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Abstract 

This research was concerned with the fiber separation and non-woven 

preparation form sugar cane's leaves. The separation process was carried out by 

chemical pulping method at 100 degree Celsius. In order to study the suitable condition 

for separation process, the concentration of sodium hydroxide ranging from 0 - 20 

grams per liter and boiling time 15, 30, 45, 60, 75, 90, 105 and 120 minutes were 

performed. Web formation process was performed by wet laid method and polyvinyl 

alcohol was selected as binder in web bonding process. in order to study the suitable 

amount of binder in bonding process, concentration of polyvinyl alcohol ranging from 1, 

2, 4, 6, 8 and 10 % w/v coated on web surface and cured at 120 degree Celsius. 

Bursting strength as well as physical properties evaluation of non-woven fabrics was 

performed. For antimicrobial finishing process was performed by spray method and pad 

method. The finishing result was evaluated by MTCC test method 147-1998 

(Qualitative) and 100 - 1999 (Quantitative) 

The result was found that appropriate condition for fiber separation was 

recommended as follows: the amount of sodium hydroxide of 10 grams per liter and 

boiling time 60 minutes. The suitable amount of polyvinyl alcohol for web bonding 

process was 2 % w/v. Bursting strength of non-woven fabric was 53 kN/m 
3 

and padding 

method was a suitable method for antimicrobial finishing (antimicrobial area 0.3 

miIIimeters ) 
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10 a1UlJ1Y1 Ltlu 330 a1UlJ1Y1Luti ~.~. 2515 ';)un1::i"t1 ~.~. 2520 3Ja~1i:f~,.t1m~aanlii 
~ 

L~3J;fULUU 7,395 a1UlJ1Y1 ~~LtlU1111liia-~a-~UlJi"LL~1l1::LYI~lYllIliiiin11i:f~aan,.t1~1~ 
~ q 

LuutfuT11aamLa:::UlJLtlU1111lierU~lJ 3 1a",;)ln';11LL~::aJU~111::'IIItr" LUi.! ~.~. 2521 3Ja~l 
• At ... ..... A:'..... 

~ 

~ 
m1a-"aan~~m"L'III~ m~lI" 3,972 ~lUlJ1Y1 f{1L'III~Lua",;)lnU1m~~UiII~1~LL~::11fl1i11n~1

q 

LL~nir~Ltlul1l1li 1 LU 10 "lJa"tfutl1aan~"'III3J~ ~"UlJlii11eratILUU~"Jf"JfU~'IIIrt,,~ij 
f1113J~~ru~ m~1H~n\J"JJ a~1l1:::LYI~lYlli., ... 

q"A': ~ A q" t.i 

2.1.1 t.I1::1ilm'!'U(;hUilllua:::n1'm1::"'9il1'IJ£hHlt)9 

elatILUU~"Jf~3JuHJi'in3J1U1UUlJ'IIIrluti Lua-aJ1I1lJl1rnela1I11 ~muu~"Jff{1Ufl71. ~ ~ 

~'III1lJlJ111lfl1~ 1I~1"1l111LUfl71L;aULfh,ru nTlLllallU,;)ln~"Jfa-1Ufl713J1LUU~"JfH fl1~11 
.... ..f ~.I ..........1 "':;"1 ' ... If ....
Lnill"lJU LUu1::LYI~aUL~lI L3Ja'llla1rJ1allunaUfl1a-~~nl1"Jf 

LL'III ~"rhLUillIf" L~3J"lJa" era 1I a~~Ln1::U1nitLU3J'III1 a-3JYl1LLlltftf.Jn ii'llltrn~utiuiru11. ... 
..f .. ..f. I ... '1n 

~ 

• '" .¥ .. I .t, "'1 ~ I 

"Jf11~UL3Ja""JJ eN Lm:::Uu~m)a1I L1 Ua-1Uf{1'1111lJLflmnUL~U3J1~"LL~a-3J 1I lJ11rn LLa::L"n a11 
~ 

http:a-3JYl1LLlltftf.Jn
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rrElllw'Uf~'llti3J'd'LU'UrrElll~L7tJn"ll1'Un'UiimJ111 8Ewiifl1znR (Noble canes) 'UElmnm!'U iT~ 
q ~ 

3j~"lJL'U,mGlL~1I1n'U ~E1 rrmLR::LL"ll3J 
q 

L'U1Gln3j~"lJ"nRL~1I1nUrrElll3J1nn11 7 "lJn~ ,:rnv.fJn1fm,,~f"lJ11Ei'UL~lImh111
q 

..., ;ell A I ~ A~ ~ A 1'1 d....c:t ...A... 
ElEIlI"lJ'U~'VI'U~6jf..:l3J"lJEl11 S. barberi 'U'U3J V. 'ULV.~..:IL~3J EllI ~'U'YI1..:1~ EI'UL'VI'UEI"llEl..:lEl'UL~lI LLGl1tln 

~ ~ 

,.h'1hJGln L 'U1h::L 'YIfl~'ULwn1 250 tlriEl'Uv.min1Gl L'UJ111f1i'U"nfJ~L711nrrElll11 Shakkara 
~ q 

~~WEI..:I'VI7E1Ln ~L~ 1I..:1 nUJ111f1 R1ti'U 11 Saccharum LLGl::3jfl113J'VI3J11111 W?ftMJ,j,nnrl1..J 
.... I 'OA .... ~. A"'" _A 


flZ'JU€J8 n LL"~..:I11LL'VI R..:In1L'U~"ll El..:l El EllI'U'UEllI'YI1\1'Y1fl~::1'UElEln"ll EI~ E1'UL~ 1I 

~ 

L'U111 fl.fl. 1853 3j,:rn1'Y1mfl1,,~f'VIGl111flru:: ~"'UL~L'ULL'VI~~ihLn~"llEl~rrElll'~ 

61...... IS' - ft, .. t 0 A.l ... a.cl 
lJ1::1~fl1 "Vl1 LLGl::J13Jm"~111 S. officinarum L. 3JLL'VI Gl..:ln1L'UVI'YILn1::'U1n'U 

~ 

n11LLv.iw'UDiJEI~rrElll~1mm::n1nil Ln~~1nm1E1v.1Iv."llEl~fl'UL'U,,3T1I1u11ru
q 

i'Un1f;i1'U11rrtllln1:~111E1 E1n~1nn1nil'11 3 'YI1..:1 ~El L~3JLL1n rrElll'Clm11'l1~Lm::16jf1R3JEI'U 
~ ~ 

Lm:n1 L iJU1~" LLGl::Lm::n1m~1~Lilv ~..:I EI ci~1'UYiflVl::1'UEl E1maV~L'VI UEl"ll EI~ El El "LVl1L~ 1I 
~ 

111::3J1ru 8,000 tlriEl'Ufl7"~mGl Bn'YI1..:1'V1i1~tiElv'Clnih'11'Y11~Yifl~::1'U~n 'l1ffEi'U1~ilL~v 
'\I '\I 

~~l1t1'ULf LLGl::'l1ff~1'UL'VIUEl"ll El..:lEi'UL~Vt 'U111111::3J1ru 6,000 tlri El'Ufl7"~mGl 'YI1..:1~~3Jm~ 
~ 

11tiElV'Clmt1'l1ffLm::'YI1..:1Yifl~:1'UElEln"llEl..:l'VI3.iLm::'6jf1Gl3JEI'U ~..:I'~LLri Ln1::~~ VI El..:lm 6jf13T1 
~ '\I ~ 

I «'.cl IS' 1 \1" AI" ~"... 'I
Lm::fln 'VI3JLm::3J11fl6jf1" Lm:: 6jf L6jfVl Lm:El"L~El1 LLGl::iJ111V 113J'YI~Lm::LGlmm:'UEllI~'U 

q ~ 

3J'VI1 "3J'YI1LLll;n~n 
q 

m~n'll1'UL~ E1f3J'VI111"lJ'~tt1tiElll~1nEi'UL~v'l1ff3J1~1~Lilvt 'U111 fl.fl. 218 L'U 
~ 

,,3TVv.'YI'1l'n1Gl rrElvtn~'Clnth'l1ffLllE1fL~lI E111LUlI Bullii' 'VItr~~1m!'Untllfi~"Lll'U 3J1'~11 
, '\I ~ 

(Madeira) 'VI3.iLn1:fl1'U17 LLR::L'll11V1L3J ~..:Itn~Lu'U'111~lIn11~~t~~~L'7i'U t'Um1Lti'U'YI1~'11 
~ 

m3J1mflf..:l~ 2 "llEl~1fltrmJ"t'UtI fl.fl. 1493 'UEln~1n1fltr3JU"LL~1iT..:I3j,:rmti'UL1Elmi'Uen~U1
~ 

tiEl £.I'll LLV.i'VIGl1l1 1~ £.I El1flllll1:1V"lJ'U1 iLU'Utn'VI11 t 'U1::'VI'"h..:lLtittL1E1'~ t 'Ufl~~LL1n"llE1~ 

2.1.2 am,'"u,-tLnftlntl 
tiEl mu'U~"lJ~3jfl113J~1fi'l!~"lJ11''YIl1U13J1L,n'UYinii1~ 6j 3J1LLii1u11rumGl '3.i11 

..:I1'UL'YIfln1Gl'VI1E1Yin3J~flGlii1..:16j L'7i'U LLii~..:I1'U 1n'U~n if'UU1'UL'VI3.i 'VI1m'YIflt!3J'VI1"lJ1ti t 'U 
q 

..:I1'U'VIaT'U 'VI1E1 LLii~~1'U~El..:l3j ~'UtiElmWi3J1nU"ll U1'UiJ'U'VI3J1n LLGl::U13J1~n~111:Vlu1'UL~1~1 
~ ~ 

t 'Um1''VI'lv.1::i''U 'YIf"llEl~"lJ11~'Unll3JLirrElllll1:~u'Yi1i3J L'UYinii1..:16j ~~El~3j3Jru'YlllYin~..:I 
11"lJ1i,r~11i\l~::~El~111::~U~111tiElll 113Jyf..:ln~1mLGl::3J::v.tnii1\16j t'U~1i'umLL~'U1u11ru 
t itimJLL~..:I3J1~3Jn1JLfl~EI\lV1~'U ~Ldlln11 rrElmL~..:I L;iEl~~1ntiElll"lJn~d'3jLll;E1n~LL~~~'U 
L71 E1U~1 U1..:1flf..:l~..:I3j ~L111n11 rrE111~1'V11El tiE1l1"ll3J L;iEl..:l~1n ~1LLGl::Lll; Eln3j1H"ll3J 

~ 
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.. " ...tn-rtn 2.1 91'!./,tIEltJ 


fI." : http://www.cropthai.ku.ac.thlcomercanelfracom.html. 12/08/52 


~ ~ ~ 

2.1.3 itn1tDL::n''''YUl n1Hl" if"1''11 ih1 iJ iJ EJ 

e1EltJi91Li]\I,W"lf91'l::na'VInr1~hvnnw"lf1.uLiftJ-3L~tJ1W1lJ1'lm'hLL\I,n'YI1-3El\l,n'llJ11J1\1,
~ .~ ~ 

... \1 ....... .r

"lIEl-3ElEltJ ~fl91-i1\1, 

Class Angiospermae 

Subclass Monocotyledoneae 

Order Graminales 

Family Gramineae 

Tribe Andropogoneae 

Genus Saccharum 

Species officinarum, spontaneum, robustum, sinense, barberi 

ua:: edule 

Scientific name Saccharum officinarum Linn. 

Common name Sugar cane, The Noble canes 

1. nn (Root) 

e1EltJih::uU'l1mJmJ (Fibrous root system) LLj:Jn'l::~ntJElElnl91mElu~1fl\l,1.\I, 
..... ""tJ ... At ....k • .... ..... 
1fllJ 1::lJ1U1. 50 - 100 Leu\l,91LlJ91'l an 100 - 150 Leu\l,91LlJ91'l "lI\I,EWnUW1tJ'W\I,tiUa:: 

~ q 

i\'1l1'WLL191aEl lJ BEltJ~'li'fltJan~1 tJLlJa91'i1::'liih1nLLn1 ufi'il::ii'l1ntA-iI91"a1tJnnLLn1L7tJn11 
~ 'II 

''W'l1J1n91 (Primary root) 'VI1El Leuijua'l91 (Seminal root) tJnflaEltJ"lItJ1tJ'Vi\l,fl91tJ1.i~1fl\l,
'II ~ q 

fl91LtlwnEl\l,c:l a:: 2 - 3 911 LLYia::'YiEl\l,L7tJn1TnEl\l,'Vi\l,1f (Seed cane) Lilmh'YiEl\l,'Vi\l,fe1EltJ'tJ . q , 

tJan1.\I,fl\l, 'iI::1J'l1n l1'l1n 2"lf91 iiEl 
~, 

http://www.cropthai.ku.ac.thlcomercanelfracom.html
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• Tln,t'lfITl7 ";'0 Tlnllo..JriEJu';uf (Sett root or Cutting root) Lth~Tln~Lnfl• 
~11nih.J'Tln\-UU1L1m!.nflTln'll fh1Y1 ElU.wuf ~im~ttu.::LijuLL~1.uan C) Uft::Uflnu'IIu·unn 'lltu.::~, , 
fl1'IJEl~YlElu~uflhi·n~1flILilww\.LEl (Shoot) tfi\h.Lft::1i1flEl1"11~1ntlUfl1~Tlm"'hil Tln

" 9*1 , 

'IIEl'l1fi Eluliuf ';) ::fi1,,1l'1~';Elttl';)un1::Ti'~w"LElih1n~';1,,1l'1~fl fl,i'1Uft::1i1f1El1"11UflU , ~ " 
.... t .A"'''' t ..... ---: .... .: ... ~tI 

"ft'l1~1nUUTln'llEl'l1 llElU WUti 1111f1'11fl1f1ElUWUtiLfllIn~::R"U.«111WLLft::U"'I1f11V ~" , 

Il'''~ 2.2 Tlnatlu 
it..1 : http://kanchanapisek.or.thlcgi-bin/show2.cgifkp61BOOK5/picturesll5-7 4, 12108152 

- Tlnrl17"I l'I;'D ,.,n2lD..J"UEJ (Shoot root) LiJUTln~Lnfl,;)1n~lITln'IJEl'l1WllEl 
...I .. .... .£.~ .1'... t., ... A...... '"' ... ~*I~...I 
flLnfl~1nflElUWU1f"U TlnUlI'IIU1fl "tyn11Tln"lfUflLL1mllmnfl ~"'1I C) lIftn]jtu.::01U ~.waJ 

U'lJlL-3 n11 LLft::h::LtI~ VULilu ,i'1fl1ftL ,jllL~ml1v1I1n;fu t1l1Tln~tl11nl1LUIDnULLnflTln , , ioJ 

• "'~..t ..t.... -J '" .,. • ... '" ' .. .,... '"'tI'" '" ..JI t·t'~"llEl-3LLflft::'llO~::aJ'II1U1U'II1nfl U.,ILU8-3~1n«1ULflU'lJEl'l1ft1flUflElV LflflUlI ftEl-3tl1l1n fl1 'l'\aJ 
~ 

Tln1l1n 11n~::L~ruotln1l1~1ntlllTlmfh,f'u n11L~;flI"ll tl-3Tln~::LnflflUEl m;ulflutim\tEl'l1 
." 9~ 

"I '" , .... '" <II. •• ... ..JI ... '" ...I .. <II ' LU'IItu.::flTlmn1n1ft'l1L«Elllff111Wft-3 Tln L"lIn~::Lnfl1l1 ,n"U1f1UflU Uft::TlnflLnfl LUUflft:: 

,jEl1ll::ii~1U1U~1nfl u';n11Ufln «1'11~ltaJii'llEllJL'IIfl~1nfl LflULtl.W1::\ UtlU~L"111::«11 Tlntl111 

£f11111tl"Ei''I11UUU1~'11LLft::UU1UElUtfi1l1nn11 100 L'lJUflLlIfl1 UEln1ll1nTln~El ~ttiiuua1U'I1 

'"' '" ... ......",.. t... '" .11 .,... ... ", lItI'" ... -:... '" 
lITlnflLnfl~n"llflL"UElWUflUfI-3"l18f18u nft~1flU Uft::«'I1"llU L 8EltlU1-3WU1rEl1';)lITln£J11f1

~ 11 , 

..... I. ", .. ... "'.... 1 • "'..t ~ ... ... ...
'118'U-3El~"1-3~1nWUflU1I1n Tlntl111'118'11ElEltlflLflU flLflllfl.1LLunElEln ~fl 3 "lfUfl flEi 

• Tln";1rJU (Buttress root) LiJUTln~Lnfl1ll1nLflU'IIEl'l1,,1.i.mlElU 

.1 • f'1 "'.. t ...'1- TlnHElV (Fibrous root or SuperfiCial root) L1JUTlnflL~1tyEl~ U"lfUflU 

antl1::1I1m 25 - 60 L'lJuilLlIfl1 u~n1::,;)1UElEln1EllJ C) ~1tiuV11t11::1I1m 2 LlIfl1 "'£1 
• ... "l,", • 

1I1nn11 Tln"lfUflUlI'lJU1flLftnLLft::LLflnU'tIU-3111n 

- ,.,n"tf.Jfin (Deep root) iiin]jtu.::f1a1ULtmL~Eln1111EltlLilumill5J ~ 'II , 

"Ei'-3Rn~-3ft-3ttllui1u E1111lann-3 6 LlIfl1 tl1flU£ifl1111'bw~uti Tln"lfUfl;l'W11111tl~fl,i'11ui1u 
~'l::tlUfl1111an 2·4 LlIfl1 fi11~aEluflu«111WLL~'I1ua-3tfi 

http:LflULtl.W1
http://kanchanapisek.or.thlcgi-bin/show2.cgifkp61BOOK5/picturesll5-7
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o ... 
2. a1"'''' (Stem) 

tl1amJ~L~i'ru~1nnE},\.lW-"uf~':b'1.hJan ~::L911.JL91Lih~~,"BaElUB'ULL1n (Primary
w q ~ 

shoot) LL'Yl-ll'Yl::~L~a;f'U1l1L~ilBl4''Uti'UL~i'tyLiJ'Ua1tl'UaElU fialJ1911~LtlW!lEl-ll~,"BaBU~El~'l'U 
ti'Un~::L~7tyL911.JL91;f'U1l1LiJ'U~,"mrElUB'U~fi'B-II (Secondary shoot) ua::tl11.1El-ll~,"ElaElUB'U~ 

... ... iJ ." ... ..r ,.Il ... ... ... ~ '¥iJ
fi'El-lln~::L~1Cl!L 'U~'UElElBUEl'U'YlWlll (Tertiary shoot) tl111r.'l1911.J fJJ-IIanMtu.::LlJ'U'UL 'Un11LLfln 

LLl.I'U-IIl.IB-IIaBUBBntUL1BU 'J ih'liaEl£JL~i'1YEl~LiJ'UnEl~L;Un11 nmlBE.I 

Shoot roots-

..; 
fI&l1 : http://www.sugarcanecrops.comlgrowth _morphologylthe _root_system, 18/08/52 

aBut~El11 ~qT1d'm~ (Giant grass) L~11::jja191'U\1-11'l~qj aElu~Ln1.JLfiu1L~B 
El1U 12 LilEl'U El1~jja1ti'Ufi'-IIU1::111m 2 - 3 Llltl1 LLa:jjLi'Ur.i1'U"'U~na1-11 2.5 - 5.0 

q ~ ~ 

LfJJ'U91Lllfl1 ;f'UB tin1.JW'w.tf "111~U1t1iElll LLa::n11t1LLai'mfil.lB-II'1f11 t i 
~, ~ 

a191'UrlElU (Cane or Stalk) jjinMtu.::LtI'Ua1I.:lfl1-11LLa:jjn11.J'l1.Jill tl1111"-II, ~ 

U1:111m 2.5 - 6 Llltl1 tajLL91n~-IIn1'UWl1.l1 a191'UU1:nEl1.Jtl1UiEl (Node) LLa::uiB-II 

(Internodes) -;;1'U1'U1l1n tl1111£J111.1El-lluiEl-ll~1n1ElUn11.J'l1.J (Leaf scar or Sheath scar) 

a'U~rt-lli}.:I1El Un11.JL1.Jiina'U~rt-ll ~1ElLU'Ufl1111£J111.1 El-lltflElua::ui El-ll1111n'UL;un11 ~ El Utl 

A .. t •• If,;' ..,~....... • ..... 1..., .,"""
(Joint) 'U-IIm~L1Un-ll1U 'J 11 "lJaEl-ll" BElU'Yl91tlLllElEl1U, 12 L91El'U ~::lllJaEl-ll 20 - 30 lJaEl-ll 

)I "" .1 ".1" ... 'l .1"" .... 1"Ir.'I1t1'UEl El £J~::lJ1::nEl1.Jtl1 UlJaEl-ll~a1U 'J em 'U1::U::~1-11lJaEl-llElEl U~::lllJa El-ll 

-:. '¥,. ..r. I ... .1" .1'" 3 ....... .L
L~1l1.l'ULtI£JL\la UlJ1::111 mLtlEl'Ua:: 3 lJa El-ll tl1111 U111.1El-lllJaEl-lll.l'UEl un1.J~'UDua::«111~-

'\I • 

LL191imJ ua::m1l1mJ1 UiEl-ll~Lntl1.'U'li1-11~jjJ1~ElL~1J1:~::£J11n11UiEl-ll~Lnfl'l'U'li1-11~jjJ1 
111n~1a1tElmn'Utu Lflutt1tuuiB-IILLfia::a'Ujjtl1111£J11U1::lJ1m 5 - 25 LfJJ'U91Lllfl1 ua:jj 

Lt'\.lr.i1"'U~na1-11U1:111m 1.5 - 6 L'I1'U91Lllfl1 LflUUiB-II~Bti91El'ULfI'Uti'Uua::91El'UUa1Ul.IEl-ll 
~ '\I 

A " .. l: ... ....·.1 L '" ..r1l." ......r... .I.....r ....
r.'I1t1'U1I'tI'U1f1fi"l.l1l1n anMtu.::fI-IIna11lJ11n{J 'UBElU'Yl LlIlItlEln fi'1'UBElU'YlllflBnuaEl-ll'Yl1B-II11.J 

~ .. ..r '" ..It ... .:........r. I " .. 11 • ..r ... 

-n Btl Eln~:1If11111£J11'Yl fi'fI LLa1afl a-lltl111,.,1f11.J ~'Un1::'Yl-ll tl-ll fi'1'U 'Ylua El-ll 1If11111U11 La La un'U 

q 

http:tajLL91n~-IIn1'UWl1.l1
http:tin1.JW'w.tf
http://www.sugarcanecrops.comlgrowth
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7tltl~"lJa~tlia~ (Internode patterns) 5htli1~LLliln,h~nu~umln'U~m~m:; 
~ ~ ~ 

tl7::,h~un, ~~t'flm7{lLLti~7tli1~aan"ttl 6 ~n1Ym:; fia 'Yl7~n7::'Uan (Cylindrical) 3Jlili11tl3J 
~ 

(Tume-scent) mn~flalil (Bobbin-shaped) 1f1u1iJ~ (Conoidal) 1f1ULan (Obconoidal) m~:: 

1" .... ... tl":;'" ... "IfI~ (Concave-convex) Ll1un17,;)lilL7t1~"lJa~ L1a~uu 3J 2 LL'U'Ufla LL'U'ULLlUlil7~ LLL1::LL'U'U 

:ftmL'lfn 

ha~a1~U (Stalk color) ha~a1tlULLliln'li1~nUlil13J~UnLLL1::Ll1l1WLL1lilia3J, 
1liltl,t1Ltl3jtlLLliln'li1~nu i~LL'litlLiimeiau';)ufi~tla,h~LLnLiia'U~1 tl'li1~') L'VIGh,!udilil';)1n 

7~flt'fl7 (Pigments) ~LiluvrU!1U 2 ''If"lil fia tlLiitl1Lnlil,;)1nflL1a hilJL1S (Chlorophyll) ~~a~ 

LlLLlil~Lnlil';)1mLElUL 'Yl LiJftl1UU u7mm"lJa~7~flt'fl7'Yl~ 2 "lfUlilU3J3J1nUatILLlilnlil1~nu L W1n'Yl 

'I ..r d ." 'I d ... I ... "'...I

LULUmtla"lJa~L11lilU LULl1U'YlL7t1n11 LaWLlilEl73JLl (Epidermis) I ..I I '" ... lItl
LLL1::Ll1U'Ylatl{llilL"lJ1 L LLL1:: 

~ 

'" A TlI .... ~ :; ... ..r.... I "' lI tl ..I 

3j LLau1 'YIL'lftl1" UEl ~ mna1~uti';)::aantlLLlil~ ihuw1n~3jflL1El17ilJL1 Sa~mnti';)::tlElamiim 
~ ~ 

uan,;)1ndtim';)3j7~flt'fl7~U ') tlUEl~an L"liu 7~flt'fl7tlL'VIfia~ L~LLn LLiJfu1'YlilJL1S 
~ 

(Xanthophyll) LLL1::7~flt'fl7tlLLlil~tluL'VIfia~'VI1m'3J L~LLn fl1htiuatltf (Carotinoid) Lilu~u 

"limLL1::tlia~tl7::nEl'U~1t1R1u'li1~ ') i~d 
1. ;11 (Bud or Eye) Lnlil~"liElLU'U1L1mLnlil71n (Root band) tln~LL'liL1::,ja3j 

A ... ...... " ,J!'" 'I ." 11 ,''' ...... I A ""11 ... 
'VIU~lil1LnlilLlL1'UnUflUL1::"lJ1~"lJEl~1II1lilU LU'U1~n7m'U1~"lJam';) L3J3Jlil1'V17El3Jmnn11'V1U~lil1n Llil 

I 
A A A"." A

2. lJ1nCULnfl11n (Root band) flEl 'U7L1m'Yla~7:;'VI11~7Eltlm'ULLL1::1~L,;)711! 

Lilu~Lnlil"lJa~iJ3J71n fl113Jn11~"lJa~'U1L1mdtajfiatlLl~1LLl3Ja ~1u~3jlil13Jn';)::n11~n11~1U~, 
El~lil7~i13J tl fl113Jn11~LLL1::m3J1mL"lJ (wax) ~Lm::lilL1Ellil,;)U7::i'U"lJa~'U1L1mdLrla
~ 

LmtJ'U L il tJ'Un'U R1U"lJ a~tlaa~ LLliln'li1~nUlil13J~Un, 
3. i13J11n (Root primordia 'PI7El Rootinitia/s) Lilu';)lilLan,) LU'U1L1mLnlil71n , , 

71n,;)::L,;)1tuElElnm,;)1niJ3JL'VIfhd iJ3J71n~a~lilElu'Uu3j"lJU1lilLann11lilElUGh~ tl ~1U1ULL{l1
~ ~, , 

"lJU1lil LLL1::m7ililL1tJ~"lJa~iJ3J71nLilu~n1Ym:;tl7::~1~un, , 
.. A .. I -:..... ..., a 

4. 'l4L'i1ty'PI1Eli.JU.'PIiU (Growth ring) fla Ll1U'Yl3JL1n1Ym:;flL11tJ1~LL'VI1UL7tJ'U 

~El~L'VIilEl'U1L1mLnlil71n LiluR1u~3jL"lJLm::,:rEltJmn 3jtlLLliln'li1~nUlil13J~Un, m7~L1tJn'h ~ 

A A l.:f.ell A 1 . ~.., .., .... 'I .... ~ ...., oCto .... J 

1~L,;)711! LUEl~,;)1nLl1UU,;)::L,;)711!Llil'U lilatJ1~L 'VIU Llil"lflil LUaEltJ'YlL13J Ll1U"lJEl~1~L,;)711!'il1UL11~';):: 

U'ili1mnn11 'hL~ihtlui~~u 1~L,;)111!El~'il7~n'U'il1m';)1fi'~~uL 'VI ilEl lil1 'VI1m-huLtl'Yl1~ 
~1U'VI~~'il1fiL~ ~~Lilu~n1Ym:;tl7:;~1~unL"liunu, 

f'1 ..I ... J'... 'I
5. 1EllJn1lJ (Leaf scar or Sheath scar) LuU7EltJ'YlLn'il"lJU'VIL1~,;)1nm'U L'U'VI~'iI 

m7'V1 L1lil tI1n'VI1El~1 tJ"lJ El~m'UL'ULilu~n1Ym:;tl7::~1~un uEln,;)1nd~n1Ym:;'U1~a~1~ L"liU, , 
fl113JL11lil L'Yl LLL1::fl113J ~U'il7~L~'il1tiLilu~n1Ym:;tl7::~1~un• 



9 

6. I..1tll (Wax ring) fitl Wl'U"JJa-3tJitl-3~ij'''JJLn1:aJ1nn''.htl'U~'U') i1anl!tm:; 
''1 ., ..k ..... A ., ..( iJ.... .1 A ......

