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TITLE FACTORS AFFECTING CARBON MONOXIDE GAS 


ADSORPTION OF RUBBER SHEET CONTAINING CHARCOAL 
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MAJOR INDUSTRIAL ENGINEERING 

CHAIR JARIY APORN ONWONG, Ph.D. 

KEYWORDS GAS ADSORPTION I RUBBER SHEET CONTAINING CHARCOAL! 

NATURAL RUBBER! MECHANICAL PROPERTY 

The objective of this research was to study the factors affecting the efficiency of 

carbon monoxide gas adsorption of rubber sheet containing charcoal by using experimental design 

of Factorial. The charcoals were used as adsorbent material. The experimental design has 4 

factors; (1) six types of charcoal; Irvingia malayana oliv, Tamarind wood, Acacia auriculiformis, 

Eucalyptus, Bamboo, and mixed wood (2) four particle sizes; 53, 106,212, and 425 j.lm (3) four 

levels of weight; 5, 10,20, and 40 phr (4) two ways to fabricated the rubber sheets were air dried 

sheet (ADS) and smoked sheet processes (RSS). The adsorption capacity of CO gas was 

measured in the closed system by Carbon monoxide meter named Fluke CO-220. Tensile strength 

and Mooney viscosity were investigated in order to characterize the mechanical property of the 

master batch rubber sheets. 

The experimental results showed that the CO adsorption capability of air dried rubber 

sheet was higher than smoked rubber sheet about 33.33 percent. The lower capability of gas 

adsorption of rubber sheet possibly lost during smoke dried process. The maximum CO adsorption 

found at 30 ppm in air dried rubber sheet process of 40 phr of Tamarind charcoal which contains 

425 Jlm. The rest ofprocesses had adsorption capability between 20-25 ppm. Porous measurement 

revealed that Tamarind charcoal has the largest size at 56.75 0 A comparing with the size of other 

charcoals at 32-37 0 A. 



The mechanical properties tests revealed that smoke rubber mixed with charcoal had 

better mechanical properties than rubber mixed with air dried charcoal. Rubber sheet mixed with 

Tamarind wood had a particle at 53 /lm in 40 phr. resistant to the traction 2.94 MPa in maximum, 

resistant to tearing 93 N/mm in maximum and Mooney viscosity; (ML (1+4) 100 °C) 102.5 found 

in smoked rubber sheet with Tamarind charcoal loading at 40 phr 53 /lm. The results also 

illustrated that the tensile strength was inversely related to the smaller particle size. A similar trend 

was also observed in the case of tear strength and Mooney viscosity when increase the loading of 

charcoal. However, increasing of Mooney viscosity may impact in controlling flow behavior 

during fabrication. 
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"... III" .;..1",
'Yl1-:J'fI1'U1f'11f1'l'llJ 1:'l'l1't11fl'l1Cl1VlJ1flV-:J'IJ'W ('Vi-:Jlltil' !LC)!'fJV, 2547) 

., . 
fl1'l ~~~VH 'Vi1'll'VI-:J 'l 'W ltJ1~QfI tl U't1~ ~~ ~i1tu cyfl rl 'U ff'W Ii111 iifl11lJ~tl-:Jm'l 'IJ tl-:J 

• SI , , , 

~Cl1'f11Cl mrl'W miHth 111 'l M'iim'l'IJVlvYi'U 11fl1'l,j~flVH'Vi1'l11VltllyhmCl~~~ ri -:J~Cl 'lM'1171l1tu . ". 
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m':iff'HH)f1fJl~"'1':il'\Jfl~ih::1V1fflfWl 'UtJ ..,. ff. 2551 UtJ~fll')m~'Um':iff~flflfl~nn.,hfJ 

~1~lh~!VIffl'U':iiJlIH~'U~1'U1'U 2.68 ~1'U~'U ffllJl':if:l";l':ill1'~I,rliJ':i~!VIff 223,628 ~1'U'lJ1V1 ff1'U.. 
Hi1~i1f.UenfJHiiiJ~lJlf.Ufl1':iff~flflfl 0.397 ~1'U~'U ih~Clfh 149,908 ftl'U'U1V1 (flf.U::fl':i':ilJf11':i 

'U lfJ'Ull1u", ~ 'lfl~, 2553) 1,1 'U'~11Hi1~i1f.U enlll~1!iJ':i~iJih<dClfh "l~ n-:11f11':i ~111'll1111 'U~iJ Vl~~'U 

m~lI 5 l'Vh U~n~ff1'Um':iuiJ':iliJHi1~i1f.Uen(J1~iiIVlll~iJ':i::mf.U~flVCI:: 15 '\JfNiJ~lJlf.UV1~~Hi1~'¢1 
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ill~':iI~VlJ 1~'UH~ff~l ih.l'U1Alff'Uf-hl!)''U~flm~'\Jtl~'\J'U1Atl'4fl1f1iJ!lJfJiil')~1'U'lh~ 1-10 'Ul1'UllJ~':i 
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.. . 
~1'Ui~tJil\l~ii1~qiJ':i::ff~fi'~fl'1l1U\l~tJViiiNCI~flV':i=aVlifll"'fll':i~AcM'UR1CJ1 
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1.2.2 l~flflmI11in1'H~1';VlJlJ1~UH'W~flsi1Jn1G1Sml1H)lJ1HllWf) 'G1S~~ll1lJ1~ftlJ lflv .. 
"" 0n1':i Ifl'WlJ1l1f)'W 1V1~fffl . .. 

1.2.3 lflflflf11:l1fl11lJ 11:J'W'1.J'~~~Nm':iU1.J'5l1.J;)'W~'W~fl~UH'WV1 ~ ~flsi1Jn1G1S 
.. '1"" "" -:fl1':i1Jfl'WlJfl'W flf) l G1Sflfl1 Vn1 ':i l~':i VlJ 1l1f)'W llJ1~fffl 

Q,f ttl tI \Ii tI ~~ 

~flG1S1Jn1G1Sm';j1J fl'WlJ fl'W fl f) lG1Sflm'l~ fflJ1J~1 ')j'~f)" 

1.3.2 flm:I1i)'V1Ti'n"~fl~')j'Um'H(h'W ~ii~m~flfflJ,j~m';j~flci'1Jn1G1S 

ml1Jfl'WlJfl'I.Wf) 'G1S~U"::;fflJ,jfll~~f),,1.J';j~f)fl1J~1V 
'1",l '" ... 'I" I I 'I"

1.3.2.1 llJl'WflU~~ 2 'If'Wfl lflUf) ~Hm'\...l llJlJ~~llJ (Tamarind Charcoal: TC) H~ 

(h'W '~1Jf) (Irvingia malayana Oliv Charcoal: IMOC) 
W1i11 , Q.,91 f • .,,, 4 tI 

1.3.2.2 llJl'Wtlfltl'W 2 ')j''\...Ifl lflUf) H~flTU llJm~fI'WWHfl (Acacia auriculifonnis 

Charcoal: AAC) H~l:h'W '~gfl1i11.J~ff (Eucalyptus Charcoal: EC) 

1.3.2.3 H~(h'W'~H (Bamboo Charcoal: BC) 

1.3.2.4 H~\h'W'~HfflJ (Mix Charcoal: MC) 

1.3.2.5 H~ri1'WnlJl1'Wl9i' (Activated Carbon: AC) u,,~1~V1~'n1'j1~1.J~f)'l'\...ll~fl 
.., .., "" 
'i).:J'I11fl~1J" ';j1')j''fj 1'\...1 

1.3.3 flml1i)'V1Ti'n"~fl.:J1.J~lJ1tUH.:J(h'W~ 5, 10, 20 u,,~ 40 pbr U"~~'W1fltl'I.Jfl1fl~tl.:J 

H.:Jri1'W~ 53, 106, 212 u,,~ 425 !.lm ff1'11i'1J'l~1'Wn1';jlfl1VlJUH'\...I~n.:J~iiH"~t)fflJ,j~n1';jflflsi1Jn1G1S.. 
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f,Hl fJ1 'U lJ fJ W ff lJ 1J fl Lfl 'U fll 'U n Ti ~ fl CJI 'IJ m CJI m 'i 1HJ'l.JlJ fl 'U () n LCJI fl L'U fl·HJ1 n m 'i lJ ll'f~ 'U 

lJln ~~J'U mnl1rll'UlJ1Lr!'Uffl'j ~1L~lJ1'Umn-lftflflWevltlVl 'U flmn m~:tJfl11lJU~~UHU~1 U~ !~:IJ 
_I ......" '" ell" lIJ .. .,j 4 i"'" · lIJ"1J'j~ff'Vl1'lfl1l'ffll'Um'i~flCJI'IJmCJIm'i'IJfl'UlJfl'Ufln lCJIflllJ'fILflfln 'lI''lI''U?I'\It1~H ..U;n'U LlJ (Type) '\I'Ulfl 

fl'\.Pl1f1H~rll'U (Particle Size) t1llJ1WH~rll'U (Weight) ufl~1~ m'H?l1 tllJml'Utll~ (Sheet) ~ 
<9 '" <It lIJ_1 II) "'I .., 0.....,.. .., ell" lIJ .. 

1'H lJ1~ fflJ ,H lJfl11lJ!1J 'U 11J lfll 'U m 'j l'f~ 'U l'VllHflflfl WCVl ~ fl CJI'IJ mC}fflTi 'IJ fl 'U lJfl'U fln ICJlfl v1 n 

tI1~l'fl'il 

_I 'i ... , ,V'IV
1.5 1J'~ IfJY'UnfllAllil~ A'U 

"_1 1 .. ... d II) "1 ,,~ "...,.. ... ell 1 ...
1.5.1 1 'lI'1J'i~ tI'lI''U~ln1ff~'Vl'Hllfl 'U'Vlfl~(l'Ut1f1~HflflflWc;'Wl'l~flCJI'IJmCJI 'Um'iHflfl 

fIlflQflffl'Hnn:IJ l~lJtll:lJ1Wm'i',* LLfI~I~:lJlJflfhfll~l'fl'il 
1.5.2 1~fl'lt1ml:IJ!m'iLfl1 fllJm-1'U fll 'lflfl9r'IJfilCJ1~1mllfll '1 fffl ! vtfllr!'U 1fl(l;)'IJ ff1'l1i''IJ .... . 

II 

m'mtI 'j1tI 'Ii'U ~'U 

'j::fl~11f11~hl'u'Un1'i 1 iJ ~'lUIPl'lfllf1lJ 2553 tl'l'lfllf1lJ 2554 1flflijfffJ1'U~~'Ulti 
fll'll'fl'i 1~1lJijmi'IJ'l!lJ 'lI''U lnllfl'jm ~Hftfltl1~l'fl'i1 1 'U ~~111fl f,J'IJ fI 'il'll'1'l lil n1'i11m1~,.f 'Vlfl fffl'IJ~ 

flW~1fY1m'ilJf'I'lffflllJ1111'Vltl1ftflQ'lJfI'jl'l1'1'llil ffl'\111'l1'11'Vlfllf'1'lfffllufl~L'Vlfl1 'U1 flvn1'i fll'l flW:: 

1'Vlfllf'1'lffflllJ1111'VlfllftmJ'lJfI'il'l1'1'llil Ufl~LLH'U n1'l1'11'Vlfl1 'U1 flvm'lufl~1l'f ftllJal1'VlV1ftfJ1'Vlfl'Ufi 
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~ ,d, 1 tf 
fl'f)1J 1 ff fln::: f11'J 1"'l tlJJUf.I'W tll.(lJJl ffl"t1'J 

U'U'I'Iltl.:Jf.I.:Jfh'W ~lltl'J'lfO~ tl~JJ1Wll"~ 
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I 

'Il'Wl~t1'4fl1f1'1ltl.:Jf.I.:Jm'W 

I CI 
'lfHI1't11 (1~6'U) 

5 6 7 8 9 I 10 I 11 12 . 

... V,
1.7 \nJUJAftfllilftl::: 

4l! • ... d1tl .. lIJ Sfl SfStdOrder 'HJJ1tltH "1~'UJJ1~'JJ1'W'YI mmJJ!mLJJJ n 'H 

4l! .... 

RunOrder 'HJJ1tJf.H "l~'U'Iltl.(lf)WYl~"tJ.:J 

Blocks 'HJJ1tlO.:J mHltIf)ll'U'U~ijf)n Blocks 1~t1,,~1l~itl~'j1Jf)1'W 

IMOC (Irvingia malayana Oliv Charcoal) 'HJJ1LJO.:J N.(Ifl1'W t~'Uf) 

TC (Tamarind Charcoal) 'HJJ1LJO.(l N.:Jcil'W'~JJ~'Il1JJ 
4l! I lIJ Sf ""tl '" EC (Eucalyptus Charcoal) 'HJJ1LJfH N.:Jm'W IJJ~fl1" ~ff 

AAC (Acacia auriculiformis Charcoal) 'HJJ1tlO.:J N.:Jtll'W'~m~f5'WWHfl 

BC (Bamboo Charcoal) 'HJJltlO.(l N.(Itll'W'~'F-l 
4l! I lIJ " MC (Mix Charcoal) 'HJJllJf.H N.:Jf:l1'W IJJNffJJ 

• .. '<V4If/

AC (ActIvated Carbon) 'HJJ1LJfH Nun'Wf)JJJJ'W~ 

4l!... '" DF (Degree of Freedom) 'HJJltl(l.(l 'l::~'U'Iltl.:Jfl1111Dff'J:: 



• • 
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~ 0 ., 

SS (Sum of Square) 'HlJ1V(l.:J ~nn1lJfll".:JtYO.:J .

d , .do 0 41 

MS (Mean of Square) 'HlJ1mH mm"Vfll"~tYO.:J 

F 'HlJ1Vn.:J ~11'1~ffOtll 'Uflll ~~ ff'U 'l l'I'lllfli)y&vm'Uo~Ul'l~V~ eJfllliJiJmhtit\j 

. " 
p 'HlJ1vii~ ~11'1~tYOtlfflJ~9ii1'U11~.:J H~ofllliJiJmi1tit\j 


R-Sq mJ1vii~ tYlJth::ff'Ylith:: flOtlflll~~ff'U 'l "'!~U1ntlfl11lJ !~o,t'U 'U o~,yO\!" 


4 ~ QI ~ I'Ida iI 0 Q Q.I fJ' ~ ~ .,J 
UH1i'l'nJ'lfl~ 'HlJ1U(l.:J 1ff~'VfO"llJOl1'1lJ~'Uflll'U~l'I1fl'Vf'U1itJ1~ Hevea Braslhensls "1f.:J 

iJ1:tfl'l:lT.U::l~'U'UO~1'H "1ff'U11fl~ltJlf1'UlJ 1.h~flOtl$hvri1'U~1~'U0'4 fllfW1.:J 35% ri1'U~ i,jl'lftJ1~ 
. " 

~OV":: 5 1'lf'U hh;l'U i'UiJ'U m{1t1iEJt~~~ t~'U~'U l1I'HftOtri'UthU':i::1J1T.U 60% n1m~ff!H 

1lJtClfJ"trJ'U'~ff-1,4-1 'VfiiieJ 1"1f'Vf~'U (cis-I,4-polyisoprene ) 

'd " .ct , ,J _.t'.c!l t III 1

m-3HNtJN.:JU'H-3 (Air Dried Sheet: ADS) l1lJ1Utl.:s U1~HN'UfWtl'l~11~OV1~UN'U llJ 

~lJfl1'U Nii~ 1~tJt9ilJfl~~".:J 'l'UJ1U1~ff~!vJOl,rtJ1~~t1~1n'U H"::UUfl~100fll'llflJ1 tl1tJ1~~'lIhJ 
.. ~ ''JJ AIl... ':01lJ2: 2.11J .... .,J,,, :II All.
~~tlJ'UUN'U~1tJtmO.:Jl~lttltl 2 \lflfl".:J 'U1ltJt1H'U1 Ut11'U1 LtJ\9l1fl1t~fll1~ON~ L'Umfllfl'~O'Ut'VfeJ 

" 'cifl11lJ'if'U 

" t "t,

l'UtlltJ1~ff~t-nO1~UH~t1~1n'U U"::tWfl~100fl"'lfltl1 tlltJHl1 ill'tl~~tri'UuN'UII';wtfl7o~~fl 
"" .... • IIJtl 'JJ • 'JJ. IIJtl· 1 'j) 'JJ i"''' ., .. ""tlUtltl 2 \lflfl".:J 'U1l "H'U1 U"1'U1l 1'11 'HUl1.:J ~V11ifll~~lJfl1'U1'1~T.U'\1.fJlJ ~::1J1T.U 50-60 O.:Jfl'l 

. " " 
t"1f"t;Vff It'J'Un~'I1tl~::1J1T.U 4-10 1'U t-no{lo.:Jn'Ut'ifol1 fll~~~'I1'U'UO~tJHU~'U~lJfl1'Uih1~~.Ifln l'* 

I" tI" "I ", ". 
ff1tJ\9l1 (\9illJtJ11J1T.Uff~fffltl~fltl'U!tlO'U''UVH) u,j~'II!ri'U 5 'I1'U ¥i~u~i'Uli 1 n~'I1'Ul1 5 (i'Uli 1 

tri'Utm~~~~tl~) 

,htJ'~N«'J.J l1lJltJii~ fll~tll '~tNlnlJn'Ul'Utmt~U1 tl~::fleJtlII1U 1) 'IDlfl!OV":: 15 

IIJ 'j) 'j) IIJ 'j) ... 'j) IIJ 'j) 'j) "J 'j) • 'j) IIJ 'j)

2) LlJtY::umOtJ":: 15 3) llJ'lfl~~OV":: 15 4) IlJfl1~lOtJ":: 15 5) IlJlJ::lJ1~~OtJ":: 25 6) LlJ'Vf~~ 

15 (''U!'U~~~'H1~f.ltl''n'll'1ilil) 
, Cl.I Cl.I J d Q Q,I tld~ " 0 QI A CIo .a Q d QI .4 e::t 

fJTun'J.J'J.J'Ufi 'HlJltJ(l.:J N"\9iflT.UGfl1'1 L~'lllflfll~'Ul1~Q~t11inlJ'lI'l~ 'HlOO'U1'1~tJ1\9iQ"1f~lJ 

m1t1o'Utm::181~~ t l'I'Utt'J'UO.:Jtltll::flOtl'H 1:tfllJl~l'U m~lJ1fh10nlJiJ'Uv1 (Activation Process) l'I'U 
. " . 

'~Nii~fiT.Utt1'fffh iJ1 flHff!HliiJ1:tfl'l:lT.U::tt'J'U 1'Vf~'U n-n'Ul1tb~ -3 iJfflJ1j9i''Ufl1~~~ci1Jffl~ril~" 

1~~ 
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phr ( parts per hundred rubber) 'I11J1UO.:J 'I1tbtlfll'H-IffllUl.:J l<Pltlf)<Plff<Plffl\Jtl~lllruffl':i 

Ylil.:J '11rtmnUlJfllWH'I1rl>3fVUffl\J (1<Pltllll'11'11n) lnUlJlrI\J phr 'I11{) pphr '~'\Jfll'j{){)ntl~'jtll>3 
1'lf\J l~llnl11~t5'\J 2.5 phr 'I1111Ufll111'h ti'lliUl>3 100 ffl\J ~~I~llfil11~t5'\J 2.5 ffl\J 

nJ'lJ 'I1111t10>3 liI\J 'I1\hu~'~lJ{)n'\l\J l<Pl'lfV>3~~UnH ~11f't'\l~'j::: 'lJ'I1111fJ0>3~1\J1\J 'If{)>3 
• JJ.... ... 

'\lV>3~~l1nH'Vlllfll111tl11 1 \Jl 

tT ml:::~1Jf11 'I11l1t10>3 fll111fflll1':i () , \J fll'j~<Plci'lJ rht)f'\l{)>3,j1~<Plci''U ~\Jn-hfll111 IoU'lloU'U 



, 
"'"unn2 

2.1.1 tlHfi1<unnfl (Natural Rubber) 

V1~1i 'l 'l1J'lf1~I;jhl r'UH-la f1 'innllhlv1~ 'n1'l1 ijftfliJW ~I;j hi -'!eN l11fl1ii'IJ11f1a'1 uJ1h11J ij 

~1fltlHI;jhlJ1I1fl~ijV'4fl1f1I~flVHII'lJ1h1fliHJvdi7Vn11 J1VH (Field Latex) ~~ijtY1h1~I~hll,iVVH 
fVVtl~ 35 IIfl~ff1h1~1~h1t11.:.1fVVfl~ 65 lf1vijJ11;jhlV~fl'lh~flV1Jii~fmm:: 55 ijfi1m11JI~hlmfl
~1.:.1~ pH 6.5-7 ijm11Jl1h11UUhI'Ih::1J1W 0.975-0.980 fl1Wiiflfifi~'l ijm11Jl1ilfl 12-15 '''lfhl~'nVV&' 

(11.'I'11WV riv1WiQfl1.:.1ii, 2547 ; 'nnl1i'l u9i~v, 2547; Andrew CIesielski, 1999) 
JI 1 JI I 

'1l1VHii fllf1\llflllhlU1.:.1'n1'l1 'i1~fI.:.I1.'I'fl1'nfl111JI;jhllhuHvd1~1~IOhl 6 oM111J.:.I 
I f II JI 

,ilV.:.I'i11 flIl1Jflnll vlh1 ill fllff1.'l'11l1HIOhl1.'l'1'lV1'111'liimJlh1'1l1vH !"lihl '1l1f11flUfl:: hh~hI Ufl~ IOflfll'l.. 
, ~ t;'J) tI 1 1.'tti.ct Q, I ~ d: .ct 4 

UVV'fffl lt11lJhi fll9ffl1'l1J VhI flVVfl 9ffl fll9f1JI'Vlhl Iflflfll'l1JflLhI 1I1fl::flflhll'l11JhI hl1VWj)~1Jm11J11h1f1.. 
I~1J~hll'n·n::m-.l fl1f1'IJV .:.ItI1~lj1J~1J~1 'i1h1J1tl1.:.l"lty,iiv1.'I'm'n ,rid! V.:.Ifl'\.j t1lY111~~fl~11 ~.:.I'~ij m'lI~1J 
'ff1'li1v .:.Iflhl fl1'l~1J 'if1 (Anticoagulant) fl.:.l 1111h1 J 1V1.:.1,riV 1~1J1fliJ1J1Vl~1 M'fI.:.I1.'I'fl1'n ,;j'W'lJV.:.Il'I1fl1 

'~uri UV1J l1Jli1vl9f!~V1Jcifl ''YM 'rlvfll1fl~'rH" (!1.'I'11i1V riv1WiQfl1.:.1ii, 2547 ; 'nnJ1i'l u9i~v, 2547 ; 

1.'I'tn-u'W1~VVH, 255l) 

VH'n1'lll1:lhl'nvfil1JVf~mm .:.I1.'I'~H 1~~1J~1 lf1Vl1JlflQftl1'l ::ml1JA1Vfl1f1JVhlUfl:: 

,~ lf1'lI'i1h1,t;, 1 M'hriVfl1'l !Ofll1fio1lnfl1JVVflCiiI'i1h1Ufl~lv19fhl IOfl fll'l ISmJ1.'1' fl1'n'A~lVUfl:;'~l'lhIriV 

tl11JhI VH'n1'l1f1.:.11.'1' .fl1'nVfll1 ~hI 'A~h111l1::fl1J fll'l H;~lh1~~wl1.Qii~l hi ilfl'i1 1flii'fl111J1.'I'J111.'1'1JV 1hi 

1 m ~1.'I'~1.:.1 l1J'flQfl'IJil.:.ll.JH'n1'l1~.:.I1.'I'11J1'l(} f1nH~fl1AlrlVVfI,th1M'vHmll1U1.'l'1J-u~loi.:.lflfl~ Um11Jflhl 

9lVIIHA.:.I iim11J1l1h1'Vl1h191tlfll'lU fl'IJ1f1Ufl~m11J1l1h1'Vl1h191Vfll'l'1ifl~ (!ffl1WV ritllWiQfl1~ii, 2547 ; 

Andrew CIesielski, 1999) 

~ - ~ 
VH'n1'l1~fl'1l1'111,*.:.I1h1n~'i11 U1J1J'1l1VHllfl::111111J1JV1':] II M'.:.I 1flV1hlll1 Ll1J1J'1l1V1.:.1 

II t, II JI 
o 0 ~q .J!SI.r:es )I~It1! 4 1 0" 

'i1::~flhl11J1I1Vflhl1VVm'nm'n1Jm11J1"'1J'lJhllhltlVHU1H'lJhlJtlVfl:; 60 IHlml hl1V1.:.1'IJhI (Concentration 

Latex) 1nfll'l~ijv1Jl,* fiv m'l1,*m:;'J1h1m'l;]hll'I1~v.:.I (Centrifuge) rl1'Wfll'll~lV1Jfn~I1M'·n'h1~1f1V 

n fll'l 1rlm fI v:;Cii~flI~v 'i1 l.:.1fl.:.l1hltl1t11'UriV1 M'tl1 VH~1J~111:lhi ~tIhllIvn;fu 'l:;'11 ';1,.:.II,i ilV1.:.1 llfl:;,fI'll ft.:.l 

http:1.'tti.ct
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c 
2.1.2 tlHfl6t1'Vtll'UVI (Compound Rubber) 

VH'VllnihuJU~L~hJ~1\.lfl11lJ111ihn~~n'W~ ff1JU~~TUfll'J~'Wltl~ fI111J~~'W 
• II 

ff~ff1J''W'lJm~fln ';;~1'W~1 u~ff1JU~~1'Wfl111Jl'1'W m'W1i~ fll'J oU'~Q ff1JU~fl111J l'1'Wm'U1in1h~'W 

ff1Juiifl111Jl'1'W m'W 1i~f1111J~~'W ua~ i~ i CJl''W 11i~ ~~~~ ~ ijflU Nff1JVl ~'Vll'nn'U ffl'J ~1L~1JUa ~ 
e:A d: A ... I QI '" I QJQ t1I <JI " J' 4: A _I WQ,I QJQ 

ffl'Hf11J~ 'W ~ L'Vl~ lJ ':i'UlJ 1~fJm ff1J'U~'IJ~~VH 111 ~Hfl'Uf1111J~~~fll':i 1Jlfl'U'W 11'Hl1'Vl~lJ 'J 'Uff1J'U flflU 

11tl':i1tl',rffl1Jl':i mh1tl11tl':i 1tlLt/'W N~~timCVI1~~lV~'W117m Yl~a~Ii''WlJ 'W fll'j N~fI (Lffl1WV ti~1,)lfJa 

'" '" ... II II ,1
Hff, 2547; 'VlUJ1i'J UCJl'fJV, 2547; Haris et aI., 2008) n~ilfll'Jtli''Utl1-3fJmff1JU~'IJ~~Vl~'IJ'W~~n'U 

N~~timen~~~ih1tl';;~1'W 
'" 

flU N ff1JVH fl~fllnh' 'Ifff1'Wtl':i~fl~'Un~ffl':i "'1L~1JUfI:::ffl':iLf1n \jflNff1J1ofh1tl''W 

Ll1~VH1~~dHYt1tl~ (Incorporation) nfll':ifl'J~~lV"'1 (Distribution) Ua::;nfll':iU~fl~1 (Dispersion) 
4d~ti) ef p .:!I.d Q J 0 0 OJ Sf d I: d d 

'IJ~~ff1':i lfl1Jl'1~ I'WL'W ~VHmvm ~LU ~'Wl'1Lfl~'IJ'U 'lJm:::mfll':i Nff1JUa~m t l1ffn lf11J!11 al'W'U1J'IJ'W 1~l'1 

L~flM i~m'il 'Vll~ff1':i~lL~1J!ff;1JUH (Reinforced Agent) L~'W ff1'Wtl 'j~fl~'U11 "fl~~dh''IfVHn 

fJm ff1JU~~~~l1JIi'~~fln ''W fll'J N~~'Vl'U-hlhYl11fllm~fl~1 (Dispersion) 'Vl'Uuovfl-huty111fll'J 

fl':i::~lV~l (Distribution) (Mark E. Jame et aI., 2005) 

Ii tJ'W 1 'IJ'IJ~~ fll'J Nff1JV1~~11Jl'1 qlla'IJo ~fl1':i Nff1JV1~~ ~f11':i';;11m''W flUNff1J i'W 

d, J. ~"II) 11 ... ~ y. '" "" 11 ... • ~.:j/ 11 ",.I.
nt!fll'Vl~ 111I~lNaNa~"l~ 1'If'VlaHl'Wfll':iNff1J'W~V a~~'WlJ'W~l'W'VlMnW'll\1 !l1f1111Jl~'Wln~'IJ'W'lJm~ 

., I I II , 

Nff1J~l n t!~ LVI va ~ ilty111 Vl~mvua::Ln'01J fJmm'Vl;~fI1':i noU''WflO'W fll':i vh ~1'Wn~lVUa~fI1'UfJ1JU ~ ~V 

1iH~ IYltJ ''lf1~VHNff1J~nfJmm'Vl 
2.1.3 ft'l'nflihtn11'UtiH 

ffnLf1n~';;''WV1~tl':i~flO'U~1V 
I 0 440.c:t;J.!'"

2.1.3.1 N~I'lJ1Jlf11 (Carbon black) 1Jffflll1a~1J'IJ'Wl~Lff'WN1'Wtl'UVflal~'lJV~O,..mf1 

tl!1J.fJiiVd''W'1f1~ 1-10 'Wl i'Wl1Jfl':i iitJ1Jl;;I~'Wffl':iLff;1JlIH1'WfJflff111fl'J':i1JtJH l~m~1JfI111JU~~UH 

fI111J n 'W 1itlfln iYfll1 ':i om,~I~'W fll'j "lhvaflli''WlJ'W fll'J Nnfl , 'If u tiNnfl timentI H 

2.1.3.2 CUnfll (Silica) LrI'Wffl'j~1l~1J'lfiiflLff;1JUH iitJ1JH;1'WfJflff111fl':i'J1JVH 

'WV flm ilo 11 lfl 1 'lJ1iUl1 CU~ flll~ 'W ffl'j "'11~1J~ niY'lJl111a::n 'IJ'Wl~O"'il1'fl!gfl1Jlfl1rtV 1~1J ''WV1~ ~::n 
...... ... . "'.I.....,~ ........... d,,,,,,, • A " ... 

ff1J'Ufll'lf~fla~l~~ fI'IJ'W 'WV1J 'If l'Wfll'JNa~Na~flmCVItJHn1Jff 1'lf'W 'Vl'W':iV~!mflW'1 
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2.1.3.3 UflflICVVlJfll1mll'l..l91 (CaCO) l~h'!fll'H'IYl~\I'l'JlJ iHY"NnlJ1Jl.:J'IfUYlUfll'.i 

"i ... iI '" "'.1 iI .A 1iI .J.! ",.J ",.I 11 
Iflflfl'UfI1Yl1Vllflfll9WlJ ffl91Vl'.i 9'1 u'.i~lJl f.U H)tJfI~ I~3 'Vl fl '11 NfflJl'\Jlfl'UllJtlVNYl~lJ tl1~lJ1Yl fltPllfl 

i 'I1qj~~ ,,jlffllJlI'.i ,UI"l{,u~lJ lYl fl '4fl1fll~ fl~Yl,rllJffl'.i~11~lJ~.:JlffllJlI '.i.:J 

2.1.3.4 ~lJ~l1 (Clay) Uff~l1~lJ 'tlU.:JffflllJffllJ1'.if;Uffl:JJ!I'.i.:J'~U'm.lU.:JtlllJflflN~ 
UVlJl~~url Kaolin Ufl~ China Clay 

2.1.3.5 ffl'.iilfl.:JnlJ fll'.i 18fllJ (Antidegradants) IrllJffl'.ilfI£i~'~:JJ llJVl.:JI~flflYlU91'.il 
fll'.i18fllJfffl1'Vl~fl.:JV1.:Jldtl.:JlJ1~lflil~~V"H"lI'lflJ flflflCVI~lJ fl11:JJrfllJ IIff.:JIIYlYl Ufl~ lfll9flJ mj.:J 

f)flflL rJ lJ ff1'.i ilf).:J nlJ fll '.i 18tl:JJ ff fI1'Vl~1 flfll'.i InYltl gnlVln'U fJ6flCVI ~ lJ (Antioxidant) LlfI~ff1'.iilfl.:JnlJ 

fll'.i18fllJfffl1'Vl'illflfll'HnYltlgnlVlfl'Ulfll9flJ (Autiozonant) 

, 1 ... .A li1 ...2.1.3.6 ff1'.i'l11V lJm~'U1lJfll'.iNfl91 (Processing Aid) 1'Vl6 'I1m~'U1lJfll'.iNfl91 

.:: • • dI .1.1 ° j'" A .I ....
~lJ916lJ91N"lI'l1lJ fll'.iNfflJ (Mixing) 'I11flflll~lJlu (Shape Fonning) Vll Yl.:J1VV.:J'lJlJ ffWIJ1.:J9l1'l11r,t 

"i el J1 111 ,.I ., i1 ... 1 ...
flYlfl11lJ'I1lJYl'IJ6.:JVHNfflJVll 'I1Vl.:J 1'I1f1.:J1V'lJlJVl1 'I1ffllJ1HlflYll~V:::I1f11UfI~'Vlfl.:J.:JllJ lJflllNfI'1l 

, ..tt ~ did 0 Si d ~ .... I .:::. Q 0 

2.1.3.7 ffl1m:::"JlJ (Activator) flfl ffl1'fllJVlVll'11lJ1V1I 'YtlJul ~ffVl1ifl1'VlflllV11.:JllJ 

... '.1 ......... • 1" ... .1 ......... 111 11 ~ .1 " d... 1iI"i ..... 111"
'lJfl.:J'1l1IH u fJ m VlVll '11 ffllJ1HlIflYlufJ m Vl Itll1Ylll 1'IJlJffn m:::~lJ lllJr,tlJ 'l1fl6 9fUlfltlfl 19f'il 

(Zinc Oxide, ZnO) LlfI:::m'ilffl~Vlfl (Stearic Acid) 

2.1.3.8 ff1'.i'11 u1.:JtlgnlVl (Retarder) l~flfl'ilU'1ll1l~ 'Jnl1,n'iltlijmr..l11f1fll'lJc; 

19f;rlJ'lf1V1~lJ 1 :::v:::nfl 1 rl6lJ~ VH~:::I~lJln'iltlgnlVlfl.:Jltll'i 1111'fI'iI flll InI'WH911V'lJf.U:::~l'ilflllNfflJ 
Vl.:J 

2.1.3.9 ff1':i~1d.:J (Accelerator) fl6ffl1 IflU~I~lJ~1VljllJ1WI~flU'flV l~fl'lf1VfI'iI 

11f11~h'l1i''Ufll'.ifl.:JltlVl.:J 

iI JI ... 
'1l6.:Jfll'.i'IJ6.:J'!INfl91 

: QI ~ ~ 0 ~ ~ Q d" Q1"
2.1.3.12 lJllJlJ'I1'.i6ffl'.iVlVl1 'I1VNlJlJ (Oil, Softener) I UlJ ffl1tl1lJ1f.UlflfllJflm91lJ 

.A «!I 111 ,11' .I 01J1 ... , "'11111"'.1
1'Vl6f1Ylfl11lJ'I1UYlVN 1'I1f1 ~H1V'\JlJVl1 'I1ffl1191lJlI91.:Jm:::~lV9l1 "IYl'IJlJ 

2.1.3.13 ff1';i'~lJfl11lJffllJl1allJfl1':iltl~VlJutlMltlll.:J (Plasticizer) fI'ilfl11lJl1~.:J 

ltl11:::I~lJfflJU~fll1 l~.:JllJ~t:2f.U '11 iJij~l'~~~lJ 

http:2.1.3.13
http:2.1.3.12
http:llJVl.:JI~flflYlU91'.il
http:IrllJffl'.il
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44 4!t 4d Q .cd ~ iJ A .. I~ .. I t;V~
2.13.14 ffl'HfllJ'O'W'l (Additives) fl'Offl'Hfl)J"'I~lJLl'IU'In'f1'W'OVl'VH)m1JuHfflJ'Uf1

~ 

~H'lI'li'W ffU"'1'W't11'Wf1l1~flhj (Flame Retardant) ffl1lfftiUHi'01'1ffgi (Ultraviolet Stabilizer) 1~'W 
., 

~'W m)J~t)'1f1l1ffl1If1ijf1~lJll'lf)rll1i'h111f)lflU11lJ11ffl11~lJll~'1 (Chandrasekaram, 2007) 

'" ,
2.1.4 f1'l:::1Jlum'un'lAtlHU~U 

f.lDUnl'l'U'O'IVHUH'W~1J~'Wt)~n'U11if1l1Niif1 f1l1Vilt11'1uF-i'W.ff'W~ij'Yn;f)f1l1thfity flt) 
l1111H ilfff~'Olfl1 flUPl'WlIH ilf'U 1'1 ff'U'O'IllH'WVHff~1IfflJ'04'1ij~'W~'O'W mnh~'1l1fffl'li'W.fl1l'1~ 2.1 

1==. ! 
. 1 

MIN ttt,JIIUJtJ'J 40 lilt: 60} 

{ufhlflooDIi 

lftltUlJ 
IHill 
f\ll'lUUill 

,tUUI )-4 f111H 

T:,::~:::;:" ~~D~i~lIn::~.,illlm I ADS 2 !I 
(AIR DItIED SHEET. ADS)1- -~ L....J ADS 3 I 

Itn1'11,rtl! .~. f~"';" ~.., ,,~~ J""""-f"'"1I.~__----!:5O-W C.. LIR'BIlEOSMOKEDSHI!I!T R.'I.'l 11'--__ 

Iltf04'11l1Bii,. 

