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Abstract 

The objective of this paper was to study and development of rice straw paper, and 

development of rice straw paper products-making. Part I. Rice straw paper-making. The bleached 

and unbleached with 2% HP2(aqJform rice straw fiber was boiled with 2% and 4% NaOH(aq)' 

The 4 treatment was take out container and spread in to thin piece of paper. The 4 treatment were 

conducted to test physical properties and strength properties on rice straw paper. 

Part II Rice straw paper products-making. The populations in this research were 16 students and 

16 teachers on RIT. Chotiwet Campus to making and evaluate the rice straw paper products. 

The instrument used in this research were questionnaires, about the admission on specifics 

properties of rice straw paper products and satisfaction to rice straw paper products. 

The data were analyzed by SPSS program. The statistic used that mean, standard deviation, 

one way ANOVA and two way ANOVA. Differences between various groups were tested by 

Scheff's method. 

The results were : 

1. The properties of rice straw paper show that, basis weight 29.85-62.27 g/m
2

, 

thickness 137.8-259.3 micron, moisture content 10.43-10.78 %, brightness 42.03-76.52 %, 

opacity 69.25-93.34 %, burst strength 34.34-64.75 %, tensile strength 48.67-95.33% and 

tear strength 237.22-473.55%. 

2. The admission on specifics properties of rice straw paper products such as 

folding endurance, tear resistance, water absorption and elongation was satisfactory, 

but thickness was more satisfactory. 
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3. The admission on specifics properties of rice straw paper products dependent on the 

bleached, but independent on concentrate level of NaOH(aq) , interaction between the bleached 

and concentrate level ofNaOH(aq) 

4. The rice straw paper products had more satisfaction 

5. The satisfaction of rice straw paper products overall to making of difference's rice 

straw paper was non-significant difference at .05 , except lamp products had the satisfaction was 

significant difference at .05. 
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bbf'l:;~:;~'Un1~~(;J..J'W1"11'el'l1J~:;b'VI PI v11'l 1 1,JLfl n b~~~'Wn~:;('l1~ij fl':J1~~1 ~qJ v1'el n1~~(;J..J'W 11J~:; b'VI PI 

., 
11'l'YJ1'l~1'W tj(;J..J'Wfi~~~ n1~~n~ ~~~1"'ln~~~ n1~ti('lvl'el'lh':J~1~ n1~bl:Jmb'Yii'li1':J~1~vl1'l 1 bbf'l:; 

, ., 
~1'WbM~~niOl iOl1nflr:w~~,jtiYiijfl':J1~bVl~1:;~~n'U~1l1'Yin1~H'l1'W iju1V1'1!m'J1 ~'U rJ'el~':J'Wf'l'l1~ 

<IS • 

." , 
Yi1f'l1Ul1'l1~~1U bi1'elhJ~'el'l n1~H' ~f'l'el('l~'l n1~b~~"1I'el'l~1'W':J'W"1I'el'l,J~:;"ll1n~ Yi11,xij fl':J1~ ~'el'ln1~ 

, !.I c4 c: J' oCII 0.... ~ oCII 11

b"Jlm':;('l1~bbf'l:;bU'eln~:;('l1Mb'Yi~"1I'W'VJn 1 tI ~1V1~'U1J~:;b'VIPl b'VIU~fl':J1~~'el'ln1m~:;('l1~'VJn1J~:;b1l'VI 

b'U~U~'elUf'l:; 13 v1'eltl fl'W1'V1uij~~~1n1~Hn~:;('l1~ "llU('lvl1'l 1 ~1~1n Fl'el 13 nLf'lnf~/fl'W/iJ 

bri'el bmU'UbYiu'Un'U1J~:;b'VI PI~~(;J..J'W1 bb~':J'elrJ1'l b'll'W 1J~:;b'VIPl~V1f~'elb~1'n1 bbf'l:;njtl'W ~'lij~~~1n1~ 
<IS ~ • 

,2542: 1) 

, ,., 
n~:;('l1~Yib~1Hn'WYi1~1iOl1m~'Wlm~n1 Yiij'el~ 1'Wbij'el1~V11!'el-W"Jlv11'l1 L('lU-W1~1bLumu'W 

b~'Wlm~n 1 ~'liSUn~1L~'elVl1!'el6~'eln~:;('l1~ ~':Jun~~~~fivl1'l 1 L~'el~1~iOl1n1~V11!'el~"llij 2 "llU('l1~bbri 
I t.t. I" I I 

bU'ellu~'W n'ULu'ellum':J ,1ruVl1Yl'Yi'Ul'WtliOliOlU''Wilfi'el,J~:;b'VI PlLn"1l1('l bbflf'l'WbU'elYi-W1~11-ill 'Wn1~Yi1 
~ . 



• •• 

2 

Vhln"l/1':l'elth:l;l ~'el,:m11F1ru~2JmiL'\.,l~h'\.,lFl':l12JL~ilm LLrl~F1':l12JVI'\.,lVl1'\.,lLtI'\.,l~1~ru 'el1i01H'L~'eliOl1n. ~ 

~rU1~~2JL~'eliOl1nLfIl'M~1LYi11~iOI~L~F1':l12JL~ilmL~2J;'\.,l m~~1'M'el1fj;]"'1L~tJH'L~'elm~~1'ft~'eln 

"l/1':l2J1"'1 LtI'\.,lm~~1'ML~m~2Jm2J1ru~'\.,l"l/1':lL~2J1n~'\.,l m~~1'Mvi'el"l/'el\l m~~1'M"'1 r;NtJ'\.,l~ L2J'\.,lj;f
• 'lJ 

I I I II 

M1~Yi LU'elV1HL~tJ2J1nhJ~h'\.,ln11~'elnL~m1':l1tJ~tJnm~~1'M'llU~il~1n1~~1'ftmilm~1'el 

, ~ 

U'\.,lL'el\l n1~~1'MtJ1~LJlVlilLU'\.,lm12JL~ilmLtI'\.,l~1~C]J ~'el V1'\.,lj;]'elLL1\1~\1 LL1\1~1'\.,ln11~n"l/1~ LLrl~LL1\1 

~'\.,lVl~rl1~;l n1~ ~1'ft2J':l'\.,l'lJ~~ ~'el\liJ FI ru~2JmiYi LfIl'Mn~1 n1~(;)1'M'llU(;)~'\.,l~'el ~'el\l L'lJ1'J1\1 LLj;]Vj'J LL~\1 

, ~ ~ 

~~1 L~2J'el"l/'el\lm~~1'ft m~~11ft''lJ n1~~1'ftL-n F1ij'el n1~~1'ftLoif1. '\.,l~'el\l'll1~'el\liJ F1ru~2J'lJ~ ~ ~':n 1~;l 
• 'lJ 

" ~ 

'tl'el'\.,l~2JhJ LL~\Im~ ~1\1 "'12J1i011n LU'el LFliJ~'eln"l/1':l ~~2J LU'el1~'lJ~ ~~2J~11LFliJ Lfl nU'eltJ 'lJ1\1 F1f\lhJ 

~~2JLrltJ Loj{Ltl'el"'1LL~'\.,lLLj;]U'eltJ L~'elLlli~n1~~1'M'lJ1\11 ~~2J~j;]1\11 L~'elL~2JFI':l12J~':ltJ\l12J 'Il1H' 

I II I I I;' II 

U\l~'\.,lLij'elvhLL~'\.,lLL~':l iOI ~~1'\.,lLFl1'el\l"'1L ~U'\.,l n 1~ ~1'ML~fhil~\I'tl'el'\.,l'll2J n 1~ ~1'ML-D F1~U1U'\.,l~'el\l n11• 
I I II I 

F1':l12J~~'el1~ "'1i011mU'elLFliJ~'eln"l/1':l~':l'\.,lLoj{~':l'\.,l~~2J"l/'el\lLU'elLtJi'\.,ltJ1~2J1ru 30% LU'elLtJtJ1':l 

n1~~1'ftrln~n~1~f'lJ"'1m'l'el\l'lJ11i01~'\.,lFh
~ ~ 

tJ1~2J1ru 70% tJ1~n'el'lJ~':ltJn1~~1'ft2-3 -D'\.,l -D'\.,l'\.,l'eln
'lJ 'lJ • 

~ , 
LiJ'\.,ln1::;~1'ftFln~Yi~'\.,l1 -D'\.,lnrl1\1 LtI'\.,lm::;~1'ftrl'el'\.,lrln~n Lyj'el~'el\ln11F1':l13-1 LL~\I'elU ~':l LLrl::;F1,)12J~'\.,l1 

'lJ 'lJ 'lJ 

, ~,
 

~~ ~I L~ 2J'el ~1'\.,lL '\.,l"'1 ~':l tJ n 1::; ~1'ftFln~ Yi~n-D'\.,l iOI::; L,"'\.,l1~~1 LU'el n1~~1'ftr;) n'll~11tJL oj{tJ 1::;LtJ"ll'\.,l1~2J1 n
 
'lJ 

'el1V1L"ll'\.,l 'Il11tJ"'1n1::;~1'ft~U\I~'E)Yi2J~ Yi2J~LtI'\.,l~U\I~'elj;]1\1 1L~'elL~F1':l12J!LLrl::;'h':l~11LLritJ1::;"ll1"ll'\.,l 
, ~ 

"'1 LtI'\.,lmi'el\l Lyj'elL~'el1~11Yi':ln'\.,l2J 'Il1~rl1~ j;]1\1 1 "'1 LtI'I.lJl1"ll'\.,l::;'lJ1~"'Flru,,1'\.,l':l\ln11'fJj;]~1~n112J 

fi'\.,ltlj;]1 iOI'\.,ln1::;~\1 n1::;~11ri11::; "'l1ntJ1::;LtJ"llU2J1 n2J1 tJ"l/'el\l L~'eln1~~1'ftLLrl::;n1::;~1'ft F1':l1L~F1':l12J 
,~ , 

~1 ro1C]JLLrl::;~'el\liJn11~n'ft1L'\.,l~'el\lil'elU1\1 j;]'el Lil'el\l 
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~ , 
rh.:Jeif1'J (Rice Straw) LtJ'l.l~fl (;] LV1~'elVi.:JVl1.:J m~Lm~tl'l~"lJ'el.:J CJfHJ~ l'Ieif1'J L1J~'eln ;.:Jeif1'Jn'el~1• 

~ , 
LtJ'l.lfit1!~'ll1J~:;~1'll1 ~ Ltl'l.l'el'lVl'l~"lJ'el.:J fOl'l.lLVlU4J'l~.:J LL~lJ~Hl.m'lf'l LtJ'l.l~'l.l~h L~'elm~~.:J'el'eln LLf'l:;v'h 

LLf'l :;LLnf'llJ L~'jj'LVI~'el ~'el~1.:Jeif'l'J ~.:JL~iJm~\l'lfOl'J14J~Vl'l.:J':)Vlm ~1fll'lfLLf'l:;L Vl fOlL'l.lLf'ltJ m~Ln'jj'l'I~CJ~ l'I 
'lJ 

, ~ 

.nruan ~'l.:Jeif1'J L~'el1~ri'el1J~:;Lmnr'elth.:Jfl.:Jfl(;] Vi~Vl'l.:J m~1ojf1J~:;LU'll\Jr.nn~'l.:Jeif'l'JiJ ~.:J\l 
'lJ • 

2. ~'l.:Jeif'l'J~tJ'l.lf'l:;L~tI(;]LL~'J1-if1'l.ln"'lm~~'l.:J1 L"ll'l.l LtI'l.l~'J'l.lCJfl4J1 'l.l; L4J'l.lj;] Li:l'l.l Filler 

1'l.l~'l.l~'lL~"'l~1J LtJ'l.l Filler 1'l.lmnvn:;L~~ 
'lJ 

~ ~ , 
m~~n'jj''l':)r.ruf'1f.:J\l iOl:;~m~n L~vn:; 1J~:;LU'll\J"'l'l n~'l.:Jeif1'J 1'l.lnnil Vi LtI'l.lm~~00J'l.l1 CJ~ l'I 

m~~[;,J,J'l.l'l1J~:;LVl ~LVlU , 2539 LL~1'l.lLL~"lJ'el.:Jm~\l'lm:;(;]'l'jj'~'l.:Jeif'l'J4J'lri'el1: 6) ~Ln (;] LtJ'l.lCJ~ l'I.nruan 

1'l.lru LLlJlJ~'l.l~.:JhJiJ m(;]'V'h':)r.rtlL~ 
'lJ 'lJ 

,
"'I'" ,
'll.:J tl'el'J '1 

~ 

~.:JLtl'l.lmnLntlt1!V1'lm~"lJ'l(;] 

~ 

LLfOlf'l'l.l~ l'IQ~lJ LLf'l:;f'l (;]ll'l'J:;m~vh f'l'lu1.J'l ~.:J'I1'l.lCJ ~ l'I.nruanm:;(;]'l~'ln~1.:Jeif'l'J ~.:J dj'l.l~nVl'l.:J L~'eln 

m~u n ~:;~lJ ~n tlll'l'W m~~[;,J,J'l.l'lm~CJ~l'I~ l'Ifl'lVln~~4J1V14J~'l.lLtJ'l.l'l.lLtllJ'lU~~'ll"iC1l"lJ'el.:J'l.lLtllJ'lULLf'l:; 

LL'l.l'JVl'l.:Jm~1r.rtl"lJ'el.:J'll'l~ ~UlJ:vl 5 ('W.~. 2540-2544) LLf'l:;LLCJ'l.l~[;,J,J'l.lrILM'jj'fjn"'lLLf'l:;~.:JfOl4JLL'LA.:J'll'l~ 
d.9 

... ... 
~lJlJ'Vl 8 ('W.l"l.2540-2544) 
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, 
CIt. ...... 41'"'..:::1 0 

I:.l~ Inllru"'VI'V11~1n 

0­

n~::: l'l1'1j'hlLJl~'el..:l n1 ~rl';n~b'VIlJm LL~::: rl';n~ l"l..:l'VI'l..l~1 nun tll..:lU'l..ln1 ~I:.l~ InVh..:lo]1 'J~1'V11 m::: l'l1'1j' 

, 0­

1:.l~n1~'i~m1-'el..:lu~..:I btl'l..l1J~:::LU"llU 

0­

(1) ~'Jbb1J~~~j'::: n~..:IU 
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" " 
~'l'l!'l.! ~rHLUffi~J'::"'l::'tltJ1'l.!J'u "lJ'tl'lnJ'::l?l1M 4 "llUl?l ~'llJ.. .. 

, 
l~LLfi fllru~~~"lJ'tl'lnJ'::l?l1M"'l1nyh'lojf1'J VluJ'::n'ilU~'JtI. 

" 
-w1~'l!n~1j;JJ'~1'l.! fll'J1~~'l.!1 

<IJl 

(1) n~~~~~'l.!1~~j;J.nruennJ'::l?l1M"'l1nyh'lojf1'J l~LLri 'l!n~nM1mfkJfkJ1j;J1-tJ 4 

~1"lJ1ii"ll1fll~nJ'J'~f'l1~j;Jfi'Jlu-fll~nJ'J'~f'l1~j;Jf~nM1 ~1'l.!'J'l.! 16 fll'l.! 

(1) ~'JLLUJ'tlM:: (Independent variables) l~bbri ~~j;J.nruenm::l?l1M"'l1nyh'lojf1'J 

4 UJ'::b1lVl ~i11"'l1nnJ'::l?l1M"'l1nyh'lojf1'J 4 "llUl?l 
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o 0 

~1~~::~1U b"1l L~u~le1~~~n 1"11 ~ LL~::'YJ~n LU'fl n~::~1,;-vi~'fl hJ'YJ'flnLU'fl n~::~1';-~,)U 

" 
le1b~~L"'l'WLiJ'flf'fl'flnl"11~ il 4 "1llj~ ~-:JU 

, 
"" cj

"1I'W~V1 n~:;~1';- 2% hJ'YJ'fln 
0
 

"" cj


"1I'W~V1 2 n~:;~1';- 2% 'YJ'fln
 
,
 

"" cj

"1l'W~V1 3 m:;~1';- 4% hJ'YJ'fln
 
,
 

"" cj
"1l'W~V1 4 n~::~1';- 4% 'YJ'fln 
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0­

Hf~'eltl'V!~'el1-n 'Wn1~j;] nLLr;1-:J LVltl Hfn~::;~'l~'lnvl'l-:J-ir'l'J LU'Wr!~~'V!~n mJ"'el'elnLu'W 4 ,J~:::lJl'Vltff-:Jll• 

, . 0­

,j~::;LtI'1lU ~'J ~~'l t1Vl-W'l~'l j;] n LLl?l,,'V!~'el ~'J'l~~'J t1-:J 'l~ L'V!~'l::;~ ~"1J'el" eJ~ j;].nt:Uov1'W'W 

, , 0­

1. LUUn1~L~~~~ ~'l6jJ'el-:Jvl'l-:J-ii'l'J~-:J LUUr!~ ~ L'V!~'elVi-:J'Vl'l-:J n1nn'Mj;]~ 
~ . 

2. rl'elN\n ~m~'W j;J.JU'l e.J~ (;}Jlt:Uov1m::;~'l'Mvl'l,,-ii'l'J1 U~,JLLUUeJ~ (;}.nt:Uov1r;1'l-:J 1 

3. LtiULLU'J'Vl'l"1Un1d''Wj;J.JU'leJ~ (;}Jlt:Uov1nd::;~'l~'lnvl'l-:J-ir'l'J 



~ 
tlVIVI 2 

L~'f)1,x,n"i~4't1uJ'J'fHJ~ IW1J..JiOl ~:W..:J'\!IJ..J1t1 '"l(U:;en4't1 1cJl"h n1J'~n~l ~U'"lr)l L'f) n~lnL~:; 
q q q '\J 

, , " 
..:J1u~4't1vhnm-n'f)..:J t~t1U1 L~U'f)~..:J~'J-n'f)(;\'f) hJll 

(Fiber) 

, " 
UJ':::LI1'Vl ~ 11..:J '"l'J 1J..J LL.:n..:J LLJ'..:J1,xnu~l rXufl'J u1'\!1 qJVi1'\!1ihVlfl..:JU1 LL~ :;m'\!ll J'''lJ'f)..:J rXuYl"ll il~n~(U:; Liju 

, " 
L"1l ~~UJ':::LI1'Vl ~11..:J fI'J 1J..J LL.:n..:J LLJ'~ 1,xnU~1 rXufl'J u1'\!I qJVi1'\!I ihVl fl..:JU1 LL~ :::m'\!I1J'''lJ 'f)..:J rXuYl"ll il ~n ~ru::; 

dJUL"1l~~"lJU1~L~n 1 Lijum1~tI1'J (~~(;l '\!I1'1JiOl1..:J~'Vl'i LL~::;irtlU1 UtlJ..Jt)U. 2532: 1) ilfl'JU 

U:i':::n'f)U'Vl1..:JL'"lil'\!l~n'f)tJ 4 "llU~ 1~\Lfi L"1l~~t~~ (Cellulose) Le1iJL"1l~~t~~ (Hemicellulose) ~nUlJ 
'lJ 'lJ 'lJ 

(Lignin) LL~:::~1J'~n~~lJ 1 (Extractires) 
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., 
1.	 l~b\l'fl!l'fl'lJ ~':l'lJL'j,u1Jdj'lJlm'lJb"1J[;)~'lJ1':l Hibbr1 ~'lJ~'fl~L'I.J ~'lJ~1~L'I.J 4'~lbtJ'lJ'Vi':ln 

., ." 

1s- .... '.' s- .!'''I''1 .... 1s-... ... - ­Coniferous Wood ~b'lJ'fl'fl'fl'lJu:i':;n'fl'I.J(;l':lm'Cl'lJ btl b'lJb'lJ'fl ~~1'l':l1~tJ1':lb'il~tI 3.0 - 4.0 ~~~b~(;l:i' 

., 
1s- .... .. 1s-	 , s- % • 1 ' ... S­.f'1 .....f'1

2. ~b'lJ'flbb"1J~	 ~mn (;l'lJtJ1~'Vi1:i'1 'Gin u:i':;~ (;l:;bl'ltl'lJ bu'lJ(;l'lJ '"l(;lbu'lJ'Vi':ln Deciduous 

Wood ~JL«'lJLtI~~1'l':l1~tJ1':lb'il~mYitl~ 1 - 1.5 iJ~~b~[;):i' 

~_I ~ 

2.1.2 'eHl~1J'ii'~n'el1J'YI1~L~3J 

.,	 , 

2. biliJb"1l~~L~~ ,J:i':;n'fl'I.J~':ltJL~b~ Q~"1J'fl~tJ.1(;l1~1J:i':;bJlV1 Hexosell Pentose bb'J'J~'lJ 1 

hib"ll Glucose b"ll'lJ Galactose Manose , Arabinose J;\'flri'lJbtJ'lJ~1t1tJ1':l 
, ., 

3. ~nU'lJ btJ'lJ'Vi':ln~1:i' High Polymer ml'l:i'~~~1~Vls]'l.Jojf'fl'lJ~1nL'lJbtj'fll~ 'l.J1~1J:i':;bJlV1 

iJ~nU'lJbbV1m'fl~:i':;"d1~ Polymer vhm~h~ btJ'lJ~1:i'£j (;l b«'lJLtlL~~(;lri'lJ 
., 

4. ~1:i'~ri(;l1~'Vi'I.J~1nL'lJb\l'fl1~'l.J1~1J:i':;bJlV11J:i':;n'f)'I.J~':ltl~1:i'~1'Vi':ln Resin Acid Fatty 

Cellulose Hemicellulose Lignin Extractives 

Soft Wood 42	 23 29 4 (%) 

Hard Wood 45	 34 21 - (%) 
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I iI I I 

1. Lti'fl"llU~L~'Wt[Ji'W~'fl Lti'flYii1fl'J1lJm'J"1I'fl'lL~'WttJ'fl~t'W"ll'J'I~~'VI~1'1 1.0 - 3.0 ii~~LlJj;]~ 

," , 
LtI'W~'W Lti'fl"llU~~'"l~Hyh m~~1h'YihJ ~'fl'l n1~fl'J1lJ L'VI~mlJ1 m1n 

, " 
CJ~j;] Lm'fl"llU~L~'WttJm'J~'Wt'Wtl~~L'VII'"1LL~t~fhJ1L-if1'"l1n~h'ltl~~L'VI1'"1 L"ll'W ~~ L~'W ~'WLL~'Wl?1 LLfl'W1 ~1 

LL~~U'J;n LL~'W~ dJ'W~'W t 'Wtlt~L'VI 1'"11'VItJ i1 L~'fl~1 LtI'WL~'fl"llUj;lL~'WttJm'J nfl'J1lJm'J"l/'fl'l L~'WL~'el 

L:n'l~j;]~1'V1n~~lJhJ~1lJ1~Cl'W1lJ1HfCJ~j;]Lij'WL~'tl'1lUj;lL~'WttJm'J1~ L~'fl'llJ1'"l1mElJ1ru"l/'fl'lLtl~'fln~1 

m~lJ 1n'W'fl1l1tJt 'W1Jt~L'VI 1'"1 L~'fl"llUj;l L~'W ttJ m'J4'j;l LiI'WL~'W ttJ~i1 fl rull1'W L'W ~1~i1 fl ru~lJ~~~"l/'fl'l 

,... ... .. 
'1l'fl'J'VImIi'l1~j;]~ Oryza Glaberrima 

~'fl'J'I~ Oryza 

" ,
L~'WttJ"llU~~'W fl'J1lJm'JL'U~m..Jt~lJ1ru 0.54 - 0.92 ii~~LlJj;]~ 
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... ... 
91'U'tI1'J 

'l.J~n'jfl'JLVI-nm ~'J'lUllF1mn~L~~:;1lIrIUl"1l1'J'l.nUtJ~'l.J~n-ifl'JL~1 

'a1n 'flti1~~h~'W Ul'1fh~'WfitJ~'WL~'flhi1~-ifl'J~~ ~'W-ifl'JhJiJnmLn'JiJLLj;]jln~'fltJ.. 
., 

~1~'U iJin~ru:;Ltl'WL~NlnNn~I\lLL1J\l'fl'fl mtl'W'l.J~'fl\l 1 iJ-if'fl n'Wj:;V1~I\l'l.J~'fl\l 
., 

~'W-ifl'JLtl'W~"1lL~'W1tJ"1lUl'1i'W ~1~'WH'yhnj:;l'11~1~ (~~"'lt1 H'LVlm.J'J\lff 2528: 195). 

