
"
'W1tJfi'W11fi ~~ 'Yi 1tJ'll tJ

~1'l11';)'ll1 bVl Pit 'Wt~~ Vl1'lJl 1'Yi Jl1P1';) 'll1';)VltJ1P11~ (;jfVl1'lJl 1'Yi ~ 1tJ bb~ ::;bVl Pit'Wt~~Vl1'l n15'yhJ~

P1CW::;';)VltJ1P11~(;jf '"l~1~'lmru~ VI1';)Vl tJ1~tJ.
tJn1 5'~m=n 2550



THE USE OF CARBOXYMETHYL CELLULOSE WITH CELLULASE IN DEINKIN G OF

FLEXOGRAPHIC WATER-BASED INK

Mr.Thanawut Limphanit

A Thesis Submitted in Partial Fulfillment of the Requirements

for the Degree of Master of Science Program in Imagi ng Technol ogy

Department of Imag ing and Printing Tech nology

Faculty of Scie nce

Chulalongkorn University

Academic yea r 2007

Copyrigh t of Chulalongkorn University



~1'lJl~'1l1

'e) 1'"l11~~mm11

'e)1'"l1 1~~mm~n1')~

LvJ~nt"]jn11Yl ~1'WJl..
'"

'Wl t1 fi 'Wl,)fi ~uvnth~.

............e~ . .. ~ ..
fl ruu Vlflru::;')Yltl1 P\l~m

( P\ 1 ~ ml'"l1 1~ Vl1 . Ln tl~Pln~ L~'W::;LP\')(;l )

.............@~~ ~ lh::;fil'Wn11~n1 1
(1'e) '1 P\1 ~ (;ln'"l1 1~ Vl 1. 'e) ¥ru mru~u~lt1 )

~ ~

............. .~.. ..!.~~'!~~.~~-:.~.. 'e11 '"l1 1~~mm11
( P\1 ~ml '"l 1 1~ Vld'. ~ Vll Lnm~nl'"ld',)'1Pi )•

.....}~w .t~.~:N.~ 'e11 '"l1 1~~mm~n1') ~

... .~~~.~:~ .....~~: .~. j ~~ .~~.~~~.r .. .n d1~n1 d'

( ~-rl ') t1 P\l~ml'"lld'~ m .MllJld'ru 'WYlflru~hm¥(;lu)
"lJ • •

·· ···· · ··r· ··· ·· ·~···· · nd1~ n1 d'
('e11'"l 1d'~ Vld' . n'WVi'd ~,)1 1run'"l )• •



l.yHlnt6jj nnYJ1li1kl~1 . (THE USE OF CARBOXYMETHYL CELLULOSE WITH...
CELLULASE IN DEINKING OF FLEXOG RAPHIC WATER-BASED INK) s . ~mnM1 :

f'll .~~. M n l.nm~n1'"l~,)'lf"1, 'el .~mnM1 i,)d-J : 'el .'~m~~ -ntl'el11llii'"l , 116 Vlih.
q

>-

'l1 kl"J~t1.wl.t1kln1~~nM1 n1~H',"nfu'eln; l.d-JYi~ l.6jj~~t~~i,)d-J flU l.6jj~~l.~~1kln1 ~~ 'l Vl ij n~d-J~
'IJ 'IJ

l.yj ~ nt6jj n nYJ~1kl~1~ ~ 1'el'el n '"l 1 n n ~::: ~ 1 MiJ'elkl~ n1 ~Y1~~ 'el'l ( (;l 'elkl l.l.m ) dd-J '"l 1 n n1~Vl 1md-J1rufOl1fu'eln~

l. d-JYi ~ l.6jj ~ ~t~ ~~ l.Vl d-J 1 ::: ~ d-J t~t1iJ n1~HfOl1fu'eln;l.d-JYi~l.6jj~~t~~ 4 ~:::~U ~ 'el~'eltl~::: 0, 0.1, 0.2 l.l.~::: 0.3
'IJ 'IJ

"lJ 'el'l~1V1ilm~'ell.l.'!X'l '"l 1n n1~Y1~~'el'lYiU~1md-J1rufOl1fu'eln~l.d-JYi~l.6jj~~t~~~l.Vld-J1:::~d-J~'el~'eltl~::: 0.2 "lJ'el'l
'IJ

'" I '" I I'

U1V1iln l.~'ell.l.'!X'l '"l1nilkl~'lu1r11Y1HlliJH1kln1~Y1 ~~ 'el'l(;l'elklYl~'el'l r;l'el 'hl ~'l l.t1kln1 ~~ nM1 ~'l e-J~ "lJ 'el'l n1~H

fOl1 fU'el n; l.d-JYi ~ l.6jj~~t~~i,)d-JflU l.6jj~ ~ l. ~ ~ ~ iJ r;l'el iJ~:::~Y1fiJl1Yi"lJ'el'l m ~~'lVlij n l.yj~ n t6jjnnYJ'el 'el n'"l 1 n
'IJ 'IJ

m:::~1'l:t t~t1(;],)l.l.iJ~1kln1~~nM1iJ 3 (;],)l.l.iJ~ l.l.~:::l.l.r;l~:::(;],)l.l.iJ~'"l:::iJn1~~nM1 2 ~:::~u Hll.l.ri~'eltl~::: 0 use

0.2 fOl1fu'eln;l.d-JYi~l.6jj~~t~~"lJ'el'l~1V1ilm~'ell.l.'!X'l ~'eltl~::: 0.1 l.l.~::: 0.3 l. 6jj ~ ~ l.~ ~ "lJ 'el 'l~1 V1 ilm~'el l. l.'!X'l l.l.~:::
'IJ 'IJ

~:::t1 :::l.,)~1~1'!Xl.6jj ~ \jl.~ ~.yi1 iJDmtl1 flUl.~'el (10 l.l.~ ::: 40 kl1Y1 ) t~ t1 t1'"l~t1 ~1-iftkln1 ~~'"l1 ~ru1 iJ~:::~ Y1fiJl1Yi

"lJ'el 'l n1~~'lVlijn'el'eln 1~l.l.ri r11 fOl,)1d-J"lJ 1,)~~1'l r11md-J1ruVlij n~ l.VI~ 'el'el tl r11 ~~~"1l.wfOl,)1d-Jl.l.~'ll.l.N r;l 'ell.l.N ~'l
'IJ

r11~n"1l.wfOl,)1d-J l.l.~'ll.l.~'lr;l'ell.l.N~ n r1 1~Jl 1Yi~:::U 1t11~ l.l.~:::md-J 1 rue-J~e-J~(;l~1~ ;'l'"l1n n1~Y1~~'el'lYiU~1

l.~ 'el1.jfmd-J1rufOl1fu'eln; l.d-JYi~ l.6jj~~t~~l.l.~:::md-J1rul.6jj~~l.~~ l.~d-J~kl ~,)d-J~'ll.~d-J~:::t1:::l.,)~1~1~l.'elkl1"1l~.yi1
'IJ 'IJ

iJDmtl1 ~'l e-J~1~ l.~'el iJ r11fOl,)1d-J "lJ1,)~~1'l l.~ d-J~kll.l.~:::r1 1 md-J1 ruVl ijn ~ l.VI~'el 'el ~ ~ ~ ~'l m::: ~ 1MiJ fOl,) 1 d-J

l.l.~'ll.l.N l.~d-J~kll.~'el1.jfmd-J1 rufOl1fu'el n; l.d-JYi ~ l.6jj~~t~~ l.l.~ :::md-J1 rul.6jj~~ l.~ ~ l.~d-J~kl Vl1n l.l.r;lfOl,)1d-Jl.l.~'ll.l.~'l
'IJ 'IJ

iJ l.l.kl,)t ,Jd-J~ ~~'ll.~'el~'l1~l.'elkl16jj~;1 1iJD n1'tI1 flU l.~'elkl1kl~kl (;]')l.l.iJ~~~'l e-J~ r;l'el r11~Jl 1Yi~:::U 1t11~"lJ 'el'll.~'el
I I I I '" ,

d-J 1 n Yi ~ ~ ~ 'el md-J1 ru l."]j ~ ~ ~~ ~Y11.jf t~t1 ~ij'el1.jfmd-J 1 ru~"]j ~ ~ ~~ ~ ~~ d-J~kl iJ ukl ') t ,Jd-J;111~l.~'el iJ r11 ~Jl1Yi
q 'IJ 'IJ

~:::u1t11~~'l~kl 'el tl1'lh r'l md-J(;]')~~iJ~~'l~1d-JhJiJ e-J~ r;l 'elmd-J1 rue-J~ e-J~ (;l~ 1~
'IJ



# # 4772318223 : MAJOR IMAGING TECHNOLOGY

KEY WORD: Deinking / Flotation / CMC / Enzyme / Flexographic water-based inks

THANAWUT L1MPHANIT : THE USE OF CARBOXYMETHYL CELLULOSE WITH

CELLULASE IN DEINKING OF FLEXOGRAPHIC WATER-BASED INK.

THESIS ADVISOR : PROF. SUDA KIATKAMJORNWONG, PhD.,

THESIS COADVISOR: SOMPORN CHAIARREKIJ, M.S., 116 pp .

This research aimed to study the effects of carboxymethylcellulose and

cellul ase on de inking of black flexographic water-bas ed ink printed on uncoated wood -free

paper. The first phase of experiments was to determine the optimal dosage of

carboxymethylce llulose for input parameter in the next phase. The dosage of

carboxymethylcellu lose was varied from 0, 0.1, 0.2 and 0.3% based on oven dr ied (0 .0 .)

pulp weight and it was found that the opt imal dosage of carboxymethylcellulose was 0.2%.

Then, the second phase of experiments was to investigate the effects of

carbox ymet hylcellulose and cellulase on deinking efficiency of flexographic water-based ink.

Three variab les with two levels emp loyed in the phase were carboxymethylcellulose dosage

(0 and 0.2% based on 0 .0. pulp weight), cellulase dosage (0.1 and 0.3% based on 0 .0.

pulp weight) and enzyme reaction time (10 and 40 min). The criteria used to evaluate

deinking efficiency were br ightness, effect ive residual ink concentration (ERIC), tensi le

index, tear index, freeness and yield. The results indicated that higher

carboxymethylcellulose and cellulase dosages as well as longe r reaction time led to higher

brig htness and lower ERIC. Tear index and tens ile index increased when increasing

carboxymethylcellulose and cellu lase dosages but the two strength properties were lower

with longer react ion time. The only variab le affected freeness was cellulase dosage from

which higher dosage increased freeness values. It was also found that all three variables

had no impac t on pulp yield .
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'V'l'El'l'El1 n1P1 (Flotation) LLYl'W L(;1tJU"'l"'lu'Wl~i1 n1~VimmjJH' L'El'Wl'll~jJl'll')tJyh 1,xu~::;~YlfiJ11Vi1 'W,

n1~~'l",ijn'El'Eln L~jJ~'l;'W ~'lVilJrJ ll"l,)ljJ"lJl,)~rJl'l (Brightness) "lJ'El'l L~'El~ ~1'Wnl~~'l",ij nL(;1tJ1-if

L'El'Wl'll~'ll')tJ"'l ::;~'l nrJl n1~1~1-ifL'El'Wl'll~ 'Eltil'l hr'i [1]ljJl"l,)ljJ"lJl,)~rJl'l~l~r'itJ'll"l'l ~1 nrJl n1~~I'l
'lJ

LiJ'W'Cl,)'W1", '1i 'Cl ,)'W"'~'l~l1 11,xLiJ'WL'll'W ,r'W~'El m ~~",ij n dl 1'1 n1 ~~'El'WnilJhJ~ 1'1~ L~ 'W'lu (Ink

redeposition) ti'W L'El'l '"11 n'll 'W';j ~tJ ~ ~ 1 'WjJ 1 Vi lJrJ 1 n 1 ~1.jf l"l1flJ'El n; LjJ ~ ~ L'll ~ ~ L~ ~

(Carboxymethyl cellulose, CMC) ~ljJl~f.lL~mh::;'1~lJ1'W~:;lJlJl~ L~'El'l"'llnl"llflJ'Eln;LjJ~~

L'll~~L~~i1",~ l"llflJ'Eln; (Carboxy group) ~1,xU~:;'1~lJ'El~ l111,xL~'W1tJ~i1u~:;'1~lJ'El~LL~')i1 ms

n~:;"'lltJ(;]')~~;'W~'l,r'Wm"'lLiJ'WhJ1~rJll"llflJ'Eln;LjJ~~ L'll~~L~~ Ul"'l:;'ll,)tli:J'El'lrl'Wn1~~'El'WnilJ
'lJ

~ ~

~,)tl",ijn L'V'l~ nL'1l nnYJ~I'W,Jl Ll'1tl1.jfL'El'W18Jl~ i1u~:;~YlfiJ11VijJl n;'W..

~.
'WI
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rll1.fhnru~~n~m~!l!ltJ (Effe ct ive residual ink conc entration - ERIC) ~!l rll~
"

ue nn'l1.fhn ru"JJ'f)'l~~n~ L~~!l!ltJ1lJL~!l~'lrll (;]'J L~"JJ9 ::LLunrW;lN nutfhn ru~~n~L~~!l!ltJ
" "

,
, I d 11 iI IV ..r::;,j,

fOIl fOI'Jl~"JJ1'J'Ci'J l'l (Brig htness) fOI!l :i'!ltl~::m:i''Ci::'Vl!llJLL'Ci'l"JJ!l'l'J (;] (J'Vl"ll'J'l fOI'Jl~tI1'J

fOI~lJ 457 lJltlJL~(;]:i' t (;'l tl rll n9 ::L'ljlJrll ~i..i'lU!lnn'lm l~'Ci::!l1(;'1 "JJ !l 'l L~ !l ~l nnrll'Ci'l LL'Ci(;'l 'l';hL~!l
"

rll'CiJ1 1"r'l:i'::Ult11~ (Free ness) ~!l rll~U!lnn 'l fOI'Jl~'Cil~ 1:i'(11lJm:i':i'::Ult1~1!l!ln

"JJ!l'l L~!l L-nlJ ~1 n rl l'CiJ11"r'l:i'::Ult11~n rll ~1 ~~1t1fOI'Jl~~l L~ !l~lJ'Ci l~1 :i' (1i~~11~~l n :i'::Ult1.

'I.1hn ruCJ~ CJ~ (;]~1~ (Yield) ~!l m~l ru"JJ!l'l L~!l~ m~!l91n n ~::u'JlJm ~~'l~~n!l!l n

Lti!l'l91 n1lJm::u'JlJm~~'l~~ n!l!l n~lJ L~lJ1t1Ul'l~'JlJ9::~~(;'I!l!ln~l"r'l¥!l~ nU!llJJ11 m!l'l~~ n. .

(;'I~~"Il-WfOl'Jl~LL~'lLL~'lr;i!lLL~'l~'l (Ten sile i n dex) ~ !l rllLLN'Ci'l'Ci(;'l~m::(;'I1M'"l::'VllJ1~" .
ri!llJ~ n~::(;'Il~9 ::"J11 (;'I!l!l n91 nnlJ L~ !l (1 n~ 'l L(;'I tI LmtiU LVi t1UnU~l~oJn~lJ ~llJ"JJ!l'l n ~::(;'I1~~

" d

(;1~~"ll-WI'l'Jl~LL~'lLL~'lr;i!lLL~'l~n (Tear i ndex ) ~ !l n1~t)(;1LLNL'tl~tI~1-nlJnl~~n

n~::(;11~r;i'f)"'l1 n LLlJ'J L'4)J rXlJ L(;'ItI LmtiULYitlUnU~1~oJn~lJ~1 lJ"lJ !l 'l n ~::(;11~~~1)J1L-D'Vl (;\~!lU
d
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,
.::i Go' o::S.!.I Go' 11 0 11 dl .c::. lI""Q ~ II""

VI:lJ n'a'a n VI~'l'"l1 nVl:lJ n LLVI'l [;l'J LL~'J r1I'W'J ruVl l~'atl~:::"]J'a'lVl:lJ n'Yi:lJ'YiYl'Yi:lJ'Yi~ 'lU'Wn~:::C1lI'I~t

, ~

3 . L[;l1't1:lJ m':::C1l1~ ~'J'ath 'lYi e.h'W nl ~~:lJvr~'JtlVl ij n L'tJ~ nt 'J! nnYl~I'W-wl1'WLL [;]~ :::....
~ ~ ,

n1~YlC1l~'a'l1\xij-W1V1oJnLyh 1 fl'W -Wlm' :::C1l 1~:lJ l'vhn1~~C1ltJ'atILu'W~'WL~n 1 LY;'a"Jl'Jtl1\Xn1~~

m:::'"l I t1 L~ 'a1\xijih:::~ YlfiJll 'Yi:lJl n~'W

4 . -WI n~:::C1l1~~ L[;l1't1:lJLr)vi!n1~~m :::'"llt1L~'a b~'abbtl nVlijn'a'a n'"ll nL~'W1t1 ~'l1 'Wbb[;]

~ ::: n1~Yl C1l ~'a 'l'"l ::: b~:lJm:lJlrurl lfu'a n; b:lJ '(i~ b'J! ~~tm~ bb[;l n [;]1'l fl'W -WI b~'a~1~tJe.h'W n~:::u'J'Wn1~
'lJ

8 . L; t1 'WUYl rl'Jl:lJ Yll'l1'll1 ms L~'a Lt:J tlLL'Yii1 'W 'J1 ~~1~1'll1 m ~~ij fill C1ln'llut) ,;jt.J~

nrznu (Impact Factor) LL~::L;t1'W1Yltl1i1'Yi'Wfi



d
tJ'VI'VI 2

u1.J'J A~ bb~:::'Vl 'l'l!Jij

m::;1J,")'Wn1~1-1"1l b~ ~ n~ ::;(Pl Tl~ (Paper recycl ing) dJ'Wn~::;1J,")'Wn1~~~ 1r1'1!J-J1 n

t(PltJ9::;b~'W91 n~~1tJ 1 U~::;b'Vl f"l1 Ji~ ::;'l.!H~1 1:.J ~ l?l.rlruSY]1J1~ "ll il(Pl 9 ::; ~'el ~ I:.J~ l?lJ-J191 n m::; (Pl 1'jj'1-1"1l b~~

(Recycled paper) b',h~'W ~~9 ::;~1mnl-W1b'ih u~::; b'Vl f"l 1 Ji bb'W '") t~J-JL'Wn1~Hn~::;(Pl1'jj'1-1"llb~ ~~~~

~,") 1J-J ~1r1'1dJ-J 1n~m~'~L'Wn1~Y;J-J~ 1Jn~ .rlrusy] ~oJ~~'elY;J-J~~1'el ~'el~~Y;J-J~~'W 1 bb~::; 9 1nJl 1Yi~

1 9::;b~'W1Ji~1 91 nu'W'it~J-J~~ n1~Hm::; (Pl 1'jj'~ I:.J~ l'19 1 m~'el1-1"1lb~~~ b~J-J~'WL'Wbb[;]~::;U vi'lL'"

~1(Pl n1~ru1Ji~1 91 nrh~'")b~'1I n1~Hb~'elLmn'Wn1~I:.J~l'1n~::;(Pl1'jj'9::;~(Pl~~91n~'eltJ~::; 53.5 L'WU
I I I '"

1996 dJ'W~'eltJ~::; 42.5 L'WU 2010 L'W'1Iru::;Vl n 1~H\~'el1-1"1lb~~L'Wn1~I:.J~l'1n~::;(Pl1'jj'9::;bY;J-J~'W91n

~'el tJ~::; 36.5 L'WU 1996 dJ'W~'eltJ ~ ::; 42 .5 L'WU 2010 (1) 'elth~hnl'11J-Jb~'elbU'Wn1n~J-JJ-J~rh
"

s- , >-
IV I 4 4 .<::II • ..::s 4..:S IV

m::;(Pl1'jj''W'WJ-J1 1:.J1 'Wm::;1J,")'Wn1~(Pl~mJn (Deinki ng) 'el'el m~tJ n 'el 'W "1l ~ m::;1J ,") 'W n1~(Pl~~J-J n'el'el n'W'W

~J-J 1tJ ~~ m::;1J ,") 'Wn1 ~~vh n1 ~~~~ijn 'el 'eln91 n b~'WLtJ~ e.i1 'Wn~::; 1J ,") 'W n1 ~Y; J-J~J-J1 bb~'") b~'eluf1JU~~,
iJ' . '1J s- '"

~J-J1J~'1I'el~ b~'WLtJL"'~~'W n'el'WVl9 ::; -W1 b~'WbtJoJ'W1u~'Wbb e.iml 1 n ~::;(Pl1 'jj'~ n~f~
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m::;U'J \.ln1~~":I'I~~ n 'a'an (Deinking ) L~EJi'JhJLL~'J n 'a~ 10 i 'W(1J'a 'W ; ..:lL'Wn1~~..:l

'v1 ~ n'a 'an'a1'"lh H 1 dJ 'W cX'a ..:lL-n~~U~..:l 10 i'W(1J'awi1l?1 LLrl::;ih ~ui'W(1J'a 'WL'Wm::;u'J'Wn1~~..:l'v1~n

'a'an n~1~1HI~ ~U L1J~EJ'W~1~u1l?1 ~..:l~~'W'atJ riU'llD~'lJ'a..:lm::;~1~':h c.h'Wn~::;U'J'Wn1~~~~ l?1'JEJ
"

':)fiL~~1 ri'a'W LLrl::;W.n~ L'v1 ~1::;~~~'W 1 i 'W(1J'a'W(;]1 ..:l 1 'lJ'a..:lm::;u'J'Wn1~~..:l'v1~ n'a'a nn~..:l~
"" ...1. n1~(1Jn~::;'"l 1mEJ'a (Pulping or repu lping)

,

2 . n1 ~~1..:l L~ 'fl (Pre-wash)
,..

3. n1m~'fl..:l LEJ 'fl (Screening)
o ..

4. n1 ~Y11 ~'J1~~ :;m~LEJ'flLLUlJ Reverse cleaning
,

o ..

5. n1~Y11 ~'J1~ ~:;'fl 1 ~LEJ 'fl LLU 1J Forward cleaning

6 . n1 ~~ ..:l 'v1 Jj n~~~'fl 'fl nL~ EJ':)fi n1 ~~1 ..:l (Washing)

7. n1~~..:l'v1Jjn~~'tf'fl'flnL~EJ':)fin1~~'flEJyj'fl..:lm n1 Pl (Flotation)..
8. n1m~:;'"l 1EJ'v1~n (Dispersion)

9. n1 ~yj 'fl m~'fl (Bleaching)

10. n1n~EJ'WtJ1~1 n~1J~11-n'v1~ (Water ci rculation and makeup )

1. n'i::a.J'J'lJnTa~~'Vli1n'£l'£ln'"l1nn'i~1'11~ (Deinking process)

"" ...1.1 n1~(;Jn~:;'"l1 mEJ'fl (Pulping or repulping)

L1J'Wi'W(;J'fl'W~tJ1 m:;~1h~1~m:;'"l1EJ LtI'WL~'flL"'EJ n1~1-n L ,"i~'fl..:l ~m:;'"l1EJ

L~'fl (Pulper) n1~~n~:;'"l 1m~'fl~'W LtI'Wi'W(;J'fl'W~~1 ~'1J~1 n1'Wm:;1J'J'Wn1~~..:l'v1Jj nsen LYin:;L1J'W
... ,

-n'W(;J'fl'WVl'VlJjnn m nLEJ n ~'J'fl'fl n'"l1n ~'J'v1ih m:;~1~L~ EJm P1EJ LL~..:l n s LL~:;/'v11'fl~1 n~n ~'J~~..:l LtI'W

i'W(;J 'fl 'W~ 'lJ 'W1 "' 'lJ 'fl..:l'v1Jj n~~'tfn n ~ 'J 1J ~~~ 1 n~~ ~ t"' EJi'J1tJ LL ~'J'fl 1 '"l '"l :; n n1~ L~~~1~L~n L-ri'W" . .
t"llL~EJ~1e:J"'~'fln1'llC;) (NaOH). L'llL~EJ~~~Ln(1J (Na

2
Si0

3
) , 1e:JL~n'"l'WLtJ'flf'fl'fln1'llC;) (H20 2) LLrl:;~1~

~~LLN~..:l~'J LtI 'W cX'W ~..:l1tJl'Wi'W (;J'fl'W~l?1'Jm~'fl-ri'JEJ1'Wn1m~::;'"l1m~'fl'v11 'flyj'am~'fl (1)

"'"" ,,,'" j
L -- ------.- -- _ .-

" ,
Jl1YiVl2 L~1'a..:l~n~:;'"l1m~'a (1)
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... ""1.2 n1 ~~1~ b~'El (Pre-wash)

bU'W-rr'W[;l'El'W"lJ9(?I ~1'El'ElniOl1 n b~'El 'v1~~ ~1 'W-rr'W [;l'El 'Wn1~i;i n ~:; iOl 1 t1 b~ 'Elbb~,)

b~'El u fu rl,)1 ~ bif~if'W"lJ'El~ b~'El1~b~~~~~'W
'U

""1.3 n1m~'El~ btl'El (Screening)

. bU'W-rr'W[;l'El'W~bbtl nt)~ (?I~~"lJ'W1(?1 A'El'Wif1~1'v1 ru b'll'W rl~UWnU n~:;c;n1"t ~') (?I, ~

biju n ~:; (?I 1'l't bU'W~'W 'El'ElniOl1 nL~'El~r.h'Wn1~i;in~:;iOl1 t1 ~ 1 bb~,) t(?l tl ~1 'W~n1-'W (Screen) b'Vin:;'v11n

~~ m~1~'v1~(?I~'El(?lbif11u1useuu 'El1iOliOl:;1uYi1rl,)1~b~t1'v11t11~brli'El~9n~l'w-rr'W[;l'El'W~'W11~

" ,
Jl1 'Vi Yi 3 brl1'El 'lYi 1rl,)1~~:;'El1 (?1b~'ElbbUu~n1-'W (Screen) (1)

,
o ~

1.4 n1 ~'Vl1 rl ,) 1 ~ ~ :;'El1(?1 b tl 'El b bUU Reverse cleaning

bU'W-rr'W [;l 'El'W~ 1.jfuun ~ '1 b~'El U 'W~ ~ "lJ'W1 (?I b~ n bb~ :;~ A1 rl') 1 ~ ~,) 'l~ 1 b'Vi 1 :;

(Specific gravity) ~~1 n~ 1 1 'v11'El~rl,) 1~'v1'W1bb~'W (Density) il'Eltln~ 1b~'W1t1 ~'ln1~H~n1-'WhJ

~ 1~1 ~tln 19(?11~ 'El1~ b'll 'W bij (?l 'Vi ~ I ~~ n bU'W~'W

0 ' 0

JllYiYi 4 brl1'El ~Yi1m 1~~:;'El1(?1 bU'El bbUU Centrifugal reverse cleaner (1)
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, ,
'"'* 0 dI q ....

L rI ~'el~ Yl1 r1,,)1J-J~:;'el1 t'lLtJ'elLLUU Centrifugal reverse cleaner J-J'\.H'l n ms

v'h~l 'W ~~~ ~'el Lrl1-'el~9 :;jj n1 ~Vl J-J 'W,,) 'W~,,) tlLLN VI 11 PlhltJml1 ~ v'h 1"" L~hl1tJ~~jj r1'J 1 J-J Vlhl1 LLUhl. "

t.- 4 .d
t'llhlU hl"lJ 'el~ L rI ~'el~ (i11"r'l Yl 4 )

1.5 n1~v'i1r1,,) 1J.J ~ :;'el1 "'L~'elLLUU Forward c leaning

1hl.rrW;1 'el hl~9 :;r1 ~1t1 rlU .rrWl1'elhl Reverse c leaning Vl 1 nuei dJhln1n Ltln

~~ L9mJhl~iJ"lJhl1 t'lL~ n LL~ :;iJ '"11 r1'J 1J.J ~ 'J'l~ 1 L"r'l 1 :;J.J1 n n ~ l 1 Vl1'eliJ r1'J 1J.JVlhl1 m.lhlJ.J 1 n n~l L~hl1t1

~'l n 1~1~~ n1hl1~~ 1 J.J 1 ~~ n19t'l1~

~

Reject ~l

" ,
Q dI 0 d

i11 "r'lYl 5 L rI~'el'l Yl 1 r1 'J 1J.J~ :;'el1 t'lLtI'elLLUU Centrifuga l forward clea ner (1)

Vlhl1 LLU hlJ.J1 n n ~ 1 L~u1t19 :; n n ~'" uun 'el 'el n J.J 1 Yl 1 'l ~l hl~l 'l 'o?i 'JhlL ~hl1t19 :; n n uun'el'el n1UYl1'l
" "

"t'llhlUhl

s- ..... ..... I

onhll11'el hl11 L1Jhln 1 ~"lJ 9 t'lViij n'el'el n9 1 n L~hl1tI 'I t'l tI n 1 ~1~-w1~1 ~ L~ 'el c.i 1 hl

l11 :; LLn~'l~ L~ nJ-J1 n 1 ~'l L~hl1t1 1~~1~1 ~~~ 'elt'l c.i1 hl1u1~Vl1'el~ 'elt'l c.i 1 hl1~L~ nil'el tJ 1'W"lJ ru:;~~19:;

"Il :;~l~"r'll L'el1'elhli11 r1"lJ'el~Vlij n~ n~:;91t1'elrJ'el'el n1u 'It'ltl9:;v'i1 m ~~1'l~1V1~ lm'elU9hlL~hl1tJ;j fl1. "

r1')1 J-j"JJ 1')~~1 'l L~ ~ ~ 1 n ~hl ;~1un~:; U ')hl m ~~"'l :; ;j n1 ~1~~ 1 ~~ t'l LLN ~'l ~ ')~ 1 "r'l,) n~ 1 ~-ri') u

m:;91tJ (Dispersants) ;~;j~J-J~"Il'elU~1 (Hydrophilic) L1Jhl~')-ri'Jtl1hln1~"r'l1'el'4i11r1"lJ'el~V1ijn
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Add d l . pe, .." n t
li n d Inorglln ic"

~~
7r!-~/? -il(- *-
j4 -~-J.<. •~ ..:.I.'

Hyd roph il ic -..t- ~ i-r;:-
p .. rt lc h u .

\'V""h'ibuf'"

-~- -_._ - - - -

,

Jl1yrYi 6 m':::1J'J'Wn15'~'l~~ n!l!l n ~'JtI';)fin15'~1'l (2)

~~ n~ n1~(;1 !l !l n~J1 bb~'JtJ'l~1~15'ClU1hJ~(;1 n1 5' ~ !l1~~ 1 tI

~~ ntl~ ~~nlYl'Wb'W!lf dj'W~'W (2)
"

0-

n15'n1~(;1~ ~ n!l!l n ~'J tI';)fi tHjtl ~t11'W

Fl o tat ion A dd d ispersant
a n d In orgllnJ.c5

~"~);6~/~';"~

~

Add c o ll ec t o r

~~

t~~~;-'
t i y d r o p h o b lC

p,ort tclo¥
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nl5'~'J~ij ntltl n ~') EJ~fi~9:;iJ n15'1-if~ 15'~ (;) LLN ~'J ~') ~ lYi,) n Collecto rs

~1-n,)EJ1'Jn1n;11,x~ij niJ~~'lJ~hlnl5'hJ"lltl'lJ~1 (Hydrophobic) ~ ln~'J vi11 ,x~ij n~I~(;)~

yjtl'Jtl l nl Pl~1 n~'J 91 m!'Wtl'W1l 1 rm ij n ~ ~1 ~ (;) rl'lJyjtl'J'el1 n 1 Pl n9 :;~ 'el EJ~'J~ ~1'W'lJWJJ'el'JLf"11-'el'J. ~

~'elEJyjtl'J'el1n1Pl (Flotation cell) L~'elCl n nI9(;)'el'el n l'l'el1tJ (1l1 Yi~ 7)
'U

"lJ'W1 (;)"lJ'el'Jyj'el'J'el1 n 1 Pl fl1iJ"lJ'W1 (;) 1~ Cl) n9 :;iJoif'el ~ ~'el ~ 1~I5'Cl ~'elEJ eJl'W

Lf"11'el"Ji lEJ"lJ'el'J ~'J~~I~iJ L~'W1EJ'eltJ LL~ :;Yil'el'W1l 1f"1~ij n~~ (;)'el'el n1tJ1~ LL~ :;vi11,x'el'W1l 1 f"1"lJ'el 'J~ij n
'U <II " ..

"
~1~I 5' Cl ~(;)1tJ1~~1 n LLl'lrJl "lJ 'WI (;)"lJ'el'Jyj 'el'J'el1 m Pl iJ"lJ 'W1 (;)1~ Cl) Ln'W1tJ 'el199 :;vi11,xLn (;) [:.J~ L~EJ~'W

1~ Lti'el'J91nyj'el'J'el1n1 Pl9:;Yil L~'W1tJ'el'eln1tJ~'JtJ vi11thB-~1 ru[:.J~ [:.J~ [;l~1~~ (;)~'J b(;)tJ~'J hJLL~,)

"lJ'Wl(;)'eY[;ln~'J'W~ L~~I :;~~5':;~~ I 'J yj'el 'J'el 1 n1 PlLL~:;'el'W1l1 f"1"lJ 'el'J~ij n ~'el 5 :1 (yj'el 'J'el1n1 Pl :'el'W1l1rl. .
'lI'el'J~ijn ) ~'Jn1~~(;)~(;)n'W"lJ'el'Jyj'el'J'el ln1Pl rl'lJ'el'W1l 1f"1~ijn~'W'eltJrl'lJU99tJ~~IEJ'eltJl 'J L-n 'W m~lru ·

• 'U

"lJ'W1 (;) 5''J~~'J ~tJh'J"lJ'el'J'el'W1l1 f"1~ij nLL~ :;yj'el'J'el1 n1 Pl ~'J~'J~~ (;)9:;11f'el'JiJ f"1'Jl~~~~'Wfi rl'W rJliJ
'U •

yj'el 'J'el 1 n1 Pl"lJ'W1 (;) L~ n9 :;~1~1~ Cl~ (;) ~ (;) rl'lJ'el 'W1l 1 rl~ij n~ iJ "lJ'W1 (;) L~ n1v1~ 1 'W"lJ ru:; ~yj'el'J'el 1 m Pl.
" , ,

"lJ'W1 (;)1~ ru9:;~I~ I~Cl~ (;)~ (;)rl'lJ'el'W1l1 rl'll'el'J~ij ni'JYliJ'lI'W1 (;)1~nlLL~:;"lJ'W1 (;) L~n1~ (1l1 Yi Yl 8 ) LL~
~ . ~

'eltJ1 '1hn [;l1 ~1'W~:;'lJ'lJ~1-nyj'el 'J'el1 m Pl "lJ 'W1 (;)1~ ru n 9 :; iJ ~'W~ ~'J1'W n1 ~"ll 'W rl'lJ'el'W1l1 rl ~ ij n ~'el tJ
~ .

n~11'W~:;'lJ'lJ~1-ifyj'el'J'el1 n1 Pl"lJ'W1 (;) L~ n ~'Jt!'W1'W n l~~'J~ij n'el'el n rJll1f'el'J rn n ~~tJ ~:;~Y1fi1l 1Yi1 'W

n1~n I9(;)'el'W1l1 rl~ij n~iJ"lJ'W1 (;) L~ n'el 'el n1tJ rl 'J ~9:;1.jfyj'el'J'el1 m Pl~iJ"lJ'W1 (;) L~ n (3 ).

\
\

Air bublc
<p 1000 urn

Ink particles

I

/

J
\I.y

-/ .S(lO(lm
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L (1\m~''':l h JLL~":l"lJ'W1 (1\!l11Jl1 ~"lJ!l~~;j n~ m~1 ~~~1'Wn1~~~~;j n!l!ln ~":ltt1fi

~f.l!l 10-1 00 1~L~n~(1] ~ L~n~ cl1!l11Jl 1~"lJ!l~~ ;jnil"lJ'W1(1\1~'1!Ln'WhJ !l11Jl 1~"lJ!l~~;j n9 ~~nLLN

(;] 1 ~ 1 m~Yi19'Wyi11""!l11Jl 1 ~ "lJ !l~ ~ ;jnw"l (1\ !l!ln~ 11J)~ 1 t1 ( Jl 1 ~ ~ 8) LL(;]cl1!l11Jl1~"lJ!l~~;jnil

"lJ'W1(1\ L~ nLn'W1u !l 'WJl1~ "lJ !l~ ~;j nm99~hJ1U 'll 'Wflu yJ !l~m n1 l"l Lti !l ~ 91 n!l'WJl1~~;j n~ L~mr'W9~. .