I rl~<h'l1'Jlt1 L--_dlJ_fl_11_.....J~,m'''.,..'''"~. !6o"~L,",,.' 
l..-.--..__' 

__ 
I 

Q • e:J s', Q CLI d 

.f11'Wfl2.1 f1l1Nilf1l1HUN'W (lffl1'WU f)'01W1fJilHff,2547) 
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" . " 
2.1.4.1 ;r'W1ltl'Ui'Ufll'jNillltl1~UfhJ'H~'Hl1flfi';1'uUJ1~:Ul!!"'1 

I) mt)~JlrJH;1'1rJ9l~UflH'\J'Ul~ 40 !l"~ 60 !:U'lf !i4{)1Wfla~ffmhn iu,:tr 

!tl~t)fl'~~~~tl'U:IJlt)t)n' tl 
" " 

2) !~:UUUJ1~ Ulff:;m~U"~m~l'wt){iifli'Utl;:UltU 3000, 2000 !m:; 390 

" . 
3) fl1'U i M'!;;'fl'UU"'1fl11~lit)~ U 1 rJHfil n~~ lflO1 1 fl1'Ut)t)fl"'lfl9l~n-3 iM' 

'H :Urunul1ul1:UhifI1'1f'U~' ~'\Jlmfl'U!ffllrJl-3i'U~ {{1'J.jfl11~lit) ~JlrJHt)t)flIrlt)U lt11-3' tll:Ufl1'U 'il~ 
1~'Uli t)~t) lfllffi'Uu~'Um-3Vil i'H";1'rJH.ff'U~ lfl':h~fI11 "'~lfl'U 

". " 
ffntllfl9lfl"-3 i'UUlt1HVifh~~~U~TYi-3Htll~:UltU 30-45 'Ulfi 

5) Irlt)tlH~U~11~tlff:U\llW'U"'1 iM'I~:uJlff~ml')"~ 'tlilfl'il'Uflfl:uf:brJH fil . 
i Sl 4QJ W 

'H tlH'YI ",um'H fl~t)t) n", In'\Jt)Ull~fl~ 

6) 'U 1~tlt)'UtlHU'U 191:;i..r';1'tlH~U Hflm..! ~H ff~l!ff:ut)1.h~:UltU 1 

." . 
Ul ''\.h~l!fI;t)~l~tlltl~t)nfll,ltl~'fi'lt1 ';1'tI1~1!~'Uijfl11:U'H'Ulm~ rJ 2.8-3.2 iitlih:um 

'J/ • 

7) "'HtlHU~'U;1'1t1Ulff~m~ !'"t)l{H!{Jlm11Jm~t)t)niM''H:U~ ul{TihhJ 

.ok ~ "i 11 -s JJ J!... "" i" _I ... d lIJ"
N~tl:u 3-4 '111 L:U-3 !!'11'il~t)U~1t1,,:u)t)'U~tU'H1J:U 45-65 t)-3ffWlI"!C)itlff 'lfnmul~1JltU 3-5 1'U n"'~ I~ 

..ok " 
tlHUN'UN~U'H~ 

8) tll'HlU011filrJl~U~'Ul:Ufl1'U UlrJl~U~'U~~1lM'~!;;11Hl:Ufl1'U ~tU'H1Jii 
" 

50-60 t)~ffl!C)i,,!tHtlff i~!1tll 4-10 1'U !!l{1~~i''U;1'1rJffl!J1l1 un,l1u";{)';it)01:i ~nn.htl (ffmU'U1~tI 

tlH,2551) 

" " 
'" lflm~u1'U flll N~ll tl1-m~'UfJtU.fl l'ni''U ~ ffl:UTH) ff1 tl tl;1'-h O11U TW ltlH:IJl i 4ti 'U 

»I "1' " 
m ~U1'U 011 Nil9ltJHU~'U1r'U VlfH i~u ltJ1~filhlff'illfl1lu\lt)tl'U 1 ~tlO11 mt)~Ultll~ff~ fh'U ll~!!m ~ 

" " "" '\J'Ul~ 40 !1"~ 60 !1J'lf 'illn,r'U\l~ihulm~ff~!'YI,,~u'Ull:;m 1~fJfl1'UUlfJHff~ Ulff~t)l~u"~m~ 

lit){iini M'!;;lfl'Ut)~H~l'1 1i4t)'liiM'!n~lit)~m01ffi'UJltlH Ul{1tll~lit) .:jtJH~ln~~'Ut)t) n 'Llat)fJiM' 
" "'J/ ..

UltlH~U~11~Vff:U\l1W' 'H~~"'lfl,r'UiM'l~:UUlff~m~"~' tlilml'UfI'l:uf:bvH ll'ft)ilt)~ fl'U 'J.jiM'ihtlH 

tY':uN'ffflUt)101ffU"~ fJl~ ~~U~1 'H 'l~t)t) fl~ln'IJt)u 11 ~m ul{1\l-3UlVH mh-l!;;llfl~t)~l ~~'U u" ~l""lV 

11 • 11 : 0 lIJ_I.ok <!I i"" 11 'JI..s '" • ..."t)n t1HtI1~I!N'Ui'l1t1'U lff:;m" !1"~'Ul luN~":U'H It)t)U 'H l1'I-Hi'l1fJfI11:U':i t)'U g l'H1UfJHUN'Ul:Ufl1'U 

http:lIJ_I.ok
http:tl1-m~'UfJtU.fl
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,r'U'htJHlI~'U~~Il,.r~L.u'l h~1lJfrl'U~f,}w'HlJil SO-60 ij~ffWnHClftJff l~L1m 4-10 1'U 1l~1~~i'UJl1fJ 
fflfJVll 

" 
2.2.1 nT'S'VI~'HlUfJNI11'ffl.htlH 

2.2.1.1 m111~fftJulI;lJ1W'\ItJ~l!~.nf~'HlJ~1'UJltJl~ (Total Solid Content, TSC) 

011 'VI~ fftJU lI;lJl W'\ItJ ~ 1I~~..f~ 'H lJ~ l'U JltJH '\1111 fJil~ 11;1I1W '\ItJ ·HY1'U 

~!il'U riftJ fn~..f~'H lJ~1'U Jlm~11lJ flUffl 1~'U '1 ~Lil'U'\ItJ ~H~~ Il~~ '1il'1ftJH~~'il~fI~ L'H {ltJlil'U~~lJm~ 
ftltJ'H tl~'illnm'S Vi 1,,.rl l,.r ~Jl1tJf;!W 'H lJil'VI~fftJUU~~un tJl n lff~ rh'H'Ufl9lllJ mm i l'U ASTM 1076-80 

".iltlnl"i ""...
lli'lltH ASTM 1076 - 80 

: QI UI ,: Q,I 

'Ul'H'UnmijtJl~'UltJl~, mlJ 2.S ± 0.5 

'\I'Ul~'ill'U 
it I .. 

ltY'UNlt;}''UtJn~H £; 91lJ. 

... 
f,}W'HlJlJU~~L1m 

"! 
70 ± 2°C, 16 'lflJ. 'H'JtJ 100 ± 2°C, 2 '!f1l. 

I' : 
fI11lJU"n"H1~'H1l~N~m111~~tJ~ 2 flH !tJtJ~~ 1.S 

" n011 'VI~ fftJ U dl 'H i'mlltJ1 ~.u''U1,.rl'Ifi ffijU 1 flfJ 011 tJ UfI1 tJi "'fI1llJ~'UU'J 1 tJl mff . ".
QI Q"I.::go Q.t4:il' tI

(I) 'If~ll~ tU'Ul1n'Ul'H 'U n'VIuu'UtJ'U'\ItJ~ 'ill'UUn1 
,., , II 1 

(2) 111ihm~~~1'U'ill'UUfh1l1~1l1W 2.0 ni'lJ ±O.S ni'1l ;r,~m~~-u'Uf1nUl'H't!ni1Il,j'UtJ'U 
I SI tilt JI 

(3) 16fJ.:j 'ill'UUfl11L~1'H lJ'U ~1'l l-ntJ',.riilm·mNm t 'ill tlYl1 'ill'U I1/h (ij l'ill~lJthntl'U'H;tl'th 
, II t II 

U;''l'VIili1tJ1Jl'yinhn~'UlIna,mu 1 \1n1J1ffnl91'U~llJm Nff1lflUUltJH''U'ill'UUfl1ritJ'U) 

(4) Ul'il1'UH/h 'lItJu''U~tJU~lJ!tJu (Hot-Air Oven) lf1tJi,.r'illUllfl1tJQi'Uu'U11t'U1UU~~ 

i,.rfl11lJ!tJ'U~'QW'HlJil70 tJ.:jffl191~lClffJff ± 2 fHffl191~IClfVff lil'UL1~l 16 'li'111l.:j 'H;tJ~f,}W'HlJil 
lOS tJ.:jffW·rmClftlff ± S tJ.:jffWl1flLClftlff lil'Ul1~l 2 ;hl1l.:j'H;ij'il'Umti.:ju~l,Wl.:jiff 

., . ., 
(S) .U l'ill'UUfl1tJij n'illn~ijuVili,.rl~'U''U ltlHfl1fJflfI11lJ;}U;r.:j!tfl~'jj 'UitnUl'H't! n 

(6) i'Umw~'~f;!w'HlJil70 tJ~ffl'Clfl:tlClffJff ± 2 ij~fflIClffl'ClfVff '11'ijUfiij6n 30 'U1Yi'H;iji'U. ., 
mwn'~t2w'HlJilIOS ij.:jfflLClfI:tL9ffJff ± S ij.:jfflLClfI:tL9ffJff ,,.rijmlij6n IS 'Ul11 'ti1~ih.u'ij~HU'U 
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JI JI. JI 

(7) ':hcil~U.f;":I1J'U'il'U'IhYltrniiu'Unnfl'u~f1s~'VI,r~u"mh~n'U'l-iLn'U 0.5 iit'liiins2JtJ'2Jltu 

(2.1) 

rno fimfl'VItrni1U~1~'VI~fI'ij'IJrlij'UU'IJ 'I1"hm1:l'U ni'2J 

rn fimi'1'l1trni1mh~'VI~fI'u'IJ'I1~~ij'IJ 'I1'l.hm1:l'Uni'2J
l 

'II 

Ht'lm1'V1~fI'U'lJfI'ij~9h,jl~n'U '~'lhn'U 0.2 'I1\,bfJ (%, m/m) 

" .1'" "i " 2.2.1.2 m1'V1~fI'ij'IJlJ12JltlU'UUfJl~U'VI~ (Dry Rubber Content, DRC) 

• I'" ,l " «i '" ..d ~,l ,,~ i
lJ12Jltul'UijfJHIl '11 ~ 'VI2JlfJfH tJ'J 2Jlt:U'IW~fI'1'U 'VIllJ'UI'UijfJl~1l '11 ~'VI~'I12J~ 'U 

" " illfJH'illnmnili,",illfJl~~'IJ~1fJm~U~c;~nfllfJi~m'JfI1'IJTl2JfI'fIl~m'J;]'lJi1"12J2J1"'JJ1'U ASTM 

1076-80 

...... 
1Tim'J'VI~fI'U'IJ 

" " (1) I 'VIi1ij~NillfJNMi'U'\'1l'Ui,",'~ill'Vltrfl 10 nS2J ±1 nS2J ;r~ 
'II • 'II 

ill'l1trn 1~lJ11ii1nt'l'IJ'illn'IJ1~;r~u'U'Vinill'l1trn 

(2) I ;ij'ill~i1ij~1 ~'VI~fI'ijlJ~1lJJl i '"',~tJl2JlW'IJU~II~~i~'I12J~tJ1~2J1t:U 
~ ~ 1:" i ",l". • '" '" Ai"';IUlJt'I~ 20 ';IUfJt'I: 1 (mlm) ~m'VI'Ul~l'U 'U'lJij'IJ'ill'U'I11J'U'ill'U'Jl'l"1 'IJ'U~'UI'JlJ'lJijfJl~'J:2J~'J:1~I~ij 'VI 

: Q,J Q,I' ~I ,l ~ Q.I -<II .QCl 

'U 1 n'IJ" 1ijfJl~ 'VI ~ fl'U 'IJ IlJ 'U I'U U I ~ fJ1n'U '''2J fl'11 t'I~t'll fJfl'j ~ ij:9f"n 

(3) n Hiii1ij~1~'VI~ ffij'IJ ~Sml1f1'fIl~~1ll!U)2J 12J1'Om~ 2J fl'1'Jt'I:t'llfJm~ 

ij~ei~n~1'U1'U 75 lln'Ulf1ti'I9f'U~I2J"'J ± 5 lln'Ulf1ti"9f'U~I2Jm fIltJi'Ul1m 5 'Ulii l~m'VI'illn~l'Ui'U 

'lJij'IJ'ill'U,~'itJ~'ill'U !It'l~'I1~'U ij~H'~l"1 Hm';~Il/hn~IlN'UlJH~~'lJtli1illH1 '11 'l!l'IJU ~ m~I'IJ1"11Hm:'iln 

'Ulwmil~'IJ'U'ill'U1l~'ill'U'U'lHh~'ijJlI1:l'U!1t'11tJ'J:2J1W 15-30'U lii 'il'U'~I9fi2Jifl' ~ll9fi2Jhjifl"~2J 
o .. '" 

!6'V11il'Uijt'l 'ill'U1'U 5 lln'Ulf1m9f'U"'2J"'J 

(4) , rlm9112J i fl'i ,",'J1'IJ112JfJ1~~~'lJi1i~ '112J~ l.u'l ~1lJn'U a'H~1tJJ1'n~ij 2J 

i~'VI~fI'ij'IJfl112J11:I'Um~'lJij~Jl~1fJfl'j:~UliiiVl,jfl''il'Um:vr~m:~Uliii",j'f:1'1lItJ~tJ'Uff 
". "'. ..;'" ~ 1 ... ill "'"lIJ"(5) n 'Jt:U"1ijlJl~1'I~fI'ij'IJ'VI1n1:l1f1'fIl'n~l1tJ 'Vut'VI'f:1I91fJ2J !8~'Jun !91~ 1"2J 
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Sf Sf , r 

1l'l~H;'hthn'htJ1-:Jfhl11~llJllvi-:J1Iti'1'l-:J'l.li'W~1'Wi..r'HlJAi~llvi,mti'1nAU~'WtfHn~mi1i~~hmhmN 

mfll1J1'l1Hm~~n'W1'1i01i1A11'W"1'W1H"1'W11'Wij1-:J'tl1f11~'W11'l11.ll~lJ1ru 15-30 'W 1n 
, '" , 1 

(6) nA tf1-:Jim111fl6 'ri'W166ni,y'~u~'WUHniim11J'H'W1nlhHYlJ6 '~ln'W 

, Sf I SI 

(7) n lWn'W1tJ1-:Jni'mnnmTttoi'1vll6lJ hH{jtJ1r1'a'Hll~'Wtoi'1V'W1 ''H'l~1'W 

1~'W11'l1 '~,j'6Vn11 5 'W1n Ull~,j'ltf1-:J~i'mnnmTttoi'1vlTtll'nnlCHVlJ,.,Wj6n'GJI'~i,ya'Hmt'Wtl1-:J~1t1 
,j'1''Hll~1'Wlrl'Wnm'ti,j'6t1n11 2 ;hllH l.lri6vi,yll~'WtI1-:J'HlJ1tJri6'W611ll,y-:J. . 

(8) 6 11U~'WtlHn~t}i'HlJii 70 6-:Jf111GJl'lllCHUn ±2 6-:Jf111GJl''llCHtin 1)'Wm~'fi"l 

11) .'" )J. "" i" "" .M '" 
" i! '". 1LlJlJ~A'U11tl111"111rl'WtlH11'Wm~~n'W1W01 'Hn'l11'IJ1"1 2-3 flH 'W'tI1-:J 2-3 'l51 lJ"Imn 

°i"'" i 1!V A ~ QI.e!l: qI(9) 'n 1 'HltI'W 'W t:lU01~Am1lJ'tI'W'tI"IUll::11'W'nfl'W1'H'Wn 

" " .
(10) ihci1fl1lJ.fi68 lAtJHnm611 30 'W1n llm;.fi6 9 "'W'W1'HirnnU'Wnn 

" . 
l:HJ-:Jfli'-:J'H tt"lUfln~l':Hl'W '~ln'W 1 iill~ni'lJ ~lnlllJ01'ln (2.1) 

mo fl6J1'Hirm;16V1"1'nfl1l611 mJ1mrl'Wni'lJ 

m
1 

fl6,j'1'Hirn'U6"1U~'Wtmll,y"l 'Hlhmrl'Wni'lJ 

" 
rll101'l'nAn611n6-:Jcti1~l"1n'W'~~ln'W 0.1 m.htl (%, m/m) 

......... 

2.2.2 m1n~U.T8mnJ1JVlI"~tln 

• <II 
2.3.2.1 m1lJ'n'WfltlUHA-:J (Tensile Strength, T.S.) 

~. <II I di 1 .I d "'I 1 " di.Mi <II
llJ'W mllHfl"l~-:Jqfl~tlli'W"I'H'W 1VTt'W'YI'H'l6mfl11lJ1fl'W~"Iqfl'YI 'IJ 'W O1lfl"l 

~ ~QI '='i .-:S d44 t ~ .. '2
'tI'W'YIfllltl'lH)'W'U1fl'YItlfll11'l1 'W01'lA-:Jfl"l'YI GJI'''IlJ'H'W1t11lJ'WllJn~Ttlllmll (MPa liltl N/mm) tI1"1Uflfl:: 

'In1fl,,~iithmllJ'YI'W~tlUl "I~"Illfltl~l"1 n'W tl1"1~n1lJ11t:lfltlrlftO'~'UflI~~\! O~~'Hltl '~i'11 m1lJlfl~ tlfl 

I Q 4f J di I1
(Strain Induced Crystallization) 1'tl'W tI1-:JTt111 Im::tll-:Jm'W lTtl'W"::lJmmllJ'YI'WfltlU'.l "Ifl-:Jll-:J011tJH 

'\I 

~'~1l1lJ 11 t:lflOrlft O'~ m'l19ilJnl1'lfilA~1-:J'l nlJ~~l~1111 m 'lfH 11.1 ff >1 rm1fltlflH~tllllJU9iUH~"I 
'U6"1tJH lflfJ...r1 'l.lthfl11lJ'n'W~6UH~~'U6>1t11"1~::6gi 'W'lf1-:J 7 ihfl'W/flll l"1ii'l~llJfl1 ~'W()~n1J'tIilfl 

Administrator
Oval

Administrator
Rectangle
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fI11:IJVl1Lri'U 4 L\il'11tl'lfl11:IJV11L~:lJIi''U fl1011V~~1 m '~'111~ (Elongation at Break, EB) flf)1::;<;)lI011 

4 Q.I .,: ~ I " Jd4' I .tl'!i <!'- ~ ~ ... I 4 
v~m m '~'111~'IItH')$'U'fl~ff611C)t~fIlfl11:IJLfl'U W '~'Uflfltlfll'fl'Ufl6UH~'1 t~tI'VI1 !lJ011V~ m '~,\I1~ 

, t SI .::S. f ~ J .01 Q 4 
'IItl'lVN6~1:::111H16t1ft::: 100 fI'I:lJlflfl1ll tlVft::: 1 ,000 'II'U6Qflll')$'U~'Iltl~ tI1~Uft:;~fl1011 Nff:IJLfl:IJ 

~i1'Ufl1f111:IJLfll tlfl ~tY:IJ ~'U.fin'U1 flvm 'I nllfhfI11 :lJV~ ~1'116 'I Vl~Littl '1il1ml1f111:IJLfll tI~ flmJm uh'U 

d 4 I ~JI .4 4 ~, ;d d J I GI 

'IItl '11::; V::'fl VN tI~ fI tl f111:IJ tll1f1'1f1'U'IItl~ tiN L:IJ tl tlNV~:lJl fl'll'U fIlfl11:IJ L fI'j tlfl'll tl 'I tll~ flil::::~~'II'\J L')$'U fl'U 

2.2.2.3 1:IJ~aff (Modulus, M) 

Til 1:IJ~aff11:IJlt1~'1f111:IJLfi'U ~Ii'tl~'~' 'UflnV~fJN'11"~fhflnV~~1f11:IJ~ 
tll'11 'Ufl11 L'li'U 111flUHiiTh!6Vft:::: 100 '116~011Vfl~1'11:::1i'6~'l~f111:IJLI{'Ulfhnll 5 ih~'Ulfl11H 

lJftaL:lJm Littl nlflfl 11:IJ~aff;}::::ff::::~tl'U 'hl'l't;'U ~~fI11:IJff1:1J11 fI i'U 01' Ii'l'U'fl1'U,jtl 011 LU~ tI'ULLUll~ 

lU~N'II6'1UH <;)~,f'U~~ijV:lJi~fh1 :IJ~aff'lltl~tlH i'U01,ti '1iff:lJ1j~fl11lJlL~~LLfli 'I (Stiffuess) Lm:::: 

'::::<;)lI01'L46:IJ lt1~ (Vulcanization Degree) 'IItl'ltlN l~tI..t11Urhftltlll:::: 1 00 1:IJ~aff'lltl'lV1~tld''U'li1~ 
Q GI Q Q e!i I Q 01 .Q Q J lQ,1 ~ A 

1 'U1f1'U/fl111~:lJlllll:IJm fN:IJ1flfl11 13 'U1f1'U/fll11'1:IJftllL:IJfI' 'II'U6Qflll')$'Uf1'11tl~VHLm::::~fl1Nff:IJLfI:IJ 

2.2.2.4 fI11:IJ1i'1'U'fll'U,jtlflU\'ifl'll1~'IItl~VHUfl'U (Tear Strength) 

Nafltlwctl'V1'1tl1'11Ln~011 iifl'lllfl (Tear Strength)' 'U1::::"dH fln '~~1'U 

6'U L ittl~:lJ1il1flfl11'11U1U~1 'IItl~ 16t1UfI mh',rNiifltlm ctl'ln~fl11\'i fl'lll~ 'II 'W m::::i'l hiff1:IJ11f1 '~'11 'U 

,jtl 1 U 1~6 fl fl11 ii fl'lll~ iiu 'U 11 iJ :IJ'II::::Ln~ 1~~' 'U lIlL1m ~ ii fl11 ff::;ff:IJ'IItl~ f111:IJL /I'U (Stress 

Concentration) 1 ~m~ Tn:::: IIIL 1W ~ii,tl V1I1fl111616 tI~l11ij,jH "l fl1fl·11:IJ'VI'U 'VI1'U,jtl fln ii fl'lll ~ 

flmlH ~:lJ1fl~tl~,jtl11d~'I1U1t1f111:IJ11'U l~li'tl'l i ~''Ufl11ii fl;f'U~1tl ~H61'lflLri'U 2 ff1'U ii11U1Vlri'U 

ij1~'U,jtllJlliiL:lJfl1 (N/mm) fI11:IJ1i'1'U'fl1'U,j6011iifl'll1~~'UtldtitJ1::::,jtJ'II1'l~fl1'L4tl:IJ lt1~ fJH~1~i'tJ 
O11fHlU~fJW11lJlJ~lL Lll:::: i ~'::::U::::L1ll1i'UO1HI'IluiJtltl'll::iifl11:IJ1i'1'U'fl1'U fi tl 011iifl'lll~~ 'I 1 ~U..t11 U 

F-lafltlm ctl'tl1'1~F-liifl'lllfltlH~iifl1f111:IJ1i'1'U'fll'U,j6flnii 0'll1~~1 1'li'U tlNc'ial f1'U ~1Lri'U Ii'tl'lLYi:IJfI11:IJ 

, ........, ~ " .,:. " 1 ..... J .1 ~ 

'U01mllfiF-lllflflWGJ1Ul'1;}10V1'1U11'1 L1:IJfI'U ~tlO11tl66flutJtJ~fl111i011'11'UllJ LlI'U . .,,, 

F-lafltlwctl'flll6~;}'Uff:IJU~'fl NLflii111tl'VI1~01fJm'Wnli'tl~ou 1 ~vii'li'Ufltl'U ~~ij 

2.3.1 m1t1AUH (Mastication) 

fl1'tJ~V1~Lri'U fl11tJ~ITt6 i ,rVl~~:IJlflVl~'W l::tl~Ht{j 'l 'UVHTi 11 :IJ'J1~ Lit6~'1110ii 

,]l11UO l:IJLftflllff ~~'1 ..h ,,r~:lJ111606'U~1lN 1~tlm1li1' ,rl:IJmflll\'ifl'lll~~n::::1~J111Uol:IJmflftLgo
.. <u 1:. 
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fI~ 4HJ~t)fl1 HnYlHYl'HflJj ri1'\..ItI1~~~Lfl'n:afJjfl1lm'U fJ1nlnn!flLlH flQft ~~hi~11~'\..IlIv m"1,f~ll 
"" 	 "I"'" ",!'II '''I''''i' r::t.f

'tnm)1~ l'Jj'iY1llflll (Softeners) 'IJ1~'Jj''\..I''NiY1JL1J'\..IflU'Jj'1V l'tl LlllflQf1tJN'U1"ll1'U'\..I 

4 1] .1" ,: 0 '"2.3.1.1 Ifl'JO~'U"NiYlll::'Um ,,(Open-Milled Mixer) U'l'::flt)'UmV'JflOfl~VI1mv 
>I 

L11 gmH'it) (Cast Iron) ~hl~ v'Ui~ V~'U '\..11'\..1 0''\..11 '\..I U'U1 '\..I V'U 'JOfl~~'J011-w'1 1l::Jj iYOll:h11i'mH'miv ~ 
>I '" 	 , 

'l'::11';h~'Jflfl~~ vi~ iYV~Jj Guide 11~t) Check ff1't1i'mH'Uu~1l1Won1rim'! IlfI::ii ff1fltyi'j ':i::'U'Ufl1111 

thw "i)vffnY i'm'j t) ~ 0''\..1 ~iJfil 'tI~~t) l~lO,,~'\..I UfI::':i ::'U'Ufi,,~~ 'l'::11 iN iYO tff111i'mHmiv ~':i::'tIiN 
~QI 	 ":d 0GtY. I ~ AQ 'lSI Q

'Jflflfl~01J Bearing Housing 'Ut)~'JflOfl~ C)f~~~'YI1 L'tI'Jj'V~':i~111N'JomHli1~vvmllOlfl~fl1'l' l'Jj'~l'Ulfl'\..l 

fhci~ 

2.3.2 	fI111J~tlH"H\'3Jtf11lflil (Mixing) 


1'Ufl1':i'U~VHVHNiYllJjfln1<NLfl~O~'U"NiYll 2 n:1J'U 1~t!fi 
. 	 .. 
'i' 	 "" 1] ""'" "'"" ~, ...2.3.2.1 	fl1':i'U"NiYll l~Vlfl'J~H'l'~'U'Ul ~ (Mill Mixing) Tlifl1'H':ill~'Umv liYVHfI~'Y1 

>I 	 >I >I 
, I Q (t,I I ,t I Q dQJ 	 Q.I 

'Jj'O~':i ::111H 2 'J Oflfl~ ~lfl'U'\..IVH H1'\..1111'Jj't)nN':i::'tI1H'Jflflfl~ ~::llflfllltu::n'\..l~flfl~'U '\..I m"':it)~l'U 

11l'Jooi~ ,d01J"~O , tim ~~:a'illrit)'\..Iiillfl~iY111 Utl~~::~1J1,fi'U':i o'U'Jflf1i~'~ ~~'l'::ma1f111'\..lfl1'l' 
.J ,.. " ,t .": .Q ~ ~.& Q.I 

'U "'U'\..I V~fl'U fl1111 fl1 H 'UV ~'Jj't) ~111n::'tI11 ~ 'Jfl 0 MUfI::t;!W 11{Ill 'UV ~\!fl flft ~ 'i'J1V IIIV m ~I fl1:::'W '\..I'W 'U 
., 	 ., . 

Q 44 Q I 	 ,4 I f I QI;e:i , 

\!flflM ~lfl'U~~I~lliY1'l'~H~ 'iH1J'\..IflV~VHL11'UV'Jj't)~111~'l'::'tI11~ 'l'v~'\..Im::'YI~m~~""~lmiYn~H~ 

" , tI .r. e!l "I,r d , .! " "I"'" ... "d '" 1'U1 	 tI'U~HiYll 'U'YI1tl ~ l'Ul'Ut)Vl~ C)f~'UW::11"NiYll'Jj'1~'\..I~~~V~ l'Jj'1J"~"VNO"fI~'UH'tI'\..I-3'\1N ,,,'Ut)~ 
~ " .. d .,: d ~ ~ ~ QI "d

\!flflfl~ 'J 011'\..11Ufl:::lf1t)'\..I1J"~111U '\..I1tJ11'Ut)~'Jflflfl~ 'UW:i'YI 'JflflM'tI ~'Ull 1 'UV1~'YIQfl~"L"v1'tl VN'YI 
'" 	 ., . 

~1'\..1 fl~t)Q'U '\..I \! Ofl~~ ui(1 ~~ 1fI~flV~ VH11'\..1'1ft)~'t;'~l:i'tl iH'J f10~ ~11lt) Ot)~VH'tI1J"1tI ~~ 1ri~1'\..1 VN 

0011 fl'\..lI;ll' tl11" ~"V1 ~~1tJin ~~Orl11 iYci11;11 ~~lV'U11 'Uv ~\! ooi~ 'J f111,r 1~'U iY1'l' ~1~~ , ~NiYll 
fl'lmflthrhil~1 '\..II ifotJ1~ \l~ 1<NJj"~"tJ1~llfl:i~"lrJ'\..IUN'Uvvmll mfl~V~~1'\..1tJl ~Nl'U'lfV~"';'~'l' ::'tIiH 

':... tI ~ 1 tI Q.I Gt J.I , J A , SIct.d ~J! c:,.tSf 	 t 

\!f10fl~60 'l':i1J1W 6 flH "t} 'l'1J l11'lfV~11H'\..Illfl11n·W~:i "'l'''tI1~'YINiYlliY1nflllUt'110tl1~'YI1tl'l 

2.3.2.2 fl1'l''U''NiYll l"Vlfl~fH'l'::1111i1" (Internal Machine Mixing) fl1'11"NiY1JVH 

... "'''1 4 !:'I ... 4 11 .... ..1 .( ,
011iYl'l'lflll l'\..l 1fl'J O~ 11 ~'~1111 lJ" 'II :i11~ tJl~ NiYll 01JiYl'l'V'U~ t) m'J'UiYl nnOC)ffl In6mfl~iYn I H 

..... '" tI ...., 'I 4 !:'I "e!l 0 ....

tI{lO'Hl1 tJHfl~1 fl1, 11"tJl~ NiY1J 011iY1l ~H~ l'\..lLfl'JV ~l :i1111 lJ~~:i1 '\..I 'Utl ~':i :iV:::L1f11fl1'l'11" fl1" 11fl1':i 

Q 	 Q :QI td tI '1' "Q.I A 
L~ 11 iYU ~ fI tJ"~ '\..I t;!W 111.111 '\IW::'U ~iYl'nnfl'\..ll11 '\..ILL fI::: 1L10C)f~:::QOliY11"f-l iY1J'W ':i tJ 1J01JiY no 'U ~ ~'U 

., 	 . 
t;!w'tIlJiNr'Utlfl'trlV'U6~fl1'j11"I{''l:~'tI~v';hlo'U'tI~dh1,flo"l1ty111~N~ ,'If'\..I 10" Carbongel, Blister, 

'" ... , I ~ oS 'I ,r '" .d 4 d
Blooming lIf1ZIO" fI1'jm:::~lV'Ut)~iYl'jlflll 1I'Y11tl~ L'\..II'U ~tlN'QW111J1J'UfNVH'YI11"tlNllIOHiYlJliYl~ 

1Ii(1~:::Jj'QW 'tI{lihh:::1JlW 110 -120 t)~fY11C)ffllc;tJiY 
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2.3.3 	fl1'1~\41tJFJH (Forming) 

iY. ' .. 0' ,I . I !!it..... .d • i" ..!!it • I I

2.3.3.1 m~ '11IUJTUJ'W (Molding) '\IlJ11JfJl~llJlJ11imnl'VI1 'HfJ1~lOrtllJlJ11J~H'\Itl~ 

Na~iiwcr1'WftllJftU m~InrttJ~iWfJlfJHfH1tJ 1rtfJfl1UJftllJllfI::l1~ ~ tlrtu,j,;:IJ.w~'4fllUltl 1'!\'Inrt1tJ-i 1~ 
.. ... 0'..12 ,... 0'... <!I OJ • ..6 ...I 

'\IfHNfI~f1Wert'VIPltl~m~ 111J'W1J'W1JIIUU~H'1 fltlllUUtlrt (CompressIOn) 1!Uun~~rt (Transfer) UfI:: 

IIUU\1rt (Injection) 

2.3.3.2 m~tlrtfJHHllJrtlfJ (Die) IrJlJlfljtl~!Jtl~.yh~l\41rtfJm~ tlrt~tl1flfJLlHtlrtllln 
<!I ... :.... ,_'''''... A..6 ...

U~1J (Ram) 'H~tlIlHtlrttJl~1I1nm~'H~lJ'\Itl~fI'n1 (Extruder) 1I1nlJlJAlJfJH 1JfJ~fI'1lJ'H1'\1tl~Imtl~CJ~1J 

A 1fJ1tJ -i l~fiH'1 	 fll1J-nnl:lW ::'\IfH Nafliiwcr1 fJH lI::mm;nnrt lfJlrJlJ~lJ fJl111f1::~1tJ-nnl:lW::fll1JA lfJ 

l Y. Ado'!!it A ..1.1 P .: 0 ,

2.3.3.3 m~ '111m tl~fI1lf1lJ IAtl~ I lJlJ 1m tl~'VI1J~ ::fltlUtl1tJ'l1A'\Itl~~nnfl ~1I1lJ1lJfll~ '1 

.4 	 .: ~ 0 r "QI Q A lY.l .d ~ ,..d Q 	 4
fltl 2,3 IIfI:: 4 ~nnfl~ CJ':''VI11J1111m'Hfln'HfltlN1'HlJl'\1AI~fJU l'Wtl 'D lJmnrtfJ1~1lJlJUNlmtJU1Jml1J 

'HlJ lUfI::ml1J n"'H fI'~llf1'1Jtl ~ lUfJHU1~UlJ~1'H~tlILHlJ ifJfl1A (Coating) UfI::l AtlAfJHlrJlJ~ft'1J1J1':' 
OJ 	 OJ 

tlAfI~ 'lJlUtlffl1rtfJtl1fltJIIHIfftJA'VIllJ (Friction) ~::'H'h.:,~nna~ 

2.3.3.4 m~~lUfI'l~fI::flltJfJ1':'UlJ~1'H~tl1f1'~ltflJ'fJ IrJlJm~~11J'H~tl!flgtllJfJHUlJ 
Y. 1 1'" ~.." l'~.d ... '1J Awl AfJ 'H m':'IINlJm::1I1t1'V11N1'HlJ1 (Spreading) AfJult1H'VINfI'1JfI'll1f11Jrt1mm tl':' UANfI'1JfJl~1IUU 2 

~nfli~ ~AlrJlJ;flJlgn'1 Il'ifi lJfl11'hfl::flltJ 1I1mrlJl'h'~fl'1~ fI::fllfJtJHnfl111J 1~1J~lJ1JlnlllJtld'lJ 
P }f '" :..1..., P 0 .1 0' Y. .1 P, ... .dI

fl'tlllJ::ml1t1lJ1AUlJ.:,nUlJl'V1"fJfl11 "Dough" 11-n1lJlfJ1JmWm~~lUtJH'UUW11J~::ntlU"'1fJ U1JAtJA 

... ,......1 ..., ..I • ~ y. ..I. i 2 1'" l' P 
fl~ltlgflU'VI" lJfl11 Doctor InfllJtJl':'UfI::~11Jtl til':' fl'1Jllf1'JJtl wl'V1 NllJ PI U1Jrt\lfl~ lUtl1tJtJH 1I-n111:: 

IflgtllJ'tJHllJfl111JftllJ (Heated Chest) I~tli~';11'11f1::flltJtJl~~::l'Htltltlml1nff11"tJm~JJ11~1I::I~U 
fl11;'fI::fllfJn-nUJJli4ff)nIl1t1m~1'!\',hlJft1J~lJ,r (Activated Carbon) IrJlJ~htlAcjU 1Ii(1~':'Ul'tJfI'ftA 

UtJn';Tt'hfl::fllt1f11t1'H-n~ 

2.3.4 fl1'1Yil,,vFJ1~fI-31tl (Vulcauization) 

mn'h''!\'t1HfHltJ 1I1fJmn'hi~fJ1'nnrttJ~n;t111~tl1J lfJ-3~ ::wh~ l1JlflQflufI::lrJu 

Nfl1'11''!\'IYi1Jml1J'H~lJ';1Ilfl::flrtml1J'fftJltJ'VIl':''\Itl':'fJ1':'LrltltJrltltltJl':' i '!\'L~UVfl'~::;l1nu~ .:,~n~::1'11'~ 
~ .1- ..1.2 ," .1'" _..6 <!I ,~' : ,I ,OJ.... .. .... 0'1nlJl1J 111m~'VITI1 'HfJ1~fI~11J1J'Hfllt1111C)f~mllfltln 'D11ifll~'1lJU'\llJ(lUflUflnl:ltll::'\I(l':'NflflflWert 

2.3.4.11i1'11'~fJ1UI~ltJ1Atllflflj(l-3tl" (Vulcanization in press) ifftumn'h 


... ... 0' ... ..1,1 .11' .... 0' .... <!I ..6 ... 