L"'l1'lJ L~tJLIn LL~:;~~I\lL~~l'1-ifl'J 1tJ'l.Jj:;n'fltJ~'JtJmtJ1tJ LL~:;LLeJ'W1tJ mtJ1tJ ~'fl~'J'W~~l'1'fl~ntJ-if'fl 

"lJ'fl\l~I~'W LL~:;~'fl~~~'W.;rl'JH LLj;]~:;.;r'fliJ L~t.I\lVl~\lmtJ1tJ LLeJ'W1tJ~'fl ~'J'W~'flti L'\.rW'fl-if'fl j;]'fl"lJ'fl\l1tJ. ..
 

., , 
'a'J.:J LtI'W'JI'fll'1'fl n"lJ'fl\l-if1'J (Infloresence) Ln l'1~'WVI-if'fl"lJ'fl\l'l.J~'fl\l'fl'W~ l'1Y11 tJ"lJ'fl\l ~'W'jfl'J• 

., 
(Perfect Flower) L~jl :;iJ\1\l Lm~jlif'J LiJtJ LL~:;Ln~jlif'J ~'flti1 'Wl'1'fln L~m n'W .. .. 

L3Ji~i1'J Ltl'WLL'J\l~tJn~1 Endosperm LL~:;~'J'W~LtI'W~'W'ei'fl'W (Embryo) ~mA'fl 

~~Ll'1m'l.J~'fln'W'fln~tJn~1 Lemma LL~:; Palca LLi1\lLtl'W~'J'W~Ljl'J1tnFl ~'J'W~'W'ei'fl'WLtl'W~'J'W~iJ 

~';) In LL~:;\l'fln'fl'fln"'ll n L~~ l'1~1 Ltl'W~'W-ifl'J L~'fltJl1'l.JL~I:; LL~:;tln F1'Jl~~'W.. 

2.2.4 'IJ'a:;L!l'YiU 

-ifl'J Ltl'W~"1l~'l.J ~ .. n n'W~'J'l.J j:;LVI Pi 

., , 

~\l'l!kl L""'W1~~11'WLLj;]~:;tJ"'l:;iJ~\lLVI~'flH''''llnmj'l.J~n-ifl'J ~'fl ~1\l-ifl'J.. 
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'1J~n-if1'J LV1ilm	 ~'J'W1l1l"ln~1'l LL~:;1l1l"l1~"ll1'J'W1'nm.J,J~n·jh'J L91 

'a1n 'eltJ1~~h~'W U(;)~1~'Wf11J~'WL~'elhJL~-n1'J~:J.J ~'W-n1'JhJiJ~1nLLn'JiJLL(;]nn~'el[J 
'lJ 

., 
~1 ~'lJ iJ~m~b1J:;dJ'W L~~'l (;l~'ln~1'lLLtJ'l'el'elmu'W'1J~'el'l 1 iJ-n'eln'W~:;V1~1'l'1J~'el'l 

L"'l1ryL~1Jt(;l LL~:;~~1'lL:J.J~(;)-n1'J L1J'1J~:;n'el1J~'J[Jn11JL1J LL~:;LL~'WL1J n11JL1J ~'el~'J'W~~(;)'el~n1J-n'el 

"lJ'el'l~1 ~'W LL~:;'lA'el~:J.J~'W-n1'J H LL(;]~:;-n'eliJLYi[J'lVl~'l n11JL1J LL~'WL1J ~'el ~'J'W~'el~ LVlil'el-n'el(;]'el"lJ'el'lL1J 

., . 
'a'J.:! LU'W-n'el (;)'eln"lJ'el'l-n1'J (I nfloresence) Ln (;);'lJVI-n'el"lJ'el'l'1J~'el'l~'W~ (;)V11[J"lJ'el'l ~'W-n1'J• 

., 
(Perfect Flower) L~~1:;iJ..r'lLn~~~'JLiJ[J LL~:;Ln~~~'Je.J'eltJL'W(;)'elm~mn'W 

'lJ 'lJ 

L~~ (;l'l!1'J LU'WLL,J'l is[Jn~1 . Endosperm LL~:;~'J'W~dj'W~'W'ei'el'W (Embryo) ~nt.i'el 

~:J.JL(;)m'1J~'eln'W'elniS[Jn~1 Lemma LL~:; Palca LL,J'lLU'W~'J'W~L~11J1L11l"l ~'J'W~'W'ei'el'WLU'W~'J'W~iJ 

., , 
~'l'l!'W L~'W1~~1L'WLL(;]~:;tl9:;iJ~'l LVI~'elH''''l1 n n1~'1J~ n-n1'J ~'el ~1'l-if1'J 

'lJ 
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1. Yl'l~~1'l.ln1nm~~~ L-ntJ ,J'lhJ1-ifLiJtJm~'ln~tJ~~~tjltJ~~LL""~ 1-ifvh'JtJ~~n ,J'lhJ1-if 

L~'l~L~~ ,J'lhJ1-if~~'-J~~'l ~tJ~ L~'l~tJ~n 1tJ~~ LL""~ LtltJ~tJ 

2. 

LLe.J'U1l1~ 1 n1'J''lhi1IJ1tr'1.itJ'J'~btJ'if'UL'U~1'U~1.:1 1 
l'i~.mJlhmJ 

• 
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" " umm91 'U'Il11 

~ 

\ 

..
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I "'" "'" I I 

L~.,'J L'"l~ruL~lJ Lj;]~.J11~lbJ'W1'WljL'el.,'J i1'"l'"lu'Wlj,J~:;L'VIM1'V1tJilLN.,'J1'W~~j;] L~'el L~'elr.l1~'I,htJ 3 LN LL~:;il 
~ . 

, 
LN.,'J1'W1'Wn~~ 'elj;]~1~n~~~L~'elLL~:;m:;~11~ "lJ'el.,'J Lf;~'el~ L~'Wrm.'VIt1tJ~:;n'ellJ cX')mJ~';'VI1 'WLf;~'el 5. . 

, 
1. lJ~';'V1 L~'eln~:;~l1~~tI1~ r.l1nl?l il1~.,'Jn1~~~j;] 43,000 ~'W l1l'elU 

, 
'"l:;j;]'ellJ~'W'el.,'Jf1,)1~~'el.,'Jn1~1l1t11'WtJ~:;L'VIM ('elj;]~1~m~~L~'elLL~:;n~:;l?I1~. 2533 : 1-5) • 

;'Wl~L~n 1 L1't1n Chip (ru~.,'J1"f 1'V1fiL~ntl~. 2526: 520-521) 

~ f?1Y11t1"lJ'el.,'J m:;'J,)'Wn1nj;]1'm.6[;Hl~lJ fi'el Vl1 1~rrj;]'l~lJil~n~ru:;dJ'W Chip L~'el'"l:::-W1~1 Lj;]1'mJ 

L~'eln~:::f?11~,r'WL'el.,'J (fi~~~ ,).,'JPl¥lJl'W. 2507: 287) ~fiLj;]1'm.JL~'elmfin1~v'i1'elti 3 ~fifi'el 
'" 
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I I I " 

(1) ':jflL~ LLFlULn~ LtI'L.l':jflVlLU'tl QnlJ~ 1~Lt\'L.lLUtl~~L~[J ~ ~':l[Jfj n hJ~'L.l'l!l1-'el L'l!I~ nntn 

~~'elU~~'tl~ L':l~"IL~'el,J'el'!n'L.l~nL,.]~~ L~'eln:i'~~"IM"1l\l~e"l:;ijFl':l"l~~:;L:a[J~ LL~:;~~"IL~~'el~"Im~'el 
~ ~ 