LiJ'U1-3LLv\1\Ltl tI ~,"'ltl t1n1U «11.1.'UEl1\)\):flaflV\'laLtUJ tlnU~1f1'U'D"-3L 'Uanl!tm:;lJ'l:,,1~\L1r 
~ 1 

;r A • «t "" ...
7. 1iJtJUflnflU M18 1EJtJUflmntJ..11 (Corky cracks) fltl 'lfltlLL9Iman,) ,un 

Yl1tl L tJ~ Eln"JJ a-3 a1tl\Lfl11Jfl111J tJ11"JJ a-3tJitl-3 anl!tUL:LLa:m1J1m"JJ El\l'la tI LLfln4 'UEl unu~'U1f 
'II 1 

LLa::«1l1~LL1f1iEllJ 

8. 1iJtJUflnSn (Growth crack or Rind crack) LiJ'U'ltltlLLfln"JJ\L1f1LV\qj Lnfl 

fl11Jfl111J t111'!1El\la1ti\L~nL1i1'tJL\LL'itmlEl tI 'lfl t1LLflmb'U1J1mJn\)::t111f1a ElfltJifl\ltJia\ls: 1 
*' lilt tf .-.".., .. 

n1'lLnfl'lEl tI LLflmm'!l'Ufl tJnu~ \L1rLLS: 
'II 1 

Vascular Bundl 

Crowth Ring 
Node Root Band 

Internode 

.... 
flJJ1 : http://www.sugarcanecrops.comlgrowth_morphology/stalk. 18/08/52 

L~a.rfla1ti\Ltl flnfl11J'!I11-3\)::tJ11n!lWl'U~LLfln.h"n'Utl U1"Li4\Ltti-nfl 3 R1\L fiEl 

R1'U'Utln~f1 ~\Ii1fl111JLL1'i"1J1n~t1ni1 LtJ~Eln (Hard rind) nflL1i1'1.J4-3tiaJni1 ~t1ni1 
~ ... .1"" "".lI ... "" !"«tL'Utltltltl (Flesh) u'l::ntlUfl1tJL'lfSfiI 'Yl,I1V\'U1'YlLnU'U1f11a (Parenchyma or Storage cells) 

LLa:LWLtI (Fiber) ~"Wl'UV\a"dLi4\L'tTiflLnmhnfltl~fI \)1nn11flnl!t1ti1tJniEl-3\)S'YlnflU• 
tJ11n!li1Wl'U~LiJ'ULtJ~am.h:ntluti1tJL'lrfill~1v\'U1 4"il~nn'U (Lignin) LiJ'UR1\LtJ1::nElU~ 

http://www.sugarcanecrops.comlgrowth_morphology/stalk
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Bud 
t 

It Root primordia
Leaf scar 

... "" Il'lwn 2.5 fl1ElEl[J 

itll1 : http://www.sugarcanecrops.comlgrowth_morphology/propagation. 18/08/52 

• ..I ..:..... "" 'I'" .-tot..JI ""..r".i ~ ... "" 
ffl'U.f1,.uJ'1l"El~7ElU G) uru. L[J flEl L'1laa'1l"YI1,"'U.1f1Lnu..1f11a'U.'U.LEl" L3JflElEl[J\ln 

ijUtl1[Jan«UL'1laai1lli1ii'IiI::u.flntJaElmr,fl1a~Eltlll1[JL'U.mm3J1 fl113JU.;J"1II1Elfl113Jii3J'llEl" 
.k "" .. .k tl ..... ~ "" 'I ... .k ........... .!'L'U.aaEl [Jn'll'U.EI n U lJ73.11 'CU.LLa::fI Wl1Yf'll El-3 Lwu. L[J '1l"'ll 'U.a [JnuYf'U.'U u.a::Rll1YfU.1flll4 Elll Yf1n 

• ~ 'II ~ 

D£JtlLfftl1ihL1IIqiii2J L'.d'U. Da[Ji"fl1tJfu.a::2JEl7Li[JRiiufuLmtEltln'hi'El[Ja:: 10 ft'1'U.Yf1mhLan 

u.a:u.;i" L'.d'U. ~'U.~1El 281 (Co 281) El1Ii1ii"i'ema: 17 LiJ'U.fi" 
~ 

3.1u (Leaf) 

LUDe)[Jiian~m::fla1t1Lu-n11 u.tlii'll"1flL1IIqiu.a::[J112J1nni1 tJ7::naU';1[J 2 

81" fiEl n1uLu (Leaf sheath) u.a::mJ'U.Lu (Leaf blade) 

n1uLu fiEl ft'1'U.~9iflu.a:1Elrnf)u1.h';'U.'YI1"';1"~iifl1 n171ElU7aU~1tl"'llEl"n1U 
IiI::Rau-n1"n" L'.d" LU'";t"'ll11Y1u..n1[J LUc1fl;f"'tJi1[J1iI:Y1U'll11 ;n"mULUn11-3~Rflu.a1.. ~ 

~[J1a"ftJa1[J u.N'U.Lu'fiu.rlW1'U.~a~tlElIil1nn1uLu;f'U.'tJ u.Nn1"aEln'tJIiI1na1DEl[JRftUn'U.~" 
REl,,-n1-3 ~"REl,,81'U.u.[JnIil1nn'U.fl7"7El [Jtl El (Blade joint) ';1'U.L'U.'llEl-37El [Jtl aii'liI::iiW1'U.fJ'U.LiJ'U. 

LfJElU1" G) 7tJi1-3f1a1[Jn7:iuL;[Jni1 i'U.LU (Ligule) ~W1'U.tJa1[J'llEl-3mu1uliI::ijfl112Jn11-3•
• • 'I ... ..JI 1- . A....... ..r.¥ ~.I "" ... 1 ...
2J1nn11j1'U.'llEl-3U.N'U.LUIiI-3YI1 111 3JR1'U.Ln'U.'1l"1lnlil::[J"'ll'U. Lu'll1-3U'U. L7[Jn11 ~ U (Auricle) '1l-3 
.. ~ -~ "".. A 111.1" «111 '" L .. ..I.. '" .. .... tl "" 'ItI1li1li1::2JfI"Ra-3'll1-3 'll1-3LfI[J11117a LiJ2JLatin Lfl "n7'CU.f12J'll1-3Lfl[J13Jnlil::a fl1'U. L'U.LR2J El.. 

ftn~m::u.a::7tJi1"'lla-3i'U.Luu.a::1IILuu.flntl1-3n'U."12J~'U.'1 muLuW1'U.3J1nJnilwLLflntl1"1iI1n .. . . 


http:n"mULUn11-3~Rflu.a1
http:u.a::mJ'U.Lu
http:LiJ'U.fi
http://www.sugarcanecrops.comlgrowth_morphology/propagation
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i1LlJ L'7t'U a-L'iimaEl'U ~1m'iimEl1l2h~ LtI'Utl'U ~~i~mlJLlJEl1';Jii'!l'ULLa::ii''!ILn1:: L~ihd 
.. .fI1.... .1 ~ ...... ::.::
a1ULu'Uamftu=u1:'U1Yi'U1iYI~ InL, 

LW1EJ[JLL1n ') ~L';J71l!';J1nil1LiI'ULlJLnail (Scale leaf) L~ElamJL';J;1l!LtllJL"itu LlJ 

aElEln';J::ii'!l'U1ilL~lIituL1m.J fIl ';J'Uii'!l'U1ilR~Ril ~i~';J1n~'ULlJaElEl';J::fiElEl ') ii'!lU1ilLana~L~El
J ... 1 

aEWLnaElElnilEln ~1U1ULlJnL"liuLtimn'U YilJ'j,ar.lElLU1::EI::~L';J;1l!LtllJlilLiill~';J::iiLlJ 
.1 """ -".. .. t¥ """ ,../ .. 111.1" ../.. ,u1::1I1tlL 10 LlJ LlIElll LlJElEl EIL';J1fll'!l'U1I1 LlJT1 LLnT1R"';J::LL~~LLa::il1E1 Lu LlJT1LL~~El1';J11~~ail·U ~ ~ 

'u';J1nihtlumElD~fl~E1UtltlnlJlhtl'Un'tl ttl'Ut:i1~RiI'!IEl~n1lJLlJtlilnlJUaEl~il1~,jEl LLa::";lI... . , 
1ElEI Lhtl'U'1til [J ttl 'U'!IEllJ'!IfHn1lJLlJ';J::L~g Elll'llEl'U 't1lJflU ~h.r1'UUEl n'!lEl~n1lJLlJii'!l'ULan ') 
.1 ' .. .... • ..../" ..r:'I.... .I.t......
unflallEl[J '.D"~am'!ttu='!IEl~nall'!l'U LLa::n1111~'!IEl~nall'!lUT1n1lJ LlJ'ULu'Uan'lftu=u1::'U1Yi'Ulf 

1 ... 1 1 1 

Midrib 
I 

Leaf 1 

Ugule 

..I 
f1a.11 : http://www.sugarcanecrops.comlgrowth_morphology/theJeaf. 18/08152 

ti'~~'UL'Un11~1LL'Un~'UfaElEl'UEln';J1nL,rnall'!l'U~n1lJLlJLLa1 D~t1El~~';J11tlL1n~
1 1 

'!IU1" 11lt1~ LLa::m,El~LlJ LLnUna1~LlJ flElLlJ i'ULlJ LLa::~LlJ Ontl1[Jnil';J1nn1tILlJ;f'U'ULU'U 
... ... 

LLN'ULlJ '!IEllJLlJiiin'lftu= Lil '1.4rf'ULg £Wflll LLa:ii LLn'ULlJ (Midrib) ~1mLnUna1~LlJ LL;j~ ~~ElU ... 
fI.,~na1~'!IEI~LlJaEl[J .yhL";LLN'ULlJ:~ElU'tl fl1111[J11'!1El~LLNULlJLLtlnfh~nUtl111~uf lJ1~~'Uf 

... 1 1 

E11';JEI11111nn'h 2 LlIfl1 LLN'ULlJii1l'1'ULLfllJLLa1n11~ElEln ';J'Un~n11~~RilLLa1L7tJ1a~mJa1[JLlJ. , ... 
.. ../ ."...... t¥ ../... ~ ../ '" .1 
'.D"~LL~all T1j1'U'!IEl~LL~ULlJil1'U~a~';J::v.lJYi'UT1an'lftu=flllt1[JR1l1L~aElllLL'!I~LLa::~'U1REl~JuYilJ 

nU~j1'U'!IEl~n1lJ'l.lJL1E1n11 f1ElLlJ (Collar or Joint triangle) mEl tl1LLav. (Dewlap) '!IEllJ'!IEl~ 
" _.... :"1....· ".... .1..... I - """flEl LlJlIan'lftu=Lu'Ufla'UElil~[J'U Ltl '.D"~1J1[Jailn1"Qn'!l1f1'!1El~ LlJLlIEltlnall "lJ11~an'lftu=LLa::a 

1 ... ... 

'!IEl~flElLlJLLilnfi1~n'U"111~'Uf, 

http://www.sugarcanecrops.comlgrowth_morphology/theJeaf
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n11L~1ru L~tJ L~"1I tI-\IttJ~-\I'V\2J~ Lfl EJ11itI-\lL~ EJ~1-\1ntJ1J1~1 Ul.LLGl ::flUUl1'W"1I tI-\I 
~ , 

~Gl ~a~Lrlmnmfl EJ1 n111~fl11 ~ L~1ruL~tJL~"1I tI-\lttJUEJ~1~L~EJinL1.J7EJmti EJtJi4'u~ttJntJ.. 

4. Utlliltlll (Inflorescence) 

Lrl tI e1tI EJ LLn L~~~ LLGl::tI cltu"li1-\1mm~tln e1tI EJ~::LL'YI-\I"litl~ tin tltIn~1nn1tJ"1I tI-\lltJ1f-\l 
-l.. 

'Il 
0.... I _ .., ......, .. .aid .. , 

(Flag leaf) 'YItI EJ~1-\1 ~1UtJU~~"1Ie-\lGl1~U "lftl~en~Gln1SUI.::flGl1 EJ'VI1Glnfl1~-\I~"lfm1EJnLu'W1::11 
'Il 1 'Il 

LLeLrl (Arrow) 'VI;tI 'YI1~L1Gl (Tassel) ih~·n1SUI.::L1ju~ Lilu"litllflelnLLtJtJ'W1uLilGl (Panicle)
'Il 

1tJ71-\1 "1IU1~ LLGl::htl-\l"litl~tln~::LL~nCii1-\1'tJ~1~an1Sm.::tJ1::'h~u1f L1Gl1~entJ1U~::L~uLilu 
'Il 1 

.... ""'1 ... .t. 
Gln1Sm.::flGl1m~U L'VI~~11'Y1-\1"lfa 

m1aanlflan;iuaclntJiJ~fEJ'VI~1EJtlcl1-\1 L"liu ~u1f a1EJ LL~::~1l1'WLL1~~e~ 
'Il 1 1 

~1l1'VHL1~~a~~i1ti~ 'fiLLn "li1-\1LL~-\I (Photoperiod) 'VI;efl11~EJ11"11a-\l1U ~UI.'VI.lJijLL~:: 
.f ."i ..... .r".... !"I "" .'1 .... 

fl11~"lfU 1J~~m 'VI~1u~::~e-\l~aEJ1'"L'VIm::~LlJUL1~1U1U'WtI~-\I~::'YI1 L'VI ae EJean~en 
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fl1~'Vf"n'lYfl1~~f ,]'El~Eln elm.ILiI'I-L,]'El~em LLUU 1my.mu~1w'1fvi LL'WitLfla (Open

branched Panicle) iifl113J1I11'~~'Uln1'I-L,]'El~Elntl~::mrn 30 - 60 L'lI''l-LilL3J~~ LLa::iin1'I-L 

LL'lI'I-L~LL~mElElnl~EnElU ,]'El~Elntl~::nElUil1tlLLn'I-Lna1~ (Main axis or Rachis) n1'I-LLL'lI'I-L~LL~n 
•• "'::: ..l .... ...

(Lateral aXIs or Pnmary branch) LLa::m'I-LLL'lI'I-L~~'l-Lfl~El~ (Secondary branch) ~~ElU1~flm'li) 
....... ::: ..l ..... ...... .. ~ ",..l... ~ 

3Jm'I-LLL'lI'I-L~~'l-Lfl~3J (Tertiary branch) Elnfl LLa1'li)~'li)::tH~1~Eln (Spikelet) mmL'lI'I-L~fl~~nU 

~1~Elniiin'lYrn::LiI'l-Ll1El'I-Li'I-LL~El3Jil~lilmi'I-L LrlEl~Eln1~EJ,rEllilm~fhd'li)::~a~'li)1nn'I-L
~ 

..., ... " -':1' '1 •• .1 ,d ... '11 

~ElnElEltJ3J'lI'l-L1~LamJ1n Ln~Lu'I-Lfi '] mLL~a::fI'I-L~Eln~'I-L~'li)::3Jm'I-L (Pedicelled
'II 'II 

or Stalked-spikelect) Lh'I-Lan~Eln~d~'1iiin1'I-L (Sessil-spikelet) ~~ElU!1'I-L'lIEl~LLlila::~Elnii 
'lI'l-L1I11h11f1&r1tJ'~3J~1'I-L1'I-Lmm1EJni1 U1~Liia (Bristle) ~1El tiai~LL~f (Callus hair) 

ri El'I-L~ElnU1'I-L'lI'l-LL~a1d'li)::LL'l-LUElUnU~1~tm Lrlel~elnU1'I-Ln'li)::n1~el elnl~tJ~elULiI'l-Li'fliiyhL~~ 
'II 'II 

fI&r1tJ'1'h~1tJ'~3Jyf~,]'mLlila::~elniin~u~eln 3 n~u L1EJ~'li)1n,r1~'l-Lelm,r1'tlL1EJni1 mU'l-LEln 

(Outer glume) mUL'I-L (Inner glume) LLa::~L~El~1tJtfLa3J3J1 (Sterile lemma) ~1ElmU~~13J 
(Third glume) ~13J~1~U 

....:'1 ..l tf .... ...:::, ..l:'1 .., ... ''I 
~ ElnElelmu'I-L~Elnfl~3JU~rn fI El 3Jfl~~1'I-LflLu'I-LL'Wfl~·ma::L'WflL3JtJElEJ L'I-L~Eln 

'II 'II 'II 

L~tJ1n'I-L iiin'lYrn::1il1~ '] 'lIel~~ elm~!iel'I-Ln'I-Lflntl~::m~ ff1'I-L'lIel~L'Wfl~tl~::nEluil1tJerULn~~ 
, 'II 

'" ..... ....., ..... .., ... '" ..r
(Anther) 'lI'~3Jan'lYrn::1I11~ 3 elU LL~a::elU3Jm'I-LelULn~~ (Filament) L1a1~e:mU1'I-Lm'I-L'I-L'li):: 

U~~1ff~erULn~~ElEln3J1111EJ'l-Leln LLa::lila3J1a1JLn~n'li)::LL~nelelntlaaEJa::aEl~Ln~ (Pollen 

grain) eJElnm~~3J~1LEl~~1eJaelEJ'tl~13Ja3J ff1'I-L'lIeJ~L'WflLiiEJtl~::neJu~hEJi'~''7i (Ovary) 1 i'~ 
.. '" • 1 :'1 ... '" ..., ~I ...

LLa::~~n3J1 (Stigma) 'lI'~ua1mLE.lnelelmu'I-L 2 LL\:I,n an'lYrn::fla1EJ'lI'I-L'l-Lm~EJn11 ¥'l'YILflel~ 

~ilnm (Feathery stigmas) ~i~'li)1n'ili'um~~~3Ji'~''7in'li)::L'li)1tlJLiI'l-LL3J~~lilel'1.1 
~eln ueJEJ~n~U~elnyf~~el~~3Jelu,r'I-Ltl~::nElUil1EJ 2 ~eJnUeltJ~ eJ ~elnu eJ EJa'I-La1~ 

~ 'II ......... tf ......l,::: .. ..,... ..l .... , 

LiJ'I-L~3J'l-L3JL'VW~~L~ el~1 tJaLa3J3J1 ~~elmUfl ~13JLf11'I-L'I-L LLa::3J'lI'l-L1~Lann11naU~eJnfl~3JelEJ 

~ 'II 

ff1'I-L~ElnUelEJa'I-Lu'l-LLiI'I-L~eJn~~3Ju·Hl!L'Wfl~'~LiI'I-L~ar'I-L ~~eleltJ'W1n S. spontaneum 'li)::ii
'II 

~L~m1EJtfLa3J3J1il1EJ LLlilelelEJ'W1n S. officinarum 'li)::iiLWtJ~ Fertile palea Ll11,r'I-L ll1EJL'I-L 

~elnUe)E.Ja'I-LU'l-Ltl'l::nElU~1tJ Lodicules 2 a'I-L (U~tiuL~~eJnU1'I-L) Ln~~~1~ 3 a'I-L LLa::Ln~~1 
'II 

LiitJ 1 a'I-L ~~tJel~Ln~~~1LiimLtJneleJmil'I-L 2 LL\:I,n iii~1~ in'lYrn::LiI'I-L'lI'I-L'l-Ln (Purplish 

feathery stigma) 

~ eJnelel EJ'li)::L~3JU1'I-L~el'I-LLi1i~LLlilna1 06.00 - 10.00 'I-L. 1~EJ1J::L~3J'li)1ntla1 EJ,]'El 

~elmLa::tla1 EJ'lI El~n1'I-LLL'lI'I-L~~e:J~~1Eln1'I-LLL'lI'I-L~Uel tJa~ ff1f1'I-L ,]'El~ elnyf~,]'eJ'li)::U1'I-L~3J~L'l-LL1Gl1 
'II 

tl~::3J1rn 7 - 10 1'I-L 
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.01 ...I 

111wn 2.7 "lfEiflEln".llEl~E1E1t1 

ilI.!1 : http://www.backyardnature.net/chiapas/sugarcaf.jpg. 18/08/52 

ct
5. Lilaft (Seed) 

L1JNflBm.ILiJu~a (Fruit) L~tln11 ,n1E1E1W~f.i (Caryopsis) fli1t1L1JNfloU11 LLtiii 

".IIU1f1LNmLa:a:LBtlfln111J1n ii".llU1f1fl111JtI11117:':1I1nt 1 5ja~L1Jfl7 fl11Jlln~L1JaflBEItlirn~:.: 

~flLLUUElcinlJ thU".IIEI~flEin ~~ii~m~tlntfitILQW1::11 Vi'JJi' (Fuzz) 'VI~E1 Wa'WVJ (Fluff) L1Jafl 
. ..t... 

'II 

~ .....1 .. i1...... 'I 'll'" ..Ill ...... .... tl"
L'VIa1UCl1LW1:: LUf.i111WLnflaEl1JYlL'VI1J1:':f.i1Jn~:~E1m UEIEI tlflUL'VI1J Lfl ~a'Yl Lfl7lJn17~f.i1JWW1i 

1 

ui1117:':1J1nt 3 EI1;;fl6 ~::LLriLLad1~llih'llfll1Ja1J tfitlEl1fl[J Silky hairs '!i1[Jw[J~i1, 
.... .. 

2.1.4 n1"UU"~"ft'llil\UliUI 

1. Saccharum officinarum LiJuBtl[J~LnflLLCllJ'VI~Ln1:ibnil a'm;m:.:~Lhfl'tll".lltl~ 
Btl[J"lfilfi iltl ,htiUL'VIW LlJn11~ m1Jlnt,11f11aft'~ m1J1ntLiiuLtI~1 LLiinnElUEIti Lllatlnua:.: 

~ 'II 

L dtlii1J LLa::ii«f.i1 [J ':lifiE1t1Y1UYl1Utl EIhfl LL1Ja~ LLa:f.i111WLnflitl1J~':li L'VI1J1:.:ft'1J tfl7t1Jt 'JJ1J 
... .....t..161 '1.1 1I ... .... • .....1 ........t ...J ...

2n =80 E1E1t1".1fUflUYluan LUu7::LYlfI LYlti L7[Jn11L7t1n11 tlm.ILfltI1 'VI7 E1E1t1Lfltl1 L"IJU E1E1t1 
'\I 

i~fltllf OEl[J1JEl1L;ftlft' (Mauritius) LLa::BEltllJ1~a1 (Badila) ~~".If11imf~E1ciLU".If11ft'ir[JriElU
'\I 

...., I ~J I "" .. I • 

n[JnEltltIL'VIa1U11 Noble canes i1E11JllJ71UfI'lJ (Brandes, 1956) L7t1n11 Native Garden 

Sugarcane L W71::".If11Ln1:.:il1nilllan '1tUft'1ULfJEILiitJ1l7::YllUf.ifl OEltl".lfilfl;liilJYllJ1Y1
'II 

thfl'ruti EI E1f1f.i1'V1nn1J,11f11afl71 tI".II E1~tanLUft'irtI L~1JLL7miJuElcil~1I1n BEl [J~llamtlun17fil 
~ , 'II 

Lui1~~uu nilJL;ftlf.i1t1111~lnBEI[J".Ifilil;l i~~u L~tlmh1n~1l7::lliLLa::~w(1u.f~L~1J".IItl~BElti
1 • 

... ........ ..t 

~~'VI1J1 [JCl~ EI tl [J".IfUilULft'1J EI 

http:LLa::ii�f.i1
http://www.backyardnature.net/chiapas/sugarcaf.jpg
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2. Saccharum spontaneum ~a,t1ttli1 Tropical wild canes LUUeltl£Jih~:%u£lci 
'\I 

,t1ttlLLt1ULiuflUULnn ijim!!tm::th~ru ~a iihiu"lJU1f1LanL~mfi~unu Saccharum
'\I '\I .,

'" . 
officinarum m1l1mit1f11t1~1 m1l1mLiuLtJLl\l LUL1tJ1Lan "lJ£lULUfllI ~anij"lJU1f1Lan LUU 

'\I 

~tJlnJ11 ''If£lflanm1t1':i::1I1m 10 - 12 L'1fU&iLlI~':i LLt1::~1f1u"lfafl£ln';)::ij"lJUm.h-ilL~uifi ij 

1f1':i1d'1f1l1l1n1l1~ L"lfU 40 48 52 54 56 LLt1:: 60 Luuiu 

ela tJ"l1Uflifi UtI':i::L 'Ylflhw ij~m1~ni1 L~1'V11aW-iI tli'Ut;l1 L ,y1nU~1l1WLL~-iI LLi-il 

LLt1::£l1mfl'VIU11ti~ ~1U'Yl1Uhfi ~-ilijfl1111th~ru1l1nLULL~L~£l~Ufm':i':i1l ~-iluntli'utI':i-il ., ~ ~ 

~unel£l £IL-nLUUv.J mL~~utilUm':iN~1I,y111nU"l1UfI~U ') 
~ ~ 

elamh LLt11J'~aU L UUel £l tJih~-iI:%umi,t1ttlLULLt1Ui£lULL~::"lfllifu ijmi'VI t11 tJia £I 
'\I ~ '\I 

"l1UfI LLfln~h-ilnUfl111 LL'VI a-iln1 L Ufl LL~ijimfm::~tl1~rufli1 tJfI~-ilnu :%umiLuun £lijL~h~uL~&iu 
., '\I 

th~Uti£lllLLt1::LLij-ilLcmt11-i1ij'VI11U,"a~ Lutl':i::L'Ylflt'Yl tlL1~ni1LL"lJlIW-iI 'VI1aelatJih (Wild cane) 

3. Saccharum robustum Jiswiet. (Brassel) ~£l,t1ttli1 The wild Canes of new 

Guinea Luuela~ihriun1LUfiLLflU'VI~Lm::U1nu ':itl"1-i1imfm::1l1~u£lnfli1Hnu officinarum 
'\I '\I 

LL~ijm1l1mJ1f11t1~1 LLt1::m1l1mLiuLtJ~-iI ~1~ULLij-ilLL':i-il "lJU1f1L'VIni fl1111~-iI£l1';)ii-il 10 
'\I ., '\I 

LlIfI':i ~1~u1i1-i1a£ln~,ya Growth ring UUL~ut~i~IL,;)U 1f1':i111t'1f1l 2n = 60 'VI1a 80 t3J 
'\I 

'YlU'Yl1U~£lhfl "l111Ln1::tlt1nll' L vj£lfl1f1'V11a~~nmfl~
'\I 

el£l~i11u1nu LUUela~i11LLt1ULm::U1nu Ltla£lnLLij-il tir.l111 ijimfm::~1~uL'VIqj 
~ A ... ; " "'.1 .J!::' '" ....J' ...."LL"lJ-ilLL':i-il a1,;)a'-ilfl-il 10 LlIfI':i 1If11111'V111Ufl1 "l111Ln1::L"l1lJt1n,I1':i1 aatJ"l1U~UWU1111 L'U 

'\I '\I 

'1 .., ... "".., • :'1 ... ... tI ::... ... '1'" ., '1t1tI':i::L'Ylfl L'Yl~ Un1"l11n1':iL"l1£lnU11LlJUflUfI':i::n~"lJa-ilaEltJ ~nfl-ilLfllI E1a~ Lflflnll>1 L ,;)1nLm:: 
'\I '\I '\I 

U1nu tfl ~n1':i&ifl ~ EI ~1"lJ1 £I LLt1::m':ia1L!i£l-il;1U"lJ a-illlU1frf~iTmiE1utI':i::1&ifl1a'f1f U':i1u&i'1ft~ 
~ 

iUU1f~1Um':iLLW,.n':i::,;)1~"lJ E1-i1 erEI tJ,;)1n Lm::U1nut1LUUa'111'Yl1-i1f1111~1t;lUL1t11 ~E1 

- ttl'Yl1-i1fifl~::lU£lElnL~~-ilL~fffi3JLm::1'1f1t111£lU U1 LlIU1&i~ LLt1::U1mL~tfiLutJ 
'\I '\I 

L nfl:%UU1U uml1U1U'VI~U ') iJri£lUfl1a'~fln':i1"l1 
- ttl'Yl1-i1fifl~::lUfln a-'VI3JLn1::"l111 tI':i::L'Ylflau1f1UL'UtJ LL'VIt11111t11~ tI':i::L'Ylfl 

'\I '\I '\I 

Viatlilui aut f1~U~-iI':i111ii-iltl':i::L'Ylflt'Yl~ f1t1 E1f1ii-il"l11 ~~-iI LLt1U eh1 L u-iln EI t1 tI':i::L'YlflaUL~ £I n1':i 

n':i::,;)1tJi1i1udL~lIL~E1t1':i::1I1m 6,000 tJ naUfl1a'~fln':i1"l1 ni1~erEltJ';)::n':i::,;)1tJ,;)1nLm:: 
A A ;C!l¥ltl A At -=I .t ..- 4).., A ~I .... AI .... .J' • 0 ~ 
U1nu L t1-i1aULfI~UU ~£l-il L"l1L1t11fl-il 3,000 lJ m':in':i::,;)1tJfl1'Yl1-i1'Ylflfl::1u~nUlIfl1111~1f1tlj 

1I1n LW':i1::tinaL~Lnflm':i~ftIU1E1f1a'1'V1n':i':illJ1f11t1 ';)Uijfl1111L ';)111 '£lci1-i1~ L~UEI ciLUU,;),;)UU
~ .~ '\I ~ 

- ttl'Yl1-i1fifl~::luElEln a-Ln1::~1-i1 ') ~E1 Vi~ f1E1-i1n1 '1f1:U1 fin lITfLflia' 1I111tJ 
'\I ~ 

1 '1 ... ... IS' ::. "" 'I tI"'~1 ...'1f L'1fLElfi LL~::E1~L'YlEl':i ':i111'Yl-ilLm::E1U') LUlI'VI1~~'Yl':iLL '1fnnfl1~ 