NflflflWertfJl~'l1lJ"'VI'\IUlm11mLJJ'W1J'WIIUU(l"'H~(lIlUUn-3~" 

2.3.4.2 11,h'~m~fI~ltJlI1J1J1;]" (Open cure) 'fdl'Hi'1J1'11Nafliiwcti'fJ1~'l1il,,~ 

'1iIi'(l~m~ml1JlIlilJ(llJ'\ItHltJ;l':' l"fJu1i';1J.wm~'fti1'h "L;]"" l~(l4'~d:;lJ11ml1Jf(llJ~'h''!\'t1H 
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., . . 

f1\1lllir u 11 ~U116Uflrh\l1tI~fl16'U~11;6fl1'JfU~6tJ 1iim, i1;)~tl~,,,,6Hnih1 lifl \I I ,jiil,Hl \I~111 
AI : J 'Q,I ".Q. ., 1 '" ~ .4 ... 1 I ,QI A QI .cI
'116\1m'UU4UU6~nmln'l:lW~l1n)'JfU~4U6\1Fn'~flWlfl l'JfU 'JfUnutJ~~lJIUf.llJff6~f.l~llJn\l4U6\1 'VItJ6H 

lrJUI.U 

2.3.4.3 1ii,h1",fJ1\1 mIlil ~f.l' :!tJmimit6\1 (Continuous Vulcanization) ~\l61fff.l 
fI11lJ~6U;)lm:!tJtJfI11lJflU16q; \I fI11lJ~6U;)ln11i~1 f111lJ~tJU~l1m:!tJtJ1lJ1m111i (Microwave) 

Ui:l:::;)lm~tJtJtu 1iin,,;fntlJl~~;)~1~tJm~n~ilwct16H~iifl11lJtJl1~61'dtJ\llJln'1 I';U vitJtJH ffltJ 

Ifllfii:llrJUIi'U 

2.3.5 fl11f)nIlA:fF~Of)tlWCfl"'U~'UqA,ylti (Decoratioo) 
I J ........ ..§ "'_ '" _ :: J .... 


m'~ml~\l4UUNi:I~flWlfI tIJS\llJ11im'l1i:116UtJtJUi:l~m'Ii:lf)m1im'UU4UU6~ntJ 

'" ~n'l:lW:!4U6\1~UNn~ilwct1 ('lJ~lJffl1mWf,}~ffll1nnlJtJl\1'V11nfl1f1'1. ~ln~, 14 n.B. 2555) '~url 

2.3 .5.1 m'fh~~tn\lrl1Ulfi'U 'h1~1~6m''~m'1nn,;tJii~fl~tJHrl1ulfiu66n1~ 

1ff~fb'H 61tJ";lm,.;r~Qn'H;61~f,}W'H{)ii~1 ";1''''6Hrl1UlfiulL~\lfl1Uft'11~m\lm~";1'''''';066n .. 
2.3.5.2 m'UlJl;)l:!fl~61\1rl1Ulfiu 

'" ...2.3.5.3 m,nW'N1tJl\1 

2.3.5.4 mntU'VIntJ 

2.3.5.5 m''VI1SUi:I:!lf1a6tJI\ll 

2.3.5.6 m,lIftJfffl1'V1r:h~16ffl"f1ii 
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" as " 	 •2.4.1 	 1JIU666U (Softwoods) 

' 

. 	 " 
IIlftn 2.2 tlfl'l:lfll:t 1m 	,Hf!',.:J i~l'wm)tl'\J (m-:l;fl,.r 1'1$'l:I! ff -:111, 2550) 

t~'\Ji~~il{'\llfl~'\Ji~'Vnmf'\J tlfl'l:lfll::11J1Stl1Igfl (Needle Leaves) NCt~1t1tlfl'l:lfll:ttil'\J 
.1 " i" ,: . .I."... "" c1 1 ... "" llJVI H m 1 tl (Cone) 	 flU 11ft 1 fl'\J ff1'\J m fl'\l'\J tl~ 1'\J V11\I -:11161 fl1f1'W'\J 'U 1.1 'J :tIVlfl'V11161n1f1'l1 '\J 11 

.., 1 'i! i",J I ~ d; I ",,,,1 d
(Temperate Regions) 	 Ctfl'l:lfllt flHff:il-:1'\ltl-:l 1Il'\J666'\Jl1J'\JII1J1JTi'J'J 1I'fil"lt-:lllfl flfll-:l'\llfl 11I1'U611'\l-:l 

flth-:li~l '\l'\J ~fl11lJl11111::;ff1l 1'\J fln i ~-:ll'\J ri6ff~Hill41 tl~'f) fln i fffl1JH~-:I~J'll1 irfllmUCt tll~-:I 
'Vw~'\ltl.gd111i'1J-:l1'\Jri'f)ff!'H lf1tllhitl 1,$'\J i~f)UVlijl:\ i~tl1-:11lf1-:1 'l,rmtOufllHfl '~'Wttl611 

i "0 '" i" i " "'.1'" i" i " i " ~"11 VI 111-:1 1IfI::\!'\J'\l11 lI~mCtlJflff 1Ifltmfl 11 fl'J::I'\l 1 1Ifl11f1llJ'\JfI'\J 
'II 

" as ..2.4.2 1J'Uf)Il'lJ~ (Hardwoods) 

' 
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1'l.'h..l 111~111111~10~\.1111~jjl'IJ0~1'1 (Broad Leaved Trees) ~'I!iI'W 111~1'W1'Wlll0~ijtl~1'W 
1 \I1S1 11) 	 JJ ltJ"A d d Q.I" I llJ"A • QQJQ.Iih Lll'UtI'Itl1:;I'YIf'lL'YllJ "O'MW:; 1 tlH!;1'11'1'UtI'I LlJI'Wtlll'U'Illtl11119f'IJCJft)'Wn11 LlJI'WtltltI'W 1I":;ll"O'MW:; 

lI~ofi1'11:;"'111'1 111n1t111~'1111 tln'WItI'Ill 1 0~'11'Wlll'WfI111111~'1111 'I 'Uti '10111UJnnl0IIfl:;fI1111II~'1'UtI'I 
.: 111 Y , lIJ Y ." lIJ Y lIJ Y lIJ Y '" ;: lIJ Y lIJ Y ... "" III y... lIJ Y III Y '" 

l'WtI LlJ I'M'W 11l11t10 Ill'lHlll'WtI Illl!;1'''l Ill!;1'0'UfI11lJ Lllll::'Ul11 Llllfltl'lll'W IllH Il101::'lJO IlllJll'H'W 

lilY ''l' lIJ" 4 4 lIJYtI IlIJ"d III" • lIJ,," lIJ" Y "1'111"
Illll:;t11 Ill'l Illll:;IO"tll"tI~ III 1::~ Illl~'1 Ill~:;\l'W~l Illfl:;mtl'VI'Wl11 Illfl::mtl I'U IlllI~'1 

1110'Wln11 LiI'W~'W 

.. I d 1 "'lIJ"51 "''' "''' fl11H'YI 2.2 t11f111111l'U'ILlH 'W011~~ IlllI'VI'l ('lJN10'M 1'M'M!!;1''1'H, 2550) 

fI1nm;j~u1~hm11AA 
... 

fI111l 'YI 'W'YI1'WflUJIi11"''lf111l 

(flfl.1 .",2) (iJ) 
i ,,,.; '" 

"'1'W6U'U~ 
., ,,, ... "'tl 

1I1l&6U'll~ l'Wmn~ 

.. f,V4i' " ,J.U'UBBB'W fllfl11 

f 

"l'ln11 1,000 

600-1,000 

600 

I 

!;1''1n116... 

2-6 
, 

9110112 

2.4.3 	'1fifl111NUh'UA1t1lI1l1811111l::: 

'" ~ I tI d ... " 4 '" tI .,1.'1
'fllt1111f1:;ru'W'~ llNl (11 'W 1:;Ul'YI'H 'W'I llfl 'W II'IJ'IJll 1~ lfl!lltHtl111~:: '.i::I'YIffqJI,j 'W 

l~lifmm '1!;1'!1'1f1111 !;1'!1'11~w1~~'Wmiltl1~'VI11111'I.JntJ'Ia'W !;1'111 l1f1N~flrll'WfJWfI1'W~ 'I 1~~,tlJll 
",,::ij4'JtI 1 "',t1'; lJ'IJ 1'I.J'~tJ~'UtI'I01'.ifl1'IJfJ lltJ1 mff"fl::f11'IJ fJll 01:: 'IJ 1'I.J01'.i~ 1111'lf111OflllJ1i1'W rll'W1I1V 

"mZ1J1'W01'.it111'IJtI'W1'I.Jl9fi'W" (Carbonization) 1"'~011'~1IFnrll'I.JtI'.i:a.fl'YI6'W O11MlJ'WB~1'W1::"''IJ 
• 1 I !IV 	 II 
o 4. Q QI A iCi\ri Si 4 Q.I' .::I ltJ.I' 	 t 4 o.!l! Q.I "I" 
fllllltll'YllJ'lJO'IJNflNfl~'YI I~ 'WtJO~10'WlJ'IllN"'W"tllJ 1~1~1001::'lJ1'I.J01'.iINlf11'W flO "'Wlnllfl1'W Lll" 

4 ..I. 1"tl 'l' "1 AlIJ 'Jl'H10 Wood Vinegar 'YI!;1'11ll1f1'Wl111 'M 1:: LlJW 'Wln1:lm011111i1111'lflf1 I~ 

" tiO'MW::IPi'W 'UtJ'Ilmfl11LfI:: flO!;1'11111f1LNlrll'W 1 ~t1'illlW II 1m L"::'~'I.J;jItl'l,rOV til'W 

1 "..I 1 J! ., ... ... 4 <V 1'" y. • tI "" ll'Yl ~1'H" '1~10 011 lNnZll" O'Mw::mll O'I.J O'IJ 1l00'Wl,,11f111Nl (11'W ~ ::t1'11 l~llL 'W11Z011lN11I'IJ'IJ 

'fllfl11l~Z~::1liii11'If'; tJ'W 111ufI 0 l1'm I"::rll'I.J~OO Olll~::1 ~t1'illlW11100110111Nlll'IJ'IJlfll-tr1 ',t1 1 'If 

fhfl1111!tI'W "l '1ij !;1'11tiO ll::L ~ ~~ 1 liionlO~l'I.JO1::'IJ 1'Wfl11111rll'W 1'If'IJ '1q'YIi 1 ~lJm1 1rlJliJ'W'YI11 

(Tar) tJOO~10rll'I.J1~ f111JfJllm::'lJ1'WOU INl 'm~1"'~ijU'I.J1'Wn'I.Jfl11:IJ!0'W mJH'H'Wl-rlO'lO'Wfl11 

31!S J! d : ~ ... , ..... ,J!t1"" • tI .s " ~f.Yln tlfl1111l O'W !;1'11ll1f1Ln1J'W lnllfl1'I.J ll'YIllfJWfI1l'HI":; tl 1111Wlll0n111f11 1::Ul'YIO'W'l ""::(11 
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. '" 
~'lJ &'H ilV1 NtYlIU mnJlh~~VlIH'ii{I L~11,",u'"'{ltYih1fiil'lJU~1~,nhm ~INUh'lJ~ il'1.1 

,~.. i~":!'!1 .1'" AI " .1 , ...
m"NUI1'lJ'J1V1~1il11L~= tI~ 'Jf LlIn'lJlJ ~1I1W1I1fll1~ il'lJil V'U'lJilC!fl1J'U'lJ lf1fl1111~'Uil{l'~1 

~ '" .,; - ... ... A i ~~ , ";"'. I .!9 ... ...,; ..: ..., t 
Ufl~~il{lillflVfl1~1J1'lJm"N1Y1'WD'WD'lJ ''Wil 11 I~Dl'lJYllIlJ~:::-(1 Yl1im'W~(l1'lJYI'lJ tI~Vfl~1ilVN'U'lJ~il'lJ 

'" .I '" 
m"Nlal'lJ'U'lJlf1 to fhflfllll~~ lf1v1~~W111Jijfi{lufi 0-400 il{lflWIHUcrVtY t]f{lij 4 .u'lJ~il'lJ tiilm~"ri 

.I " ":!'!I 1 " ~, i.'.I! ' ... 4 .. .....:.I"; .lI .lI "dfl1111'Jf'lJililfltl1flllln'lJ m~llJfltI'lJtllfl lI&1J'lJDl'lJ m~'11 l1Dl'lJ1JnlY11iUfI:::m~"l I11W'lJfI{I'lJ 

(I) m~1rifl11114uililmnfl'~n'lJlf1t1m~riil,;fill'WannYl1~1 
(2) I ffil1 ~fll111~O'lJlf111.1li 11.1ijn;til n1Jt1il'lJn'lJi ,",~f1fl1111~il 'lJUfI ::::fl1tlfl1111;f'lJililfl111 

"":!'!I'" .I d ~ iY. .I... i " ' ,l .1 ~ .,:, .d 0111fl 11ln'lJ lIfl1111'Jf'lJ 1I1flfl~O{l "IJ11f11Ufltl'l1ili 'WfI{I 'lJ m~ Iflfll111'Jf'lJ 1I1fl'U'lJ~1t1 fH'lJ 'lJnil'lJYltI~'lJl 

n'lJlfl1mlNlfl1~~{lUflfl1.l~t1l1W 3-4 tf1.lfll11 

.1..1 1"~' ..:"" 1" ...... '" .1''''(3) m"lJ fltI'lJ tllfl lI&1J'lJDl'lJ ~ttlt'lJ 11ltlt'l fl 1111Ufltllfl1'lJ ff'UllilOn1l1t11fllJflO{lfl1'lJ 

..I i''':'' '4 ""'i "·'iY.· I 1 ~ ., ,..I i d0'II0{l&'Hfl1Y100fl1l1 'lJ"JI'1{1'lJ 11l1lfJWtYlI1J~ 'lJm~'lJ11lJ "IJlJ~:::: tI"JI''lJ1I1fl'lJfl "JI'l{1Y1111111ttYlI 'lJm'Hfl1J 
'" ,. 

,hd'lIfl1'lJ'~tio,b{lnfl1'lJ11.Iau'lJlrJ'lJ «&'HaO{l 



23 

(4) 011Vi-1,,ronJ'U;t'flli'lJm~'U1lJO1'HNl 1l11r1lJOllJ 1 AlJlh,tJ;)~~~~f.lOl11lJij 
" fI 'jI • 

400 6~ffW:lfftl~11ff U~0111rlihUlJlllf (Tar) 11~6Vil,,rfi1lJ'U;t'flliirlJ~6~'ff.lOl11lJijVi"l~fl'"h 
... A :..." d ... ",.A I.... • lfI " 

1,000 6~ffWlfftlCJftJ1'I' 1'V161'1'ftltJlJU.llJ1l11 (Tar) lltJ~tN111ft66glJnI1OllIlfl66fl;)lfl"l'W IlIUft~011 

.!lI ., J ~ 4 'I.JI A 4 '-. tllId ~.d ~ Ct..I 4.!f ~Q Q 

n~1fl"11tlllJ'U1t'f'Yl filJlJ'VI;) nOll l'fl;)lfl'VI'W N1'U111OlUfl'W 11I1I16tJU" flUft~JJlJ11111161'1'1I Nl'I';)~lIr:/'W a 

o .Q • d" ,: d : ~ fI ~ d .14 <V • !It ' d 
Al"AlIl1'V1tJ~1ftfllJ6tJ1ll1lJlJ CJf~lJll1lJ'Yll1 (Tar) l1JlJ 1'I'11'Yllll~011 U'VilltJtJ'WlJlJ1111JlJ1'1'11 fl611:::1nUft::: 

fillJ~'U;t'flli6~jjtJOl 1'I'1I,j~,,r'VIa~~llJfl1111~6lJ"l~flil0l'W,t1'1 1 tJ 

62 'p.. .... ... d ",_t' d
(5) 011111 111tJ'W1::tJ::11ftlfll11N1tll'W'f11tJ1"16111"::"'lJ1A 10 fl1'Ufllll"1 ;)~11'I'1;)1'I'1I1,J1fl.1 

'lJ,b~l1ftltJ1~1I1fl.l 10 1lJ ,111tJ'f~1'W1111rl6fil'W1Nl111l11'1'1I1,J1WUa1,,rn AtJrl6~fl1'W;)lmflJtJrl6tJ 
,,r~fl.I11lJijftA~lflil 50 6~ffl1CJfftl~tJ1'I' 1i46ftA16011'1'~OllJ ;):::~AhH)flflf~1'V1'l1:arl6111i''U66fl~1;)'W 

" 11 '" d p " ,_t" d ~ " A 
,., lflmfllfffl1tJ'W 6fl"6 ~1 ::'UltJfl1111l6lJUft::fllCJfllfl~'I'IN6g lJ1"166fl 11 11 JJ 11 fl6'Wll ,.,:a lJ A 11'W1'"1L'VI6 

Ul0l'W1tJ'ftJ1:::1tJ~U~61tJ 

• p ..!'It d"' AI ~.. ... <!iI lfIP ,d... ,
011LNltlllJ'f11tJ1"16111"::11JlJm::'U1lJ011LN111lllJ'I::" 'YlfifllWA ,.,~ l'fltlllJlllltJfl.Ifll'VI lJ 

O11LNl1 11iJUft::' ,rfl1111~{)lJ"l.:aflil1fllLNltJ 1 ::111't1 ~'W '1 eb~11 lIltJa.:a 011'ftillJ'lJfll11t ~ ;tll'l!{)tJUft~'f 
.1 1 ~P d d .:ill ... J. ~ '.1 "l", A , ... 5 ...... 
lJ1:: tJ~lJ 1'fllflll't1 O11".:a1flfl~ftfl1:lOl::l'U6~¥llJ.,,{)~tll'WlJ1::L1IlllJflmllmfl1::tll'W"'::lILatJ~A~flnllJ 

P ... J..... A... d 5 0 '" A ,Po .: d... ... I 

f!{11tJL1'I'fHlfll::m ::l'U{)~AlJLNl L1I611 fl~"'::L'HlJaAll1'W 111Uft::LlI{) '111.1 1\!'t1'Ul L 10l'I 6 tJ11 fl"'6~ tlllJ,.,:: 

lfI''''5o ... d':..j d ... , "'50"" d II A ..... AI'" lfIy-A
11I1In Al"A't1lJ 1 a1lJ llN1tlllJtl1,.,,.,::lIa Al"A'UHLft fllJ{)tJ 1lJ{)~"'1 fltJOl 1'I'1I'U fl." 6.:a1lJ ft{)fl LJJL1I6 

Ul'tJ'fd11J '~''VI~~;)::'A~A'-w'IltJ1flU~lrl{)~Aua1"'::,,rfl1111~{)lJ~1l~1I1fl 1I6Aft'Ufl fillJ1liuflfl 

.1 ... " lJ::'llLft::fl1lJlJ{)UlIlfl 
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01 ~'OI ~ 

'f'{m.YQ/1 ff'HH1 m'~W!fJ1 ~'W'f'{1l1W, 2551) fltl 

(l) ij l'Wl'WLrl'W~1'W1'WJJ1n 
... q 

,q" d til
(2) lJ fI11lJtl'WUHW1 (Fixed Carbon) ~~lJ1nn11ltltll.1~ 85 

, 
"" • ° (3) lJff1l l:nUJ-31t1f11 

(4) iju ';1i1fJ:tJ1mll.1:::;fhfl11lJ~1'W'YI1'W (Resistance) 'lhn'W 100 1~),}llJ 
" , 

~n! 'W 01'W' ~fi Nil f1' ~;-3 ff1 lJ 1 Hl1l1 h11 ~lh:::; 1 tI'If'tf, ~ IHl1 n'l1 l.11 tI , ~II n ,~, 'W 

" " "r,/91ff I'll 01 1 lJ 1'tf'W ,~, 'Wl:lJ lJ01tl-31l11hufl1l1Ifftl'lltl-31H~1'W"r,/91ff1'11 n11 mh-3"1 '~Irl'W1f1Q~lJ''W 

O1l Nil91t111l'W01tl~1J'I1~ '~Nil91~'W ri1'W'lIMlIlJ91l91tl~Ul.1:::;01'W , ...hntl ,~, 'W O111n'llfll !'tf'W '~lrl'Wffll 
.1Q;t1 .... ' ' '., 0.t1 ... ,,,...... -'1"" .1,,,'1 .1"""111lJ 1-3f1'W 'If'lf1t1 'W011'Y11!(tI'I1lJn 'lf1n'll1Ni:lNi:l91l1H01llO'lI911 IJ 'I1fffl'Wl'W'lI'W 'If L'W01111~ffm 

!'tf'W i~HHif'WfltJn11~ff911 i~NfflJ''WtJ1'1111ff911 '~''Wfli'1!ltJ'W L'tf'W '~111:::;ntJlJtJ1'1111rl~ th~ '~~f1 
, " , 

nil'Wum::fI11lJ;1'WL'Wlhu i'W'lftJ~11i'lJ m01ff i'W1f:W'W') ;~ '~ijU'W1flfl i'W0111l1rl1'W:tJ1i~~f1nil'W'\nn 

01:lJ1'W011NilflNil91t11~IIN'W 
, ~ 4 ,

2.4.4 01':J1N1tlmUlJlJlfl1f1'Wl't'l'WtllfU) 

nU'W1f1'WI'\1'Wtl1 Uni:llJ Ui:l:::;'W1lJ1NffJJUt11t11ff1'WNfflJ 'I1I'lI1n'W lJJtl Ll'lff1'WNfflJl1WtlL'I1lJ1:fltJ LlJ 

",
d1'11i'lJ1f1tl~lJfiH''W01'jff!HI911 fltJ 111 ~'Wl'l1iitl1 Ufli:llJ 

,
Ui:l:'~'N l1JJ~'W~1t1 

Oc&.cI : ~~, ,""01 A \Ii"" .J Alii' 

1'\1 i:l1!1i:l:::;U ~-3 \l'W!n'W'11 llti'11l1JJ1U'Wlrl'W ~'WlJ ~tJml i:l:911mlflfl'..1'u'If-31 ~ tlL911 tllJ'.hl911~tJ , 11 \l1m!'W 

1l1~'WlJ~tl fllJ1ntJl911!rl'Wl11l1H1:CJ!-3~1ijfl11lJ~ -3 2 llJ91l 191 til~'W'tftJ~lfimh111m911H~1'W'I1.u1ij 

fl11lJn~1~ 70-80 1C)f'W~llJ911 ~-3 120 lC)f'W~llJ9111m:::;11citl-3f11'W\l:tld'Yl1~~1'W'I1n~'lItl~lfll1f1t11l1'~N 

:tJ1yh 1 fI1~!fitl LffllJfllllJlI~~m -3'l1tl~!f11U~1ll11J~1t1~'W1 'I1ii tl1NfflJllnl.1lJ~1911 tllJ'~N,r~1911ijfl11lJ 

l1'Wl 1 0-15 lC)f'W~lJJfll lrltlll11JN,r-31f11ilt1lJ!tltll!~1~tl-3ltl '..1'~'Wu'lf-3ffiJl1 ntl'WIlt\'1fltJtl1l1 '~Tl'W:tJ1 
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. 
.fl1'Vtn 2.6 i!nflW::;'II'f)'1I~l~hJllfihJ1ri'f) (i'~9ifl1fl 1J'f)'11'V4'l11,2552) 

• II" 

11lN i~l;;ll~l'i;'f'f)'1~l'lJ'H-u'llm 'rii~1'11'lihn::aij U1J lVlu~'W 111 mj U'I i~n'f)'W ''HqJl~'W'i1'W''l 
" Q,I Q,I • i'" , c;l 4 : d ,., q V t d J , 'i"~11JU'W1'W'f)W}j''f)'W'YI1Jn'W fl'1'Wlfffl'lhnu 1J'VI'f)'Wmf1l1U'III'W1~'1 ItU\lllfl1 !'lHlH'WllfflnilVl'l1'f)'1lili'l fl' 1J 

1i'lu1j~'W~ni''1Hfl'1JJ1ili'lYl1Jflni'Wr1i1'1\llmr'W ~i'l ivhH1a1'W1V1U'l~lfffli~! r1'W 1:I'f) i rI'YI1'1,ftH 'riirl 'l~ 
I1fl1''Wfl11~1Jirl 5-6 1'W lri'f) im'WI~19ii'l irllUhn1 fl11ili'l,ffH 1riirlUfl::;ili'l'l.Jrl'f)'1d'l irl,f1'1111 n 1'W 

, ., I If " 

fl111Fna l'Wn'l.Jrl tJ'Ifl1'W't)t1j n~1Jfl1'W if'll11'H'W1'f)'f) n1J1'V4!'f)1Jf;1J iml 111 1tm U"lfl1U'f) i~9i'f)\llnir'W 

'" i !'ft '" '" ~ '" • "''' ~!'ft ., ,l i'" d'fI1'W rI":t:nfl1U1lJ'Wfl'1'YI11Jnfl'W~'WIlfl'1J"lq!f1I1Um1 "fl1'W1J1" CJ$'1llJ'Wfl'1JlI'YIm~H"l 'W1'W'f) 1J'l11'1'W 

~'l11fl'l.J rl'f) '1f11'W 1j UHI'H UU1 if4hI fl1:t:'f) d'H i!'1" 1 m!'W fl1'W a, 'VI 1\l tfl'f) U"l I'l.J~ U'W 1~ 'W iHh'H~ 'f) ifJ11~ 'W 

,~ ..s • 1 J! ~ .. l' i" .:..... "'. ,d !'ft ~1 I'f)'f)'W CJ$'1'H 1J1fJfHfl11If.11fl1'W n(l\l::1fl'1"fl'1J\l1WIIl;11 'H1'f),,'W m:t:'Y1 '1f11'W '111i'l'H1 'ilIlJfl tI'WllJ'WCI fl''HH 

AA I • ..... , ~ '" I i "i " !'ft. l' i"· !:'t I • '" 1 1""" "lnlJfl'f)'1f11'WlJ1t1J1W'H'W'Ifl1Jllffi'l'l11 1J i'lnfl1U1lJ'Wf."Il'W'H1Ji'l1l{;11 mllfl11lJVllJfl'f)'1fl1'W i'lV 'l1i'l'W 

~ni''1f.1ff1JJ1 ~'1I19ifl::'l1rl'f)'1tJ1"'~nfl111~n9i1'1n'W l!9ii'l'H1Ji'l,,::;i~l1fl1'l.Jn1J1W 10 1'W ir1J"ln1'W1~1J 
~i'l i rllf.l1a1'W'Hi!'1"lnil i'l'l1rl'f) '1f11'Wi'l'H 1Ji'l1l1l1i'l1''l1rl'f)vi'lH 1 fl'W u1l1'~~'W Ilf i1V1f.1ff1JJ" '11'1 ~'W 
lflfl'W"lm!'W1~N'1'1!1J~1J'1'11'i11~1'H~'f)ljfJn11fl11tJ11JJ1'~1'1'11''f)11JJ1Im~n1'W1~'Wl1fl1 3-4 1'W I~'f) 
fli'lfl111J!'f)'W fllfJ'1 'W Im'H i!'I \l1 m!'W lili'l,f'f)'1 '1 rii~If.l1a1'W"'1'W'H,r11~1"lm!'W 1l1a1'W 'f)'f) n1J l'rim:t:fftJ1J 

I~'f) 1~'l11::; lU'l1l1'9i'f)11.J (i'~9imfl 1J'f)'11'V4'l11,2552) 
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..t 	 ... 'IIJ "d i J! tJ "" "" ,Ill....tl 2.7 flflllW~f.lTW llJ'VI ~illflO1·HNlfl1mmflt.!!'H\W1flU 

, v 	 v J .. •
2.4.5 	t:l1t.!fltJtJt.!f'I (Activated Carbon, Activated Charcoal) 

LrI t.!iff fl.~ tI 1 ~nutJ~1Vfll{tJUt.! il 1ntllt.!~LN1~1Vfl1111!Ut.! ff'l '1t.! ff1ll1~ til lffil 1 n 
~ 

uuncil ilt.! !~tl!rlt.! 011 ih~fl ffl1t11 ~numh'l'l ~V'l'HfI'I!'Hauu di11'ihWtJ'IfIl{tJut.!Ul ty'VIimiHLAV1 

:'1 ~ A 4 ~ i" oJ & QI ..., Q.I </.t:4 J d ~ 
Ufl ~ L1J t.! nUL 'W lJ 'W t.! 'VI N1 'H:IJ1 n'VI tyfl 'Ht.! 'I m lJ 'UU'l f.l1 'W nllllt.! "11 V~ 'W 'VI N1t1 1 ~ 1I1W 400-1,200 

"l'l"H IlJ m tllt.! tillljt.l'~l'l ~t.!iff ~~ijfl11lJffllJ1Hl it.! 01 1 ~ flitJ ~ 'I L'W n:::; ij ~ 'W 1t.! 'Ut.!lfl 18-10,000 

U'l ff16'1 ffmUlJ ,rI t.! ~1t.!1t.! lJlflU fI:::;flllJfh'U U'l~'W1t.!1 'HthifijD!g flm u 'U ~'W ~UlJil:::;Ufl n L 1.1 ~ fJt.!t1 1~' 
dl 	 d 1 'iJ! . "" Ufl~fJfl!'Ht.!tl1 lJlC":}fI'IIU'lffll"l'l'l ~lUm'lfl (CA International Information Co.,Ltd, nd ; Activated 

carbon, 2009) 

fl'j 1 lJ in 011 Ni;"tllt.! tim'Jt.! flffl lJ l'l" f.l vil 1 ~ffU 'Iin flU in fl'j ~~ t.! ~1 Vffl'l" 1 fI ij 

1flV011L$llJffl1!f1ij 1,$t.! tY'Im;Sfl{wh~1Nl'1t.!~~flm-tlij 600-700 U'lffWIHUc;Vff 'H1tlf111!$llJmfl 

nUffnulnml'1!Nl'1t.!!"lINl~~W'H-tliJ 400-600 U'lff1191'flLc;Vff 

"""",3!tJ <:'14 o. "11,:""",,
111m :::;"J'Wfl1vunff flU01lt.!lmt.!lJlm:::;'lt.!~l1fJ Ut.!l fill tJUt.! flUUfl 91'fl 1flvi'lf 

'mjl'lfijfl~'lV1fl~h'W!~1'tli'Wtllt.!~'ILN1it.!~w 'H-tlii 800-} ,000 'll'lffWlfflL;Vff 'IIW:::;~rilt.! nlJNfftiu1tl 

Jl"~liifltliiiilmtlflfl11lJ!U'W io1fll1"'WUfl~fl1{tJUt.! 'fluun'91'~ ~,ii~~t.!tht.! i 'Hili'O~,\HlflUUfliU 

Vi 1'1,rIiifl~'W1 t.! ~ 'Il'W1t.! ifijNt'I~U011t)fliunat.! LIfI~if 
1flH fffHUfl~fl11lJffllJll f.l i t.! 011 t)fl itJ ffl1 Dt.! 'VI~ 61 ~m fJ (Volatile Organic 

Compounds: VOCs) 'IIU'Itllt.!tilJ,j't.!flijaflllW~1f1Ht1!HutJUUfft:ytylU (Amorphous) ~'lij011 
"" "f "" lll fJ "'..'l"1'11U'IfIlltJtlt.! 'tlllUU~"UlJU"flfll'lillfl~ A.tJUt.!'l l'lft.! l'W'lfl ' 4 '_.1 .."'HI m 1 n"'IIt.! U1l'Wl 'W'Uu'Im'W, 

" 
tilJ,j't.! flU"fl.ll'ltit.!9i'lU~1 ::~tJ'lJ1 fllllJmn.lU'l1~~Ut.!11 t.!!lJ"1 na 'fln"ltl~itJ t111 6t.!'VI16'11fH 

tllt.! timit.! flflU 01 1~fll~"1 i tI~It.!~1'H1U tlflimrlu ffl'j~t.!tl16Hlt.!I';;l'U"l lJl'"l t.!lg fl'l ~ijud 
lJlnlJ lV it.! tll'lJfllJ,j't.!fl 



27 

llm:lw::nl'J ~~ci'U'U1H,h'UOlJlJ'U ~ ijfJW fflJ,j~U~::nl'J1f-31'U 'Ut:l-3 Ol'U OlJlJ'U~~'Ut:ldo'U 
1ff~~thlJllillri'U 1~QA'U I";'U 1~QAmnn'~Ic)!~~ i~ff"::''''th'U OlJ lJ'U~~nJ'J1::II~ n41Vll1lJl:: 

Hl11i''Unl'J uana rh'U1~QA'U~n'nnol'UiY'U 11Hlt:ln'Ut:l-3fm'~nJ~t:lml~-3 ';'U n::~llJ::;fj fl1"::'''' 
, Q,I cv d'dQ d Q"I QI Q as C')J .Q

t'l1'UnlJlJ'U~Y1lJfl11lJU'U-3l11lJl::Hl11'j'U~~c)!'Uffl'jlfllJl1'Jt:lmC)!fjll (CA International Information Co., 

Ltd, nd) 

2.4.5.1 	 1i11f1'J1::..101'UOlJir'U~ mht:lt:lmri'U 2 rb'U 'lluri 
1) fJWfflJ,j~111t:l~~'U'Ut:l~Ol'UOlJlJ'U~~'hlJl1!ml::;..1 ''''uri 'I..l;lJ1~'Jlfjl'U 

" .
~llfjl~ (Specific Pore Volume) -n'UnFh~llfjl::; (Specific Surface Area) nl'Jm::~n(J~1'UO~lfjl'U 

II • 

(Pore Volume Distribution) u~::;mm'J::;"1(J~1'Ut:l~-n'Un~b (Surface Area Distribution) 

2) m11Iml::..1f111lJffllJ1'Hl ''Um'J~~ci'U ffllJ1'jQ1~'''' 2 U'U'U fit:l 

- Gas-Phase Carbon I;'U Adsorption ofCarbon Tetrachloride Vapor 
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- Liquid-Phase Carbons 1'!i'tJ Phenol Value, Molasses Value, Iodine 

Number, Methylene Blue Test 
.&:::It. a f QI Q,I tI 

2.4.5.2 m'.iVf~l'Hl.!ltilflnm'tJnlJlJ'tJ9I 
~ d d~ J!:S A &! Q,I 41 , .d 

1) 'U'tJ1f1 'Ufl '1l Vf l'tJ V'I'U'tJ1f1 til nlJ 1flfW'IlJ ft 'tJ1'l1:1'lJ f-l1:1'lJ 1 nU9I 'U'tJ 1f1l ft 1'tJ 1'l 

Lgmn'tJ'tl~~tnflihym i'tJ m'.i~flci'U1:1'l'.i ilJlilfJil i'Ht1i 

4~'~ t::t d ~,d as 
2) 'U'tJ 1f1fl~fllfllJ9I'ILL9IL1J'tJf-l'lil~IflVfI LlJfIlW1U Uil~L1J'tJII1'l '1'U'tJ 1f1lil nlJ 

lh::ff1'l i IllVf m'.i ~flci'U1:1'l'.i V'tJ 1'l~ U'.i 1f1I~1lJ1 flfl11'U'I.nfl i Mqju~fll~m'.iH5'11'tJ i'tJ 

3) 'l'ill 1:1'lJ,j9im'llflij'Ufl'ltl1'tJtilJ~'tJ~ L'!i'tJ tl;lJl'illflflfl~l~'tJ~ij~'1U~n~l'1 
l II ~ ,1 ~ 

ti'tJ911lJ 191Q~uiii~I Iil ::'Il'tJ91fl 'tJ m'.if-lHfl ri'I f-lil~fl'l'ill1:1'lJ,j9i m'.i ~flcirU1:1'l'J I'i1'1'1 U9I fl~Hti'tJ llJfl ft 'tJ1'l 

... J 
f-l1lJlfl'U'tJ 

4} 'l'ill1:1'lJ,j9i'UtH1:1'l'.i~~~~flci'U1:1'l'.iV'tJ1'l~ UilJ!f! fJil i 'Ht1i~::\lfl~flci'U '~~lV 
U~1:1'l'.i ilJlilfJilLgfl~::~mr1u,j'tJi'tJtVfl'tJ!gn'1 'Ufl'ltl1'tJtilJ~'tJ9I1~~fl11 

5) ~'ilIMlJijLLil~ pH 1:1'l'.iV'tJ1'l~U~::~mr1'~~tiUtl1'tJtilJl1'tJ~ Irlflfl~i'tJ . . . 
.c:t ~ 0 0 

1:1'1ll1~1'lt:l'illMlJlJ911Uil~ pH ~1 

6) '.i~V~11C11tTlJN1:1'1~M1H'Ufl'lIMil1Mlfl ;,,9f tiu tl1'tJ tilJ~'tJ~-a9l'.i 1nl'~ ~mr1 
'" ... "' .. ..: J
flU 1:1'l'.ifl'tJ1'l1VIft lJ 'U 'tJ 

"'. .1 "iY. . Jt' '" .. J. ...2.4.5.3 mflVHm1lJ1~~fl91 'lfm'tJTllJlJ'tJ9IIftflfll1~fl9f1J 

~1V'l'ill 1:1'lJ,jfi~l'tJ~flci'U~ i flfIl~'tJtl1'tJtilJ~'tJ 19i'\l ml1'ui~i'tJ fll1 fl'ifl'l1fl1 

1:1'11 tln:nflUV'tJ1'l; U~1'1'1 ~ hj~fl'l fll1fl fl fl~lfl'Ufl'lIMil1M lflnl9f l'lf'tJ t:l9l1:1'1 Mfl11lJfll1'riflfln'Ufl 'I 
$I II J f/ ". 