~ , ~ 

"JlU~\l~,!ij~'!Lr.lmJ'L.l'l~LLri y.j':lnFl"lfllJ'l~L~~'V1 ~nU'L.l Ln~'elLLi LL~:;m'! L"ll'L.lL~mnlJLtl'el'l~'!ilroJru 

~~~'l,.]~tl'n Ly.j~"I~'l,.]1"ll L~'elL'1l~~ L~~~lJ1~'V1t L'l!I~"I:;~"I'l!IruH'~"In:i'~~TI~~'l,.] 111'el'!m~Fl':l"l~ L'l!I\lm 
~ , 

n~:;~"IM\4'tl"ll'el\l"Jl\l~L~':l LtI'L.lI11'L.l 1'L.l~':l'L.l~~'el ~"IFl"lCln LL~:;'l~m~"IruL~'el~\1 
~ ~ 

I I I " 

(2) ':jflLFli1 Ln~ Ltl'L.l':jflVl~rI1 ~ LU'elVll~ijFl':l"l~~~'el"l ~~"In Ly.j~"I:;Qn 111~ ~':l[Jtnm LFlil 

1'L.l'l!l~'elI11~ 1l"l[J1111Fl':l"l~~'L.l"l'L.ln~:;vf\l Lt\'L.l1[J"ll'el\ll~ LL[J n"l"l nn'L.l L~'el"l:;ilFl':l"l~oJ~ LL~:;L'l!I\lmvl'eln 1~ , 

"ll"l':l1~~"I[J ~\IHf~"In:i':;~"I~l~'l!I~"I[J 1 "Jl\l~ ~H'n'L.lLLy.ji'l!l~"I[J~"I'l!Iru~"Im':;~"I~~~vrLL~:;L;J[J'L.l L"ll'L.l 

n~:;~"IM~~~ n~:;~"Im'L.l"l2![J n~~~"1~\4'el"ll'el\l n~:;~"I~"ICl\l~L~'L.l[;] n:i':;~"I~~nvln~"I'l!IflJ~"I 
q q ~ ~ 

" I ~ I 

hJ~~-w"lmLFlil'elu"l\l'el'el'L.l L~tl1~Ltl'ell~'el'tl'L.l~':l LL~':l-w"l1t1lJ~~':lmFl1'el\l1J~~"I~':lm'l!l~n Flru~~~, 
I I I " tJ 

I .diI 14 I ~ IV.Clt, .dI.Clt, q «V J q 0.... ..cS: 

~"I\I 1 "ll'el\lLt!'el"l:;'el~n\ln~"I\I~:;'l!I':l"l\l"Jl'L.l~ 1 nlJ"Jl'L.l~ 2 L[J'el"Jl'L.l~'L.l'L.llJ':l"l~Fl':l"l~~"IFl'1J~"In"ll'L.l Ly.jn:; 

~"I~"I~CltJ"It)[;]~~lJ~"I1-n'l~'l!I~"I[J"JlU~~':l~~\I~"JlLt\'L.l1[J~'L.l1 L"ll'L.l 'l!IcY"I[;]"I\I 1 "Jl"l'L.l~'el[J LL~:;vl"l\l.jf"l':l 

i-' I I iI I 

L'el"ltJ"Iml11~'l!I1'el~"I nFlij ~\I~ntl~nVl~ n fl"l'l'tlU'tl'tl n1~'l!I~~'l!I~\I'"l"l ntl''L.l n'ltl r.J"I'L.l~:;LLnNi'el'L.lLU'elLLlJlJ 
~ 

I I I " II " 

19l"l\l 1 L~'tl Lm~\1 LLtI~ ntl~'el~'el'elnL~'l!I~ V1 LU'tlL'L.l-n'L.l~'el'L.l\l'"l~il~-w"l(;l"l ~ 
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" 
Um-J1-nri'l.l1~LLri "llu'J'I.lm~ CEHD ij~1tJ~:::LtltJ~~~~ (LIOlM!)1 ~'J~~nJ, 2542 : 24-25) 

C = Chlorination ~t'lnf'l~t'l1'1.l 

E = Alkali Extraction ~1~t8Ji~11~ 

H = Hypochloride ~t'lnle:lhJ 

D = Chlorine Dioxide ~t'lnf'l~t'l1'l.l1~~t'lnl8Ji~ 

" 1" tJ ~" Q'I.l"llt'lLL~m 'I.lm~ t'ln~'JtJ~1~f'I~t'lru ~~~IOl1mr'l.ltJ1hJ~t'ln ~1t'l~2-J~'JtJt8Ji~11~ 

...." I I " 

m~~t'ln~t'l~i'l.lLLm~LiI'I.lm~~~Lm~nU'I.lVif'l~L~~t'l~~~m~~2-JL£jt'lt'lt'ln ~~nlOl1mr'l.lndj'l.lm~~t'ln 

l;:. .... 
2.3.2 "1J'U1PI'fI'Un1'ieJ~lPIn'i:::~11~ 

Lrit'ltN~1'1.l~~[;lL~t'ltJ1L~t'l~~~n~1 ~t'l tN~1'1.le.l~[;ln~:::~1M tN~1'1.le.l~[;ln~:::~1Mij~fim~ 
'U 

" " 
'Vhm:::~1'11t~mLtJ~LtJ'I.li'l.l[;lt'l'l.l ~~~ 

, " " I I I 

1. tJ1 L£jt'l2-J1 ~h'm:::IOl1tJcif'J 1'I.ltJ1 IOl1mr'l.l~~1,Ju~Lut'l1 'I.lLf'l1t'l~'I.l'J ~L£jt'l 

" , 
'Vl n"ll U~ij~ [;l ~1 n1~~ ~~2-J"1It'l~ L~~ 'J~t'l~ 2-J m ~'I.lt'lnlOl1 n~IOl::: L~2-J~ L~t'liit'l2-J n ~:::~1M1tXij~~1t'l1~ LL[;],Jt'l tJ , 'U
 

I '" I !V II !V
 

L~t'l1~~~'JtJ~12-J L'Ji'l.l1~~tJ1~'I.l LL~:::~'J~L~t'l"li2-J~L~~t'l~1'1.lL\lt'ln~:::~1M'YirI1tX~"ln'J~'I.l(Grey) vl.:J 1 

f'I'J12-JIOll.:JIOl:::t'lt'ln1tJ'Vl1.:J~L'Vl1 ~1n~t'l~m~1tXm:::~1Mijf'I'J12-JL~~mL~2-J~'I.l1ilOl:::~t'l~L~2-J~1n~2-Jf'l'J1~ 

,
 
UrmL~2-J~1~~1~'Jn~'I.l"1l1'J (Kaolin) LLfI~L~tJ~f11'Jt'lL'I.l[;l (CaC0

3
) LL~::: Titanium Dioxide (Ti0

2
)
 



•• 

• • 
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, , 

(Wire) ~~,,~'i~':l'l.l(;l~'flr;)L':l~1 n1nnr;)LiI'I.lLL~'I.ln1~r;)1~U'l.l(;l~LLnNF1~1t1nun11.yhn1~r;)1~~1&l':ltl 

I II I I I II 

n'fl f;)'fl L.jf[?]~LLnN~~~':lr;)[?]')Cl~m:n LL~~LU'flL~~r;)[?]~LLnN~~~'ilmtl'l.lLL~'I.l'fl'flm,J11&l Ln'flU1LU'fl'ilU. ~ 

" (Press Section) ~n~ru::LtJ'I.l~ n n~~"1l'l.l,)~L~nJ~'fl~~n n ~ tl'l.l'flULr;)t1iJ eJ1inw,nr;) 
'" IV llJ CIJ 

, " " 
(Felt) ~'I.l1 1 1'fl~~U'fl~L~'elhjL~m::~Tlfl1~ n1m~u,,::iluu')L'I.ln1~r;)1'1:ffi'flm.J1~n [?]')).J).J1[?]11 

(Dry contentent) 
>­

L'I.l·ll':l~~'fltl~:: 40-45 ~i~"1nuu11tl'fl1Ji.'I.lfjn'fl1J (Dryer) LtJ'I.l~n'VlNm::1J'fln 

" , 
'VlN n~~Jl1t1L 'I.l~ n'flu,,~iJl'flu"l LLN~'I.ltl1'1.ln~1~ n~ LL1~ ~'I.l~~ L'I.ln11'il1JL~m~~TI~LL ~~ L'I.lLF11'fl~ ~~[?] 

~ ~ 

Ztl~~1tJtlU1~ L-n'l.l n11u"ll,J~r;),]'iltILtI'I.l~':lilL~n 1 ~1'flu11tJ~~LtI'I.l"1l'l.l1r;)~~'fl~H~1'1.l "l-11n~'fl~H 

LtI'I.lm::r;)1~'fl')f[?]H.yhwl1~~'flri'"l::iJn1nF1~'flU~':lm~~1~ (Coating) l11L~~':l~t1ULL~~iJ'I.l 

, " 
LtI'I.l'ifin1)'Vl~1J'Vl'flr;)~1~~bL(;]U),),Yi1J)'~,r'J~'I.lU

" >­
e.J~[?]L'I.l'fl~[?]n1Ji1"",r'l.lUbL'Vl1Jtij::hjLL[?]n(;]1~n'l.l~1n,rn ;1~L'I.l~1'1.lF1ruJl1Yi"1l'fl~n1:::~1~ LL~::'ifin1:r 

" " 
c.J~[?]LLtJ'HtI'I.l 3 -n'l.l[?]'fl'l.l ~~il 

I 
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ill! 

,	 '" 
int)[;]tl~lJVl'"l:::~~[;] Lrh.ln~:::t'l1~"J1 ~1'l.loJr'l.l[;]'a'l.ln1~L[;]1t1~ LU'a ~'a• 

" 
1. m~LL"Jlt)[;]tl~lJ~\l1'l.l'lh~:::mt'lLtI'l.lL'Hn• 24 

,
-n')L~\l1~LtJ~'an'el'a'l.l~,)~\l 

,	 " 
2.	 m~~~LU'a LL1J\l'a'an1~~\l11 

" " 
(1) m~~~~,)t1~ dhLtI'l.l';)flLLlJlJLlJ~1 tlJ';)fl~~~,)'l.l1 vm.)'"l:::H'ti\loW1iJ'l.l 

I C)I II II II	 II 

"ll'l.l1t'l 200 ~[;]~~1~1l"1~\l 'VI1-'a l-rnlJoW1iJ'l.lfi1t'l1~oW1(;]\llJ'l.l1~'"l'l.lL~'at'l~\l1~t)[;]~~lJ1~~ Ltl1~\l1tJm~ 

I I I II	 I 

l"1')1~L'VI~1:::~~ H\,)~1~~ 3 -5 -n,)L~\l LU'aVl1~'"l1nm~~~~')t1~LlhiJn'"l:::n~tlJfl1~hj~ihL~~'a 

I II	 I I 

Ltj'a\l'"l1n~[;]~1~,)'l.l"ll'a\l~ LlhhJLL'l.i'l.l'a'l.l LL~:::tJ\lVi11 ~ LU'aVl ~~ L~~'"l LL~')~mJm 

" 
(2) ~~Lt'ltl1-ifL'll t'l11~ LtI'l.l';)fl~:::t'l')ntJ~:::'VItJt'lL,)~1 LL~ :::tJ~:::'VItJt'l L~'a 

"	 , 
3 m~~1\l~1~Ll"1n'VI~\l'"l1n ~~~')t1~ Ltl1'V11-'a 'L'llt'l11~LL~,) '"l:::~'a\loW11tJ~1\lL~'aih4' t'l 

II	 I I I II 

Lf"1~~\l Li:l'an ~Ltl1 LL~:::'L"1i t'l11~'a'an'"l'l.l'VI~ t'lU\l~1\l~1m'Vh 1~'"l:::1~ LU'aVlnl"1tlJfl1~~1n~'l.l• 

o •
2.4.2 n1'i'Vl1bb~'lJn'i:::UI1'H 

L~'a~ ~1'l.ln~:::lJ,)'l.lm~L[;]1t1~ L~'a~1 LL~,)'"l:::tlno;h1~LiJ'l.lLL~'l.ln~:::t'l1~~,)t1i:l'a (Hand Sheet)
'II 

I	 I II II I I 

1-n~n'J'l.lLth1~n mm ~:::'"l1t1 r;i'':l'aU1\l~ij1L~~'a 1'l.loJr'l.l~'a'l.ll1L~'a 1~LU'a1~nmm~:::'"l1t1 rfI,)'aU1\l 

, '" " 
~iJ1L~~'a 'Vl1\ln~~~\lL~~~~[;]~1'V1n~~~1~LL'l.l:::oW11~.jf tI1\ln~:::L~t1lJ~t'l~1~'l.lLmLi:l'am'VIilm 1 ~~~ 

II ~'W I	 I 

nlJoW11~n l"l,)1~ L-if~-if'l.l 1: 1 oW1\J1t11\l n~:::L~t1lJ~ t'lVll"l,)1~ L-if~-if'l.l 1: 1 1~~\l1'l.l,J'a rfImu'a 10w 

'elm1~,)'l.l 1:30 "ll'a\lJ1L~'a'Lt'ltlm~1~~'"l:::Vi11~L~'an~:::'"l1t1~')'Lt'ltl~~lJ~ciLnt'lm1~~JrIL~~'anow 
'II 

, " 
[;] :::LLn~\l ~\l ~') t'l~\l 'a U1J'l.lL~ ~~1~'l-11m~(;]n.jf'a'l.lLu'a~'l.l~1 n1~~n ~'a\lm f'ltll"l')1 ~~1'l.l1 ru~ 1n L~ n:::

• 'II	 ~ 
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II	 I II , 

lmcJ L(;)U"'l:;CJ~3J nUW1 L~ ntJraUn 'J'l.l1~ Lura LLc;]n ~'JvJ~'l.l3J1rath\l~ ij1 L~3Jra L'Vl~\l1J'l.lC;]:;LLn N'JlU(;) n S'~'J U 
~	 q 

,	 " , 
c41~\l ~1rac411mJ'J ~\l~\ln1JLvJS'3JV1l11~'Jul~ 1~~rau~'J1'l.ltJ1H'~~\liJraLLC;]:; 11~Lural~nS':;"'l1ul'i'J 

raran l1J~'J C;]:;LLnNrath\l~~1 L~3J'El LL~'Jun C;]:;LLnN~'l.l':ifiLLC;]:;'"l:;1~Fl'J13J~'l.l13J1nn~1 LL~:;~U1J 
I	 t I I II II 

~ ij1 L~ 3J'el ~1 n c4uc;]:;iJ Fl'J13J~1'l.l1 ru ~n1J S':;n"lS'~i1\l':ifiLLC;]:;~13J1 S't1tJ1 LU'ell1J-n\ltJ1~\1nri'el'l.l1~ ~\l\1'l.l ... '"
 

" ,

~\l":h1~~FhtJ1~\1n3J1C;]S'~1'l.l"ll'El\l nS':;(;)1M'~ij1 L~3J'eln'l.l'Vl n LLcJ'l.l LLffifin"lS'LLc;]:;"'l:;H'L'J~11'l.ln"l S'CJ~ c;] 

~	 q 

" " 
1'l.ln"lS''':h':i4'uFlf\ltJ "'l:;1mfin"lS'CJ~c;]nS':;(;)1MvJ1\l-if1'J ~'Ju';)fin"lS'~n.jj'El'l.l LYln:; 

"	 ,
'l.l'eln"'l1n\1'l.lnS':;(;)1MvJ1\l-if1'JV11~'"l1nn1S'l'in.jj'el'l.l~\l~13J1S't1tJ111J1~ 

Oil"' "' 2.4.3	 n1'i'VI1 \UL'lII~
 

, "
 
L(;)Un"lS'tJ1c;]:;LLnNl1Jc;]1nLL(;)(;) ~1'el'el1JLL~\l~\l'Jl1'J1J1'l.lhmU3J~\l~\lUu3J1mfi~\lL~3JFi'el 1~Fl'J13J~'el'l.l 

"'l1 n LL~\l LL(;) (;) Ln'elLL~\l ~LL~'J~\l LLn:;nS':;(;)1mt:l n iI'1.!~1~Yl1J'Jl1'J1J1'l.l2!nUU3JtJ1 c;]:;unNl1J c;]1n LL(;) (;) 

C;]13J13Jt1'l.l'l.l~U11J1'l.l vl11~~'l.l1Ol1nn"lS'iru"'lS'1J~'Jl1JLn"l:;~(;)n1JnS':;(;)1~\l~\lh1LL~\l~ Ltl'l.l~1mc;] 
q '"	 q 
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,... I ~~~~U I'"~1,mJ~ ~ I ~~L~~ I~ 

1 
...

Yl~ml1,) '" ~1,mJ~~ 

1 
'5~LLlPI:; ~ I ~1LL~tJ I 

1 
n~:;(;n~ I~ 11PI1nLLt~~ I ~ I ~~~n I 
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.d oClto OJ' cr,.Jo ...::II Q' Q I i,I 

L'W'fl 'I til1n I:J~ j;]Jl tu"Vl j;]1'11 'VI 'VI 1~ltill nn J':;j;\1'rt~~1 n~lt1~~lt1"1l'Wj;\ LLj;]~:;"1l'Wj;\tI'fl~ j;]'fl'ln lJ' 

nJ':;j;\l'rt~iJ~~~LLj;]nJ;]l'1n'WhJ ~~~"lI'fl'lnJ':;j;\1'rt1-nnl~'Wj;\tJJ':;LJl'VI"ll'fl'lm:;j;\1'rtt~L~~1:;~~nU 

I II II II !I 

iJ F1'Jl~ ~ iJ1L~ ~'fl"ll'fl'l Lll'fl nJ':;r;l1'rthJLVI1 n'Wj;]~'fl j;\'\1'1 LLtJ'W '\1'1\lL'ViJ'1:;LFiN ~~l'1"l1'fl'lm:;j;\l'rtt!J':;n 'flU 

" ~ 'Wtill n n1 J'~ 1 'W ~'J"lI 'fl'l L~'Wttl LL~ :;iJ~ln~~LLJ;]'1'fl j;\-rl'fl'l~1'1J':;~~1'1 L~'Wttl i n'rttu:;'V11'1LFlN~ ~l'1"l1'fl'l• 
" " 

m:;j;\l'rt ~'1 LtI'W~'Jtl'l;mJ'4'l'l~tI'I~'J"lI'fl'l'fl'lI'1t!J':;n'fluJ;]l'11 Jllf.lt'WLtl'flnJ':;j;\l'rt L"J!'W mJ'nJ':;tillti 

~'J"lI'fl'lb~'Wttl Vi Pl'VI1'1mJ'~tI'I ~'J1'WLL'W'J"lI'Wl'WLFl1'fl'l"ll'fl'l L~'Wttl ~'1til:;iJl:J~ ~'fl~~1~~'W 1 "lI'fl'lm:;r;l111 

" 
in'rttu:;'VI1'1LFlN~~1'1"l1'fl'lL~'Wttl 1~LLri ,j,l~,:rn~lj;]J'~l'W (basis weight ~1'fl grammage)

.L9 

, 0­

F1'Jl~~ihL~lJ'fl "lI'fl'lLtl'flnJ':;j;\l'rt (formation) ViPl'VI1'1"l1'fl'lL~'Wttl (directionality) 

" 2 ~~ ~'VI1'1L:n'ln~"lI'fl'l m:;l'll'rt ~~~L:n'ln~"lI'fl'lnJ':;j;\l'rtLtI'W~'Jtl'l;t\'1~ntlJll'Wt'WmJ' 

I ~ !I ~ 

~'1LLN L~g;ll\lt'W~~lt1i'Wj;]'fl'W ~'1LL~mJ'eJ~j;] 



22 

~"" 0' ff'	 ~iI'" ff' ..cS ~ 
3. ~lJ1J(;J(;J"I'\.IVlfll'\.lfll"l~(;J~~'el,:m~:::~l'l~ ~lJ1J(;J(;J"I'\.IVlfll'\.lfll"l~(;J~~lJ"I£.IlJ~ ~lJ1J(;JVI"I~LL~~"lJ'el~ 

n~:::(;J"I~'!J~"In:JLLfi~"I£.I(;J"Il~L~ri	 1"1,)"IlJ"lJ"I,)~~"I~ (brightness) 1"1,)"IlJVi1JLL~~ (opacity) 1"1,)"IlJ"lJ"I,) 

" 1"1,)"IlJ,r'\.l')"I,) (gloss) ~lJ~L~~hl1"lJ'el~n~:::(;J"I~l,.]~"IlJ"I~lJrj(;JI"I"I'el'elnlJ"It(;J£.Im~£.I~~nm~V1"1~yj~n~ 

" " ,
L~£.I~'el£h~ L~m1~ LL~~:::~'el~,J~:::n'el1J~,)£.I~~nm~V1"1~~(;JiiVlmi,)lJ ~,)£.I V1~l1LYi'el1~~'el(;JI"1~'el~ti1J 

~llTVm"l~lJ'el~L~'\.I~'el~~"I£.I(;J"IlJ'\.I~tJ ~~~'el~m~£.I(;J')~(;J"I1'\.1m~i~Ln(;JLL~:::~lJ'el~~(;J~'\.Im~~1Jn'\.lm~ 
~	 ~ 

"" ,
lJ'el~ L~'\.I~n 1"1~~ ~~t!'\.I1'\.1m~rj(;J 1"1"1 Lnmti1J~lJ~V1"1~~"I'\.IVlfll'\.lfll"l~ (;J~~ ~'el~,J~:::n'el'J ~,)£.I'zb'\.l~"If'1'1! 

3 ~,)'\.I1'\.1m~~~"I~cw"l ~'el LL~ti~ihLil(;JLL~~ n~:::(;J"I~~lJn~'el~~~"I~ LL~:::(;J')~(;J"IlJ'\.I~tJ~~'elLI"11'el~rj(;J 
~ . 

4 

" 
Lil'eln~:::(;J"I~ ~lJ1J~~"I'\.Im~~"I'\.IVI"I'\.I (resistance property) ~lJ"I£.I~~ 1"1,)"IlJ~"IlJ"I~lJ"lJ'el~m:::(;J"I'ft1'\.1 

" 
m~~"I'\.IVI"I'\.Im~enlJVI:::~~"I'\.I"lJ'el~~"I~1(;J 1 L-ihl'!J1'\.1Lil'elm:::(;J"I'ft 

(greaseproof paper) 

""	 ,
~'el~iJ~lJ~~1'\.1m~n(;Jti'\.l~~~'el"lJ'el~~~~,) l'eltJ"I mmfll 1"lJ,r'\.l L~~:::'el'elnenL~'\.I LYi'el'!JniJ'el~~'\.I~h 

~ 

, " 
~Y1~'\.I LL~:::~tJ(;J~"I'\.I'd'\.llJ1nlJ"I£.I	 en~~~~fhl1iJ~~~'el't1m"lm~1~~~h'\.lm:::~nr:/'''lJ'el~~1~enlJVI:::~~lJ1J~ 
qj q qj qj	 q 

" 
~1'\.1m~n(;Jn'\.lLL~:::~"I'\.In1~~"I'\.IVl1'\.1"lJ'el~m:::(;J1~ l~LLri n1~1~~~h'\.lm:::(;J1~ m~vhH'n~:::(;J1~ 

" n1~vh1~n~:::(;J"I'ftiJ~lJ~ ~1'\.1n1~n (;J n'\.l 
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, I 0­

LVi'flfo)';l12.J L-n11'"1Vi~n ~'fl'l1\,li'Wj;J'fl\,l 

0­

1. f')ru~2.J~'VI1'1mtlfl1Yi (Physical Properties) LL1J'I'fl'fln'l~Ltl\,lf')ru~2.J~mJ'lJ~1'1 1 ~'1ii. 

, 
(2) f')ru~2.J~Lnmri1JLL~'1 (Optical) L-n\,l fo)'J12.J'1I1'J~~1'1 fo)';l12.JY\'lJLL~'I fo)'J12.J3J\,l 

. 
(3) fo)ru~2.J~'VI1'1mtIJl1Yi~\,lL-n\,l fo)';l12.J~\,lrILLt.i\,l fo)'J12.J~1\,l'VI1\,l'fl1mf'l LL~:::• 

0­

~1~~ril?l LL~:::m~~1fo)';l12.JL-n2.J-n\,l'1l'fN'lJ1t11Lfo)iJ Lij\,l~\,l 

(2) f')ru~2.J~~tjl?lLl?ltl~fi'VI1'1'lvH41Lfo)iJ L-n\,l fo)'J12.JLiJ\,ln~l?l~1'1 (pH) Oxidatic 

Reduction Potential (mV) LL~:::m~'lJ1'l'YJ.yh'1l'fl'l~1~~:::~1t1 LtI\,l~\,l 

3. f')ru~2.J~'VI1'1mtlfl1YiLfo)iJ (Physico-Chemical Properties) r;i'J'flth'ltl~1n!Jmnu 

'VI1'1 mtlJl1Yi Lfo)iJ~~1 ri'1J1\,lm ~~~ j;J L~'flLL~ :::n~::: l?l1~ 1~LLn 

0­

(1) m~Lnl?l'YJ'fl'l (Foaming) 1'Wi'Wj;J'fl\,lm~~~j;J LLfl:::fo)'J12.J'VI\,l'VI1\,l'lJ'fl'l'YJ'fl'l 

(5) tlnn!Jmnw'Vl1'1 Electrokinetic ~'W 11'1.1 Wet End 

0­

(6) mn1ltln LLfl~;j2.J'lJ'fl'l'lJ1L-n11'Wm:::l?l1~ 
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2.5.3 n1'iVl~'lI'tI'Uf'l'\U11'W"lJ'tI~n~~1H..t~'1 1tJ 

Lti!l'llOllnm:;~11~iJF\n!~~~~LLtJntJ~tI'W~I~~1l1,):;!l1mfilLL')(1\~!l~ ~'lJ'WL'Wm~~LF\~I:;~
• 

" 
tJ~:;L'Vl fill'Vltl 27+2 "ll. F\,)I~:n'Wi~~'Vli 56+2%
 

"
 
tJ~:;L'Vl fil~'VIt'J!lL~ln 23+2 "ll. F\,)I~:n'Wi~~'Vlfi 50+2%
 

"
 
tJ~:;L'Vl filL'WtIhtJ 20+2 "ll . F\,)I~:n'Wi~~'Vlfi 65+2%

• 

I II II I I 

tI!l~t'uri'Wl1',) t~ n l1'l\JLY1!lL,xr.J~m~~ LF\~I:;~V1l~iJF\,)I~r;m~!l'l LL~:;~I~I~f:l LmtiU LVitiUL'WLLl'i~:;.. 

'" .... <r
~1~~Jl'Wr.J~~llr:w"~~~I'V1m~~ (~!ln.) 

m:;'Vl~,)'l!l ~~I'V1n~~~ tJ~:;L 'Vl fill'Vltl•
 

International Standard Organization (ISO)
 

American Society for Testing and Materials (ASTM) 

British Standard (BS) 

Technical Association of the Pulp and Paper Industry (TAPPI) 

Federal Test Method Standard 

1 m~lr:wrl,)I~~'W (moisture content) 'VI~It1~'l m~Ir:w"lJ!l'l~IL'Wn~:;(1\I1j'~~ILtI'W~!ltl~::: 

" " 
"lJ!l'l'!Jl'V1'WnL~~ ~r:w~~~\JiJF\,)I~i~~'Wfirium~Y1~~ m~tJ~:::nu n1~LF\~!lU m~~(1\ m~'Vllm') 

LL~:;m~~~fi~'W 1 L'Wm~yh Ltl'W1l1']j'W:;~U~~' ~fim~'Vl(1\~!lu!l1f1t1'V1~n m~!lu~'W'Vl(1\~!lUIOl'WiJ~1 

Vi'Wn rl'l~ ~1 ~~~I'W~H1~LLri ISO 278, ASTM D 466 LL~:; TAPPI T 412 
J.9 

2. F\,)I~'VI'W1 (thickness) Vi~It1~'l ~:;tI:;'Vll'l~'l'Ulm:::'VI~I'l~,)Vi-WI~'l~!l'l"lJ!l'lm:::(1\I~ 

dJ'Wl~ rl~!l'W'VI1!lij~~L~~~ F\,)I~'VI'WI"lJ!l'ln~:::(1\I1j'~UI'lrlf'lnlSti n~1 F\1~htJ!lf (cal iper) lOl:::iJ~')'W 

i~~'Wfiriu~r:w~~~~L~tI')ri1JF\,)I~ L'VIi1t1')L'Wm~t~'l'l!l LL~:::rl,)I~LL~'l ~'l ~1F\1 LL~:::m~~~fil'il'l 1 
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410 

U1-:1~'eJ l~tfOl~i'hj;]'eJf(micrometer) tl1 LiI'l.m~:;(?ll'M'Wl.!1 L"l!'l.l LLcJ'l.ln~:;mM~n~n LLrl:;LLcJ'l.ln~:;(?l1'M 

LL~-:lfOl:;HL'J'eJfLtl£J ~1j;]~ij1'l.l~Hll~LLri ASTM D 645 LLrl:; TAPPI T 411 
<Ill
 

~ .... ~ .o:::S II
 

3. 'l.l1~'l.ln~1j;]~ij1'l.l (basis weight '\II~'eJ grammage) ~~1tm-:l ~1~trnn~:;(?l1MLtI'l.ln~~ 
<Ill 

(;)1l~'l.l~ 1 j;]"Wl-:lL~j;]~ 1'l.lU~:;LVlflI~~~ij'eJL~1n1UtmH~'l.i'Jmtl'l.ltJ'eJ'l.lr;l(;)'eJ~'l.l~ 1,000 j;]1~1-:1yJj;] ;-:1 
<Ill ' 

~ ~ ~ 

1-ntJ'el~1 MSF fOlN~~~llHn1'\11'l.l(?l~1fOl'1;'el"ll1£Jl~LLrl:;iJfOl'J1~i~~'l.lfinum~1NfOl'J1~~'l.lLLrl:;, 
~ 

fOl'J1~LL~-:lLLN"lI'el-:ln~:;~11'Mtr'l.l '3fim~VI(?l~'el'J'el1~U~1j;]~j1'l.lISO 536, ASTM D 646 LLrl:; TAPPI T 

~ . , 
~~vr mh'J~'el tl1n~:;(?l1MiJ~hS£JUfOl:;"lI'Jm:i11t¥m~~~vWl~'l.l LfOl~'el-:l~'eJVl1f)LM1:;t.f ~'el Bendsen 

smoothness tester t(?l£J1'(?lri1'fij;]~1n1~1'\11rl"ll'el-:lmmfll~1j;]~j1'l.l~'elTAPPI T 470LLrl:; ISO 2494 

5. fOl'J1~"lI1'J~~1-:1 (brightness) '\II~1£JG-:I fOl'J1~~1~1~rt1'l.ln1~~:;V1'el'l.lLL~-:I ~-:l1'(?lfOl1mLcJ'l.l 

..,; QI ..l'l"'" d"'<II ~ ~ 
LfOl~'el-:l~'eJVI L"Jl'JLfOl~1:;~fOl'eJ reflectometer L(?l£Jml"l£J~1j;]~j1'l.l ASTM D 785 LLrl:; TAPPI T 452 

, ~ ~ 

~-:ll111M'l.lVl (?l~'elU"lI1(?l (;)'elfOl1 n~'eJu L~~ iJ'\IIt.i'Jmtl'l.lnrl~U'J#f'l.l'\ll~'eln~~ UN fOlN~~~iJU'elnG-:IfOl'J1~, 

tester L(?lUm~U~1j;]~ij1'l.l ASTM D 607 LLrl:; TAPPI T 414 
<Ill 

",.c:9: .dI: Q,.' do 

7. m~j;]1'l.lLL~-:I(?l-:l"ll1(?lLLrl:;m~mHi\') (tensile strenght and elongation) ~~1t1rt-:l fOl'J1~ 

~1~ 1~rt'1J'el-:l n~:;(?l1'M~fOl:; ~1'l.lLLN ~-:I ~-:I m:;Yi1~Url1U-n1-:11~-if1-:1~~-:I'1J'el-:l~'l.lVl ~~'eJu~iJ fOl'J1~ nrJ1-:1 

~ ~ ~ 

~'l.l'VI (?l ~'elu£j (?l#f'J'el'eJ nfOl 'W"lI1 (?l iJ'\II'l.i'Ju LtI'l.l~1ltlrl:;"lI'el-:l fOl'J1~tI1'J b~~"lI'el-:l~'l.l'VI (?l~'elU fOlN~ ~~i1~~~'l.lfi 
q 

10 
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ASTM 0828, ASTM 0829, TAPPI T 404 LL~:; TAPPI T 456 

8. l"l'J12J'V1'W'V11'W~'tlm:i'~'U"lI1111 (folding endurance) ~1'W'J'Wm~~'JhJ2J1 (double folds) 

. 
~ , 

l"l CU~2JlliilJii l"l'J 12J~1l"i ru n 'Un ~:;"l1~Ylii m~H' 
~ 

ASTM 02176, TAPPI T 423 LL~:; TAPPI T 511 

9. l"l'J12JLL~~~~ (stiffness) ~2J1t1~~ l"l'J12J'V1'W'V11'W~'tlm~tfl~~'tl"ll'tl~n~:;1111~ ~~~2J~'Wfin'U 

l"l'J12J LL~~LL~~"lI'tl~!l1"ll'W:;'U~~'"l l"l'J12J~12J1~(J 1'Wm~~h'W'V11'Wn(;l11'U LL~:;~"'I L~j;1~vh1,xLn (;l mn~mtJ 
• • 'lJ 

I I "'JJ 
~1~ 1 Ll"l1'tl~iJ'tlYl1.jjtjLl"l~1:;if'}ru~2JlliilJii~~1t1LL'U'U ~'Wn'U~m~ru:;"lI'tl~m:;(;l1~ vi'J'tlth~ L"ll'W 

, ., 
m::;(;l1~Yliiu1~,rn-W'tltl'"l::;1-if Taber stiffness tester ii~\.i'JtlLtI'Wj;11L'U'tlf (Taber) t.l1Ltl'Wm::;(;l1~ 

LL~~~1'tlLLcJ'W~n~n'"l::;H' Kodak stiffness tester iit-n.btILiJ'WLn'tlfL~U (gurley) 2J1j;1~~1'W~Hll~LLri 
'lJ 'lJ ~ 

TAPPI T 451 LL~::; TAPPI T 489 

" " , I" 
1O. m~(;l(;l~2JU1 (water absorption) ~2J1t1~~ m2J1ru"ll'tl'lU"'ILtl'Wnf2JYlm::;(;l1~~~iiVi'W 

'lJ 

, ., , 
j;11~1~L2Jj;1~ ~12J1~(JI11(;l;2Jl~!l1t11'WL'J~1Y1ih~'W~H FhlJ'"l::;'U'tln~'l"ll'tl'lL~~'JYlHn'Um:;(;l1'ft 

'lJ 

., ., , 
L"ll'W U1 m'JL~~'J ~;jn~2J~ '"l:;;2JL·jhl,J1'WL;j'tlm:;(;l1~1~2J1n-w'tltILYitl~h~fim~YI'V1(;l~'tl'UiStln~1 

"A'tl'UD L'V1~" (Cobb test) LL~::;HLl"l~~ij'tl (Cobb sizing tester 2J1j;1:i'fi1'W~Hl~LLri ISO 535 LL~:; 
~ 

ASTM 0 2045 
., 

11. m~~(;l~2JU1"l1'tl~m::;(;l1~vh~n~n (water absorption of corrugating medium) 
, ., 

~2J1t1~~ L'J~1Y1m::;(;l1~:;(;l(;l;2JU1m2J1j;1~ 0.05 ~n'U1MnL"1I'W~L2Jj;1:i'1~~2J111 i:lml'JtlLtl'W~'W1-Yi A1 
'lJ 'lJ 

~ 

~1'WLLN n (;l'U'W~'tl'W~ n~n'"l'W~'tl'W~ n~ n,r'WtI'U~~'"l'WLL'U'W iiml'JtI LU'WU'J j;]'W ~1'tl nt~ nf2JLL~'l 
~ ~ llJ 'U q 



• •• 
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Hf~1m~1'lJ ~'fln.321 ,ASTM D 2806 LL~::: TAPPI T 809 
"" 
13. n1),~1'lJLLNnl11'J~bL'WJ'lJ (ring crush resistance) ~~1t1~~ l"I'J1~~1~1),C1"11'fl~m:::~11~ 

, , " 
Yl'"l:::~1'lJLL),~Yl~ 1nl?1"'lJLL'lJ'J),:::'lJ1U flU n),:::l?11~'lJ"1I'fluin~u ~~~'J tI LtI'lJU'J ~'lJ ~~'fl nt~ nf~ LLN fhu 

~ Fl'J1~~~~'lJfiflUl"I'J1~LL~~ LL),~"'lJn1)'~moD'fl'lJ"1I'fl~nt'i'fl~m:::m~LL~:::n~m:::l?11~ LFli'fl~~'fl~Hf iii't) 

Ll"Ii'fl~nl?1 (crush tester) LLft:::~4'1J~'lJVll?l~'t)U (ring crush holder) ~1j;)),~1'lJ~HfVll?1~'t)uiii't) 

~'an.321 LL~::: TAPPI T 427 

I II I I II I II II 

~1'lJLL),~~'lJYlm:::Vi11J'lJ~'lJVll?l~'flu~btl~m1YlL~~~'lJ'flth~~~1L~~'fl '"l'lJVi11.wn'lJVll?l~'flu11'lJ"1I1l?l ij 

... 
~ti'JmiJ'lJnt~'l..h~m~ (kPa) 1-1~'flnt~nf~LL),~~'tl(;\1n~L'li'lJ~L~(;W (kgflcm2) ~ru~~~Uijl"l'J1~ 

i~~'lJfiflum),~1'lJLLN~~"1I1l?lLb~:::n1~~1'lJLLN~n"lI1l?1 Lf')i'fl~~'fl~Hfiii'tl Mullen tester ~1[;\),~1'lJ~ 

H1~LLri ~'fln. 550 , ISO 2759, ASTM D 774, ASTM D 2738, TPPI T 403 LL~::: TAPPI T 810 

15. l"I'J1~~1'lJLLN~~V1::;~ (puncture resistance) l"1'J1~~1~1nl"11'tl~LLc.J'lJn~::;l?l1~~nyJn~. " " 
, " 

'"l::;~1'lJLL~~Yi~V1:::~ ~~~'JtILtJ'lJ"l~ (J) f')ru~~lliiui1f')'J1~~~~'lJfinul"l'J1~L~i1U'J LL~::;n1~1f1'lJLL~~ 

" 
shock) '"l1n1l1t1'lJ'flnLl?ltJ j;)N 'lJ'fln'"l1nuu~ill"l'J1~~~~'lJfiflUl"I'J1~ LL~~ LLN"'lJn1~~U~oD'tl'lJ"1I'fl~ n~'fl~ 

m::;~n~~nyJn~1nn~1ri1l"1'J1~~1'lJLLN~'lJVI:::~ Lf')i'tl~~'a~Hfiii'fl puncture tester ~1j;)),~1'lJ~L-niii'fl 
\J ClJ Cl rJS 

~'EJn. 550, ISO 3036, ASTM D 781 LL~::; TAPPI T 803 

... 
n1~V1l?l~'flui1ij l"I'J1~~1~ru ~'fl LL~'lJm::;l?11~~nyJn~1n 

~ " " 

nl?l (crush tester) ~1j;)~~1'lJ~L-n lrJ\LLri ISO 3037 
"" 
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17. n111~h'WbbNn~~'fl'U\jn~n (flat crush resistance) 'lUJ1U~\l F1,)12-1~12-111Cl"ll'fl\l~n~n 

1'Wbbc.j'Wm':::~1'Jj'~n~n~'"l:::L~h'WblN n ~'U'W~'fl'W~n~ n1'Wbb'W,)11'U'"l'W~'fl'Wb~ull1 i'hn.i'Ju dj'WFI,)12-1 ~'W 

~'tl nt~111~n1~ (kPa) f11~l~ilm12-Ji2-JYr'Wfiri'UFI,)12-J~'W1"l1'tl\lbb~'Wn1:::~TI~~n~n bb~:::F1':l1~ 

~1~11Cll'Wn11i:J'fl\lri'Wn1m1:::LLi'ln (cushioing ability) "lI'tl'm'cl'tl\ln1:::~1'Jj'~n~n bFl~'fl\l~'tl~H'~'fl 
I I '" I 

bFl1'fl\ln~ bb~:::bFl1'fl\l~~~'WVI~~'El'Ul~dj'W,)\ln~2-J 2-I1(;l1j1'WVlH1~hbri ISO 3035, ASTM 0 1225 

bb~::: TAPPI T 808 (fll'Wum1'U1J"'"l~UIA'fllViU. 2534 : 43-48) '" . 

" " ,
'ifi~~1\l V1\lilbU'fl\l'"l1 n2-l'W'rtuilm1Yrlij.JH1V11\l ~1'W~ ~urunJ1 bb~:::m1'(;J.J'W1m1V11\l ~1'Wn11t.J~ (;l~'W. ., ., 

. " 
~~lbl1~\l bb[;]\l [;]'fl b~2-I b~2-I ~f1 ~l1bb'U'Ul~~'fl~F1~'fl\lri'UI"1,)12-1~'fl\ln1~V1\lVl1\l~1'Wn1~1-n~'flu bb~::: 

'" 

", " 
mJ~\l bb~:::I"1,) 12-1 ~'fl\l n1~"lI'fl\l (;l~1 ~ L~U ~1i1\l ~\l1"1,)12-1~,)U\l12-ll'W~'W\l1'WVI~ ~'fl'fln2-l1 bb[;]~::: 1"1¥\l bb~::: 

" 
m~w(;J.J'W1 t.J~(;lil ruOY]V1\l ~1'Wru bb'U'Ubb~:::n1~c.J~ (;l

'" 
" . 

Vl\l (;l~1 ~1'W111:::bVI fll bb~:::(;lfn~[;]1\l11~:::b VI fll "l!')U b~2-I"l!'fl\lVl1\lm~~1'l1fU1U b~~1:::1'Wu'"l'"lu'W~'l.!l!f1. 

I I '" I 

m~Yr(;J.J'W1t.J~(;l.nruoy] 'lIf2-l1Un\l ~\lVl2-l'lflj'U~'W1"1')1 'fl'flnLb'U'U 11~:::~hj'~'Wb-W'fl"l!,)U~1'W')tJ 

1"1')12-1 ~:::~') n ~ 'U1U1'W mJ"v11~\l~~ 
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., , 

rm..lll1~ ~~t.! L~1-Ji"l':J11-J~:;l1\':l n~1J1t11t.!n1~H'• 
., ., 

3. Innovation R'fl n1nh:;~~~l1\~t.!I:J~(;).tiru"Yl1~~~t.!1-J"1 LL~':ltJ1'flt1n~ (;)~1l1\ fiI~,mm 
oIlI 'U 

2.6.3 .fft.!(;)'eI'l.In1~~~U1t:J~(;).nW'YI''Vl2J~;~d 

(1) n1~LL~':l.:l~1fi1':l11-J~l1\L~mntHJ~(;).tiru"Yl1~~ (Exploration) Lilt.!n1~~1-J~t.!~~:;nn1~ 

~~1.:ltJ~(;).nru"Yl1~~ ~:;~'fl.:lLL~':l'l~1LLt.!':lfil':l11-J~l1\~~1.:l~~~fil1~~ 1 ~1mm~.:l~h.:l 1 ~.:l111t11t.!LL~:; 

, 

(2) n1m~t.!n~'fl.:lLLt.!':lm11-J~l1\ (Idea Screening) n1~~:;l1\1-JLLt.!':lfil':l11-J~l1\1~~ 1 U'fl1-Jn 

II I I I 

n~ n1~'"l:;~'fl.:lU1fi1':l1~ ~l1\m~1'l!t.!~1 n~t.!m'fl.:l L~'fln Ll1\t1~~1~ru1,j"'"l9t1~h'l 1vhnm-n'fl.:l ~l1\ L~'fln LLI'i 

, , 
Q q Go' Q Clo '" IV_ 

Lbt.!':l fiI':l1~fill1\'Vl L~~1:;~~nU~111~ n~ n1~ ~111~~'l Lb':ll1\~'fl~LL~:;b~~1:;~~nUtlfiI~~t1• 
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(4) n1~W~'L.ll~I'L.l~V1rlUfil (Technical Development) Ln'el~'"lI~rwlfil':lI~LiI'L.lhll~"lI'el-3 

LfilN n1~~flj;).rlrw"Y11V1~ j;)1~ LL'L.l':l A':lI~Fi ~~ L~'el n ~~~~1 ~L~':l '"l::~'el-3~1 eJl'L.lj;)I'L.l~1 ~'Y~ n j;)1'L.lVl~-3f)'el 

n1~i)r.rtJ1'L.l~I'L.lfil':lI~LtI'L.lhJl~ ~'"l~~flj;)'el'eln~IV1lhtJl~~':ltJ~'L.lVl'L.l~LVI~::~~ LtI'L.ln1~i)r.rtJ~I'L.l,x'tl-3• 

I !J !J!J , 

n1~'el'elnL~1J1Jj;)~':l'"l~'el1J nl~V1~'i'1'el1J~fl j;).rlrwen~'L.lLL'J1JVi~~j;)~'L.l 1'L.l-D'L.lj;)'el'L.lU LL'L.l':l fil':ll~ ~ ~ Lnmnu 

~~j;).rlrw"Y11V1~V1~ltJ1 fil':lI~Fi~ 1~'el1'"l'"l::V11i)fi~flj;)1~~':ltJ~'L.l~'L.l~LVI~I::~~ ~'el-3~~LflnLfilNn1~hJ 

LL~:'el1'"li:iVl~ltJLL'L.l':lfil':lI~~~~~'el-3H~::;tJ::;L':l~ItJ1':l'L.ll'L.l1'L.ln1~i)r.rtJA''L.lfil~IL~'el~flj;)1m~ 
o 

(5) n1~VIInMlUj;)~11n (Market Testing) d'j'elVl~~'tlU~ru~m~rw:::(;\I-3 1 "lI'el-3t.Jflj;J.rlrwen 

~'L.lLL1JU'"l'L.lLtI'L.l~~'tl1'"l LL~':l '"l:::Ul ~flj;J.rlrwen~':l'L.lVl~-31,JVlIn~'tl1J1'L.lj;)~1~ L~'tl Pin~,j~mtJ1'"l1nn~~ 

" 
j;)~IInLlhVl~ltJ Lij'L.ln1~~tJ'L.ll~~~n~~~n1~~'tl ~~~m~~n1~1ojf ~~'tl~'"l'L.ln1~tJ'el~1uVl1'ell~tJ'el~1U 

"lI'tl,m~~j;J~I~LlhVl~It1 L~'el~ILU'L.ln1~,jfu,jNL,j~tJ'L.lLL,j~-31,xLVI~I::~~nUfil':lI~~'el-:ln1~"lI'el-:lj;)fll~ 

0" , 
L,j~tJ'L.lLL ,jfl-:l LL~':l'"l :::~1n-:l-D'L.lj;J'el'L.l'i'1 ~Yflt11'L.ln1~W ~'L.llt.Jfl j;J.rlrwen f)'tlUI ~'L.l1'11'tl'tln~ j;J~ 1 ~ ~-:I ~'el-:ln1~ 

• 'lI 

o " 

n11':lI-:1LL~'L.l1'L.ln11,j~-min'"lm1~V11-:1n1~j;)fll~~~'elUfil'elU ~-:ln1nj;)1tJ~n11t.Jflj;) n11Lj;J1tJ~~'L.lA'11,x 

LYitl-:l~'el n11r.r~ Marketing Mix ~LVI~I:::~~ n11L~'elnj;)fll~~Cln~'el-:lLLfl:::L~'elnL':l~I~'"l::;':lI-:1j;J~llnl~ 
'lI 

" 0 

Cln~'el-:l n11':lI-:1LLt.J'L.l,jnlli\nl1LVI~hu ~':l'l!~'tl-:lnl1ojf'tl~~Vi~~U1nr~I,j1:::n'elun1~lif~~'L.l1'"lL~'elnntJ 
~ dJ ~ ~ 

" 
~::: L~tJ ~"lI'el-:l LLt.J'l!,j~,~ n11U 
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t-J~(11.nrui~LJnn!l'el~hl'vr'el'l(11rl1(?)i1IOl'U'l.l Lij'l.lt-J~(11.nruim'::(?)1~~rIL~mtl'l.l~'J'l.l1~'1J LLrl:: 

1Ol1nm~~1~'JIOl(11rl1(?) Vi1J~1 t-J~(11.nrui~iJm~~1~t,htl~'11~LLri ~n(111td-J1J1t1 n~'el'l1~'1l'el'l m§(?)'el'JtI 
" q 

,"
t-J~(11.nruiVl~'l.l~LJ~'Jtln~::(?)1~~1n~::(?)1~L~tI'l.lIOl(?)~d-J1t1n~::(?)1~~11J1~n LLrl::(?)'elnl~LJ1::~~..r1Ol1n

" ~ 

n~::(?)1~~1 LtI'l.l~'l.l (~mU'l.lfj~tlfjVltl1Pl1~(11§LLrl::1l1I'!LVlFl t'l.ltfimLL~'1LJ~::LVlPll VIti ,d-J. LJ.1J. : 5-3) 1Ol1n 

-if'eld-Jrlt11L·ihm'::(?)1~~1tJ 2531 'Vl1J~1 iJm~t11L-if1L'l.l'VIrl1t1~n~ru::~'1(111~1'1~ 2.1 
" 

md-J1ru (nn.) 

" , 
n1'1 Ln'leD'l.lL'l.lVi11Ol1nLU'eltln~::(?)1~ 

6,818 

1,000 

6,586 

7,554 

10,170 

16,074 

3,424 

30,624 

250 

3,897,212 

423,770 

418,595 

1,238,192 

638,550 

3,382,826 

940.670 

323,766 

32,943 

l~iJ m~VI (?)rl'el'l t-J~ (11.nruitr(11 tl n~~d-J1Ol1 n~::(?)1~~1 IOn n~ mU'l.lfj9'tIfjVltl1 Pl1~ (;l§LLrl:: 

LVII'!t 'l.ltrlmLL~'11J~::LVlPll VIti 1'l.l~rl1t1~ n~ru::~'1~ n~::(?)1~'el'1l'el'l'1l~ '1J n~::(?)1~Yld-Jvr'l.l1d-J,j(;l~ 

m'::(?)1~L~tI'l.lIOl(?)~d-J1t1Vi~'eld-J"ll'el'lm§(?)'el'JtlVi~ LFl1'el'lLL'1l'J'l.lLJ~::~1J~1 t-J,r'l n~'el'l1J~~IOl'1l'el'l Fl~.nrui 
q q 
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" ,
';j'VlmPl1~ lnfLL~:;L'Vlf)L'l.lL~th.J1"li'Jtl1 'l.l.:l1'l.l';j4't1 LL~:;m~~00Jt.!1 m~e.J~ In-ii1'J ~.:IVidj'l.l1.h:;LtI"1lt.!1j;)t1 lnN 

~ LtI'l.lCJ~In.tll:W'Vl'f}1,"1~LL~:;hJHm ln~'fl j;)iOl'l.lm~Hf1J~:;LtI"1ltr'Vl1.:1~'fl1.J L"lit.! m~LtI'l.lLL ,"~.:I~~.:I.:I1t.! 

,"~~M1 Ul:Wl:W:;~Uf)"r (2539) 1~~n'ft1m~Yl'flm~'flm:;j;)1~Lj;)t1';jfim~'Vl1.:1~11'J1l1~~'J~1• 
I ""11'1" I 

1'l.lUiOliOl u'l.l1~i1 rJ~ t.!1iOlYl'fl n LU'e) n ~:;j;)1'ftLj;)t1';jfi'Vl1.:1~'J1l1~1.J1 n ~t.!~.:Iih~'fl~ j;)Uru,"1 m nn j;)tJ1 L~t1 Vi. " ~ 

I I" I 

"1l1'l.l~'e)t1 ~.:IHLtI'l.l.rln~~1J1'l.lm~CJ~lnLu'fln~:;j;)1'ft Lj;)t11·ifL1'fl white rots ~.:Ii1CJ~1t\F11 brightness 

I " " " 

,"1'flf)'J11.J"lI1'J~~1.:1"l1'fl.:lLU'fl i1F11~.:I~t.! F11 Kappa number "il'e).:I~nU'l.l ~j;)~.:ILL~:;"li'Jtllt\tJ1Vi.:liOl1n 

<;' "'" "",J'
~N.:I1t.!1.J f)l:W1l1~ j;)"il'l.l• 

" ,
~'JtI';jfiL'1lj;)1'fl'fln"iLiOl'l.l 2 -Dt.!ln'fl'l.l ~'fl ~1.J~'JtlL'1lj;)1ri'flt.!Lj;)t11-nL'1lL~t11.J1e:1j;)~'fln1"lll'1 18% Vi'e)l:W,"lliJ. " 

, 

L'1lL~t11.J1e:1j;)~'e)n1'1ll'1 4% LL~:;LL1.JflilLiJ1t11.J'fl'e)n1"lll'10.6% Vi'fll:W,"llij 11 0 'e).:IPl1L"ll~LiJ1t1~ f)'J11.J~'l.l. " 

" ,
~1J~ 1 L~'fliOl ~ ~'l.lvi~tJ 1t.!"il1J'J'l.lm ~,"~n 1t\Ln j;) LLn~~'J1l1~ 111tJ1~~1l1'J :;.yjunPl'"l1 n• 
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~ ~ I ~ 

L"llij L'"lij Ln~'"l:;Yl11 ~~'ULU~'fl..:JL;'fl L~~..:J l'Un1~~1J Lth.l'U1'U'-nn L~~1:;Yl"ll j;h..:J 1 LVlfhiln~1'"l:;~~1tl ~') 

LU'UL~'fln~:;~11~'"l:;H'L,)~1~1J th:;1J1tu 6-8 -B'')L1J..:J ~..:Jti'UVl1ntJ1'ltJVl2Jn L~tl':jfin1~Vl2Jnl~Ln~ 

Lu'Un1~tJ~:;mj~L~'flL~~..:JLL~:;~1~~:;~1tl~1..:Jl'Un1~~1JLu'U'flth..:J1J1n~~~~'fltl'l~mJ~:;n1~VI~..:Jn~'fl 

~11J1~tltJ1 L'fl1LLn~;').n1~~'l~'"l1 nn1~Vl2J n L~'fl1J11-nf?11J L~'fl VlffiH1'Un1~VI..:Jf?11Jl'Uu1'Un~..:J'"l:;Yl11~ . 
I 'lJ I II I 

Ln~tJ~:;Ltl"lltr'flth..:Jnt)1..:J"lI,)1..:JU..:J~'U ~..:Jn~:;lJ,)'Un1~il~tln~1 LU'fln~:;~11fVl2Jn (Fermented Pulp) 

L~'fll~LLj;] n j;j1..:J'"l1n n1~c.J~ j;] L~'fl L~tl':jfiVl1..:J L'"lij"llil~~'U 

, " 
'l~~~ LiJ'UViti1~'fll'"l LLj;jL~'fln~:;~1~1nn nn~:;'"l~~'fl'U;r1..:Jtltl~1tl '"l')~tJ11J1"riOOJ'U1 L~tln1~tJ"IL~'Ultl 

'IJ • 

I I ~ II' 

"lI'fl..:JLU'flViij m11J LVlilm ~~1JL;r1'ltJ'"l:;"ll')tll~L~'fl m:;~11fijfOl,)11JLVI\lm1J1n~'UtJ1'lUH'Yl1c.J~j;].ntu't1 

" , 
'IA'fl"ll'fl..:J"1J1ry LU'Uf?1'U ij;r'flL~'U'flLL'U:;~n~1f01')~v'i1':j~m:jl..:JVI~~'fl..:Jin~tu:;L~mri'UilrilJnn"llil~~'U L"ll'U 

'U~'fl..:J L~tl1J'fl1V1~ LL~:;LfOI1'fl..:Jij'fl(2533) 'lWJ~tln1~.yi1n~:;~1~1ncrnj;]lJ"ll,)1L~tJl-iftjfin1~

"llU~ L~mrilJ~H'Yl1 m:;~1~~1 ~'d tJij'flVl ntJ ~:;n1 ~ ~lJ~1 L~'fl"1J'fl..:J crn j;] lJ"ll ')1 LU'UL~'fl"llU~ L~'Ultl i'U L'~ n. 

, " , 
crnj;]lJ"ll,)1~11J1mY1tJ..:J~'fltl~:; 10 - 20 Lvl1\J'U LL~:;'l~L~'U'flLL'U,)~~~1f01')~tJ1L'fl"ILU'fl"1J'fl..:Jcrnj;]lJ"ll,)1 
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~ , 
~..:J..11t~n~:;~11'I:tikn'EJLLlJ'l.! f'lruJl1Y/~"1J1rJ1~~1f'l'mY/..:J LL~:;LtI'l.!n1~~~n1~tojfL~'EJ~1~N ~1'EJLtI'l.!'Vl1..:J• 

1J~:;~~§Ltl'l.!~'l.!fhj;\1..:J 11~'EJth..:Jti1~'l.!tfOl 

1.J'lJ'Vl'EJ..:J ~LfOl1'lJ. "lltJ'l.!l91 ~~'lJ~'l.!fi LL~:;m'J~ ~(;\'l.!1 (2530) 1~~n~1,:)4'rJ~1'l.!f'l'J1~"JJ1'J 

LL~:;n1m~:;fOl1rJ~'J"JJ'EJ..:JL~'EJ L~rJn1~'l.!~f'l'J1~~'EJ..:Jn1~1~'fl..:Jt-if~1nf'lm'l.!n1~~~L~'flt~tJ'flrJ~~~LL~:; 

hJtojj~1~Lf'liJn1~yJ'EJn'll1'JL~'flij'fl..:Jn'l.!n1~L1J~rJ'l.!LtI'l.!~L~~tNLL~:;L~'flrJ~rJ Ld'flLiiuHdJ'l.!L'J~1'l.!1'l.! 1 

~ ., 
112 LL~:; 150 n~'-l j;\'fl\J1 10 ~(;\~ '-l1..11n1~~'-lL~'fl t'l.!L'J~1 6 -D'JL'-l..:JLyhn'l.! hJ..11t~~"1J'fl..:Jn~:;~TI:t~1 

'" I I I 

':)~ n1~..11 t '"n~:;~1'1~t"1J1'J~'l.!L~tJhi ~'fl\l t-if~1iLf'liJyJ'fln"1J1'J L~rJ,mj;\-w1 L~'flVieJ1'l.!n 1fi1~t ~L~'fl~:;L~tJ ~ 

~..:Jntj(;\tJ,J:i':;~..:Jfi'1 ~'fl 'Vl~~'fl..:J..11m:;Wl'l~f'l'J1~"JJ1'J~1fOl1nvJ'wif1'J L~tJ':)fi~\1 Lf'lm"lEJiJ~'J LL1J:i'~'l.! ;;;)'f] 

~1~l!n~nij~"llU"IL~~:;LL1J:i'r)1 1,500 , 2,000 LL~:; 2,500 nf~ L~'fl1J~yJ1..:J.jf1'JLL~..:J ~1:i'~:;~1tJ
'lJ 

~ 

1J~1 nD~1~1~l!n~mJ~LL~:;f'l'J1'-lL.jf~.jf'l.!".II'fl..:J~1~~:;~1t1L"ilL~tJ~1e:1~~'f] n'l"il ~ hjiJl:J~ j;\'EJ ~ruJl1'V'/"JJ'fl..:J 

m:;l?l1~tw~h'l.!~"hn1~'Vl"'~'EJ1J iJf1'J1~"]J1'J~rJ1\1 Wl1~~'l.!1 n1:i'~1'l.!LL:i'..:J~..:JLb~:;n1:i'~~~~~1"JJ'f]..:J 
'lJ 



• • 

35 

, 
m~~1'M f'lnJ.n1y.j"1ltl~ n~~~1'1:tYi ~1'l.lLnnJ"Yi2J1j;]~~1'l.l'flj;]~1~n~~2J H1LLn ~1'l.lf'l,)12J~'l.l1 bL~~. .~ 

, , ., 
~1'l.lLLN~~"1I'l.l1'l.lLfii~'fl~ ~,)'l.lYi'W~1'l.lLnnJ"Yi l~LLn f>l1f'l,)12J"1I1,)~~1~ bb~~n1~~~~2JtJ1"11'fl~m~~1'1:t 

tI " I I 

~,)'l.lf'l nJ.n1y.jtJ1Vl~"l1 nn~~u,)'l.ln1n'1 n~~~1'1:t"'l.l~1'l.ln1tJ.n1y.jYi ~1'l.lbn nJ"Yi2J1 j;]~~1'l.l ~'fl ~ LL~~n~'l.l. ~ 

., , ., 
"1I'el~tJ1 ~,)'l.lYihl ~1'l.lLnnJ"Yi ~'el f>l1 f'l,)12J~'l.l. LL~~n1~tJ1 h/vh ~,)'l.l~1'l.lLf'li:l ~1'l.lLnnJ"Yi2J1 j;]~~1'l.lvl~ 

~ 

L"l'l:t!J1 ~,)~~nJ (2535) 1~~n'l:t1.aj;]~1~,)'l.l~L~2J1~~2J ~~~~1~L~'el~1 nUL~'fl'llU~b~'l.l 

"tJk'l.l~i:lf'lnJ~2JU'1iL~2J1~~2J~1'el~~m2J1nJn1~H'L~'fl~1"'l.ln1~~~j;]n~~~1'1:t"'l.l.n1I'lb~il'elL~tJi:lt)j;]" 
I I I I tI I 

tl~~~~ '"' LY1'el ~ n'l:t1~ j;]~1~,)'l.lYi b~2J1~~2J~~~~1~ LU'el~1 nULU'el"l1 nYl'll'llU~ L~'l.l"tJ~'l.lYii:l '1nJ~2J~ 

m2J1~~2J"'l.ln1~~~j;]n~~~1'1:t n1ii4'mLtJ~'fl'elnl~Lil'l.l~'el~j;]'el'l.ll~LLr1 j;]'fl'l.l~~~~ n1~Fl~L~'t)m~'t)"l1n 
0­

Y1'll'llU~L~'l.l"tJ~'l.l~,)2J 4 'llU~ ~'t) nntJ'l.l'l.l1'l.l "u~utl~~~ ern[;l1J'll')1 LL~~yh~eiI1,) mi2J~')'t)th~ 
'II • 

, ., , 
H1LLr1 n~~~1'1:tYi~~j;]"l1nYl'll'llU~b~'l.l"tJi'l.l~,)2J 4 'llU~ ~fi~rILU'l.ln1~~4'ul3'2J"l1nn1~tJ1t)j;]"~U"l1n• 

I ~ I ~ I 

LU't)'llU~ L~'l.l"tJ i'l.l2J1vl1"~ LU'l.lLL~'l.ln ~~~1'1:t~~ n1~Fl~ L~'t) n LU't)"l1nYl'll'llU~1 L~'l.lltJi'l.lYii:l f'lnJ~2J1~. , 

~ I I I 

"l1nYl"ll'llU~L~'l.lltJi'l.lYii:lf'lnJ~2J1mm2J1~~2J n1~~4'mLtJ~'el't)nl~Lu'l.l~'t)~~')'l.l ~'el ~,)'l.lYi~il~ n1~• 

I I 11 tI 

n'l.lj;]1~~j;]J'1~,)'l.lYiri1~'l.l~tJ1~,)'l.l~~2J"1I't)~LU'elvl~~'el~'llU~2J1'v'hl~Lu'l.lbL~'l.ln~::;~1'1:t"l1mr'l.lVl~~'elU 
., 

I'InJ~2JU'1iVl1~n1tJ.n1y.j"1l't)~n~~~1'M ~~n1~~4'tJy.jU~1 n~~~1'1:t~1'llU~~~2JYi'~ 16 ~j;]~1~'J'l.l i:ll'lnJ, . 
~~~V11~.n1tJ.n1y.j~~n~rILnnJeyj2J1j;]~~1'l.l"1l't)~n~~~1'1:t~1 bb~~~j;]~1~,)'l.l~b~2J1::;~2J~~~"ll'el~n1J'1.jf 