4. Saccharum sinese Hassk. ~E1,.r1ttli1 Chinese canes riun1LUflLLt1ULm:a~
f1::1u£lan L!iEl-ilt'YltlL1~ni1 er£ltJ~U in1fm::th~ru~£l ~1iu"lJU1f1Lan Liju~1flUUnt11-i1t3JLnu., '\I 
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2 L'lfll.~L3J~1 lhtfl.:J"ll11 aLiiu1l-;im;iE.I1flflnLL~.:J tlJU11LLfllJ LLii.:JLL1.:J 'YIWYlll1.~flL1f1;1Ln~,;)ln 
L:lfl'17a"~ U7lJi1L,jlnlJa'1l1'rUL1~aEl3J ~lI.LGn'~1i m3JltlL,rl~la~l m3JltlLLIDttUa'.:J 

11 

Lfl1L3JL'lf3J 2n = 116, 117 "'~fl 118 elElU"lfii.~dtiu1::1U"lfll.'lI.El~Wl"'nn3J~a~,rl~1a uan 
1 11 

';-1'U'YI1.:J~Elll.L",UEl"llEl.:JBlI.LqjU ~lI. 'YIl.:J~Elll.ti"llEl-llnjilll. ?Jauilll.i LLa::U111U ~lI.i;1uam"lill. 
"1 1 11 

Uba 

5. Saccharum barberi Jeswiet. ~El';-1'U11 The northern indian canes ~lI.fhLii.~ 
LLtllJ ~Elll.L'"UEl"ll El.:J BlI.L~U Un1"lf1m1L~Elfill.11L UlI.el El u;1 Ln~,;)1nm1~ a'3J m3Jm13J"lf1~ 
1:::"'11-11 Saccharum officinarum LLa::: Saccharum spontaneum LiiEl-ll''YIm~Un11 elElUBlI.L~U 

an~tlL:::fla1milJelEl U~lI. LL~~lill.LLa:::tlJL~nn11 ,jElLiI-II iifl113J"'11l1.a'.:J LU~ElmLa:::LdElti3J 
11 

... .J 'I" "i' ... "i' 1II-"i' "i' "i' .... ((
ElElU 'YI!1l1.n1lJ~lJ3J"llll.L~U1EllJ ~lWYl1l1.L1f1L~~ Lfl1L3JL'lf3J 2n =82 -124 L"lfll. OWll.~ Mungo 

Lfl1L3JL'lf3J 2n = 82 Nargari Lfl1L3JL'lf3J 2n = 89 - 91 LLa::: Chunnue Lfl1L3JL'lf3J 2n = 91 

Luw;ill. 
~ I) f ~ ~4d'" A.f" A I,:iii

6, Saccharum edu/e Hassk. CllI.n1 LlI.~LLCllJ"'3J Lnl:::lI.1nll. El El U"lfll.~lI.a'lI.lI.~~lI.11 
11 • 

Ln~n11~a'3J,j13J"lfii.~1:::"'i1.:J Miscanthus floridus nlJ Saccharum robustcem "liEl~Eln;1LillI. 
"'~lI.';):::iian~tlL:::flalunlJ Cauliflower tiLUlI.El1"'113JlI.~~~ Lfl1L3JL'lf3J 2n =80 

1 

7. Saccharum hybrids ii~Elna'3JlJ1mLOWfl (Fertile flower) Wl3J11C1~a'3J,j13JnlJ
11 

~1:::na~lI.'] L"lill. Eriathas Imperata Miscanthidium Miscanthus Narenga Sclerosachya 
11 

LLa::: Sorghum LLa::~a'3J,j13J1:::",i1.:J"lfii.~~1.:J '] L"lill. officinarums ~a'3J,j13J"lfii.~nlJ spon 

taneus "'~El robustum LillI.~lI. elEl U~UlilmUlI.nl1fi1tll.if';)';)lJlI.Ll1l1.3Jlmilll.an~a'3J1:::",11.:J
11 1 11 

"lfii.~~1.:J '] L"lill. Q 83 LLlil::: F 140 LillI.~lI. 

n11uanelEl uiiEl ti'YIn1l1f1 unL1l1.1l1f1t~ Lown:::a'1l1OW El1nlf11l1f1tm:i ~lI.~n"lfmLa::ii 
11 111 1 

El1nlf1i'Elll.~a El~U ~.:J'~L'" 3J1::LLnm1Uliln elEl U L iiEl.:J,;)1na'1l1owi.:Jmi11fh t ~elEl U'~"'11l1. 
11 

thun.:Jll1.elElmLa::,r1~1a'YI11un1::'YI11.:JEl~Wl"'n113J '~LLti.:JL"ll~m1UanelElU 
1 11 

ftl 4 AI ~ .... J=I AlJ:II.A'~ 
ElElmull. 4 1l1f1 flEl 1l1f1L"'lI.El 1l1f1nal-11 1l1f1~::1l1.ElEln LLa:::1l1f1~::1l1.ElElmIil.U.:JL"'lI.El 3JLlI.El'YI 

uanelElutll.U OW.fI. 2521 - 2522 113J 3.13 a1l1.'i LLa:::'~~a~a~elflmf-llill. 20.2 a1l1.ill. 
11 

L\l.~tl~a~a~elflUHa:: 6.46 ill. WlL",~;1~a~a~~n~1LiiEl.:J,;)1mn~1l11:::LL~.:JLLa.:J3J1n u1:::nEllJ 
1 

nlJiiL1f1LLa:::LL3Ja.:J1:::lJl~~1U~.:Jwr~;1~a~elElutll.LL~a::1l1f1L~U.:J~13Jm3J1tlLm1~a~3J1n'u 
... .. ... .f 

"'1l1.ElU 3J~.:JlI. 

http:LLa:::1l1f1~::1l1.ElElmIil.U.:JL"'lI.El
http:1l1f1L"'lI.El
http:U"lfll.~lI.a'lI.lI.~~lI.11
http:Elfill.11
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- .nlTl'il::1'U.mm l~LLfi "lHni1, 'l::UEl~ it::L:a~L 11'l1 LLL'I::i'U.111J7, NL'lN~'ilerElUl~ 
... 


'l13Jn'U.t1'ilLUWlElUL'I:: 17.58 "lIEl~f1~'l.h::Ll1~ 


- .nlTlL~itEl l~LLfi El'il'l~'iln rilLLW~LW"lS'l 'U.Tl'lff1'l'lfl fll'l.h~ ff1"l1f1U YiMm1L'1n 
, 1 1 

Yi~'il'l LLL'I::L~U~L~3.i N~'ilerElUl~'l13Jn1Jt1'ilLU'U.fElUL'I:: 9.39 "lIa~,f~'l.h::Ll'l~ 
- .nlTl'il::1'U.aamaU~L~itEl l~LLfi a'il'l1nit "lIa'U.LLn'U. 1J713JU 'U.Tl'lW'U.3J mwi'U.lf, , , 

iu.nii ffnL'l'U.Tl'l 3J~lff1'lTll3J LL'lU LLIil::~'U.a~mu N~'ileraul~'l13Jn'U.t1'ilLU'U.fauL'I:: 6.87 "lIa~ 
'II 

,f~'l.h::Ll1~ 
ff.nlWLL1'ilaa3J~L~m::ff3Ja-lw'i'1Jm'lUlilneraU iiif~iU'ih~ 'J i~d 

'II

.r..l .r 'I ... .r ..... ..... ~ ... 'I...... 'I ..... t
1. Tl1l3J"lS'U. L3JaTl1l3J"lS'U.L'U.enmfl~'lElTl1l3J"lS'U.ff3JWl111ff~ ~::3JN£H~aElU L"lSal 

'II 

L'U.~'U.irEl UIil~LLI.'I::"lb UL~n~n'l'l3Jnl'li~LTl'll::";-LLff~~lLu'U.lullii~1U~ LiiEl~~lnUlnL1Jr:r~Tl~ 
LiI'il'ill3JUn ~ 

2. Tl1l3JL711.'13J ii~l1~WL'I'iiElnl'ltilUL1111l~alnl~.nlUL'U.LLUL'I~erau erEl U~:: 

ff13Jl'ltlL~7'l1L~1J1'ill'il1iit'U.L~ Eliilil3JelEl'U. 'J ~'il ~-h'U. Lh'U.L'l3J~~'ilLL'l~~::l11L~erEl £.1m mrl3Jlnit'U. 

LLL'I::~'lILimrlL'U.f;h~m71 ~ln~'U.ii,rll1iLv:lu~w Eln1JTl1l3JIiiEl~nl'l"l1 El~ erau~::iiNflL~'miElu 
~ VI'" ~ .JI'I!'I ...... .. 11 .... 
L~U1 L'il LLfl::Iil3Jl1LL'l~3Jln 'J ~::fll L~ L1JElElUitn"lll'ilLffU~lU L'il 

3. r-J'U. ere)[J~El~nl'l,rl~~LL'iiUL'ln~'U.n'l::,t~Lii1JL~ [J1 l3.iiraunll 1,000 iifl~~'il'l 
'II 

i..Rmm,rl~l~m~3Jl~lnLL~a~,rl"lSflU'l::l1l'U.LLfl::,rlr-J'U. Elrh~l'ln'ill3Jyf'U.fiuL'lnerau"lIEl~
'II 

LnM'il'ln'l«1'U. L ~qjaTn ElliU,rl r-J'U.LU'U.~in Tl1l3J~El~m'l,rl"l1 El~ aEl u~::mn~1ElirEl £.I LL'iln 'iil~ 
n'U.it'U.El £lri1J'l:u::nl'lL~7fHL~1J1'il erElU~UflnL~1i~El~m'l,rlLvi Elm'l~ElniraU3Jln LL'iiL~ElerElU

'II "iii 'II 

L~7nJL~1J1'il3Jln;f'U.~::~El~nl'l,rl3Jlnit'U.'ill3JGhi1J i~,f'U.L'U.L"lI'ilUfln aEl £.I1'il UEllflU,rlr-J'U.~~
~ 'II 

,)lLU'U.~El~i'ilnl'lUflnaEl £.IL~L~m::ff3Jri1Ji..Rmm,rlr-J'U.
'II 

.... U'" ~ OJ 'I ~ ... ~ 4. mH ElElUL 'U.W"lSl1'ilEl~m'lLLff~LL'il'il3Jln L'U.ff.nlWl13JlJ'lmmLLff~LL'il'ilLLfl:: 

Tl1l3Jm1"l1El~"li1~LLff~mn~::l11L~aEl UL~7nJL~1J1'illmiLLfl::L~NI.'IN~'il LLfl::Tlm.nlWff~ 
~ , 'II 

ff.nlWLL1'ilaEl3JL'U.U'l::Ll1~ll1U1'ilU,t1luii LLff~LL'il'ilLv:lu~w Elri1JTl113J~El~m'l"llEl~aElU LL'ii~:: 
LL'iln'iil~ ri'U.Ul~L'U.L~El~i..RmmL3J'JJ LLfl::,)1'U.1W~'113J~fiii LLff~ LL'il 'il 

5. Elm~.nii nl'lL~7nJL~1J1'il"llEl~aElUL~3J~~LL'ii~Eln~'U.~~mm_h::mm 7 L~El'U. 
, 'II" , 

~El~nl'lElm~.niiff~ 30 - 35 El~~lLfJfflLt]jUff LL'iiL~El~~"lb~fierElULLn~1EliiEllU3Jlnnll 
1 'II 'II 1 

A ...,., 4A~ ...::l:
7 L'ilEl'U. ElElU'ilEl~nl'lElm~.n3J'ill 18 - 24 El~~lLfJfflLfJfUff LWElm'lff::ff3J'U.l'illIilLLfl::Tl1'l3J 

, 'II 

I"" ~ I ~.4 I 'I "'.... .:. ..r A"" A 

L1fll'U.l'U.Elm~'U.ElU 4 - 6 "'lJ'ill~ fJf~~::"lS1U L~ElElU~1l'U.U~"lI'U. Elm~.n3Jnlill~1'U.LLfl:::nfll~Tl'U. 
, 'II 

..... • .. A... ..... 1 'I ~ ~ 'I .f ... ... ..... .... 11. I
'U.1J1l3JTl1l3J,., ITlnJ3Jln 'il[JLitWl:: L 'U.'l::U:::l1L'l3Jffn L'U.'l::U::'U.tll Elm~.n3Jnfll~1'U.ff~Ln'U. LlJ~:: 

.. l ' 'II 'II 

l1lL~nl'lfffl~,rl'illflirEl Ufl~ LiiEl~~lnUlnL1J LiI'ill3.iL~3JfiLLfl:::LU'U.ElU ff'l'lTlL'U.nl'lLTl~ El'U.rJ1U, 
,rl'ill fl'iijln L1Jlu rJ~fll~'U. nl'l~ Elm~.niiLwib~L1Iillnfll~ti'U.~1'iij::"lb Ul1lL~m'lLTl~El'U.rJl £.I 

, 'II 

http:n'U.it'U.El
http:1111l~alnl~.nl
http:mwi'U.lf
http:U.Tl'lW'U.3J
http:nlTl'il::1'U.mm
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.t 'I 'A '" WI ..... .1" 'I ... 'I'" .1"...... T 'I U0 

.....l~lt:1~ln ~'lJa'£tl~'U ~~~"lJ'ULLt:I::'YIl ~lmT~'VI1£J ~~Ln~"lJ'U'Utl£J~l£J ~~tlnl1'V1lt1 ~~L 'Un1::'lJl'U 

'I "'.t '" ....t 'I .... 
n11~"lf .....l~lt:1a'11.:1"lJ'U~'U~tl'Unt:ll.:11'U 

6. fJ~Ut:ln n11Ut:lmrtltl~1:JJLL'VIa.:lut:lmh.:l i) L'UU1:: L 'YIfl' 'YItI.a:'UijfJ~Ut:ln~
'" '" '" '" '" '" 

L'VI :JJ1::a':JJLL~n ill.:1n'U'U~l3Ja'l1l ~~'ULLt:I::ll iimn1fl ut:ln tltl£JL'UL"lJ1il tllf1milN'Um~ LLU.:I tl tln 
'" '" 

LU'U 2 fJ~uan f1 tl fJ~uantltltlti'UN'Un'lJfJIilUane1tltlUt:ll £J ~'U ~.:I..f.:la'tl.:lfJliluanihh.:lL1t:1l 
..., '" '" , '" ,¥'" '" '" '" '""" .d 4I=Ii tLI ..... 

"lJtlIilLLt:I::"lJma'tI~l.:1n'U ~.:I'U 

- fJIilUt:lne1tltlti'U~'U tlcl1::'V\';h.:lLt;tl'U~fJl!tlllfl3J - n1nn lfl:JJ n11Uantltl£J 
'" '" '" w '" 

'tiL;1'V11tlil;fl'Utldn'lJnl1~n"lJ tl.:l ~'U 'VIlniJL~ij ~'U~nL ;lna-1:JJ11nu t:ln tltl tI'tiL;l LLiltiliJL~ 
'" '" ~'U~nilnl1Ut:ln e1tl £In ~tl.:l L~El'Utl tln'U n11Uan e1tltl~'U~'U3Tn~::a'n LLri U.:I'aJ L~:JJ~Lrltln.:lLIt:11

'" '" ~ 
Ln'lJLrim L iiEl.:l~1mitl£Jij'lil.:1L1t:11L'Un11L~1ruLfI'lJL~utltlni1 12 Lt;El'U 't11L";e1eWilfll1:JJ'VI11'U

Of 

~1 ~.:I.a:'U~.:Ifll1L~ tln ~'UIfetl tI~L'VI:JJ1::a':JJtn'VIWUt:lnL'UfJIilN'U L~ tlfll1LU'U~'UIf~ij tl1£JLn'lJ 
q '" '" q q

...I ~ 'I ... WI ..... 
Ln£Jla''U LLt:I::a-1:JJ11n L'VIfl113J'VI11'U L~L11 

- fJ~Uanetl£JUt:l1t1~'U'VI1tle1tl£J..u1:JJLL~.:I 3TnUt:ln1::'VIi1.:1Lt;tl'U~fJfl~n1£J'U
'" '" '" 

- n:JJll1~'UIf n11Ut:lneEl£JUt:l1£JN'U'UEln~1n~::L";~t:I~a~ a'.:I LLt:I::mUJ11~t;LL~1 U.:IU1::'VIUIil 
~ '" '" q 

~1Li,j1 £JL'Un11n1~1il1"lf~"lf iJ~~U'Un11Ut:lnUt:l1 £J ~'Un1~.:I'~;'lJfll1:JJit£J:JJ :JJ1n;f'UY1'1'Y1nll1fl 
~ '" q 

'I .I" ...1.1 ...I .t.1 .1 ... " 'I'" .. '.1 ....1 ~ .r
L'U~'U 'YIu t:I n'YI"lJ1~ .....1"lft:lu1::'YI1'U n11ut:ln"lJ1 3J LLt:I.:I~:: L'VI ~t:I~nl1u t:ln~'UH'U 'YI.:I'UL~11::n11 

'" '" '" U~n..u1 :JJLLa.:l LU'Un11LithN'Utl th.:lilu1::i'nill1~ LLt:I::~tnfltyf1Eln11L~1ty L~'lJL~"lJEl.:l tltl £J 


U WI.I • ... .1 .. ...I ... ....1 ... ... ...... T

L 'U ~uElm.:l L 'VI3J1::a':JJn'lJn11~n"lJtl.:lH'ULLt:I::LIt:11Ln'lJLn£Jltltl £J El tl £Ju~m.n:JJLLt:I.:I~::L~1IYLIil'lJ ~~ 

tlcl1.:1i1 i) l'UfJ~LL~.:I LLilLrltl'~;'lJti'1N'Un~::L~1tyL~'lJL~E1d1.:111IilL~1LIil£Jn'Un 111£J'VI~.:I~1n 
'VI:JJ~ ~'Utltl £In L~'lJL~L~:JJ~ ~i'tl:JJ~~::Ln'lJLrl til,~,'UL~ tl'U3Jn11 fl :JJ'VI1E1 L~tl'Un3Jll1~'UIf 

~ 

2.2 fl11'LLUmn"'U (Fiber separation) 

2.2.1 fl11'LLlImn"'lIfii1111Dfl1"'1f"fla 
....... .r 'I'" ... "" 'I ...... 'I .... 


n11LLtln~1£Jl'JJ'U~:: L"lfn11'lJ~ 'YI'lJ 'VI1E1 "lJ~ L~em1::~1 £J L'VILa''U ~£JLLtlntlEln~1nn'U. '" 
nl'Ul£J~'~~::iIU.:I ijanit'Ufl.:l L'VI~tltl d ij~t:I'Y'hl";LLf"L£JLU~£J'ULu'Ua-L'VI~ EI.:I n11LLtln~1t11i'YI1.:1 
... • WI ...... .r '" 

L"lf.:lnt:la-1:JJ11nLL'lJ.:IElEln L~~.:I'U 

1. n11tWnUrULlli'w3iaTflllLWeJ1Jm'nf"lhll1JflUlJn LU'U1in11LL[mLl.fu.l£J~
• '1/ 

LU~tl.:lLIt:11:JJ1n LLilLi'Ult1~'~~1nn11"lJ~~1 £JiitlijflnlJl1~~ n11LLtlmi'ULtIL~£Jn111,rElun1n! 
'" q q 

'lil£JL;4 tl"lJ~ LLtlmiuL£Jillii.:liltl'ui! 
'" 
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- liiililul~Li4El"lhr.JlIIilLL£Jmi'Ulr.J : fl171iiiIilUl~'t'iT;)lm'VI~mJaElIilNibJ 
'VI'Ul1h::3J1tu. 1 DaihlJIil7 'ajiifllJii~llJ,rULL;j~LL7~ n17"JJIilLLr.Jmi'Ulr.Jiii'UIilEl'Un17"lJIilLLr.Jn 

'II 'II 

fl~lmlun171in7::LflEl~LLlilmi4el"JJIilLLr.JnLi'Ul[J LL~'t'i~I'~Jl[Jn11L~71::Ellln7m~liii~llJ,rU
'II ~ 

2. n1"f.wm;u7mr"JlJnT1"f1UtJm;u7tJ;7mf}~lh' Lij'UiID117LL[JnLm.tlr.J'~L71
v 

n11n17"JJIilLL£Jn~1 [Jij El'VI;Eln17LL"11'V1:iTn LL~iiu~ii,;mhnIilUl~mh~ L"11'U n17"lJllil"JJEl~Lm.t1£1 
'II 

Lm.tl[J'ajN:: tnlil LLa::~El~1iVi"l1~iilu~hl'U';l~1'VI flhLa:: lU'VI'Ul L 'Yh~'UiiN1lJ17f11iLfl~El~"JJIilLL£Jn 
., \I 

Li'Ul[J'~ L"11'U i11'Ufl7'Ul11[Jm 

2.2.2 nTmUmft"'ULtflUn17LL2hnln 

n17LL"11'V1:iTmi4mLr.Jmi'Ul[J LiJ'Unl1LL"11'V1:iTn~1mLufli1L7[J ~~LLUfli1L;[Jll::'t'ilalr.J 
LdElL~Ell~LttlL~Elr.J LL~1~~LL£Jmm.tl[JEltm1l1n~1LdEma::lu LLlJfli1L7[J1l::'t'il11~ffi[J1Nal[J 
J:' .d..l.. '" 'I ........ J:' 'I .... '" 'I ..I" "'.... ...... 1 '" 


L'UElL[J El'Yl r.Jlil LN'U L[J e)[JnmnLLa::L'UEl bU El Eln1l1nn'U LN'U b[J'Yl blil [J~fl~NlJU7tu.'lf~ lJ1::nEllJIil1'U 
'II 'II 

L'lfaa1aN 
\I 

L i4Ell ~nl1LL"11'V1:iTn'~mh~N~lLNlJmdm~ElN~lr.J~1'~ :.a'Ua-1'U"JJEl~Vi"l1~LIil1[JlJ'l' 
fl17:iTIil~El'VIa1lJl~ii"JJ'U1IilLi'U~hfl'Uumn~1l1::mtu. 5 L'lf'UtlLlJIil11'ULL~a:::iTIil"h'1l11~L1r.J~1'U 

'II 

UEl'VI:iTn'VI;El~1,r1~iifl11lJ~fI'aj~ln11 90 L'lf'UtlLlJIil7 linal111::lJltu. 5 - 12 1'U ~El~ 
1:::iT1il7::1~1~:.a'Uth'U"JJ El~Vi"l1lllJ1m'Ulila ElIil1::[J::L1 aln11'V1:iTn 1 i11il fI'VI,:rn~ Elfl1111~nlJlr 

~ 

';l~lJ'ULi4 Ell 'VI'umjl~~1,rllilaElIilL1~1~LL"11'V1:iTn nlLL"11'V1:iTnl'U'Yll~,rl''VIa'~1l::"111 £Il'V1inJEl~Li'U 
\I 

'I J:' 111 .""..: '" b[J N1[J"JJ'Uua:: LlJlJna'UL'VIlJ'U 1l::i'11Lm.tl[J~LL"11'V1ilnlrLL[Jmi'Ul[JElEln'~'VI;El'aj ~El~flEl[J
'II 

1il111l~mh~lntnlil LL~::U El £I 'J 'VIa~1l1nn17LL"11'V1:iTn'llLL~11::r.J::'VIrt~ L~Ellu~ LL"11'V1:iTn~i'EllJ~ll:: 
LLr.Jmi'Ul[J'~ttl1lJ'1l~1~,rl1Iilr.J,ru1fl'UllJ~:iTlillj LL~1ti1[J,rl1~N::tnlil'llmLL7~ 'J 1l'Un11 
J:' .d 'I ::: ... ,''' 'I ., '" '1111 '" "''I '" ",,::: .. 111

L'UElLr.J El blJ'VIaIilElEln'Yl~'VIlJlil ll::L'VIaElLLIilLN'U L£I LL~1':bLN'U Lr.J Lllal~ttl L 'VIN::tnlil Elnfl7~1l~ttl Lll 
1 

.d 'I '" '" 
~~LLIilIil L'VILL'VI~ 

2.2.3 n1"LLUmft"'utor1u~tin1"f11\1LAij (Chemical pulping) 

in-n17dll::l~Li'Ul[J~iimmtu.anil'UL~mJ'UElti,:rElE.l LLc;imlJltu.Li'Ul[J~'~1l1n
'II 

.r"".e '" fl'l::lJ1'Unl1'UlJ lJ1lJl tu.'UEl £I n7::U1'Unl1'Yll~LfliiLLU~ElElmiJ'U 3 am.im::lilllJN11Lf}ii~li 

'~u1i 

http:n17"JJIilLLr.Jmi'Ulr.Jiii'UIilEl'Un17"lJIilLLr.Jn
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r .. 'I .. ...... .J:'...
1. n'I~lJiUnTn'1ffl1 (Soda process) n11LL£.jm~"htl~1t11li'l.u.m1:::U1'U.nT'l' 

~~1mlum1LLtlmi'U.ltJL~ tJn11LL"li'VIajn LL~':K['.lfL~tJ3JLH~1eJnL'.lf'lf ~-3LiI'U.~hil3J1"li1tJ~eJ tI 
~a1m d'mfleJ LL 'Yl'U.LLU~.yiL1tJ L~ tlm1't'h1i~"lf~~eJ-3m1LLtlmi'U.ltJ Ln~m1l1eJ-3~1 LLa::1'.lfL~mJ 

" " .. I ..t ..I • ..I ,... • ..1.:"1 .."..I ..
LeJ~1eJn L'.lf~ tJ eJ tI a'a1 m 'U.mtl eJ a'1'U.'Yl'VIa~ eJ eJmnn L~ tI~:::L 'VI fl eJ a'1'U.'YlLlJ'U.La''U. LtI'Yl~ eJ-3m1 

~ 

.ff'U.~eJ'U.d~ni1m1LL"li'VIajml111:::L~tl-3n~'U.L'VIii'U.LLfl:::1iL1fl1~'Il'eJ tlni1 LL~~1lim3J1m~113J 
L..u3J..u'U."lJ eJ-3L'.lfL~ tl3JLH~1eJnL'.lf'lf3J1n Ln'U.Lum~'t'h1iLi'U.lmneJ mLfl:::"lJ1~J1 tI 

2. n1~lJiUnT"~RtWf1 (Sulphate process) 'PI1EJn1~lJiUn11fl11Wrr (Kraft 

process) a'11L~ii~li ~eJ L'.lf~1LW LLfl::1'.lfL~tl3J-nflLW'If L~tJl,n'.lfL~tl3J-naLw~L~3J'Yl~LL'Yl'U.~11~ 
l,nul'U.1:::vr:i1-3 n1:::u1'U.n11~~~LfleJ-nfl LW~"lfn~L~W eJnif 

.... 1f••1 ... .J:' .....
3. n1:lJiUn11'1fR &rvf1 (Sulphite process) n1:::U1'U.m1'U.L'VI3J1:::a'1'V11U'Yl1~1n 

..I " .. ..t.. " "A .. .....1" .... ... " ••1.. ... ......L£.jeJ L3JL'U.mL"lJ-3LLfl::: L3J'II1l11n'VIty1 a'11L~3J'Yl L"lf~eJ a'11fl:::fl1t1'.lffl Ln~"lJeJ-3LL~flL'.lftJ3J LL3Jn'U.L'.lftJ3J 

'VI1mLeJ 3.1L3J L \ttJ 

2.2.4 nT'SLLomi""O~10~iin1'~~\la1'tLflij (Semi- Chemical pulping) 

1ndli,f.iJ1nn11'Yl1-3L~iii13Jnu1nm1'Yl1.iJL~-3na (Chemo - mechanical) LL~li 
.~ .. " ..... 'I .. .." ..I" ....... .J:' ......
I 

lJ13J1ma'11L~3J3J1nn11 LLa::: L"lfl1fl-3.iJ1'U. L'U.n11U~'U.fl tJa-3 La''U. LtJ'Yl L~~1n1lim1'U.3Jn~:::3J 

ann'U.U'U.fl ~L~3J1mrh 1nm1dlim3J1 mLi'U.lt1 ~-3ni1 Lflfl~L~~1n1nn11'Yl1.iJ L~ ii LL~~113J 
~ ~ 

LL;j-3 LL 1.iJ~:::'Il'8 tJ ni1 Li'U.ltJ~L~~1n1nm1'Yl1-3 L~ ii LL~a'.iJni1 Lflfl~Lmnm1'Yl1-3L~-3na 
~ 

2.3 ~11ajrlO (Non-woven Fabric) 

~1L~'Ylfl ~eJ ~1~L~~1nm1t11LID!.ltJ'VI~mi'U.~1tJ3J1n1LiI'U.tl'U.~1~1tJ1nm1~1.iJ ') 
L"li'U. n11el~ m1un~1m;j3J LLa:m1lia'11"li1t1tl~Li'U.lt1 m1~a~~1L~'YleJntl3JliLi'U.ltJ

ff-3L~d1:::~ L"li'U. l1eJ~LeJii~'U. l1eJaLl11W~'U. ~1L~'YleJ~:::nm113J1Luli.iJ1'U.'VIGl1tJ~1'U. L~LLri 
\I 

LID!.ltJU11~~'U.eJ'U. ~1n'U.L1~'U. ~1i1~LL~Gl ~1elfl3JtlL7~1U ~1~Gl3J~'U. '11Ul'U.18-3~'U. ~1~n 
~ ~ ~ . 

iUL"1J3J'U. ~1~~'11ui LiI'U.~'U. 
~ 

~ 

'I -"1'A2.3.1 '!I"'''0,.. L,..n1't~a"~1 "'riO 

1. n11tiEJn7,ruru7lJL'R~n11tf11lJJJ,iu7lJ (Fiber Selection and Preparation) 

LID!.ltlrllm'U.m1~a~~1L~'Yl mn'U.l'VIqjLiI'U.Li'U.ltJu1:::~Hi L"li'U. l18aLeJa'L~eJf 
l1fl~Ll11W~'U. m1LaflnliLi'U.lmLc;lGl:::"lfn~ ~eJ.iJW~11m1~1n~113J~8.iJmd"1JeJ.iJLd'eJ~1i1ii 
anHm::n111i.iJ1'U.fl ~1-3h LLGl::"lfn~"lJ 8-3 Li'U.ltJ tJ-3 tl.iJ ~an1::'YlU c;l 8m1~a~~1 tJ 1'U.tl1 'U."1J eJ.iJm1 

L~1tJ3JLi'U.ltJ ~fl.iJt11LID!.ltl3J1n1m1ui'ua'1l1l1 L~ tlm1fl-3l iLi'U.lt1 ~~~113J:l'U.l'U.mmt'l 
~ 

'U.1'U. 1 - 3 -K1L3J-3 L¥imi'U.lmn~n11~'U.~1 J1t1~eJm1a'1-3ltl ~1n,.f'U.~-3'1l1Li'U.'lm..u1L~~eJ-3 

http:i.iJ1'U.fl
http:1~L~~1nm1t11LID!.ltJ'VI~mi'U.~1tJ3J1n1LiI'U.tl'U.~1~1tJ1nm1~1.iJ
http:Lflfl~L~~1n1nn11'Yl1.iJ
http:U.U'U.fl
http:U.n11U~'U.fl
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v 

2. n11ifu"n.luUULtfU7lJ (Web Formation) 
'II 

2.1 Dry process fla n17LiLfl;a~L'fl~LUGf1~LuL~L7U.:Ic;i1Lthn::Luuu LL~::ifu7V 
f ., 'I.d ......... Aid -t. ...... .... 


LLf..IULGfULtI'YILn1::'l1nUaU1~'VI~13J L7unn7::U1Un17U11 Carding Process n17"filL7U.:Ifil1 

LiuLu'lJa.:lLL~uLiuLUL'fl3J17r:l"ijfIL1U.:Ic;i1Lu 3 ~mfm::flEl 

- Parallel direction n17L1u~c;i1'lJEl.:lLiuLmilulVfil13Jfl113JtI11'lJEl.:lLU-iu 
.., 'I ~.:;I I ... ........ .¥.... « 


LGfU LU U1~fl7.:1L7un11 Machine direction n17L7U~fil1iim'lfm::Uf..I1"::LL'lJ.:I LL7.:1fil13Jfl113JU11 

3J1nnl1fil13J'lJ11.:1 1filuvn~LLr.iULiuLU~ El an"1nLfl;a~ L'fl~LU"::~ fl113J'VI u11~LWU.:IV'l El~Eln17 
'I" .1"1"'" .t • 1'1'" .r" .:I'1".r
L"l1~1U "1LlJUfil El~3Jn17'Y1U"l1U'lJ El~ LLfil~:: LLf..IUL'VI'VI U1'lJUfil13Jfila.:ln17 n17111 L'VI'VI U1'lJUL'fl3J171:1 

'I111c;i 2 in flEl 

" I 

Elan"1nc;i1UElU (Feed Conveyor) LLal3,j1U'YIUnUUU"l1fil~nna.:ltiL7Un11 Laying runner "U 
q v 

lc;ifl113J'VIu1fil13Jc;ia.:l LLa1'V1UfilLfl;a~"1mfuc;ifilLL~ULiuLuLLal3,j1uLHann~~anflf~
q 

ct ,.d 'I". 'I 
v 

..:; #II ....