Ul911il fll1 '91~ VllUl~lJU;~1'l iri1M :iu t:l 91 1:1'1 Mfl'i1lJ~1'1'1 fll1tj,,jflU1InV fll'.i til~flnfi'tJ flllti1~fI 

fl1'tJ 'Ufl '1lfl~fl '1U'tJ fll'.i'ri fl fln'Ufl'l 1M Cl1~1'1'1 fll1 LWfl LLil::L9I~ Vll 1:1'11 Lflij U CI~,rI'tJ~1d '1tlnn;Vl i 'tJ 

m::u1'tJmni1Unn;Vl'Ufl 'I nl9ffll'.i ti1~flft1 fl1:1'11V'tJ1'l~ U~lfl1:1'11 il~illVrilMi'U1U i m lijVlJ fll11:1'tifl 
II II. 

n'Ufl'lUliJ'tJMlfl' 'UiJ'tJ i 'tJt:l9l1:1'1'tfm1ll' 'UiJ'tJLLil::Ul~'tJ fll'.i til~flflfi'tJ fl11 i'tJ~911:1'l'tffl'i '.ilJfllM1'.i 1'lH 

fll'.i LL ft1'lUi ~i 'tJ fll'.i til ~fI'Wl:l fll'.i'riflm~flfl uil::i~fl'ifl'lfl~'tJ Uil:: nl9f~'1i~fl 'I fll'.i 1'tJ m!lfllflm fl'l 

1:1'11;;l:IUil~Lfl~fl'l'riflflfllmff (CA International Information Co.,Ltd, nd ; Activated carbon, 2009) 
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. . 

ct_ u U' '" 

2.5 flq'YtllfUJltlUflllV11UlfitlaU 

2.5.1 flllV111'illfitlaU lfltllifl1...'11,.ij 

ff1,~Vi11,vLn~n~'WI~'Wff1'1fln tll, llm1:",'hn~'W ~!n~~'W1l1il1nff1' !fln'lf'U~i~ 
11'YIri'l ihliJ~ 'tIO '1n~'W tJri fJrJff1' ~Vi11,v1n~n~'WOOn1l11~'WtJl1llm1vh i ~ift.l ~O 'Inm11lf m11l1 ~111111 

II 'YIri'lfhliJ~nU'W11ti'1l1l:n:1JlfJff1' mi1l1~1110ff1''l1iJ~1~oon1ll'~o'il~ 1~lfionlitllHl'1111~1~ 
t , •• JI 

1'YI1l1::fflln i:'(~ i'W tllHl' 1'il1~ ni1'W'YI1 O~,1 'il1~11ff1'LflnO:: " n Vi1 i ..r1n~ ni1'W u'W ff11l1HlVi1 1 ~ 
41 ~ ~ 1 d1 d Q.I I "0 ~ d"ClI" ... I ~ <V~ Jt l!J iJ1~fJ~'1'il1~flU'L1mfllfl ff'W 111 ~ U~H11 'OmU~10UHU"1'W11l11Ifln~'I1 L'W'YIO'llJCU~tll'CJf '1'il~ l~ 

., ., 
nri110'lntllHl'1 3 tJ':Ifl't1 ~'1U 

2.5.1.1 fll"~1J~lmll'lffnlfln~Vi11,vln~n~'W 

I) tll"~mi1mjH1~um'1tll'L~1J~10U1'1 ff1'!fln~rio l..1'ln~ n~'W1'Wo1tllf'l 

c:ij d d", ~ 'I 'I d '" , 41
'il~llJ'Wtll"n1J01tllf'lfllln,,'W L'WfIlflff'W11l"'1I'Wq'lln1JmOUH01tllff (Inert Flexible Bags) 11'OtJ~ 

tI \/1 ... 1111 OJ d .d iI d ... 1 ~0

01tllffl'tl1 IlJ L'WfHm1JOltllffflmmm11"nlJ"O~ff'Wll 

2) n"1~1J~';HlUH1 ~tJlil~llm11l1~1l~'W 'tJf)..,'j~10U1'1 (Concentration 

Techniques) lin"1~1Jfl1oti1'1n~'W1'WD1tllff1~Uliii'il~1l101tllf'l~1'W~ln"H~Vi1'Y1ti'1~1~'W~1~1J 
ff1' lfln~Vi 11..1'1n~n~ 'W 1'W fl16UH'Oltllf'll~tl11l'l1ij~'tIO'l ff1,~Vi11,vln~n~'W1~U 1 ilfl1J~ltl U1...'1Oltllf'l~ 

ihJl1l1m ff1' ~Vi11,vLn~ n~'W tl~ti'tlU1l1n'YI1m~tl 11 1'11l1n'l1iJ~~ln" H~lilllJtll, L~1J~ltlUHn~'1ii 
- ff111"'~lllo1~nl"'1'W (Porous Polymers) ff111"'~Llltl1~nl"'1'W1I~n 

if'W~ ~11l1n..,O~ 'il: 1 iI~1J ff11 Lfln ~ ritl1..1'In~n~'W1'W fl1tl U1...'101 n 1ff~ ~1'W!~11l1L'" :tJri tltJ11 ~~OOn1l1 
i ~lrltl1l1 i tJl1m 1::"'1~v~ilin tll1 ItJ~ v'WutJ"'1f1 HtJ fiill U11flnfl16tiH'Utl 'I ff1' 1..,~11ltl1111ri1ii 

1~lIri Tenax, XAD U":ff1'~1.f1~'W1fffJ";tllill (Packing Material) ~lfl'W GC Column 

- 01'W (Charcoal) 1ill~'Wff11~~i1Jff11lflJj~Vi11,vln~n~'W 1'W fl1tlU1'1 
t t ~ , 

mtllf'lnl~11l1 flfl1V'l fl1J ff1' 1"'~'lltl1nnl"'1'W u¥il'W'Ii'W~o'W tl11'1iU ff1'Lflijn~n~~i1J 1..1''YI~~ 
., . . 

60n1l1U'W ili1'Yl11 l::nll::1~m11lftl'W 'lf1V1..,' 1::'il::Vi1i1Y1ll",n". 'UO...'l ff11 Ifl nln~tll1LtJ~tJ'Wffm..,i tJi~ . 

':'lIJAI 'I""'. 'I <'I 1 ... doi""" ~ "'. d ...1~Ufll LlJlI:: L'l1~lm,,::mu l'Wtll'~'1'Ol 1l1"fJ"'UO'lffUlflllflfl1 mn~n,,'Woon1ll mfl1a:a1VfI'WVlJ 

1~i~uri m11Jtl'W i~ia ivM (Carbondisulfide) ~O~'\JO...'ltll,i~Ol'WlrJ'W1911naHi'Wtll1~~i1Jff11Lfln.. 
41 • 'i l' d ..6 'I 0 '1...11
flom'WlI:u,,~og 'W'YI"O~Ut11'U'W1~1fIn (Small Glass Cartridges) CJf...'lff:;~ln L'Wtll''W11llI"lr...'ll'W'''':: 

ff11l11f.)1l1n~1JitJl1m1~""'W..1'O...'ltJfi,j~tll,i~~V~lV 
"""'lIJ 1 ... d ..., "''I - 111m m1l'Wfl (Cryogenic Techniques) tlllln1J~10tJl'1ffl'Lfllll'W 

01tllf'll~tJl1i1m1 m 1Ii'ifll~'Wl1i~1l110l'YI "O~~n,tJ';1'11~'W ~1" (U) 11'lfi'W ff,,~l..1'om'YIj)ii~lf)"h..4. 



30 

..&::II,., ,;t,1I ,: d : d JJ "1 4,cSd 	 I~'j) 

i 

~W'H.fJlJ1HH ffl'H'Hnl'W FILLn 'WlU'll~ 'W1U'll~U'H~ l'U1~'H'il'Ul'Hn1'HStHmHJlJl'Hn11F1t1ffl'H'Hnl'U~tN 
J1 ~.d ~ I 4 d ~ .d ,., Q,I ~ ~I 0 i" ~ " 

'H ~W 'H .fJ1Jfl~1fl11~FlltHl flU'll~'Il6~ fflS !fllJfl~6~fllS~S 1'il1F1t]f~Lu'W fll) fll 'H fflSlfllJ6~ 'W tYilTn 

U~~~1 ~FIU6'W'Il6 ~1l1rl' fl6'H lfli'W~1mh~61fll'nf'Wn 'ml11;j 'U ~1'W1'U lJ1 fl'il~l'i -I i H'JllI~~~16~i 'W 

'H n6F1~tI~1~lIn~l'il i H'vi 6~1~~ i ~L~lJ~1mh~~FI~'Wl'iliH'I;j'W~tI ffn fl i'W filS l~lJ~1'oth~61 fllfl'''' 

fll1 i ~VlJfhl'iltl {lrJ'U1l1 fllS~1ilJ~1mh ~tl1fllfliH'Nl'W I~1lJ1i 'U 

A : i J,I QlQ ,., QI i i jlQ4 Q ~ 	 .cd i " .:IIQ 	 Q sJ.c::I.o==!
tlflfl H 'W 'H 6~ tI!llJ~ fll1 'Il6fl1n::1~ 'U fll1 'b'11itl1J'V'I ~1'iltl1 ~ tl~1Jfll) I~StllJtY1 Sn~n1t11'1 'b'lu 'W 

~1flnH~ 'il::i H'~lJ tYl11fl ii~ l'i 1 iH'lnFl fl~'U i'W61fllflmh~'V'I61fl tJ~lIn~fl1 'J It';VlJ'W'U'il tl {i'WJlU~~'Hl6 
l'i 1i H'lg'Wi~rl'1'~6';1 til~1Jml1JffllJ11 fl i 'Ufll1 n~mfJ'Iltl ~n1t]fi'W'Iltl~l'Hn1 

2.5.1.2 fllsih~1mh~lJ111ml::"'i'UH'6~tI~U9ifll1 

'H a~ 'ill fl ~ ii fll11 ~ lJ ~1 ij 61 ~ ff 111 fl ii ~ l'i 1i H'I n FI fl ~ 'U lJ 11 FI tJ 111 ~ 1~ '1 

~lL;j'W~tl~ill~1tltlH'O lfllfllJ l1Iml::"''H1ffl1Iflii~l'i1 i H'lnFl fl~'W i'WH'tl ~tI~u9i fllS~~~tl~ i~1fl~tl~i'16 

1Iml~"'flHlflii ;l~~tl ,tlrl' 

1) Gas Chromatography (GC) 


2) Gas Chromatography -Mass Spectrometry (GC-MS) 


3) High Performance Liquid Chromatography (HPLC) 


2.5.1.3 	fll1~11'il1F1fl~'Wi'WmfltY'Wl1J 

fll1 ~S 1'i11F1fl~'W i 'Utl1flff'WllJ I ~ 'U fllnl m:mfl4'6~l1tl'tI ~11U'W fllS1F1 1 'W 

'" .: ...l...lA~ .i ..:. .i "" ...l,Y.... "'.: 
mntu'V'l'Wl'1fl1Juty'HlI1tl~fln'W Imtl~lJtlfl 'D1JFI~'W 

1) Ifl~tl~1F1 'tlffl1V'Wfl-;6 (Organic Vapor Analyzer) lfl~ij~1F1'b'UFlrl'I~'W 
.i . I 	 ..6 lIJ 'A 0'" • Q ... c!I !"II 

Imtl~u1:::Lill'1 Gas Chromatography t]f-ll !1JlJ Column tYl'HSlJIWflfflSU~t1~'b''WFI'6tlfl'illflfl'W 'iI-IIllJ'Wfll1 

1F1t1llJ1W 111J'Iltl-llfflSV'W fl-;6 

2) 'Ht1'6F1~FlilJffl1 (Absorption Tubes) IrJ'WfllSH;'Ht1'6F1I~lJ~1'6tlH 

ffl1V'W 1'116tb-II fflS V'W 1'1-; 6'il::l'i lt1~mell ti'lJ~1tJFlilJ~-IIlJ 11,tlgi'W 'H t1 tlFl11 f{1 "«1'-'::1nFl tI ~iWUllfliil'i 1 

'H'lnFlI;j'Wff l'il 'H'ul'Wfllml1Jl~lJ;;'W 1F1fJtl1~lJ1W'Iltl~tY1S~l'il'H'lnFlf1~'U'~ 
3) fll11~ Portable GC un~ GC-MS , 'Wil'il,u'W'~iifll1Nt'i~'fl4tl~l1tl GC 

II t1~ GC-MS ~tYllJ11 aill'tl1~-II1'W1'UJ11fltY'W11J '~1Fltllfl~Mlltl;l~f1ril11~i'lJ f1 lStl6f1UlJ lJ 1 H'ii'll'W1F1 
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d ..,.., 1 d CV 1" ct A 4.J1 V1 v ... I.Q QlIQ,Q,Q 	 ,

1tlflfl::11 F1'HI FI tJlJ'H tlfl fllmtl~11i flll 'If.:J lUI 'HlJ{) UlfIl{).:J lJ{)l1 'If U 'H rH u ilU91 flll LL91l1'llJ1HI 

-U 11tJ1~.:J1U 1UfIltll1'UllJ1 ~lF1tJm.:J hj~1IrJu~fl.:J1~mi1fl6HL~llJ1m1~1ttln~M1u..r{).:JtJ~u;;flll 

2.5.2 m'Vl11;)1V1n~'UlVltl1jjm'VI)Jn~'U 
Threshold 'H lJ1VU.:J Tiltl11lJL~lJ~U~1t'lFl'\lfl.:Jl1'1li'ifl~U ~vh1..r tlU 1 U mjlJtJl:;'lfl'lfU 

~lU1U!mJtl:: 50 fiYfll~lJ 1~fl~u Til Threshold Ju ili1"lfTiltl.:J~ U~lrJUTil~lrJU~1Ul1U~~~t'{F1 '1UL;$.:J 

l1'U¥i'IJ{).:Jfl~lJ';1miH Til Threshold uti.:J{){)fllrJU 2 'If-uFi ~.:Jd' . . . 
~ f " " c .cs .Q c:I 0 '1 vv

2.5.2.1 Detection Threshold 1UUtlltl11lJL'lJlJ'lJU9l1t'{F1'lJ{).:Jl1'lllJfltlUl1111 'Hl{)Vtl:: 

50 'IJD.:J fl~ lJ';1{) 61.:J ~11F1l1'{) Ui'iflll91D'Ul1'U {).:J 'IJD.:JtJ1:; l1'111 flll ;Ufl~U ~.:JTil~.:J flrll1\1::L~tJ1~D.:J tiu 

flll tl {) 'U l1'U {).:J 'IJD.:JtJ 1::l1'1111U fl~UlL~ili~11rIU~D.:J1~tJ1~{).:J tiuflll ~1fl~U ill 

2.5.2.2 Recognition Threshold IrJ'UTiltl11lJ1~lJ~U~1t'{rt~~1'Ufl~'U\I~i'itl11lJifffl~1 
fl~u~i'i""fl1:lw:;m1'n:;';1'1'U1;$.:JfJWfIl'Will 1F1vtJfl¥i\l:;'1~Til~vh'1,.r!{)Vtl~ 50 'IJD.:J fl~lJ';1mh.:Jl1'llJl1U . 
fffmlFl~lflll'Um'Wl~~1 ill 

2.5.3 	 tllim)u)Jo'J.u)n'''II~ (Carbon Monoxide) 

" i """ 4 "" .;" 1a I • "" 4 _~ 4 ..flllU{)UlJ{)U{)fl Cb'F1 lJ'If{)ltllJ111 u11 Carbonic Oxide Utl~lJ'If{)l1V.:JVU9 tl'tl 

Monoxide LLtl~ Carbon Oxide fll1'U'tlUlJv'U{)fl1Cb'~i'i~m llJlflQtlflV CO 1L'Hrl.:Jf111-uFl'\lD.:J 

m1UDU lJD UDfliCb'~i'i'H tllVtJl :;Ull1 tJfl';1miHl"lf'U flllf..l91l1'l'HmllJ~N9 \llflm llJ111 fllnllltlUtl~ 
,f ... _ I • .., <!I d. "".:, ... a I 'I V!:'II "" 

flllIN1F-H'\1ty1 'lffH'WM utlD.:Jtl1U'H 1 'tlltll1N1l1lJ ,fl11 I9l1N.:J 19l1u l~flV 'U{)1'H lmU'U L'lfl1 'UUtl~fllCb' 

4. V _I............ ... "" "" .ok ... .l ....:!f al:'"

lfllV .:J111tl11lJl DU u il m fJ11tllJDDflCb'l\l U'IJ{) .:JfllCb'lJ111 U Cb'.:Jlflfl'\lUtlllJ1i lllJ'lfltl flllLl UFilu 'U llJU 
" . 	 . 

1~{)l'W ll.:Jii'1~'1u fJ1U tJ'U ~~H9 Utl~tll'Ull'Hll~~Utll1UDU lJDUD fl i Cb'~9l1lJlJ1m!lU VVlJ '1..ri'i i~1U 

Vlmflili1nU 9 ppm (!VVtl~ 0.09) (tj'U6~'tllJtl191qti'UmlVUtl~ltlihiw", 2549) 

2.5.3.1 fJWl1'lJu¥i 
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A11l~~ 2.3 flWff~,jji'U'f)Ul1i'U'f)'U~'f)'U'f)n iCJfA (i!f'U6.fim.!~rl"QV'U"'l'lt1lU'l~lflii.nwGJl', 2549 ; 

1n-Wl~V ffln~m~lffl28 n'UV1V'U 2555) 

...... 
flwtnl'UA 

, 
fll 

'U'U1A~mfl 1.128°A 

• ..A~1ft"'f)11'U~1~ft 28.010 glmol 

~A11ft'f)~111ft1 -205.1°C 

.oS 

~Al~'f)~ -191.5°C 

fl1l~rl1~~11'Yfl:: 0.96 

fl1l~~'Uio > 220.4 ilftiil~~'l'1h'f)'VI 

~A1l'Uivl -191°C 

1A'lnjiAivl 605°C 

(d" (d.. ... " (d .:i ""'. d1...... .. '" mCJfm'l''Uo'U~'f)'U'f)n CJf~~A'f)g1'U'lh::l.fl'VImCJf'f)'U'U'VI'l'V mCJf'U~~CJf~Hff'f)U'ln1'VI '1 

'" 1 "'!:1"' •.I 1"''' .o!I ..l d iu~m'U"n 'U'l':::V::'UO~H'" 'f)'Ulll1'l'A AV~'AfjtlVnftl~m'l'~ACJf~'VIfl11~V11flft'U 4.67 ~fl'l''f)'U 

..A ..."'".: 1"~"'1 ... " i"~ "1/ d 1CJf~flWff~'U" 'U'f)'U,h~l 'iU1J'U11ftn 'Um'l'm1~1~m'l''U'f)'U~'f)'U'f)n CJffll1J'Ut11CJflUfltJ 'Uff.fl11:: 
. '" 

flW 11 <t}ilUft:::fl1l ~ nfl ~'Ut.I nji ufii1fimJan;Vl;lfl W 11t.}iltl ~ 'U 'f) mnn.w mi'U 'f)'U ~'f)'U'f)n i CJfAih ii 

.......4... 1 ..l 
flWff~'U"'f)'U~ A~UffA~ 'UfIl'l'H'VI 2.4 

.c( 

. 
~ .. I J i" fI.J! QI .-JGIQI " 

ft11l~n 2.4 flWt'I'~'U"'Ul~lJ'l'::m'l''U'f)~m'l''U'f)'U~'f)'Uon CJffl (i!f\AV'II'f)l;dft1~Q'f)'UmlVUft:::lfl~.flWen, 

2549) 

flWt'llJml an"w~ 
... ... 

fl1l~fl~"111Hlfl~ 
.:... ... 

t'I''''U~fl1l~lt'1''W'l' 

ffl'l'~,.filn'U i1.iiA' 

. 
"'i "t'l'l'l'O'f)nCJf ACJf 

4Q1.:t. QI 

ff1'.ilfl~O'U"'l'lVnlnA~lnm'l't'I'ftlVfl1 " i "fl1'l''U'f)'U~'f)'Uon CJfA 

V'U9\nV~lnnl'l'lnAt.lan;mYt'f)ftl~oi i1.ilnfl('U 

<II '" t'I'''~'U'Ytft~ : ..." " , i"'Ul N.:Jlfl~U11~ fll'l''UO'U AO'f)n CJfA 
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fl11l-.1~ 2.4 flfll fflJU¥llnnJ '.i::::m'.i '\IU-.1f1l1 'mn,.JlJUtlU n iCJft;l' (fltl6ol1UlJ{l1W1Il0tl~ '.i lfJU{I::;l fliiilfllct1, 
q ~ ~ ~ 

2549) (~U) 

......... anllru:::tltl.li.TJJ 11 fl 

, 
'" i "'.,. I 1 iI'"f1l'.ilWtllJUtltlUfl CJffllJfl1llJ'I1t11Utltl fl{lLflfJ-.1tllmfl 

'Ilziliuvdmz'IllfJ1flfJnlCJf~i11rJ l'titl i31fl'.i!'Iltl 'I1fu 

fl1llJ'I1t11Utltl 

i .,. 
, lJlVltl 

m'.i Vi ltJijil;fJl fll11WtllJUtlUfl iCJft;l' ViltJijnlVln1lUUfl~l'lltl 

'" .,. 
'" '" 

~ ildlld d 4 t :4 Jld ~ 1 '" 1 d d JI .d Ql

fll ~VllJ"l'\l.n1i'Hl'\l-.1I1H'IlZlJtllfll'.iUUtll'W{lm!{I::;~VllUtI '.ifl'l11 'Il'i)::;lJtllfll'.i l'il1l'l1t11Ufl Vl'.i~fl1lfl1llJ 

" 2 0 1 iI"" .1 ~ "'.,. d 1/).1! ~I '" dI ,...... d ..,I 

!'\IlJ'UtI~~ 'Ilzm 'I1lJUlfll'.ifll'W'.il1J1flnUI::; 1~l1fJtI fl{ltl nl U{l::::'ilZ!1JlJutI~'.ilfJmUfl"'1~Vl'.iZfl1J 
"JI ~ tI liI lid rI I "Q

fl1llJl'\llJ'\ItltJ'.ilJlfllfll'.i1lUtllJUtlUn ICJfflVl 100 \!fl1JlflmCJftlflllJm~U~n1JlflmlJ~'.iUlfllfl (0.0 I %) 

(tltlv.ffUlJ{I1~ "lOti m lfJU{lZlfliiilfll ct1, 2006) 

'" d.1 'JI "'!'II "'.1 ... ~ "'.1i tlfl1t11l'l1'.i1J'.i::::flmJfl1fJ1il~fll'.i 1J UtllUtI U-.1fl1J ':iZ flU1I'I1{1 fl CJf-.1U-.1fl1J '.iznU1J 

· d!'ll <d ..... "'I/)~ • <d '" I/) I/) '" '" I/) '"i tlff1t1Vll1JtlfllCJfU{lZffnUtlVl'.ifJ I~Ufl fllCJffll'.i1JUtllflUUflICJffl (C02) f1l'.i1JUtllJUtlUtlflICJffl (CO) 

II) 1 I/) '" ~ !'It <d d", II) 'JI ,J'.., .,. ... .,. '" II)~ I 

Itl ~'.il'lltltlUflICJffl (NO ) CJf-.1lUtlfllCJfVllflfl'illflfll'HJII1l'11lJtltlfl'illntlV-.1lJffl'.itltlVllfJ'.iZl'I1fJ l.,ll1flx

ij1fl?itl (Nicotine) UCH1~tI (Acetone) l1JtlCHtI (Benzene) ~tltl{l (Phenol) 1Vl\,!fltl (Tolune) l1mj{l 

...11) '" 1 1,.1'" .JOJ'" A •fll~fl (Fonnaldehyde) ml::;mtl CJf l'I'.itl (Benzopyrene) U{I::::tltlfl'illnWI-.1lJffl'.iUtI<I'j lJlnfl1l 4,000 
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I 

2 

.,; I .d ... .d ~, .1"" .1'" ... ...
f1111~'n 2.5 tY1lJtJ'l:mnJ'UtH'lJ11'l tYll!fllJfl1lJlJ lJllJ01CJf (lJ'l:n" 11fltYl1inm) ua: 

... ... ... ~ .., A ... 
mtHll" 11fltY11lnnll, 2555; 1.Iflf111lJ01'lYl!Laq'Um'ViUa:lfll'l~a1J1'Vu)tl'Um'Vi~, 2555) 

. 
tI tI.o!I .oil 

fl11,..1'U,..'Ul& (ppm)tA"'lW!'8t1a~" 81:1'11Ifl,.. 

50-70 -''lJ lf1'illl'lJ 
... 

t)t)nCJflll'lJ 10-15 -
10-15 92,000fl111..Jt)lJ'~t)t)n'CJf~ 

- 87,000iilfl'lJ 6n1'lJ ltJl!tJ'lJ 

flTHJ" t)'lJ lJt) lJ t) n,CJffl" 3-6 42,000 

...... ...... 
t):ICJfflalJ l6CJfa'lJ 31,000-

- 1,600'31fl'iLlllJ 'CJff.l1''lJ~ 

IlJlIaflat) '" H'l 1,200-.. 
t):~lf1lJ 1,000-
IlJ1I1lJt)a 700-
LlJ1a m1a filf1'lJ 500-
Ut)lJllJliltl - 300 

''lJ lml'illJt)t)n'CJf~ - 250 

i 200-IlJia'lJ'f1'iyj' 

t)lmla6lJ 150-
- 30I 'rit)1lJla;l'3~ 

2.6 tl1188nIl1.ltltl11T1Aa8~ (Design of Experiments : DOE) 

2.6.1 tl1188nUtltlm1T1Aa8~li~1:1'i.l91 1~'lJm :1.I1lJ01'l''lJn1'i11~UNlJ O1'iflflaV~I~t) 

'A'1J1~~.fiV:lJa~1111J1:tY1JLla:tY1lJl'ifJ'1l1.fiV:lJa~'A'1tJ'f1'lJ01111fl11:11.fj't):lJafll~tYilii110n01'lduity 
AI .., ... '.1 .o!I 
(J 11111.ltl11t)Vflu1.l1.lmlflflaV~1Jvg 3 lJl:01lflV 

2.6.1.1 :m'iflflaV~CJfl (Replication) .o!! .d... ",... " ..l11Jlf.1fJ~ mlflfllflllJlJfI flfl'ifll1J'lJfI'H'lJ~ 

" " " tJnflt)'lJ O1'l flflaV~1l:~t)~iimlflflaV~~llJ1fln'h 1 fli'~ltYlJV .n'v;l'Uv~01nh~liiA'1tlti'lJ 

tJ,:m, flv tJl:ml~l1dn;",rtY1lJl'ifJ111thtJl:lJ1W'UV~fl111Jf1alf1lfl~VlJ'lJmlflflaV~~ 
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lit ~ tl .J At 1-i!! .... A 4 ..:.,1 1 1 ...... ... ,y. 0 •
f1~fttH n'lllft:: l::mlfltY0-3111 lfmlfl~ft0-31Jm11JtJ1L'roaOl'Vf1J'\JtJ ~fJ lJflHtYafltJfJ1J 'Dfl111ml 

11101tJ1~ . 
I cS.tIdd 0 Q,I 

2.6.1.2 mlfl~ftO-3U1J1HI1J (Randomization) 111JlfJa-3 mlfl~ft0-3f11Jft1~1J'\J0-3ml 

" f1~ftO ~l1;om'J1.ft1tY~fJtlnHu'tJ mlfl ~ftO-3''lflritJ111J1J~1J .fj'Oft'\JO ~ lflfltJfliliill1fJntJ 2tl'J ::mlflO 

tl l::m1ll'J001'1 fI ~ft0 ~0 1 omtY \l fllaonn11'l ntJ 11ft::.fj'o ft tl1 g; m'J~ tYO-3 tYl:IJ 11aft ~Nft ~ln~~lni1~ ifJ 

tl1fJtJon~Ol~tl'J 1O{)11J'"tU~li1m1f1~fto-3'1I 
2.6.1.3 n1'Jlilm1f1~ft0-3111J1J1Jgon (Blocking) lflflilflri'!ritJ 011 ftfl1:nihNftmtfl1J 

'\Jo-3i1~imllfJlJon (Nuisance Factors) ~iiNft~Ofl1f101JtYtJ0-311ftt~0-3m'J~'\)~ftmnllONftmtfl1J1Jln 
" . 

11;0110 mVf fH 1~ .fj'oft"'O~1 f1flil flUtY11J 11 afl11Jfj 1Ji1 ~irJii'~ tY11J 1'j t1 fl11Jfj1J 'lI'tJ 'Jt1J1J , 11ft 

(Mongomery, 2001) 

2.6.2 fl11f1ftOfHl;-3U-Wflfltll;UO (Factorial Experiment) 
" . 

f11100nU1J1Jm'J f1~ftO-3U1J1JU,"flflO L; rJftutJ tY11J1'J t1 H;'II'tJ mwfi ~f1~ftO-3 

~{J-3m1f1~ftO~1~{Jftn'l:J1Nftmtfl1J",0~i1'1lifJi~u~ 2 i1'1lirJ4tJ'tl uftt~'V·m1lftn'l:J1Nftm::f11J"'0~ 
" '" 6f1i'Vffti11J'\J0-3i1~ifJll1fhutJII1rJ .fj''Vft'''0~m1f1~ft0-3U1J1JU,"flflOl;rJft,rlJ~tli11'1ftY11J11a1Lfl11t," 

.fj'O\jft, 1I0~1~ fl11J ~1lJnrll1flO~f1 ~ft{J-:JtY11J1'1aftn'l:J16fI i 'Wft i 11J1 t ,."h~i1 'ii'fJUftt6f1 i'Vf ftl1nn '111 tJ 

flf-3LftfJ1111Ji-:JlritJiftJ~PtJ~Hlflt.yltJm1tli'1Jtll -:Jmt1J1tJ 1 'lfn1JfJ fltY111 ml 1J~H '1 , 1l1ritJ'V~Hft u~ 
.J4~ '" 1"'" 0 0 1"0 ..:. ,I ~ l-i!!~1tJ fl11f1~ftO-:Jfl1J1J~'IlrJ l1'Vf~l'JtU1'1l 1tJ1tJ1J1n 'Iltfll 11~ltJ1tJm1f1~ft0-3 1'Vf1J\1-:J"'tJl1JtJll1jJ If fltJ'tJtJ 

ml Nafl l11J0-3fl 1 1 f~l fJ1tJ m1f1~ft'Vnt lri1J\1-34tJ fl11J' tlll1 rJ ~.:nitJf -30fl111J~11ritJ ~o -3 0011 

4,"4 d:d I .:
o'Vnu1J1J m1f1~ ftO-:J 111J 1J U'"flflOL 'j rJft l11J"'tJ 1~lftnfltl~ notJ 01 'j 0 0 nlm1Jfll1 fI ~ftO-3tl'JtlflfltJ 

" tY11J11aHti~00n'1I~~u 

2.6.2.1 m'J00flll1J1Jl<i~11,"nfl'Vl;rJftn1Wih'tl2 i1'1lirJ 

~ ... A.I 4 ... .J • .J d! .J y. OI~'" 
l1JtJml'VonU1J1Jl'r~lITtnflOllrJft'rtJ~f1~lrJfltl~"1l'nt1flrJ1'IJ0~n1J1J~~fJ 

. " 
2 i1~'rJ1tJ'iiil",otY1J1J;)i1~ifJlritJ A lIftt B l~fJi1~ifJ A tl1tOO1J1I1rJ a 1t~1J UfttU~,tJ B 

1 
 II 

~ 01 44y' ... 4 0 01 ~ '" 

tl 'jtn01J"l1rJ b 1t~1J ~fJm100nU1J1Jm1111J1JtJ1J'lJ0~flOtY11J11aml1tJ~1t~1J"'0~1J~M A lIftt B 

'IIUfln~l~ntJ (tl1111Jff 1;)111,2545) 

2.6.2.2 m'J000111J1J11,"flflOl;fJftmW~1 'tl3 u'llitl 
" II 

nUOonU1J1J m1f1~ftO~ 111J1Jilln~~1nm111'1111 tU 1i1'11irJ'Vf!O 1JntJ,;~ 

3 i1'11im.ltJ 'lI11rli1~irJ A ,i1'1l'fJ B uftti1'1lirJ C 'lliiNftmtfl1Ji11JfttJl1;0'~ 1~tI~1'tlU«11t~1J'\J0~ 
i1'1litl A 'Ilttl'J::no1J1I1t1 a 1t~1J i1'11,tI B il::tl1:mo1J1I1fJ b 1t~1J llftti1'11irJ C 'II ttl '1::n 01J1I1t1 c 
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.., 1 "d _I " 0 QI 21d#:!l QJ

':i~tI'lJ tltI'II{)tI'II{)~m':i{){)nl1'lJ'lJm':intl~{)~u':i~I.flnUfl{)r;Tlll1':iam'l1UtI':i~tI'lJ'IItl~u~HIf.I A , B U~~ C 

1~II~n~h~tiu 1~~~I'liumwm':i tltlnU'lJ1JII'rlflnt:ll~emmw 2 U'ili'm'liu ti\.m~nl'H)tlml'lJ'lJm':intl~tl~ 
Jdf. JI Q 4 d .. " CV ~, A 0I Q.I,y. I jI, ,.,

11'IZ1.flnUlJ'IItllr;TtlnI'l1U ItltlllH'lftll'il'Ufltl m 'lJ'illt1tl~ ~tl~ 'If!1~lU~~nn'WlmlJln 1'U{)~'illn'illU1U 

m':intl~{)~~';;'il~Ul1'INUflllJ~lU1U':i~~'lJ'IItl~U'ili'tI 

2.6.3 fll'(!1'n{ltTa'lJflll)Jl'I1)Jl~tT)J'Ila~1t1U'U'lJ11U1a~ (Model Adequacy Checking) 

" 
nn1Ifln~'I1m'Itltlnu'lJ'lJm'I ntl~{) ~m W'11 ~1 tlU 'il i'll'll'hi ~lfl11lJNifl'Vi ~WI '11 ~tlmllJ 

'" , " d GI .. I A" d: d JI 4 :::1
fl~lfllfl~{)'U Unnn fl~tl~ (Residual) ~tl~lJm':i m~'illV~1U'lJ'lJun~ 'II f)l.l ~nln'lJ lJl~tl~llmlllluU 

.Q, I QI • ...1 .. 1 JI.d.4 " "A QI tJ' Q tJ' 
tlr;T'I~fltln'U 11~~mmlllUu'Iu':i1'Ufltl~fl~n lJmlllQn~tl~~HflllJ'IItlr;Tllll~ N~~'Vl1i'illnm'I1Ifln:::'I1 

mlllul1 ':i11':i1U 'il ~r;Tllln aUl1111;;1~ u~,Ufl111l1~U 'il~~.fl{)r;Tllllil ffll11'lJ m'.il1t1~f)~tlHiimllJ 

fl~lt1lfl~tl'U 1~ ~~Ju~~1~uff~~ ~ 11~U ~~nfl~{)~'il ~$l{) ~iinnntl r;Ttl 'Ufl11lJ anll{)~'11{)~.fl{) r;TlllJilv ~ .. 
~~mh1ntl'U ltle.l'w'ilnWl'illnmllll111':il1nu (ANOVA) 'il~iinnm1'ilr;Ttl'U~1t1tiU~~U 

2.6.3.1 m'.im1'ilr;Ttl'lJm'II1'ilml'il~l1nil (Normal Probability Plot) lum'I~'.i1'ilfftl'lJ 

.fl{)ffllllilnl~~lUm':iU'il nU'il~u'lJ1Jl1nil'lltH.fl{)l.l~ ~1~'illnm':i nfl~tl ~ffl1l1'.iam ~lh1~ltltl';;m':i'Vl 

~{)n mlllUl'il~1~UU'lJ 'lJ 11 nil'll tl~~lmlll NtI'Vl~ lt1 (Residual) 1tI tI.fltl t:YllllilljmlllQnllf)~' 'U m ':i 

tJllffU{).fl{)l.l~~1t1fl'Hn~~nrll1m':iljHfll:lW~a~'U"V'U~l ~~~!lr;TtI~''Um'Vl~ 2.10 

Normal Probability Plot of Residuals 
Normel 

95 

90 

00 .,., 

jE.., 
"" 
10 

-0.010 -0.00::; 0.000 O.(1J5 0.010 
1t....1.....1 

2.6.3.2 m':im1'ilfff)'lJfl111lUt1l11':i1Ufl~~ (Constant Variance, 0'2) 

m'I m 1'il ff{)'lJ fl11lJU 11 ':i 11 nufH ~JU 'il::;a~ 'U nu 'Vl gen ':i~W.iN ~lfl111l 
NtI'Vlmti (Residual) ti'lJfhl1':i~lJ1W'II{).:jm':intl~6~~':i::~1J i itiC') lt1U~lml1JNtI'Vl~1t1~~flcll1fl1':ilj 

http:anll{)~'11{)~.fl
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~'.i~~1J~H'l mh-3h~m1J'I11nm'.im~"lV~1'\Jfl,uhmuJHfl'VH'I1fl (Residual) lfifl~m.!11U'1J'\Jfl-3 

nhn -3~Hfllln~vn~1flvHl'li'W L~l'\hv''WHnlJw~ih1'Vl-3 Ufffl-3';hri1m11J1! lh 11 '.i1'W 1~fl-3~~-3Uff~H' 'W 
'U 

• 

,,". · . .. 
.. · ... . . · .--.! 

••• ••• ·• 
, -. "j" 

t; ~>! :\ ~..j!_ I; -:;9 1"1/.'.'> ;; ~)..- fi.,::A 
~jith1l!tf-v.".k.,_.-

2.6.3.3 mH1'.i1"fffl1Jm11JLrl'WiJff'.i!l::'lJfl-3~m.da (Independently Distributed) 

, 'W fllHl'.i 111 ff fl1J m 11Jlrl 'W iJff'.i !l::'lJfl~ ~fl1Ja ~ 1~111 n fll '.i 't1flafl-3ff 11Jl'.i fJ 
'U 

m~..h 1~1 flV Hffll'.i 'Vlgfl't1flfll'.i m!l::111mi1'\Jfl-3 Residual 1fiV1Jfl1J Observation lflVvl'1 1 1I11~1l~fl 

oW'il1'.iW1m'.i m!l::'il1tJ'lJfl~""fllJa1J 'WLlN'W{liJ 'Vl1.J11 m'.i m!l::'il1V~1 'lJfl-3 Residual 'il ::ilfl ~ ii~1I1l1J 1JiJff'.i::~fl 

t1'W ~-311'.i!l::1J1W 1~';hri1 Residual ~m11Jlrl'WiJff'.i!l::~flt1tJ ~~llfffl-3i'Wm'W~ 2.12 (1I'.i::1'Vl'.iff~ "lVlffU, 

2551) 

http:oW'il1'.iW
http:mH1'.i1"fffl1Jm11JLrl'WiJff'.i!l::'lJfl-3~m.da
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2.6.4 m1'H1f111J~~tJflnnJ1::::,nJ 

flll'H1Ti1~L'mJ1~1:'I'1J~"lfl'\JtI~il\)~u iflurhrJ.i1tJ Response Optimize hJi'l.hUnl1J 

Minitab L~hJ fJ~ti'~'tJ~'~'H 1fh~ L'H 1J1~ 1:'1'1J~ "lfl'\JtI~il \) ~U muarl'tJ fJ ~ ti'~'tJ~' ~1f1fllfl1 11JTt'lYl tI' \1 

iflUl11J'\JtI'IHtI~tllJ (Composite Desirability; D) ifimlltlflHtI~tllJ (Response Surface) LLtI::::tll'H'tJflfll . 	 . .. 

"ltlfl'\JtI'IHtI~tllJ (Lower) fllli11'H1J1U'\JtI'IHtI~tllJ (Target) fl1"l'l"lfl'\JtI':)NtlfltllJ (Upper) iflUliflTti'l .. 
3 \)::::lrl'tJ,j1tll'H'tJflli11'H mtl''tJ fl1l'tlf1t1t1'1 l11Jt;'Ifllltll'H'tJfI fllihmjfl (Weigh) LL tI::::fl1fl111JtYlflt)! .. .. 	 .. 
'\J tI~ HtI~tllJ (Importance) i flUflll1\11:'1'tI'Iij~flltldl::::'H 11\1 0.1-10 i fI tlfh'H 'tJ flll1WUflL r1'tJ,j1LtI'\J~ ..