'II ~ , 

L~'t)~1 eJ~2JnuL~'t)yh~eiI1,) L~uHb~'t)~1~~~~1~~'t)tJ~:: 40-70 "ll't)~L~'elyh~eiI1,) 
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.d -=I .c:I .J 'I "".d
m~~tlmUtl~U~1~LLUUU~1l"\~1mj'W.lI"l~tl~'WL'WLLUD 1-E1-D2 £Il1l1,)~'VlL'VI~1~£Il~ L'Wm~j;}~LUtl "'l1n 

~uq1;;1'Wn~~u')'Wm~~2JL~!lei~L~j;}~~~~u efective alkali ~tlU~~ 25 LL~~ sulfidity ~'ilU~::: 20 ~ 
, , ., 

~~U~L,)~1 L'Wm~iJf~ 2 i')L~,:j L(;)ulif~~~~j;}L£ltlu~tlu~::: 36.4 1,:j-W1'V1irn~uq1iffiuLLif,:j ~"llill"l,)12J 

I I I I I , 

"" " ••1.... "" " •.1..... I """ ., " ".... ""~" £Il1l1,):::'VlL'VI~1:::£Il~L'Wm~TItlmu'tl £Il1l1'):::'Vl L'VI~1:::£Il2J L'Wm~l1'tl mU'tl~1J q1~ LWlJ1') L"ll LUtlYl L(;) 

~1nn~:::u')'Wm~~~L~tlei~L~j;}~~:::~U effective alkali ~'flU~::: 25 LL~~ sulfidity ~tlU~::: 30 ~~:::U::: 

L,)~11'Wm~~2J 2 -i'JL~,:jL·M1~ilPl1 kappa number ~1LYhnu 22.6 L'J~1~1oifLVI~1:::£Il~1'Wm~~tln 
I '" I I 

L~tlLLUUU~1fl\'"l1mn(;.)l"l~tl1-'WL(;)u.yhm~~'tln 3 -n'Wj;}!l'tmuu D1-Ep-D2 1"l,)1~"lJ1')£Il~1,:j"lJ'tl,:jL~'tl~'tlnV1 

1~Lyhriu~tlU~::: 75.0 ~,:j£ll1~1~Cl~1'Wmru-n~1(;Wti1'Wf,J~(;l.nru-ntlj;}£Il1'V1m~~n~:::(;)1~~viLL~:::L~U'W 
dS • 

2J!ln 287-2533 

tl~ru1,:j l'"ln~~ (2539) 1~~n~m~~~j;}L~tln~:::(;)1~1n4''WYlu~ru L(;)UYI(;)~tl,:jL'Wif'tl,:j. . .. 