...
1.8 n1m~~91t1~~n (Disp ersion)

n1~"lJr.r(?)~;j n!l!l n J)":l tl';jfi~hJ1J)dJ'W n1 ~~~~;j n!l !l n !l th ~ LLYi'91 ~ ~ 1 n LL(;]

Lu'W i'W(1]!l'W~Yi 11""!l 11Jl1~~ ;j nilm ~m~91 t1 r;1":l LU'W!l11Jl1~ L~n 1 9'Whj~1~1~tl~!l~ L~W~I":ltl (1]1

, " "
LUrh L(?)t1V1~;j mr'WtJ~iltJ1~l ru'll!l~~;j nstl L'V11 L~~ 1l~ -J'W1'WJl1~~(W LL~":l '"'1 ~":l1~'lI1":l~~1~

'lJ

1.9 n1~yJ !l nL~ !l (Bleaching)

L~ !l~ ~ 1 'W n1 ~~ ~~;j n!l !l n LL~":l ~":l 'W~ 1 n9~ tl mJ11u~ 1'Wn1~yJ!ln L~!l L~!l
'lJ

UfUUN ~":l1~"lJ1":l ~~1~L(?)t1~":l~"lJ!l~L~!l~1J)~n~f~ ;~ ~~~1J)91n m ~yJ!l n L~!l~'W9~~'WfllJ"JI'l(?).
"lJ!l ~ L~!l LL~~~ln~il~1flun ~~U":l'Wn1~yJ!ln L~!l LU'W~1rltlJ

1.10 n1n~t1'W-W1~ln~u~11flmJ (Water c irculation and makeup)

i'W (1] !l 'W~LU'W n1 ~-W1~1~ ~1'Wn1 ~1.jf~1 'W1un ~~U":lun1~~~~;jn!l'tl n~lYi1

n1~ufuLL(;]~~~u'1i(;]1~ 1 L"ll'W '"'1 pH L~!l1""il,",lL~~1 ~~~ri!l'W~9~-W1n~uhJL~mJ1fl~,.j1u

n~~U":lun1~~~~;jn!l!ln(;]!l1u
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... ..... '1_1- .,j ... "I -
2 . n1'i!J'el'\Jn~1J L'l.J[;l[;lVlL~'\J L!J"lI'el-3\UJn (Ink redeposition)

m~tJ'el'wn~u1tl~c;l~ L~ti1EJ"lJ'el'J",ij n1ti-ff'tilil'eltim~~m~'"I 1EJ ~~'el~ti '1'1 11""r11rl':ll~

~~ I'J"lJ'el'J ~~'el'Cl c;l'Cl'J ~ ~'Cl::; tJ1~ 1 (1,mij n~ ~"'~'el'elr]1ti~~'el ~~~Wl n~ti '"1 1 n 'J lti~9tJ"lJ'el'J Ben ~~'Cl::;rl ru~
'IJ

(5) 1~Pi mt1L~EJ')nU~Ylfi Yi'Cl "lJ 'el'J ~':l ~~tl:i'1ti-ff'tilil'eltim~~m~'"I 1 EJ ~~ 'el ~ iJ ~'Cl ~ 'elm :i'tJ'el tin~u1tl ~c;l~

~~ti1tJ"lJ'el'J",ijn Lc;lEJ ~':l ~~lh1 ti -ff'til1l'fltinl:i'~ n ~::; '"I l m~ 'fl ~ Pi m~1 1~uri rl':ll~ ~ if~~ti"lJ'fl'J ~~'fl

rl':ll~ ~~':l1timJ'~ m~'"I1EJL~'fl ~':l'Cll 1tim J'~ m~'"I 1 EJL~ 'fl L':l'Cli1tim nnu ~~'fl ~~'Cl~Yi~'J'Jl ti~1 ~Yil ~
, 0

""1 "'1 "" ..Yl "ll tinl~lil~EJ'fl (Speci fic

(Thermomec hanical pulping) ~c.htimJ'~~i~l':lEJVI~n~~ilyJ~n L"llnnYi l~'fl-Wlm ::: c;l IM~1

eJ 1 u n 1 J'~ n J' ::: '"1 1 EJ ~~ 'fll l if':l '"I :::II il '1 ~ ~ 'fl~ ':lu VI ~ '11il '1'1 1 n 1 J'~ '1VI ij n 'fl'fln ~ ':lEJ~ fi n 1 :i' if 1 '1L~U U

Hyperwashing ;'1 ~Utin1J'ifl 'J ~~'fl ~':l EJ ~I~IV1'CllEJ 1 J''flu '"Iti m:::~'J ~1~1~'fl 'el m;J1V1~'J'"I 1 n n1 J'

ifl'J (Filtrate) j'j~nMru~1~ n1J'ifl'JllUU Hyperwashing ,rti~I~IJ'Cl 1'tXif'fl~'Cll~EJ':lnU'fl~1l1rl

VI~ n~tJ'J rl'JlVl ~'fl ~ c;l'flr] nu ~~ti1EJ'flr] I'JllV1'"11'J Lc;l EJVl l ntJ1~ 1 ruVl ~ n ~ lVI~'fl'flr]VI~'J'"I 1 n n lJ' if l'J
'IJ 'IJ

Ben ll'Cl:::rlru::: YiU~ll~'flj'jmn~~tJ1~lruVl~ n~~ilyJ~nL"llnnYi ll'Cl:::Hl':l'Cll1tim:i'~m~'"I 1EJ

l~'fl~ 1 n~ti tJ1~ 1 ruVl ~ n~ lVI ~'fl'flr] il j'j ~1'o'l'J~ti~':lEJ J'':l~~'JVll nj'j n1 J'1-D' rl':l l~ lif~ifti"lJ 'fl'Jl~ 'el~'J
'IJ 'IJ 'IJ

rl':ll~ l~':l1tin1J'~ n J':::'"I 1EJl~'fl 'o'l'J '"I::;~ 'J vl l 1 'tXt!ruVll n1J'tJ'fltin~uhJ~ c;l ~ l~tilEJ"lJ'fl'lVl~ n lii c;l~1 n
'IJ ~

" 0 ,
~ti n~ I':l ~'fl n1J'~ l~'flLc;lEJHl':l'Clitilti rl':ll~ lif~ifti"lJ 'fl'l l~ 'fl'o'l'l ll'Cl::;rl':ll~ ~~ ':l1u rn J'~ m::;'"I 1EJ~ 'l

'IJ 'IJ

LcPlEJ'flti1l1 rl"lJ'fl'lVl~ n lVI~ l,!ti'"l :::C1 'l !1l':l'fl riu1l':l rue:J ':l~hj ChJ U "lJ 'fl'l"ll'fl'l ~1'l11l N n 'Cl l'l "ll'fl'l ~~til EJ
• 'IJ

(Lumen) ~1 n n~lu1l':lrue:J':lVl LJ1"lJ'fl'll~tilEJ

3. fl113J~13J1'itli.'\Jn1'i~-3'V1ijnvhJ'Vi'el'eln (Deinkability)

t!'"I9EJ~j'j~'Cl~'fl tl~::;~Ylfi1l1Yi"lJ 'fl 'l n~:::U':lti n lJ'~'lVl~n ~~i'fl'fl nj'jVl'Cl lEJ'fl r] I 'l ~ "llti

"llDc;l"ll'fl'lVl~n~~i "llDc;l"ll'fl'lnJ'::; c;l I M ll'Cl:::nJ':::U ':lti mJ'~~inJ'::; c;l IM~ti lUti~ti 'flr] I 'lhn11l 1~ !1l':l

lllhVl~n~j'j~'Cl~ln~'flml~~I~ IJ'Clltin1J'~'lVl~n~~i'fl'fln'!ti j'j'flr] 2 lh::: n1:i' ~'fl ~1l1Yi
'IJ

" ,
lrl~'elUe:J':l,rti'"l::;EJ1 n n~1 mJ'~'lVlij n~~i'fl'fl n'"ll n nJ'::;c;lIMYi eJltin1 nrl ~'elUe:J':l~lllif':l 1ti~':lti"ll'el'J

'" ,
'o'l~U~"lI'el'J",ijn~~vr,rti Vlijn~~vrYi1-D'~::;uum~~~vr~I'lnti~~'Cl::;;:h::;uun1~~L""'l~':l~I'Jnti r]'el~

~'J ~'Cl1""rl':lI~~I~I~Clltin1~~'J",ij n~~vr'el'fl n ~1 'J nti1tl ~':lEJ ~'JLL'o'l c;l'J1tililln'J~ 1
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(1]ln'lYl 1 f1'JllJ~lJ~'Wfi)'~'\.dl'1),~iJiJ n1),~lJYi n'Cl1'Cl n1m,x'l (;]'J LL'Cl~f1'JllJ~llJl~(l1 'WnI),~'1

'\.-1nn'r)'r)n (6 )

IV ~ o<:::t. 6""

'\.-1'W'I~'r)"r'/lJ"r'/

- L'Cl(1]L(1]'r)fL"r'/),~

~'1'\.-1nn'r)'r)n~ cllhJi!n1nnu

'\.-1~'191nnlnniJ n1)''\.-1'Cl(?l'r)'r)n"]J'r)'1.
d d

n1 )'~ (?l 'Jl lJ , n1 ), ),~ LmJ LL'Cl ~ '\.-1lJn

'r)'r) n~L(?li'W

, ,
~ Q tr tr .a"j

- bfl)''r)'1''r'/lJ''r'/ b'Cl b'Jl 'r)nb 'Cl ~bfl),'r) '1

4. ~1~brJijvh"J1i. 'W n~~'l.J,;},w m~~~'VIi1 n'fl'fl n (Deinking chemicals)

rnn~'r) n Lon~1 nfli!Lun),~iJ'J'Wni ),~'1'\.-1n n'r)'r) mr'W ~'W'r)ti fliJ'Jl;;'(?l"]J'r)'1 n ~~(?l1~~9 ~
'\J

illlJl~'1'\.-1nn~lJYi'r)'r)n ),~iJiJ~H1'WnI),~lJYi 'Jl;;'(?l"]J'r)'1'\.-1nn~lJvi i'W(1]'r)'W"]J'r)'1m~iJ'J'W nI),~'1'\.-1nn

'r)'r)n bb'Cl~fO) CUI1 1"r'/"]J'r) '1 b~'r)'\.-1~'1 ~'1'\.-1n n 'r) 'r) n~ ~'r) '1 ms L1J'W~'W t(?ltJ~lnfli!9~bif1hJvilulj1ihn niJ

~'J'W~dJ'W~'Jri(?l (Binder) hjL-rl~'J'W~bU'W~I),~ (Pigment) (7) ~lnfli!~;;'tJlJ1-D1'Wn),~iJ'J'WnI),~'1

4.1 t'Jlb~tJlJ1e:J(?l )''r)n1'Jl11l (Sodium hydroxide: NaOH)

9~L~L'Wi'W(1]'r)'W Repulping '\.-11''r) Bleach ing b~'r)-rl'JtJL'WufiJfPh pH 1'W

i'W(1]'r)'WnI~~m~91tJ b~'r)1,xi! fOil btl'WbiJ~ b~'r) b~'WLtJ9~1~"r'/'r)'1 ~'JfiJ~11~lJl n bb'Cl~i! f1'J llJ~~'W~'J

vil1,x"]J~(?l~nn'r)'r)n1~~~'W ~'JtJnI)'1onbLNb~tJ(?lYll'W ~n~'1~'1bu'WnI~1~b~'r)u'r)'1n'WnI~),'J1-Jr;i''J"]J'r)'1

'r)'iJll f1~nn~i!"]J'W1(?l L~ n;'1vi lL,x~'1'\.-1nn'r)'r) n1~m nt (?l tJ~fi ni ),~1'1 Lb'Cl ~L~'r)"li'JtJ b~1-JU~~~Ylfl111Y/

n1~~/iJnL~'r)t(?ltJ1if1e:Jt(?ln9'WLu'r)f'r)'r)n1'll11l (Hydrogen peroxide ; H20 2) ;'1~'r)'1n1Ull'J~~LiJ'W
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Lu~1~n1~vi1u~iihl1 'tlE.h~Lni(;l1J.Jn1~lzi NaOH J.J 1 nLn~Lu~~luhm~::;(1\ 11;'~vi1J.J 191nL~'tlhJ

U (1\ 9 ::; vi11~L~'tl~ (1\Y11 E.J~LrJl91 n n1 ~1L"1l Lfi~i1~ L~~'tl~ LL~ ::;r1~1 ;~ L1E.J nu~m-E.J1~ Ln (1\~~~rj 1

"~ 0 ~ I

"Alka li Darkening" ~~'tlr1,)1J.J~J.J'tl~r1~1(1\,)E.Jln1~

4.2 L~Llnn9~LU'tlf'tl'tlnL"1l~ (Hydro-illill-Qeroxide : HzQzl

9::;lzilwi'~(;l'tl'W Repulping ~1-'tl Bleaching ~~ H20 2 LU'W~1~yj 'tlnL~'tl~~

9::;LUvi1U~m-E.J1 nu~ nU'W vi11~L~'tli1 ~ 1m1J.J"lJ 1')~rj 1~ L~J.J~'W LlnE.J H202 9::;vi1U~m-E.J1 nu

NaOH vi11~Lnln OOH- (Perhydroxyl ion) ;'HU~~1~yj'tlnL~'tl~ LLYl91--1 (True bleaching agent)

(;l1~~~ n15'~ 1 (4) 'W'tl nr.n nntT--1"li ')E.Jl'Wn15'vi 1~1E.J'fl~ fi In L5'~'W (alkyd resin) ;--1 LU'W[;],)~ 1n~~U

~1nl'W~nn'tl'tlyj L'Jl(;l

(1)

pH = 10-11 .5, 'tlru~Jlij =40-80 · C. '"

1~Llnn9'WLu'tlf 'tl'tl n1'Jl~~ ~1 E.J [;]') lrJl~ 1E.Jl'W~Jl1 ,) ::; ~m~ ~::;wJn ~ 1 ~ ,) n

LL~--1n1\1~ (Mn) Yl'tl~LLIn--1 (Cu) LL~::;m~n (Fe) Luwl]'W 5'')~n--1~Jl1')::;~n~1 pH LL~::;1Jru~JJij~--1

n15'~ ~ 1E.J [;],)"lJ'tl ~1~L lnn9'WLu'tlf'tl'tl nL"ll~~1 ~ 1nl U 'tl--1 n'WlrJltlnE.J n1 5'1~ ~ 1 5'~ L1E.J nrJ1 "Stabilizing

agent" L"li 'W ~1 5' ~L~~--1 (Chelating agents) LL~::;L"llL~E.J~~~Ln(;l (Sodium silicate; Na2S i03) Lln E.J

~~15' Stabi lizing agent n9::;hJ1~uYi11"ne:lLlnn9'WLi.J'tlf'tl'tlnl"ll~r1--1~Jl1~ LL~9::;1i.Jvi11~~Jl1~

LL') In~'tl~~n t:J~ ~'tln15'r1~~Jl1~"lJ'tl--1 le:lLlnn9'WLU'tlf'tl'tl n1"ll1n1~n n1nU~ E.J 'W LLi.J ~ --1

4.3 ~1 5'9iJL~~::;wwn (Chelat ing agents ~1-'tl Chelantsl

9::;1~1'Wi''W(;l'tl'W Repulping ~1-'tl Bleaching L~'tlli.Jvi 1i.J~mE.J1 niJL~~ ::;

wwn LlnE.J9 ::;1U9iJL~~::;mrn H ri'tl'W~L~~::;mrn9 ::;1i.J Li~i.J~mE.J1vi11 ~Ln In n15'~~1E.J [;],)'lJ'tl --1

l e:lLlnn9 'WLu 'tlf 'tl'tln1"ll~ "1lUIn "lJ'tl--1~15'9iJL~~::;mrn~UE.J~ 1-nn'Wl'Wm::;iJ')'W n15'~~~n n'tl'tln lrJluri

DTPA (Diethylenetriaminepentacetic acid) LL~ ::; EDTA (Ethylenediaminetetracetic acid)

LU'W~'W LlnE.J DTPA ;--1mr15'~~h --1 5 LL"lJ'W 9iJL~m::;wJnlrJl~LL~::;LL~~LL5'--1nrj 1 EDTA ~mr15'~~¥1 --1

4 LL"lJ'W n15'9iJniJL~~::;mrn"lJ'tl~ DTPA 9::;L1E.J~~1~iJ~~~'tlLi.Jn ( L1 E.J --1 91 n~ 1 E.J Li.J E.J1 n): Ni
2

' >

2+ 2 - 2- 2 - 2' 2- 3- 2+ 2 - 3-
Cu > Co > Fe > Mn > Pb > Zn > Fe > Ca > Mg > AI

4.4 L'll L~ E.J J.J :n~ Ln (;l (Sodium silicate; NazSiO)

9:::1~1~i'~(;l'tl'W Repulping ~1-'tl Bleaching L"1lL~m~ ~Ln(;l9:::Lur.riJniJ

L~m:::L(;\E.JLn(1\LU~r1'tl~ ~ 'tlE.J~niJL~~::: 'W'tln91n~L"1lL~E.J~~~Ln(;ltJ~"li,)E.Jl~n1~~~~nn'tl'tlnLlnE.Jvi11~

~nnm:::91E.J [;],)~1 n~~ LL~:::tJ'tl'W niiJ~ 1 Ln1 :::~ In ~ L~'W1E.Jl rJl,J'tlE.J~ --1 L'llL~E.J ~~~ Ln(;l LU~~ 1 nr1n~

H1rJl~ niJL~'tlt,j'iJ (;l LYi~1 ::: vi 11tX Ln (;l r1 ,) 1J.JL~~ 'tl ~ ,J'tlE.J LL~:::5~vi1~,J1~LU"kl pH buffer ~ n rJl') E.J
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4.5 ~ l:i'';h1,xLn C?l mnm:;n~~L8gglom~ra ting chemica ls)

9:;1~lw·B\.JIMl'W"lJtl'!m:i'Yi1 Repulping, Screening ~5-tl Cleaning ;'1
~1:i'Yi11,x Ln C?l n1nm:;n~~ L1J'W~ lnrl n~li ~l~fu~i1 n~1 nt Yl'W L'Wtl~'!n "lJ 'W1 C?l1~ oj LL~:;mrl:i''!, ~

~¥1'!"lJtl'!nH1'! L1J'WLLUU LL~'WLLU'W ~'!~i1 nL~~ 1~m9n"lJ'W1 C?l1~ oj Ln 'W1'1J~9:;in ~1"lJ~C?ltltl nLC?ltl
~ ~

';jfi n1:i'~1'!~5-!l~!ltlyj!l'!m m Pl ~,!,r'W~'!~tI1t11~Yi11 ,x~i1 n~ln~ n'WLu'Wn~~ tl!l'W LL~:;n"lJ'W1 C?l,

1~ oj~'WLC?l tl n1:i'li ~lnrln~ 91 n,r'W~i1 n9:;C1 nrh~C?l!l!l nhHC?l tl';jfin1:i' Sc reen ~5-!l Forward
~ ~

c leaning l11tl1'1J

"" ."4.6 ~1:i'~C?lLL:i',![;l'!e-J1 (Surfac tants)

9::;1~1'Wi'W[;l!l'W Rep ulping, Flotat ion ~1!l Wash ing tC?ltli11'1JLL~1~1:i'

~C?lLL:i''!~'!~1 LtJ'W~1:i'1 ~ ~lirl:i'!lUrl~ ~~'! LLl11 Dispersants, Collec tors, Wetting age nts , LL~ ::;

Displectors LU'W~'W ~1:i'~C?lLLN~'!~ 19:;'1J :i'::;n!lU~1t1~:1'W~lrl'1! 2 ~'J'W ~!l ~1'W~"ll !l U~1

(Hydrophi lic part) LL~::;~1'W~hj "ll !lU~1 (Hydrophobic part) L C?l tl~ 1 'W~LtJ'W Hyd rophob ic part

9::;1.h::;n!lU~1t1 C LL~::; H ~'!t~L~n~Lu'W1~~'!trl:i''!~¥1'!L~'W[;lN~1!lLtJ'W~'! :i'1~~'!~1~1:i'mu'WL~,

L~fJ~LLUU~ ~1111LL~::;LLuuhj~~1111 ( Jl 1~~ 10) 1'W"lJru::;~~1'W~L1j'W Hy drophilic Yi11,x~1~1:i'C1

LLti'!1.h::;LJlYl"lJ!l '!~1:i'~C?lLL:i''!~'!~1!l!lnLU'W Non-ioni c LL~::; Ionic surfac tants LC?ltl Ionic

surfac tants ~ l ~ l :i'mLti '! ti !l tl !l!l n1~LU'Wi.h::;9U1n (Cationic) '1J~::;9~U (Anionic) LL~::;n~'!, ,

'1J :i' ::; ~U1n LL~ ::; '1J :i'::;~ ~U!l~ ~1t1 n'W(Amphoteric) 1'Wm ::;U1'Wm :i' ~'! ~i1 n!l!ln,r'WLC?l tl i11'1J iltl ~1i

Non-ion ic su rfac tants ~ln n~l Lti!l'!9 1 n~1~1~C1Yi1'!1'W1~~ LtJ'W~M::;91nrh pH LL~::;rl11~

m::;~l'!"lJ !l '!~l (Water hardness) m~l ru~ 1 :i'~ C?lLL :i''! ~ '!~ 1~lltl~1i1'Wm::;U 1 'Wm:i'~'!~i1n!l!ln
'" I " , '11 tI '" I

'I1'W!ltiYi¥!ltl~::; 0.2 - 2.0 "lJ!l'!V.1~'I1nL~!lLL,x,! i'!1l~'W!ltinu"ll1lC?l"lJ!l'l~1~~C?lLLN~'l~1YlliLL~::;
~ ~

h O
CH 2 (CH2h - c ~

" 0- Nil '

Fatty acid Funct ional
componont proup

(Hydrophobic end) (Hydrophilic ond)

•
Sur1ace-active substence (soap)
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4.7 Dispersants

dJ 'W~1 5'~1~1'Wi'W (Ml'W Repulping Vl5-'el Washing l~ 'el -ri,)t11'Wn15'fh~'(;l

Vl ijn~lJYi~,) t1~fin15'~1'l L(;l tl Dispersants 1u-ri,)t1 ":i1 1lXVlijnn5':;"'l 1t1(;],)lU'W'el~Jl 1rll~n 1 ll~:;

":i11lXij ~lJu'1i"ll'elU~1 (Hyd rophilic) ~') t1n15'Yl'elflJ(;]'HU'W "Micelle" (Jl1 Y/~ 11) L~ m~'el l~lJ~1 5'

~~ LL5''l~'l~'J~'lhJll~'J~'J 'W~ lU'W Hydrophilic "lJ'el'l~15'~ ~ll5''l ~'l~'J"'l:;\~'-tjl.jf1V11~1 1'W"lJ ru:;~'J'W ~

LU'W Hydrophob ic "'l:;"r'W L.jf1V11V1ijnVl5-'elrl5'1U~ rnlsn

Surlactant

,

Jl1Y/Yi 11 ~m~ru::;"lJ'el'l Miceli (8)

4.8 Colle ctors

LU 'W~15'Lrlij~1~1'Wi'Wl;j 'el 'W Repulping Vl1'el Flotation L~'el']htl1'W

n 5'::; u')'W n 15' ~ 'l Vl ij n 'el'el n LL U U n 1 5' ~ 'eltlYl'el 'l 'el 1 n 1 P1 L~ t1'el'WJl1 rl"lJ'el'l Vl ij n~ lJ vi"'l :;~lJ ~~ rlU.
Collec tor Yi11lXij ~lJu'1ihj"ll'elU~1 (Hydrophobic) Ll~ ::;L~lJ l n1 ::; n ~ lJ rl'WLU'Wfl'el'W'el~Jl 1 rl~1VI c1i

~'W "'l1n,r'Wn~lJ"lJ'el'l 'el'WJl1rlVlij n"'l::;1u~lJ ~~ rluYl'el'l'el1 n1 P1 !1l'el ll~::;Cl n rl14'~'el'elnhJl1l5''lU5-l'J ru~ 'J
• • 'U

VI~1 "11'el'lLrl~'el'l ~ 'el tl Yl 'el 'l 'el1 n1 P1 ( Jl 1 Y/ ~ 12) 'W'eln"'l1n,r'W Collector tT'lYi1V1~1~-ri,)t1ufUll5''l ~'l~'J

"lJ'el'lYl'el 'l'el1rn P11lXijrl'J1 lJ LL;n'l LLN lJ1 n Y/'el ~ "'l ::; ~1 lJ1 5'ClY/ 1'el'WJl1 rl"lJ 'el 'l Vlijn ~ 'eltl~'W~~'J VI~1 "lJ 'el'l
• 'U
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D.s;:>l,!rstI'll
In k pa rt lclE1

o

o

o

! Co2'

o

O. P,eClp'..'ed
o calCium soap

••••• .: pan,d . ,

o

o

o

Jl1YfYi 12 n1~Vi1'l1'W"lJ 1.1 'l Collector (1)

4.9 Displ ectors

nn~~'W1~'W~ 1l~1.11-n'Wm::;1J'J'WnI~~'lV1ij n1.1 1.1 ml1J1J~ n ~ ~~ ~'fl ~ 1~1 ~b1
'lJ 'lJ

1-n~n1J~fim~~1'l ~l~::;n1~~ 1.1 t1~1.1'l1.l1 n11"1 Lc;)t1"'l::;1tX ll~'l~ c;) lm::;l'i 1.1 ~ 'fl'l1.l1 n1 1"11~~1 'W nn1J"lJ 1.1 'l

m~~mJ~ 1.1'l1.l1 ml"1 ll~ ::;1 'W"lJ ru ::;l~ t1 'J n'W fHJ ~~ 'illi"ll1.11J~ 1 ~ 1 n~ 1.1 ~ "'l::;hJVi 11tX1.1 'WJl1 fOl"lJ'fl 'lV1ij n•

n~1J~ 1 ~ c;)n1Jl~'W1t1~ n ~ 'J ~i'l Yl 'W l'i 1.1 ~ Jl 1~~1 n~::;~1'lll~::;hj rl'fl1tX lnc;)if bJdV11 n1nn(;1{;l::;nf'W

(Scaling) Disp lec tor lU'W~ 1~i'l lfOl~1 ::;,x~~ ~Jl 1~ lll 'W"Jl 'fl'llV1 ~'J ll~::;,rn"'l::;~n~~ Alkoxylated

fatty acid derivat ives 'at]~'JtI
'lJ

5. ~l1i'U'fIn:jh3J~'&H'li~~L~~ V1~'fI CMC (Carboxymethylcellulose)...
fOl1f1J 1.1n~ l~ Yl ~ l"ll ~ ~ L~ ~ V11'1.1 CMC ~1.1l"Jl~~ L~ ~~~V1 JJfOl1f1J1.1n; l~Yl~~1llYl'W~

'lJ 'lJ 'lJ

l e:1Lc;)H"'l 'W Lc;)t1 ~~1~(;]'J ~"'l::;1tXll ~:;"'l~ 1J (Jl1~~ 13) Lc;)t1i'Jlllll~'Jlu'WnI~mn~ CMC "'l :;Clm~'W
• 'lJ

1t1 ~ (;1i1J l~ ~1 :;~ 1 l~'Wlt1~ 1l ~::;'1 ~ iJ ll~ ::; CMC n~ Carboxyl g roups ~lU'Wll~:;'1 ~iJ l-ri'Wl'r'W ~'l~

ll~'l ~~nn'WYl 1'llyHh lnc;)~'W 'flth 'l hn{;11~'"l 1 nm~~m~n~Ylfi~~m~(;1c;)iiJ CMC "Jl1.1 'll~'Wlt.J~
'lJ

1.1 CWV1 Jl ij 20-40 1.1 'l1"11 l"Jl~ l;t1 ~ ~1J~ 1 1.1 CW"'Jl ij ~ l~ ~~'l;'WVi1H'L~'W1t.J~1~1~ Cl (;1 c;)iiJ CMC 1~
~ \J ~ 'U \J "

l~~~'Wlyjtl'll~ n~1.1mYh~'W 'W1.1 n9 1 n~n1~C;)C;)oD1J CMC "lJ1.1'll~'W1t1 ntJ'l ~'W'fl tJ niJ"jlU (;1 "lJ 1.1'l l~'fl~'J t.J
'lJ 'lJ

(9)
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o

n

CMC tJ'l iJ r.J~ [;]'el 'iUJ u"i~TW~tJ 1 "lJ'el'l nJ'::;~1'tt~ n ~,)tJ IOn n nl~~fl'ttl"lJ 'el'l Watanabe LL~::;~ ru ::;

(9) ~'liJ n1~~ n 'ttl L~m nu;S'VlfiYl~"lJ'el 'l n1 ~1~ CMC ~iJ r.J~ [;] 'el n1~nn Lnu~l ~L~iJ "1l U ~~tJ"lJ'el 'l L~tJ

1tJ YlU~1 n1~1~ CMC ~'l1'LJ1tJL~'el ri'eltJ~"'l::;1~~ ln~iJ mYiL-rltJ ~l~ntJ~~"1lU~ Rosin (Rosin

sizing agan t) ~ln~~~'Jl~LL;'lLLNL~'elnJ'::; ~ l'tt LL~'l (Dry strength additive) L L~ ::; ~ l n~~ ~ 'J l ~

LL;'lLL~'l L~'elnJ'::;~l'ttLtltJn (Wet strength additive) iJ r.J~~ 11~nJ'::;~1'tt~ 1~ 1~C1 n mr1u~lnf1iJ

L·Mh~l~~l n~tJ ~'l r.J~1~~'Jl ~~1~1~C11tJn1 ~ ~'htJ'Vl l tJ n1 ~~~~l"lJ'el 'l n~::;~l'tt~'l~tJ ( 111 Y1~ 14)
'U

40 r ---- -
: III

<, ;

Ie·Wi.haul CMC
i j. With CMC.' .., /

0*'::· -.- - ..- -- ," _ - T . , _ •• ••• -.

o 0 .1 0.2 0 .3 0.4 0.5

ROSIN SIZING AGENT
RETAIN ED IN HANDSHEET, %

I w i

, W 30 · .&- -a:
o

~ W 20C .'
o Ji..
z -,

N 10 /

C/) ,

111Y1~ 14 ~,)l~~~~ufi~::;"d l 'l~::;~tJ n1~~ltJ'Vl ltJn1~;~~l LL~ ::; ill~l ru"ll'a'l~l~ntJ;~~ ~nnn

LntJ1tJmJtJm::;~1'tt L~mllitJtJLYitJU~::;"d l'ln~::;~1'tt~iJn1~1~ LL~::;hJiJn1~1~ CMC (9)
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n1 ~1-if CMC fi'l i1 c.J 'flYi 11,x1"l 'J1~ LL~ 'l LL ~ 'l"IJ 'a 'l m:;~l1 'M1~"ll ru:;LL,x'l ; 'ltJ'a nLt'ltl

.cJ ~l J' .0::.1 I Q .4
~:; t1:; Y11'l Yl m:;~11 'M"lJ1!1l (Breaking length) ~ 1"l1~ 'l "IJ ~ (Jl1 YiYl 15) LL 'fl :;1"l11"l 'J1 ~LL"IJ'lLLN L~ 'a

m:; !1l1'MLU £W ~ 'l tJ'a nL!1ltlA1 !1ln"ll lJA'J 1~ LL~'l LL~'l (;j'a LL~'l ~'l Ln'am :; !1l 1 'MLU ti n (Wet tensile

index) i1A1~'l~~ (Jl1 Yi~ 16) 'W'fl nr.l1n~n1~H CMC fi'lYi 11,x~ 1~1Hl'fl!1lill~1run1~H~1nA i1
"

(;j1'l l 1J1U'fltl'fl'l Lti'fl'l9 1n n1~rln LfitJ~ 1 HAi1 "IJ 'fl'l L~'W1t1~~~ i'l~m9LU'WLYin:;(:h n1~1-if CMC

Yi11,xtJ~:;9'fltJ1'W~:;tJtJ~1 n~'W LL 'fl :; n1m~:;91 t1 ~'J"IJ'fl'ltJ~:;9'fltJ1'W~:;tJtJ ~~'W Yi11,x~1~1nl L~ ~. .
' " "

n1J'rln LntJ~1HI"li1 ~'l n~h:l;'l Lu'WtJ J' :;~tJ'J n'lJ1~~'W tJ~:;~Y1fiJl1Yim ~Yi1'l1'W"IJ'fl'l ~1HI"li1 L'MhlJ~ 'l

....

...

...... -_.. - ..- ...·-·---- - - ---1
. I

!
I

• iI

I
. . ... : .~ ~V i th nu t CMC I

.. , . _ . . _~:~t ~ ~MC i

E 6.5 -'
:>&.

. :i
' 1-
I (;I 6 D­
· 2 .
: w
: ...J
. (;1
• 2 5.5 :52 .

: ~ t
cc >" ,'
to 5.0 ;

o 0.1 0.2 0.3 0 .4 0,::' .

DRY STRENGTH ADDITIVE
RETAINED IN HANDSHEET, %

Jl 1Yi~ 15 1"l'J1~~~~'Wlh:;'j,d1'lJ':;t1:;Y1 1'l~ n ~:;!1l1 'M"IJ 1 !1l LL'fl:;ill~1 ru~1H~~A'J1~LL~'lLLNLn'fl

n ~:;!1l1'rtLL~'l~ n n rln Ln tJ1'W LL ~ 'Wn ~:;!1l1'rt b!1ltl LmtltJ L.y;t1tJJ':;V1 ~1'l n ~:; (1l 1 'rt~i1 rn~1~
"

. .

& '

E O.30 ·- · - . .--Z
:>&.

X 0 25 .
w
o
Z
~ 0. 2 0 '

: ~ 0.1 5 + · · ' · ·
· ~ i : : "; Witho" t CMe .1

Iii !A With CMC 1]
~ 0. 1 0 · ._-- . .-...... •. .-.--- i

o 0.2 0.4 0 .6 ,'
WET STRENGTH ADDITIVE .

~~!~~~~_D_~~..~~_~~~H EE~% j

Jl 1 Y1~ 16 1"l 'J 1~~~~~lh:;V1 ~ 1 'l A1 !1l~n lJA'J1~LL~'l LLN (;j'flLLN ~'l Ln'fln~:;(1l1'MLUti n LL'fl:;ill~1 ru

~1n~~ A 'J 1~ LL~'l LLNLn'fl m:; !1l1'rtLUti n~nn rln LntJ1'W LL~ 'Wn ~ :;!1l 1 'rt b!1l tl Lmtl tJLVi tl tJ ~ :;V1~1 'l
"
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6. A'J1),J~1 ~qj'lJ'£I-1 L'£I'l..I1'll),JL'l..I n'i~'U'J'l..I n1 'i~-1'V1ij n

ltJ'W~ ~n'W~1 n:i' ~ t1l 1'li~ cJ 1'Wn:i'~U 'l'W n 1 :i'Yi1Ji1J 1 LLil'l Vl1n ~'rl'l n 1 :i' ''l ~ oW1 n~u1J 11il
'"

1mJ"l~~'rl'ln m:i'~ 'lVl~ n'rl'rl nrinu l~'rl1,xm~ t1l 1'li~ I:.J ~ l'l~\J 1J 11mJ"l l n l~'rl~1il Llil'ln rl'llW1I1'l

?d1'l 1J1 n~'W i'W l'l'rl'Wm :i'~ 'lVl~ n'el'el n"ll n L~ 'el ltJ 'Wi'W l'l 'el\J~ ~ 1 1J 1nl L~'el n 1-n~VI ~ 1t1';)fi 'elti1'lh ri

l'l1 1Jrn sH LYl rlt 'Wt~rJ;'lJl1Yl1J 1'li'ltl1 \Jm:i'~'lVl~ n 'el 'el nJ'Wf'i1~'l LtJ'W~ lltl1J n'W'elti1'lllydVl~ l tI i'ld

lti'el'l"l lnVl~nU1 'l"ll ll t1lhj~ 1 1J 1 :i' Cl ~ nn19t1l 'el'eln1~~'l tl';)fii'l 1 hJ~'l~mh'l1J1llil'l nmh i 'l m r

H\Yl rlt 'Wt~rJYl 1 'l;'l Jl 1Yl 'el1Vi l'li\J n 1:i'1-ifl'el'W1"1l~~'l'li'ltlyj11,x~ 11J1:i'Cl~ t1l W1J 1 ru~l nrln~1-if1 'W

:i'~uu1~ :i''l1J~'l rl'l 11J rl1 'l W,J1Yl1'l ~l 'W lYl rlt 'Wt~ ~yj 11 ,xn rl 1 "JJ 'el 'll'el'W1"1l~n uuo t 'L'J1J~~ t1l ~'l ~'l tl

lVll'lI:.J ~ ~'l mh'l~ 'l1~nm:i'oW1l'el'W1"1l~l.jf11J1'li'ltl1'Wm~u'l'Wm:i'~'lVl~ n.
1'W n ~ ~ t1l 1'li n ~ 'l 'W 1..l ~ ~ n 'el U VI ~n 1 A'el l"1l~\jt~~ (Cellulose) l~ i1l "ll~\jt~~

(Hemicellulose) ll~~~n ll'W (Lignin) tt1ltl~l"ll~~t~~A 'el rl1 f'lu 1 m t1l:i' l'l (Carbohydrate) 1..l :i'~lJlY1
'"

Polysaccharide ~n~lV1oJnt1J l~ ~~~ 'l 1..l ~~ n'elU ~'ltlt1J l~ ~ ~ "JJ'el 'l ~ll'l l ~ n \jt rl ~ (CsH1P s) 1J1~ 'el

nmtl 'W Yl 'el~h1J 'el f ~ 'l 'Wl~i1 l"ll~ ~t~ ~ ri Ltl'Wrl1 fLulnlt1l ~l'l1..l:i'~ irm Polysaccharide l~ 'W l~tI'l n u
'"

l"ll~~ t~~ ll~"l ~1..l:i' ~n'elU~'ltl tm~ n ~"JJ'el 'l ~l l'l l ~ VI ~ lt1"1ltj t1l n'i'i1 'l A'el ~1 l'l1~ ~ n rl1 fU 'el \J 6'" .
" .I 0 QQ r ,

'el ~ 11l'el 1J l"ll'W Glucose, Manose ll~ ~ Galactose 'W111l1~Y11Jrl 1:i'U'el'W 5 'el~11l'el1J l"ll'W Xylose ll~~

Arabinose

l'el'Wl"1l~1J 1~'ltl1'Wm:i'~'lVl~ n'el'el n"l1 n l~'W1t11~ t t1l tl l'el 'W1"1l~~ l~ 'el n1J11-if~'el'l ~11J 1~Cll1..lti 'el tl~~ 1 t1

Vl1-'el ~t1l~'WD ~ "JJ 'el 'l~1 11l 1 ~ Vl1- 'el m':J 'l ~ [;] 'el iStI'l n'W ltJ 'Wl "ll ~ ~ t~ ~us~ l~i1 l"1l ~ ~t~~1~ ~ 'l l'el 'Wl"1l ~~tjtl 1J
'" '"

oW11J1H1'Wm~u'l'Wm:i'~'lVl~ n'el'el n l~mi l"1l ~ ~ l~ ~ (Celluloses) l ~ih"1l~ ~ l~ ~ (Hemicellulase)
'" '"

"ll~~'el ~l1Jl~~ (Amylase) ltl'W~'W (11) n1n~'elnHl'el 'W1"1l~lVl'i'i1'W nl:.J ~ yj11,xm :i' 1J';)fi1\Jn1~~ 'l

VI~ n'el'eln~ ltJ \Ji1l'l ~[;] 'el~ 'l W"J t1l il'el1J1J1 n n~l m ~1il~1 nrln uuu l~1J i'ldlYl n ~l'el\J1 "1l ~ltl\Jl:.J~ I:.J ~ l'l

~Int1l; 'W"l1 n n~~U 'l 'W n1~I:.J~ l1lYl1'l;'lJl1 Yl~'lh j rl'elU CldVl1 [;]'el~'lll 'l e;,il'el1J

1 ::'1 1" · " .. ..uu 1991 Kim ll~~ rlru~ (12,13) t1l Yl1n1Ulm~t1n1 :i't1l'l Vl 1Jn'el 'eln "llnm~e;,1 'li

VloJ'l~'el Yi1J Yl1e;,t1Hl"ll~m~~ te;,t1HA1 pH lVl1 n U 4 .71'Wn1:i'Ylt1l~ 'el'l nm :i'Hm~t1l1 'liVl oJ'l ~ 'el Y; 1Ji
'"

2 "Iltje;, A'el VloJ'l~'elYi1Jil ri1 "l l n 1..l:i' ~lY1P1 'ell1J1'm (AONP) ll~ ~VloJ'l~ 'el Y; 1Jilrl 1"lln1..l :i' ~LY1 P1Ln111 ~

(KONP) YlU~l l~'el L~1J L'el 'Wl"1l ~~'ll1..l LYl1nU~'el tl ~ ~ 0 .5 ~11J1:i'Cl~t1l L'l~ 1~H1'Wn1 :i' ~m~"llm~ 'rl

~'l1~ L~'elLY1t1 unu n1 ~hjHL'el'Wl"1l~ 'W'eln"l l ndn1n~ 1JL'el'Wl"ll~~ 'l 11..l1'W i\J l'l'el'W n1~~m~"l lm~'a

~'l ~ 'ltl~ e;,'lI'W1 e;,'lI'a'l'a'WJl1 rlVl~ n 1~L~ 'el1il L'l~ 11'Wn 1 :i'~ L~ 'el lYl1 numru~hJ1~ilL'a \J1"1l~ ( Jl1 Yl~•

17)
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'lJ , 'lJ

~ln;'W n~U1~~ 'l ~ ~111!ln1n~~;'W"lI !l 'l A1 A 'Jl~ 6jJ l 'J ~~I 'l ( Jl l~~ 18)

'W!ln'"ll netJ'l ~U~11'Wm'::: ln l1j~U-1~!l~~vf111 1'l"ll'W 1n n'WtJ'l1 ~~~~ A~It1 n'W ~'JtI~!l

m~1 rureu1"ll~~ l~~~'lhJ l~tI'll~ ni!!ltl'"l :::i111,xAi Ar.J l ~ "lIl'J~ ~I 'l ~'l~~ In
'lJ ,

"..-- - - - - - - - - - - ....,
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1'W ~1 'W~ J-JtWi ~'J1J-J II~ 'lllJ"l"ll'e) 'll~'e)~ ~ ~ [;ll ~Yi u~ l (1) 5Tll ~ ~'J1 J-J II~'lllJ"l [;]'e) llJ"l ~'l
Q a I _ .0:::::01 a I .col 00::1I, J'

(1)5'5'"Il'W~'J 1J-J ll"ll 'lll5''l [;l'e) llJ"l(1)'WYl:;"'j (Burst index) lVc'l :; (1)5'5'"Il'WA'J 1 J-J II"lI 'lll5''l [;l 'e) ll5''lun J-J ~1J-J1 n"ll'W
I • t.- 1/ I , '" I

In'e)l~m 'El 'Wl"1l J-JL'WillJ-J1 C1.I'Yl Yl'Ell 'lt1J-J 1:; Y1'l~lU'El 'l"ll n ~l l~'W1m~ n 11'W 5':;UU;'l"l :; n Yi 'W Yi ~'J

J-J 1 n n~ll~'W1mJ1 'J "l :; ~ n l'El 'Wl"1l ~l'ih Yi 11J~mtl1 "l'Wln 'Elu 'lt1J-J (1) ~'ll'lt1~ 'El l l[;] l~'W1t1 ~ n A 'J 1J-J tI1'J 'El ~

1'W5' :;U'1.J'~1'W'J'W~J-J 1 n n~l ~'l~'l ~~1,x~ 'J 1 J-Jll~ 'l l l 5''l "ll 'El 'l m:; (1)1 Mb(1) m'JJ-J l~J-J~'W (14 )

1'Wtl1 9 9 4 Zey er l l~ :; ~ru :; (15) 1~Yi1 n1 5'~ nM1U"l9t1~n ~ ~[;]'Eln15'Yi1 'l 1'W"lI 'El'l

l'El'W1"ll J-JL'W m :; u 'J'Wn15'~,l'lt1n n ll~:;1~ l ~'W'El0]'El A(1) l~ 'W l~ tI'J n UbJ-J l (1) ~ nl5'l0]1Yi1 1J ~mtl1"l1 'El'l

l'El'Wlsn~ [;]'Ell~'W1t1 ~'l~

•
28

..

