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Abstract 

The research project "Paper Packaging from Oil Palm" report for the budget year 2009 

mainly consists of 5 parts. The first part is the comparison of the commercial flexographic water­

based ink with the in-house flexographic water-based ink prepared from polylactide . The 

second part is the degradability test of the in-house ink printed on palm paper which has been 

! 	 continued since the budget year 2008. The third part involves the preparation of linerboards 

from palm pulp mixed with commercial pulps with various ratios . The fourth part is about 

packaging property evaluation of these linerboards while the last part involves print quality 

analysis when these linerboards were printed with the commercial flexographic water-based ink. 

For the comparison of the commercial ink and the in-house ink, it was found that the in-house 

ink had higher viscosity but lower surface tension than the commercial ink. When these two inks 

were printed on the commercial linerboard, print density and gloss obtained from the in-house 

ink were lower than the commercial ink. However, the in-house ink provided better print 

evenness and higher picking resistance than the commercial ink. About the degradability test of 

the in-house ink, it was found that the printing ink on sheets with 0.1 % alkyl ketene dimer (AKD) 

degraded faster than on sheets with 0.3% AKD. Increasing the burial time resulted in higher 

degree of degradation. It was also obseNed that the printing ink on sheets with 0.1 % AKD had 

all degraded within 6 months. For linerboard production, palm pulp was used to substitute the 

commercial hardwood pulp, the commercial softwood pulp and pulp from old corrugated 

container (OCC) with different formula . It was noticed that palm pulp could be used to substitute 

hardwood pulp and pulp from OCC in making the linerboards; however, strength properties of 

the linerboards decreased with the substitution of softwood pulp with palm pulp. Palm pulp also 

made the linerboards become more absorbent. Consequently, the higher amount of sizing 

agent added to the pulp stock was required when the linerboard was made since the water 

absorbency of the linerboards needed to reach the industrial standard . For the packaging 

property evaluation of these linerboards, the linerboards were first adhered to the single-faced 

corrugated boards to make the single-walled corrugated boards. Then, these single-walled 

corrugated boards were tested for packaging properties. It was discovered that the linerboards 

made from substituting OCC pulp with palm pulp offered higher bursting strength of the single­

walled corrugated boards. Conversely, substitution of hardwood pulp with palm pulp in 



linerboard production resulted in lower bursting strength of the single-walled corrugated 

boards. The substitution of hardwood pulp and OCC pulp with palm pulp in linerboard 

production had no impact on flat crush test (FCT) but led to lower edgewise compressive 

strength (ECT) of the single-walled corrugated boards. The print quality of these linerboards 

was analyzed after these linerboards were printed with the commercial flexographic water-

based ink. The results showed that linerboards which had more content of palm pulp provided 

highest print density and better print evenness of solid tone. The linerboards containing more 

palm pulp also had lower dot gain in the halftone area than those made from commercial pulps 

or containing less palm pulp. Nevertheless, the linerboards containing more palm pulp provided 

lower halftone print density and print contrast than those made from commercial pulps or 

containing less palm pulp due to lower brightness of palm pulp. These print qualities could be 

improved if brightness of the palm pulp could be enhanced. 

('/.. 

Keywords: Oil palm, Soda pulping, Palm pulp, Linerboard, Corrugated board, Flexographic 

water-based ink, Polylactide, Polyethylene glycol (PEG), Print quality 
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3 . L~'tl'VlIn~'tl1J~l..J1J(;]"lI'El'lVll..Jn~l..J~LYl~ n b"ll nnYi'Vl tJ~(;] bin ~'ll..Jt;l'l'VlIn~'El1JrJruJlI~'11'W~l..J~• 

"lI'tl'lVlij nVil..Jvr'!'W1J'Wn~::: 1n1'jj'~ tJ~ (;] L~~1nUl ~l..J~I~'W (~n'jj'l ~l..J\I~ru1'WU'I1JU ~:::l..J1 ru 

~.PI. 2551) 

.,j , cI ... ~ ••1" 'i' ~ .J ... ~... .J ... ~ ... 
4. 	 LWa'VlIn~'tl1J n1~tJ'tltJ~~ltJ"lI'tl'lVll..Jn~l..J~LYl~n b'llmIYi'VltJ~ (;] bln1J'Wm:::lnl'jj''Vl tJ~(;] bln~1 n 

... 
UI~l..JUI,r'W (~n'jj'I~l..J1J~ru1'WtI'I1J,J~:::l..Jlru ~.PI . 2552)

" 

http:n1~14'tJ1J~~~.ri
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. 	 >­

~ 1 ru"1l6 ~')~~'H·HUJl1~~ 1t.!'Yh.Jvr"1l~~ ~ij nvh.Jvrv1~~~~"1lij~ (~n'I~1~~lJ ~ru1 t.l 
~ 

U~lJlh:;~1ru ~.~. 2552) 

J , ... .,. tr ••10:1 ~ ~ d .,. ~" d .,. ~" 
2. 	 L~~'Y1~~~lJn1~tI~tI~~1t1"1l~~~~n~~.mL-n'tm ~'1lm1-nYltH'l1n ~~lJt.ln~:;~1~'Y1tJ'Cl(;) ~i?'I"'l1n 

0­

U1~~U1~t.l (~n~1~~\l~ru1t.ltl~lJU~::~1ru ~ . ~. 2552) 

J 	 "'5'" .1'l ~. I~ "'I 0 J . I tr 1;' <V "'."'1 .,.,
3. 	 L~ ~ 14 n~1 ~~ '"' ')1 ~ Lut.l ~ u ~i?'I ~t.l n1 ~t.l1 LtI~ u 1'Cl~t.l1 ~t.l~1 tJ 'Cl (;) L u t.l n~:: i?'I1~tJ ') n ~~~ .. 

~1~flJ m::i?'I1~n~~~~n~m~~n1~lJ~~'1Jiru-n (~n~1~~\l~ru1t.ltl~lJU~:;~1ru ~. ~ . 
2552) 

4. 	 L~~'Y1 i?'I~~lJ,",•ruJl1~~1t.lYi~vrLri~U1~1~ij nYi~vrLw ~nL'1l n~1~L~~~1 ru-n6 ~1Yi~vr~~lJt.l 

2552) 

>­

"1l~lJL"1l(;)"1l~~L,",~~n1~~{tI~1~flJU~lJU~:;~1ru ~.~. 2551 iJ~~iI~~ 

1. 	 U1~')t.l(;\1~1 "1l~~ i1ft.lU1~~~1~t.l~1 tJ~ (;)Ltlt.lL~~LL'Cl:;n~::i?'I1~ Li?'ItlHfm::lJ')t.lm ~tJ~ (;) 

b~~L'1l~1 (Soda pulping) bb'Cl:;n1~W~m~~Li?'Itl1-iii.rlLi?'I~b"'lt.lLu~f~~n1"ll~ (Hydrogen 

peroxide, H20 2) 

2. 	 ~ n~1~~lJ"i~t.l~1t.l"1l~~ b~t.l1t1 L~~ LL~:;LL~t.l'Y1i?'1~~lJ (LL~t.lm::~1~) ~ tJ~(;)1~"'l1 n~')t.l 
(;\1~1 "1l~~ i1ft.lU1~~~1~t.l L~~c:l~1~')t.l1i?'1"1l~~ i1ft.lU1~~~"'l:;1~~~lJ"i~J~~ n ~::i?'I1~~ ~ bb~:: 

6.'.J 0 ~ <i' I ~ J G'"0 	 Q,.I 

b~~1:;nlJ'Y1"'l:;t.l1~1'Y11 Lut.ln~:;~l1~ ~i?'Im'il~1:;~tI1~tI~ n~::i?'I1~L~~ mm~~"'lJl• ru"Yl 

, 	 " 
YimflJt.ln ~:;i?'I1~~ tJ~(;)1~"'l1 nU1~~U1~t.l 

4. 	 U1~ij nYi~vrLw ~ n L"ll m1~~1Yi~vr'Cl~lJt.ln~:;~1~~tJ~ (;)1~"'l1 nU1~~~1~t.l 'Y1 i?'I~~lJ 
,",ruJl1~"1l~~~1t.lYi~vr~1~ ~,)~~~'Y1~~~lJn1~tJ~tI~~1t1"1l~~~ijnYi~vr• 

• 	 >­

"1l~lJL"1l(;)"1l~~L,",Nn1~~{tI~1~flJU'llJU~::~1ru ~A 2552 iJ~~iI~~ 
__ ....,. tr ••1 0:1 ~ ~ d .,. ~"J _F.! q <V d.,. tr ••1 0:1 ~ 

1. 	 'Y1i?'1~~lJ~~lJ(;)"1l~~~~n~~~ L-n~n ~"llnn-n'Y1tJ~(;) ~i?'IL~~Lu~tllJL'Y1t1lJnlJ~~n~~~L-n~n~"ll 

" >­
m1~ L~~~1 ru"1l6 "'l1 mrt.lU1~ij nYi~vrv1~ ~~~"l!iji?'l~1Yi~vr~~lJt.lm::i?'I1~L~iltI,)b~~ 

http:YimflJt.ln
http:m::lJ')t.lm
http:1'Cl~t.l1
http:L~~'Y1~~~lJn1~tI~tI~~1t1"1l~~~~n~~.mL
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2. 	 'VlrMHmmJ'tJ'eltJMl1tJ"1I'el~~5jnVi~lfLvl~nL'llm'1~~e.J~(;j1~ ~i~"'l1n~tl1~1Vi~lf~HU'W 
J ... ~" .1'" 1: '" ."1 ~ ,..; ?I.I

m':::(;j1'I~'Vl e.J~ (;j ~(;j"'l1 nu1~~'W1~'W (Lu'Wm J'1"1 m~1 (;j'el L'W'el~~1"'l1 nu~'UuJ':::~1 rw V'u'\. 

2551) 

3. 	 tl1~'J'WL~'Wm'U1'U"1I'el~ "''Wil1i~~1~'W~1 e.J~ (;jLU'Wb~'el nJ':::(;j1~ L(;jtJ1-ifm:::'U'J'Wn1J'e.J~ I?l 

b~'elL'll(;j1 (Soda pulping) 

• ..; • I ... 	 1: '" J .,. ~" '" ..;.,. .,.... <ii"; ""'~ .... 1
4. 	 'W1 btJ'el u 1 ~ ~'W1 ~ 'W'Yl e.J ~ 1"1 ~(;j ~1 'Vl (;j ~'el~ e.J 'Zl ~ n 'UbtJ'el b'jj~~ 1 rw"ll tJJ''J ~ Cl~ btJ 'el J' ~ 'l! b~ ~ 'W 

r$(;j~'J'W~1~1b~'el'Vl(;j~'el~e.J~l?ln~:::(;j1~~'Jn~'el~~n~n 
• "'" "" J "" ~" ""'" , ..; %..1 ' 5. 	 'W1nJ':::(;j1~e.J'J n~'el~ ~ n '.1 n'Yl e.J~ (;j ~(;j~1'Yl(;j'Zl'el'U'Zl~'U I?l (;l1~1 b~'el"nCi (;j 'Ci'J'We.J'Zl~~:::~'J1~ 

..; • I ... 1: ... ..; "" .,.... ..; ""'~ "" J 
btJ'elu1~~'W1~'W btJ'elb"ll~~1rw"lltJ bb~:::btJ'el~ ~'llb~~'Ylb~~1:::'Zl~ 

· ... , ""J .... ~,,~ ""'..;.I ... 1: ... .?l..l .1'"
6. 	 'W1 nJ':::(;j1~e.J 'J n ~'el~ ~ n '.1 n'Yl e.J ~ I?l ~(;j ~(;jtJ~ btJ'elu1~~'W1~'Wbu'W~'J'We.J 'Zl~ ~1 u~:::n'U n'U 

•.1" ""'..; ....,. ~ ...... "" 
n~:::(;j1~~n".'1n(;j1'Wb(;jm b~'el'Vl(;j'Zl'el'U'Zl~'U(;jL·II~'UJ'~"Flrw"Yl"1l'el·m~:::(;j1~~n '.In 

7. 	 tl1m:::(;j1~~'Jn~'el~\in~n~e.J~(;j1~(;jtJi:h~'elil1i~~1~'WbU'W~'J'We.J'Zl~ ~1'Vl~lf~'JtJ~5jn 
" ,

Vi~lfbvl~nL'llnn~ b:n~~1 rihu "'l1 m!'W'Yl(;j'Zl'el'U ~ •nJJ11~~1'WVi~lfVi1~ 

" ~fi~1bU'Wn1~~{tJL(;jtJMil~1~f'Un~'Jil~:::~1nJ ~ . M. 2551 iJ~\lil~'el• 

" 
tl1~'J'W~1~1 "1I'el\lrlf'Wil1i~tl1~'W mviL"ll'W L~'Wm'U1'U Lbn'W1'U bb~:::1'U bU'WrIf'W ~1~'Wbfl'W

, 

d:.. , 	 J • ~.I " 
"ll'WL~n1 n'el'W'Vl"'l:::'W1 ~uI?l1mb~~ 

~"J ... .J ,.!,~ 
'11U'VI 	 2: CJfI{j}Wflnr::WJ1:f"'llmhflJ.JU1J.JU 

~... 	 ..;"../ .. " . ..;. .,
~'l!(;j 	 (Sodium hydroxide, NaOH) b~'elI?l~LtJ'elL'Zl~"'lLb~'J'W1LtJ'el~1'Yl1~'J1~'Zl:::m(;j ~1'W'JnJ~1~1 

• r;: 	 ... J~" ~ " ..; . r;: .,.... J
u~~1rwe.J~e.J~I?l'Vl ~(;j (Yield) 'Vl(;j'Zl'el'U'ZlJ11'Yl~:::'U1tJ ~(;j"1l'el\lLtJ'el (Freeness) bL~:::u~~1nJ~n'W'W'Yl 

<01 '1../ ."1" !:.,..; ~"..I .01../. ,
m~'el'el¥J 'WbtJ'el (Kappa number) bu'WI?l'W "'l1n'W'WbL'U\lbtJ'el ~'J'Ci'J'W~'W~L'Yl'el'Yl1bbe.J'W'Yl(;j'Zl'el'U 

(LL~'Wm:::(;j1~) 

• 

~ ... ../ •• 1 ../ .. " ...;. ....... 
'el'eln ~'ll(;j (Hydrogen peroxide, H20 2) L~'elY'i'elmtJ'elLM"'lLL~'J 'W1LtJ'el~1'Vl1n1~'Yl(;j'Zl'el'U'Zl~'U(;j 

~1\11 b"ll'W 'ZlJ11'Yl~:::'U1tJ1~bL~:::m~1nJ~ nU'W~L~~'el'el~1'Wb~'el LU'WrIf'W 

http:CJfI{j}Wflnr::WJ1:f"'llmhflJ.JU1J.JU
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• 

: 

• 

o J ~ I ...1 II 0 I I 	 !', ~ 
U1W~~~1Un17n~n"~~~1~1"~U~~~~U("~Un7:~1~)'1nUU~~~~U~~U~~1~ 

n1tJI11'Vm~:L:n~LL~~ (Physical and optical properties) "lJ~~LL~U~~~~u~~~~l~ ~Tvib-rlu 
c::r I d. 	 1.1 q 

r1~1~LL"lJ~LL7~~~LLN~~ (Tensile strength) r1~1~~1U'Vl1ULL7~'tln (Tear resistance) r1~1~"lJ1~ 

~~1~ (Brightness) LL~:r1~1~~ULL~~ (Opacity) LijU~U L~~~~1~~u1~"lJ~~~U,j1;~~1~l.!':1~ 
J J ~ J. ~.I .. .!"I J 
LtJ~n7:~1~'VlLVI~1:~~ ~Un17'Vl':U1 ~u~~l?ILul.!m:~TI~~1n'Vl~~• 

" L~~tJ~Vln n~~vrL~~ n L"llm1~~1Uil1 L~tJ1l.!~~l.!"lJ~~~17m ~'W~~ LL~nl'Vl~~~~iul~ 

,jfuL,j~tJl.!m~1ru"lJ~~~17'W~~L~~~uln~r1~~ (Polyethylene glycol, PEG) ~1-if~1~1 til.! 

~ ~ c:S~ .. .J dl-'=llr.J 
'1nl.!U~~~~U~~U~"lJ~~VI~n'W~'WL'W~Vl1~~7V1~n'W~'W~LVI~1:~~ 