I iI I ,'" I 

L".Il (;)11~V1'"l::: Le]l'W-n'Wj;}!l'Wm~iJf2JL£l'fl LL~:::m2J1 ru,",~tl1-'WV1"'l::: Le]l'W-n'W(;l!l'Wn 1~~tl n L£ltl "1m~~nM1 

'ViU~1 ~'J'W"lJtl,:j~,:jii1~'Wnn4''W'VlU~nrL'VI~1:::~2J~~:::Hd:l'W~j;}Cl~ul'Wm~t-l~[;]L~'tln~:::r;n~ L(;)ULe].. . 

, ., ., 
H'~1u~1e]l'Wn1~~~(;l ~2J~Y11,:jmU1l1'Yi"1J'e:l-:lL~tl LL~:::,",ru1l1'Yi-W1Vi,:j'VIfl,:jn~:::u'J'Wm~e.J~(;l e.J~'Vi1J~1• 
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. ~ 

1J'eln~:;~'1 (H'L'l~'1,J'fl~Jn~'1 25.22 en'lhJ'I/LLH~'1U 2 fOlU iJhJ'1n.l,J'1,J'fltln~'1 441 ~(;l~ LL~:;iJhJ'1n.l 

~ , 
L~'flL~~'1,J'fltln~'1 41.26 nL~nf~) LL~H'~'1~LfOliJ~'1nn~'1m~CJ~(;lL~'fln~:;~nrt'il'1n1J'fln~:;~'1 0.6 

iiL~ nf~ 'il'1 nm~~n'rt'1~~~Yn'lmtlJl'1~"JJ'fl'l L~'fln n4'u"r'lim:u fl)'fl fOl'l'1~I~huLL~'1~n"JJ'1 ~~'1~ ~"JJ'fl'l
~ ~ , 