..
3

{2J Ink (9w1Bce ) Oink (penelrated)

1J~mtl1nu l~'W1t11~ ll [;] l~'Eln ll5' 'll~tI (1) Yl1 'W-el'W111 (1)~ 'WJ-J1 "l1 n nl5'~m:; "l lt1 l~'El 'lt11'El n1 5'~~J-J l~'El

"l:;Yi 11,x l'El'W1"ll ~~lJ-Jl5' Cll1J ~(1)~'WD:;1~ lYi n::; n15'~ m:;t01 1 tl l~'El,r'WYi 11,x5'1Juuu nl5'~ (1) ~ (1)"lI'El'l
'U

'lt1 n nU'Wl~'W1t1U(1) lntl 'Jl 1Jll ~ :; l 1JoJi 'J tilt] (1) ~ 'J"v1il1 "l1 'El 'l l ~'W1t1 '11 1 1,x l'El'Wl sn~~ 1 J-Jl5'Cllo]ll1JYi 1

1J~n1t11nUl~'W1t11~~1t1~'W ~lJ-J l5'Cl ~(1) ~l t1bori"ll 'El'l lsn ~\jb~ ~ 'lt11'Elle:li1l"ll~ \jb~ ~ 'El 'Eln J-J 11~ ll~ ::; l~'El

l~'W1t1nn~~ 'El 'WJl1A'll'El'l'lt1n n~'EltJU'W~'J'lt1il1 "l1 'El'll ~'W1 t1 n"l :;~l J-Jl 5' Cl ~~ (1)'El'ElnJ-J1l~l~'El nn n19~
'U ~ '\J ... "\J
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7. ifqJ'VI1"lJ'el-3 n1'i~-3'V1ij n'el'el nr,nnLiu"l!l"lJ'el-3'V1ij n Lvl~ nL'll n 'i1~,j1UJ1

~:-;U U n1 ~yhJyfLLl1i'fl:-;-nill?ln n1~1-n"\-1~ n LLl1l n l1i1~ rlU 'el 'el n 11..J L~'el1 ~L"\-1~n:-;~)..J rlU

~:-;UUn1~~)..Jyf~U1 ~~~)..J'illil1i1 ~ 1 '1l'el ,m~n~'J~1tJ~ ~'1lU1 l?l'el '4Jl 1fOl'1l'el ~"\-1~n~1-if1uLLl1i'fl:-; ~:-;Uu

n1~~~yfti'el~~9 :-;LLl1l n l1i 1~ nU'el'eln hJJl'JtI ~-:J c.Jfl1~n1 n~ 'el n 1f1fin1~~-:J"\-1~n'el'el n9 1 n L~u1t1 n

fOl'J 1~LLl1l n l1i1-:J nu L~'el1~~1~1nl L~'eln1.jf:)fi~ L"\-1~ 1 :-; ~~LLfl:-;1~th:-;~ 'VIfiJl1 Y'1 ~~~l?l

L'Z'll1ILl1I'elfLY'l~~ (Letterpress)

'el'elvJL"JIl1I (Offset)

LvJ ~ nL"ll~lU~l (Water-based flexo)..
m1tJ'J f (Gravure)

L'VI1..lL'W'elf (Toner)

2-30

2-30

0 .3 -1

2 -30

4 0 -4 00

10-100

50- 100

0 .7-2

5-30

40-400

1"1'el1..lih'lL~n~ln L~'elLYitiuriU'lJ1..l1l?l'el'4Jl1fOl'1l'el-:J"\-1~n~)..J~u1A'eln'1l1..l1 l?l LYitl-:J 0 . 3-21~L fOWL~11l~
" I '" I

~'l,ru~fi Yi L"\-1 ~ 1 :-; ~ ~11..ln1 ~~-:J"\-1~ n'el'el n A'el~fi n1 ~~1'l LY'I n:-;~fit1 Lt-1 ~ 1 :-; ~ 1"\-1 ¥u n 1 ~~-:J"\-1~ nYin

'1lU1l?l'el1..lJl1fOl'1l'el-:J'l-1~n~L~nn~1 10 1~LfOln~11l~ LL l1iLti'el-:J91 n ~111..ln1~~'l"\-1~n'el'elnJl'JtI~fin1~~1'l.
~u ~'el 'lHill'~l ru~1~ti1~1~1 'l L~ 'el~ 1 n vh1~1"1 'el 1..l-n1 'l ~ULtl ~ 'el 'l LL'Z'l:-;~1 91 n n 1 ~~1 -:J L~'el~n

m~1 ru~l n 1 ~Utl1 n l1i'el n1~ti 11tJ tl¥U ~Jl 1Y'1 9 'l1Jln fOl'J1)..JY'ltI1t11~Ltl ~ t1U~ 11f1fin1~~~"\-1nn

'el'el n LLUU rn ~ 'Z'l'eltlvJ'el'lm n1 PI LL'VIU
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Flexography
(Italy) (UK)

Offset
(France}

mo<l tn S) 1JI A&Pvbl)l-u

I !I II Dally "1&1

:.- I
iiiI

i I
I I

::-:::-:0:::::: / .'< I I

f'i
::::::::;:::-::~ :: :

,
":::.:::: -: ....

~~~~ : ~:~~~~ :~ ; ~: ~>~:~~

~ffit~~::%: .: .;.-:

~I!~i~r8« -.-.:..-:-:...;.. :-: ~~~ ::~~~., -:» ;:~:: : : :::: :~ : : ::: ."..," ". "; ',',,'

20

' 0

30

ISO BRIGHTNESS [%J
Dau plllnll ht>er6

60 (21 days) (4

JlT'r'j~ 20 A'J l~"lJl'J~~1'J~1~r.nnn1~~'J",~n 'El'El n ~'Jtlfjfi(;]1 'J1 l(?lmmtlULVltlU~~"'~1'Jn~~~nM

WW'J~'El~~i~~~i~'Jm~uu 'El 'El Y'h'll (;1 LL~~~~~i~'JtI",~n~~iLyj~nl'llnnYJ ~l'W~l (1)...

"'1 1 nJll'Y~~ 20 "'1~L~'W1~~lA1A'Jl~"lJl'J~~1'J "'~'J"'11nn1~~m~"'1 1m~ 'El (Pulping)

LL~ ~ n1~~'J"'~ n 'El 'El n ~'J tlfjfin1~~'Eltlyj'El'J'El1 m Pl (Flotation) 1'Wnnl1"lJ'El'J "'~ n 'El 'El yj L'll (;1,r'W "'1 ~ij r11

~'J n~11'Wnnl1"lJ'El 'J "' ~ n~~iL'r~~ n l'll nnYJ~l n i'J11 Lti'El 'J"'11 n n1~~ n ~~"'11 t1 L~ 'El1'WJl l'J~~ LU'W~l 'J
'lJ

~'J ~~1~",~ n~~iLyj~ n l 'llmlYJ~'J ij rn rn~~ "'1 1 tI [;]'Jij "lJ 'Wl (?I L~ n ~1 n~'J; 'W LL~ ~ "lJ 'W l (?I 'El ~Jl l A~ L~ n

L",~:h11hJ L"'~ 1 ~~~ nufjfin1~~ 'J"' ~ n 'El 'El n ~'J tlfj fi n1 ~~ 'El tl yj 'El 'J 'El1 n1 Pl 'El t l1'Jhn (;11~ L~'Elij nl ~

Y1(?1~'El'J(;]'El l(?ltl~lL~'El~1~1J~ 1'Wn1~';i11~A 'J l~ L-if~-if'W~'J;'W (Thickening) "'1di11~",~n~ij
'lJ

"lJ'Wl (?IL~ n 1 L",~h11~l~l~C1~'El (?l~ l'W(;1 ~ LL n N 'El'El n11Jnu~11~~ln;'W r11A'J l~"J11'J~~1'J~ 'J L~~

~ '1; 'W LL~ ~", 1 n ~1 L~ 'El ~ 1 ~1 1J -r1 1 n 1 ~ ~ '1", i'j n 'El 'El n ~ 'J tIfj fi n 1 ~ ill '1 ; '11 'W~ 111.jjrj fi ~ L~' tI n ~ 1
'lJ

Hyperwashing "'1 ~~'J -r111~ r1 1 A'J1 WlIl 'J~ ~ 1 'J "lJ'El 'J L~ 'El ~ ~ ~ (;1"'11 nm~ (?I1M~~~i~'JtI",~ n Y; ~i

Lyj~ n l"ll nnYJ ij r1 1~'J n~l"'~ n 'El 'El yj L'll (;1 i'J 11lti'El'J"'11 nfj fin1 ~ ill 'J ,r'W Lu 'W n l ~ ~ 'J "' ~ n 'El'El n~
'lJ

L"'~l ~~Wlu",~n~ij"lJ'Wl(?1'El~Jl lA L~ n 1 L"'~ 'El 'W"'~ n~~ilyj ~ nl 'lln nYJjl'W~l,r'WL'El'J

~'J ~1~n ~ 1 'J ~1 LLil'J ()'J-if'El1~Lm tl u 'D 'El'l n ~~u'J'Wn 1 ~~ 'J "' ~ n'El'El n ~'J tlfjfi nl ~~ 'El ti

yj 'El'J'Ell m Pl L~'e1 LmtiUL Yi rJu n 1J1fi n1 ~ill'J ~ 'J l~ij ml~ 'r'j tll tI1 ~1u m nJf1J1J~'J1fi nl~~'J"'~ n

~~yhyj~nL'JlnnYJ ~l'W~lL(?Itl n1~~'Eltlyj'El'J 'El1 m Pl L~ 'El1~n1 ~~'J "'~ n'El'Elnij1J~~~Y1 filll'r'j~~'W L(?IrJ...
"'~'J1 'W1fi~'Jn~1'J ~'El nl~~(?Ir11 pH 1'Wn l ~~m~"'11m~'ElLL~ ~n1 ~~'ElrJyj'El'JmnlP\ ;'J'r'j1J ~1 r1 1

A'J l ~"lJl 'J~~ l'J"lJ'El'J L~'El~ ~~(;11~",~'J n1 ~~'J"' i'j n'e1'e1n"'1~ij Al ~'J~'W (Jl l 'r'j ~ 21)
'lJ



24

ISO BRIGHTNESS [%]
50

45
. .- · ·· Q·· ·· ·· o

0 "
-.

40
'.

c.

35 '0
italian f1 exo

30

25

Br itish ne xo

11

pH
109876

20 '------------ ------
5

JllYi~ 21 C-J'i'l"1l'el'lril pH ~H1'wm':;iJ')\\n1)'~'lVlijn'el'eln ~tjtJ~fin1)''i'l'eltJrJ'el'lmn1Pl ~iir;1'elril

rl')I~"1I l')~~I'l"1l'el'l n)':;(;l11~tVItr'l~'elYi~vi~Yi~vi~')tJVlijn LrJ~ nL"llnnYl~I\\~1 (1)
dJl

"l1nJllYi~ 21 '"1:;b\1\\l~~lb~'elHri l pH ~'l;\\ rl')I~"1Il')~~I'l"JJ'el'lL~'el~l~iiril
'\J

'i'l(;l'i'l'l ~'l ~ Lti 'el 'l '"1 1 n ~I )'~ (;I (Binde r) l\\Vl ijmyj ~nL6jJnnYJ~I \\~I~\\~ 'el 'el :; ri~~ m)'~ \\ (Acrylic
dJl

resins) (m ),I 'l ~ 3 ) ; 'l ~ I ~I),b1 'i'l :; 'i'll tJl~~l\\~Jl l,):;~ LU\\ LiJ ~ ~ 'l C-J'i'l1,x'elun1 rl"JJ'el 'lVlijn~~ (;I 'el ci
• '\J

niJ~I),~ (;I Ln (;I n1),m':;'"1 1w~h LL'i'l:;ii"JJ \\I (;1"JJ'el 'l'1l \\Jl l rl L~ nn~1 10 l~Lrln~ 1?1), ;'lhiLVI~ I:; niJ n1),.

'"11nJl lYi~ 22 '"1 :; L\1 \\l~~In1)'Hril pH VI~'l'"11nn1),~m':;'"11m~'1l~ '1l~1\\'ll')'l~

dJ\\n'i'lI'l ~'l C-J 'i'l1,x ri1 rl,)1 ~"JJ1 ,) ~ ~ 1'l"JJ'1l'l L~'1l ris u m ),~'l Vlijn'1l'1l n LL'i'l :;VI~'l m ),~'lVlij n'el'1l n ~') tJ

'" '" '" I

~fi nl),'i'l'1ltJrJ'el'l'elln1 Pliiril~ 'l~\\ -r1'l-WLU'1l'l'"11 n~ I ),~ (;I (Acrylic resins) 1\\Vlij nYi~viLrJ~ n L"ll-

n nYl~I\\~I'i'l:;'i'lltJl~tJ'eltJ'i'l'l sum rl"JJ'1l'lVlij n~'lii"JJ\\I(;11mlj;\\ Vlijn~'l n n rh~'(;I'el'1lnl~~ltJ~1 n
~ q ~ ~

;\\ L(;I u 'i'l '1l (;I eJ 1 \\1?1:; LL m''l Vi 1 LL eJ\\Yl (;I ~nu1\\)':; VI ~1 'l n1 )'Vi l LLeJ \\Yl(;I~nu LL'i'l:; n l),rl1~(;I VI ij n L(;I tJ

~fi n1),'i'l'1ltJ rJ'1l'l'1l1 m Pl '1lcil'lhn 1?11~ LU\\~oJ,~'lin1?1~,1un n11"JJ'1l'l n, ),~ 'l Vl ij n'1l '1l n ~,)tJ~fi m ),~I 'l

~\\ ril pH ~H~\\hJii C-J'i'l r;1 '1lri l ml~"JJ1,)~~I'l"JJ'1l'l L~'1l~C-J~ 1?11~L'i'ltJ LL~~I"JJ\\1 (;I'1l~111 rl"JJ'1l'lVlij n

Yi~viLrJ~nL"llnnYl'"1:;ii"JJ\\I(;11V1qj;\\L~'elH ri, pH LU\\n'i'lI'l LLr;1"11\\It1l~1V1qj;\\~\\nrJ'l~t1l1~~1

hitVI '1i~, n Ln\\hJ~'"1:;~ n rll~(;I 'el '1l n ~,) tJ~fi rn ),~I'l ~'l~\\~'lL\1\\1~~1m ),~'lVlij n'el'el n ~,)tJ~fi rns

~1'l,r\\~I~I),b1Vil1~YJ n~11 1,):;"1I'el'l ril pH t(;ltJ~lh:;~YlfiI1 1Yil\\nl),~'lVlij n'el'el nhi'i'l t1l 'i'l'l LL'i'l:;hJ

9 1 LU\\~'el'l rl ,) iJ~ ~ri l pH l\\)':;iJiJ
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'fl'flyj~"1l [1\

~~[1\ ~[1\'flf~Yi~ ll

1l 1~8 (PJ (Binder)

(Hydroca rbon resin)

'"
~1~'WinLb~'l (Drying oils)

'fl~~(PJ~~~ 'W (Alkyd resin)

YJ'W'fl~ 'l~ ~yj ltJ(PJl:rl 'l~ 'lyjti~~~'W

(Phenol-modi fied colophony resin)

lel'l(PJ~rl lfU'fl'WL~~'W

(Hydrocarbon res in)

(Colophony derivatives)

lel 'l(PJ~ rl l fu 'fl'W ~~~ 'W

(Hyd roc arbon resin )

~'JYil (Carrie r)

,

n~\'lLLrlU (Mineral oil)

~1~'WtJ'l[1\n~ tJ~'ll'J'l

n~'W~~rlU ( Mi neral oil)

'lY1 ~~ 'W (Toluene)
'lJ

~yj~n'l"1lnnYJ (u ~~'"l Jlru6fl) ~"1l ~ ~ 'l~1l1'W~ [1\~ [1\ (Ce llulose nitra te) ~'flY11'W'fl~ (Ethanol)
'lJ

nn t)'Jf (u ~~'"l Jlru6fl) Yi'fl ~ 1'Jilm~'fl~~Y1 [1\ 1'fl'l"1l 'lYi ~Yil'W'fl~

(Polyvinyl aceta te) (isopropanaol)

Yi'fl~~~'fll~c;l (Polyamides) ~'fl Yi~ ~~'fl~ LY1 [1\

(Ethyl ace tate )

~u 'W; 'W (Benzene)

'" '"
~yj~n'l'llnnYJ~I'W~1 'fl::; rl1'~ nL~~'W (Acryl ic resins ) ~1 (Water)

OJ

'"
m'I~'Jf ( ~1 \.!~1) ~1~~:anL~~'W (Maleic resins ) LL'fl~n'flel'fli (Al cohols)

OJ
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ISO BRIGHTNESS [%]
54

•
After was hing

•50 ._~__=--- _

•

0- . ,
46

42

1 u~ Surfactan t

1 '" PerOXII:le
2 ~.. Sodium sihcate
03~. OTPA

·' .,0 Sod ium nycroxide cosage
.' . depe nding on p"i

After flotat ion !\
'.-.

38

34

0 · ' . ,

- ·' ·'0Before de;rking

30 L..- _

6 7 8 9 10 11

pH AFTER SLUSHING

Jl1'Y'1~ 22 ~~"]J'e)~ rl1 pH V1 ~~ '"l 1 n n1~~m':; '"l 1m~'e)~iJ ~~ 11l'e) r1'J 1~"]J1'J1l~ 1 ~"]J'e)~ l~'e)~l ~ V1~~ '"l 1 n

n1~~m':;r,;nm~ 'e) n1~~'e)tJyj'e)~m n1f"l ll~ :;n1~~1~ (1)

8 . vn r;u~vt'l'll' 'W n1'iu'i:::d1'Wu'i:::~'V1 fiJ11'W"lJ/eFmT:i'~-.1~iJ n'el'eln

8.1 rl11lJl1'Y'1~:;u1tJl~ (Freeness)

l'U'Wrl1n1 ~'Yl t'l 1l 'e) u 1l ~u~1'Wn1~1'IX~11V1~ ~ 1'Wl~"]J 'e) ~ l~'e) rl 11lJl1 'Y'1 ~ :;U1 tJ

1~~1irl'W'e)t.h~ll'Y'liV1~ 1tJ~1lt'l~'e) Canadi an standard freeness (CSF) (~ 1 ~ ~~ 1 'W TAPPI. ...
T-227) (16) tt'lm~'e)~iJ"]J'W1 t'li 'W'"l :;1'IXrl11lJl1'Y'1~:;u1tJl~~ ~1 n~1l~'e)~iJ"]J'W 1 t'ltJ1'J 1'Wlli~1 ru~

l'Vl1 rl'W ~~"]J'e)~rl11lJl1'Y'1~:;u1tJl~'"l:;n tJ~1'Wlu'Wrl1):j~~~ ~~ (ml)

8 .2 rl 1 lli~1ru~~~~~~1~ (Yie ld)

lU'Wrl 1lli~ 1 ru~~ ~~ ~~1~V1~~'"l 1 n ~1'W n ~:;U'J'Wn1 ~~~V1n n'e)'e) n Ll~'J It'l tJ

1l1~1~Cl ~1'W'J rul~'"l 1 nlli~1 ru~1l~'e)~~V1~ t'l~11l'1'Wlr1i'e)~~'e)tJyj'e)~ 'e)1 n1 f"lll~:;lli~1ru~1l~'e)~

Clnri1~t'l'e)'e)n~1'"l1nm':;U'J'Wn1~fl'e)tJyj'e)~mn1f"ltt'ltJH1l~n1~~2
'U

%Yield =Feed - Rejec t x 100

Feed

(2)

It'ltJ Feed =~1w.rn"]J'e)~~1L~!li~V1~t'l~1~1'Wlr11!l~fl 'e) tJyj!l~mn1f"l

Reject =~1V1l!n"lJ!l~~1l~!l~ n n ri1~t'l!l!l m.n~1 n n~:;U'J'Wn1~fl!ltJyJ!l~m m f"l
'U
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8.3 nJJ'YilLLC.h~YlC;)'M)U ( H a ndshe~t)

1u rnm C;)'i'l!l 'l9::;'Jl L~!l~1~~'l ri!l'WLL'i'l::;'" ~'l ~'l",n n!l!l nhJYil LU'WLL~'WYlc;)

~!lU l1l1J.JJ.Jll11J'~ l'W ISO-5269/2 (17) 91nJ'W i11 LL d 'W Yl C;) ~ !l u~1~hJ r)c;) rh rl 'J 1 J.J "JI1'J ~tjl 'l...

8.4 rl'J 1J.J"JI 1 'J ~ ~ 1 'l ffidghtness)

rl'J1J.J"JI 1 'J~ ~1'l1'W!l11l~1", n J'J'J.J n J'::; c;) 1~9 ::; LU'WnJJ'r)c;) ri1 nl J'~ ::; Yf!l 'W LL~ 'l ~.
rl'J1J.Jtn 'J rl~'W"JI!l 'l LL~'l~ ~l L~'W (457 'Wl 'l'WL J.J 11IJ' ) (18) LmtJUL YltJUrlULL~'W nJ' ::;9 1mL~'l~1 iXnJJ'

~::;Yf!l'WLL~'l!lth'1~J.Jun-W (Perfect reflec ting diffuser) l1I1J.JJ.J ll11J'~l'W ISO 2469-1977 rl'J1J.J
~ ...

, ~ ~ ~

"JI l'J~tj 1 'l Ltl'Wri l Yl ~ 'W!l ~ rlU nJ J'm ::; L9 'l LL~ 'l (Light scattering) "JI'fl'l n J'::;C;)l ~ Lvh i!'W 'U::;i!'Wril

rl'J 1J.J"JI 1'J~tj 1 'l ~ :.:J LtI'W ri l~i'hh::;'ltJ"1IiIvu'Yn ::;1um J' J' ::;U ~J.J'illin! J'~ 'fl n L~!l",1-!l~J.Ju~l 'W n 1 J'~;:j.
",~ n'fl!l ruvi1J'W n1 J'r)c;) rl'J1J.J"JI 1'J~'J' l 'l ~'l ~ 'W rlU !l U mni~H'~'liJ"''i'll n"''i'll tJ ~'W'fld rlU nl J'. ~

'fl'fl mLUU~n~ru::;L~'l LJ'"JIl rlrul1l"JI'fl 'lJ' ::;uu L L~'l (Optical geometry) LtI'W~l ~'1J T.Junnwr)C;)rl'J1J.J

"JI l 'J~~ 1'l~H'rl'W!l ti l'l LLy.j i"''i'l ltJ 1~LL ri Technidyne. Elrep ho, G.E. LL'i'l::; Photovolt LU 'W~'W

~'J'W~ 1 m ~~ L~ 'fl nl on'Ji 'J'l L L~'l ~~1 L~ 'W1u rn J'r)c;) ril rl'J1J.J"JI1'J ~~l'lJ'W Lti'fl'l

91 n Ltlmy.jn::;~11111J.J~~tJLL~ ::;Yl l 'l J1l 'W9111~YltnJ'W "1I 'fl U ~ ~1 L~'WJ.Jln n ~ 1~~'W1 L~'fl~'l"JI'fl'l LiJ.J

Lr1 l ~n iJ ~ I."' ~ !l'lU 'Wb'W~ L~ J.J ~'lJ'W~~lL~ 'W~LU 'W~ril1l J' 'l .jflJ.J "JI 'fl'l ~ L''' ~ 'fl 'l ~LL~ C;)'l~'l rl'J1 J.Jbmi ~'l
~

Yi ltiX~~l L~'WLtI'W~UtJJ.Jton rl'WJ.J l n 'l(;1 tJ~'Jlu LL~'J m::;(;1l~~hJ1~~'fln "JI1'J (Unbleached paper)

9 ::;iJ~ L"'~!l'l ~'l~~11111~ LL~::; nJ J'~ 'fl n m::;(;1l~n~ 'fl nJn~J.J~~l L~'Wt iXrlU nJ'::;(;1 1~ti'WL'fl'l

8.5 r1 lillJ.J lru",~ n~L"'~'fl'flti (ERIC . Effective Residual Ink..
Conce ntration)

LU'W nJJ'r)(;1 rilmJ.J lru",~n~L"'~'fl'flti ( 11I 1 J.J J.J l l11 J'~ 1 'W TAPPI T 567 pm-
~ ...

97) (19) 'l(;1tJnJJ'H'Yl~~D Kubelka-Munk (20) LL~ ::;LU'Wri l~1~J.J191n nJJ'r)(;1ri lnJJ'~::;Yf'fl'WLL~'l

b'W'Ji'J'l~'W~11.J'(;1 (IR) ~ r1'J 1J.Jtn'J rl ~'W 950 'Wl 'l'WI.J.J 11I J' ~'l~J.JuJ'::;~YlfinJJ' c;)(;1n~'WLI.~'l"JI'fl'l"'~ n9::;
~

J.J l n n~ l ~J.JuJ'::;~Ylfi nJJ'~ (;1 n~ 'W LI.~'l"JI !l'l L~'WbtJLL~ ::; 'fl'lAUJ' ::; n !lU~ 'W1

t'W nJJ'r)(;1ri l nJJ'~ ::;Yf'fl 'W I. L~'l"JI !l 'lI.I.~'WYl(;1~'flU 9::;Yi l nJJ'r)(;1ril Roo LI.'i'l::; Ro

,

Roo ~'fl ril n1 J'~::; Yf'fl 'W LL~'l "JI !l 'l nJ'::;(;1 l~LI.~'WYlYl(;1~'fl UJ''fl'lJ11'W'''~'l~'JtJnJ'::;

Q, q cv I

(;1l~'W(;1I.(;1tJ'Jn'W"'~ ltJ 1 LLc.J'W
o

~ I 11 I ~ 1J.... '" ....

Ro rl!l rll rn J'~::;Yl!l'WLL~'l"JI!l'ln J'::;(1l1~LLc.J'WYlYl (;1~'flUJ''fl'l (;11'W"''i'l~ c;)'JtJ'J 111 ~
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L~'e.ll~ f011 n1~~~Yf'e.l'WLL~-:J"JJ'e.l-:J n~~(1l1M~1 LL~'J 9~oW1 f011~1~~l1JA'1'W'J cwt-n

~~iJ~~~'Yl"ifn1m~~L~-:JLL~-:J (s) t (1l t.lH~~ n1 ~~ 3

s = [ 1000/(w ( 11 Roo - Ro))] In (1 - Ro Roo ) 1 (1 - RafR oo )] (3)

L~nl rJI fOl' 1~~ il ~ ~ ~ 'Yl "ifn 1 ~ n ~ ~ L~ -:J LL~ -:J 'e.l 'e.l n ~ 1 oW 1 ri '1 ~1rJI1il1i1'W n 1 ~

A 1'W'JruVl 1f011 ~~iJ~~~'Yl"ifn1~ (1l (1l n ~'W LL~-:J (k) t(1l t.lH~~n1~~ 4
'lJ

2
k =s [(1- Roo ) 12 Roo] (4)

6
ERIC =(ksheet 1 kink) 10 (5)

Tensile index =Tensile streng th

Basis weight

(6)
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At} n'1:i'rS'"mN L'U ~t1 ~l-n 'W n') :i'~ n m:::vl1'l;-(;]t}<Ol1 nLL'W'JC~ )J ~'W LVl tILm ti ULYitiU nu
~1~'l!n~'W~I'W"llt}'l n:i':::Vll'l;-~-W l)J lH'Y1Vl~t}U LVl tlH'~ )J n1 :i'~ 7...

Tear index = Tearing strength

Basis we igh t

(7)



~V~~1t'~ll.ruLrtW~~k'\1N~;:~11~rmn.~~1iL\L~ll!giLL~LJ!o1ltlltV~~1U~ULrtt,t:~n~~t'~n~~Lnll.
I'"I"

~tn~1ULl!..t'~?'n~uLrtL~~U~t'61'~~t'6"t'~l'rtLt,l!lDlI.66~L~;:~"t?;:lAn~t'6"~~t'6"t'~11rtLt,l!l

DlI.U~L~t'~t'6"~~t'6"t'~"rtLt,l!lDlI.U~L~~tL~ltllt\n~,~VLUL~n.M,~V~~1'1~~~'t'~11.t'6"t'~"

I1Lt,l!lnL~~n.rt~nt,~t'~m~t'~~~Lrl1~6LUntL'J6LI1L~I1Lt,l!l;:L6M,1n~t'~~Lr~Ln.;:66LUL~

~»tL~t'~t'~~~~~~n.n.;:6t'~~tn~,t'~II.t,t:~n~~~,t'~~~~n!lLU~,~tn~,t'~lI.ruLI1W»t~1'1t'~
"I"I"

L~U~~\Lu~mtn~m,klL~ll!giLL~iL\LJ!om!liL\t'~rt~'~ltl!s\n~1ULl!..t'~U'ltllt\n~'~VLU~~~'
",II

n~I1~'L~~~~'t'~II.~\~Ln.;:6M,Llf~L~L~n.M,t'~~~1A6LUULbS·Sn.,klL!A'Hd;:t,Llf~~~~,~~lIt,
'"II,

~~,;:~"~~,~~l!s't'~II.N:~t':lnt,~~t~~lWl!s'tA~~n.n.;:6~t,~Y.I1~~~N:~~~t'!lk1.-RL~;:6UULbU~~

U~k1.t'~6Lunt~t,!'-ltl!.\n~'~t6LUn.,klW~'L-RU~6LUL~~\(vt);:rul!l;:~"peSeJd

~~~t'~t'L~~t,LIl.N:Lt,l!lL~~tL~;:b~~~U~'

t'~~'iL\t'~I1~'~ltl!s\n~,ruLN:-81L~n.M,~~~t,~n,kl~L~l!l~~t':l»tt'9~n,kl~UlI.t'L~y.N:~~~t'!lk1.

-RL~;:WL~n.M,t'9DUu-usnt'L~~t,LII.I1Lt,l!lL~t'~lI.n~l1~'6LU~~~t':lt'~rt\n.~Un~uLI1~t~~,

""I"
n.bn.
~~I!.,ruLI1WI1~1@~m~l~~t'~t'L~~t,LII.I1Lt,l!lL~t'~II.I1~16LUL~~tS~·0-~·O;:~~~~~~~~~U~,

Ie!LUL~t'~tA~~~6LUa~~t,~U~~U~k1.t'~6Lunt,n.;:6untiL\t'~~~'~~I!.'N:~'~~,L~n.M,n!l~\W~t':l~
,",

~~,t'~II.t'L~~t,LII.I1Lt,l!lL~t'~lT.nt,~ntltl!s\n~,~~\rt\~WWn.,klL!A1@~'~6LuntL~t,'H~~,~\U~k1.
IIII

Ie1Llfh~t'~II.~LnlT.~~~t,!,-t'9~~'~Lb;:6U~6Lun~wn,.[ontiL\t'~ltl!.\n~,11~'6LUDULbu~nltl!.\n~,
,""

~trtVLUn.,kln.~~,~~'~\t'~~~'~Lb;:6U~6Lun1.H~L~t,'~~l.16LI1L~S·O;:~~~~n.,klL!A'iL\t'~

ItI!.\n~,11~'~~'L~n.M,~k1.LU'Ie!IA';:6iLULbL~'~M,N:~~~t'!lk1.;:~"LU-tN:1~Ie!IA';:6iLULbL~'Y.N:~~~t'!lk1.