2. n17'Y1U"l1ULLUUfilElLua~ : L"l1LmEl.:lL'fl~ LU 1 Lfl7El~ fil~LL1:I1L7U~nu 

LLa::~L'fl UV'l1 uGh L~ U.:I LL~UL iuLua Uc;i1U~1.:1Lfl;El.:l LL~u.Liu.Lu"::1:In'YIuiuuu. Condensing
'II 'II 

... " "'... ,:: ...... ..f... " ...... 'If .... "'1..1... • ..I 
conveyor LL~13J1u.LnUL'lJ1~nn~.:I11JU3J'lJElfil flEl LfilLLf..Iu.LGfu.LU'YI3Jfl113JU11filmUa~ 

- Cross direction LilUn17L1U.:Ic;i1Liu.LUfil13JLLU1'lJ11.:1'lJEl.:lLL~ULiu.LU 

~n'lfm::rf1~1c;i,,::~ fl113J LLii~ LL7.:1 fil13J'lJ11~3J1nnl1 fil13J tI11'lJEl.:l rf1 V7::1U"l1,uiGfElU'lJ El.:l rf1 

~n'lfm::d"::Lilwii1V'llnLiLLa1~~ ~.:Il~c;iEl.:ln17fl113JLLii~LL7.:13J1nUn 
inn17L1u~LiuLUfil13J'lJ11.:1 1filuLiLfl;El.:lL'fl.:lLU 1 'VI1a 2 Lfl;El~ iU'VIU1 

L-n1'V11nU 1filU~Gf1UV'l1uiihL~U.:ILL~u.LiuLu"1mL~a::Lfl;El.:l "1mfU~1uElvn7m17uLLr.iuLiuLu 
q 

L7un11 Swinging Cross-Lay devices hULLf..juLiuLulV-n~ua.:lUUL'flUV'l1U LLal3,j1u.LH 

ann~~ H1Ufl113J'VIu.1'lJEl~LLr.iULiuLUifuElunu fl113JL11LUn17huc;i1 (rT.:I"l1fil) LLa::fl113JL11 
~ 'II q 

- Random direction n17L7u~c;i1'lJEl~LiuLuuULL~uLiu.LmiluLLuun7::"1u 

'YIn;;fl'YI1~ fl113JLLii~LL7.:1'lJa~rf1~Elu.-n1~Gf~1LGf3JEl 'VI~nn17'lJEl~ Random direction flEl n17Li, 
A ..1..1. 

n7::LLGfa3..1 Lih LiuLUL~aEl ulvGf::Gf3JUUGf1 UV'l1u.LLUUfil:: LLn7~ '1J.:IL'fl UV'l1U,,::Lfla au'YIV'lrl LLf..Iu. 

LiuLU1UL-n1 ann~.:I ~EllV fl113J'VIU1'lJEl~LLr.iu.LiuLuifUEl unu fl113J L11'lJEl.:l LiuLU~1:Inn7::LLGf 
'11'11'11 

1filu.yt11vLLr.iuLiu.Lu~1c;i"1nn17L1u~c;i1LLuu Random direction ,,::~ 
fl113J LLii.:l LL7.:1'Y11~ti1uU113J1nnl1c;i1u.'lJ11.:1LanUEl U L ;lEl.:l"1n 'YI1.:1'lJEl~ L'fl UV'l1U"::V'l1 LL~u.Lu 
lVfil13J LL 1.1.1 tI11'lJ El~ rf1 u::lfUL rl ElVa1 m iuLmJa1a~3J1V::'YI::L'flUV'l1u. Va1 miu.Lu~lEln1Gf1:ln 

'II 

http:LLal3,j1u.LH
http:LilUn17L1U.:Ic;i1Liu.LUfil13JLLU1'lJ11.:1'lJEl.:lLL~ULiu.LU
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2.2 Wet Process ~tl m,-'t11LLf:.l\uiltltJt~vnT:ilii\r1 LUlt1n~~~LLlhHI1I1~1n 
m,-'t11n'-::~l1lYWl ij'VI~nm'- ~El 1~Liltlvfiltlv~1mhl~m::llttl'il\r1"JJlt1~1'V1qJ ~1n,fmJ~mJ 
,r1~ijLLffilvf:.l1ltGhl'11.l NWl V'W1lt~LUltLLU U~::LLn'-\I N1lt~LUltLiltlv~::fi1\1tl UUlt~::LLn'-\I \h 

~ ~ 

~::'1'VI fl iii \I'11.l~1lta1\1 Wl V'W1lt~::~1 L~V\I Lit.l.lvf:.l1lt'11.l rJ\I,flt~ Elltm'-~~~~ LLfiI:: ElU LL~\I~ El'11.l 

fiflYl1\1n1'-L~V\I~1"JJEl.nit.l.lv;fltEl unu fl1111L11"JJ El\lt.i'1 LLfiI::fl1111 L~1"JJEl\l1.'f1 V'W1lt1~V 51 
~ 

WlV'W1ltL~1n11,r1 LiltlV~::L~V\I~1~111 LL lt1£)11 LL~51Wlv'W1wi1n11t.i'1 Liltlv~::L~v\I~1 
~ ... ..f~ ~~"~ .. ~'1 ~ ..... ~~ ...

~111"JJ11\1m'-H~~~1V11ilt~El\l ~".!f\t1 ~ltm1l1m1l1n Llttl\l~1mi.'f'ij ~V~El\lflElVElm::L'Wtl ~'VI Ln~ 

m'-n'-::~1V~11.'f~1 Ll.'fll El Lrl tltl n1.l~ El VNWlV'W1lt 51\1'1UtlVLiltlv~::Ln~n1'-'-111~1 LUltn'-::~n 
~ ~ 1 

't111'VI'~LLf:.lltLiltlv~'1~1.'f~1Ll.'fll El 

2.3 Spunbonded ~El m'-H~~~1'1~Yltl1~V'VIfilElll'WEl~LlIErfmr1Q~l~LUltLiltlv 

£)11 (Filament) f:.l1lti1Q~Liltlv (Spinneret) LLi1hv~1LtJltLLf:.llt LLi1f:.l1ltfilllLfjlt't111~Lit.l.lv 

LLij\l~1 \hLLf:.lltLit.l.lv~'1~f:.l1lt Draw Roll filnn~\I~\lti~Liltlv L~Ell'V1111Lanflll1vlltLit.l.lv 
~ 1 

L~V\I~1"JJlt1ltnltnULLnltLiltLV thimluiviiflfiflnuM'f1'JVfI'J1:J.fi'8u 

2.4 Melt-blown ~El m,-Q~Liltlvf:.l1lti1Q~'11.lrJ-ilEl1mfliEllt~ijfl1111L111.'f\l 't11 
~ 

1~Lilt1£JLn~m'-"JJ1~ LUltLit.l.lmflt ') ~\I~::tlmriufl-ilUltWl V'W1lt~ Lfl~Ellt~ m,-~~&i~Ln~~1n 
~ 

m'-Wllt'11.l1l1"JJ El"LiltLV LLa::m,-1"lifl1111itllt LrtEl\l~1mit.l.lv'1~'1vif:.l1ltm'-~\lii~riEllt ~1~'1~ 
~::ijfl1111LLij\lLL'--ilUEl Vn11''1lit~~lt Lit.l.lv~1"liLYlflitflm'-H~~d1l1n ~ El Liltlv1mfilWltLLfiI:: 

... C' 
'WElflLtlI.'fL~El'- (Olefin and Polyester fibers) 

~ td ." 

3. nT'1«n.J"1.JVfI'm~'«uw (Web Bonding) 

LLf:.lltLit.l.lv~'1~~1nm'-H~~~1V1nLLUU LL~"LLfiI::LLUU Lil vn~::~~nltElU1-i1'V1 a111 ') 

LLa::ijfl1111 LLij-il LL'--iI~1 -;i1 LUlt~El-il't111'VI[j~&i~nltLL'IiltL~ ElH~~.rim'tf~1'1~'Yl tlij 1.'f1lm;~L'VI1I1:: 

num'-U1'11.l1"li\l1lt1nm'-'t111~Liltlvu~Lm::nltWl1l1'-rlLLU"'1~'VIa1 v1n~-ild 
3.1 n1,-'t111~Liltlv &i~nlt 'Yl1\1L ~-iln fl (Mechanical Bonding) Lultn1,-1"li 

n'-::U1ltm'-L~"n fl~'t111~Liltlvtlnn~ei~ LLfiI::1.l'-::Wllt~1nltLL'IiIt LLU-iI'1~~ El 
~ 

- m,-1"li,-::uuLijll~ (Needle Punching) LUlt1n~hnltm'-Ha~~1'1~'YlEl 
'Yl1-i1m,-fi1~Lri1 LLri~ I.'f~ LUltm'-H~~ ~11~vm'-Lijll~ij~nlYm::L\t'W1::ifnfil\l'1111ltLLf:.lltLiltLV 

1 

't111~LiltLV1ltUf:.lltLn~m,--iJ~WlltnlttlU1\1'1~LUlt'-::LUvu LLf:.lltLiltLV ijfl1111fl\l,-1.lUfl::LLij\lLL'--iI
'II 

Lfilliflt '1~tl-il~1 '1~ti~~1 ~1~'1~'1i~nlYm::fli1V~1er~in'VIfl1~ L'VI1I1::~~::1"li't11~1"';11 'W'-1I1.l 
'II 

..f ,~ ~ ... ~~ 'I C' .., ... ~ 
'Wlt LLHlt\tIt1ltmEl~Wl 'VI n'-'-lI H1'V1 fiI-ilfl1'-tl~1lt ~It 'W'-1I ~It,-tlVlt~ \tIt1ltnltLI.'fV\I LIt,-tl LLfl:: 

1 

LLf:.l\l n,-El\lEl1 m fILUlt~It 

- m,-1"lin,-::u1ltmmn (Stitch Bonding) LUltm'-H~~~1'1~'YlEl1~vl"li 

L'Ylflitfl Knit-Sew ~1vm'-LfluLtiltlv'VI1mit.l.~lv 'VI1tlm'-LfjuLLf:.lltLit.l.lvnuvrlta1\11'V11i~nlt 

http:L~Ell'V1111Lanflll1vlltLit.l.lv
http:LLi1f:.l1ltfilllLfjlt't111~Lit.l.lv
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Lrhl.~u Liu1tl'v:::Lnl:::U~nu'1''''1 EJ~:::L;ilJ L~ EJ1"11',., a'n'll El\lm'nnl\1'ttI1\1n n 1 UL(il,.\Iail\I'llEl\l 

LL~ULiU1EJ 'Vi1\1 ~i1nfl\l'tI';):::';11~'Lfi~m"u~Lm:::Liultlli El £ii1 ~1~';1"'1 tl1nd'ijL(il,.\I ~71\1 
'\I 

LLfI:::~El ~l\1nU'tl ~l,;):::'YlU~ Elm,.an'lll~''''~ ija'n1:!tnt:Yitl\lLL~Jl'"UmlJl ~l"lfit~d'';):::ij~lIlJ1i 
LtlUuU1U(il11l17ElU~~~ i1El£il\1~~~.rim" fiEl ~l'Vill LLfI::: ~llJL(il~El\lL7ElU LiJU~U• 

- m,.l,r,.:lJlJJl (Hydro Entanglement) LiJum,.1,rJ1LL"\liU~\la~r-hu
'\I 

L(il,.\1 ail\1~~U'tllIl'llEl\l L iu.lmL 'Ylll.m,.l,rL;ill ';11iLn~L(il,.\1 ~71\1~ija'n1:!tnt:(il ~1 tl~l'Yl tI 

~1~'"'';) :::ij(il11l1ti~,., £i ULLfI::ij(il11l1UlI (il11l1 LL;i\l LL,.\I'll El\l ~1;fUEl £i nlJiif'l'Yll\1m,.a~JlLLfI::: 
•• '\I 

LL,.\liuJl i1El£il\1~~~.rim" L"l1U "lf~(ilul,r "lf~L;jtl1'llEl\lLLYi'YlEf LiJU"'u 

3.2 m"';11iLiultliil~nu~1tl~"L(ilij (Chemical Bonding) ~"L(ilij~l,rL(ilaEllJ 
..,....... ., A 'I."..... A _Ai .::l ... fflt'" A.ct A 


L~UUJ~\lL(il·n:::,., UtlllL"lfnU(ilEl El::(il,.fI(il (Acrylic) 'YlL,.tln11 "fI~IL'Yln'IJ" 115nl,.L(ilfiEllJm1lJU 

LLr-iULiultl(il~l tlnlJnl,.fI\I LLi]\I"'l tltiulum"'YlEl~1 iji\l~El'tld' 

- Saturation bonding : 'IllLLr-iuLiu.lmillfl\l'tllu~l\1m1 LL~17~m1• 
a-1ULnUElEln"'1EJflnnif\l Lv1Ellim1iil~'tilumlllm~L,.,m::~lI (L~ tl,r1 'tiEl £i,.::,.,11\11t1tlfl:::

'\I '\I 

15 • 50 'llEl\lJl,.,umLr-iuLiultl 

... T "'" ~ <I' AA- Print bonding : m,.L(ilfiEllJm1 L~tl L"lfflnnfl\lYillYi 'IJ\I~m"tmn::flltl 
'\I 

1~~m1LuYil::LL'Vi\l'~ ihliLLr-iuLiu.ltlij(il11l1UlI (il11l1~f.mi1 LLfI::m,..yi\l"'1~~• 
" - Spray bonding : a'n1:!tm:::(il~lmLlJlJ Print Bonding LL~'Illm1';):::rlna~

'\I 

~mJn"::,;)l tl,r1 ~1 LLfI::~El tlJlnl1';):::anllr-iluGH'tilU~l'''' ~\I~m"t11inlJ~l':j'YlEl~ij(il11l1 
,.,UlLLUumn'''' m1';):a~~lUWlt'l LLfI:::~lU'"a'\I ~1 a-1U~"\lnfll\1,;)::':jL~um1 ';11,.,1j(il11l1 

- Foam bonding : m"L(ilaEllJL~tll,rm1~El£ilu,.tI'llEl\lLWlI LifElLWlI,;):::ij
'\I '1/

'" ... ...f... T••I ... • ... " ...... .f....... A ... 'I '" ....(il11l1L'llll'llU~\ILLa:lIltI1UEl tl L nll,;)::L(ilfi EllJlJULL~UL~lLLtl 1liUlI'llEl~ (il El IIm,.L"lfYifl\l\llU 
'1/ 

(il11l17ElUL1 fllUEl tllUnl"EllJ~lUEl tln11 L iiEl\l,;)ln lunl1ij,i'1 ~~lIEl£ilummmUEltl 
'1/ 

- Wet laid : 1nm"~~lIm1",7El~""l11tlu~luLiu.ltl",7Ellmil LL~1~hrlii 
."" . -=' ..... ~-. tI' ..Im::,;)l tl L~UJ,;)::LL'll1UfI El tlEl~lJU~1Ul ""H,;)lnUUn(ilEltl ') flEltl~,.~n~:::nElUfI\llJU'Yl 

,.El\l7lJ L~El';11iLiu.lmihuLr-iu LL~1Liultl,;):::L~Ellliil~nu 
- Solvent-bonding : m,.';11iLiuimm::~~nU~1 tlm,.l"11''''1';1 fiI::fill U 

L~U'Ill LLr-iuufulu' tlL(ilaEllJ"'1Ui1';lfi1::fll tl ';)1 mfU'Ill~l~'lhJli(il11l17ElU Lv1 EliiiTrh 
..JI tI.......... i '" ... " A ... .... '4t1..1.....r ... ..1'4'" • •fI:::fllUlll nn,.m "'L~LUtI~~~nU Ua:::,.:::L,.,U L "'lI~ILlIElElm"'f1l1~\I'llU ~1'Yl L~';):::ElElUUlI

;oJ • '1/ '1/ • 

LYi"1:::hjijnl1"'7El~"L(il ij~u ')tlUEl£i
'II 

3.3 nl"';liiLiuiu~~nUL~uii(il11UfElU (Thermal Bonding) 1nm"';li~~ 

~~L~ tli,r(il11l17el'U. 1inlJYi El~LlI ElfYi1nL'Yl Elf[lIYifill~~n~~lIl,.t1 ~ElU"'1''''L~Elt1 
'1/ 
n(il11lI7ElU 

http:Elf[lIYifill~~n~~lIl,.t1
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m".it~fl111li'eJU1il::iht~LLe.imiut[JLn,m1".i'VIL'leJll".i11l~1nU LLL'I::~tl~tlnuLiju~uH1L~eJLUUL'I-II 
e{1U1l1ntiLiut[J~ij1iltl'VI L'I eJllL'l::L'l1[J~1 H1~'1.IIi1il::ijfl111lLLii-llU".i-ll~ LL~'1.ahm~mL".i-ll~-II L v-ln:: , 
'1.a.la11l1".ifllh::a1ULiut[Jt'VIl1tlnu'1.tili H1lt1'1.1.lfi1~~tl1im6f1'IIi'VIL'l1[JeJd1-11 ~~tl1im'l1ij.. 
lt1'V1UnLU1 LLL'I::1l1[JUeJn1il::ijfl111l3JU111 L"lfU H1eleJllth'V\'rUL~n Lilulliu m".i~tl~tllli1[J 

- n1".it iL'llI e.i1UL"li1'1.1.ltun1".ifi11.l~ffi[J1fl111li'eJU LLe.iULiut[J1il::1.l".i::n eJU 
.., ", .. ,J .dtA"'~-'''' "".:t1 .., ..... ~ 
tl1 m "U L[JfI'VI L'I eJ llL'l::L'l1 [J [Jtl tl tlnU "-IIfltl eJ-II".i::1-11fleJm".i L'VIL'I"1I eJ-IIL'l1l".ieJU1l1 [J-IIL'lnm~-II

'II 

- m".itiL'lnni-ll~;fuL'l1[JItl[JtiLL".i-llntl'1.1.l~nLLL'I::tl1:JJlli1[Jfl11:JJi'eJU : m".i 
'II 

tifinni-llfl11:JJi'eJUe1tl LLe.iuurnL[J fi1L~1iltl ~ n\'lLL[J'1."1I1WU~tl~tlnu L~miluLLe.iuH1'1.a.lfleJ LLa1
'II , 

111 .... .Y 111.1 ..... 111 .....f... .........r... 'I A ....

L:JJtleJ-II1Io1 LlJ eJULL'VI-II LUeJ-II1illn L:JJ:JJlIol'V1".ieJa1".iLfl:JJL"1Il:JJ1Lmn"1leJ-II L Um".i[Jtltltl 

iim".it~fl11:JJi'eJUij'VIfl1[JUuuIli1[JnU ~eJ 

- Calender area bonding Lilun1".itifinni-llfiLLUU~bL1vu ItlVL~fl1lll 
'II 'II 

i'eJue.i1uL'lnni-lltlfl eJtlL1f1l L~mLe.iuLiut[Je.ilufinni-lln1il::'1.IIi-rum".i{h m f1fl11:JJi'eJU v-li'eJ:JJ'nu 
'II 'II 

fin LL".i-\lntl"1l eJ-\lflnni-llfilL~1iltlfiLLluLv'1."1I1mJ'VIfi eJ:JJfI::fllV~tlnU 
'11'11' 'II .. 

- Calender pattern bonding trmytll.::1il::fla1vnULLUULL".in U~flnn~-IIN1 
'II 

'1.a.lL1VU1il::L'VI!ieJunufinni-ll~Liw:JJvfHl fiN1"11eJ-IIflnni-ll1il:5heJ[JuULUv-l1::LL~-II LLUU pattern
'11'11'11 

bonding 1il::~tl~tlLUv-l1::LL~-IItll:JJ fll [J"1I eJ-II flnni-ll fi1L~H1ijfl11:JJli:JJ LLfI:vr-lli1~
'II , 

- Infrared bonding Lilum".itifl1l:JJi'eJU1il1nLL"-IIawrhL".itl ~n1YtlI.::1il::Lilu 

'VIfleJtl'1.~rlL~fl1l:JJi'eJU"-\I fl11:JJi'eJud'a1:JJ1".if1f1:flfI::fl1-\1L"li1'1.1.ltuLLe.iUL1rnLv'1.lIi~n1l 2 LLUU
'II , 

'I'" ......r ....... .... ~ A ........ 

LL".in1il:: L'VIfl11:JJ".ieJUflL~v-l1::~1'V1U1 tl-\lUU1il-ll L'VIlll:nU~1'V1U1 

. . il 'I ... ...1 ...... ...r .1 
- UltraSOniC bonding L Un1".i L"1I'flflUL"[J-II6J1-11fl11:JJfI"-II:JJlnlJ".i::1l1m

'II 

20,000 flf-ll~eJiulY1 1illmfuu1.lfl-llfl~UL~[J-IIt~iu"::LfleJunfl'1.nL.yjeJtleJnJ1f1-11UUN1LLe.iu 
Lili.tv lli1 Vfl1l:JJ5:JJ1nfilL~Lntlfl1l:JJi'eJU'1.1.lfl::fllmiutv 

- Power bonding LU 4 iiLL".in 1il::Lilum".iL~fl11:JJi'eJultlvtl".i-llnULLe.iu 

LiuLV LL~LLuud'1il::ti~-IIv-leJ~L:JJeJfhVfI-IIUULLe.iuLiuLVfieJU Ua1~-\llt1'1.1.le.ilUfl11:JJi'eJU 

4. n11U1IJufiJtWIJ'11"118,UJ'1 (Finishing Treatment) 

1. n1".ieJULL~-II L.yjeJeJut~H~I'1.a.lfleJrle.ilUa1".iLflijLL~-II"iiflrieJUlt1'1.1.lLnu 

http:1il::Lilum".iL~fl11:JJi'eJultlvtl".i-llnULLe.iu
http:iiLL".in
http:1illmfuu1.lfl-llfl~UL~[J-IIt~iu"::LfleJunfl'1.nL.yjeJtleJnJ1f1-11UUN1LLe.iu
http:trmytll.::1il::fla1vnULLUULL".in
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UllLijLt[S:~" C-L~:,tUItLU~C-G IT..N3~'tl.\ LVlruLt[SfC'k~~~1lt¥-tUltl.11' ~~tg::G ~nt'ktl.t~ 

(SJawouow alBIAJOV) }13It'Gtl.13It~~1t.ij::13UtM tl.¥-, t~tl.13~ItLtijC-GIT..C-G~m\MLlJ!u,~:tl1 

tl.\ flt¥-G~1 (JaZlOllsBld) }G,lJ.1,IJ.'kU\t»L~Mtl.1l1~Ll1VlL!:lI1'kL,lt'}GIt1 ~13Mijllt\t1tLU[SC-G~ tl.LC
b 

JI'.' tLUI1UIt»::LItVl1Vl' ~111t»c-.c.rl(1tn GM1 C-L~::tUC-IT..'1ItLtijC-GIT..C-13tm' ll»mlT..lt~t' IJ~ij~tl.U
" It... " It-I' ... 1' I'" ". p It po "" P,:f k ., k 

~" ~~1~::13~nt'k::~"~t'k13~ij~nt'k 13\;t It~U Z ~'kUIJIJC-I1"'p-It~Utl.\~~llt¥-tUl 

(JawA/odoQ /AUlA) }t1m~t1M/jl~Vt1 '€ 

• ~~HtLUtl.\ tl.u,tl.~ 

LijLt~~tLUC-I3IT..C-13~m\ Il t¥-U,lt ~~1~::13~nt'kit» HtLU::~11 t4'k~\ttLUG~::JI'.tLUtl.L~C-LU,lt(tIt» 

It~,::~~t'kG~ij~nt'kit» HtLU Il L~::~qA.t~13~tl. U,C-ijItLtijtl.L~C-LU,lt(tIt»1t~1::~~t.U,tl.'k~lt.ij::G 

It»HtLU C-t" C-~" ItLtijtl.L~C-LU,lt(tIt»It~m t¥-tl.~~'k»It»HtLU tl.¥-, tLUC-13~~~~Il t¥-tUl C-131T.. . . ~ 

It(t1t>>I1''vrmtl.~Il~l ~~'~::13~nt'k::~" ~t'kIJ~ij~nt'k ~t.U,tl.'k~lt.ij::IJ tl.~~'k» !J"~'k It»HLItL\t 

ItIltl.u,t13It, ~13 Mijlll ~1 It» HLItLtl.U,t13It' ~13MI1UIl 
~ 

13tl.IT..::~~tl.JI'.::~ ~1mu,lJ1::tn~Il fl tJl'.tUl C-131T.. .... 1"',$ .... • 1"',$ w ... • ,f' '" ',f" I'.... 