" 
::. ~ <Q" ~ tr q cr".J1f J.I 

'11UVlfJUYI 6: m ~'W:J'WLLf/::nl ~'J LI"I ~1::Ul"lrufll'W'11fJ'N1U'W:J'WYI ,(11• 

'111V1nn~~vrL~~nL"llnn~~~~~1~~1'Vl~~~u~~vr~~uuLL~un7:~1~'Vl~~~U~~~~1~ 

L~tJ1-ifLrl1~~'Vl~~~u~~'W1U7:~U~~~,j~D~ n17 l~LLri Lrli~~LrI~~U~'J'el~LU~~ LL~:Lrli~~ 
" ,

~~~~Un17~~'W1~ '1mru'll1m:~TMYl~1Un17~~vrLL~'J~1~Lrl71:i~~u'1i~1~1 'Vl1~n17~~vr 

m~L-rlu r1'J1~~U'J1'J m1~~1U'Vl1UmHl~u~'J m~L~tJU"lJ~~~~~~vr r1'J1~~1~umtJ r1~1~ 
L~tJU~~1L~~~"lJ~~~U~1tJ r1~1~~1e11;~L~U rl1Lii~~n~uu~~ LL~:r1'J1~LmtJU~1~ Lth..!~u 
" , 

-DUVlfJun 7: YI(11f1fJlJm~~fJtJflf/l~'11fJ'JUnnW:Jrr 
o J .Q" J ~ Q I Q r!: J' ..I 	 Go' I Q 

U1 n7:m~~~1um7'W~'W ~'JUVlU~ ~,j ~~ ~U LL~:"lJ ~ ~'J~tJ1'l~'l'W~'WUU"lJU3-J1~ Lrln:VI• 
~m~~u ,um:vY'lrl7U 9 L~~ULijU~th~u~tJ Vl1~,un~1V1nn~~vr,:tl~tJ~~1tJVI~~1,j (L~tJhJ

q 

", " 
i1n171.jfr;l~~tl1'l~1) LYi~~~1V1nn~~vr'll'ui1n17tl~tJ~~1tJl,j~1nu~mVim1~

" 

.ffuVlfJud 1: Lm~lJ'n~lJfI:JlJVi'11fJ'lUnnW:Jrrd&J~V11I(nlJUnnW:Jm:n\l'Wlru'l1tf 
'111V1n n~~vrL~~nL"ll m1~~~~ ~l~LL~:Vln n~ ~'W1"ll n71~ L:n'l'W1 ru"ll6~1 ~ 7~'~~U ~ 3-Jilli 

" " ~1'l1 m~L-rlu r1'J1~VI~~"lJ~'lVlnn~~vr LLN~'l~~"lJ~'lVlnn~~vr '1n'll'u'll1V1nnvl'l~~'l"lltl~~1~1 

n17~~ vr~'lUun7:~1~Lwwm L:n'l 'W1 ru"ll6 '111 m:~1~~~1Un17~~vrLL~'J ~1~ Lri n :i~~llii ~1'l1 

'Vl1~n17Vi~vr m~L-rlu r1'J1~~U'J1'J r1'J1~~1U~1Um7rI~U~'J LijU~U L~~LmtJuLV1tJ'lJ'"lNI11'W 

"lJ~~~1u~~vr~1r1l'1nVlnnVi~vrvr'l~~~"lltl~ 
::'.J , .cf oIQ .. 

'11UVlfJUYI 2: YI(11f1fJlJm~~fJ~gtJf/'W'11fJ\lu:Jn'W:J'W 

"lJ	• ~ r;l~~tl1'l ~'l~ ~vr~lr1l~1'1 n n17'll1V1n n~ ~vrL~ ~nL"ll n n~~ ~ ~ ~ lr1l~1~ 3-J~~~'lJ U 

J .. ~" .1"'~<V'i' .J' ..... '" .;" "'.!"I
n7:~1~'Vl~~~ ~~'1nu1~~U1~U ~~tJ"lJ~U1"lJU~1'JLrl71:VI'Vlm~~U ,um:'Vl'lrl7'lJ 9 L~~ULuU 



~ . t-@IT.[1Ml.tt-~W~t';l~ L Ul'1.t.n.:::W U Lle.]ot @~k1,' ~ ~~.j;{,\el' I1LW ~~~t-L,~@ Jl.!!.~1:::~ [1]ot LI1U @@l'1.l'LtlLtl~,Y ~ 
~ ~ 

LI1I1J L[1~t';l t-@r~~~11' Ltl~LU t-~t-Lfl@::: LM,t;, ~~1 ULI1t-Lfl@.!l.!!.~l:::~f1~~!!.~l'1.I:P~~l'1.l'LrI1JL[1 

Ii~-~!.CUt'!'~1t'@,1T.l4 ~e.n'l1 n.@'!,U::~'1f1.L~~tm~ 

l'1.Jtll'1.\J1 t-L~n.~~mLt.~:::~1' 11t.n.l'1.~U~~t:'L~ l'1.lA,ltv'-JL~L~I1Lt.~ ~LWl'1.~ 
~ 

L~I1Lt.~ l'1.!I-'t1L@ JAI1~~LUt-LlA, Lt-L~\iC1I1~J1.:::L~~1 ~LI1t.~11JAI1~~LUl'1.L~~.j;{,L~:::WLtll'1.~U Lie. 

• 


}rl.~M,11 ~~LU n.@~~lA,t-@~~1 f.m}tl~ ~LU~LtQ[1t-@,\\n.~:::~l'1.1...M,I1~n.@~ ~1A.t-@~~'}H~~1 Lt-L~~W~ 

ULIe.}tl~W ~t';l ~U~U~t-@~Ut.~.j;{,L~:::~ Ul'1.n.t-~JAI1~LI1.ra!!.U1 LM,t-~1~L~UU.1 U~tv'-'JAI1~Ut:k1.Ltl 

(d1 UM.ItM.f1.I..-I:'I:'Btr.M.I..-LJruiflk1,::l..-b&J1UW::~17M.ItM.bI..-U :9 Uf1.BI11r1.tr.
"lrr" '" ,. '" ,II '" r' -;; 

l'1.Jtll'1.\J' l'1.@l'1.t.l'1.',I1LW U~U~.j;{,LW:::W t-@IT.~ Ut-~1mLlA,l'1.LJtl 

I1Lt.~ t-~ t.mmt U ~U~.j;{,L~ :::~U t-@IT.WU t-~11@~ t-~" t-~11I1Lt.~ l'1.!I-' t1L@ ~myb~~n.t-~1 ~LtI1~ 
~ 

n.@~~lA,m Ll'1.t.~11 l'1.U. 8 U~U~.j;{,L~:::Wl'1.rl1l1.~l'1.IT.@M,1 ~!!.mLM,t-!!.1t.~W1Ll'1.k1,U~U~.j;{,L~:::Wn.U I v k 0 'I -:;,.v ID I v ,f I'" ~.... .... ... 'I,.v '" 

n. U:::~[1 L11l'1.,tt Lr11J L[1 @~'n.,V 11 ~t';l.ra!!.U1 LM,t-~1@~'ULIe.}tl~W~t';l ~U~U~t-@~Ut.~.j;{,L~:::~ U Ltl 

}f4111~I1j6UP.UMI:'@,~U~f:!-R.U~::WI:'@tr.J1"rujl~bbnl:'r:'~nmm@~(dU :9 j6f1.BI11'1;ft 

~ ~ ~ 

.ra!!.U1 LM,U tJou ~t-@~Ut.~.j;{,L~:::~U~W ~n.,V 
~ 

t-~~1~ut@~k1,Lt.U~lA,t-@~Ut.1':l.j;{,LW:::W Wn.11~k1.t1A.11~t';ll'1.I1Ll'1.I1~Lf1@~' 11 t-u.~w ~Lk1,@M,1 t1.Wl'1.\J1 Ll'1. 
~ " A:7 I r=-rr I 'Cr ~ '" F' ...::., p ft:7 P' F"" ~ 

11~~~~LU t-~t-~" @~t-~" t-~"I1Lt.~ ~:::lA,l'1.~ t-~11@~ t-~11t-~"l1lst.~ l'1.!I-' t1L@ U~U~t-@~Ut.~.j;{,L~:::~U 

t-@IT. Lt-L~~LtI1~n.@~~lA,~LULkl-l'1.~ULIe. n.@~~lA,l'1.~'m~[1~t.L~Ut-~I1~t';l@~'Ltl ~W~ 17 U~U~ 

t-@~Ut.~.j;{,L~:::W W~t';l@~1 Lt-L~l'1.t.~~~l'1.1...~!!.U1 LM,t-~1@~m,V11~t';l LI1l'1.ltLrI1JLf1@~' Ltl 

mb.l'1JI..-M.N&'BmnUIt~I1f1.ItI..-f1.It~I..-(1BmUl..-l!,uP.uMI:'@~U~I1-R.I..-(d::bUI11~I1I:'B~(dU :p Uf1.@(df1.tr. 
.JI 't7 '" r..... .... ,:,11 F' I '" bJ' f'-;; 

l'1.I1Ll'1.I1~LI1.@mW~t';l~LUl'1.'!!.' lA,11~:::LI1k1.1lA,::t.LL1Lk1,@M,' l'1.Wl'1.11.1 (aJue~s!saj Jeal) '" ~ ~ I v 1"'.... ~ Iof'" f'" I'" 'I ID 

U~t-~1'@~t-~"t-~mtLt.~ (LnBuaJ~s allsual) t-~t-~11@~t-~"t-~1'I1Lt.~ l'1.!I-'t1L@ Jt'~W~t';l~n.@~~lA, 

l'1.t';l" t-@rr.t-~" t-IT." I1L t.~l'1.L~ Wn.11 ~n.@~~lA,~ LU LIA.l'1.t1.U LIe. I ,t:)"~ 0 ... (.j;{,L~ :::Wl'1.t';l1,) n.@~~lA,t1.t';l11\'1,IT.LI1@~!(1.' I I Ii' fp' 
~ ~ 

lA,l'1.t.""@~' Ll'1. F 't' P 0 11~' t-LIA.n.@U::~I1.le1t-@:::~'m' l'1.tJ·m:::L~~' t.m Ltl.l'1.@U ~ L@:::~I1Lt.~ LlA,LI1@~' Ll'1.t.~11 p:;r I ....0 " ;r,.l) ,,1 .. k 0 lor 0 " 

: 

1e.~~1@~'I1Jtl@~' l'1.,y Lt-L~L~t.':::~11mLI1W~ (HoeN 'ap!XOJpALl wn!pos) ~u.tU@~~~tl1~~'U.1 
• 

~t.}tlI1Jtl ~~1@~m\J''\\t W ~t';l~ LU Lkl-LI1l'1.,ttLrI1J L[1l'1.Jtl t-@IT.n.tn.LUl'1.~lt1.t.~U Lle.tttl'1.~Ltl 

f1.1t1..-f1.1t~l..-nUI..-~I..-(d::burU~'I11~11 :E: Uf1.BI11f1.tr. 
.... ,; .JI /" r '" f' -;; 

(~99G .\el.M, 

m LI1:::~I1.n.t-I1.U Lle.LI1t-@\'1.1@WL.j;{,UI.!lA,l'1.t.IJ.t1.l1.1\'1,l'1.t.IJ.) ~, WM,m@l'1.U Ll1m ~L~~~@~~LU11l'1.t1.M,I1M, 'v.; r PF' r' 1.D!:, r' " p::P "IUk I ft:J'~,.8 I 'Cr 

Ut:k1.L~~ @~1 (Ltt-Lra@t.~]oVLU ~ft~~~l) f1t ~11k1.~L~~~@fl::le.JAI1~Ut:k1,L~Ul'1.Ie.@tk1. ~@.ttt-Lfl@ 

9 
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: 

'" " ..x" " MntJ1~m n 'W'fl n'"l1 mr'WL~=a'WiJ~16J1~n.yh1~Ln ~ LU'WLLr.I'WYl ~6J"lJ'W6J11~ ;,nr'WV'4'fl~ LL~ n 1 'VI !?lL~=a'WiJ~-:J 

t.hlO)::n mJ16J11-if~1?J,I'W1 LU'WVI~ n~6JvrLvl~nb"l! n~1~~ LU'Wij [;ml'lJ~-:J LL'"J ~~'fl6J1~ 
" 

1. 1~fi~LVl6J1::~6Jl'Wn1~(:,J~ I?1L~'flm::~1~1 m.h;6J~13T'W~,)tJ m::'lJ,)'Wn1~(:,J~ 1?1 L~'flLL'J'lJb"l!~1 ~-:J 
.?I "J 'i' 'I!1'i' .,. 1 1".?I "J.,. ,.,.
LlJ'Wn1~I?1"ILtJ'fl b~tJ b"l! b"l!L~tl6J lJ~n~'fln "l!~LlJ'W~1~I?16JLtJ'fl LV'4t1-:J'flm-:JL~m 

2. 1~LLVI~-:J"lJ'fl-:J L~'WltJ1mJ~'fl11O)IO)::';116J1~I?J,I 'W1 H1'W'fl1?1~1V1 n~~6J L~'fl LL~ ::m::~1~ ~,)6J ~-:J'lJ~~IO)• • 

.tiru.nlO)1nm::~1~1~ 

3 . 1~VI~ n~6JvrLvl~nb"l!n~1W~ LU'Wij l?1~n'lJ~-:JLL,) ~~'fl6J~ (:,J~ 1?11O)1 nV'4'fl~LL~ n 1 'VI !?lL~=a'W Lti'fl-:J 10) 1 mJ'fltJ 

~~1tJ1~L'fl-:J1?116Jfi~~6J"l!1 ~ 

4. LU'Wn1n~6Jtl~::btJ"l!'Il'LL~::6J~ 1"111~LLri~-:J LVI~'flH ~-:J'W'fl nlO)1 nlO)::'1htl~ ~iJ nJVl1~-:JLL,) ~~'fl6J~ Ln ~ " ~ 
" , 

10)1 n"lJtJ::LL~,)"r'W U-:J bU'Wn1~~h-:J-:J1'WbL~:: L~ 6J ntl1~n'lJtl~::"ll1"l!'W ~,)6J ~-:J~1?J,I'W1 LM~jnlO)'lI'fl-:J 
, 

" A'Vl'fl-:Jn'W 

5 . 1~'fl-:J ~r1,)16J~-:J~16J1~n,J11tl~1?J,I'W1 ri'fl1~bn ~ (:,J~ 1?1.tlru"Y11mJ ~-:J'fl11O),J11tl~ n1~(:,J~ 1?1 L=a-:JV'41 ru"l!U 

http:mr'WL~=a'WiJ~16J1~n.yh
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• 

: 

• 

rfl'NlIf1.J"JJ'iN'~'/.J1tJ (Fiber structure) 

111'Vi~ 1 LL~ ~'1~m~ru:;'i:r1~\H;ll~I'1'lJ'~'1 L~'WL~ ~'1t1~:;n'fltll1J~,)~~,)'W~lriq) ~1'11 ~'1d~'fl 
1. n~L~'tl 'tlIL~'tl~1 (Middle Lamella. ML) 

Ltl'WtllL')ru~'flrh:;~~I'1 L~'WL~ ~'1t1lL,) rudi1~ ni!'W'flrhE~1 ru~1 n 'i:~~~ni!w/h 
~ ~ 

t-~ ><II .J.J 1''1 t-~t-t- .... 

VI 'WI i'l L VI~'fl'Wn1,) L'Vi'fl L'jj'fl~ L~'W ~m '111 ~') ~')~ n'W 


2. e.JU'lL'jj'tl.ff''W~ 1 (Primary wall. P) 

Ltl'W.ff''W~i1 e.JU'I 1.J 1'1 n1 n1~'1 ~,)'lJ'fl'l L~'WL~'lJ'W1 ~rJ'fl~111~L'W.ff''Wdi1~t1LLl.Jl.J~bJ 
~ 

.eM ~~.J .J !:. IVI 

r1'fl 8 1, LL'tl:; 8 3 'i:~~'jj'W 8 2 Ltl'W'jj'Wi'lVl'Wli'l~~ 'jj'W 81' 8 2 LL'tl:; 8 3 'W'fln ronmLl'lnl'll'1n'W8 2 

L'WL1-'fl'l'lJ'fl'l r1 ,)1~VI'W1 LL~'J rJ'I i1 r1,)I~ LLI'l n ~1'1 rl'WL'WL1'fl'l'lJ'fl'l n1 n1~'1 ~,)'lJ'fl'l L~'W1~'lJ'W1 ~ 

rJ'fl~ 'i:~~ 8 2 i1n1n1~'1~,)L'WLL'W,)L~m ~'J'W 8 1 LL'tl:; 8 3 "'l:;i1n1n1~'1~'JL,j'W~t1LLl.J'J=nn 

LL'lln r1~I~~')'t1n'l!;'~ 8 Vl1'fl Z 
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4. '4'lL~U (Lumen)
iI 

LUUU1L') ru-rl 'el~~'1~ (;] ~~n'4'l '1~"ll'el~ L~U1t1 

.... .., .,
'Fl3J"lJ'tJ-3'~'lJ &t/ (Fiber chemistry) 

L~'W1mJ~:;n'eluhJ ~')tI 

1. L"lI'4'l\jL~'Cl (Cellulose) l.h:;~'1ru 45% 
.' 

2. Le1nL"lI~L'4'l'Cl (Hemicellulose) U~:;~'1ru 25-35% 

3. ~nUu (Lignin) u~:;~'1ru 21-25 % 

4. 'Cl'1~LL'Vlm (Extractive) u:r:::~'1ru 2-8 % 

~ ~ 

LUUrl'1fLu1m~:r(;]i1tJ'1vnrnL~ L'4'l~'4'l~~ u~:;n'elu ~')tlL~ L'4'l~'4'l"ll'el~tJ'1 (;]'1'4'ln\jL,",'Cl (C6H,206) ~'1I?l'el 

nULU'I,l'Y'/'el~ L~'elf L~tI~~~~bu~L1m l'i') Lij'l,lL,",:r~'Clh~ ~~ n'elrh~ LU'I,l:r:;LUtiU (Crystalline) LL'4'l:; L1t1~ l'i') LU'I,l 

L,",:r~'Cl~'1~'el~ru~'1'1,l'elrJl~hlLuu:r:;LUtiU (Amorphous) ~~LL'Cl~~1'1,l1l'1'Y'/~ 2 
os 

, 
L U 'I,l '"' '1 fi:u 1 e1 L(?l ~ (;] L-rl u L ~ tI ') nUL "lI '4'l ~ L'4'l 'Cl UI?l ~ tJ 

~ 

'1 ~ oJnL~ L'4'l ~ '4'l ~ '1 n ~ '1 LL'4'l ::: 'Cl '4'l '1 tll'i')1~~ '1 tI n ~ '1 

L"lI'4'l\j L'4'l'Cl LelnL"lI'4'l\jL'4'l'ClU~LL(;]n~h~'"I'1 nL"lI'4'l~L'4'l'Cl (;]N~~'1 L,",N'Cl~'1~"1J'el~ Leln L"lI'4'l~ L'4'l'Cl Ln ~'"I'1 nn'1:rLn'1:; 

" n~~n'l,l~')tI~'I,lfi:;1elL(?l~L'"I'I,l"ll'el~tJ'1(;]'1'4'l~~ 5 "lIU(?l1~LLri 1"llL'4'l'Cl (Xylose) 'el:;:r'1ULU'Cl (Arabinose) LL~'I,l, 
... 

L'I,l'Cl (Mannose) n'1LL'4'lnL(;]'Cl (Galactose) LL'4'l::: n'4'lL,",'Cl (Glucose) L~tltJ'1m'4'l1"l1L'4'l'ClLL'4'l:;'el::::r'1mU'ClLij'l,l
" 

... II " '" 

~ tJ'1(;]'1'4'l,",'1fU'el'l,l5 'el:::I1l'el~ '6Il,)utJ'1m'4'lU~ULU'Cl n'1LL'4'lnL(;]'Cl LL'4'l:;n~L,",'CloJu LUUtJ'1I1l'1'4'l,",'1fu'elU 6 'el:::I1l'el~ 

L"lI'4'l~L'4'l'ClLL'4'l:::LelnL"lI'4'l\j L'4'l'Cl'Cl'1~'1~" ~n ~tlm')~nU~1 LelL'4'l L"lI'4'l\jL'4'l'Cl (Holocellulose) 

~nUu 

m,",:r~'Cl~'1~~oDU-n'elULL'4'l:;u:r:::n'elu~')myJuU'4'l L'Y'/~L'Y'/U (Phenyl propane) ~'4'l'1t1w\.btl~'1 L~'el~ I?l'el 

n'l,l ~nUU~~'1n 111 Nu1L,) ru:r:;~~'1~ L~u1t1~1'el Middle lamella (M L) L~tI~ nUuvh~il'1~ L~;J'elUn'1,) L~'el 
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, 	 ~ 

L~~L~~'e)f (Chromophore) ~'l"'l~v'i1tJlinhnYl'NL~nritlLL~'lLL~~~'J1~~kl~'lC.J~1'IXm~~1'ttn~L~~'e)'l 

~1nL'Vlm 

~ 	 ~ d 
~1rL~~1il~'Jkl1~'1l~1~1nl~~~1tJL~kl'll1~1'e) LPi'Jv'i1~ ~~1 tJ:SklYl1tJYln~1l1~ LUkln~1'l LPi'J'e)th'l 

"1J'e)'l~1~LLYlm H1LLri n~~L~~kl (Resin acid) m~L"lJ~kl (Fatty acid) LL~~LL'e)~nmJ'e)~; (Alcohol) LUkl~kl 

.' ... 	 ., .,
'fi'IJj;/'lJ'eNLf/'IJ ,v (Fiber type) 

" 1. L~kl1tJ"'l1n1~Ln'e)LL~'l (Hardwood fiber) 
~ , 

L~kl1tJn"lJkl1 ~~kl ~tl ~1 n 1 kltJ~~LYl P1LYltJ LVltJ~1"'l1 nYi"ll 1n~~Q~1~C.J~~1tl~'ln 

n1~L"'l1'kJL~tlLIn~~'JVlL~'J L"llkl ~~1~tJLPi~ (Eucalyptus) LUkl~kl 
~ 

2. 	L~kl1tJ"'l1n1~Ln'e)'ei'e)kl (Softwood fiber) 

L~kl1tJn"1J'lJ1 ~m'J ~'J'lJ~1 n~1"'l1nYi"ll In ~~n~~'lJ ~'l L"'l1ru L~ULln1~-n1 LL~ ~~tl1'lJ 
'II ~ 

II 	 I I I 

kl'e) n"'l1 nilir'lnL~'lJ1tJ~ ntJ~~LllYl~n'lVl1~~1"'l1 nYi"llVlhn"ll1~u'lJ~'lJ (Nonwood fiber) L"llkl ~,tJ 
, ~ 

••1 " 	 • , • I " """"" ~ ," " .1 ."1 " <01 1( ~ • I q~'J1tJ -n1'l"1J1'J ulkl u'e) ~'kJ1 n'e) Inkl'e)'e) 1n'lJ"lJ1'J In'tHC.J "ll1kl'e)'e)tJ LL~~~'kJ1LL~n Luklln'lJ 'll'lL'C'l'lJ btJu:l'~LllYlkl 

LUklL~kl1tJ~ r1'e)'lJS]1'l m'JL~~1~~1~ftl'll1~1 C.J~ In LUkln:l'~ ~1'ttL~iltJ 'J~1'e) n:l'~ Vl1'ttn ~ 'e)'l 

" ~ 
s]'e)~~Yl1'l~ ~n'ttP11~ Inf"lJ'e)'ltJ1;~'Il1~'lJn ~'lil ~'e) 

..I .. tr 

"ll'e)'JYlmP11~1n:l' Elaeis guineensis Jacq. 


~'e)'J'l ~ Palmae 
, 

dI ... 

"ll'e)'e)'ln~'tt Oil palm, African oil palm, Macaw fat 

tJ';~~'~'lJLU'lJYi"ll1tl LitJ'l L~tJ'J L~tJ ~n'ttru~i'J 1tJ"lJ'e)'ltJl~~~, ~'lJLU'lJtJ1;~ ~klL~tJ'J ~'~kl 
"" ~,,<OI ..1.1 ?iO" "" 'i' ~ ,..I

"lJkl1~ 30-50 L'll'lJlnL~j;J:l' ~'l bVlCl'l 20 L~In:l' L~'e)mtJu:l'~~1ru 1-3 u ~1lnkl"'l~ClnmJ~'JtJ b~'lJn1tl btl LLlnL~'e) 
'tJ " 	 \I " 

'e)1~~ln~kl L~'lJn1tl1tl"'l~~~~i'J'l v'i,1'IXL~'lJ~'~'lJ-n~L"'lkl ~'J"lJ'e)'l~1~kl~~ltJ1 ~'lJln1~ ~n1=tru~1tlLUklltJ 
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rf1-lU~1 Vl1-lLUm'J 4-5 L~l'lJ' U~1tJLUL~tI'JLL'VI~~ LfOl'WLlJLthJJ'u~~ LL~'WLU~L~tJ'JLU'W3T'W LfOl'Wn1ULU"'l::.. 
" ., 

~~n~ru::LU'W~ fOl~1tJ'VI'W1~ LL(;]hJ fOl~~1 n Lij'tllun-l n~1-lLU'VI'W1 ~ ~-l mh'J"'l::~OO-J'W1 LU'WLU U1 ~~'\J13T'W~ 

~'tl n~"lI1'J ~'tl nU1'WL'W'1l'J-l L~'tl'W mn!)1 fOl~-n'WmtJ'W L~tJ'tl'tl n ~'tl mu'W'1l'tl LLtJ mL"lI'W-lJ'::'VI~1-l n1ULU n1J' 
., ., ., 

'tl'tl n~'tl n"lI'tl-lU1~~'\J1l1''W'I!'W~~n~ru::dj'W~'tl mLtJ n L Y4 PI'tl~1'J~ ~'W '1l'tl ~'tln~'WLLt.l'WLL~::m'JUJ'::~1 ru 30 

L'lI'W~iL~l'lJ' 1:J~~~VlJ'-ln~~~ "lI'W1~ 3-4 L'lI'W~L~m I:J~LLri~~'J-lLL~-l'VI1'tl~~LL~-l 

U1~~~13T'Wdj'W~'lI~ ~~'WrhLU~'tl~L'WVI~ULL'tlmn1 ~-lLtX I:J~ I:J~ l'l~1l1''W(;]'tl 'VIt.l'JtJ~'W~ ~-l n~ 1~'11 
" ., ., J' J .,
'\J13T'WVln'llU~ mh'J~'tlLtXl:J~I:J~l'l'\J1l1''W 640-800 nL~nf~'\J13T'W(;]'tlY4'WVlu~n 1 H (7) LL~::LU'W~'lI'\J13T'W. .. 
~~n1J'I:J~l'l~'Jt~mu'W'fl'W~U~'tl-l ~'tl 25% 'VI1'tl~~LU'Wm~1rul:J~l'l 23.355 ~1'Wr;i'W L'WU2544 J''tl-l'''l1n 

~13T'W~'JL'VI~'tl-l ~-l~~~~'J'W,JJ'::~1ru 28% L~tJUJ'::LVI PI~ I:J~ l'l LL~::~-l'tl'tl n~13T'WU1~~J'1tJLmU~~~. L'WL~n., 

'" • I "" 'I J. I ~ "" ov.... .., ov ov JJ 'i' 'i' • I 'I J' J
fOl'tllJJ'::LVlPI~1L~L'lItJ ~'W"lIru::VllJJ'::LVlPI ~VltJ~'tl'W~Un1J'I:J~l'l'tltJ'tl'W~UVI~"lI'tl-l b~n b~tllJ~n~1n b'WY4'WVlVl1-l.. .. 

... ., ... 
Jl1 fOlL~"lI'tl-lUJ'::LVI PI L'Wm::u 'J'Wn1 J'~ n ~'\J13T'W"'l1 ntl1~~'\J1,r'W 'I!'W "'l::il LPI~r)~ ~L'VI~'tl"'l1 n m::u'J'Wn1J' 

.. :;:. 'I • I • I' ..!r' 'I ."1 '"' d OV -J d 0 ~. 1'1 '"'.?I J' "'" 
1:J~l'lVl-l b'WJ'lJ"lI'tl-lVl::~1mlJ~1 L~'W btl n::~1 LlJ'Wl'l'W 'lI-lLPI~'J~~'~'J'W'VI'W-l~1~1J'r;H1n'W1 blJ ~"l!LlJ'WL"l!'tlLY4~-l.. . .. ., ., ., 
~'J~'J~~1'V1fum::u'J'Wn1J'I:J~ l'l'\J13T'WU1~~ (8) 'W'tl n"'l1 n~L'W~'J'W"lI'tl-lVl::~ 1 tJU1 ~~'I!'W ~1~1J'(lH'fOl~~• 
.. J.... J' ~ J' .. 'I .1" 0 'I" ",~"
~'WLY4'tlJ'n~1fOl'J1~"l!'W LY4~L'W'tl~'W ~'W~'J'WlJ1~~LL~::'W1~1 b"l!LY41::L'VI(;) b(;) 

n1J'I:J~ l'l L~'tlm::~1~ 'VI~1tJn-l n1J'I:J~ l'l L~'WLm~'tl'\J11uH1'Wm::u'J'Wn1J'I:J~ l'lm::~1~ LU'W 

J ..!r' 'I ."I..!r' J 'i' "" OV .. .. '" ~ ,~" ov0 0

m::U'J'Wn1J'VlY4mma-1 LLtJ n L~'W btJ'tl'tln LlJ'WL~'WL(;)m1 b(;)tJ'tl1"'l~ n1J'n1"'l (;)~ n'W'W'tl'tl n 'VIJ''tl'tl1'''l b~ b~ n1"'l (;) 

., "J 
'tl'tl n'VI1 mL(;]vh L tX~ nU'WreJ'tl'Wr;i'J ~-l LLVI'W 'r1-l~LY4'tlLtX L~'WLtJ Lil'W:SM::(;]'tl n'W ~1~1J'r;)~ ¥1-l~'Wfi::J'::'VI~1-l n'W 

'I J .. 1 ".?I' ~ " .. J ,~ " ."1 .... '" 
b'W"lI ru::VlY'j'tlJ'~ LlJ'WLLI:J'Wm::~1~ b(;) n1J'I:J~ l'l LtJ'tl nJ'::(;)1~LLU-l'tl'tln b(;) LlJ'W 2 nJ'::u'J'Wn1J''VI~ n fOl'tl 

1. n1J'I:J~l'lL~'tl1~U(;)'VI1'tlL~'tlL~-ln~ (Mechanical pulping) 

2. n1J'I:J~l'lL~'tlLfOlil (Chemical pulping) 

n1J'I:J~l'lL~'tl1~U(;)'VI1'tlL~'tlL~-ln~ (Mechanical pulping) 

Lu'WnJ'::U'J'Wn1J'1:J ~(;I L~'tl m::(;)1~~'tl1 ~tJY4 ~-l-l1'WL~-l n~L'Wn1J"kILtXL~'WLtJ LLtJ n r;i'J'tl'tl n~1 Lil'WL~'W 

Lm~m1L'Wn1J'I:J~ l'l L~'tl L~-l n~t!'W'tl1"'l~ n1J'LtX fOl'J1~¥'tl'WL(;)tI n1J'L m'tl~1L'W~Jl1'J ::fOl'J1~ ~'W~-l LLri~'Wl~ 
ri'tl'W L ~'tlVchLtX~ nU'WreJ'tl'Wr;i'J~-l LL~ ::L~'WLtJ~1~1J'(l LLtJ n r;i'J'tl'tl n"'l1 n n'Wl~41tJ~1 n~'W 'i:~tJ~'J lULL~':l L~'tl 

"'" ""'"'" ~ "J', 'i' J J .. ~,,:;:. "" , .;j ( ' )' "" 
L"l!-ln~'WtJ~I:J~l'l~1"'l1n b~L'W'tl'tl'tl'W ~(;)mtJ'tlVlI:J~l'l b~'W'W~fOl1fOl'J1~VlULL~-l Opacity fOl1fOl'J1~LJ'[JU 

(Smoothness) LL~::~11:J~1:J~l'l~1~ (Yield) ~-l (tlJ'::~1ru 90-95 %) 
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... J .col 

n1n,J~~LtJ'elL~l-J (Chemical pulping) 

:'I ... J J~ " ::'... ... .coI~ 0... Q ... 'i'
Lu'lJm':;'U'J't.!n1 ~e.J ~ ~ LtJ'el m':;m'jj''Vl ~"l!'Vl~'V'j ~~~1'lJ~'J 1l-J~tl'Wbb~:;~1n~l-J ~'Wn'l m19l?1 ~ n'lJ'lJ ~l?1 tJ 

~:;~1tJ~ n-w'lJ'el'el nl-J1 ~~ e.J ~L~L~'lJLmbtJ n r;i'J'el'el n91 n n'WLtl'lJ~'M:;1;'~1tJ L~'el~ e.J~ ~Ll?1 tJ'1fieSj "11 ~'J1WjJ1'J 
~~1~LL~ :;WJ'll-J LL~~ LLN~~ n~1 L~'el L~~ n~ 'el tl1~hn ~ 1 l-Jml-J 1 rue.J ~ e.J ~ ~~l;'Sj 1"11 ~ 1 n~1 L~'el L~~ n~ 
(U~:;l-J1ru 40-50%) L'lJn1~e.J~~L~'elL~Sj,r'lJ Ll?1tJvi''JluLL~'l~1l-J1~mLtJ~'el'elnl;'Ltl'W 2 U~:;Lll'Vl ~'el n1~e.J~~ 
L~'elLL'U'UoD~lyJ~ (Sulfite pulping) bL~:;n1~e.J~~L~'elLL'U'UoD~LyJ~'1l~'el~~1yJ~ (Sulfate or kraft pulping) 

Q J ... 1..1 .. 'j .J ."1 'i' .col J~ !:'"I • I"'" """'" cv Q0 Q 

] n1 ~e.J~ ~ LtJtlLL'U'U'll~ Yi ~ L' 'Wn~:;'U'J'lJn'l~'Vl Lu'Wm'l?1 ~l?1tJ ~1n~ l-J 'Vl ~"l! ~'Wn'l~'Vl1u{]mmn'U ~ n'W'lJ 

~'el oD~LyJtlfll?1'el'elnl'llC?1 (S02) ~~l-J191nn~l?1oD~ybf~ (H2S03) LL~:;~1~u~:;n'el'Ul'UoD~lyJ~ (MHS03) L~'el 

M ~'el LL~~L~tJl-J (Ca) LLl-JnUL~tJl-J (Mg) '1l~'el L'llL~tJl-J (Na) ~'l'Wn'l~e.J~~b~'elbL'U'UoD~LyJ~,r'lJbtl'lJ 
J .l'I J., J ... J 'i' J.coI ~..., 

n ~:;'U 'l 'lJn'l~'Vl L u 'WL 'U ~ 'll~ l?1l?1 LL1 ~ ~ l-J19 1 n n1 ~ e.J ~ ~ LtJ'el LL'U 'U ~'lll?1 1 ( Soda process) 'll~ l-J n'l ~ ~"l! LL~ 

L'll L~tJl-Jl~ l?1~'eln1'll C?1 (NaOH) LVitJ~'eltl1~ L~m Ll?1tJ ~1n~Sj~H1.'lJn'l~yhu5mtJ1 n'U~ n-W'WL'lJn'l~e.J~ ~ L~'el 

LL'U'UoD~LyJ~ ~'el L'llL~tJl-JoD~lyJC?1 (Na2S) LL~:;L"l!L~tJl-Jl~l?1~'eln1'llC?1 

Law LL~:; ~ ru:; (9) ~ n~1~n 'jj'ru:;'Vl 1~ n'ltJll 1'V'j"lltl~ L~'WLtJ9 1 n ~ 'l 'lJ"ll 'el~ 'Vl:;~ 1 tJ U 1 il-J L 'W"ll ru:;~ 

Wanrosli LL~:; ~ ru:; (1 0) ~ n'jj'1 ~n'jj'ru:;'Vl 1~mtJll 1'V'j "ll'el~ L~'WLtJ9 1 n ~'l'W"ll 'el~ L'UU1 i l-J Ll?1 tJ ~ m~n 

LmmJ LYim.J n'U L~'WLtJ~1;'9 1 n ~'WLL'el ~ L'V'j'W (Aspen) L~'el U1-n'ell-J ~"ll'el~~1'W'1~tJ~~ ~'el~l-J1 ~'l'U~'ll-J ~~ 
" 

J
unn{lL'lJ~1~1~'Vl 1 

~ l-Jllii"ll'el~ L~'WLtJ 
Q "" "l!'Wl?1"ll'el~wn 

'Vl:;~ 1tJ U 1 i l-J L'UU1il-J ~'WLL'el~ L'V'j'W 

r1'l1l-Jm'l"ll'el~L~'WLtJ (~~~Ll-Jm) 0.99 1.13 0.96 

L~'lJ~1'W~'Wtln~1~"ll'el~ L~'WLtJ (Ll-J L~nl-J ~~) 19.1 19.6 20.8 

~ 'l1l-J~'lJ1"ll'el~ ~.l'Ir~ L 'll ~ (1l-JL~ ~Ll-J ~ ~) 3.38 3.97 1.93 

~'l1l-J~m'U"ll'el~ L~'WLtJ (~~~ nfl-J/Ll-J ~~) 1.370 0.098 1.010 

91nmn~~ 1 9:;L~'Wl;'~1 ~'l1l-Jm'l"ll'el~L~'lJLtJ (Fiber length) 91n~'l'lJL'UU1il-JSjI"11~~n~1 

91 n ~ 'l 'W'Vl:;~ 1 tJU1 i l-J Ll?1 tJ ~ 'l 1l-J tJ 1 'l'jJ'el~ L~'lJLtJ91 n ~ 'l 'W'Vl:; ~ 1tJU 1i l-J Sj 1"1 1Ln ~L~ tJ~ n'U L~'lJLtJ 9 1 n ~ 'W 

LL'el ~ L'V'j 'W L~'WLtJ91nu 1il-JLl?1 tJL'U'V'j 1 :;'el tl1~ri~9 1 n~'J'W"ll'el~L'U Sj 1"11 ~'l1l-J~'W1"lltl~ mr~ L'll~ (Cell wall 
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thickness) ~ '1 n n~'1 e.J'\r~ L'l! ~"lJ'tl-.3 L~'WLtJ~'1 n i1f'WLL'tl~ L~ 'W~'1n L~'WLtJ~'1 n~'J'WVl:;~ '1tJlh ;~~~ n rl'J'1~ 

'VItJTIJ"lJ'tl~ L~'WLtJ (Fiber coarseness) ~~ n~'1 L~'WLtJ~'1 n tX'WLL'tl~ L~'W L'W"lJ (1.1:;~ L~'WLtJ~'1 n~'J'WLUU'1;~ 

n rl'J'1~'VImU"lJ'tl~ L~'WLtJLn~L~tJ~ rlU L~'WLtJ~'1 n i1f'WLL'tl~ L~ 'W 

" Khali I LL~:; rl (1.1:; (11) ~ n~'1 ~~'tl~ rlll~:;n'tlUVl'1~ Lrln"lJ'tl~ L~'WLtJ~'1 n~'J'W"lJ'tl~LUU'1;~ IOn mJ'W 

o .J~ !'11. I _ r:! q .v r. I q.1' "I ~"J' , . ~ " J'
'W'1e.J~VI ~~ ~LlLLI~tJULVltJunU'tl~rlLl~::n'tlUVl'1~Lrl~"lJ'tl~L~'W ~tJ ~~L'W'tl'tl'tl'W (Softwood fiber) LL~:; L~L'W'tl 

LL~~ (Hardwood fiber) (m~'1~~ 2) ~::L~'W1~~'1 L~'WLtJ~'1 n LUU'1 ;~ihB~'1 (1.1 'i:e1'i:~ L'l!~ ~'i:~~ rl'tl'W']'1\i 

"I d. ~ •.• 'i' q, ....cS .4 d j' '" q, ••• 'i' ' 
! ~\i ~'W"lI ru::VlLl~~'1 ruLL'tl ~)11 L'l!~ ~ ~~~~ rl'1 Ln'tlUtl-.3 50% 'l!\i nl ~Vl L~'W ~tJ~ rll LL'tl~)1 '1 L'l!~~ ~~~~'1 n n'J'1 

I !:-.::.I J 0 ~ ~i.J !:.J'cJ " 
34% LL~~~'J'1 L~'WLtJ'W'W~ ~ntJll'1~Vl'"l :;'Wl~1 e.J~ I?l LtJ'Wn~::~1~ b~ (11) Vl~'WL'W'tl~'"l1 n rl'Jl~1 LL "lJ\iLLN"lJ'tl\i 

m::~1~ne.J~~'1~1 mB~1 (1.I"lJ'tl~ L'l!~~ 'i:~ ~L'WL~'WLtJ LtJ'W~1 ~cy 

, " " 
l?l'1n~~ 2: 'tl~flu~::n'tlUVl1~Lrln"lJ'tl~L~'WLtJ'"l'1nLUU'1;~ L~'WLtJ'"lln1~~\il'tlLL~\iLL~::1~Lil'tl'fl'tl'W (11) 

'tl\i flU~:: n'tlUVl'1~ Lrl n"lJ'tl~L~'WLtJ "]jU~"lJ'tl~L~'WLtJ 

LUU'1;~ 1"JI ,
~L'W'tl'tl'tl'W 1"JI " ~L'W'tlLL"lJ-.3 

~'1nLVlm (Extractive) (%) 4.5 0.2-8.5 0.1-7.7 

'i:e1'i:~L'l!~~'i:~~ (Holocellulose) (%) 83.5 60-80 71-89 

LL'tl~Yl1L'l!~~'i:~~ (a-cellulose) (%) 49 .8 30-60 31-64 

~nil'W (Lignin) (%) 20.5 21-37 14-34 

Ltl'1 (Ash) (%) 2.4 <1 < 1 

Wanrosli LL~::rlru:; (10) 1WjLrln:;lf'tl~rlu~:;n'tlUVll~~'tl~LL'l!nrl'1hl?f (Polysaccharide 

composition) "lJ'tl~ L~'WLtJ'"l1n~'J'WL'J"lJ'tl~,Jl;~ ~U~'1 L~'WLtJ'"l'1 n~'J'WLU"lJ'tl~Ul;~n n~'i:rl~ (Glucose) 

LtJ'W'tl~flu~::n'tlU~~1n~~~ ~'tl~~~WI~'tl1'l!'i:~~ (Xylose) ~~U~ln!lL'Wm~'1~~ 3 

'tl~ flu~::n'tlU rll~'tltJ~:: (%) 

'tl~'1ij'i:'W~ (Arabinose) 1.5 

LL~'W'i:'W~ (Mannose) 2.2 

nrLL~rl'i:l?l~ (Galactose) 0.9 

n~'i:rl~ (Glucose) 66.6 

1'l!'i:~~ (Xylose) 28.9 
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, " 
~'ll(?l1 (Soda process) LL~~L-ntl'hJ1ru"lJ'e)\l~'llL~u~1!j(?l~'e)nl'll~1'Wn1~~~Lu'e)j;)1\l1 now !?l\lLLj;) 20%, 

:: Go'" "" '1 l.I 11 I ~ ~ q ~ 
30%, 40% U~~ 50% "lJ'e)\l'W1'\.'l'Wn~'WL~LL'1.N '"I1ntJ~m~'Vl(?l~'e)\l~'lJ,)1L~'e)L~~m~1ru~'llL(?lU~ L!j(?l~'e)n 

'l'll(?l1'Wn1~~~L~'e) ih:J~v'hL~rhmWH1.!~nil'W~LVI~'e)'e)~L'WL~'e) (Kappa number) ~(?l~\l ~1fD1,)1~"lJ1,) 

~~1\l (Brightness) L~~~'W Ld'e)\l'"l1nm~1 ru"lJ'e)\l~ nil'W~ Qnn1r.i(?l'e)'e) nhh~~~'W 'e)ti1\lLrri (?l1~n1~H' 
m~1ru~'llL~u~'l!j(?l~'e)n'l'll(?l1'Wm~~~L~'e)~~\l ~\ltJ~L~~1m~1 rutJ~ tJ~ !?l~'l~ (Yeild) ~ (?lU'e)U~\l LL~~ 

I a .i' it ~ ~ .J 4.q~.d oC:II I d. 
fD11 fD1,)1~LL"lJ\lLLN"lJ'e)'lL',;'l'WLU~ (?l'W'e)U~\l 'Vl'l'WL'W'e)\l '"I 1 mn (?ltJ{) mU1'Vl L~Um1 Peeling reaction 'll'lLlI'W: 

, " 
n1~vh~1u~,)'WVlLlI'WfD11fl'lJ'lm(?l1'I?l"lJ'e)\lL~'WLU ~(?luulJmmil'"l~ltJvhL~ Glucosidic bond Ln(?ln1nLl?ln 

'e)'e)n ~(?lm'U~1~'e)ti1'l~\lI?lN'lJ~L,)ru End groups "lJ'e)\lL'll~~~~~LL~~L!jijL'll~~~~~ ~\ltJ~L~~1m~1ru 
.. ~~.., ".J ~~.., " <;'l :::, ,J1 .. <V <V ~ .., ...; ~ ..0 

tJ~tJ~(?J'Vl L(?lLL~~~Jl1~m1lJU"lJ\lLLN"lJ'e)\lLU'e)'Vl L(?l~(?l~\l ~'Wm1'f"I n~1 fD1N'W'Vl1'l fD1 ru~,)'"IUU'l L(?l'W1 LU'e)'Vl tJ~ (?J 

'l~'"I1nL'lJU1;lJ ~(?lUL~'llL~UlJt!j(?l1''e)nt'll(?l1'Wm1'~~L~'e)Lvhnu 30% "lJ'e)\l~1Wwn~'Wt~LL~\l ~1'Vl(?l~'e)'l 

" ,
L~\l n~LLU'lJL-n fD1,)1lJf'e)'W (Thermomechanical pulping, TMP) '"11 mr'WU1 LU'e) tJ~~~1 tJ~!?l LlI'W 

I I I I .... t 

LL~'Wm~(?l1~ ~\l~'lJ~1 LU'e)V1 tJ~ (?J 'l~'"I1 nLUU1;~~~~U~ ~1'WfD1,) 1~ LL -n'l LLNLn ~L~U\l nu LU'elLUi'W ~\l 

tJ~ (?J ~1'"11 n tarL ~'e) LL on\l (Hardwood pulp) 'Vl1\l fD1 ru~ljr.imr\lti?1LL 'W:;U1 ~1L 'Wn 1 1'tJ ~!?l m:; (?l1 ~ 
<V ~ .. tr :::, .J ~ .. ~.., ". 1 tr "..,...J.. .. cr~ .. 'i'0 

VI'W\l~'el~~~'W'W ~1~1HI'W1LU'el'VltJ~ (?J ~(?l'"l1n ~Uu'l~~Wl L"llL~1'~LU'elL'll\l~'lru"llU'Vl tJ~ (?J ~~U m~u')'Wm1' 

(:J~!?l L~'e) L~\ln~'l~ (Mechanical pulp) ~(?lUL~'el'"l1 nLUU1;~'"I~ttJ-rl,)UL~~~1~~~U~'Vl1\l ~'l'WfD1,)1~ 
" ~ q~q

LL"lJ'l LLN LL~ :;~~U!?l L 'll\l LL~\l (?l"lJ'W 

~ .., 0 .J ~ .. ~.., .1 tr 'i' "" .. .JWanrosli LL~~fD1ru~ (12) L(?l'W'lLU'fl'VltJ~(?J L(?l'"l'ln'Vl~~1Uu'l~~ ~~U ~"llm:;'lJ')'Wm1'tJ~!?lLU'elLLUU 

'i' <V .d cI~ .. , ...J 
~'ll(?l1~1tJ~~n'lJLU'fl~L"llLfD1~ (Recycled pulp) '"I'lnm~(?l1~n~'e)\l~n'Jn (Old corrugated container-

Oee) '"11 n tJ~ m~'Vl (?l~'el\l~'lJ~'l L~'WLU"lJ'fl'ltJ'l;~~'l~'l1'm~~ m1~LL-n\lLL1'\lL~n'lJ L~'el m:;(?l'l~1-1'llL~~'l~ 

LlI'W'eltl1\l ~ L(?lUL'tl~'l :;'elti1\l ~\l Ld'fltJ'l L~'el~ tJ~ (?J'"I1 n'Vl~~1utl'l;~~'l ~'l'Wm 1'm L~'e) (Beating) ri'e)'W~ 
o ~.I ".?I' ~ ,J1 ."'1 .J .1 tr .?I .d" ' "'I cI

'"I:;'W1 LutJ~(?JLu'WLLtJ'Wm~(?l1~ 'Vl\l'WLu'WL~n~LU'fl'"l'ln'Vl~~'lUu1~~Lu'WLU'el ~VI~ (Virgin pulp) '"I\l~ 

.,.. CI , ...; cI~ .. '" cI.d:::' " "'.l' " ., cI J' ..... J'0 

~~'lJ!?l fD1 ,)1~ LL"lJ\l LLN~ 'l n m 'l LU'e) ~ L'll LfD1 ~ 'C'I')'Wm 1'(?J LU'e)'W'W'Vl1 ~VlL~'W LULL(?J n (?J ')~~ 'W'Vl tJ,) ~1 n"lJ'W m l' 

..,., '.l' " clJ' ~ .. ~"'4.. J' 
M1\l~'Wfl:;~~VI,)1\l L~'W ~U (?l"lJ'W m~(?l1~'Vl tJ~ (?J L(?l'"l\l LL"lJ\lLLN"lJ'W 

n1~eJ~tpln~::t1l1'H (Papermaking) 

" " preparation) m1'~'WLL~'W (Sheet formation) n11'1-(?lU1 (Pressing) LL~:;mn:hLL~\l (Drying) n1n-ih 
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IJ II f II I 

-n'IJrwel'lJm n(11~t1l.J tJ1 L~ 'el'lr'IJL~ t1r1'J1tl LL~'Jih:;n 'Btl1tl ~'J tI n1 ~m':;'"l1 m«'IJLtl m ~tl ftl rI 'J 1 '-J 

"'" ::.d . .c;I.:SI, .Jcv <CiI, 11 ~ 
L"lJ'-J"lJ'IJ"lJ'B-3'IJ1LtI'B (Consistency) m~(11Lt1'B (Beating) m~tJ~l.JLtI'Bntl~1J'LrI'-J(111-31 LL'Cl:;~~Vl1t1r1'B m~ 

I " II I 

rh~"l~-3tl~'B'-Jtl'IJ (Contam i nants) LL~:;'B1 m PI 'Btl1-3hn (111'-J~1 ~tl'Jr'IJ(11'B'lJL'VI~1il~1l.J1U'lLtl~tI'IJ~1 ~tl 
" ,

rl'IJ1~(111l.J~fi mn(11~t1l.JtJ1 L~'B"lJ'B-3 LLtJi~:;LN-:) 1'IJ 

J' , ,
n1~"lJ'lJLLtJ'IJ (Sheet formation) 

~1 L~'B~ tJ~(111~'"l1 ni'IJ(11'B'lJmn(11~t1l.J~1L~'B,r'IJ L"ltl~'J1tlLL~'J'"l:;i1 r1'J1 '-J L-ifl.J-if'IJ"lJ'el-:)~'l L~'B ~1'-J1 n 

~ I J' I dO:: ~ .J1 '" J' I" ~ 
((111 n'J1 1%) m~~J'lJLLtJ'IJ'"l-:) LtI'lJm~'lJ1'IJ1LtI'el'Yl ~l.J1"lJ'lJttl LLtJ'lJn~:;~1~~'JtI m m~'el-:) (Filtration) "l!-3 LU'IJ 

m ~Lm~1'B'el n'"l1 n L«'IJ1t1'"l'IJn ~:;~-:)1~~1 r1'J 1l.J L-ifl.J-if'IJ"lJ'B-3~1 L~'Btl ~:;'-J1 ru 20% 

-1 .1 -1 J', "I.,J "" ~ .1" ...,
'1o'l'J'IJ u ~:;n'eltl 'lJ'el-3 '(;'I'J'IJ"lJ'lJLLtJ'lJ1l1t1 b'lJLrI ~'B-:) tJ~ (11 n~:; "l1~'IJ'IJ u~:;n'Btl "l 'J tI (11:;U n N L"l'IJLLtJ 'IJ (Wire) 

~-3LU'IJ(11:;LLnN~:;L~t1"l~v'i1'"l1 nVl~1~~ n (~l1Wi'el'IJv'i1'"l1 nL~'VI:;~,:n~t1n~1 wire) ~-3'V1l.J'IJ'-J1ftl~1 L~'el~• 
tl~'eltl'-J1'"l1 n n~'el-:)tl~'eltl~1 L~'B (Head box) ~1'"l:;1'VI~~'B ~ eJ1'IJ~1t1Vl1'IJ(11:;LLn ~-3~-3hJ~-3HLLtJi L~'elLL~:; 

~'J'lJtl~:;n'eltl~'lJ1 Ln "l LU'lJn~:;~1~LUti n 

n1~tl~'elm~'Bm:;"l1~~-:)~~'J "l L~'lJLLeJ'IJ 'IJ'el n'"l1n LU'lJm ~v'i11,xL~'el Ln "l mm ~:;'"l1t1 ~'JLL~:;L~t1-3 iK'J 
11 iI I I 

oif'el'IJrl'IJLU'lJLLeJ'lJm:; ~1~LL~'J 1wrl'J-3"lJ'el-3 ~'J "l L~'lJLLeJ'lJil tJ1 LL~:;~1J'Lri i1Vi'B~L'lJL~'el n~:; ~1~'"l:;~ n~:;tl 'ltl 

" n1~~~tJ1 (Pressing) LL~:;m~v'i1LL,x-:) (Drying) 

Lti'B-3'"l'l mLeJ'lJm:;~1~~ L~-:)Ln ~~'lJtl'IJ(11:;LLn~-3~-3i1~1'el~lJ1 n ~-3 ~'el-3 rh~"l~1'el'eln tJi'el L"ltl n1~~"l 
~1 ~-31'IJ~'J'lJn "l~~~1,r'IJ ~1t1Vl1'IJin'VI~1~ (Felt) '"l:;L-if11tlftlm:;"l1~"'l1 n~'J'IJ~'lJLLeJ'IJ LL~'JVl1m:;~1~ 

" .J " " 
L-if11tl~:;'\-I~1-3~ n n~-:)'Yl n"lUtl'Btl1-3LLN L"ltl ~1in'VI'Cl1~"'l:;iutJ'l'"l1 n n~:; ~1~H 'VI~-3'"l1 n eJ1'IJ"Jl "l~ n n~-:)~"l 

OJ • OJ

" , , 
tJ1~1'IJ'J'IJ'\-li1-3 LL~'J n~:;m~'"I:;~n~-3 tJi'B1tl~-3Wt1btlv'i1LL,x-3 (Drying section) ~'J'IJ~1in'VI~1 "lvhUti n'"l:; 

" ~ ~.I~ !:"I -1 J' '"I ' 
(1 n'Btl LL'VI-3 LL~ :;'VI'-J'lJn ~U b u ~tln ~:;~1~Lutl n'"l1 n '(;'I'J'IJ"lJ'lJLLtJ'IJ b'VIl.J 
OJ • 

", , 
1'IJ~'J'lJv'i1 LL ,x-3'W'lJm:; ~1~'"I :;~-3 eJ1'IJ~ n'Btl (Dryers) ~-3 i1'q ru'VI.1Jij 80-120 'B-:) Pl1 L"l!~ L~t1~ r1'J1l.J 

t.J J' I 1 cJ 0 11:;' ~ d d, I '" 11~'el'IJ'IJ'"l:;~ n~-3 t:J1'IJ tl'Yl m:; "l1~Vl11'VI'lJ1 ~:;L '\-Itl LU'IJ b'B "l!-3 m:;~1~Vl t:J1'IJ'B'el n'"l'l n1 "l~ n'elU'"l:; r1'el 'IJ"lI 1-3 LL'V!-3 

http:VI~1il~1l.J1
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m~LO]'Uj''J'U (Reeling) 

.,J '" '" a",,,, '" .,J~ '" ..J 0 'i' jj '" 
m:;~1~VlLLVI~LL~'J'"l:;~ nLmJL'lJ1~'J'U ~'J'Um:;~1~Vl b~'"l1 n LI"l~'El~Vl1 n~:;m~ b~tJ (;IN'"l:;L1 'U~'J'U 

., 
lV1'1i L~tJn Reel drum Vl1'El Pope reel '"l1nU'W~'J'Un~:;m~'El1'"l~mJ1hJLL1hltJ L-rl'W m'ElLtI'W~'J'WL~n (;j'~ 

LtI'ULL~'W LI"l~mJ~'J LtI'U~'U j;]'ElLtJ 

, ., 
: ~'1'"l:;iJe.J~Vi11~1"l'J1~~1'UVl1'Wn1~Cl'El'U~'J (Picking resistance) 1"l'J1~~1'WVl1'Wn1~~~~~ih (Water 

~ ~X 

resistance) LL~:;1"l'J1~ L~tJ1J (Smoothness) ~'lJ'U 


"]j~-n~~'J (Calender)• 

n'i::Pl111fWWn (Corrugated board) ., u 

m:;~1~~n~nLtI'U~~~~tl1~1H'1'Wm~e.J~(;l1Jn"J1iruoy] ~'1 Healey LL~:; Allen hl'"l~~'VlfiU(;l~ 
.?l ~ ..J ~ .,J.I....'" !"'I ~ '" ..........
Lu'UI"l~'1LLmL~'Elu I"l.f'! . 1856 'Vlu~:;L'Vlf'!'El'ln~~ (;l'El~1 b'UU 1"l .f'! .1871 Albert Jone b~'"l~~'VlD1J(;lm~:::~1~ 

••1 '" ~ 'i' ... .... ...,J" '" " ~0

~n~m.ll'U1L~m (Single faced corrugated) b~tJ'U1~1e.J~(;l1J~~~flru"Yl'Vl b"]j1J~~~'lJ'J~ LL~:; b'UU 1"l.f'!.1875 

Robert Thomson LL~:; Henry Norris L~L~~~~'U1n1~t-J~(;l1J~~~Jiru"Yl1~tJl-nm:;~1~~n~n (13) 

iI'"l~u'Wh'l'l1'Ue.J~(;lm:;~1~~n~niJn1~L'"l1''1l L~1JL(;l LtI'W'El~.h.:J~1 n 'W~(;l m~~l'U-rl'J'I 100 U~~1'U~1Vi11~ 
,q Go' cv ~ X ~ t,..Q cv ~ Jq I ~ t.I cI t.I 

'El "'~1'j,\ n~~~~1"l'J1~Vl'U~~tJ~1ntJ'I'lJ'U LL~:; b~~ m~Vl1'J (;l Cl ~1J'Vl ~ (;l'fl'(l~ LL'J ~~'El~'fl n ~'JtJ 

iJ cJ 0 ..... .. .. I ~ IV ~ 4 

VI'U1'VlLL~:;1"l'J1~~11"l '1l'lJ'El'l m:;~1~~ n~n ~~'1'UI"l'fl 

1. l-n'l1'UL~VI~1nVl~1tJ ~1~1~Cl~~Y'j1~~1tJLL~:;iJl"l'J1~~'JtJ'I1~ 

2. LI"l~~~h'l~Y'j'fln1J~~~~'U1 
3. 'fl'flnLL1J1JL~~1n~1tJm~I"l'J1~~'fl'ln1~'lJ'fl'l~'U~hLL~:;m~'lJ'U~'1 

6 . H'I1'WL~LVI~1:;n1JI"l'J1~~'fl'lm~ 

7. 'lJ'U~'1~1tJ L-rl'U~1J~~L~ 

8. 'fl'ElnLL1J1J1~L0]1 n1J~fl1'J:;LL'J ~~'El~L~~ 

9 . ~1~1~ClVl~'UL~tJ'Un~1J~11-ntVl~L~• 
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IV IV .cI.J '" cI I J
~,)l""[;J""~ n"ll'tl~ mJ'~ oo.JtJ1 nJ':;t1l1'M~ n~ n ~'tl l~'tl~ t1'l i?l'W"t'J'W l 'W'tl~'"l')n nJ':;m'M~ n~mt1'l'Wl'WL~'tl~ 

"lI'El~ wn~~~ ~,)LL~:;n m tl n ~~1 'W'Pl ~~'),..,nn~'tl,)"",)J'LL~:;'tl i?l~'),..,n n~:a L~ n'VI J''tl-wmfUrmH'm:;t1'l')'M
q ,,"4 q 

'i1\JFlt.1'i::n'i1U"1l'i1·:m'i::~1'J:ffim"n (Corrugated board composition) 
u " 

Lt1'ltJvY'JhhL~'Jm:;t1'l,)'M~n~n '"l:;lh:;n'tl'UhJ~'JtJ n~:;t1'l')'M 2 lh:;L1l'VI ~'tl 

1. n~:;t1'l,)'M.yh~'Jn~'tl~""-;;'tlnJ':;t1'l,)'M~hn~'tl~~n~n (Linerboard) 

2. m:;t1'l,)'MVi,)~'tl'W~n~n""-;;'tlnJ':;t1'l,)'MI'i'J~'tl'W~n~ n (Corrugating medium) 

Q" ••1 'I " ......1.... .J " ," ,Q,

m:;t1'l,)'Mr:J'J n~'tl~~ nl1 n ~'W'VI'tl~~~') t1'l'tl1'"l~"lI'tlLmn'VI,..,~')n""~,)tJ LL~'JLb~ r:J r:J~ ~m:;t1'l,)'MLL~~:;J',)tJ
" " " 

'"l:;n'),..,'Wt1'l Lt1'ltJiJ ~'J,)~ LLIn n ~h~~ ~ nUl1~ LL~::;~n'Mru:;~lh')nn bfl'W,..,~n n~:; t1'l ,)'M~'J n ~'tl~ ~ n~ nLt1'ltJvY'J \'I.J 
q ~ ~ ~ 

LL~'J~,)~,)J'mbu~'tl'tlmil'W'l.JJ':;L1l'VIlmll \~ 4 'l.JJ':;L1l'VI (14, 15) r;)~LL~t1'l~1'W1n,)J'1~~ 4 

bil'WviLM'M l'WmJ'r:J~lnn~'tl~~~'tl~mJ' ~,)~'ln L~~'tl~H1~yh ~'W~'l'W 
~'l,)~~,)~,)J'tll'WmJ'L~tJ~.n'tl'WLL~:;f'U :a L~ ~'VIJ''tl-W~~ LLr:J~'J~'"lJ'\~yh 'tl,)"",)J' 

150 g/m 
2 

125g/m
2 

J'),..,i!n LiI'W~~-wm,'LiI'W'tlth~~')nl'Wn~~ LL-rlLL~~L~'tlmJ'~~'tl'tln 'tl1"",)J'm:;il'tl~ 
~'U1-Ln ~1'WL'tl L~tJ Lti'tl~'"l,) n"ll,)'l~'W~'tl~,)~ L~~'tl~tJ'Wl'1 ~~'VI'tl LiI'W~'W185 g/m 

2 

dI ."1 .... ."1 Q, ov ..J
230 g/m 

2 
L""~'tl~'VI'tl~ LlJ'W~~'1 ~~ LlJ'Wr:J ~~Jlru'Yl'VI 


\~f'U ~ 'l ')~-wtJ~ ~ ') ,..,f'UVi ') Lil 'Wn ~'tl'l'UJ'J''' 


~'W~"ll'W'l.JJ':;L'VI MLL~:;~'1'tl'El n 


, 
L~'tlm::;t1'l1'M iJ~ru~~'U~ ~,)'W~'J,)~LL~'1LLN ~'W~,)Jl1tJl'W'l.JJ':;L'VIM -wtJ~H~'),..,f'UVi')fiJ'J'~"lI1~ (KI) • 

125 g/m 
2 

150 g/m 
2 

185 g/m 
2 ~'1 LL'l t1'l~'tl~ ~~LiI'W~'fl'tl'WLiI'WfiJ'J'~"lI,) ~Vi') 

1,x~')'W~~vr'U'Wn~'tl'liJ ~'l,)~Lt1'l t1'l L~'W 
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m':::",')~e:i'l n~'tl'l~ 

'lJ,)'l (KS) 

170 g/m
2 

(100% recycle 

pulp) 

105 g/m2 

115 g/m2 

125 g/m2 

150g/m
2 

., 
~'el'l m),fl'l,)l-J LL ~'lLLNt'lJm)'f'IJ"LJ')vr,j'n 

l-J')n,j'n 

(e:i'l~'lJ,)'l) il f)'l,)l-J L1U'IJ'lJ'tl'l e:i'l m:::"'')~~'l Lvrl-J'):::~')vrf'IJv'i') n~'tl'l'IJn"'l'" . 
~,)lJ,)Hl"LJ,)ttl (:.J~ '" n~'tl'l~il f)'l,)l-JLL~'lLL),'l Lfl1'tl'l t-ntyjvh mLL~ :::Lfl1'tl'lij'tlLLViVl~ 

., 
if"'l~U'lJef.-n'l,)'lJl1'lt'lJ1.h:::LVI f'\LL~::: 


r;],)'l1J :i':::LVI f'\ r;]')'l t ~f)'l,)l-J~,) rir~ n'IJL1'el'l~'l 

,,<4 ~ ".... "" &

LL'll'Wl'tll-J "'l'H"'lJm),Yl~'lJ,)LYl'tl"''tl'IJ~'lJ'tl'l 