~~lilUli.cY.11~~~t'!lk1.-RL~;:W~VLU~t'~~~1A6LuntL·vn.,klL!A'HdL~H~lill~~'~~I!.'H~lill

Y.11~~~t'!lk1.-RL~;:6UULbU~~U~k1.t'~6LUL-RU~6LUL~~\(0'z~);:rule1;:~"W!>1

n~uLI1M,Llf&IA~;:6iL~t'L~~~\nLt'L~L'J6LI1L~DL~k1.'~l!l'6L~~t~1'1t'~n~~t'»";:~"U~I;l'

"""
~~,t'6"t'~,mLt,l!lN:~'6L~N:~n,kl6L~t'~,m~'6L~n!,-'~L~~1e1'6L~n.~'U,kl6LU»tL~n~~n.n.;:6nt
•I,"

n.~b;:6iLt'~IT.t,Jtl~Lb;:W6LU~t~1'1t'~n!luLI1~\~V'J~n.!-~~L'J6LI1L~~tn~'~6LUULb;:~"t'~L~
""

N:t,w~l~tn~,;:~"~V'J~t'L~k1.;:6(UOISlnd8Jle81Jj8813)L~tA\t'LlAn,klU~t':l6LUULbt'~U'n~~~\
,"

~V'J~n.!-lil~L'J6LN:L~~tn~'~tL~t'~L~~V'J~t'~1T.SOL~~~'L~;:UM,'Dt'~t'~L~(uouruusqns
I'''''",

JO88J680)SOL~!:!~~V'J~~t~~'t'Gt'L~~;:LM,'(;,mlilln~~t'~t'6"~~t'6"t'~,mLt,1e1
I,I'"

;:~"U~I;l';:ruIT.ntt'6"t'~,mLt,Ie1DIl.UlilL':bnLIAnLJt1SLunL,ltJt'LIA-RLlil;:Wt'~IT.~n.N:~»t~t,!'-;:b
"

~~1L':bntiLlt'~N:~'~V'J~~tSLUL~n.M,L-RU~SLUULb(8s0In[188-I;\Ln8W;\XoqJe~)~V'J~H~~l
."

nlT.~k1.'pU8-j8Mn.n.;:6LnrMM,6LUt'L'JL-RUI.lSLULlAlil'(6);:rule1;:~"8qeuejeM ,ff='1'\Ie"'"P~0"lil.,

!,,1e:I!'!'1A.B1!'L~!'i.e,

O£
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Zeyer LL'Cl~rlru~ (15) 1~Yh nl~~m~It1'"l~tJ~i1~'Cll1i'eln1~Vi l~I'W'1J'el~L'el'W1'l1).,J1'W

m~u,)'W n1~~~'j,1 ij n LL'Cl~1~ Lfi'W'el-if'el ~~ L~'WL~tJ') flUL).,J L~'Cl n1 n -ifIVi ltJBm-tJl'1J'el~ L'el'W1'l1,rl1i'el L~'W

ltJ ~~~~'el 1'W l11'el'WLL~nL~'WltJ '"l~ n nil ~ ~'WL~tJi\.l'1J'el~'j,1ijn~).,J;{ VilltX L'el'W1'l1).,J1lJfil).,J l~m -nIViI
'U

tJBm-tJI flU L~'WltJ1~ LLl1i Ln'eli1 LL~~ L~tJ ~Yl l'W~'WLfl ~~'W ).,Jl '"l l n n1 ~~ m~'"lltJ L~'el'j,11-'el n1~~fi).,J L~ 'el

'"l ~yh1tX L'el'W1'l1,rfi1).,J 1 ~rl1tJ ~~~'WD ~1ell L~n~ n 1~~ n ~~'"lltJ L~mr'Wyh1tX~tJ LLUU n1 ~~ ~ ~ ~"1I'el~
'U

'j,1 ij n U'WL~ 'W'lu 1J ~ LetJ')1tJ LL'Cl ~1tJ-ri ') tJLtl~ ~ ') 'j,1 U1 "1I'el~ L~'WltJ vlll tX L'el 'W1'lI,rfi1).,J 1 ~ o L-if11tJvll

tJlj m- tJl flU L~'WltJ1 ell~ l tJ~'W L'el'W1'l1~~fi l).,J l ~rl ~~filtJ L"J!"1I'el~ L'lI'Cl~ L'Clfi'j,11-'el Lfji1L'lI'Cl~ L'Clfi1ell LL'Cl~

. Ln'el L~'WltJ o n ~~ nurn rl"1l'el~'j,1ij n ~'eltJu'W~ ')'j,1 U1 "11 'el ~ L~'WltJ n'"l~~I).,J1 ~rl~'Cl ~'el'el n ).,Jl1ellL~'fl n n
'U q cu .. \J

nl~~'el'eln'"llm~uu l1i'el1tJ

Welt L L 'Cl ~ Dinus (21) 1ellfittJrl,)lmtl 'W1tJ 1 ell"1l 'el ~ n1 ~vll~ I 'W "1I 'el ~L'el 'W1'l1 lJ1'W

m~u,)'Wn1~~~ 'j,1 ij n 'el 'el nHrlil ,) 1 ~~~

1. L'lI 'Cl 'Cl L'Cl fi'ell '"l1tJvllltX~') 'j,1 Ul '1J 'el ~ L~'WltJ LLl11 n 'el 'el n'"l'W'j,1 ij n~~')'j,1Ul"Jl'el~
'U

L~'WltJfi l).,J l~ rlW'l ~'el 'el n ).,J l 1ell

2. b'el 'W1'lI ,r'el l '"l b-if11tJvl lltX~') 'j,1 U1"11 'el~ b~ 'WltJ ul~ tJ'W Ltl'W~ 1 ~~')~ 'W~ i1

rl,)l).,Jbb~ ~Lb~~"1I 'el ~~'WD ~~I'Cl ~ ell,) tJ'i'jfin1 ~ Depolymerizat ion ~ ~ ~'Cll tX'j,1ij nfil).,Jl~rlW'l ~'el'eln).,Jl1~

~ltJ L~tJ n1~~m ~'"lltJ L~'el

3 . b'el 'W1'l1 ,r'ell '"l L-ifl1tJ 'Cl ~ml ).,J bb~~ LbN "1I 'el ~~'WD ~L~ tJ n1 n'ellb~'Wlm~n 1~

U1b,) ru~')'j,1Ul"11'el ~ n~~~I'I~'el'el n 9~vl ll tX'el 'WJl1 rl"1l'el~'j,1ijn'j,1'Cl ~'el'eln).,Jl1ell~ltJ~'W, ,

4. b fji1L'lI'Cl~b'Cl~'elI'"lL-ifl1DvllltX~nU'W (Lignin) ~~')'j,1Ul"11 'el~b~'WltJW'l'"

'el'el n).,Jl~ ~'el).,J flU'el~ Jl l rl"1l'el ~ 'j,1ij n L~ tJ n1 ~vl ltJljm-tJIflU~,)'W~L1J'WLrlN~~I ~-rU.n'el'W"Jl'el~~ nU'W
, , .-

bb'Cl~~,)'WYlbtl'Wrl l fi:u1m~~111 (Lignin carbohydrate complex) 9~yh1tX~lrl,) I).,J"1Il,)fi~l~ L~).,J;'W

5. i1 rl ,) lmtl'W1tJ1 ell~L'lI'Cl~L'Clfi'"l~ b-nl 1tJ'Cl'elnL~'WltJtJ'eltJ 1 (Fibrils) '"lIn

~')'j,1Ul'1J'el~L~'WltJ '"l'WvllltX'j,1ij nml ~'el'el n).,Jl~ ~'el ).,J flUL~'WltJtJ'eltJ1 b'j,1~1~1~

6 . L'el'W1'lI,r'"l ~L-ifl1tJvl l 'Cl l tJ fi ltJL"J!"1I'el~ L'lI'Cl'ClL'Cl~ltX~ ",~tJ1tJ~u1 L,) ru~')'j,1iil
'U 'U

"1I 'el~ L~'WltJ ~~ ~'Cll tX L'el'W1'l1,rfi l).,J l ~rl L-ifl1tJVi l~ I'W1ell~ltJ~'W (~nMru~ L~ tJ') flU-if 'el Lfi 'W'el LL'W~"1I 'el~

Zeyer LL'Cl~rlru~ )
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~ l'tun~~UJ rl'Jnu'W';jfi n1 ~~1 -l 'fltJ1-lhnVl1~ n 1 ~~ -l"vliJ n'fl'fln ~'JtJ';jfi m~~l-l i1 .jf'fl l~ tJ~'fli1 rn~Lon~1

1'Wm~l ru~ l n 'W'fl n91n~,"hm~l ruc.J~ c.J ~ Vl ~1~91n';jfi n1 ~~l-ltT-l ~1 nrJ1 fllm~ l ruc.J~ c.J~ Vl~1~

91 n';jfin1~~'fltJ~'fl-l'flln1 f'l lti'fl-l91 ni1 n1~~ ru l~tJ l~'WLmJ1 -l'i'i 'J'W'fl'fl n~ l nU~l~~l -l l~'fl (22 )
'lJ ~

~'JtJ l"vl Vl c.J ~ ~-l n ~1'J~ -l 1~i1 fl'J 1~Ym l tJ1~ 1Jfu l1J~ tJ'W~ 1L-ir3fi n1~ ~~"vI iJ n'fl'fl nLc;) tJ ';jfi n1 ~ ~'fl tJ.
~'fl~'fl1 m f'l 9 1 n-l1 'W';j 9'tJ ~ l~tJ 'J .jf'fl-l"o'i U rJ 1"v1 1 n ~'fl~ mn~~1J~~~Y1fiJl 1"o'iLum ~~-l"vliJ nYi~vr

l~~ nL"llm1YJ ~1'W~ 1'fl'fln Lc;)tJL~fi n1~~'fltJ~'fl ~'fl 1m f'l...!''W 9 ~ ~'fl ~ l Vl1-tJ~ l~ 'fl Lc;) tJH'fl 1 pH 1'W"li'J ~...
~ lu'W n~ l -l "vll''fl lu 'WmC;)l~'fl iJ 'fl -l n'Whn'tX~ l ~U C;) ~-lL'W~~~'fl 'fl~fl1'~m~~'W (Acrylic resins)

~ l~lHH'l~~l tJ~l n In 'W11J l "o'i n ~9 ~Yil L 'tX'fl 'WJl1 A"vI iJni1'l1'W1 C;)l~ n ~l n ll~~ln C;)nl ~m~91 tJl?i'J•

~ln9 'W ln 'W11J 'W'fln9 1 n~n1~H'fll pH L'W~Jl1'J~~ lu 'Wmc;)tT-l-ri 'J tJL'tXl~'WLtJ~ 1~1 ~~~C;)sDU CMC
" ",

1~~~n ~'J tJ ~-l't!'Wn1n~ 'fl nLonl 'fl'W1"ll ~1'Wn1 ~Y1 C;) ~ 'fl ~~~~ lU'Wl'fl'W1"ll~Yi~ 1~1 ~~Yi 1~1 'W1~'W~Jll'J ~

~lu'Wn~C;) ~'JtJl-ri'Wn'W

-l1'W';j9'tJ~'W~M m~n ~-l c.J ~'lI'fl -l m ~LonA1 fu'fl n; l~Yl~ l"ll~ ~ L~~ i'J ~ nu l "ll ~ ~ l~ ~ l ~'fl
'lJ 'lJ

l~~1J~~~Y1fiJll"o'iL'Wn1~~~"vIiJ n'fl'fl n91 nm~C;)l 'rt~ ~ l'W n~~u'J'Wn1~Yi~vr~'JtJ"vIiJ n l~~ nL"ll nnYJ

~1'W~1 Lc;)tJnl~Y1C;)~'fl~1~ll1j-l'fl'flmu'W2 Vl'fl'W ~-lVl'fl'W~ 1 9 ~lU'Wn1~Mn'rt1'l1'fl-lm~ lrun1~H'...
Alfu'fln;l~Yl ~l"ll~~L~~ (CMC) ~l"vl~l~~~ Lc;) tJ 9~Yiln1 ~M n 'rt1n1 ~Lon CM C ~m~l ru¥'fltJ ~ ~

'lJ

" I '" I I

0 , 0 .1, 0. 2 ll~~ 0.3 'lI'fl-l-W1"v1't!nL~'flll'tX~ (0 .0 . we igh t) 91n't!'W-W1fl 1Yi1~9 1 n n1~Y1C;)'i'l'fl -lVl'fl'WYi

1 ~lH'L'Wn1~Y1 C;) 'i'l'fl ~ Vl'fl'W~ 2 (;j 'fl11J Lc;)tJL'W n1 ~Y1 C;) 'i'l'fl -l Vl'fl'W~ 2 9 ~i1 31?i'J l l1J ~~-l~~'fl

1. m~lrun1~H'A1fu'fl n;l~Yl'i'l l"ll'i'l~ L~ ~ Lc;) tJl lU -l'fl'flnLU 'W 2 ~~ ~u ~'fl hjH'Al f
'lJ

" ,o IV d l.I

'W1'1.-1'WnLtJ'flll"vI -l

3 . l'J 'i'l1 ~~nL~ 'fl ~-l 1tJ1,xl'fl 'W1"ll ~Yi 11JDmtJ1 "v1i"~ n1~~m~91 tJl~ 'fl Lc;) tJllU-l 'fl'flnLU'W

2 ~~~1J ~!l 10 ll'i'l~ 40 'W1Yi

1'Wll(;jn1~Y1 C;)'i'l!l-l9~i1n1~Yi1 n1~Y1 C;)~'fl-l~lL'Wll(;j~~~Jll'J~~'J~ n'W~-lit.l 2 Af-l l~'fl

-w1.jf!l~'i'l11J ~1'W'J ruY1 1-l~(i~ (;j'fl11J
'lJ
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n1'i'VIl'l'Gl'el~

'eltl n';lru LL'Gl:::~ 1';lLAijvhi.
1. nS'::l?l11"tU!l'\..l(;) 60 LLnnJ u1'oi1'1 C.A S. Paper 9 1rll?l

2. ~~nLyJ~nL"lln nYJ~I'\..l~I~~ IU1'oi1'1 Siegwerk (u S'::L1'1 Pl11'1 EJ) 91rll?l....

3. mfU!ln~LJ..J'Vi'ClL"ll'Cl'ClL~'H'l (CMC) : Niklacell CH 5 F u1'oi1'1 Sunolin
'U

US'::L1'1 Pl!l!l~ L[;l1'EJ

4. L"ll 'Cl \jL'Cl~ (Cellulase enzyme) : Celluclast 1.5 L (novozymes) u1'oi1'1 The

East Asiat ic (u S':;L1'1 Plh ltJ) 91rll?l (d-J~I"ll'\..l )

5. ~1S''Cll?l LLS'-:j~-:j~h : Eka RF 4283 (Non-ionic surfac tant) u1'M1'1 Eka

Chemi cals (u S'::: L1'1 Plh ltJ) 91rll?l

6. nS'l?I'nm~n (H2S0 4 ) u1'M1'1 LAB-SCAN 91rll?l US':;L1'1PlLULL'Cl'\..l(;)

d q d .d",
7. LrlS'!l-:j [;lnS':::'"lIE.JLEJ!l (Pulper) EJ~!l Formax t'\..l 450H U1'M1'1 Adirondack

Machine Corporation US':::L1'1Pl ~~f~!lLd-J1'm...
8. Lrl1!l~'Cl!lEJyJ!l~m ml"l (Flotation cell) ~~!l Voith i'\..l Delta 25 U1'M1'1 Voith,

, ,
..:::!i 0 I Q 'V I <I:::lIo 0.-'

9. LrlS'!l~ 1'1 1 LL t:.J'\..ln5'::: l?I l 1"t (Sheet former) EJ~!l PTI su RK-2A KWT US'1"t1'1 Paper,

Testing Association US':::L1'1 Pl !l !l ~ L[;l1'EJ

1O. Lrl1!l~fl?l"h~Jl l~S':;U 1EJ1~ (Freeness tester) ~~!l Regmed t'\..l CF/A U1'M1'1

Regmed US':::L1'1I"lUn~'Cl

11. Lrl1!l~fl?lrl'Jld-J"Jjl'J~~I~LL'Cl:;llid-Jlru~~n~L~~ !l'el~ (Brightness & ERIC

tester)
d "
EJ~'el Technidyne i '\..l Color-Tou ch, PC U1'M1'1 Techn idyne

Corporation US':;L1'1I"l~~f~'el Ld-J1'm...
d cv I Q' , q .::J "'"

12. Lrl S''el~'Jl?Irl lrl 'J l d-JLL''Jj~LLS'~[;l!lLLN'Un (Tear tester) EJ~!l ProTear Electron ic

Elmendorf Tear Tester U1'M1'1 Thwing-Albert Instrument US':::LYlI"l

~~f~'elLd-J1' m...
13. Lrl1-'el~fl?I \Oi l rl'J l d-J LL~~ LLS'~ ~!lLLN~~ (Tensile tester) ~~!l Strograph t'\..l E-S

U1'M1'1 Toyo Seiki Seisaku - Sho 91rll?l US':;LYlPl~~'\..l

14. Lrl1'el~i~ (Balance) ~~'el GX-30K U1'M1'1 A&D Co..Ltd. US':::L1'1 Pl~~'\..l
d :... oG:lI 0, ~1J

15. L rlS''el~ "ll ~'Cl:; L!lEJl?I 3 [;l ILm '\..l~ (Balance) EJ ~'el Mettler Toledo i'\..l PM 2500,
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~ ~ ~ ~
16. LFl ~'a-:)'M 1 Fl 'J 1~ 'll U "JJ 'a ,In ~ :: c;l1 ';- (Moisture balance) t1'M'a Kett tu FD-600

u1~Yl Kett Elec tric Laboratory lh::LYlPlc1Jt1U

17. ~'aU (Oven)
"

t u Vent icell u1~Yl MMM Medcenter

Einrich tungen Gm bH i..J~::LYlPlLtI'a~~U

18. LFli'a-:):rc;HOhFl'J1~ LtJumC;) -LU'Cl ~,x'a Hanna iu HI 98128 u1';Yl Hanna.

~mHU:;'lJ'eI'I b'el'U1'1l~vtL"1li:w n1'a'Vll?1'iN'eI'I (Celluclast 1.5 L)

Celluc last 1.5 L LtJ'U"JJ 'a-:) L"'~'J~~1(;l 1~ tc;) t11'ifL~'an'Cl1t1~'Ufi Trichoderma reesei.
l'Wn1nYn::L~t1-:) L'a 'Ul"Jl J.J i1rl'J1lJ~'J'I~1LYn::; 1.2 g/ml LL~::;i1niJ~W;lJl1Yi "JJ'fl-:)L'fl 'Ul"JlJ.JLtJ'W 700

EGU/g L~ 'fl EGU ~'fl~'Jci 'fl"JJ 'fl -:) Endo-Glucanase Units L~~LL'Clc;)-:)n~~'U(;lJl1Yi"JJ'fl-:)L'fl ul"Jl,r

7

pH
65432

;f!. 80 -

~
>"; 60
o
IV
e

~::l__~__.. _

100 -

100 ~

'O~ 80 _

1i:.;;
'<"3 60 .
IV
III

.~ 40 -

.s
III ,

a::: 20 I

I
I

20 30 40 50 60 70
' C
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r.n nrl1 Yi ~ 23 ll'Cl:::1l1Yi~ 24 ll~11l 'l ~miru::: l 'tlYi 1::: "lJ 'El 'l nJ-J ,rtJ l1l 1l1 Yi "lJ 'El 'l l'El tJl"l1 ,r~L-n

ltJ n15'Yll1l'Cl'El 'l~'elru\U:JiJ 50 'El 'lPl1 l"ll'Cl l;tl~ ll'Cl::: pH 4 .8 [;11 J-J ~1~'U Ll1ltlL-n C MC dJtJ~ 15' ~'l l1ftJ~

1'IX l 'El tJl"l1,rYi 1 tl~mtJ1 ll~ l1l'l1'lXl~ tJ~1~1l11:::~ l~J-J1:::~J-J~l 'El tJl"l1,r~1 J-J1H1Yi1'l1 tJl~~ A'El pH

~ ""4 .5-6 .0 !l ru~llJ-J 50- 60 !l'l Pl W lI 'Cll"ll tl 'Cl. "

.... 38.3 em =-

• •
• 27.2 em

• •
, , i-

n 1 5' Yl l1l 'Cl !l 'l l1' J-J rfl'W9 1 n"j1 m:::11l1Mtl!l'Wl?1V1 iJ"j1~~m-J111l 5' ~ 1 'W lvil flU 60 nfJ-J~ !l...
11l15'1'l lJ.J 111 5' J.J1Yi 1 n 15'~ J.J ~~1 t1~n ru~ ~ n L"ll m1YJ ~1'W~1 Ll1l tl l 'W n15'~ J.J~,J'WiJ n15'rl1U rlJ.J... .
mJ.J 1ru"lJ!l'l~n n~J.J~ Ll1l tl H'~tl ll'U U ~1 !l t.h'l n15'~ J.J~~'l tlnn!J1'W1l 1Yi~ 23 11l'Cl!l11l~1'Wm:::11l1M

9 1 n ,J'W"j1m:::11l ·1M~1!lt.h'l~ e.J1'Wn1 5'~ J.J~J.J1 ll~1 J.J1~ 1 ril mJ.J1 ru~n n~J.J~~ rl5'!lUrl'ClJ.JU1'l1 ru•

~1~ihm:::11l1M (Ink coverage) L l1ltln15'~l1l m:::11l 1Ml'IXiJ"lJ'W111llvil1 fltJ iJmJ.J1ru~tJ~~nn

lvil fl'W~'l1l1Yi Vl 25 ll'Cl:::~1'W1 ru lmtl U lV1tl'U fl'U "lJ 'W111l lvil fl'Wll~hJiJ~n n~ J.J~!ltj~~1 ~ ,r1
"

m:::11l1M 91 n n15'~1tJ1 ru"r'/U ~ 1 n5':::11l1M~1!lti1'l~1-n'Wn15'Yll1l 'Cl !l'l~iJ ril Ink coverage lVi'l flU

~!l tl'Cl::: 1.43 (rjfin15'~1'W1 ru'Cl 1 J.J 1 5' C1 11l1~9 1 nrn rlC.J'W1 n n ) 91 n,J'W"j1 n 5':::11l1M~ ~l1l ll1l1'tlJ-JH ll~1
",

'" "" a ~!:"I ""lI'lJ.J"lJ'W111l 27 .2 X 38.3 "ll .J.J . irunu ~1 ~'W~!l'lrl1'U'"JJ-J~1l11:::

1'W n15'Yl l1l 'Cl!l'l1tJ ll~ 'Cl ::: ~1l 11 ::: 9 :::iJ n1 5'1-ifn5'::: 11l1 M 250 nfJ-J"lJ!l 'l~1~~n l~ !lll~'l ~1-!l

l-ifn 5' :::11l 1MVleJ1tJn1 5'~ J-J~J-J1 ll~11'Wll~'Cl ::: n1 5'Yl l1l 'Cl!l'l91'W1tJ 45 ll e.J tJ ("lJ tJ111l 27 .2 X 38.3 "lI.J-J .)

"j1 n5':::11l1M~ ll1l1'tlJ-JHJ-J1 ~(;1ti!lmUtJ~tJl~ n 1 ll'Cl :::ll-rl~1~'lH 48 -ff'1LJ.J'l l~'Ell~m:::11l1M-a'El tJ~1

ll'Cl :::~1tl~ !l n15'~ n5':::iOl1tl lU tJl~!l
, , ,

..... ..::::.10 !.I 0 o.oC:lll d "'*
~ 'Cl 'l91 n rl5''U 5':::tl::: l1 'Cl1 Yl n 1~ tJl1lll'Cl 1 tJ1 n 5'::: 1111 MJ-J 1 Yl 1 n1 5'l1l m ::: iOl 1tl ltl 'El lYi 'Ellltl n

~n n~ J-Jyf'El'El niOl1 n l~tJltl n'El 'W~iOl :::"j1 l~'El,rtJJ-J 1l-n1 ~ m:::U1tJn 1 5'~ 'l ~n n'El!l n Ll1ltl~fi n 1 5''Cl 'El u
"
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~'El 'Hl1 n1 Pl Ul L~'El~1~~-.1b..l ~'J1.!~ cJ 1'\.W I 5' ~ -.1i-1~ n 'El 'El nLL~'J u s :;hj cJ l1.! n15'~-.1i-1~n 'El 'El n ~ 1

~ Lrln :;'; L~'Eli-l lrllill~ lru~ Li-I~ I :;~ ~'lI'El -.1 n1 5'H C MC n15'HL"lI 'i'l'i'l L 'i'l~ L L 'i'l :; 5' :;t1 :; L'J'i'l I~~nL~ 'El
'"

~-.1 1rJ1~L'El 1.!1"l1 JSYiltl lj m m tCil ti Cil5'5'"lI U~H~Ciltl5':;~Y1fin l Yi n1 5'~ -.1 i-1 ~ n 1~LLri rll~nl Yi5':;U l t11~

rl lill~ 1 rui-l~ n~ Li-I~'El'Elti1 'W L~'El rll r1'J1 ~'lI 1'J~~ 1-.1 rllill~1 ru e.J'i'l e.J ~ (;l~1~ rll Ciln"ll Url'Jl~
'"

~fi n1'i'Vl (;l~'f}.:J

(;l 'f}'W vi 1 : n1'iVl1m3nru CMC vibVl~I~?t~ (~.:J1~i.ib'f} 'Wl'D~)

1. Ul n5' :;CiI 1~(;]'J 'el til..:J ~cJl'WnI~~~ vr~'Jtl i-I ~n~~WL~ ~ nt"lln nYj ~I'W~1 ~ IYil n1 5'..
~m:;r.ntl L~'el ri'el'W~9:;UlhJ~..:Ji-Ijjn'el'el n ~'J t1~fi nl~'i'l'eltl~'el..:J ~ 1 m Pl tCiltl.ff'1.!(;l'el'W1'WnlH(;l1'tm L~'El

1.1 Ulm:;CiI1 ~(;]'J'elti l..:J~cJ l'Wn l ~~ ~ vr~'Jtli-I ~n~~vrL~ ~nt"l1nn Yj ~I 1.!..
~1 J-J1(;]CiILU'W ~'WtCiltl1~~'lI'W 1 Ci1 LYl1 1 rl'W (lh:; ~J1 ru 2x2 "l1~ . ) LL~'JUlhJ LL-ri~I~f01'J l~ L-nJ-Jif'W L~'el

~'el tl~:; 7 ll Cil ~ I~..:JH 48 -ff''Jh J..:J L~'el1~m:; "n~rel 'el 1.! (;]'J ~..:J9:;-ri 'Jtl1~n1~ ~m:;9 1t1L~ 'elYi l1~~ I t1

1.2 L~'elf01 ~U L'J~ 11'W n1HL-rim:; CiI 1~(;l IJ-J ~ n li-1'W CilH Ul m:;CiI1~t!'WJ-J l ~

m:;91t1 L~'elV111~LU'WL~'el LL~ :;L~'el1~'el'4n l f01 'l1'el..:J i-I jj n uu n (;]'J 'el 'el ntGJl n L~'W1t1 t Cil tl1 -if f01 'Jl J-J L-nJ-J-n'W

'lI 'el..:JL~'el1'Wn1~~m:;91t1L~ 'el~ 'el tl~:; 7 L'J~ 11'Wn1~~m:;9 1t1L~'el 60 'Wl ~ 'elo,mn iJ 50 'el'lPl I, '"

L"1l~L~ t1~ ~(;lnf01'J 1J-JL~'J~ 'elu1'Wn1~~m ::;91t1L~ 'el 'll'el 'lLrl1'el 'l 300 ~'elU(;]'el'Wl ~ rll pH 4.5 (n l i-1 'W '"

Hrll pH 4.5 Lti'el'l91n1'WnI~Y1Ci1~'el'l(;l'el'W~ 2 ~'l~n1~1-ifL"1l~~L~~t!1.! 9:;tJ'lH"11 pH rlll1L-riWl'W
'"

Lti'el'l91nL"1l~ ~L~~ ~IJ-Jl~blYil'l I'Wl~~1'W~n l'J:;~ pH 'el~1'W-ri 'J'l 4-5)

1.3 ~ I Hf01 ~~1-if1'W.ff''W(;l 'el 'Wn1 ~~ m::;91t1L~ 'el l~LLri ~1 ~~ "' L L~'l m ..:J ~ 'J (Eka
" ,

'" '" 11 0 .... 4 "" Q 'I \.I ...~ ""
RF 4283) f01 'J 1J-JL'lIJ-J'lI'W~'eltl~ ::; 0.5 'lI'el 'l'Wli-1'W nLtI'elLLi-I 'l LL~:; J-J nI~ b"ll CMC u~J-J l ru~'el tl 'i'l :; 0, 0.1,

0.2 LL~ :; 0.3 'lI 'el'l ~I i-1~nL~ 'el LL~'l (;lI J-J ~ I~U t"'t1~IH f01 ~Li-I ~hl1bln1~ ~..:JhJ Yi ~'el J-Jrl'W1'WL f011'el'l ~
'"

1.4 11.!~:;i-I~ 1-.1 nl~~m:;tGJ lt1L~'el"l:;~ n15'i-Itj '" Lrl1'el-.1'VJ n 1 5 'Wl~ L~ 'El Yil

n15'rl1.!L~'El1 'WLrl1'el..:J ~m:;91t1 L~ 'el L~ 'eli1'el'l rl1.!hit~n~:;"'I~Lnl:;rl'WLU'Wrl'el'W LL(;]i-I~'l91 n nl~~

m::;"l l t1L~'el cJ l 1.! 1.!I~~ 30 ltlLL~'J 9:;hJ~n15'i-ItiCilLf011'El'lLL~:; YiIn1 ~~ m::;91t1L~ 'elhj9'Wf015'U 60,
...

'W1Y1
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1~~'l 90 1l'lf"11L"ll'C'lL~tJ~ 'C'l"'~l1lnA'J1J-JL!'Jlwn15'~n5':;91m~1l"I1 1l'lLA11l'l~ 170 5'lltJ~1l'W1Vl

L~1l1~llru~Jljjl'WLA11l'l ~m:;91tJ L~1l~1J-J1H11~5':;~ tJ~A'W9'W~'l 90 1l'l f"11 L"ll'C'l L~tJ~ Lnllll ru~Jljj
'I 'U 'U 'I 'lJ

L"1l 'C'l L~ tJ ~ ~'lH 5 'W1Vl ~'l~L~llLU'Wn15'L~tJ'WLLtJtJn15''t1 1'C'l1l'l11l1l'W~ 2 ~'l~n15'1-nLll'W1"1lJSt"'tJn15'

L~J-Jllru~Jljjl~~'l 90 1l'lf"11L"1l 'C'lL~tJ~ LU'WL'J 'C'l 1 5 'W1Vl,r'W LU'Wn15'~tJ"'n15''t1 1'l1'W 'lI1l'lL"ll'C'l'C'lL'C'l~~'W
'I 'U 'U 'l 'U

2 . ti1 L~1l~1~~~'l9 1 ni'W11l1l'Wn 15'~m:;91m~1l1u't11n15'L91l9 1'l ~'JtJ~1 1~~ f11

A'J1J-J LiiJ-Jii'W'lIll'l L~ll LU'W~lltJ 'C'l :; 0 .8 91 n,r'WLL1J 'l L~llllll nLu'W 2 ~'J'W (Jl 1 ~~ 26)

.... ..
n'l j' [;lm:; "nmtJ'El

(Repulping)

I
"

L~ 'fl 91..:1 ~'ltJ t119'W1~pm~ Lif~if'W

'lJ 'El ..:l L~'El LVhnl.J~'fl tJfl:; 0 .8

I
• •.. ..

L~ 'fl~ 'l 'W~ 2LtJ 'fl ~ 'l 'WVl 1

, ,

2. 1 ti1L~1l~'J'WVl1 (h] ~ 1 'Wm:; tJ 'J 'Wn1 5' ~ 'l ~~ n ll ll n ) hJ t)~ f1 1 ~ Jl 1~

5':;tJ1tJ1~ LL'C'l:;ti1 L~ ll ~'J 'W~ m~1l1U't11 LL~'WVl "'~lltJ'lI'W1 '" 60 LLmJ-J 91'W'J'W 5 LL~'W L~ ll t)",mJ-J1 ru

~ll'lmn1f"1 t~tJH~l1lnn15'1~'C'l'll1l'l~1l'lmn1f"13 ~11l5'~1l'W1Vl LL'C'l:;HL'J'C'l 11'Wn15''C'l lltJ~'tl..:lmn1f''1

10 'W1Vl 91 n,r'Wti1 L~ 'tl~ ~1'Wn15'~'l~~ n'tlll nLL~'JJ-J1't11n15't)'" f11~Jl1~ 5':;tJ1tJ1~ ~1'W"l ruf11

mJ-J1ru~'C'lt:J~11l~1~ LL'C'l:;ti1~'J'W~m~1l1tj't11LL~'WYl~~'tltJ 'lI 'W1~ 60 LLm~ 91'W'J'W 5 L L~ 'W L~'tlt)~

m~1 ru~n n~ m~'tl 'tlrJ f11A"l 1J-J'lI1"l~~1'l f11~5'5'"Jli1A'J1J-J LL~'l LL~'l ~'tlLLN~n LL'C'l :; rh ~11"lli1A"l1~
" ,

a I 4 q

LL'lI'lLLNl1l 'tlLL1'l~'l (1l1~Vl 28 )
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(Freeness)

I
I

(Handsheet)

I
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I

uhJ1ru'l.-lij n~

L'l.-l~'fl'1lEi...

(ERIC)

I

(Brightness)

a , ...
LL'lJ-lLLN[;l'1l LLN'Un

(Tear index)

CI . , 4

LL'lJ-lLLN[;l'1lLlNl'i-l

(Tensile index)

I

I I I I

.c:=::j IV' oClI d d I oClI

Jll~Yl 27 m'~1J')t.ln l~'\,H'l ,m l~(;lLtl'fl"ll'fl'lLtl'fl~,)'WYl 1

4 4 '" oQI,q

l'i-l'l.-l).Jn'1l'1ln WltJ':lfi

rl'1lt.l ~'fl-lmn'"H"l

(Flotation)

I

ri1m).J1 ru t.J rl t.J ~[;l

~1v'l

(Yield)

I

(Freeness)

I

(Handsheet)

I
I I

(Brightness)
a , ...

LL'lJ-lLL~-l[;l'flLLNlln

(Tear index)

a , ..
LL'lI-lLLN[;l'flLLNl'i-l

(Tensile index)
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o ~ q ~ ~ .c:.I
3 . Vnn15'Y1(;l~1)'l'll11)nA5''l Yl'l 4 'i'lJl1,) ::; -eJ'W1Jlllrl hi1~ CMC 1~ C MC Y1A')1'-!

l-n'-!-n'W ~1)t1 ~ ::; 0.1, 0.2 ll~::; 0.3 'JJ 1) 'l ~l'\-nrm~1) l l 'IX-:J (;l1~~1~U ll~ ::; ~1 1:J ~ -n1) ~mr-:J~,-! (;l ~Hl~ 1
"

IWel'Wv1 2 ~m~ne.l~"l.I'fl~n1'ai.i CMC i'J3.J1''UL'fl'W1'll~ ~'fl'!.J'a~~'Vlfill1'Yi"l.l'fl~

n1'a~~".,iJn'fl'fl n

1. ~1 m'::;(91 1~~ c.h'Wn1 ~~~vrJl'J tI~ jj myj ~ n L6Jl nn YJ ~1'W~1~ 1Yi 1 n1 ~~ m'::; 91 t1l~ 1)...
l~~Y1(91'i'l1)U~ 11h::;~Y1fiJl1Yi'JJ1) 'l n15'1-n CMC ~hW1Un1~1-nl1) 'W16Jl ~1'Wn~~~'l~jj~ 1) 1) n L(;l tl

~1il'lii'll'J~1~~-:J1t)1.'lXl1)'W16Jl,rYi1uDmtl1 (React ion time) ~ ~'l n1~~l~'flJl'JtI ~'l~

o
"

(¥'fltl~::;'JJ'fl-:JlJ1mrn l~'flll 'IX'l )

m~1 ru Enzyme ~1-n
"

(¥'fltl~::;'JJ 'fl-:JlJ1~i!m~ 'flll,x-:J )

Reaction time (~~'l ~ m' ::;91 t1l~ 'fl liJ 'W l'J ~1 60 'W1 Vi)

0.1

""10 'W1'Vl

" ,
(9 1 n -n'W (;l 'fl'WVi 1)

0.3

""4 0 'W1Y1

91nmn'l~ 4 9::;1 Jln1~Y1(91~'fl ,nr-:J~~(;lltJ'W i ~1'fl 8 ~Jl 1 'J::; ~,m'i'l(91-:Jl'W(;l1n -:J~ 5

ll~ ::;l'Wn1~'Vl(1l~ 'fl-:J(;l'fl'W~ 2 ~9::;H~Jl 1'J::;1'W n1~~m'::;91t1l~'fll~ij'fl'W(;l'fl'W~ 1 mh'J ~ 'flHl'J ~11'W

n1~~m'::;9 1 t1l~ 'fl 60 'W1 Vi '"'1 pH 4 .5 ll~::;'flru~Jlij 5 0 'fl -:J P1 1 l'll ~l;t1 'i'l L(91t1~~-:J91n~~m'::;91t1
q "

l~ 'fl liJ 'W l,) ~1 60 'W1Vill~::;~-:Jl,xl'fl'W1'll,rYi 1uDmtl19'WA~uri1~'W(91l'J~1ll~'J 9 ::; iJ n1n~~1.lru~.1:Jij

l 'IXlvh riu 90 'fl-:JP1 1l'll~l;t1~ liJ'Wl'J~ 1 5 'W1Vi l~ 'fl ~ EJ (91 n1 ~Yi 1 'l1 'W 'JJ 'fl -:J l'fl 'Wh,r ~ -:J iJ i'W l'l 1) 'W n 1 ~



40

1.1 U1 nJ':;~1~~,)'Elth-.1~eJ1'Wn1J'Yi'-JiJl')t1~ijnihJiLyJ~ n L'D nnYJ~1'W

~1 '-J1~~LU'W~'WL~t11t\i1"lJ'W1~Lvi11 n'W (tJJ':;'-J1ru 2x2 'D'-J .) LL~,)u11uLL-rl~1~fO),)1'-JL-n'-J-n'WL~'El

h.ltl~:; 7 tJ~~h~-.1H 48 -B'')L'-J-.1 L~'Ellt\m:;~ 1~rel'El'W~,) ~-.19:;-rl,)t11t\n1J'~m:;91m~mi11Jl~1t1

1.2 U1m:;~1~~LL-rl~1~r1'J 1'-JL-n'-J-n'WL~'El¥!1tI~:; 7 '-J1~m:;91m~!lY'hlt\

LU'W L~ 'El LL~:; L~!l1t\!l'WJl1 fO)"lJ!l-.1~i'j n uu n~')!l!l n 91 n L~ 'Wlt1 L~ t11-if fO)') 1'-JL-n '-J-n'W"lJ!l-.1 L~!l ¥!l tI~:; 7,

, ,
..<::!lI d 1 ..:::11 I

LtI!l"lJ!l-.1LfO)J'!l-.1 300 J'!lU[;l !l 'W1 'Yl LL~ :;fO)1 pH 4 .5

1.3 ~ 1 nfO)i1~H1J1LLri ~1 J'~ ~ L LN~ -.1 ~ ,) (Eka RF 4283) ~fO),)1'-JL-n'-J-n'W

Lvi1nU¥!ltl~:;0. 5 "lJ!l-.1~1~tJm~!lLLt\-.11'W~,)'W"lJ1N C MC LL~:;l"Jl~~L~~t!'W lw.~[;l1'-Jm'-J1rurl1~
'\J

n1~'W~1m'W[;l1n -.1~ 5 [;l1'-J~Jl 1,) :;n1J''Yl~~!l-.1t!'W 1 L~t1~1nfO)i1vr-.1~'-J ~~nl~~-.11uY"l¥!l'-Jn'Wl 'W

LfO)~!l-.1~m :;91m~'El t1nb'Y'WL"Jl~~ L~~~-.1Clnl~~-.1hJ~~-.1 n1J'~L~'EleJ1'W1uLL~,) 10 'W1Yi l~'Ellt\~'W19
'\J '\J

~1 rl 1 pH 1'WLfO)~!l -.1 ~nJ':;91m~!li1rl1f01-.1~Lvi 1 nu 4 .5 ~-.1LU'Wrl1 pH ~L"Jl~\JL~~~1'-J 1J'Cl"; 1-.1 1'W1~~

(1'W-rl ') -.1 10 'W1YiLLJ'nlt\t)~rl 1 pH VJn 11 'W1Yi LL~:;yi1n1J'ufUrl1 pH 9'Wf01-.1~ri!l'W~9:;l~'-J

L!l 'W1"Jl JS)

1 .4 1'WJ' :;~~ 1-.1n1 J'~m:;9 1m~!l9 :;i1 n1J'~~~Lf01~!l-.1VJn 1 5 'W1Yi l~!l"; 1

n1 J' f01 'W L~ !ll'WLfO)~!l-.1 ~ n J':;91t1 L~!liJ!l -.1 n'WhJ1t\n J' :; ~1~Ln1 :;n'W LU'Wfl !l 'W LLr;1~ ~-.191 n m J'~ n~:;91 tI

L~!leJ1'W'W1Yi~ 30 1u LL~,) 9 :;hJ i1 n1 J'~ t1 ~ L f01~!l-.1 L L~:; v'hn1 J'~m:;9 1m~!l1u9 'W f01 ~u 60 'W1Yi,

1.5 Ln!l~m:;91m~!l9'Wf01~U 60 'W1Yi It\L~'-J~1~-.11U 1 ~[;lJ' LL~:;";1n1J'

ufuufU!lru~Jlijlt\Lu'W 90 !l -.1~ 1L"Jlm;t1~ ~~~[;l~11'Wn1~~m:;91m~!l"lJ!l-.1lf01~!l -.11u~ 170 J'!lU
, '\J