, 

~~~~'1'1n'1t1Jl'1~~'1n~'1 

I I I " 

~'1 n n~rl L~'fl1J'fl n ~:;~rl L~'fl LVi~ ~~'~~'1'1 mtlJl'1~ 111'1 n~'1'l LL~:;~~,j ClJ '\!I '1 m~~n"JJ '1 ~~:;'\!I~'1'1-nU(;l'flU 

~ ,~ 

m~~'flmL~U 111'1,ruVi,J'1'\!1,rn1'(;lCl~hJLyhnu (10 nL~nf~LL~'1), 

~ ~ 

CJ~ m~~ n'rt'1 fOl n.lJl'1~,J'1 Vi'l'il'1 nm:;iJ'lum~CJ~ (;l, 

LL~:; COD 

I I " " 

~~L~t1H'~'luvhiluL1J~'fln~'1~'lu 1 ~'lUViLiluLn'fl1~~'1~'lu 1 LL~:;H'~'1~UniJL1J~'fln"JJ'fl'l~'11Junu 

CJ~m~~~~'fl'l~iJ~'1 ~'1~iJmtl 3 il1~m~'1n.l"JJ'fl'lL~'f)~'1~~ L~'fl~'1~iJ'il1t11~ 2 il iJfOln.lJl'1~~~~~ 
q 'IJ q q q q 

I I " I" 

m~'1n.l LL~:;~n.lJl'1~"JJ'fl'lL~'flVi~~(;l'il'1n~'1~'1~ULL~:;~'luViLiluLn'fl1~~'lu 1 LL(;ln~'1'1nULf1n,J'fltl 

L~'fl~ ~~(;l'il'1 n L,J~'fln~'1iJ fOl'l'1~1 Ltlm~'1 nL~t1 L'U~'1:;m~~'1u~'1'1 LL~'1;n"JJ'1~~'1~'1 n 
~ 
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'W1'W 2 oF,)L2J~ '"l:;'l~mH.J~lnLm'fl~'flm~:; 53 "1I'fl~~1'l.rWn'fl'IJLL~~ L~m11hJ~'flnL~£J1-n~1~~:;~n£J 

LLl"l~L~£J2J'lllLtJl"l~'fl'ln1" L,)~1 4 oF')L2J~ 'l~m:;~1~~ijl"l,)12J"1I1,)~~1~ ~'fl£J~:; 53 Lm'fltrn In'IJ"Jl,)1~'l~ij 

l"i1l"l,)12J~h'WVl1'WLL~~~n"1I1~~12J1n m:;~1~:;Ln~m~~n"1l1~1'W"1Iru:;~'fln'fl'fln'"l1nln:;LLnN vh1~ 

LLcJ'W~'l~lbJ~2J'IJ~nr m:;~1~:;ij L;1'fln~:;~1~ ~1nn'fl ~~ LtI'Wifru'VI1~1l"1ru1 'Wm~u'"IL~'flcr n In'IJ"Jl')''I'l,J
'lJ ~ ~ 

H~1'W~'W 1 ~~'fl~f'IJLL~~ ~'W~'W1'Wm~eJ~lnn~:;~1~trnln'IJ"Jl,)1 1.20 'IJ1V1/LLcJ'W ~~ij~1l"l1~1 LL~ij 

ifru'VI1 ~'fll"lrutl1~ ~1~~ hjij ln~1 ~~'fl~f'IJ 
~ . 

, " " 
L~£Jij'"l ~tJ~:;~~l"1Vi'"l:;~~1~"Jl~ cJ1 ~~"Jlil~ H l"lf~ L~mYi~ 

I II I tI 

ijmn~£J~1'Wm~~~ L~'fl1'Wn~2J L~1'V1\hViVl1l"l,)12J~:;m~in1~Vi11~l"l,)'IJl"l2J 'i:~l"l~ ~L=il'fl1~~1£J ~:;~')n 

" 
~'fl'WL'lJ1 t1'fl~ri'Wm~~~L;'fl'l~L~~'1l1~ LL~12Jl"l')~HVl1m~cJ1~~1'V1rY L'JI'W m~cJ1~~'JI'fl~V1'fl~L~~1:;'"l:; 

I I iI iI I 

LtJ'flmn'fl~n\l1L~'fl ~'W1'W 1 l"l')~tJf'IJtJ~~mj'~~Lij'IJ ln12J In:;L;i'IJ1~LL;i~ LL~~2J1nn~1v. HVi1Vil"l1 ~'"l~n 

(Mash) tY~'l2J'l~L~~1:;ij n~'W LL~:;m~U'fl2J~ L~m~1'V1f'IJHri'IJ~'fl~cJ1~~ 

'"l1nm~~n~1~1'W~~£J~1~ 1 ~L~mri'IJm~V11Lm'flm:;~1~ LL~:;eJ~ln.riru"m:;~1~~~LtI'W 

n~:;~1~~V11'"l1m~'fl~1~-if1,) LL~:;L~'flYl"Jl"Jlil~~'W 1 ~'W ~'J~1n~:;~1~~1~-n1,)LrJ'Wm:;~1~~ 



cu 

Cl! 
1JVIVI 3 

n1~~1n~~~1~~1n~1~i1~ 
., 

m~";jr.rtl~,)'lJ~dj'lJm~";j9m;.:IVl(;l~'fl.:l (Experimental Research) 

., ., 
n~:::(;l")~") nvh.:l;)")') LL~:::~n~ rlru~2.Jt"1iVl,,).:I mtlIlT'fi"1l'fl.:l n~:::(;l")~") nvh.:l;h ') iJi'lJIJI'fl'lJ~.:I j;j'flhJ~• 

3.1 tJ~"ll1n'il 

.... .... 
3.2.1 bA'a'2l~~'2l 

(1)	 Lfi~'fl.:li.:l1vh~") (electrical balance) 

., 
(2) 'el,,).:I.y,,)A,)1JFl2.J'flru~llii (Water bath) 

•• 'U 

(1) umn'flf (beaker) 

(2) "lI')(;lr)(;lm2.J,,)IJI~ (Velumetric flask) 

(3) n~:::U'flnlJl,).:I (Cylender) 

(4) ULUIJI (Pipete) 

(5) -if'fl'lJ~n~")~ (Spatu lar) 

(6) n~')t1n~'fl.:l (Funnel) 



•• 
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... 
3.2.3 '6lI1'iLfUI 

CV J " 3.2.4 1'6l1 ~'il' nnu 

'" '" ..., (5) tl-:lLn'l..mJ'fl 

... 
(6) ~1"1J1'J1J1-:l 

(7) 1~vnrJ 

(9) n~~1n~ 

(1 0) tl-:lVi~1~~n• 

_ClI 

3.3 'Jfin1'i 

" " 
n1~~~(;]n~:;~nMr.l1n'Vh-:l-ii1'J bL1J-:l'fl'flnLUt! 4 -nt!(;]'flt! ~-:l\l 

" " L~rJ~~1rJ~:;L~rJ~"1J'fl-:lLLj;J~:;-nt!(;]'flt! ~-:l\l 
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.... '" ...3.3.1 n1'iLa;J'i!lll';la;Jtll9l1.J• 

I I II I I 

(2) ~1mti-:l'Vh:J-if1':l L(;l£Ji-:lLm~tl1~'I!n 500 nf2-J ~1U':lU 2 Q-:I LYJ'ElL[;i~£J2-JH~2-JL£j'El 

" 
n~:;{;\1M'LUiU~'ElhJ 

" ,
(1) mn[;i~£J2-Jtl1m~2-JL£j'El L{;\£Jm~L[;i!£J2-J~1~f:l~f:l1tJL'1I L~£J2-Jl~(;l~'Elnl'11c;f (NaOH) L-if2-J 

I I I '" , 

(2) oW1vh:t-if1':lYli-:lH~1t.!':lt.! 500 nf2-Jf:l-:lLU~2J'El~2-JL£j'flLL~':lL~2-Jtl1tJ1~2-JLU'El L-if2-J-ifU 2% 

" ,
~1U':lU 2 Lv11"l1'El-:ltl1~'I!n'Vh-:l-if1':l~NltJ L'lXP1':l12-J~'EluYi'ElruWln 80 - 11 0 'El-:lflnL'.IlfiLiJltJ~ LilUL':lfi1 

• 'II 

I '" I I " 

(3) oW1 LU'El'Vh-:l-if1':l r.nnm~~2-J~1~1-:1 ~':l£JoW1~:;m{;\LLfi:;f1(;lL~'ElmU'flLYJ'ElL-n u-nU(;l'ElU(;]'flhI 

(4) mj-:lL~'fl~~1-:1i'flUL~'flL~1'"lLL~'J LLU-:I'fl'tlmilu 2 ~'JU 
", , 

tl1hJ~1(;l12-J-nU(;l'tlUYi 3 m~yJ'ElmU'Eln~:;{;\1M' 

" , 
(1) mn(;l1tJ~tl1myJ'Elm~'El L{;\£Jm~L(;l1£J2-J~1~f:l:;~1£Jl~L{;\n'"luLtI'Elf'El'flnL'.Ilc;f (H20 2) 

" , 
oW1~'I!m~'ElyJ1-:1-if1'J L"lIth LL~:;tI~tJ1 ml-:lL'IXL1mJ¥'EltJ• 

" ",
(3) V,1LtJ'fiULU'fh:toW1l"l'J'!.Jl"l2-J'flruWl;j L(iltJrfl-:l'Elru~flilVi 60 'El-:lfl\1L'1I~L~£J~ 

q q q 'lI q CI.J 

, , " 
(4) ~1mJ'~1.HU'ElyJ1-:1-if1'J LYJ'Elv'1hIH1u-nU(;l'tlU(;]'tlLtJ 
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3.3.4 
o I 

n1'i'VI1LLeJun'i::c;)1ti 

I I II II 

(1) 'll"IL~'aVlL~i~tmHi\l 4 'llU{;l i\l'rJ'an 2% ,4% LL~:hi'rJ'an 2% LL~: 4% 1~~\I1hl'fl1\1 

" ,
'a~1hl'll1'at11\1~~1 L~~'a 

(3) H'~:;LLnN~L~i~tJ~H~n-il'tlhlL~'aL{;ltJ-il'ahlL~'aL-if1'VI1~'J tJ n ~:;LLnN1,x~\I~hl~1'I''l~'a~~\1 
'lJ 

, , " 
L"lJt11 L1J1 11,xL~'am':;"'l1tJ ~'J'at11\1i'J~\Ii\l LL~hl 

, ... 
(4)'ll111J~1mL{;l{;l1,xLL,x\l Lij'am':;{;l1~LL,x\l~U'Vl~LL~'J H'U'Jij'an1-{;l~'tl1J 1 ~:;LLm'\1 'Vi~'aLfl1:; 

... ... 
1J1L'In!"1I'a1J ~:LLnNfOl :~11,xn~:; (.9l1~'VI~ {;l'a'tlnfOl1n~:LLn N 'l~~1tJ~hlfOl1 mrhl~\Il"i'atJ 1 ~\I'a'a nfOlhl'VI~ {;l 
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<: ..
 

" ,
n'lJ'L(;]1'm.JoW1mYlrem L~h) 

- "" 'll'W(;JV\ 2 - ""'ll'W(;JV\ 4 

...,j 

bb~ tUl1 'Yi'VI 4 
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(1 ) m:;~l1'ft 2% hjvJ'iln 

(2) n~:;e;,1'ft 2% vJ'iln 

(3) n~:;e;,1'ft 4% hjvJ'iln 

(4) m:;e;,1'ft 4% vJ'iln
 

i11m~~'-Jn~:;e;,1'ft LLU'lJ~:; 10 mJ'W
• 

fJru~'-JU'1i'Vl1 ..:m1t.JJl1Yi (physical properties) LL~:;fJru~'-J~f1'J1'-JLL;..:ILLN (Strength properties) 

0­

1. tJ1V1'Wn'-J1 t;WfJ1'W (Basis Weight) j;J1'-J~1j;J~fJ1'W TAPPI-T41 0-om-93 
~ ~ 

2. f1'J1'-JVI'W1 (Thickness) m'-J'-J1j;]~fJ1'W TAPPI-T411-om-89 
~ 

0­

3. f1'J1'-J:n'W (Moisture Content) j;]1~'-J1j;]~fJ1'W TAPPI-T412-om-94 
~ 

4. f1'J1'-J"1I1'J~~1..:1 (Brightness) j;]1'-J'-J1j;]~fJ1'W ISO 2469 
~ 

5. f1'J1'-JViuLL~..:I (Opacity) m'-J'-J1j;]~fJ1'W ISO 2469 
. ~ 

...- w; 
3.4.2 f1 CI.l~3J'J 91 Fl113J bb"lJ..:J bb'l..:J. 
1. f1'J1'-J ~h'WLL~..:I ~'W'Vl:;~ (Burst strength) j;]1 '-J'-J1 j;]~31'W TAPPI-T403-om-91 

" d. .2. f1'J1'-Jm'WLL~..:Ie;,..:I (Tensile strength) m'-J'-J1j;]~fJ1'W TAPPI-T404-om-88 
os 

3. A'J1'-J j;]1'WLLN'tlmne;," "" (Tear strength) m'-J'-J1j;]~fJ1'W TAPPI-T414-om-88 
os 
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vh m:i''':iLl"ln:;~;r,[)2J~ I"l Cl.l~2J'illin:i':;"n~ ~,I1J:i':;n,[)u~'JtJ 1"lCl.l~2J'illi'Y11-:] mtJ.tl1Vi (physical " , , 

properties) LL~:;~Cl.l~2J'illi1"l'J12JLL;j-:]LL:i'-:] (Strength properties) ~-:] 8 oif'[) Ll'ltJm:i'Lmm-lLVltJUrlU 

r "" 3.6.1 'LI1\11'L1mJ1a;'l'l!1'L1 

\hwl!mJ1111:i'~1'l.1(Basis Weight) 1:D2J1111:i'~1'l.1~,[)-:] TAPPI-T41 O-om-93 Ll'ltJi:hnhmu'l.I 
~ ~ 

, "
 
11I1-:]n-:]Vl 3.1 LL~l'l-:]\hwwmJ1111:i'J1'l.1~'[)-:]n:i':;l'l1'ft'Ol1n'Yh-:]oif1'J
 

4 oW IV'll 'LI111 n 'l~ 1111 ti 1~"JI1 'J 
L' "" 'LI1\11'L1mJ1 a;'l'l~1'L1... (21m

2 
) 

m:;l'l1'rl' 2% 'W~'[)n 62.27 

n:i':;l'l1'rl' 4% l,j~'tln 43.88 

n:i':;l'l1'rl' 2% ~'eln 29.85 

n:i':;l'l1'rl' 4% ~'fln 39.71 

" ", 
11I1:i'1-:]Vl 3.1 ViU~1 ~'J-aci1-:]n:i':;l'l1'rl'~1-:]oif1'JVf-:] 4 "1lUl'lii,J1'\!1'1!mJ1111:i'~1'l.1Ln'l.lLnCl.loyf2J1111:i' 

~ 

",
~1'l.1 (l,jLfL'l.I + 5) Lii-aLVltJUrlUn:i':;l'l1'rl'Vi2J"rf n:i':;l'l1'rl'L;tJ'l.I n:i':;l'l1'rl'tWn'l.lL~m n:i':;l'l1'rl'tl-:]'\!I~1tJ
.<9 , , 

" ,

"1lUl'll,j~-an 2% ii,J1'\!1'1!n2J1nVl~l'l fil'lLU'l.I62.27 nf2J/11I1:i'1-:]L2JI1I:i' :i'-a-:]~-:]2J1 fi-a m:;l'l1'rl''Yh-:]oif1'J
 

29.85 
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3.6.2 flI112J'\II'U1 

flI'J12-J"''I..l1 (Thickness) H2-J1j;J~fi1'1..l TAPPI-T411-om-89 wl..i'JmiJ'I..ll2-JflI~'fl'l..l (Micron)
dJl 

, 
j;J1..:1~1..:1V1 3.2 LL~ (;)..:1 flI'J12-J"''I..l1"l1'fl..:l n~::;r;l1'rt''l1n'Vh..:l.jf1'J 

m::;(;)1'M 2% hlvJ'fln 

n~::;(;)1'M 4% hlvJ'fln 

n~::;(;)1'M 2% vJ'fln 

n~::;(;)1'M 4% vJ'fln 

fl112J'\II'U1 (Micron) 

259.3 

202.4 

187.8 

175.7 
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3.6.3 fl'J13J=KU 

r1'J13.J~t.! (Moisture) 'Hf3.J1(;l~fJ1t.! TAPPI-T412-om-94 LVlUih'lt.i'Jmtlt.!L1J'elfLe]t.!~ (%)
dll 

fl'J13J 1.1 (%) 

n~:;Vl1M 2% l~~'eln 10.78 

n~:;Vl1M 4% l~~'eln 10.77 

n~:;Vl1M 2% ~'eln 10.56 

n~:;Vl1M 4% ~'eln 10.43 

, ., ., 
(;l1~1'1Vl 3.3 'Yi'lJ~1 r1'J13.J;t.!'1l'el'ln~:;Vl1~1'1oif1'JVi''1 4 "llUVl iJI"11~'1Lnt.!LnrusyJ3.J1(;l~fJ1t.! 

'IJ dll 

, ., 
(10) Lij'elLVlU'lJn'lJ n~:;Vl1~3.JW n~:;Vl1ML;Ut.! n~:;Vl1M(l'l-nt.!L~m n~:;Vl1ML;Ut.!1J~:;Lll'VI Lr1~'el'lJ ~'J• 

'I II .... 

LL~:;n~:;Vl1Ml"Jru~ nMru:;Vl rJf'el'lm~~t.! 1 LVlU n~:;Vl1M~1'1Vi''1 4 "llUVliJ 1"11 r1'J13.J;t.!1~LL(;ln [;]1'1nt.! 

., , , 

mh'J~'el m:;Vl1M~1'1oif1'J 4% iJI"11r1'J13.J;t.!~1Vl~Vl ~"ILtlt.!1'elU~:; 10.43 ~'el'l~'13.J1~'el n~:;Vl1M• 
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n:i':::~11'M 2% hioW'eln 

n:i':::~1'M 4% hloW'eln 

n:i':::~1'M 2% oW'eln 

n:i':::~1'M 4% oW'eln 

42.03 

46.19 

75.14 

76.52 

, ., , 
t;)1~1'1V1 3.4 ~'el~1~'J12J'lI1'J~~1'1'"l:;~U'eltJri1J~1~~:::~1t1V1Hlun1~oW'eln"1l1'J 1e1t~n'"lu.. 

., , ., 
"1I1'J~'1oW'eln 2% iJ~'J12J"1I1'J~~1'12J1nn~1n:i':::~1~1'1-if1'JV1hioW'eln~'1LL~:;oW'eln 4% 2% LL~:; 4% 

I.... I I 

n:i':;~1'MoW1'1-if1'JV1hloW'eln"1l1'J~'1 2 "1IU~'el~luLnrusyJ(;\1n~1 LnrusyJ2J1 t;)~j1U L~'el LV1t11Jri1Jn:i':::~1'M 
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.... 
3.6.5 fl 'J13-l 'VIti LL~.:J 

.J ~ ~ ~ 
j;J1-:l~1-:l'Vl 3.5 LL~ 1M f1':11'-J'Vl'lJ LL~'l"1l'fl-:l n~:::~l1'I~t"'l1n 1'1"111':1 

..... vJ"'YiUUln'i~Ul1ti 1.:J".l.I1'J 
.... 

fl'J13-l'VItl LL~.:J (%) 

n~:::~l1~ 2% hl~'fln 

n~:::~l1~ 4% hJ~'fln 

n~:::ln1~ 2% ~'fln 

n~:::ln1~ 4% ~'fln 

93.34 

87.19 

69.25 

77.57 

, ~
 

j;J1~1-:lYl 3.5 Yi'lJ~1 f1':11'-JVi'lJLL~-:l"1l'il-:ln~:::ln1~~1-:l"1l'lln1~~'ilm1-:l 2% LL~::: 4% ~f1':11'-JVi'lJ
 

tJ~:::Lfl'Vl Lf1~'tl'lJ~'-J~ n~:::ln1~'1 cwin~ru:::~~'tl-:l n1~~'U 1 "1I'tl-:l n~:::ln1'M'V1U-:l~'il~'-J~ n~:::ln1~~'fln 

"111':1 2% LL~:::~'iln 4% ~1n~1LnruOY]'-J1j;J~tI1'U"1I'fl-:ln~:::ln1~'-J~ n~:::ln1~L~t1'U m:::ln1~L~t1'U 
dJl 

tJ~:::Lfl'VlLf1~'tl'lJ~'-J~ LL~:::n~:::ln1~~ruin~ru:::~~'fl-:ln1~'U 1 mh':lfl'tl n~:::ln1~1~~'fln 2% ~f1':11'-J 

Vi'lJLL~-:l'-J1n~~ln ~lnLtJ'U~'fltl~::: 93.34 ~'fl-:l~-:l'-J1~'il 1~~'fln 4% ~'tln 4% LL~:::~'iln 2% ~lnLtJ'U• 
~ 0 .... 

~'fltl~::: 87.19 . 77.57 LL~::: 69.25 j;J1'-J~1ln'lJ 
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I::; 

IV IV 

3.6.6 fl"J13JlJI1ULL'i.:llJl'W'VI~~• 

n~~~11~ 2% hlVhln 

n~~~11~ 4% hJvhln 

n~~~1~ 2% vl'fln 

n~~~1~ 4% vl'fln 

64.75 

34.34 

35.32 

52.97 

o 

m~1'lVi 3.6 "t'ItJ~1 fil'J1'-J~1'WLLN~'W'Vl~~"ll\l~vl'fln 4% LL~~"ll\l~hjvl'fln 2% 'elul'WLnt1.l.,]
• OJ 
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UI 

a- ...
3.6.7 fl'J13Jt;J1ULL~.:I(;J.:I 

"jju(;Jn~(;J1ti...h.:l'li'1'J 
a­ ... 

fl'J13Jt;J1ULL~.:I(;J.:I (Kg/m) 

m~~l1~ 2% hJvltln 

n~~~l1~ 4% hJvltln 

m~~l1~ 2% vltln 

n~~~1~ 4% vltln 

95.33 

50.00 

48.67 

90.47 

, ., 

J;l1n'lV1 3.7 ~1 ~1'l.!LLN~'1"i1tl'lm~~1,fl'l.!n'Uf1'J1~m'J LL~~LLNU ~ Lm~n'l.!'1Itl'l L~'l.!1.t1V1U.1 
0 
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, 
IW1\ln\lVl 3.8 LL'Ml\l fl':l'1~ ~'1'WLLN~n"ll'1(;)"lI'El\ln~:;(;)'1~'1nYl'1\1-ih':l 

"liU~n~~1'H'Vh.:J';1~ f1~13.1~1'ULL'i.:J~n"ll1~ (mN) 

m:;wn~t 2% hjYl'Eln 

n~:;(;)I'M 4% IbJYl'Eln 

473.55 

323.65 

n~:::(;)I'M 

n~:::(;)I'M 

2% 

4% 

Yl'Eln 

Yl'Eln 

237.22 

338.30 

IV 1 I' g" 

Yl'Elm1\1 2% LL~::: 4% LL~:::VlYl'Eln 4% 'El~1'WLnrusyJ~I[11~jl'WVln1'VI'W(;)L~'ElLVltl1Jn1Jm:::(;)I'M~\I-n'W 

L~m (290-850 ij~~\l':l~U) ih~t1\1n~:::(;)I'MYll\1;rl':l'Jl\l(;)Yl'Eln 2% ~iJfilfl':l'1~l1huLLN~n"ll'1(;) ~1 
, . ~ 

n~rILnrusyJ~I[11~~IU Ljj'ElLVltl1Jn1Jn~:::(;)I'Mtl\l-nUL~m mh':l~'El n~:::(;)I'MvJl\1-ifl':l'Jl\l(;)12JYl'Eln 2% iJ 
~ 
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lU 

~ ~ 4I 

VJ1.:m1t1.n1~ 1~ LLfi 'Il1'V1UmJ1 (;lj~1'IJ 1il'J1'-J'VI'lJ1 1il'J1'-J'll'IJ 1il'J1'-J"1I1'J~'J1'1 LLfl:-;Iil'J1'-JVltJLL~'1 LLfl:-; 

Iilru~'-JtJ~ 1il'J1'-J LL;i'lLLN 1~LLn 1il'J1 '-J ~1'IJLLj'l ~'lJVI:-;fl 1il'J1'-J ~1'IJLLj'l ~'1 LLfl :-;1il'J1'-J ~1'IJLLN~n"1l1 (;l 

~ ~ 

4 'llU(;l ;j'll1'V1umn'IJLnru"'-J1(;lj~1'IJ ~'1il L(;ltlnj:-;(;l1~1'1;r1'J 

~ , 
'llU(;lhj~'tln 2% ;j'll1'V1Un'-J1nVl~(;l ~'tl 62.27 n~'-J/(;l1j1'1L'-J(;lj j'tl'lfl'l'-J1 ~'tl m:-;(;l1~1'1;r1'J• 

3.7.2 f1~1)J\IIU1 

4 'llU(;l L(;lmL[;]fl:-;'llU(;l;j1il'J1'-J'VI'lJ1~'1il
~ 

m:-;(;l1'M~1'1;r1'J'llU(;l 

~ ~ 

m:-;(;l1'M~1'1;r1'J"i1'1 4 'llU(;l ;j~h~'1Ln'IJLnru"'-J1(;lj~1'IJ (1 0) LLfl:-;LL[;]fl:-;'llU(;l;j1il'J1'-J~'lJhJ 
.. dJI 

~ ~ 

LL(;ln[;]1'1n'IJ ~'1il m:-;(;l1~1'1;r1'J'llU(;l hJ~'tln 2% ;j1il'J1'-J~'IJ~'1~(;l f.)(;lLtI'IJ~'tltlfl:-; 10.78 j'tl'lfl'l.. . 

~ 

m:-;(;l1~1'1;r1'J'llU(;l~tlnVf'l 2% LLfl:-; 4% 'tltJ1'IJLnru"'-J1(;lj~1'IJ ~'tl 'llU~~'tln 4% 
.. dJI 
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.... " 3.7.6 f1'J13J 911'U LL'i..:l91 'UVI:::'i• 

2% 35.32 

.... co 
3.7.7 f1'J13J911'ULL'i..:lUl.:J 

~ ~ 

m:;{;l1'Myh'l;h~'Vl'l 4 "llU{;l iJI"i1f1~13JI~h'l.l'VI1'l.lLLN~'l ~'li1 n~:;{;l1'MyJ1'l;r1~"llU{;lhJyJreln 

.... ... 
3.7.8 f1'J13J 911'U LL'i..:l'il n"ll191 

~ , 
n~:;{;l1'MyJ1'l;r1~"llU{;l hiyJreJn'Vl'l 2% LL~:; 4% LL~:;"llU{;ll1yJ'[}n 4% '[}£J1'l.lLnruoy]3J1(;l~~1'l.l 

.. dJl 

, 

LL~:; 323.65 ~~'l.l"llU{;lhJyJ'[}n 4% e.J~n1~'VI{;l~,[}'l~'1n~1Lnruoy]3J1(;l~~1'l.l~'[}iJI"i1f1~13J~1'l.lLLN~n 
<IS 



w 

ClI 
'UVIVI 4 

, " " 
tJ~::~1m'Yi1.-nkln1~'ij4'U A~~it l~LLfi 

1. n~~~.yht:J~(;l.nru-nm'::~1'M"1nYh~'1,) 1~LLritrn~mnmruru1(;l1tJ~ 4 ~1kl,)kl16f01kl 
... tJ .... QI 

, I " " 

L'fl n~1~LL'Cl::~1kl'ij4'UYi Lnm-if'fl~ LL'Cl::1.kln1ij4'uf01~~itl~i1 ..ifLLu'J~'flUm~ LLUUL~'fl nl'I'flUtJ'Cl1UtI~ 1.kl 

~m~tru::tJ~::Lijklloh 5 ~::~U (Likert seale) LL'Cl::~1rn~tJ'Cl1mtl~ tJ~::n'flU~,)u 

1. LLUU~'flUrn~ ~1'Vl~u~'Yi1t:J~j;J.nru.,]n~::vl1';"'l1nyh~-if1,) LiJklLLUU~'flUm~n1~U'fl~~U 
'II 
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, ... ...
 
I"lru:;Wir.rui.~ ~1 LU'l.ln1nfhJ1,)'lJ1,)'-J;]'fl'-J~ LVl'fln11'1r.rU 1'l1'-J-n'l.l1'l'fl'l.l ~~il
 

~ ~ 

... 
I"lru:;Wir.rui.~ LLliln LL'lJ'lJ~'fl'lJm'-J ~ ~~l'leJ~ l'lilruey]~1'l.l,)'l.l 16 I"l'l.l L~Ui.~ LLIil~.r I'ltltJ1:;~~ 1"ln11'1r.rU 

~ ~ . 

... 
~1L1IilltJi'11~~ii~ (SPSS for windows; statistical package for social science for windows)~~il 

fi1~,)'l.lL;jmL'lJ'l.l'-J11'l1j1'l.l (S. D) 

(2) '1 LI"l11:;,r1"l')1'-J LLtJ1tJ~')'l.l L~'fl~m~ni1~~i'IfiVi~"1I'fl~n11-W'flnm:;~1M' 1:;~'lJ 1"l,)1'-J L;]'-J;]'l.l 

LL~:;tJ~mu 1i'-J~'l.lfi~:;,"~1~ n1~-W'fl n m:;~1M'ri'lJ~:;~'lJ 1"l,)1'-JL;]'-J;]'l.l"1I'fl~ 

1'1'fln11U'fl'-J1'J I"l ru~'-Jtii~11'lJ n1~';i1 ~ ~ I'lilruoyf".lJ'fl~n~:;~1M'1il1n-W1~;]1')• 
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_ ~	 .Q.G.I~""'1	 _.1"
4.2.2 1LFl'M::\'IFl11~'Vt.:J'Vt'il ~~j;I'iltJ·;U;llUU'rln~611'J¥011n,"1.:J'il11 

(1) ':iLFl~1~~ ~~~'l.JFl':l1~n~Yl'el1"j;]'eHJ~j;).nruoyJn~~(;l1'I~·"1nvh~;r1':l t(;ltJn1~\nl"hL'il~U"{)<) 

LL~~l"h~':l'\..lL;:jU~L'l.J'\..l~1j;)~ti1'\..l (SD)
41 

., 
t(;lu.yhn1~j;)~':l,,1""Fl~LL'\..l'\..lLL'l.J'l.J~'el'l.Jrn~ j;)1~Lnru,rn1~1""Fl~LL'\..l'\..l ~.:jn 

4l:lI I I .... 

~Fl1LVnn'l.J	 5 

4 

Q I I'" 

~Fl1LVl1n'l.J	 3 

2 

1 

., 
j;]'el~ru~~min~~(;l1~1nvh~;r1'd ~~n 

4.50-5.00 

3.50-4.49 

2.50-3.49 

1.50-2.49 

1.00-1.49 

, 
..,j 

~1n'Vl~(;l• 

~1n 

lh'\..ln~1~ 

~ 

'\..l'elU 

, 
..,j~ 

'\..l'elUVI"!(;l 
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"" "ll'l..!"'m':;(;11~ 

, 
A1L'U~fJ (X) SO 

ovov 
~:;"'1Jn1~fJmJ~1J 

n~:;"'1~ 2% 12J~'iln 3.56 0.81 
.,J 

2-11 n'Vl~• '" 

m':;"'1~ 4% 12J~'iln 3.44 0.63 ~.l1n 

n~:;"'1~ 2% ~'iln 2.69 0.48 tJ1'l..!mn.:J 

m':;"'1~ 4% ~'iln 2.94 1.06 tJ1'l..!mn'l 

~"J~ 3.16 0.84 ~1n 

~1'l..!f'1"J1~V1'l..!1"l1'il'lm':;"'1~ 1~f1Jn1~fJ'il~f1J1'l..!~:;~1J~1n (X= 3.16) LL'tl:;L~'il~'"I1n-W1j;J')~"llU", 

n~:;"'1~~1J~1 m':;"'1~ 2% 12J~1.m 1~f1Jn1~fJ'il~f1J1'l..!~:;~1J~1n~~",• ( X =3.56) ~'il'l'tl'l~1~'il 
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cu 

.... 
".ll \.! l?l m-::: ~)1'rt 

I 
o ... 

A1L'U~1I (X) SD 
... ... 

~::: l?l 'lJ n1 ~1I 'fl2J ~'lJ 

m-:::l?l1'rt 2% l1J~'fln 3.56 0.96 2J1n 

n~:::l?l1'rt 4% l1J~'fln 3.44 0.73 tJ1\.!n~1~ 

m-:::l?l1'fl' 2% ~'fln 3.00 0.89 tJ1\.!n~1~ 

m-:::l?l1'rt 4% ~'fln 2.81 0.75 tJ1\.!n~1~ 

~'J2J 3.20 0.88 tJ1\.!n~1~ 



ILU 

11'i 

40 50 60 70 80 90 100 110 120 

~1,"l!mJ1lJ1131t.l1'l~1~LI'l~flt.l1;r1flU~:: hJLiit.l ~ 5 ~ 5 ~ 5 ~ 5 ~ 5 ~ 5 ~ 5 ~ 5 ~ 5 ISO 536 

tJhJ1NI'l,)1)J~t.l1flU~:: hJLiit.l 10 10 10 10 10 10 10 10 10 ISO 287 

m1~~;)J~1 2 t.l1Vi n1)JlJ1fllJ1111-1L)JlJ11 hJLiit.l 25 25 25 30 30 30 30 30 30 ISO 535 

1'l,)1)J~1t.lLLN~n'1l1~'VlnLLt.l') ij~~\l'),jt.l hiuflun~l 290 360 430 500 570 640 710 780 850 ISO 1974 

- Single 

tear tester 

70 85 100 120 140 160 180 200 220 ISO 2756 

ll'i 

t.l1'"t.ln)J1lJ1131t.l1'l~1(;1Ll'lflt)t.ll;r1t)Ufi:: hhiit.l 

tl1)J1NI'l,)1)J~t.l1flUfi:: hhnt.l 

m1~~=n)J~1 2 t.l1Vi n1)JlJ1fllJ1111-1L)JlJ11 hJLnt.l 

1'\')1)JtJf1t.l'V11t.lfl1mPI iit.l1VilJ1fl 100 ~nU1P1n 
" 

L"llt.l~L)JlJ11 hJLnt.l 

1'l,)1)JlX1t.lUN~n'1l1~'V1nLLt.l') ijfi~\l'),jt.l hJLnt.l• 

J1~UmJ1j;\~J1UJ1"nrnaJ1"~J1U 

ni'aJpj'il9l1'i1~LaJ"~ ni'aJpj'il9l1'i1~LaJ"~ 

70 

+5 

10 

30 

25 

825 

80 

+5 

10 

32 

25 

940 

100 

+5 

10 

35 

75 

+5 

10 

30 

25 

1 180 

25 

880 

80 

+5 

10 

32 

25 

940 

90 

+5 

10 

35 

25 

1 060 

100 

+5 

10 

35 

25
 

1 180
 

ISO 536 

ISO 287 

ISO 535 

ISO 3687
 

ISO 1991
 

Single tear tester
 

ISO 1921/1 
d 

LLt.l')'1I,)1-1 L1'l1fl-1 

1'l,)1)J~~ 1fltJfi:: hiut)tJn':h 
... 

LLt.l,)'1It.l1t.lLl'l1fl-1 

d 
Ut.l')'1J')l-1 L1'l1fl-1 

Vi ~ LI'l ~filJ1fllJ1111-1L).JlJ11 hJuflUntJ1 
,... 

LLt.l,)'1It.l1t.lL1'l1fl-1 

d 
LLt.l')'1I,) 1-1 L1'l1fl-1 

1.85 2.1 2.5 

1.7 1.7 1.7 

333 

-

8 

4 

120 

65 

8 

4 

130 

70 

8 

4 

145 

78 

ISO 1924/1 

8 

4 

ISO 1924/2 

160 

85 



..I 

..... .cIv'" ...... .... tI ........
 
(;11'3"1-:1 fJrufmHru~'V1 (;I'il.:ln1~'ilU 6] d}J'il.:ln~~ fl1H'W3J'W LLfI~ Ld}J!lU ~~ L1\'V1 Lflfl'il'lJ ~'l 

....I 0 

"i1t1n1'7 LntU'" 'VIn1'WU" ~fi'VI""''ilti 
... 

'VI f'ltU~m~tU~ 'lh'V1UmJ11P1 '7~11J n .;:''-l9i '£l1Pl1"i1-3UJ 1PI '7 1PI1'-l 
",.• 

80 85 90 105 120 140 160
 

1 

2 

fOl,),)2-J fOl~')~ bfOl~'elU"1I'el'lJ')~,rmJ'WI~3')U 
... 

fOl')')2-J;U ~'el£J~~ hhiiu 

1'el£J~~ hhiiu 

3 

4 

fOl,),)~I~hullNr;)U'Vl~~ iib~.,.n~~~ hiu'el£Jn~')• 
, ~ .,.J ....... 

fOl')')2-J"1I,),) ~')')'l (l'U.,.n~n ~~m~~"1I,),) bl~~ ~,)U'VllfOl~'elU tJ,)) 

1'el£J~~ hiu'el£Jn~') 

5 fOl')')~Viulb~'l ~'el£J~~ hJ1!'el£Jn~') 

6 fOl'),)2-J27u')')') (b'U.,.n~n ~~ ~,)~lfOl~'elU Eb27u')')')) 1fl£J~~ 

hJu'el£Jn~') 

7 fOl,),)2-J b~£JU (jU')Vl-bU fOll"l hJu'el£Jn~') 
.... ...., 

m~~') ~bfOl~'elU tJ,) 2-JU')')') 

.... ...., 
m~~')~bfl~'elUtJ')~')U 

8 fOl'),)2-Jll~'lllN"1I'el~el')m~~')~(IGT tester) 1ullj;)~~cihu 

ll~~llj;)~~bbU,) U')[;]Uj;)'elb2-J~~ hJi.l'el£Jn~') 

10 

100 

75 

10 

110 

75 

10 

120 

75 

..:!:5 

10 

140 

75 

10 

160 

75 

10 

190 

75 

10 

210 

75 

ISO 536 

ISO 287 

ISO 2758 

ISO 2470 

85 

50 

85 

50 

85 

50 

90 

50 

90 

50 

90 

50 

95 

50 

ISO 2471 

TAPPI T 480 

1 000 

200 

15 

1 000 

200 

15 

1 000 

200 

15 

1 000 

200 

15 

500 

100 

15 

500 

100 

15 

500 

100 

15 

ISO 5627 

IGT information 

leaflet W 31 



.. 
U1'V1Un~1 P1',S1'U ni'~ lJiil1Jl1".:J L~ 91' 

45 I 49 I 52 

., , 
'll1~'I!n~1[;11~1'U 1'l~1(;)LI'l~'fl'Ul~ 5''flU~~ hlLn'W 

J' '" 
1'l'l1~"lI'W 1'flU~~ 

., 
m1~(;)~~'ll1~'W (IGT) LL~~~~1'W 1000 ~'fl 

ij~~L~[;I1 hiLn'W 

1'l'l1~;'j1JLL~.:It'Wm1~~'tf 5''flU~~ 1).],j'flun~1 

1'l'l1~"jJ1'l~~1.:1 5''flU~~ 1).]u'flun~1 
.... ... .... 

1'l'l1~L1U1J (Bekk) 'l'W1Vl 

1'l'l1~~1'WLLN ~.:ILL 'W'l"jJ'W1'WLI'l1tJ.:I nL~il'l~'W 

~'flL~[;I1 1).],j'flun~1 

~5 

.ell 

5 tl.:l 10 

30 

90 

50 
.ell 

30 tl.:l 200 

1.4 

ISO 536 

ISO 287 (1).]~'fl.:l 
., 

Uf1J1l1'l~;'WVl(;)~'fl1J) 

IGT - information 

leaflet W 24 

~'fln. 287 

~'fln. 287 

ISO 5627 

ISO 1924/1 
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L:I 

.... 
"Jl'\..!(ilm'~(il1')j' 

I , .... 
mL~~t1 (X) SO '" '" ~~(illJm~t1'El~~lJ 

m'~(il1')j' 2% l~Yl'Eln 3.38 0.89 u1'\..!n~1~ 

m'~(il1')j' 4% l~Yl'Eln 3.37 0.72 U1'\..!n~1~ 