fl'l,)l-J~'tl'lm)' n)':::"'')~tJ'lfl'lfmj',)fl'l,)l-J 

LL~'lLLNt'lJm)'tl')hJH'l,)'lJl~",uhlYht~ 

Ln",if'k)vr') 

m:::",')~t;i'l~'el'lJ~n~n (CorruQatinQ medium vr1'el Flute) 

.!"l J.... """"'I" .. & 0 .... 'I0 

Lu'lJm:::"',)~l-J ~l-J'IJ '" b'lJ(;\')'lJf)'l,)l-J LL'lJ'lLLN Ll-J'el'lJ,)l-J,)VI,) ~'el'lJm::: "'')~ LL~:::l-J fl'l,)l-J~,)l-J,)),Cl b'Wm)' 

'" "'~ l-JJ ') l~'elth'l),'l '" L ~'l L~'tl'll 'lut~n '))'~ '" n ') 'l 'IJ'WLfl1'tl'l (:.J ~ '" LLc.!'lJn)'::: "'')~~ nyj n (Corrugating
'" '" '" 

machine) dj'Wl1Jl~'el El')'l il1J),:::~Vlfifl ')Vi v'i ') t ~~,)l-J'))'m~'WLfl1'el'l1~~'lu fl'l,)lJ L~'l~'ll~ m::: ",')~t;i'l ~'el'W 


~n~nL"'m~''ll1JLL~'lil~')''rwnl-J')m~')'lJ~ 125 nfl-Jr;]'tl "',)),,)'lLlJ"'), (14)
'" '" ~ 

~'tl'W~n~ nil'lJ'W,) "'LL'" nr;]')'l n'Wl1J mlJ ml-J fl'l,) l-J ~'l LL~:::fl'l,)l-J ~'lJ'el'l~'tl'lJ"''l LL~ "''l t 'W"',)),,)'l~ 5 LL~::: 
J 'i' vJ J.... ,.... J ~.... 'I "" 

fl,)ViVl 3 b"'U m:::(;\')~~ n '.1 nVll-J fl'l,)lJ~'l'lJ'el'l~'tl'Wl-J')mL"'lJ fl'l,)lJ Cl'lJ'el'l~'tl'Wm"'l:::lJ fl'l ') l-J ~,)l-J,)),Cl b'Wm )')''1..1 

J')vr'l!n1'Wn') ),'l,)'l L1u'lojf'el'Wl~~ n~ ') ~'tl'W~il fl'l ,)l-J~'lU'tlU LLr;]il f)'l ') lJ ~'lJ'tl'l~'el'W~'l 'tlEl')'lhriml-J n)':::(;\')~
'" '" 

~n~ n~il fl'l,)l-J ~'l'lJ'el'l ~'el'Wl-J,) n"'l:::t~~ ru~l-J'IJ~ ~')'Wm),~l-Jyf~'tlU n~') m:::"'')~~ n~ n~il fl'l,)l-J~'l'lJ'tl'l~'el 'W 
, 

o 

m 



• • 

• • • 
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rl'J'l3.J~~'1J'el~~'el'l..l Take-up factor 

(n~~L3.J(;l)') 

A 105-125 4.5-4.7 1.54 

120-145c 3.5-3.7 1.43 

2.1-2.9 1.32B 150-185 

1.1-1 .2 1.27 290-320E 

0.7-0.8 1.23 410-420F 

m::t?lTI~~'el'l..l A 	 ~'l3.J'l)'t:l~l.JLLNnt?l1.'I..lLL'I..l'J~~l~~ (m3.Jrl'Jl3.Jnt)'l~'1J'el~~'el'l..l) 'Vl'l..lLL~~n~::LL'Vlnl~~ nf'l'J'l3.J 

Ut?l"'~'I..l~~ I1l'el3.J'lo;oo.J'I..l'l LiI'I..l~'el'l..l C 

n)'::t?l'l~~'el'l..l C 	o;oo.J'I..l'l3.J'l'"l'ln~'el'l..l A 'Vl'l..lLL)'~m::LL'Vlnl~~L",iJ'el'l..l~'el'l..l A LL~::~I3.JI)'t:l~l.JLLNnt?l1.'I..lLL'I..l'J~~ 
~ ~~~ ~ 

((;lI3.Jml3.Jml~'1J'el~~'el'l..l) Lt?l~L~3.J'el'l..l~'el'l..l B 

m::t?lI~~'elY B ~l.JLLNnt?l1.'I..lLL'I..l'J~..:I ((;lI3.Jf'l'JI3.Jnt)'l~'1J'el~~'el'l..l) 'Vl'l..lLLNn),::LL'Vln LL~::f'l'Jl.Jrl3.Jf'lruJlIYi 

'Vl1~m)'oW3.JYi1~~n~I~'el'l..l A LL~::~'el'l..l C 

m::~I~~'el'l..l E 	 rl'J1.Jf'l3.Jf'lruJlIYim)'oW3.JYi1~~~~t?l ~13.J'l~t:l\j'l3.JloW3.J';mr..:l~'I..l~'el'l..l (Post printint) l~LiI'I..l 

F ,. 

c ,. 

8 ,. 

A. ,. 
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t1~::UI'YI"lI'i1·:m~::pl1~~ny.Jn (Corrugated board types) .. ., 

" m:; ~ 'l'ft~ n~ n ~ 'l~'l J'n~'l LL'Wn (;I 'l ~L~N~h'lllll mll'Wll J':;Ul VI,;l 'l'l1 '1.~~'1il 

•• 1 ".c,j

1. nf:;~'l'fttlnYJnVf'W'lL~tJ';) (Single-faced corrugated board) 

LtI'Wm:;~'l'ftLLeJ'W~n~n~llJ':;nllu~,;}tJ m:;m'ftC4'Jn~'fN~n~n (Liner) 1 ~'l'W LL~:;m:;m'ft(;j''J 
~ll'W~n~n (Corrugating medium) ~'1LL~'M1'WJ1T'r~~ 4 

Single face outer ply Adhesive 

'" 
2. m':;~'l'ft~nyJn 3 -n'W (Single wall corrugated board) 

" '" 
."1 ' ••1 .J. I " ""..J""" ov
LlJ'Wm:;~'l'ftLLc.J'W~ n~ nVluJ':;nllU ~';}tJ m:;~'l'ftc.J'J n ~1l'l ~ n '.1 n ~'l'WVI'W'lLL~:;~ 'l'WVI~'1 (;IN n~1'1 

."1 ov ..J '" .J.d '" ..J ov , J' ov ~" .J~"
LU'Wm:;m'ftm~ll'W~n '.In ~'11l1YlVl 5 'll'lm:;~1'ft(;l'J~1l'W~n '.1n(;)'1n~1'J"lJ'WnumJ' ~'ll'l1'WVI~ ~'ll'l1'W 

~1l'ln')J' L(;)tJm'"lLll'W~ll'W B, C Vl11l A Lll'W~'W 

Top outer ply 

Bottom outer ply 

http:t1~::UI'YI"lI'i1�:m~::pl1~~ny.Jn
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" 3. 	m':;~Yl'M~n~n 5 it.! (Double wall corrugated board) 

~ ' •• 1 d. 1 ... "" ,J' '" ..1
Lut.!m':;(?)I'MLL~t.!~ n~ nVl"lJ~:;n'rl'U mtJn~:;~l1'M~'Jn~'rl-:l~ n 'J n 3 LL~t.! LL~:;m':;(?)I'M(;]'J~'rlt.!~n~ n 

1.1 I I I 	 I II I 

~n 2 it.! ;-:l!lIYfVl6 L(?)uvi'J1,j~~(;]LYi'rl1.jfri'Un~'rl-:l~n~nVli1f'rl-:ln1~~'U,J1'I!I'Il'n~-:l ~'rlt.!Vl1.jf~mtlt.!~'rlt.! B 

LL~:; C 

, " 
!l1'W~ 6: m':;(?)I'M~nyJn 5 it.! (16,17,19)

OJ OJ 
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", 
iJn (Kiss impress ion) ~\l rJ 'J 1a.JVI ~1 nVI ~ 1t1LL~ ~ rJ'J'1a.J n'1'JVI\\1'Vl'1'1 L'Vl rJ '1 'W '1~~Hl '"l~ L~'W't~'"l '1 nn1 ~ 

'a 'a nLLUU '1rJN~¥1\l LrJ1'a'lVia.J-W ~~UUn1~mU'"la.Jllia.J1 NVlij n LL~~i'Wl'1'a'Wn'1~.yh mJVi a.Jvr LtI'W~'W 
LrJ1'a\lVi a.J-WL yJ ~ n'1"ll n n yJ~ iJ rJ 'J '1 a.J rJ ~ 'a 'I I?i'J 1. 'W n1 ~1.-D'\l '1 'W~'I ~1a.J 1H)1-D'Vi a.J vrU'W1'~ ~ 't~VI ~1tJ 

l.l~~LJ)i'1 LL~:;~1a.J'1~nVia.JvrVlijnVi~vr~'Iu'W1'~~1.-D'Vi~-w~iJm'1~L1tJu't~~1niJn L"ll'W m~~)1~~n~n 't~ 

(20, 21) L,",1'a"Vi~-WLyJ~nL"lln~1yJ~L~tJ~'J't1.l (J)1~~ 8) l.l~~n'au~'JtJ 
" n\lVlijnLL~~~nn~"~1'1V1ijn (Ink fountain and fountain roller) 

" ~nn~\lLL'a'WiI~'an (Anilox roller) 
'U 

La.JLL~Via.Jvr (Plate cylinder) 

L~n~Vi~vr (Impression cylinder) 

, "" 
VI~nn'1~~'J't,J']J'a\lVl\l'JtJVi~vrLyJ~nL"llm1~ l.l~~n'au~'JtJ~nn~'I 4 ~n 't~LLri ~nn~'I~1\lV!ijn

'II 'II 'II 

~nn~'ILb'a'WiI~'a n La.JLL~Vi~vr LL~~ '1a.J n~Vi a.J-W L~tJ~nn~'I~1'1V!ijn bb~:;~nn~\l bL'a'WiI'tl'a n'"l:;v'i 1\l1\1ia.J~\Ii 
'II 

http:LL~~i'Wl'1'a'Wn'1~.yh
http:n1~mU'"la.Jllia.J1


~ @~ 6 !'1.rlmlT.~~!'1.lJIJ.L.!:~@IJ.' ~@~:::bbL@ % 86 -~ ~LlJk1.:::.!:~ra@,:::~ I 1.C.f r' ...,."". 11 I F=' 

~U!1-k1.Lr~lJf'o~~I':I.!:LU~~~~MLlfrutA}tI1~!'1.L~!'1.lJ'LJ(~" ~ @~ v ra@~~L~@ruLI1:::.!:fl.~ }t11~.!:LU~ra~,:::~ 
IiLlJtel @~U@~U!'1.@"~~UU~~@IT.~ra~':::~I1LlJtel!'1.lJ~L.!:~g,~!'1.k1.L~:::b~ Urm~l (}tI1~.H~f1.~U~!'1.~mlJ!'1.L~)

'" .. , 
MIiM.!:LU ~ra@,::: ~I1LlJtel n.u g!'1. MI1IJ·~@~::: bIJ.' U @~, IA.U @~!'1.!'1.@" ~~UU~~@IT.~ ra @':::~ IiLlJtel Ltel ., 't:7 I'=' /0.» ...,. % 1'1 'lie IS=" F '0 ': F=" I 

ralJ~fl.~~~ra@~:::b~ ,J;LL~:::W !'1.f'o' }t1i~H~~~lJt!!'1.n.}tIi~U~k1.!'1.!ot'@IT.L!'1.k1.IiLlJtel t'~ra@~ 
" 

::: bU 1ik1..!: ~LIi.!:rlU LIi~ra@,::: ~IiLlJtel ULk1. MIiM!'1.L~~@IT.~ra@,::: ~Ii LlJtel n.U!'1.1':1 UI':I.!: fl." gf1.MIiIJ·1i LlJ tel Ii::: bU Ii k1. P' ~.. p:=r ., 't:7 I'=" <"'D ..." .» ..." Ar F=' P 

@f1.~@IT..!:~LIiUt (!dl '1l8U! Jed 8U!l) lJU@~!'1.~' !'1.f'o' lJLraIiLlJtelralJf1.k1. ~ @~~~llomlJ!'1.L~!'1.lJmlJf1.k1.~ Ouno8 
'" 

118:)) ~~llomlJ!'1.Lb LlJ~!'1.k1.~Lra@U @ura.!:, @.!:k1.U @~f1.!'1.@"~~U U~~@IT.~ra@,::: ~I1LlJtel MIiM!'1.L~~@IT.~ ra@,:::~ ~ Clip I f=l'f="J1i:7 't:7:;: P=' .II'=' p::r 

IiLlJtelIiL~ fl.~t'~U~'U~k1.@f1.Jlot U @~,~@~:::b~ra~':::~!'1.lA.ltA~L~}t1i~f1.L~!'1.lJ' ULk1.~" (L~~ra~':::~IiLlJ~) U Lli 

ru LIi.!:rl~' Ulik1.raLbL'l.!:LI1L~rtmtU 1ik1.@n.~ L!'1.IT.IiIA.U @~!'1.!'1.@" ~~U U ~IJ.t~@~:::bMI1M~Lrr. ULI1U lik1.ru LIi.!:rl ~ ",..,. ~ 57 I I Ii=' I I'=" f' 't:7 :; " 1'1 .II '0 r' " ~ .. 

.!:LU ~@~IA.filL~!'1.M@.!:k1.n.IA.f1.M!'1.~' raL~MI1M!'1.L~~Ufl.fil~l MI1MMLlf~@IT.Ulik1.ru LIiUt.!:LU ~@~IiLlJ~IiL~ fl.' #'IF ,f P I=".f ~ .II 't:7" 11 k .II '0 

f1.,kJ ~L~U~" ~fil~'::: ~I1LlJtel @tk1. ~L!'1.IT.~~t n.m,u @@U ~:::bU @~U!'1.@" t'~UU~lJt!!'1.n.u ~k1.@f1.@tk1.Ii~k1. 
" 

(£Z) ~~UU~lJl':I!'1.M~@lT.raLfilIT.MLlf:::~'1U @~!'1.!'1.@"~~UU~ :6 IA.MLlf 
~ 'O,f ,i '0 ~ 

f1~@~n.~ L~I1L~ }t11~~~~:::~"}tIi~!1"lil~f1~!'1.@lfilLpU U:::bl1~:::LI1k1.,~}tI1~U~k1.!'1.!o~@IT.Lf1.k1.IiLlJ~ : 
I '"

'" .. ~~}tIi~U~k1.!'1.~U Lb U@@!'1.h!mlJ~U~k1.L@' ~~.!:LU ~h!'~t @~'U@~U!'1.@" ~~UU~L~ULJlo!'1.I1k1.~t~~n.~f1UL'l 

n. .. .. 

:::bU~k1.~L.!:t'~UU~ ~@~~~~U~k1.~Lr~~~n.t~!1~U@~U!'1.@"~~UU~!'1.n.ULk1. f1~U@@lJt!!'1.n.!'1.h!mlJ~U~k1.~Lf1 
"" " 

n.~k1.L~ U@~Uf1.@"~~UU~!'1.n. (ep8lQ JOpoa) U~k1.~Lf1~~n.t~~~~.!:LUfil~ll1tAn.lJtelL'l.!:LIiL~}tI1~U~k1.f1.!o 
" " " 

~@IT.L!'1.k1.IiLlJtellitAn.lJ~.!:LUf1~lJ¥,ra~l }t11~U~k1.raL~:::~'m~n.~k1.L~ (6 ~MLlf) U~k1.@f1.L~U ra~'~@tk1. ~U~, 
• n. •

1i~k1.@f1.!'1.lJ' lJt!!'1.~~::: ~" Uts L.!: 11.0' @tk1.l1ra~,.!: ~ln.@~~':::k1.~l!'1.lJ1U @~U!'1.@"~~UU~~:::ru1T.!'1.t lJ~!'1.~k1.~Lfil 
" " I 

f1.1J' lJl':lf1. MI1U 1ik1.~L.!:~~ U U ~ra~l U@~f1.!'1.@" ~~UU~lA.r~' ~~~L.!:!'1.tUI1k1.L!'1.IA.L!'1.k1.LIA.:::bU 1ik1.~L.!:~~U U~~a. f1.U 
'=',fP='I=":;: "~~k "OF'''' 0 " ::' p .... 

£z 
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.cS,q If"'QCV.q cvO 0 " " 
\UJn~~~~'Vl"'lI'W(;\~1'W(Wl'Vl1~~~1ULL~~~1'W'W1

,j.IJ ,j.IJ 

",~ n-w~~1rM''U n1~~(;J,J'W11~~1~1~(l-W~vr'U'Wrj'~ ~,lrJl"'~1n"'~1u~,,;'W L'll'W n~~m~• 
~n~n Yhf~~~1~~mL~~~'au~ LU'W~'W 

" ~" 300-400 L~'Wl'l'ail'l rJl'lm'Vl'"1il'"1n1nlOl1~i'a,,~ncJf'lm~L'lI'af 

• ... ,. ••1 Q ~ !'!I 
LUJWUW'n~n,"1fnr1n (Flexographic printing plate) 

I ~ I ~ 

(1l1~~ 10) Lu'WmJ-w ~vrYl'W'W'W u~~n'a'U rJl'lU ~1'WmJ-w~vr LL~~~'l'W'UlL'l ruIl1~~ LU'WYl'W'W'W~"LL~~~hh 
'\I 1M qJ 'U 

"" J' .J -1 0., " .J ., "" ~~ ~. 
L'aU'l"ll'W~11Ol1 n~1'W ~~'Vl~1'W"ll'a"'fi'l'W\1'W'Vl1 n'U LL 'W'l~~'W1'U '"1'l ~IOl~n'l1"~'a'VllOl~~'a"~'ULLN n (;\~~~ ~(;\ ~(;\U ~~ 

vh1~Ln (;\ n1~~~ LL~~~'a'lhi n~1'1 Ln'WlulOl'WVi11~~'au l'l'a n'U Lii (;\~1'W·jh'l L~U'I ~'WL~'W 

.J • '" ....1" 'i' ••1~ 
111~'Vl 10: LL~~~~Ll1~nb8JInnl1Y'l (24) 

LL)']-W~vrL~~nb'llm1~~"'~1U LL1J1J", ~1U~n~ru~ LLl'l1'~ (;\~1.-ii'VhLL).]-W ~vrlOl ~Lu'Wu1"i" L'"1~1~i~1'l• 
"" " .J " " l?l'aLL~'I (Photopolymer) LU'W",~n ~'Vi'lLL~-w~vr-n'WL~mLL~~"'~1U-n'W'VliJ-n'W~~1~~mL~~-n'W~1'WrJl'JU 1'W 

"" " n1~Vi1LL)']-W~vr~~'U1J ~"L~~IOl~~-n'W(PJ'a'W~1 n~1U 'Vi'l n1 ~tl(;\Yl ~~u~~n'U n1J LL).]-W~vr n1~'U1U LL~" eJ1'WYl ~~ 

~"'U'WLL)']-W~vrL~'aVi11.~Ln (;\'UlL'l ru1l1~ n1~'U1mL~" rJl1'W"'~"L~'a1.~LU'W~1'WLL~-W~vr LL~~n1~~1"L~'el1.~ 
.. "".?IX J' 

1Jn'JruLn(;\LlJ'W~'W'W'W"ll'W~1
" 



• • 
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hI1J"'l~U'WL 'VlrlL'WL~~rl'ell-l~'JL(;I'elf-X!-LYl~(;I (Computer-to-plate, crp) vh1~~1l-l1~f.l~ 11l-F'W(;I'el'W 

n1~t:J~(;I~~'ltJ1n rl'JtJ~l-l~1tJ1n LL~::~l1lYl~111l1~~1u~'l Ll1lun1n~'ell-l~'el-if'el3J~~'W1)utJritJ-F'W(;I'el'Wn1~y'h 
LL~Vil-J",fL-if1 ~'J Uri'W ~'l1~ ~'el'l ii n1 ~L(;I1ul-lYl;l-l LL~::1)1mL~'l eJ 1'WYl ;l-l~ n ~'elhJ LL~Vil-l~"'l:: ~ n 1) 1mL~'l ~~ 
(Ultraviolet, UV) ~'ln1~'W11lLl1lui'1J'1J1ruJl1Yl ~~~~Ll1lU(;IN"'l1nrl'ell-lVi'JL(;I'elf LL~'Je,h'Wn1~~1'l y'\1LL~'l 

, ". 
1) 1U LL~'l LVil-l rl'J1l-l wii'l LLN "lJ'el'l ~'J~-W1 LL~~ l-l~ LL~ ::U~'J ~ 'J L~ ~"'l ~'W'Vl n m::tJ'J'Wn1 ~Jl1 ul'WLrl1'el'l• 
rl'ell-lVi'J L(;I'el f-v,]-L Yl ~ (;I t!'W L'el 'I L'Vl rl L 'WL~~e~1l-l1~f.l"lhuu~tJUt'l ~ ru~n~ru::"lJ'el'lbL~Vi l-lYl1~~~'Wn~1~fi 
~'lb~l-l~~'el'l1)1mL~'l eJ1'WYl;l-l Ll1luy'h 1 ~~1l-l1~f.l t:J~ (;I LL~Vil-l~~ii rl'J1l-l~::L~U 11l~'l1~l-l1 n n~1 Lb~::t:J~ (;I 
" tJ1t-1'1!n~1~~n~1L~l-l (21) 

4 ... '" ••1<:6 ~ !'!I :­
vmn'W~'W&Ttgm,"1InrJTttii1'U'U1 (Flexographic water- based inks) ... 

t-I~nVil-l'Vh::tJtJL'VH~nL'J!n~1~ii'el'li"lu~::n'eltJ\-1~n 3 ~'J'W ~'el ~1~1~~ (Colorant) ~1~~11l (Binder) 

LL~::~'Jy'\1~::~1U (Solvent) ~~nVimfii~n~ru::LtI'W\-1~m~~'JLL~::iirl'J1l-lt-lUl1l~1 LL~'l~'J~'JUn1~l1l~-ntJ 
'U 

t-I1'el n1~~::L \-1U L~U~ n1~L~'el n rl'J1l-l~U~"lJ'el'l~~ n~l-l;"'l::~'WritJi1"'l~U ~1'l1 L-D'W LL~'l n l1lVi l-l; rl,)1l-lL~,) 
... .J~ tJ~ r Q ... ~ 4::1 ~ IV 0 cJ~ i.I ~ .c! J 
,)~l1lVI ~'J!'Wl-l'W 'J!'W11l"lJ'el'l~::tJtJrl')tJrll-lu~l-l1ru\-1l-ln 'elru~l1l-l m'Vl1~::~1UYl ~'J! LL~::rl,)1l-l\-1'W1"1J'el'l'J!'W\-1l-ln'Vl

q .. q 'U 

" (;I'el'ln1~ 

\-1~ nVil-l~L~~ nL'l! m1~j1'W~1UUl-lH1.'Wn1~Vil-l;m::~1~n~'el'l L~'el'l"'l1 n 1~1')1~ LL~::~1l-l1~f.l 
" ., 1" .. .,......J ., ~ "cj "".J" " " " 1;' ~ "cj'l oJ."l d... ..

LLt-I'l(;l') l1lL~')tJ'W')~"lYll-lYlYl~l1l'l!tJ ~11l~ ~1~U~'Vl ~'J!(;I'el'l~1)'J1~f.lm::"'l1U ~'W'W1 ~~~ ~'W"lJru::'VlLu'W\-1l-ln'Wl-l'W 

LL~ Ln'fl Vi l-l;~'l1'W~~ ~Vi l-l;LL~ ::LL~'l ~') LL~') ~'fl'l1~~ ::~1U~1 ~'l~1~~ ~~Uul-lH1'W,J"'l"'lu'W~'fl rl1 ftJ'fl n~ 
" . 

L~(;I'fl:;rl1~n (Carboxylated acrylics) (25) t-I~nVil-l;L~~nL'J!n~"~l"'W'll"ii-if'el~\-1~1UU~::n1~ LU'fl\l"'l1n 

~ .r:::Iio rei cv ~ lIoC1! ~.J.Q c.& J ~ :: IV 0 

t-Il-l n'Wl-l'Wl-l'el(;l~1 n1~~::L~U (;11 ~'l t:J~1~l-JL~f.lU~111'W'Vl ~LL~::rl,)1l-lt-l'W~ rl'l'Vl 'W'fl n"'l1 n'W'W1 LtJ'W(;I,)'Vl1~::~1U 

~1~y'htJDmtJ1 ritJLL~Vil-l;'W'el~Ll-l'elf 1~ LtJ'W'rl'W(;I~1U ~'ell-l'4~U l~b1~ LL~:;l~ii n~'W 
" 

Rentzhog LL~::rl ru:: (26) Mn~1tJ~:;~'VlfiJl1Yl"1J'el'l~~nVil-l;L~~ n L'l!m1~l"'W'll" Vil-l"r'itJ'W 

I J .c:!iI CIt, II .c!iI CIt, c:J I .. I IV.Q "J cv I ~ iI I Q.,Qq J A 
n~:;11l1~n~'el'l'VlLrl~'eltJt:J,)11l')tJ~1nrl~'fltJ 3 'J!'W11l 'Vlt:J1'Wn1~u~tJt:J')t-I'W1'Vl~::;l1ltJ(;I1'l1 Ll1lLLn 'W'el~L'el'Vl~'W'Vll-J 

rl,)1l-l\-1'W1LLti'W~1 (LOPE) 'W'el~LYl~Vi~'W (Polypropylene, PP) LL~::Yl'fl~LYl~Vi~'W'J!U~~iin1~~~L1tJ\l~,) 

(Oriented polypropylene, OPP) ~(;I~t-I~nVil-J;L~~nL'l!nn~iim~L~l-J'el::;rl1~n;S~~i'W (Acrylic 

q JoCII ~ IV I CIt, II QI fl" 

emulsion) 3 'J!'Wl1l'Vll-l~l-ltJ (;I LL(;I nm\ln'W t:J~YltJ,)1 rl ruJl1'W'l1'WYll-lYl rl,)1l-Jm'W'Vl1'Wn1~"lJ~"lJl1lLL~::n1~'Vl'W
• 'U 

~'eln1~i~~"lJru::Lnun iirl,)1l-Jil-J~'Wfiri'J'J!Ul1l'fl::rl1~ n;S~~i'W~Hf 'J!Ul1l"1J'fl'l~~ "lVil-J~ LL~::;~::;tJ n1~u~tJ 
Q cI 0 I tI! Q~ Ct,Q .J I .J d Q CIt,.QoCII Q. 

t:J') l-ln1~'WtJ"'ll1ln~::;11l1m::~1\ll-l1n ~'W'W'el~ ~Yl~Yl~'W "lJru::;'Vlm::;~1~n~'el'l'VlLrl~'eltJ t:J')'W'el~ L'fl'Vl~'WLb~::'W'fl~• 

http:l-JL~f.lU


26 

Olsson bb~::;,",ru::; (27) ~m~1n-:J~~~m~,",-:J1.1~'lJ1.1-:J~1 (Water retention) 1'W~~n~~vrb~~nb'Jj 
nn~ ~'elWJ1~~'W'J1'J~~-:J~~vr bl?'ltJ b(;l1-tJ~~~n~~vr1:J~~~1~~~ ~1bb~ ::;~~1 b~'Wn1J~1 ~~ I?'I ~1.1-:J"llUI?'I~il 
~ I cv 4 ~ 

~~1J(;lbb(;ln(;l'l-:Jn'W rl1.1 Emulsion-polymer binder bb~::; Solution-polymer binder r.nn'W'W(;l~'J1;j~1.1'UfI'J1~ 
" ,

~Ul?'lbb~::;n1~,",-:J1.1~"lJ1.1-:JtJ11'W~~ n~~vr Vl1 n'l ~~~vr1J'WYJ~~~1.1~ b1.1~ bVl1.1f (Polyester) Vi bfl~1.11J~'J 
CV Q .Q tl" I 4.Q. If" 

(;l~'J1;j~1.1'U,",'J1~~'W'J1'Jbb~::;m1~b~tJ1J'lJ1.1-:J-:J1'W~~~ 1:J~~'U'J1 ~~n~~~I:J~~ Emulsion-polymer binder 

il~~lliim~1~~bb1J1J~ ~~m~~bb~-:J b:ti1.1'W~1?'I~1nn~1~~n~~vrI:J~~ Solution-polymer binder m~f1-:J'el~ 
" 

"lJ'el-:JtJ11'W~~ n~~vril ,",'J1~~~~'Wfibb'U1J bb'IJ~~'W(;lN n1J ,",'J1~ b1-tJ'U bb~::;,",'J1 ~~'W'J1'J'lJ1.1-:J-:J1'W~~vr mh'J ~'el 

b~1.1 m ~,",-:J1.1~'lJ1.1-:J~11'W~~n~~vril~1 n~'W m 1 ~ b1-tJ'U bb~:; f1'J 1~ ~'W'J 1'J'lJ1.1-:J-:J1'W~ ~vrnl;j ::;~-:J (;l1~1'IJ ~'JtJ 

A "If tt'
W'iJllLLlln l'YlPI (Polylaetide) 

~~ n~~vr~'J'W1~ 'ki~ ~11;j 1 n~1~~-:J b,", n ::;i6-:Jilu 'kl~1 L11.1-:J n'l ~U1.1 tJ~~1tJ ~-:J I:J~1 ~Lii I?'IU ry~1 L11.1-:J 
I II I I 

~-:J bb'J I?'I ~'el~ ~-:Jt!'Wn 1 n~1.1 n1-D'1.1-:J ff'IJ ~::;n'el'U"lJ1.1-:J~~ n~ ~vrVi dj'Wij (;l ~n1J ~-:J bb'J I?'I ~1.1~ bl?'l tJ~1 ~1 ~r;)U1.1 tJ 

1 " .... "'I ."1 ..J .J1' ~ "C>/ '1. 1
~~1tJ I?'Ib1.1-:J(;l'l~fi~~~"ll1(;l l;j-:Jb1J'Wb~'el-:JVl ~1.l'lI;jI;j::;~::;b~tJ bl?'l'eln(;l1.1 1J 

~'el ~ bb~ n1Vl ~bU'W~ ~1 ~ ~ n~u1.1 tJ~ ~1tJ1~Vl1-:J~'JJl 1~ n ~l.J~'el ~ b1.1~ bVl1.1 f bl?'ltJ1-D'rj(;l r;) ~'UVl'1-:J 
q q 

mnn~(;lnU'W~1~~-:J ~'W1'Wn'l~I:J~ (;le.h'Wm:;'U'J'Wn'l~~~m ~'el1m~ml?'l bb~n ~ n bb~'J~-:Jeh'Wm::;'U'J'Wn'l ~ 
bU 1?'I'J-:Jbb~'J'W"lJ1.1-:Jbb~n1Vl ~~1.1'W1.1bl.J'elf (Monomer) bb~::;~1.1~bl.J'elfln'Jji'W (Polymerization) bb'U'U,",'J'UbLt.!'W 

~1'eln'l~Ltll?'I'J-:J ~1.1~LL~n1Vl~il~ru~JJij~Jl1~Lbn'J (Glass transition temperature, Tg) 60 'el-:Jpj1b'Jj~b~tJ~ 

bb~::;~ru~JJij~~1.1l.Jb~~'J (Melting temperature, T m) 1.1~1'W"rl'J-:J 150-170 1.1-:Jpj1 b'Jj~b~tJ~ ~1.1~bL~n1Vl~ il 
, " 

~n~ru::;1~ ~1~1~r;) nn n~'W bb~::;~~'Jj1 ~1~~ il f1'J1~~1'WVl1'W~1.1tJ1~'WbL~:;1"lJ~'W~-:J ~1l.J1~r;) n'Wmm~i 

~1'W"lJ1.1-:Jbbn~'el1.1n:nbl;j'W bbn~,",1f1J1.1'W11?'11.11.1n1'l1~ bb~:;~11~ ~-:J~'W'elU n1J'JjUI?'I"lJ1.1-:J~1n~~bb~-:J~H ~'el~ bb~n 
" 

1Vl ~~1 ~1 ~r;)tJ11'IJ1.jf-:J1'W1~b-rl'Wb~ tJ 'J n1J~'el ~ bl.J1.1 f~ 'Wj'1'W-k'J1'IJ~ il~ ~ 1J~ bU'Wb Vl1.1 fl~~~1~ ~ n ~'el~ bb~ n 

1Vl~ilfl'J1~rl-:JVl'W~'elmm~::;bbVln (Impact strength) ~1 ~-:Jil~11n~b~mn1J~1.1~1'JU~f1~'elh~ (Polyvinyl 

chloride, PVC) ~hJi1n'l~b~~~~1~~1'Jjb'Jj1.1f (Plasticizer) i1f1'J1~bb~-:J ,",'J1~,",-:JVl'W~1.1m~m::;bbVln bb~::; 
" ,",'J1~~I?'I~U'W 1n~b~tJ-:Jn'U~1.1~b'elVi~'WbVlL~~Vl1b~(;l (Polyethylene terephthalate, PET) 'W1.1nI;j1n'il~'el~

q 

bb~n1Vl ~tJ-:Jil~l.J~1n~L~tJ-:J n'U~'el~~1(;l1-'W (Polystyrene, PS) LL~::;~1~1 ~C1tJ11'IJ'lJf'U'IJ~-:J1~il~~'U~ 
" 

1n~b~tJ-:Jn'U~1.1~b1.1Vi~'W (Polyethylene, PE) ~11.1~1.1~b~~~~'W (Polypropylene, PP) 1~ ~-:Jt!'W~'el~LL~n 
~ .."'I 0 1- I. I'" • 1 ....... J' t " J'. 1 '1$ 1"..J C>/ <V
bVlI?'II;j -:J ~ '1 ~ 1 ~ C1 'W 1 1J 1J ~ 'U 1J ~ -:J ~ l.J 1J (;l ~ 'W j '1 'W Vl-:J I?'I 1 'W n 1 ~ "lJ 'W t 1J Lb ~ ::; n 1 ~ bOJ] -:J 1 'W I?'I L"lJ 'W bI?'I tJ 'J n 'U 

~~1~~nb1.1b~YJ'W; (Olefins plastics) ~1:J~(;l1;j1nm::;1J'J'Wm~Vl1-:Jtlb(;l~brli1 (28, 29) 

http:hJi1n'l~b~~~~1~~1'Jjb'Jj1.1f
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" ,
U1:n~~~ Ll11tJL'e)'W1'1!art1~1~1~(l'\.nt~~'JhJ{;n~Vl'e)--11?l~1111 ~Ty'hm~'VlI11~'e)u1Jljmmm~tJ'e)tJ~~1tJ'll'e)--1yj'e) 

~LL~ntVl ~ 91 n m~Vl 111~'e)--1yjU~1 L'e)'W1'1!~1~~~L'e)~~'e)~1'W~Jl1'J:;n~I11LL~ :;n~1--1 9:;Ln l111Jljmm1~tJ'e)tJ 

~~'e)hhn l111Jljmm L~ tJ 1'W'll ru:;~Lyj ~~ L'e)~~'e)~1'W~1l1'J:;Ltl'WI1h--1 9 :;iH1'W'J'Wm~tJ'e) tJ~~ 1tJ"lI'e)--1"fj'e)~LL~ n 

t'Vl~LnI11Ltl'Wn~(;1LL~n~nt~~--1n~1 

Theilen LL~:;l'lru:; (31) ~n'rnmn~~~'e)'W1?l1~1~L~1'W1'l (Montmorillonite) 1'Wyj'e)~LL~n1Vl~LL~:;vh 
, " 

nlnthdj'WLL~'WYl~~ yjU~1m~L~~Villi~lru 5% ~--1 ~~L~3JLL~'WYl~~3J~~~ m~"lI'Jl--1n'W'e)'e)n:nL9'W! 

c:. J' ~ 4:1 1:: ~ ..!' .J _~ .Qj G.I r ~"I I

Lyj~"lI'W 48% LL~:;m~"lI'Jl--1n'Wm~'1!~~I'W"lI'e)--1 'e)'W1Lyj~"lI'W 50% L~'e)LU~UUL'VlUUnuLL~'WYl~~yj'e)~LL~n 

1Vl ~~hl3J mn~~~'e)'W1?l1~1~L~1'W1'l ~~"lI'e)--1~~U~L:n--1 n~yjU~1 n1~L~~~'e)'W1?l1~1'~L~1'W1'l9:;vl1L~ 
let" Q I ~ J' J _~ .q cv cJ IV ~ 1\1 i,I ~ Clio I Q,.' 

LL~'WY'itl~~1'l1 Young's modulus L~~"lI'W 20% L~'e)Lu~UULVltJunU"llru:;'VlU--1 b~ bI11LI?l~~1nl?l~LLI?l--1 LL~:;U--1 

vl11~il?lnm~tJ'e)U~~IUL~'J~'WL~mJ'e)U 
Ouchi LL~:;l'lru:; (32) ~m~n~~u"i'Vll--1n'lUIl1yj"ll'e)--1LL~'WYl~~yj'e)~LL~nl'Vlr;)~~~ Polylactide­

grafted dextran ~il11~'J'W 4:1 yjU~ILL~'WYl~~~~~3J~ru~.1Jij~IlI~LLn'JLL~:;ml~Ltl'W~~n~1~--1L'W'llru:; 
.J <!I"': J' J _F.! "" IV ,~ .. co. a ~ ...J~, "" 

VlI'l'J1~~'WI11L~~"lI'W L~'e)Lu~UULVluunULL~'WY'i~~~'e)mL~n b'VlI11VI b~~m~~~~ 


Rrull1'rN1't.I';;~rf (Print quality)
• 

1'Wn~:;u'J'Wm~'Vll--1m~~~vr n'e) 'Wvl 1 m~~~vr91nlllyj tif'W'UUU~Ltl'WJll~L'Vl'W(;]'e) L~'e)--1 9::tif'e)--13J 

_ 1 'I " ~ .J "" "" '31 <!I 0 a "" J' .J "" , ....1'i'IV

nlnLu~--1Jllyj bmu'WJll~Vl~LyjU--1 2 ~:;I11U~ I'l'e) 91111111 (L~I11~m'W) U'W~'W"lIl'J VlL~Umle:11~Y'i ~Vl'W• 
.J 

(Halftone) (Jll~'Vl 11) 
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" L(11tJ"'l::LLU~'llt~'Lij(11~n~'lJm~hw'IJi:J"lJ"n(111~qjL~nhlL'Vhn'IJ (Amplitude Modulation screening) 

L~'el~tN m 1~~'el'lLt1'IJdj'IJ~L'Yl1~~1tJ1 :i'::~1J'1~ ~1'el'el1"'l LLU~'ll~Lii (11~ n1'IJi:J"lJ'lJ1 (11 L'Vl1 n'IJLL~:i'::m;vi1'l 
:i'::~~1'l'(11~1'ln'IJ (Frequency Modulation screening) 1"l'J1~~"'1'l"lJ'el'lLij (11~n~'IJ.yh1~~1~1:i'rl~'el'l Lt1'W 

:i':: ~1J~ L'Yl1 LLt'l n ~1'ln'IJ'el'el n '1u'1~ :i':: ~1J ~ L'Yl1"lJ'el'l1l1'V'1!11 ~yJL'Yl'IJ"'l:: dj'IJLU'el fL "l!'lJl'l"lJ'el'l~'IJ~ Lii (11 ~ n~'W1J'IJ 
J' J ~ J.J "'. .I? '" .... J' J or.... ''I ~ 
'V'I'IJ'Yl'Yl'l~~(11 (1l1'V'1'Yl 12) Lvn'IJ !11~YH'Yl'IJ 20% ~~1tJrl'l~'V'I'IJ'YlL~(11~m'IJ:i''J~ 20 ~'IJ'JtJ ~'IJ'Yl'l~~(11100 

~~'JtJ 

20% 	 40% 80% 100%·.....· .:.:.:.· ...... ........
.. .. ... ·.....·... II· 

~1~f1J1l1'V'1~hJi:Jn1nLU~'lLi'J'lJLij(11~n~'IJ ~~'IJ ~1m~'lJn:i'1yJYln l?i'J'eln'h":i'~1'l1 (1l1'V'1~ 13) "'l:: 

L~tJm'J~1 ~1 1l1'V'1~1m~'IJ~1'el1l1'V'1~'lJmtJ (Solid tone) 

Solid tone 
B C M Y 

t , 

I i 
t l
i : 
I i 

4 pt Palatino 

6 pt Palatino 	 ABCDEFGHlJKLMNOPQI&IUVWXYZ 
.bcdefghijkJmnopq....luv'""y. 1234 56789().,:;'" [II f£)!?&:. 

8 pt Palatino ABCDEFGHlJKLMNOPQRSTUVWXYZ 
abcdefghijk1mnopqrstuvwxyz 1234567890.,:;"'[](}£$!?& 

10 pI Palatino ABCDEFGHIJKLMNOPQRSTUVWXYZ 
abcdefghijklmnopqrstuvwxyz 1234567890.,:;"'[]t}£$!?& 

12 pt Palatino 	 ABCDEFGH1JKLMNOPQRSTUVWXYZ 
abcdefghijklmnopqrstuvwxyz 1234567890.,:;IU[](}£$!?& 

14 pt Palatino 	 ABCDEFGHIJKLMNOPQRSTUVWXYZ 
abcdefghijk1mnopqrstuvwxyz 1234567890.,:;III[]{}£$!?& 

http:11~n~'IJ.yh
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~ru!lIV'1"1J'fl'l'lI'WYhJivf'J hJ~I~I~C1Yl~I~rul 1;)'1~~m~ru:;"1J'fl'l m~Yh.JV'l1~fLth.l 2 LLtJtJ ~'fl 
~ru!lIV'1"1J'fl'l~'W(;l1tJ (Solid tone) LL'~:; ~ru!lIV'1"1J'fl'ltJ1-L'Jru!lIV'1e11~yJb'Vl'W (Halftone) ~'l~~n'jj'ru:;u'l~ 

.Q ~ I cv .J .Q .J .Q .. J' c::t. A. ~ 
~ ru!llV'1 "1J'fl'l'l1 'W V'I ~V'I LLI'l n 1;)'1'1 n 'W LVJl'W tJ n'J ru'Vl V'I ~V'I V'I'W1'l1 tJ ~1~1 ~C1 V'I~ 1 ~ru1 rt ru!lIV'1'l1 'WV'I ~V'l91 n

• 
rt'Jl~~1 (Print density 'VI~'fl Density) rt'Jl~L1tJtJ~~IL~~'fl (Evenness) Lil'W~'W (35) 

o JI 
rt'Jl~~I"1J'tl'lV'l'Wl'lltJ (Print density of solid tone) 


'" ,

n1~rJ~ "h Fl'Jl~ ~1 (D) Lij'Wnl~rJ~ Fl'Jl~ L-if~~"1J'tl'l-D'WYl~~'VIij nYl~iVlYl ~i'flutJ'WrJ~ (11 HfYl~i b~tJ 

'IJ • 

'" % -.I .J '" J' "" "".. '" '" J' "" JI '" ~ "''''' ..9:;'J ~~ ~'C'i'J'W"1J'fl-:j LL~'1'Vl ~:;'Vl'tl'W"1J'W~191 ntJ n'J ruV'l ~V'I (I) mJ LL~'l~ :;'Vl'fl'W"1J'W~191 ntJn'J ruV'l'W'J ~ ~ b'llV'l ~V'I
• 

~-:jhl~'VIijnYl~iYl~i'fl~ (10) 'VI~'flri~'tl ~ILLyJml'l'tlfn1~~:;Vl'fl'WLL~'l (R) LL~'JLLtJ~'lLil'W~1 log ~-:j~~n1~~ 
1 (34) 

D = log 1/R = log lof I (1 ) 

'" '" ,
~1 Fl'J 1~ ~1 il9:;i~~'W€ntJ Fl'Jl~'VI'W1 "1J'fl'l-D'WYl ~~'VIij nYl~itJ'WrJ~ ~Yl~i Lil'fl'l91 n'VIij nYl ~i• 

b~tJvf'J1tJ~~n'jj'ru:;~'lbtJ1'l LL~'l L~'flYl~i~-:jtJ'WrJ~ ~1-ifYl~i ~1 rt'Jl~~1~1~9:;Lil'W~1Fl'J1 ~ ~1"1J'fl'l.r'WYl ~~ 
'VIij nYi~i~'J~ rltJ LL~'l~~:;Vl'tl'W91 n ~'JrJ~ ~ •1-ifYi ~i~1'W~'W~19'W'Vl:;~•~'J.r'WYl~~'VIij nYl~i ~-:j.r'WYl ~~'VIij n 

Yl~i'VI'W1 ~1 rt'Jl~ ~1 ri9:;~'l~-:j~'W LL(;j9:;~9 ~~ ~IFl'Jl~ ~1hlL~~~'W~ n (;j'fl1tJLLaJ~I.r'WYl ~~'VIij n9 :;'VI'WI~'W
'IJ • 

, , '" 
~ n i!'W~'fl Ln'fl'VIij nYi~i'VI'WI~'W~1 ~1~C1U ~ ~'JrJ~ ~HYl~V'l1~~\\'Vl LL~'lhl~I~I~C1~ :;Vl'tl'W~'W~I~1 n ~'J• ., 
rJ~~1-ifYi~i~'W'Vl:;~ ~'J"1J'fl'l'VIijnYl ~V'l1~~ n ~1 Fl'Jl~ ~1i!'W~'l Lil'W~1 Fl'Jl~ ~1"1J'fl'l'VIijnYi~i'fltJl'l L~m 

, '" 
Fl'Jl~ L1tJtJ~~1 L~~'tl"1J'fl'ly/'Wl'lltJ (Evenness of solid tone) 

q ~ ~ 4.J ~,. d .Q G'" Q A. IV !.t.Q ~ it ~ 
Fl'Jl~ L~tJtJ~~1 L~~'tl"1J'fl'lV'l'WmtJ 'VI~ltJC1'l n1~'Vl'll'WYl ~~"1J'fl'l'VI~nV'l ~V'ltJnu ~ t:J'J'J~ ~ 1'llV'l~V'I b~'Vl'J• 

I I I I II 

9'WvllL'IX~Vl~'tl-:j Lt1'W~ Fl 'Jl~ L-if~ L'Vhn'Wl'1'J'VlntJ~L'J ru i!'Wri~'fl ~ ~1 Fl'Jl~ ~11 'W'Vl ntJ1-L'J ruVl~ m~Yi~iYi'W 

"" "" !'I'" cI "" ...Jq., J'i'.I' .... :;"1"'" a ."1 ,:/.J
tJ n'J ru n 1 ~ Fl 'l tJ Fl ~ n 1 ~V'I ~ V'I b'VI 'VI ~ n V'I ~ V'I 'Vl ~ ~ n 'jj' ru:; n -:j buN LL ~ -:j Lrt ~ 'tl tJ u ~ t:J 'J 9 'W ~ 'fl-:j L'VI 'W Lu 'W ~ 'Vl• 
~~1 L~~'fl,j'W m:;vll1~mnn~In1~Yl~i~'ltJ'WrJ~ ~~hl~ Fl'Jl~V'I~'W L"ll'W V'I~I~ ~ n 'VI~-:j'Ol1 n'VIijnYl~icm.. " 

nltJb'fl'W'Ol1 n LL~Yl~vr~-:jtJ'WrJ~ ~L-ifYl~iLL~'J 'VII n~'tl'l Lt1'W'VIijn~ ~n ~~-DtJ~-:j1tJ~'J~ rltJ~ n'tl'l Lil'W.r'W'fl~tJ'W 
AI '" 1.1 ~ t,I 9.J I.... Q I .ci ~ J' q

t:J'J 'VI 'WI 'Ol 1 n ~1 'WtJ 'W~ Fl'J 1 ~ L"1J ~'~ 'Vl L 'Vll n'W 'Vl n tJ n'J ru Fll Fl 'J 1 ~ L~tJ tJ ~ ~1 L ~ ~ 'fl"1J 'fl'lV'l 'W 1;)'1 tJ'Ol:;~ 'I 'VII n ~. " 

tJ1-L'lru~ ~'fl-:j Lt1'W~'W~'lrJ~ ~ • vll1'IX rt'J 1~ L-if~~ (;jl'1'tl'fl n 1 tJ'Oll ntJ~L'J ru~'W~'l~ 1 n ,r'W~'tl ~1 Fl'Jl~L1tJ tJ 

~ .x 0.Q 

~~1 L~~'tl"1J'fl'lV'l 'W1'l 1 tJ'Ol :;tJ'Il'll ~'1 



(178) G 1}.6LUI1~I:-~ ~nlla'6~rImrr'Llel~'::b OO~ ~u~ru~ (0) F' ..e,.. ... I" Is:;' ·"k " 

~L~nMruu'M1.I:-~IT.L~I1Lr,lelLlel~U~6U1. (~O) nl}.' u.~L~rur,'6rbL~I1Lr,lelLlel::~" (0) ~L~nMruu'6rbl:-~1T. f' "=7 0 I" ~r".... '0 0 I .f '1:7 

L~I1Lr,lel L~I:-L~k1.::6I:-L~ U~" I1Lr,lel Lk1.6LU~l!llL!;'\ (>0 I:-L~ rb~W'I1Lr,lel~nlla'.f~fb' L~rur,nL~6Lu 

nnLI).mIT.I1IT.H~I1~"N1M' ~ I .f t1 ~POI P=' 

n6U~~nlla'6~rI'I:-r,IT-::~~'m' nUI:-L~U~'1~nl}.' 11::~'1~~~'::~~L611I:-lell:-~I:-Lr,~nl}.' 1:-r,IT-ntl}.::rulT.nt m ~Lk1. 1=''' ... I" ,.. I \t '" t ;;; ~po-~ P=""" I ~ r" ~ I .. k 

I:-~MLlIl:-~lT.~ ~~'::~~L6 nl1l:-L~ U~'1I1Lr,lel ~rt\ ~11k1.I:-,tAnl1 LfA.1 %00 ~ nIJmL~UI:-~ %00 ~ I:-~ %OL ~"I:-~ 
~ ~ 

nl}.ll:-r,~»t~l':Il:-~ ~\fb\ %OO~ nlJmL~UbL~~ %OL n~' LI1JIoml}.ll~nlla'.f~fb' LULI1I1r,rbntU~~bt'~~'6LU 

~ULk1.::~" nIJ'::b6r,lel ~L~UI:-~~ ~~~~ntU~~bt' I:-L~k1.::6 t-L~I:-~~rur,'-trb» t L!;'\:: b I1JIoml}.1t-r,~nt l1r,rbnt u ~ 

~bt' ~~'~~1 n~I1~'L~I1Lr,lel ~nl}.ll:-r,~u •I}.nWtL!;'\ nl}.ltAJLJ: ...MI1~6LUn\11r,rbnt u ~~bt'~~'6LU~ufb f1 l!ll 

::L6M1~ u~k1.nIJmJIo'Lt-ml}.lt-r,~~tk1. %00 ~ ::~" %OL t-L~k1.::6t-L~ rbf1W' I1Lr,lel L~Lru6Lb~~6LU 

~11k1.nu LLl}.mlT.'~I1IT.' ..... I tI "p::::r 

I1Lr,lelI1U Lbt-~n'm ~Lk1.~~~'::~f1L6::~1mm1~::bMLlI ~, %00 ~ I:-lj %OL 1:-r,IT-nt~~~'::~~Lwmm6LI1L~ '" ,.,IOk '" "k iF' 1'" '" 

rt\nbLt-, t-r,~nt L ~ I:-L~ rb~wmLr, lel ~ULk1. L~UU L I1nr, Jt rb6lel ~~~,::~~L6:: ~" ~em~ ML 1I ~~I:-lel t-11:: b 
, 

.. Lt-mr,"'.nt~ f1~':: ~f1L6 I:-~I:-L~ rb~6rrmLr,lell1l1lT. 'LI:-ml}.' 1}.6LUU Lbt-~n' L~I:-L~ rbf16 rrmLr,lelLlelI1I}.MI1 MnLt­
't' '" ,;;I-'" " ~r ,., ~ , ;;I • , '"r'" '" 

L~UI1LI:-f1r,~ I1Lr,lel ~::b~\~nl}.ltAJLJ: MLlIl:-~lT.nl}.l~VLU 1:-?k1.}tI1~nLI:'U ~L~UULI1L~~t-?k1.}tI1~nLI:'I:-~1T. 

%OL::~" %00 ~ ru r,'-trbnl}. ltAJLJ: t-~IT.I:-L~ rb~wmLr,lelL~ULk1. ~~r,L~U ntu~~bt' t-~IT.I1r,rb6LUrbl1Jn~l1~ 

I:-~ (ntu~ %OL rur,'-trbH::b!,l.mtnr,~) MLlIl:-~IT.I1JIoml}.lrur,'-trbL~I1Lr,lelL~rbl1 (ntu~ %OO~) f1L~n¥L~ 

I1Lr,lel L~t-~IT.Jn~l1~I1Lr,lel Lru6 Lb~6LunIJ' nl}.ltAJL~}t11~nLt-t-~IT.t-L~rbf1W' I1Lr,lel Lru6Lb~6LU 

(eUOUI8Lj JO lS8JlU08) nl}.ltAJLJ:I:'~IT.I:'L~rb~wmLr,lel 

nUf1r,~LIT.'~I11::~~'m6U~ 
"" "" J) I t:=:P 

~11' t-Lr,k1.::6ru r,'6 rb.j;(,L~::6 Ur,l':InM~6k1. MI1MU 11k1.1111' ru r,'6rb:: ~" n6 U~~I1mrr, t-Ila MI1Ml}.nMI:-~IT.L~I1Lr,lel 
l' I ~ 'I::r ,f Pi'.... -" IC'I k -f=' J) lb P" -r=r Jr 0 

11r,6::bnl}.ltAJLJ:rur,,-trbl:-~IT.L~I1Lr,lelL~~I:-~ 1:'~::b~L~I1Lr,lelL~ %06-%08 n~' ULI1...MI1~~n~~nlla'.f~fb' II ,. i ,. 

I1I:-I!. (euol MOP8LjS) I1IT.'Ll:-ml}.'I:-r,IT-nUrb~UI:'Ll}.n' L~l}.nM~~MI1MUI1k1.ruLI16rII1ULbt-~m L~;:b p::r r ,,~ r'.." ..... ~ ~ f' ,If' I ~ -" ~IIIP=' F' ~ 

L~I1Lr,lelLlel %OG-%O ~ nil., Lf1~nn6U~~I1'l}.nM~nl!.16~rImt-1la (euollLjO!ILjOIH) I:-Lr,~nl}.' MI1Mrur,'6rb o I 1" p:::7 J) F',r..D ... I" pc. f' . ~ '=' '=' I 

nt nllLfA.'rt\L~I1Lr,lelL~»t;:b nl1 LI:'L~ntU~~bt'~n¥Jlnl!.'.f~fb'~tk1. LI}.'~rb~::6~nl}.ltAJL~MLlI 

(eUOUI8Lj JO !\l!Suep lU!Jd) nlA.ltAJL~I:-~IT.L~I1Lr,lel 

n~nIJ' (U!88 lOO) l1r,rbntu~~bt'L~ OS8JlU08) t-L~rbf1W' 

I1Lr,lel (Al!SUeO) L~I1lr,lel ULb...MI1~nlI:-Mlllru~lru6Lb~lj6ll1l~ n,!tnl}.ltA...~l~rur,1-trbrb~k1.L~ 
~ 

08 

http:MLlIl:-~lT.nl
http:Lt-mr,"'.nt
http:1:-r,IT-ntl}.::rulT.nt


• Jtl1,.M.r-t~H~~1'n.,V~r-t~f111~L~k1,:::~~r-t~~U~~11:::~m U~k1,~ Lr~~n.~~@'!T.~U ~~,,~~n.~rLl~Lr-tL~~~r-t~~ ~r-t~ 

" ~ w 
~Ur-tl:::~" ~r-t~f111r-tl U~k1,~ Lr~~n.~ U@,~nn@,"~~uU~11~Jtl n.@,U:::~rng, nL~n~n]o~r-t~11~!'1.k1,~@'~L~ 

" " " 
:::~~I!s (98) 17~ lA.M.LlIn' ~~~,,~~ U181 MLWITo'U~U.'M.r-tM.~LUn.n.:::~n.~k1,L~~' M.r-tM.~LUn.@,~~lIt.~@'~l!l' p f" ~ AI ~ ~ ~ r"., 'CP .... 0 "W1 "=' F' 

nIT., ~LU ~n.(in. ~@'k1,n.~:::~n' M.r-t M.n.@,~~ lIt.~@'~l!l1ITotl1~' M.r-tM.~LU~ ~~n.~k1,L~r-t~:::Lr-tk1,'lIt.M.r-tM.~LU:::t:.UJ~Lk1, i ~ ,=,1" "..... I.j,: "=' f"" J.__ ... ,. 0 F'.JI 't:ir 't;7 

@,~'~r-t~U~k1,:::~"~r-t~f11' n.@,~~ lIt.~LU L~~L@' ~tJ.LWITol U~tJ.'~r-t~~@,~~m~l~-t~~r-t~~LUn@,!J 

(UOnen/fUI8 IImenb lU!Jd) j"1fM-gLUMLLlfIJiiln.t!,:::g/HLU 

(0<::) %9 ~ -%0 ~ ~nllt.1~nu.'§@,rWl1Lr-t:::~r @'tk1, (8uOlllj6!1lj6!H) ~L~~nllt.lru~'-tn. 

"' b n. b 

~~g:::~~ ~~~niU~1!Jbt' ~@'!T.r-t~n.~LU L~~url1~l ~tJ.UU U.l U~tJ.'~r-t~~Lun~ ~~~I1@,r-r-t~n.niu~~bt'~~, 

»umn.~r~LUL~:::~" ~L~k1, m~~J:I.n.ulIt.~@,!£1:::~nlJ' L~~r-t~~Lf!. ...M.r-t~~LU L~:::~@'~' n!£1nlJ' ~r-t~~ U~~'1 

• ~r-t~f111~@'!T.~Dr-t~ ~r-t~U~k1,~@'!T.~k1,t~@'!T.~Dr-t~ ..M.r-t ~JH~~l'nn.~r-t~u ~k1,~@'!T.~~~»'1:::~'1r-t~~LU ~r-t~ 

H~~~Lr-k1,~t: ~@'!T.~r-t~ nf!.' 11~~J:I.I1L~k1,n.,V~@,n~n~I1@,r-@,tk1,U Lr-t:::~r-t~n.niu ~~bt' ~~'~LUL~ 

(£) [%J ":1-[%J 0:1 = [%J z 

(178) 8 lIt.~LUr-t~ 
r 

n t~~~"~14 ~U11"~LUUL~~~k1,niU~Jlnu.1§@,r'Lf!lnlJ':::~kln!£1 ~~nllt.ll~nu.'§@,r' L~ lIt.~M.1!A.§@,~' t:.~r-t@,~ 
" 

n.n.:::~nn.w Lk1,@'~ k1, M.1'tM.1't"LlIt.n@,U I't~ u.nn.nlA.' ~nu.,~@,n., nIT., ([%J ":I) ~nk1,LUlIt.n~ ~~n~u~~l't'lIt.nM. Is:;' ,.,.JI 0 '.JI~ ~ I" i OF' -:; D f'.f 't::rl .JI tti f:# 

n.,V ([%] 0:/) ..M.I't~nL~nn.(iUL~r~niu~~bt1 ~@'!T.~n¥Jlnu.'§@,r'~@'!T.~L~ ~I':lU L~JtltLk1,Ll~LI'tL~n~ ([%] 

z) n~I't~'~nllt.lL~@,tk1,I't~n.niu~~bt'Jlnu.'§@,r1L~ n.D~n!£1n'LH~nk1,Ly~UL~n~1't~'..M.I't~nLmllt.ltJ.~L[g 

M.LlIru t:.'~n.n' M.1'tM.U l'tk1,lIt.nM.k1,' LlIt.lIt.~LI1@'I1L~k1,I1~~n.1't M.1'tM.~LUn@,~n!T.~L~k1,:::~ .gL1!J:::~unn.n~u~~I't, 't:ir Ia.D "0' 5=" F' ,ftti" 0 F' I .... 1"U p oR 't::r '.:. p .D 

lIt.nM.:::~" n.n.~n~nw~~I't, lIt.nM.~@'!T.liJnlTo'~@'n., ~Lt:.k1,:::~~L~ I'tL~~ L~nn.1 I't~n.nw~~rt1~nu.1~@,n.1 r,f '" 'I,.. J> r,f .. .. I", , ,ID ,.. J>" .. I" 

(u!e5 lOa) ru;n.n~U~~I't'L~ ,.. J>' 

%9L @'tk1, % OL nf!.1 L~mllt.ll't~,ru~1-tn.~@'IT.L~I'tL~~ 

nIJ1:::~ ~L~n.l1wmL~~Lf!l Lk1,LI'tL!t~LU n.,V:::LI'tk1,' ~ (~o) nllt.ltJ.~Lijru ~'-tn.L~ I'tL~~Lf!l ~urra~l 
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, ~ 

~'JtJ LLr;lhl ~ ~'J'W~ 1tJ~ij n L il't)~"'l 1 n H~fi~tJ ~ ~ij n~ ~vr~N ~1'WU'WU~L'J ru~~~~1~1u~~lh ~ riu ~n n~~ 

't)tJnmr1'~rhtJ~~rlruflTYi"lJ't)~~1'W~~vr~~f'l1tJ"lIU~ "lIU",~UtJ~1-ifLLf'l~~1~1nl1''''LLf'l~~1'W'Jrurh 
tJ~~rlrufl1'W"1l't)~~1'W~~'W1~~f'l1n~f'l1tJ ~'t) Lrl1't)~1'~m1~~1 (Densitometer) (f11'W~ 15) ~~~1~1~~H• 
Q.I I 0 .Q, fS"J/ ...... I<t' J 0 ~ tr Q, ~ I .d 
'J '" rl1 rl'J1~ "'1"1l't)~f11'W'W~'W'W'W1n1tJ LL~~e11~Y'i b'Vl'W L'W't) rl1'W'J ruLL~~'JLrl~1~~ '"l rufl1'W"1I't)~~1'W'W ~'W rl1't)'W1 

L'll'W 'll'J~rl'J1~~1 m1~LmtJur;l1~ ~~'t) rl1Lij"'~n1'Wu'J~ r;l't)1tJ1~ 

f11'W~ 15: ~'J't)u1~rl1't)~1''''rl'J1~~1 IHARA R730 Color reflection densitometer (37) 
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(Scanner) (l1'lYl~ 16) ~'l'W'HU~'l'W,)'WYi m"l!~~il~'l~~~'IJ~LVl'lhJLLlJlnuh\l n\.!~'lil~'lmJ'flmvh1(;)1'W~~\I 

~'W~ "nnil~'l~::~'J~ LVl'l Lvhri'WvmYi m"l!~LL~ ~\I~'liliil,)'l~L1tJ'IJ~~'lL~~'flri'W 100 % • 

~ cv I .J I 


l1'lYlVl 16: [;),)'flm\lM'fl\ln~'l(;)LL'IJ'lJLLVl'W~'l'IJ CanoScan LiDE60 flatbed scanner (38) 
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'tlun'inJ• 

! 

Ll"li'tl\ltJ(1lL~'tl (Valley beater) ~~'tl Universal Engineering ~'W UEC-2018A tJ1-i'Vl 

Universal Engineering Corporation th::L'Vlf'l~'WL~tJ 
.ctJ 0 I .J t.t

LM'tl\l'Vl1LLt:J'Wm'::wn~ (Sheet former) tJVI'tl PTI ~'W RK-2A KWT tJ1i'Vl Paper Testing 

Association 'l.J~::L'Vlf'l'tl'tl~LL'i~tJ 
d ~., d." coo... 

LI"l~'tl\lVl1~111~~::tJ1tJ b(1l (Freeness tester) tJVI'tl Regmed t'W CF/A tJ~'rl''Vl Regmed 

'l.J~::L'Vlf'ltJn:n~ 
d... ... ~ 'I ..J ., , ... <V 