I I I ,'" "

r;1!l'W1Yi L~!llt\~'W19~1!l ru~Jlijl 'Wlf011!l-.1~ n ~:;91t1l~!l~-.1~'W9'WLU'W 90 !l-.1 ~1l"Jl~ l;t1~ 91 ntJ'Wlt\
, '\J '\J

2 .U1 L~ !l~1~~~-.1 91 n.fr'W[;l!l'Wn1 J'~ m :;9 1 t1 L~!l1u";1 m n~!l91 -.1 ~') t1~11t\i1 rl1 r1'J1'-J

L-n'-J-n'W"lJ!l-.1L~!l¥!ltl~:; 0. 8 91nt!'WLLtJ-.1L~!l!l!lmU'W 2 ~')'W ( Jl 1 Y"l~ 29)



4 1

React ion time

2

3

4

5

6

7

8

tlhnru CMC YiH
"

(¥'fltl~ :::"lJ'fl 'linvl'wn lti'flll,x'l)

o

o

o

o

, " ,
I q _ .Q

~1Y1llnJ1 ::;~~ (iOl1 n"JJ lJl'l 'fllJ YI 1)

0. 1

0.1

0.3

0.3

0.1

0.1

0.3

0.3

"'"(lJ1 Y1 )

10

40

10

40

10

40

10

40

"'" ..
n1~~m:;r.nmt.l'El

(Repu lpin g)

I
"

L9m1'l ~hmh'l lJ1(/l

m1~L-if~-iflJ'lJ'El'l L~'Elr'Elt.l~:; 0.8

I
I I

L~ 'El ~,)lJ~ 1 L~'El~,) lJV1 2
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. ,

2 .1 oW1L~!l~,")'WY11 (bJ ~.h "'Jn ~ :;U ,") "'Jn l ~~~ "v1 j:j n !l !l n ) 1tJt)~ril~J11Yi

~:;ultJ1Jl LL'€'l:;oWl L~!l~,")'W~ m~!l1tJvh mJ'W'Yl (?I~!lU"lJ'W l (?I 6 0 LLnnJ 9l'W'")'W 5 LLeJ'W L~!lt)~tIh.J1 ru

• <£ ""
l'l!lLLN(?I~ (J11 Yi'Yl 30)

I

(Freeness)

I

I

I

I

(Handsheet)

I
I I

(ERIC)

(Brightness) " . ...
LL'lI'I LLN (;l'flLLN-un

(Tear index) (Tensile index)

I I I I I
q IV .o::::lI .diI .diI I oClI q

Jl l'Y'l'Yl 30 m~u,")'Wn1 ~"v1'€'l ,:ml~ l'lLtJ'el"lJ'el ..:m.l'el~,")'W'Yl 1 ( l'l 'el 'W'Yl 2 )

yj'el~m n1p\ L(?ItJH~l'lnn1~1V1'€'l".ll'el-:lyj'el-:lm n1p\ 3 ~l'l~l'1'el'W1Y1 LL'€'l~1.jfL,")'€'l11'W n1~'€'l'eltJyj'el~mn1p\

10 'Wl';;; ron n '!'WoWl L~ 'el ~ eJ l'Wn1 ~~ -:lV1j:j n 'el 'el mL~,") "' l "vi l n1 ~t)(?I ri l~Jl l'Y'l ~:;u ltJ1Jl ~1'W,") ruri l

m"'lru~'€'l~~l'l~1Jl LL'€'l~oWl'hJ"vi l LL eJ'W'Yl(?l~'eltJ"lJ'Wl(?1 6 0 LLm ", 9 l 'W'")'W 5 LL eJ'W L~ 'el t)(?Im"' l ru"v1 j:j n
,

o::::I~ I I I ' q a 1 .o::::lI I Q a I

'Yl LV1'€'l'el'el~ r-11 ml"'''1I l,")~,")l..:1 A1 (?I~~".Il'Wr1,") l'" LL"1I 'l LLNl'l'elLLHun LL'€'l ~r1 l(?1~~".Il'Wr1,")l'" LL"1I'l LLN l'l'elLL~'l

~-:l oWl L~'el~,")'W~LV1~'el1tJ"vil n1~~'lV1j:j n'el'elnl'1'elJl,")tJ';jfin1~~l-:l ( Jl l 'Y'l ~ 3 1)

2 .3 oW1L~ 'el~,") 'W~ LV1~'el'"ll nn1~'€'l'eltJyj'el-:lm n lp\"'l"vil nl~~l'l L(?ItJ~n~l

L~'el"'19l'W,")'W40 nf"' ''1I 'el -:l ~lw.rm~'el L L,x-:l 1~1'W ~-:l ~1~ iJ l Ltl (?lLtJ 'W'li 'el -:l L~ n 1 LL~'")"vi ln1~~l-:lJl,")tJ

~l 20 ~l'l~ Yi1!l",.,r'ln'J'WL~'el1tJJl,")tJ1'W"1Iru:;~1'l L~'el~1~1-if1'Wn1~~1 'l1"v1'€'leJl'W~Ltl~'"l'W"v1Wn1,x
"

'" , I "', I "

"viln1~UtJoWl';;; L"v1~'el'el!lm l m~'el1,xV1"'(?I '"ll mr'WoWl L~'el';;; LV1~'el'"ll n nl~~1'l1tJL~!l'"l1-:l Jl'")tJoWl 5

~l'l~ n'J'W1,xL-irlrl'W LL'€'l:;oWl~lL~!l~1Jl1tJ"vilLLeJ'W'Yl~~'eltJ"1I'Wl(?1 60 LLm", 9l'W'")'W 5 LLeJ'W L~!lt)~
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..s.-:S 'l.I-=o..c:oI

(i)'lVl~n'1l'1ln(;l'JmD

~'1lt.l~'1l'lmn1fl

(Flotation)

I

ri lill~l nJe.J~ e.J~ In

~1c;l

(Yield)

I

I

ril~1l1~ ~::U1t.11c;l

(Freeness)

I

I

(Hand Sheet)

I
I

I

(Washing)

I

(ERIC)

(Brightness)

, ""
1'l1(i)~~'ll'Wml~

LL~'lLLN(;JmLN~n

(Tear index) (Tensile index)

I I I I I

.<::::II IV ..:::,j,dj d , Q .<::::II

Jll 'Y'lYi 3 1 n~::: 1J'J,m l~<I.H:~ ~ n1~~bt..l !l "ll !l,mJ!l ~ 'J'W i'l 2 (~ !l 'WYI 2)

.. .. " -"" "(i)'l Vl~ n'1l '1ln(i)'J t.I'JDnl~~l'l

(Washing)

I
vil LLc.l'W'Vl (i) ~'1l U

(Handsheet)

I
I I

ill~lruVl~n~ LVI~'1l'1l ~ ri ll'l'Jl~'lJl'J~rjl'l

(ERIC) (Brightness)
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'" '" 1.1 "o oQ/ __ .... 0 11

3. ~1n1~~~~~~~1~n~~~~~ 8 ~n11~n1~~~~~~ 91n~~~1~~~~~~

i~\-1~ ~~1~~1yh n1~';) l~n ~\-11~tJ1-if~ ii~ l'1~ 'hl

1. ~ 1~1 rulli~1 rue.J 'fH,J~ (?l~1~m~'~91 n~1~m~U1~n1~~~\-1~ n~~n ~1tJ';)fi'l'l~t.I

yj~~m n1 f1 b~t.I ~1~1 ru91 nlli~1 ru~1l~~i~\-1~~~1~1~l~1~~~~t.lyj~~mn1 f1ll~ ~lli~1 ru~1

l~~~(1nrh~'~~~n~191nn~~U1~n1~~~t.lyj~~mn1f1
"

2. -W1l~~~1~~1~91 n nl~~~\-1~n~~n ll'l'l~1.~~~1~~hn~~1~n1~~~\-1~ n~~ nttJ1'~

A1~n1"r'l~~U1t.11~ ( ~ 1 (?l ~ '"i 1 ~ TAPPI T-227) ll~~-W1hJYi 1ll~~~~~~U~1(?l~'"i1~ (~1(?l~'"i1~
"" "" ""

ISO-5269/2)

3.1 1~n1~1'~m~1ru~~~\-1~n~l\-1~~~tJll'l'l ~A1~11~~11~~1~ Yi1n1~1'~
" " ,

~1~\-1,J1ll'l'l~~1~\-1~~"lI~~ll~~~~~~U b~t.l1'~~1~~ ::; 9 ~ ~ Y1~1~llUUY1ihl~~~~~~U"JlD.~

1~"li1~~~yj1l~~ (IR) ~~11~m1~~~ 950 ~1b~l~(?l~ ~~A1~~U~~~~fin1~~~n~~ll~~~~~\-1~n
"

9::;~lnn~1Al~~U~::;~~fin1~c:1~n~~ll~~~~~l~~1t.1ll'l'l::;~~rlU~~n~u~~ 1

5. -W1~'l'ln1~~~'l'l~~~1~~1Yiln1~';)l~n ::;~ l~~~nM1~1~1llU~'tl~1~llri m~1ru

CMC ~1-if lli~lrul~'l'l~l~~~1-if ll'l'l::;~~t.I::;l1'l'l1~~m~~~~B1,xl~~1~~YilU~mt.ll iJ~~l'1~

u~~~~fin1'Vi n1~~~\-1ij n~~ n~tJl~h



.d
'IJ'VI'VI 4

ERIC

Brightness (%)

Tear index (mN m2
/g )

Tensile index (N mig )

...;
eJ~n1 'i'VI (9l~ 'fl~ lWei 'lJ'VI 1

n1'i'VI1m3J1tu CMC cVib'VI3J1~~3J (~~13Ji.ib'fl 'lJ1'll~)

27.95 ±0.78

94.60 ±0.19

5.36 ±0.06

30.48 ±1.15

(CMC) ~L'VIJ..JI~~J..J 'l(1ltllOl ~';i1 n1~'Vl C;)~'f}.:JH CMC ~ill J..J l ruhltl~ ~ 0 ¥'eltl~ ~ 0.1, 0.2 LL~ ~ 0.3

"JJ'el'l~I'V1'WnL~ 'elLL,x'l ~'lLn'el'VIlrhillJ..Jlru CMC ~ L'VI J..JI~~ J..J 1~LL~'J 1Ol~-wlhJH1:W n1~'Vl(1l~'el'lln'el\J

~ 2 ~ 'el 1t.J ~'l LU\Jn1~H CMC i'JJ..JnUL"1l~~Lfl~ 'lC;)t1IOl ~Yil n1i~LM1~~lOllne.J~ojf'elJ..Jflf011illJ..Jlru
~ ~

'VIi.jn~ L'VI~'el'el rJl\JL~'el r1'J1J..J"JJ1 'J~rJl'l ~Jl l'Yi n1n~ult1 1~ illJ..Jl rue.J fl e.J ~ ln~1~ C;)~~"1l11r1'Jl~
~

LL.:n'lLL~'l~'elLL~'l~n LL~~(1l~~"1l11r1 'J l~LL.:n 'lLLN~'el LL~'l~'l L~ 'el ~lOll ~rulL~ 'elnHill~l ru CMC ~
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tlh J1ru CMC ~H'
" ,

(hltJ~ ::;"lJtl'lti1~,rn l~ tl ll'IX'l) ±S.D. ±S.D.

o

0.1

0.2

0.3

528 .42 253 .94

±5.13 ±2.61

612.76 352.59

±18.81 ±18 .65

38 1.51 196.97

±31.24 ±34 .35

373.08 183.42

±2.87 ±2.53

"'l 1nt:.J~n1~'Vll?1~tl'l~ll~l?1'l1'W(1I1n'l~ 7 'VnJ~1 n'J~1.jf CMC ~t:.J~y'h1'IXtlhJ1ru
, I , I lJ I

~ij nY1m~tltltJ1 'W l~tl~ l?1iltltJ~'l ll~::;lijtl1.jf CMC lY1J-J~'W II 'W'd I:ilJ-J"lJ tl'lmJ-J 1 ru~ij nY1l~~tltltJ~ ~1
~ ~

'" , " "
~l?1~'l 11'l1'W~'d'W"lJtl'lritl'Wll~::;~~'l~'l~ijntltln tJnlt)'WY1mJ-J1run1~1.jf CMC ~tl tJ~::; 0.1 11'l v'

tl1"'l"'l ::;dJ'Wl~~1 ::; ~ 1 CMC ~'l1 'lXlh::;"'l~uhh~J-J lh::;"'l ~u1'W ~::; uuy'i11 'IX l~'W1 tJ~~ lh::;"'l~ U.. .
l"Jl'Wl~m n'W~ n1m~::;"'l1 tJ l?1'd~~~'W ~'l t:.J~1'lXtl 'WJl1 fO)~ij n~~~ l?1tltlnJ-J1hJ£Jtl'Wn~u1tJ~ l?1~ l~'W1 tJ. .

Source of Variation SS df MS F P-value F crit

Between Groups

Within Group s

Total

819 29.3

2363.667

84292.97

3

4

7

27309.77 46 .21593 0.00146 6.591 382

590 .9167
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Source of Variat ion SS d f MS F P-value F crit

Between Group s

Within Groups

Total

35482.56

2829.627

383 12.19

3

4

7

11827.52 16.71955 0.009972 6.591382

707.4066

~~'flLll r-J~n1~Yl~~'fl'l~HlhJ~~An:;"fYll'l~Ci~~..nJnnDl'wmn'l~ 8 ~~~ :; 9 Y1 u r:h

tIh n ru CMC lFl l 'l 1 ~~~~~'lhJhmlFl~ :; n1 ~Yl~~'fl'lJl.lihrtJ~IArJdYll'l~Ci~ n~ I'J~'fl m~l ru

CMC iJr-J~nurilm~lru'lt15jn~~'It1~'fl'fl~i'lri'fll.l~~~:;'It1~'l~'l'lt15jnY1~i'fl'fln t~tJ~"'llnril F ~
~ ~

" ,
(~'fl tJ ~ :;"lI'fl'lLllWWn ~~ 'fl ~~,x'l )

o

0.1

0.2

0.3

,
o ""
Al ~'U~ tJ Brightness

I .-::S: d 1/

n'fll.l~'l'lt1~ n'fl'fln (~'fl tJ ~ :;)

±S.D.

66.29

±0.25

64.61

±0.83

72.54

±1.19

72.1 3

±0.60

, "" .
Al ~'U~tJ Bnghtness

'It1 ~'l~'l 'lt15jn'fl'fln (~'fl tJ ~ :; )

±S.D.

76.05

±0.38

72.43

(±0.80)

80.48

±2.46

80.11

±0.90
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t;nn~~nl~Y1~~'fl'l~LLM1'lh.lm~I'1~ 10 'Y'/1J ':l1 m~H CMC '"l:;vi11~l'hrl'J1J.J

Zd l'1 L~J.J;'WLL~:;Lri'fll-n CMC 1'WmJ.Jl ru~ L~ J.J;'W ~ 1 rl'J 1J.J"lJ l 'JZl~I'1i1 LL'W'JLiiJ.JL~J.JZl'l;'W tJn Lr)'W
"

l'WnHn~H CMC ¥'fltJ~:; 0.1 'W'fl n'"l l n~tJ'I L~'W1~~1 LL'W'JLiiWlI 'fl'l~1 rl'J 1J.J"lIl'JZl~I'1'"l:;LL1J~~ nc.J'W

fl1JmJ.Jlru",nnYh.jvi~L"'~'fl'flEi ( (111n 'l ~ 7) mh,) A'fl "'lni1mJ.J lru",n nY;J.Jvi~L"'~'fl'flEiJ.Jl n n'"l:;
" "

'Cl'l ~~1lX1~~1 rl'J1J.J"lJl,)Zl~I'1ii ~ 1~1 LL~ :;", 1 n ii m J.Jlru",n n Y; J.J'Vr~ L'l-1~'fl'flEiii'fltJn'"l:;'Cl'l ~~1~~1
"

rl'J1J.J"lJl'JZl~ I'1i1 ~IZl'l 'flEh'l hn (111J.J LL~~ 1 rl,) IJ.J Zl~I'1'"l :;L~J.J 'M;'W LL~:; lli J.J l ru",n n~ L"'~'fl'flEii1
" " "

~lil'fltJ~'1 r.:nn m~~'1",nn'fl'fln LL~ :;m~l-n CMC l'W.rr'W(11'fl'Wm~~m :;'"l lm~'fl LLI1l~lf01,)IJ.J"lIl,)

Zdl'1 LL~:;~lmJ.Jl ru~nn~L~~'fl'flEi fihJ'i'11J.Jl~r;n'111lX1~~1 LYl1 flUm:; ~1~~,)'flEil'1rinum ~Y; J.Jvi
"

LL~:;Lri'fl~I~~nl~Y1~~'fl'l~1~hnLf01n :;tfYll '1Zl(i~(11 1J.J~Unn{)l'W(111n'l~ 11 LL~:; 12 'Y'/1J ~1

mJ.Jl ru CMC ~l-nii~~I1l'el ~1 f01,)IJ.J"lJl 'Jfl~I'1 ~'1 ri'fl'WLL~:;~~'1 nl~~'1",nn'fl'fln'flEil'1ii..rmhl"1'1!

L~tJ~'1Ln(111~'"lln~1 F ~1~'"ll nm~Al'W'Jru~'1ii~ lJ.J lnn~I~1 F ~1~'"ll n(111n'l (F crit)

Source of Variation SS df MS F P-value F crit

Between Groups

Within Groups

Total

97.68025

3.1879

100.8682

3

4

7

32.56008 40.85459 0.001853 6.591382

0.7969 75

Source of Variation SS df MS F P-va lue F crit

Between Groups

Within Groups

Total

86.57564

11.35415

97.92979

3

4

7

28.85855 10.1667 0.024208 6.591382

2.838538

" , ,
'"lln~~m~Y1~~'fl'lLU'fl'l~'WLij'flY;'"lI~rul~'"lln~~"IJ'fl'ln1~H CMC 1111'1 1 fl'WYli1I1l'fl

~lrl,)IJ.J"lJl'JZl~I'1LL~:;mJ.Jl ru'l-1nn~ L~~'fl'fltJ vi1hYf011 ~~I~lmJ.Jlru CMC ~ L"'J.Jl:;ZlJ.J~I",f1J
"

~11uHI1l'fll'Wn1~Y1~~'fl'l(11'fl'W~ 2 t.ll'"l:;dJ'WmJ.Jlru CMC ¥'t)tJ~:; 0.2 "'~'fl 0.3 'fltJl'1hn~rl')~ii

n1~Y;'"l I~rulZlJ.J1J~~'W 1 "lI'fl'l L~'fl~1~~~'1'"l1 n n1~~'1~n n'fl'fl n~')tJ ri 'fl'W~'"l:;l11 n1n~'fln~1 CMC

~L'l-1J.Jl:;ZlJ.J~Zl~I1l'fllu•
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tfhnru CMC Y1H ... ...
rll FreenessrllL'tl~tJ Freeness A1L'tl~tJ Freeness

" . ,

(% "lJ 'B -:J oWl'l..rWnLtJ'BLLtX-:J ) , "" "" '\..I~-:J ~-:J'\..Ijjn'B'B n (rnl) Vl ~ (9) ~ -:J (rnl)n 'B'W(9)-:J'\..IJ.Jn'B'Bn (rnl)

0 428 390 38

0. 1 414 385 29

0.2 402 392 10

0.3 409 400 9

tOll n I:-J~ nl ~Yl(9)~'B-:Jl'W(;]ldl-:J~ 13 Yl1J ~ l Al~ JllYl~~1JltJl~'\..I~-:Jnl ~~ -:J'\..I jj n ~ J.J "rf

'B'fl n ~'JtJ';jfi n 1 ~~'fltJyj'fl -:J'Bl m 1"\1'WYl n nl~Yl (9)~'B-:J~ Al ~ (9)~-:J t!'WLiJ'WLYldl ~~11'W n~~1J'J 'Wnl~~ -:J,

'\..Ijj n 'fl'fl n ~'J tJ';jfi nl~~'BtJyj'B-:J'Ell rn 1"\1~oW1YllL'EllL~'Wl tJ"lJ'Wl (9) tJ1'J 'i'i'J 'W'\..I~-:J'fl'B nhJ~'J tJ ~-:Jyh1tXt 'W

~~1J1J rl-:J L'\..I~'B L~'W1tJ"lJ'Wl (9)i'W~~ rl'Jl J.J~ 1 J.J l rnl 'W nl~.-lJJ.J~11~~ n~ l L~'WlmJ'Wl (9)tJ1'J1'WmJ.Jl ru~,

Source of Var iation SS df MS F P-value F c rit

Between Groups

Within Groups

Tota l

703.375

300 .500

1003.875

3

4

7

234.4583 3.12091 0.150 169 6.591382

75.1250

Source of Variation SS df MS F P-value F crit

Between Gro ups

With in Groups

Total

217

1167

1384

3

4

7

72.33333 0.247929 0.85939 6.591382

29 1.75
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r.n nmn'lYl14 ll'Cl:;mn'l~ 15 ::Sl~n:;\f~'ClY11'l ~ ~~1~'i1 tIh nru CMC ~ l~~

'Cl'lhJ ili~1ruh)t1'Cl:; 0.1, 0.2 ll'Cl:; 0.3 l'Wll~'Cl:;n15'Y1~'Cl!l'l,r'WhJihrtl~lA'1!Y11'l~~~ n~1'J~ !l

CMC hjiie.J'Cl nUrh~1l1Y/5':;U 1t11~~'l ri!l'W ll'Cl:;~~'l n15'~'l~ij n~~;{!l!l n t~t1 ~iOl1 n rl1 F ~
"

~1'W'Jru1~i1rl1~!ltln'i1rl1 F ~1~iOl1nmn 'l (F c rit) ll'Cl:;~!l~~~!l'lnuif!l~'Clc.J'Cln1 5'Y1~'Cl!l'l ~
"

t 15'1n{)1'Wm5'l 'l ~ 13 ;'ll~'W1~'i 1 rl1~1l1Y/5':;U 1t11J1i:i n1mJ~t1'WlltJ 'Cl'llYitl'll~ n~!ltllYh,r'Wl~ !l i1

n15'H CMC

uhn ru CMC~H
" ,

(¥!ltI'Cl:;"I! !l 'llll~1!n lrJ!lll,x'l )

o

0.1

0.2

0.3

90.44

90 .04

91.48

91.08

iOl1nc.J'Cl n15'Yl ~'Cl !l'l1 'Wl'I 1n'l~ 16 Y/ U'i1fl1uhn ruc.J~ c.J~ l'I ~1J1~~'ln15'~'l~ijn

~~yf!l!ln ~'J tI::Sfin15'~!l tl Yi !l'l !l1 rn 1"11'WYl nn15'Yl ~'i'l !l'li1 fl1lll'ln ~1'l n'WlYitl'll~ n~!l tl bl~:; iOl1 nc.J~•
n15'::Sbr1n :;\fYl 1 'l~(i~1'Wl'I1n 'l~ 17 Y/u 'i1u h n ru CMC ~H"bJ i1 1!t1~1r1ru Yl1 'l ~ (i ~ t~t1 ~iOl1n

~ "

fl1 F ~~1'W')ru1J1i1fl 1~!ltln'i 1 fl 1 F ~1~iOl 1 n l'l ln 'l (F crit) n~1 'J ~ !l CMC hJ i1 e.J'i'lnu ili~ 1 ru

e.J'i'le.J~l'I~1J1

Source of Variation SS df MS F P-value F crit

Between Gro ups

Within Groups

Tota l

2.489638

2.224 25

4.713888

3

4

7

0.829879 1.492421 0.34451 6.591382

0.556063
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" ,
( ¥'fl tJ ~ :::"lI'fl'l1l1\nrnL~'fl LL1X'l )

o

0.1

0.2

0.3

, ...
mL'U~tJ Tear ind ex

, .r::::S. 4 2
n 'fl 'W(;) 'l Vl ~ n'fl 'fl n (mN m /g)

±S.D.

3.06

±0.09

3.35

±0.06

3.58

±0.10

3.45

±0.09

~ 1L'U~tJ Tear index

Q.I d d 2
V1 ~'l(;) 'lVl~n'fl'fln (mN m /g)

±S.D.

3.49

±0.07

3.60

±0.10

3.77

±0.05

3.71

±0.07

'"l1 n l:-J ~ n1 :i'Yl (;) ~ 'fl'l ~ LL~ (;) 'l 1'W!?l1:i'1'l ~ 18 'VnJ ~ 1 L~'flH CMC nl:-J~vi111X~1(;):i':i'"1li1

A'J1 ~ LL~'l LL:i''l r;1'fl LL:i''l~nL ~~~'W LL~ :::L~'fl1.jfm~ 1 OJ CMC ~ L~~~'W LL'W'J ttJ~"lI'fl'l ~1 (;):i':i'"1ltiA'J1~
I 'l/ '" ,

LL~ 'l LLN r;1'fl LL :i''l~n n ~1 L~ ~~'W;1'l1'W ~'J'W "lI'fl'l ri 'fl'WLL~ ::: V1~'l ~'lVl~ n'fl'fl n tJn L ~'W'{l ms1.jfm~1 OJ

CMC ¥'fl tJ ~ ::: 0.3 ~1 (;)n"1li1A 'J1~ LL~'l LL:i''l r;1'fl LLN~nn ~ 1 ~ (;)~'l v~ ntJ'fltJ

~LA:i'1:::~Yl1'l~Fii~hJ:i'1n{]I:-J~~'ld ( !?l1 n'l~ 19 LL~::: 20)

,
Q o:::::t. tr~.Q I Q Q' I Q I .r::::S.

!?l1:i'1 'lYl 19 1:-J ~n1:i''J LA:i'1:::V1Yl1'l~ b1!?l (ANOVA) "lI'fl'l A1 (;):i':i'"1l'WA'J1~LL"lI'lLL:i''l !?l'flLL:i''l'Un n'fl'Wn1:i'(;)'l

Source of Variation

Between Gro ups

SS df MS F P-value F crit

0.293038 3 0.097679 200.3675 8.18E-05 6.591382

Within Grou ps

Total

0.00195

0.294988

4

7

0.0004 88
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Source of Variation SS df MS F P-value F c rit

Between Groups

Within Groups

Total

0.090938

0.00185

0.092788

3

4

7

0.030313 65.54054 0.00074 6.591382

0.0004 62

'"llmnn'l~ 19 bb~:-;[;]ln'l~ 20 ';)bAn:-;,xr.J~'Vll'l~Ci~1~~ 1 tfhn ru CMC ~ b~~

~'lhh.n~l ru¥!)tJ~::: 0.1, 0.2 bb~::: 0.3 hm~~:::n l~'Vl(;l~!l'lt!1Ji1l!tJ~l~'lJ'Vl l 'l~Ci~ mh,)~!l

CMC i1c.J~nUf"h(;l~~~-WmlJ.Jll~'lllN~!lll~'l~ni'lri!l1Jll~:::~~'ln1~~'l~nnY;~vi!l !l n L(;ltJ(;l'"l lnl"1l
"

F ~~11J')rul~i1f011J.Jlnn~lf01l F ~1~'"l ln[;]ln'l (F crit)

n1~~ f01l (;l~~~-WA,)lJ.J II~'lll~'l ~!lll~'l~ni1 f01 ll~~~'l~1Jl~!li1n1~1-n CMC t!1J!l1'"l
"

ltl1Jl"r'ln:::~l CMC t!1Jltl1J~lnAi1~1-nn1Jmh'lll"r'li~~ltJl~!ll~~ A,)l~u~'llL~'l1.xm:::(;l1~!l~

ll~,) (Dry streng agent) ~'l!l l'"l ltl1JhJ1~tj l CMC ~ 'l1.x1J~:::~~uhJl~J.Jth:::~~u11J~:::uu Yi11.x

l~1J1 tJ~ i1 1J ~::: '"l ~u l-ri 1J L~mn1J i1 n1m~:-; '"l l tJ (;],) ~ ~~1J nlnn(;lLtl1JllcJ1Jn~:-;(;l l~~~1J ll~:::Yill~1J.
, .-

Ll~ 'l LlN~!l bb~'l~m~J.JJ.J l n~1J ll~'Vltjl n1 n~ J.J CMC ¥!ltJ~::: 0.3 Yil1.xf01l (;l~~~-WA,) l~ bb~ 'l bbN ~!l

bbN~n~(;l~'ll~ni(!l tJ i'l~!l1 '"lltl1Jl Y1n ::: tj l CMC 11J b~J.J 1J ~:::'"l~tJ 11J~:::u tJ~ln'"l 1J ln 1J11J ~'lYi l1.x.
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lJhnru C MC ~H
" ,

(¥!l tJ 'Cl :;"JI!l '!-Wlmrm~!lll \\'1 )

o

0.1

0.2

0.3

,, ...
rl l~'U'CltJ Tensile inde x

±S.D.

17.14

±0.47

17.39

±0.27

18.50

±0.64

17.98

±0.58

~1 ~'U~ tJ Tensile index

~~,! ~ ,!~ ij n !l !l n (N mig)

±S.D.

18.01

±0.1 6

19.52

±0.34

20.34

±0.35

20.09

±0.24

I '11 I , I '"

rl 'Jl~..m~'!ll~'!~!lll~ '!~ '!lYi~~'W ll 'Cl:; d:j!lHi.'Wm~1 ruVllYi~~'W ll'W'J 1:-w~"JI!l'! ~1 C'l ~rn il rl 'Jl ~ ll~'!llN
I '" '" ,

~ !l llN ~,!i'j ~llYi ~~ 'W ~'!1'W~'J'W"JI!l '! n!l'Wll 'Cl :;~~'! n15'~,!~ ij n!l!l n tJm~'WVl nl5'1-nill~1 ru CMC

" ,
~~~u5'1 nD ~ 'Cl ~'! il ( 1?1 15'I'! Vl22 ll'Cl :; 23)

,
Q Q r ~ .:=:to I oC:iI Ci I .c::S I .4

1?115'1'!'Vl 2 2 ~ 'Cl n15''J lrl5'1 :;~'Vll '! ~bll?1 (ANOVA) "JI!l '! rll C'l5'rn'Wrl'Jl~ll"JI'!ll5''!I?1!lllNC'l ":ln!l'Wn1~C'l'!

Source of Variatio n SS df MS F P-valu e F crit

Betwe en Groups

Within Group s

Total

2.24465

0.6615

2.90615

3

4

7

0.7482 17 4.524364 0.089428 6.591382

0.165375
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Sourc e of Variat ion SS df MS F P-value F c rit

Between Groups

Within Groups

Total

6.5226

0.0746

6.597 2

3

4

7

2.1742 116.5791 0.000 239 6.591382

0.0 1865

"'n n l'I1n~~ 22 ~~ ~b'Ml ~ ~ 'i'l1 ~A~1 ::; 1.fVl1~ ~ Ci ~'YiU~ 1'b.HhrtJ ~1 r1'l!Vl 1~~ Ci ~

mll') ~'el CMC hjij ~'i'l nUrlll?1~~'l!11~,)1~~~~~~~~~r;l'el~LN~~ ri'el'Wn1~~~"vInn'el'eln tl?ltJ l?I~1 n rl1 F ~
"

~ 1'W')ru1~ijrl1il'eltJn~1rl1 F ~Hl~1nl'l1n ~ (F c rit) L~'ellaD'rl1~::;~UA,)1~L~'el~'W¥'eltJ'i'l::; 95

m_h~hn~"vI1 nlaD' rl 1~::;~U A,)1~ L~'el~'W¥'eltJ 'i'l ::; 90 ~ ::; 'Yi U ~1m~1 ru CMC ~l-nij ~'i'l r;l'el rl1 "'~~'l!11

A,)1~ LL~~ LLNr;l'el LLN~~ ri'el'W n1 ~~ ~"vIn n'el'el nm.h~ij'l!tJ ~ 1 r1'l! Vl 1 ~ ~ Ci~ ( rl 1 P-value LVl1 nu

0.0894 28) 1'W"lJru::;~~1nl'l1n~~ 23 1 LA n::;1.f~ 'i'l Vl 1~~Ci ~1~~1 m~1ru CMC ~~~~'i'l~hJ1'WLLr;l
s-
IV ~ cv 0 IV o:::..o<:::l. I ~ ~ cv I ~ a I o::::S

'i'l::;n1~Vll?l'i'l'el~'W'W~'WtJ~1 A'l!Vl1~ ~ ell'l n 'i'l 1,) A'el CMC ~ ~ 'i'l nuA 1 l?1 ~~'l! 'W A ,)1 ~u"lJ~ LL~~ l'I'el LLNl?I~

"vI~~n1~~~"vInnY1~yf'el'el n tl?ltJl?I~ 1n rl 1 F ~ ~ 1 'W ') ru1~ij rl 1 ~1 n n ~1rl 1 F ~1~~1nl'l1n~ (F crit)
"I I '11 • '11

n1~Yl rl1l?1n'l!11m1~ LL~~ ~~~~ r;l 'el L L~~ ~~ ij LL'W ,) til~ LY1~~'W Ln'elij n1~1~ CMC LihhJ1'W~::;uu'l!'W

m~dJ'WL'Yi~1::;~,)tJL"vIl'I ~'i'l L~m nU~'el fiU 1tJ111unnn"lJ 'el~ rl 1 l?1n'l!11A,)1~ LL~~ L~~~ [;]'el LLN~mr'WL'el~
q

A1fu'eln~L~Yi'i'lL6Jl'i'l'i'lt'i'l~ (C MC) ~ ~"vI ~ 1::;~ ~ t l?l tJHn1~1 L An ::; 1.fVl 1 ~ ~ Ci ~ (ANOVA) ~~::;~U
"

'l!tJ~1r1'l!LVl1nU 0.05 (a =0.05) "vI1'eln'Ci 1')1~~1 H~'i'ln1~1LAn::;1.f~~::;~UA,)1~L~'el~'W¥'eltJ~::;

95 LU'W~,) ~",~'Wl~ t"'tJvh n1~1LAn::;1.f~ 1 n ~ 'i'lif'el~'i'l rl1m~1 ru"vlnn~ L"vI~'el'eltJl'W~~'el A,)1~"lJ1,)
" "

~~1~ ~Jl1'Yin1~~::;U1tJ1~ m~1ru~ 'i'l~~l'I~1~ rl1l?1~~"1l11A,) 1~ LL~~LLNr;l'elLL~~~n Lb'i'l::;rl1l?1~~'l!11

A,)1~LL~~LL~~(;]'elLL~~~~ ~~~'i'l~1 ~'Yi U~1n1~Hm~1ru C MC ij~'i'l(;]'el~~~r;l1~ 1 "lJ'el~~~'el~1~

n'Ci1')hJif1~~'W LL'i'l::;~1nn1~Y1~ 1~ru1~ 'i'l n1 ~Vll?l'i'l'el~~iJnn!l'YiU~1m~1ru CMC ¥'eltJ'i'l::; 0.2

"lJ'el~~1"v1'l!n L~'elLL~~ LU'Wrl1~ m~1 ::;~~~~::;in1iJHVll?l'i'l'el~1'Wn1~Vll?l'i'l'el~l'I'el'W~ 2 (;]'el1iJ
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...I
~~nl';j'VIVl~'!l-3(;l'!l'W'VI 2

~~"lI'!l-3nl';j"l.,r CMC ~1~n'U L'!l'W1'll~ r;i'!l'th:::i'VIfilll~"lI'!l-3 nl';j;j-3\!1ijn'!l'!l n

1'Wn1~'Vl t'l"'l'fl~ lWf)'W~ 2 J'WdJ'W n1 ~~ m~l ~') LLlh~iJ e.J"'l n'UiJ~ :;~'VlfiJlTVm 1 ~~~V1Jj n

'fl'fln t t'l tJ ~ mj'l'"ll n 3 ~,)LLiJ~~'fl 1.Ihn ru CMC ~ L~ ~"'l~ 1iJ m~lruL'fl'W1"1l,r~L~~"'l~1iJ LL"'l :;

~:;tJ :; L,)"'ll~~n L~'fl ~~HVI~~ n1~~m:;'"ll tJL~'fl L~'fl1iXL'fl'W1"1l,ryhiJ~mm 1'WLLr;l"'l :;~,) LLiJ ~ '"l :;1-n­

r11~LL(;]nr;l1~n'W 2 ~:;~'U ~'fl~~ :; ~'U~lLL"'l :;~ :;~'U ~ ~ ~ ~r11~H1'W~:;~'U~ 1~'fl hn-n- CMC L"'ltJ 1-n-
"

iJ~mm 10 'W1Yl 1'W"1Jru:;~r1 1~1-n1'W~:; ~'U ~~ ~'flHm~lru CMC ~'fltJ"'l :; 0.2 m~lruL"1l"'l~

L"'l~~'fltJ"'l:; 0. 3 "lJ'€l'l~1V1UnL~'flLLiX'l LL"'l:;~ :;tJ :;L,) "'l 1~~nL~'fl~~1r)1iXL'fl'W1"1l,rYh1J~mm 40 'W1Yl

( (;] In'l~ 24) tt'ltJyi1n1~'Vlt'l"'l'fl'l1'WJl1') :;~dJ'Wn ~t'l (pH 4 .5-5 .0) L~'flu'fl'ln'WhniX'fl'4Jl11"l"lJ'fl'l
, , >-

.cS Q«=:IIt. l ev ..:::. _.<:::IiI I .<:::IiI _ Q

V1~n'Vl(;]t'l'fl~n'U Binders (Acrylic resins) Lnt'ln1~m:;'"lltJ(;]') LL"'l:;'Vll"llJl1'):;Lt'lmn'W'W

L"'l~~1~1nl'Vl1'l1'W1~'flth~iJiJ~:;~'VlfiJl 1~~~ t'l
q

m~lru CMC ( ~'fl tJ ~:;"lJ 'fl ~~l V1UnL~ 'fl L LiX'l )

m~lruL"1l~m"'l~ ( ~'fl tJ "'l :; "lJ 'fl'l~l V1UnL~ 'fl L LiX'l )
" ,

... "" <=01
~:; tJ :; L,) ~ l~ nLtJ 'fl ('W1 'Vl)

o

0.1

10

0 .2

0 .3

40

n1~';j LI"l~l :;tfe.J~1'WLLr;l "'l :;n1~'Vl t'l"'l'fl'lJ'WHn1~';jLl"ln:;tfe.J"'l'Vl1'l~Ci~ (ANOVA) tt'ltJ

Hr11 P-value ~l'l~~n'U~~:;~'Uum~ lAruLVl1 n'U 0.05 (a =0.05) mh,)~'fl'"l:;tJ'fl~f'U~~~~~l'W
~ ~

V1~n ,hr11 P-value ~ln n~l a LL ~ :;iJ~L ~fitl1r1 1 P-value L'Vhn'UVl1-'flU'fltJn~ l a tt'ltJ~

~~~~ ~l 'W VI~n ~ 'fl n1~H~,)LLiJ~ 3 ~,) LLiJ~ ~~ 2 ~:; ~'U ~'le.J"'l1iXr11m~lruVlJjn~LVI~'fl'fltJ1'WL~'fl
~ "

r1 1 m1~"lJ1,)~~1'l ~Jl1~n1~~:;'U 1 tJ1~ m~l rue.J~ e.J~ (;]~1~ r11 t'l~~"ll-Wm1~ LL~'l LLNr;l'fl LLN~n

LL~ :;r11 t'l~~"ll-W1"l,)1~ LL~'l LLN r;l'flLLN ~ 'l iJ r1 1 LYI1 n'W V11-'flmh')1~~1 ~') LLiJ~~'l~l~hJiJ e.J~ r;l'fl~~mi
, ,

, "" ...
(;]1'l 1 "lJ'fl'l LtJ'fl'W'WL'fl'l

(;]1~1'l~ 25 dj'W(;]ln'l~MiJJl 1~~,)~"lJ'fl'l r11 P-value ~1~'"l1 n n1~';j Lr1n:;tfe.J'ClY11'l
q
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l'em1'l1~":hulJnh.l1, A*B, A*C LL~ ~ B*C ~tlUlJ~)J~Ufi"lJtl--1[;]'JLLU7"Ml--1[;]'J (2-way interaction)

L L~ ~ A*B*C ~tlulJ~)J~Ufi"lJ tl--1[;]'JLLU7'~--1~l)J[;]'J (3-way interaction) ~l~~\J Lri;t'fl--1~)JltJ1J'Jn

(+) LL~~~ 1J (-) ~unn{)tl~1U!1lln--1JudJum7'u'fln1~Yln1J(;h[;]'JLLU7'JuiJc.J~~'fl~)J'illi"lJ'fl--1L~'fl~

~9l7'rul'flEh--117' 'fllYi L-nU ~l n LUUU'J n n~)JltJ A'J lj.]') l ell L~)J [;]'J LLU7'JU~)J'illi"lJ'fl --1 L~'fln9~L~)J

!1l l)J ~'J tJ LL~ell LUU~1J n~)JltJ A'Jl)J~lm7'L~)J[;]'J LLU7'Jun~U~--1 c.J~1~~)J u'1i(;)--1 mh'JiJ rhU'fltJ~--1

A B C A*B A*C B*C A*B*C

0.000 0.000 0.000 0.451 0.000 0.066 0.199

+

0.000 0.000 0.000 0.001 0.000 0.172 0.136

0.000 0.000 0.000 0.033 0.000 0.000 0.001

+

+

+

+

+

+ +

0.000 0.221 0.009 0.254 0.776 0.836 0.204

+ + +

0.000 0.017 0.002 0.014 0.254 0.053 0.888

+ + +

0.000 0.002 0.000 0.001 0.056 0.028 0.411

+ + +

0.123 0.000 0.388 0.000 0.00 1 0.870 0.974

+ + +
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.... ,
(;11~1 'lY1 25 (IWel )

"UJ,m.yh"iii.lJ n1 ~ A B C A*B A*C B*C A*B*C
.... .r
'JLFI~1::'"

~Jl1 Yi ~~tJ 1 t1 1rJl 0.000 0.000 0.694 0.000 0.076 0.557 0.337

~ ... ...
V1'fl'l (;1'1 VI '-J n'el'el n +

'l1hJ1CW~'fl~~[;l~lrJl 0.598 0.1 73 0.632 0.843 0.824 0.372 0.342

V1~'l n1~'fl'eltlyj'el'lm m M + + + + +

0.000 0.002 0.120 0.061 0.020 0.779 0.1 85

+ + + + + +

0.000 0.000 0.010 0.001 0.000 0.362 0.233

+ + + + + +

0.000 0.000 0.000 0.000 0.003 0.002 0.000

+ + + + +

0.000 0.000 0.000 0.000 0.000 0.812 0.000

+ + + +

C ~'el~'fl'"l 1 m~t1~ L'J'fl 1~~nL~'el~'l1rJ1,xL'el lJl"ll ~';i1 tJl]mtl1

A*B ~'el~'fl"ll'el'l tJl]~'-J~lJfi '"l1 n n1~H' CMC LL'fl~L"ll'fl~L'fl~

A*C ~'el~'fl"ll 'el'ltJl]~'-J~lJfi'"l 1 n n1 ~H' CMC LL'fl~ L'J 'fl1~~nL~'el~'l1rJ1,xL'el lJl"ll ~';i1 tJ l]mtl1

B*C ~'el~'fl"ll'el'ltJl]~'-J~lJfi'"l1n n1~H\'1I'fl~L'fl~ LL'fl~L'J'fl1~~nL~'el~'l1rJ1 ,xL'ellJl'11~";1tJl]mtl1
, 0 0-

A*B*C ~'el~'fl"ll'el'ltJl]~'-J~lJfi'"l1nn1~H' CMC n1~H'L'1I'fl~L'fl~ LL'fl~L'J'fl1'Vi~nLU'elYi'llrJ1,xL'ellJl'11~

";1tJl]mtl1



,
""Lr1~~'ltUntJ u') n (+ )

fl~c.J~~1~'"l:; LL1Jn.JmrlJnUn1~H'(;),)LL1JnrlJ 11lJL:n'l~U

fl~ c.J~~1~'"l:;LL1JnrlJl11~'l nu n1~H'(;)')LL1J~JlJ 11lJL:n'lu,) n

58

,

C MC
I q I ~ d

L"il ~ ~L~ 'Cl ~ :;tJ :;L,) ~ l r1 1L'U~tJ ERI C n~lJl?)'l'lUJn~~n

~l~U '"
( ¥~ tJ ~:; ) ( ¥~m'l :;) (lJ1Yl) ±S.D.

