Lvi1ri'ur'flE.l~::; 2 

o ~ •• 1 .J.J ~ .,., ~ 
~1~rUn1rl1'fln LEl'fl'Vl c.J~111'"l1nl11U'1l1'l LVi~ 
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111 FHJ U 'J n '11 
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... .,J .. oJ 1 X. .,J"" "oJ .,J .. "" 'i' ~ r 
1I1't'i'VI '11-3 m:-;vl1lfVl ~'(HW"l1 nLtJ'el tJ'C'lUVl~n11VlVl LLVlUVl'lmtJ'elVl ~~Wl'"11 n(;1'1.'!'jJ1'"hVi VlViUfi • 

., I I 

-if1'lLViVl-if1'lLVIUm ~l11n~'lU~'elm~:-; 50:50 'jJ'el~il1"nrnLU'elLL~~ V1ri1~~'jJmtJ 200 LVI1 

1I1't'ivl '11-4 m:-;Vl1lf~ ~~ 111'"11 nL~'ellmru~iJn1 1VlVl LLVluJl'lm~'el~ ~~111'"11 nUlu-if1'l L Vi Vl~ufi • 
-if1'lLViVlL~tJ~~l11rf !ll11n~'lU~'eltJft:-; 50:50 'jJ'el~J1'\..ttinL~'elLL~~ ~ih~~'jJmtJ 200 LVI1 
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.... J .. J '1 J"" "J J .. "" 'i' ..... 
111'W'" "lI-4 m:;(1ll1fYl ~ftIW"ll mtJ'tl LtJm,)Yl2-Jn1TYl(1l LLYlu,Wm LtJ'tlYl ~ft(;19l n(;l1.J'lIl'h ~ (1l~U,fi • " , , 

-ill') t~(1l-ill,) L~i1tJ') 'tl(;1n~')u,T'tltJft:; 50:50 'lI'tl..:Jt1l~l!m~'tl LL,x..:J Y1ih~..:J'lImtJ 200 Lvh 

111'WvI '11-6 m:;(1ll1f~~ft(;19lm~'tl1tJm')~nn1TYl(1lLLYlu,~')m~'tl~~ftmlnvi'u,-ill')t~(1l~u,fi • 
-ill')L~(1lL~tJ..:J~(;11 'tl(;1Tl~')U,T'tltJft:; 50:50 'lI'tl..:JJ1~l!m~'tlLL,x..:J ~ih~..:J'lImtJ 200 Lvh 
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, , , 
U1'1~1,) ~~m ~'lIlih~ru Ln~L~'tlt)UYI 1 fiU,)1rltJ 'Vi .PI . 2527 Y1r.r'l~t)~L'Vi'll1Ur .. .. ... .. 

tI 'Vi . PI . 2550 ~1Lr9n11~m~1m'1Jn.!1ururVil1l ~1'l11rJLmLrlilLLft::t)~~'Vi'tlftLtJ'tlf 

rlru::';j PI') m1tJPl1~l1lfLL~::LVlrl LUL~~'tl11l~1"vm11tJ tJ"vn';jVltl1~t1Pift1.hm ';jVltl1 L'lI11l • 

Chaiarrekij, S. and Sukjamroen, S. (2008) . Papermaking of Various Cornstalk 

Stem Parts. 4th Mathematics and Physical Sciences Graduate Congress 

2008 (MPSGC 08), pp. 79-83. Faculty of science, National University of 

Singapore, Singapore, 2008. 

~~11l1 ~'lIr.i1L1n.! . n11C.JftI1lL~'tlLL~::m::~1~91nUfu;r1')L'Vi~ (Pulping and 

Papermaking from Corn Stalk) . n1nh::~w~U'tlC.Jft'l1u';jr.rm::c;luururVil1l~n~1 

LLvi'l'll1~ rlf'l~ 12, WU1 PMP 4 (691-701) . 12-13 nWl1~ufi2552 ru • 
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