'" ..fl111J'H1J1UfI'I'tJ 

,j1Lt1'\JUtlUfl-h 1 LL,jil.i~lfl11 0.1 'H1J1Vt)~ lU'tJLi11'H1J1VUtlU 

<;l1Lt1'\J!YllnlJ 1 'H1Jltlt)'I LU'tJLi11'H1JltlUtI::::'\JtllJl'\J~!'l'hn'W 

,j-JltI'\J1Jlflfl11 1 U,jil.iLfl'tJ 10 'H1J1Ut).:) lU'tJli11'H1J1tl1J1fl 

utl:arl'tJfJ 'Iti'~'tJ~H1f1fllfl111JTt':)Yltl'~ifltll11J'\JtI~HtlfltllJ (Composite Desirability; D) 

'" iflVfl1fl111JTt'lYltl'~ ifl Vn1J'IItI'IHfI~tllJ'H1 i~~lfl1:'l'1Jflll~\lij 

D = [d/yJ x dly) x ....... x dlyJl 	 (2.2) 


lrltl 	 D = fl111JTt'lYltl'\1 lf1tll11J'IItI'IHtI~tllJ 


d = fl111JTt'lYltl '\)'IItI'IU,jfl::::HtlfltllJ 


k ~1'tJ1'tJ'IItI~HtI~tllJ 

fl1T1111JTt~Vitl'~11lVl11J'IItI'IHtI~tllJnfl1t1dl::::'H11'1 0-1 ~~li'1 D ~fl1L'YhnlJ 1 'H1J1tlt)'IHfI 

~tlmf'tJ i~1lJfl111Jyt~'Y'm '\)mh~1:'I'1J\!lW U,jli'l D nfl11yilnlJ 0 'H1J1tlt)~H"~tllJ911'fI,j1'Hit~'H;tI 
1J1flfl11 1 ,j1t1d'tJtlfl'lltllJ'IItI'I~1l~lnflflll Vtl1J1lJ (1:'I'1J1tl ~1'tJ1 flfl"l~, 2553) 

.. 
"" "" JI2.7 m1f1lJfllUl11tl1fl1nlflmlll'1.1tl..'l 

O1111:'l'l1JUl ~ (Reinforcement) 'lltI'I UN~1tlflll' tY1:'I'1l9111fi 1J ~~1l1h::::1:'I' 'Itll't4'OL1:'I'l1JUl ~ • 
'l¥nfJW 1:'I'1JiJfi'VINflfl~l 'InlJfl111J~tH flll1;;'I1'tJ l'dtl~~lfltl1\l~11J1in:IJ'lnfinflll~tllJ 1:'I''tJ tI'I,jtlflll 

l,jgtl'tJU,j"~'VINflflmh~mfl (CA International Information Co., Ltd) il.i1:'l'11Jllt),j,::::tlmn~'I1'tJ'~• 
o1'1111lfll l 11:'I'l1JUl 'I flll lfi1J91111:'1'l1JUl ~, 'tJ VUyh ,1f,~1Ji'l fl11JtI~t11:'1'U"::::fl1 flll VfI,j1 ~~U~fl,j1\1 

Q 	 Qd. tV d" I' 4.cv 
~ 1fl O1l 11:'l'l 1J11l 'I 'lltl 'IYl" 11:'1'9'1 fl'VI fl11JtI ~f11:'1' Ufl::::fl111J u'\J·m l 'II Vi 1JU 9'1 n1flll tlfl ~ 1 f1f1 fI ~ (Groover 
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P.M., 2007) O1mfl'U ~tJ H'd1'U'Ufl~ ;f'UtJl~~iifl11lJti~l1~'U~1 Uiff'fl'Ufl '1 U~ ~1li1~~~fl11lJ ff1lJ 11 f.l 

~ ~ ~ ef <VAd QI v Q,I J ~ 
i'U fl11 u~ ~ 1'Ufl ~VN n 11 1 l'IlJ'U 'U 'Ufl ~ flW ff lJtJ ¥I fl¥ll ~ n 'U 'U llJ fI 'U 'UL1J 'U ~ 

Q,I 

fl1:I W~!~ l'I1~'Ufl ~ 01 1 

1ff~lJU1 ~ i 'U VN u91n~1 flO1lfl itJ 1V'JJ l1f111 nl1~~nri11v~ 1li'JJ11f111i~ I~ 'U 'U'U l~'Ufl ~~1 liilJL ~'U 

i:l ~~v~ th fl't\!91fl fjW ff lJtJii01 1 1 ffllJ U 1 ~fl'4m fl'U'U 1~ i l1qj1~iJVlJ'I,j llnVl11ri'U9i1 LiilJ l~mffllJU1 ~ 
di ,.e!, d "I JJ.ct d" dtVA I 

Ll'Il1 ~'U'U 1 ~fl l1flJ 1 l'IlJ fl1fl11lJ U'U~ L~L l'I V~I1:l fI'U fl VU 1:l~1:l~flW fflJ 'IJ ¥I n 11~ n'U1 ~ fl V1 ~lJ 1 n 
u • 

(CA International Information Co.,Ltd) 

N~l'U1J1 ~1 L ri 'U ff11 Lfflllm ~~f~fIll1:l~ i ~mh ~ 111 n i 'U fl¥lff1l1 m 11lV1~1 f.lV'U.1U1:l ~I~ 'U ~ 
~ . 

QI,s ell 4 cd 
Vfl1l1'IJ~1l11'IJ0111l'1llfl11lJU'U~UH (Groover P.M., 2007 ; CA International Information Co.,Ltd) 

... ........ c1 ~... ~ .I! iii ....1 ~ iii
U~~n111~lll'U1l1~lfllJfl'4mflmfl L'lJ'U'JJ11l1ilHl'I1l1l1f1'U'U ff~ N1:l 'H fl111l'H 'U ~~~'U'U 111:l111lJU1:l~ 'If 

""' "1 " t • i iI.1 '" OJ i .1.1 1 .I ~ ...i 'UfJ1111:lfl1 L'U91ff'U~nll 'HlJl~'HV~nmU1:l~l'I1:lH1'U 'U01l'U'UllJ ( fltJWfl fllJ1flV1,2543) 

fI111lYW1V1lJi'UfIll111N~f:h'U1U'1NVi1l1tr1~1~'U9i1lfflllm ~ i'UUH'Iillll'lf1iiL~m~lItJWfflItJflm~fI~ 

l'ItJi'U~l'Ui~v'Ufl~ (YfY1'Iil'll Uff~liiu'Uu~~flW~, 2551) l~vVi lO1ll'JJ~V'U 'U'U1~N~ril'U111:l~'JJ~1l1W~ 

liilJ l'ItJ1101lliillN~ri1'UVi 1 i 11'VNNfflJiifjW fflltJii~fl11VHUN'U lJ1m~ 1'1..1 1 ~Uii'JJ11l1W01lliilJfl ~ 

i'U'Ih~fflV~~ 7-lO l~VJll1l!fI 'Ufl~'JJllJ1WVN'Ytll111~~i~tl1tfllfrl'U 1~d~fl i11'9i1uH~'lJn'UlrJ'U~fl'U 
JI ., w 

IIll'U fill i ~m~vJflliJn 1191i'U fill flfl1:l1il1l.i1AYi~11W l11~liii~i'U O1l~'U ~'JJfl11lJfl 'Ufl1'U,.jflffm'Yt 

fill i~~1'UU1:l~fI11lJffl1l11t:1 i 'U fill ~~cg'IJ 

'U'U 1~fl'4mfliiN1:l91fl 011 IfflllU1~ l'ItJl1f1l1 i~fl'4mfl'Ufl~~'U 'U111~~tJ'U 11'Uijt;wlNfflJ 

OJOJ ... • ",," ! "1.li :: "1'" ..it. 1
n'IJUH1i11ll'lfUI U¥l~~Uff~~tJtlAfflJtJ~ml'll:;mun~ LlJ 'U'U'U~fl'U01l11:lm L'U91111:l~lllfl'U1fJH'Ul '1..1 

flfl1l1'YtihI1'JJfl~fffl'IJ01lfl'Uffm1~fl101fl' (m(Ji~uff~~'Ufl'U ~1l J1ffl'JJHi' fl111l4'U fl11lJffl'U) 

1.,4 d Lt Q,I 4 :",.. 4 

'YttJ11tJWfflJtJ¥lllHfI~ (fI1lllll'U~lIH~~ llflt1~ff O1lt1~ tlA ~~'U1~) 111lfl~fI1llJ~1'Ulll'U~flflll~fI 

'Ul~ (Tear Strength) mtl'H"'~01l fl ~fffl'IJl'I'lJ11VHNffll1i11lJfll 'H;fltlN Nffll~'U1'HiltlTqt\!liYtlfI111l 
d d)1 4 t .Q ~ rl.

u'U~m ~1I~:;fl1lllll'U~Ul -:)~1'U011Ufl'U1~1l1f1fJ11tlH'Ul1'Uflfl1l1 'Ytfffl'J m.m~ 90 'Uflfl~lfl'Umfl1lll 

c:1 .., 1 1'" ~,l 1'" ! 1~'" ""' 11 'U-:)'H ~ ~fJ11 II ~ fffl 'IJ 'U fl ~ fJN 'U 1 '1..1 flfllJ l'Ifffll'Yt lJ 'U 'U 'U fl ¥I'ilff1'U nGlI fl fJ-:) fltJ tiN NfflJ1i 1 11lfll 

(f~'U1ntlA llnni'Ui, 2544 ; W!lW1 flfl~ lfflJ, 2549) 

ril'U nlJJmfiiN~91fl'JJ l~i1fl tm'Yt01l~flcgtJn~'U 'YttJ1101l 1 ~ril'U n1JJ'U~Hfl tl1:l~ 15 1f1t1 

tll'Hl!fI ffl1l11 t:I~flcgtJ fI~ 'U i'U J lJ'U lJ~'Yt~l1tJlqlli~ lOfi ~lflfll1 'HJn1~R~q~ ii-:)~~ fI111l';'UU1:l:;fh 
'" . . 

m~ i'U111J'U (fll ~;rv V~tl1f1, 2549) 111:l~1Aii01lflfl1:l1f1l1~flcgtJiY~fllJ 1~tl1~Dl'UnllJ'U~iiNfi~~lfl.. 
Dl'U 11'1..1 ~1111~11l "llfl'JJ1~1f1 fl'fl11l1 O1l11:l::~lf1n~mll:'Yt~l1~Nfi~1Ai'U 'JJ,:lllfl'1lltl ~'U'U l~fl'4mfl 

.! ..,..,......... 1! '" ""»! ~,l i pd QI


125 150 ....m 'Yt'IJ11f.ll'Uflllll'U¥lll N~~~lnn::1:l1lJ::l'In1ff11l11f.l~fl911Jffuflll!'Yt1I'll'U~'U nnlfltl~fI'IJ 
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tll'U nlnj'U~~fla91 'illntiTU M'Ui'U U fll1~~~i'U~mlJl~UlJ (n~l'Hl'w 111'1.1 1ll1'JH'Il, 2550) U~~~fl11lJ . ., 
'Vt tllt11lJ i'U nl,)U l,j~mnlfYVitl'U IUfl'U Ul,)D'U 'VI1V'):;m tI (VOCs) 1~mm tI'U!Vitl'U') :;111 H 11~fl~~~i'U 

, Q;I Q;I d' j} d Q J. (V QI d 0 y. • ..I 4 
tll'U nlJlJ'U 91 ~lnn~~ llJ~'Vt') 11'V1 fI~91'\J'ULtJ~ n'U 11~flfl~~"lr'U lJ191,)!1'U 'VI'U 11'1I1lJl91 H ~ lnu ,)~I'V1fY "lr'l 

. tll'UnlJiJ'U~~ln'H~fl~~flimf~Ufl~'lfU~~yf'U~ih~'111lJ~ in"'lfttl~n'Utln~lJ1W 1,400 m
2
/g u~~yf'U~. . 

"" "" ., 2 "" " ~ 1 "" dfl1 micropore 1'i1~tlu,):;lJ1W 1,160 m Ig 'VIfl11lJl'\JlJ'1I'U'\Jfl~Un 'VI~fl'UU~:;:;I1J'U"lr'U 500 - 2,000 ppm 

t QI .d Q J .ct_1 Q Q I Q,I d .. 1 Q Q J 
'Vt1J11'H ~fl~~~"lr1J 'VI fI~\1I '\J'U LtJ'IlJu ,)~U'VITl fll'Vttl '1ml11~fl~~~"lr1J lJl91,)!1'U U~:;lJu ,)~U'VI1i fll'Vttl ~'\J'U 

.,j " " ;f "" dLlJflfl11lJl'\JlJ'\J'U'\Jfl'lUl')tl '1'\J'U (~Htll fl'U'VIUIW, 2551) 

nnffn'M lnn~~c]f1J n~'U~1t1nn flUlJfI'I tll'U n1JtlH 'Vtl,) 1 1~ til t11 tl1J1 Vitl1Jtll'U '~'fiu~~ 

tll'U'~flUlJ~tJ1lJ1Wtll'U 10,20, 30,40, 50,60 phr U~:;'\J'Ul~fl~fllTlfl'lril'U~ 100 ~m U~~ 300 ~m 
'Vt'Ui1t11'1f1UlJfI'Ith'U '~flUlJ I 00 ~m ~tJ1111W 40 phr i..rfJWUlJ,j~I;'1nl:lU~~fl11lJUllJlnli'Um')~~ 
c]f1J n~'UVi'U I'U fl11 ~tliii m,)fllJ~ ni1tl1'U '~'fill~:;lrlfl;l'fl~nl,) fla91I.rJ'U fla19'LnWct1fl1') i ~fI'Itll'U '~flUlJ 

1'Vt,)1~i..rnmQnni1 (Ulh~,r 1'VI'VtfJW U~:::f.I'flm t;!'VITll,)U"II',2552) 

~ 1 nn 1') ffn'Ml~ fi1'U lJ 1 fI'Itl l'U '~i~I~ 'U 191 Q~1J i 'U m') Ifill UlJ,j~m')~~i1J!I~ :::nn 
., 

IU1lJUH l~tI~l'Ui~tlil'Y1'ffn'Ml"11'U~'\Jfl'lfl'ltll'U'~ '\J'Ul~fl~fllTlfl'lrll'U (~m) tJ1lJ1Wmtll'U (phr) 

II ~ ~ iii n n 1911 tllJ til'! ufi'U I vt fl 'Hl i1 'iI ~tI~ I'H lJ l:;UlJ ~ "l~~fl tJ ') ~ ff'VI nfll 'Vt nu ~flc]f1J til "lr 

m11Jfl'UlJfl'Ufln'''lr~U~::UlJ,j~I~'1n~ (mllJ'VI'U~flllH~'1 1l~~fl11lJ'VI'U~Dm')~ n'\Jlf1) Ivtflli~'Ulnn 

UtJ ')ltJl.rJ'U fla 91 ftW ct1tI1~i ..r~fJW UlJ,j~mlJ;l'fl'ln1'.i u~~~~;l'ml'U i 'Unl,)fla91 
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• 
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. . ~ 

1i1v~ \I1nN~(hu ij flru ff1J,j~L~h..!¢1'l'U fll'j ~~~'U ~~ir'U' 'U ~1'U1itJ~nl1fll'j ffm:ll0~'j11h'U Nff1J 
~ 

~ 

1::::11 'h~'ln1~ N~rll'U L~ '\I'Ul~V'\..! mflN~rll'U '!J~1JlruN~rll'Un{l::::11i fll'j IVl~ tJ1JUN'UtJ1~ i 'Ufffll1::::ih 

tJH U€I:::: V11fll1 ~'U 1'!J tJ H UN 'U 1 ~tJfll1 Vvnnllllfll1 V1~ €I tH 1';~ ff i1~ I~V111 ~ 1~II fll 1V1~ {leN~. 
1111J1::::ff1J 1~t.IijU'U1V1H''Un1'iffmJ1~~i1 

~ 

~~uff~~i'Um'Vl~ 3.1 

,_____ "" L.-___-, 

. 
.c:t .c:u=:S 0 &::10 QCV 

lI1'rtfl 3.1 11ifll1~lL'U'Ufll11~W 
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3.1 U111flii 

, ,
3.1.1 fI..:IfJl'U 1I 

~ 

N.:j ri 1'\.J 1~dlld' 'IJ' il \J ff 11 ~1,;t 1J ,14 ij 1-vi 1J ",onHi ftl'J ~ ~ i'IJ til CJI 

'" 1 "', , 91' 1911' '-.91 1:l1,x '" fl1'j'IJij\J1Jij\Jijft CJI~'IIt1.:jUIl-l\JtJl.:jll-lff1JN.:jm\J 1h~ftij'IJ~1tJfI.:jm\J 1J Il-l fI~tlTU !1Jflff1J 1Jl\JtlU'll.:j 

. 
cI; QI.Q ~ 'WI"

Yl11H'f1 3.1 ff1J'lJYl'YI1.:jfl1tJfl1'Vi'llij.:j'l1'U~ ~1J 

"" ~ ~'l1l.!?t 1I 

, 
fl:l 1 tI't'I'U1AI'U'U 

3(kg/m ) 

.. 
mmWfl:llt1;'U 

~ 

(1tlUa~) 

1~'lJft 1040 32 

1~1J~'1111J 850 20-30 

1~~fl1ihMff 1013 54 

,91 '" '" 1Jm~tl\Jw'j .:jfl 420-483 35-40 

11f1N 610-870 47-69 

'~Nff1J 360 14 

., 
3.1.2 lhm..:l1i11t1'tflfl 

JltJln~''U{ RRIM 600 l'U~.:j't'/'1~tJ'lJftn'l11i1il ij,j~mW'llij.:ju~nfnl1J~l'U 
: .= 91 .I"',x 91.= 91 '" .I~ ~ IV ,

'U 1UHlil fttJ') tl tJft~ 37.80 u ft~ 1J ') mw ''U ijUl.:j U'lH' il fttJ') ij tJft~ 34.93 l1Jijl1J,) tJ'IJ' 'YItI'IJ ft'IJfll 

" ". ,.. " 
1J1fl,)!l'U ASTM D 1076-80 mhtr'U fh,j~1J1W'lltl.:jU~.:jnn'l1J~.yjjjl'UUltJl.:j~'IJ!!ft::,j~1J1wriJij 

" .
m.:ju~.:jtr'U ijd1'Umwtt1iliit.lwfl1'Vi~ 

• .1 4 ...
3.1.3 01~ln61t1n (Formic Acid) 

fllI!:.t. " 0 tV ~ QI QI:.d d • .d: (V

m~vlij'j 1Jft1 'l1ffl'11,)'lJl1J'U ffn ~'lJfl1\Jlt11.:j1J"lYl Hl1.:j Ifl1J flij CHPz lIl.!l'11'Uft 

l1J1ftQft l't;,n'IJ 46.0254 fl1'1J/l1Jft jjafl\lw~Li~I'U'IIij.:jl'l1ft11,)''llfl'IJ~1111 1mft.CH. t2Ylff1'11m'j1J ~ln~ 
"'.., .1.1 1.t ~1 91 ~ '" .=
'l.:j'l11~'Um1J!1J 1J,)~ll1f1 &l1U 1J fI').:jff,)H1f11JUff~.:j~.:jfl1Ttl1 3.2 



43 

.., _I <I 
3.2.1 li:riJl2un1W 

3.2.1.1 fl7mJ~ lfnl'Hi''lH'I~'U'n~rlTU'm..r;j'UU1~f1'4fl1fUgfl 
QI II tllQQI I:: 

3.2.1.2 tI.:JNff1J hrnTH'.i'UNff1JN.:JmU Ult11.:Jff~ Ulff:;m~ Ufl::fl'.i~'tifl'.i1Jfl 

3.2.1.3 ~li.:JAi~f1f1 ,~nff'l1~1J 2 ~lU'H1-i.:J 'fnl'Hi''U~.:Jtl;1JltuN.:JrlTw'l1~..rfl 
Denver Instrument TR-602 'U;li'n Denver Instrument Company tl'.i:1'nffff'Hi'JflL1J;m 

.. "I31.,s QI , I'"3.2.1.4 lfl'.ifl.:J Vibratory Cup Mill "Pulverisette 9" L~fll'H'.i'lJ'lJ~~f1~N.:Jmu 1J 

~..rfl FRITSCH GmbH tl'.i::lnffWfI'.ilJU 

3.2.1.5 Lfl~f1.:J~'.i::Ufl'.i .:Jti~'UU1~Ll'lJ'U'fuHd'Uff::!liflU (Vibratory Sieve 

"IJ!0 QI ..., '''..;'' IShaker) &'Dffl'H'.i'lJ'Hl'UU1~fl111JfI:LfI~~'UfI.:JPNmu 1J V'Hfi FRITSCH 1U Ibratory Sieve Shaker 

Analysette 3 tl'.i:lnffLtJfI'.ilJU 

A .... ~" , ""1"0 .... ~" 3.2.1.6 lfl '.ifl.:J1~m'lffll'.i'UflU1JflUfifl 'lf~ &'lfffl'H '.i 'lJm'.i~'.i1\l'Hlm'lffll'.i'UflU 

5it" 'JI J! 

1JflUfifl''lftf~..rfl Fluke iu CO-220 tl'.i:Lnffff'Hi'JflL1J;m 

A .... ~" , " 'fl'.ifl.:J1~mCJfll'.i'UflU1JflUfifl 'lf~ (Carbon Monoxide ..; " Meter) V'Hfi 

~" ", , ....Fluke lU CO-220 l1JUlfl'.ifl.:J~'.i1t1'Hlm'lffll'.i'lJflU1JflUfifl 'Iff! (CO) "fI:t1:1f!fl111Jl'U1J'IIU'UfI.:J 

~" , " , '1' ..6...", .J'''1 "d ...
mYfll1'UflU1JflUfifl Y~ (CO) '.i:'H11.:J 1-1,000 ff1U!rnU (ppm) 'If.:J1J'~U)'.itl::'U.:JY &'Hl'HUtI.:JffflTn 

... ~" , " _",.J'
m'.i1J mYfll'.i'UflU1JflUfifl Y~ (CO) fffl.:J11'i~.:JU 

II 

1) t1.:J;;~1tJfh6,U'lJU LCD (Liquid Crystal Display) If!V61Uth fl111J 

,.rJ1J.rJU"{).:Jrr,Yfl11'UflU1JflUfin'ytf (CO) ~,tlgvuutlfl.:J,tl ;j'H1-i1tJlriU ppm 

, .J'1' 's.... .011..6 5it A ";"1" '0
2) 'lJ.:JY9'l1Vm'.iff.:Jll1tJ.:Jffqjq"tul~f1U 'If.:Jl1JUlfl7f1.:Jn L'Hfl111JU1JUVl 

fl111Jff::~1nUfI:~ltJ~f1m'.ilf~lU l'H1Jl:nl'Hi''lJLriu~tlfl'.iW'~f1fl111Jtlflfl~nvlumn;'.:Jlulu 
ffmU~~1.:J'11"1fU lu lH.:J,u~~ff''Hfl'.i'.i1J ffmu~;jfl1'1JlaV.:JtTU~'.iltJ~f1fl1'.iln~rrl'lft1 thrill 
'H;f1"'~fJ1mff'HltJltl cJ.:j1tim'.ilflfl~f1.:Jilfl'~Ufff!.:Jlumfl~u1fl t1. 
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3.2.1.7 'llYlVlYlffV'Um~~Y1cg'U 
., 

1'W nllfff11,J11 ~[lU 'llYlVlYlffv'Um~~Y1cg'U i ~HJf11~ ~ lClV·:l1ltH VlYlffV'U 

rI.Q " " .t4 ~ t .4 <11 a
U'U 'U il YI '\I 'W 1YI 30x40x 15 \1 n 'U 1ffn !C)I 'W 11 12J 11 ~ ! 'i) 1~1Y11 'W '\I H l'Vi V 11 Y111 ~ ! fl HN ')YI f11 C)I . ., 
fll{'Uv'Wlw'Wvn 1C)1A i'W CO-220 uCl~lj'liv~r~viil;'W!!N'Wm~'\I'W lYi 5()x80x5 iJClfiUJlI~ 1riCl~1'W 

'llYlVlYlftv'Um~ ~Y1cg'U ~~I!ff;)~1'Wm'Vi~ 3.3-3.4 

.. .cl ~ a'J d' ~ 4I'd" • 
m'Vi'n 3.4 !mV~1Y1mC)lfll~'UV'WlJv'WvnlC)lYl tI'HV Fluke 1'W CO-220 
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:: ..r~ jI~ ... "A M'" ., .J ...1'l..tm·H)f)ml'U'Uml'VI~HHHflH'lJ Lflnfl1Jl111'1::11f11l::11 'YU)'VI11J\HItJ1l1'1::l::R'UVl1JN1'I 

9imh::aVlim'W4Uf)~ufi'l..tV1~tlRci'U 1~rJN1'I\llflml'11flll::111Ilmr~~i1\l~IJU1'l::l'::~'U'I.mdl\l~rJ 

~~l'l..t911l'1~~ 3.2 

11;)90 (Factor) 1::fl'U (Level) 

rll'1..t'~'lJfl (IMOC) 

rll'1..t '~1J::4Ul1J (TC) 

'11U~N~rll'1..t,~ rll'1..t'~gfl1ihJ,rff (EC)
" 

(Type) 
, ,,,...

f:I1'lJ 1Jm::m.,lWHfl (ACC) 

rll'1..t':U"fi (BC) 

rll'1..t':U'Hff1J (MC) 

, 53 
4U'l..tl~f)".mflNUI1'lJ 

106 
(Particle Size, ",m) 

212 

425 

5 
tJ;1J1WN~rll'lJ 

10 
(Weight, phr) 

20 

40 
... , 

'11'lJ~UN'lJtI1~ ... " N,um~ (ADS) 

(Sheet) l'lJfl1'1..t (RSS) 

\llfl911n~~ 3.2 1"'l..tml~lU'l..tfli1\l~rJU1'I::l::~'U~iiN1'Im::'r1'IJ~f)tJl::a'r1im'W1If)~ufi'l..t 
"'l 0 !1"".J ::, , ~ 

V1~~RCJn.J 'lJml'm'VI'l..tRlI'l..tlRU1'l::1J\l\lrJ911~4 'r1\l::f)f)ml'U'Uml'r1~1'Itl~'lJ'I..t RrJU'U~f)f)m1J'lJ 

" 4 i1 \li'rJl1'nfl~~il 
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'" (1) 11'il~~'lfUl1'IJt!-3~HriTu111 (Type) ij 6 'j~~1J fit! rilt11111rl rilt1111r-.uUJ rilt1111d1t! 

U~-3 2 'lfUl1ril'U111lJflrilt11111J~'Ul1J rilu1111lfm)m,J 2 'lfUl1 rilt1111Vfl1ihJ~u rilt1111fl'j~otl
'" 

<I... 1 <I "" 
WNfl (vfYl'fivn u U-3L'YIUtl H"~flW~, 2551 ; Ul 'j 'iltl L'YI~fJW U"~fJ'ilfl'j ~'YI'fil'jtl'lf, 2552; 

UV1J 'lfii~~tll1t1 H"~flW~, 2553) 

(2) iJ'il~V'lJtlll1t!'i.!mfl~Hrilt1 (Particle Size) ij 4 'j~~lJ fit! 53, 106, 212 u,,~ 425 J.lffi 

'" (3) iJ'il~V,jl1J1W~Nrilt1 (Weight) ~-3'l1t1ij 4 'j~~lJfit! 5, 10, 20 u,,~ 40 phr 

'" ,
111U-3lt11~tlu'l~11ifl1'jt!t!flLLlJlJfl1'j'YI11"t!-3!!lJlJ General Full Factorial Design lliJt! 

'" '" fimn N" fl 'j ~ 'YIlJ'H ~flL L" ~r-m fl 'j ~ 'VIlJ111J'lJt!-3iJ 'il ~tI~l-3"1 u,,~ 'I, tI fll'j ~11 tll~lJ fl1 'j 'VI 11 "t! \lfl i'-3Ul~tI 
SI "t, I 

fln ~11fl1'j 'YI11 "t!-3 'l..rLritlU'lm ~1J 111 Ul'llfl1'j 'VI 11 " t! \I 911 2 fli'-3 lfJt!l~mnllJL';t!iit! 'l..r fllJ-3lt11iU 

" '" ~1~U11ll'l1fl1'j 'YI11 "t!\I 'j 11Jl1-3fftl 384 fl1 'j 'VI11~1tl'l 111tl'YI11 "t!-3 U1JU~'VI1\1 fl1 Vm~lllt1 ,j'j:: ff'VInm~ 

Physical 
Factor Mechanical Properties 

Properties 
Run 

Particle Absorption Tensile Tear 
Order Weight 

Type Size Sheet Efficiency Strength Strength 
(phr) 

(p.m) (ppm) (MPa) (N/mm) 

1 MC 53 10 ADS 

2 AAC 53 20 RSS 

3 AAC 212 10 RSS 

i 

4 BC 212 20 RSS 

5 AAC_ 53 10 RSS 

6 IMOC 425 40 RSS 

7 TC 425 5 RSS 



47 

Physical 
Factor Mechanical Properties 

Run 

Order 

Properties 

Type 

Particle 

Size 

(f.1m) 

Weight 

(phr) 
Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) i 

8 EC 425 10 RSS 

9 MC 53 40 RSS 

10 IMOC 425 40 RSS 
I 

o r IIV v ..9 !i! r ,Vd
3.4.1 UlfllU t1J1JllJ""1t1f}'IO L'VWt'I"'tIU1"lItJUfllU 'HmOM 

01 d 4. "0""V,3.4.2 UlfllU'YIlJ"mn ff!'tIl U!fl'jtJ.:J Vibratory Cup Mill "Pulverisette 9" Ut'l1'Y1101'I 

U1N.:JtilU~'~~l001'IlJ''~1t1'f}~tJ-3 Vibratory Cup Mill "Pulverisette 9" !'YIt'I.:Jlu 

~~um.:j 1~tJt1"'WO'IJU l"'tIfHtJ'4fl1tlN.:jtilU 011 ,r"'IJU1"'Uf).:J N.:j tilU ~Ul1Jl'ih01'I 'YI"t'lf).:Jhw'~ 
'fI~f).:j,r"'UU1"U1J1J'~UHd'Uff~,iif)U Vibratory Sieve Shaker 1U Vibratory Sieve Shaker 
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Analysette3 "iLflUlfl'HH'HJ~1I9'1:::LLm{lUUfl'll\J1fll1J6'i9'l1{jAd", 0', '1 ''''flUfl11J6':i0' 6 (3,350 jlm), 12 (1,700 J-lm) 

,20 (850 J-lm), 30 (600 J-lm), 40 (425 J-lm), 50 (300 J-lm), 70 (212 J-lm), 100 (150 11m), 140 (106 11m), 

200 (75 J-lm), 270 (53 jlm) ua:::1l1\J':i'{N (pan) 9'I1111l19'1':i!1\J'll6{j A.F.S. n~6'111'll\J1flI'HHm111 

a::: 1 Vtlfl ~m 111::: ffll~U1111 i ~i \J fll':i'VIfl ff61J 1 fl mil6 fl'll\J 1fl6'4.fl1fl N'l ti1\J ua~tJl111Wj:Hti1\J ~{j 

Ufffl{ji\J9'l1':i1{j~ 3.3 

• 5311ffi 

212 J.Lffi 

425 J.Lffi 

~ <V I " .4 ~v
mVfn 3.6 fll':iflflUUfl'll\J1flN{jm\J~1mfl'j6{j Vibratory Sieve Shaker fJ116 FRITSCH 

i\J Vibratory Sieve Shaker Analysette 3 

'" . "" 3.6 fll1Ifl1t111t1HIINUA1J 

w w 
3.6.1 1'V1U1t11{1tJl1l1W 750 ijaftft9'l':i11a:::U1ff:::mfltJl1l1ill 500 ijaftft9'l'i a{jt.l{jNffll 

Uti'1fl1\Jllrl~ln\J 
w 

3.6.2 1l1flir\J1'VIm~vJ6{ijfltJl1l1W 100 ijnftft9'l':ia{jt.l~Hffll fl1\Ji,r1~ln\Jl~\Jna1 

w w 
3.6.3 ':i61l\JU1{1~1JA11~fJffll'IJ':iW 'I1n{l1l1fltr\J,,rl~1l\hff:::61fla~'tJvflll\Jfltlll f:bfJl{l . . . 

. 
....
1J1flfl6\JfJH'VIfl1111'11\J1 1 l' "" 1C)f\J 9'11119'1 ':i un:::\J 1 '_1" ... "'... "" 
3.6.4 lJ1'llllfl'j6{1'j~n\JUn::':i~a1fJfl6fl 


... ... ... 
'VIfl1111'11\J1 5 lIaa1119'1':i 

• I cl, :¥Il_I,.t .:, "i " 4!i " "cl ...3.6.5 \J1fJHUN\J'VI ~ !lJN~n1l 3-4 'lf1 !lI{jua11l{l61J~1Unll'J6\J'VI6W'I1.fl1l 45-65 6{1ff1. ... 
'" i".1 "',JI',.t " lC)fl'llC)fUff 'i1'l1a1lJ':i::1I1W 3-5 11J 11:: 'flU1{jUN'UfNU'I1{1 

:: •• ,.t """ ..,cl... ...3.6.6 1l10\J \J 'U 1U 1{1 UN'U N{I U'I1~ !'ll1'116 nllfl1'U 'VI tlW lUJlI 50-60 6 H'I'Wl1a!C)ftlff 

tJ':i::1I1W 4-10 1\J 11:: '~tlHUN1J'jllfl1\J 
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.01, i ,
3.7 fl111V11t1UIINUrn~UltrIVlf)1U1J'II'illnN~alU 

. .. 
3.7.1 '1.hf-lUh'U~'1un'~'111-1V1l'n'lVi 3.3 UfU::1.hn'~m~,j~1I1W 500 1J'C'IftftVl'j !'Yl'C'l'ltl'l 

f-ln'lIU~'-;1fi1'U1,rI~ln'Ud~11-ln'C'l11O 'U1Vi .. .. .. 
3.7.2 I'VnjltJ1'1,j~1I1ru 750 1J'C'IftftVl'j'C'l'lil~f-ln'lI n1'U'Il1-lf-l'lth'U 'Illn'~mVllllVHI~1-I 

.. $I 

2 'Ul'Yl U'C'I11'Yl'C'l'lVl:.m 
, .. .. 

3.7.4 'j tl'il'U fJ1~~tJ~11 ~tJn'lI\!'jtU' 11 n'l'illnir'U1,r!~1I111n'~m~'C'I~I ,jDn'il1-lfHlll~1fJ1~ 

Q:0 .,d jJ",., Q,ld d 
3.7.7 'ill n1-l 1-1 'U 1tJ H Uf-l1-l f-l~U11 ~ 1'\11 11 tl Ull fl11-1 'YIt:!ru 11 ~ 11 50-60 fl ~ f1WlIfllll]fUn' 

_I ... 1II!JI I ....:: , .I _I .. II 

1J'j~1I1ru 4-1011-1 'iI~ I~Wl~Uf-l'Ulllfl11-1 '\I1-IVltl'Um'j'\l1-l11JUH1-Im'l1l1n'lVlmutJ')IHn'lIH~m1-l 

~~Un'~~'1-I.fl1f1H1-I1n '\I 
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~"N.'Ch\.l'IT 1 ".aft 

',,"uri 'Un 1J~'V1SJ 1I''l1ft'1.Ifl''f'f 


nn:a'Uou~.,r'eJ NnlJ 'U'lt!~1Jsr'\.lli 


"U1..Ilfll.fJ\i111flN."ht..l 

'3.106, 2121uu:: 42' tun 

'\JiJJ104f1uhu 
'.10.20 ..lftt: 40pbr 

W11JJ'lt.1H1UfttlO'lfll,,"fJfijn 

n'li.l,1f.,n'ftflu,oG,"-'\.,!tu";-'1 

J#litAJ~~t1~i;14l\,f. 

uft::1"ln'fl1'u 

Yltn·nl1Jrrn~'.Olvnl" 'Yl"'ffe U1"fll\l'';hi4n" "1'Ufl'111J'Y1lMflU'I49f. 

~l".tJ .. t:iminWt nl1~",of'UK,,,, tji\::tf1'Uf}~,,,tfl,.,....',,,,fli6n" in""f'I 

~ ~ ~ 

'lUJUJI'Hfj ''\.Hn:1J1lJfll1''lllJ,tleJl~mh.JNt'UJU(l:tll~UFh..nJ1~1!llJ hW'~ihtlHtY~ '1htY:61~ 

m~'lJtl11l1tl1 750,500 "(l: 100 ii(laa~1'lflfll1'Yl~(ltN (tYmll'1J1~vrJ1~, 2551) 
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eI 	 I ... "" 

fl1111U'\1-3 (Hardness) mlfll::~Hn..l'lltl.:JVH (Rebound Resilience) fl1111 'VI tJ 91 tl m 1'll 11 ~ 

" I 1 1 2 I .,.(Abrasion) fl111191tJ'VI1tJ9Itl tl C)ftJ (Ozone Weather Meter Test) fl1111~ltJ'VI1tJ9H)flll1fl1l1tlVU9Ifl 

(Flex Cracking Test) fl1111l'!1" (Fatigue Test) fl1111911tJ'VI1tJ9Itlfll'Hlfl'lJ111'" "" (Tear Strength) fl1111 

" I c:i 	 ..d '" 
fl1111911tJ'VI1tJ9Itlflll~fl'll111 (Tear Strength) 11l'l::fl1111'HtJ1IlJtJtJ (Mooney VIscometer) 

3.S.1 	fl1''n~'jJ01Jfl111.J'nufioUH~~ (Testing of Tensile Properties) 

'VI1I~tl1Jfl1111'V1tJ~tlIIH~.:J 9I111111911!ltJ ASTM D 412111V91~U1~tJVHlrltJ 
QI 	 JA QI ,: Q.I': 0' I

111111111Jl'!l'!C)f.:J9I1I't1tJ'VI1I~tl1JU1J1J Die C 111fl1111 'HtJ l'lltl.:J't1tJ 'VI 11 ~tl1J 3 9I1U'HtJ.:J '1tJ't11~'S::V:: L 
•• 	 II JI 

'H1tl1 m~Vfl1111'HtJ1-n1111"'ILl'!:: 1111111fl 1'1.:Ji tJ'lb.:J fl 1111V11U ~ltJ1tJ 3 ;1tJ 'VI1I~tl1Jtl.:lU~1I.:J '1 tJ 
.,; 

tll'n'VI 3.8 

, 	 " ..... ~I"'''Illft'n 3.8 't1tJ'VI1I~tl1J11J1I1111Jl'!l'! ASTM 412 (Die C) (ASTM International, 2003) 

u~1\.h '11'V111~tl1Jfl1111'V1tJ~tlU'S .:I~.:J"'1Vlfl~tl.:J'VI1I~tl1JU) .:J~.:J (Universal Tensile 

Testing Machine) 111::~lUfltJfl1't11L'VIflltJ 1l'!~fJ1.:JIIl'l::1'nal11tl{ 1'V1V1~fJI'VIflijfll'l';~:am:J 111v'1~ 
eli..... .. ........... JI"; 	 ... 


fl1111111 tJfll'S~HVfl 500 ± 50 11l'!l'!11191'i'/tt1'V1 1JtJ'VIflfl1fl1111lf1tJ'VI,1I'\J1f1 (Stress at Break) 'HHI 

fi1fl1111'V1tt9ltlm.:J~.:I (Tensile Strength) Ul'!::tl1fl11VfI 01 ,1I'll111 (Elongation at Break) 91111Q9l'i'itt 

" o 	 ...... 
fl1'Sfl1tJ101 fI.:JtJ 
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F 
T.S. (3.1)

A 

(L-L ) 
E.B. lOOX 0 (3.2)

Lo 

...
• a.Q, .. cv Q Q 

L fltl1::.:tI::':VI".If'UVlflfftllJtlfI~1 (lHHUllm) 


Lo tltl1::': tI::.: flTH'Uflntl'U ihm1V1f1fftllJ (ij-n filll~'j) 

.. 