LI"l~'tl\l'JLI"l~1::VlL~'W ~tJ (Fiber quality analyzer, FQA) tJVI'tl Optest t'W LDA02 tJ~'rl''Vl 

Optest Equipment Inc. 'l.J~::L'Vlf'lLLI"l'W1(1l1 
d J' d.,

LI"l~'tl\lVl11"l'J1~"ll'W (Moister balance) tJVI'tl Kett ~'W FD-600 tJ1-i'Vl Kett Electric 

Laboratory 'l.J~::L'Vlf'l ~~'W 
d <V . d., .1 ... 

LI"l~'tl\l'J(1l1"l'J1~VI'W1 (Thickness tester) tJVI'tl Frank u~::L'Vlf'lLtJ'tl~~'W 

J cv 11 d . .. JlI QIV 

LM'tl\l'J(1lm1~(;]1'W'Vl1'Wn1~"ll~'tl1n1f'1 (Air permeability tester) t1V1'tl Gurley tJ~'rl''Vl Gurley 

Precision Instrument 'l.J~::L'Vlf'lLtJ'tl~~U. 
d <V ... d." ... <v 

LI"l~'tl\l'J(1l1"l'J1~L~mJ (Smoothness tester) tJVI'tl Toyo Seiki t'W Digi-Bekk tJ~'rl'VI Toyo 

Seiki Co., Ltd. 'l.J~::L'Vlf'lqj~'W 
, 

LI"l1'tl\lrj(1l1"l'J1 ~"1J1'J ~~1\l LL~::1"l'J1~~tJ LL~\l (Brightness and Opacity tester) 

Technidyne ~'W Color-Touch PC tJ1-i'Vl Technidyne Corporation 'l.J~::L'Vlf'l~Vlfj'tlL~1-n1 

Ll"li'tl\lrj(1lI"l'J1~~1'W'Vl1'WLL~\lI?i'W'Vl::~ (Bursting tester) ~~'f) L&W ~'W SE 002 tJ1-i'Vl 

Lorentzen & Wettre 'l.J~::L'Vlf'l~~L(1l'W 
, d., 

LI"l1'f)\lrj(1lrl11"l'J1~~1'W'Vl1'WLLN~\l (Tensile tester) tJVI'f) Toyo Seiki t'W Strograph E-S 

tJ1-i'Vl Toyo Seiki Co., Ltd . 'l.J~::L'Vlf'l~~'W 

Ll"li'f)\lrj(1lrl11"l'J1~~1'W'Vl1'Wl1i'f)LLN~n LLtJtJ Pendulum (Tear tester) ~~'f) Thwing Albert ~'W 

Protear tJ1-i'Vl Thwing-Albert Instrument Company 'l.J~::L'Vlf'l~Vlfj'f)L~1-n1 
d d., . ...<v<V 

LI"l~'tl\l'J(1lLLNn(1l (Crush tester) tJVI'f) ThWing Albert tJ~M'Vl Thwing-Albert Instrument 

Company 'l.J~::L'Vlf'l~VlfS'f)L~1-n1 
~ , 

'q'l.Jn~rurj(1lrl1n1~'!l(1l~~-W1"1J'f)\ln~::(1l1M (Cobb tester) ~~'tl Regmed tJ1-i'Vl Regmed 

'l.J~::L'Vlf'ltJ~1:n~ 
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LfD)~'el~LfD)~'ellJLLlJlJ~lnL't.!~ (K control coater) ~~'el RK t't.! 202 lJ1'i'Vl RK Print Coat 

Instruments, Ltd. U~::;L'Vlp\~~n~~ 
~ ~~ 

n~'el~'1~'Vl~~p\,r:ab~nm'el't.!bblJlJ~'el~nn(?) (Scanning electron microscope, SEM) tlVl'el 

JOEL t't.! JSM-541 OLV lJ1'i'Vl JOEL corporation U~::;L'Vlp\Ltl'el~aJil 

n~'el~'1~'Vl~~P\,r ~~'el Olympus t't.! SZH 1 0 lJ1'~ Olympus Optical rol'ln(?) U~::;b'VlP\~~k! 
J ... ~... ( ) ~~. ,

bfD)~'el~'d(?)~aJ6"laJCJ~LLlJlJ~nYn Pocket contact angle goniometer tlVl'el Flbro ~k! PG-3 

lJ1'i'Vl Fibro System AB U~::;L'VlP\~~b(?)k! 
J <I.,. ~~, ...... 

LfD)~'el~'Vl(?)~'ellJLLNln~CJ'd (Surface tensiometer) tlVl'el Kruss t't.! K8 lJ~~'Vl Kruss GmbH 

U~::;L'VlP\LtJ'el~aJil 
J .... ~ 

bfD)~'el~'Vl(?)~'ellJfD)'d'laJVI't.!(?) (Viscometer) tl~'el Brookfield 1k! DV III lJ1'i'Vl Brookfield• 

Engineering Laboratories, Inc. U~::;L'VlP\~Vlf~'elbaJ1'n'I 

bfD)~'el~'Vl(?)~'ellJn'I~YiaJ~1~ (Printablity tester) ~~'el IGT t't.! F1 lJ1'i'Vl IGT Texting System 

U~::;L 'Vl P\ L't.!Lfi'elfLL~'t.!l11 

LfD)~'el~.r(?)fD)'d'laJ~'1 (Color Reflection Densitometer) ~~'el IHARA 1't.! R730 lJ1'i'Vl Ihara• 

Electronic Industries Co., Ltd. U~::;L'VlP\~~'t.! 
~ I ~~ 

LfD)~'el~m'l~LLlJlJLL'Vl't.!~'1lJ (Flatbed scanner) tlVl'el Canon t't.! CanoScan LiDE60 lJ1'i'Vl 

~ 
Canon Inc. U~::;L'VlP\'kJ~'t.! 

, ~~ 0
LfD)~'el~.r(?)fD)'d1aJ~'t.!'d1'd (Gloss meter) tlVl'el BYK-Gardner t't.! Micro-gloss 75 lJ1'i'Vl 

BYK-Gardner GmbH U~::;L'VlP\Ltl'el~aJil 
J ... (. ) ~~, ...... 

LfD)~'el~'Vl(?)~'ellJn'lnl'el't.!CJ'd Picking tester tlVl'el IGT t't.! IGT Reprotest lJ~~'Vl IGT 

• I ......
Reprotest B.V. u~::;b'VlP\Lk!Lfi'el~LL~'t.!~ 

LfD)~'el~ln~'d"'l~'ellJn'I~i~~ (Rubbing tester) ~~'el Daiei Kagaku Seiki t't.! RT-200 lJ1'i'Vl 

Daiei Kagaku Seiki Mfg. rol1n(?) U~::;b'VlP\~~'t.! 
J ... .1 ... 9 ~~,

bfD)~'el~'d~~Lunln~aJ%'l (Spectrophotometer) tlVl'el X-Rite tk! SP62 

~ I .J~ I oQGo" ® 
LfD)~'el~if't.!n'd't.! (Overhead stirrer) tlVl'el IKA ~k! RW 20 lJ~1!t'Vl IKA Werke GmbH U~::;b'VlP\• 

.., .Jt.t .. I QI.c::tt.CV 

In'ellJ (Oven) tlVl'el MMM ~k! Venticell lJ~1!t'Vl MMM MedCenter u~::;L'VlP\Ltl'el~aJ't.!" . 
..J ~ .Q I Jt.t0

LfD)~'el~"ll~ (Balance) 'VlP\'t.!tlaJ~'el~ln1LLVI't.!~ tlVl'el AND 1't.! GX-30K lJ1'i'Vl A&D Co., Ltd . • 

http:I.c::tt.CV
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Mettler Toledo (Schweiz) GmbH 1.J~:::LV1P1~';j[;lL'l1!lfLL~'W~ 

J"balance) tlVI!l Ohaus 1'W AR2140 iJl',;'V1 Ohaus• 

, 	 , J " 
Lri~!l~i~~:::L~tI~ (Analytical balance) tlVI!l Mettler Toledo 	1'W PM2500 iJl',;'V1 Mettler• 

J 	 ~ q .ell! I Q .... 

Lfl~!l~"l!~~:::L!ltl~ (Analytical balance) tlVI!l Mettler Toledo ~'W AB204-S iJ~'jj'V1 Mettler­• 
Toledo (Schweiz) GmbH 1.J~:::LV1P1~';j[;lL'l1!lfLL~'W~ 


LV1!lfl)J~L[;I!lf (Thermometer) 


n~:::~'l'jj'm!l~ (Filter paper) 


11.JL1.J[;I (Pipet) 

U'J L~[;I (Buret) 

t1.Jmn~)J Photshop 

t"l!L~tI)J1e:1~~!ln1'lf~ (Sodium hydroxide, NaOH) ~~!l Ajax 1.J~:::LV1P1!l!l~L[;I~L~tI 

Lij~~~~'l (Black pigment) ~~!l Clariant 1.J~:::LV1P11V1t1 

Yi!l~LL~n1V1~ (Polylactide) ~~!l Sigma-Aldrich 1.J~:::LV1P1~VI~~!lL)Jl'm 

Yi!l~1'JU~LL!l~n!le:l!l6 (Polyvinyl alcohol, PVC) ~~!l Ajax 1.J~:::LV1P1!l!l~L[;In~tI 

Yi!l~L!lVi~'W1n~fl!l~ (Polyethylene glycol, PEG) ~~!l Panreac Sintesis 1.J~:::LV1P1~L1.J'W 
... 4 ... '" cjcj 1 .. 	 J" .1

~'lm'W'l1)J!l~fl~fl[;l'W ~L)J!l~ (Alkyl ketene dimer, AKD) tlVI!l Zhejiang Cathaya 1J~:::LV1P1 

cj 

iOl'W 

LLU~1.J~:::'iJ'Jn (Cationic starch) iJl',;'V1 LtI'WL'W~~ ~mf"l! ~'lti~ 1.J~:::LV1P11V1t1 

..l 1"J;, .eII..l 'I 	 .......
+ 	 LtI!liOl'ln )JL'W!l!l!l'WVI~!lLtI!l ~tlm'J (Softwood, SW) iOl'ln~'Wi:.J~)J iJ~'jj'V1 Crofton 

1.J~::: LV1 P1 LLfl'W'l ~ 'l 

+ 	 L~!liOl'ln1~L~!lLL~~Vl1!lL~!llmr'W (Hardwood, HW) iOl'lntlfl'l~1.J~~ iJl'~ LL~~'JTWoD 
" 

!l:::bn~ ~'lti~ ()JVI'l"l!'W) 1.J~:::LVlP11V1t1 

..l .1 .. ~ ... J .... 1" .J 'i' 'I'" 'I J 'i' 'I"
LtI!ln~:::~'l'jj'iOl'ln1J'l~)J'W'l)J'WVli:.J~[;I ~iOl'ln'Cl'J'W~fl'WmiJ ~iJ (~~LL~~~ ~'W[\'lYiV1 17) ~~tI ~"l!n'l~ 

~)JL~!lLLiJiJb'l1W1 ~!l HL'lfL~tI)J1e:1~~!ln1'lf~ (Sodium hydroxide, NaOH) dj'W~'l~Lflm'W 
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11 '" ~ oJ ~ 0 ~ d .J.cI J J 11 

LL'VI\I (;J).mJ'elVl'eltkl'VImJ 140 C LtlUL'J~1 4 "ll'JL).J\I "l!\lLtlUl:,J~m~Vl(Ml'el\lVli?lVl~i?lL).J'el1-n, ,~ 

m).J1tk1L'll L~tmlf] i?l~'elnl'll !?1LL~:;L'J~11um~~).J L~'el[;]1\11 riu Li?ltJIl1~ ~'J).J"lJ'el\le.J~n1:i'Vli?l~'el\l 
..J~ i/~ .ell • ~ 'i' c/ ~ ~.. "I i/......J c/ , ...'" 

Vl ~i?l"l!\I LL~ i?l\l tl\l e.J~ "lJ'el\llJ~).J1 tkI ~'ll Li?ltJ).J ~f] i?l:i''el n ~ 'll i?l LL~:; L'J~1 ~um:i'(;J).J LtJ'el Vl).J (;J'el ~).Ju (;J"lJ'el\l 


L~'el LL~:;m:;i?l1'M~ e.J~ (;Jl~'"l1 n'Ll1~).J~1arU,rU '"l :;LL~ i?l\l'el~1U~'JU"lJ'el\l e.J~ n1~Vl i?l~'el\l [;]'ell'Ll 

n:i':;i?l1'M~n~ mn1'V1,j1 L~tJ'JhJiJ m~~).Ji 

m:;i?l1'M\jn~n'VI,j1L~m (Single face) U1'';Vl tf'1J'"l~~hhU'elfii'l'elULVlULU'elf ~1rii?l 'Ll:i':;LVl~ 

1VltJ L~'elH''Ll:i':;nu riu n~:;i?l1'MeJ'J n~'el\l(;]'J'elth\l1Um:i'Vli?l~'elU n :i':;i?l1'M~ nvl n 
., ~ ~ 

Q 0 IV cv I CIt. IV • 

n:i':;(;11'ML'VIUm (Kraft paper) U1'V1Un).J1(;J~~1U 125 m).J(;J'el(;J1:i'1\1L).J(;J~ U~'MVl Slam Kraft 

Industry ~1rii?l 'Ll:i':;LVllillVltJ 

mJ~).JiLvI~nL'llnn~~'el~L).J'elf (Flexographic polymer plate) (~:;UUii'l'el).J~'JL(;J'elf~L~~Vl) 

U1'';Vl LL~~).Ji ~1rii?l 'Ll~:;LVl~lVltJ Li?lmL~~).Ji'VIU1 1.7 il~~L).J(;J~ 'el'elmLuu1~iJu1'L'JtkI~).Ji 

~u(;J1mL~:;f]1~vlLVlU ~ii'I'J1).J~:;L~tJi?ln1:i'~).Ji 30, 50, 65 LL~:; 85 L~U~'elU'J (line per 

inch,lpi) 
., 

'VI~n~).JiLvI~nL'llm1~ii'1utl1~~1 Aqualox 92 Black U1'';Vl Toyo Ink (Thailand) ~lrii?l 
01.9 

U~:;LVl ~1VltJ 

'VI~n~).JiLvI~ nL'llm1~~1U~'1~~'1~ e.J~(;J'"l'1n~'el~LL~nlVl!?1 ~\I LUU'VI~ n~).J·;'lhll'1~ ~'1'V1fu 
n1 :i'L(;J~tJ).J 'VI~ n LL ~ :;~).J1ni"lJ 'el\l'VI ~ n ~ e.J ~ (;Jl~ :i''J).J ~\I n '1 ~tl1 'VI~ n ~ e.J ~ (;J 1~1'Ll~).Ji~\lUU 

n:i':;i?l'1'M~ e.J~ (;Jl~'"l1nu1~).J~1aru n1:i'~ Lii'ln:;'!.fii'l tkIll'1~\l1u~).Ji~1~,ru 1~:i''JU:i''J).J'eltJ1U, ~ 

http:ii'I'J1).J~:;L~tJi?ln1:i'~).Ji
http:el'elmLuu1~iJu1'L'JtkI~).Ji
http:LL~~).Ji
http:lJ'el\llJ~).J1
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" 'Il11Oj1 n~'el~ LL~n1'Vl tpf LL~::;m~~hrt~1::;,rrt 
q 
ruJl1~..:!1'W-WlJvi 

...... 
'Jfm 1'inPI ~ 'iN 

" ~1'V1fumfvl1Lil'W..:!1'W1'WLM..:!m~';j~EJ1'Wn..:!utJ~::;lJ1ru ~.~. 2552 tJ'W H1LLtJ..:!m~'Vll?)~'el":!'el'elnLtI'W 
" 

5 '6'l'J'W ~..:!tl~'el 
nI .J."I Q ..- "'I..... ..1a 'i' 1;' ... .. ~ ...J... ~ I.­. f.:! ::'I
'Ci'J'W'Vl 1: L"LJ'Wmn1J~EJUL'VlEJU~lJU(Jl'JJ'el..:!'VIlJn~lJ~ L-n~n b"lln~1-nfj1'W'W11Oj1n~'el~LL~n b'Vll?)i'l]:..J~ (Jl bl?)

d.8 

~..:! LtI'W'VI~ nYhJ'vf-ihJl1~ riU'VI~ n-w lJY~\~ ~ nL"J! m1~~1'W~1 L:n..:!~1 ru"ll~ Ld'el-W lJvi~..:!u'Wm::;!?11~L 'VI tlm L:n..:! 

~1 ru"ll~	]:..J~lJ riu L~'eltJ1;lJ~1,r'W~t.h'Wm~u", L~'elLL~'J1'W~l?)'6'l'J'WL9l1..:!1 

'6'l'J'W~ 5: LtI'Wmf';jLrt~1::;,rrtruJl1~..:!1'W-WlJi'VI~":!1Oj1n~lJl'll1n~::;!?11~t1'Jn~'el..:!~nyJn~]:..J~m'lnL~'el
q 	 ~ ~ 

I 	 " 

L:n..:!~ 'I ru"ll~]:..J ~lJ riu LU'elth;lJ'Il'l3!'WlJ'I'Vl '" ~'el":!-W lJiJl'JEJ'VI ~ n L :n..:!~ 'I ru"ll ~ 

" 	 I 

1. mn(Jl1EJlJ'VI~n-wlJiL~~nL"J!ml~~'I'W'Il'lIOj'ln~'el~LL~nli'ltpf ~..:!LtI'W'VI~n-wlJyfoihJl'l~ 

1.1 	 L(Jl1EJlJ~1~Ul?)~'el~LL~nl'Vl~,r~on'W Ll?)mJ'Wm'W'1J'el'l]:..J~lJ~'el~LL~nli'l~Lf;n'W (10-15% 

" " 
"lJ'el..:!'Ill'V1tJm'JlJ) LL~::;~'el~ L'elVi~'Wln~ rt'el~ (10% "lJ'el'l'llI'V1tJm'JlJ) 1'W~'I~~::;~'IEJWtl 

" " ~l'Jil~LL'el~n'el~'el; (5-6% "lJ'el..:!'Il'l'VItJm'JlJ) LL~::;~'If~"'LLN~'lt1'J (1% "lJ'el..:!'Il'l'VItJn 
I ~ .JI 

f'JlJ) u'Wm'W"lJ'el'lt.J~lJJl'Jmrt~'el'lu'Wn'J'W'Vlrt'J'IlJL~'J~..:!tJ~::;lJ'Iru 600-800 rpm LU'W 
~ 

I 

L'J~1 2 on'JLlJ'l 
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~ <S "" r" .d 
m'J'"l~'flU rl'J1~Vlt.lI')"JJ'fl-ltnJnYmYl l')'JtI Lrl~'fl-l Brookfield viscometer 

tt.l OV III tl')t1j;]~'J'"l1'l')rl'J1~Vli1I')~'eij;]~1L~'flt.l 2.9 ~-l 72.5 S·1 ~~ruVl1Jn 25°C 

<S "" <S "" r" .d 	 ,
j;]~'J'"l~'flULLNj;]-lt:J'J"JJ'fl-lVl~nYl~YlI')'JtlLrl~'fl-l Surface tensiometer ~t.l, 

K8 H'J-lLLVI'Jt.lLLYl~VlV1't1~ (Ou Nouy method) ~~ruVl1Jn,x'fl-l 

(;l~'J'"l~'flUm~1ru"JJ'fl-lLL.']j-l (%Solids content) 1t.lVl~nVi~i 
Go 	 ~ ci ~ Q tr t.t .c:I.t:::::lI G"'J ~ .... J d ~ jf"Q

2. 	 VlI')~'flUYl~YlUt.ln~:;1')1MLVlt.lm L-ll-lYl1 ru'l!t1I11'JtlVI~nYl~YlVl Lj;]~t1~'"l1 n'1l'flVl 1 LL~ :;VI~ nYl~Yl ~ 

o Q .Q ri.l cI 4:1 ..... <i' ~ ~ 4 AI If' ~I 
1')1L'l!-lYl1ru'l!t1I')'JtlLrl~'fl-lLrl~'flULLUU'fl(;l ~t.l~(;l Vlrl'J1~Vlt.l1V1~nYl~Yl"JJru:;LlJtln 4, 12 LL~:; 24 

1~trln~(;lr tl1m:;1')1M~~1t.ln1~Vi~Yl1tl'flU~~ruVl1Jn 80 °c Ltlt.lL'J~1 30 t.l1Vi ri'flt.ltJ11tl 

" , '" j;]r'J'"l~'flUrl'J1~j;]1t.lVl1t.lj;]'fln1~"JJI')~ 

tJ1-l1t.lVi~i~ t:J~ j;]1~~ rl'J1~Vlt.l1 LL(;l n j;]1-l tit.l ~1 j;]r'J'"l~'flU n1~iI') ~ ~'JtI 

Lrl1'fl-lj;]~'J'"l~'flUn1~il')~ m~~1j;]~l1t.l JIS P 8136 tI')W11'J:;n1~'VlI11~'flU~'fl 
" " " o 	 .......... Q tr IV cv Q ero IV IV 


t.l1V1t.lnnl')'VlUUt.l-l1t.lYl~Yl 500 m~ LL~::;"JJI')~-l1t.lYl~Yl'"l1t.l'Jt.l 100 rlN '"l1nt.lt.l 

tl1-l1t.lVi ~i~~1t.ln1~iI') ~ LL~'J~1 j;]r'J'"l1'I') fOl1~ ~'JtI Lrl1'fl-l1'I') ~ Ltl n (;It'~~ ~Jl1'J:; 

050 2 'fl-lP\1 (SPIN Mode) LL~'JVl1fOl1rl'J1~LL(;lnj;]1-l~ (~E·ab) "JJ'fl-lfOl1~u1-L'Jru 

ri'flt.lLL~:;VI~-li111 ~ 

o 	 cS.CIt, crJ .Q i.I J 4 Q (1"9 0 Clio Q tr Q tr 

3. 	 t.l1V1~nYl~YlVlL(;lrtl~'"l1 mJ'fl'Vl 1 LL~:;VI~ nYl~Yl~ 1')1 L'l!-lYl1 ru'l!t1~1Vl 1')~'flUYl~YltJt.ln~::;1')1M 

LVliltl'JL~-lYl1ru'l!t111')t11.jfLrl1'fl-l'VlI')~'fltJn1~Vi~Yl1~ IGT F1 (Jl1Yl~ 14) HLL3JVi~iLL~::; 
J.I 	 " I 11 

~nn~-lLL'flU~'flnrl'J1~~::;L~t11') 152 L~t.lj;]'flU'J (Ipi) LI11t1Jl1'J::;n1~Vi~iVi1.jf~'fl LL~-lnl')~nn~-l
~ 	 ~ 

", 	 ... 
O. 3 L~ j;]rj;]'flfjt.l1'Vi '"l1 n't1t.ltJ1-l1t.lVi~iVi1~tlj;]~'J'"l~'fltJ~~~"lJ'fl-l-l1t.lYi~i ~-lil 

http:rl'J1~Vlt.l1
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111 ~'l"'l'M1U 1"11 rl'l1lJ ~1"1J'El'l'l1'W~ lJ-.f 

'tl1'11'W~lJ-.f~ ~~ l1lHllJ111l~'l"'l~~ 1"11 i"1'l1lJ ~1 r1l'lU Lrli'El'l~~ rl'l1lJ ~1 (Jl1Vi~ 
d .... J' ... J'd .. ""'i/ 'i" od"'~i/

15) YlUH'lruVi'Wl1l1mL~:;'lJ~L'lruVi'WYlLlJ~~n~'W~'ElU~:; 50 b~'lJ rl1 rl'l1lJ ~1Vl'l ~ b~ 

LiI'Wl"1 1 ~~ ~ 1'1"1J'El'l 1"1 1 rl 'l1lJ ~1'lJ~L'l ruJl1Vi LL~:;'lJ~L'l ruhJ1-nJl1Vi 

l1l~'l"'l~'ElU rl ruJl1Vi L~'W"1J'El'l'l1'W~lJ-.f• 

.d '" 0 CV I.t .J dI cv ')' IV4 A cr"1I", 	 .c;::,j?I.c:::. .c::.I 
L'lJ'ElLL'\.-1'1 l1l1lJ~1~'lJ WJmrl~'El'lLrl~'El'lJ'Ell1l b'WlJl1lVilJVi~'l'lJrl'l1lJL~'l 0.12 LlJl1l~11l'El'l'W1Yl b~'lJlJrl'l1lJ'\.-1'W1 

4 ....- :;>II ~ 'i' !:, 0 d"",U 0.'"1 "'" 
'\.-1lJnVilJVi'llru:;Lu'lJn 24 blJbrlHlJm "'l1n'W'WYl1n1~'El'lJYl~ru'\.-1.1JlJ ~:;lJ1ru 80 C Lu'WL'l~1 30 'W1Vl 

vhn1~Yl ~~'El'lJL~'lJ ~'1'11'W~lJ-.f~'I~'El'l'llil~"1J'W1~ 1Ox1 0 Loi'W~ LlJl1l~ ~'IL'Wn'l~'lJ~~"'l•~'WL'W~:;~'lJ 
" ,

rl'J1lJ~'I"'l1n~'Wn'l'ElU1'1tJ'ElUU~:;lJ1ru 1 ~11l LL~'l~'1n~'lJr1l'lu~'W'IIil~L~~IL~lJ~n 1 ~11l "'l1nU1nn'l tJ~~1 
, " " 

n'l LL~'J Ln'lJB1.'W'lJ~L 'l ruVl LL ~'1 hiL~~'WeJ'W'\.-1r'ElL~'W'tl1 "'l1 mr'Wvl1 n1 ~'ll ~ LL~:;'tl1'11'W~lJ-.f'lJ'Wn~:; ~11=t"'l1 n• 

" " 
U1~lJ'tl1~'W'i'l~'El'l'llil~'El'El nlJ111l~'J"'l~'El'lJm~U'El'lJ~~1'lJ r1l'l'lJJl1Vi Cl1'lJ'VJn1 1 L~'El'W ('\.-1lJ1mmJ: tJ~ n1~ 
d~ i/ odI d odI d !:, ~ i/ ''I 'i' ... '" '" .-U 0 ~ 

Vl~~'El'lVl b~"'l1m~'El'WYl 1 LL~~L~'El'WYl 2 'W'Wb~LL~~'I'El~ b'W~1'lJ'I1'WbrlNm~'l"'l'lJ'U'lJ'lJ~lJ\l~ru ~~"'l1lJ 

i/ ,~" ..I i/ 'I d, ..I 	 d~ !.'"I 
'1'lJ U~~lJ1ru Vi.flI. 2551 LL~'l 'ElU1'1 bm11l1lJLVi'Elrl'l1lJL"1J1 b"'lYll1l'ElL'W'El'l n1~LL~~'I~~n1~Yl~~'El'lVl b~ b'W 

~1'lJ'I1'WbrlN n1~~{U'UU'lJ~lJ'lJ~nrU~~~1il'l'lJU~~lJ1 ru Vi . flI . 2552 'UU'lJ'r;"'l~~'llJ ~'I ~~m ~Vl ~~'El'l~1r1l"'l1 n 
'" 

,.J %...J,.J 'l .J.d...... .-" .d. I .- ~ ov
IWtJ'W'YI 	 1: mJ"w")"M)rI'J'W'YILU3-JI::GQ3-J 'Wmm'YI'W'YIWiWJf..J'WlfJJ"11WjJ'J~Wf)ul~3-J'WI3-J'W 

II '" 	 II " 

1. 	 'tl1~'J'WLrl'Wn1'lJL'lJ'll'El'l ~'WU1~lJ'tl1~'WlJ1 i'lJ LiI'W~'W1~"1J'W1 ~ L~n "'l1 mr'W'tl1~'W1mu 
, J'..I • ~ 1;' '" i/ d'l!>""l0 

'\.-11rl1rl'l1lJ'II'W LVi'Elrl1'W'lruu~lJ1ru'W1'\.-1'Wmm'l'V1 b'1l b'Wn1~Yl~~'El.,'j 

2. 'tl1~'W1~lJ1vl1m~~lJL~'ElL~'lJH\n-lJ1ruL'1lL~UlJ1~~~'Eln1'1li (NaOH) 15%, 20% 
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o J tJ .. 1;' .... Jl L- "" ~ Jl L- ... I.. '" 'I <oj3. 'W1 LtJ'tl 1 ~~'W1~'W'Vl ~~1'J LFlJ'1:::~~ n~ru:::"lI'tl'l L~'W ~tJ'Vl ~LL~:::'tl'l F1lJJ':::n'tlU'Vl1'l LFI~ 

~ 0 J J .dI \_ 1\ J ~ L- ~I L-
r.l1n'W'W'W1LtJ'tl'VlL~~'tl lJ 1 U~m~~111lJ'j1'W TAPPI T 227 '"l'W~r?lFl1~1l1~J':::U1tJ ~r?I 

(Freeness) Lvhnu 300 + 30 ~~~~I1lJ' 

oJ_ I .. 1;' '" J L- 1- IX I .dII I 

4. 'Wrl LtJ 'tllJ 1 ~ ~ 'W 1 ~ 'W'Vl t.J1 'W n 1 J'lJ ~ LL~ 'J lJ"lI 'WLLt.J 'W'Vl r?I ~ 'tlU~ J''tl LLt.J'W m:::~ 1~ l'l13-J 
~ ~ 

3-J1l'lJ'j1'W ISO 5269-2 1~ilu1WWn~1l'lJ'j1'W 75 n¥~I'l'tll'l1n'lb3-Jl1lJ' '"l1mJ'WU1 
~ ~ 

n J'::: r?l1 ~1 mJ1~3-J'Il1 ~'W1tJ'Vl r?I ~'tl1J ~ ~llii rK'l tl 
" I ~ •

F1'J1~bL"1J'lLLNl'l'tlLLN~'l (Tensile strength) l'l13-J~111lJ'j1'W TAPPI T 494 

m1~bL~'l bLN I'l'tlLLN rK'W'Vl:::~ (Bursting strength) 11l13-J~1l'lJ'j1'W TAPPI 

T 403 

I 

LU'tl l'J13-J3-J1 111 J'j1'W TAPPI T 227 '"l'W\~M1~1l1~J':::lJ1tJ\~ (Freeness) Lvhnu 300 

+ 30 ~~~~I1lJ' 

0­

1~il'll1~t!n~1l'lJ'~1'W 75 n¥~I'l'tll'J1J'1'lL~l'lJ' 
dJI 

~ 

1O. 'Vl~~'tlU~~lliiL~'ln~~J'tl'lnJ':::r?l1~~'Jmi'tl'l~n~n 'tlr11'lU'tltJ 5 ~'Wj;J'J'tlr11'l1'l'tl 1 1l1'J::: 
~ 

.... <oj 

'Vlr?l~'tlU ~'l'W 

F1'J1~LL~'lLLJ''lI'l'tlbbJ''l~'l (Tensile strength) 11l13-J~111lJ'.J1'W TAPPI T 494 

F1'J1~Lb~'lbbNI'l'tlLLNrK'W'Vl:::~ (Bursting strength) 11l1~~111lJ'j1'W TAPPI 

T 403 
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rl'l12.Jr1htJ'Vl1tJl'l'tlLLN~n (Tearing resistance) 11112.J2.J1111~j1'W TAPPI 

T 414 

<II ..1"1 "'..- .JcoI,'" "I '" col J col ov
11. 	b~'tln~l11m~::~l1'1~'Vl L~~2.JlJl11n~::m~'Vlli)m1"'~'tl Ln~LrlU'lb2.J'tlb'VlUlJnlJ~l11m~:;1i)1~

'IJ 	 .. 

chn~'tl'l~n~m:n'lY'l1ru"ll~ (~111~~ 1) b~'tl1fltJn1~'VlIi)~'tl'll'l'tltJtili)hJ 

VlfJtJ~ 2: m~'w)1JhJ1m~/~LffiiJ-JLLlii-J~L'mJI::m/ltJmm~Vlm'::~n'Jj-~'Jn~'fJ-Jijmin 

1. 	 'Il1~1L~'fl"'l1n~l11m~::1i)1~Cj'l n~'fl'l~n~ m:n'lY'l1ru"ll~ (~111~~ 1) 2.J11~~1n~2.Jbbl'l'l 
Hlbbri mJ'l bb~::~1~ntJ~2.J AKD LIi)UbbD'l'fl'flmiltJ 4 ~1l1'l:: l1112.Jm2.J1ru~1n~2.JbLl'l'l 
,J 	 ~,., :: A'.cJ i,I.cI

Y11~ rl Ii) biltJ~'flU~::"lI'fl'ltJ1",tJmU'flbb~'l rl'tl 


..I ~ '" '" 
~1l1'l::'Vl 1 LblJ'l~'flU~:; 0.8 bL~:; AKD ~'flU~:; 0.3 

..I ~ '" '" ~J)1'l:;'Vl 2 bblJ'l~'flU~:; 0 .8 bb~:: AKD ~'flU~:; 0.5 

J ~ '" 	 '" ~1l1'l:;'Vl 3 bblJ'l~'flU~:; 1.2 bL~:; AKD ~'flU~:; 0.3 

..I ~ '" '" ~1l1'J:;'Vl 4 LblJ'l~'flU~:; 1.2 bL~:; AKD ~'flU~:; 0.5 

2. 	 'Il1~1 b~'fl~il m~t~~1n~2.J bbl'l'l1tJ~tJbbtJtJ'Vl Ii) ~'fllJ (LbtJtJm:;1i)1~) 11112.J2.J1111~f/1tJ
<II 

" 
ISO 5269-2 t,xil,J1wWn2.J1111~~1tJ 125 nf2.JI'l'flI111~1'lb2.Jl11~ 

<II 

3 . 	 'Il1bbtJtJ'VlIi)~'fllJ2.J1'vhm~'Vl~~'flU~2.J~~ 2.J'fln. 170-2519 (39) rh~tJ~B~1",fu 
" m:;~1~milm~1~fuvhCj'Jn~'fl'l~n~n ~'lil 

rl'J12.Jbb~'lbbNI'l'flLbN~tJ'Vl:;~ (Bursting strength) l'l12.J2.J1mj1tJ TAPPI 

T 403 

" bb~dj n1 ~ ~ Ii)~ 2.J,J1 bb UlJ rl'fluu1,.j LiitJ 30 n hi I'l'fl 1111 n'l b2.J l11~t tJ~1tJ~n ~~1 Ii)
'IJ 

VlfJtJ~ 3: m~P1nwl~tJUffii"lJfJ-Jn~::~/'Jj-~lJn~fJ-Jijmin~'liLiffJlhg(J-JJ/,rtJYI~LLYltJLiffJL:n-J"rVlm'l1~ 
o ~ ..I .J~ '" 	 ..I "'.... ...., "I 

1. 	 'Vl1mHJ~2.JtJ1bU'fl11112.J~I11~'Vl L~"'I1nm~'Vl~~'tl'lI11'tltJ'Vl 1 bb~'lbl112.J~1~LI112.JLbl11'l L'W 

m2.J1 ru~ b"'2.J1:;~2.J 11112.J~1l1'J:;~1~"'I1 n n1~'Vl~~'fl'lI11'fltJ~ 2 

2. 	 ,J1~1b~'fl1tJ~tJbLtJtJ'Vl~~'fllJ (LLtJtJm::~1~) 11112.J2.J1111~J1'W ISO 5269-2 1,xn~1't.nrn 

2.J1111~~1tJ 125 nf2.JI'l'flI111~1'lL2.JI11~ 

3. 	 'Vl~~'tllJ~2.J~"lI'fl'lm::m~Cj'Jn~'fl'l~n~n 1~Lbri 
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" -W1~'!!mJ'W1J'~1'l.! (Basis weight) [;]1~~1lJ'lJ'~1'lJ TAPPI T 410 

1"l,)1~~'l.!1 (Thickness) j;l1~~1j;lJ'~1'l.! TAPPI T 411 

1"l,)1~"111,)~~1'1 (Brightness) j;l1~~1j;lJ'~1'l.! ISO 2470 

1"l,)1~~ULL~'1 (Opacity) j;l'm~1j;lJ'~1'l.! ISO 2471 

1"l,)1~LL~'1LLN!iltlLLJ''1~'1 (Tensile strength) j;l1~~1j;lJ'fi1'l.! TAPPI T 494., 

1"l,)1:IJLL~'1LLJ''1!iltlLLN~'l.!'Vl::;~ (Bursting strength) m~:lJ1j;lJ'~'l'l.! TAPPI 

T 403 

1"l,)1~!X1'l.!'Vl1'l.!!iltlLLN~n (Tearing resistance) j;l1~~11?lJ'J'l'l.! TAPPI 

T 414 

" n'lJ'''H''~~-W1 (Water absorption; Cobb test) [;]1~~1lJ'lJ'fi'l'l.! TAPPI T 411 
~ ., 

1"l,)1~~1~1HI1.'l.!n'lJ'LtltJn~h (Surface wettability) L"'tJ~fi~:IJ~~cr~ lJ'l'l:IJ 

~11?lJ'~'l'lJ TAPPI T 558 

1"l,)1~!X'l'l.!'Vl'l'l.!n'lJ'~~tl1n'lpj (Air resistance) j;l1~~1lJ'lJ'~1'l.! TAPPI T 460 

m'l~L1-tJu (Smoothness) j;l1~~'l1?lJ'~1'l.! TAPPI T 479 
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I L~'flm'!:~I'rJ''"llmJl~l-JJ''nr'W (P) 

J 

I I 


I 


~(?1~ 1: SW 18.5% + HW 6.5% + aee 75% 

~(?1~ 2: P 18.5% + HW 6.5% + aee 75% 

~(?1~ 3: SW 18.5% + P 6.5% + aee 75% 

~m 4: SW 18.5% + HW 6.5% + P 75% 

l11 LLcJ'W'Vl~gqtl1JI I 

~. 

Vl~gqtl1Jgql-J1J1iL=n ,m~ 

, - _ , _ , _ , _ , _ , _ , _ ,_ ,_, _ . __ ,_ 0_ . _.- _ , _ , _ . _ , _ , 
.,J I ~ 

/?/fJ'W'VI 1 

. _.-.- ._.-._.- _._._ ._.- .- ._._._. _.- ._._._._.- .- .-.- ._._.- .­

~ J1L~tl~(?1~ 1: SW 18.5% + HW 6.5% + aee 
I 

... 


-.- ._.-. -._., 


L I I I 

LLU\l 0.8% LLU\l 0.8 % UU\l 1.2 % LLU\l1.2 % 

+ AKD 0.3 + AKD 0.5 + AKD 0.3 + AKD 0.5 

.. .. .. .. 
I l11LLcJ'WVl~Ml1J I 

~ 

Vl~Ml1Jgql-J~(?11l-JLnru'Y1l-J'fln . I 

I 
I 

I 

I 

I 

I 

L~tlmfil-JlrugqlH~l-JLL~\l~1,xgql-J1J1icJl'WLnru'Y1l-Jtln . JL !_ ._._ . _ ._,-,_ ._. 
I 

L.....-..-_____.--.I 
I 

.,; 
{P/'tJ'!..l'VI 2 

I 
I 
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" 
1"l'd'UJ bb-n'lbbN ~'flbbN n~~'fl'lnr::~1'M'\ln~ n1'\.Jbb 'W'd 11i'l (Edgewise Compressive 

Strength; ECT) 1n13-J3-J1[1lri11'W TAPPI T 811 
d.8 

1"l'd13-Jr]f1'WVl1'WbbNn~~'fl'lnr::~1'M'\ln~n[1l13-JbL'W'd'W'fl'W (Flat Crush Test; FCT) [?113-J 

3-J1[?15'j1'W TAPPI T 808 

1"l'd13-JLL-n'lbLNI'l'flbLN ~'WVl:::~~'fl'l n5':::~1'M'\l n~ n (Bursting Strength) [?113-J3-J1[?15'j1'W 

TAPPI T 810 

" 
2. I1i~LbeJ'Wnr:::m'M''''l1m.h;3-JV.1~'W LU'WLLCl'tJntJ1'1 50 ii~~L3-J[1l5' bL~::t.J1'd 250 ii~~L3-J[?1r 'd1'1 

'tJ'WLLvl'W~1V1f1J~3-J~~'fl'l bl"l~'fl'lVl ~~'fl'tJ n15'~a.J'I~1~ IGT F1 


" " 
3. 	 l1i'lbLNn~r::vd1'111Jij~th~ri1J\lnn~'1Lb'fl'WU~'fln LL~::Lbr'ln~~3-J~Lu'W 200 U'dI1i'W 

" 
4. Vltl ~VI ijn~ 3-J ~L:n'lVl1 ru"llU~'11J1b'd ru 5'::VI~1'1 \l n n~'1 LL'fl'WU~'fl n LL~::11J ij~,j1 ~ 

~.d! .d.QtJ"
5. n~L~'WLl"lr'fl'lbVl'flVl3-JVl 

6. ~~ 1"l'd13-J ~11J1L'd ru~'W[?11U 1"l'J13-J~1"ll'J'I ~1;"ffLVl'W 1"l'd1a.JbmU1J ~1'1LL~::~1Lij ~~ n1'W'tJ'd 3-J 

'tJ1b'dru~1;yjtVl'W t~ml"l~'fl'l~~m1a.J~1 

7. ~ LLn'W1l1Vl n5'::~1 'M''''l1 n,j1;3-J~1~'W~Yi 3-J~Lb~'J ~'dml"l~'fl'l n n ~ LL'tJ1JLb vl'Wn'tJ (1l1Vl~ 16) 

"'l1 n,r'W~'l~ LI"l n:::'IfI"l•ru1l1Vl n15'Yi 3-J~~1m~'W bL~ ::~1'W'd ru1l1Vl ~ bLn'W L~'flVl11"l'd 13-J L1u'tJ 

J .... J' 
~a.J1 b~a.J'fl1Jn'J ruVl'WIn1U 
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..J - • ~.... "'- ....... 0' ••1'" 'i' ~I _ ... It v..., .... 

U~ n1 '1 'VI U\~'a .:J.&i'J'U 'VI 1: n1'l LlJ'ltl1J L'VItl1J 'i'U.J1J UI"lJ 'a.:J\um'YUJ'Yu-n ~ n ~'1fn 'l1-n'VI U~ U\ ~U\ n1J'VI3.J n 

~3.J~L~~nL'1fn'l1VJL:a.:J'V"41r;\l'1f!1 

" ~'eltJ~:: 10 b(;1mh\nrn) n1J,..,ijnVhJrfb~~nb"J!m'1~ L~~~1 ril"ll~~I,..,f1Jvh.Jrf1J'Um'::(;11'I~L""'WtJ')L~~~1 ril"J!~ 
" ..I , 4"", ....I"", ~ """ __ ~ ... 

LL~(;1~ ~'t.!llTVfVl 18 "l1mJ~n1~'Vl(;1~'el~~1J,)1 ""a.Jn~a.J~'Vl~~1'l ~(;13.J~a.J'LII'ln1~~""~LL1J1J shear thinning ~'el 

J IV .dI ~.J' ~ -1 4 .4 4 r&:J I J _~ Q Go' .4 

La.J'el'ell'lnL'Yl'el'Wb~3.J"lI'W ("'lIn 2 .9 eN 72.5 s ) ~,)Ia.J""'U(;1"l1'el~""3.Jn~a.J~a.Jm~(;1~~ ba.J'elblJ~tJ'lJL'VltJ'lJn'IJ""a.Jn 

Yla.JrfL~~~lril"ll~~'IJ~1 ,..,ijnYla.Jrf~~~l'lt~ (~I~~~'eltJ~:: 30) nml3.J,..,tl(;1~~n~1 LL~::n~::~'lJn1nn(;1
" 

~ n~ n ~~a.J LLN b~'el't.!~ (;1~~ n ~1,..,ij nYl3.JrfL~~~1 ril"J!~ ~~~1 L,.., I'l'ell"'l b~'el~ a.Jl"'ll n"llU(;1 LL~ ::ma.Jl rw"ll'el~~I~~
"I" • 


4 ..I,,!."I 4"","..1 ,<V " " "'" ,..I 'ov 

LL~::~I~tJ(;1'Vl ~"ll ~'W""a.J n~a.J~'VlLLI'l nun~ n'W LL~::n11 ~"ll~I~LI'l3.JLLI'l~'VlLLI'l n 1'l1~ n'U 

1200 

1000 
,.-., 
en 
ro 800

0.. 
E 

'-"' 6000
·Vi 
0 

:> 
en 
t) 400 

200 

0 

-+- PEGlO% 30:70 

--A- Corrnnercial ink 

.~ 

~·A...... 

0 20 40 60 80 
. J 

Shear rate (s ) 

111~~ 18: ~,)I3.Ji3.J~'Wfi~::""~I~~,)Ia.J,..,tl(;1 n'IJrelI'l nL~'el'U"lI'el~,..,ij nYl3.JrfL~~nb"J!nn~~,)111~ 
..I "" ~,,<v 4 "" ....1" 'i' !'!I "" ""' .. 'i' .}' 4 4 ov ... ..: X 
'Vl~~1'l ~(;1n'IJ""a.Jn~a.JmY'i~ n ~"J! nnn L"ll~~1 rw"lltJ ~(;1m~'U'Vl'IJLL~ (;1~ fI~'fl I'ln L'Yl'el'UL~3.J"lI'W 

(Increasing shear rate) LL~::Lr;'WtJ~::LL~(;1~~~-eil'lnL~'el'W~(;1~~ (Decreasing shear rate) 

4oOC1io,.~ "IJ 4.Q tr
LL N (iJ \Jm L4 r9::u :i'JJ 'W,J"1I fJ \JWlN tU U J,mrm 'tV 

I'lln~~ 6 Lb~ (;1-.l ~~ n1m.n-tJ'lJLVlmJLL~~ ~~ ~,)Lb~::~'fltJ~::"lI'el'l"ll'el~ LL~'11'W,..,ij nYla.Jrf~'el'l"llU(;1 "'lln~~ 

n1~'Vl(;1~'el-.l~1J~1 ,..,ijnYl3.Jrfb~~n b"J! n~IW~,)111~~ ~~ I'lt~nLLN~~ ~') ~1 n~l,..,ij nYl3.JrfL~~ n b"J!nnYl L~'1 

http:1n'IJ""a.Jn~a.Jm
http:ba.J'elblJ~tJ'lJL'VltJ'lJn'IJ""a.Jn
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vnru'l1tJ ~1L~(;J'e)1~L~'e)"~1nm1~LL(;Jn1'h""ll'e)"~1~U~~L.jf L~U~1~U~~'l111'V'1'V'1'e)~LL~ni.'Yl~~rl-n'W~t.J~(;J• 
~ ,~ 

i.~nn1n~~~1 ~rl ~ LLN~"~hL'W-n'W(;J'tl'Wm~L(;J1u~ ~"~,, t.JrlL~nLLN~" t1'l ~1 n~1 'W'tl n~1 n'il~"'V'I1I~1~ij n 

Vl~vr~t.J~(;Ji.~nm~1N"ll'tl"LLojj"~~'tl¥'tlUrl::"ll'tl"LLojj" (%Solids content) L'W~ijnVl~vr~1n~1~ijnVl~vrL~~ 
'V'I1ru"lltJ ~"LL~~"ti~m~1N"ll'tl~~11~~LL(;Jnr;l1"n'WL'W~(;J~~ijnVl~vr ~nn~~vrL~~'V'I1ru"lltJntff~1N¥'tlU 

(;J1~1~~ 6 : LLN ~~ t1'lLLrl::¥'tlU rl::"ll'tl" bb ojj"L'W~ij n~~vrLoW~n L'llm1~~'l111'V'1~t.J~ (;Ji.~nll~nn~~vrboW ~nL"l! 

m1~L~"'V'I1ru'lltJ 

l.h::\Jl'Yl"ll'tl~~nn fo>In.!~~mi• 

"" ...LL~"(;J~~'l (mN/m) ¥'tlUrl::"ll'tl~LLojj~ (%) 

"" ........ .J ... i.'"
~~n'V'l~'V'I'l1'l!11'V'1'Ylt.Jrl(;J ~ 30.4 ± 0.1 26.1 ± 0.6 

~nn~~vrL~~'V'I1ru'lltJ 35.0 ± 1.0 35.1 ± 1.2 

(n) ('lJ) 

.J I ~ 11 oQ, G'" c::I ~ ~ r J .ca. cr"1I 
111'V'1'Yl 19: !11'V'1r11U SEM t.J'l~'W1"ll'tl~~1'W'V'I~'V'I1I'Wn~::m'jj'L~'WU'lLvn~'V'I1N"llU L~'tl'V'l~'V'I~'lU 

(n) ~nn~~vrLoW~nL'lln~1~~'l111'V'1~t.J~(;Ji.~ bLrl:: ("ll) ~nn~~vrLoW~nL'lln~1~L~~Ynru'l1tJ 

~fo>I'l1~~'W1"llN::LlIun 24 i.~LML~(;J~ 

http:1L~(;J'e)1~L~'e)"~1nm1~LL(;Jn1'h""ll'e)"~1~U~~L.jf
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(n) ('lJ) 

.J t cv ~ tr q ~ tr.J oQoQ ... '" 

1l"'l'V'lVi 20: 1l"'l'V'lmti SEM 1l"'l'V'l(;lI?l"1l'J"'I\I'lJ'fl\l\l"'lU'V'll-J'V'I'llUm'~~n~L'WWtl'lL"ll\l'V'llru"llti Ll-J'fl'V'll-J'V'II?l'JtI 

(n) ~~nYll-J-WL~~nL"llnn~~'Jlll'V'1~eJ~(;ll~ LL~~ ("11) ~~nYll-J-WL~~nL"l!m''''I~L1\1'V'1'''1ru"lltJ 

~1"l'Jll-J~U"'l"1lru~Liltin 24 ll-JLI"l~Ll-Jm 

1l"'l'V'l ~"'ImL~ I?l\l ~h~il1LL~~1l1'V'1 r;i1?l"1l'J1\1"11'fl\l\lIUYll-J-W~ 1"l'J"'Il-J~U1"11ru~Lntl n 24 1l-JLl"lnl-J (;l ~ LL~ I?l\l 

'I.J.J ,..".. ...J .. .. " d.... .,1 a 'i' ~ 
bUll"'l'V'lVi 19 LL~~IlI'V'1V1 20 "11 n n1~V1 1?l~'fl\l'V'l'll'J1 eJ'J~U1"11'fl\l\l1U'V'Il-J'V'IVI'V'Il-J'V'I l?l'JtI~l-J n'V'll-J'V'I Ll"l ~n b'll nnYi 

~'Jll"'l'V'l~eJ~(;ll~ (~I~~1'fltl~~ 30 LL~~ PEG 1'fltl~~ 10 Ll?ltlJl~'I!n) iJI"l'J1l-JL1-tI1J~ln~1 LL~hj'V'l'll 
~n~ru~"1I'fl\l~'fltl LL(;l n'lJ'fl\l.ruYJ ~l-J'fl~1\1~'V'I'll1U.ruYJ ~l-J"1I'fl\l~~ nYll-J-WL~~nL'llm'1~L1\1'V'11 ru"lltJ U'fl n'"l"'l n~ 

I II II I 

111'V'1 r;i1?l"1l'Jl\1"11'fl\l\lIUYll-J-WflYll-J-W~'JtI~~n Yll-Jlf vJ\I ~'fl\l"llUI?lU\I LL~ I?l\l ~\lI"l'J 1l-J~U1"11'fl\liUYJ ~l-J"1I ru:;LL,x\l ~\I 

eJ~'V'I'll~11"l'J"'Il-J~UI"11'fl\l.rU~~ nYll-J-W~\I~'fl\liJ 1"l'J1l-J~'l.!1~1n~'L~mn'l.! ~'fl lh:;l-Jl ru 15-20 ll-JLI"l~Ll-J (;l~ 

~ ... or 
fI'J ') '-J'-JU'J ') 'J "1IfJ -J..nu"tV'-J "tV 

111'V'1~ 21 ~\I LL~ I?l\l eJ~n1 m.ntl'll Lfltl'llI"l'Jll-Jar'l.!'Jl'J"lJ'fl\l\l1'l.!Yll-J-W~Yll-J-W~'J tI~~ nYll-J-W~-:J~'fl\l"llUI?l 
a ~", '" .. ....J ....." d.... .,1 a 'i' ~.cj .J '" ~" '::i

'"I "'I nil1'V'I '"I:;m'l.! bl?l'J 1 I"l 'J 1l-J l-J'l.!'J1 'J"1I'fl\l\lI'l.!'V'Il-J'V'I V1'V'1l-J'V'I l?l'JtI~l-J n'V'll-J'V'I Ll"l ~n b'll n ~1Yi"ll'J 111 'V'I VI eJ~ (;l bl?l (~"'I ~'~ 

¥'fltl~~ 30 LL~~ PEG 1'fltl~:;1 0 Ll?ltlJl~'I!n) LL~~~~nYll-J-WL~~n'i:"lln~"'I~L1\1'V'1"'1ru"lltJiJI"11L~l-J;"!Ld'fl.r'l.! 
1"l'J1l-J~'l.!I"11'fl-:J~~ nYll-J-WL~l-J;'l.! 'i:l?ltl~~ nYll-J-WL1\1'V'11 ru"lltJiJ 1"111"l'J1l-Jar'l.!'Jl'J ~\I n~1~~ nYll-J-W~ eJ~ (;l1~U 

~ cI oQ cr~ oQ IS" II .4 ... A .Q trq CIIQ, 

"t'J n1 1"l'J1l-J~'l.!1 "l!-:J ~1 L ~ (1J'fl1'"1 L 'l.!'fl\ll-Jl'"11 n\l1U'V'Il-J'V'I V1'V'1l-J'V'I l?l'JtI ~l-J n'V'll-J 'W L"ll\l 'W 1 ru"ll tll-J I"l'J "'Il-J L~tI'll'll'fl\l 

C4'J ~iI "'I ~\I n ~1\11'l.!Yll-J -W~ Yll-J -w~'J tI~;j nYll-J -w~ eJ ~ (;l1~ ~\I ~ \I eJ ~1,xil 1"l'J 1l-J ar'l.!'J1 'J ~\I n':l 1 LL~ ~'fl "'1'"1 Ln I?l 

L~'fl-:J '"1"'1 n~;j nYll-J-W~ eJ ~ (;ll~J'l.!tJ~1 P\'"I1 n n1~L~ l-J~"'I n~ l-J LLt?i\l L~'fl-rl'JtltJ f'lltJ!\I ~ l-J'll~ L1\1 LL~\I"1I'fl\l.r'l.!YJ ~l-J 

http:eJ~'V'I'll~11"l'J"'Il-J~UI"11'fl\l.rU
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111"fji'l 21: m1~~'W'J1'J"ll'fl~~1'W"fj~"fji'l"fj~"fjmtl'VI~n"fj~"fjLn~n ~"1!m'1'Y'j"ll'JI1'1"fji'l(:.J~1?l b(1)LL~::; 

'VIljn~mfL~~nL"l! nn~L~~"fj1 ru"1!tJ ~ m1~'VI'W1"ll'fl~i'W'VIlj n~~vrLLI?l n ~1~ rl'W 

30 

25 

20 
~ 

~ 
'-' 

'" 15'" 0-d 
10 

5 

0 

.,) 

0.25 

0.20 

rEl' 
0.15 

~ 

~ 0.10 

0.05 

0.00 
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It- - ­

----4: 
... -----------.- ­

- -+- - PEG 10% 30:70 

- - -.- - - Corrunercial ink 

4 12 24 

Wet film thickness (fID1) 

~ or.,) "" or 1- "" or ••1a 'i' ~c/ .,) "" ~ 1­

• PEG 10% 30:70 

- - -.- - - Commercial ink 

... - ..... -- ...... __ .. - ..... _- .... - - .. 

4 12 24 


Wet fihn thickness (J-UTI) 


""... or.J... or 1- or ••1a 'i' ~~ .J... ~ 1­.,) .....
111Y'li'l 22: ~'J1~ l?l1'Wi'l1'Wm~tl'fl'W(:.J'J"1Jtl~~1'W"fj~"fji'l"fj~Y'l (1)'JtI'VI~ n"fj~Y'l Ln~ n b"l! m'1n·n'J1l1"fji'l(:.J~ I?l b(1)LL~:; 

'VIlj n~~vrL~ ~nL"l! m'1~ L:n~"fj1 ru"1!tJ ~ ~'J1~'VI'W1"ll'fl~~'W'VIljn~~vrLLI?ln ~1-:) rl'IJ 



ruLI't~rI:::~11~ ~~L~t-@IT.~I'blL.U LbLI'tt-@1'b1 bL@I'bt-tA. ~~1't1~\!l' I't' VG Ll'bktI'tLe,\!l tA.1'be,1U~ ~@I'bU~mlL.ruLMt-lL.1 
~u po .,. F' ~~ ~k f'11 "'''.JIb ~ 

~LWl!olU~tA1jAl't~U ~kt~e,~..MI't~~jAl't~I'bLt-L~UULI't~t-L~ U~1mLe,\!lLf!' ~t-9 (U!LktLr~~l aL:::~~@~ 83d 

::: ~11 at: :::~~@~~~L~) ~, ~~t:I tA.M unlL. M.LW lL.' U~u.1 MI'tMU I'tkt~e,~ MI'tMtA.MI'tMI'bLt-I'bU LbU@1'b I'bIT.I'tM1 
1'5 p; "k '=' f" F'~ ~ '" In ~ 'CJ' S7 1'5 ~ ~ f'~ 'CJ' Ji f ~ 

MI't M U I'tkt 1'\.I!.t-@IT.Ll'bktI'tLe,\!l@l'tmIT.ULI'tI'ttA.MI'tMUl'tktl'blL.t-@IT.LI'bIl\e,t:lULbI'bUm e,1J. ~~L~t-@IT. U@~~~II\~ LU Hl oR 	'b P ~ F' f p:;.f"~ "=' IF ~ 1'1 11::7 'CJ' r';;' po 

'" '" I'bll\ 1 111.' t-~ ~'1 1'b1T.t-~L\!ll'tlj ~IT.~LU t-~III.:::~1m@U MI'tMI'bLt-t-@rr.~t-L~U~11I'tLe,\!l L\!l I'bIT.U LI'tLl'bktI'tLe,\!l tA.MI'tM@1't1 J:) " ~ ,f I 1'=".......... I ~ '=' II=' I ,f f'.JI 'CJ' r
 I 

~UlL.t-@~t-~jAl't ~U~kt~e,~jAl't ~~}\I't~I'bLt-L~~\I'b~1:::b 1'b,V t-L~U~11LI'bIll.I'tLe,\!l ~~UlL.t-@~t-~..MI't~U~1II.~e,~ 

jAl't~@~1 ij~J!o~LUt-~III.:::~1m@!JjAl't~I'bLt-t-@U. (Qe.3V) ~t-L~U~'1I'tLe,\!lLf!'t-~~11t-~ L ~t-L~L~ULb 

La· L 08·0 VG 

~WO 6S·0 GL 

8G·0 6V"0 v 

~I[.ruLMt-lL.1 MI'tMUl'tkt .. .... ...... .... 1» ~\~~t:ltA.MLUe,lL.MI'tMUl'tkt
" .... f" """.... 1» (~~1't1~ \!ll1'tV 

1't~~I'b!ot-@IT.Ll'bktI'tLe,\!l 

"
(Qe.3V) ~t-L~I'tLe,\!lLf!' 

I'bU t-L~ U~11LI'bIll.I'tLe,\!ltA.~lL.ru LMt-1[.'WI'bIl\'-RL~:::~U '" I f"'.J> 11::7 per 'CJ' 

I'bI1..MI't~~~l11l[.tY LMt-~1~L~Ul!olU~tA'}\I't~U~111.:::~11~\~~t:I~MLUe,~~L~Ul!olU~tA' 

~1't~U~II\~e,~l'\l't~@~1 [j~l,f.~LUt-~kt:::~1m@!Jl'\l't~I'bLt-t-@1T. (Qe.3V)~t-L~U~'mLe,\!lLf!' :L ~t-L~L~ 

Mf'fMrLLN'@IT.N1.77:::rtJlT.(j ~lT.bWrtLl!.rtLWI'tLGIe! JI b 1"1 ..... .1'5 

-RL~:::~Un.U~tA.~~~~
'" ~f" .... 1» 

~LUn.~:::~~~\~~t:I~}\I't~U~kt~\ ~t:I t-~ l'\l't~U~1II.1'btl't~t:I~n!o~lt~~ tA. \ U ~11 ~@M~~~L~L~:::L~MmlJ'bL@ 

t}t-~ 1lI[.tYLMt-~1jAl't~U~III.L~U~~\-RL~:::Wn.,V~~~~lj~LI'tL~~\~~t:I~jAl't~U~III.L~n~1~tt-~~11 n@~\!ll't\ 
" " I 

~ ~ b A

VG 	tA.~ ~t-~LnIll.I'tLe,\!ltA.n.M~ ~t-~L\!l ~~1 ~e,~ I'tL~nIT.I'tM1L\!lI'tUe,t:ln@lj~LUnLtA.nL~ I'tLe,\!l nlr.ULI1Lnlll.
f' F' I " ,f ~ I pc.rD 'b 1'I,f 

I1Le,\!ltA.MI'tM@1't1:::~'1 LWt-~tA.e,t:ln@lj~LUnLtA.nL~I'tLe,\!lL\!l1't (unIl\Ln~~l OL:::~Il@~ 83d :::~'1 Ot::::~ f'~ 'b p I F' 'b "II'=' .... ~ 11 

~@~~~L~) ~\~~t:I~MLue,~~L~Ul[.lU~tA'l'\l't~u~lI1.ne,~ ~Iln~~u\LJr1) ULI'tL~~e,~n@lj~LUnLtA.nLJtlI1Le,\!l 

Lf!' ~9I[.tYLMt-~1~L~U l!ol U ~tA1jAl't~U ~ktL~}f\n~':::bt-@~~ tA.~LU ~t:I ULb -RL~:::~Un.,V}\1't~U ~1I1.t-L~kt:::~ 

'" ~~~~~~~Lunt lj~LI'tL~I'tLe,\!l t-~U@n. t-~jAl't~nLt-t-@u.e,~I'b@L'l~LU Lf!' LJi t-~ -RL~:::~Un.,Vl'\l't~U~II1.t-@IT.~~ 
, 	, 