It(t1t>>1l ~1 ~nJl'.fl L~Vlfl LItULIt[S::~'mL~Vl~M'1C-Lfl Gtl.,.Vtl. LC-,lL\ tLU[S~~~flt¥-tUl . (sJapulg ~!lA1~'t/) }t11j7fI1 u~£/j::t1 'z 

~ ~ 

C-L,t»C-tijltl.\fl13~::.!ltl.~[SC-,tl'p-~UJl'.~~flt¥-tUltl.\ UL~C-13~1 ~tl.fl~11'tLU~\J1~\ L!:l::~'1fl L~ 

~1Jt~~U1313UU13\;t fl~'13,lt[S~11 flL~::~L!:lt~::~'m,£CL\t13~tl.LU,tl.L~ItLtij (4l6uaJlS 9I!SUa.l) 

. 
" 

C-~C-t11IJ ~tl.U,C-ijItLtijC-131T..C-13t,tl.' ~111t»Vl'::~ (JI'.' Itfltl.U,C-tl.Vl~tl.JI'.U13It»Htl.t») ~ttl.' ~ltij::13 po • I'" It-"It "It "'I'" P "'... • '" k w 
~ 

::~'m~t~'k»~::mIT..tl.\ tl.fl Vl~!jItLtijC-I3IT..C-13~1tl.1..Vl\::~tl.\!~'kLU,tGfCVlC-I3IT..lt(tIt» tl.\!~'kLU,tG 

11,.Vtl.~t~'k» C-q,Vl::ttl. t~~!1tl.fl~11'I1kl1,tLUfl ~1 tLUC-13~ItL~~'ktl.fl ~11'tl1"lltLItUltl.~~~fl t¥

• tUltl.Il'tLUtl.\lltLItL»ItLtij[SC-~ tl.\!~'kLU,tGtl.~~'k» Ji::Ltij'C-!1C-LIlIt~UUtM 

(JawA/odoa aua/pelng) }t1m~t1M/jln!i1j1LUta '~ 

~RRtJl,1.LIr!"l!fl.u.lJ1:::1.n ~·t·~ ... • IV 

• tl.IlVl~IlItLtijItM' U,IJ. I p .......

. tLU13 ~tl.U,C-ijltLtij Il\tl.~1C-131T..~~::LU1tLUIt~1Il ~1tl.LC-I-\ tLUI1,.V::LItVl'~\ ~~Ilt¥-tL»~I3IT..\t(tIt» 

1t~'~V~tl.~~~ L~C-L~U!ttLUIJ~tl.U,C-ijItLtijUL~ ULIl~~tLU13~tl.U,C-ijItLtij[SL~ 13 MC-Iltd>1 
~ ~ 

fC'kLrlt¥1~~L~ 11'ktl.6!'ULItC-L~::tUC-~"ItLtij[SL~ tl.¥-, tl.~~\J'~LVlruLtIl~l ~~Ilt¥-tL»UL~ 

tl.~~\J1~L1313U,fC'kL~C-131T..C-13~MUI1ItLtij 13U,fC'kL~~~HtLUtl.\ tb~41~C-~tl.Il'C-~~~1lt¥-tL»tl.~~~ 

11'kt~ fs tl.~L~11,.V1l L~ij\t(tlt»[SIJ U,fC'kL~~\ Il t¥-t~tl.Il'~~1lt¥-tUl,lL \ ~13~::~IJU,fC'kL~ 

~eRtp.1.LIr! t·~ 

sz 

http:t~~!1tl.fl
http:13tl.IT..::~~tl.JI
http:t�-tUltl.11
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2.4.2 'Hann,.,.'''''''WlIiJ''iI'f'1tf1U 

~11"1i1lJrl~~1"11'nu'YI1.;1i.:l't'l E)';):Lijllo~ Elm UJ Elf,)1 vnn ~1 3..11111 Ln~LillioLI'l1.;1 i1.;1 ~1 
'hlJi.~~1lJ~lIoLEl.;l 'VI7ElL7lJni1 Self crosslinking 'VIann11n11Ln~LillIoLI'l·H~11.;1~1,j1lJ"lJEl.;l 

~1"1i1lJrl~1l1onti3JdLn~;flloi.~~1lJ 2 .ffllo~Ellio ~El Lrlml'l~ElU~1rl~~~fI.;IUlIor:l1i.;l'YIEl ~:'I11n11 
1 

:' • 	 """ ..f "" ~ A J A I ..J" A ....;

1:L'VImEl1l101'V11El ~1 TI1 fI:fl1lJ El Eln~1lJn11ElU'YI Elnt'VI1l3J~11 L'VI fI El LL~ ~11]J1lJ lJ~ LLG~:~n L3JlIo~'YI 
1 'IJ 

• I :<1 :II ~ ... '" ... 1 "" .~ i.. I.Jit ..... ....J
LLu1~1l1~Lullonfl3JU1.;1 ~ Ll'lflElUEl~UlIor-l1"lJ El.;lL~ lJ LLfI:L3J Ell-lo1 u Tl1n11r-lllon~1lJI'l113J1Elllo'YI 

Elnt'VIllii~.;I YJ 63J"lJ El.;l ~11"1i1lJrl~n~:Ln~11 nn1£11 L ~El3J"lJ11.;1nlloL El.;l i.;lL i1l1oYJ63JL1'l1.;1 ~11.;1
1 'IJ 	 'IJ w 

i1.;1LL'VILm:~~nur:l11~~i.~El[h.;lL'VI'n£11LLUlio
1 

2.5 	ytiJiil-"JittiuiJtiniJumf (Polyvinyl alcohol) 

~Elfti.1itflLLElfln ElUEl6Li1l1oL'YIElit3J~fl1~~n111:Lll'YIL~aLElLflYJlIo iiamsnL:Li1l1or-l.;lWlJ11 

.r I......... .. i.... .1 ~ R ~ ...... or '1. ... .r "" 

"lJlIoEl ~nU'In1"lJ El.;l~ El fI L3J El 1L'l1".IJlIo LLfI:Lu El1L'l1l1o'l"lJ El.;l LLElflnElll'Elfl'l1~ fI:fl1lJ 111 '13J1n"lJlIoL3JEl 

ti'1'V1it'nL3J Lflnflfl'lfl.;l LL~1'l113JLLii.;l LL1.;1 m1~.;I[j~ 1'l113J'YIlIo~Eln11~n"lJ1'1 LLfI:tlEllloYl1~;flloLrlEl
1 

ti'1'V1it'nL3JLflnfl L ~3J;fllo ~fl1 £1Yl11l1oti'1LLfI:Ln~LillIo~7~ii~wlr:fi ~.;I~:Ln'l11nmlJ1~El'1.11'1111~ 
1 	 'IJ W 

Ln~; i"11'111:L£1".IJlIo1l1om1LL~.;IuilloimLfI:Lillo~1 £1 LillIo~1'111i~"lillo m~:~ri1£1l1 tJ'ILLUU"lJtJ.;I 

~fl1~~n'VItitJ LillIom1~'ti'llloLI'l~tJ.;IthEl1.;1 L'l111iin 'VIit'.;Ii~{ ~1 LLfI:n7:'11~ 

i.1itflLLtJfln Elll'El6iTn~:tJdilIo111 
'IJ 'IJ 

"lJ tJ.;I tJ:lB'I tJ fI ~i.lI'tf Yl.;l tflIon11L'17£1 3J ~ El mi.1itfl LLEl fin ElUEl tf~.;I ~El.;l L~7£13J r.hllo~Elmi.1itaEl:lBL'1'1 

CH -C-H 
3 II 

o 
n11L'17£13Jit£13J L'I7£13J~1n~tJmi.1itflEl:lBL'I~ L'I £111tim£11 LLElan tJ lI'tJmlB~1l101111:~Li1l1o 

... I 	 ... .¥ 
n1~'VI1tJ'I1.;1 '1.;1l1o 
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..""../ 'I "" ......, ... .. "...,..." ... 'I '" 
1!inff::~l1n ~UnT'H9I'UJ3J""H]a L1UiilLLElanElnEla';)ln....Hla L1UiilEl::'11L9I9I "El L'lfn7::U1U 

n17ff17ii1::al[J V\7El LLUULL"l.I1UiilEl[J L9I£JL1l....n::LLUUff17a::al[J L'tiEl~';)lnliL3J!i1uEliilLilu 
~1'ha::al EJ ';)::''ii~ El~'1itaLLEliiln ElnmfLL[JnElEln3J1 La [J 

th::3J1f11. 1.5 - 2 L3JaLtlElfL~uif fJ"113J'VIU1LLUU 1.293 niiJ~EliilnUlflnL'11U~L3J9I7 Elfll.'VIflSj 
~ q ~ 

LtI~[JUffmu::"il£JLLn1 (Glass transition Temperature : Tg) 80 El~fllL'11aL~[Jff ~El~'1ita 
LLEliilnElnElrffJff3Ju1i"ilmLi1~ ~El Ln9lmrlL~UnU'ElLe~UiiI::iill[Jlu~lL£jULLiiI::~h~eiElU~~1~nu 
~El~'1itiilEl::tnL9I9I ~eJ ~eJ~'1itiilLLEliilnElnElrffJ"113JLilut:-tan3Jln ,f~~LilueJ::LLtln~n 
L'VIiieunu L;teJ~,;)ln'VIai'n9l7ElntniilLann11'V1aieJ::~L9I9I ~l'V1'lrnL3JLaniil~1-ilue9lff1'V1nn3J fJ 

~ ~ q q 

mj 4 '7i1~ ~El 250,000 - 300,000 170,000 - 220,000 120,000 - 150,000 LLa:: 250,000 
~ 

350,000 911~Ji!h~u 

ff3Ju1inl~nl [Jfll~"l.IeJ~~ eJ~'1itiilLLeJiiln eJneJrf;fueJ clnU7::~Un17Ln91 LLeJan eJneJ~tnff 
~ 

~e rl'1f1n'nL9I7'a'llff3JU7n4 100 LtleJfL~uif ';)::fJfh"113JnU~mL7~~~ff~;fu nUnlU~El 
~ ~ ~ 

n17{l.n"l.ll91''ii~n11~ El~'1itaLLeJan eJneJrf~fln'nL9I7'iiI'llLVi[J~Ul~Gf1U L;tEl~,;)lnfJ"113JLilu
~ 

t:-tan3Jlnn11LLiiI::~U!i::'nL9I7L,;)U3Jlnn11 ueJn,;)lndff3Jminl~nl[Jfll~i1~'muann~iiI,;)ln 
"113J:lU"l.Ie~~~LL191ieJ3J L~ndlJl';)::"1~1Lilu~alff~n''11L'11eJft,.;nU~El~'1itiilLLeJiilneJnElrf 

- "''''' .¥ tI"~" _... - 1IItI~ 'IL'tfU fll3J"113J'lfU 50 L El7L'11U9I "113JnU9ImL7~91~,;)::iil9Ia~ LL9I,;):: L L ~3J"113Jff13J17f1 Lun17 

[j9l~1ElEln3Jln;fu Jl'V1UnL3JLaniilnfJt:-tiil~eJff3Jminl~nl[Jfll~i1[J L'7iU rl'lJl'V1Un13JLaniil~1 
q q 

';)::nu~mL7~~-\I~1 nU~mL7-\1{l.n"l.l191~ln11~El~L3JeJf~iiJl'V1UnL3JLanaff-\l 
q ~ 

n17ii1::fll[J';)::L~3J;iurl'l'V1aiEl:::n~alu~ eJ~'1itiil-
~ 

... ../ '" -111 ... ~.K ..I .... "" tid 1"1 ' 
EJ:::'11L 9191f1nLLnun9l1 [J'VI3J ~n9l7Eln'11ii1L~ 3J"l.IU LLiiI::';)::ff-\l ff91 L3J El3J9In7"l.l eJ-\ln17L a [JULuU 'VI3J 

~ ~ ~ q ~ 

111 ... tI .. ~ .. '" ... .J' .. 'I .r ~ tI "..., '" ......, ...
~n9l7Eln'11a 88 L e7L'11U9I fllf1-\1';)91Un17a::iill[Jff3JU7f11.LLa::a::iillULUH1LUU n91 L9I ~eJiiI L1ua 

q ~ 

.. "".J! - "~'" - T ~.KLLEla n eJnEl iilff13J17f1nU nlU9I1111a::alEJ ElUn7[J L9I'VI al[J'tfU9I L9I [J"113J,,~nU,;)::L~3J"l.IU9Il3J 

'4ilU1U"l.I El~'VIai'n9l7Elntna rl'lff-\l3Jln'tI';):: 'aia:: iill [J1U~1"la::al [Jauf1'1£i' 
~ ~ 

~U!i::'nL9I7L';)u 1 U ~ El~'1itaLLElfln ElnElrfiit:-ta"11,.;Elfll.'VIflSj'VI a eJ3J t:-tan (Crystalline
q ~ 

melting temperature : T m) ff~ti~ 230 eJ-\lfl1L'11ii1L~[Jff rl'lfJ'VIai'n9l7Elntnati~ 88 LtleJfL~uif 
~ ~ 

LL~L~Elti~,;)91 Tm LLi1~El~'1itflLLEliilneJnElrf';)::'ai'VIaEl3J~1L'VIiieJu~alff~n...t1'tI LL~,;)::ffal[J~1 
..., "'.r "" 

q 

../ 1'1.....' 'I "'... ...K _"" _..I.K tI0 
L9I HlnUff17nLuU~U!i:::"LLUU" eJU';) Ln9lnl L'VILn9lH"l.lU n773J1!in17t:-ta9lL~El"l.lU7 "l.IEl-\l~Ela-

~ ~ ~ 

'1itaLLElan El nElrf~-\lit[J3J"11Uff17a:::alEJ3Jlnn"hn17'V1 a eJ3J 

n17Ul~El~'1itaLLElanElnElattJlitl7::1EJ'lf,rLLUfI''iiL1ju 2 Gtnljfll.:: ~El n171iLilu 

http:L'VILn9lH"l.lU
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0 

LL1J1'UH)tlti'ti1LL~U?hf3Ju""~1Jv'l~I;l::rl1mr1 L"liU iUv3J~1 tl1~1LL3JI;l'l tl1~~IL4vhfl 
~ 

~1;l1ff~n'\ll~v 'ti1m1 ~I;l~ Lrtv'l~1n~viL1UI;lLLvl;lnvnmfa::1;l1t1,r1LviLLI;l:;'YIU'YI1UfiimL"'I~'Iff'l
'" LLI;l:;m,.t,nU~flff1'\11n""3JLiuttl~1 LrtV'l~1m~v'll1~viL3JEliifuflii'~1Utl~ffitl1LfliiLL~1~:; 

'ti1 t ~ff3JU'1iLtl~ tlU~1nl;l::Gntl,r1LiJuLlla::,ntl,r1 lfl tI'Il1~Eli L3J ElfltliruLiI tin (Wet spun) 

tu,r1~ULL~1 ~1UL-n1Ltltuff1"fil:;fil1t11'lfL~ tl3Jr.UfilL ~flL-n3J-nu ~'Iiin"flr.UI;l?l1'-lm'lff3JnU 
~ 

••1 ff' ... .., ff' ." 'I ..1..,." .., • •r'" ..., ... . 
l"f El,.3J1 I;lfl Lnfl LffU LtI'YI Lfl vEln3J1~:; L3JI;l:;1;l1 tI»1 LUEl'l~1n'\ll3J Lnfl,.Eln'lfI;lU1'1ff1Urln'YI1 

'" 	 '" 
tlLlffitl1Ltl~tlULtllfltILnfl Interchain acetalization ~'ItlLlffitl1 

o 
II 

\.f'CH2-CH-CH2-CHJV + H-C-H -_lIo \f'CH2-CH-CH2-CHJV + H20 
I I I I 

OH OH 0............ ,......-0 
CH2 

""- ..f" 'I ......... ::: ...... " 'I .., ,.., "" ... 'I ....

tl !In,.tI1Ufl El'lfl1U~3J L '\IIfl 3J,;t:;UUff3JUflLffU LtI~:: L3J Lflfl13Jfl El'lm,. LffU LtI~ vl;l

.., .... ff'..f .. !'.., ".. tl ff' <t ff' , ... 'I'" ... ~ 'I " • ..f ...
nUI;lLLElfilnElnElI;lUflfl'lf3JU1 Lfltl'l 30 L El,.L'lfUfl 3J1nn11LffULtlElU 'J ~'I»13J1 L"l1'Y11LffEl~1LL'YIU 

'" 
~htlL~iifl113J'YIU'YI1U r.UnJ1t1 LL~'IL~1 fl'lnaUL~ 

.......... 0 .... 


2.5.2 ifIJUIfl'tlif1A'D 

1. ff13J1"tl£iEltlffI;l1t1L~fltl1iibln~ (Biodegradable) LLfil:;~flL~Lvifl~1t1n":;fl11j 

2. ~ EliL1UfilLLEll;ln Elnmftu,.tl?lLf3J~:;iifl113JfffltffLLI;l::L'\IIUtl1 iifi1fl113Jfl'l'YIufii El 
'" 

LL"'I~'I1J1fl (Tensile Strength) ff'lLLI;l:;'YIufiiElmnifl"lhu (Abrasion Resistance) 
'" 

3. iifl113Jfl'l 'YIufii El fl113Ji'ElULLI;l::LLff'l~ U Eln~1n ii'rr'lfl'l'YIufii ElL1J3Ju,r13JULLI;l::ff1,.· 
A. 	 ,;t .,.. 

ElU'YI,.tlfl3J1n 

4. 	 iifl113Jfl'l'YIufiivn"flLLTl fii1'1LLTl ,1'1 LLI;l:;fl113J4u~3JYr'Yltrff'l 'J Lll~un 
I'll .... .d ..1... 

\I 

..,....!' ....~I:::'"
5. LlJUfl1L"l1v3J (Adhesive) 'YIfl ff13J1,.tllJflnun1"'lf3J~1U1JEl'l~1n L1J3JULLI;l::U13JU 

~ "13J,f'li1El'lnum"~3J~1U1JEl'lLLnfffii1'1'J L"liu O2 H2 He LLI;l:: N2 

6. ~viL1UfilLLElfilnElnElLf'YIntl"::Lll'YII;l::1;l1t1,r1Lvi 
~ 

2.5.3 n1'nh1tfl,r"1 " 

1. Standard Film PVA brLiJUff1,.ilEl'lnUn1"Lm:;~fl1Jv'l ~viLElffLflvfL"~U nu 

Mold Releasing Agent 

2. CWS Film PVA t,rtl'\ll'run1"~El~ifl.nmGtifii1'1 ~ t,rLiJUff1"LflaElUL~miJu~U'l 
ilEl'lnUL1JiJu 'Il1iJuLLI;l::unff LLI;l:;tl'ltriLiEl~tJ1t1fl13Jh'l~tl1U11;l. '" 

3. t,rLiJun11'\11~vIii1LflaElUn"::fl11j (Paper Coating) ~1WrUn1,.Yi3Jvf n1"U""~ 
~ 
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5. t,rLijUa11,hui'j~lhWrUa11L~~ElU'VI~El~f11y,jL 'Yl1nflU (Phosphorescent Pigments) 

6. t,rLtluLy,j~111yf~-ilElEl~~n (Polarizing optic) 

2.6 o'tn1AiaL10f (Ag+) 

ElUfl1~;i~L1Elfu1Lu~l!-Ia~1c;i'<il1nn11t,ru1LUL'Yl~LUL~U '<il:;3j"!lU1~ElUfl1~th:::lJ1m, , 
25 U1LUL:lJ~1 'VI'1m.h:::lJ1m 1 tu 1,000 "!IEl-il"!lU1~L'11~~"!IEl-ilLLU~.yiL1£l LrlElElUfl1~;i~L1Elf, 
U1LU~:lJ«~numr-il L '11~~'<il::a1:lJ11mLy,ji~1ULi11tJ'lUL'11~6"!1El-ilLLU~iiL1U'VI'iEl L:lEln1c;i '<il1n,r U 

ElUfl1~~aL1 Elfu1Lu~-il3j~:lJu1iLtlu n1~EiElU'<il:;LnfHlwilnum£l1nuL:lJL~n~~Ltlu LU~EiElU, , 
f11utUL'11~6 ~-iln~mt1u~L1£ln11'V1:t..i'1T~f.l~~~ (Sulphydryl group) "!IEl-ilLElu1'11:lJ1th~LlI.~ 

" 
(Proteinase) ~ii1'V1,r1~L~U1nuL:lJfl1U ElatH:lJ"!I El-ilL'11~6 'VI:t..i'1T~f.lfl1~ (-SH) ~3jEl:;flEl:lJ"!IEl-ii

" '1T~L~ElfLt1UEl-ilflth::n ElU'<il:;,)uc;i1nu ElUfl1~"!IEl-il;i~L1 Elfii1111'n1:::U1Un11ii1-i11U"!I El-il LElU1'111i, 
'VI£l~n11ii1-i11U'<ilUn1:;,t-ilL'11~6"!1El-ilLLU~;lL1u'VI£l~n11L'<il~tlIL~ULflLL~:::Li~El:lJ~f1l'v~liltu~~~ 3j, , v~ , 

n11f1Uy,jU11ElUfl1~;i~L1Elfa1:lJ11f1'J.hL:lElLLU~iiL1£l1c;ii1-i1 650 "lfii~ L"lfU Staphylococcus, 
aureus, Staphylococcus epidermidis, E.Coli, Klebsiella pneumoniae, Aspergillus niger 

LL~:: Bacillus subtilis 11:lJ~-iI Streptococcus LL~:: Lacto Bacillus ~t1UL~£lnutuU:lJLtri'U1, 
::: .... ..I... 'I ..I • d 


11:lJ'Yl-ilLLU~'YlL1U Staphylococcus LL~:: E.coli 'Yl:lJny,ju mEl1'V111'YlLU1L~U 


Li1UL1~1'V1 ~1 £la-UU:lJ1 LL~1 ~3jn11lha11tJ1:;nElU"!I El-il;i~ L1 Elf:lJ1t,r t U 'Yl1-i1n11LLy,j'YlV 

L"lfU ;i~L1Elfl.ULfl1f1 (Silver nitrate) t,r'VIEJftUEJUft1"!1El-ii L~mL1mnftL~EliJ El-ilnUn11~ftL:lEl 
;i~L1Elf'1T~~11~El:;~u (Silver sulfadiazine) Htun11i'm!t1LLI!-I~1~1'V1~LL~::'hL:lElLLU~yiL1£l 

2.6.1 o,"n1AiaL10f,nt" (Silver Nanoparticles) , 
ElUfl1~;i~L, 1ElfU1LU"!IU1~ 5 - 40 U1LUL:lJfl1 ~11:lJLi:lJ-nu 1,000 - 100,000 ff'lU 

tU~1Uff'lU (0.1 - 1 0 i'El£l~:::1ftEJlh'VIun) ElUfl1~;i~L1ElfU1Lu3j~11:lJL~ii£l1~-iI a1:lJ11mnU , " 
lflc;iu1U:lJ1nn11 6 L~EluLfl£l1:t..iLnftn11LtJ~£lULLtJ~-iltfl ~ ~El~~El£lyf~11:lJL-n:lJ-nu~-ild'<il:;3ji

" 
J1ft1aLi:lJ Lrl Elii1t11'L~ El'<il1-i1'<il::LtJ~ £lULtluiL'VI~El-ilerULiiEl-il:lJ1'<il1ntJ11n!ln11m Surface 

... 6' 'i.f .\1.1'1...... ... ... 6'..1 ...
Plasmon Resonance "!IEl-ii ElUfl1~'11~L1El1U1 LUUa1:lJ11f1U1 LIH"lfy,jYMU11!-1~flflm'YI'YlftEl-iln11, 
L~:lJ~:lJlliln11rTU tT-iln11L'<il~t1lL~ULft"!lEl-ilL:lmLu~iiL1£l'VI'imh,)ft L:lEl LLU~iiL1£J1c;inuii Lft £lt,r 

LilUff1UI!-I~:lJ t ,rLtlU"11L~:lJLL~-iI 'VI'iElt ,rL~~ElU~1I!-1aftnm.n 

ElUfl1~~~L1ElfU1LU'<il::LtluLL'VIa-ill!-laft1ElElElU"!IEl-ii L~U (Silver Ion) ~-ilii1'V1li1~fh,)ft, 
.f dd..l!"1 ":..IVI""'.I 6' ..I VI ....

L"lfElLLU~'YlL1EJrl LuUa1L'VIft"!lEl-iln~u'Yl L:lJy,j-ilu1::~-iI~ Elfta1'V1n11:lJ'YlL'VI:lJ1::~:lJ LftLLn Elfta1'V1n11:lJ, , , 
~~El-iln11L~:lJ ~:lJlliln11rTU tT-iln11L'<il~t1l L~UL~"!IEl-ilL:lElLLu~iiL1£JLL~::'VI'1mi1,rftL:lEl LLU~ilL1£J 
t~nUl!-laftnm.nL"lfU ~-iI'YlEl L~~El-ilt1El1-i1 y,j~1"~n n11LLy,j'YlV El1'V111 U11'<ilnm.n c;i1ElV1-i1, 

.. ... 6' .1 6' .... ..: .I.f • d.1 .f...... .1 .f 
1!-I~~f1m'YI ~Lu1£ln1'<ilfln~U f11"lfU::u~ElftL"lfEl a1~u~ElftL"lfEl my,jULLI!-I~u~El~L"lfEl 
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2.6.2 Dltn1 ~n.,Ll'ia L"J DfAaD1"i~ (Silver Chloride Nanoparticles) 

BUfl1fl\ntutftanBfflaBL'nl'll\t1flB1unfl 60 - 100 U1tU~lIfl'l fl1111L"li1l'lrn, , 
1,000 - 10,000 {f1U'lU&t1Uff1U (0.1 - 1.0 i'BUt;:!::tflmhv\'I.tn) BUfl1flu1tutftanBfflt;:!BL'l~• 
iifl1111Lffnmg\\'1 ff1111'lmnUL1t~u1umnni1 6 L~BUt~HlL~Lnfln1'lLU~UULLUt;:!-3'lfl ') 

.......... 
'\I 

iJ ...... AU'" AA ... 101'"
flBt;:!aBUflllt;:!n'Jjm::L U'liB-3 L 'VIa1ff'l111flt;:!1UUlI 6Jl'-3L Uff'lI B-3~,mn6Jl't;:!n B'lfl,W L'lfl BUfl1fl• 
U1 t utftm1BfflaBL'l~fi1'V1U1~iru tY-3n1'lL,;)1tyL~Utfl'll B-3 L;!ElLLUflY1L1u LLa::fi1~flL;!mLUflfiL1u 

L "1fuLiiu1 nUBufl1fltftt;:!nBfu1t U tflun1'lUt;:!fluaBuLB BBU'lIB-3L~UBBnm Ls1BLmUfl1111;!U•
.ol t... 101 ......... A .J !'II ....... ..: ... ...


LUB-3,;)1n BUfl1flU1 Utftt;:!L1B'lflt;:! B L'lflllff'll11 ,;)-3L'VI1I1::ffll'YI,;)::U'l::unfl L"lfnUff-3'Y1 Bff'lI11'V1'lB 

~-3'Y1Bi~ ElU~L1i ~El-3n1'l'l~Lnfln1'lLU~UULLUt;:!-3'l1El-3i 'VIi-3,;)1nn1'lLfl~BU~1UBUfl1flU1t U • 
tftt;:!L1 Elfflt;:!B L 'l~ L'VI 111::ffllnU ~flff1'V1n'l'lll~~El-3n1'lL~lIfflllliln1'liru tY-3n1'lL,;)1tyL~Utfl'll El-3 

L;!mLUflfh1mLa::'VI1Elfh~flL ;!mLUflnL1u 'l~nU~fiflnrn'l1 L"1fU ~-3'Y1 El Lfl~El-3thEl1-3 'Vit;:!1ff~n 
n1'lLL'Vi'YItf U'l'l';)nrn'l1 B1'V11'1 i1Elth-3~fiflnrn'l1 L"1fU ~-3'Y1BUt;:!BflL;!mLiil::Ut;:!Bfln~u tha• 

..f ....... U ..f '" 
UaBflL"lfEl LLiil:: ~1'ViULL~a aElflL"lfB LUUflU 

2.6.3 'Mnmhltiyh;nnDl'n1AiaL1Dm1Ll' (Silver Nanoparticles Conductive Ink) • 
flBiila BU~,.r1fl1111L"li1l"liuff-3mn'llB-3ElUfl1fltftaL1Bfu1t U'lIU1fl 1 - 5 U1t ULlIfl'l 

'\I • 

fl1111L-n1l"liumnni1 400,000 ff1U'lU&t1Uff1U (40 i'BUiil::tflmhw14n) ff1111'lfl'l-hmLiiuu 

..... ~"'u ..f A. ..J .... t ... U'VI'lB'Vill'Vi L'VIL Uiil1UUU'ViUmm-3 ') bJU n'l::fl1'Jj n'l::';)n LLiil::'Via1fffln flun1W1WUL U 

iil1miuL'VIiiemU1nn1 (Writing) n1'lGfl1-3a1UtflUn1'lU'l::nu (Stamp Printing) n1'lwlI'Vi1flU 

'l"lffi-3ffL~'Y1 (Ink Jet Printing) 'VI1El n1'lWlI,.{ffn1u (Screen Printing) Ls1El,.r1~-3LUui1fi1 
.J ....... A .... ..fA ........ ~ ... 


iil::iil1 Uiil::L'VI U';)U'VIlIfl 'YI Brn'VIflll'VI El-3 'VIlInLL'VI-3 ElUUU'ViU~1'lJEl-31 fffl'lEl-3'lU ElUfl1fl"JJ!lU1 El'l
• '\I '\I , , 

U1 t u,;)::L1U-3i1rlUElth-3LUU 'l::LUUU LLa::L;ElllnUU1.Jff1U 't11'l~'VIiin ff1m'lflit1Lv-I~1L~ 'VI1n 

'l~fl1111i'ElU~1 uElrn'VIflD~1'V11BmU1 i1 UULiu'VIiin~LL~-3LL~1 BUfl1fltftanElfu1t U';)::L;BlI 
, '\I '\I) , 

..... .,..,f ... • .? 101 ••1.':1 'l ...... ... I .? 101 ••1.':1 .. Aut .J ....
nUffll\j'lrn'llULLiil::lIfl1n1'llb1 Lnn1 nmflU-3nUmn1'lJ.il1 Lnn1'lJB-3L.JU (6Jl'-3L U t;:!'VI::'YIl1mn1'l 

it1Lv-I~1ff.Jfffl) a1mm..'VI iinuu~UH11fffl'lEl.JW,;):::ff1m'lfi it1 L v-I~1'~LUUElth-3ii L'VI1I1::ffll 
'\I , • 

flEl Elflff1'V1n'l'lll~Lt;:!fl'YI'lElitfltf il1Elcl1-3~fiflnrn'l1 L"1fU Low-Curing-Temperature u1nn1• 
u'l'l,;)'VIiinit1Lv-I~1 LLiil:: n11it1Lv-I~1 LUU~U• 

2.6.4 Dl'n1AiaL"JDm1Ll'tJ"R'!ID"LLiI" (Solid Silver Nanoparticles)• 
BUfl1fltftiilnBfu1tU'lIU1fl 5 - 10. 5 - 40 LLiil:: 50 - 200 U1tULlIfl'l ~fi1'l~LL~.J, 

LUU'lI fl.J LL'ii.J LL~1 flUfl1fltftt;:! L 1 ElfU1 t U"lfitfl'lJ El.JLL'ii.Jiian'Jjrn:::LUU~-3t;:!::L~Ufl ff1m'lflit1LUfi1• 
LUUflEliiliil flUfl1fl Uiil::a1 U 'lui1fi1a::iil1U~L'VI 111::ffll it1LU~ffllrlU'ViElfi LlI Elf'VI1m 'ltftu it1Lufi1 

LUU Silver Clay tflun1'lit1LU~ffllnui1L;ElllU'l::ff1U~U'YI1tf (Organic Binder) L~B'li~u 
~UULfl~fl.JU'l::iu 'VI1El;tU'lULuutiil'VI::~1um::U1Un1'l Powder Metallurgy ,;)fl'VIiilElllL'VIiil1

'\I , 

http:Lnn1'lJB-3L.JU
http:i'BUt;:!::tflmhv\'I.tn


• • 

• • 

• • 

31 

LLGI:: Sintering Temperature "lJ eHI ElUll1f1lifm1 ElfU11U'n'i'til"lJ El-\lLL;j-\l1l::~1ni111illll GI El1J L1IIG11 

"lJ El-\llG1111::L~U1J1n~ilff1l11n111J~L1II1J1::H1J L"1IU Lfl1El-\lth::~lJ lG1l11::1l11J ~1Li-\ltl~ffiU1 

2.6.5 nalnn11fh"1'WlJih'ilf11gug"LLUflrit~tl1,"n11'11hLlat1f1 
- ElU1l1f1lifGl L 1 ElfL-ll1111 Gl1 U L ~ElLLlJflf1L1Ulil Un11UlJ 5-\1n1::lJ1Un11Lr-I1 r-IGl1tuEl111111. 