0 0.1 10 390.71 ±2.54

2 0 0.1 40 365.98 ±0.32

3 0 0.3 10 385.00(±0.98

4 0 0.3 40 354.64 ±1.04

5 0.2 0.1 10 335.17 ±0.53

6 0.2 0.1 40 298.35 ±0.70

7 0.2 0.3 10 325.95 ±1.61

8 0.2 0.3 40 287.84 ±0.78

tUnmVlI11 : ~ 1 ERIC '1I~'ln~ :; (;n~[;]')~~h:Jri~lJn1~yhJi{~Al 27.95 ±0.78,

'"llnI111n'l~ 25 'YiU~l c.J~ '"l l nn1 ~H' C MC rJAl P-value l'vhnu 0.000 ~'lrJAl

ti~tJn~l a (a = 0.05) ...rlJLL 'Cl (;1 'l ~ ltfhnru C MC ~H'rJc.J~nuAltfhJ1ruVlnn~LVI~~~tiri~lJ~'l
'"

Vlnn~~n LL~ :;c.J~~1~LL1J~c.JnerlJ nu n1~H' CMC n~h,)fl~ vnn~n1~HfCMC L~~~lJ'"l:;~'lc.J~1~

Alm~lruVln n~ LVI~~'Elti~ (;1 ~ 'l ;'l'Cl~ (;1 r1~~'l nu c.J~ n1 ~'V1 (;1~~'l~ LL'Cl (;1 '1 LlJ 1111 n'l~ 26 L(;1tJ
'"

LmtJULYltJU ~:;VI~ l'ln1~~hJ H' C MC nUn1~H' CMC ¥'EltJ ~:; 0.2 '1I~ 'l~lV1...rnL~~LL~'l (~ l ~U n1 ~

'V1(;1~~'l~ 1 LmtJULYltJunU~ l ~U n1~'V1(;1~~ 'l~ 5, ~ l ~Un1~'V1(;1~~'l~ 2 LmtJu LY1 tJ u nU~ l ~U n1 ~

'V1(;1~'El'l~ 6 , ~ l ~U n1 ~'V1 (;1 ~ 'El 'l~ 3 LmtJULYltJu nU~l ~Un1 ~'V1 (;1~~ ':J~ 7 LL~ :;~ l~Un1~'V1(;1~'El'l~ 4

LmtJULYltJunU~l~Un1~'V1(;1~~'l ~ 8)

~~'"l 1 n n1~H'L"il~~ L~'ClLlJI111n'l~ 26 'YiU~lAlm~lruVln n~LV!~'El'El~iiAl~~~'l

L~'Eliin1~L.jfm~lruL'Jl~~L~~~L~~~lJ'"lln¥~tJ~:; 0.1 L1jlJ 0.3 '1I~'l~lV!,rnL~'ElLL~'l (~l~Un1~
'"

'V1(;1~'El'l~ 1 LmtJULYltJunU~l~Un1~'V1(;1~~'l~ 3, ~l~Un1~'V1(;1~~'l~ 2 LmtJuLYltJunu~l~Un1~

'V1(;1~~'l~ 4 , ~l~Un1~'V1(;1~~'l~ 5 LmtJULYltJunU~l~Un1~'V1(;1~~'l~ 7 LL~:;~l~Un1~'V1~~'fl'l~ 6

LmtJUL~tJunU~l~Un1~'V1~~~'l~ 8) ~'l'Cl'fl~r1~~'lnU~~~Lr1n:;~'V11'l~~;;LlJI111n'l~ 25 ~nAl
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P-value Lvh nu 0.000 LL~~ri1tfhn L1.l~i1 n~ L~~'f)'f)~ij r11 LLU~~ ncr'Unutfhn L1.lL"ll~\jL~~~H'

n~h')~'f)Ln'f)ijm~Htfh.nL1.lL"ll~~L~~ L~~~'U9~~'1~~1~ri1m~1 L1.l"vli1 n~ L"vI~'f)'f)ll~ ~~'1 i'l~m9
~ ~

dJ'UL'Yin~~1 L"ll~\j LMl1u-rl')tJYi1ul)nhn nU L"ll~\j L~~"]J'f)'1 L~'U1tJ Yi11~'f)'4Jl 1 fl"]J'f)'1"v1i1 n~~~'f)~u'U

~ " ~ 1 1" J'~,)"vI'U1"]J'f)'1L~'U tJ ~ 1~1 ~Cl W~~'f) 'f)n ~1 ~~1n"]J'U

~~91 nm~H~~tJ ~L,)~1~~n L~'f)~'1B1~L'f)'U1"ll~Yi 1ul)mtJ 19 1 n l'l1n 'l ~ 26 'Yi U~1

ri1m~ 1 L1.l"vlij n~ L"vI~'f)'f)~ij ri1 ~ ~ ~ '1 L~ 'f)ij n1 ~1'h~ tJ~ L,) ~1 ~~n L~'f)~'1H1~L'f) 'U1"J1 ~Yi1U l)mm

'U1'U~'U91 n 10 'U1Yi dJ'U 40 'U1Yi ( ~1 ~u mJ'Yl ~~'f)'1~ 1 LmtJu LYitJUnU~ 1 ~um J'Yl ~~'f)'1~ 2,

~1~umJ'Yl~~'f)'1~ 3 LmtJULYitJunU~1~umJ'Yl~~!l'l~ 4 , ~1~umJ'Yl~~!l'l~ 5 LmtJuLYitJunu

~1~Un1J'Yl~~!l'l~ 6 LL~~~ 1~Un1J'Yl~ ~!l 'l~ 7 LmtJuLYitJunu~1~u mJ'Yl~~!l'l~ 8) ;'1

~!l(;ifl~!l'lnur.J~Yl1 '1~ii~1'Ul'l1n'l~ 25 ~ij ri 1 P-value Lvi1nu 0.000 L L~ ~ ri1m~1L1.l~jjn~

L"vI~!l!l~ij ri1 LLUJ'~ n cr'UnuJ'~tJ ~ L,)~1~~n L~'f)~'1B1~L!l'U1'1l~Yi1tJl)mtJ1 mh,)~!l Ln!lij m~1-n
I I "" '" ,

J'~tJ~L,)~1Yi~n L~!l~'11t)t~L!l'U1"JI~Yi1tJl)mm'U1'U~'U9 ~~'1 r.J~1~ri1m~1 L1.l"vlij n Yi L"vI~'fl'f)~~ ~~'1

r.J~"]J'fl'ltJl)~~~'Ufi9 1nn1J'1-n CMC LL~~L"JI~\jL~~ (A*B) tJl)~~~'Ufi91nn1J'H
I Iii '"

L"JI ~ \j L~ ~ LL~ ~ L,) ~ 1 Yi~nL~ !l ~ '11t)t~L'fl 'U1"J1~Yi 1 tJ l)mm (B*C) LL~~tJl)~~~'Ufi91nn1J'1-n"l1'1 3 ~')

LLtJJ' (A*B*C) 'YiU ~ 1ijri 1 P-value ~1nn~1 U (U = 0.05) ~'1 ~ 'fl ~1 tJD~~~'Ufi"]J 'fl 'l ~,) LLtJ J'~'1 ~

mh,)~1hjijr.J~ nuri1m~ 1L1.l"vl ij n ~ L"vI~ 'fl 'flll !lrh'lhn l'l1~91n r.J~~ Lfln~iYl 1'1 ~ ii~91 n l'l1n'l~
~

25 'YiU ~ 1tJD~~~'Ufi9 1 nn1J'H CMC LL~~L,)~1~~nL~ 'fl~'11t)t~L!l 'U1"J1 ~Yi1tJDmm (A*C) ijri1

P-value Lvi1nu 0.000 LL~~ijri 1LLtJJ'r.Jmr'UnU1E~ 1L1.l"vlijn~L"vI~'fl'flll mh,)~'flL~'flijn1J'H CMC
~

L~ ~~'Ui ') ~ n u1-nL,)~1~~n L~!l~'1H1~L'fl'U1"J1~Y] 1tJDmm'U1'U;'U9 ~~'1 r.J ~1~ri1m~1 L1.l"vlij n~
'" '" I '"

L"vI~!l'fl~~~~'1 "11'1 i1'fl19 dJ'UL'Yin~ ~1 L')~ 1Yi'U1'U~1 n~'UYi11tXL"JI ~\j L~ ~ ~1~ 1 J'ClYi1tJDmmnu L~'U

1tJ LL~ ~-rl,)tJ1tX"vIijn "vI~ ~!l!l n'"l1 n L~'U1tJ1~~ 1n;'U 'flll 1 '1hn l'l 1~m J'~9 1 J'L1.l1 ~ ~Yl1'1~ ii ~,r'U.
~,)'U~1 n LL~,)9 ~~91 ~L1.l19 1 n ~~~ Ln~ 91 n ~') LLtJJ'L~ tJ,) LU'U "vI~n ~ 1 n n~1 n 1 J'~9 1 ~L1.l 1 9 1 n

tJl)~~~'UfiJ'~"vI~1 '1 ~')LLUJ'
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I q .... 4:::S do

CMC l"Jl ~~l~~ 5'::;tI ::;l,) ~ 1 ~1l'U~tI ERIC ~~'1In,mlJn'el'eln

~~ ~lJ '"
(~'el tl ~ ::;) (~'el tl~::;) ('kl1Yl) ±S.D.

0 0.1 10 260.77 ±2.54

2 0 0.1 40 226.97 ±0.62

3 0 0.3 10 240.03 ±0.26

4 0 0.3 40 210.42 ±0.76

5 0.2 0.1 10 190.2'7 ±0.60

6 0.2 0.1 40 174.41 ±0.39

7 0.2 0.3 10 178.18 ±0.55

8 0.2 0.3 40 162.11 ±0.29

I CV I I 4;10 cs-..:::.I,
~lJ 1t1l~ {;j : ~1 ERIC "1I 'el'l m'::;ln l 'jj' (;l ,) 'el tl1'1n 'el 'kln1 ~Y; lJ Y; lJ ~1 27.95 ±0.78

~ ~ "'l1n (;l1 ~1 '1 ~ 25 Y;lJ~1~~"'l 1 n n15'H' CMC nrl1 P-value lYl1nlJ 0.000 ;'1nrl1

il'eltln~1 a (a = 0.05) ,r'klll~In'l~1mlJ1ru CMC ~H'n~~nlJrhmlJ1ru~~n~m~'el'elci~~'1~'1
'"

~~n'el'eln ll~::;~~~'l~mJ~~n~'klnlJn1~H' CMC m'h')~'el ~1nnn1~H' CMC l~lJ;'kl"'l::;~'1~~l,x

rl1mlJ 1 ru~~ n ~ l~ ~'el'el ci~ In ~'1 ;'1 ~'elln ~~'el'ln u~ ~ n1 ~Ylln ~'el'l ~ ll~ In'll'kl(;l1~1'1 ~ 27 tlntl
'"

lmtllJlYltllJ"'l1nn15'~hn-n CMC nlJn15'H' CMC ~'eltl~::; 0.2 "]J'fl'l~1~\!m~'flll,x'l (~1~lJn15'

Ylln~'fl'l~ 1 lmtllJlYltllJnlJ~1~lJn15'YlIn~'fl'l~ 5 . ~1~lJn1~YlIn~'fl'l~ 2 lmtllJlYltllJnlJ~1~lJn1~

Ylln~'fl'l~ 6 . ~1~lJn15'YlIn~'fl'l~ 3 lmtllJlYltllJnlJ~1~lJ n1~YlIn~'fl'l~ 7 ll~::;~1~lJn15'YlC;)~'fl'l~ 4

lmtllJlYltllJnlJ~1 ~lJn1 5'Yl In ~ 'fl 'l ~ 8)

~ ~ "'l1 n n15'1-nl"Jl~~ l~ ~l'kl(;l 1n'l~ 27 Y;lJ~1 rl1mlJ1ru~~ n~ l~~'fl'flciiirh~ In~'1
'" '"

l~'fliin1 5'H'm lJ 1rul"Jl~~l~~~l~ lJ ;'W"'l 1 n~'fltl ~::; 0.1 dJ'kl 0.3 "]J'fl 'l~1~\!m~'flll,x'l (~ 1 ~lJn 1 5'
'"

Ylln~'fl'l~ 1 lmtllJlYltllJnlJ~1~lJn15'YlIn~'fl'l~ 3. ~1~lJn15'YlIn~'fl'l~ 2 lmtllJlYltllJnlJ~1~lJn1~

Ylln~'fl'l~ 4 . ~1~lJn1~YlIn~'fl'l~ 5 lmtllJlYltllJnlJ~1~lJn15'YlIn~'fl'l~ 7 ll~::;~1~lJn15'YlIn~'fl'l~ 6

lmtllJlVitllJnlJ~1~lJn15'YlIn~'fl'l~ 8) ;'1~'flIn~~'fl'lnlJt:J~~l~n::;oJYl1'1~n~1'W(;l1n'l~ 25 ~iirl1

P-value lYl1 nlJ 0.000 ll~::;rl1mlJl ruVl~ n~ lVl~'fl'flciii r11lltJ~t:J ncr'klnlJmlJ1 rul"Jl~~l~~~H'
'" '"

mh') ~'fll~'fliirnr1·hElJ1 rul"ll~l~~ l~lJ;'kl~'lt:J~l,xr11mlJ1 ru~~n~ lVl~'fl'flci~1n~'1
'" '"
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c.J~'"llnnl~H~~tJ~L,)~I~~m~'el~'l1~'lXL'~l'w1'll,rYi 'l1J~mEJ1'"lln[;l1n'l~ 27 YiU~1

riluhn CUt-lij n~ Lt-l~'el'el~rJ ril~ (;)~'l Ln'elrJ m ~1-if~~tJ ~L,)~ I~~n L~ 'el ~'l 1~ 'IXL'el\.l1'll,rYilu~mtJl

\.l1\.l~\.l'"lln 10 \.lIYl L1J\.l 40 \.lIYl ( ~I ~UnI~Yl (;) ~ 'el 'l ~ 1 LmtJULYltJUnU~I~U nI~Yl(;)~'el'l~ 2,

~1~UnI~Yl(;)~'el'l~ 3 LmmJLYltJUnU~I~Unlj'Yl(;)~'el'l~ 4, ~1~Un1j'Yl(;)~'el'l~ 5 LmtJuLYltJunU

~1~Un1j'Yl(;)~'el'l~ 6 LL~~~I~Un1j'Yl(;)~'el 'l~ 7 LmtJULYltJUnU~ I~Un1j'Yl(;)~'el'l~ 8) ~'l

~'el(;)Fl ~'el'lnUc.J~Yl l'l~(i~1w;l1n'l~ 25 ~rJ ri l P-value LVl1nU 0.000 LL~ ~ ril 1Jhn cut-l ij n ~

Lt-l~'el'el~rJAI LLUj'c.J n c4\.lnuj' :;tJ:; L,) ~ I ~~n L~'el~'l1~ 'IXL'el'W1'll,rYi lu~m EJ1 n~1 ,) ~'el Ln'elrJ n1 j'H

j':;tJ:;L,)~1~~n L~'el~'l1~ 'IXL'el'W1'll,rYilUDm-EJ1'Wl'W~'W'"l:;~'l c.J~1'IXAlill':lJl o,mij n~Lt-l~'el'el~~ (;)~'l

'"l1n c.J~~Yifi~Hl'"ll n n1j'Yl(;)~'el 'lj',):IJ n 'l c.J ~ n1 j'~ LFln:;,xYl l'l~ (i~Yil1'IX~I:IJ Ij' C1~~U
'" I I 'J,.I

1~'WLU'el'l~'W~1 ill':lJ 1CU CMC LL~:;L'll~~L~~YlHj',):lJn'lj':;tJ:;L,)~IYlYi'l1~,xL'el'W1'll,rYilU~m-EJ1ii

c.J~ r;1'el ill':IJ 1CU"ll'el'lt-lijn~ Lt-l~'el'elti1 'WL~'el~'l1 'W~'d'W"lJ'el'l rinum j'~'lt-lij n LL~:;~~'1 n1j'~'l~ij n'el'el n
"

mh'd ~'elL~'elL~:lJill':lJ1CUCMC LL~:;L'll~~ L~~ j''d:IJn'lHj':;tJ:;L'd~I~'WI'W~'W'"l:;YiIL'IX~I:IJ lnl ~'l
"

(;nn'l~ 28 ril r1'd l:IJ"lJI'd~~I'l (Brightness) ri'el'Wn1j'~'l~ij n'el'el mn'elHill':lJ l O,Wl'd LLUj'L'W j' :;~u

r;11'l1

±S.D.

2

3

4

5

6

7

8

o
o

o
o

0 .2

0 .2

0 .2

0.2

0.1

0.1

0.3

0.3

0.1

0 .1

0.3

0.3

10

40

10

40

10

40

10

40

73.31 ±0. 93

74 .09 ±0 .70

72 .16 ±0 .35

73 .66 ±0.61

75 .04 ±0 .29

76.50 ±0 .36

75.51 ±0 .39

75 .97 ±0 .09
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~'i'l'"llnc;nn'!~ 25 Y1iJ~l~'i'l'"llnn1~H C MC i'il'11 P-value LVl1niJ 0 .000 ~'! i'i l'1 1

ii'aEJn~l U (U =0 .05) ~tiLL'i'l(;)'!~liJhJ1ruCMC ~Hi'i~'i'lniJl'11rt'Jl)..J"JJ1'J'i'l~1'!ri'ati~,!~;jn'a'an

us :-;~'i'l~1~m JnJti[;lN niJ n1~H CMC m ll'J~'a~ 1 ni'in1~H CMC L~)..J~ti'"l:-;~'!~'i'lLtXl'11 rt'Jl)..J

"JJl'J'i'l~l'l L~)..J'i'l'l~ti ~'!'i'l'a(;)rt~'a'! niJ~'i'l n1~Yl (;) 'i'l 'a '! ~ LL'i'l (;)'!Lti[;lln'!~ 28 L(;)miJhJ iJLVi tliJ~:-;~~l'!
'lJ

n1~~hJ1i CMC niJn15'li CMC ~'atl'i'l :-; 0.2 "lJ'a'l~l~~nL~'aLLtX'l ( ~ l ~iJ n l ~Yl (;) 'i'l 'a '! ~ 1

LWtl iJ LVi tliJ niJ~l~iJn15'Yl (;)'i'l'a'l~ 5 , ~ 1 ~iJ n15'Yl(;)'i'l'a'!~ 2 LWtliJ LVitl iJ niJ ~1 ~iJ n15'Yl (;)'i'l 'a'! ~ 6,

LWtliJ LVi uuniJ~l ~iJ n1 5'Yl (;) 'i'l'a 'l~ 8)

e.J'i'l"lJ'a'! nl5'li L"ll'fl'flL'fl~91nn15'~LAn:-; 'v1e.J'fl Yll'!~ii~ ( [;l 1 ~ 1 '! ~ 25 ) Y1 iJ~1l'1 1
'lJ

P-value LVl1niJ 0.221 ;'li'il'11)..Jlnn~1 U (U =0.05) ~'WLL'i'l (;)'!~1 tfhJ1ruL"ll'i'l 'i'l L'i'l'i'l~Hhj i'i e.J~;HliJ
'lJ

l'1 1 rt'J l'-J"JJ1'J~~1'! ri'a'Wn1 5'~,!~;j n'a'an LL'i'l:-;Lri'aY191~rul~'flmm (;)'fl'a'!~1~~'!~ LL~ (;)'!Lti[;lln'!~

28 9:-;Lii'Wl~~ 1 m ~lim'-Jl ruL"ll'i'l'i'l L'i'l~'-Jl n~'W ~'J'WLvnlLL~'J~'! e.J'i'lLtXl'11 rt'Jl)..J"1Il'J~~l'l ri 'ati~ '!
'lJ -

~~n'a'ani'irol l'i'l (;)'fl'!LL[;]LY1t1'!L~nii'amvi lJ'W L(;) t1 rol l ~ 'fl (;) 'fl '! '-J l n ~~ (;) ~ 'a ~'a tl 'fl :-; 1.15 LvilJ'W L(;)t1.
LWtliJ LViuu 5':-;~ ~1'1 ~1 ~iJ n15'Yl(;) 'fl'a'!~ 1 LL'fl:-;~1 ~iJ n15'Yl(;)'fl'a'l~ 3 ~ '! e.J 'i'lYll'!~ ii~~1tXLiit.d l

~') L'fl"lJ ~'! mh')hJi'i~t1~l rl'1dYl l'!~ ii~

mJ l '!hn[;ll'-J e.J'fl91 nn15'li 5':-;t1:-;L,)'fll~~nL~'a~'!HLtXL'a'Wl"ll~Yil1.lDn1t119 1 n
, I \.I I I I '"

mn'!Vi 28 Y1iJ~l rolll"1,)l'-J"lJl,)~~l'!n rol l LYi'-J~'WLrJ'an n1 5'L-D5':-;t1:-;L,)'fllVi~nL~ 'aYi'!l.n,xL'a 'W1"ll~Yil

1.lD n1t11 'Wl'W~'W9 1 n 10 'W1 Vi Ltl'W 40 'W1Vi ( ~ l ~iJ n l 5' Yl i?l 'fl 'a '! ~ 1 LWtliJLVitliJ niJ~ l ~iJ n l5'

Yli?l'fl'a '!~ 2, ~l~iJ nl 5' Yl i?l 'fl 'a '!~ 3 LWtliJLVi tl iJ niJ ~ l ~iJn15'Yl i?l'fl'a'!~ 4, ~ l ~iJn15'Yli?l'fl'a'!~ 5

LW tl iJ LVi uuniJ~l ~iJ n15'Yl i?l'fl 'a'!~ 6 L L 'fl :-; ~1 ~iJ nl5'Yl i?l'fl 'a'! ~ 7 LWtl iJ LVitliJ niJ~ l ~iJ n1 5'Yl i?l'fl'a'!

~ 8) ;'!~ 'a i?l 1"1~'a'! niJe.J 'flYll '!'i'lii~1'W[;lln'!~ 25 ~n roll P-value Lvi1 n iJ 0.009 LL'i'l:-;l'1 l l"1 ,)1 )..J"JJ1'J

~~l'!n rol l LL1.l n J'W [;l5"lniJ5':-;t1 :-;L'J'fll~~nL~'a~'!l.n,x L'a 'Wl "ll ~Yi l 1.lD n1t11 mh'J ~'aLn'an n15'Li

~:-;t1:-;L'J'i'll~~nL~'a~'ll.n,xL'a'Wl"ll~Yil1.lDmtl1'Wl'W~'W~'! e.J'flL,xroll A,)l'-J"Jll,)'i'l~l'! ri'a'Wn15'~,!~;jn



~~
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6~"0+09"v6;:~[J~bLl!:lriMriMbLun~Ut-L[J~r,W.gL~;:Wt-~1T.SSauN6!J8Ll!:l:~k1.mLrik1. "If=7,.11'l:::7II;"0I

VG"O+SS"~8OvS"OG"O8

vG"O+~~"~8O~S"OG"OL

S~"0+GO"G8Ov~"aG"O9

.sor~g"08OlioG"Og

9S"0+Sl"6L017S"Oav

L17"O+8~"8LOlS"OaS

GS"O+LO"8L017l"OaG

gL"O+86"gLOlro0

"0"8+(lA.Ln)(;:~[J~b)(;:~[J~b)
I'='

""f1~L~

(;:~[J~b)U~~Urik1.t-~n~uI;-Lr,~r,LlT.riLr,l!:l[J~~'Ll!:l
~~0

L~r,1;:[J;:b~~'~~l!o'8V\J8 '1ppIIF""

Lt-L~

f1~;:bnVfl"r,1t'ruLri-81H~~'U~~U~k1.t-~bLUt-~k1.(ssaujl.j6IJ8)t-L~~r,LlT.riLr,l!:lL~6G~t-LbLW

[9



64

c.J~iOl1 n n1~H~:;tJ:;L'J~1~~nL~!l~~1t)1~L!l'W1"11~Yi'nJDnhJ1iOl1 n (;l1n~~ 29 YnJ~1

r11 fOl'J1~"iJ1'J~~1~~~~ n1~~~~ij n!l!l niJ r11 L~~~'WL~!liJ n1~1-n~:;tJ:;L'J~1~~ n L~!l~~1t)1~L!l'W1"11~

Yi1tlDmtJ1'W1'W~'WiOl1n 10 'W1Yl dJ'W 40 'W1Yl ( ih ~U n1 ~Yl l1l ~ !l ~ ~ 1 LmtJULYltJUnU~1~Un1~

Yll1l~!l~~ 2 , ~1~Un1~Yll1l~!l~~ 3 LmtJULYltJUnU~1~Un1~Yll1l~!l~~ 4 , ~1~Un1~Yll1l~!l~~ 5

LmtJULYltJUnuih~un1~Yll1l~!l~~ 6 LL~ :;~ 1~Un1~Yll1l~!l~~ 7 LmtJULYltJUnU~1~Un1~Yll1l~!l~

~ 8) ~~~!ll1lfOl~!l~nUc.J~Yl 1~~n~1'W[;l1n~~ 25 ~iJri1 P-value LVl1nU 0.002 ~~LL~l1l~~1
«::lII I ' I I oC:llcv 0 _ oCll...::::II.' I cv «:S.

~:;tJ :;L'J~1~ c.J~ (;]!l fOl1 fOl'J1~"iJ 1'J~'J1~!ltJ1~~'WtJ~1 fOl '1!Yl1~~ n(;] LL~:;fOl1 fOl'J1~"iJ1'J~'J1~~~~ n1~l1l~

~ij n!l!l niJ r11 LLtlnr'W(;]~~ nu~ :;tJ:; L'J~1~~n L~!l~~1t)1~L!l'W1"ll~Yi1tlDmtJ1 mh'J~!l L~!liJ n1~1-n

~:;tJ :;L'J~1~~n L~!l~~1t)1~L!l'W1"ll~Yi 1 tl DmtJ1 'W1 'W~'W iOl :; ~ ~ c.J ~1~ r11 fOl'J 1~"iJ 1'J~~1~~~~ n1~~~

,'" I' '"
L~~Yl1-n ~'J~~~ ~:;tJ:;L'J~1Yl~n L~!lYl~1t)1~L!l'W1"ll~Yi1tlDmtJ1 ~'J'WiJ c.J ~ (;j!l r11 m1~"iJ1'J~~1~"iJ!l~

I '11 '" '11

L~!l~~ ri!l'WLL~ :;~ ~~ n1 ~~~~ijn !l !l n tl1ltJlI1 n r1 1l?1'J uil n1~ ~1~iJ LL'W'J t U~ ~~ ~'WiOl :;~~ c.J~1~ r1 1
'U

I '11 '11 \.I

r1'J1~"iJ1'J~~1 ~iJ LL'W'J t U~ L~~~'W tr~t1!l1iOl LiJ'WL~n:;~1 CMC Yi11~!l'WJl 1 fOl"iJ!l~lIij mj'!l'Wn~U~J1•

CMC L"ll~~L~~
'U

""('W1Yl )

Freeness

(ml)

Freeness

!l!ln (ml)

Freeness

(ml)

2

3

4

5

6

7

8

o

o

o
o

0.2

0.2

0.2

0.2

0.1

0.1

0.3

0.3

0.1

0.1

0.3

0.3

10

40

10

40

10

40

10

40

440

462

507

528

475

461

495

480

471

474

541

546

484

482

507

497

31

12

34

18

9

21

12

17
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c.Jfl91nl;r1n~~ 25 YiU~1c.Jfl91nn1f1.jf CMC i1~1 P-value LVl1nU 0.12 3 ;~i1~1

~-J1n n ~ 1 a (a = 0.05) ti'WLL~ ~~ ~ 1'Jhl1 ru C MC ~1·ilhJiJc.Jflnu~i1~Jl1Yif:;u1tJl~ri'fl'Wn1f~~

V1ijn'fl'fln L L l'i Jl 1tJ VI~~ n1 f~~ V1 ij n 'fl 'fl nLL~'J Yi U ~ 1 c.J 'tl 9 1 n n1 fH C MC i1~ 1 P-value LVl1nU 0.000

;~i1~1U'fltJn~1 a LLfl:;c.Jfl~l~LLlhc.Jn~'Wflu n1fH C MC m h'J A'flVl 1n iJn1 f H CMC L~~;'W9:;

~~ c.J'tlL'"~1~Jl1Yi~:;u1tJl~V1~~n1 ~~~ V1 ij n 'fl'fln iJ ~ 1'tl ~ 'tl ~ ; ~ c.J'tl n1 f ':J Ll9n:;tfYl 1 ~~ (l~~l~hJ

~'fl~I9~'fl~nUn1fYl~'tl'fl~[;l'fl'W~ 1 ;~YiU~1ill~1 ru n1~1.jf C MC hjiJc.J'tll'i'fl~Jl1Yi~:;u1tJl~'flth~iJ

,rtJ~1'"''1JYl1~~(l~ 'W'fln lOl1 n~lOl1 n rnm ~'tl'fl'ltT'lYiU~11'Wn1~Yl~'tl'el~ [;l'el'W~ 1 t!'W ~1~Jl1Yi~:;U1tJ

1~V1~'ln 1 ~~~V1 ij n 'el 'eln 9 :;iJ~1U'el tJ 'tl 'l Lti'el'l91n1'Wn~:;u'J'Wn1~~'lVlijn'el'eln~'JtJ':Jfi'tl'eltJ ~ 'el'l'el 1n1~

t!'Wl~ti1 L~'W1tJ ~ i1 "lJ 'W1 ~m'J~'J'WVlti'l'el'el n~ 1 ~'J tJ LL(;]1'Wn1~Yl ~ 'tl 'el 'l [;l'el'W~ 2 t!'WiJL'el 'Wl"ll ~1'Wn1~

Yl ~'tl'el ~ ~')tJ LL'tl :;91 n n1fYl ~'tl'el'lYiU~1 ~1~Jl1Yi ~:;u1tJl~V1~'ln1 ~~'l~ij n'el'el n ~')tJ':Jfi n1 ~fl'fltJ

~'el'l'el1 n1 ~t!'Wn~uiJ ~1~1 n;'W LL'tl :;L~'el~'el'l1 'WJl1Yi~'J~"lJ'el 'l ~ 1 ~Jl 1Yi~:;u 1tJl~~1~91 n n 1 ~

Yl~'tl'el'l[;l'el'W~ 1 LmtJULYitJunUn1~Yl~'tl'el'l[;l'el'W~ 2 riYi U~1~1 ~Jl 1Yi~:;u1tJl~'Wn1~Yl~fl'el~[;l'el'W

~ 2 1'WYlnJl1'J:;n1~Yl~'tl 'el'l 9:;iJ~1~'ln~1n 1~Yl~'tl'el'l[;l'el'W~ 1 ~'lVl~~ ~'WVI~1tJl9'J1~~1n1~1.jf. ~

L'el 'Wl"ll ~';i1 1~ L~'W1tJ ~ iJ"lJ'W1 ~i'W1'W~:;U U'tl ~U'eltJ 'tl'l Vi 11,n~tJ Jl1Yi ~'J ~1'W~:;uuiJ L~'WLtJ"lJ'W1 ~

n'tl1 'l LL'tl:;m'J~ 1 n;'W ~1~Jl1Yi~:;U1tJl~'l iJ ~ 1~'l;'W~'W L'el'l
~

c.J'tl1Ol 1 nn1~HL"ll'tl'tl L'tl~1'W [;l 1~1 'l~ 30 YiU ~ 1 ~ 1 ~ Jl 1Yi ~ :;u 1 tJl~~'l1'Wmruri 'el 'Wn1 ~
~

~'lVlij n'el'el n us :;V1~'lm ~~'lVlij n 'el 'el niJ ~1 L~ ~;'W L~tJ'l L~ nU'eltJ L~ 'el iJ n1 ~1.jflli~ 1 ruL"ll'tl~ L'tl~~

L~~;'W91n¥'eltJ'tl:; 0.1 LtI'W¥'el tJ'tl:; 0 .3 "lJ'el'l~1V1,rnL~'elLL~'l ( ~1 ~U n1 ~Yl ~ 'tl 'el 'l ~ 1 Lm tJu LYi tJu nu

~1~Un1~Yl ~'tl 'el'l~ 3, ~ 1 ~U n1 ~Yl ~ 'tl 'el 'l ~ 2 LmtJuLYitJunu~1~Un1~Yl~'tl'el'l~ 4, ~1~Un1~

Yl ~ 'tl 'el 'l ~ 5 LmtJ U LYi tJu nU ~ 1 ~U n1 ~Yl ~ 'tl 'el 'l ~ 7 LL'tl:;~1~U n1 ~Yl~'tl'el'l~ 6 LmtJuLYitJunU~1~U

n1~Yl~fl'fl'l~ 8) ;'l~'el~I9~'el'lnUc.Jfl':JLl9n:;tfYl 1 'l~(l~L'W [;l1~1'l~ 25 ~iJ~1 P-value "1I'el'l~Jl1Yi

~:;u1tJl~ri'el'Wn1~~'lVlijn'el'elnLyhnu 0.000 LL'tl:;~1 P-va lues "lJ 'el 'l ~ Jl1 Yi ~ :;u1 tJl~ri 'el 'WVI~~ ~ 'l

V1ijn'el'elnLVl1nu 0.000 [;l1~~1~U ;'liJ~1U'eltJn ~ 1 a (a = 0.05) LL'tl :;~1~Jl 1Yi~:;u1tJl~i1~1

LLlh~'W [;l ~'l nulli~1 ruL"ll'tl'tl L 'tl ~ ~1.jf n ~h'J A'el L~'eliJ n1~L.jfill~1 ruL"ll'tl 'tlL'tl~ L~~~'W9 :;~'l c.J'tlL~~ 1
~ ~

~Jl1 Yi~:;U1 tJ1~L~~~'l;'W~'J tJ mlOl LtI'WLYin :;~ 1 L'el'W1"ll~~ L~~'tl'lhJt!'WLihh Jv'htJljmmnu L~'WLtJ

L~ n 11~~ n~1 ~'l c.J'tlL~lli~1 CW"lJ'el'l L~'WLm~ n 1 t!'WU'eltJ'tl'l L~ 'el ~'W~ ~'J "1J 'el 'l L~'WLtJ~~~:;UU'Cl ~

U'fltJ~~ ~~Vi1L"'i1 ~1~Jl1Yi~:;U1tJ1~~~~;'W LYi~1:;19,)1~~1~1nlL'Wn1~~~~1'Cl~'Cl~~'WL'el'l
~ .

c.J'Cl1Ol 1nn1 ~L.jf~:;tJ:;L,)~1~~nL~'fl~~1~"'L'el'Wl'il~v'i1tJljmmYiU~1 c.J'Cl':JLl9n:;tfYl 1~

~(l~L'W [;l 1n~~ 25 ~i1~ 1 P-value "1J'fl'l~Jl1 Yi~:;u1 tJl~ri 'el 'W~'lVlijn'fl 'elnLvl1nu 0.388 LL'Cl:; ~ 1 P­

value "lJ'el 'l~Jl 1Yi~:;U1tJl~V1~~~ 'l Vlijn'el'elnLvh nu 0.694 [;l1 ~ ~1~U ;'liJ~ 1 ~1 n n~1 a
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~ 4 4

LL~ ~V1~'l n1~l11'l'UJn'a'a n

'a ti l 'lhn l'l1 J.J "'l 1 n [;l1n'l~ 30 YlU~ 1 rh~Jl lYl ~~U ltl1JlJl l tl Vl~'l n1 ~~'lVliin'a'a n

~'")tl1fi nl~~ 'a tl yJ 'a 'l 'a1 n1 PlJ'lJ iJ r11 L~ J.J ~ 'lJ L~ tl 'l L~ nU'amvi l J'lJ ~'l1'lJYl l'li.J~~1'lJLN'lI 'lJ c.J ~ l'l

L~'ar11~JllYl~~Ultl1~~ L~J.J~'lJ 9 - 34 ml ~'a~l iJ r11U'atlJ.J l n LL~ ~hiiJ c.J~nUrmJJllYl"]J'a'lL~'a~1Jl,

2

3

4

5

6

7

8

CMC L"1l~~L~~ ~~tl~ L,") ~1 r1 1L'U~mEJ.Jlr:wc.J~c.J~l'l~1~
'IJ

( ¥'a tl ~ ~) ( ¥'a EJ ~ ~ ) ('lJ1 Y1) (¥'a tl ~ ~)

0 0.1 10 89.95

0 0.1 40 90.48

0 0.3 10 90.59

0 0.3 40 90.35

0.2 0.1 10 90.26

0.2 0.1 40 90.30

0.2 0.3 10 90.58

0.2 0.3 40 90.65

lOll n l'lln'l~ 31 YlU~ 1 rllmJ.J l ruc.J~ c.J~ l'l~1~'lJLL~~~n1~Yll11~'a'liJ rll uan[;h'ln'lJ

L~EJ'lL~nU'elmvilJ'lJLL~~"'llnc.J~n1~1Ll"1n~,rYll'l~Ci~1'lJl'lln'l~25 YlU~Ic.J~lOllnn1~H CMC

iJrll P-value Lyh n u 0.598 e.J ~ lOllnn1~HL"1l~m~~iJr1 1 P-value LYhnu 0.173 LL~~c.J~lOl lnn1~
'IJ

H~~EJ ~L,")~I~~m~'el~'l1t)1,xL'el'lJ1'Jl,r~li.J~mmiJ rl l P-value Lvhnu 0.632 ~'lrl l P-value iJrl l

J.J l n n ~ 1 U (U = 0.05) ,r'lJLL~ l11 'l ~ 1 3 (;],")LLi.J ~ V1 ~nhj iJ c.J ~ nU rllmJ.J l ru c.J ~ e.J ~ l'I ~1 Jl'el rJ l 'l iJ

,rEJ~I ACYYll 'l~ Ci ~



67

2
(mN m /g) ±S.D.