~~~Lunt L'l~LI'tL~I'tLe,\!lt-~U@n.jAl't~nLt-t-@Ir.e,~n@L'l~LUnLtA.nLJtlI'tLe,\!lLf!' t-~ n,V t-L~U~1m~~I'b!ot-@IT.Lnll1. 
, " 

IiLe,\!l tA.~nl[.t-@~t-tA.MI'tMU I'tktlle,~ MI't MtA.MI't MnLt-t-@Ir.e,t:ln@ll~LUnLtA.nL~I'tLe,\!l~t:I t-~ ~11 GG tA.MLU
f" .... -:; .. .. 1» " .. .... f"" ........ " 	f" 


as 
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., 
'lfU!?'l n'eltJLL'Cl::'VIi'l n1~-ll!?'l f:lSJ ~1L'i'l LL~tJ'eltJn~1Ci'llh::"J1 nJ 1 LL~!?'l'l10XL"'tJ~1'l1tJ~l-J';n'eltJLL'Cl::'VIi'l n1 ~i(1) f:l 

~ ~ 

iJ ~'J1l-J LL(?l n ~1'l ntJtJ'elUl-J1 n LL'Cl::tT'l LL~ (1)'l10XL"'tJCi'llh::~'VlfiIl1Y/1tJn1~'VltJ~'eln1 ~-ll!?'l ~'lJ'el'l'l1tJ~l-JW~'t~ 
'"l1 n'VI~ n~l-J';~ C-J~ (?l't~il ~11n~L~U'l nlJ'VI~ n~l-J';L~'ly/1 ru'lfU 

1.0 

0.9 

0.8 

0.V) 
r:: 0.7 
v 
0 

0.6 

O.S 

0.4 

... , . . .. . .. • ....~ .. '" ......... 1[ 

..... r __ ------~ 
...... ,.. _---"'I 
.------- .... --­

- ...... - PEG 10%_30:70 
...•... Commercial ink 

ISO 2S0 3S0 4S0 

Printing Force (N) 

1l1y/~ 23: ~'J1l-J~l-J~tJfi~::'VI~1'lLLN n(1)~l-J';nlJ~1 ~'J1l-J ~1'lJ'el'l'l1tJ~l-J.; LmUlJ L VlUlJ~::'VI~1\l 

'VI~ n~l-J';LyJ~nb'l!n~1~~'J1l1Y/~ C-J~ (?l't~LL'Cl::'VI~ n~l-J';LyJ~nb'l!m1~ L~'ly/1 ru'lfU 

1l1y/~ 23 LL~!?'l\lC-J'Cln1nmUlJLVlUlJ~1~'J1l-J~1'lJ'el\l'l1tJ~l-J.;lJ1-L'JnJ~tJmU (solid tone) ~~l-JW 
" '" '" r •.1 '" 'i' ~coI J '" ~" col" "'i' 1;'... '" (1)'JtI'VIl-Jny/l-JViLyj'Cln b'lfnnyj'l!'J1l1Y/'VlC-J'Cl(?l b!?'l (~1~M'elU'Cl:: 30 LL'Cl:: PEG ~'elu'Cl::1 0 b(1)UtJ1'V1tJn) LL'Cl::Vll-Jn 

~l-J';LyJ~nb'lfn~1~ L~\ly/1ru'lfU '"l1 n C-J'Cl m~'Vl (1)'Cl'el\lVilJ~1 \l1tJ~l-J';~~ l-J';rJi''JUVI~ n~l-J.;vr\l~'el\l'lfU!?'l Ld'el 

'" rJ '" r ~ X, '" r X ~ ~ '" rJ~.,-J 1"0

Y/ l-JVi'VlLLN n (1)Y/l-JY/ LY/l-Jl-J1 n'lJtJ m m1l-J (;)1'lJ'el\l\l1tJVil-Jy/~'l'lJtJ LtJ'el\l'"l1 n n1~LY/ l-J LLN n (;)y/l-JVi 'Vl b'lf'tl\l C-J'Cl VI 

VI~ n~ l-J'; n1U b 'eltJ'"l1 mLlJ~ l-J';~ 1'~ f;J ~l-JY/1rJi'l-J1 n~tJ ~1 ~ 'J 1l-J ~ 1~\l ~\l~tJ \l1t\~l-J';~~ l-J';rJi''JU'VI ~ n~ l-J'; 

L:n\lY/ 1 ru.'l!uiJ ~1 ~'J1l-J ~1~~'ln ~1\l1tJ~ l-J';~~ l-J';~'JUVI~ n~ l-J';~ C-J~ (?l 'tc1f~ LLN n!?'l~ l-J ';L~tI'J ntJ vr'ld'el1'"l 

L ti'el\ll-J1'"l1 n ~1 ~'J1l-JVI-W(;)'lJ'el\lVl~ n~ l-J'; b!?'lUVI~ n~ l-J';~ il~ 'J1l-J VI-W(1) ~1~1l-J1 ~f:l n 1U b'el tJ't~l-J1 n n ~1 1?1\l t!tJ 

VI~ n~l-J';L:n\ly/1ru'lf~\lil ~'J1l-J'VI-W(1) ~1 n~1~\l~1l-J1~f:l n1t1b'eltJLrJi'~ n~1 ~\l C-J'Cl1-xt~~1 ~'J1l-J~1~~\ln~1 

tJ'el n'"l1 ndml-J1 nJ'lJ'el\l~1~~1tJVI~ n~l-J';L~\ly/1 ru'l!U~~\ln~1'VI~ n~l-J';~ C-J~ (?lLc1f tT\lLiltJ~ ni1'"l~tI'VI~\l~ 
" 
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~-:J ~~'t~VI~ nYi~viL:n-:JYlI ru"lltJiJ rh r1'Jl~ ~1~-:J n~IV1~ nYi~vi~ eJ~ l'lH1L-n'Wn'W 10)1 n ~~mJ''Vl 1?)~~-:JtT-:J LLfl I?)-:J 't~ 

L~t.!~1 rilr1'Jl~ ~1"l1~-:J-:Jl'WYi~viiJ r1'Jl~l~~t.!finu LLN n I?) r1'Jl~VI;jI?)"lI~-:JVI~ nYi~vi~'t-if LL~:;~~tJ ~:;"lI~-:J L~~ 
~ ~-:JVI~nYi~viL:n-:JYllru"lltJ1-ifLLNnI?)Yi~vi~ln~ILL~n~ulrJi'rilr1'Jl~~I~fl-:Jn~IV1~nYi~vi~~~(;]lrJi'

" 

~ ~ G'" Q ~ Q tI" I Q.f Q' I Q d"".J Q .. i.I .ct.Q tI" ~ .or:::. 

VI~nYl~Yl fl~-:J"llt.!I?)'VlLbN n I?)Yl~Yl bbl11 n 1111-:J n'W 10)1 n1l1YllO):;LVlt.!'Jl-:Jl'WYl~Yl'VlYl~Yl l?)'JtJVI~ nYl~Yl'Vl-:Jfl~-:J"llt.!1?) 

Q .... ell IV QI l' A II"q , ,.1' .J .t::lI r II .Q" J' ~ A'",!I 
~~ n'ftnJ:; bn~ Lrlmnt.! r1~ b'C'lt.!Yl~Yl~"lI'Wll?) bVl'1J"lI'WL~'tlYl~Yl l?)'JtJLLN n I?)Yl~Yl~'l n"ll'W LL~:;'Vl LLJ'-:J n I?)Yl~~ 

350 LL~:; 450 U'J~t.! L~'WiJ"lI'W'lI?)'tn~'L~tJ-:Jn'W 

(;]'In-:J~ 8: mJ'LLtJ"lI~-:J~'l'WYi~viL~'W"lI'W'l1?) 0.5 n~~L~l'lJ' ~Yi~virJi''JtJVI~nYi~viLvJ~nL'Jjnn~~eJ~1111rJi'bL~:; 

VI~nYi~viLvJ~nL"ll m''lY1 L:n~Yl'lru"lltJ Ll?)tJYi~viu'Wm':;I?)'l'ftLVli1mL:n~Yl'l ru"lltJ~LLJ'~ nl?) ~'l-:J nt.! 

iJJ':;L1l'Vl~J~-:JVI~ n mnLtJ (Bleeding) (%) 

LLNnl?) 150 N LLNnl?) 250 N LLJ'~nl?) 350 N LLNnl?) 450 N 

odl .,. foil ~ .,. li-' 
VI~nYl~~ 'Jll'lYl'Vl~~111 I?) 20.0 ± 0.02 32.0 ± 0.01 58.0 ± 0.01 60.7 ± 0.01 

odl .,. .. .,. "" .. 
VI~ nYl~YlL"ll-:J~'l nJ"lltJ 10.7 ± 0.01 25.3 ± 0.03 59.3 ± 0.01 58.0 ± 0.01 

.J Q, J .q tI" .Q cv , .Q r.::J Q f1" i.I .dI.Q G"'.:IiI .J CIt. \f i,lq 

L~~~IO)'lJ'nJ'l'VlLLNnl?)~~Yl 150 LL~:; 250 t.!'J(;]t.! YlU'J'l -:J'lt.!~~~'VlYl~~I?)'JtJVI~nYl~Yl"ll'Jll'l~'VleJ~l'l bl?)~ 

.I~ • I .3" """~"'''i-' odl "" or "" "".. J
mn1J~tJt.!LL1J~-:J"lI'W1 1?)"lI~~ L~'W~1n n'J1~I'WYl~Yl'VlYl ~Yl l?)'JtJVI~ nYl~Yl L"ll~Yl '1 ru"lltJ fl'l LVI ~~'llO)L'W~-:J~'llO)'l n 

.ct .Q rAt. q tI" d iJ" J' ~tla I J Q df ~ I,J. ,i.lQ 

VI~ nYl~Yl L'If-:JYl'l ru'lftJfl 'l~'l J'C1'lf~ b "lI'l b'Wb'W~m':; I?)'l'ft bl?) LJ''J n'J'l L t.!~~IO)'l n~ r1'J'l~ VI'WI?) 1111 n'J'l ·tl~ ~ ~ bVi Ln I?) 

, i-', .3' odl "" • I.J • Ii-" J . r::! cj <V odl.,. ..~.,. ~ i-' , 
mm~t.!~tJn'J'l "lIt.!'l 1?)"lI~~ L~t.!10)~ Ln I?) mJ'b1J~tJ'WLL1J~-:Jt.!~tJ n'J'l L~~ blJJ'tJU L'VltJU nuVl~nYl ~~'Vl eJ~ 111 bl?) LLI11 

L~~YilO)'lJ'ru'l~LLNnI?)Yi~vi 350 LL~:; 450 U'J~t.! YlU~'l "lI'W'lI?)"lI'tl~b~'W~bLtJ'tl~niJri'l1n~\~mnt.!vr~fl~-:J 
VI;jnYi~vi ~~ LLfl 1?)~1,xb~t.!~'l~ LL~~ n I?)Yi~vi~~ "llUI?)"lI~-:JVI;jnYi~vi~-:JeJ'tlLVitJw~ mJ~tJ~'tl mniJ~tJt.!LLiJ'tl~ 

"lI'W1 1?)"lI~~ L~t.!Yi~vi 
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(n) ('11) 

fll'Yi~ 24: fll'Yidlm~'W'1I'W1111 0.5 ij~~LlJ[;JJ' "1l!l'l'lI'W-WlJvi~-WlJvi~'JU'\.-lnn-wlJvibvJ~nL"l!nJ'IW~'Jfll'Yi 

~e.J~[;Jl~ -WlJvi~'JmLNnl11-wlJvi (n) 150 N ('11) 250 N (~) 350 N LL~:: ('I) 450 N 

(n) ('11) 

fll'Yi~ 25: fll'Yi dlm~'W'1I'W1111 0.5 ij~~LlJ[;JJ''1I!l'l'lI'W-WlJvi~-WlJvi~'JU'\.-lnn-wlJviLvJ~nL"l!ml~ L~'1'Yilru'll~ 

-WlJvi~'JmbJ''1nl11-wlJvi (n) 150 N ('11) 250 N (~) 350 N LL~:: ('I) 450 N 
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.. 

(n) ("ll) 

(n) ("ll ) 

..I , "" ....I"" .. " ell"" ...., .. '" ~q .J""~,, tJ"
111YfVl 27: 111Y'Hl1m1'WYi~YiYlYi~YH')')tlVla.JnYn.JYHY'i~n ~'1InJ'1Y'i'1l,)111YfVl~~1?l ~(;l1.J'\..mJ'::(;l1~1n 1~~ 

~1~'\.l Yi~.,.r~~,)1~Vl'W1"llru::LUtln 24 1~L~J'L~I?lJ' Vl~'lfOl1mh'Wn1J'~'l~'WLtI'WJ'::tl::L,)~1 1 L~'il'\.l L(;ltl 

..1'1...1 ..1'1...1 1;' ....J" 0 ... 

(n) m::(;l1'rt'Vl ~·ti AKD 0.1 % LL~:: ('11) nJ'::(;l1'rtYl ~·ti AKD 0.3% "ll'il'l'W1'1-1'WnLtl'ilLLVl'l 1?l1~~1(;l1.J 
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~'J1l1Vi~tJ~(;1L~ut.!m'::;~1~1n,j1~a.J~1~t.!~1~~1~rit.!~a.J AKD 0.1 % LL~::; 0.3% "lI'el--l~1'\..rt!m~'elLLlX--l ~ 

f1'J1a.J'VIt.!1'll n.!::; LU £.In 24 La.J Lf1 na.J (;1 ~ ~'Jt.!1l1Vi~ 27 LL~ ~--l1l1Vi d1 t1"l1'el--l--l1t.!Vi a.JVi~--lVi a.Jvr~'J t1'V1lj nVi a.Jvr 

••1 cr 'i' ~cj ..I "" ~ i; • I .. 1;' ... ..I~,J ... dI 
LY~~n ~"lInnY'i"ll'J1l1Vi'VltJ~(;1 ~~ut.!m'::;m~'"l1nlJ1~a.Jt.!1a.Jt.!'Vl ~·CI~1mt.!"lIa.J AKD 0.1 % LL~::; 0.3% 'll'el--l 

~1'V1,rnL~'elLLlX--l ~f1'J1a.J'VIt.!1"l1ru::;Lntln 24La.JLf1na.J(;1~ 'VIi--l'"l1nu1L,jlf--l~t.!Ltlt.!~::;t1::;L'J~1 1 L~'elt.! tJ~n1~ 
'Vl~~'el--lViU~1 --l1t.!Via.Jvrut.!n~::;~1~~1~ AKD 0.1 % ~1a.J1~CltJ'eltl~~1t1L~L~'Jn~1--l1t.!Via.Jvrut.!m'::;~1~~1~ 

~. AKD 0.3% L~m.fia.J1run1~tJ'eltl~~1t1~,j~::;a.J1ru¥'eltl~::; 60 LL~::; 50 ~1'V1~U--lIt.!Via.Jvrut.!m'::;~1~~1~ 

'" I 

~'eln1~tJ'eltl~~1t1'll'el--l--l1t.!Via.Jvr (;)--l,rt.!--l1t.!Via.Jvr'Jt.!n~::;~1~~1~ AKD 0.1 % ~--l~1a.J1~CltJ'eltl~~1t1L~L~'J 

n~1 

(n) ('ll) 

..I I "" ....I "" .. i; dI "" ....1 cr 'i' ~cj ..I "" ~ I ..i; •

1l1Vi'Vl 28: 1l1Vi Cl1t1--l1t.!Via.JVi'VlVi a.JVi ~'JtI'VIa.J nVia.JVi LY'i~ n ~"lIm'1Y'i"il'J1l1Vi'Vl tJ~ (;1 ~~Ut.!m'::;~1~1 nu1~a.J 

~1~t.! Via.Jvr~f1'J1a.J'VIt.!1"l1ru::;Liltin 24La.JLf1~La.J(;l~ 'VIi--l'"l1mht.!n1~lf--l~t.!Ltlt.!~::;t1::;L'J~1 2 L~'elt.! L~t1 
..I~ ,J ..1'1 ,J 1;' Go' J i; 0 Go' 

(n) n~::;~1'rl''Vl ~'CI AKD 0.1 % LL~::; ('ll) m'::;~1~ ~'CI AKD 0.3% "lI'el--lt.!1'V1t.!mtl'elLL'VI--l (;11a.J~1~U 

..I I "" ....I "" .. i; dI "" ....1" 'i' ~cj ..I "" ~ '" 
'"l1 nll1 Vi 'Vl 28 LL~ ~--l1l1Vi mm1t.!Vi a.JVi'Vl Vi a.JVi ~'J t1'V1a.J nVi a.JVi LY'i ~ n b"ll nnY'i"il 'J1l1Vi 'Vl t:.J~ (;1 ~~U t.! 

• I .,. 1;' ... ..I~,J 1;' Go' J i; J ~. l:r "" ."10 

m'::;~1~'"l1 nu1~a.Jt.!Ia.Jt.!'Vl ~'CI AKD 0.1% LL~::; 0.3% "lI'el--lt.!1'V1t.!mtl'el LL'VI--l La.J'elt.!1 ~u I'J--l ~t.!Lut.!~::;t1::;L 'J ~1 

2 L~'elt.! ViU~1 --l1t.!Via.Jvr~~1t.!n1~lf--l~t.!Ltlt.!~::;t1::;L'J~1 2 L~'elt.! ~n1~tJ'eltl~~1t1"l1'el--l--lIt.!Via.Jvra.J1nn~1n1~ 
:r "" .?l ... "".,...1 I :r "" .?l ... • r;: I cj

1'J--l~t.!LlJt.!~::;t1::;L'J~1 1 L~'elt.! --l1t.!Via.JVi'Vlt:.J1t.!n1~I'J--l~t.!Lut.!~::;t1::;L'J~1 2 L~'elt.! u~a.J1n.!n1~t1'eltl~~1t1a.J 
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.. 


(n) ("11) 

J , "" .. J "" .. " ct "" ....1 a 'i' ~... J "" 1" . I ..
IlTWVI 29: IlTYHl1m'lkl~l-J~V1'YnJ~ l?l';)tlVll-J nVnJ'V'I LY'i 'tl n L'lI n~'lY'i'Jj,;)Il'l~V1t.J'tl1n l?l'IJkln~:;I?l'l~'l nu'l'tll-J 

~'l:rkl Yil-Jvr~r1,;)'ll-JVlkl'l"1ln.l:;LihJn 241l-JLrI~Ll-JIn~ VI~'l~'ln~'lkln'l~~'l~klLtlkl~:;tI:;L,;)'tl'l 3 L~'tlkl Ll?ltl 

J"I nI J"I nI ~ .....,J" 0 .... 

(n) m:;I?l'l~V1 b'~ AKD 0,1 % LL'tl:; ("11) m:;I?l'l~V1 m AKD 0,3% "1I'tl'lkl'lVlklnLtI'flLLVI'l ml-J'tl'lI?l'IJ 

(n) ("11) 

J , "" .. J "" .. " ct "" ....1 '" 'i' ~... J "" ~" • I ..
1l'l'V'lVi 30: 1l'l'V'l r:1'ltl'l'lkl'V'l l-J~V1~l-J'V'I l?l';)tlVll-J n'V'l l-JmY'i 'tl n b'l! n~'lY'i'l!';)J)'l~V1 ~'tlln bl?l'IJkln~:;I?l'l~'"l'l nu'l'tll-J 

~'l:rkl Yil-Jvr~r1,;)'ll-JVlkl'l"1ln.l:;Lntln 24 1l-JLrI~Ll-Jm VI~'l'"l'lm.hkln'l~~'l~klLtlkl~:;tI:;L,;)'tl'l 4 L~'tlkl Ll?ltJ 

J'I nI J"I nI 1;' .....,J" 0 .... 

(n) m:;I?l'l~V1 b'(;'j AKD 0,1 % LL'tl:; ("11) m:;I?l'l~V1 b'(;'j AKD 0,3% "1I'tl'lkl'lVlklnLtI'flLLVI'l 1n'll-Jfl'lI?l'IJ 



57 

(n) 

J .....J.....~ 'i' !:':'lei J ... It ~ .1 ..I 4..... ..1" 
1l1'W'Vl 31 : 1l1'W mtl-:J1\J'W~'W'Vl'W~'W I"'JtI~~Jn'W~'W L-n~n ~'l!n~1Y'i"l!'J1l1Yl'Vl~H'l1'l bl?l'IJ\Jm:;i?l1'l~.r.nnu1~~ 

~1lY\J Yi~vr~rl'J1~~\J1'lJru:;Ltltln 24 1~LML~I'l~ ~~-:J"'l1n~1'IJn1~~-:J~\JLil\J~:;tI:;L'J~1 5 L~'el'IJ Ll?ltI 

J" ,./ J" ,./ 1;' .... J ~ 0 .... 

(n) m:;1?I1~'Vl b'tl AKD 0.1 % LL~:; ('lJ) n~:;1?I1~'Vl b'Ci AKD 0.3% 'lJ'el-:J\J1~Umtl'elLL~-:J 1'l1~~11?1'IJ 

(n) ('lJ) 

J .....J.....~ 'i' !:':'lei J ... It ~ .1 ..I 4..... ..1" 
1l1'W'Vl 32: 1l1Yl mtl-:J1'W'W~Yl'Vl'W ~'W l?I'JtI~~ nYl~'W LY'i ~ n ~'l!n~1Y'i"l!'J1l1'W'Vl tH'l1'l bl?l'IJ\Jm:;1?I1~1 nu1~~ 

~1lYU Yi~vr~rl'J1~~U1'lJru:;Ltltln 24 1~LML~I'l~ ~~-:J"'l1n~1\Jn1~~-:J~\JLil\J~:;tI:;L'J~1 6 L~'el\J Ll?ltI 

J" ,./ J" ,./ 1;' .... J ~ 0 ....

(n) m:;1?I1~'Vl b'tl AKD 0.1 % LL~:; ('lJ) m:;t1l1~YI b'tl AKD 0.3% "JJ'el-:J\J1~\Jmtl'elLL~-:J 1'l1~~1t1l'IJ 

., 
n1~~-:J~\J~1u1,JU1\J~\J Ll?lm1\JYi~vr'IJ\Jm:;1?I1~ AKD ~'eltl~:; 0.1 ~1~1~"ti'elm~~1t11~\n'el'IJ~~ I?I 

" :r'" J
1l1t1 bU~:;tI:;L'J~1n1~(;.j-:JI?IU'Vl 5-6 

.ell J
LI?I'elU (1l1Yl'Vl 31 

J
LL~:;1l1Yl'Vl 32) 

J.F.! eI .... ... ..
L~'elLlJ~tI'lJL'Vltl'IJn'IJ-:J1\J'W~'W'IJ\J 
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n~:;"n~ AKD ~'elu~:; 0.3 ~..:!u..:!ihJhnru'1l'el..:!..:!1t.rVllJ-WL~~'el'el~L~mJ'elm~'el~:;U:;L,)~1n'1~~..:!~hJ~1kl\U 6 

L~'elkl (f11~~ 32) ;..:!t!kln~:;!?)1~~ihElJ1ru'1l'el..:!~1~rikl~lJ AKD ~LLlnn~1..:!riklU'ellJ~":!~~~'eln'1~U'elU~~1U 
"jJ'el..:!'I1klVi '-J-WLLIn n ~1..:! rikl L!?)Un ~:;(1)1~~ihl1'lJ1 ru~ 1~rikl~lJ lJ1 nfDl dhElJ1 ru r1,)1lJ~kl1kln ~:;!?)1~~1 n~1 

J q. ~ <V 4 1-' 0 'I 1-', .?I ~. I~ 1-' 1-' , 
m':;!?)1'm1'-Ju~lJ1ru~1mkl"1llJkl'elU 'Vl1 L~n'1~U'elU~~1muklLU L{?l"ll1n'J1 

69.15 34 .58 34 .57 24 .68 

L~'fl1.J1~~,j1ar'W d:j'fl~~ 

L~'flL(j)EJHf NaOH 15% 

Lt')~1 2 it') L~" 

73.23 46.73 26.50 20.77 

L~'fl1.J1~~,j1ar'W Ljjtl~~ 

L~'flL(j)EJHf NaOH 20% 

Lt')~1 2 it')L~" 

75.14 51 .69 23.45 17.20 

L~tl1.J1~~U1ar'W L~'fl~~ 

L~'flL(j)EJHf NaOH 25% 

Lt')~1 2 it')L~" 

76.10 52.88 23.22 16.55 

L~'fl1.J1~~U1arl.! L~'fl~~ 

L~'flL(j)EJHf NaOH 15% 

Lt')~1 4 it') L~" 

73.35 46.82 26.53 19.84 

L~tl1.J1~~J1arl.! Ljj'fltJf~ 

L~'flL(j)tlHf NaOH 20% 

75.86 52.67 23.19 17.01 

L~'fl1.J1~~U1arl.! Ljjtl~~ 

L~'flL(j)EJHf NaOH 25% 

Lt')~1 4 it')L~" 

76.20 53 .58 22.62 16.37 
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" " 
 ,
tfhn r;u~1.:J1 ri'IJ mh'J ~'el ~'elrl~::: 15, 20 LL~::: 25 '1I'el.:Jtll'V1,rn:n'IJL,yLL~.:J LL~:::l-ifL'J~11'lJn11~~ LU'el~1.:J1 

ri'IJ n~I'J~'el 2 LL~::: 4 -i'Jt~.:J t(;ml-if~r;uVI.1Jm'IJn11~~L~'elLvilriU 140 °c "flU~In11l-ifm~lr;ut'l!L~rl~Lu 
~ tr":..t " " " ".., ..t o",,"'.J '" ~ " "'. r;: '" "" • r;: '" (;)1'eln ~'l!(;)L"fl~'1I'IJLL~::: ~'JjL'J~1 ~'lJn111'l~Lrl'el'IJI'IJ'1I'IJ 'VII ~'VILrl'el'VI~~1'l ~(;)'-Ju1~1r;u~n'IJ'lJLL~:::u1~Ir;uLu~ 

L'l!~~t~~~(;)tJ'elrl~.:J 'VIlmL~nm~Ir;uL'l!~~t~~ (LL'el~yJIL'l!~~t~~) L~~~'IJ ~.:JLL~(;)\ll'IJ1'l111\1~ 9 

.., 0 .., 	 .1 tr ~ .... .J '" ~ ,,:;:. ~.I .&'" '" 0'" ~.I .." 
L~ 'el 'IJ1 L rl 'el U 1 ~ ~ 'IJ1 '-J 'IJ 'VI ~ ~ I'l b!1l 'VI \I 'VI ~!11 b U 'VIII") 'J 1 '-J rl 1 'J '11 'el.:J Li'l 'IJ ~rl 'VI ~ \I '"l1 n 'IJ1 L rl 'el ~U U (;) Lrl 'ell'l 'el 

• 	 '"l'IJn1:::~\lL~~1~1l1"fl1:::UlrlL~'el~1'IJ'1l'J\I 300 + 30 2j~~~1'l1 "flU~,) L~'el,jI;~~I~'IJ~~~I'lL~n~II")'J,)~ 

m'J'1I'el\l L~'lJlrl'el~l'IJ'1l'J\I 1.22-1 .37 2j~~ L~ 1'l1 ~\lL~'el,jI;~~I~'IJ'"l:::n l")'Jl~rll'J'1I'el\l L~'lJlrl~.:Jn~IL~'el1rl 
i'IJ (l")'Jl~m'J'1I'el\l L~'lJ1mvii riu 0.70 ij~~ L'-J1'l1) 'VII mL~n l")'Jl~m'J L~'lJlrl~ln~1 L~'ellrlm'J (l")'Jl~m'J 
'1I'el.:JL~'lJlmvilriu 2.91 2j~~L~1'l1) ~.:JLL~(;).:J1'IJ1'l11,)\I~ 10 

th:: Ul'VI'lltl'lLVtl f'1'li).Jm'lL'tl~tJ'1J'fl'l L~1.J1tJ (~~~ L).JlJ1~) 

LU'fl"linliiL;1tlLL~'1 (L~'fl1m~~1.J) (HW) 0.70 

L~'fl"linliiL;1'fl'fl'fl1.J (LVtl1tJtJJ'l) (SW) 2.91 

Lum.h~).J'lJiaJ1.J L~tllil).JLV'flL(;ItJ1-if NaOH 15% L'l~i 2 i'lL).J'I 1.23 

LumJi~).J'lJiaJ1.J L~'flIil).JLV'flL(;ItJH NaOH 20% L'J~i 2 i'lL).J'I 1.30 

L~m.h~).J~iaJ1.J L~tllil).JL~tlL(;ItJH NaOH 25% L'l~i 2 i'lL).J'I 1.22 

LUm.Ji~).J'lJiaJ1.J Liltllil).JLUtlL(;ItJH NaOH 15% L'l~i 4 i'JL).J'I 1.37 

L~m.Ji~).J'lJiaJ1.J L~'flIil).JLUtlL(;ItJH NaOH 20% L'J~i 4 i'lL).J'I 1.35 

LumJi~).J~iaJ1.J Li~tl~).JLU'flL(;ItJH NaOH 25% L'J~i 4 i'lL).J'I 1.27 

.J J J . 1 tr ~ .... .J "" ~ ~. l..t , , .., ~. 1....0 	 0 

'"l')nl'lln\l'VI 11 L~'el'IJILrl'elul~~'lJI~'IJ'VI~~1'l b(;) w'1l'IJLL~'IJ'VI(;)~'elU (LL~'lJm:::(;)I'rt) L"fl'el'IJ1 bU'J(;) 

~~U1i'VII\1~I'IJI")'JI~LL~.:JLLN ~1\11 "flUr;l1 L~'ell-ifm~lr;ut'l! L~rl~Lu (;)1'elnL'l! (;)L~~~'IJ n~~.yhl~~1 ~"lli1 
1")'J1 '-I LL ~\I LLN ~'el LLN ~\I LL~::: ~"lli1rl 'J 1 ~ LL~.:J LLN ~'el LL 1'1 ~'IJ 'VI:::~•L~ ~~ 'IJ ~.:J~'elI'"l L ti'el\l ~ 1 '"l1 n ill~1 r;u 

t'l!L~rl~1e:J(;)1'el nL'l!(;)~~\I~'IJ vlll~~1~11~'1I4'(;)L'elI~nU'W'el'eln1~~ln~'W (~.:J~'el(;) 1")~'el.:J riu e.J~nl~'VI (;)~'el\l~ 
'I .J .&'''.?I '" , .... ""', '" ~ "",..t, dI '" 

LL~ (;).:J ~'lJ1'l1 n\l'VI 9) L'Cl'IJ bmU 'IJ'el M:::I'l'el n'IJLL~:::~ ') W11()MI.:J"fl'IJfi:::1:::'VI'JI.:J n'IJ b(;) (;)'1I'IJ LL~'lJn1::: (;)1'rt'"l\l ~ 

.. ..t J "I" "I "J J' " .... '" .. , dI ..,'"
1")'J1~ LL '1I.:J LLN~ln'1l'IJ L~'el ~'l! L'J~ 1 b'IJn111'l~ W'el'IJI'IJ'1I'IJ "flU'J,) rll(;)'l!'lJI")'JI~ LL "1I.:JLLN I'l'el LLN (;).:JLL~:::(;)'l!'IJ 

.. , .... '" 'i'"..t "'I ",.J,,'" 'i' 'I!:"<i' '" ~ ~ ....
l")'JI~LL'1I.:JLLNI'l'elLLN(;)'IJ'VI:::~~LL'IJ'J ~'IJ~~.:J'1I'IJ (rlm'J'W ~'lJn1r;u'VII'I~Lrl'el ~(;)rl~"ll b'l!L(;)rl~ bu!1l1'eln ~'l!(;)1'elrl~::: 25 

'1I'el.:J~I'V1,rn~'lJ1,y L'l~ll'IJn11~~L~'el 2 -i'Jt~.:J ~1'V1fU~I~'Jji1I")'JI~LL~.:JLL1.:J~'elLLN~.:J LL~:::rlmt)'W1'IJnnll~ 

~~ L~'el t(;)rl1-ift'l!L~rl~1u(;)1'elnL'l! m'elrl~::: 25 '1I'el\l~I'V1,rn~'lJL,y L'l~11'lJn11~~ L~'el 4 -i'l t~.:J ~1'V1fU~I~"lli1 



60 

<I , ... :.:. ":;.!'I ,J": 'I "J ..! 'i' cI ~ 
~'l1l-J bb "lI.:JLb~.:J 11l'el bL~.:J 1?1'W'Vl::;fl) 'Vl.:J'W'el1'"l bu'WL'W~1 ::;':l1 Ll-J'el L'W l-J L':lflrl ~'Wm~l1ll-J LtI'el'W1'W"lI'W ~"1! LI?1t1l-J Lell?1 ~'el n• 

1"1!t11~1l-J1~'wihhJv'ht.l~mtl1nlJ~ nU'WHll-J1 n~'W v'h 1 ""~1l-J1 ~Cl"llr.r1?1~ nU'W'el'el n1~l-J1 n~u L~'W1t1~1l-J1 ~Cl 
"... ,... ~ "cIJ' cI .,:..!<4 <I 

~n.:J'WUfi::;~::;VI':l1.:Jn'Wbl?1l?1"l1'W m::;1?11~.:Jl-J~':l1l-JbL"lI.:JLb~.:JL'Wl-J"lJU 

(mN mig) 

Icvci a 

ml?1"ll'W~':l1~ILb"lJ.:JLLN 

~'elLLN;'W'Vl::;~ 

(kPa m 2/g) 

L~'elt.l1il-J~1~'W L~'el ~l-JL~'elLI?1t1 

Lon NaOH 15% L':lfl1 2.fl'':lLl-J.:J 

537.40 2.47 

b~'elt.l1il-J~1~'W L~'el~l-Jb~'elLI?1t1 

l-if NaOH 20% L':lfl1 2 .fl'':lLl-J.:J 

681.83 2.51 

L~'ellh;l-J'Il1~'W L~'el~l-JL~'elLI?1t1 

Lon NaOH 25% L':lfl1 2 .fl'':lLl-J~ 

637.50 2.55 

b~m.hil-J'Il1~u b~'el~l-JL~'elLI?1t1 

Lon i'JaOH 15% L':lfl1 4 .fl'':lLl-J~ 

639.47 2.98 

L~'elt.l1il-J'Il1~U L~'el ~l-JL~'elLI?1t1 

Lon NaOH 20% L':lfl1 4 .fl'':lLl-J~ 

684.48 3.33 

, 
Lon NaOH 25% L':lfl1 4 i':lLl-J~ 

733.68 3.19 

'U::;,!'WL'Wm~'VlI?1~'el.:J C-J~ 111 m::;1?11~~':l n~'el.:J\in~nLI?1t1'1l1L~'eltJ1il-JJ1~'Wl-J1 C-J~l-J nlJ L~'el L~.:J'W 1 rij"llcl" 

<4 .. ., "J . I .. ~ ... .,J "" ~" " J .,J"!:'i' cI ~ ~""" ~ ....
'"l.:JLfl'eln ~"llLt.I'elu1fll-J'W1l-J'W'VlC-Jfl(;] LI?1'"l1n~[11':l::;n1~(;]l-JLtI'el'Vl ~"ll~"1!LI?1t1l-J Lell?1~'eln b'lfI?1~'eltlfl::; 25 "lJ'el.:J'W1V1'Wn 

~ ~"" ., "J d- 'i'.,J "" 0 J ., ", . ~ "" "" .,J.. '"I J
"ll'Wbl-JLLVI.:J L':lfl1 ~'Wn1~(;]l-JLtI'el 4 "ll':l~l-J~ 'Vl'elruVlIll-J 140 e LU'el~'"l1n ~VI~1u~l-J1ru~n'WU'VlLVlfl'el'elti ~'WLtI'el 

• 'IJ 'IJ 

~1~1?1 LLfl::;1""illl-J1ruLelLflL'lf~\iLfl~LLfl::;LL'elflyJ1b"llfl\iL~~~~~ 1?1 ((;]1n.:J~ 9) ~':ll-J~~t""fOi1;"lltl~':l1l-JLL~.:JLLN 
, <4 ".J.... .,J

l1l'elbbNI?1~~~~I?1I?1':lm-lI'Wn'W (11l1n~'Vl 11)
'IJ • 

~ J ~ Q, .Q CS"'i,I .d CS"':: cv 

'"l1n n1~'VlI?1~'el~ n1~Vl1~1?1~':l'W'Vl LVll-J1::;~l-Jl'Wn1nL'Vl'W'Vl LtI'el L"ll~'W1 ru"lltl I?1':ltl btl'eltJ1~l-J'W1l-JU1'W~ 11l~ 
, ~".-"" .... 'I .,J .,J .,J J J 'I 

(;]1~1 '"l::;LI?1~l-JlJ(;]L'lf~n~I?1~LL~I?1~ ~'W1l1'W'Vl 33, 1l1'W'Vl 34 LLfl::;1l1'W'Vl 35 Ll-J'el SW LL'Vl'WLtI'el ~tltI1'l HW LL'Vl'W 

J ~ J CS"'::.... .d I I 

LtI'ellt1~'W P LL'Vl'WLtI'elt.l1fll-J'W1l-J'W LLfl::; oee LL'Vl'Wbtl'elnfl'el~m::;1?11~\in~mn1 
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o.9,----------------- -------------, 

0.8 +----------------------­

0.7 +----------------------­

~0.6 ~---------------------­
z 
jI. 