... f ,., ..4·.2.t..4.tl 
~ 

- ElUll1f1'11G1L1e:J 1I::H11-\1 Active Oxygen '11-\1TmnmUElLUEl"lJEl-\lL'n'e:J 1f1• 
- El'tll1f1lifGlL1e:JfL-ll1111tl~ffiEJ1nlJltl1~u1.u~1L~e:J11f1 UlJ5-\1n11LLiln~1"lJe:J-\lL~e:J 

2.7 flUfl1,"Lanilf11fhfftl1!1a" (Reviewed Literature) 

'W.fl. 2547 1'Y1U1 l1uH111m LLGI:: nune:J1 1UHun l¥i1l1n111il"lJU1ilLHu1.u 

It'tl ..... ..1 ... "',II 1 'IEl-\lfl 1::ne:JlJ'YI1-\1Lfl1JLLGI::r-Iflil LUElLfl1J"lJe:J-\ln1ne:Je:JU'U1U1U 36 1111:: il Un11'Y1ilGle:J-\lLL"1I bU 

ff11fl::fnU1'11L~U1JLlJil1e:JnL'11~L"li1J"liui'e:JUfl:: 1 l.Ue1il11ft'1U 10 L'Yi1"lJe:J-\ln1mle:JmiJuL1fl1 

1i11J~U 1I1mfult1iilJ1.iHT7fl::fl1Ue:Je:JnLLfl::L~1J1'11L~U1JLlJil1e:JnL'11il11113.im1J1 mi'e:J Ufl:: 5 - 10 

~e1il11S1Uff11fl::Gl1U 4 L'Yi1"lJe:J-\ln1mle:JUL~1J'Wi'e:J1J¥i1 Ue1iln1'11 1 nlfln71Jt;ie:Jil111-\1L'11U~L1Jil1 
... ... .J.. ... tl ..Ill "'. '" ",.J ..: 1 ... 111

LLGl1il1J'YIe:Jmlllll1JH-\lHil 0 - 180 U1'Y1 H1 r-Ifl'YI Lil11 1111::n11il1Jn1ne:JElU'YIL'W1J '11LilU1J LlJ 
• 'II 'II • • 

il1e:JnL'11~i'ElUfl:: 15 ~e1il11S1Uff11fl::Gl1U 4 L'Yi1"lJe:J-\ln1mle:Jm~1J ~e:Jmlll113j 140 e:J-\lfl1 
• 'II 

L'11G1L~UH l.iL1fl1 90 u1fi 

'W.fl. 2547 1-nm,; e:J11m'W17nH L¥i1l1n111il"lJU1ilLHu1.u e:J-\lfltl1::ne:JlJ'YI1-\1Lfli'iLLGI:: 

r-Ia(jIL~ElLfli'i"lJe:J-\lUmatl~H"1u1U 12 1111::1ilUn11'Y1ilfle:J-\I'h=iUL~1J1111n11¥i1Jrie:JU~1IilL~e:JYl 
'II • 

¥i1un1ile:J::lif~n 70 80 LLfl:: 90 Ltle:JfLsnU~ 111J 3 1::~lJi'ie1il11S1U"lJEl-\lLlIIfl1t;ie:J1ilfl~lJ 3 5 • .... .. .t..l "'. '" t: .... .J '" '" 7 LLfl:: 10 L'Yi1111J 4 1::YllJLiluL1fl1 1 'n'1 1J-\I LLfl1'Y11n11il1Jfl1-\1l11G1-\1Hil'YI1lYlLilElilil1U 

n1ile:J::lif~nLLfl::e1il11S1UL"1IuL~u1nu mtlr-lfl ~e:J n11¥i1J¥i1Un1il e:J::lif~n 7 L'Yi11Ylui'in11L~1J• 
n1Ylsnflmn 0.3 Ltle:JfLsnU~ l.iL1fl1 4 ,T111J-\I

'II 

jQ .... I' .... tf ~ tl \1 11A .co A #Ii

'W.fl. 2547 1"lJm6f1 e:Jnm'W1U1m!t LLfl:: lJflIfj'YIll 'n' 1::U1 Lilflm~nn11r-1flilLUElLfl1J• ."t: 'II 'II 

1I1nn11ele:JUlil Un11LL"1I¥i1 U~h.:JLLfl::¥i1J¥i1 Un11L~1Jt;i1-\1nlJe:J e:JnlifL1IU lil Un111Yl"lJU1f1 LHU1.U 

It'tl .......1...... • 1 'i
e:J-\lfI 1::nEllJ'YI1-\1Lfl1JLLfl::r-IGlYlLUElLfl1J"lJe:J-\ln1ne:Je:JU1I1U1U 36 1111:: ilUn11'Y1ilfle:J-\lLL'n' U 

ff11fl::Gl1U1'11L~U1JllJil1e:JnL'11~L1i1J1iu1e:JUGI:: 1 l.Ue1il11S1U 10 L'Yi1"lJe:J-\ln1nele:JmiJuL1G11 

'" '" ::;.f" 'I ... .. 1 ... 111 111 !'I '. F- ,.,"lJ11JflU 1I1nuut1111J1lJlJ b1IIff11G1::Gl1Ue:Je:JnLLGI::Lfl1J '11LilU1J LlJil1e:Jn L'11il LlII1JIJ1mm1ElUGI:: 5 

10 ~e1il11S1Uff11fl::Gl1U 4 L'Yi1"lJe:J-\ln1nelElUL~1J 'Wi'El1J¥i1Ue1iln1'11Ele:JnlifL1IU 1 filfln71J~e:J 
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f1113JLihtelH1::LneJ 300 ~a~~"1"13J3J1"1i1'\.LLLfI'\.L1"1 5j~1fitfl113J~1'\.LLL1\1~\I 34.16 N.m/g, 
....., 2...... 2 I 

f1113J"1'\.LLL1\1"wn::a, 2.13 kPa.m /g f1113J"1'\.Lm1\1.fl"n" 9.00 mN.m /g f1113J"lJl1H11\1 

30.83 f1113JnULLH\li'eJtJa:: 90.48 "13Ja1~U 'i1\1H13Jl1f1'liN~"n1::"lHrh,I'YfLLa::LiitJ'\.L 
~ ... 'I • ~ ... 11'" 

113J'Yl\ln1::"lHL~'\.LtJ1 L'\.LH1'\.L"lJeJ\lfI\l1f'\.LL"tJ1 L", 
.....Ul. 2547 UHn Hi'eJtJ1::U1LL~::mlt:: '~iilm1flnH1n11~~'\.L1n1::"1H1l1ntUtleJtJ, 

L~El\l1'\.L~"fln113JLL~::U111l,nm"; t"tJflnH1nn3J1in11N~"LfleJn1::"1H V4Ul11111::m1~3J, 
LfleJtutlEltJ~m3J1::H3J~El ~3J~1tJH11a::a1tJt'l1L~U3J'U"1Eln''l1~ 30 LllElfL~'\.L~"lJEl\lJl~,rntu 
tleJU eJm~l1~ 100 il\l~lL'l1aL~tJH na1 5 i1t3J\I LLa::WeJn"lJ11Lflil~'~~1UH11a::a1U , 'II 

11 t .1 Iff 11 Iff .1 Iff '" Iff .r... ""... t..... ... ...
LU ,,1L1l'\.LLlJmeJiln L'l1" 8 LlJil1L'l1'\.L" "lJil\ll-l>1~'\.LmUmL~\I 113JnUH11 'l1L"U3J'l1am" 2 

LlleJfL~'\.L~ LL3JnitL~U3Js.nmW" 0.05 LllElfL~'\.L~ LL~::t'l1L~U3J'U"1iln''l1~ 1.5 LlleJfL~'\.L~ 

eJm~l1~ 1 00 eJ\I~1L'l1,U~UH na1 2 i1t3J\I 1"f1113J"lJ11Hl1\1'~ 54.11 Nam1'Yl"HilU , 'II 


, -- ... "" 'I ... • "".1 'I.... I ...
f1mH3JU"'Yll\1L1f\lna"lJeJ\ln1::"1H1l1nm1NH3JLUEl LUElElU"mueJlJeJH1 L'\.LEl"nH1'\.L 70 : 30 LLa1 

LflailU~1UH11a::a1UN\lUnt"utiLL1l1\1LflaElU V4U115jH3Jull'Yl1\1L~\lna~L~3Jl::H3J H13J11f1, 
U1'tJt,n~~tl~i'U\ll'\.L~"fln113JLLa::\l1'\.L1l1::~H{ii1\1 Gl L"lf'\.L U111l,nm"; LiJ'\.L~'\.L.) , 

V4.~. 2550 H3J1f1U 3JtU.111m '~ii1m1flnH1H3JUi'Yll\1nltJll1V4"lJil\ln1::"1Htl~i'u 

1::uuii1f1113JLU'\.LLLUU1::L~U t"uii1m1flnH1f1113JH13Jl1f1 t '\.Lnl1" ,,-n3J't, fi1f1113J~1'\.L'Yl1'\.L 
'II 

LL1\1~\I ,r1~,rn3J1"1i1'\.L fi1f1113J~'\.L1LLfil::fi1f1113J~'\.L1LLli'\.L"lJEl\ln1::"1HH1 t"utin1::"1H 

1l1n 3 LL~~\I ~eJ Ul'\.L'\.L1L~aEl\l Ul'\.LH::LitU'\.L LLfil::U1'\.LLLU\I i\l~1""'Hmtfiln 1l1nm1flnHl, 
V4Ul1 fi1f1113JH13J11f1t'\.Lm1""~3JJ1H\lH"Lfhnu 3.500 n73J fi1f1113J~1'\.L'Yl1'\.LLL1\1~\I"lJnt::

'II 'II , 

LL~\lH\lH,,5j~hL'Yhnu 16.811 ntfil\b~'\.L~m3J"1 "lJnt::LUUnH\lH" 1.089 ntfil\b~'\.L~m3J"1
'II , 'II , 

~ 

Ul~,rn3Jl"1:1'l'\.L f1113J~'\.L1LLa::f1113J~'\.L1LLli'\.LH\lH"Lfhnu 127.590 n73J~Elm11\1L3Jm<Il 'II , 

0.372 3jfil~L3J"1 LLfil:: 383.821 ntfilni'3J~ilfilnU1~nL'l1'\.L~L3J"1 m3Jal~U 
'II 



d 
tJ't1't1 3 

3.1 811U,ij 
e I ~.:r,Q"Io 4.'" fto'"

1. NaOH (Sodium Hydroxide) Ln'l~nTlm lJ'llfYl ~r;y'YI1Lflllllru'YI ,l1n~ 

2. H20 2 (Hydrogen peroxide) Ln'l~m'lfi\ Tang Ti hua Heng CO.Ltd. 

3. CH3COOH (Acetic acid) Ln'l~m'lfi\ lJ1~'Y1 ~r;y'YI1LfliinruGt1 ~1n~ 
.. AQ"f _ f/ ~ 0 Q.f 

4. PYA JP-18Y (Polyvinyl Alcohol) lJ'llf'YI ~'YJLUHUJ L'YI'l~~-\I ,l1n~ 
..... .::1 f( ~OQ,;

5. Silver++G 100 Pdr, lJ'llf'YI~'YILLlI,UJ L'YI'l~~-\I ,l1n~ 

3.2 ~tJn'tm . . 
.. .., A o. ••

1. Lfl'leJ\l1f\l'YIfl'lUJlI 4 ~1LLVlU\l, Superba-senes, Preclsa 205 A 

2. ~eJlJ ULE 600, MEMMERT m~'Y1 LlJfl''YIt1 ~1n~ 
'1/ 

3. L~eJ-\I'YI~G{eJlJfl1111~1U'YI1ULL'l-\l~U'YI:;~, SOL International Limited iu P1000 
q q 

4. Lfl1eJ\I'YIflG{eJlJfl1111G{1111'lt1'lum'l~mhummfl, SOL International Limited iu M021S . q 

5. LmeJ-\li~fl1111V1U1 (Teclock Thickness Gauge) ilL SMD - 565 (lJ1~'Y1 Teclock 
q 

Corporation) 

6. Padder Laboratory Machines, Tsuji Dyeing Machine Co., Ltd. 
.... f/A .. • 

7. n~eJ\I"~'YI'l'lflUm~nfl'leJULLlJlJG{eJ\lnn~ (Scanning Electron Microscropy : SEM) 
q 

Hitachi iu S-510 
q 

... .... ... 
3.3.1 n1't'~'t9JJ11i1 'lflU 

lh'llJaEltl~iimtlth:;mru 10 - 12 L~ElU "1ni\lVli~mf1l"UlJ1 ~~£ieJtI'l~ii"1JU1~ q .~ • 

YWLVlm:: \.t1'tJGt1-\1'l~G{::El1fl~1mt1G{'JJL,j1l,jU 1 n711~El~fl'l ~\I'l~LL~\I ';nmtuibm'YIlJ
'1/ q 

mL1ruri1u'llJ'l~LLfln LLGt1ib'tJEllJ"ULL~\lmt'YI 

3.3.2 n1'tM11l11t~'MJJ1t8JJt"n1'tLLgml"tg 
1. n1'tM1L1a1~LMJJ1t8JJt"n1'tLLgml"tg 

., 'l ... ..l.1 ....J1 ... '1 ......... ... 


..1 lJElEltl'YIH1Um'lL~'ltlll1l1111m'lLLtlmG{ULtI~1t111l'YI1\1Lflll (n'l:;lJ1Um'l 

1Sj}'~1) ri1V1uflfl1111L,j1l,ju"1JEl\llSj}'L~t111'lIfl'lEln'Sj}'yj~ 10 n711~eJ~~'l LL~:; mmruJ1~EliG{~ 
.... ... .....I..lA AI ..l'l YI t. .

1 : 20 (n'lll : ~~'l) ~1LLu'l'YIfln:t;-1fleJ L1~1'Y1 1fmm'lLLtln ~-\lLL~ 15, 30, 45, 60, 75, 90, 
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.... ... ..... I.J..... .J1 YI ~ ,
1 : 20 (n1"1I : ,WI") ~1LLu"'YIf(nM1f1f1 Ldfl1'Y1 "D'~um"Lwn ~\JLL~ 15, 30, 45, 60, 75, 90, 

105 LLR:: 120 U1Yi L~tl~lI~mU'VII1£j 100 f1\Jf(1L'l1RL~m~ 'VIR'\J1iJ1ntfu'Il1Liu1tl~LWn'~m~1\J 
, 	 'Il 

rl1m111~::tl1~ LLR~tlU LL ~\J LL~1mrl1m"U"::L£ju~Rm"LLtlmiu1tl~1 tlm,.i\JLn~R'n MnI.:::"lJ fl\J 

LiU1tl~'~~1tl~1tl~1 
2. 	n1':iVl1'l1;'3J1mtleJ\It"l:ft~a3Jl019l'nlOl"l:f~;hVI 3J1:::ft3Ji"n1,.Uamft"ia 

.~ ,,~.JL·' I'!:! .f·.... .... .1 .J.1I ...
fl1m"LLtlm~U~tl'YI ~tlm'VIU~u,.mnl.ll>1~tl1~liI 1 : 20 ~1LLu"'YI111m"f(nM1

q 

fitl 	m1l1n1."lJtl..:lL'l1L~tlll'~~"flnl'l1~i..:lLL~ 0 - 20 n711~tlR~" rl1m':i~1I~f1n1.'VII1£j 100 tl\Jf(1
q 'Il 

L'l1m~tl~ L\JULdR1U1U 1 i1LlI\J 1~tl1um"'YI~Rfl..:la1ud'LL1j..:lfltlmtJU 3in fitl 

- in~ 1 : ~lILLtlmiu1tl~1tl~1"R::R1tl1'l1L~tllll~~,.[m1'l1~ 
-in~ 2 : LL"1f1uertltl1u,r11n"1I~1 U1U 24 i1LlI..:I ritlu'Il11u~lILwmiu1[J 
-in~ 3 : LL"1f1Uertltl1U~1"R:::GntlL'l1L~[J1I'~~"tln''l1~LilliU 1% w/v \t1U 24 

i1LlI\J riflU'Il11Ut;l1l LLtlmiu1tl 

..t 	 .1 • .... i3.3.3 n1':itl'Ul'uLtN'ULft" a 

• 	 "'1..1\1" 1 • .f .I.!"I • ,,'I .......

U1L~U ~[J'YI ~~'il1nm"LLtln U1111:::L'VI1I1~~1I m'YI1m""lJU"uLuULL~UL~U ~tl~1[J11i

'Il 

LLUULUtln (Wet formation) 1~tlm"'Il1Liu1tlmn1"~1iJ1tli11uJ1 LL~1imiu1[Jt;l1[J~:::Lm"\J 
LL~1'1l11u~1nliJuLL~..:I 'il1ntfurl1m"v~LL~miultlt;l1tlin'YI1..:1Lflii (Chemical bonding) 1~tl1,r 
YWR'1'nRLLflflntl~mfLiju~1""1f1tlVliI i1LLU"~rl1m,.~nM1 fitl mmnl."lJtl..:ltf1"R:::R1tlVW~
'1'ilflLLtlRntl~mf 0, 0.5, 1, 2, 4, 6, 8 LLR~ 10 1tltlGld~lIJ1'V1,rn LfI~flUtf1""1f1l1V~fl..:lUU 
LL~ULiu111 ~1l1inn1"Vlm{ 'Il11u tlU'ilmL ~\JLLGl::tlU ~itnanflf\J~ tlnl.'VI 11 £j 120 tl\Jf(1 L'l1flL~m~ 

q 'Il 

3.4 n1':iYllPlfteJ1Jft3JU~t1eJ\lLuJ'ULi'Uia 

3.4.1 n1':iVl1A'J13JVI"1t1eJ\lUN"Li"ia 

rl1m"U7ULiI111~LU.JULiu1l1mriflUrl1m"'YI~~flU~flnl.'VII1£j 20 + 2 fl\Jf(1L'l1m~[JLi
• 'Il 

.!"I 	 J., 1 ~..... 1 'I".d ....
Lum1R1U1U 24 "D'1 lI\J 'il1nUU'YI1m"1~m111'V1\t1 liItl ~"D'LfI,.tl\J1~m111'V1U1 (Teclock 

• 	 .d 1.J, .. ~ 
Thickness Gauge) L~tl'VI1m111'V1U1 ~mURtl"lJfl..:lLL~ULLiU~lI 



35 

i!1nTl'YI~ffEllJ~13J3J1~1!1U ASTM D 3786-01 (Standard Test Method for 

Hydraulic Bursting Strength of Textile Fabrics - Diaphragm Bursting Strength Tester 

Method) 1~[J~~LL~uLiu1.[J1.'VI1i"lJU1~ 5 x 5 if1 i!1mlui'lJffll11::iu~1E1ci1.:JriElui!1ml 
..!.. ... fl <l,.,t ~ ••Jt 

'YI~ffEllJ'YIElfU,'VIl13J 20 + 2 E1.:Jfl1L'1lfW.Il[JLf LlJUL1fi1U1U 24 "1f1 L3J.:J 'linnUUU13J1T11ml'Y1~ffEllJ 
1 'II 

1~ [Jij~LL~ULiu1.[JnlJL~;EI.:J 'YI~ ffEllJ LLtf1n~ Lf1~.fLyj El1.,.\'L ~;EI.:J'YI~ffEllJ~ULL~ULiu1.[J llULL~U 

Liu1.[J L~3J~n"lJ1~1.,.\''VI [J~ L~1E1.:J'YI~ffEllJ LLiof1i!1mluunnfh~L~ 
1 

3.4.3 ft111J ft11J11f1L"n11otilJ ~1"E11n1ft 

i!1ml'Y1~ffEllJ~13J3J1~1!1U ISO EN 9237 i4'u~1.uml'Y1~ffEllJ 500 ~111.:J
iifiaL3J~l LLfi::LL1.:J~U 100 U1ff~1fi 1~[Jiiml'1l1LL~ULm.1.[J3J1i!1n11ui'lJffll11::riElui!1n11 

'YI~ffEllJ~E1fU,'VIllii 20 + 2 EI.:Jfl1L'1lfiL:n[JLf LilUL1fi1U1U 4 -N113J.:J 
1 'II 

• "" .... ~ -=l-=l 
3.4.4 n1191mlth19l1fJft11fJUfJ\lLLUftnL1fJ 

i!1ml~mLvi.:J~1[JLf11 Silver++G 100 ~113JL'1i3J'1iU 3 fEl[Jfi::1~[Jm3J1~l lJuiu 

~1E1cl1.:J 1nml~mLvi.:JLLU.:JElElmilu 2 1n fiEl n11~~y.jULLfi::mlUmr~ LyjEl~~fi"lJEI.:J~113J
'II 

LL~n~h.:J"lJEI,,1nml~mLvi.:J fhWrlJn11'1l1LUU1::[Jn~1"li'.:J1UviElLU
1 

....... I I I
",,,.01 
3.4.5 ftm!1"1t1fJ11JEI\lUFI"Lft"LfJt1F11"n1191nU91\l 

'Il1LL~ULm.1.[J~r-huml~mLvi.:JLU~EI.:Jqj1[JniofEl.:J'fi'YI11fl,rBLfi~~lE1ULLlJlJ~E1.:Jn11~ 

3.4.6 n11t19lftElU f'l111Jft11J11f1 L "n11iJ £1\1 n"LifElLLUf'liiL~fJ 
i!1ml'Y1~ffEllJiU~1E1cl1.:JL~.:J~nul1~m3J3J1~1;t1U AATCC Test Method 147

1 .. 

1998 (Antibacterial Activity Assessment of Textile Materials : Parallel Streak Method) .. 
LLfi::'YI~ffEllJ~U~1E1cl1.:JL~.:Jm3J1fU,m3J3J1~1!1U AATCC Test Method 100 - 1999 

(Assessment of Antibacterial Finishes on Textile Materials) 



· 
U'Yl'Yl "" 4 

4.1 ~H~ nT'i1ll1Ldi,nYiL1II3Jl:::i:t3JhmT~bWn La,"Ltl 
~iilmJbbtJm~'U.1rJ"illn11HlmJ~b':Hn~h.J ~ n'U.~ ~n'Hrn~<l1.Jllly.j~ 4. 1 - 4.8 
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~ "'I t"..I . ..I ..111'Wf) 4.3 b~'\.I.bV~1 n 'IJElEltJ'I'1f..l1'\.1.n1'~LL[jnflL1~1 45 '\.1,1'1'1 

~ " 'I 1 '" "' . ..I '" 111'Wf) 4.4 L~'\.I,~ tJ~1n 'IJElEltJ'I'1f..l1'\.1,m"HLtJn'l'1L1~1 60 '\.1.1'1'1 

.... " 1 ,... ..1.1 ..I ...
111ft" 4.5 l~ FJ~1fH1JElEll.J'YIf-I1'\.1,nTmtJn'l'1n~1 75 '\.1.1'1'1 

http:IJElEltJ'I'1f..l1
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..I "1 't ... ..I . ~ ..
n1Yt'YI 4.6 L~UL£.J ~1n tJEHltJ'YlmUm1LLt.Jn'Y1Ll~1 90 Ul'Yl 
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b 3J El'W'i)lJrnl~m~rn:"lJEl-Jbff'U1tJ~~lurnJbbtJn~bl~l~l-J 6) nuvnr:h lh:i~'YlTI-Jll~1u 

nlJbbtln bi'U 1tJ b~3J.;ff'U bd El b~3J b 1 ~l~hl'UrnJbbtJ n bff'U1tJ bff'U1tJ1 m/1b 1 rn1mndJlJbl bbtln El Eln 

1~ :-Jbb'3i'lf1-J 30 - 45 'UlYi ii J'\.uhu)lu~i1~n~rn:~bb,]\lnll ~El\llibl~l~'Ul'Unll~-J~ldJlJbl 
1l [JnElElm.llbtJ'Ubi'U1tJb~ tJll~ bl~l~b'V\:lJl:~3J~l~1urnJbbtJmi'U1tJ1'Uiilud ~El 'lfl-J 60 

120 'UlYi bb~rnJ1ibl~lbbtJmi'U1tJ~'UlmnultJ iJ~~yh1~libi'U1tJ'i)lnrnJbbtJn1'UtJ~3Jlrn 
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.... I .cI 
1.f11elU1"Y1 

NaOH 

(gil) 

iI ~t;; ~"~.CI '" L el"H'ln~I.fIL6i," U'YU'YiiH)~nnnTmUn 

1iit: 1 1iit: 2 1ii~ 3 

1 0 96.58 91.72 89.82 

2 1 91.50 87 .65 84.79 

3 2 88.83 86.85 81 .31 

I', 4 3 86.13 84.35 80.15 

5 4 83.88 82.37 77.42 

6 5 83.78 80.86 68.00 

7 6 82.05 78.62 63.24 

8 7 79.71 76.97 62.97 

9 8 79.49 73.83 59.48 

10 9 74.34 71 .01 54.30 

11 10 72.25 64.89 49.67 

12 11 70.49 63.02 44.36 

13 12 69.22 62.28 39.10 

14 13 59.34 54. 95 37.28 

15 14 53.68 49.88 36.73 

'1 
16 15 53.03 47.58 36.39 

I 17 16 46.45 42.86 35.17 

I 18 17 45.81 42.35 32.65 
II 

19 18 44.59 40.85 31.04 

20 19 38.75 36.69 30.94 

21 20 37.44 32.21 25.12 

• 'Vl:JJ 1UL'Vl"l : li~ 1 ~:lJLLtJnufu1tJ ~"W~1'lii1:;;ii11tJl'1l ' ~[J:JJlfl Ol'l1lnh<il 
lfi~ 2 ll'lil1JllfWhu.t,Yfl 'l:JJ OIl '\.ntl 24 i,1:JJ~ rimHbhM~m[Jm itl\tJ 
l;~ 3 ll'll11J81ltJlt1 NaOH 1% w/v '\.ntl 24 i,1:JJ~ ri€ltlttlhl 'li:JJlltJm~tlltJ 
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'}1iYl 2 
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'}1iYl 2 
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'J1iYl 1 
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,nnnTnl~~a"Vlu'·h n11LvhJ1fhnmt'.lfL~[J1JleJmEln1'1f~'tl.n11LL[Jmitl.lmf11J11tl 