m'~(il1')j' 2% Yl'Eln 3.13 1.09 U1'\..!n~1~ 

m'~(il1')j' 4% Yl'Eln 2.69 1.01 
I.­

'\..!'Eltl 

~'J~ 3.14 0.96 U1'\..!n~1~ 
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til 

"Jl UVl m::: Vl1'I~t 
, 

' q
fin L'il.~t1 (X) SD 1:::~'lJ n11t1'el)J 11J 

m:::Vl1~ 2% l~~'eln 3.44 1.03 'I.JTwn~1-:l 

m:::Vl1~ 4% l~~'eln 3.38 1.02 l.JTl.!n~1-:l 

n1:::Vl1~ 2% ~'eln 3.13 1.26 l.JTl.!n~1-:l 

m:::Vl1~ 4% ~'eln 3.00 1.21 l.JTl.!n~1-:l 

1'J)J 3.23 1.12 l.JTwn~1-:l 

n1:::Vl1~ 4% ~'eln j;11)J~1~'lJ (X =3.38, X =3.13 LL~::: X =3.00) 
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"" "1l'l..l(;ln~~(;lTI~ 

I 

A1L'U~[J (X) S.D ~~~'l..Jn1~[J'a~f'l..J 

m~(;l1M 2% hlvJ'an 3.44 0.63 lh'l..lmn:l 

m~(;l1M 4% hlvJ'an 3.50 0.82 ~1n 

n~~(;l1M 2% vJ'an 3.19 0.75 lh 'I..lm'l1\I 

m~(;l1M 4% vJ'an 2.81 0.83 lh 'I..lm'l1\I 

~'J~ 3.23 0.79 lh'l..ln~1\1 

l~h'l..ln1~U(;l~(;l~'a\ln~~(;l1M1~f'l..Jn1~[J'a~f'l..J1'1..l~~~'l..J1h'l..ln~1\1 ('X = 3.23) Lri'a~iOl1~r;w1LL[Jnj;l1~ 

"1lU(;ln~::(;l1M fW~(;l1M 4% hjvJ'an 1~f'l..Jn1~[J'a~f'l..J1'1..l~~~'l..J~1n(X= 3.50) 1'1..l~r;w~~ 

(x = 3.44, 3.19 LL~:: 2.81 r;)1~~1~'l..J) 
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Lll 

Source Df SS MS F 

Corrected Model 

Intercept 

A 

B 

A*B 

Error 

Total 

Corected Total 

3 

1 

1 

1 

1 

60 

64 

63 

8.187
8 

637.563 

7.563 

0.0625 

0.563 

36.250 

682.000 

44.437 

2.729 

637.563 

7.563 

0.0625 

0.563 

0.604 

4.517 

1055.276 

.. 
12.517 

0.103"S 

0.931"S 

8. R Squared =.184 (Adjusted R Squared =.143) 

** Highly Significant difference 

ns non-significant difference 

" 
\,!'e} nr~ 1n\hnJ~ 1hHhJ~ n~tJ1i~'W\'!fi~~V1~ 1'1 n1~~'e} nn~~(;l1'ftntJ~~ ~tJ m1~ b-ir~-ir\'!"1I'fl'l 
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1Ll1 

Source df SS MS F 

Corrected Model 

Intercept 

A 

B 

A*B 

Error 

Total 

Corected Total 

3 

1 

1 

1 

1 

60 

64 

63 

6.047
a 

656.641 

5.641 

.391 

0.01563 

42.313 

705.000 

48.359 

2.016 

656.641 

5.641 

.391 

0.01563 

.705 

2.858 

931.130 

.. 
7.999 

.554"5 

.022"5 

a. R Squared =.125 (Adjusted R Squared =.081) 

** Highly Significant difference 

ns non-significant difference 

'" 
kl'fl n'"l1 n-w'V'l'lJ ~ 1hJihJ5mtJ 1~h.J~klfiJ'~'l.d1~ n1 J'~'fl n n J'~~ 1~n'lJ J'~~'lJ iii ,)1~ L-ir~-irkl"1l'fl~ 
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Source df SS MS F 

Corrected Model 

Intercept 

A 

B 

A*B 

Error 

Total 

Corected Total 

3 

1 

1 

1 

1 

60 

64 

63 

5.047
a 

631.266 

3.516 

.766 

.766 

52.688 

689.000 

57.734 

1.682 

631.266 

3.516 

.766 

.766 

.878 

1.916 

718.879 

.. 
4.004 

.872"5 

.872"5 

a. R Squared = .087 (Adjusted R Squared = .042) 

** Highly Significant difference 

ns non-significant difference 

n1 J'tJ 'el'-J fLJ ~ n!~'-J~~1V1 fLJ n1 J';111:J ~ ~Jin!oyJ'lI'el'l nJ':;~1~Yl1'1'ih ') ~1'Wn 1J'~n'lI1 ~'lI'el'l nJ':;~1~ 

'W'el n'"l1 n~YiLJ~1 h1ihJ5mtJ1i'-J~'WtfJ':;VI~1~ mJ'Yl'el n m:;~1'MnLJJ':;~LJ ~,)1'-J b-n'-J-n'W'lI'el'l 
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Source df SS MS F 

Corrected Model 

Intercept 

A 

B 

A*B 

Error 

Total 

Corected Total 

3 

1 

1 

1 

1 

60 

64 

63 

2.047
a 

669.516 

1.891 

.141 

0.01563 

77.438 

749.000 

79.484 

.682 

669.516 

1.891 

.141 

0.01563 

1.291 

.529 

518.753 

1.465
ns 

.109
ns 

.012
ns 

a R Squared =.026 (Adjusted R Squared =.023) 

ns non-significant difference 

" 
'W'fl nron n lhnJ~ 1hHhJlj iih.l1~ ~~'Wfi~~'VI~1'l n1~'V'I'fl n n~~1?l1'jojntJ ~~~tJ fOl'd1 ~ l-n~ojj''W"Jl'fl'l 
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Source df SS MS F 

Corrected Model 

Intercept 

A 

B 

A*B 

Error 

Total 

Corected Total 

3 

1 

1 

1 

1 

60 

64 

63 

4.672
3 

669.516 

3.516 

.391 

.766 

4.813 

709.000 

39.484 

1.557 

669.516 

3.516 

.391 

.766 

.580 

2.684 

1153.923 

.. 
6.059 

.673
ns 

1.320
ns 

3. R Squared = .118 (Adjusted R Squared = .074) 

** Highly Significant difference 

ns non-significant difference 

>­

'W'el n~1 nt1'Y'nJ~1 hHhJ:5nhn i~~'Wfi~:;\-d1-:l n1~YI'el n m:;~1M'nlJ~:;~lJl"l'l1~ Li~i'W"1J'el-:l 
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th':;IJIYI tJ ~ U1.nru-v1 
, 

r11L'U~fJ (X) S.D. .... .<!l 1
~:;r;l'lJfOl'J12-JYl..:lYl'a '"l 

1. (;l'an'l~th':;~M~ 
oIJl 

2. tfOl2-J'l~ 
, 

3. 
q.cS 0 I 

"f'a..:lYl ~:;~ n/"f'a..:l'1l1~'JfJ 

4. LtJLtJ'af2-J1L'li 

3.74 

3.79 

3.92 

3.65 

0.12 

0.72 

0.27 

0.26 

2-J1n 

2-J1n 

2-J1n 

2-J1n 

'"l1 n U11 ~1..:lYl'lJ~1 tJ~ U1.nru-v1n~:;(;l1'J!'"l1 n~1..:l;(1'JYI ntJ~:;IJIY11.~f'lJ fOl'J12-J~..:lYl'a 1'"l• 
1l.!~:;~'lJ2-J1 n t(;lm~fJ..:l~1 ~'lJr11 L'U~fJ'"l1 n2-J1nl.tJVl1,J'afJ1.~Ltll.! "f'a..:l~~:;~ n/"f'a..:l-D1i'J fJ (X=3.92) 

tfOl2-J1.~ tx=3.79) (;l'an1.~tJ~:;~M~(X=3.74) LL~:;LtJLtJ'af2-J1L'lI (X=3.65) U112-J~1~'lJ 
d.9 
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ih~ Ll1 '1'1 CJ ~ 1Jl.nrurrl 
, 

' cl -
fil1 Ll1flU (X) S.D. 1~~Ufil'J1~~\I~t:l1'"l 

1. V1'anl2Y1J1~~M'! 

2. L,",~lYl 
, 

.c::::I 4 0,

3. ~'a\l'l'l1~fln/~'a\l"Jl1j'JU 

4. L1J L1J'af~'"IL"Jl 

3.74 

3.75 

3.92 

3.86 

0.18 

0.95 

0.36 

0.09 

~1n 

~1n 

~1n 

~1n 

~1'Wj1JLLuu1'W1~~U~1 n LV1U LjU\I ~1~1JFl1 Li1~U'"l1n~1n 't1J'\!l1,J'aU't~ LU'W 'llt:l\l~j~~n/ 'll'a\l..n11'JU 
'" 

6<=3.92) L1JL1J'af~1L"li (X=3.86) LIil~lYl (X=3.75) LLfl~V1'an't2Y1Jj~~~tf (X=3.74) 1Jl1~~1~U 
d.9 
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I." 

t;1111..:J~ 4.14 ':ilt;\'af.J~t;1ilCUev1LL~~..:J1'i1L'U~tJ 1'i1~'l'l.lLiltJ..:JL1J'l.l2J1t;11~1'l.lLLfl::1::~1Jfil'l12J~..:JVi~

m::~1~1n.,.h..:Joif1'l~1'l.l"ll'l.l1~ 

U1::LllVll:J~ t;1ilCUev1 
I 

I ... -

fil1 L'UfltJ (X) S.D. ... ... 1.
1::~1Jfil'l12JVi..:JVi~ til 

1. 1. "u '" ..~'an 2J 1::~'r:tj 

2. tfil2J1.~ 
I 
~ 4 0 I 

3. "ll'a..:JVl1::fl n/"ll'a..:J'Jl11'l tJ 

4. LULU'af2J1L"ll 

3.75 

3.75 

3.75 

3.78 

0.11 

0.76 

0.17 

0.03 

2J1n 

2J1n 

2J1n 

2J1n 

'a~1.'l.l1::~1J2J1n t~tJ(ffi..:J~1~1J1'i1 L'U~tJtil1n2J1ni.U~1.y~tJi.~LtI'l.l LULU'af2J1 L"ll (X=3.78) 

"ll'a..:J~1::~n/"ll't.Wn11<m tfil2Ji.~LLfl:: ~~ni.2JU1::~'r:ttf(X=3.75) t;112J~1~1J 
<Ill 
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U~:;UlVl~~ (;\.nru-n 
, 

f'i1L'U~t.l (X) S.D. ... "'l 1 
~:; ~l1J fl ')12J 'ri \l 'ri 'tl '"l 

1. e;,'tln\~U~:;~M! 

2. Lfl2J\~ 
, 

q.:S: 0 I 

3. ".lI'El\lVl~:;fl n/".lI'tl\l"Jl1~,)t.l 

4. LULU'tlf2J1L"ll 

3.73 

3.86 

4.09 

3.31 

0.07 

0.65 

0.19 

0.08 

2J1n 

2J1n 

2J1n 

UTWnfl1\l 

., , 
LL[;jfl:;U~~lJlVlLtI'l.!~\lit ".lI'tl\lYl~:;~n/".lI'tl\l-n1i')t.l Lfl2J\~ LLfl~ e;,'tln\~U~:;~M~ 'tlU1'l.!~~~t12J1n 

dS 'lJ 

(X=4.09, 3.86 LLfl:;3.74 (;\12J~1~t1) ~,)'l.!LULU'tlf2J1L"ll\~ftlfl,)12JYl\l'ri'tl1'"l1'l.!~:;~t1U"I'l.!nfl1\l 

(X=3.31) 
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..

'll tu,m ~:; ~l')'rt 

1. m::l'lTI~ 2 % hivJ'eln 

2. m::l'lTI~ 4 % hivJ'eln 

3. n~::l'lTM" 2 % vJ'eln 

4. m::l'lTM" 4 % v1'eln 

j')~ 

I , ... -
fl"l L'ilfltl (X) S.D. ... .oS 1. 

~::l'l1Jfl':l"l~Y-l.:JYi'el til 

3.65 0.13 '-nn 

3.77 0.09 ~1n 

3.85 0.07 ~"In 

3.69 0.11 ~"In 

3.74 0.12 ~"In 

, 
1~f1J m1~~.:JYi'el1.til1.'I.l~::~1J'-J"I n(X=3.74) Lil'elVitil"l~tlJ"I LLtln ~"I~'llijl'1 m::~lTtfVi1J~"I CJ~ InntlJoy] 

n~::l'1"1~n'llill'11~ftJm~t1'el'-JftJ 1'I.l~::~u'-J"I n tl'1tl~m~1 ~tJ ~"I L'il~tltil "In~"In hJvm!'eltl1~LtJ'W 
q 

n~::l'1"1t! 4 % hivl'eln (X=3.77) n~::l'11t! 2 % v1'iln (X=3.85) n~::l'1"1t! 4 % v1'eln(X=3.69) 

n~::l'1"1~ 2 % hivJ'eln (X=3.65) 1n1'-J~1~tJ 
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1;r11'l~~ 4.17 LL~(;l~fi'l L~~tJ fi'l~,)'lJLntJ~LlJ'IJ'-J'l ~~'~'l'IJLL~:;1:;~1J l"l,)'l'-J~~'Vi'fl1'"l1J1'fl t:J~ ~.nruorl 
~ 

n1:;(;l'lM'"l'ln~'l~~'l,) U1:;Ul~bl"l'-Jl~ 

... 
"ll'IJ(;lm:; (;l'lM' 

1. m:;(;l'l~ 2 % hj~'fln 

2. m:;(;l'l~ 4 % hj~'fln 

3. m:;(;l'l~ 2 % ~'fln 

4.	 m:;(;l'lM' 4 % ~'fln 

1')'-J 

, , .... -
l"l'lL'U~tJ (X) S.D. ... '" 11:;(;llJ l"l,)'l'-J'Vi~'Vi'fl '"l 

3.06 

4.54 

4.38 

3.17 

0.35 

0.09 

0.13 

0.03 

U'l'IJn~'l~ 

..l 
'-J'ln'Vl~(;l• 

'-J'ln 

U'l'IJn~'l~ 

3.79 0.72 '-J'ln 

L~'tl~'"l'l1ru'l b(;ltJ1,)'-J'VilJ~'l ~ ~~.nruorlm:;mM'"l'l n~'l.:loif'l')U1:;Ul~bl"l'-J1~ H11lJ l"l,)'l'-J~~'Vi'fl1 '"l 

1'IJ1:;~lJ'-J'ln (X=3. 79) L~'fl~'"l'l1ru'lLL£Jn~'l'-J"llU(;lm:;(;l'lM"VilJ~'lt:J~~.nruorlm:;(;l'lM' 4 % hJ~'fln 
~ "... '" 'I 'I ... .d -	 ••1 ~ "... '" 'I 'I ...
~(;l1lJm'l'-J'Vi.:l'Vi'tl ~'"l ~'lJ1:;(;llJ'-J'ln'Vl~(;l (X=4.54) m:;(;l'l~ 2 % l'1'tln ~(;l1'Jl"l':l'l'-J'I"l.:l'l"l'tl ~'"l ~'IJ:i':;(;l'I.J'-J'ln
 

(X=4.38) ~,)'lJm:;(;l'lM' 2 % hj~'flmL~:;n1:;(;l'lM' 4 % ~'tln 1~1lJm1tJ'tl'-J1lJ1'IJ1:;~lJu'l'IJn~'l~
 

(X= 3.06 LL~:; 3.17 ~'l~~'l~lJ)
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(;I1n\l~ 4.18 LL~I'N Fl1LIfl~t1 1"11~'J'WL;jtl\l LU'W2.J1(;1~~1'WLL~:::~:::~Ufl'J12.J~\I'Yi'fll~r;i'flCJ~(;I.nCU,j 
d!I 

m:::l?11~1nyh\lojj'1'J tJ~:::Lll'Vl"II'B\I~~:::~n/"II'B\I-n11'JtI 

... 
''Wl?1n~:::l?11'M 

, 
Fl1LIfl~t1 (X) S.D. ~:::~Ufl'J12.J~\I'Yi'fll~ 

1. n~:::l?11'M 2 % hJ'YJ'Bn 3.58 0.20 2.J1n 

2. m:::l?11'M 4 % hJ'YJ'Bn 4.00 0.22 2.J1n 

3. m:::l?11'M 2 % 'YJ'Bn 3.98 0.18 2.J1n 

4. m:::l?11'M 4 % 'YJ'Bn 4.13 0.22 2.J1n 

~'J2.J 3.92 0.27 2.J1n 

m:::l?11 'M'Vl n,ill?11~fum~t1'B2.J fu1'W~:::~U2.J1 n Ll?1t1 !StI\I~1 ~u 1"11 L1fl~t1~1 n2.J1 nltJVJ1U'Btll~ LU'W• 

m:::l?11'M 4 % 'YJ'fln (X=4.13) m::::l?11'M 4 % hJ'YJ'fln (X=4.00) m:::l?11'M 2 % 'YJ'Bn (X=3.98) LL~::: 

n~:::l?11'M 2 % hj'YJ'Bn (X=3.58) (;I12.J~1~U 
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[II 

j;\1~1\1~ 4.19 LLIM1\lf11L'U~rJ f11~,)'I.IL;jrJ\lLU'l.l~1j;\~tj1'1.1LLfl:;~:;~Ufil,)1~Yi\lYi'fl11il~'fl~~j;\.tiru,] 
"" 

m:;(;l1~1nyh\l.jJ1,) l.h:;LJWIL1JL1J'flf~1L'.rl 

... 
'.ll'l.l(;ln~:;(;l1'rt 

1. n~:;(;l1'rt 2 % hJ~'fln 

2. m:;(;l1'rt 4 % hJ~'fln 

3. n~:;(;l1'rt 2 % ~'fln 

4. m:;(;l1'rt 4 % ~'fln 

~'J~ 

I 
I ... -

fil1L'UflrJ (X) S.D. ., '" 1~:;(;lUfil,)1~Yi\lYi'fl Iil 

3.69 0.28 ~1n 

3.60 0.36 ~1n 

3.70 0.30 ~1n 

3.60 0.25 ~1n 

3.65 0.26 ~1n 

n~:;(;l1'rt 2 % ~'fln (X=3.70) m:;(;l1'rt 2 % l~~'fln (X=3.69) 

m:;(;l1'rt 4 % ~'fln (X=3"})O) j;\1~~1~U 
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[;l1~1\l~ 4.20 LL~~\l mrLmmJLVlmJ~hL~~U'llttl\lfil'l12J~\l~'el'liOl (;]'elCJ~ [;lJiCW-nn~:::~1~1 nVh\l;J1'l 

1.h:::Lfl'Vl~'eln'l2J,J~:::~~.! ~Vl1iOl1nm:::~1~vh.:l;J1'l(;]1\l"ll-n~n'l.l 

LL'VI~\l fil'l12J LLU~U~'l'l.l Df ss Ms F-ratio F-prob 

Between Groups 

Within Groups 

Total 

3 

8 

11 

0.077 

0.086 

0.163 

~ 

0.026 

0.011 

2.384 0.145 

iOl1n[;l1n\lLL~~\l'l~L'i~'l.lfh CJ~[;lJicw,rm:::~1~1nvh'l;r1'l U~:::Lfl'Vl~'eln'l2Ju~:::~'Mi 
<II 

~Vi1iOl1 n n~:::~1~vh'l;r1'l (;]1'1"ll-n~ n'l.l 'l~fu fil'l12J~'1~'el 'liOl LL[;ln (;]1'1 n'l.l'elth 'Ihjihru~1 ~t1J'Vl1'1~ ()~ 
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(;l'l~'l..:l~ 4. 21 LL~~..:I mm.nU1J LYJU1J Fl'l L~~U"ll'fl..:l Fl'J'l2-J~..:IVi'fl1."'l ~'fl ~~ (;lnn.!'Y1n~~~'l~'l nvh..:lif'l'J 

U~~LJlVltFl2-J1~ ~vl'l"'l'l n n~~~'l~~'l..:lif'l'J ~'l..:l"lln~ n'lJ 

LLV1~..:I Fl'J'l2-J LLU~U~'J'lJ Df ss Ms F-ratio F-prob 

Between Groups 

Within Groups 

Total 

3 

8 

11 

5.475 

0.294 

5.769 

1.825 

0.037 

49.614 0.0001 

"'l'l n (;l'ln..:l LL~~..:I1.~L~'lJ~'l ~~(;lnn.!'Y1n~~~'l~'ln~'l..:lif'l'J U~~LJlVltFl2-J1~ ~vl'l"'l'ln n~~~'l'I:t 

~ '1..:1 if'l 'J ~'l..:l"lln~ n'lJ 1c;'l~1J Fl'J'l2-J~..:IVi'fl1."'l LL(;l n ~'l..:l n'lJ'flu'l..:lii'l!u~'l Rt1.JVl'l..:l~ Ci~~~~~1J 0.05 
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UJ 

11I1~1~~ 4.22 LL~~~n1~V1~~'a'lJVl~F1ruf'i1'I1'fl~f'i1Lil~tJ'II'fl~F1'J1~~~Vl'flLfOl(;]'fl~~11I.nru"n~::;~1'tt... 
fOl1nYh~;r1'J 1.h::;LJlVlLF1~1.vJ ~Vi1fOl1nn~::;~1M'Vh~;r1'J(;]1~"1lU~ri'l.! 

~'JtJ":jfi'Il'fl~ scheffe's test 

... 
"1l'l.!~n~::;~1M 

m::~n1:t 2 % 

hlyjtln 

(3.0625) 

m::~1'l1:t 4 % 

hJyjtln 

(4.5417) 

m::~n1:t 2 % yjtln 

(4.3750) 

m::~n1:t 4 % yjtln 

(3.1667) 

m::(ill1:t 2 % hiyjtln 

(3.0625) 

- 1.4792** 
.. 

1.3125 0.1042 

m::(ill1:t 4 % 11Jyjtln 

(4.5417) 

- - 0.1667 1.3750** 

m::(ill1:t 2 % yjtln 

(4.3750) 

- - -
.. 

1.2083 

m::(ill1:t 4 % yjtln 

(3.1667) 

- - - -

fOl1n11l1~1~Vl'lJ~1~h Lil~tJ'II'fl~ F1'J1~~~Vl'flLtill (;]'fl eJ~ ~.nru" n~::;~1~1nvJ1~;r1'J 

1J~::;LJlVl LF1~1. vJ ~Vi1fOl1nn~::;~1MvJ1~;r1'J (;]1~"1lU~ri'l.! LLl1In (;]1~ri'l.!'ath~iJ'I1tJ~1~C)JVl1~~ii~ 
, ... 

V1~::;~'lJ 0.05 ~~il 

1. n~::;~1M 2 % hlvJ'fln LLl1In(;]1~fOl1n n~::;~1M 4 % hlvJ'flrlLL~::; n~::;~1M 2 % vJ'fln 

2. n~::;~1M 4 % hjvJ'fln LLl1In(;]1~fOl1n n~::;~1M 4 % vJ'fln 

3. n~::;~1M 2 % vJ'an Lbl1ln~h~fOl1n n~::;~1M 4 % vJ'fln 
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ffl1~1\1~ 4 .23 LL~ 1Mmnmtl1JLVltl1J iii1 L~~tI"1I'fl\l rol'J1~~\I'Vi'fl ttillJ1'fl ~~fflncu,;n~::~1~1nVh\l-if1'J 

1J ~::Ul'Vl"ll 'fl\l~ ~::~ n/"lI'fl\l~ 1 ~'JtI ~'t11til1 n n ~::~ 1'rt~ 1\1-if1'J1J11\1'll ij~ n'l.! 

LLV1~\1 rol'J1~ LL1J~1J~'J'l.! Df ss Ms F-ratio F-prob 

Between Groups 

Within Groups 

Total 

3 

8 

11 

0.496 

0.333 

0.829 

0.165 

0.042 

3.966 0.053 

til1 n ffl1~1\1 LL~~\1 t ,"L'IA'l.!~1 ~ ~ fflncu,;m'::~1'rt1il1n~1\1-if1'J 1J ~::Ul'Vl"ll'fl\l~~::~n/ "1I'fl\l~ 1~'J tI 

~'t11til1 n m'::~1~1\1-if1'J 1J11\1'llij~n'l.! L~f1J rol'J1~~\I'Vi'fl ttil LLffl n 1J11\1n'l.!'fltl1\1hlij'l!t1~1lOiqj'Vl1\1~ n~ 
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lU 

l'l1~1.:1~ 4.24 LL~~.:In1nmtltJLVlmJl"11L'U~t1"JJ'fl.:ll"l'J12-Jri.:l't'i'flLiOl[;]'flr:J~l'l.nCWoy]n~::~1~1nvh.:l;r1'J 

U~::LJWILULU'flf2-J1L"li ~Vi1iOl1nm::~1~Vh.:l;r1'J[;]1.:1"llU~n'W 

LLVI~.:Il"l'J12-JLLU~U~'J'W Df ss Ms F-ratio F-prob 

Between Groups 

Within Groups 

Total 

3 

8 

11 

0.027 

0.727 

0.754 

0.009 

0.09 

0.099 0.958 

iOl1ntJl1~1.:1LL~~.:IL"'L~'W~1 r:J~l'l.ncwoy]m::~1~1nyh.:l;r1'J U~:;Ul'VlLULU'flf2-J1L"li ~Vi1iOl1n 

m::~1'Myh.:l;r1'J [;]1.:1"llU~ n'W i.~t'1J l"l'J12-Jri.:l't'i'flLiOl LLl'l n[;]1.:1 n'W'flth.:lhJihrtl~1 ~'lJ'Vl1.:1 ~ii~ 
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(1) f'l':l1~V1U1"11'f),:m~:::~1~1~ftJm~t1'f)~ftJ1u~:::~tJ~1n 

'" ... 4
(2) m~~u.:J'f)"1I'f),:m~:::~1~ m~'Un"1l1~"1Itl~n~:::~1~ m~~~'ll~"1Itl~n~:::~1~ 

'lJ 

LL~:::m~U~~~"1Itl~n~:::~1'M'1~ftJm~t1tl~ftJ1u~:::~tJ,j1un~1~ 

2. m ~ij Lf'l~1:::if'l':l1~ LL,j~,j~':lU"1ltl~ f'lru~ ~~~1V1ftJ m~v111:-l~ (;l.nrueyJ"1Itl~• 

(1) m~'Wtlnn~:::~1'M'('WtlnrltJhJ'W'tln) ij:a'Vlfi~~(;]tlfOi1L'U~t1m~t1tl~ftJf'lru~~~• 

~1V1ftJm~v111:-l~(;l.nrueyJ"1Itl~n~:::~1~1n'W1~.jh':l ~1Uf'l':l1~V1U1"11tl~n~:::~1'M' m~'WtJ~tl"1ltl~ 

(2) ~:::~tJf'l':l1~L.jf~.jfU"1Itl~t'llL~t1~1e1~ffin1'll~ (L.jf~;rU 2% rltJ 4%) hiij:a'Vlfi~~(;]tl 

fOi1L'U~t1m~t1tl~ftJf'lru~~~~1V1ftJm~v111:-l~(;l.nrueyJ"1Itl~n~:::l'n~1n'W1~;r1':l~1Uf'l':l1~V1U1"11tl~• 

... 
(3) m~t1tl~ftJ f'lru~~~~1V1ftJ m~v111:-l~ (;l.nrueyJ"1Itl~ n~:::~1~1 n'W1~;r1':l1~~u 

q 

1. f'l':l1~~~~tl1"'l[;]tll:-l~(;].nrusy]n~:::~1'M411n'W1~.jf1':l 

(1) I:-l~(;l.nrusy] ~'i)n1~,j~:::~'M'i tf'l~1'W "1Itl~~~:::~n/"1Itl~~1i':ltl LL~:::L,jL,jtlf~1L"Jl 
6Jl 

1~ftJm1~YJ~~tl1 "'l1U~:::~tJ~1n 

(2) ~1U~,jLLtJtJ "1IU1~LL~:::,j~:::ttl"ll,r "1Itl~I:-l~(;l.nrueyJ ~tln1~,j~:::~'M'i tf'l~1'W LL~::: 
'lJ 6Jl 

"1Itl~~~:::~n/"1Itl~~1i':ltl 1~ftJf'l':l1JJYJ~~tl1"'l1 U~:::~tJ~1n t1m~u ~1U,j~:::ttl"ll,r"1ltl~ L,j L,jtlf~1 L"Jl1~ 

ftJf'l':l1~YJ~~tl1"'l1u~:::~tJ,j1Un~1~ 
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(3) eJ~(;I.nruev1 ~'an1~lh~~'M:f LFl'-l1~ '1I'a\l~~~~n/'1I'a\l-n1i')tJ LL~~LtJLtJ'af'-l1L"ll 
OJ! 

~Yi1'"l1nn~~~1'M"'l1n~1\1;r1,)~1\1"llU~n'WFi'a n~~~1'M 2 % hi~'an n~~~1'M 4 % 1,j~'tln 

n~~~1'M 2 % ~'tln LL~~n~~~1'M 4 % ~'tln 1,M"'IJFl,)1'-1~\I~'tl1'"lL~m,)'-I1'W~~~'IJ'-I1n 

2. n1~ L1EtJ'IJ LVitJ'IJ Fl,)1'-1~\I~'tl1'"l ~'tleJ~ (;I.nruev1n~~~1'M'"l1 n~1\1;r1,) 

(1) eJ~(;I.ncwev1~'tln1~tJ~~~'M:f '1I'tl\l~~~~n/'1I'tl\l-n1i')tJ LL~~LtJLtJ'tlf'-l1L"ll ~Yi1'"l1n 
OJ! 

n~~~1~1n~1\1;r1,)~1\1"llU~n'WA'tl n~~~1'M 2 % 1,j~'tln n~~~1'M 4 % 1,j~'tln n~~~1'M 2 % 

~'tln LL~~n~~~1'M 4 % ~'tln Hlf1JFl,)1'-1~\I~'tl1'"l1,jLL(;In~1\1n'W 

2) eJ~(;I.nru"Y11Fl'-l1~~Yi1'"l1nm~~1~1\1;r1,)~1\1"llU~Fi'tl m~~1'M 2 % 1,j~'tln 

n~~~1'M 4 % 1,j~'tln m::~1'M 2 % ~'tln LL~~m::~1'M 4 % ~'tln 1~f'IJFl,)1'-1~\I~'tl1'"l1~f'IJFl,)1'-1~\1 

~'tl1'"l LL(;I n ~1\1 n'W'tlt11\1iJ,rtJ~1 ~'1!V11\1~Ci~~~~~'IJ 0.05 



.
 
QI 

t1VlVl 5
 

'lt~1J 'ilji1J~1!1 ~~ LL~~i'il L'ltCU'il LLCU~
 
q 

I ~ ~ 

n"I1':3r.rtJ 11'el'l n"I1~oo.l'L.l1 ~~ ~.tiru" m:: ~1~1nVh'l-if1,)t'L.lro11'1il LLD'I':3fi ~1 LU'L.ln"l1':3r.rtJ 
~ 

'el'elmU'L.l 2 ~,)'L.l~'1il 

~')'L.l~ 1 n11~1n1~~1~1n~1'1-if1,) 

~')'L.l~ 2 n"I1~1~~~.nrusy]n1::~1~1n~1'1-if1,) 

~1 nVh'l-if1,) 

2. L~'el~~~~~~.tirusy]n1~~1~1nvh'l-if1,) 

~')'L.l~ 1 1.J1~'1I1mfltl ~1'1-if1,)L~1 

~')'L.l~ 2 1.J1::'1I1mfltl eJ~1~~~Jirusy]m~~1~1nvh'l-if1,) LL~~ eJ1.h::Lij'L.l~~~Jirusy] 
~ ~ 

5.1.3 Lfl~'£Hlij'£lm~i.'Un1~~~t1 

~')'L.l~ Lro1l'el'lijtl~'el 'el1.lmnrLL~~~11Lro1iJ~tfl'L.ln"l1'Vl~~'el'l• 

.
, 

']j ~Yi 2 LL1.J1.J~'el1.JmtJ~'tJ1~Lij'L.le.J~ l'l.nrusy]m~~1~1nvh'l-if1,) 
~ 

a ., 
5.1.4 n1~LmJ~'nJ~'J~'lI'£I3ol'i.. 
~')'L.l~ 1 ~1n11'Vl~~tl'lt'L.l~'el'ltJ~1.J~n11
 

~')'L.l~ 2 Lfi1.J1,)'J1,)tJi'eltJ~fOl1nervl1LL~~eJtJ1~Lij'L.le.J~l'l.nru"n1~~1~1nvh'li1,)
 
~ ~ 'IJ 
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ill 

.... .. ... 
5.1.5 n1'i'UflTl::'VI"lJ'a~~... 
~')'W~ 1 n11'Vl ~~~uAn.!~2.JUi'll'fl\l m~~l1~ L~£J~\1 ~,)'flth\l m~~l~1.U'Vl ~~~u 

q 

'1n.!~2.JU'1i'Vll\1n1WllVl LL~~'1n.!~2.JUiA,)l2.JLL;j\lLLN ~tn.b£Ju~Uin11';j~£JL~'flm~~1~LL~~ 

~~[;I.nn.!afILL~'W1.2Yu1~n'flU ~bl1U'W';j~£JA'WA~lLL~~~00J'Wl~~[;I~~'Vll.:Jn11Lmt[;l1LL~~ 

...... .. 
~[;I~1'l!1n112.J Ln~[;I1 2.J'l!Il')'Vlm~£J Ln~[;I1P\1~ [;11

q 

, ~ 

~')'WVi 2 ';jLA11~~-if'fl2.J~~,)£JLUnLn12.J~"IL~~1U'Vll\1~C1~ SPSS for WINDOWS ~\I\l 
~ ~ 

1. ';jLA11~~n11£J'fl2.J1UAn.!~2.JUi~1'l!11Un11'Vil~~[;I.nn.!oy]'lI~\Im~~1~lnyh\l-ifl,)• 

~ 

1. tJl'l!1~n2.Jl[;11tJl'W!lti1~'l!I~1\1 29.85 - 62.27 n12.J![;Il11\1L2.J[;I1... ~ 

2. A,)l2.J'l!I'Wl 'flti1~'l!I~1\1 137.8 - 259.31.2.JA1'fl'W 
~ 

J' I I .1 .. fit .. 

3. A')l2.J'lI'W ~m~'l!I,)l\1 10.43 - 10.78 Lu'fl1L'J!'W[;I 
~ 

7. A,)l2.J~l'WLLN~\1 ~~1~'l!I~1\1 48.67 - 95.33 nL~n12.J!L2.J[;I1 

8. A,)l2.J~l'WLLN~n'llle;, ~ti1~'l!I~1\1 237.22 - 473.55 n~~u')~'W 
~ . 

..ca 0 _ cv " ..... 1 '" 
'l4'JU'VI 2 n1'i'VI1~~ j;)IHU·YIn'i::j;11~~1nTt1.:J"lJ1'J 

1. An.!~2.Ju'1i~1'l!1fUn11'Vil~~[;I.nn.!syJ'lI'fl\lm~~1~lnyh\l-ifl,) ~1'Wn11~U\l'fl'll'fl\l 
q 

~ 

2. n11tJ'fl2.Jfu An.!~2.J u'1i~l'l!1fu n11'Vil t:J~ [;Inn.!syJ'lI'fl\ln 1~~1~~1 n'rl l\1-ifl ,)~'W nu• 
~ ~ 

n11'rl'fln m~~l~ LLj;ihJ~'WnU1::;~UA,)12.JL-if2.Jojf'W'lI'fl\lL'J! L~£J2.J1~ ~1'fln 1".ll;; LL~~ hJ~'Wnuu~mm 

~2.J~'Wfi1~'l!I~1\1 n11'rl'fln m~~l~nu 1::;~U A')l2.J L-if2.J-if'W'lI'fl\lL".ll L~£J2.J 1~ ~1'fl n1".ll;; 

3. t:J~ [;Inn.!syJn1::; ~1~'"l1 n'rl l\1-ifl')'Vl nu1::;Lll'Vl ~'Vil~l nm::; ~1~1 n'rll\1-ifl ,)'Vl n'llU~ 
q • 
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til 

4. f.l~(;I.tlnJrvln~~r;nlft1nyh\l;J1,)LL[;Jf'l~1J~~L1l'Vl ~~1"'l1nn~~r;)1'ftvh\l;J1')[;J1\1"l1Ur;)n'l.l 

'l~f'lJ rl,)1~~\I~'e)L"'lhiLL(;In[;J1\1 rl'l.l um~'l.lf.l~ (;I.tlnJrvln~~r;)1M'"l1nYh\l;J1,) 1J~~L1l'Vl Lrl~'l'rJ 

'l~f'lJ rl,)1~~\I~'e) L"'l LL(;I n[;J1\1rl'l.l 

. ~ ~ 

....-. 4 .. I '" 0 ..... 4
5.2.1 ~nJ~~'lJ(;In~~r;)1M"ll\lu~~n'e)'lJr;)')u 'l.l1~'l.ln~1(;1~j1'l.l rl,)1~~'l.l1 rl,)1~"lI'l.l 

I 4 "'..... '" 4 '" oII::lI
rl,)1~"1I1,) ~') 1\1 rl') 1~'Vl'lJ LL~\I rl')1~ (;I1'l.lLLN r;)'l.l'Vl ~f'l rl,)1~ (;I1'l.lLL~\I r;)\1 LLf'l~rl,)1~(;I1'l.lLLN'Un"1l1 r;)• 
hJLrJ'l.l'l1J(;I1~ LnnJrvI~1(;1~j1'l.l L~'e)LVlU'lJn'lJ LnnJrvI~1 (;I~j1'l.l"1l'e)\ln~~r;)1'ML~U'l.l n~~r;)1~~vf 

" "",
n~~r;)1'MtWn'l.lL~m LLf'l~n~~"nmJ~~L1l'VlLrl~'e)'lJ~,)~\llJLi'l'e)\I"'l1nrlnJin'MnJ~Lr;)u~,)~"1I'e)\I 

n~~r;)1~1n'rJ1\1;J1,) iJin'MnJ~rl~1Url~\ln'lJn~~r;)1M'~1 ~\lL~~1:;n'lJn1~~1f.l~(;I.tlnJrvI\l1'l.l 

1J~~~'M![;J1\11 

5.2.2 rlnJ~~~~1~~lJn1~~1t:J~(;I.tlnJ..1"11'e)\ln~~r;)1h''''l1n'rJ1\1;J1,) ~\l1J~~n'e)'lJ~,)u. 

LLf'l~n1~~ r;) ~ r;)"1I'e)\I n~~r;)1M' 'l~f'lJ n1~u'e)~f'lJ L'l.l1l1~~')~L'l.l~~~'lJ1J1'l.lnf'l1\1 LLf'l ~n1~u'e)~f'lJ 

rlnJ~ ~'lJ'1i~ 1~f'lJ n1~~1 t:J~ (;I.tlnJrvI"1Itl\l n~~r;)1~1 n'rJ 1\1;J1,)~'l.lrl'lJ n1~'rJ'e) n n~~r;)1'M LL[;Jhj~'l.l n'lJ• 
~~~'lJrl,)1~L;J~;J'l.l"1l'e)\lL"lIL~U~'l~r;)~'e)n'l"llr;l LLf'l~hj~'l.ln'lJ1J~mU1i~~'l.lfi~~~~1\1n1~'rJ'e)n 