-; 0.5 .. 
"C
c: 
~ 0.4 
';;;
c: 
{!!. 0.3 

0.2 

0.1 

o 
SW+HW+OCC P+HW+OCC SW+P+OCC SW+HW+P 

J J a 1 t-, ..J 0 ..J • I f1" 1;' '" 1. I J ..J .,
lOll n 111 YI 'VI 33 LL'Cl:; 111 YI 'VI 34 1Dl:; L~ U L1l 'l1 L 3Hl U 1 L tl !l u 1 'Cl ~ U 1 ~ U u LL'VI U'VI LtJ!l btJ tJ 1 'l 

(p+HW+Oee) lDl:;i:J e.Jmilll~~'lIilrl'll~ LL ~\l LLN~!l LLN ~\l LL'Cl:; ~'lIilrl'lI~LL~\l LLN~!lUN ~U'VI:;'Cl"lJ!l\l• 
cI, ., J../0..J. I f1"1;''''1. 1 J..J.,; .,t-"'cI

nJ':;L1lTl~l"~rll'ClL1l'Cl\l bU"lJnJ:;'VIL~!lUILtJ!lul'Cl~UI~U uLL'VIU'VILtl!l btJ~U (Sw+p+oee) 1Dl:;e.J'Cl b'lilL1l'llUrl'll~ 

a , c!l '" cI a ' ' '' co! J' a t- ../ 0 ..J .1 f1" 
LL"lJ\l LLN ~!lLLN L1l\l LL'Cl :;L1l'll'Wrl'lI3-1 LL"lJ\l LLN ~!lLLN L1lU'VI :;~"lJ!l\l n J':;L1l1'jj"LYI ~"lJUL'Cl nU!ltl LL'Cl:;L~!lUI LtJ!lul'Cl ~ 

~131u1tJ LL 'VItJ~ L~!l n~!l\l m:;!1l1'jj"'Cl n~ n Lnl (SW+HW+P) lDl:;l~rh~'lIilrl'lI~LL~\lLLJ'\l ~!lLLJ'\l ~\l LL'Cl:;~'lIil
'IJ 'IJ 

rl'n~ LL ~\l LLN~!l LLJ'\l ~U'VI:;~ ~\l n~1 n J':;!1l1'jj"~'l n ~!l\l ~ n~ nlDll m~!l L~\lYll ru'll ~~'lU (SW+ HW+ oee) 

_"I' !:. .:I..J J:' 'I ..J .1 f1" 1;' .... cI J .1 
LuU!l tJl\l ~1 n 'VI\lU!l11Dl LU!l\llDll m~U btllDll m tJ 'f) lJl'Cl ~U1 ~U~ rl 'l1~tll 'l L'U'Cl tl u J':;~1 nJ 1 .22-1 .37 

...... J O'lt-..J 01. 1 J..J.,.JcI J...... J 
~'Cl'ClL~~J' (11l1J'1\l'VI 10) 'VII b~L~'f)tJl lJLL'VIU'VILtJ'f) btJm'l'll\l~rl'll~m'lL'U'Cltl 2.91 ~'Cl'ClL~~J' (~ln\l'VI 10) 

J':;'IiI~I\lL~tJltl L'llu rl'll~ LL ~\l LLN~!l LLJ'\l ~\lLL'Cl:;rl'll~ LL ~\l LLN ~'f) LLJ'\l ~U'VI:;'Cl• ~\l'Cl L1l 'Cl\l 1U"lJ ru:;~ Ld!l'll1 L~'f) 

tJl~~~I31tJ1tJLL'VItJ~ L~'f) ltJlu ~\l L~ultllDllntJl~~~I31tJi:J ~lrl'll~m'l"lJ'f)\l L~ultJ~\l n~1 L~n1J'f)tJ (lOll n 

11l1J'1\l~ 10 rhrl'Jl~m'lL'U~tJ"lJ'f)\lL~Ultl"lJ'f)\l L~'f)ltJltJL'Vhri1J 0.70 ii~~ L~ ~J') ~\l1~r11rl'lI~LL~\lLLJ'\l~L~~ 
X a t- -l ",..J cI J' J., t-.... l' 'I cI J' 

~\l"lJUL'ClnU'f)m·DtJntJ LU'f)\llDlln~YltJ'VI bUntJ'Ml\lYlUfi:;UUL~U btl~~ln"lJU 
" 

~ 'J UL~!l n ~'f)\l n J':; L1l1 'jj"~ n ~ n L nl t!ULij tJ L~ 'f)~1'l1 L~ 'Cl~\l L~ tJLtJ i:J"lJU1 L1l l tJ~\l n ~ 1 L~ ~ LL'Cl:; n 
'I t- '" '" !:. ..J 0 ..J • I f1" 1;' .... 1- I J ..J , •.1'" c!l 

rl'Jl~~I~IHl bUnt J'MI\lYl Ufi:;'Cl L1l'Cl\l L1l\ltJUL~'f)Ul LtJ!lul'Cl~Ul~U u LL'VIU'VI Ltl!l n'Cl'f)\l~ n~mnlLL'Cl'J 1Dl\l 

..I 'I " .coI1 "cI J', ..J ..J • I f1" 1;' .... cI "I"<I
'6'i\l e.J'Cl b~nJ':;L1l1'jj"'V1 L1l~ rl'lI~LL"lJ\lLLN"lJU!lm\l~1 n LU'f)\l1Dl1 mtJ!lul'Cl~Ul~tJ~rl'lI~~I~IJ'tl bUntJ'MI\l 

.... JcI,..J cl1...." l' ., JcI ,
YlUfi:;'VI L1ln'JILt1!lJ' 'lILrl'Cl~ln L1l'Jtlrl'Jl~m'JL~tJ btl'VI~~\ln'J1 
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5.00 .,-------~-----------------------__, 

4.50 -1--------------------------------1 

4.00 -1-------------------------­

~3.50 +--------------------------

Ne 
<U 3.00 -1--------------------------, 
0.. 

""i 2.50 
'C =2.00 
f 
:::I 
III 1.50 

1.00 

0.50 

0.00 
SW+HW+OCC P+HW+OCC SW+P+OCC SW+HW+P 

9.000 .------ - - - -------- - --- - - - - ------ - - -------, 

8.000 +----------------------------------1 

7.000 

C; 6.000 

~ 
~ 5.000 

.,)( 
~ 4.000 
~.. 
~ 3.000 

2.000 

1.000 

0.000 

SW+HW+OCC P+HW+OCC SW+P+OCC SW+HW+P 
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>­

~~ ~~1~~aJl.I~1t.l-if't)ilLLl?ln ~h~nt.lLll ~'Ju 

/Ol1n~aJl.I~L~~n~~~~1aJll~:;n1~"lI't)~m':;~11'l=1'~~~l?lL~ ~~~1aJ1~~MllL~~1 L~'t)/Ol1nll1~aJ~1l!t.l• 
~ , "I 0 ~. f .J J "I "I .. .... tr J "I " , a "I 
LaJLVlaJ1:;~aJ bt.ln1~t.l1LuLLYlt.lYlLU!l bum'J bt.ln1~~~l?ln~:;~1'l=1'L·lWr'nru"llU Lt.l't)~/Ol1n bVlrt1m1~LL"lI~LL~~ bt.l 

(Jht.lj;h~1 ~1 LLI1l!l1/OltJ1Lll1-nLLYlt.l~ L~'t) 1uit.lLL~:;L~'t)/Ol1n m':;m'l=l'm:l't)~~ n~n Ln1L~ L~u/Ol:;1~ fOl1rt'J1aJ 

LL~~LL~~11l1~11n~L~U~/Olt.l1i~~~n~1 L~!l1uit.lL~nu't)u LL~:;~~ n~1L~'t)/Ol1n n~:;m'l=l'n~'t)~~n~mn1 l?i'~~t.l 
dl eII.J d.dl 0.4 ~:: Go' .J.J IJ J0

/Ol~L~'t)n~l?l~Yl 3 LL~:;~l?l~Yl 4 rt't) n1~t.l1Lum.h~aJt.l1aJt.laJ1LLYlt.lYlLU!l1uit.l (SW+P+OCC) LL~:;t.l1LU!l 

U1~~~1l!t.laJ1LLYlt.l~L~'t)n~'t)~n~:;~1'l=1'~n~mn1 (SW+HW+P) 1t.ln1~Yl~~'t)~l?l't)t.l~ 311l't)LU 

l?l1~1~~ 12: fOl1l?i'"llilrt'J1aJLL~~LL~~ I1l!lLLN l?i't.lYl:;~LL~:;n1~c:J ~~aJ~1nl.lmaJ1 ru"ll't)~~1~L~aJ LLI1l~"lI!l~ n ~:::~1'l=1' 
~'Jn~'t)~~n~n 

.vel a I 

~"llt.lrt'J1aJLL"lI~ LL~~l?l't) 

LLNl?i't.lYl:;~• 

I d ~ 
rt1n1~c:J~"llaJt.l1 (Cobb) 

2
(g/m ) 

"~1t.l1.l t.l 

LLU~ 0.8%+AKD 0.3% 3.490 32.300 32.100 

2 LLU~ 0.8%+AKD 0.5% 3.728 32.100 31.800 

3 LLU~ 1.2%+AKD 0.3% 3.956 33.300 34.200 

4 LLU'I 1.2%+AKD 0.5% 3.346 29.800 30.300 

/Ol1 n l?l1 ~1'1~ 12 'Vj 1.1~1 Yl n M11'J:;1 ~ fOl1l?i'"llilrt 'J 1aJLL~'1 LLN 11l!l LL~~ l?i't.lYl:;~ ~~ n~1aJ1l?l ~~1t.l .. II V.l d9 

~~l?l.nru-n't)l?l~1V1m'~aJ ~~i'lfOl1LVhnl.l 2.94 kPa m2
/g LL~:;Ld't)LmU1.lbVlUl.lnl.ln~:;~1'l=1'/Ol1m~'t)L~'1• 

'Vj1nl"lltJ~'Jt.l~~5~hJL~~~1n~aJLLI1l'l/Ol1 nn1~Yl~~'t)~l?l't)t.l~ 1 (/Ol1nIl1'Vj~ 34 fOl1l?i'"llilrt'J1aJLL-n~ LLNI1l't) 
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LL~'l ~'WYl:;~L'Vhnu 2.549 kPa m2
/g) ~Utj1 n1~l~LLil'lv'h1~~;h(;)'1!UfOl'J1~LL~'lLL~'l~'ilLLN(;)'WYl:;~ L~~~'W 

L~'il'l1iil1 n LL1J'lIiil:;hJ'lI'JtJ L~~~'WD:;ll1tJl'Wm:;"11~vi11~m:;(;11~ii fOl'J1~LL~'l LL~'l~1 n~'W 
J CII I 4 ~ II I c::i 4:1 ~.Jq i.I

L~'il~1iil1~nJ1fi11n1~~(;1'1!~'W1m'Wu'W (Top side) ~u'J1~L~m~1l1'J:;Yl 4 Yl~n1~l~LLil'l~'iltJ~:; 
II :: IV.J ".:J!,It dI::.,.J IV ~.c:t. 

1.2 LL~:; AKD ~'iltJ~:; 0 .5 "lJ'il'l'W1~'WnLtJ'ilLL~'l Yll~fi11n1~(;1(;1'1!~'W1LtI'W ~11(;]1~Yl~1[;1~ti1'WCJ~[;IllnJ'Yl 
~ ~ 

I '" 

'q[;l~1~n~~~n1~'W(;1 ~'lii~1-W'iltJntj1~1'ilL'Vhnu 30 gl m 2 ~'J'W~1l1'J:;~'W11iil:;1~~1n1~~(;1~~tJ1hi~1'W 

[;I1~~~1[;1~ti1'Wn1~'W(;1 LL~ riii ~1L~ ~1'l1iil1n LnnJovl~1 [;I~ti1'W~1 nt!n LL~:;Lri'il~1iil1~nJ1 ~1n1~(;1(;1~~
~ ~ ~ 

~1'W~1'l (Bottom side) ~utj1'VJ n~1l1'):;ii ~1n1~~ (;1~~~1 LtI'WL,J [;I1~~~1 [;I~~1'WCJ~ [;I.tlnJovl'q[;l~1~n~~~ 
n1~'W(;1 ~'il~'il'lii~1-W'iltJntj1~1'ilL'Vhnu 40 g/m 

2 

5.00 

4.50 

4.00 
3t8 

313 

~ 3.50 
3 • ... .-r.. 

Ne 
iii 3.00 D. .,,,, IkPa.m2/a 1 
Q. 

:!. 
)( 2.50 f---­
CIJ 
'0 
.5 2.00
i! 

c--­

:l 
III 1.50 -

1.00 -
0.50 -

0.00 

1I\1~ 0.8%+AKD 0.3% 1I\1~ 0.8%+AKD 0.5% 1I\1~ 1.2%+AKD 0.3% 1I\1~ 1.2%+AKD 0.5% 

J J . ..,.c::.I a I IV I .cS::~ 
111~Yl 36 LL~:;1l1~Yl 37 LL~ (;1'lfOl1l'l'1!'Wfi1,)1~ LL"lJ'lLLN [;I'ilLL~'l (;1'WYl:;~LL~:; fi11 n1~l'l (;1'1!~'W1Yl'l~'il'l. ~ 

., I 

~1'W'll'il'ln~:;(;11~l'1'l 4 ~1l1'J:;L(;1tJiiL~'W~1m~1'WCJ~[;I.tlnJovl'q[;l~1~n~~~n1nU'il~ ~'l1iil1nn1~~1iil1~nJ1~1 

J J ."'l J", ", ov... or , ov ," J .,.
Yll'l~'il'l [;I'il'WYl 3 L 'W'il'l1iil1 nLu'W~1l1,):;Yl L~ fOl1 (;1'1!'Wfi1,)1~ LL'll'l LL~'l [;I'il LLN l'l'WYl:;~ fi1'il'W'll1'l~'l LL~:;L~'il~1iil1~nJ1. ~ 

i') ~nu~1 n1~(;1 (;1~~~1 ~,)'W~ 1'1 'll 'il'l n ~:;(;11~ii ~1LtI'WLl1 (;]1 ~~~ ') [;I ~~1'WCJ ~ [;I.tlnJovl'il [;I ~')~ n ~~~ n 1~'W(;1
~ ~ . 

., J " " .,
LL~:;~1n1~!iI(;1~~tJ1""1'Wu'Wii~11n~L~mnu~')mti1'Wn1~'Wl'l ~,)'W~Il,)'J:;Yl 4 t!'W ii~1n1~l'll'l~~tJ1l'1'l 

~ ~ ~ 

~'il'l ~1'WLtI'WLl1 (;]1~~~') [;I~ti')'WCJ ~ [;].tlnJovl'il [;]~1~m~~ n')~'Wl'l ri1iil1'l LL~ ~1 (;)'1!Ufi1 ')1 ~ LL ~'l LL~'l ~'il LLN ~'W 
~ . 
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'Vl:;~i1~1~1~~(1) ~'1!l1'"lLn(1)'"l1nn1~i1,j~:;'"llJ')n (~'1'"l1mLi1'1LL~:; AKD) ~1mn'Wt,jlw~:;lJlJ l111~L~'W1tJ 
~ ~ 

hJ~1~1~C1l11~'WD:;n'WHI~'!!n ~'1'!!'W~'1hJ L~!l nH~J11'):;il1'Wn1~'Vl (1)~!l'lI?l!l'W~!lt,j 

¥ 
.cI • 

nl'l~~"IIlI'Ul (Cobb Test) • Top side 
45.000,------- ------- ------- ---- - -1 • Bottom side 

40.000 +-__________......;;..Bo;;.;;.tt;.;;om=si~de.;;..'.;.;;,;;.;;.lfi;.;.;'U.....;4.;;....0=.;___________......, 

30.000 

N 
E 25.000 
C, 
?"i 
.g 20.000 
u 

15.000 

10.000 

5.000 

0.000 

35.000 +-----------------~-37~KlO-

lIil~ 0.8%+AKD 0.3% lIil~ 0.8%+AKD 0.5% lIil~ l.2%+AKD 0.3% lIil~ 1.2%+AKD 0.5% 

, ~ 


J11Yi'Vl 37: ~1 n1~(1) (1)~~'Il1 nlJ'fl1n~1~')'W"lI!l'l~1n~~LL~'1"l1!l'lm:;(1)1'jj"Ci'l n~!l'l~ n~ n 

~ ~ ~ 

.J 
{;1'fJ'WYJ 

~..... .. I .,j.J'1 S-...J • I .r !' v .,J..... .r
3: m ~f"Im:t1 ~3-J7.J{;1"11'fJ\Jn~::tPl1 ~CJ'Jnfl'fJ\J~nqnYJ ~"11W'fJ LJ 1 fl3-J'W13-J 'WYJ tPI LLYJ'WLtl'fJ L"11\JW1 f:l.J"11tl 

1 J dl ~ s­ dI J 1!:"1. ... 11 
'"l1nn1~'Vl(1)~!l'l 'W1?l!l'W'Vl 1 '"l'l ~(1)L~!ln~I?lJ''Vl "ll ~'Wn1J''Vl1n1~'Vl(1)~!l'l(1)'1'W 

J
~m'Vl 1. ~l?lmJ':;(1)1'jj"Cj')n~!l'l~n~m~'1"r'nru"ll~ (SW 18.5% + HW 6.5% + aee 75%) 

J • J .1 .r 1;" ... ~.I J J 1 ~ 
~1n~'Vl 2. 'W1LtJ!l1J1~~'W1~'W~1JLL'Vl'W'VlLtJ!l tJ·C'l'W (SW 18.5% + P 6.5% + aee 75%)
~ 

J • J .1 ". 1;" ... ~.I J J, ....J , ... 
~1?lJ'Y1 3. 'W1LtJ!l1J1~~'W1~'W~1JLL'Vl'WYlL£]!ln~!l'lm:;(1)1'jj"~nrJmn1J'!ltJ~:; 100 (SW 18.5% + 

HW 6.5% + P 75%) 

J .e1 ".1;" ... ~ JJ, ,....4
~1n~Y1 4. 'W1LtJ!l,j1~~'W1~'W ~,jLLYI'WYlLtJ!ln~!l'lm:;(1)1'jj"~n~ mn1,j~:;~1ru~!ltJ~:; 50 "ll'lLU'W~I?l~ 

.. , J": .. J' 
m:;(1)1'jj"tJ')n~!l'lYlL~~LI?l~"lI'W~1 (SW 18.5% + HW 6.5% + aee 40 % + P 35%) 

~ 

1~i1'1lT\~'!!n~11?l~~1'W 125 n~~~!l1?l1n'lL~In~ 
J IVA J' ..... I .c:::J~ 1/., '" ~ tV 

m~1'1'Vl 13 LL~(1)'1~~lJl?l~'W~1'W"lI!l'lnJ':;(1)1'jj"1?l')!lm'lYl ~(1) ~(1)LLn 
I 

'W1",'Wn~11?l~~1'W rt'J1~"''W1 LL~:; 

I 4'111 0 ::..... .J '" .J J 
rt'n ~"''W1 LL 'W'W,j~1 n!)"ll'l ~(1)'"l1 n n1~rt1'W') ru ('W1",'W n~1 In ~~1'WL 'fl~£]"'1~(1) ')£] m 1~WtJ1 L'fl ~tJ) "l!'1~ lJ'J 1 

I 



66 

... I ~ ~q .J J II i.I cV .. ~ q:: cv .J J I J
m'::;~l1~(Wl'fltl1\l t 'I..!~ l'l~Vl 2 Vll-J Wl~LLVl'l..!VlLtI'flttl~'I..!~'lmtl'fltJ"l"UJ'I..!'I..! l-J'I..!TVt'l..!m-l"l l'l~~"l'l..!Vll'l"l n')"l~ l'l~'fl'l..!1 

'W'fl~l-J rl'l~ ~\l eJ~ t,xrl'l"ll-J'VI'I..!"l"lJ'fl\l n~::;~"l~~"l1tJ ~'ltl LL~ L~'fl ~"l'l..!'l ru'VI"l rl'l"ll-J'VI'I..!"l LLu'I..!tJn n!J 'W'IJ~"lil,"h 
0 .... 0 .J::'.J.l' '1.1" 1;' ....... .J o.l''' ..I" %. .J <4 


~\l n')"l l'l'l'fltl1\l~ l'l ~'fl'l..! Vl\l1 Vl L'Ci'l..! btlu"l~l-J'I..!"ll-J'I..!l-J"lJ'I..!"l ~Vltl1'l n')"l L~'I..! btl"'l"l nLtI'fl btl'6'f'l..! (l'l')~"l\lVl 10) "'l\l 

~l'lm~::;~"l~~'ln~'fl\l~n~n 
l;' .... 

'I..!"l'VI'l..!n l-J "l l'l ~f/"l 'I..! 
.;II 

2
(g/m ) 

rl'l"ll-J'VI'I..!"l (mm) rl 'l"ll-J'VI'I..!"l bbU'l..!tJ ~"l n!J 

3
(g/cm ) 

~l'l~ 1: SW+HW+OCC 
'lJ 

138.47±2.153 0.216 ± 0.0173 0.641 

~l'lJ' 2: SW+P+OCC 
" 

122.17 ± 3.812 0.182 ± 0.0119 0.672 

~l'l~ 3: SW+HW+P 
" 

139.87 ± 4.667 0.217 ± 0.0235 0.646 

~l'l~ 4: SW+HW+OCC40%+P35% 
" 

143.95 ± 2.160 0.218 ± 0.0145 0.659 

J I I . 1.cS. • I cJq
m~"l\lVl 14: rl"lrl'l"ll-J"lJ"l'l~'l"l\l (Brightness) LL~::;rl"lrl'l"ll-JVl'IJbb~\l (Opacity) "lJ'fl\lLLeJ'I..!Vl~~'fl'IJVll-JWln.J~l-J 

Lm'fltJ"l;l-J~"l2J'I..!t'I..!~~~'l'l..!~"l\l1 

~l'l~nj::;~"l~~'ln~'fl\l~n~n Brightness (%ISO) Opacity (%) 

~l'lj 1: SW+HW+OCC 30.816 99.962 

~l'l~ 2: SW+P+OCC 29.408 99.956 

~l'l~ 3: SW+HW+P 
" 

18.724 99.828 

~l'l~ 4: SW+HW+OCC40%+P35% 
" 

25.232 100.018 

... 
"'l"ln Wl~Vl ~~'fl'IJ~l-J'IJ~ L~\l LL~\l"lJ'fl\lm::;m~~'ln~'fl\l~ n~ n;r\l 4 ~ l'l~ 1~eJ~Wl~Vl ~~'fl\l~\l Lb~ ~\l1 'I..! 

m~"l\l~ 14 L~'flYi"'l"ljru"l~l-J'IJ~L;n\l LL~\l"lJ'fl\l m::;~"l~~'l n~'fl\l~ n~ mL~~::;t;\\ l'lJ' 'W'IJ~"l m::;~"l~~'l n~'fl\l 
"" ".I 

~ n~ nt;\\ l'l~~ilWlj1~ Lm'fltJ"l;l-J~"l2J'I..!"'l::;il rh rl'l"ll-J"lJ"l'l~~"l\l ~ ~ ~\l L~'fl LVi tI'IJ n'IJ m::;~"l~~'l n ~'fl\l~ n~ n"'l"l n 
qJ qJ v..] " \I 

..I ~ ........ ...:" ... ..1. 1 .. 1;' .... " %..1 .J X

LtI'flL·D\I'W"lru"Jjtl~'l'l..! LL~::;tI\I b"JjLtI'flu"l~l-J'I..!"ll-J'I..! b'l..!'6'f~'Ci'l'l..!Vl~\I"lJ'I..! (~l'lj 1 < ~l'lj 2 < ~l'lj 4 < ~l'lJ' 3) 

rl'l"ll-J"lJ"l'l~~"l\l"lJ'fl\l m'::;~"l~"'l::;~\l~ ~~\I ~\leLti'fl\l"'l"l n Lm'fl n~::; ~"l~"'l"l ntJ"l ;l-J~"l2J'I..!il~~"l l'l"l~ ~"l LL~::;hj1~ 
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, _.1 ~ dl.,j 0 'I i-', i-' ''I .,j.,j 0 't- I ~ 
tJ1kln1~,"'elnLtJ'el ~~3JtJ'Cli'l1 ~~m13J~1')'(;q,)1~~'el~n~:;"nl~'Cl(f)'Cl~ LL3JLW] ~kln~n..!i'lkl1 1.Ii'l(f)LLi'lklbtJ'el~1n 

n~'el~~n~ nLri1~iJ~~11'l1'Cl riu~.yhL~fOl,)13J~1')'(;q~1~'ClI'l'Cl~ L"llwikl ~1~~U fOl,)13J~ULb'(;q~,rkl ViU~1 
m:;(f)1~~hn~'el~'Cln~ni'ln~l'l~iJ~1m,)3J~UbbMLn~\~m 100 % bti'el~~1mL~kli'l(f)'(;q'elU~HI~'elkl.jh~~kl1

fIJ 'U q v.] 

(125 n~~I~'el1'l1n~L3JI'l~) 
0­

~1nn1~i'l(f)'(;q'flu'(;q3JuO'~h~~n'Cl"1J'el~m:;(f)1~~')n~'el~'Cln~n~~ 4 ~I'l~ 't~bbri I11"l!Um13JLL~~bbN~'el 
'" '" v,] 

LL~~ ~~ I11"l!UfOl,)13J LL ~~ Lb~~ ~'el bL~~ 111kli'l:;'Cl bb'Cl:; I11"l!UfOl ,)13J ~1kli'l1kl~'el LLN~n 't~ tJ 'Cl n1 ~i'l (f) 'Cl'fl~ 111~ LL'(;q (f)~1kl• 
.,j .,j .,j 00' 

111Vii'l 38, 111Vii'l 39 bb'Cl:;1l1Vii'l 40 m3J'Cl')(f)U 

~~iltl1nJII'li-3I1'l-3gj6I1H~-3 (Tensile Index) 

1.00.,--------------------------------. 

0.90 +--------------------------------1 

0.80 +--------------------------------1 

0.70 +----------------- ­
:Ei 

~ 0.50 +--­
~ 
>< 

~ 0.50 1-­

.5 

CD 

~ 0.40 +--­
c 
~ 

0.30 +--­

0.20 +--­

0.10 +--­

O.OO+--­

SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+OCC40%+P35% 

, " 
~')m~'el,j1~3JU1lYkl~~ tJ'ClL~m:;(f)1~iJ m13JLL~~LLN ~'elLb~~ ~~'Cl(f)'Cl~ b~ nU'eltJ bL~hJ~~e.J'ClL~fOl,)13Jbb~~LLN 

, <V ... i-' .,j _ l.,j 't- I ' .,j <V 0 <V 'I .,j ~ ~ _ I ~ 1;' ... 'to I0 

I'l'el LLN (f)kli'l :;~~~'el fOl') 13J m kli'lTWLLN'UnLl.I'CltJkl lJ'eltJ1~3J'WtJ'(;q1 fOl '1i ~'W·.IJ n..!:;i'l L3J'fl kl1 LtJ'el1.l1 'Cl3Jkl13Jkl 1.1 

Lbi'lkl~ b~'ellOl1 n n~'el~~ n~ n Lri1~:;~~ tJ 'ClL~ fOl'J13Jbb ~~ bL~~ ~'el LLN ~~ LL'Cl:; fOl'J13J LL ~~bL~~ ~'el LLN I11kli'l :;~"1J'el~ 
.,: X 'i' or 't i-' <V ~ 'I i-' ~ • I ~ 'I _ ~ ... 'I .,j .,j ~ , 

m:;(f)1~LVi3J"1Jkl ~(f)tJIOl:;L~'WtJ'Cl (f)"l!(f)LIOl'WL3J'el ~"l!LtJ'el1.l1'Cl3J ~'W1.I~3J1n..!3J1n fOl'el ~'W~mi'lbLVlkli'lbtJ'eln'Cl'fl~ 

'Cl n~nLri1~~~3J(f) ~'JtJ b~'el,j1 ~3J~')lYkl ~~ Lb'(;q (f)~L~L~kl~1 b~'el,j1~3J~1 lYkliJ fOl'J13J'(;q13J1H1L'Wn1~'(;q~1~
'" '" 

http:LtJ'el1.l1
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5.00 

4.50 

4.00 

Ci 3.50 

Ne 
.,; 3.00 
n. 
". 

-; 2.50 
Q) 
'a 
I: 
:: 2.00 
f 
:::I 

m 1.50 

1.00 

0.50 

0.00 

3.01 

T 
.L 

T 
T 1 r---­
1 

-
2.80 4.14 3,12 

-

-

-

SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+OCC40%+P35% 

UPl''lJtNn':;fll}jihn~tl~gn~n 

16.00 

14.00 

12.00 

..E!'
NE 10.00 

Z 
E 
)( 8.00 
Q) 

'a 

.E 
:a 6.00 
Q) 
I ­

4.00 

2.00 

0.00 

T 
.L 

11." 

.:' 

SW+HW+OCC 

T T T 

1 .&. 

I')'; 

f2.U 12.0. 12.14 

I)~th~·;f:;;·· 
I' 

. 
SW+P+OCC SW+HW+P SW+HW+OCC40%+P35% 
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.. 

di 0 

fl11~PI"lItlU' (Cobb Test) 

60.00 I----------------------------"----r====~ 

50.00 +-------------------------::===------------1 

40.00 +--------------------­

~ 
:; 30.00 
.c o 
" 

20.00 

10.00 

0.00 

SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+OCC40'lo+P35% 

~~'~6~n'=~1~Hlna6~9n~n 

fl'l'W~ 41: rhn'l:i'~~~~~'l"1l'tl ,m:i':;(;l'l'l!t~'Jn~'tl~\ln~mL~~:;~In:i' 
L~U T LL~~~~~ Top side LL~:; B LL~~~~~ Bottom side 

140 ,­- --------­--­--­- - - -------­----­- -­- - -­-­---, 

130 +-­ -
120 +­- -
110 +­- -

c» 
l!! 
C) 
<II 
~ 

100 

90 +­-­
80 +­- -

~ 
C) 
c: 
os .... 
u 
J9 
c: 
o 
u 

70 +­- -
60 +­- -
50 +­-­
40 +­- -
30 +­- -
20 +­-­
10 -j-­- -

0+--­
SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+OCC40% +P35% 
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IOl:; L~kl1~~1 m:; (1)')'I:t~ (;\~~ii L~'ellh;~~1arkltHUJ'el~IOl :;~1 ~1 ~~ ~ ~~~~11~~1n n~1n ~:;~1'1:tlOl1 n L~'el L~'1 
I I II • II 

Ynru"ll~~'Jkl LL~:;~'1L-nLU'el'l.h;~,J1arklLkli~~'JklVi~'1~kl (~(;\~ 1 < ~(;\~ 2 < ~(;\~ 4 < ~(;\~ 3) m~~~~~ 
~ ~c!J' ,d r::cv d~'1i.1 ,J '" J I 

kl'l"ll'el'l n~:;~'l'l:t'"l:;~'1 L'Yl~"lIkl LL~ ~\I'J1L~'el'l.h~~kl1~kl~'l~'l~~ ~ WJ!~kl1 L~~1 n n'J1 LU'el1~iklLL~ :;L~'el n ~'el'l 

n~:;~'l'l:t~ n~mn'l ~1-'el L~'ellJ1;~~1arklmlOl~'1 t:J ~L~m ~nn LfilJ~'l ~nkl~~ ~ ~~'1 ri Ltlkl1~ ~'1ii t:J ~y'hLtXm~ 
" " II. I I 

~1klYl'lklm~~~,J1~ ~,J'el~~'1 LL~:;IOl'l nil1'YlVi 42 IOl:;L~kl~1~h~~i~er~iiLLkl'JL,J~~ ~~'1Ln'eliim~l-nLu'el• 
• I .. l;' ., .,J J "" "".-.J 'I II.. I l;' "" ~ "" ~ 1I"".,t
u1~~kl1~kl~'lLLYlklYlLU'elL"ll'l'Yl'l tl..l"ll~ "ll'l LL~~'1 L~ mkl'J1kl'l~m~LlJ~n t:J'Jm:;~1'1:t L~ ~"lIkl 

IOl1 n m~Yl ~~'ellJ rl'J1~ ~1klYl1klm ~~~ eJ1kl"ll'el'l'el1 m PI LL~:;rl'J1~ L~~lJ"lI'el'l ~'J m:;~1'1:t1~t:J~ ~'1 
I I I I II I 

LL~~'11klIl1'YlVi 43 LL~:;1l1'YlVi 44 1Yl'l~~'l~lJ IOl1nm~VI~~'el'l'YllJ~'l n'l~LLVlklViLU'el1~iklLL~:;LU'elm:;~'l~ 

n~'el'l~ n~n Ln'l ~'J~ L~'elU'l;~~'larkl~'1 t:J~1~rl'J'l~ ~'lklVl'lklm~~~ eJ'lkl"ll'el'l'el'l m PI L~~~kl ~'1L~~UnmLL~'J 
" '" 

'I 'Ill ~ l.,t., ~ II "~4 
rl'J'l~ ~'l~1 ~rl Lklm ~~'el~ L~'el'l n'l PI L~~ t:J1kllOl :;"lIklnlJ rl'J'l ~'Yl~kl"ll'el'l Lrl N~ ~'l'l n~:; ~'l~ ~'1klkllOl'l'el'llOl• 
Ltlkl1~~'lL~kl1~u'l~~~'larklLLkllJ ~'J nlJ L~kl1~~kl11~~ n~'l y'h1~n~:;~'l'l:tii~'Yl ~kl~ ~~'1 'elth'lhri (;l1~ 

'I II J • I .- l;' ., J I ••1 I 0 'I II """" 1I.,J .,t 'i' 
m~ L"ll LU'elu'l~~kl'l~klVl ~ LLVlklL~'ellOl1 n m:;~1'1:tn~'el\l~ nYJ mmlOl :;VI'l L~n~:;~Tl~~t:J'J~kl1V1~mlJ"lIkl (,~~ 

I ... I" I II 

~'l nHLU'elU'l;~,J'l,rklLLVlklLU'ellOl'l nn~'el'l~ n~ mn'l~'1~~ ~ (~~ Ltlkl~'el~~:; 75 "lI'el'll11'~1 tl..lLU'el~'1~~~) 

IOl:;"I'l'l1tXrl'J'l~L~mJ~~~'1~'1~'el~~:; 17 ~'l~flJ~'J~'lkllJkl LL~:;~'el~~:; 27 ~'l~flJ~h~'lkl~1'1 

tlmJtll'llYll'lln11'ihUllll1ft (Air Resistance) 

120.00,---- ---------- - ------------ - - -------, 

100.00 +------------------------+---------------i 

Ii' 80.00 +-------------­


.!!.• 

•U 

l!
I: 

60.00 +----- ­

.!!
.. 
e ... 
C( 4Q.00 +----- ­

~O.OO +----- ­

0.00 +------
SWtHWtOCC SWtP+OCC SWtHWtP SWtHWtOCC4Q%+P36'1o 
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A1'~.IL\UlJ (Bekk Smoothness) 

B.OO ,---------- - ------------------------,-----_ 

7.00 +-- ----t----------== 

6.00 

~ 5.00 
ll' 
5 c 
~ 4.00 
'!: 
:I,.. 
fi 3.00 

2.00 

1.00 

0.00 
SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+()CC40%+P~% 

Q'I'~&-In"A llIihn';e.an"dn 

L~tI T LL~~~~~ Top side LL~:; B LL~~~~~ Bottom side 

o ••1 cI .... .... ,::' cI~ ... ~.J cI 
'"l1nn1~'W1m:;~1~~nYinVII:J~l'1'"l1nm:;~1~I:J'ln~'fl~VI~ 4 ~l'1~ VI L~'"l1nn1~VI~~'fl~ L'W6'l'l'WVI 3

'II"'''' 
HiLLri n~:;~1~~'ln~'fl~L:n~Ynru"1!u (SW+HW+OCC) n~:;~1~~'ln~'fl~~LLVI'WL~'fl1t1J'W~'lm~'flth;~ 

" I I I tJ II 

,J1,r'W (SW+P+OCC) m:;~1~~'l n~'fl~Yi LL VI'WL~'fl n~'fl~ n~:;~1~~n~ n Lfl1 ~'ltl L~'fltl1;~-W1,r'W;1~'I,.1~ ~ 
.Q I.J .J I .... I I i.I J .. I ~ ~ - ,J

(SW+HW+P) LL~:; m:;~1~I:J'ln~'fl~VILLVI'WLtI'fl n~'fl~ n~:;~1~~n~ n Ln1 ~'lmtl'flu1~~'W1~'WU1~'Ci'l'W 

(SW+HW+OCC40%+P35%) ~1V1~~'flU~~D~L~~U~~'"l.tiruovl 1;)LLri rl'l1~ LLoJj~LLN(?]'fl LLN ~'WVI:;~'1J'fl~, , 

m':;~1~~n~n rl'l1~~1'WVl1'WLL~~n~'1J'fl~m:;~1~~n~nm~LL'W'l'W'fl'W (Flat Crush Test; FCT) LL~:;rl'l1~
\.I qJ ClJ \I 

" LLoJj~LL~~(?]'flLL~~n~'1J'fl~m:;~1~~n~n1'WLL'W'l~~ (Edgewise Compressive Strength; ECT) 1~1:J~n1~ 
.... ~ cI cl cI 0 .... 