2

3

4

5

6

7

8

o

o

o
o

0.2

0.2

0.2

0.2

0.1

0.1

0.3

0.3

0.1

0.1

0.3

0.3

10

40

10

40

10

40

10

40

3.64 ±0.09

3.58 ±0.07

3.70 ±0.07

3.60 ±0.08

3.91 ±0.07

3.90 ±0.08

4.00 ±0.09

4.05 ±0.10

~ ,
"'l 1 n lWl~1 'lYl 25 'Y'lLJ~1 t:J~"'l 1 n n 1~H' C MC nFl1 P-value L'vl1nLJ 0.000 ;'ln Fl1

il'fltJn ~1 U (U = 0.05) Li'WbL~ (;) 'l ~ 1uhn ru C MC ~1-nnt:J~nLJ r1 1 (;) ~~"Jl \l rY.l1 ~LL~ 'l LbN ~'BLLN~n

ri'B'W~'l~nn'B'Bn LL~~t:J~~1~mJ~~'W(;l~-:J nLJ n1~H C MC n~h'J~ 'B~l n n n1~H C MC L~~~'W"'l~

~'l t:J~1,x r1l (;)~~"Jl\lFl'J1~ LL-n'l LLN~'B LL~'l~n n r1l ~ 'l~ 'W ~'l~'B (;) Fl ~'B'l nLJ t:J ~ n l~Yl (;) ~'B 'l~ LL~ (;) 'l 1'W
'\J

(;lln'l~ 32 t(;)mmtJLJLVltJLJ~~~~l 'l n1~~hJH C MC nLJn1~H C MC ¥mJ~~ 0.2 "lJ'B'l~l~trn

L~'BLL,x'l ( ~ l ~LJ nl ~Yl (;) ~ 'B 'l ~ 1 LmtJLJLVltJLJ nLJ~ 1~LJ n1~Yl (;)~'B'l~ 5 , ~1~LJ n1 ~Yl(;) ~ 'B 'l ~ 2

bmtJLJLVltJLJnLJ~ 1 ~LJn1~Yl(;)~'B 'l ~ 6 , ~l~LJ n1~Yl(;)~'B 'l ~ 3 LmtJLJLVl tJLJnLJ~l~LJn1 ~Yl(;) ~'B'l ~ 7

LL~ ~~ l ~LJ n1 ~Yl (;) 'i'l'B'l~ 4 LmtJLJ LVltJLJ nLJ~ l ~LJ n1 ~Yl (;) 'i'l 'B 'l~ 8)

t:J ~"'l1 n n1 ~1-nb"ll'i'l 'i'lb 'i'l~1'W (;l 1n'l ~ 32 'Y'lLJ ~ l r1 l (;)n"ll\lf01 'J l~ LL~ 'l LL~'l ~ 'B LL~'l ~n n r11
'\J

~'l~'W L~'Bnn1 ~1-nm~l ru L"1l'i'l 'i'l L~~~L~~~'W"'l l n ¥'BtJ ~ ~ 0.1 dJ'W¥'f)tJ'i'l ~ 0.3 "1l 'B 'l ~1~trm~'B Lb,x'l
'\J _ '\J

(~l~LJ n1 ~Yl(;)'i'l 'B-:J~ 1 LmtJ LJ LVl tJ LJnLJ~l~LJ n1~Yl(;)~'B'l~ 3 , ~1~LJn1n1(;)'i'l'B'l~ 2 Lm tJLJLVltJ LJ

nLJ~1~LJn1~Yl(;)'i'l'B'l~ 4, ~l~LJ n1~Yl (;)~'B 'l~ 5 LmtJ LJ bVl tJ LJ nLJ~ l~LJn1 ~Yl (;)~ 'B 'l ~ 7 LL'i'l ~~l~LJ

n1~Ylln'i'l'f)'l~ 6 LmtJLJ LVltJ1JIi'LJ~1 ~LJn1 J'Yl (;)'i'l'B 'l~ 8) ~'l~'f) (;)Fl~'f)'l nLJ t:J'i'l~ L Fl~ 1 ~,rYl l 'l ~ (1~lW

(;l1~1'l~ 25 ~n,"l1 P-value LVl1nLJ 0.002 bL~~r11(;)~~"Jl\lf01'J1~LL-n'lLLN~'BLLN~nnfOilLLtJ~crU(;lJ''l

nLJm~1 CUL"ll'i'l'i'l L'i'l~~H n~h'J ~'B L~'Bn n1~1-nm~1 CUL"ll'i'l L'i'l~ L~~~U'"l~~'l t:J~1,x r1l (;)~~"Jl\lf01'Jl~
'\J '\J

CJ I ... ~ x
LL"lI'lLLN(;l'f)LLN'UnL'W~~'l"IJU

'\J
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c.J'C'l"'l1nn1~H~:;tJ:;L,)'C'l1~~m~'El~~1~~L'El l.l1'l1~';huDmEJ1"'l1n1111n~~ 32 YlUtJ1

1"11 t'I~~ U I"1 ,)1~ LL~~LL~~r;l 'ElLL ~~ ~ni'iLLlJ,) L'W~'C'l t'I'C'l~ L~ n'W'EltJ Ln 'El i'i n1~1-n~:;tJ:;L,)'C'l1~~m~ 'El ~~1~~

L'El'W1'l1~';huDmEJ1'W1'W~'W"'l1n 10 l.l1Yi LiJ'W 40 'W1Yi ( ~ 1 ~U n1 ~ 'Vl t'l 'C'l 'El ~ ~ 1 LmtJULYitJUnU

~1~Un1~'Vlt'l'C'l'El~~ 2, ~1~Un1~'Vlt'l'C'l'El~~ 3 LmtJULYitJUnU~ 1~Un1~'Vlt'l'C'l'El~~ 4 LL'C'l:;~1~Un1 ~

'Vlt'l'C'l 'El~~ 5 LmtJU LYi tJU nU~1~U n1 ~'Vl t'l 'C'l 'El ~ ~ 6) 'Elth~hnl111~"'l1nc.J'C'l'Vl 1~~~~1'W1111n~~ 25 ;~
I «:::11 11_ d. I dd l

1"1 1 P-value "lJ t:l ~ ~ :;tJ :; L'Jm~ I"1 1L'Vl 1nU 0.120 'lI~I"11 P-value ~1nm1 a (a =0.05) "'l ~C1'El ,) 1c.J 'C'l

'"l1 n rns1eD'~:;tJ :; L,)'C'l1 ~~n L~t:l ~'l1t)t~Lt:l'W1'lI ~';huDmtJ1h Ji'i c.J 'C'l nu f011M~'lI UI"1')1~ LL~ 'l LL~'l r;lt:l LL~'l

(;l1n'l~ 33 f011t'1~~'lI UI"1,)1:I-J LL~'l LLNr;l 'ElLLN~n (Tear index) ~~'ln1~~'l~~ nt:l t:lmn'ElHill':l-J1 ru~')

LLU ~1'W~:;~Ur;l1'l 1

CMC
' ..:::::II evd d

L'lI'C'l~H'C'l~ ~:;tJ:;L')'C'l1 1"11 L'tl 'C'l tJ Tear index ~'C'l'lt'l,m~n t:l t:ln

~1~U
'U

(¥'El tJ'C'l:;) (¥t:ltJ'C'l :;) ('W1 Yi)
2

(mN m /g) ±S.D.

0 0.1 10 3.75 ±0.08

2 0 0.1 40 3.63 ±0.08

3 0 0.3 10 3.80 ±0.10

4 0 0.3 40 3.66 ±0 .06

5 0.2 0.1 10 4.10 ±0.07

6 0.2 0.1 40 4.10 ±0.08

7 0.2 0.3 10 4.25 ±0.07

8 0.2 0.3 40 4.32 ±O.09

~ ,
'"l1n(;l1n'l 'Vl 25 YlUtJ1e.J'C'l'"l 1n n1~1-n CMC i'if011 P-value LVl1nu 0.000 ;~ i'i f011

'W'EltJntJ1 a (a =0.05) J'WLL~t'I'ltJ1 ill':l-J1ru CMC ~1eD'i'i c.J 'C'l nUf011 t'1~~'lIU I"1 ,) 1 ~LL;~ LLNr;l'El LLN~n

~i~~~~~ n 'El 'El n LL'C'l:;c.J 'C'l ~1~LLU ~~'W l11NnUn1~H CMC mh')~ t:l~1 n i'i n1~1-n CMC L~~~'W~~ e.J 'C'l

1~f011t'1~~'lIUI"1,) 1~ LL;~ LLN r;l'El LLN~ni'i f011~ ~~'W ;~~ 'El t'l1"1~'El 'l nuc.J'C'l n1~'Vl t'I'C'l'El 'l~ LL~ t'I ~1'W1111n~~
'U

33 Lt'lmmtJULYitJU~:;~tJ1~n1~~hjH CMC nUn1 ~H CMC ¥'EltJ'C'l:; 0.2 "lJ'El~~1~,rm~'ElLL~~

(~1~Un1~'Vlt'l'C'l'El~~ 1 LllitJULYitJunU~1~Un1~'Vlt'l'C'l'El'l~ 5, ~1~Un1~'Vlt'l'C'lt:l'l~ 2 LmtJULYitJU

nU~1~Un1~'Vlt'l'C'l'El~~ 6, ~1~Un1~'Vlt'l'C'l'El~~ 3 LllitiU LYi tl U nU ~1 ~U n1 ~'Vl t'l 'C'l 'El ~ ~ 7 LL'C'l:;~ 1~U
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n1~Yl~~~~~ 4 lmrJ 'lJ lYl rJ 'lJ n'lJ ~ l c;1'lJ n1 ~Yl ~ ~~~ ~ 8) n1 ~HtfhJ1 ru C MC ~ l~J.J~'W~~r.J~l""rll

~~~"Ili1rl,) 1 J.J II~~ ll~ ~ (;j ~ ll~~~n~~ rinuus ~"v1 ~~ nl ~~~"v1i1 n ~ ~ nil rill~ J.J ~~~'W ~~U~~~Yi'lJ
"

~~~rl~~~ n'lJr.J~ n1~Yl ~~~~ (;l~'W~ 1 ll~~~ lJ.J l ~(1~fi'lJ lrJ~~~ ln~~'WL~rJ~l r1IrJ"v1~n n1n~EJ') n'lJ~

1~n~1'J1r)1'Wn1~Yl ~~~~ (;l11'W~ 1 n~l'J Al1 C MC J'Wun ~i1·n\U'W~ln~J.Jrl'Jl:hJ ll~~llNl""n'lJ

I '" 1; 'lI d ..:::,I • .o:S O !/ CII IV .o::J q-X
m~~l'l~~ml~'J ll~~'Wl1 n r.:nn'Wn1~l-n CM C -n~:hJU~~iOl~'lJiOl~Y1 l1m~'WltJ:hJ n1~m~iOllrJ InfJYl (;1"l!'W" .
n1~~~fJ.J lU'WllcJ'Wn ~~(;11~~~'W ~~ r.J~1,xn ~~(;1 l ~il rl'J l :hJ I I~~ ll~~ (;jl1llN~ n:hJ l n~'W

r.J~iOll n n1~1-ifl"ll~~ l~~1'W(;l1n~~ 33 YiU~l ri l(;1~~-ntJrl,)l:hJ ll~~ llN (;jl1ll~~~nilril
"

( ~l c;1U m ~Yl ~~11~~ 1 lmtJu lY1tJU nu~ 1 c;1U n1 ~Y1 (;1~11'l~ 3, ~l c;1U n1 ~Y1 (;1~ 11 'l ~ 2 lmtJu lY1tJU

nU~l c;1U n1 ~Yl (;1~11'l~ 4 . ~l c;1U n1 ~Y1 (;1 ~11 'l~ 5 lm tJu lY1tJ u nU~l c;1U n 1 ~Yl (;1~11'l~ 7 ll~~~l c;1U

mm (;1~11'l~ 6 lmtJu lY1tJunU~l c;1U m ~Y1 (;1~'el'l~ 8 ) ~'l~'el (;1 rl~'el'l nu r.J~~ lrln~"rYll~~(i ~1 'W

Inln'l~ 25 ~il ril P-value lVI1 nu 0.000 ll~~ri l (;1~~-ntJrl'Jl:hJ ll~'lllN (;j'elllJ''l~nil rilllUJ'~'WInN

nUm:hJlrul"ll~~ l~~~1-if mh')A'ell~'eliJ n1~1-ifm:hJ l rul"ll ~~ l~ ~ l~:hJ~'WiOl~~~ r.J~1,xri l(;1J'J'-ntJrl')l:hJ
" "

ll~'lllN (;j'elllJ''l~n l~:hJ~'l~'W ~'l ~miOllu'WlYi J'l ~~ ll"ll~ ~ l~ ~ iOl~ l·jh ';i1 uDmtJ1 nUl~'WltJ~il"Jl'Wl (;1
iI I "' , I

l'Wn'el'W lU'el'liOl l niJ~'WYI~'JL(;1m'J:hJl,x l'el'W1"ll~~ lUDmtJ11~:hJ l n n~l ~ 'l r.J ~1,xJ'~uu l"v1~'ell~'WltJYI

n rl'Jl:hJtJ1'JL(;1tJ l'U~tJ~~~'W ri l rl,) l:hJII~'lllJ''l (;j 'ell l J' 'l ~n9 'll~:hJ~'W
"

r.J ~ iOl l n n1 J'HJ'~tJ ~ l,) ~1~~m~'el~'l1r)1~l'el'W1"ll~~lUDmtJ1iOlln lnl J'1 ~~ 33 YiU~l

ril (;1J'J'-ntJml:hJ ll~'lllJ''l(;jl1llJ''l~niJ ll'W'JLil:hJ ~ (;1~'ll~ nil'eltJ l~'eln n1J'HJ'~tJ~l'J~l~~nl~'el~~1r)1,x

l'el'W1"ll~~lUDmtJ1'Wl'W~'WiOlln10 'W1Yi dJ'W 40 'W1Yl ( ~ l c;1U n1 ~Y1 (;1 ~ 'el 'l ~ 1 lmtJUlYltJunu

~lc;1Un1J'Y1(;1~'el~~2 ll~~~lc;1U n1J'Y1(;1~'el'l~ 3 lmtJU lYl tJu nU ~lc;1Un1 J'Yl(;1~ 'el 'l ~ 4) ll~~iOllnr.J~

Y1l,:j~(i~1'W(;l1J'l,:j~25 iJri l P-value lVl1nU 0.010 ~~ril P-value il'el tJ n~l n~ l U (U = 0.05)
I I I '"

,r'Wll~(;1'l~1m J'l-ifJ':;tJ ~ l'J~1Y1~n l~'elYi~1r)1~ l'el'W1"ll~~luDmtJ1 n e.J ~ nu ril (;1 J'~-ntJrl'Jl:hJ II~~ llN

(;j'elllN~n"v1~~nlJ'~'l"v1i1n'el'eln'elth,:jn,rtJ~lA'1! ll~~n ri l llUJ'e.J n ~'Wnu ril (;1n-ntJrl')l:hJ II~'lllN r;\'el

llN~n n~l');;)'el n1~1-if~~tJ~l'J~ l~~n l~'el~'lH l,x l'el 'W1"ll ~~ lUDmtJ1'Wl 'W~'W~~ r.J~1,xri l ~J'J'-ntJ

rl,) l:hJ ll~,:j ll~'l (;j 'el llN~n "v1~~ n1J'~ ~"v1i1 n'el'eln ~ (;1~ 'l m ~~~~ tJ ~ l') ~l ~~n l~'el'Wl'W~'Wn II 'W,) LilJ.J

~~ e.J~1,xrl'J1J.Jll~,:jllN r;\~llJ',:j~n~~n'el'Wll~~"v1~'l n1J'~,:j"v1i1n'el'el ns(;1~,:j ~~~miOllu'WlYin~~l n1J'
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(;11n~~ 34 ,,11 ~5'5'"IltiA'J1~ LL~~ LL5'~ (;]'ElLLN~~ (Tensile index ) ri'El'Wn15'~~~~ n'El'El nL~'Ell-nm~1 ru

~'JLL1.hl'W5':::~u (;] 1~ 1

CMC
I q I ~ 4

L"Il'i'1'i'1 L'i'1~ 'i':::tJ:::L'J'i'11 A1L'U'i'1tJ Tensile index n'ElWM~~n'El'Eln

~1~U "
(~'El tJ 'i'1 ::: ) ( ~1) tJ 'i'1 :::) ( 'W1 Vi) (N mig ) ±S.D.

0 0.1 10 18.23 ±0.15

2 0 0.1 40 18.02 ±0.06

3 0 0.3 10 19.51±0.11

4 0 0.3 40 19.20 ±0.08

5 0.2 0.1 10 20.37 ±0.24

6 0.2 0.1 40 20.05 ±0.14

7 0.2 0.3 10 21.05 ±0.17

8 0.2 0.3 40 21.23 ±0.09

r.nn(;11'i'1~ ~ 25 YlU~ 1 r.J'i'1iOl1n n1'i'H' CMC ni"l1 P-value LVl1 n U 0.000 ~~~r11

~'El tJ n ~ 1 U (U =0.05) ti'WLL~ ~~ ~ 1m~1 Cl..l CMC ~H'n r.J 'i'1 nU i"11 ~'i' 'i'"Illl,",'J 1 ~ LL~~LLN ~1) LLN~~

ri 1) 'W~~"vI ~ n 'El 'Eln LL'i'1:::r.J'i'1~l~mJnr'W (;1N nU n1 'i'H' CMC m 11'Jioi 'El "vI1nnn1'i'H' CMC L~~~'WiOl:::

~~ r.J'i'11~ r11 ~';j";j'"Illl,",'J 1 ~ LL~~ LL 'i' ~ (;] 1)LL'i'~ ~~ n r11~~~'W ~~ ~'El ~ ,",~'El~ nu r.J 'i'1 n 15'Yl~'i'11)~~ LL~ ~ ~1'W
", , .-

(;11n~ Vi 34 L~mmtJU LVi tJu5':::"vI ~ 1~n1'i'VihjH' CMC nUn1 'i'l-n CMC ~'El tJ'i'1::: 0.2 "1J'El~U1 "v1..rn

L~'El LL~~ (~1~Un1 'i' Yl~'i'1 1) ~ ~ 1 LmtJtJLVi tJ u nU ~1~Un1 5'Yl~ 'i'1 'El ~ ~ 5 , ~1 ~Un1 'i' Yl ~ 'i'11)~ ~ 2

Lm tJu LVitJUnU~ 1 ~U n1 'i' Yl ~'i'1'El~~ 6, ~ 1 ~Un1 'i' Yl ~ 'i'1 1)~~ 3 LmtJu LVitJUnU~1 ~Un15'Yl ~'i'1'El~~ 7

LL'i'1 :::~1~U n1'i'Yl ~'i'11)~~ 4 LmtJU LVitJunU~1 ~U n1 'i'Yl ~ 'i'11) ~~ 8)

r.J'i'1 iOl1 n n1 'i'H'L"ll'i'1'i'1 L'i'1~l 'W(;1 1'i'1~~ 34 YlU~1 r11~';j";j'"Il ll,",'J 1 ~ LL~~ LL'i'~ ~ 'El LLN~~~ r11
"

( ~ 1 ~U n1 'i' Yl ~ 'i'1 'El ~ ~ 1 LmtJULVitJunU ~1~Un1'i'Yl~'i'1'El~~ 3 , ~1~Un1'i'Yl~'i'1'El~~ 2 LmtJULVitiu

nU~1~Un1 5'Yl ~ 'i'1 'El~~ 4 , ~ 1 ~Un15'Yl~ 'i'1'El ~ ~ 5 Lmti U LVi tlu nU~ 1~U n1 5'Yl ~ 'i'1 'El ~ ~ 7 LL'i'1 :::~ 1~U

n1 5' Yl ~ 'i'1 'El~ ~ 6 LmtiU LVi tlunU~ 1 ~Un15'Yl~'i'1'El ~ ~ 8) ;~ ~'El ~,",~1)~ nur.J'i'1':jLA5'1 :::"fYl1~~Ci~ltJ

(;11n~~ 25 ~nr11 P-value LVl1nU 0.000 L L'i'1:::r11 ~ 5''i' "Il ll A'J 1 ~ LL~~ LLN~'El L L5'~ ~~ n fOh LL 1.hcrtJ(;1N

num~1 Cl..lL"Il'i'1'i'1 L'i'1~~l-n n~1'J ~1) Ln1)n n1'i'1-nm~1Cl..lL'lI'i'1 L'i'1~ L~ ~~tJ~~ r.J'i'1L~ r11~5'5''llllA'J1~
" "

a I .d ~ J'
LL"1J~ LL5'~ (;11)LLN CM LYi~~~"1JtJ

"
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~'i'l91 n n1~H~::;tJ::;~'J'i'l1~~m~!l~'l1rJ1.,)'~!lkl1"llJSvi1tJDnh.l191 n ['l1n 'l~ 34 YitJ~1

rl1 r;)~~"ll\1f01'J13-J ~~~'l ~~~'l~!l ~~~'l ~'liJ ukl'JtU3-J 'i'l r;) 'i'l'l ~~ nU!ltJ ~~!l iJ n1 ~Lon~::;tJ::; ~ 'J'i'l1~~n ~~!l~'l1rJ1.,)'

~!lkl1"llJSvi1tJDmtJ1kl1kl~kl91n 10 kl1Vi dJkl 40 tnVi ( ~ 1 ~tJ n 1 ~Yl r;) 'i'l !l 'l ~ 1 ~mtJtJ~VitJtJntJ

~1~tJn1~Ylr;)'i'l!l'l~ 2 , ~1~tJn1~Ylr;)'i'l!l'l~ 3 ~mtJtJ~VitJtJntJ~ 1~tJn1~Ylr;)'i'l!l'l~ 4 ~~'i'l::;~1~tJn1~

Ylr;)'i'l!l'l~ 5 ~mtJtJ~VitJtJntJ~1~tJn1~Ylr;) ~!l'l~ 6) ~~'i'l::;91n~'i'lYl1'l~(i~Lkl(;]1n'l~ 25 iJ"11

P-value ~yh ntJ 0.000 ~~'i'l::;rl1111n"ll\1f01'J13-J ~~~'l ~~N ~!l~~~'l ~ 'liJ rl1 ~~tJ~~ n c1klntJ~::;tJ::;~'J'i'l1~~m~!l

~'l1t)1,)'~!lklhJSvi 1tJDmtJ1 mh 'J ~!l ~~!lH~::;tJ ::;~ 'J'i'l1 ~~n ~~!l~'l111,)'~!lkl1"ll~vi 1tJDmtJ1kl 1kl~kl

~'l ~'i'lL,)' "11r;) ~~"ll\1f01'J13-J u~'l ~~~'l~!l ~~~'l ~'l 'i'l111'i'l'l

(;]1~1'l~ 35 rl1111~~"ll\1f01'J13-J ~~~'l ~~N 191!l~l~'l ~'l (Tensile index) ~~'l n1~~'l~n n!l!l mn!lLonm3-J1 ru

~'J~~tJ~Lkl~::;~tJ~1'l1

I or:::lI evd. dl

f011l'u'i'ltJ Tensile index ~'i'l'll11'l~3-Jn!l!ln

(N mig) ±S.D.

2

3

4

5

6

7

8

o
o

o

o

0.2

0.2

0.2

0.2

0.1

0.1

0.3

0.3

0.1

0.1

0.3

0.3

10

40

10

40

10

40

10

40

20.33 ±0.06

20.03 ±0.09

21.24 ±0.11

20.62 ±0.05

22.15 ±0.09

22.05 ±0.15

22.22 ±0.11

22.4 3 ±0.12

CV 'I .c:::lrI. IIf"'Q I

~3-J1m~l1J : Tensile index "lJ!l'lm::;r;)1'r:tm!lm 'l n!lkln1~Yi3-J'Y'/~f011 30.48 ±1.1 5 N mig

91n(;]1~1'l~ 25 'Y'/tJ~ 1~'i'l9 1n n1~H CMC iJrl1 P-value ~yhntJ 0.000 ~'liJ"11

U!ltJn~1 a (a = 0.05) ~klLL~r;)'l~1m~1ru C MC ~L-niJ~'i'lntJrl1111~~"ll\1f01'J13-JLL~'lLL~'l191!lLLN~'l

~~'l~'lVlnn!l!ln LL'i'l::;e.J'i'l~1~LLtJ~c1kl(;]~'lntJn1~Lon CMC mh'J~!l~1niJn1~HCMC L~~~kl9::;

~'l ~ 'i'l1,)'r11 r;) ~~"ll\1f01,)13-J LL~'l LLN~!l LL~'l ~'liJ "11~'l~kl ~'l~!l111 f01~!l'l ntJ e.J 'i'l m ~Yl r;)'i'l!l'l~ LL~ r;)'l1kl
'IJ

(;]1n'l~ 35 lr;)mmtJtJLVitJtJ~::;Vl~1'ln1~~hJH CMC ntJn1~HCMC ~!ltJ'i'l::; 0.2 "lJ!l'l~1Vl,rn

L~!lLL,)''l (~1~tJn1~Ylr;)'i'l!l'l~ 1 LmtJtJLVit.itJntJ~1~tJn1~Ylr;)'i'l!l'l~ 5, ~1~tJn1~Yll11'i'l!l'l~ 2

Lmt.itJLVit.itJntJ ~1~tJn1~Ylr;)'i'l!l'l~ 6, ~1~tJn1~Yll11'i'l!l'l~3 Lmt.itJLVit.itJntJ~1~tJn1~Ylr;)'i'l!l'l~ 7
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LLt1~~1~Un1~Ylc;)t1~~~ 4 LllitJULVitJunU~ 1~Un1~Ylc;)t1~~~ 8 ) n1~H'uhJ1CU CMC ViL~)"!;l.l

~~c.Jt11,x~1 C;)~~"Ill1A'J1)"! LL.:n~ LL~~ [;]~LLN ~~~~ ri~l.lLLt1~l-1~~ n 1~~~l-1;j n~~ni:J ~1~~;l.l ~~~~1"'l
"

~ 1~1~f:1~fiU1ttLc;)tJl-nl-1~n n1n~mnu~'lv\'mh'JH LL~'J 1l.l "'~l.l~fiu1tJ ~~ c.Jt1'l1~~ CMC [;]~ ~ 1

(;l~~"Ill1fPl'J1)"! LL.:n~ LLN [;]~LL~~~mrl.lL~~ m h'J ~~ CMC L1Jl.l~ 1~"ll'Jm~)..! fPl'J1)"! LL.:n~ LLN1,xnu

I '1.1 ~ 11 0 11 Q _ cJ QJ' r
m::;(;l1M~mLt1'J l.l~n"'l1nl.ln1~l"1l CMC Yl 11m~'WlmJn 1m~::;"'l1tJmYl(;l'll 'W n1~yj ~~)"!L1J'W

"
LL~'Wn~::;(;l1M~;'W ~~c.Jt11,xm::;(;l 1Mi:J~1A'J 1)"!LL.:n~LL~~[;]~LLN~~)"!1n;'W

c.Jt1'Ol1 nn1~HL"llt1 t1 L 'l'l ~1'W [;l 1n~~ 35 Y/U~1r11(;l~~"IlnfPl'J1~ LL.:n ,-m~~ [;] ~LLN ~~n r11
"

~~;'W L~ 'flnn15'Hill~1 CUL"ll 'l'l 'l'l L'l'l~~L~ ~;'W'Ol 1n¥'fltJ'l'l::; 0.1 L1J 'W¥'fltJ'l'l ::; 0.3 'lI'fl 'l ~1 l-1t!nL~'fl LL,x'l
'U 'U

( ~ 1 ~U n1 5'Yl (;l t1 'fl 'l ~ 1 LmtJU LVl tJ U nU~ 1 ~U n1 5'Yl (;l 'l'l 'fl 'l ~ 3 , ~1(;)Un15'Yl(;l'l'l'fl'l~ 2 LmtJuLVltJu

nU~1(;)Un15'Yl(;l'l'l'fl'l~'4 , ~ 1 ~U n1 5'Yl (;l 'l'l 'fl 'l ~ 5 LmtJU LVltJUnU~1(;)Un15'Yl(;l'l'l 'fl'l~ 7 LLt1::;~1(;)U

n15'Yl (;lt1'fl'l~ 6 LmtJU LVltJUnU~1 (;)Un1 ~Yl (;l'l'l'fl'l~ 8) ~'l~'fl(;l fPl~'fl~ nuc.J'l'l';j LfPl 5'1::;~Yl 1'l~ Ci~l 'W

[;l1n'l~ 25 ~n~1 P-value LVl1nU 0.000 LL'l'l::;r11(;l5'5'"llnfPl'J1~LL.:n'lLLN [;]'flLLN~'ln~1LL'lhcr'WlllN

num~1 CUL"llt1t1 L t1 ~~ l-n n~ 1 'J ~ 'fl L~'flnn1~1 -nill~ 1 CUL"ll'l'l L 'l'l ~ L~~;l.l ~'l c.J'l'l1,xr11 (;l ~ 5' "Il n fPl 'J 1 ~
'U "

1 '" I I '" '"" I .di:.Qo. .di: q q , CJ I 4.Qo d .., I ..,

LL"lI'lLL5''1 [;l'flLL5''l (;l'l LY/)"!~'l'll'W n15'Yln5'::;(;l1M~ fPl 1 fPl'J1 ~ LL'lI'l LLN[;l'flLLN (;l'l LYl)"!'lI'WYl'l neu us ::;l-1'l'l~ rns
'U

~'l~ii n'fl'fl n L~'fll-nill~1 CUL"ll 'l'l~ L'l'l~ L~~;'W~'W 'fl1 'Ol Lil'WLYln ::;~ 1 L"ll~~ L'l'l ~ Lojh't11u~m-mnu L~'WltJ
I '" I '" I I

Vln"ll'W1(;l~'Wri'fl'W L~'fl'l'Ol1nn~'WVl~'JL(;lm'J~~1 n n~1 ~'l c.J 'l'll,x5'::;uu L~~'fl L~'WltJVln'll'W1 (;lm 'J~ 1 n

c.J 'l'l'Ol1nn15'H5'::;tJ::;L'J'l'l1~~nL~ 'fl~'l1.n,xL'fl'W1"lljf't11u~m-m'Ol1n[;l1n'l~ 35 Y/U~1

r11(;l 5'5'"ll n~'J1~ LL.:n'l LLN[;]'flLL5''1 ~'l n LL'W'JLil~'l'l (;lt1'lLil n il'fltJ L~'fln n15'H )'::;tJ ::;L'J'l'l 1~~n L~'fl~'l 'l.n,x

L'fl 'W'l"1ljf't11u~m-m 'W1'W;'W'Ol1n 10 'W1Vl L1J'W 40 'W1Vl ( ~ 1 (;)U n1 5'Yl (;l 'l'l 'fl 'l ~ 1 LmtJULVl tJu nu

~1(;)Un15'Yl(;l'l'l'fl'l~ 2, ~1(;)Un15'Yl(;l'l'l 'fl'l~ 3 LmtJULVltJunU~1(;)Un15'Yl(;l'l'l~~~ 4 LLt1 ::;~ 1 (;)U n1 ),

Yl(;l'l'l'fl'l~ 5 LmtJULVltJunU~ 1(;)Un15'Yl(;l 'l'l'fl'l~ 6 ) LL'l'l::;'Ol 1 nc.J'l'lYl1'l~Ci~1'W[;l1n'l~ 25 n~1

P-value LVl1nU 0.000 LLt1::;r11 (;l 5'5'"IlnfPl'J1 ~ LL.:n'l LL5''1 [;]'flLLN~~n r11uilrnn cr'WnU),::;tJ::;L'Jt11~~ nL~~

~'l1.n,x L'fl'W'l"lljf't11U~mm n~ 1 'J ~'fl L~'fll-n)'::;tJ ::;L'J'l'l 1~~n L~'fl ~'l 'l.n,xL'fl'W1"lljf't11u~m-m'W1'W;l.l

'Ol ::;~'l c.J t11,xr11(;l5' )'"Il n~'J 1~ LL.:n ~ LL 5' '1 [;]'fl LL 5''1 ~'l t1 (;lt1'l n15'~ 5'::;tJ::; L'Jt11~~nL~'fl 'W1 'W;'Wi:J LL'W'J LU)..!

I I '" '"

~'l c.J'l'l1,xA'J1~ LL.:n'l LLN[;]'flLL5'~ ~'l"ll~'l L~'flVl1v\'i'l ri'fl'WLL'l'l ::;wct'l n15'~'l~ii n'fl~ nt1 (;l'l'l~t!'W ~1"'l L1Jl.l

LY/n ~~ 1 n1 )'~~1,xL'll t1 \1 Lt1 ~ 't111J~ nl'tJ 1 nu L~ulu l.l1'W Ln l.l'lU'fl 1'Ol ~'l c.J t11,x Ln c;) Cellulose

degradation 'lv\' r1 1 fPl 'J1)"! LL.:n~ LLN [;]~ LL5'~ ~ 'l "lJ 'fl 'l n5'~(;l1~'l nLL'W'JLU~t1(;lt1~
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lHl n~ 1 nl1~~LrhJ~ l.h~~ rn(1]~1 n1 S'~ ~\-lij n'el'el n~1 n m:::(1]11;'L(1]t1";jfi n1H'l'elti

yj 'el ~'el 1 m Pl vi'!1~m1~ LL~ ~ LL N"lJ'el~ L~'el~ 1~\-I ~~ n1S'~~ \-lij n 'el 'eln'~~~u ~~ L~u1~~1 n '"'1 (1] S' S'"lI U
'U

n1S'~~\-lijn'el'eln LL~(1]~1~L~'W~ 11'Wnnll~iJ n1 S'H CMC i')~nuL"Jl~~L~Mi~~~1~L~'Wlt1~iJ"lJU1(1]
'U

iUC1 n uun'el'el n1U nuyj'el ~'el 1 n1 Pl ~u'W~,)'W1 Vi rul 'W-TI''W(1]'el'Wn 1 S'~'el tl yj 1.l~1.l1 n1 Pl ~~ ~ ~1~L~ult1 ~
'U ~

LVi ~'ellu S':::UU iJ"lJ U1 (1] fOl,) 1~m') L(1]t1 L'U~t1 L~~~'W rh fOl')1~LL~~ LLS'~"lJ 1.l~ L~1.l~~iJ '"'1L~~~U

,
o ""

fOl1L'U~t1 ERIC
o

, ""
fOl1L'U~t1 ERIC

±S.D.