"". II 

n~~r;)1'Mn'lJ~~~'lJ rl') 1~ L;J~;J'l.l"1l'e)\I L"lI L~U~ 'lt1 r;) ffin 'l"ll r;l ~\llJL i'ltl\l"'l1n n~~r;)1~1 n'rJ1\1;J1')lJ 

~1 ~')u':)fi n1~~nojf'e)'l.l~1L,xi n'MI:U~"1I'e)\I L~'e) n~~r;)1M''l2J~~1 L~~'e)m"'l~'l.l1~1'e)'lJ1\1 Ln'l.l'l1Jr.l\l~\I t:Jf'l 

I Q,o" ~ cS 
(;I'e) rl,)1~~'l.l1"11'e)\I n~~r;)1M' n1~~'lJ\I'e)"1I'e)\ln~:;r;)1M' n1~'Un"1l1 r;)"1Itl\l n~~r;)1'M n1~r;) r;)"lI~"1I'e)\I 

'll 

~ , 
n~~r;)1M' LLf'l ~n1~~ r;)~r;)"1I'e)\I n~~r;)1M' ~,)'l.ln1~'rJ'e)nn~:;r;)1M'~1L,xrl,)1~LL~\I LLN"1I'e)\I Li'l'e) LU'e) 

f'll'lf'l\l ~\I~\lt:Jf'l[;J'e)rlnJ~~~~\ln~1,)• 
5.2.3 t:J ~ (;I.tlnJrvIm~r;)1M""l1 n'rJ1\1;J1') ~\l1J~~n'e)'lJ ~')U t:J ~ (;I.tlI:UrvIr;)'e) n'l~1J ~~~M'f 

<IS 

brl~11 'rJ "1I'e)\I~~~~n/"1I'e)\I~1i')u LLf'l~L1J L1J'e)f~1 Lori. ~vl1"'l1nm~r;)1'M"'l1n'rJ 1\1;J1,)'Vln"llUr;)
• 

n~~l'I1M'tOj1 n'rJ1\1;J1') 1J~:;L1l'Vl b~~'l 'rJ'l~f'lJ m1~~\I~'e) 1"'lLL(;In ~1\1n'l.l'e)rh\liJt!U~1 ~t1!'Vl1\1~ii~ 
I " " I IoII::lI..... ..... oII::lI .c:II AAI i.I oII::lI ev "'.cS. ..... 4 

'Vl ~~r;)'lJ 0.05 'Vl\l'l.l L'l.l'e)\I"'l1 nm~r;)1~ 1n)11\1"111') ~f'l n'Ml:U~rlf'l1U rlf'l\l n'lJ n ~~r;)1'I~~ 1'11\1 L~~1 ~ 
~ , 

rl'lJ n1 ~tJ1~1~1t:J ~ (;I.tl1:U.n\l1'l.l1J~~~M'f L~ n~iJ Li'l'e) n ~~r;)1M'Vl ~,)U\l1~ LLf'l:; LL1J f'l n [;]1\1"'l1 n .... 

n~~r;)1~Lr;)U~')'l1J 
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Ld'tl,j1~1'Vh~~~.nN.,r~'tlnbJ'lJ1~~'lii tro1~1yJ "1I'tl.:l~1~~n/"1I'tl.:l~1i,)t1 LL~~L'lJL'IJ'tlf~1L"Jl. 

~.:I1~furo1,)1~~.:I~'tl1'"l1'l.l1~~U~1n fb'l.leJ~~.nN.,r'IJ1~UWltro1~1yJ ~~1'"l1nm~~1'1ij;]1.:1'jlij~ 

n'l.l1~f'Jro1,)1~~.:I~'tl1'"lLL~n(;)1.:1n'l.l ,r'l.lL~11:::ro1N~~~~1'l.lro1,)1~"1I1,)~~1.:1"11'tl.:lm~~1'1iiJ~~(;)'tl• 

2. n1~1n1~~1'1i'"l1nyJ1.:1~1,)LL~~n1~~1eJ~~.nN.,rn~~~1~1nyJ1,)~1,) ~1~m1~':)fi 

1'l.ln11~4't1 ro1f.:leiJ.r'l.l~'tl'l.l~1~iuojf'tl'l.l 'lJ1~"Jl1"Jl'l.ltr;,t1~,) 1'IJ1~~1'"l~LiI'l.l n~~ LL~ih'l.l n~~ Ln'li~1m 

........ .t., ".1

5.3.2 n1~';I'"l!lfl~.:Jj;1'el ~1J 

'" ,
1. ro1')~~n'rn1~~Uro1,)1~L~~~'l.l"1l'tl.:l,j1t11yJ'tlmU'tl 

, '" 
~"Jl'jlij~~'l.l t~t11-ifm1~':jfiL~mn'l.lC 
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III 

., ., 
1\.1l"1f.:liJ~1L~"'l'l~t'lu'l~f'!Jn1~ 

, ., 
1"1 tl.!:; Wi4'u~1'.:I LtI\.I'ilth.:lti.:l~1 n U.:l1'IJ~ 4'Uttlu'!JiJ 1"1.:1"'l:; LtI\.Itl~:; LU"lltr'V11.:1~"ll1 n1~ LtI\.ILL\.I')

" 

2545 
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I I I ... I 

LIOl~iJ 1 ~'J~~tl.l n1 ~~ n~1~j;J~1'ZhlJyjL'VI2J1 :;~2J~:;'VI~1~ LU'el~1 rlU Ltifl"llil~ L~'lJLtJiyyjii ~tl.l~2-IUj;J 

L'VI2J1:;~2JL~'el~ ~W2J1tl.ln1~H'L~'el~1L'lJn1~I:J~j;Jm:;~1~1L'lJ111 ':i'VItJ1il'Yi'lJflFlL'VIn'el. 

2528. n. 

0­

"L;'elLL'VI~~L;jm". 'elj;J~1'V1m~2J~1~. 33 (1) : 21 : 2Jm1Fl2J 2533. • 

'2J'Yi~ m'J~. n1 ~'VI~~fl~"'1n~:;~1'I~'Fl'J12J'il1'J~11Ol1 n.,.h~.jf1'Jt~tJ':ifi~~LFlii. WqjC)J1 n1~~n~ 

2J'VI1Utl.l-nj;J 2J'VI1':i'VItJ1itJ f111'lJFl1''lJ'VI~':ih~ 1.h:;~1'lJijj;J~. 2541. 

, 
tl.lNFl 'J'VIfiL~tim. "'elj;J~1'V1m~2JLU'eln~:;~1'I~'" ':i'VItJ1f111~j;Jf. 37 (9-10) : 52-521 : rl'lJtJ1tJ'lJ-

j;J~1Fl2J 2526. • 

2507. 

~~2!tJ LIOl'lJ'Jil"llUqjlOl ~~ LL~:::Fltl.l:;. n1~I:J~ j;J L~'el LFli11Ol1mJ'elLLrl'J ~'JtJ~fit"Jl ~1'el'eln'D LIOl'lJ. 'J1~~1~ 

':i'VItJ1f111~j;JfLL~:;L'VIFlt'lJt~~. 'il.U'lJ~ 11 : 77-100. 
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., , , 
LL'IA\I"Jl1~R~\IVl1 ri1'J1~~"lJ'f)\I"Jl1'Jh1tJ ~::~~1\11''lJVl 29-30 ijCl'IJ1U'IJ 2537 ru t~\ILL~~• 

195-200 ; ~~11f11R~ 2528. 

, 
'Jruru::~URay]. m~~'f)nLU'f)m::~111t~u':jfi'Vl1\1;hfl1~. 'J1~~1~':j'VImIil1~(;lfLL~:: 

, 
'f)(;l~1~m~~LU'f)m::~111. m'\IL'VI~'1 : ~1m'f)n~1~LL~::LeJmL~i 'lJ1';'VILR~'f);lL~'IJ~'VIU~1ri~.. , 

2532. 

., , 

~'J'lJYi\l L,J~1"lJ'f)\IYl"JlYi'f)\1 Cl'IJ 
'4 as 
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111 fHJ CU ';} n
 



91
 



50 60 70 80 90 
4 : IV 

F1~ 12.1 F1~1 ~ LFI~t'lU~t'l~UTlnJn2Jl i?l1~IU 

1t'lU~~ hiLnu 

J'" ~ .... 
F1~12J"llU 1t'lU~~ ~2JLnU 10 10 

~ 5 

10 10 10 

ISO 536 

ISO 287 

F1~12J~IULLN~U'VI~~ nL~Yil~~~ hJ-Wt'lUn~1• 

mI2J'1Jl~~~I~ (L'UYil~m~~I,ffi'llI~) 

40 55 70 80 100 ISO 2758 

1t'lU~~ hj-Wt'lUn~1 75 75 75 75 75 ISO 2470 

F1~12J\1'lJLL~~ 1t'lU~~ hJ-Wt'lUn~1 77 81 83 85 90 ISO 2471 

50 60 70 80 90
 

ISO 536 ::"5 
) 

., 
F1~12J;jU 1t'lU~~ hhnu 10 10 10 10 10 ISO 287 

F1~12J~IULLN~U'VI~~nL~Yil~~~ hJ-Wt'lUn~1•., 
n11~~;j2J,jl 45 'iulVi nf2J~t'li?lI11~L2J(;I1 

40 55 70 80 100 ISO 2758 

hhnu 25 25 25 25 25 ISO 535 

l F1~12J'1Jl~~~I~ (L'UYil~m~~I1;'~'lIl~) 

1t'lU~~ hJ-Wt'lUn~1 75 75 75 75 75 ISO 2470 

77 81 83 85 90 ISO 2471 
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Lb1I1JiJil1J C113-J 

I I 

5 = .w~V'l'fltlil"J1nVi~~ / tJ'fltl1u~J1nVi~~
 

4 = .w~V'l'fltliltl1n / tJ'fltl1Utl1n
 

3 = .w~V'l'fltlilu1~n~1~/tJ'fltl1UU1~n~1~
 

2 = .w~V'l'fltlilU'fltJ / tJ'fltl1UU'fltJ
 

.. t"...1 ..,.,...1= V'l~V'l'fl 1il~'fltJ'Vl~~ / tJ'fltl1U~'fltJ'Vl~~ 

I I II II 

;r'fltl~Vi'V11~[;l'flUtl11il~Lij~U1~ttJ'JI,r'flth~U~~1~1U~1~':i4'tJf')1~\l 'iI'fl'll'flUV'l1~f')ru'Vln'V11~Vi 
~ . . I 



UJ 

'Jl WCiln ~:: Cin11 
5 

~::c;ium~mnJfu 

4 3 2 1 

m::Cin11 2% 'WyJ~fl 

m::V1111 4% 'WyJ~fl 

m::V1111 2% yJ~fl 

m::V11114 % yJ~fl 

'Jl WCiln~:: Cin 11 
5 

~::c;Tum~iJ~3-Jfu 

4 3 2 
~ 

1 

m::V1111 2% 'WyJ~fl 

m::Cin11 4% hJyJ~fl 

m::V1111 2% yJ~fl 

m::V1111 4% yJilfl 



"1lil~n1:::(;n'l:l' 
5 

1:::c;1un11t.1fl3.Jfu 

4 3 2 1 

n1:::~1'l:1' 2% hh~fln 

n1:::~1'l:1' 4% hh~fln 

n1:::~1'l:1' 2% ~fln 

n1:::~1'l:1' 4% ~fln 

1:::c;1un11t.1fl3.Jfu 
-­"1l'W~m:::~1'l:1' 
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