VI~~'fl~~~LL~~~ ~'W1l1~VI 45, llTY'I'Vl 46 LL~:;1l1~VI 47 l'11~~1~U 

Ld'fl~'"l1~ru1vi"1!tlrl'l1~ LLoJj~ LLN (?]'fl LLN ~'WVI :;~'1J'fl~ m:;~1~~n~n ~U~1~ LL 'W'lL-W~~~'fl ~ rl ~'fl~ nu 
rl';l1~LLoJj~LLN~'flLL~~~'WVI:;~'1J'fl~m':;~1~~';ln~'fl~ ~~~1;)LL~~~B1'W1l1~~ 45 n~I';l~'fl n1mVl'W~L~'fl'"l1n, 

, ••1'''' "". 1 r 1;'.... .J ~ ... " ,.... .d. X 'i' 
n~'fl~~ nYi n Ln1 W)mtl'flul~~'W1~'W'"l:;6'l~I:J~ L'VIrl'JI~LL'1J~ LLN l'1'fl LLN~'WVI:;~'1J'fl~ m:;~I~L~~'1J'W L~tI'"l:;

'" '" , 
L~'We.J~1~i~L'"l'WLd'fl1.jfL~'fltll;~~I~'W1'Wm~1ru~ln ~'fl1'W~l'1~~LLVI'W~L~'fln~'fl~~n~mril~~'I,.1~~~';ltl 
J tr ~ .... ~ ~ I J ~ ~ _ i.I _ ..J,q JC1I I 

LtI'fltl1~~'W1~'W VI~'W'W1'"l :;dj'WL~ ~1:;LtI'fltll~~'WI~'W~ rl';lI~~1~1 ~(l1'Wn1~MI~~'Wfi:;VI ~ n';llLtI'fl'"l1 n 

http:1V1~~'flU~~D~L~~U~~'"l.ti
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9 

8 

7 

N~ 6 
e 
ni 
~5 
)( 
III 

~ 4 


~ 

til 3 

2 

o 
SW+HW+OCC 

vcC ~ , u 

fI"UmlJJII".:jIlH\ll{)II".:jflUl1~Q (Burst Index) 

8.37 

, 

I'­

11.41 7.83 6.47 

1 

SW+P+OCC SW+HW+P SW+HW+OCC40%+P35% 

q~'~6~n'~~1~Nlnrl6~un~n 

1.600.,-- ------- --- --------------- - - --------, 

1.400 +------------------------------------1 

1.200 +--- ­
Ne 
u
0. 1.000 +-- ­
~ 
OJ 
~ 0.800 +-- ­
.J:. 
!II 

30.600 +-- ­
r;;
u: 

0.400 +--- ­

0.200 +---­

0.000 +--­
SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+OCC40%+P35% 

~~1~6~n1~~1~Nlnrl6~gn~n 
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4 ell "" .. ~, IV.J I 
L~'el~IOl'l~ru'l rl'YUJIn'lUYl'lULLN nt1l"ll'el\ln~:::i?1''1'l!t~n~ nln'l~LLU'.lU'elU t1I\111'l~Yl 46 WlJ'.l'lm:::t1ITlj' 

...J J .. .., ~ t- , t- ••1 
,n~nYl~~lnlOl'lnn~:::t1I'l'l!t~'.ln~'el\l~n'ln~ ~~rl'lrl'.l'l~In'lUYl'lU"Nnt1l"ll'el\ln~:::t1I'l'l!t~n~nln'l~"U'.lU'elU 

~ t-.cI '" ::'~...J , t- ..I X",
bn~ L~H.J\I nu Yl\lULU'el\llOl 'l n rl 'l rl'.l'l~ In'lUYl 'lULLN n t1I"l1'el\l m:::t1I 'l'l!t, n '.1 n In 'l ~ LL U'.lU'elUIOl :::~JumJ rl'.l'l ~ 

LL ~\lLLN"lI'el\l tvl'.l ~'elU'n~ n L ilu~ 'l ~n.J LL~:::hJ1~f'LJ~Ylfi~ ~IOl'l n rl'.l'l ~ LL ~\I LL~\I "lI'el\l m::: t1I 'l'l!t~h n~'el\l~'l n 11n 

.. I .J ~ ::. 
fl11lJlI"U-3I1H9ItlIlHfWI"Utl-3fl1::m\,lUfl ',JflIUIIU191-3 (Edgewise Compressive Strength) 

2.00.,---------------------------------, 

_1.80 r----4----------------------~--__4 

E 
.a, 1.60 +-­
~ 
~ 
C, 1.40 +-­
c: 
~ 

U5 1.20 +-­
<II 

.~ 1.00 +-­
III 
<II 

~0.80 +--
o 
~ 0.60 +-­
III 

'! 0.40 +-­
C) 
"0 

W 0.20 +-­

O.OO+-­

SW+HW+OCC SW+P+OCC SW+HW+P SW+HW+OCC40%+P35% 

~1'I1~6~n1::Rl~Nlnri6~gn~n 

<II , ..I~ ::. .... 'I J '1t-<II,
rl'.l'l~LL"lI\lLLNIn'elLLNnt1l"ll'el\lm:::t1I'l'l!t'n '.In ~ULLU'.lIn\l t1I\1LL~t1I\1 bUll'l~Yl 47 LL~t1I\1 b~L~U'.l'l 

J Q I J",=, ~ ,. ~ IV .JQ 0 Q a 
n ~:::t1ITft' n~ nYl ~ ~ InlOl 'l n n~::: t1I 'l'l!t~'.l n~'el\l~n, In ~Yl~ n'l~U'l LtJmJ 'l~~U'l~U~ 'l LL YlUYllOl:::~ rl'.l'l~ LL "lI\I LLN 

~'el LLN n t1I"l1'el\l n~::: t1I'l'l!t~ n~ nLULLU'.l ~\I ~'l n~'lm::: t1I'l'l!t, n~ nlOl'l n L~'el L:n\l~ 'l ru"llcl" Lt1ItJ L'U ~ 'l :::'elrJ'l\l ~\l1U 

Jt-...J .. ~ .... J...J ".,/ .. t- .. .cI ...J::'::'~
'In~YlL"llm'el'l.h~~u'l~U~'lLLYlUYlLtJ'elLtJ~U 'll\llOlN1 LL~'.l rlt1lLiluL~tJ\I 6.5% "lI'el\lm~'lruLtJ'elYl\l~~t1I Yl\lU 

I cI cJ ~ cI~ IV .J~ I cJ 

U11Ol:::LiluL~~'l:::m:::m'l!tlOl1 nLtJ'el,mYl 2 UU ~U'l~un~'l In~S'lULL~:::rl'.l'l~~U'lYl (;]1n'.l'l m:::t1I'l'l!t' (;]~'elU 


'elrJ'l\l~11tJ~'l~n.J ((;]'In\l~ 13) ~'.lU~1L~~~rl'.l'l~LL~\lLLN~'elLLNn t1I"l1'el\lm:::m'l!t' n~ n L ULLU'.l~\I~ t1I~\lLn'el 
I.JJ ,tJ cI ,.~cv!'.. .!..,.4J cI 

LL YlUYl LtJ'ellOl'l n n~'el\l ~ n~ n Ln'l t1I'.ltJ LtJ'elU1 ~~U'l~UUU 'el'llOl LiluL~ n:::Lt1ItJYl'.l ~U LtJ'elYl~'llOl'l n m:::'LJ'.lUn1n 

"" .... .cI .... t- ~ ~ J' .... ...J ""1"ll Lrl~~ nlOl:::~~ n'l!tru::: m::: t1I'l\l LL~:::' n.J L'6'ltJ rl'.l1~ ~1~'l ~tl bUn'l ~~ t1I rl'.l'l~'llULL~:::'LJ'.l~ In'.l LU'el\llOl1 nLn t1I 

J 0 .J tr :: cv ~ ~ I I dI I IV cI I 1 .J.ct 0 '\ 1.1 a.. I .. I
Hornification L~'elU'lLtJ'elu'l~~U'l~U'll\l~rl'.l'l~'el'elU~~LL~:::tJt1I~~U(;]'.l t1I n'.l1 uLLYlUYllOl\lYl1 b~rl'.l1~LL"lI\I 

., 
"lI'el\l m:::t1I'l'l=t~ t1I~\I rl'.l'l~"~\lLLN ~'elLL~\In t1I"l1'el\l n~:::t1I1'l!t~ nvi nLULLU'.l tvl\l~\I ~ t1I~\llU~'.ltJ 

'U 'U 



74 

.. <f".. ..¥ 
1. fI 'lAll1~"lJ '£1.:1111 'YWUJ VnJ ~L';I tlA'YfU ~1!J• 

n1 :i'~4'tJen 1V1t.!(;l 'Gl111'J:; n 1:i'Yl :wYiI11'Vlu1L'J ru ~t.!~1 tJ L(;ltJ n 1:i'L -if ~ n n~'l LL'elt.!ij~'el n~ i11"l'J1:W 
... 

~:;L~tJ(;lLL~n~1'lnt.!4 :i':;~U ~'el 150 L~t.!~'elij'J (line per inch, Ipi) ,200 Ipi, 250 Ipi LL~:; 350 Ipi (Vl1'el 

... ~ ... 

vl'lVl:W (;l 4 'Gl111'J:; L:W'el tl1tJ L 'elt.!Vlij nYl:wYi IOn n ~n n ~'l Lb 'elt.!ij~'el n ~'l LL~Yl:wYiL~ ~nL"ll n nVl LL~'JYl:wYi'tNU 'W 

'" , .J '" 'i' '1"~ .1 tr 1;' .., ~ '" .. tr c!I 
m:;(;l1~~'J n~'el\lYl ~~ ~ ~(;ltJ n1:i' ~"ll LtJ'el1il1 nlJ1~:wt.!1:Wt.!Y1 (;lLL'Vl'WLtJ'el L"ll\l'Vl1 ru"lltJ 4 'Gl~:i' I"l'el 

'II 

.J
~~:i''Vl 1. m:;(;l1~e1'Jn~'el\lL~'l'Vl1ru"llU (SW 18.5% + HW 6.5% + aee 75%) 

.J .~ tr1;'..,~ .J~ ... 
~~:i''Vl 2. t.!1LtJ'elU1~:Wt.!1:wt.!~ULL'Vlt.!'VlLtJ'elLtJ~t.! (SW 18.5% + P 6.5% + aee 75%) 

.J 0 ~ .. I tr :: ... ~ .. I J J I .. . 1 I i/ 
~ ~:i''Vl 3. t.!1LtJ'ellJ1~:wt.!1:Wt.! ~lJLL'Vlt.!'VlLtJ'eln~'el\ln:i':;(;l1~~nY.J nLn1:i''eltJ~:;1 00 (SW18.5% + 

HW 6.5% + P 75%) 

.J .~ tr1;'..,~ .J~, "J
~1Pl:i''Vl 4. t.!1 LtJ'elU1~:Wt.!1:Wt.! ~u Lb'Vlt.!'VlLtJ'el n~'el\l m:;(;l1~~ n~ nU:i':;:W1 ru:i''eltJ~:; 50 "ll\l LUt.!~ 1Pl:i' 

.. , .J... .. x 
n:i':;(;l1~~'Jn~'el\l'VlL'Vl:WL~:W"1Jt.!:W1 (SW 18.5% + HW 6.5% + aee 40% + P 35%) 

... ... 

1il1n,rt.!'Vl(;l'Gl'elUrJruI11'Vl"1J'el\l111'VlYl:wYi~t.!mtJ 2 ~n~ru:; ~'el 1"l'J1:W~1 (Print Density) L(;ltJn1:i'~(;l 
, , 

1'i1 ~l'JmI"l1'el'l~(;l 1"l'J1:W ~1 LL~ :;1"l'J1:W LrtJu'Glil1 L'Gl:W'el (Evenness) L(;ltJ~ LI"l n:;'\.f1'i1:i':;~U~ L'Vl11il1 n111'Vl 

'GlLLnt.!1il1 nL1"l1'el\l nn (;lLLUULLv1t.!:i'1U 1~ ~~ ~'le 

1, 1 1"l'J1:W ~1 (Print density) 

... 
m:;(;l1~~I?l:i' 1 bL~:; 2 i11"l'J1:W~1~t.!mtJLn~L~tJ\Int.! 

.,. • .JI 'I ".,. .., 
m:;(;l1~'GlI?l:i' 3 LL~:; 4 :W1"l'J1:W(;l1'Vlt.!1?l1tJ ~n~Ll"ltJ'lnt.! 

'II 
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n'nw~'h~QGut=l·nJJihlA~·uu.~UfA'U~nD~JJri'tJun'S:;fA'v~")nAD"li!n~n 4 ,fA'S 

1.60 

1.40 
~ --- ----.------ ..- ..... -....:. -;,............ 
.... x- • _ : __ • 

-+- 1. SW+HW+OCC1.20 

~ 1.00.~ 
~ --0--2. SW+P+OCCr­ 0.80 
~ 
-~ 0.60 

- ' , ' ·3, SW+HW+P 

0.40 

->I- - 4, SW+HW+OCC40%+P35%0.20 

0.00 
(16 ml/m2) (7 ml/m2)(11 mllm2) (9 ml/m2) 

200lpi 250lpi150lpi 350lpi 

~l'n J..I A:: L~UGl53nn 6" LLilUil ADn 

J "" I 0 J "" J' J~ '" "" ~ . ~ .oS I IV IV I 
L~'el L'VltJ'll ~1~,)1~ (?l1 L'U~tJ'llrL')ruYfWI'l1tJ'Vl ~(?l'"l1 n n1J'yn.J~ ~tJuJ'~1 (;1J'~~ n 1'l1'.:lntJ 4 J':::(?l'll ~'ll,)1 

m:::(?l1~~I'lJ' 1 LL~::: 2 ilLLtJ,)L,J~L~~,)1~~1~(?l~\lm~m~11'lJ'~ijn~~(?l~\I~1nn~1.. 

J"" I I 'I'" 0.J.J I 
L~'elL'VltJ'llJ':::~,)1\1m:::(?l1~~(;1J' 3 LL~::: 4 ~'ll,)1 nJ':::(?l1~~I'lJ' 3 ~~rl,)1~(?l1'Vl~\I'Vl~1nm1 

cr '" J "" .. '" . ~ .oS "" ...J
m:::(?l1~~I'lJ' 4 L~m.l'elm~'el~~~(?l')tJuJ'~11'lJ'~~n~~~'Vl~(?l~\I

'IJ 

m:::(?l1~~(;1J' 3 bL~::: 4 ~1~1J'~-W11,jYi~vr~\J(;l1tJ1~~,)1~~1~\I~(?l L~'elYi~~1(?ltJL.jf 
m~1(;1J'~ijnYi~vr 16 ml/m2 (150 Ipi) 

"" OIV oJ' .J ",.J ~.I J ~"'IV':; 2 
~1~1J'~ LJ'tJ\I~1 (?l'll ~~ ~,)1~(?l1~tJI'l1tJ L'U~tJ'"l1 ntJ'eltJ'Vl~ (?l ~u~1n'Vl~ (?l ~(?l (?l\l\J 7 ml/m 

(350 Ipi) < 9 ml/m
2 

(250 Ipi) <11 ml/m
2

(200 Ipi) <16 ml/m2 (150 Ipi) (;11~~1~'ll L(?ltJ 

'" '" I

~1~'ll,JmJ1,j~1m,jtJL"1ltJil~1~f'Jm:::Wl~~')n~'el\l~\I 4 ~1'lJ' utJ~'el1~~1'"l:::1-ifm:::(?l1~ 

~') n~'el\l~ I'lJ'L(?l ~,)1~ ~1~tJ(;I1tJ~1rJ1n'"l:::LL,jJ'1'l1~m~11'lJ'~:W nYi~vr ~1'elLtJ~ nutJ~~\I 
... J 'I "'. ~ .oS "" .. J' cr ~. I '"0

~'elL~'el ~"l!uJ'~11'lJ'~~n~~~~1n ~,)1~(?l1~tJI'l1tJn~\lm~ ~u(?l')tJ 

LLj;J~\ldL~'elL.jfm~11'lJ'~:Wn 11 ml/m2 (200 Ipi) LL~::: 16 mllm 2 
(150 Ipi) LLtJ,)L,J~~,)1~~1~tJI'l1tJ 

~\I~(?l~Yi~vr'lltJm:::(?l1~Cj')n~'el\l~I'lJ' 3 LL~::: 4 ~'eltJ-if1\1Ln~L~tJ\lntJ ~'el,jJ':::~1ru~1n~1 1.4 L~n,J'eltJ LL~::: 

L~'elYi'"l1J'ru11'l1~nn~L\JJl1~~ 48 LL~,) LL~'"l:::Yi~~1(?ltJL.jfm~1ru~ijnYi~vr~1nn~116 ml/m
2 

(150 Ipi) 

http:L~'elYi~~1(?ltJL.jf
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" , 
'VI'W1'll'tWDUVl ;~'VIijnYi L'VI~'t) n't)\I't)uu U~ 'J'VI,J1 m':: ~1~'VI'W1~'WhJ ~1 ~1Hl L~U'Vl::~ ~\I ~'J n~:: ~1~1rJlLL~'J 

" q 

, 
"" 01.2 l"l'J1~L~UU~~1L~~'t) (Evenness) 


"" ~ ... ..... J' ...~", d 

l"l'J1~ L~UU~~1 L~~'t)'ll't)\lJl1'Vi'Vi~'ViU n'J ru'Vi'W[;l1U ~1~1~rl'Vi~1~ru1 ~~~1 n l"l1 L UU\I LU'W~1 [;l),~1U

OJ 

(SO) 'll't)\I ~1~::~U~ L 'Vl1'll't)\lJl1'Vi ~ LLn 'WJl 1'Vi Vi ~vrU1-L'J ru~'W[;l1U t~[J'vf'JhJ dj't)Yi1 n 1 ~Vi ~vr~U[;l1U U1-L'J ru 
" .., I II I 

Vi 'W[;l1m1ul"l'J)'iJ l"l'J1~ L.if~ ~ L'Vb n u'Yi 'J 'Yi\lU1-L'J ru 'VI 1 n iJ ~ 'J 'W1~ ~ 'J 'W 'VI oW \I iJ l"l 'J 1 ~ L.if~ ~ ~1 n 'VI1't) ,J'afJ n ~1 

u1-L'Jru~'Ju1 'VI qJ Jl1'ViVi~vr~'W[;l1U ri~ :;hJ~~r, L~~'t) ~\I~U'VI1 nJl1'ViVi~vr~'W[;l1uiJ l"l'J1~ C~[JU~~1 L~~'t) 

LL~'J Lri't)U1hl~ LLnU~ :;1rJl~ 1~:; ~U~ L 'Vl1'll't)\I LLr;l ~:;Vi n L 'll ~1UJl1'Vi L'Vb nu 'VI 1 nJl1 'Vi iJ l"l'J1 ~ L1-[JU ~~1 L~~'t) 

,J't)U ~1'W'J'WVi n L'll~~iJ ~1~L'Vl1LL[;ln r;l1\1't)'t)nhh:;~1 n ~1L;:jU\I LUU~1 [;l)'J1U'll't)\I ~1~:;~U~ L'Vl1 ri~ :;~1 n 

d ,d d , ov "" ... J' 
[;l1n\l'Vl 15: l"l1LU[J\lLU'W~1 [;l~J1U (SO) L'il~U'll't)\ll"l1~:;~U~L'Vl1'll't)\lJl1'Vi~LLn'Wun'Jru'ViU[;l1[Ju'Wm:;~1~ 

~'Jn~'t)\I~n-wn 4 ~m 

"" " 


nn"1~a')nfi'il,:s'an~n
u u 

SO 
---=­, 

"" ~(;l~'Vl 1. SW+HW+OCC 6.12 

d 
~[;l~'Vl 2. SW+P+OCC 
" 

6.05 

d 
~[;l~'Vl 3. SW+HW+P 5.30 

d 
~[;l~'Vl 4. SW+HW+P35%+OCC40% 5.09 

d ,d J ... ..J' "" , ."J!:' 
~1 n[;l1n\l'Vl 15 l"l1 LU[J\I LUU~1 [;l~S1UL~'t)'Vi ~'Vi'Vi'W[;l1mJUn~:;~1~eJ'J n~'t)\I ~ n 'J n'Vl\l 4 ~ [;l ~ 

1rJleJ~ ~1 LnU\I LUU~1 [;l~S1'W'll't)\I ~1~:;~U ~ L'Vl1 L1-[J\I ~1 ~U~1 n,J't)u'bJ~1 n1rJl~\I~ ~'t) m:;~1~~ [;l)' 4 < 

~ ct .q",~ .J' 
m:;~1~~[;l~ 3 < m':;~1~~[;l~ 2 < m:;~1~~[;l)' 1 UU'VI~1Url\l Jl1'Vi'Vi~'ViU~L'Jru'ViU[;l1U'll't)\ln~::~1~~[;l~ 

"" cj ~ d cj "" 

4 ~l"l'J1~L~U1J~~1L~~'t)~1n'Vl~~ LL~:;m':;~1~~[;l~ 3, m:;~1~~m 2 LL~:;m:;~1~~[;l~ 1 ~l"l'J1~L~UU 

~ .J' ~ 0 ~ 
~~1 L~ ~'t)'ll't)\lJl1'Vi 'Vi'W[;l1 [J'W't) U~\I ~1 [;l1~ ~1 ~1J 
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I cJ II q J J' ~ '" 
1) mnJ'Vl1~~'l'll-l L~£JlJ~l-l'lLMJ'el"lJ'el\ll11YfYf\.,lIW)£J I;],) tl~::;n'ellJj;)'l£Jm::;~1'l~~j;]~ 1 LL~::;m::;j;)'l~. ~ 

~.cIIJ Ocv II cv.cl 

~j;]~ 2 'll\ll-l~'lLlJ£J\lLlJ'\.,ll-l'lj;]~ST\.,l6.12 LL~::; 6.05 j;]'ll-l~'lj;)'U (mj;]'l\ln'lJL'W£J\l 0 .07) 

, J'I'" cj ~ JI tl ..,
2) n~l-l'Vl bVl~'l'll-lL~£J'U~l-l'lL~l-l'el"lJ'el\ll1'l'W'W'Wj;]'l£J~\l ~::;n'el'Uj;)'l£Jm::;m~~j;]~ 3 LL~::;n~::;j;)'l'lj-. ~ ~ 

~j;]~ 4 ~\lil~'lLn£J\lLU'Wl-l'lj;]~ti'l'WLiJ'W 5.30 LL~::; 5.09 ml-l~'lIYi'U bj;)£Jm::;j;)'l'lj-~j;]~ 1 il~'l 
~ ~ ~ 

.. .., 
L~n'W'el£J 

.. , "".t cj,,/ .,J tl r J .,J, ••1 ''I
'"l ::; L~ 'W 'l 'l n ~::; j;) 'l 'lj-I:.J 'l n ~ 'el \l 'll \ll-l 1;'i 'l 'WI:.J ~ l-l "lJ 'el \l L£J 'el 'l ~ l-l LL'Vl 'W'Vl L£J 'el n ~ 'el \l n ~::; j;) 'l ~~ n l1 n L n 'l b'W 

., '" , 
~ ~ 

tfhl'l rul-l'l n n~'l 35% vi\lm::;j;)'l'lj-~ j;]~ 3 LL~::;n~::;j;)'l'lj-~m 4 ~'ll-l'l~Cl1~\l'l'Wyjl-lW~'Wj;]'l£JVlil ~'l'll-lL1£J'U 
, 

~~'lL~l-l'ell-l'lnn~'lm::;j;)'l~~j;]~ 1 LL~::;n~::;j;)'l'lj-~j;]~ 2 
., '" 

1:.J~n'l ~'Vl j;)~'el\lil~'el'W"if'l\l~'el j;) ~ ~'el\l n'U I:.J~ n'l ~~n'lj-'l ~l-l~"lJ'el\l m::; j;) 'l'lj-C4'l n ~'el\lvi"l 4 ~ j;]~1'W~'l'W 
~ 

.c:I :: .:., 4 .J O.J 6" .J J' tJ .q I CVQ,J::IiI

n'l~e;) e;)'lll-l'W'l 'W'W~'el Ll-l'el'W'l L£J'eltl'l~l-ll-l'l1:.J ~ l-l1'W~j;)~'l'W'Vl ~\l "lJ'W ~"l I:.J~1~ n~::; e;)'l 'lj-1:.J'l n~'el\ll-l ~l-l 'U j;]1'Wn'l ~ 
~ ~ 

'" 1;' ~ ..,cjJ' .... '" 1;' ~ ..,cjJ' .,J '" r JI '" 'I .., cj ~ J' 
~ e;)'lll-l'W'l bj;) j;)"lJ'W ~ 'll-l'l ~m'UVll-l nS'l 'W 'W'l be;) j;)"lJ'W Ll-l'el'W l-l'Wll 'l'W'W 'Wm £J'"l"l b~ ~'l 'll-l L~£J'U ~ l-l 'l L~l-l'ell-l'l n"lJ 'W 

LL~i\l~ ~'ln n~::;e;)'l'lj-~'ll-l'l~Cl ~ j;)~l-l~'lL~~ Ln'WLtl Ld'elyj l-lW~'l£J~;J nS'l'W~'l LL~'l'"l::;v'i'l1~~;Jn ~n ~ (;)~l-l~"l 
'" ., J 

1'WL.o'el n~::; (;) 'l'lj-l-l 'l mn'WLtl'"l 'W-n'W Yl ~l-l~;J n 'Vl LVI ~ 'el'el ~ 'U 'WC4'l n~::; e;) 'l 'Ij-hJ~'ll-l 'l ~ClU(?I C4 'l n ~::;(;) 'l 'lj-L~ v'i 'l1~ 

l-l'el\l L~'WC4'l m::;e;)'l'lj-'U'l\l~'l'W ~'l'll-l L1£J'U~~'l L~l-l'el"lJ'el\ll1'l'Wyj l-lW~L~~"lU'el£J ~"l L-D'W1'Wnnl1"lJ'el\l m::;(;) 'l'lj-C4'l 

n~'el"l~ j;]~ 3 LL~'"l::;ilm'll-l~'ll-l'l~Cl1'Wn'l~~ e;)~l-l~'l~ n~'l n~::;e;)'l'lj-~ j;]~ 4 LL~ Ldml'lLtlyjl-lWll'l'W~'Wm£J 
~'l'll-lL1£J'U~~'l L~l-l'el"lJ'el"lll'l'Wyjl-lW~L~n ~'U ~'l n~'l ,r'W~'el m::;j;) 'l'lj-C4'l n~'el"l~ j;]~ 3 il ~'l'll-l ~'ll-l'l~Cl1'Wn'l ~ 

~ 

(;) e;)~l-lVl;J nyj l-l'W1~~ Ln'WLtl '"l'Wvi'l 1 ~Yl ~l-l~;J nyjl-lw~ L~~'el'elrJ'U'WC4'l m::;e;) 'l'lj-hJ'W'el ~'"l::;u e;) C4 'lL~L1£J'U 
~ ~ 

, ., 
o ltV .q ....c:Y 

~l-l'lL~l-l'el L'Vl'l nUll'l'W'Wl-l'W'W'Wj;]'l£J'U'Wn~::;j;)'l'lj-~ j;] ~ 4 

., 
1'Wn'l ~rje;) ~ rull 'l'W "lJ'el\l 11 'l'Wyjl-lWU1-L'l ru ll'l ~yJb'Vl'W~'lVi f'U n 'l~~r.rtJil rhVl'Wj;)~l1'l'l::;n'l ~yjl-lWll 'l'W• ., ., , 

ll1-L'l rull'l~yJb'Vl'W 2 -n'Wj;]'el'W ~'el 1~~ n n~"l LL'el'WU~'el nVlil ~'l'll-l~::;L~tJe;)LLj;]n ~'l\l n'W 4 ~::;lYill ~'el 150 Ipi,
~ 

2 2 2
200 Ipi, 250 Ipi LL~::; 350 Ipi (~1-'el~(;)LiJ'Wml-l'lj;]~tJ'el~;Jn 16 ml/m , 11 ml/m , 9 ml/m2 LL~::; 7 ml/m

j;]'ll-l~'llYill) LL~::;1~~'l'll-l~::;L~tJ(;)n'l~yjl-lWLLj;]n~'l"ln'W4 ~::;lYill ~'el 35 Ipi, 50 Ipi, 65 Ipi LL~::; 85 Ipi ~'ll-l 

i"lVll-l e;) 16 ~11'l'l::; yj l-lW ~"l11'Wm'::;(;)'l'lj-C4'l n~'el"l~ I:.J~ j;]be;)tJ n'l~1~L~'el'"l'l ntl'l~l-l~'l~'\.,l'Vl e;) LL 'Vl'\.,lL~'el L~"l 
., 

'W'lru'll~ 4 ~j;]~ '"l'ln'lr'W~\lj;]~'l'"l~'elll'"lrull'l'W"lJ'el"ll1'l'Wyjl-lWel'l~yJb'Vl'W 3 ~n'lj-ru::; ~'el ~'l'll-l~'l-D'l"lel'l~yJ 

b'Vl'W (Density of halftone) m'll-lLmtJll~'l\l (Contrast) LL~::;~'lLije;)~n1'Wll'll-l (Dot gain) rj(;)b(;)£J 

http:ll\ll-l~'lLlJ�J\lLlJ'\.,ll-l'lj;]~ST\.,l6.12
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2.1 '"1'J1:W~1'll'J~e11~VnVl'W (Density of halftone) 

~1 '"1'J1:W ~1'll'J~ 1I1~yJtVl'W,r'WLU'W~1~H1'Wn1~tJ~:;d3'W'"l ruJl1Vi~ 1'WYi :wiJl1Vi e11 ~yJtVl'W~11Dl:; 

~1:W1~~ij n1~1~tVl'W~~L f1 rJ~l~ 1'WVl1~'fl~:W '"1~ Jl1ViYi:wie11~yJtVl'W~ LtJ'flfb"l!'WI11~ n1-'Wbvb riu 0 lDl:;ij ~1, 

m1:W~1LU'W 0 (''';~'fl L'Yb riu '"1'J1:W ~1"lJ'fl~ ~'J m:;~11j') Lti'fl~1Dl1 mtl'W"ll'J~~hlij~;jnYi:wi ~1-'fl Lii ~ ~ n1-'WYi:wi 

'fl~ bL'i'l:;'ll'J~ LtJ'flfL"I!'WI11~ n1-'Wb'Yb riu 100 LU'W'll'J~~ij~;j nYi:wi'"1~'flU'"1~:wvr~~'W~ (~'W(;]1rJ) ~1'"1'J1:W~1~ 
HllDl:;LiI'W'"1'J 1:W ~1"lJ'fl~.r'WYl ~:W~;j nYi:wi~'fltiu'W~'J m:;~11j'~'J:W riu m1:W ~1"lJ'fl~ ~'J n ~:;~11j' n'Wmru~l.if 

" 
~;jnYi:wi~~ttJi~bL~~) ~'J'W'll'J~tVl'W~:;~~1~ 0% - 100% '"1'J~IDl:;ij~1m1:W~11~t'Vl'Wri'W'fl£h~l'l'flbti'fl~ hl 

n~:;t~~ Yi'"l1 ~ru11~1Dl1 n m1yJ ~:;~~1~ ~1 '"1'J1:W ~1 bb~ :;LtJ'fl fb"l!'Wl11bii ~ ~ n1-'W b~'Wm1yJ~1~'"1'JnU'WL~'W(;]N 

l'Wbb'W'J'VlLbm 

Jl1Vi~ 49 n), "lJ), '"1) LL~:;~) Lu'Wm1yJLb~~~~1m1:W~1~1~'"I1nn1~Yi:WVi1~t'Vl'W~~LLl'lLtJ'flfb"l!'W111 
CI' c:I ..::t ~ I oI::it,.J Q .c:rt, G"'.?l .. ICV 1IIo~ 
L:w~~m'W 0 ~~ 100 u'Wm:;~1~I:.J'Jn~'fl~ 4 "I!'W~ Vl'"1'J1:W~:;b'flrJ~n1~Vi:WViLu'W 30 Ipi Lb~:;umu~:W1ru 

" ~;jnYi:wil'l1~ri'W 4 ~:;~ut~rJl.if'"1'J1:W~:;b~rJ~~nn~~bb'fl'WU~'flmu'W 150 Ipi, 200 Ipi, 250 Ipi bL~:; 350 

"" ... .?I .~ ,odl 2 2 2 2 0 ...

Ipi (~~'fl'"1~bu'Wu~:W1(;]~U'fl~:wn 16 ml/m ,11 mllm ,9 ml/m LL~:; 7 ml/m (;]1:W~1~U) 

n) 'lJ) 30 Ipi (plate)/ 200 Ipi (anilox) 30 Ipi (plate)/150 Ipl (anilox) 

1.61.6 

1.4 1.' 
¥~~ 1.2 1.2 -:.~.....-=~ f 1.0f 1.0 _ ir ~:--~_:,..;y-Itc'~.~ 

--+-SW+HW+OCC --+- SW+HW+OCCIi 0.8 Ii 0.8 ~~--.... - -~~l--~--~---lf:..--~ Q 0.6 C 0.6 - .. -SW+P+OCC -. - SW+P+OCC~- ~ 
0.'0.' -Itt- SW+HW+P-Jr- SW+HW+P 
0.20.2 - -x- - SW+HW+P35+OCC40- -x- . SW+HW+P35+0CC40 
0.0 0.0 

0 10 20 30 40 50 60 70 80 90 1000 10 20 30 .0 50 80 70 80 90 100 110 

%111...n~u%ulAln~u 

\I) 30 Ipi (plate)/ 350 Ipi (anilox) ~) 30 Ipi (plate)/ 250 Ipi (anllox) 

1.6 1.8 

1.4 1.4 ...... -t - :i:1.21.2 
-f; ....~ ... ~ 

~ 1.0 fLO .........-.,--~ 
 .....--.. -~. ~ ~ 0.8 --+-SW+HW+OCCIi 0.8 -+-SW+HW+OCC'" ~.:_,. _~__ x": ~:--~ - ,/--~ • -- ~-Q 0.6 C 0.8 _ .. -SW·P+QCC - ... - SW+P+OCC
V0.4 0.'-a- SW+HW+P -,a- SW+HW+P 

0.2 0.2 __)(. - SW+HW+P3S+OCC40 
0.00.0 

0 10 20 30 .0 50 60 70 80 90 1000 10 20 30 .0 50 80 70 80 90 100 110 

%ul...~u%ul...~u 

110 

x- . SW+HW+P35+0CC40 

110 

" t~rJ1oif'"1'J1:W~:;L~tI~n1~Yi:wi (Ipi plate) bU'W 30 Ipi bb~:;'"1'J1:W~:;L~tI~~nn~~LL'fl'WU~'fln (Ipi anilox) LiI'W 

n) 150 Ipi, "lJ) 200 Ipi, '"1) 250 Ipi LL~:; ~) 350 Ipi 

http:Wmru~l.if
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Ln~LVitJum~Vll-J'Vi1~tJl-ifllil-J11'l~~~nyhJ'vrLLl'lmh~ri'lJ 4 ~:;~u ~:;~~1\1111'Vi~ 49 n), '11), ~) LL'~:; 

\I) 'ViU~l LL,j''''l:;Hllil-J11'l~~~nVll-JvrLLl'ln"h\lri'lJ ~-rl'NL,j~fL"l!'lJl1l~n~'lJLYhriu 0 ril~"'h~':l1l-J~1~1~~~tJ~. " 
t1~:;l-J1ru 0.4 - 0.6 Lv111 ri'lJ LL~:;-rl':l\lLtI~fL"l!'lJ11l~n~'lJ~,j~:;l-J1ru 10 - 50 ril~~1~':l1l-J~1hJLLl'lnt911\1rii.! 

I I "I 

li.!'1Iru:;ViL~~Vll-JvrL,j~fL"l!'lJ11l~n~'lJLv11riu 100 ~':l1l-J~1~\I~~il~1~\lLLt9I,j~:;l-J1ru 1.0 ~\I 1.4 L~m~~H 
OJ • 

~ , 
llil-J1ru~~nVll-Jvril~tJn~1 (L-rl'lJ ~':l1l-J~:;L~tJ~\lnn~\lLL~'lJU~~mv11riu 350 Ipi) ~1~':l1l-J~1~\I~~Vi1Jl"'l:; 

I I " I 

~ln~1L~~Vll-J'Vi1~tJl-ifllil-J11'l~~~ nVll-Jvrl-J1n n~1 L-rl'lJL~m riul'lJ-rl':l\l LtI~fL"l!'lJl1l~ n~'lJ~\I LLt9I 60 ~\I 90 ~\I 

, ~ 

LtI~fL"l!'lJI'1~n~'lJ~11 Hllil-J11'l~~~ nVll-J'Vi1~l-J1mrn n1~t1t'U ~':l1l-J~:;L~tJ~~n n~\I LL~'lJU~~n~\lil ~~1~ 

l-J1mrn~1~t'Un1~Vll-Jvr~ ~':lll-J~:;L~tJ ~ ~1 L-rl'lJd (30 Ipi) LLt9I Ln~Vll-Jvr~ L,j~fL"l!'lJl1l~ n~'lJ~\l1 n1~Vll-Jvr 
o ,'"I ... ""', I';: dI "" '" J' J" .... I';: dI 1 ' ... 0 "... ::, ~ '" "'l1 Lu'lJI'l~\I ~"llu ~l-J11'l~~ l-J n'Vi l-J'Vi l-J1 n'1l'lJ Ll-J~ ~~u ~l-J11'l ~~l-Jn l-J L'Vi tJ\I'Vi~~1"'l'Vl1 ~~m 1l-J~'lJ1'11~\I"ll'lJY'i ~l-J 

~~nVll-Jvr'1l~\lLLt9I~:;Lij~~n~'lJil~tJ~\I ~':l1l-J~1~1Jl~\I~~~1~\I 

~1~t'U ~':l1l-J t91~ Lti~\I'1I~\IL'Vl'lJJ'lJ ~1l-J1~()Vl"'l1 ~ru11Jl"'l1 n ~t1 m1~ LLt9I ~:; L~'lJ~\I~1niln1 ~1~L'Vli.! 
OJ 

, J... ..1 .. ."I.!' ,J "" .!' ••1" J .. , d
I'l~L'lJ~\I~ m1Y'in"'l:;Lu'lJL~'lJI'lN LLI'lLl-J~'Vi"'l1~ru1L~'lJm1Y'i ~'lJll1'Vi'Vl 49 n), '11), ~) LL~:;\I) "'l:;L~'lJ':l1'Vl 

LtI~fL"ll'lJI'1~ n~'lJLv11 riu 10 il n1m~:;L~ ~'1I~\IL'Vli.!L~ nil~tJ LL~:;n1m~:;L~ ~'1I~\IL'Vl'lJ~L,j~fL"ll'lJl1lLij ~~n~'lJ 
, .... ~ ... J" .... I';: dI "" '" J.'"I.J ~ J "" ~ 

L'Vl1 n u 10 'lJ~ ~'lJ~ tJ ~\I Ll-J~ ~"llu ~l-J 11'l~~l-J n 'Vi l-J'Vi ~ ~ ~\I 'Vl L u'lJL .JJ'lJ'lJ~ 1"'l L 'lJ~\ll-J1"'l1 n n1 m ~'Vil-J'Vi ~'lJ~:;uu 

m~Vll-Jvr~'lJ~'lJ (L~~nL"llm1~) J'lJ l-ifLL~Vll-Jvr~il~':l1l-J~ ~~~'lJ L~m'U'Vi1:;1'l~\lu1-L'Jru~Lij ~~ n~'lJil'1l'lJ1~ 
L~ n"'l:;~1l-J1 ~()'Vl 'lJt9I~LL~\I n ~Vll-J'Vi1Jlil~tJ n~1 u 1-L':l ru~Lij ~~ n~'lJ'1I'lJ1 ~1~ '1J n ~1 Ln~1Jlt'u LL~\I n ~~\I'1ImtJ 

~'lJ~1t1 Jl1'lJ-if1\11Jll-J1 n n~l ~'lJ~ Lij ~ Vll-Jvr~1Jl~\I il'1l 'lJ1 ~1~ '1J n~1,J n ~l-J1 n n~1-rl':l\l L,j~ fL"ll'lJI'1Lij ~~ n~'lJ 
~\l1 ~\I Lij ~~ n~'lJil'1l'lJ1 ~1~qj n~1"'l:;'Vl'lJLL~\I n ~1Jl~ n~1 LL~:;Ln~1-ifllil-J11'l~~~ nVll-Jvril~tJ n~11'lJn1 ~Vll-Jvr 
~~ nVll-Jvr~1l-J1~() chtJ'Vl~ ~1,ju'lJ~':ln~:;m~1Jlil~tJ n~1 m1l-J ~1~1Jl~\I ~1~\I LL,j'~'lJ~'1I~\lLij~~ n~'lJ"'l:; 
" ,J' J J' J"" , "" '" ,dI "" ",J, 1, 11 ' dI 0 'I'" 0 ... 
~~ '1) '11 'lJL'lJ~\I"'l1 n n1 ~'1ItJ 1 tJ'Vi 'lJ'Vl ~'J LLl-J 'Vi l-J'Vi LLI'l~l-J n'Vi l-J'Vi'Vl m tJ'Vl~ ~ u l-J l-J 1 n "'l\l 'Vl1 b~ ~':l1l-J ~1 ~':ll-J'lJ~tJ 

I ~ .c::III.J1 ~ .d II.:::J

m1 ~'Vl'lJ~'Vl ~"'l\ll-J~':l1l-JI'l~L'lJ~\ll-J1nm1 

1'lJJl1'lJ~':l1l-J LmtJu t9I1\1~:;~~ 1\1 LLt9I ~ :;-rl':l\l L t1~ fL.n'lJ~ n~'lJVl"'l1 ~ru11Jl"'l1 n m1~-n'lJ'1I~\I L~'lJn n~ 

~\I Ln 1'l1Jl~1 L~'lJn ~1~'1I~\I n ~:;~ 1~~':l n~~\1 YJ n ~ I'l~il ~':l1~-n'lJ~1 n n ~1 Ln~Vl ~ 'Vi1~ tJ l-if~ n ni\l LL~'lJU~~ n 

150 Ipi ~\lln~L~tJ\Iri'lJriu 200 Ipi LLt9ILn~Vl~vrJl':ltJllil-J11'l~~~nil~tJ~\I (250 Ipi LL~:; 350 Ipi) ~':l1~-n'lJ 

L~'lJm1~ri~~~\l1,j~':ltJ t~m'U'Vi1:;Ln~Vl~vru'lJm:;~1~~':ln~~\I~I'l~ 1 LL~:;~m 2 "'l:;il~':l1~LLl'lnt911\1'11~\I 

~':l1~-n'lJL~'lJm1~ Ln~Vl~vr~'JtJ~~ nml-J11'l~t9I1\1 ri'lJ~1 nn~l n~:;~l~~ I'l~ 3 LL~:;~I'l~ 4 LL~ :;ir\l'ViU~l 

~1~t'un1~Vll-Jvr~~':l1~~:;L~tJ~n1~Vl~vrLij'lJ 30 Ipi J'lJ Ln~Y;~'Vi1~tJH~nni\lLL~'lJUfl~n 150 Ipi LL~:; 
200 Ipi U'lJm:;~l~~':ln~~\I~I'l~ 1 LL~:;~I'l~ 2 "'l:;l~~':ll~-n'lJ'1I~\lnn~~\I~~ J'lJ~~1tJ~\lil~':l1~LmtJu 

, 'i' " J " ... _F.! ' ~ , '1' ,IJ . I ~ • I 1'l1\1~j~\I b'Vl'lJ~\I~~ ~'lJ'1Iru:;'Vlm:;~1~~I'l~ 3 LL~:;~I'l~ 4 ~~~':l1~Lu~tJUI'l1\11'l1m1LLI'l ~Lu~tJ'lJLLu~\I ~u 

dI "" J 1 ::, ~ J ... _..J F.!
1'l1~lli~11'l~~l-Jn'Vi~'Vi'VlLtI~tJ'lJ ,j 'Vl\l'lJn1~'Vlm:;m~~I'l~ 3 LL~:;~I'l~ 4 1~~':l1"ILU~tJUt911\1~:;~~1\1 
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I tJ I I I 

LU~ fL'll'W[;]~n1'W~1 n~1"r1.:)1 ~ ~1~1~tl1:\.\' ~,)1~ ~1~':) ~ I?l~':) n~1 'il1~LU'WL'Wn~iJ~,)1~ ~1 ~1~ I?l~ 0 

Lu~fL~'W[;]~n1'W~1nn~1"lJ'tNm~1?l1~~l'l~ 1 LL~~~l'l~ 2 Lti~':)~1nn~::1?l1~n~::1?l1~~l'l~ 3 LL~::~l'l~ 4 iJn1~ 

1~ L~~U1~~~.:)iJ~~1 m~ ~1 LL~ ~hJ1~~1'Wn1 ~yJ~ n L~~1'Wlli~1 ru~.:) n~1 vh 1l\'~,)1~"lJ1'J~~1':) ~1 n~1 
4 .J ~ Clio.-" d .J ~ Iq r

m::1?l1~~(;]~ 1 'll':)LlI'WLtI~L"ll':)'W1ru"lltl~'J'W LL~::m::1?l1~~(;]~ 2 'll':)~n1~e.J~~LtI~U1~~1'Wlli~1ru(;]1m1 

~1n Vl1niJn1~~1 L~~U1~~1uyJ~n ri~'W~1~11.jf 'l.h~::~1~1~m111l\'~ruIl1'W':)1'WYimfu'Wn~~1?l1~~(;]~ 3 
• 'IJ 

" LL~~~(;]~ 4 1'WLL4n1~1~LVl'W~~'W1~ 

111'W~ 50 ~':)1l1'W~ 52 LU'WnnyJLL~I?l':)~1~'J1~~1~1~~1nn1~Yi~'W1~LVl'W~':)LL[;)LU~fL'll'W[;]Liil?l 

~n~'W 0 ~.:) 100 U'Wn~:;1?l1~~')n~~.:) 4 "llUI?l ~~'J1~~:;L~tll?ln1~Yi~'I4'LU'W 50 Ipi, 65 Ipi LL~:; 85 Ipi 

(;]1~~1 ~u Ll?ltl ri~'WVhn1m I?lYi~'I4'iJ n1 ~Ut'Ulli~1l'l~VI~ nYi ~'I4'[;)1,:) n'W 4 ~~~ULl?ltl1.jf~,)1~~:;L~tll?l 
.. 

2~nn~':)LL~'WU~~mu'W 150 Ipi, 200 Ipi, 250 Ipi LL~~ 350 Ipi (Vl1~~I?lLU'Wlli~1(;]~tJ~VI~n 16 ml/m , 11 

2 2 2 0 cv cv " 0 cvml/m ,9 ml/m LL~~ 7 ml/m l'l1~~1I?lU) I?l':)LL~I?l':) b'W1l1'W n), "lJ), ~) LL~:;':)) m~~1I?lU 

n) 'lJ)50 Ipi (plate )!150 Ipi (anilox) 50 Ipi (plate)! 200 Ipi (anilox) 

1.81.6 

1.4 1.4 _......:1
1.2 1.2 -~ 

..-K:.~_ir-:'~ 
~ 1.0~ 1.0 

_Jr~:-.~ --+--SW+HW+OCC-.~.~ ~ 0.8~ 0.8 --+-- SW+HW+OCC.. ~"~ " 'f..:~ • r':-E··8·~ .. ....... 5W+P+QCC
C 0.6o 0.8 _~ -SW+P+OCC 

0.4 V -jr- SW+HW+P0.4 V 
-Itt- SW+HW*P 

0.2 0.2 .. -x.... 5W+HW+P3S.OCC40- -x- .. SW+HW+P3S+OCC40 
0.00.0 

0 10 20 30 40 50 60 70 60 90 100 1100 10 20 30 40 50 60 70 80 90 100 110 

%ullAlinlu'kullAllnlu 

50 Ipi (plate)1 250 Ipi (anilox) 50 Ipi (plate)! 350 Ipi (anilox) -.1)Pl) 
1.6 1.8 

1.4 1.4 
/ - .......... 


1.2 1.2 

"'-.~~ 1.0 ~ 1.0 ....-....~ ~.~ -K.~;·~~ 0.8 ~ 0.8 --+-SW+HW+OCC --+-SW+HW+OCCco .... ~ ..~.~. . ~ ..... ~ ..~.~; :~.~o 0.8 ~ 0.8 ........ SW+P+OCC 
 ....... SW+P+OCC
.... V0.4 0.4 
-6r- SW+HW+P -~ 

0.2 0.2 .. -x- .. SW+HW+P35+0CClO .. ­
0.00.0 

0 10 20 30 40 50 80 70 80 90 100 1100 10 20 30 40 50 60 70 60 90 100 110 

%ullAllnlu%ullAlinlu 

SW+HW+P 

x- .. SW+HW+P35+OCC40 

J I 0 Q. CI""..... I<i' .. I CI"" tr " &::I .cJ Clio fI" Clio' 

111'WVl 50 : ~1rt'J1~1?l1un'Jruel1~YHVl'W 0-100 Lu~~L'll'W(;]L~I?l~m'W L~'il'W~'Wu'Wm~1?l1~e.J'Jn~~.:) 4 ~(;]~
'IJ 

" Ll?ltlHrt'J1~~:;L~tll?ln1~Yil-J'I4' (Ipi plate) LU'W 50 Ipi LL~~rt'J1l-J~~L~tll?l~nn~":ILL~'WU~~n (Ipi anilox) LU'W 

n) 150 Ipi, "lJ) 200 Ipi, ~) 250 Ipi LL~:; 'I) 350 Ipi 
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n) 65 Ipi (plate)' 150 Ipi (anilox) 'Il) 65 Ipi (plate)/ 200 Ipi (anilox) 

1.6 1.6 

1.4 :.t 

1.2 .....-~ 

i 1.0 
.. <'~ 

-".~.AY ~SW+HW+OCC c 0.8 
:i·· g·~II - .. -SW+P+OCCQ 0.6 

V­0.4 -.- SW+HV\f+P 

1.4 

1.2 ........C-i 
i 1.0 

,.,.--...~ 
~ -Jr- .... :-.1!" ~ --+-SW+HW+OCC5 0.6 ~;~- . ~~ 

- .. -SW+P+OCCQ 0.6 
V0.4 -.- SW+HW+P 

0.2 .. -x- .. SW+HW+P35+0CC40 0.2 .. -x- .. SW+HW+Pl5+OCC40 

0.0 0.0 
0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 60 90 100 110 

%ul...~u ·Ioul ...n~u 

~) 
65 Ipl (plate)' 250 Ipi (anilox) 

'I) 
65 Ipl (plate)' 350 Ipi (anilox) 

1.6 1.6 

1.4 .....~-1.2 

i 10 
..... r. .::;.:.-­

..k- .. -Ir- -tII-~-~ -+-SW+HW+OCCc: 0.6 ,.,.~ . ~ ..~-=+---II .. -SW+P+OCCQ 0.6 

1.4 

1.2 --­~ 1.0 
.... ... ~,. ........ 

.. --.'J. . ~ .-+--SW+HW+OCCil 0.6 
~~:.~- .~ - .~ .. -SW+P+OCCQ 0.6 

0.4 • V­ A- SW+HW+P 0.4 V .- SW+HW+P 

0.2 ...x­- 5W+H'IN+?35+OCC4C 0.2 .. -x- .. SW+HW+P35+OCC40 

0.0 0.0 

0 10 20 30 40 50 60 70 60 90 100 110 0 10 20 30 40 50 60 70 60 90 100 110 

%ul...n~u %ul...n~u 

J11'Vi~ 51 : ~1r1'J1~~1U~L(J(Wn~yJL'Vl'W 0-100 L'IJrelfL'l!tJtpfLijt'l~n~tJ L~'elYl~vfutJm':;m'jj-Cj'Jn~'el'l4 ~m 
" 

" Lt'ltlHr1'J1~~:;L~tlt'ln1~Yl~vf (Ipi plate) LUtJ 65 Ipi LL~:;r1'J1~~:;L~tlt'l~nn~'1LL'eltJU~'eln (I pi ani lox) LUtJ 

n) 150 Ipi, "ll) 200 Ipi, r1) 250 Ipi LL~:; 'I) 350 Ipi 

n) 85 Ipl (plate)/150 Ipi (anilox) 

1.6 

1.4 
~....1.2 .... .-.~i 
1.0 ___ '" .--:£>A'5 0.6 •.z:... -............. 