,huL~1Itl1::~'Yln1l1Vi1tl.n11LLrlmiu1u'~11;ttl. L~El-3,;)ln1ueiEl[Jtl.an,;)lniiL'.If~~l~,ntJtI.
" 

El~fl"tl1:nEl1JlH~'mLi1tT"lh::nElultlii1[J ~nUti. LeJiiL'.If~~1~~ u~::wnLL'Yl"jn~u ~ (Extractive)
'\I 

L-ntl. n1~1"lJaTu (Fatty acids) l"lJ (Waxes) ~"H11l11tl~fhi~tlEln'~ii1[JH1"I~::~1[J"lJtl-3~1,,~ii 
fl111JL,jmjtl.~-3 n111,n'1fL~ [J1J'n~rHJnl'.lf~1tl.m1J1m"lJ El"~H"Lnultl ri11~'~LiutEl~L~~ fI 

'\I '\I 

'il1nnl'HL[JntlElnmlu,rhnmua [J Li"ia",nnH11J11tlihiil a "fl"tl1:n ElU~U '} ~'llbiL'.Ifl'l~1~~ 
'\I 

1vi~ 1~muVll:Ynnff11U'Yl1n~u'J rh1~uitl.1[J~l~iin1"Im:,;)1E1~1~~;ttl. LLGil~h~m::~1J~ 
• "IItl1" 1::' '"IItl'" ,..r • ....4 .:"1 ,.. 1'" .... .. 'I ...';)::tl.1 L 1I"-31t1. U"llu~aU~El L LUEl",;)lnH11L~l'I1U,;)::'Yll~Ulmu'Uf11~1[J[J~ ~nULHULtJL1Ja 

\111tl;1'u"ItlLL~::LH1U"11U LLii"LL1"1 inumJuLiu l[Jlii
" 
L~mmu1JLfitlu~~'lJEl"inn11LLtlnufultl,f-.l 3 i~ fiEl 1~~ 1 i1JLL[Jmiul[Jii1t1 

ff11~:~ltlt'lfL~[J1JLe1il1anL'.If~ 1~~ 2 LL'li1ueiatlluJl1i1"1U~1 U1U 24 ';1111-3 nElul111tliu 

LLumffutEl LL~::iTIYl 3 u'li1uatl [J1UH11~::~ltl1"I1L~t1uLeJmanl'.lf~L"Jill-nu 1% w/v U1U 24 

i1LU-.l natl.1tl1tl iULLElnLt1U1tl Vlu':hn1"ILL'liluaa tlnau~';):1tliuLLtlmiulE1'li1t1rhl~'u eiatl 

aElU~1LL~::~~'liuJl LL~: H11L"iiLii~;fu1u.ffu~ElUn11LLFJnLiu1[J ~,,~~1iii1.h::~'Ylnlll'r~1U 
'\I 

n11LLtlmiulFJL~nilLrial,rmulruH11L"iiLYhnulun11LLumiul[J til[Jlmi 3 1", 

t11:~,.,n-1l1ViH"~Hil L\iEl"'l1nH11~:~1 [Jl'.1fL~ FJUleJ~1an1'.lf~ ';):'li1mlEltl ~l'Il tl~l"j~nitU1u.. . 
1:~il"n11LL'li n111'lfjidrh1"'ff11J11tl"li1 tl~~L1~11un11i1JLL[Jmiultl1~ 

... ~ '.~ 'I d"ll "11 ....4 ~LU ElVl,;)11ml ~liml1'Yl~~c)" ViU11 u11J1 m'lJc) ·H'lfL~t1U LeJ~1tJn L'.If~'Ylm1J1:H"U LUn11 

ilJLL[Jmiult1~1[Jin-~ 1 fia 10 n1uGic)~~1 LVl11::H1m1mL[Jmiul[J1~~ J"~1u~dJulu 
bLs::nlulu lumm~1'lfj~11~ 2 LLl'I: 3 H1mltl~~mmmt'.lfL~u1J1e1man1'1f~~liL~~c) 8 

9 n1U ~a~il'J nH11Jl1tll'ilh::~'Yln-1l1Vl1un11LL[JnLiul[J~ln~L~[J"nu 

http:t'lfL~[J1JLe1il1anL'.If
http:LeJiiL'.If
http:El[Jtl.an,;)lniiL'.If
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4.3 itmtm::tJ th1LL~hui"1Urtli\'~1 nn,.~;fwul 
\I 

in~m::~ fl.'! LL~hu ~'\.tltJ~'~'l1nm -sif'\.t-su bL~:: ~ ~ ~ ~n'\.t~1 tJ ~l'HI::~l tJ'Vl eJ ~'1 U~-
'Il 

...~ ... lIoI I .aI ~ ..., "J 
lLeJ~nElfJtlfl't1f1111JL~1l"lJ,"~1" ') lltm~~~.un'Vl't1 4.20 

n.O% 11. 0.5 % 

fl . 1% ".2% 

v.4% il.6% 



47 

''If.B% GJ1. 10 % 

.J Q.oo .... ,d. AAQ"oI .... 

1l1'W't1 4.20 ~nHnc:'lJ a..]u.~\UR" ~tlYI~ll.1.nT'HJ~~~nu.~l [JH11~::alti 

y.j a~LJua LLtl~ntleltlff~¥l11lJL';lJ';"~h.J Ii) 
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4.4 iUUYGifl1"n1 U1l1ft'll il"LLJoilLullLLU 

I ,,~

4.4.1 R113J'MlL1'l1il"LL"lLLiflL ~U 

~1Yl11~wl.n"lJe:HILL~hui'U.LtJlqjmu~tJ ~~.h'U.n17qjnLLqj\li1tJtfl7&:1::~ntJ'V>/e:1~11'n&:l= 

... , ... 'I 
Gl1"'n"fI 4.2 Yl11~'VI'U.1"lJehmt:J'U.Lff'U.~tJ 

i'" I ...lLGl1ilU1"fI 
""1 "" "ftila 1lLaUilanilDila 

(.fil ua::Tflu,!1'M,rn) 

R113J'MlL1TI1I UL"~U 

(iiaaL3JGl'J) 

1 0 0.730 

2 0.5 0.415 

3 1 0.472 

4 2 0.520 

5 4 0.531 

6 6 0.578 

7 8 0.580 

8 10 0.617 

';J1n t:J&:In17'YlqjffelU WU11mmnl."lJel\lW el~11it&:l LLel&:lnelDela~L,rLu'U.tflTIb tJ UqjSj t:J&:I qj el 

Yl11 ~'VI 'U.1"lJ el\l LLN'U.Li'U.LtJ lqj tJYl11~'VI'U.1"lJel\l LLN'U.Li'U.LtJSj~1 Lvi~~1n:K'U.m~m7Lvi~m~1nl. 
"lJ el\l ff17,b tJ Uqj L ttel\l';J1n'W el~11it&:lLLel&:lnelDmfbJw elf~~1 LiJ'U.~6~ LYl ~elUelUU1L 1 nl.u'U.~h 

'II 

"lJel\l Li'U.LmhLM1'V1U1"lJel\l LLN'U.Li'U.LtJSjYl11~'VI 'U.1 Lvi ~:K'U. 
LrlelUntJuL.yjtJunuLLN'U.LuaeltJ~1:1.i1iLYl~elu'Wel~11itmLel&:lnmm6'Wu11 LLN'U.Li'U.LtJ~ 

N1'U.m7qjnLLqj\l Sj'VI 'U.1~1n11 L ttel\l"il1nLLN'U.LUael tJ~1:1.i1ItlLYl~elUWel~11 it&:l LLel&:ln elDelatf'U. Sj 

.d .... 'I ... 'I ~ .01 ... 'I .., "'.....¥ .d... ..1 •.1"'''' .
LL7\1 tJqj Ln1:n'U. L 'U.L ff'U. ~tJm L~mff'U. LtJ Lqj7UYl11~"j)''U.''il1nEl1n1fl"il\l Lnqjn17n el\ln ~qj~1nn11

'II 
'I d ... 'I d. ... ....., ... ff "':':1 ff ....., ff,A 

~'U."lJnl.:'Yl Lff'U. LtJ'Yl t:J1'U.LYl&:l elU'Wel&:l n'U.&:ILLel&:In elDelfi ';J:~n&:l~"lJel\l'W el &:I n'U.&:ILLelfin elDelflYl&:l~el tJ 
~ 'II 

~u'U.tj1'V1U1"lJEl\l Li'U.LtJ ~\I'h tJUqj Lm:ai'U.LtJ11YhL",m7W el\l~1"lJel\l Li'U.LtJ~1n11Lrlel1'ii7U 

Yl11~;f'U.~\I t:JflL", Yl11 ~'VI 'U.1"lJ el\l LLN'U.L i'U.LtJ~1iSj~1~1n11 
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I " OJ4.4.2 R1R11aJCPl114Y1114LL"i"CPl14Y1t~ 

fi1f111~ IiIllL'YlllLLL"i~~lL'Yl::a"El~LLHlLUllLlrJ ~HllLn1"i~mL~\l1iI1 rJ tn'5a::al rJViEl~-, 
i.1itmLElanElnmf~fl1l~L..u~..ulLqil~ ') fllL LLH'~~~~~l"i1~~ 4.3 

I if OJ I ...I
14CPl1 £I tl1"YI 

I 'W£liil1'ila LL£lan£lIl£la 

t; t f Q.I

("i£ltlat CPltl141'M14n) 

" OJ • ...I 
R11aJ CPl114Y1114LL"i"CPl14Y1taR1Li\a tI• 

(nTait1 tl14~ £I CPl1"i1" LaJ CPl"i) 

1 0 13 

I 
2 0.5 20 

3 1 25 

4 2 53 

5 4 87 

6 6 103 

7 8 136 

8 10 168 

UEl an Elnmnjfilf111~LL-ii~ LL"i~ ~1 LilLlrJ Lfi~n1"iLL~n~n LLiiI:: Ln~LtllL~lLi.IiIJl rJ LL~ L~mllLLHlL, 
LiulrJ~1'yhn1"i'i1n LLqi~1iI1rJH'1"iVitl~i.1itaLLtliilntlnmnlLm~lrn~qi1\1 ') fllL VilJi1n1"iL~~ 
m~1rn"El\lH'1"i".d1 rJ ~'i1 tf~ ~iilyh1~fl11~liIllL'Yl1lLqi tl LL"i\l~lL'Yl::iiI"El~ LLHlLLilLlrJ L ~~~lL LLi.'l::n1"i, 
LL~n~n"a~LilLlrJ£im~lrni.'l'i1i.'l~ Liitl~"1nVia~i.1iti.'lLLai.'lnanmr1th~tlf~i1LtllLYJ~~LfI~tllJ 
mjlJ~L 1rnlJlL~1"tl~ LilLlm1l1V;LilLlmnlflnl"i~1flLn1::nlLi.~ tf~~a1~LLHlLLilLlrJ£ifl11~ 

'\I 

LL-ii~LL"i\lL~~~lL llfl rJfl11~L..u~..ulL"El\l H'1"iGl::Gl1rJViEl~i.1itiil LLtlanElutl~~L~~1::H'~'frV\'slJn1"il"lf 
~1lL ~tl i'tlrJGl:: 2 - 4 llflmr1~un 

http:H'1"i".d1
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4.4.3 f>l113Jft13J1'~1l'h",nTifanh14n1 n1ft 

~lfl11~ W'1~11nt Um1~~t:J1'IU:nmfl"1lehmt:Jtuiuttl 

I 

! 

if'" I ~ 14f11 n U1\Jfl 
on niiL1'ilftummn nnd' 

(~nUfttT\Plu,r1'l11,"n) 

I ~ , f I
f>l1LitftUf>l113Jft13J111l 14011 3Je.l114 

n1n1ft(~ftiiL3Jfl1~n1141n) 

1 0 > 167 

I 

I 
2 0.5 > 167 

I 
3 1 > 167 

I 
! 

4 2 > 167 

5 4 > 167 

6 6 137 

7 8 120 

8 10 105 

"illn~ ~nl1Y1<il ~t1lJ'VitJ';h fl11~W'1~11nt um,.~~t·hUtllnlf1"11 t1.J mJuLiuttl~t:J1Um,. 
... ...VI ... !'1 ... ... ..l.R ... • J:.I!

flmLIii.Jfl1tlW'11~:~ltl'Vitl~ nUmLtI~nmms:l ~UY1n '1 fl11~L"1I~"1IUY1TJ1m1Y1<il~t1.J~fl1m1~D~, 
t:J1UtI1mvU) titum ru.sr1~fi Y1n~Ui1t1 til.J3j~1~.Jn11~~1 fl1;;lUnl1Y1<ilHtllJf11'V1 U<ill)' (L<il tl 

'\I , '\I ... 

mfl1;;lU ISO EN 9237 '~iil'V1UfI'1111~<il~.JY1t1~3jDfll1m1''VI~~lU''1ItI.Jtllnlf1H.Jn11 50 
... , '\I 

3j~aL~fI"liitl1,"1fi;ruhJ ~<il113jml~W'1~11t'ltum1~~t:J1Utllmfl'~) 
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....... • "ti"" I
4.5 Um~1'",ln !l1'!10\JLL~\UU" ,!In ~1"n1"ii'lml(;h:J... 
~1"l1[J\JLrrUll1~~h"m".iflnw;i\J~·:l£Jtfl".ii][J\JnuLL1J'l'rh;'lI LL~fI\Jtp)\J1I1W~ 4.21 - 4.22 

rilt.""11111 100 ,ril 

• I "',:/10..:=1 4 II,; _ '"' .. 

~1n ~·am1".i'Y1f1~ [J-IIW1J11 m':ifln LLfI-IIfl1 £.I 11m1".i1J 1J[Jfl3Jm".in".i::':~l tJ fl1"l1 £1-11 [)UlIlf1L\JU,, 

~LL~::.:ijfl113J~~lL~3J[Jn·-h1IDn':iLL1J1Jafl'WU ijtfl".iflnLL~\J~flLm::':1Ju~1LrrultJlum3Jlrnu£1ll 
thUnl".iflnLL~-II~1tJ1IDn':iaVl'Wuijm3J1rn"ll[J-II£JUlIlf1L~uml::':£1ciVlU1LLUun11 LL~ijfl113J

, '\I 

~~1L~3J[)~1n11LL~::':£1 ~L~ £J\J~lUL~ tJ1 Lrt[J-II~1milum':iaVl'WU[)UlIlf1L~U~\J1JU~1V1Ul"JJ£1-ll
'\I q 

1~fILfllIfI".i-ll vhliijm3Jlrn"ll£J\JflUlIlf1L~ULilU~lU1U3Jln
q , 
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~l11T'miluff.JL~mLUflfiL1[J'il 
-rr'U.~l'U.nTlrJlJff.JL'YhrllJ 0.5 ih~~Llliid 

.... .t~ ~A"Ili.# 
tnllT1tl[JlJ£J.JL"lImLUfI'YlL'HJ L~ 

vru~lUn11illHf-3L'YhrlU 0 .3 ijti~Lllil1 

,;)ln~ ti md'YIil~E1lJn1,)liInuGi-3U tl-3rlULLlJ flYl L7r.Jill U tl'U.111 m~'U.l'U.L~\I fI (UJll~ ~u -h, . 
iU-31Uil a[h.Jtnlll1tli1tl.JrlU illJ rf-3LLti~,jll~ElUlJflYl L7r.J'~ 1~ tJlinl1~IiIv-iuli~ tin1J 

~ ~ 

(CFU I ih~<A-HlEh\l) (CFU I i"<A')mi1\1) '" '" LLtJ~'t1l,.U (%) 

5 
1.74 x 10 < 1 00 > 99.94 

5
1.74 x 10 < 100 > 99.94 

"1J1EJ'"1ij : CFU = Colony forming unit per sample 

!ill r.JliUlJlJ~~'Vi'U.LLti~liUlJuiilJ Elil '~~~nl'l'Ylil~B1J aml1J1nn-h i'e]tJ~~ 99.94 LL~~.Jil 

tnllTH1U tl.Jn'U. rJu ff.J LLti~"1h L~mLlJflYlL1tJ 



UYiA 5 

ft"ilhutfl1"iYl fl inoN, 

~ 0'" "1" .,., T .. III III"
1l11::'YlLlun::tUJalW'Un1''ULUm{(1.hU flEi n1"1f13.IfI1 Ua'1"U,.::a1U ~-JfLflU3.I l'OfI"IEin ~-Jfflm13J 

L,j3J,j'U 10 n;3JtiElafl"l ~Elm'VIll&i 100 El-3f11L-JfaL:nU{( LtJ'UL1a1'U1'U 60 'U1;; 1f1ULL"liLuoElu 
, '\I 

L'Ua'1"1a::a1u1-JfLflU3JLtffl"lElnL-Jft1L,j3J,j'U i'Elua:: 1 1f1u,l1'V1un (% w/v) 'U1'U 24 ';113.1-3 

tl£l'U\hLtl913JLLumi'ULu 1f1u£h..A3J1mLi'ULu~L'VIae)';nnm"lLL[Jntl"l::3J1mi'Elua:: 49.67 £iLi1£l 

., ... 'I ~III" III. td' tl %'1 • ., 1 ., ..... A... • ., 'I 
~1L{('UL[J'Yllfl,l1nn1"1LLUn lU]J'U"I Lu'ULL~'UL{('UlUfl1U111' Wet laid LLa::UflflflLL~'UL{('U~U

'\I 

~1U1i'YI1"Lflij tfluL-na'1"1a::a1uw£laL1ilaLL£lan£l'OElLfL,j3J,j'Ui'£lua:: 2 1f1m.t1'V1un (% 

w/v) ElU~iln~£lm'VIll&i 120 £l.,fl1L-JfaL:nU{( LtJ'UL1a1'U1'U 5 'U1;; ~1Laj'Yl£l~L~,nnn1,.;f'U''ltlij
, '\I 'Ii 

fl113J'VI'U1tl"l::3J1m 0.52 &iaaL3JfI"I fl1fl113J911'U'Yl1'ULL"I.,i'U'Yl::a 53 Rtail19l'Uti£lfl1"11"L3JfI"I, 
LLa::ijfl113Ja'13J1"InL'Un1"1UEl3.ILi £l1mflL'VIa ~1'U£lElL'ULnm.n~fI

'" .t.... ... ~ .t.... ... • oM'" ...... .. ... " 

L'I J'VI"IUn"l::U1'U'YlL'VI 3.11:: {(3J L'I ,'VI"IUm"lflmLfI.,u£l.,n'ULLUfl'YlL"IU fl EI n"l::U1'Un1"1UU £lfl 

L \i£l.,-;nn aI"Ifin LLti.,ijn1"1n"l::~1U9l1f1 LLa::fl113J{(~1 L{(3J £ln11n1"1 L -i1in1"1LL1JUQfI";'U LLa:: 

Li~a'!) £l., n1"1f1nuti., £l tiL'ULnm't1'fI ~.,L'UL;a.,tA3J1mLLa::flm1l1W ~1Lli'Yl£l~L~ijfl113Ja'13J1"1tl
'\I , 

L 'Un1"1il £l.,n'ULLa::Uu j.,L~£lLLUfl;;L;U Lm1 tflU~1Lli'Yl £l~ ~aflL~a'13J1"1ml1Ltltl"l::unm-nLtJ'U, 
LL~'Un"l£l.,~:nn1f1 'YlflLL'Yl'Un1"1L-nLu~'Un"l£l"El1n1f11~~afl~1mi'ULui"'Lfl"11::,,;tfl 

http:lun::tUJalW'Un1''ULUm{(1.hU


iii ... 
Lilfli'f1"iil1\1£HJ 

-42.2515. 
... ... ~... 'I ...iii'"

2. ~ft. UM" t'f"HH.l1::m. I'In1:t'n,,.ft~,"'n,.::~'1:t1J'n LUOOULft£HI1"""Gmn,.,.3JLLft::, 
u""i1Jnm.n., fHlt::L'YIfI1u1~~fI'VInn3Jft1t'ffilf[".I59iL1".15 3J'VI11'Y1mim'YIf11u1~~,,".15 

3J.:IfI~vn::Ufl1. 2547. 
~I "l .. "l .. ....t...ft.... 	 ...

3. :u[.l'V4~ U1f1LUnJ"iI'V41, Lfiln.:lfl m1t'fW.:Ift,, L'V4nJ"iIfil , 	 19lJU,!W.ft1U'V4f1m LL~:: 'YI1.:1ftn~ 
~iii'" &.4 &. iii v 

tfft.1
2546. 	 n'''\'A3JuJ01J'mlJftonlJOft'~1un''::U1,"n'''110''3J'L'tift . .. 

4. 1'Y1[.11 UUt'f1nm LL~:; nUnEl1 1Ut'fUn. 2547. n'''1~1J,"'~Li,"~u o"R'tI,.::nOUt1'", 	 , 
L~ij LLft::Na~L~OL~ij1JO"n'miou. 

'V4i.:l.:l1U 1l1f11".151wt;nff flm::1tW1ft1t'ffilf 3J'VI11'Y1mi[.lUL1ft11. 2550. 

7. 	 Thermoplastic Poly (Vinyl Alcohol) (PVOH). Available Source 

http://www.azom.com/details.asp?ArticleID=266#_Poly(vinYLalcohoI), November 

19,2007. 

8. 	U1';'Y1 tlfil'YI. LfiDfiEla ,hrifl (3J'VI1".15U). 2548. Tfta11itftLLoftnOiloa' ..,~O W~TOL~ti 

Poly (vinyl alcohol), PVOH. Norman and Henley. Gold Printing on Oilcloth 

and Imitation, LL'VIri.:l~3J1 http://www1.pttchem.com.11.V4.CJft~m[.lU 2550. 

9. "iIL1 t'f~1n1. 2527. n,,.ft'n1J"1un3JWtiftnariou~'"tI"::Lt1fflt1u. u. 64-66. tum1, 
... ...I .... ........ ~...I 
t'f3J3JU1L1El.:lLL'VI~.:I'V4Utmn3J'YI1.:1'V4".15LL'VI.:I".I51fil, fl1.:1'Y1 2, 11-12 fil~1f13J 2527. n13J, 
1".151m1Lnhlfil1 n1::'YIn.:lLnMfil1LL~:;t'f'VIn1nt LL~:;flm::ElUnn3Jn11LL~::tl1::t'f1U.:I1U, 

t ~ A _~ I A 

LL'VI ~.:I'V4U'l'inn3J'YI1.:1'V4".15 t'fm1"i1 [.ILL'VI.:I".I51fil, U1.:1 L"1.IU. n1.:1 L'YI'V43J'VI1Ufl1., 	 , 
10. El~3J 'V4~LnM. 2527. elEl[.l. u. 52-64 tU'V4'CJ~1t'ffil{ ~".I5Lft1M:in"il La3J 1. 1l1f11".151 

, 'II 	 .rl 

~".I5liU1 flm::Lnhlfil1ft1t'ffilf 3J'VI11'Y1mLnMfil1ft1t'ffil{ n1.:1L, 'YI'V4'i. 
.. 1 1 "1 ......... ... ..~... ...I11. ~um'YIfl U ~[.I ~'VI::LLa::1t'f~LL'VI.:I".I51fil. 1'Y1mmt'ffil1t'f.:l'YIEl > ~1 (Fabrics). 'YI3J1 http:// 

www2.mtec. or.thlth/researchltextile/fabrics.html, 18 t'f.fI.52 

http:t'f.fI.52
http:I'V4U'l'inn3J'YI1.:1'V4".15
http://www1.pttchem.com.11.V4.CJft~m[.lU
http://www.azom.com/details.asp?ArticleID=266#_Poly(vinYLalcohoI
http:1'Y1[.11
http:1u1~~,,".15
http:1u1~~fI'VInn3Jft1t'ffilf[".I59iL1".15
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Standard Type List of Quality Specifications 

. Vbsity 4%,20"0 Degree Of hydre!ysiS
CJassiflcation Product (mPa~s) (frrOl%) Remarks 

- = ~-

JC-25 62-72 99.0 or higher 

JC-33 110-150 99.0 or higher 

JF-04 4.0-5.'0 98.0-99.0 

Fully Hydrolyzed Type JF-05 4.5-6.5 98.0-99.0 

JF-10 10-12 98.0-99.0 

JF-17 28--32 98.0-99.0 I 

JF-17L 2~32 98.0-99.0 

JF·20 35-45 98.0-99.0 

JM·05 4.5-6.5 93.0-95.'0 

JM-10 9.5-12.5 94.2-95.2 J 
JM-17 25.5-29.5 95.5-97.5 ! 

JM·17L 25.5-29.5 95.0-97.0 

•JM-17L(DL) 25.5-29.5 95.0-96.0 

Good 1ow·lem~I1IIUI1l i 
viscosity slab/Hty . 

Medium Hydrolyzed Type JM·23 53--61 96.0-98.0 
r-~--------r-----------+-----------+-----------~ 

JM-26 65-75 95.5-97.5 

JM-33 85.0-115 93.5-95.5 I 
JT-05 4.5-6.5 93.5-94.5 

JT·13 14.5-18.5 92.5-94.5 

JT-15 17.0-21.0 91.5-95.5 I 

. ...•. .'. ~P;;()4 3;&-4:5.· 86;~.O 
." 

.... 

... 

JP-27 .f~ 87.~.O 
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Fine Powder Type List of Quality Specifications 

-pH value in 4% solution: 5-7 (at 20·C). 


-The quality specification of J POYAL is based on JIS K 6726 (Test Method to Polyvinyl Alcohol). 


Product Name Explanation 

Degree of 
Hydrolysis ~ ~r--- Other 

Classification 
(F,M.P etc.) JP-18 XX 

Degree of 
Shape -.1 L Polymerization + 100 
(V-J) 
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Standard Type List of Applications 

FuRy Hydrolyted
Twa 

'S signifies that the Information applies to the fine powdered type. 
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MSDS : Polyvinyl Alcohol 
Page 1015 

First issue: Jan.16.2oo2 
Revised: July 3.2007 

MSDS No.:PVA,07-03E 

1Vp JAPAN VAM &POVAL CO.,LTD. 


MATERIAL SAFETY DATA SHEET 

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 

Product Name: JPgYAL Polyvinyl Alcohol 

Manufacturer 

Company Name: JAPAN VAM &POVAL CO•• LTD. 
Address: 11-1, Chlkko ShlnmaChI3-c:ho. 

Nlshl·ku,Sakal. Osaka. 592-8331,JAPAN 
Telephone No. 
FAX No. 
a-mall 

+81-72·245-1133 
+81·72-245-8144 
sds@J-vp.co.Jp 

!EMERGENCY TELEPHONE! 

JAPAN VAM & POVAL CO., LTD. (Sales & Marketing Dept.) 
Telephone No. +81·72·245·1133 (FAX. +81-72-245-8144) 

8:55am· 5:30pm (Japan Time) 

2. HAZARDS IDENTIFICATION. 

(GHS classification) It doesn't correspond to a standard for GHS claSSification. 

May be harmfUl If Inhaled and Ingested. 

May cause eye and skin Irritation. 

Dust explosion may be caused. 


NFPA : HR= health.(), flame-2. react.() 

3. COMPOSITION I INFORMATION ON INGREDIENTS 

Chemical Description: Polyvinyl Alcohol 

-+CH1-CHHCHl-CH+)-Formula: I I11 m 
OH OCOCH3 

Composition [Information on IngredIents: 
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MSDS : Polyvinyl Alcohol 
Page 2 of5 

First issue: Jan.16, 2002 
Revised: July 3.2007 

MSDS No.:PVA.07-03E 

Polyvinyl Alcohol 
CAS Registry No.: 

TSCA(USA): 

EINECS (EU): 


DSL (CANADA) 

AICS (AUSTRALIA) 

ECL (SOUTH KORIA) 

IECSC (CHINA) 


over 94% purity 
9002-89-5 (Fully Hydrolyzed) 
26213-24-5 (Partially Hydrolyzed) 
On Inventory 
209-183-3 (Fully Hydrolyzed) 
209-183-3. 203-645-4(Partially Hydrolyzed) 
On Inventory 
On Inventory 
KE·29060 
On Inventory 

4. FIRST AID MEASURES 


Inhalation: No special measures are necessary. Remove to fresh air. 

Eye Contact: Immediately rinse eyes thoroughly. Including under eyelids. with running water for at 
least 15 minutes. 

Skin Contact: Remove contaminated clothes and shoes. rinse skin with plenty of water. 

IngesUon: Emit by drinking water of room tempel'llture. If poisoning occurs, contact 8 doctor or 
poisons information center. 

6. FIRE FIGHTING MEASURES 


Special Fire and Explosion Hazard Dust form explosive mixture with air. {120mj I (35mg f m ) ) 

Flammable Properties 

Flashpolnt and Method: above 70"0 
Flammable LImits: 
Auto Ignition Temperature: 
Combustibility: 

Not applicable 
440"C 
Low 

3

extinguishing media: Water, Powder extinguisher. C~. ChemIcal foam 

6. ACCIDENTAL RELEASE MEASURES 


Land Spill: Sweep up and collect for disposal. remove with a shovel or any suitable equipment 
Collect In a convenient manner to avoid dusty condillons. 