,",1 ERIC

2

3

4

5

6

7

8

o

o

o
o

0.2

0.2

0.2

0.2

0.1

0.1

0.3

0.3

0.1

0.1

0.3

0.3

10

40

10

40

10

40

10

40

260.77 ±2.54

226.97 ±0.62

240.03 ±0.26

210.42 ±0.76

190.27 ±0.60

174.41 ±0.39

178.18 ±0.55

162.11 ±0.29

221.78 ±2.18

185.52 ±0.63

210.36 ±0.66

178.22 ±0.59

156.43 ±0.33

143.29 ±0.1 6

142.09 ±0.56

144.53 ±0.22

38.99

41.45

29.67

32.20

33.84

31.12

36.09

17.58

L~ 'el ~ c.hUn1 S'~ ~ Vi ij n'el1.l n ~,)t1";jfin1S'~'eltlyj'el~m m PlfiJ :::oW1 ~1 ~1 n1 S'~~ Vi ij n 1.l 'el n

(;]'el ~,) t1";j fi n1 S'~1~ L(1]t1 [;]n ~1 L~ 'el ~ 191 'W,)'W 40 nf~ "lJ1.l ~~1Vi "rnL~ 1.lLL'!X~ 1~1'WC1~ ~1~ iJ S'LtI (1] LU'W
, 'U

-rl1.l~L~n 1 LL~,)~1n1S'~1~~')t1~1 20 ~ [;1S' "t1 ¥1.l~~~m'WL~'el1u~')t11'W"lJcu:::~1~ Ln1.l~1~H1Un1S'

~1~1\-I~ ~1'WS'LtI(1]fiJ'WVi~ (1] fiJ :::~1 n1 S'UU~1~ LVi~ 'el 1.l 1.l nfiJ1 n L~'ell'!XVi~ (1] fiJ1 mrUoW1 L~1.l~ L\-I~1.lfiJ1 n
'U

n1S'~1~Iil L~1.l~1~ ~,)t1~ 1 5 ~ (1]S' n')'Wl ~Lsih fl'W L L~ :::oW 1~1 L~1.l~1~U~1 LL ~ 'WYl (1]~1.lU91U,)U 5

LL~U L~1.lt)(1]ill~1 CU\-lij n~ L\-I~'el1.lrJ LL~ :::,",1 fOl,) 1~"lJ1 ,)~~1~ 'On n [;11S'1~~ 36 "t1U~1 n11~~Vinn1.l1.l n
'lJ

~,)t1";jfin11~1~"!U~1~11C1~11~"lJ9(1] 'el~Jl 1 fOl"lJ'el~\-lij nsan1~~1n~'WLL~:::,",1ill~1CUVin n~ L\-I~1.l'el~

1UL~'elJl1t1Vi~~~1 nn11~1~;:j ,",1~ (1]~~ LYitl ~ L~ nU1.ltILYi1,,!U 1.lrJ1~hri [;11~fiJ1 n I"h ERIC ~1~
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,
.... dod:"'..r:::lIoQ '" et Q I I I _ I I ""'Il r

"vI~~'"l1 n n1~(1l~m.J n'El'El n (1l'JtJ'Jfi n1~~ 1~"ll~J.J Fl lJ.Jl n n'Jl m ERIC "1I'El~ m~(1l1~[;l'J'EltJ1~ n'El'WYiJ.JYi

LL~ (1l~ 't"xL~'W~1 LL~ rri ~~l~'"l~LU'W';jfinl J'"1I9(1l"vlij nmh~ihh~~YlfiJllYiJ.Jl n~l"v1¥U"vIij n~J.Jvr

L~~ n L"ll nnYJfil'W~l LLl'iritJ~hJ~1J.J 1H1"119 (1l'El'WJll Fl"1J'El~"vIij n'El'Eln 1~"vIJ.J (1l'ElrJ~ 'Ell'"! Lu'Whn~~l.... . "

(;l1n~~ 37 ~1 Fl'J1J.J"1Jl'J~~1~ (Brightness) mr~ n1J'~~"vIij n'ElTln ~'JtJ';jfin1J'~TltJ~'eWel1nl ~

LmtJU LYltJU flUn1 J'~~ "vI ij nTlTl n~'J tJ';jfin1 J'~1~

, ....
Fll L'U~tJ Fl'J 1J.J

"1Jl'J~~ l~

mr~ n1J'~TltJ

~Tl~ Tl1 n1 ~

( ¥Tl tJ ~ ::: ) ±S.D.

o
o ....

FllL'U~tJFl'J1J.J

"1Jl'J~~l ~

2

3

4

5

6

7

8

o

o
o

o

0.2

0.2

0.2

0.2

0.1

0.1

0.3

0.3

0.1

0.1

0.3

0.3

10

40

10

40

10

40

10

40

75.98 ±0.75

78.07 ±0.32

78.18 ±0.47

79.13 ±0.36

80.51 ±0.61

82.02 ±0.13

81.11 ±0.24

81.33 ±0.24

77.06 ±0.26

79.06 ±0.62

79.08 ±0.44

80.43 ±0.48

81.45 ±0.23

82.97 ±0.10

82.02 ±0.24

82.27 ±0. 12

1.08

0.99

0.90

1.30

0.94

0.95

0.91

0.94

Lvh ,r'W Ln 'El LVltJU nu ~1 Fl'J 1J.J"1I l 'J ~~ 1 ~"vI~~ n1 J'~~ "vI ij n'ElTl n ~'J tJ ';j fi nlJ'~'EltJ~'El~'Ell m ~ i~~LU'W

LYin~~lmJ.Jl n.mij n~ L"vI~TlTlrJ"vI~~n1~~l~hi1~~ (1l~~J.Jlmrn ([;l1J'1~~ 36) [;l1J.J L"vI[;lCJ~~1~" .
ml1'JJ.Jl LL~'J ~'J'W"vI~~~LU'WL-rl'W~'Ell'"! LU'WhJ1~~ 1 n J'~(1l1M~'JTlrJl~~'t-nurnJ'Yl (;1~Tl~iJ Fl'J1J.J

L L~~ LLN J.J l n L~ Tl 't"xth~~YlfiJllYi't'Wn1J'~ nJ':::f6l1tJ~~'W ~~~1 LU'W~Tl~H 'L'J~ 1't'Wn1J'~ m~'"lltJ L~Tl

'Wl'W "'1 't"xmJ.Jl CW"vlij n~ L"vI~Tl'El~ riiJ ~l~~~'W~'JtJ J''JJ.Ji~''vIl niJ n1 J''t-n Fl'J1J.J L-nJ.J'if'W"1I'El~ L~'El~~
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r1')"UJ l~,)1'kin 1 ~~m~'"l 1tJ l~'e) ~'l '"l ~~ 'lvi1l,xilC\Jvn n1 ~{f!l'kln ~uhJ~ (;)~ L ~'kIltJ"lJ'e)'lVlij n In (;)"-J1 n

;'kI n~1,) foi'e) m ~~ L~ 'e) l(;)tJHL') ~ 1'k1 1'k1 r1,)1"-JL-n"-J-if'kl"lJ'e)'l L~'e)~'l ll~ ~r1,)1"-J l~,)1'kIn1~~ m~'"l1tJ~'l
" "

m'"l~'l ~~1,x"lJ'kI1 (;)'e)~Jl1 r1"lJ 'e) 'l Vlijn~'ll~ n~'l"-J 1 n '"l'klm~i'lm'e) n1~{f'e)'kIn~uhJ~ (;) ~ l~'kIl tJHl"-J1 n

'W'kI l'e) 'l



t-~m~~tf1.~1t-~IT.NJ~Ut-bWt-l,~t-~f!.mr.,"tnNw~tf1.~1~l4~f11U~k\l!ll,L1h~t-~IT.f1~Uf1.~!~Hl,U

l4~1;:t!Jt!J1,~nt-~!ell4I'tk\f1.t!JU~~l4~l,~U~ljbl,l'tl,~fil~U~k\t-~1T.l!l1,L1h~~111't1,W~l4~~Ml,L1&IA~;:bf1
"", .. ~~l,r-f1.l,!;~UUl/.1U~~1U~k\l4~l,~~~f1.r,p;:t!Jt-l,~bl,U~~~l41U~~U~k\t-~bl,U~11'S

,"

f1.11w~mf!.1t-~l4~~I'tJ:1r.,f1.11~~~1t-~IT.t-b11t-~11I'tl,r.,l!ll,~f1.~f1.1,f1.~~1f111l,~lliQf1
I'",

l,!:'stl/.1n~1»tt-~~~1~~f1.11nf!.1Rl,l4;:bUt-~IT.t-b11t-~11I'tl,r.,l!l~~~r':lt-~l,~llLQf1l,!:,stl/.1f1.~1»t~
",,

1,~r.,1;:~;:b~;:m1T.f1.tt-~l4~~I'tJ:1r.,m1~Rl,l4;:Wt-~IT.t-b11t-~1ml,r.,l!lt-»1m~1Ur-k\1,r-t-~1T.S'O;:~~~~
III'"

f1.~1U1,1't:::>V'J:::>H~~1~11f1.~I't~1t-b11t-~1ml,r.,l!l~Rl,l4;:bU»t1,!:,f1.~1't~1~m1,I'tlibf1.t.H~~1~~r.,l,~U
I"It1.III

Rl,l4;:bUt-~IT.t-b11t-~1ml,r.,l!l~~~r':l~JH~~~1~~l/.1ml,l'tlib;:~11H~:::>V'J:::>ml,l'tlib·v

!el~W~r':l~r':lm1,I'tlib~~~r':l~fill,~lliQf1l,!:,stlfs1f1.~1

»t~1,~r.,1;:~;:b;:~11H~~~1~~lfs1ml,l'tlibJH~:::>V'J:::>ml,l'tlib~~1't1,~t-~bf111r.,~'S
,II"

f1.~t-~!el~l,f1;:bMl,L1~l,~~!el~~~1»tl,!:'f1.~I't~1~~1~~Ifs1m1,1'tlib~t~t:S1
'"I'"II

~t~~~1~~lfs1m1,I'tlib~~l4~~U1,1't~~1t-~IT.!el~l,f1;:bMl,L1~l,~~~~r':lt-~~bf111r.,~'G
I,,"I

f1.~I't~1t-1,~~r.,1,1T.1't1,r.,l!l1,~~;:~11t-~l4~l,~~~~~~k\1~U~k\m1,I'tlibl,~»tl,!:'f1.~t-~
'"IIt1.

»tI't1,~t-~bf111r.,~l,~I't~1Ul,k\~~r.,l,~U!el~t-l,~~r.,1,1T.1't1,r.,l!l1,~;:~11~~~~k\1~u~k\m1,I'tlib~~~r':l~
"I'I

1,~lliQf11,!:'stlfslf1.~1»t~1,~r.,1;:~;:b;:~11H~~~1~~lfs1ml,l'tlibH~:::>V'J:::>ml,l'tlib'l

t-@,~~lA.t.LU~~[ll~

• ~n"@,n~,@,~~~"13~~~LU~~r-~~

SIA.IMl,
~
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1. fI'))'ij n1)'H'Cl15'Lflij~L~~'Cl~~A'J1~LL;n'lLL),'l"lJ'fl'lm:;1111'b"i'),..JllUn1)'H CMC

Lti'fl'l"'l1nn1)'H CMC LY;m'fl~.h'lL~hJ')m"'l"'l::;hIL~~1J),:;'~Uh.l),::;UU~ 1nLn'WhJ "'l'Wyi1L,xL~'WLtI

~ij1J)':;"'l~U L-ri'WL~m tl'W'Cl h'l~'Wfi :;[;]'fl tl'W1~il'fltl~ 'l ~'l C,J~L,xfI ,)1~ LL~'l LL),'l"lJ'fl'l m ::; 1111 'b"~ C,J~ 1111~ij.

2. fI,)),'YlI11~'fl'lH'Cl1),"llUI11~'W~1 LL'Yl'W CMC ~ij'Cl~u'1i fI~1t1 tl'W~1-'flL,x1J),::;~'YlfiJl1Yi

~~n~1 mviL-ri'W Sodium silicate (Na2Si0 3) L'Wm~1ru [;] 1'l 1 tl'W ),,)~~ 'l'Cl 1)',r'WfI,)),'Cl1~1H1Yi1

n 1 ),'Yl 111 ~ 'fl'lL 'W'Cl Jl 1 ') ::;~ dJ'Wn ~ 1 'l1~~ L~'fl ~ 111 n1 ), ~ n ~ ),'fl"lJ'fl 'l Lfl1'fl 'I 4'nsLun )':;u') t.lm)'C,J ~ j;]

n)':;1111'b" Lti'fl'l"'l1 nJl1')::;A1 fI,)1~LlJ'Wml11-LU'Cl ~ LlJ 'Wml11

3 . fI ,) ), ~ n'b"1~ 'ltl"'l 4'tI~ ~'l C,J~ [;]'fln1 )'Ln 111 m )'tJ'fl'Wn~U"JJ'fl 'l~n n11J ~ 111~ L~'WLtI ~'W

1~LLri fI ,)1~ L-if~ -if'W"JJ 'fl 'l L~'fl fI,)1~ L~ ,)L'W n1),~ n),::;"'l1m~ 'fl LL~:; L,)~ 1~H1.'Wn 1),~ n),:;"'l1m~'fl LlJ'W

"1'-' d
4 . fI,)),'YlI11 ~ 'fl'l b"ll LfI )''fl'l Scaning

-if'fl~~ n1)'tJ'fl'Wn~U"lJ 'fl'l~n n11J ~ 111~ L~'WLtl
'lJ

Electron Microscope (SEM) L'Wn1)'':jLfln::;\f
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1l1Flt:J'U'Jn n

tfhJ1 ru"1J 'f)'l"d:jnYhn{~ unA"l:lJ~')~ih"1J'f)'lm:;~11'I~ (Ink coverage) A~lLUiJ

~(;In ~,)iJ¥'f) tJ ~ :;"1J 'f)'l~1~1!n~~nuunsr ~1~l7i'f)~1~1!nn ~:;~1~LU 'Ci 1 ~tJ'llJJ 1~Yi:lJ vr t~tJ ~1~1!n
, ",

.d q«::::llo tr 0<::::11 I I IV 0 IV ..:::II I .0:::0. ~ l.I '"

"1J'f) 'l ~ :lJ nYl'Yi:lJ'YiU iJm:; ~ 1~:lJ m LYl1n UiJ 1~iJ n m:;~ 1~Yl t.J 1iJn1 n'1 :lJ'Yi:lJ 1 LL~ ,)~U ~,)tJ n~:;~1~

Lu'Ci1~tJ'llJJ1~Yi:lJ'YiliJm:lJ1ru~iJ~~LYl1niJ t~ tJ ~1 iJ') rul~91n .

Ink coverage (%) = Printed area - Non-p rinted area x 100

Non-Pr inted area

m:;~1~~')'f)tJ1'l~Hf1iJn1~Yl~~'f) 'liJ Ink cove rage LYl1nU ¥'f)tJ~:; 1.43 t~ tJ

~1iJ')ru91n~1~1!nm:;"'1~~tJ'llJJ1~Yi:lJyf 1 Ll~ iJ ~1!nvu~tJ 6 .20 32 nf:lJ LL~:;m:;~1~Yi ~1 iJ

'" I I " I '" '"

in~1!n L~'f) ri'f)iJ'f)U~'liJ rol1 Wl1nU'lJ1~1!n L~ 'f) LL'lX'lU,) nnU'lJ1~1!n'lJ1 t~ tJ ~ 1iJ,) rul~91 n

% Consistency =
" ,o tV d 11

iJ1~iJmtJ 'f)Ll~'l x 100

m:lJ1ruA,)1:lJ~iJ (Moisture content) liJll~iJm:;~1~A~LUiJ~(;ln~,)iJ¥'f)tJ~:;"Jl'f)'l

~1~1!n~1~1-'f) A,) 1:lJ~iJ~'f)tJliJLL~ iJm:;~1~ l7i 'f)~1~1!ni'l ~:lJ ~ "1J 'f)'l n~:;~1~ri'f)iJ'f)U t~tJ~1~1!n
"

"' '' '" I,;

"1J'f)'l'lJ1~1'f)fOl ,)1:lJ~iJ1iJLLcJiJn ~:;~ 1~ iJ rol1 LYl1 nU'lJ1~1!n n ~:;~1~ri 'f) iJ'f)U~U~') tJ 'lJ1 ~1!n n ~ :; ~n~

Vl~'l 'tl1J t"' tJ ~1 iJ') rul~"'l 1 n

" "
% Moisture co ntent = 'lJ"m1!n m:; "' 1~ri'f)iJ'f)U - 'lJ1~,rnm:;~1M~~'l'f) 1J x 100

"
'lJ1w.rnm:;~1~ri'f)iJ'f)U
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o Ii'........a '"n1"1Fl1'\J 'HU '\J1 'VI '\J nLtI 'fI LLWI

ti l n ~:; (;l 1'rt vl'J!ltJ 1 'l ~1-n'Wn1~Yl (;l~!l'l1U~ 11"l'J 1J-J ~'WLt'l tl1ifLl"li!l 'l~ 11"l 'J 1 J-J~ 'W"lI!l 'l

m ::t'l 1'rt ~~~1~i11!lm:; (;l 1'rtvl'J!l tJ l 'l~1-n'Wn1 ~Yl (;l~ !l'lii 1"l 'J1J-J~'WLVl1 nU~!ltl~ :; 10.4 LL~ :;~1 ~,rn

"lI!l 'lm:; (;l 1'rt~ tilJ-J11-n'W n1~Yl (;l ~!l 'l c;l !l 1 ~Jl1'J:; 91'W'J'W 45 LL~'W ii~l~,rn~iJ'lhn~,xn 1"l 'J 1J-J~'W

!l!l nLvl1 n u 283.05 n5J-J

(10.4 x 283.05) / 100 =29.44 n5J-J

" " ,
~~iJiJ,j1~Un L~ 'f)LL""~ ~'f) 283.05 - 29.44 = 253 .61 nf~

" , ,o _ <diI ,.... I IV _ i.J IV I _

'Wl~ 'W nLtI!lLm 'l LYl l nU 253.61 mJ-J '"l :; [1l !l 'l "]l 'l Surfactant rm nu

(253.6 1 x 0.5) / 100 = 1.27

", ,
~ J-J lt1A'J 1 J-J ~ 1 til~,rnL~!lLL,x'l 100 n 5J-J '"l:;~ !l'l i'l C MC LYl1nu 0.1 n 5J-J 0 1

(253.61 x 0.1) / 100 = 0.25



" ,
ViJJ 1tJf1'J 1JJ~1 U1~Un L£j1)LL~~ 100 nfJ.J fQ) ::: ~'El ~i'1 CMC Lvi 1 nu

" , ,
'th\.,nrnL~ 'El ll~'l lVh r'hJ 253.6 1 n 5"~ '"j :;rX'El'l i'l C MC lvh nu

(253.61 x 0.2) / 100 = 0.50

" ,
n1'<i~11J"HU CMC ~'el~~:; 0.3 "lI'el'':I'U1'V1irm~'elbb~,:j

84

~ "0.2 nnJ en

" ,
~~1t1 r1 ,)1 ~~1 v.l'\/1'trnL~ 'El ll~'l 100 nf~ '"j:;rX'El'li'l C MC whnu 0.3 nf~ cl1

" , ,
v.1mrnL~'Elll~'lLYhnu 253 .61 nf~ '"j :; rX'El'l i 'l C MC lvhnu .

(253 .61 x 0.3) / 100 = 0.76

", ,
~~1t1r1,) 1~~1 V.1~'t!nL~'El ll,x'l 100 nf~ "l:; rX'El'li'll6Jl~~l~~ whnu 0.1 n 5"~ cl1

'lJ

" , ,
O_4 1.1 1cv IV 11_ 1 _

l.I1WWnLtI'Ellm'llVl1nU 253 .61 m'~ "l:; [;l 'El'l "ll'll6Jl ~~l~~ rm nu
'lJ

(253.61 x 0.1) / 100 = 0.25

" , ,
~~ 1t1r1,) 1~~1 V.1~'t!nL~'Elll~'l 100 nf~ "l :; rX'El 'l i'l l6Jl ~m~~ whnu 0.3 nf~ cl1

'lJ

" , ,
o _d !.I .ev ..... !.Iev . _

t.nWWnLtI'Elll~ 'llVl1 nU 253.61 n 7'~ "l:;[;l 'El'l"ll'll6Jl~m~~ rm nu
'lJ

(253.61 x 0.3) / 100 = 0.76
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mn'l~ 38 1:-J~ n1),1LAn:;lfYl l'l~(i~ (ANOVA) '1J!l'lfOi ltJhJ1Cl<r'vlijn~m~!l!lci (ERIC) n 'fltJnl ),
"

~'l'j,1ij n !l !l nL~ !lH\JhJ1CUvl'JLL'l.hl'w)':; l'1U l'il'l 1 (n1),Yl C;) ~ !l 'l (;l !l 'W~ 2)

Estimated Effects and Coefficie nts for ERIC1

Term Effect Coef SE Coef T P

Constant 342.97 0.3990 859.51 0.000

CMC -62.23 -31.1 1 0.3990 -77.97 0.000

Enzyme -9.16 -4.58 0.3990 -11.48 0.000

Time -32.47 -16.23 0.3990 -40.68 0.000

CMC*Enzyme -0.63 -0.32 0.3990 -0.79 0.45 1

CMC*Time -4.93 -2.46 0.3990 -6.17 0.000

Enzyme*Time -1.70 -0.85 0.3990 -2.12 0.066

CMC*Enzyme*Time 1.12 0.56 0.3990 1.40 0.199

Analysis of Variance for ERIC1

Source OF Seq SS Adj SS Adj MS F P

Main Effects 3 20040.3 20040.3 6680 .10 2622 .07 0.000

2-Way Interactions 3 110.1 110.1 36.71 14.4 1 0.001

3-Way Interactions 5.0 5.0 4.99 1.96 0.199

Residual Error 8 20.4 20.4 2.55

Pure Error 8 20.4 20.4 2.55

Total 15 20175 .8
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(;l1n~~ 39 c.J'i'ln1:f';jL~n~~Yl1 ~ 'Cl Ci ~ (ANOVA) 'lI!l 'l ~1mJ..J1 ru"v1ijn~L"v1 ~ !l!lti (ERIC) "v1 ~~n1:f
\J

~~ "v1ij n !l!lnL~!l1-nmJ..J 1 ru r;i,) L LtJ :flw:f~ r;iu r;h~ 1 ( n1 :f 'Vl (1l 'i'l !l ~ [;l !l 'W~ 2)

Estimated Effects and Coeffic ients for ERIC2

Term Effect Coe f SE Coe f T P

Constant 205.40 0.3317 619.14 0.000

CMC -58.30 -29.15 0.3317 -87.87 0.000

Enzyme -15.42 -7.7 1 0.3317 -23.24 0.000

Time -23.83 -11.92 0.3317 -35.92 0.000

CMC*Enzyme 3.23 1.61 0.3317 4.86 0.001

CMC*Time 7.87 3.93 0.3317 11.86 0.000

Enzyme*Time 1.00 0.50 0.3317 1.50 0.172

CMC* Enzyme*Time -1.10 -0.55 0.3317 -1.66 0.136

Anal ysis of Variance for ERIC2

Source OF Seq SS Adj SS Adj MS F P

Main Effects 3 16818.4 16818 .4 5606.14 3183.67 0.000

2-Way Interactions 3 293.3 293.3 97.76 55.52 0.000

3-Way Interactions 4.9 4.9 4.85 2.75 0.136

Residual Error 8 14.1 14.1 1.76

Pure Error 8 14.1 14.1 1.76

Total 15 17130.6
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Q _ tr __ I , , '"

!W1n~Y1 40 ~~ n1 ~,)LfOln :::~Y1 1 ~ ~ (l (;] (ANOVA) "lJ!l 'l A1fOl 'J 1)J"lJ 1 'J ~ 'J 1 ~ (Brightness) n !l 'Wn1 ~~~

~n n !l !l nLn !lHm)J1 ru~,) L L1.h1'W~ ::: ~mh~ 1 ( n1 ~Y1 ~ ~ !l ~ (;] !l l.l~ 2)

Estimated Effects and Coefficients tor Brightness1

Term Effect Coef SE Coef T P

Constant 74.5306 0.1549 481.03 0.000

CMC 2.4538 1.2269 0.1549 7.92 0.000

Enzyme -0.4 113 -0.2056 0.1 549 -1.33 0.221

Time 1.0513 0.5256 0.1549 3.39 0.009

CMC*Enzyme 0.3812 0.1906 . 0.1549 1.23 0.254

CMC*Time -0.0913 -0.0456 0.1 549 -0.29 0.776

Enzyme*Time -0.0663 -0.0331 0.1549 -0.21 0.836

CMC*Enzyme*T ime -0.4287 -0.2144 0.1549 -1.38 0.204

Analysis of Variance for Brightness1

Source OF Seq SS Adj SS Adj MS F P

Main Effec ts 3 29.1806 29.1806 9.7269 25.32 0.000

2-Way Interactions 3 0.6362 0.6362 0.2108 0.55 0.663

3-Way Interactions 0.7353 0.7353 0.7353 1.91 0.204

Residual Error 8 3.0728 3.0728 0.3841

Pure Error 8 3.0728 3.0728 0.3841

Total 15 33.6209
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ClIII _ fT" __ • I _ d

mn'lYl 41 1:-J~n1~'JLAn::;~Yl 1'l'i'H1[;l (ANOVA) "ll~ 'lA1A'J 1WlJ 1'J'i'l'J 1'l (Brigh tness) ~~'ln1~(;)'l

~ij n'r.l 'r.lnL~'r.lHftIhJ1 ru~'J LL'Lhl'w~ ::; ~'lJ r;i 1 'l 1 ( n1 ~Yl (;) ~ 'i) 'l [;l 'i) 'W~ 2 )

Estimated Effects and Coeffi cients for Brightness2

Term Effect Coef SE Coef T P

Constant 79.5406 0.1328 598.93 0.000

CMC 3.4063 1.7031 0.1328 12.83 0.000

Enzyme 0.79 38 0.3969 0.1328 2.99 0.017

Time 1.1937 0.5969 0.1 328 4.49 0.002

CMC*E nzyme -0.8363 -0.4181 0.1328 -3.15 0.014

CMC*T ime -0.3262 -0.1 631 0.1328 -1.23 0.254

Enzyme*Time -0.6037 -0.3019 0.1 328 -2.27 0.053

CMC*Enzyme*Time -0.0387 -0.0194 0.1328 -0.15 0.888

Analysis of Variance for Brightness2

Source OF Seq SS AdjSS Adj MS F P

Main Effects 3 54.6305 54.6305 18.2102 63.54 0.000

2-Way Interactions 3 4.6811 4.6811 1.5604 5.53 0.024

3-Way Interactions 0.0060 0.0060 0.0060 0.02 0.888

Residual Error 8 2.2575 2.2575 0.2822

Pure Error 8 2.2575 2.2575 0.2822

Total 15
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(;l15'1'lY142 c.J'C1 n15'";JL~5'1~-XY1 1'l~(i~ (ANOVA) '1J'fl'lri1~J11Yi5'~U 1t11Jl (Freeness) ri 'fl'Wn15'~'l

~ijn'fl'flnLn'flHtfh..nru~'JLL'l.hl'W5'~ ~u l1i 1 'l 1 ( n1 5'Y1 ~ 'C1 'fl 'l (;l 'fl 'W~ 2)

Estim ated Effects and Coe fficients for Freeness1

Term Effect Coef SE Coef T P

Constant 480 .94 1.847 260.44 0.000

CMC -6.38 -3.19 1.847 -1.73 0.123

Enzym e 42.88 21.44 1.847 11.61 0.000

Time 3.38 1.69 1.847 0.91 0.388

CMC *Enzym e -23.38 -11.69 1.847 -6.33 0.000

CMC *Time -17.87 -8.94 1.847 -4.84 0.001

Enzym e*Time -0.62 -0.31 1.847 -0.17 0.870

CMC* Enzyme*Time 0.13 0.06 1.847 0.03 0.974

Analysis of Variance for Freeness1

Source OF Seq SS AdjSS Ad j MS F P

Main Effects 3 7561 .2 7561 .19 2520.40 46.19 0.000

2-Way Intera ct ions 3 3465.2 3465.19 1155.06 21.17 0.000

3-Way Interactions 0.1 0.06 0.06 0.00 0.974

Resid ual Error 8 436 .5 436.50 54.56

Pure Error 8 436.5 436.50 54.56

Total 15 11462 .9
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,
(;nn~Yl 4 3 ~'i'1n1:i'1Lrln:;~Yn~~ti~ (ANOVA) "lJ!l~rh~Jl 'lY1:i':;U'l tl l~ (Freeness) l-1~~ n1:i'~~

l-1~ n !l !l nL~ !lHtfhn ru~(JLLtJ :i'1t! :i' :; ~u ~h~ 1 ( n1 :i' Y1 ~ 'i'1 !l 'l l'l !l t!~ 2)

Estimated Effects and Coeff icients for Freeness2

Term Effect Coef SE Coef T P

Constant 500.25 1.225 408.45 0.000

CMC -15.50 -7.75 1.225 -6.33 0.000

Enzyme 45.00 22.50 1.225 18.37 0.000

Time -1.00 -0.50 1.225 0.41 0.694

CMC*E nzyme -26.00 -13.00 1.225 10.61 0.000

CMC*Time -5.00 -2.50 1.225 -2.04 0.076

Enzyme*Time -1.50 -0.75 1.225 -0.61 0.557

CMC* Enzyme *Time -2.50 -1.25 1.225 -1.02 0.337

Analysis of Variance for Freeness2

Source OF Seq SS AdjSS Adj MS F P

Main Effects 3 9065.0 9065.0 3021.67 125.90 0.000

2-Way Interacti ons 3 2813.0 2813.0 937.67 39.07 0.000

3-Way Interactions 25.0 25.0 25.00 1.04 0.337

Residual Error 8 192.0 192.0 24.00

Pure Error 8 192.0 192.0 24.00

Total 15 12095.0
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[;l1n'l~ 44 ~'C'lm5'1Lf01n:-;tf'Vl1'l~Ci~ (ANOVA) ~ 1m)J 1ru~'C'l~~l?1~1~ (Yield) L~ !lHfm)J 1rur;1,)

LL1.hl'w5':-;~u 1?11'l 1 (m5''Vl (1I'C'l!l'll?1!l'W~ 2)

Estimated Effects and Coe ffic ients for Yield

Term Effect Coef SE Coef T P

Constant 90.3925 0.09780 924 .30 0.000

CMC 0.1075 0.0537 0.09780 0.55 0.598

Enzyme 0.2925 0.1462 0.09780 1.50 0.173

Time 0.0975 0.0487 0.0978 0 0.50 0.632

CMC*Enzym e 0.0400 0.0200 0.097 80 0.20 0.843

CMC *Time -0.0450 -0.0225 0.09780 -0.23 0.824

Enzyme*Time -0.1850 -0.0925 0.09780 -0.95 0.372

CMC *Enzym e*Time 0.1975 0.0987 0.09 780 1.01 0.342

Analysis of Variance for Yield

Source OF Seq SS Adj SS Adj MS F P

Main Effects 3 0.4265 0.4265 0.14216 0.93 0.470

2-Way Interactions 3 0.1514 0.1514 0.05047 0.33 0.804

3-Way Interact ions 0.1560 0.1 560 0.15602 1.02 0.342

Residual Error 8 1.2242 1.2242 0.15303

Pure Error 8 1.2242 1.2242 0.15303

Total 15 1.9581



92

(;l l5" N~ 45 t:.J'i'1 n15'1 l r1n :-;';'Vn.:J~n~ (ANOVA) 1"11!115' 5' 'D ilr1'n J.J l l~ 'l l l 5' 'l l'i ll l l5''l ~ n (Tear index)

rimJn15'~ 'l Vl ij n ll ll mnll H'mJ.J l ru~') lL1.hl'w5' ::; ~\Jl'i l 'l 1 (n15' 'VI !11'i'1 1l'l (;l1l 'k\~ 2)

Estimated Effects and Coe ffic ients for Tear index1

Term Effect Coef SE Coef T P

Constant 3.79625 0.008615 440.65 0.000

CMC 0.33250 0.16625 0.008615 19.30 0.000

Enzyme 0.07750 0.03875 0.008615 4.50 0.002

Time -0.03000 -0.01500 0.008615 -1.74 0.1 20

CMC* Enzyme 0.03750 0.01875 0.008615 2.18 0.061

CMC*Time 0.05000 0.02500 0.008615 2.90 0.020

Enzyme*Time 0.00500 0.00250 0.008615 0.29 0.779

CMC*Enzyme*Time 0.02500 0.01250 0.008615 1.45 0.185

Analysis of Variance for Tear indexl

Source DF Seq SS AdjSS Adj MS F P

Main Effects 3 0.469850 0.469850 0.156617 131.89 0.000

2-Way Interactions 3 0.015725 0.015725 0.005242 4.41 0.041

3-Way Interactions 0.002500 0.002500 0.002500 2.11 0.185

Residual Error 8 0.009500 0.009500 0.001187

Pure Error 8 0.009500 0.009500 0.001188

Total 15 0.497575
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11I1n"l~ 46 t:.J 'Cl n1 ~1 L rtn :;,xY1 1 "l 'i'l ii ~ (ANOVA) ri1(;j5'5'"lltirt'"J1J.JLL~ "l LL~"lj;j !)LL5'''l;;in (Tear index)

~~"l n1~~h\.~~ n!)!)nLri!)H'mJ.J 1ru(;]'"JLLu5'lw5':;~'U j;j 1"l 1 ( n1~Y1 ~'Cl !) "l 11l !) t..l~ 2 )

Estimated Effects and Coeffic ients for Tear index2

Term Effect Coef SE Coef T P

Constant 3.95125 0.007756 509.44 0.000

CMC 0.48250 0.24125 0.007756 31.10 0.000

Enzyme 0.11000 0.05500 0.007756 7.09 0.000

Time -0.05250 0.02625 0.007756 -3.38 0.010

CMC*E nzym e 0:07500 0.03750 0.007756 4.38 0.001

CMC* Time 0.08750 0.04375 0.007756 5.64 0.000

Enzyme*Time 0.01500 0.00750 0.007756 0.97 0.362

CMC*Enzyme*Time 0.02000 0.01000 0.007756 1.29 0.233

Analysis of Variance for Tear inde x2

Source DF Seq SS Adj SS Adj MS F P

Main Effect s 3 0.99065 0.990650 0.330217 343.08 0.000

2-Way Interact ions 3 0.05402 0.054025 0.018008 18.71 0.001

3-Way Interactions 0.00160 0.00160 0.001600 1.66 0.233

Residual Error 8 0.00770 0.00770 0.000963

Pure Error 8 0.00770 0.00770 0.000962

Total 15 1.05398
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Estimated Effects and Coeffi cients for Tensile index1

Term Effec t Coef SE Coef T P

Constan t 19.7063 0.01139 1730.43 0.000

CMC 1.9300 0.9650 0.01 139 84.74 0.000

Enzyme 1.0800 0.5400 0.01139 47.42 0.000

Time -0.1675 -0.083 8 0.011 39 -7.35 0.000

CMC*Enzyme -0.1475 -0.0737 0.01139 -6.48 0.000

CMC*Time 0.0950 0.0475 0.01139 4.17 0.003

Enzyme*Time 0.1000 0.0500 0.01139 4.39 0.002

CMC*Enzyme*Time 0.1475 0.0738 0.01139 6.48 0.000

Analysis of Variance for Tensile index1

Source DF Seq SS Adj SS Adj MS F P

Main Effects 3 19.6774 19.677 4 6.55914 3161 .03 0.000

2-Way Interact ions 3 0.1631 0.1631 0.05438 26.20 0.000

3-Way Interactions 0.0870 0.0870 0.08703 41.94 0.000

Residual Error 8 0.0166 0.0166 0.00208

Pure Error 8 0.0166 0.0166 0.00208

Total 15 19.9442
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m 'n -:JYi 48 1:.J'i'1 n1~1~A 'n::;,fYl l -:J 'Z'i 'ii~ (ANOVA) r1 1~~~'ll\1A ,) 1:lJ ~~~-:J ~~ ~ -:J c;i!l~ ~~ -:J~-:J (Tensile

index) ~~-:Jn1 ~ ~-:J ~nn!l !l mn!ll'ihfl :lJ l ru~') uilrl 'W~::;~1Jc;il-:J 1 ( n1 ~Yl ~ 'i'1 !l -:J [;l!lU~ 2)

Estimated Effects and Coe fficien ts for Tensile index2

Term Effect Coef SE Coef T P

Constant 21.3825 0.005078 4211 .21 0.000

CMC 1.6575 0.8288 0.005078 163.22 0.000

Enzyme 0.4850 0.2425 0.005078 47.76 0.000

Time -0.1975 -0.0987 0.005078 -19.45 0.000

CMC*Enzyme -0.2675 -0.1337 0.005078 -26.34 0.000

CMC*Time 0.2550 0.1275 0.005078 25.11 0.000

Enzyme*Time -0.0025 -0.0012 0.005078 -0.25 0.812

CMC*Enzyme*T ime 0.1550 0.0775 0.005078 15.26 0.000

Analysis of Variance for Tensile index2

Source OF Seq SS Adj SS Adj MS F P

Main Effects 3 12.0862 12.0862 4.02872 9766.59 0.000

2-Way Interactions 3 0.5463 0.5463 0.18212 441.49 0.000

3-Way Interactions 0.0961 0.0961 0.09610 232.97 0.000

Residual Error 8 0.0033 0.0033 0.0004 1

Pure Error 8 0.0033 0.0033 0.00041

Total 15 12.7319
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1l1'YfYi 37 l fl1-'el 'l~l1lfl,)l~ ll~'lllNr;l'elllN~n (Tear tester)

o 0

1l1'ViY1 38 lfl1-'el'lt)l1lfl,)l~ll~'lllNr;l'elllN~'l (Tensile tester)



(ERIC and brightness tester)
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