Q 0.6 k-: ' 
0.4 V 

0.2 

0.0 

--+-SW+HW+OCC 

.. -SW+P+OCC 

- It- SW+HW+P 

.. .. x- -SW+HW+P35+0CC40 

0 10 20 30 40 50 60 70 60 90 100 110 


%ul...~u 


'Il) 85 Ipi (plate)/ 200 Ipi (anllox) 

1.6 

1.4 
.~.::t1.2 

.....:It''~ 
~ 1.0 

-.:-¥'~il 0.8 . .... . 
Q 0.6 

~ 0.4 

0.2 

0.0 

0 10 20 30 40 50 60 70 80 90 


%ul... ~u 


--+-SW+HW+OCC 

- .. - SW+?+OCC 

- k- SW+HW+P 

.. -x- .. SW+HW+P35+OCC40 

100 110 


85 Ipi (plate)' 250 Ipi (anilox)
~) 

1.6 

1.4 
.".1.2 

..,..:~ 
~ 1.0 

~.~;JY
~ 0.8 

II ~:".~. -It·. lt:.~ 


Q 0.6 
~ 0.4 

0.2 

0.0 
0 10 20 30 40 50 60 70 60 90 100 110 


%ul•• ~u 


--+--SW+HW+OCC 

- .. - SW+P+OCC 

.- SW+HW+P 

.. -x- .. SW+HW+P35+OCC4C 

85 Ipi (plate)' 350 Ipi (anilox)
'I) 

1.6 

1.4 

1.2 
-IIr iii
_

~ 1.0 - ...~-.~ 
~ 0.8 . 
II ..... ~, .~.~~ . 
Q 0.6 
~ ..... 

0.4 

0.2 

0.0 

--+-- SW+HW+OCC 

... -SW+P+OCC 

-~ SW+HW+P 

~ ~/. - 5W+HW+P35+ 0CC40 

0 10 20 30 40 50 60 70 60 90 100 110 


%ul...n~u 


J I O.oQ ........ I? J..... d"" CJ 4C::iI .:J Q ..... oQ I 


Jl1'Vi'Vl 52: ~1r1'J1~ 1111un'J rue:!1~m'VltJ 0-100 L1 'el~L"l!tJ[;l L~ 111~ mtJ L~'el'VilJ'ViUtJn~:;m'jj-eJ'J n~'el'l 4 ~f;W 

" Lt'ltlH'~'J1~~:;L~tlt'ln1~Yl~vf (Ipi plate) Lil'IJ 85 Ipi LL~:;r1'J1~~:;L~tll11~nn~'1LL'eltJU~'eln (Ipi anilox) LUtJ 

n) 150 Ipi, "ll) 200 Ipi, r1) 250 Ipi LL~:; 'I) 350 Ipi 
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J ~ .J.dl.cJ t.I loCIII.., t,...d Q,I .J .:., dI I

L~'el'WfOj1nkl11l1'W'Vl 50 (l.:J1l1'W'Vl 52 LL~,)'WiJ,)1~~m~ru:;n~1~1nmrltl.:JmJIl1'W'Vl 49 'IJ'IJrl'el rl1 

o .J ....I'i' · ..,.....J .,. ..... 	 .' J 'i' 
rl,)1~1?11·1I,).:J1I1~rH'Vl'IJL~'el'W~'W'Vlm1~~:;L'eltll?1nr~'W~'W 50, 65 LL~:; 85 Ipi rl,)1~(;1'elL'W'el.:J"1l'el.:J b'Vl'IJLL~:; 

rl,)1~ LmtliJ 1?l1.:J1'lJLLI?l ~ :;-rl').:J LU'el fL"ll'IJ~~ n~'WLtl'IJtu1'lJYh'IJ'el.:J L~m tlwiiJ nr~Y/~vrrJ}')t1 rl,)1~~:;L~t11?1 nr~ 
., 

Y/~vi 30 Ipi LLI?l~1~fiJnrm~:;LI?1I?1"1l'el.:JL'Vl'IJ1'IJ-rl,).:JLU'elfL"ll'IJ~~n~'lJLVhtliJ 10 ,r'IJLL(;1nI?l1.:Jtl'IJL~nU'elti ~'el iJ 

L~'elY/~vrrJ}')t1m1~ ~:;L~t1I?1~.:J~'IJ Lii 1?1~ n~'lJiJ"1l'IJ11?1 L~ n~.:J nr~'Vl'IJI?l'el LLN n 1?1Y/~vrri~ 1?1~.:Jtu rJ}')t1 J'IJ~'el 
CIt. c:r.d J J' .J II IV a.ci I ~..., CIro G"'q 

nrnn 1?1 L~ 1?1~ n~'lJiJ,)~ L'IJ'el.:JfOj1 n"1l'IJ11?1'W'IJ'Vl~'lJ1 (;11?1"1l'el.:J L~ 1?1~ m'IJiJ'lJLL~'W~'W'JJtI1t1 (;1')fOj1 nLLN n 1?1'W ~'W~~1 n 

J' 'i' 9 "".J .1.....,. J... ~ "'" " ,J ."l '" ... 'i' 'i' J'"1l'W b'Yl'W~iJn')ru·lI').:J 10 LlJ'eln"ll'IJ(;1~m''IJ'Vl'W~'W bl?1fOj.:JL"1l~m1'Vlrl')~fOj:;LlJ'IJ fOj.:JLnl?1 b'Vl'IJm':;bl?1l?1~1n"1l'IJ(;11~ 

hJ~')t1 

2.2 rl,)1~LmtliJI?l1.:J (Contrast) 

J "" J 'i' .F-! .,. '.1" .. .F-!' , "'" 
L~'el'WfOj1~ru	1 1l1'W'Vl 53 bl?1t1LU ~t1iJ L'VltliJ rl1 LlJ'el ~L"ll'IJ(;1 rl,)1~ LU ~t1iJ (;11.:J ~:;~,)1.:J n ~:;1?11~c.J,) n~'el.:J 

J .,.... ".i'I J .,. OJ'" L ,J L
4 ~(;1~ L'IJ 1l1'W n) 'Vl~1l1,):;rl,)1~~:;Ltltll?1nr~'W~'WLlJ'IJ 30 Ipi "ll.:J~L~I?1~m''IJ"JJ'lJ11?1 Vi'lJ'Vl~1?1 'lJrl,)1~ 

~:;L~t11?1 n1~y/~vr 4 ~:;;iJ 'WiJ~1 .:J1'IJY/ ~vriJ'lJm':;1?11~~,) n~tl.:J LLI?l~:;~ (;1~1~m1~ LmtliJ 1?l1.:J~1 m!tltl 
., 

I IV IV.eII 

(;l1.:J n'IJ 1?1.:J'IJ 

~~:;;iJrl,)1~~:;L~t1I?1~nni.:JLLtl'IJU~'eln 150 Ipi, 200 Ipi LL~:; 250 Ipi ri1LU'elfL"ll'IJ~rl,)1~ 
LmmJ 1?l1.:J"1l'el.:J.:J1'IJY/~vr'J'lJm':;1?11~~,) n~tl.:J ~m(;11~~1 ;iJ~1 ntuU'el tiL'lJvl1'IJtl.:J L~m tl'IJ ~'el 

~(;1~ 1 - ~(;1~ 2 (iJri1rl,)1~LmtliJI?l1.:Jritl'IJ-if1.:JLn~\~t1.:Jtl'IJ) > ~(;1~ 4 > ~(;1~ 3 

LLI?l~~:;;iJm1~~ :;L~t1I?1~ n ni.:J LL'el'IJU~'el n 350 Ipi ri1 LutlfL"ll'IJ~m1~ LmtliJ 1?l1.:J"1ltl.:J.:J1'IJ 

Y/~vriJ'lJm':;1?11~~')n~'el.:JI1t1.:J(;l1~~1;iJ~1ntuUtltl ~'el ~I'l~ 4 - ~I'l~ 2 > ~(;1~ 1 >~I'l~ 3 

., 
~:;~ (;1~1,xrl,)1~ LmmJ 1?l1.:J~1nUtltl 1?l1.:J tl'IJ ;.:J;J 

~VJ m':;;iJ rl ') 1 ~ ~:;L~t11?1 ~ n n i.:J LL 'el'IJU~tl n ri 1 L U'el fL "ll'IJ~rl,)1 ~ LmtliJ 1?l1.:J"1l'el.:J.:J 1'IJY/ ~ viiJ 'IJ 

m:;1?11~~')n~'el.:JL~m(;l1~~1;iJ~1ntuutltl1'Wvl1'IJ'el.:JL~mtl'IJ ~tl Q:\(;1~ 1 - ~(;1~ 2 > ~(;1~ 4 
;] 'IJ 'IJ 

'i' J "" 	 ...J.... .,. .:- "" . , .F-! 
> ~(;1~ 3 bl?1t1L~'el'W~'W'Vl~:;l?1iJrl,)1~~:;L'eltll?1"1ltl.:J~nn~.:JLL'el'IJ'IJ~'eln 200 Ipi rl1rl,)1~Lu~t1iJ 

1?l1.:J"1l'el.:J.:J1'IJY/~vriJ'lJm':;I?11~~(;1~ 4 ~.:Jn~1~:;;iJ rl,)1~~:;L~t1I?1~'IJ ~'el 1n~L~t1.:JtliJ ri1 rl,)l~ 

LmtliJI?l1.:JiJ'lJn~:;1?11~~I'l~ 1 LL~:;~I'l~ 2 

t1mt)'IJ~~:;;iJ rl,)1~~:;L~t1I?1"1l'el.:J~n ni.:J LLtl'IJU~'el n 350 Ipi ril m1~ LmtliJI?l1.:J"1l'el.:J.:JI'IJY/~vr 
iJ'lJm:;1?11'M'~(;1~ 3 LL~:;~(;1~ 4 ritl'IJ-if1.:J1n~L~t1.:Jtl'IJ 
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n) 	 o/ePrint Contrast at 30 Ipi Print Resolution 

35 ,----------------------------------------------­
ii 30 ... - .•. 

- - • 	 - - 1. SW+HW+OCC

U x ~ · · _~·~ ·=--~-~~ ··~ · 7- ---· --~ - --- .. - .- .-----­~ 2250 +-____O--- ·__ ·- -~ ~ ·= · ·-- · · - · ~~- -- ~ .-~----~S r- ~ - - - - - . -- - -- ... --- 2 . SW+P+OCC 

~ 15 +-------------------------------------------- ­ - -,,\- - 3 . SW+HW+P 
~ 10 +--------------------------------------- ­ - - -x- - - 4 . SW+HW+OCC40%+P35% 
~ 	 5 +---------------------------------------------- ­

o +----1-50--'P-,---,-1--2- - 0-,p-,---.
0-0-'-p-j---,-1--26-0-'-p-j--~I----3-5­

Anilox reso'ut'on 

o/ePrint Contrast at 50 Ipi Print Resolution
'lJ) 

35 ,---------------------------------------------- ­

U - .•. - 1. SW+HW+OCC~ ~2~0 +-__ =.'~-:;: ... - :::: - .... ----=-:-.:~-----­---.J...~.=-==.- . =-;,;:.:,;jIl:.!::i-;:;.::,.:;:::; . ::;::;:.""'-;::.:;:~:::;,;".""'
~ x . . ·-· · ··· ···· -x . . ... . . ---~ 

---2 . SW+P+OCCIIr 	 - - .« .- .~ 

~ 15 +---------------------------------------------- ­ - -k- - 3 . SW+HW+P 
~ 10 +------------------------------------- ­ . - ·x· -. 4 . SW+HW+OCC40%+P35% 
~ 	 5 +---------------------------------------------- ­

o +----1-50--'P-j---r--- - 1--2-5-0-'-P-i--'I----3-S-0-'P- i---'- -'-P-i---. ­
2001 

Ani'ox reso'utlon 

o/cPrint Contrast at 65 Ipi Print Resolution 

35 ,---------------------------------------------- ­

- - •. - 1 . SW+HW+OCC 

___ 2. SW+P+OCCJ :~ t=~·;~.;.:.;--;~~~.~:.~.x~.:::.:.::.~:·:·:·:·1·_xt·:·:-~;:.~. - .....C.. - . - . - - - ; -: :=:-=~ == 
~ 15 +-----~-~------~~---------------------------­ - -.- - 3 . SW+HW+P 
~ 10 +------------------------------------- ­ .. ·x·· · 4 . SW+HW+OCC400/0+P35% 
~ 	 5 +---------------------------------------------- ­

o +----15-0--'P-i---r-1--2-0-0-'-P-i---I.---2-5-0-'-p-;--'I----3-5-0-,p-;---. 

Ani'ox reso'ution 

o/cPrint Contrast at 85 Ipi Print Resolution 

35 ,---------------------------------------------- ­

- - •. - 1. SW+HW+OCC~ ~~ +------------------ - - .=-~~~~~- ------------­.----~ - --­
___ 2. SW+P+OCC8 20 t----~F.~~~~- ·-~ -~~~.-..~.~~~~~~~-~ ~~~~_~~?--7.~-.~ . . ~~ ~ -~- - -~~---­

~ 15 +-----=---------------------------------~~~---­ - -A- - 3 . SW+HW+P 
~ 10 +--------------------------------------- ­ .. · x · · - 4 . SW+HW+OCC40%+P35% 

5 +---------------------------------------------- ­

o +----15-0--'P-I---r-1--2-0-0-'-PI----r-1--2-5-0-,-P-I--'I----3-5-0-I-PI---' 


Anllox resolution 

~ , ~ 

ll'lYlVl 53: LU~fL6J!t.!(;]I"I'J'l~LmUul'h'l'1l'fhN'l'WYi~'tf L2j~Yi~Yl1~UHI"I'J'l~~:;L~U~~nn~'1LL~'WU~~n 
.Q. I .J Q ..:=t.1r' 

(Ink anilox resolution) 150,200, 250 LL~:; 350 Ipi Ut.!m':;~TIj'(:.J'Jn~~'1 4 ~l'l~ VlI"I'J'l~~:;b~U~n'l~Yl~Yl 

(Printing resolution) Lilt.! n) 30 Ipi '11) 50 Ipi 1"1) 65 Ipi LL~:; 'I) 85 Ipi 
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" ~:;~ 1'l~1'"Fl'l1~LmtJlJ ~1,nnnU'atJ l;h:ul'W ~\lil 

~VJ n~:;~lJ Fl'l1~~ :;L~tJ ~~ n ni\l LL'a'Wil~'a n ~1 L'iJ'a fL"I!'WlVlm1~ LmtJlJ ~1\l"1l'a\l\l1'WYi~ilJ'W 
m:;~1~~hnrl'a\lL1-tJ\l1'l1~~1~lJ~1n1'iJu'atJl'Wl11'W'a\lL~mri'W ~'el ~I'l~ 1 > ~I'l~ 2 > ~I'l~ 4 

> ~I'l~ 3 
OJ 

L~'a-w~i~~:; ~lJ Fl'l1~ ~:;L~tJ ~"lI'el\l~ n ni\lLL'el'Wil~'el n 150 Ipi ~1 Fl'l1~ LmtJlJ ~1\l"ll'el\l\l1'W 
Yi~ilJ'Wm:;m~~I'l~ 21n~\~tJ\lritl~1Fl'l1~LmtJlJ~1\llJ'Wm:;~1~~I'l~ 4 

~~:;~lJ Fl 'l1 ~~ :;L~tJ I?l"ll'el\l ~ n n i\l LL'el'Wil~'el n 250 Ipi rl1 m 1 ~ LmtJlJ ~1\l"ll'el\l\l1'WYi ~ilJ'W 

m:;1?l1~~I'l~ 11n~L~tJ\lrilJ~1Fl'l1~LmtJlJ~1\llJ'Wm:;1?l1~~I'l~ 2 
, ., 

LL~:;~ ~:;~lJ m1~~:; L~tJ I?l"ll'el"~ n n~" LL'el'Wil~'el n 350 Ipi Fl'l1 ~ LmtJlJ ~1""1I'el""1'WYi~ilJ'W 

n~:;1?l1~~I'l~ 1, ~I'l~ 2 LL~:;~I'l~ 4 i1rl11n~L~tJ"ri'W 

, " 


tJm~'W~~:;~lJ m1~~:;L~tJ~"lI'el"~ nn~\l LL'el'Wil~'el n 200 Ipi ~1m1~1 LmtJlJ~rWll'el"\l1'WYi~i 

lJ'Wm:;1?l1~~I'l~ 3 ~1nn~1~1'l~ 4 LL~:;i1~1Fl'l1WmtJlJ~1\l"1l'a\l\l1'WYi~ilJ'Wm:;1?l1~~I'l~ 1 

Ln~L~mrilJ ~1 Fl'l1~LmtJlJ~1"lJ'Wm:;1?l1~~ I'l~ 2 

" 
nrl'el\l LL~~:;~ I'l~LL~'li1 Fl'l1~LmtJml1\l LU'W ~\lil 

'II 

~~:;~lJWn~~:;L~tJl?l~nni\lLL'el'Wil~'eln 150 Ipi, 200 Ipi LL~:; 350 Ipi L'iJ'elfL"I!'WlVlFl'l1~LmtJlJ.. 
~1""lI'el"\l1'WYi~ilJ'Wm:; 1?l1~~'Jnrl'el" VJ n ~ I'l ~i1 ~1 ~'el'Wojf1\lln~L~tJ\l ri'W 

tJ m ~'W~~:;~lJ Fl'l1~~:;L~tJ I?l~ n ni\l LL'el'Wil~'el n 250 Ipi ~1 L'iJ'a fL"I!'WlVlFl'J1~LmtJlJ ~1\l"ll'el""1'W 
Yi~ilJ'Wn~:;1?l1~~'lnrl'el\l~I'l~ 1 i1~1~1nn~1~1'l~~'W~\li1~1Fl'J1~LmmJ~'l\lln~L~mri'W 

1011n 1l1~ n), "11), Fl) LL~:;\l) L'iJ'elfL"I!'WlVlFl'l1~LmtJlJ~1""1I'a\l"'l'W-w~ilJ'Wm:;~1~~'Jnrl'el"LL~~:; 

~ I'lnmtJlJ L~tJlJ ri'WL'W~1l1'l:;n'l~Yi~i 16 ~1l'l'l:;ojf1"1Pi''W m:;I?l'l~~'Jnrl'el\l~ I'l~ 1 i1 ~1 Fl'J1~LmtJlJ ~1" 
., 

~"~1?l1'W 12 ~ll'l'l:;IOl'lnvi\l'l-l~1?l 16 ~1l1'l:; LL~:;i1~1~'el'Wojf'l"ln~L~tJ"rilJm:;I?l1~~I'l~ 2 L'W 13 ~1l1'l:; 

~'J'Wn~:;1?l1~~I'l~ 3 LL~:; 4 i1Fl'l'l~LmtJlJ~1"~1n~1n~:;1?l1~~I'l~ 1 LL~:; 2 LU'W~'J'Wl'1-1'1J Ll?ltJm:;1?l1~~I'l~ 
, , " 

3 i1~1~'l~~l?lvi\l'l-l~ 1?l13 ~1l1'J:;• 

" ,
"1I'el"n~:;1?l1~LL~~:;"1lilI?l1Oj1nn'l~'Vl~~'alJ~~~iiL~"LL~\l"1l'el\lm:;I?l'l~~'Jnrl'el\l~nvJnvi\l 4 ~I'l~ (1'l1~1\l~ 14)

'II 'II OJ 
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I 

30 Ipl (Prinl)l150 Ipl (Annox)n. 
50 ,..-----.-----.-..---......- ..- ..-.-...­

~1. SW+HW+OCC 

40 1---------1 - .... . 2. SW+P+OCC 
- ...... - 3. SW+HW+Pi :: +--:h' '""""'-' ~-.-------1 .. ·X· ···: : , : 4. SW.HW'0CC40%.P35% 

~10! ~ . 
o V 

30 Ipl (Prinl)l200 Ipl (Annox)'11 .~ 50 
--+-1. SW+HW+OCC 

40 1-----------1 - -. -· 2. Sw+p·occ 
- ..... - 3. SW.HW.P

l 30 +----------1 _.. x... • . SW+HW+OCC4O%+PlS% 

c .; 20 

9 

0 

C 
 10 

! T _ __ .~:~. .. ~. ... , . 
.,-~ 

0 
! 

20 .~9..._._....._.__ ..f:ig...___ ~() __ . _ ~PO-10 L-_ _ 2:.:.__--'0 6.::.. _ BO 1 ' 0-= 0 4..:.__--.::0 _ -=.=--__:J -10 

Orlglna' tone value 

30 Ipl (Prinl)l250 Ipl (Annox) 30 Ipl (Prinl)l350 Ipl (Annox)
1'1. ~. 


50 ,-------------~====~==~~==~ 
 50 
--+--1 . SW+HW+OCC~1. SW+H\N+OCC 

40 2. SW·P·OCC40 +---------1 - .... . 2. SW+P+occ 
... ..• .. ··· 3. SW+HW+P- ...- - 3. SW+HW+P 

30l +----------j ', oX··· 4. SW+HW+OCC40%+P35% 

c 
~ 30 +---------1 . .. x. . 4. SW.HW'0CC4O%,P35% 

.;,= 20 A ·. 20 
9~ 10 f"'" '\~:: ··. 10C 

o V 'T-- -~'::k ' . 

0 

II ~- ' t :-<.::: ~ ~.~.::t._. .·: i" I 
0 


-10 .__ _ -=.:20~_ _ "-~___ ~Q.__ ~~_ ~___~po 
 ____ ~~ __-"-~ _ . ~()_ ~~ _ =.·.~~~_ .. ___190
-10 

Orlglna' tone v.1ue Orlglna' ton. valul 

1l1'W~ 54 : LU'ilfL"ll'W~Lij~~n1'W'U~~ (%dot gain) "lJ'il,:j1l1'Wm;vfi:VI'W 0-100% (Original tone value) ~,:j 

vhJvf'U'Wn:i':;(Yn'jj-~~n~'il,:j 4 ~(?l:i' t~tlH'"1~1~~:;L~tI~m:i'~~vf (Printing resolution) LU'W 30 Ipi LL~:; 
., 

m1~~:;L~tll1l~nn~'lVl~n (Ink anilox resolution) LU'W n) 150 Ipi, "lJ) 200 Ipi, '"1) 250 Ipi LL~:;,:j) 350lpi 

50 Ipl (Prinl)l150 Ipl (Annox)n. 
50 

-+--1. SW+HW.OCC 


40 
+-_ '-'-0-------1 -· .... - 2.SW+P+Occ 
) '. - ..... -3. SW+HW+P 

~ 30 1-,-r.:;N';'Oxc..... ~.\-'..~~..-.._-.-...-.----j .. -)(· ·· 4. SW+HW+OCC4O%+P35% 
c.; 20 
9 
0 10 


0 


-10 
 •• m ••••19.... ....f3JL .........____BO 1 

o..lg..1tone VIII... 

c 

= ==-==]===== = = = = .........= ...=..-..=....- .--..--- ='. "".. = ..........== = ==~=====~======!.......... .............= = ======.=.....= ....- = ......~ ==~........= = ......--...
,...-------------------'"'1Tr- ----- - - - ­·- ---------, 

50 Ipl (Prinl)l250 Ipl (Annox) ~ . 50 Ipl (Prinl)l350 Ipl (Annox)1'1 . 

50 r----------------, . S~W~.~HW+~OC~C~--~~

--1 -· ... · 2. SW.P·OCC 
- ...... - 3. SW*HW*P 

-1 .. · X··· 4 . SW'HW+0CC4O%+P35% 

..~.~~~.K~.~~¥~.-.~~~~ .. . ~. -.~ 
_ ___6Q.. ____...!l.<J_ _--.!. 

---o----~1~50 - -- ..-- - ...... ... _ ' -'---0----':-.::-:SW:-:-'''''HW::-:-:'O:-::cc~----''
___.m• ••• ••••• 

40 +------- ­40 +--------....., -. 0-' 2. SW·P·OCC 
- -r- - 3. SW*H\N*P 


~ 30 +---------1 . ·· ,,·· ·4. SW.HW.QCCIO%'P35% 
 ~ 30 1------- ­
~ 20 : -:;.·· ·~ 20 +-~~·~~--------------------------.....,·~ ·
 
9 '/k' ~' ~ "' "'' " K •.
f fh"'~ .' ~" ~ ::'" ,"-1.. \ C0 10 ,// ~... ~ .. - . .... . . 

c 10 If \ ....."._--... .<~ :::.::.£:.:;:c·t ~·:.;j{.,._ .... ._\ o~/~· ---·~~-~:· -~~~~~ o 
0 i -10 _ _ _ _~_.._ _ ~g_ 0-10 r___ -'2'-"0_ _ _ 4'-"0'--_--'6::.::0____~_____ ! 

OrIgIRilI ton. VllIueOrigIn.' tone VIIlue 

50 Ipl (Prinl)l200 Ipl (Anllox)'11. 

50 
~ 1. SW*HW*OCC 

-1-_______-1 ·-· ...... · 2. SW*P*OCC40 

- -r - 3. SW*HW*P 


i ~ 30 
1----:o!,~--c-------1 · ··X· · · 4. SW*HW*0CC40%*Pl5%, " 
c . .... , . ' .. 
ii 20 

9 
 I' '~ .......1t~ , : :.. . .
0 10 

0 
0 

c 

1-- __'!Q _ . f>Q . ___B.L .___.........._ 0-10 
Original tone VIIllle 

1l1'W~ 55: LiJ'ilfL"ll'W~Lijl1l~n1_'W'U'l~ (%dot gain) "lJ'il,:j1l1'We11;~t'Vl'W 0-1 00% ~,:j~~vf'U'Wm:;11l1'jj'~'l 

n~~,:j 4 ~(?l:i' Ll1ltlH'"1~1~~:;L~tll1ln1:i'~~vf (Printing resolution) LU'W 50 Ipi LL~:;m1~~:;L~tll1l~nn~,:j
'II 'II 

VI~n (Ink anilox resolution) LU'W n) 150 Ipi, "lJ) 200 Ipi, '"1) 250 Ipi LL~:; ,:j) 350lpi 
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65 Ipl (Print)l150 Ipl (Anllox) 

--+--1. SW+H\IV+OCC 

+-------l£-~ - _·2. SW"?+OCC.'''r-----------_l · 

/M.\ ... _*-_. J. SW+HVV+P 

+--l-i!l'--~\~""'",.-,-:--.------_l_ .. ·x;.'· 4. SW+HVV+OCClO%+P35% 

II 

L-____~2~0~____~40~____~~~____~8~0____~1~0 

~~==========~==========~~t~==========================~ 

, n. 
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40 

~ 30 
c: 
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S' 
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........~.~~.I.~.~~..~.~ ,~~,~~.~. 


1"1. 651pl (Print)l250 Ipl (Anllox) 

50 
~1. SW+HW+OCC 

2. SW+P+OCC40 
·· 3 . SW+HV\I+P , 

~ 30 . .)( . .. .t. SW+I-fII\I+OCC40%+P35% 

c:
';;; 20 
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0 10C .. - J- -- -.~ 

I .". 
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65 Ipl (Print)l200 Ipl (Anllox) 
'll . 

50 
.-' --+--1. SW"HW.OCC 

+---=,,/rr.''r---------------1 _.•- . 2. SW·P+OCC 

:r\~ --,..... - 3. SW+HW+P 


~ 30 


40 

+--1-;':'-----'l~r.,-:.. ,;-------I ·· X· "-~.- .. 4. SW·HW·OCCCO%·P35% 
c:
';;; 20 

S' 
 J ---''-E: C:{:.: : ~~ ::;':~.·,. ~ ... .
0 10C II " - '~I 

0 
20 40 60 80J 

-10 

Orlgln.l tone val.... 


......f •.•.•..M.....M.._·.······· ··MM •••.•.•.•...._·M_·.·. 

'I. 65 Ipl (Print)l350 Ipl (Anllox) 

50 ...._-........- .........-..... .-----1,--.S=-W"".""HW=e.OC=-=C------. 


2. SW.. P .. OCC40 +---------------__1 
~\. ·· 3. SW+H\N+P 

~ 30 +--I --------- .. .x- .. 4. SW+HW+OCC4o%+P35%-:f''''-''~!'r<, --1,.. 

~ 20 I '~ 
C 10 II . ' .. •... ­

O~I/----~-----·~·----~----~~-~."~> --
! 

L-_____20 4~0____~~ 8~0 ~0 1 20 40----~~~----~~----~' 0~~____~ 60______ ~____1 _10 L-----~~----~~ 80 1-10 

l_ _ ...__ ...._ ..:1.'-- - .....- ....M - - tono vo_',"" ---,-____"'Iglna"""" va'"" .... .._...._ ......__ ......._ ..__._..____.._ ..__-___--.,-----' .- .....-...M- -...A'........._. _O_,Ig--,In_a_'__ ____ ---,-__---' 


.n1'Vi~ 56: L,j'e:lfL"l!'..l[/lLij(1'l~n~\l'LJ'JlJ (%dot gain) "ll'e:l'l.nI'Vie]1;~L'Vl\l 0-100% ~'1VilJyf'LJ\ln~:;(1'II~~'J 
" 

nfl'e:l'l 4 ~!1l~ L(1'ItlHrl'JllJ~:;L~tI(1'In1~VilJyf (Printing resolution) LU\l 65 Ipi LL~:;mllJ~:;L~tI(1'I~nn~'1
" " 
VI~n (Ink anilox resolution) LU\l n) 150 Ipi, "ll) 200 Ipi, rl) 250 Ipi LL~:; 'I) 350lpi 

n. 

~ 
c:
';;; 
S' 
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1"1 . 

85 Ipl (Print)l150 Ipl (Anllox) 
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+---fi-~-\>W,-----------l .. Ox' " •. SW+H\N+OCC4O%+P35% 
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-10 .L­ ____-=:20~______'4~0 ____~6:.::0______8~0~____1:..r0 

65 Ipi (Print)l250 Ipl (Anllox) 

50 ·-·-..----­ ---·--..·- ­ --,-'--:1--;.S::-:W~.HW=+-::::OCC=-----, 

40 +------...,.-----------__1 _. a- · 2. SW+P+OCC 

···-..--· 3. SW+HW+Pt 30 +----ff''--'-<tr---------__1 ...".. . 4. SW,,"fIV+OCCCO%+P35% 

Ii 20 h!'------"~'-'-:-:c--------------------------1 
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. ·X·· 
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85 Ipi (Print)/350 'pi (Anilox) 

~ .-----------------.-__--~1. 7SW~.HW~.=OCC~-----. 

40 +---------------------1 - ·... · 2. SW·P·OCC 

X' · 
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~...­ ... ..---k ~.:::..·.~:..: ;·· ...... .:-~ 
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85 Ipi (Print)l200 Ipi (Anilox) 

........- ..-.-.....-.--- ..· ........· ....· ....· __ . =-SW:-c.-c-HW:-:---,.O=-=C"'C--------,
......- - ..- ..·...----1:-­

· 2. Sw.p.OCC 
3. SW+H\N+P 

4, SW+HW+OCC4O%+P35% 

"~ . 

.,_- Ir ·_,,~ 
.. -..._. ....I 

20 40 60 80 1 0 

" 
nfl'e:l'l 4 ~!1l~ L(1'ItlHrl'JllJ~:;L~tI(1'In1~VilJyf (Printing resolution) LU\l85 Ipi LL~:;mllJ~:;L~tI(1'I~nn~'1 

VI~n (Ink anilox resolution) LU\l n) 150 Ipi, "ll) 200 Ipi, rl) 250 Ipi LL~:; 'I) 350lpi 



U~k1.fll~~p' fl~ll1J:bMl,Jtlf1.lA.ll~ l~Ul ~f1.~ru ~'~I1~lAl1~f1.l~f1.I1[jU l~fb~lAl1~~bJlf1.lJ,,'1 ~fb'~~~Wrtb 

(SSOI ~OO) f1.~~Uf1.~U~~I1'~U' Nlflll1k1. 11~f1.I1'll!JI1I1~I1f1.~U~~I1'I~f1.lJ,,'~~I1'lA.~lU (~j79 lA.M,lll) 
, "" '" .,. '" I.; ''''' "" "' ...... lUI'" I'" 

!dl 09S ~~" (l!J 179 lA.M,lll) !dl 09G f1.rL'~fl~'~~l1l~l!JI1lA.UI1k1.~~UU~fl~~UI1k1.fllb~~" !dl as ~fl~'~~ 
""I Itii "" "" "", "'.,." """ "" 

I1l~l!J lA. M,11 M,~I1' %06-0L f1.lA.' t-~1I.f1.' 11 ~l l!Jf1. 11, 11 ~11f1.~ U~~111 ~f1.lJ,,'~Bn.m l~11M, ~flf1.U lbU ~f1. F~ 'C::7 r ~ ,., I. I lD I=' J:) .g ., I" I'=' I ,. ~ 

l~U~~'UI1k1.I1lJ,,~~U~ll1l~lA.~l~~~Ul~UUll1l1~I1f1.~U~ 
, """ k '" '" I'" ' "" 

~ht' ~~,t-~ ,1ft~l~~~U~~f1.tfbt~~I1~U~ll1l~~blAl1~U~k1.~f1.~~f1.tu ~~ht' I1~WBBU ~k1.~t~lU~~'~lU 

1111 fll~l!Jf1.b rttU~~ht' ~~IT.~lJItf1.l,lf U~Bf1.~~~" ~u U ~~~Jt'tfb\t-~~l~::Wl tbk1.~~f1.lf:ll1~U~ ll1l~rtt:: ~" 

t-~"rtt~ll~U~k1. ~rt~t~l~::~U~~f1.rL~~I1~M,11~u~k1. ~~"~l~::W~~f1.I1~~lAl1~rt"~UB~Wt l~ fb\rt~' 

fl~tb,lftLrl1~~~~lU~l~M,mlJ'::blf1,~ l~UUll1l1~l1f1.tU ~~ht'~ ~'~lAl1~f1.l~~t Lf1.~~UU.~l~::~U~~LU 
.. no 

::~" fU k1. tf1.~~11~~~lA.~lAl1~~lU ::~lll~f1.t l~Ul~11~I1f1.tU ~~ht'Jlf1.lJ,,'1 ~fb'~~U~lI1L~~~ f1.~~~~~l~::W 

l~Ufl~tbl1~l1f1.tU~~ht' I~ ~,~t l~~lUf1.l,lff1.~~uUlJ"lU~tA'...M,I1~~lU111111~::ll1k1.'~l~~~rtt U~k1.I1~~~~LU~ 

::bLf1, S ~~~~l~::~UL~,If\fbt~ ?f1.flo'lrl1~~~~lU~I1I1~I1~l1rttu~~ht'Jlf1.lJ,,'1Bfb1Ulb u17 ~M,LlI) f1.b'~,g. 

~LflB S ~~~~l~~Wl~Ul~~flU~" G ~~~::~" ~ ~~~~l~::WlW~~lf1.I1lJ,,~~~lUll!J11 17 ~~~~L~~W I I 0 All., I I 0 I=' I JCI' 
, " 

~~" S ~~~~l~::wl~ul~l~~fl~l rtl1~fl~'»UVl!I-f1.B~l~t: G ~~~::~" ~ ~~~~L~::W~" f1.b'~,g. 

t-LIT.f1.Bl!Jf1.~~~ ~~l~::~UlW ULl1ll!J 11 S ~~~~L~::wt-~IT.Lf1.I1lJ,,~ ~~lU ~I1I1~Ulbll1~~f1.' bLBf1.f1.flomlJ' lA. 
" I f' I If=' ~ 57 ~ F' 1:' F' 

}t11~~lU::~lll~::~~'m~f1.1111~ l~11~~ t-LhLflBtb t-lhLu ll1l1~l1f1.tU~~ht'Jlf1.¥:'1 BfL' ~ulbt-~tl-' f1.~f1.f1,",1ft , 

rttU~~ht' ~~IT.I1~I1~lUrL~l~I1tb1~f1." U~l1lnlI1L~rt\?t-~~~lA.~lU~~Ulbf1.~~~~~l~::~U11~k1.l~ 

f1.~~f1.~L~~~U 
I'" '" 

L~ut-~I1~I1f1.tU~~ht'Jlf1.lJ,,'1Bfb'~~I1~U S ~~~~l~::W~" ...M,I1~~lU::~lll~ 9 ~ ~1mt~~~L~I1~I1f1.tu~~ht' 
" " 

~rtlJ"'~~fb'I1t-lJ,, !dl 09S ~fl~'::~~~UU~::~" Idl as ~flB'::~l1l~l!Jfl~~M,I1M,lA.::~llf~ ~ 11::~" S 11~f1.~f1.lJ' ,.g ,,9 P JCI',r . tl.» t:.F' P=" ..... JCI' P=' All 

no 
fl~rtf1.~U~~I11t-~IT.I1~I1~lU~f1.lJ"M~n.'11 S ~~~~l~::WlA.::~llf~ G I1fl~l ::~llf~ 9 ~ ~11k1.~IA,ULb ::~LlI~ I"li JCI'.a ".» 'v f=" F' p::. ~ 

S ~ Lrt~~~~~L~::WL~U L~ 11~I1f1.tU ~~ht'Jlf1.lJ,,'1 ~fb' ~ B~ ~~~fl~tbf1.tU ~~ht' t-BIT.I1 ~11~lUJlf1.lJ,,'1 Bfb' 

no • 
~ S ~~~~L~~W l~11 M, ~ ~~Ull1l1 ~11f1.tU ~~ht'Jlf1.lJ,,'1 ~fb' ~~UL~U~'ml~l!J~~~~L~~f1.lA,lt-~flof1.t 

::LM,t;'Lru~lb~fl~llAl1~~lU::~Llf~ 9 ~ t-~Ulb ~~~ 17 ~L~::W~L~k1.::~l1fl~mflW'lru~Lb~ ,. 
~~m.r-L~UUll1rttU ~~ht' ~BIT.I1~I1~lU~t-~flll1k1.f1..r-l~Uru k1. ~~Lf1.IT.~t-~ , , 

~L~::~Uf1.I1M,11 M,U 11 k1.11lA.lA.f1.M, f1.W ~~111 rLB~n., U11 k1.t-BlT.fl Lb::W 11lJ,,~lU I1I1U 11~~ ~Ut-~1m~~~lrtlT.flLfllT. 
.. '" '" ""1"'1"',f "" '" IUk '" '" ",. "" " 

~LU~lAl1~rt'ml1f1.tU~~ht1U t\ lAl1~~U~lUl~B!:m.r-~~ L~UUll1~~11k1.~~f1.tU ~~ht'~~Il.t-~I1~~f1.»' f1.1A,1::~ 
I " " 

~'m~L~UU ll1f1.tU ~~htm~f1.l~~::~11l~Uu~,~lf1.lT.f1.tU ~~ht' ~::bl~U~~~fl~'::~I1L~l!J ~lAl1~~lUULbt-~?' 
no 

fl~~mf1.IT.UlI1Uf1.W ~~11' ~~IT.I1~I1~lU f1.IT.U LI1M,I1M,~lU ~fl~'::~l1l~l!J ~111 l~l1M, ~~'mUllA,1U11k1.~~UU~
",uk,f "f=7 .a ,f ., 10 P=' F' I"li ..... I P I :­

~flB'::~I1L~l!JU.' ~" (l1~l~I1L~ L9 IA,M,Llf::~1' 99 lA,M,llf '99 lA.M,llf '179 lA.M,llf) !dl 98 ::~" 99 '09 
"" " ~, '" 0 I'" I'" I'" I'" 

'as M,11M,~lU ~flB':: ~I1l~l!J fl~~M,11M,1A, M,11M,f1.Lt-~BIT.I1~I1f1.~U~~ I1'Wf1.Ilo,~~n.mfllA,1I1flMl'~lUU Lb ,., 't:7 P " ..P 'Cr F..D 'C::7 f'='.D .. ,... 1" It' ;;I .. 
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• ~Urlri' Urik\ri~lM1.@~l!l~LUrik\' M.riM.IA.f1.M.1'U C,'M1.LIA.~L@t-~ Lri~UMl!l M.riM.~LUf1.' Urik\fl.~ "=' I vI k IF" ~I'I Ia.D 't:r f',f ~ 0 " ". ~ ~"O It tp' .... 

.. ~LU L!:,-f1.@~ t-»,'U ~k\t-~UU~»\ @~Jf~[t~rl~LM.ri~U(;k\rlL~~LUf1.\ ~L~M.~ t!riLC,l!l ~~'}\ri~~LUL!:,-;:I'Urr.;:L~M.1 
" 

f1.1J1bL@PWW f1.,Vf1.f!om~f1.IJ1[1c,fl.f1.~U~~t;t1~f1.I!o'j@f1'L~kf~ % OP-OG fl.l1~f1.~f1.lA.lt-C,f!o (l!l SS ~M.Ll!) 

,dl OSG ~rl@';:~riLC,l!lriIA.Urik\t-~UU~rlC,~Urik\rlL~;:~" Idl OS M.riM.~LU~rl@1;:~riLC,l!lIA.fl.~k\L~ '" "'F' p:, 'I P , . -"'" '" F' '" 0 

~, f1.rr.f1.@~U
'Ik,f , 

f1.~ U~~ri1 ~U1;:~1' ~rik\t-IA.M.riM.IA.f1.M.ri ~l!l fl.@~l!l~' M.riM.;: ~1A.@M.t-rlM.1ri' ~, rlL~IA.M.ri M.U rik\I'U Lri~I"lIA.~LU@' I'=' .a 't:r ~ ~ ~F .f '" k,j; 't:r F I'=' I Wi kiF'''' ~ p ~ a F'" ~ 

kft-~ rl@,t\U~k\@!1~~LriWkft-~ ,dl OSt: ;:~11 ,dl OSG f1.1J1~rl~1;:~riLC,l!lkf~U~k\t-~UU~,!H@~1!'1..rt-~ ~rik\t-~ 

M.riM.IA.f1.M.ri~l!lfl.@~l!l~' M.riM.U~LriL~k\' @M.'rlC,~I"l' ULrit-@~UI!o' lA.M.riM.Urik\~~Lri~1"l mk\' ~Lf1.rr.M.riM. .,g ~ F' ,f "l k.R '=' "It f' 1'1 I a k t1 .a 1'1 It F"~ " I=" ~ .. I It ~" 

1A.f1.M.ri@ri1 (%06-0L) Lt-~f1.IA.' Ll!lIA.M.riM.@ri1;:LM.~m~' Flm, t-Lrr.f1.@l!lIA.f1.M.ri~ ri1;:~~'1!'1.W ~~ri, (!dl Ot:)
F' .iF '" I" .!, 'F'-" ... I" .!" 10 'I 'F'.iF '" J> , '" J> 


L~~rl@';:~riLC,l!l rlC,~ M.ri M.@ri1U L~Lrit-@f1.1LC,~Ll!lf1.f1.f!o1!'1.1J1 IA. % 06-0L f1.lA.l ~1't-~~~~UiA.~L~;:~Uf1.fl.f1.@W 
 ~ P=' '1.,!) '=' f' F' I 1; F' I -:; I 

f1.~U~~ri1~U1 ,dl OSt: @l!l f1.rr.ULri~rl@1;:~riLC,l!lrilA.t-~UU~rlc'~M.riM.Urik\rlLb@ri'~11 %08 f1.1A.' 1A.f1.@~U f:7 " Pi=",f P I'=' F :i 1'1" 'Co IP I f' I ~f' I 'Co 

f1.~ U~~ri1 ~U, IA. G~~~~L~;:~Uf1.fl. M.ri M.f1.Lt-t-rl M.1[1 ,dl OSG f1.1J1~rl@1;:~riLC,l!l rilA.U rik\t-~ U U ~rlC,~ M.ri M. 
I'=' " f' ~ '=" P I'=' I'=' F="f' 1=': ".,!) '=" 'Co 
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f1.g~, 9 f1.~t'M~LU Lt:H,,:::ra:::~f1.' raLL!~~IA.ULIi~' raL~~mWlj~LttL~ II> ",,I; 10 f' "h ' 

:::~"L~ur..i'Jtl\raL~~rag[alj~LIiL~t'~ ~ '0 :::~rag~ O>l''l' 1i~'~~L~:::Wf1.IL}IoIit1f1.Lt'f1..rt'~ }Io1it1f1.Lt't'glT. 

raL~~ragra~LUg~~~t'k?,IA.t'f1.k1.ra~~rlf1.rl'~L~:::Wgf1.m' IjglA.f1.I!.IiLr..Ielt'1!. £'0 ;:~rag~ O>l''l' 1i~'IA.~L~:::W , , I" f' F' '" ~u 10;' ,f 10, f',f F' " '" f' 

LWt'~~L~:::~Uf1.' f1.I!.IiLr..lelruLIi~rlli ~ '0 :::~rag~ OXv' 1i~'IA.~L~;:~Uf1.ILMIiMf1.Lt'UL~LIit'gf1.' £'0 :::~rag~ I I..t ,;,iU", " "'f' ., '" I'" " 

O>1'v' 1i~'~~L~;:Wf1.IL}IoIit1f1.Lt'L~Ur..i'Jtl\raL~~ragfllj6LIiL~ ~ '0 :::tWg~ O>l''l' 1i~'~~L~~6Uf1.IL.,MIit1 
, , 

f1.Lt't'~ }Ioli t1f1.Lt't'glT.ra L~~rag[a6LU g~~~t'~f1.11 t'L~U~" ~ O>l''l' 1i~f1.116L ~t'glT.ru LIiW~~~L~:::6ura~l 

f1.g~, 9 t'raM'L~r..,:::ra:::6f1.' raLL!~Iik1.lLgU'~' raL~~ragralj6LIiL~MIiMf1.Lt'f1.' I!.' IA.MLL!r..I!.MIiMUIik1. I'P' t=' It I'P' I'l k I ~ 't:r !.Vi L.f" ~ '0 p 

MItMU ItIt1.N~,Il.IiL~~Il@,rULUn.@.~~lA..g,LU :z lA.f1.e,t3,t'@'~~ lA..g,LU ~f'Fl.l~ p ~ .. I P , I" 

f1.IT.U L liral!.ru L Mt'IT.1MliMU 1ik1. .f ., '" c;..... p 

1L11 t'ra~'~U~~f1.Lt',q.l6LUf1.~MLL!&IA.~:::6 fl~~~g~, t'~" 1i~'~L~::: ~" ~~L~t'glT.ruLIiWt'~m~t'lrm~fl6LU 

~t'gJtlf1.IJ' L~t'llIiL~~~\t'L fl g JlI!.Ul L M t'~'}10Iit1U ~k1.1L11 t'ra ~,~U~~MLL! &1A.~:::6fl~Jtl\~~~~MLL!r..l!!.MIi t1U ~k1. 

. '" '" L~Jtl\fl6~~Lgr..L~Ut'~ ~~UL~ ULIi~1L~:::6f1.~flg~UI!.t'g~t'~}Io1it1U ~k1.rar..Jtl..MIit1~..MIi t1f1.Lt't'glT.lj ~,g;.~LU g~ 
~ I 

'" f1.L IA.f1.L~ IiLr..1el 1lr..~f1.IT.t'~ Llelli r..~f1.glj6LUf1.LIA.f1.L~IiLr..1el f1.IT.U LIiMLL!r..I!.MIi MU Iik1.f1.l!.t'gIT.Lf1.k1.IiLr..lelgli'
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