'Ill!L~'U tJ 1~VI fI fftllJ fflJ U~l.:)1 ~ m'~l'U fl11lJ VI 'U ~ tl 111~ ~~ 1fI tJij 'Ii'U ~ tl'U f111 VI fI fftllJ 

~flt.n~11~'Ul;]'Ulil Dumbbell 

~llJUlJlJ ASTM 0412 (Die C) 

o Q.I ii' 
Vllf111 1f1f111lJ'I1 'U 1!L~::': fl11lJf111 ~'lI tl~ tlHUN'iI 

(Universal Tensile Testing Machine) 

(.fl1flf.l'U1f1 fl) 

.. ,~, 

.ftTnn 3.9 m1V1f1fftllJfl11lJVI'U~tlUHfI~'lItl~tll~Uf.l'U 
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SI I <:I
3.8.2 fn1'f1~Urf)'UfllnJ(1l1U'fllU(1lf)fn1f1n'Ul~ (Tear Strength) 

'VI~Uf.)tJfl11:IJ~1'W'VI1'W';Ofll'l~hl'\J1~ ~l:IJ:IJ1;t'l!l'W ASTM 0 624 1~lIi~uri'W 
~ ~ 

q"I Q 0.4 ~ Q 

1I1.:J HtJtJ:IJ:IJ (Die C) 1~fl11:IJ'H'W1'\J0.:J'l1'W'VI~UOtJ 3 ;t1U'H'W'1 flO tJ'H1W:IJ:IJ 900.:Jff1 '\J0.:J'tf'W 
'JI , I JI 

'VI~UOtJ;t1:IJfl11:IJfl~1.:J'\J0.:J~'Wi10d1.:J'H1fhmi:111'\J0.:Jfl11:IJ'H'W1-n'~ ~1'W 1'W 3 ~'W'VI~UOtJ fl.:JUU~.:J 

hunr~~ 3.10 

'-f . 
u 

~__~-L 

D. ! 
; 

~H~ 
\ 

. ~ 

IlTrtn 3.10 ~'W'VI~UOtJUtJtJ1J:IJ (Die C) (ASTM International, 2001) 

~ . 
LI~";l'\.h~'U'VI~UOtJ~1mfl;0.:J'VI~UOtJU'l.:J~.:J (Universal Tensile Testing Machine) 

1.h~~1L1H'Ufl1'l111'V1fl1 'U 1~lillHU~~1wiil:IJO{ 1'V1111fttIL'VIfltJflfl'~ ff~tfl1:l 1~lIi ~fl11:IJ1~1 i'Ufll'l 
~ • Of 

'VI~UotJ 500 ± 50 ij"iil:IJ;t'l/'U1-n ~.:J~'Ui10d1.:J;)'U~fl'U1~U,,:;,j'U.yjt1fhUH~.:Jt'{.:Jf{~-nYhhr~'U 
QI td. 40)l , JI , .cI 4 r.d 

;t101lH\1 fl'U l~lWO'U 1:IJ lfl1'U1W'H 1fllfl11:IJ;t l'U'VI1'U;tOfll'l \1 fl'\Jl~ 'H 'j Ofl11:IJ'VI 'U;t 0 fll'l\1 fl'\J 1~ .. 
(Tear Strength) ;tl:IJt'{f'I'li'Ufll'lfl1'U1W fl.:JU 

F 
(3.3)

d 

'" 
• Of 

1:IJ0 F fio m.:J-ni~~.:J;)'U;'U'VI~UOtJ'\Jl~ (tJ1i'U) 
~ 

A Q Q ~ 

D flO fl11:IJ'H'U1'\J0.:J'l1'U'VI~ffOtJ (lJ~"llJf'I'l) 

~ ., 
1~lIij,j'Uf'lo'U fn'l'VI ~ uotJ~.a9lf.)1tJu 
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~fltJ1.mr,hutllJltJ Dumbbell 

~l11UUU ASTM D624 (Die C) 

! 

o Qi 	 ".l'11fll'I1f1fl1111111J 1 LL'ntfl1111fl11.:J'U f).:J tl1.:JUHU 

~ 

iJ.1 II Ji <vI """' ...l"JlJ.:JllJl'1f1fff)U 1V1mf).:J1f1f11ffllU~1'lf.:Jfl{f 

(Universal Tensile Testing Machine) 

~ 

... 	 .s 

U U 	l'1 fl H{f fll'll'1 fI {ff).:J 

(fI1flHU1fl fl) 

... 	 "" 3.8.3 	ft11'f1A1:r8'Utll11J'I1UA\lUU (Mooney Viscometer) 

lfl~f).:J!Jf)~'oN1f1fl1111ff1111Hl 'Ufl1'lltJ~tJlJUtJ{f.:J,tJ;H'Uf).:JtJH lf1tJ~1' tJ 

... ""... 	 "" l'1f1fff)Ufl1111'l1lJfI\j1J1J'UtNtlHflUlm::W1.:JHffllff1'l1fllJ ~111111~'lJ11J ASTM D 

1646 1fltJ~fIUHlJ tlH'fllt1lJ UHlJ 1.:Jfl{fll'U1J 1f11t=V1J r-i1lJf!flJ vmn.:JtJn:lJ1W 47 ii{f i;111 {;I '1 ~ 11...111...1 

':JIo.1 ".. ... ..d ... ,. ... ..,2 UHlJ UC111J1'lf1Jl'1f1fff)Ufl1V1fl'lf).:Jl'1f1fff)Utl1111'l11...1f1\j1J1J (Mooney Viscometer) Hfl~ LfltJU'l\ll'1 

Alpha Technologies Services Inc. tJ'nal'1ffffl1i'Jf)lll;fl1 tJ'lt~lUH'I..lfl1'lf11l'1flllJ lflVtJ1.:Juflt 

,.... fI",. .., .. "" ,.'" cI , ,. fI I .., 	 "" L'nfllllf)'l1l'1tJ1fltJll'1tllJflff1ff::lfl\l LfltJ 'lftl11111'l1 1Jfl1111~1J L11~f)':Hl'11flU 2 ± 0.02 'If)U/1J1l'1 

f2W'I1lJii'Uf).:Jfll1l'1f1ftf)U 100 ± 0.5 °C '1J1::11".h.:Jfll1l'1f1fff)U~f).:J1f) 'flf2Wl1lJii'Uf).:JV1.:Jlfhfl'u 
, JI • t 

f2Wl1lJii;j~.:J'~nf)lJ;jl'l1~f)!~::&;lm~lJ 1fltI'flfl1111ff)lJuntJ1.:J'oNnm 1 1...1 1.;1ua::thlJ ,11 t11111 

l1i1f1'Uf).:Jtll.:Jl1li.:J~lfl~l"~f)!l1~lJ'tJ'ft 41...11.;1 
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hJ flll'YI~ tl'e.l'U fflJ,r~'YI1-1fll flm't1"U tl-1t11-1mhJ hJ flll!J~ ci'Unl"lff'n{'U tl'U lJ tll-Wfl i "lf~ ~ 
ln~~lflfl1'Ul,I'I1~ ~-11h lfl~''U~lllH~ 2.5 11'1 'rY'YIll'U'h~ff1'U,.h::fltl'U'U fH ffll Lfl~~HQ1 'Ultlnl"lf 

i'U l~ll~'U nl"lfHHflC]fl~'U nl"lffll{'UH'U i~HHfl'''lf~ UCI::nl"lffll{'UH'U11H'UHfl '''lf~ ~llJi:h~'U 't1'U'h 

, 4. , .... I 11:4 Q 4 4 \I( 9J ~ GI d 14Q d Q,I 

HlflllHH'U1't1C1fl ~1't1l1lJ1~f'fl'14::: 1-1ldfl'U flClH'U Iff UCl:::~::t1J'UH'U~'jlm.HUfl'l11~'YIl::~'UmllJ 

" ".1"'" 1111" "I .....; . .. "" I .. 'JI
1"UlJ"U'UlJl111Wfll"lfflll'UH'U 11 H'U Hfl I "lf~ 'YI 100 \lfl'U1f'fflL''If'U91L1191l91H \I fl 'U1f'fflL11~lHlfllrY (l HflCl:: 

QI ~ ~ Q,I J'~ It('' () ~ QI ttl <f tit " 
0.01) ~-1'U'U1'U1~U'UM 1~'YI1fl1l"fl'141flllt1~"lf'Ufll"lfflll'UH'U11H'UHfll"lf~ ....., ... 

3.9.1 '1U\!l8Um1f1Y1a8~m1~Ylev1J 

9i~ flHU~'U UH111ffl~H{U'U'l1"U'U 1~ 50x 80x5 1J1'l "11191l '" lflflll 'YI'U 'YI1'U 

1llWm l11 flll 'YI~ffH 'Uflll !J~ci'Unlttf"UH -1 U~'UUl-1 ~ ff11 ~Hth'U ihi~~ flll 'YI~ffH'U111rlH'U iM1 fl-1 
y y • 

flll't1~fftl'Uflll~~ci'U1 'U'H Cltl~U~1 ~-1,r'U 1'U -11'U 1oiflU~"'~I~lU11 fll~ u~'Ul'Wml1111'Y1lflfftl'U1 'U 

fllllm flUVltl'Utll::ff't1nfll't1flll !Jlflci'Unlev"Utl-1U~'UtI1-1~ff11 ~-1 tll'U 11fl uihfllll911 tl11 fl11111,j'11,j''U 

1111.. "I .....;"1" '" "';1". ~ "" do " 
"Utl-lfllttfflll1JH'U11H'U tlfl I ttf~'YI IIfl~lflfl1'U 'l,I'H l 'U'HtlU1C1H"l:: 'U'UlJlfl 'j tl~ 'U 1fl~ ffm 1:: ll11~ 'U"U H" 

nlttffll{'Utl'U11tl'Utlfl'ttf~~ 100 ppm ~ lmf'U1l1t1HU~'U111ff1~H{U'U'l11ff,,j'l' tlU-111fl'YIlflfftl'Uflll 

'" .... .011 'JI" 1111.. "I .. ""1 ...; 1
!Jlflttf'U UCI::'U'U'YIflfl111U"U11"U'U"Utl"fll"lfflll1JH'U11H'Utlfll"lflflV.}fl"l 10 'Ul'Vl IfltJ't1ldCll 'Uflll'VlIflClH-1 

I'llO'U 120 'U1Vl (Itlfli'! f'flVtl'U, 2551) lfiH't1lflff'tl1Jfl11lJffl111HHlll~~ci'Unl"lf 
.. "I" I .. • " Y. 1111.. "I .. 

flll 'Utl'U 11 tl'U Hfl I "lf~ "Utl-1 U~'UfJH111ff1~tll U1J'l1~ 'Ufl11fl11111'UlJ'U'U 'Utl,;j fll ttfflll 'U tl'U11'tl'U Hfl I ttflfl 

fl-1~ 1IflfJ911n~,r'U'Yifl~Clflll'YIlflfftl'Ufl1l!Jlflci'U~-1Ufflfl"1'Umfl~'U1fl fl. 
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<::!I 

tJt1t1 4 

~TW 1,rfJ ill 
" 

1'J 'W fll1 ffmn t1'il,rt:Jn 
. 
ijp'HWi m.h :; ff'Ylll .n 1'W fll 1 ~ If! cMll n1CJft11111 fl 'W 11 fl 'W fl fl 

" 'CJf~'lIfl~UN'WUH~H"lIN~th'U ilflUfll'J 1~1UlI 'il1fl'lllfJ1-i1 ~1,rfJ'~1nfl11 flflflUllllfll1 'Yllflflfl~I<}1~ 
• .1 q .., 0 .., ?l ,A 0'" .d. i 'I" 

ItY't fl 'Yl m'J t:JfI U fI:; 'illfl fl11flll fllHlfl ~I]J 'W 1111 11 t111 mfl 'H 1f111flll fl 1'J 'Yllfl ~ fl ~'Yl1'l1111:; 'i:UJ If! U t'l1 

" 
i tlmfl'JlI Minitab Release 14 ufl:;"'~fh''Wltl'i'i:'1:1:~11'11fl.:ltl'il,rt:J U'i:'1:;f11fll1 'Yllf! flfl.:l~11161fl ni:i1'U 

1:'H':h~'l1illf!'lIfl~N~th'W'~ (Type) 'II'W1If!fl'4fl1f1FNth'W (Particle Size) Ul1l1tlHHth'W (Weight) 
.o::::.q d. d: do Q.I ~ ~ 0 

UfI:1fifll1 1~1 UlIU1~l!N'U (Rubber Sheet) CJf~lImlflllfll1'YlIfl'i:'1fl~'YlnnJIfl 3 84 fll1'YlIf!'i:'1fl~ 'il1fl'U'W'Yl1 

fll'J 'Yllf!flfl~'i:1'1I,j~'Yl1~fl1U.fl1'WU'i:'1:; 'i:1'1I,j~1<}1.:1 flflUa'11iNUll In fJll fill UN'W (J 1~ 1I1'i:1'1~ fl1U11 'l1N'i:1'1IN ~ 

....... I , !II

4.1.1 'i:nJllfl11Hfl1tl.fll'n'll6~fJl'W tI 

~" Q,I , 111 yd
Nflfl 1111 fI'J l~'HUfl~'YlIf!'i:1'flll til W'i:'1fll:l W~ 'Yl1~ fl 1U.n1'W'IIfl~m'W !1I'Yl'll'W 1f1t1'4.fl1f1 

'I" A '" ".l .d. ....
212 J.!m i If!fJ !'l11f11flnlfl'J1:'H'W'W'YlN1Ufl~i'Wl'W (Surface Area and Porosity Analyzer i'W 

q". '" d 
. 

Autosorb-l O'Hfl Quantachrome) 1f!~1I'i:1'~H 'I
t'W~11H'Yl4.1 

o .... 
t'llfl'lJ . 

""11 

.... ,... 
"'Wtlfl 'JOt! H 

Surface Area, 

(m
2 

/g) 

Pore Volume, 

(cc/g) 

Pore Size, 

(OA) 

1 •m'W1"1IN'i:1'1I 96.71 0.0910 37.65 

2 th'W11f1N 191.64 0.1597 33.34 

3 •tn'W 1"1111:;'11111 31.86 0.0452 56.75 

4 
• ... QI "tn'W fl1l1l'W~ 1,317.62 0.6934 21.05 
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.d 'I (V QI fila! A,J.Q tI"" a 
11lfl~1'jHVl 4.1 v.tJ11m\JfllJlJ\J~lJ'Vf\.JVl~1Ull:: 1lJ1~1tV.l\J~~f{'fl '.itHll~lJ1fH) 

~~rl1\J ,,r'N ~~rl1\J ,,rmnJ Hll::~~rl1\J ,,rlJ::'IJ1lJ ~llJih~tJ ri1\J 'IJ\J 1'fllV.l\JV.tJ';h~~rl1\J',r 
Id GI • Ai I~" .~" , QI QI <f 

lJ::'IJ1lJlJ'IJ\J1'fl1V.l\J &l1tyf{'fl 1tHll~lJ1f1tJ~~m\J llJ~fflJ ~~m\J tlJlJ::::'IJ1lJ um~~~m\JfllJlJ\J~ 

o QI .. ~ QI' QI QI Q,I d QI rd f ~ dQ 
~llJll1'fl tJ CJ1~ '11 \J1'fl'IJtJ~lV.l \J ll:L1J \J ff'fl ff1\J ~fI~ \J fltJtJ~'.i1L1I'll tJ ~011 t]fI CJ1tJ01CJ1 ff1\J V. \J Vl~1Ull:: 

tI;lJ1W1V.l\J ijfl11lJfflJl;\JD1'flfJ~HntJfl11lJff1lJ11tl1\Jfl1'.it]'flcUtJX1CJ1 

QI,Q Q,I 	 rd QlQ Q GI.Q" 

fflJtJ~01'.it]'flCJ1tJfl1CJ1LLll::fflJtJ9U·Hflll ~1lfl1'.iVl'fllltNflWfflJtJ~Vl1~fl1fJfI1V.'fl1\J 

tl1:: ffVl iiil1V.011 t)'flcUtJ XlCJ1 ff1J,j~Mf~flll ~1\J fl111JVl\J~tJ!! '.i ~ ~~ Ull:;~l\J fl11lJ~1\JVl1\J~6fl1'.iij fl 

'IJ1'fl'IJtJ~fJ1~LLN\J~tJ ~~Uff'fl~1\J ~1'.i1~~ 4.2 

Pll1H~ 4.2 	ff1J,j~fl1'.it1 'flcUtJX1CJ1f111tJtJ\JlJtl\J tlfl 1CJ1~LLll:;fflJ,j~1~~flll'IJtl~fJ1~LLN\J ~tJ 

(Rubber Sheet) 

....... ... , 
'Jfifl111P11t1'l1t1HUN'U 

tI "" ...1::iI'fIfi 111ft 

.... fN 

fl11ijYlCVtJfl1CV 

(ppm) 

, ... 
fI'Jl'll'fl'UPlt)U1-3~ ~ 

(MPa) 

'" fI'Jl'llPll'U'fIl'U 

, ... 
Plt)fl11iUl"1~ 

(N/mm) 

.... " Vl~~~Ul1~ (ADS) 6± 0.42± 30.50 ± 

fJ1~nlfl1'\.J (RSS) 4± 0.57 ± 32.01 ± 

8 

------ 

'i s +---
~ 4 +___ 

8 ) 

o 

RubberS"'",t 

http:fltJtJ~'.i1


58 

... I .Q Q QI tn tI ~ tid' ... l' 
lJl~ ff'YIlifllVitlrlClf'UOlClfflll'UVlJ llVlH)f) tClfrlllfl1 6 ppm U1:1::Olll1l'HJlJ tJl.:jUF-llJ 9'nVm~'U1lJOl'l' 

III .... .. .11 "AI ...... III Id " ...9"... ~ ""I •
'l'llfl1lJ1lfll 4 ppm 1l.:j}11 t'HlJ l:: ff'YIlifllViOlltlrlClf'U OlClflJ VVf)11Vl.:jUHlJF-l.:jU1HflrlllJlJ lVV1:1:: 

33.33 

1 

0.8 

.... 0.57 
~ 0.6'€, 
e 
.!::I.., 
'I 0.4 

..... 
0.2 

0 

ADS RSS 


Rubber Sit..... 


0.42 

d d.l AI"......... . ..9".,. ......

fllVi'YI 4.2 tJ1.:j'YI'UlJ llJrl1U1liOllL1Il rJ1lVl.:jU'U'UU1.:jUF-llJF-l.:j lm.:j1lfl111l'YIlJ1I eu'l' .:jrl.:j1l 

til 0.42 MPa U1:1:;Oll11l;U1l~1VUNlJtJ1.:j~1V1nlllfl1lJijt'h 0.57 MPa H1:11l1f)OllL1I;VllmllJV1.:j 

jI""" ... 0 "I "... • ... • ...9"... ~ " 
9'l1U1li'l'1lfl1lJ'YI1 t'H1lfllf1111l'YIlJ1IVUl.:jrl.:j1l1f)f)11Ul.:jUF-llJF-l.:jlm.:jflrlLlJ'W'l'VV1:1:: 26.32 

35 

32.01 

I 30.50 

.a r 30 

! 
j5 

25 

ADS RSS 

Rubber Sheet 
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.oJ tJ 4 • 4:,Q QI CtoQ .c:! , QI .c:l r d q I 

fol.:JUl1Ulfll 30.50 N/mm tlJtHl'Itl'Uf)'U11ifll'H¥I'HllJVl.:JUfol'U'SlJfl11Ulfll 32.01 N/mm GJr.:JlJfllfl11lJ 

" , Q Q ~ " 

¥ll'Ul'Il'U¥ltlfll'S~f)'Ul~fl~l1J'UHW~: 4.95 

... ... _~ , , v, ...... , 
4.1.3 8'fl1i'Vfa'lltN1J'nIlWUa:;'lIUlfl8~.fIlfl'll8~N.:Jf:l11! Ufl8tJ1JUflflH, 

........... ~" '"4.1.3.1 t1lJ'U¥lfll'Stl~GJr'UfllGJrfll'S'Utl'UlJtl'Utlf) GJr~'Utl.:JtlH lJlt11¥1tl'S"U'U'If 

Rf)ll ltll'ln'n~'Utl.:Jl1~lJ lWfol.:JUnJ '~'lfij~~1.:J'l ~ii'U'U l~tl'4fllfltl'i lfl'U 

53 Ilm '1 'UtlHUN'U ~.:Jmf'.:JU~:tlHUN'U 'S lJfl1'U~tlfl11lJt11lJl'Sl:l '1 'Ufll'Stl'fl~'UnlGJr~A1~nfll'Stl~~'U 
... .,I, " 'l.J .d 0 Q!

120 'UTVI fol~l'I ~Ut1~.:J 'Ufll'nl'l 4.4 U~:;fll'nl'l4.5 ¥lllJ~l~'U 

120 

110 -
100 

90 --

i 80 -.-lJfl 

.e-
O 70 
U 

60 

SO .. 
40 

30 

5 10 20 40 

LoadtllC Level of C-11arcoal (pllr) 

..; QI Q,I'" (V rn" ~ "41 q ,

.fIl1't 'fl 4.4 fl11lJt1lJ'n'U 1i 'S:; 't11 Hfll'S tl ~GJr'U fllGJrfll'S'Utl'U lJ tl'U tlf) LGJr~ f)'U11 nnwfol.:Jm'U 'Utl.:J 

I ..It"
Ufol'UtlHfol.:JUl1.:J 

120 -

110 

100 

1 90 

80 

8 70 

60 

SO 

--------

- ~ --

~ 
.~ 

------ --~• 
40 

10 40 

LoadlncLevelof O ....c:oal (pbr) 

.... 
tlH'.ilJfl1'U 
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'illtlfllVl~ 4.4 fllVl~ 4.5 VllJ-jl'l.h~iY'Vl~fllVl'l'Ufil'i~~cilJnlC}fm{lJfl'U1Jfl'U fltl i C}f~'\Jfl.:j 
JJ I , ". " • 

U~'UtlH~ff1J ~.:jtll'U'\Jfl.:jtlHU~'U..r.:jfffl.:jm.h H'U ~ 11J,jl1JlW~.:jtll'U yitVi1J~'U ti1fl.:j'illtlijVi'U Yi~h '1 'U 

100 

'-"'-\1111 ~~ ~r _~::?:I __~ 
o 
u :: 4------ _ ..... -.--- ... -l-=.........._ 


30 -!------r 
53 106 212 425 

Prafidf' Size VIIU) 

.ci ~ ~ ... 1 ~ ~ QI ~ 0' i 0' '4"
Ill'n'fl 4.6 fl'Vl1iVli'l'\Jfl.:j 1J 'i::: ff'Vl1i fllVl fil'i ~~C}flJfilC}fm'ilJfl'U1Jfl'U fltl C}f~ '\J fl.:j tlHU~'U ~.:jU 'H.:j 

tilJ'\J'U l~ fl'4 fllfl~.:jtll'\.J 

100 


90 


1 
80 

-'-\111 
.,s. 70 
0 u 

60 


SO 


40 


106 212 42!j 

Pr.Ude Size (Pill) 

Ill'n~ 4.7 V'Vl~Vli'l'\Jfl.:j,j'i :::iY'Vl~fllVlfil'i~~cilJnlC)fm{lJfl'U1Jfl'U fltl i C)f~'IJ fl.:j tlH 'i 1Jfll'U 

tilJ'\J'U l~ fl'4 fllfl~.:jtll'\.J 
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'il1flflnm 'J 'VI~n fWfJ\!J~'U 'rI 'lyhtJ'J ~ ff'VIn m'rl m'J ~~ci'1Jfi1ctr'lJ fHW1~ flffllfl~ ,ilu '~i 'U 

u91n::'1,.,1~ iiflT'l~~~~ldfliftJ;1l1WfI~~lU '~n'hn1J 40 phr ~~Lnflfli~tJ~mWfI~~l'U'~~tJ;1l1W 
'" , ... ~ ... "" , 111 !lid i ' .II
~~fln111'r1flfTfl1l1fl'VI'Ii'rln'IJfl~'IJU1~fl~mflfl~f:Il'U Lll'VI 53, 106, 212 un~ 425 flm 'UV1~HflUfl~ 

u,r~un~V1~U~U'Jllfl1'U fl~uff~~ium'rl~ 4.6 Itn~m'rl~ 4.7 ~llllhfl1J 
'il1flm'rl~ 4.6 m'rl~ 4. 7 'rI1J'htJ'J::ff'VIim'rli'Ufll'J~~ci'1Jfhctrfl1{1JflUllfl'Uflfl 'ctr~ 

f _I Q,I I.Q. & !W.c::l4 Q' Q,I 

UfI'UVHUlJ 'J fI'U mll 'IJ'U 1~fl~mflfl~ fJ 1'U It n: fll'J I~ 'J VllV1~UflU fI~U 'YI-!lllfl'VI'Ii 'rI n~flm 'J ~~ctr1J 

C>''' iii "..., "'!II - QImctrfl1'J 1J flU llfl'U flfl l ctrfl~fl11m 'J 1~ 'J Vllfl1V1'Ii 'J 11 fl1'U 

Q (/ • ~ • 4 P A dQ
fin f11 'J 11fI 'J1: 'YI un: 'VI fI fffl1J fl111l'YI U fI \!'U U 'II fl ~ VH UflU fl1J ~11mfI 'J fl ~ \!'U 'U 1 ff 

iflii1~fI{ (Mooney Viscometer) fl~Ufffl~i'Um'J1~~ 4.3 

fll1H~ 4.3 fl1f1111l'YIU~\!'U~'IJfl~V1~flffllfl~~1'U '~'1fijfl91H'1 ~'IJ'U1~fI'4mfl 53 flm 

tJ;1l1W 40 phr 

I 

, 
, 4 V 

Ufl1U1HN~U1N 
'cv 

UN'UfJH'nlA1'U 

lIfl 42.30 66.23 

46.94 

61.56 

64.94 

79.78 

53.64 59.34 

flffll 44.82 50.34 

11:'11111 94.40 102.05 
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'" nill'I1U~ 3J 

, 
'UU l~t)~mflN,!JfllU 

(J.1m) 

m3J1NFHC;'U 

(phr) 

o!t .... 
fl113J'I1U~'dUU 

. 
., ... ill 

UNUUHN-:lH'lN 
, .., 

UNUf.I1,!J"S3Jfl1U 

5 66.04 70.20 

10 68.46 79.76 
53 

20 80.70 88.92 

ll~'lJlll 40 94.40 102.05 

106 40 70.41 76.25 

212 40 67.41 71.30 

425 40 50.23 57.13 

. . 
.et , 4 ~ , CV tV fI 

fll11UI 4.5 fl1'fl111l'l1'U~\P.J'U'lJtHtll'1Ff"'lltn'Uf11l1l'Ufl 

, 
m3J1NN,!Jfh"" 

o!t ... 
... ~ ill 

'UU1~t)~.fI1flN'ifllU fl113J'I1U~\lUU 

'I1UVl 3J , ... 
(J.1m) (phr) 

ill , .., 
UNUUHN'iH'tH UNUUH13JfllU 

" 
53 40 29.30 31.21... ... 

f1llll'Ufl 
425 40 39.60 44.29 

d 'I "oj I I 1,,"" 0 'I " ... ~ J
'llf1fllll.:J'YI 4.3-4.5 U"~.:J ~'I1t'11'U11FHtn'U 1l1ll>Hl'YI1 L'I1f1111l'l1'U~'lJtl'ltlHL't'I1l'lJ'U 

..6 J ... .1'" ... ".1'" J ... ~ JI I 

1l)j''1'lJ'U f1lJlJ'1i1l1WU"~'lJ'U l~tl'4fll'fl f1"11f1tl tlltllJ'1i1l1W fI'Itn'U 1l1f1'lJ 'U fI'] 111 '11 'U ~ 11 ~ tI'I"J'1'lJ 'U U,,:: 

4 " d, Q.I d d tot Y 4 ~ J<Cl 0 

111 tl1'If1'U tJ<,j1l1WVUVllf1'U 'U'U 1~ tl'4fllflVl'''f1'' n::Vll &'I1'fl111l'l1'U ~'lJ tl'l tll~ t't'llI'lJ'U 
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.. 
1.20 

1.10 

1.00 

~ 0.90 

j 0.80 
;: 0.70 
.t: 
"-' 0.60.. 

0.501 
~ 0.40 

0.30 

0.20 

405 10 20 

Loadhl~L«,vel or Claarcoal (a)hr) 

1.40 

~ 
1.20 

1.00 

-= 
I 0.80 

I 0.60 

0.40 

0.20 

5 1Q 20 40 

LoadJncLevd of Claarcoal(phr) 

____un 

~lIl'\'fhllA'fI 

.....-n":/\1<<l.lNA 

--'W 

\llflm....~ 4.8 ua::m....~ 4.9 ....1J11fl1'5'~1JtJ;1J1WfH~h~1ifola,jVfl1'5L~1J~'U'Uij~fh 
fl111J1'l~,jijLL'5~~~ 1~Wfl1'5L9I~ tJ1JU~'UtJl~~1tJ1i '51Jfl1'U1,.rfl111J1'l~ ,jvu'j~~~tl~fl11fl1'j L~~ tJ1J~1tJ 
......4 jI 

'l1ifol~UlN 
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3.50 

3.00 ... 
~ 2.50 

-= 2.00!P;:: 
b 
"-! 1.50 

'! 1.00 
~ 

0.50 

0.00 

S3 106 212 42S 

Pratide 8Jze (Iun) 

-.-un 

~Ufl'lfhlPT9I 

......-nn:!\ua."~A 

3.50 

3.00 ... 
~ 2.50 

~ 2.00 
g 

1.50"-! 

i 1.00., 
~ 

0.50 

0.00 -----,-

S3 106 212 

Protide Size <Jun) 

42S 

~lIA'lfhJIkI 

"""-nn:lI--.{ 

_UJ 
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55.00 

50.00 

I 
45.00 
40.00 
35.00 

30.00 = i 
l: 25.00 
v.> 

20.00~ ... 
15.00'""' 
10.00 

5.00 

-.-tlA"I\,IIK. 

__nn!\\lNNA 

_'tU 
5 10 20 40 

LoacOn, Level of Charcoalq,hr) 

..c Qj.t I " ' ''' ,4 "Qj1I1ft11 4.12 fl1111ffll'VfU1i'.i:1111~fl1111\?llU'YI1Ulfltlfl1'.iUn~llfl~tl~UHUfJ1~H~mH 

ti1JlI;lllWH~rllU 

75.00 

65.00 

'i 
55.00g 

.a 45.00 
!t 

35.00... 
l: 
v.> 
~ 25.00... 

'""' 15.00 

5.00 

....... lIn 

-'II('- ,,1'1,'11.1«. 
__nr:;!\lI(UNA 

6 10 20 40 

Loadllll: Level of Charcoal(phr) 

• QI Q,1' tI, " l.:t • Q,1' 

1I1ft11 4.13 fl1111 ffll'VtU1i '.i:t:1111~fl1111\?llU'YI1U Ifltlfl1'.iUn~llfl~tl~UHUtJl~ '.illfl1U 

ti1JlI;lllWH~rllU 

.J d • " 'Q • 
~ln.fl1'Vt'YI 4.12 U'fI:t:.fI1'Vt'YI 4.13 'Vt1J11fl1111\?llU'YI1UIfl'flnl'.iU fl~llfl~tl~UHUtJl~ 

lJlffLlfltl!mJ'11HffllH~rlluull'.iHnNuti'l.l~Ullfltl'4.f11flH~rllU llfltJm'.iLIfl;tJllUNUm~~":lV1n'.illfl1U 

http:Vt1J11fl1111\?llU'YI1UIfl'flnl'.iU
http:Ifltlfl1'.iU
http:fl1111ffll'VfU1i'.i:1111~fl1111\?llU'YI1Ulfltlfl1'.iU
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I 
105.00 

85.00 

65.00i.., 
b 45.00(Il 

a.. 
~ ~tlA1fhll(tI25.00 

___ nr::;II\1f1.11\1.{ 

5.00 
-+--'I.tJ 

!;3 lOS 212 42!; 

Pratide Stu <Jun) 

J Q.lQ.lt/ f 5V I Q f4 iJCI 
1l1't'fn 4.14 f11l11ffll't'f'Uti'.i::111l~f11lll91l'UVll'U910rn·HtmJ191'\JtHVl~UH'UF-I~mHOU 

'\J'U191011mf1F-1~\h'U 

I 
105.00 

85.00 

_r'i'lji!UM 

.....-un 

65.00

!
(Il 45.00 
a... 
~ 25.00 --!oIt:-tlM1ulA'tI 

___nr::;II\1f1.11\1.{ 

5.00 
--+-lll 

53 lOG 212 42!; 

Pratide Sl:u (pm) 

..; ..; " .. , .. 
~lOm't'fVl 4.14 U'CI::fI1't'fVl4.15 't'fU11UF-l'UVl~1l1ffl910'.iUU'tfHffllfHm'U1If11l1J 

'JI ... A " •.1 "" I 'JI_ ... 
9ll'U VIlli 9'1 0 OTHl 0'1119'1 'CI91'CI ~lllO'\J 'U191011f11f1f1<2tllll 'tT ty'll 'U 19'1 tlrn119'1 '.i tl1JUF-I'UtlH911V1ti lllfl1'U 

, 'JI ...... ... .. I .. 'P _.A 'JI 
11ffllU911'tf~O'CI91011rnll91'.iV1J~1V1tifl<2U11~ 

http:U'CI::fI1't'fVl4.15
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... ... .... ,VI ......, J, ....... 