Water Spill: When solution Is abundant, It collects. It discharges. after carrying out actIvated 
sludge processIng. when it mixes In waste waler. 
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MSDS : Polyvinyl Alcohol 
Page 30f5 

First issue: Jan.1S, 2002 
Revised: July 3,2007 

MSDS NO.:PVA,07·03E 

7. HANDLING AND STORAGE 


Handling: AvOid contact with eyes, skin and Clothing. Handle materiel With suitable protection. 

Storage: Keep dry (Avoid moisture and high temperature) 

Store away from sunlight In well ventilated dry place at room temperature. 

8. EXPOSURE CONTOROLS I PERSONAL PROTECTION 

Engineering Meuure: Installation or parUal exhaust equipment Is desirable. 

Personal ProtectiVe Equipment: 

Respiratory protection: Respirator or Oust mask 
Eye/Face protection: Safety Glasses (Goggles) 
Skin Protection: Safety gloves and Protective ClothIng. 

9. PHISICAL AND CHEMICAL PROPERTIES 


Appearance: 


Color: 


Odor: 


Boiling Point: 


Melting Point: 


Decomposition Point: 


Vapor Pressure: 


Vapor Density: 


pH 


Solubility In Water: 


Specific Gravity : 


Powder or Granular 

White or Craamy 

Mild 

Not applicable 

OVer200"C 

Over 200-250"C 

Not applicable 

Not applicable 

5....7 (at 4wt% water solution) 

Soluble In hot water, slightly soluble In cold water. 

Temperatures of go....S5°C are generally required for complete solution. 

1.19'" 1.31 
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MSDS : Polyvinyl Alcohol 
Page 4 of5 

First issue: Jan.16,2002 
Revised: July 3,2007 

MSDS No.:PVA.07-03E 

10. STABILITY AND REACTIVITY 

Chemical Stability: Stable 

Conditions to Avoid: Avold moisture and high temperature 

Hazardous Decomposition Products: Hazardous gases produced are carbon monoXide from partial 
combustion 

11. TOXICOLOGICAL INFORMATION 

Polyvinyl Alcohol is safe and non-toxic material when properly handled. Feeding studies on laboratory 
animals have indicated a very low order of oral toxicity. Since all Polyvinyl Alcohol are made as technical 
quality, however, they are not recommended for inclusion in any food or other preparation which might be 
taken jntemally. Polyvinyl Alcohol is primarily not a skin irritant and does not produce skin contact 
sensization. 

Acute Toxldty Oral L050 (rat) >2,OOOmglkg 


Dermal L050 (rat) >2.OOOmgIkg 


(IRI PROJECT No. 552896.5529011992) 


Chronic Exposure: Not available 

NTP : Not listed 
IARC : Not dassifiable as to Carcinogenicity to Humans (Group 3) 
OSHA: Not listed 
ACGIH : Not listed 

12. ECOLOGICAL INFORMATION 

Ecotoxlclty: 

Fish Toxicity: 
LC50>1.000mgll over 48hours 01 exposure. fUlly hydrolyZed Polyvinyl Alcohol (Investigated In 
klllifishes) 

Inhabitation of activity 01 waste waterlbacterla In acclimated domestic slug microorganisms: 
In such situations. PolyvInyl Alcohol present does not Inhibit the metabolism of eXisting activated 
slug microorganisms, Actlvated slug microorganisms can be acclimated to Polyvinyl Alcohol 
under conditions attainable In conventional waste water treatment systems. 

environmental fate: 

ChemIcal OXygen Oemand: 60-100 (mglkg) x 104 (JIS K'()102) 

Biological Elimination: Polyvinyl Alcohol has a negligible biochemical oxygen demand. 
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MSDS : Polyvinyl Alcohol 
Page 5 of5 

First issue: Jan.16. 2002 
Revised: July 3.2007 

MSDS No.:PVA,07-03E 

13. DISPOSAL CONSIDERATIONS 

Comply with all national and local regulations. 

00 not dump this material Into sewers. on the ground or Into any body of water. 

In accordance with government regulations for the diSposal of speCial waste. 

Incinerate In an approved InCinerator. according to govemment regulations. 

Dispose of waste disposal contractor to a regulated landfill. 


14. TRANSPORT INFORMATION 

lATA: Not Restricted 

DOT: Not a Hazardous Material for DOT shipping 

15. REGULATORY INFORMATION 

US Regulations; 
NTP Test. Prog. 
EPA: CERCLA PQ=Not Ilsted 

: EPCRA TPQ=Not listed 
OSHA: TO=Not listed 

EU Regulations: 
SYMBOL: --- 
R-phrases : ._ ••_
S·phrases : ••_-
EC Index No. : Not listed 

16. OTHER INFORMATION 

No specific notI'S 

This information Is fumished without warranty. expre$$ or Implied. except that It Is accurate to the best 
knowledge of JAPAN VAM & POVAL CO.• LTD. It relates only to the specltlc material designated herein. 
and does not relate to use In combination with any other material or in any process. JAPAN VAM & 
POVAL CO.• LTD. assumes no legal responsibility for use of or reliance upon this Information. 
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Sliver-Tech S.V. 

IMATERIAL SAFETY DATA SHEET : 
Produet Identifieation 


2. Physical Data 

~ftrul*Hntt Powdcrrorm 
O40t M "'.. 
.......IIIY In Wit" OtO I11M 
Flas. hla. NIl. 

3. Reactivity Data 


4. Personal Protection In(ormation 

V"nUlatltl 

NOTt;: PmoMI PfOltotHm Int'ofmatiOfl ~n In s..llGft DI. basN upon pletol inro~ .. 10 nonnal Ilm and 
coftditioM. Whm spcotol Of unusual 11M or COtIdillon, ~jl1, It is .-thll tlw f~fJCfI amltallCtl of an ind"",ial 
",..lsi (II' .rquallfltd professiOnal be soushI. 
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Sliver-Tach I.V. 
s. Handlin" and Storlie Precautions 
AYO~... wi......... or elOdllft.. Avoid -hilt 4lBt. W16lhotouahlJ after hlndlkla. ....., IOftCIJIIJUtfd 
o1otht.. bIftn I'MI. W___i\lf .ipmmI .'or pmeIIIS dtlcdbtd in $lel1oA D It ellpotUft concUtion. Wftftl, 
U..with .....Vtndladoft. lION In wt,lovtftdllttd am. iI«,1ft elosed COIltllllll', 

6. Health Hazard Data 

RtCfl"""'Ift/,t/&POI"" LI",,":
0WmI u PlnIcuIM No« 0chctwW et.llkd (PNOC, or 1\qIIJIIfd: OSHA ACOIH PEL TLV' kwplrtbtc fntCtlOll ,
mtIm3 , mf'ItJ. TOtal Dust ., "'fIm3 10 I1JIml. • TIlt \.ltIe il tot l"baI_ (tof«1) pirtltu.... IIMItt IlOfttIIInIna no 
AIbeItoJ. 

AtUt, E/llClI o/O"I'MJIOI"":
Iftl Mif caelrrkallon 10 the '1•. 
_: Ma)' ......... I14hfq. 

.........Otll MI)' ftI.IH Iniadon 10 die _ m,mlJrwl 0'die lOll. tbroIIllnd uPPf' mpitl\lOf)' 1fIC1, 

SlamIG,: May ..... psIfOW",'nat bet '",*100. 4i1n'11f11nd vpMt. 


Suk/'l'olflc IIlId Chrollic li/ItclS 0/0",,.,,,,,.,:
Rcptt144 IfIltIIatloft othIP dust COftCtntrat_ 1111 "UK dflaytd 1... I",ul')'. 

(Jth". H"ltl, B/lfClsl 
No bown ....bIt Int'omwlon. 

SMith HefliN C,I'Il0rIUI 
AMmli HIImIII Animal HIIftIIft Known CiInllnopn ____ TO'k ...... IUSI*t ClKinOJIfI _ ~ eon.iw ___." 
M _'I'ritAIU_-rn_!......__Tar", Ofpn TOil1ft'___ AIIlf8Ie Swhllff S,,"Uy' No 
kIIOwft f Information. U..,1y Toxic __ 

1111$' Aid111ft! EIMI'II'lfc)' Procttlula: 
~ Flusll .,. wId! nlftDIna WIItr. Iffrrilaliott or U¥tttt I)'tnptOIM _lop, lOCk IM4lMt~. 

Stein: Wult .In wItb ..aM WOIIt. It Ift'tliltiott Of IIdvetlt IfIIfIIOM$ _lop, HIk mecSicalamion. 

Itlll."'1Oa1 Removt tom oposute. It"''' or Mvcm .,m1K0IM /Hvetop.lftk "-'pt IltfllCkm, 

I..lon: IfIt""""MYifU"~ dMlop.lCfk medicaI_"'1on. 


7, Fir. and Explosion Data 
Flrt "" ....""111 Mcd"l Watet. tOlttl. dq ahemlal Of Cltbon ctl.CMWt (coa)
8petl,. FIN ,.,tnllll I'toftdllm: U\'ICUMI1fe1 or III ~. pmoMeI. Wea' IIpptoptW. Hftl) equipment for fire 
condldons '",hldll1, NIOSH "Ir~ntd .......l~ IJIPIlI• .., (SCBA)'" 0lIl., prowctlvt ,",ulpment lIftdIor ptm,nl' 
deMrfbcd In Section I) Ift)lposufll condlllCNIt w8ft'Ul, 

8. Spill, Leak and Disposal Procedures 
~ ""lIimllfMattrillis Rclasc4 Of 1"sIlM! W., PM"'1ft equl"""", IftCVot 81""*'* .,ibed 10 ~Iion U 
It tlpOtUfII conditIoN WItH",. ConUiln iplU. KffP OIIC of Wl1tff MNfCH and IiJWfti, C'IIIU'Ol da. If etlItcmll'ltiOftt of 
OMI)' diW1t4 powdtf114 maIari.1 "' alt an III",••lIml"* 811 possible 1'"itiOftIQl.lfM.., SWftpup,ndptKe In im"",iOU~ 
... or con,,""". Qdomft IIiJIPCI)' wfItn WII. WIS" OIIposal (1M'" ConfOnnltr wldl ,II "'l)pllHble OlspoW 
ReplAtlont)= Ptact In aptmtilled ""I.ditpOHl tM'1Il1)', 
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Silver-Tech B.V. 

9. DOT & lATA Transportation 
Shippia, Name: Not Restrietcd by./lal4/lir. 
Hazard Class: Not Restrietcd by ./land/tir. 
IDNumber: Not Restricted by sea IlaI4/tir. 
Paddag Group: Not Restricted by sea I land I Iir. 
l\1arklag: Not Ratrided by sea/land I air. 
Label: Not Ratrided by sea/Iud I air. 
Placard: Not Restrietcd by sea IIaI4I air. 
Haurcloas SubstaactlRQ: Noc Restricted by sea I land I lit. 
Shipping Dacrlpcioa: Noc Restricted by seal land I air. 
Paekagi., Refertllct'S: Not Restricted by sea I land Ilit . 

10. RCRA Classification - Unadulterated Product as a Waste 
Prior to disposal, consult your cnvirorvnental ~ 10 deCennille irTCLP (To~ ClW'acceriSCie Leaching Procedure, 
EPA Test Method \311) is required. Reference 40 CFR Part 261. 

11. Protection Required for Work on Contaminated Equipment 
Contacl immediate supervI$or lotspedrlC il1SbUCtions helM: WOIt is initiated. Wear: proICetivo equipment encIIor sannents 
described in Section 0 ifexposure condiuons ¥4I'I'Int. 

12. Hazard Classification 
Tbis prodlaCt mecu Ihe fbllowill& hu:ard dcfinitioa(s) IS cld'mcd by the OccupaIionai Safely and HeaJdI Hazard 
Communication Standard (29CFIt Section 1910.1200):_ Combusdble Liquid _ P1ammab1c ACftISOI _ Oxidizer _ 
Compressed Gas _ Explosive _ Pyrophoric_ Flammable Gas _ Health Hmrd (Section F) _ Unstab1c _ 
Flammable I,iqilid _ Organic Pcroldde _ Wattt Reaetive_ Flammable Solid _ Based on information prescndy 
available, this prodUC( doe$ not met( any oftbe hazard def'mitions 0129 CFR Section 1910.1200. 

13. Additional Comments 
A~ of the preparation dale. Ibis prodllCl did not co:dain I dlemical or chemicals $Ubj~ co ,he re,po:1ing requi~:s of 
Sc:c1ion 313 orTide ill orthe SUperfund AmendmtnlS and ReaudIoriution Ac:l of 1986 and 40 CI'R Part 372. NFPA 704 
Hazard Codes •• - ••••• Signals Least - 0 Health : 0 Slight - I flammability: 0 Moderate - 2 Reacrivily : 0 Higll - 3 
Speci.t Hal.: - Extreme - 4 

14. Transport Information 
Produce is not elassified as datIgcfous for transport. 
Addhional in formatioD:keep away flOm foodstuffS. 
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Silver-Tech B.V. 

15. Regulations 
01 Ctassification ace. To. EC directives: 

Nor classifltd IS hazanIous substanct lCCOIding to the c~ and labeling of~ substance 
regul8lions(EC council directive 61!S4SIEEC and Ul3791EEC.Amended). 

02 NIIionaI regulatioas: 
WOK (watu POIlUlion class):not known 
Classirleation according to the Getman water resources Acr. 

16. Other Information 

KA!tIOl applicable 
n.d.a:not data available 

last revision dd: 
Jun.2007 

This product should be ~Ied and used in accordance wiIIlpi induslrial bygieae practices and in confonnity willi 
any IcpI regulations.The information COIllaincd herein is based on Ihe present _ ofour knowledge and is in tended to 
deseribe our producIs from I point ofviewofhcalth safety rcquiRmeats.lt should not therd'ore be considered IS 

guaranteeing spccitk properties. 

Siln,.T....Y.IIdicm...Ik.............ImiI~...,tIIIIIIII:IIl)it_.ol__ ItocrtIO(NOWAltlWl1'YOf~i..um.rrT. 

f'IT).'ES$ fOR NfY PM1'lCUl..Alt MIOSE 01 ANt ontER WARIWlI'Y. muss OR IMPUED,IS MAIlE 1.$ C'O.\'tWIS 1IIE DI"OIINA~ IIEIEl'N 
PlO\'IOID. .iafonaIiot........ IdIraGll)'It".a&cpo4iICI"""lIlJlIOIbtfllioJ IifIcR sa ~iI'" ill.....-.,. 
arcriah trit., ~ f...._Ik CCIIIIiIiOIIDIlIl!lllloU of..or..pIliIIQ"~ I'CAmd 10 ImiIIIt ..... CI:lIIIIOl cfSlm-T....v. 
apmslyftllials.., lIIIIIalllIIliIitrlSlO.,maIIJ~OI..._.,lICar.....OI"~ No .......... .w1lcGlllllVldua 
~OIft'Clll'llPCn4_Ibr1M..or.,proIIcIiI._........aiIiiI;paIdB 

http:rcquiRmeats.lt
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L 

hnerClear' 
Test Report 

APPUCA."lT: SAFE CHEM LTD lIemo :So: BC· 12010 
ADDRESS: BANGCHAK. PRAKANONG. BANGKOK 10260. THAIL.-\"'ID 
S.A-\JPLE DESCRIPTIO1\": 

SA'M:PLE SPECIfICATIO~: D. E, TWO (.2) SAl.\1PLES ~YEllOW. 
SA..\fPLE RECEIVED CONDmON: SAMPLE IN CLOSED PLASTIC BAG. 

TESTS CO~tTTED: 
AS REQUESTED BY THE APPLICA.."'fT. FOR DETAILS REFER TO ATTACHED 

PAGE(S) 
CO}[l\IE~T:-

TESTED SAMPLE AA"TIBACIERIALACm'IlY (AATCC-lOO) RESULT 

TESTED SAMPLES AGAINST STA.PHlIOCOCCllS ..U.;"RET.lS 
ACCEPTABLE & 
SIG~1FICA.'IT 

TO BE CONTINUED 

PREP."'-RED A..\,JD CHECKED BY: 

FOR TESTING &: ANALYSIS CENTER. JIA..~GNA." liNIVERSITY. WUXI 


LI JIAl'lOHUA 

ASSOCIATE PROFESSOR 

Page 1 of 2 
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Memo No: BC· 1.2010 

ANTIBACTERIAL ACTn'lTY TEST (QUANTITATIVE) 

WITH REfERENCE TO AATCC TEST METHOD 100-1m. 

ULTRAVIOLET STERn..IZAnON OF SAMPLE BEFORE TEST. 

INCUBATION TEMPERATURE : 37'C. 

CONl'ACT TIME: 24 HOUURS 

NEtTr.RALIZlNG SOLUTION: 0.85% SODIUM CHLORIDE SOLUTION 

AGAR MEDIUM: NUTRIENT AGAR. 

INCUBATION CONDmON OF PLATES: 37±2'C for 48 h 

TEST CULTURE : STAPHYLOCOCCUS.A.UREUS (ATCC 6538). 

RESULT: 

SPECIMEN 

Counts At "0 lIJ·" 
Contact lunt' 

(CFt) 
sPECnn:2\1 

Counts At "Ubr" 
Contact Time 

(CIT! SPECIl1E:\) 

Pen:-ent31· 
Of 

Rtducnol1 
% 

D 1.74X1tY <100 >99.94 

E 1.76XIOS <100 >99.94 

lbistepOrt is for e:xdusive use ofthe diemand canoot be rq¥Oduced wi1IIootpemldsi.0.II ftomJiaDgwm Uaivasi.ty 

*CFU =Colony forming UDits per sample 

NOTE: Pen:entage oflUducti~) =: (Couat:s: At "0 Hr" Contact Tune (CFU/SPECIMEN)- Counts 

At ..241u" Contact Time (CFUI SPECIMEN))I Counts At .. 0 Hr" Contact Tune(CR1ISPEClMEr..,) x 

100 

Refere:oce Rating*: 

% ~ AN'II-BACTElUALACTlVlTY 

0% NOTACCEPTABLE 

<50% INSIGNIFICANT 

>50% ACCEPTABLE 

>95% ACCEPTABLE Be SIGNIFICANT 
Page 2 of 2 

.UEnd ofReport *** 
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SlivarClear" 
Test Report 

APPLICL'lT: SAFE CHEM LTD Memo No: BC- 12010 

ADDRESS: BANOCHAK. PRAKANONG. BANGKOK 10260. THAILAl\~ 


SL'\IPLE DESCRIPTION: 

SAMPLE SPEClFICATION: D. E. TWO (2) SAMPLES IN YELLOW. 

SAMPLE RECEIVED CONDmON: SAMPLE IN CLOSED PLASTIC BAG. 

TESTS CONDUCTED: 

AS REQUESTED BY THE APPLICANT. fOR DETAILS REfER TO ATTACHED 

PAOE(S). 

TO BE CONTINUED 

PREPARED A..'\fD CHECKED BY: 


fOR TESTING & ANALYSIS CENTER. JIANGNA..lIJ UNIVERSITY. WUXI 


l: 

LIJL~GHUA 

ASSOCIATE PROFESSOR 

Page 1 of 2 
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SlivarClear" 
Memo No: BC- 12010 

ANTIBACTERIAL ACTIVITY TEST-PARAU.EL STREAK MEmOD 
(QUALlTA1lVE) 

WITH REFERENCE TO AATCC TEST MEIHOD 141-1998. 


ULTRAVIOLET STERR,IZATION OF SAMPLE BEFORE TEST. 


INCUBATIONTEMPERA'I'UBE; 37'C. 


INCUBATION PERIOD: 18 - 24 HOURS. 


AGAR MEDIUM: NU1'lUENT AGAR. 


TEST CUL'I'tJRE : STAPHYLOCOCCUS.A.UREUS (ATCC 6538). 


TEST SPECIMEN: 25 X50mm I RECTANGULAR I FACE SURFACE OF SUBMlTI'ED SAMPLE. 


RESULT: 

SPECIMEN 

'l1IE TESTJ.ID SPECIMEN WITH O.S mm CLEAR ZONE D 

E NO GROWlll WAS OBSERVED DlRECTLY UNDERNEATH 
'l1IE TESTJ.ID SPECIMEN WITH 03 mm CLEAR ZONE 

D E 

Page 2 of 2 

...End ofReport ••• 
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1. 	 ~a - lI.1aJRflt'l (1l11!!t11rltl) lI.1\1R11f11'Y~lI.1 ~aw\I~ 
~a - lI.1aJRflt'I (1l11!!t18\1f1t'!1!!t) Miss Kanchana Luepong 

~ 

2. 	 Lt'I"1I"'aJ1mJ'i\'Jl.h::"lf1"lfll. 5 101700050834 

3. 	 il1LLW\.i"ihl'~UlI. 
~ 

• 	 .J • .J... ."11.... .... 1 ..... ~ 1
4. 	 ,.,lI.1 V\l1l1.LLt'I::Rt11Wn aVYI'i\'i\'i\ a L'i\R::'i\1n w'JaaJ YI'JftWYlLLt'I:: Yl7R1'J 

'\I 

~aRtl1l1.~ii1"1l1. 
aJ"'11Y1V1~mYlfl 1 lI.1t'1ih1"lfaJ\lflt'lW7::lI.fl7 flm::a'i\R1,., n77aJi\lYlEILLt'I::aaflLLlJlJu'Will. 

... ... ~ 
517 tlll.lI.lI.fl7R1'J7fl 

~ 

LL"1I1\1R1l1.~'i\7t'1'i\1 L"1I'i\'i\R'i\ 
~ 

i\lWr'i\n7\1LYlW~ 'J~R't171!!tn!.£i 10300 
~ 

1Y17flWn 0-2629-9152-7 ~a 3003 1Y17Gf'l'J 0-2282-3718.0-2629-9151 

E-mail Address:kanchana.l@rmutp.ac.th 

.J 	 'iI ....Ylav ~~lJlI. 
'\I 	 ~ 

49/1 'lfaVR"1Ii1aJnll. L"1I'i\~lI.LL'i\\I i\l',rr'i\n7"LYIW~ 7~Rltl71!!tn!.£i 10400 
q 	 q 

1Y1'Jflwn (U1l1.) 0-2277-4314 1Y1'Jflwn (iiatia) 081-843-0850 

5. 	 t1'J::iin1'Jfln1!!t1 
.1 	 .........!! .1
l!. ....:

2538 	 1J7::n1ftll.VlJ'i\71"lf11lW."lfll.~\1 (1J1R.) LflaJR\lYla 


Rtl1UlI.L Ylfl 1 lI.1~rln"lfaJ\lfl~ 1Y1V1L"1I'i\"lfaJw'JL"1I'i\7a'i\aJflnt 
. ~ ~ 
A 	 ..... A __ 

2542 	 1ft1n'J7aJft1R'i\'JlJnI.'YI'i\ (1ft.lJ. LflaJR\lYla) 


Rt11UlI.LYlfl1lI.1~rl'J1"lfaJ\lflt'l 

"" ...., A -=

2546 1ft1n77aJft1R'i\'JaJ,.,1lJnI.'YI'i\ (1ft.aJ. LflaJ) 


~~t'I\ln7ncaJ"'11Y1V1~V• 

6. 	 \4~\l1l1.1iv 

1. n17~'i\fl11aJL"liaJ"1Ia\lmiL,.,~atw~hti'\I~1f1n7::lJ1l1.n17UaaJ1'i\V1D:fI17aan-nL'i\ill. 
.......... 

LLt'I::7'i\n"lfll. 

2. n17~ann111"'aJ~1VV1\1aJ::t'I::na 

3. Lfl~a"uaaJnn8'i\1l1.m; ('J::lJlJ~EIL;ia,,) 
4. n1'J\hti'1,.,~ E1Lijll.~1mfl~a\l'ti1,r,ntll.n~lJaJ1t,n,.,~ 
5. n1'JWilJlI.1atlfl'JncWaJWRn1l1.~lI.LLlJlJL~a\l1l1.a'i\R1,.,n77aJi\lYla. ~ 

6. n17\4~'i\~11~Yla~1ntlJaav 

mailto:Address:kanchana.l@rmutp.ac.th
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2. La"ll'VI:IJ1 t1UfI'l1l'l::"D'1"D'''''' 3 1014 01787 17 1 

3. t11LL'VIU-\lif,y'i)U"'"
1 

~Elsm"'"~Yi1-\11"'" 
:IJ'VI11'Y1 tI1 i tIL'YIflL"",Lafh1"D':IJ-\lflavn::"",fI'l flnt::El flS1'V1 n'l'l:IJ~-\I'YI ElLLa::El ElnLL1J1JLLyJ,t"",

1 

517 tl"'""'"""'fI'lS1'l'lfl LL"lI1-\1S1""'~fI'lafl1 L"lIflflifi
1 

i-\l'VI1f1n'l-\lL'YIW'1 'l""slll'lHmv 10300, 
L'YI'lflW'n 0-2629-9152-7 ~El 3003, 3010 L'YI'lS1'l 

E-mail Address:nongnut.s@rmutp.ac.th 
..I '."f "" 
'YI El t1lJliIliI1J"'" 

'II 1 

387 'll'EltILW"D''lLnH:IJ 53 tl""''''''LW"l1'lLnH:IJ LL"lI1-\11J1-\1LLfI 

L"lIfl1J1-\1LLfI i-\l'VI1f1n'l-\lL'YIW'1 'l""slll'lHmv 10160 
1 

L'YI'lflwn (U1""') 0-24554976 L'YI'lflwn (i'jElilEl) 

5. 1l'l::1in1'lflnH1 
" ,

2538 1l'l:n1fl\ttlUfI'l1"D'1~w.i"",s-\l (1l1s.) Lfliii-\l'YIEl 
'II 

0-2282-3718, 0-2629-9151 

086-633-6122 

Stl1U""'L'YIflL"'"La ~'l1"D':IJ-\lfla 1'Y1t11L"lIfI"D':lJW'lL"lIfI'lElfl:IJfln~ 
1 1, 

2542 1fl1n'l'l:IJfl1SfI'lUru,4ifl (1fl.1J. Lfliii-\l'YIEl) 

smu""'L'YIfll"",la~'l1"D':IJ-\lfla 

2547 flallfl1sfI'luru,4ifl (flfl.1J. iElS1'l:IJ1a"D'''''') 

:IJ'VI11'Y1 t11itl'l1:IJfl1LL'VI-\I 

2548 1'Y1 t11fl1 SfI'l:IJ'VI1Uru,4ifl (1'Y1.:IJ. i1LfI'lLflii LLa::1'Y1 tI1fl1sflfwEla L:IJ Elf) 

6. t-Ja-\l1""'1itl 

1. n1'laElnn11l'VI1J'ii1t1t11-\1:IJ::a:nEl 

2. Lfl1El-\lUEl:IJnnelf,1"",mi ('l::1J1J~miiEl-\l) 
3. n1'l1l1J1'V1~ElLU""'1iI1nL~El-\lYi1,hnt""'ni1J:lJ1tm'VIa.i 
4. n1'lYrtll"'" 1 Ellln'lm~:lJvfSM"",'ii""'LL1J1J L~El-\l1""'ElflS1'V1n'l'l:IJ~-\I'YIEl 

1 1 

5. n1'lt-Jafl~1la.i'YIElIil1n1.1J ejElti 

mailto:Address:nongnut.s@rmutp.ac.th

	หน้าปกใน
	บทคัดย่อ
	Abstract
	กิตติกรรมประกาศ
	สารบัญ 
	สารบัญภาพ
	สารบัญตาราง
	บทที่ 1 บทนำ
	1.1 ความสำคัญและที่มาของปัญหาที่ทำการวิจัย
	1.2 วัตถุประสงค์ของการวิจัย
	1.3 ขอบเขตการวิจัย 
	1.4 ประโยชน์ที่คาดว่าจะได้รับ 
	1.5 นิยามคำศัพท์

	บทที่ 2 เอกสารและงานวิจัยที่เกี่ยวข้อง
	2.1 อ้อย (Sugarcane)
	2.2 การแยกเส้นใย (Fiber separation)
	2.3 ผ้าไม่ทอ (Non-woven Fabric)
	2.4 สารช่วยยึด
	2.5 พอลิไวนิลแอลกอฮอล์ (Polyvinyl alcohol)
	2.6 อนุภาคซิลเวอร์ (Ag)
	2.7 ทบทวนเอกสารที่เกี่ยวข้อง (Reviewed literature)

	บทที่ 3 วิธีดำเนินการทดลอง
	3.1 สารเคมี
	3.2 อุปกรณ์
	3.3 วิธีการทดลอง
	3.4 การทดลองสมบัติของแผ่นเส้นใย

	บทที่ 4 ผลการทดลองและการวิเคราะห์
	4.1 ผลการหาเวลาที่เหมาะสมในการแยกเส้นใย
	4.2 ผลการหาปริมาณของโซเดียมไฮดรอกไซด์ที่เหมาะสมในการแยกเส้นใย
	4.3 ลักษณะของแผ่นเส้นใยที่ได้จากการขึ้นรูป
	4.4 สมบัติทางกายของแผ่นเส้นใย
	4.5 สัณฐานวิทยาของแผ่นเส้นใยที่ผ่านการตกแต่ง
	4.6 ผลการทดสอบการป้แงกันแบคทีเรีย

	บทที่ 5 สรุปผลการทดลอง
	เอกสารอ้างอิง
	ภาคผนวก
	ภาคผนวก ก.
	ภาคผนวก ข.

	ประวัติผู้วิจัย