4.1.4 tltlli'ftO"tl{l1''U~N{lOl'U 1.JfI tHJ1.J'U f1"tl{lllfl'UrJH1.JUnfl tl1 U'U 1'Vltlft'lJ'UVlfll 1 ij~ 

v fN J ... i 
OU'UfllOUfll1'Utl'U1.Jtl'Utlfl 'OU~ 

" ... 1 A t3A GI

4.1.4.1 ¥I1UlJ'.i~ffl11i'm .... m'.i~¥ICJf'UmCJf 

\llflm'.i ffml1tJ'.i~ ffl1nm.... fll'.i ¥I ¥IcH'lJfllCJff11l'lJ 8U1.I8U8fl1CJf~\llflf11U 
'" 

'lJ'l1~~ffm1~f1111.11{{1J{{Ul~1J~U 100 ppm i~UJnnl~'l~'lufll'.il1¥1ntHl'Yhn'lJ 120 Ul'n m'.il1¥1n8~ 

1.h~ ffl1nfll .... fll'.i ~¥IcH'lJfllCJff11l'U tlU1JtlU tlfl 'CJf,;''U tl,ntNU Vl~1J1fflV1 tllU'lJ 'lfNffl.l PH U1U \lmVl; V1J 

" ""Q ..:l" ..... . . ..A
¥I1V 2 1Ti f1tlVHUNUN~U'l1 ~un~Vl~UNU'.i1J f11U \llflNnm'.il1¥1 n tl~""'lJ11UNUVl{11J1ffiVltl'.i U'lJ'lf 

, • JI t 

Nff1JN{lU1U11fl..rff1JU~~Vitl¥lVitJl1Jlf.U 40 phr 'UU1¥1tllimf1425 J-lm ;{{I,rU~{I,~tlflVith~{lflril1 

1~tlfffllllff1Ju9i111{1 fllVm.... 'Utl {I N{lUl U '11'lfU ¥I~ 1{1 '1 .... 'lJ'ilUNU VH 1J1 fftVl tl lU'lJ'lfNff1JfH Ul Uij 

....q9ifl'.i'.i1Jm'.i~¥IcH'lJfllCJfml'lJtlU1JtlUtlfl 'CJf~utJ{ltltlm~u 2 mj1J fltlfl~lJ~ 1 ij .... q9ifl'.i'.il.lm'.i~¥1 
cH'lJtrJu'luVil'l'm{ll~V1nU mi1J~ 2 ij .... q9ifl'.i'.i1Jm'.i~¥IcH'lJUn:;m'.imV ~{lnff¥l{l'Um.... ~ 4.16-4.17 

110 - --------'-----.-.---------

100 

90 

j so 

8 70 

60 

50 

40 

+---

+--.---r-.----,---..--.
o 10 20 30 40 50 eo 70 80 90 100 110 120 

Tlnte to Adsorption EfDidC'nc:y (min) 

\llflm.... ~ 4.16 .... 'lJ·;hflri1J~ 1 m·H91;V1JV1{1UNU~{lu,f{lihh:;ffl1nfll'.i¥lflcH'lJfllOJf~~. '" 
iitlfl fltlV1{1UNU Nff1Jt),U nlJ,jU"~ffm1~g1Jfl1ij'Utl{lfll'.i~¥IcHtlfllOJffiwyhntl 48 ppm fi¥lt~U 
ftlvn~ 42.31 lrttltVivtlnmlNUVHl.Ilffl91tllU'lJ'lfNffl.lN{lthU'~1J~'UUJ h11N 1~~f11iitJ~ff 
'~fl'.i~ilUf.UHtl' '~Nffl.lU":; '~'lJfl Vll1JihA'lJ 

1 d , "'" I Q 1 ~ "'Q-A" 1 ..
flf,]l.Il1 2 Ufffl{l 'H&11U11m'.ilVl'.iV1JUNUVH9il1V1TiN{lU'tN 'Utl{lUNUVH1Jlffl91tl'H!'lJ'lf 

. '" 4 QI ttl d d" ,NfI'1JN{I(l1U l.It1fll.lm'.i~flOJf'lJmOJf"l{ltl¥ll1 22 ppm Un~fll'.imV"l{ltlfl'" 8 ppm U"~t'll1"lfl'm1~ 

g1JlK1'lltl{lfll'.i~flcH'lJfllOJf'Unnl 70 ulVi iflVij'fi1l'yhn'lJ 80 ppm U"~UNUVH1Jlf1'lVltlltt'lJ'lfNfI'l.I 

http:4.16-4.17
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, '''' ~ f/lid QI r3.J .::t:ll IN~mU lJm::tlUWHfllJf)UfjflCJ1'UfllCJ1fJ~~fl't1 18 ppm Ut'l::f)l'.Jflltl'tj'lqfl't1 8 ppm Ut'l::l'\1lfJ 

ff.fll1::~lJi1'\1V~fll'.JfjflcJ1'Ufl1CJ11unt'l1 80 'Lnn 1fltl;j~lL..hn'U 77 ppm 

1 
8 

o 10 20 30 110 50 60 70 eo 90 100 110 120 

Tlm.t' to Adsorption Emidt'ucy (Olin) 

\11f).flll't~ 4.17 ...nr;hf)~lJ~ 1 Ufffl~1,.rnC:;u'hUNUtlHlJ1fft~61u'U')fNfflJthunlJlJ'u9l' 

~ l~ll tllJ '"1tl11 '.J lJfl1U ;jtJ'.J t U't1i.fll't't 1 U fll'.J fjflcJ1'Ufl1CJ1fJ~qfl ~ ff fll1~ ~lJi1'\1V~ fll'.J fj flcJ1'U;j~1 

, fOIl ~ ~ " A 4d Q,I 1 0' • i"L't11f)'U 55 ppm flflIllU'.Jmm:: 42.22 LlJm't1tl'Uf)'UUNUm~lJ1ffL~fl';jU'U')fNfflJN~mU lJlJ::'\I1lJ 

, " ....41...' ~ , , "... " , " 0 ...lJgfllt'llJflff lJ!N lJm::tlUWHfl0' , lJNfflJUt'lt lJ'Uf) fl1lJt'llfl'U 

f)~lJ~ 2 Ufffl~1 Ml'tfu'huNUtlHlJ1ffLflV1u'U')fNfflJ N~rllU '11'Uf) tJ'.J::LfI't1tl1~UNU 
4IAl Q,lfI'J.=1 t:S 91. ~QI 

'.JlJfl1UlJfll'.JtlflCJ1'UfllCJl'fJ~qfl't1 18 ppm Ut'l::fll'.Jfl1tlfJ~qfl't1 8 ppm 1'\11'tjfffll1:VlJfl1'\1tHfll'.Jfjfl 

cJ1'Ufl1CJ1'1UL1t'l1 50 Uln 1fltln~lni1n'U 84 ppm UNum~1I1ffLflVfu'U')fNfflJN~rllU '11f)'.J:f1UWHfl 

.1 • ""... "" ~ d d" •lJ'.JtLfl't1tl1~LLNU'.ilJfl1U lJfll'.JtlflCJl''UfllCJl'fJ~qfl't1 16 ppm Ut'l:fll'.Jfl1tlfJ.:JQfl't1 8 ppm L'\IUJff.fll1: 

~lJi1'\1V~fll'.JtlflcJ1'UfllCJ1'1unt'l1 70 Uln 1fWn~lL\'hn'U 82 ppm 
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• til, 

U'lJ"l1fUYlJN\I~h'U'D1~fflJU~~i1'l~i1'L1;lJ1W 40 phr ~'Ul~6'4fllfl 53 J.l.ID ~\I'l1'U~\lliiooi1fh 

~\lorll'J 1~6ffm:llfflJU~1~\l0~~O\lN\lrl1'U'l1"l1U~~H'1 ~\lUff~\l1'UflTY~~ 4.18-4.21 

3.S 

"i: 3 

~ 2.S 

~ 2c... 
b 1.SVI 

S 1'is 
f!! O.S 

0 

.,J.t-~ ,.,,~ ...,.~'+,;,.4' 4' 

.,,"< 

..I ..,g • <I • 
~10 fllVi 'VI 4.18 fl 'J llJ 'VI'U ~611H ~ \ltJ; \I 'l~~ tH UN'U (IN lJ 1ff l~O 'J U'lJ"l1NfflJ N\lOl'U 

" A I"" ..: • _I • ~ "... •, 

lJlJ:::~llJlJ'JlJ1W 40 phr 'VI~'Ul~6'4fllflN\l0l'U 53 J.l.ID lJ'J:::lfl'VItlHUN1UNU'lH lJfl'J1lJ'VI'U~OUH 

fl\ltJ;\lt'{~iifl1L'rhn'lJ 2,83 MPa l~01i1(1'lJn'lJUH'U(lHlJ1ff1~O!NfflJnlJiJ'U~iifll 0.38 MPa fi~L;j'U 
!6(1~::: 86.57 

3.5 

Z :3 

~ 2.5 

10 2 ... 
$l 1.5 
& 1
l!! 
~ 0.5 

0 

; ~..~~~ 1:---+,$' 
~ 

http:4.18-4.21
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.d. d' t 111" d , .. 

"'lflflWfVl 4.19 Uf-l'UtJl'UnffL91V'Hl1J"lfF-anJF-Fltll'U Lln./~'lJllJlJfl11lJ'Vl'U~VUH~,r'l~q~ 

flV 2.94 MPa ~'IJ'Ul~f)~fl1flN~th'U 53 JIm 1.JllJliU 40 phr IrlvL'iltJ1Jfi1JUN'UtJl~lJlffL91v1NfflJtilJ 
'" """'. ... !'It 11lJ'U91lJfl1 0.56 MPa fl~L1J'UdVtJ~: 80.95 

!lI • "'" 2) fl11lJ911'Um'U91f)fl1'H~fl'IJ1~ 

"'lflfl1'fffl1l1fflJ,j~L~~fl~~1'Ufl11lJ9l'1'U'Vll'U~f)flnUfl'IJ1~'lJf)~UN'U 

tJHlJlffL91f)';U1J"lfNfflJN~ti1'U~'IJ'Ul~V~fl1flN~rll'U 53 JIm 1.Jl1JliUN~rlTU 40 phr ~\lm91ltJlJ~1tJ 
"""".d " '" t.... d d •• " • A
11iN~U1N"~:'lJfl1'U'U'U~~fl1'W'Vl 4.20 U~~fl1'W'Vl 4.21 'W1J11UN'UtJl~lJl'ffl91f)'''1J''lfNfflJN~m'U lJ 

120 

91.80 

100 


E 
so~ 

~ 60 

40 

~ '*" 20 


0 


"" 

':~""" 
4>'~ 

d " • "'" ... '.II.' " "'lflfl1'W'Vl 4.20 fl11lJ911'Um'U91f)fl1'~mll~~~q~tJl~"N'UN~I!1N flV "N'UtJl~lJlffl91V' 

• " " "'" 1 .a "'" .... • ".., .., "A.U1J'trNfflJN~m'U 'lJlJ~'lJllJlJfll 91.80 N/mm LlJVL'VltJ1Jfl1JUN'UtJHlJlffl91V1NfflJfllJlJ'U91lJfll 3.02 

N/mm fl~'~'U!f)tJ~~ 96.71 
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120 

100 
E 
E 80"iii! 
j 60 ... 
~ 40 
~ 

~ 


20 

0 

93.00 

"~-" 

".-."-~-,. 

,-""" , 

59.70 

32.01 28.40 --.-"·"--1-i •• -.i. 
...._

. 
cI " I Q f Q,I

1I1'rtfl 4.21 f1111J~lUVlTW~Vfll'Hlfl'Ul~l1~tl~'UfHlUNUVH'.i1Jfl1U 

~ "J •Q 0' 
~lnfl1'WVI 4.21 f1111J~ lUVllU~Vfll'.i 11 n'Ul~11~tl~'UV~UN'W tJ1~1JltYl~V'.i U'U'J1NtY1JN~ 

nlU ijtl111~ tl~ fiV m·lt" VH1J 1tYl~V{mJ 'lfNtl1JN~nlU'~1J ::'Ul1J 1-" :::&fl VltlHUNU '.i 1Jfl1Uihh 93.00 

~ et .... , "'" '" "et I ... 5"t ')I
N/mm l1JV1VlV'Un'UUNUV1~1J1tY1~V'.iNtY1Jn1J1JU~1JfI14.30 N/mm f1~&1J'WlVV~~ 95.38 

QlQ Ql4 Q ., QI QI f/Id 

~ln N~nl'.i VI~ ~V~tY1J'U~Yil~nlVfll'WU~:: tl1J'U~ &'J1~n~ 'W'U11N~nlU n1J1JU ~1J 

.1 ........ 1 01 ~" , tI 'Ql4 Q iI 1.ct 

1J'.i~tYVl1ifl1'W 'W fll'.i~~C)f'UfllC)ffl1'.i'UVU1JVU vn C)f1fl11 ~tllfl U~ltl1J'UIfI''J1~n~~l'W f1111JVI'W ~ VUHIfI~ 

" , .c:::I ~.. , QI QI flQ Q A 
U~~f1111J~1'WVll'W ~Vfll'.i 11 n'Ullf1~ltllfl &'W V~1J1 'illnN~m'Wn1J1J'W ,unlfl fll '.i fIOfI~nv'W'U'.i'1W'W'W f1~ . " 
n~ ~~N~1 M"Oflfll'lMqlfl 1 'Wn'l~'U1'W fll'l~1fI ;~vi11M't1;1J1WN~nl'W ~NtY1Jt1'ULi1VV1~ijtl;1J1WUVV 

" .
~1'W1,rV;:ltn'Wfll'.iffm:l1N~m::VI'U'tn;nu~::N~m::VI'U;11J'UtJ~i1~,ru9il~'l ~ijN~9iV 

t1'l::ffVlifl1'W'UV~UN'WvH~lfIn~'W ij1f1tiltl'.i::tY~fi'nivffnlllf1111Jff1J";'W£'UV~,f~ 4 i1,,rV 11f1v1cE 

1ifll'lVVnU'U'Ufll'lVlIfI~V~L~~uTlnVlvL~u~ (General Full Factorial Design) ''W l'1hun'.i1J Minitab 

: ::.l ~ ... 0101'"" 
Release 14 U~::Vl1'lC)fl 2 f1H n1JVI~tY'W 384 fll'lVlIfI~V~ ''WV1'ml~Mfl111JtY1J'W'Wti1'Wn1'l 

'~vn'fN~nlU',r (Type) 'U'WlIf1V'4f11f1N~nl'W (Particle Size) t1;1J1WN~nl'W (Weight) u~::1ifll'.i 

'~~tl1JUN'WVH (Rubber Sheet) ~1M1Jl::tl1J (A~1'WfI1f1N'W1n f1) 

4.2.1 n11V1"rJ;)tT8tJfll1'IJ\lflft'8.:t'U8.:tUtJtJ{iUI8.:t (Model Adequacy Checking) 

http:l1JV1VlV'Un'UUNUV1~1J1tY1~V'.iNtY1Jn1J1JU~1JfI14.30
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• 	 SI 

Distributed) U"l~-«m.r~"VlVl~"ItJ~fiI11ijfil11lJl~'lJVff1~~tJti'lJ (Independently Distributed) 11lJ'tl~ 
..I 2 ~ _1"1'" " "",,"fl11V1~fftJ1Jfil11lJfil11lJlItJ1tJ11'lJfiI~VI (Constant Variance, 0' ) 'Wil~ff1lJ L~11'UtJfflJlJ~lJfil11lJ 

\ln~tJ~u"l~ ff1lJ1Hlth 1tJ,~1II 1~tlfl1HI11~fftJ'lJfil11lJ\ln~tJ~'U tJ~l tlU1J1Jfl11V1~"ItJ~ l~tJ 
" "..1"1 " 	 1 "" .,. . ~n~ fftJ1Jfil11lJt11 lJ1~ fflJU "I ~ fil11lJ\l n~tJ~'U tJ~'UtJ\j"lVl L~~l nfl11V1~"I tJ~ ~ tllJfflJlJ~!1'lJ11 

." ..1"11' '" 	 " "" _I "" ltJu	'lJ'lJ'Um ff1'lJ ~nfil1~ (Residuals) VI U1 ~ln'U tJ\j"l 'lJ nuVl~ "ItJ~~tJ~lJfl11U~nuMU1J'lJlJn~ 
~... l' • ..I, l' "" 0' ~. _I _I """ 1 ..I ~ _1111 " •

U"I~l'lJ'lJ tJff1~"ntlfil1m "It.! mllfiltl~i!f'lJtl 11lJtHfiI1fi111lJUlJ11J11'lJ ~tJ~lJfiI1fi1~VI ll~~~ffl1J t~11N"I 
• SI 


"" " I <II <II " 01 "" 

~1nfl11VI~ "I tJ~lJfil11lJ \ln~tJ~U"I:: 'lJ l!~tJ tltJ'UtJ~'U 'O\j "I~ ~'lJ 

4.2.1.1 fl11~11~fftJ1Jfl11m~~1t.!U'lJ'lJU~flU~~tJn~ (Normal Distribution) !~'lJ 
• l' " I "" _I ... <II "I •

fl11~n~fftJ'lJff1'lJ~nt'l1~ (Residual) 'UtJ~'UtJ\j"l11lJfl11m::~ltl!!'lJ1J!!\lmnHlJfl~'H1tJ LlJ 

4.2.1.2 fl11~11~ fftJ'Ufil11lJl~'lJVff1:: (Independent) 1<rW 1~UN'lJfJiifl11m::~ltl 
" 	 QI ..I" ... ~ _I ... <II "I I

(Scatter Plot) U"l1~"IflllW::fl11m~ ~ltl'UtJ~ '~VlUVl'lJ 'UtJ\j"l'U 'lJUN'lJfJlJllJ'lJ llJU'U1JtJff1 ::111 tJ LlJ 

4.2.1.3 fl11~n~fftJ1Jfil11lJ!fftltl1'UtJ~fiI11lJutJ1tJn'lJ (Variance Stability) l~tl 

1~uN'lJfJiifl11 m::~ltl'UtJ~fhri1'lJ~nIl1~ (Residual) 1'lJU~"I::1:: ~'U'UtJ~l1 'il ~tl 'Vt1J 'hri1'lJ~nIl1~'U'O~ 
• SI 	 • 

d '0' GI 	 91 4:Sd d 
N"Ifl11V1~ "I tJ~lJ fl11 m:: ~ltltJ m~fflJl!fflJtJVI~VI H'U1nU"l~Vll~ "I'Uuff~ ~ 'II tJ\j"lVllJfl11lJ!fft;W1'11tJ~ 

f111lJUtJ1t111'lJ (tJ1~1'Vtni; 'fl'tlrn1, 2551) ~~uff~~1'lJm'Vt~ 4.22 

• • •
2.5 • • •• • •1 • •• • •• ., • ••;1 • ••• • • • ••• •• .. .. ".., •0.0 ••••• •• ., " • • • • •'. . • •• • ••••• ••• • • • •• • •• • •• • 

Versus Fits 
7.5 

• • 
5.0 
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4.2.2 flnllfl11~..iflllllU1hn.lnu (Analysis o(Variance) 

... ell" -. .. , .c!I 
1lJI'1Jf11llJ1'fll'HHl'UlJV'lHln IllJI'fI (Adsorption) fl11lJ't1'U~{Jm\lfl\l (Tensile Strength) Ul'l~fl11lJ 

!p I ... ... ..Ji -. 'JI'" d 
~l'Urn'U~{JflTHH)'tIltfl (Tear Strength) lJl1Lfl~1~111lJ1'\l ItflNl'IfI\l ~l':il\l't1 4.3, 4.4 Ul'l~ 4.5 

.. I 
IV 

, ... 
"llU"f)~ Nanll flll'iU,UJ 

U't'iD~flllllNUU'lh 
IV .., 
flln~U.Jf)1J "ln~tTf)1J... o .., • IV 

. flllllf)if1~ flU'l~tTf)~ fl1a~tTf)~ 

(Source) (F) (P) 
(DF) (SS) (MS) 

A 5 307.013 61.403 23578.60 0.000 

B 3 1678.529 559.510 214851.67 0.000 

C 3 4733.695 1577.898 605913.00 0.000 

D 1 928.148 928.148 356409. 0.000 

A*B 15 173.581 11.572 4443.67 0.000 

A*C 15 213.664 14.244 5469.80 0.000 

A*D 5 33.055 6.611 2538.60 0.000 

B*C 9 277.211 30.801 11827.67 0.000 

B*D 3 14.320 4.773 1833.00 0.000 

C*D 3 23.154 7.718 2963.67 0.000 

A*B*C 45 117.617 2.614 1003.67 0.000 

A*B*D 15 17.539 1.169 449.00 0.000 

A*C*D 15 31.956 2.130 818.07 0.000 

B*C*D 9 1.753 0.195 74.78 0.000 

A*B*C*D 45 30.326 0.674 258.78 0.000 

Pure Error 192 0.500 0.003 

Total 383 8582.060 

S == 0.0510310 R-Sq == 99.99% R-Sq(adj) = 99.99% 


l11Jlml1~ A Type B = Particle Size C Weight D == Rubber Sheet 
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~l'JH~ 4.6 'Vm-htl~~fJ'I1ftn (Main Effect) ~ii5'Vln"'Hwhn..h:t:iY'Vlnm'Vim'J~~i'IJfi'1C]$ 

'tlth~ii..rtJthfiil1 0.05 (p < 0.05) fl'tl ttfij~N~rll\J'~ (Type) 'Il\Jl~'tl'4fllflN~rln.l (Particle Size) 

tJ~lJlfl.lN~rll'l.J (Weight) m,~i1jm'Jl~lfJlJfJl~UN\J (Rubber Sheet) 

....., I ... 
fllAilt'lrJ"U'U"UM Nt'I'ntJ ..,..,, .., tI 

V1l'flfttH)1J V1l'flft1:r8UlI'Ht'I~fllltJN'UU 1 o ..,o ..,... 
fllt'l~1:rt)~ flUI~1:r8~flll"t)1:r1~ 

(P)(F)(Source) 
(MS)(DF) (SS) 

i 
. 

21.24061 4.24812 13316.56 0.000A 5 

5.22966B 15.68897 16393.37 0.0003 

2.45298 2563.11 0.0000.81766C 3 

1 5.50323 5.50323 17250.95D 0.000 

A*B 14.26257 0.95084 2980.5915 0.000 

0.56822A*C 15 8.52334 1781.20 0.000 

A*D 0.052755 0.26377 165.37 0.000 

B*C 9 1.22520 0.13613 426.74 0.000 

B*D 0.526903 0.17563 550.56 0.000 

C*D 0.24013 250.913 0.08004 0.000 

A*B*C 45 6.64400 0.14764 462.82 0.000 

A*B*D 15 0.33766 0.02251 70.56 0.000 

A*C*D 15 0.74620 0.04975 155.94 0.000 

B*C*D 9 0.19381 0.02153 67.50 0.000 

A*B*C*D 45 2.06573 0.04591 143.90 0.000 

Pure Error 192 0.06125 0.00032 

Total 383 79.97635 

S = 0.0178609 R-Sq 99.92% R-Sq(adj) =99.85% 


'I1lJllJl'I1f,l A Type B Particle Size C = Weight D =Rubber Sheet 


http:17250.95
http:16393.37
http:13316.56


75 

. 

1PI1n~.yj 4.7 vnrhim~.ijtJ 4 i1~.ijtJt1'U'I.h~n6tJ,ufi'1tJ 'lfiiIPlH~cil'U'~ (Type) 'IJ'U1IPI 

6'l!fI1f1H~cil'U (Particle Size) U;lJ1WFNcil'U (Weight) Ufl~1im'jL\PI1fJlHn~II~'U (Rubber Sheet) 
I QQ Q' 1 d'.d Q,I QI 0 

\PI1 ~116V11ivt fllPI 6f11111Vl'U \PI 611H\PI~VI 'j ~ \PItJ 'U tJfflf1 
Q,I

ill 0.05 

.J .et. " "I .e11II11Htl4.S m'j1Lml~'I1f11111IlU'jU'j1'U'Il6~fl1111lPll'U'YIl'U1PI6m'jnn'll11P1 (Tear Strength) 

., . ..... , 
'" "'U"6~ N'D111J f1UQ'DtI 

, ..... tJ '1.1 ..... 
U'tt'D~f1111JN'UU 1 fllt1~nI6'U 1II1t1vHI8'U... . .... . ..... 

f1111J8t'r1~ m'D~iI8~ m'D~tJ8~ 

(Source) (F) (P) 
(DF) (SS) (MS) 

A 5 15953.92 3190.78 8212.21 0.000 

B 3 6156.95 2052.32 5282.10 0.000 

C 3 4538.02 1512.67 3893.21 0.000 

D 1 5481.91 5481.91 14108.93 0.000 

A*B 15 9125.36 608.36 1565.75 0.000 

A*C 15 5919.28 394.62 1015.64 0.000 

A*D 5 252.93 50.59 130.20 0.000 

B*C 9 1687.75 187.53 482.65 0.000 

B*D 3 73.09 24.36 62.70 0.000 

C*D 3 96.72 32.24 82.98 0.000 

! A*B*C 45 4966.70 110.37 284.07 0.000 

I A*B*D 15 529.13 35.28 90.79 0.000 

A*C*D 15 877.48 58.50 150.56 0.000 

B*C*D 9 197.00 21.89 56.34 0.000 

A*B*C*D 45 1801.11 40.02 103.01 0.000 

Pure Error 192 74.60 0.39 

Total 383 57731.95 

S = 0.623331 R-Sq = 99.87% R-Sq(adj) = 99.74% 


111mJtl1~ A = Type B = Particle Size C = Weight D = Rubber Sheet 


http:1PI1n~.yj
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d Q f! ... 1 AI • " t 4
;) lfWll'j WYI 4.8 UffMffnfllntml:l1 fl111JU lJ'j lJnu '\IO{jfl1f11111~ lU 'YIlU ~o fll'j ~ fl 

'\IltlUn:~fh.rtJfflfiWl1HffCi~ a = 0.05 l'nJ":hil;)~tJmlfl (Main Effects) i'jtil P-Value 'tl'OlJfl';h 

QI Ji tQ,l 

tI 

::#:1 ,
'j:tl'U a 9f{jUfffl.:J11~1!1,j'jl1{j1111tlUUllF-lnm:l1'U~Ofll'jl1tlno.:J 

;)lfl~l'jl{j~ 4.6, 4.7 un: 4.8 Lr!Ufll'j1lml:11f11111mh,jnu l'l'U11'lfi7tlF-l{j~lU1"r 
(Type) '\IUltlO'4.f11f1F-l.:J~lU (Particle Size) ,j~lJ1WF-l.:J~lU (Weight) Un:1nfll'jl~ltJlltJHUHU 

'~GlQi iI t 'MQI' ,
(Rubber Sheet) utln::::lJ\HltJllfl1 P-Value UOtJfl11 0.05 un::::l'l'U11lJ;);)tJ'J111 (Interaction) 'j::::1111.:J 

'I1UtlF-l{j~lU rl'U'\IU lf10'4 fl1f1 F-l{j~lU 'j ::::111H'lfU tl F-l{j ~1U O'U,j~lJ1WF-l{j~1U 'j::::1111{j 'lfUflfN~1UO'U 

fll'jl~l tllltlHUHU 'j::::1111 {jO'4fl1f1F-l{j(hUrl'U,j~lllWF-l{j~lU 'j ::::1111{j0'4fl1f1F-l{j ~1Uo'U1nm'j I~l tJll 

tJ1.:JUHU 'j::::l1';h {j ,j~ll lWF-l.:J ~lUO'U in fl1'j I~l tJlltJ1 {j IIHui'jVl1fll'lMlo,j'j ~ ffl1 flfl1l'lfll'j ~tlcM'Unl9f 
• ~ " I '"(Adsorption) fl1111l1U~OUHfI{j (Tensile Strength) un::::fl1111~lU'YI1UtlOfll'j~fl'\lltl (Tear 

" Strength) ;)lfl,rU't11fll'j1Lm1::::-H'Vl1fll'ln'hm:1111{jil;)~tJ (Interaction Plot) 

Type ~ --~ ~__________~~~~______-.~____________~ 6 

Paltlclil SIze 

Interaction Plot for Adsorption 
Data Means 

2 3 <4 2 3 4 2 
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d. iI f. ell • Q,.I 

fll'VfYl 4.23 'illflfll'W 1JlJ C)fltJ,\)~lI ffIPHPH'Ifl'J ~Vl1J'J "J11'J ~ '\1"J H'lJ'lJ fI ~FJmlJ fl1J'U'W 1VltJ'I.!fllfl 

ll-I,:jthlJ 1l-I~'illflfll'Jllml~M'W1J1H.}fl'lfUfI'UtJ,:jll-l,:jth'W1~ f1"J'J L~tJflj~'UlJlfltl'l.!fllflll-l,:jth'W~ 425 j..lm 

1'W'J1~lhh:::ffVlnfll'Wfll'J'fJflcH1Jf11C)fmlmJlJ:lJtJlJt)fl1C)flPi'fil,:j'lfi 'JtJ,:ji,H111f1tl 212, 106 U~:: 53 j..lm 

I9Il:IJihfl1J 

fll'W1J'W fl~H\):::UffVl,:jIl-l~ m ~Vl1J';hl1'J ~'\111,:j 'lfU VlIl-l,:jfll'W n1J tl~l11W ll-I,:jfhlJ ll-I~fll'J 

l1f1n~M'W1Jl1'V!fl'lJ'UVl'UtJ.:IPNfhlJ 1~f1TH~tlfl'~tl~l11WIl-I.:IfhlJl'Yhil1J 40 phr l'Wnnh'~UNlJtJH 
tI I 4_1 Q Q QI t:lI" \It II , 4 til iI 

l11ffLl9ltJ'j U1J'lJ'll-Iff:IJll-I.:Im'WlJlJ'J~ff'VItifll'Wfll'JVlVlC)f1JfllC)fm'J1JtJlJl1tJ'WtJ fl t '11IPH1' ,:jfl"Jlfl1'J m tJ fl L'lfll-l,:j. ~ 

fhlJtl~l11W 5, 10 U~::: 20 phr 

Q '" Q ,~" 4 QC'l fdI , ~ iI 
"Jlml~'\1'W1J"Jl'V!fl'lflJ1Pl1l-l,:jt:l1lJ llJfI "J'J I mJfl"Jtifll'J 1mtllJUIl-I'WtJH Il-I.:IU'\1.:1 

fll'Wfl~l.:1~ltJ\)::UfflPl,:jll-l~m ~'VI1J~"JlJ'J:: '\111.:1tJ'I.! .fl1flll-l,:jt;hlJ n1Jtl~ lJ1W ll-I.:IfhlJ ll-I~fll'J 

llfln::..1'W1Jil'V!fltJ'I.!fllflll-l.:lUllJfI"J'J!atJfli ~f-!{lUllJ~tJ~l11wnhil1J 40 phr I'W'J l::iitJ'J ::ff'VInfll'W 

fll'J'fJVlcH1Jfil{lfll1fll'Jl~tJfl'~f-!{lU1lJtJ~l11W 20, 10 U~~ 5 phr 19I1lJihfl1J 

.:!i "t '4 ~ 91 Qe;;t4 iJ t::.1 .. I.Q Q 

f-!~,\)lflfll'J "J1m 1~ '\1'W1J"J l1'Jfl tJ'I.!.fllflll-l{lflllJfI"J'J mtJ flfll'J 1191'J tJlJlPl "JtI"Jti f-!.:IU '\1{I L'W'J l::lJ'lJ'j ~ ff'VIti.fll'W 

j lJ fll'JlPl IPlcH1J 1~111 flfll1 fll'J 1191~ tJlJ~"Jtll1i'JlJfl1'W... 

~ 4 J d iI -4 ct ... 1 Q Q ~ (II r:I Vi jI • = ,
"Jtifll'J1m tll1UIl-I'Wtll{lf-!{lU'\1 {I llJtJ{I'I)lfllJlJ'J ~ ff'VI1i.flTrt l'W fll'J 'fJ1PlC)f1Jfl1C)f IVl fil{lfl"JlflTHVl'J tllJUIl-I'Wtl1.:1 

'J11f11lJ 

" 111" jild 4 , 'Q ,
f11'J1JtJ'WlJtJ'W tJfl IC)ffl 'il::U fffl{l 'M!'I1'W Mll-it'lm:: 'VI1J'nl1'J:::'M"JH'lflJVl'lltJ,:j ll-I{lfIl'W 'IIlJ 1lPltJ'l!fllfl f-!{I 

UllJtJ~lJ1WIl-I{lUllJ U~::l1ifll'J lVl~ tJlJUNlJtJl,:j 1l-I~'illflfll':il!f1n::..1 'W1Jil'11lJ1VltJ'4fllflll-l{lUl'W~ 425 

_,'" • .1 .~ '" • 111'" 1"-' 5"" jj..lm lJ'Jl11WIl-I{lfIllJ 40 phr lJ':i::l.fl'VItll{1Uf-!'WIl-I{lU'M{I'UtJHJflll-l,:jflllJ llJ 'il::: 'MlJ'J:::~Vl1i.flTW lJfll':i'fJVl 

QI r:I.e::t~ 4 'lI(iI Q t 'Q.I 4 'bl"lIt' • "I'"
CJt1JfllC)fVl'VI'lVl f1tJll-I{lfIllJ llJlJ:::'Ull1lJfIll'VIlfl1J 30 ppm HH~{ll11f1tJll-I{lfIllJ llJ If-! ll-I,:jflllJ llJ~m 

~tJriff Il-I{lUllJ '~m:::ii'WWHflll-l,:jUllJ '~ll-Iffl1Ut'l::Il-I{lUl'W '~1Jfl flll1ih;i1J !dtUntl1Jn1JtlHUN'W~1J 



78 

Interaction· Plot for Ten$iIe 
oata Means 

2 3 4 2 

....- Type 

2 

I1.8 .... - 2 
_,-It :;t 3 

4 

:t- 5 
1.2Type 

6 
D.6~ 
1.8 ....- SIre -.... 

Particle Size 1.2 
~~....--_. 
....- I~[J1.8 .... _ 2 

:;tl
1.2 4Weight 

~ 

0.6 

ShluJt 

. 
do " " ~ I QI

tl1YfYl 4.24 \llf1t1l'Yi U'W C)f1tl\l~Ufffl-3fHlm ~VlU'J11l'.i~1111-3'lfW fI~-3m'W f1U \I'U 1f1 O,..t1lfl 

1 Q fI 1 Q 1~" 44 1" , d 
~-3m'W ~'HI1f1fllnlfl'j1~11'YiU111Jf1'lf'UfI\l0-3~-3m'U ill fll'HflOf1 'If'U'W1f10"4t1lfl~UIl'WVI 53 IJm 

I d 4. Q Q1 

l'Yi'I1~fl1111V1'WflOUHfI~~~tlfl 'I0-3f1~1I1f10 106,212 UfI:; 425 f.lm fl111f1lflU 

tl1'YiU'U f1f11-3 \l ~U fffl-3 ~flm ~ VI U ~111 'I~ wh~'lfl1 fI ~ -3 01'W flU tJ~1I1W~ -301'W ~flfll 'I 

1lfl'j1~"''YiU1l't'lf1'lf11f1\10-3~~01'W '~fl1'I!ftOf1lftJ~lIlW~-301'Ul')'hflu 20 pbr l'Yindh1..rUN'UtIl-3 

1I1ffl~lOfuu'lf~ffll~~01'Wijfl1111V1'U~OUHA-3~-3f111fll'Jlft0f1lf~-301'UtJ~1I1W 40, 10 Ufl~ 5 pbr 

Q fI 1 Q • lrI" 4 Q,d d I' QI 

1!fI'I1~11 'YiU 11'tJf1'lf'WfI~-3m'U IIIfl1'Ilf10f11ti fll 'I lf1 'I tJlIU~'W tll-3 'I 11 fl1'W 

t1l'Yif1f11-3~1t1\l:;Ufff>H ~flm~ VlU~111'J :;1111-3 o"4tl1f1 ~-301'U flU tJ~1I1W~-301'W ~flfll 'j 

11f1n~"''YiU11'tJf10"4t1lflN~01'Wfl1'l1ft0f1lf~-301'W~tJ~1I1tul'rhflU 20 pbr 1'Yin~ijfl1111V1'W~OUH 
A-3~-3f111fll'Jlft0f1lf~-301'UtJ~1I1W 40, 10 Uflt 5 pbr fl111~1~U 
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.fl1Vi ri1'HI::Uff"~N"m ~'YI1.1~ 1111~'I1"h~11;11 1ilAN~rl1lJt11.11~ fl11 l¥l; tlllUNlJ tlH Nll \l 1fl 

fl1111Tl1 1:: t1 Vi 1.1 "htlfl11;11 1tuN~ rl1lJTl11,aVfl, ~fl11 191;VlIUNlJ m~lI1ff!1'I V{U1.1 'lfN ffll N~rl1lJ ~1tl 

1~ fl11 l¥1;VlJ11NlJV1~1 lJT11lJ 1dV~\llflijTl1111'Y1lJ9ivm ~~~,~~~fd1fl1111'1; VlIUNlJ tlH~~U..r~ 

1rl V Vi1111 tu1e'YInVi"~ 1111 ~ '11"11.:1 'lfU" '\J V~N.:I rl1lJ '\J lJ 1"V ~.fl1Tl N~ rl1lJ 11;111tuN.:I rl1lJ . 
Q;::t Q I t .cd • II 4..ci QJ;::t t 

Im::1'Iifl11191 1VlIUNlJV1~ Vi1.1 11fl111¥11 VlIUNlJV1~"1V11i1 lITl1lJ 'YI'\JlJ l~W~.fl1Tl N~fIllJ 53 J!m 

..., 0 '" ,lIS 4:Sd tt!I I 1J)" old" Q.I111111tuN.:IfIllJ 20 phr \l:;'YI1 'I1Tl1111'Y1lJ'YI1lJI'1VHH".:I"'YIQ" TlVN~fIllJ tllll::'\J11111Tl11'Y11fl1.1 2.41 

4 '-.iI,' , ,iI'" "',iI . -,iI .... 1'"MPa 1V.:I"~1I1TlVN~fIllJ!1I N N.:IfIllJ lIm:;t1lJtu1~Tl N.:IfIllJ 1I1.1fl N.;jflllJ LlI~T11"1JI'1ff U":;N~ 

Interaction Plot for Tear 
Data Means 

1 2 3 4 -- ......., 

Type ~ 

PIIIticIe Size 

1 2 t " 
/ • 

_..... ;_._-~ 


.--~ .. 

Weight 

.~ i 

--;;;.,..-.--
~ 
~ 

~ ~..;;;.. 

_---.i: 

~ 

-

30 

. 
.a 51 " ~ 'cal

.flTW'YI 4.25 \llfl.fl1Vi1JlJCJf1V\l:; U ff"~N"fl1 :;'YI1J'j111'j:;1111~ "IfU"N~ fIllJ fl1.1 '\JlJ1"~~.fl1Tl 

N~rl1lJ N""'lflfl1111m1:;t1'W1J11'¥lfl'lfU"'\JV~N~rl1lJ'lY Tl111a~fll~'\JlJ1"V~.fl1TlN~rlT\..I~ 53 v.m 
1'Wn:;Tl1111~llJ'YI1u9i~fl11~fl'\J1"~~Q" 'j~~"~1I1fl~ 106.212 1m:: 425 J!m ¥I1111h~1J 

.fl1'W1JlJ fl" 1~ \l:; U fftHN"fl 'j:: 'YI1J;111'j::1111 ~'lfU" N~ rl1U t11.111111 1W N~rl1lJ N II fl1 'j 

11fln:;t1'W1.111'.'lfl'lfU"'\J~~N~rl1lJ 'lYTl1'j1nVfll~111111W N~t;hlJ"rht11.1 20 phr 1'W n:;vhl..rUNlJ V1~ 

http:1ilAN~rl1lJt11.11
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fI '.cl tI • 4 .... " tI , _IQ
lJlruYl01UlJ'JI'NfflJFHOl\nJfl11lJYllUmUYlOO"HlO'lJ1Y11J~0110THftOO L'JI'NUI1UlJ1lJ1W 40, 10 

Uft:: 5 phr 
• I "" ,., .cl • 

tl1'Vt'UU'lJ11'il::Ufffl~Nft01::'YI1J11lJ1::1111~ 'JI'U ft N~D1U OlJ0111f11 tllJtll~UNU Nft011 

11fl11::H''VtlJ'lTrtO'.lfUflFHtl1U'l1fl11Laooii011LfllVlJUNU tll~1lJfl1U 

tl1'VtOft1~~lV'il::Uff'NNft01::'n'U11lJ1::1111~O\f111 fl FN 01U tl'U 1I1lJ 1 W N~01U Nao11

4.,'""" fI' • .d.. 14 I ., .c:I 'II
1Lfll1::11'Vt'U1Trt00\ftl1flN~alUfl111ftOO 'JI'N~D1U'nlJ1lJlflU'nl0lJ 20 phr 1'Vt11::lJfl11lJfllU'nlU 

fi0011~0'IJlf11J.:J0110111aoolfN.:J01UmlJ1W 40, 10 Uft:: 5 pbr flllJ";'~'U 
., I ., 44 Q , 

tl1'VtOftl.:J'lJ11 'il::Uffft.:JNft01::'nlJ11lJ'!i::1111.:J0\ftl1flN.:JD1UOlJ11iOl11f11tllJV1.:JUNU 

.Q, """ ~ t 1.4.ct tl44., .c:t 

fllJ Nmno 01111fl11::11'VtlJ11'tl0 0\ffl1flN.:JD1Ufl1'!i lftO o 0111f11 VlJft1tJ11i'!ilJfl1U 1'Vt11::lJfl11lJ 

~ • '" ftlJl0ml011lfl1VlJV'l1V11iN~Ul1~• ... ..... 4 "YllumUflOOUUO'IJlft... ~ 

tl1'Vtal~ '\)::11fffl~Nft01Z'n'U11lJ'!iZ1111.:J1I1lJ1W N~tl1UtllJii0111f11 tllJUNU tll~ Nft '\) 1 0 

.Q, ., I .. 1_ • .4 l-'! .c:l' ttl t " 

0111lfl'!il::11'Vt'U11'tlOlJ'!ilJ1WN.:JOlUfl1'!ilftOO 'I011lfl1tllJUNUtll~lJlffLflO'!iUlJ'.IfNfflJN~alUft1tl 

__ 4' .., A .-:4 " • ..:I '" , .:t. •
11i01'!ilf1'!i tllJUNUV1.:J1lJfl1U lUO~,\)10lJfl11lJfllU'nlU flOO1'!iU O'IJlft ft t!~ 0110111fl1 VlJUNUtlH 

4 " N.:JUl1.:J 

A .oQ ;4.C\to I • M" .: • d • 
LlJ011fl11Z110'n1i'Vtft'!i1lJ1Z1111~lJ'\)'\)V 'Vt'U11Ultll~NfflJN~alU'n'IJUlf10\flllflN~alU 

53 JLlD.1I1lJ1WN.:Jthu 20 phr lflltllJl(1Vii,lJfl1U 11ltllfl11lJl(lumufio01'!i~0'IJlf1ft~1lft fio N~ 
.," ... ,. tV .4 tt,,,.... ., ''!I\' .OlU lJlJZ'lJllJ lJfll1'nl0'U 74.90 N/mm 10.:Jft~lJlflO N~D1U lJ01ZaUWHfl N~D1U lJ IN N~D1U 

" .,,, .,,, • ., A..:I., • 4 


lJlJO N~D1U lJ~fll UftZN.:JD1U lJNfflJ flllJftlf1lJ llJ01'ntllJOlJtJ1~UNUfllJ 


' 4.2.3 if1\unJfI11,hu'1tl 

lfttJ1htlltTlJlI'!izu'ni(Coefficients) 'IJO~i1'\)~tl'lIl;jVUfflJfI11filU1Vtll 

Adsorption Maxim.nm =5.36042+ 1.78086 (Type) +0.304063 (Particle Size) 

-1.38406 (Weight)-0.595833(Sheet)-o.197266(Type • Type)+ 0.242188 (Particle Size· Particle 

Size) +O.622396(Weight *Weight)-0.190893(Type *Particle Size)+O.124464(Type • Weight) 

-o.188393(Type • Sheet)+O.609583(particle Size • Weight)-0.343750(Particle Size • Sheet) 

-o.397917(Weight *Sheet) (4.0 

http:Maxim.nm
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Tensile Maximum =0.622563+0.0603700 (Type) -0.0596240 (Particle Size) 

+ 0.304049 (Weight)+ 0.320042 (Sheet) -0.0257059 (Type * Type)- 0.0370052 (particle Size * 

Particle Size) -0.0518490 (Weight * Weight)+ 0.0463375 (Type * Particle Size) -0.0148161 (Type 

* Weight)- 0.00975893 (Type * Sheet) -0.00176250 (Particle Size * Weight) -0.0600625 (Particle 

Size *Sheet)+0.0414792 (Weight *Sheet) (4.2) 

Tear Maximum = 25.2395+4.19050(Type) -8.16075(Particle Size) 

+ 13.5437(Weight)+ 7.89958(Sheet) -0.967801(Type *Type)+ 0.555417(Partic1e Size *Particle 

Size) -1.48312(Weight * Weight)+ 1.31236(Type * Particle Size) -0.859571(Type * Weight) 

+ 0.0185714(Type * Sheet) -0.641700{Partic1e Size * Weight) -0.767833(Particle Size * Sheet) 

+ 0.604667(Weight *Sheet) (4.3) 

. . 
'4 4. _~"

4.2.4 "lT1lt"n~cr"T1qfl"O~u,.,,.,tI 

: .:" 4 • . Gfd".
'U'U flO'U'U 1l~ flO ~lJfI1'Hl1'H'U A'll 01J L'U fI'UO~flllrlO1J CJl' ~rlO~fI1'H'Uft f111'U 'l~ A1J 

• • JI 

~lllft (Lower) fhdh'HlJ1t1 (Target) Ull~fhhn~ft1J~~llft (Upper) 1ftfJlifl1'ri~ 3 v:atJ'Uft1til'H'U;t 
JI 

dh'H1I1fJ 1 'U 011 TIft llO~ 11lJa~ fI11 fl1'H'Uftfl lUl'HUfl flllrlO1J (Weight) Ull::fl lf111lJ thtTf\I'U O~ 
tI tI 'II JI 

flllrlO1J (Importance) 1ftfJfll'n~t'1o~il jjfhod1::'H'h~ 0.1-10 1'U~1'U1'tlil1~Ul'HUflflllflO1JUll:: 

~ ... .... A " " 1" '1 .d • " f111lJrJlf1f\1'UO~flllrlO1J'Tllfl1J 1 L 'U OnlflrlO~011L'U'U 'HflllrlO1Jog 'U'u 01Jl'UrlTlfI1'H'U AUll::l'Ul 

1fl~dh'HlIlf.1111fl~llA 

., ftI tI , ~ 1.:1 ~ , .. .., c:l 
O11tlftl:)l'1J01erf111'1Jo'UlJO'UOfl erft f111lJTI'UrlOLLHft~ lLll::f11111''1'UTI1'Url0011Dfl'Ulftft~fl11'1~TI 

4.6 
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Response Optimization 

Parameters 

Goal Lower Target Upper Weight Import 

Adsorption Maximum 4 30 30 1 1 

Tensile Maximum o 3 3 1 1 

Tear Maximum 20 93 93 1 1 

Global Solution 

A=2.37422 

B=1 

C=4 

D= 1.73737 

Predicted Responses 

Adsorption = 12.745 , desirability =0.896773 

Tensile 1.5422 ,desirability == 0.935624 

Tear = 57.693 ,desirability = 0.936039 

Composite Desirability =0.922626 

Maximum 

y =12.7457 

d = 0.89677 


Tensile 
Maximum 

y = 1.5422 


d = 0.93562 

Tear 
Mexlmum 


y =57.6933 

d -0.93604 


.. I il '"'..\111" ... 4.26 flll't11J1::n'lJflt'{fI'UtH 1'i1tl 

A 8 C Dop~mal High 6.0 4.0 4.0 2.0 
[2.3742.] [1.0] [4.0] [1.7374)

0.92263 ~ 1.0 1.0 1.0 1.0 

Composite 
Oe$lrability 
0.92263 

Adsorpti 
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!)I 4: .... 1 Cl 4- &I cd .,.,. 
A fl11J 'J:: t'f'flli 111ftfl1'J tl ACJtI fl1 CJ (Adsorption) fl1fl11lJ 'flU A 6 U H A~ (Tensile 

1 " t 4 .d 
'Strength) U'fl::fl1fl1111A1U'fI1Ufl6fl1HU1'lllA (Tear Strength) 'fI 13 ppm, 1.54 MPa U'fl:: 57.69 

" N/nun A111thAtI lAtJ'~fhil;)itJA~il 
• , II

"ilAH~thu 2.3742(A) : H~mu 1111::'11111 

'IIU1A6,!l11flH~thu 1 (B) : 53 JUll 

1I1111WH~(hu 4 (e) : 40pbr 

iiLAltJ11tJ1,mHU 1.7374 (D) : 'J11fl1U . ." .. .4 0 , JC:l., , 

;)lflf11'JH'fI 4.9 L'fl6flfl111UAfll Target, Lower LL'fl:: Upper L11~H'fl'flA~fl1 Target 

A !=It.I'" .... ... r:I I

30 ppm, 3 MPa Lm:: 93 N/mm LU6n1flL1JU1J'J::t'f'fllil11ftl11'JtlACJtlI11CJ (Adsorption) fl1fl1111'f1U 

, .ct , " I 4 

A6UHA~ (Tensile Strength) Llll::fl1fl1111A1U'fI1UA6fll'J\lfl'lllA (Tear Strength) \l~qA'il1fll11'J 

'fIA'fl6~ .. " 
flTnL1111 1:: t'f1111 qA'II6~il 'iI i fJ A~1l'U~~ t'fll1'~'hthll'J:: if'fli111ft fll'J tl AcUtlfi'l CJ 

, t.. .", 4
(Adsorption) fl1fl1111'f1UA6U'J ~A~ (Tensile Strength) Ull::fl1fl1111A1U'YI1Ufl6fll'J\lfl'lllA (Tear 

Strength) fttl'h LlHUtJ1~111t'fLA61utl"Ht'f11H~(hU '~11::'11111 ~'IIU1A6,!ll1flH~(hu 53 J.llD 1I,111W 

H~,h'\.J 40 pbr ~1tliifll'JLf11tl11tl1~LlHU'J11fl1U~'~'il1flfll'J'fIA1l6~L11111::t'f11~qA1Ufll'Jlh '1I1of 

~lU 
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U'YIfl 5 

"lt1~a 8iltl'n£l~aUa~,y81"U8UU~ 

"'lflf11'Ifffl1:l1tl~nthuNff)J'It111H')fU~'U6~N~thu121 (Type) 'UU1A6~.fl1flN~,hu 
... 1..:'4' 4Ad Ad' dd4 4, t

(Particle Size) lJ'I)J101N~mu (Weight) Uat11if11'IL~'ItJ)JtJl~UNU (Rubber Sheet) fI)J6V11i'Vta~6 
II 

ff)J'ufi'U6~LLNum~~A~'UfilC)f~~ffl)Jl'Imjl)Jlff111Na1~.r~u 

5.1.1 OVln'Vta'U6~')fUAfH,hu121 'UU1A6~.fl1flN~f:hU l1~)J1tlHH,hU Uatnfll'I 

... , I Q,lQ ",,44' QI ~ 

lA'ItJ)JllNUm~A6ff)J'UAVll.:Jf11tJfll'VtLLa~ff)J'UAL')f.:Jfla'U6~UNUtJl~tlAC)f'UfllC)f 
II • 

~lU1 ~tJU 1 ~~ 11UU f11'Ifffl1:l1il 'il ~tJfi~ofln'Vta~6ff)JU~YIl.:J fll tJfll'Vt'U6.:Jmlu tJH 
II 

tlA~'UfilC)fUa::ff)Ju~i1'if~fla lAtJ1~N~nlUn~11)JA 6 ')fUA 1~un N~nlU1~'Ufl N~nlU121)J::'Ul)J N~ 
• II 

nlU 121~fllall~ff N.:JnlU 121m::nU01Hti' N.:JnlU1211N Ua::N.:JnlU 121Nff)J fi'UU1A6~.fl1fl~.:JU~ 
II 

53, 106,212 ua:: 425 Ilm 1ull~)J1WN~nlU~.:JU~ 5, 10,20 ua:: 40 phr jAUNUtJ1~)Jlff1A6fu'U'lf 
I 11....... .... ..Q" ..... I'!:! .... QI ... "1 111 0* • QI

Nff)JN.:Jmu¥'I1tJ11i f11'I lA'I tJ)JU'U'UN~Ul1~Uat'I)Jfl1U 1'Vt61lJ' tJ'ULVI tl'Ufl'Umu fl)J)JUA AtJ "fllf11' 

66fll1'U'Uf111flAa6~ ~1tJ l11,Ufl')J Minitab Release 14 ,btJ1Uf11166fll1'U'Uua::11fln::,.ril'il~tl 

;1)J~1.:J '14 il'il~tl fl6 'lfUA'U6~N~fllU (1~un N.:Jfllu121'Ufl N~nlU121)J::'Ul)J N.:Jnlu121~fllall~ff 

N.:J(llU121flltOUWHti' N~nlU1211N Ua::N.:JnlU121Nff)J) 6~.fl1flN~(h1J'21 ('~un 53, 106, 212 

uat 425 Ilm) 11~)J101N.:JnlU ('~un 5, 10,20 ua:: 40 phr) 1UUNUtJ1~~tA;tl)JlrJUtll.:JUN1J~~U1f.:J 
ua::tll~UNU1)Jfl1U ~~Nam::V1'U9i6111:::frfln.fl1'Vtf11'ItlA~'UfilC)f (Adsorption) fl11)Jfl1J9i6UH~~ 
(Tensile Strength) Ua::fl11)J~11JfllU9iflllUfl'U1A (Tear Strength) 'Vt'U11nl1J 121)J::'Ul)J~flO1ff)JU~ 
11 QI CII ... ~ ~ .... • ....... I 1" .J. 1
QI

"lUf111tlAC)f'Uf11C)fflA11J1J'J6tJa:: 30 Afl111)J6&V1tJ'Ufl'U(l1U )JNff)JVI'U1J1A6~.fl1fl 425 Ilm U 

• I- ,..Q " I I A V , .... .J. .... 
lJ')J101 40 phr tlHUNUN~Ul1.:J ff1Ufl11)Jfl1JfllUA6Ul~A.:Jlla::fl11)J~11JVllU~6f11'I~fl'U1AflA 

.J. AI.J. 1 .1- .... , • QI

flqA fl6f1'U1J1A6~fllfl 53 Ilm UlJ')J101 20 phr )Jfll1t11fl'U 2.41 MPa ua:: 74.90 N/mm 

o QI .. _I'!:!.... , " .. '~~' '" CII .J. .... 11111fll)JalA'U 1)J61lJ'tJ'ULVltJ'UnfllUNum.:J)Jlfflfl6'IU'U'lfL'Vt6 'DllJUUNUtJH~AC)f'Uf11C)fVll~ltJ)J ¥'I¥'I1tJ 

_ .... QI " " • 1 " '''' 0 1"", .... I .I...... ,11iflU1AtJ1fl1J 11fl 'lfN~m1J )JUflflfll~fl1JVll lffl1J'lU 1Jf1111flltJ)Je.n~UNU'U1Jfl'U'lfUA'U6.:JN~m1J 

'21~'fl,r1Jti1J lAtlVm11 nl1J121Nff)J'lfll 7 'U1V19i6nlafli'1l fh1Jii!)J::'Ul11nfll 9 'U1V19i6 

nlafli')J (h1J 121~fllall~ff 12 'U1V19i6i1lafli')J nlu'21m::nU011.:Jti' 15 'U1V19i6nlafli')J nlU121 
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1Jfl 20 	 1J1'Y1 fi6ili~fli'lJ ,,~~thW'~'N'i1fn 250 1J1'Y1 fi6ili~fli'lJ vh'l,riflVm~V"n'1m,mN'W 
" , 111'" '111 ", '111 ", I 1'" .... 1... 11)'"I

lJ1ffLfl6'JU1J'Jflfftlfl~tl1'W &lJ (fI~tl1'W LlJflfflJ fI~tl1'W LlJlJ::"llJ fI~tl1'W lJ~fl1~lJ9Iff fI~tl1'W LlJ 

... ", 111 ", I 111 "'111 • "" ", ..:...1
m::o'WtuHfl fI~tl1'W IlJ1Jfl "~::fI~tl1'W IlJ IfI) ,.::lJ'J1fl1fl'W'YI'W1.... lJ"'W 2,80,3.60, 4.80, 6, 8 LL~:: 

~ 

100 1J1'Y1/UN'W 911lJt;'~1J "lflV1~UN'W..t1'11 
... : A ", ... ;#1 ...... " .. 'I'" 1'" ~ ~I 

fI~'W'WllJ6fl6~fl1'JfI~91L1J'WfI~flfituc:nfl1'J L~6fl !'JfI~tl1'W 11lJ::"llJ UlJ I'W'YI1~tl1'W 

'i1fl1~'W'l'W,.::tl~ fl11 2 1J1'Y11ili~fli'lJ LL9iiifltufflJ,j~~~fl'hmh~Llf'W' j{i'fI ,.lfl fl1'J 'YIflff61JfflJ,j~ 
'YIHj{l'Wfl1Vm.... U~::fflJ,j~l;;~fl~ (fl11lJ'YI'Wfi6"H~~ fl11lJ~1'W'YI1'W9i6fl1'J~fl"lf1) fI~~~~llfl 
flHlLN'W VHlJ1fflfl6fu1JC)1f1fflJ fI'Ul1'W '~lJ:: 'II llJiifltu fflJ,j~L;;~ fl ~ tl~WhUN'W VH flfflJ fI~th'W'~ 

... A 
'J'Wfl6'W 

Q .Q !iIICW:t ,Q • QI rrI : 

5.1.2 6'Y11i.... ~"fH11ifl1'J L9I'J VlJV1 ~"fI'W t]flCJf1J fl1 en1fl'W1V1~fffI 

"lflfl1':iflflll1t1"i'v~iifl~9i611':i::ff'YIim""fl1':itlfli1Jfi1CJf"V~UN'WV1~11fl~ ~~fl1':i1~ 
~ 4.2 .... 1J11LLN'W VH11 fl~ii11'J:: ff'YI i m .... fl1'Jtlfl i1J fi1CJS~6VlJ1fl ; ~ ,j{'Vi 1 fl1'J flflll lLi4Hl~ lJ 

_I .Q.Q QI rn .~ 0 : '0 ~ _I .Q.Q QI 


lJ'J:: ff'YI1i 111.... fl1'J tlfl CJf1Jfl1CJffl "'W'W 1'W 1V1~ fffl flfflJ fI~m'W u ~:: 'YI1 fl1 ':i nflll llJ':i ~ ff'YI1i fi 1 ....fl1'J tlflCJf1J 


/til ... '111 ", ... ..I '.1 ...... ... /til

fl1CJf'U 6~'J'WfI'U6~tl1'W &lJ fI~fl1'JH'YI 4.1 "lflfl~fl1'J'YIfI ~ 6~""1J11lJ'J:: ff'Vl1i m .... fl1'JtlflCJf1Jfl1CJf" 6~ 


• ~ 4 1 I I ... 1 Q QQ Q ~ Qd.tk _!V " ... 1 Q Q 

V1~UfI'WlJ1ff1fl6'jLL1J'JlJ fl1tl~fl11LLfI'WVHlJflfl 11ifl1'J1fl'JVlJ,l1vm'j lJ11i H~"l1 ~,.:: lJ lJ':i::ff'YI1im.... 

fl1':i tl fli1Jfi1CJffl1f1J 6'WlJ V'W6fl , CJS1i'tl~fl11fl1'J1911 VlJ ~1v1i 'jlJ fl1'W U';fflJ,j~l;;~fl~"6~ fl1':iLfl1 VlJ 

~1V1i':ilJfl1'W~fl111iL9I1VlJVHUN'W ~~u,r~ Llt6~lJ1"lfl' 'Wm::1J1'Wfl1'j'jlJfl1'WVHUN'W ~6~'~ 
J! IV 111 ", di "" ~I ~I ..;. ~ QI A 

fl11lJ'j6'W1L~::fl1'W "lflfl1'Jlfl1 L'tflJ CJf~lJff1'.ilJ':i::fl6Un'W6~ 'YIC)11VlJ6~fl'W fl1':i lff6lJfltum...."6~V1~ 

,~ ;~ 11 ~fI~9i 6fflJ,j~L;; ~ fl~ ~~ fl11VH"N'W~~,,1f~ 'W6fl,.lflrl'UN'WVH flfflJ fI~ rl1'W~L9I1VlJ' 'W 
:II " • """""'111"'.1"" ...."" "" """".1.1;#1ffm1::'W1VH'W lJ"6 IflllJ'JV1Jfl1111ifl1':ilfl':iVlJ'11flVHUlH 1'J'W ~fI\9l'W'fJ'W 'Wfl1':iUlJ':illJLlJ'W 

" 	 :II 

flfl9I.ntu"" 'W'li'W9I6'Wfl1':i flfl9I ';1V~flii1~1J U~~'li'W\9l6'W''Wfl1':i,,11'jl111~'Wflfl9I.ntu'" U';61,.ii . 	 " 2 ~ I..."', .....", 	 0111~.1 	 "";#I'
'U6tl6V1J1~lJ':i::fl1':i L'J'W l.... lJfl'W'l'W 'Wfl1'jfl~flL1JV~91'W"~::fl1'jl9l':i VlJllJ'WlLfI'W'YI1 &tlV1fl 

" 
5.1.3 fl11lJL~'W1111~'U6~fl1':i u11':iI11'li'W~'W"6~uN'W VHtlfl9r1Jfi1CJf~1Vfl1':i19l1VlJ'11fl 

" tl1V1~ffflU~:: fl1':itl1 1 11'.£~1'W 

'11flfl1':i11fl'j1::..rfl~j{1V i11mmlJ Minitab Release 14 li46fffllJ·liI,.'v~iifl~';6 
!It 1II.11II~ .I _I • .... /til" 111"~ "" :

fl11lJl1J'W m L'1IUfl1':i'UUIlJLLfI'WVH~flCJf1Jfl1CJSfl1':i1J6UlJ6'W6fl LCJSfltl1Vfl1':ilfl'WlJ"lflU1V1~fffl 
.I • IV 	 • .1'" ,,,,'';"" 1 I "" ~ .."" 

'U'W6~fl1J'UU1f16'4mflfl~m'WU~::lJ':ilJ1tufl~tl1'W CJf~fI~m'W'YIlJ"'W1f16'4mfl 'tfty QflL9I1VlJ9'l1V11i 

• .." ""_I ...... .... /til ..;"" I I d A
UfI'W VH fI~U'tf ~ '1::lJ lJ'J:: ff'YI1i fi 1 .... fl11 tlflCJf1Jfl1CJf'YIflfl116'4mflfl~OlU "U1f1l~fl 1'W6~ ,.lfl'UU1f1 

6'4mfl1 l1qjii61~fl1':i'.f~1'W 1Ufl1'Jtlflfi1CJS~1J1flfl11 Lrt6~6~ fl1'Jlh'11'.f~1'WfflJ,j~1;;~flafl1'J 
..,~ ,.J"" d, ", ... '111 ~"" ...;""

m6fl 'I fI~m'W'YIlJ"U1f16'4mfl'~fl":: 'tffl1'JLff':ilJUH"fltJ1~ Ltlfl ' .... 'Jl::fI~OlUl1lJ"'W1f16'4mfl 

http:U';61,.ii
http:2,80,3.60
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., . 
19m1:ij-wuYiihff1J Plfftimn-3' ~1Jlfifi'hotpnflFHti1u'UU1~h1\y ~1tJ1tlm, 1~; tJ1JtJ1-3UNU' 1Jfl1U 
.. Q ,.d~.l 0" G.lt:I GI~Q. cry ~JQQ 

11J01l, 1J1WFNtllU 'YU'V41J'U U 'YI11'H1I,: ff'YITifl1'V4m, ~~C)f1.JmC)fU't'l:: ff1J1.J19l1'IJ-3fi't'l1JUU1 ,U1Jl'V41J'UU.. 
, ... QI 

1'IJU1~tJ1fiU 
., ., 

~lUi~tJll'u1.JihrJum,ffm:J1'1iu~u 1um';i1~ofi'IJu~{hu'l1 'UU1~0'4fl1f1 H~cilU 
., . 

1I;1J1WH-3cilU u't'l::i~m';il~;tJ1JuNutJH A-3uu1umnh1111~-31uYinnJ1::ff1Jtim.h::ff'YInfl1'V4 

QI.;it !'Ii ~ , ... "' ... ". , JI4 '" '" 51'" , QI

fiUC)f1J 11.JU1IU t'l'1U~~t'I'l'Hfi'1'1JfJ1't'1fi'YI'10Ufiff flO UNUtJ1-31J0~fiUfl111JWU'U0-3t1ItJU UHUtJl-3fiU 

fi'1::U'YIfi UNUtJHtiu~u lrJU~U U't'l::ff1U1u~lU1tJTil flO UNUtJH'HHlf1.Jm,d'Ut'I'::li1oU'UO-3 

fllfl1' flOt'l'::'V41U lm::LLNUtJ1-3i1.JU'1~ 

1l1fiHt'lm, 'YI~t'I O~~1~1ulh~0 4.1.4.2 ff1J,j9Mf~ fi't'l'UO~LLrlU tJH1Jlffl~ofu1.J'lJUff~-3 
1 l¥llf U 'ht'l'1J,j~l;1-3fi't'l,:: 'H1H1tlfi1'l 1~; tJ1JtlH Ll1.J1.JtJHUNU , 1JfI1UlI't'I:: inm'11~;tJ1JtJ1'lll1.J1.JtJ1~ 

uNu~~ul¥~Jum'1~;tJ1J~1tJi~m'1U1.J1.JtJl~UNU'l1Jfl1U1~t'I'1J'U~I;1-3fi't'l~lUfl1l1J'YIU'YI1U~OU'-3 
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"" 1"Y. 1 d ~ dQ 001 d .. ", ~ QI QIQI QI d
1fl A A'1Il Unt tJ 'VI1:lAvt tJ 'VI fl1'11 (){I~1tlA t)ftH~ 1111 'Hit 'Ill tlfl'tll1tVlI \911 V ~'nfl1' tl A t)f'U fll1 t 

fln lf1tfltJ fj'tJ ii' tJ;11101~\1 flt}A i'U~.InfltJtil fl ~~ vt 'U'hUHtJflHlIlf1'1~VlU'U'YflfI'lIf1 ~OTU ~'IItJlf1 
V'4fl1flfl~OltJ 425 11m U;1I101f1~OltJ 40 phr ~1f1nfl1' 1~1f1lJUHtJfll~~.:Ju,r~iiU'tff'VIifl1vtfl1' 
AAi'UAfl11fl1'L~1 fllJUHtJ fI1~' lIfl1tJ U ntUHtJflHlI1fl'1~V lU'U'Yfi ffll 01lJflll-JtJI~ iitJ, t ff'VI ifl1vt.. 

QI w ..d.c:ld A.c:l I 4I,.Q 4: A Q.::$QI QI 

fl1, tl A t)f'U fl1t)fVlfl Vl1:lfl 111 m'VI fI'Ufl'UUfltJflHlI 1 fl'1~V, flfI'lI fI ~mtJ 'YtJflVlJ 1 tJ V~ 111fl111 fl1':i':i lIfl1lJ 
., . ., 

tl1~ ri~ fin PiVfl1, nA V1tJ ilfl" tlfli'U 'IIV~1f1''.ltlfli'Ufil t)f fl HUfI~01lJ111fI fl'lIU lJ ~:iiu,t ff'VI i fl1vt 

1 lJ fl" t]A i'U filt)f~U~flPiHtitJ liiV~ 111fl1 lJ uPi n:vllJ~11:ill11111 n lfl11 nlD'YiifI~U~flPiHfltJ 
VVfI1 UlIl1flTt;'lfltJOltJ 1l1f1f1'l1 

, .d '" ... ., ,~" 1 " , , " ...flilll'VI 2 lIvtq~m'lIfl1't]flt)f'Uuntfl1HllD flUfl fI~mtJ lJ'UflUntfl~mlJ lImtntJ 

fI' I 1 tI.d .c:l ~ .Q.d~ ...t' t cI .QQI QI 

01' ~fl vt'U1111fllJflHlI lf1'l~V, U'U'YVll~' fllJ~11 fl111 fI~Ul1 ~unt' lJ fl1tJ tJlJ lJvtq~m,lJm,tlflt)f'U 

.4 "'... .d, I 1"'" A A , :: '" ., o;lI
Untm'fllf1 t)f~lJvtq~m'lJVlll~fl~l~ 'IIlflfl~mtJ lI'YtJflVtJ It.I V~'IIlflfl1~ ~ ~fltJ 'VI~ 2 lIm'tlflt)f'Ufl1t)f 

'IIV~~1t]fli'U ~tJ1'tll~fI'tll1ttll~11!1fl11 fI~ 01tJ 1l1'YiifI ~lJ ldv~1~~i'Uvd1 tJ fl'fl11ttll~1 
Q Q.I QI ftI .. Q~ .Q QI Q.I 001 f 1 ~ 

vt q~m 'lJ'IIV~~1t]flt)f'U 'IItfllf1mt)fVVfl~lfl1vt llJ ~~lIvtlJ fl1'11V~~1tlflCJj''U 'litfI~11~vg Unt1':illt]fI 

~'U1 11,j ~tJvltJ~ r:i1 'IIV~~1tlfli'U l~lJ11l Vl'tll~fI'fl11ttll~1 6~' lfl1' fJ fliU~~tflnlmfllJ fj'tJ ii' 
(fl'lJfl1'UfllJlInft'M fl't'VI'1~'VIi'vtfllm1i':i':ilJ'Y1;junt~~u1An'VlI, lJUU; lflffff; 111rll1~'t 

.., tI I," 4_f A.Q QI ~ 
fl'1':i':i0l, 2554) ltJV~'IIlflUfllJfll~1I1f1'l~V'U'U'YflfI'lJfI~mlJ lIlJt'llllJlJlJ,tfl''VI1ifl1vtm'tlflt)f'Ufl1t)f 

A '" ~ 1"': .,., _~ I,,,,: I "'.,d",tl~1:lfl llJ V~ 'IIlfl 1I11t'llllJ111tJ 11 llJVU'll~lIfl1111f1'n 'Ut)f'U"IVlJfl11 lJltJ'tHlVlJ UntlJnfl'Mtutfl1111 
I .,,,,: d ~., :: ~ d ., : ., d

U~fl~1~ ,t111H 11llJVU'II ~~I1f1fltJttl~lJlfl'VI ~1 tJ flltJ fl11lJll'II~ m~'IIv~m" 'Ut.I111lJ flUnttl11lJU 'II ~ 

,: '" .,,, !5" .4.1 '" _I"" • .4'IIV~ltJV lJ ('U1~m'M l'Y'Mirl~11, 2550) tl11lJ11tJfI'IIV~fll~'IItJfl'UlJ'1I101Unt'lltJlf1V'4fl1tl flnl1flV 

A _I"" .I .4..t.l A 1Y.'1 _I"" .d,., .d dI 

llJVlJ 'lJ101 fI~mtJlIlfl'lltJ tl111111 tJ fI~tD~tl~'IIlJunt'lJV '11 LlJlJ 'lJ101 VllVllfltJ 'IItJ1AV'4f11tl'VIlflfl 

n~ 'lit';11,rtl11lJ11ilfI 'IIV~flH1TilJ~tJ ff1tJ 'IItJlf11vt1tJ vt'U",h OTU'l1lJt'llll1 ii 'IItJ1A1vt1tJ111qj1:lA 

.4 "" I'" , ., w" 0"'.4'V~n~lJlflVfI~mtJ lJflfI'lI fI~mtJ lIlJt'llllJ UntmtJfllJlJlJ~ ~ll1nl'f1'U CJI~'IItJlf1'11V~lvt1tJ'IIt 

lfltJ iffl ri1 tJ flmTtJ fl'UV~, l'~1'11V~01't] fli'U fi 1 CJI ff1tJ vltJ ~ r:i1"n t U;lJ1011vt1tJ ii tl1111 if1J'f;tJn 

1 fI D~' ~ flU tl1111 fI' llJ" n 1 tJ fl1, ~A~'U fi1 CJI ,dV Vi'll" 0I1U' :di'VI i fi lvt fll' ~fI~'U li'1 t)f 

" , ".d1"1 w • '" ,-11.1 'w .do;lItll' 'UVtJlIVtJ Vfl CJIfI 'VI 'Y tJ 01' tl fI t)f 'U 01 CJI 'II t 11~ fl ~H fl tJ V V fl lJ flfl 'IIlJ Vgfl 'U 'II tJl fll 'W1 tJ VI 

w o;lI" , cf"d : ... p old f ~ 
111111 t ffllfl'Ufl1CJ1m, 'U VtJlI VtJ Vfl t)fA 'VI 11 tt]fI tJ tJ tlVtll'lltJlf1V'4 fl1fl i vt1tJlI'IIlJ lf11 ~fl11fl1 CJI 

" , "~,, , " Y. ,_ 11 "" ., 111 "'" m,'UvtJlIVtJVfl CJlfI mCJItll''UVtJlJVlJVfl CJlfI'IItfl'llJl,m'Ul lJ tJlvtltJuntlflAm't]At)f'U Lfifl 

~tJ (U;~VI' 1~lJ~1'ffni1,.2551) 
., 

flnfl1''VIflnv~il'~'IIlf11u,umll Minitab Release 14 UtJ liftJ '~'h llHtJflHlIlf1'1AVl 

• , ".d ~ ""'" Q • ., 1" .,...
UU'YflfI'lIf1~mlJ lIlJt'llll1 'VI'IItJ1AV'4fl1tl 53 11m fl1f111im"~'fllJtJHUfltJ'1If11tJ 11fflJU~ 
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L;f.:jm'~~~tl~'iI1flfll'l'YI~H'tl.:j fitl~'11l1J1QHNri1\J 40 pbr U~'iI1flfll'l'11';j~1J1nfoH''YIHn'~9i Vi1.rh 

fll'lL9i1JFNril'U~'11l1J1W 20 pbr iin'1J,j9iL;f.:jfln~~tl~ n1tl.:j'illfHrJ'Ufh~~~tl~ l~m'il~tJ 
• ~ 	 I ~ 

~l1nVi'ill'lW1L'11;tJ1JLfitJ1Jfi1J.:jl'U1~tJfi~1'U1Jl,r'U 'iI~L~'U 1¢i"h~nfll'l'YI~ntl.:jfi'¢i',r'U 
" U91fl~l.:jfi'U ~.:j'lltJn~Lt1tJ~~tl1 '11ij 

(1) 'il1ml'U1~tJ'\Jtl.:jn'1h'ilu L'YIViflW un~flW~ (2552) 1~flfl'tnfll'l~~i1JnlC)f'\Jtl.:jtJH 

ti'l'l1J'ln9i~iifll'l ~n'1J ~.:jril'U l~tJL'11;tJ1JLfitJ1J'lnj ~'\Jtl.:jri l'U 'l~M1Hri l'U 1111~un~ril'U h'l~n'1J 

'11l1J1Wril'U~100, 200, 300,400,500,600 fll1J un~'\J'Ul~tl'4mfl~.:jril'U~ 100 un~ 300 Ilm Vi1J11 

~~n'1J~.:jril'U '11~n'1J '11l1J1W fll1J 400 ~ii'\J'Ul~tl'4mfl 100 Ilm ri .:j~n' ,ffJW n'1J,j9iL;f.:jflnun~ 

fl111Jn'11J1'lfi 1 'Ufll'l~~i1JnlC)f~fl11ril'U 1111~ 
, " 

'\JW~fi~1~tJ,r'Un'11Jl'lfl1Lml~M1~11 ~.:jril'U'l11J~'\Jl1Jij'11'l~ff'YIimVifll'l~~i1J 

nlC)f~~fl11LrltlLfitJ1Jfi1J~.:jril'U 111~n'1J~'\J'Ul~tl'4mfl 425 Ilm ''U'11l1J1W~.:jril'U 40 pbr 1~ltJ1iifll'l 
... '~""'~" L91'ltJ1JtJl.:jU~'U~.:jUM.:jfl~L1J'U'ltltJn~ 30 

(2) 	.:jl'U1~tJ'\Jtl.:j'V1'Y1tiVi'l Un'.:jLfitJ'U un~flW~ (2551) 1¢i'flfl'l:llfll'lL9i1J~.:jril'U1'UtJH 
" 

'11l1J1W 7-10 ftltJn~ l~tJillM,rfl Vi1J1Tt;,1,ftJl.:jiifJw n'1J,j9iL;f.:jfln A'1'Ufl111J'YI'U'YI1'U~tlUH~.:j 

un~A'l'U fl111J~1'U'YI1'U ~tlfll'l ~ fl'\Jl~~fl11tJHU~'U'11fl~un~1 ~Jl~1Jfl i'U 111L~tl',f~1tJl.:j~1Jfi'U 
LrJ'U Iltl'Uu'YI'U fll'l'~m~-ntl!ijfl L~tln~fll'l illL~ln'l'lLflii 

1~tJ~1~tJLtl.:j Vi1J11~.:jril'U1111J~'\Jl1J~'\J'Ul~tl'4mfl 53 ).tm '11l1J1W~.:jril'U 40 pbr 

iin'1J,j9iL;f .:jfln ~l'U fl111J'YI'U'YI1'U ~ tlU 'l .:j~.:jun ~~l'Ufl111J ~l'U 'YIl'U ~ tlfll ';j ~fl'\Jl~~Afl11~.:jri l'U 111 

1~ fl~LrJ'UftltJn~ 76.35, 94.67 ~l1Jih~1J 1~tJ1ii'l1Jfli'U 

(3) .:jl'U1~tJ'\Jtl.:jn'1JLfltJ'l9i m1tJn'in'~' 'Ufll'l LYi1J'11'l~ff'YIimVi'\Jtl.:jril'U fi1J,j'U~ L~tl.:j 

fll'lLYi1J'11'l~ff'YIimVi'\Jtl.:jril'Ufi1J,j'U~ Increasing Adsorption Efficiency of Activated Carbon for 

H2S Removal by Surface Oxidation and Metal Addition 'A'flmnl~tJiii~Q'11'l~n'.:jti'L~tlLYi1J 

'11'l~ff'YIimVifll'l~~oH'1J'\Jtl.:jril'U fi1J,j'U~~hM l1Jih,j~ '81fI'l L 'iI'U oH'n , -n~Ml tlnlC]1~Lfi~ 'il1flnlC]1Vill 

g'U"1 L14 tlLrJ'U in'~Ii''Uu1J1J' 'U fl1'lil1 1 '11' ~fi1J~ .:j'11'l~~ll iun~fll'ltltlflU1J1mii91tiWctf,'Ufll'l'\J ~~ 
r:<J ";1 ..dI ... 1 0' r:I .d Q r:I QI ~ td .d Q ~ 1 ...... ,
fllC]1'Y1 1JVi.:jlJ'l~n'.:jfl fllC]1'Y1Lfl~ 'il1flt11M 1'l fllC]1tl1J')j''U fl1C]1'Y1Lfl~ 'il1flL')j'tl 'lflUn~U1Jfl'YIL'l tJm.:j"1 

r:<J , -! 0 '" '" 0 0 ~ 0 '" '" "";1" , '" "'.. 1.!'G1fllC]1mnl'U'YIl 	 MLflflfl111J'llm~Un~'YI1'lltJtl'\JmVi C]1.:j'Ul~n91t1WCVI'YI ~'iI1flm'Ufl1J1J'U91'lH 'd L'U 

"; ... r:<J 'I ,.,. .. ,,,d .. "~"",,,,:... " 
'YI"11Jfl1C]1 L1JVi.:j'11'l~n'.:jfl L')j''U ~W'U 'lfltJ'U91 ~L"tl~l ~'ltl.:jL'YIl Mtl.:j'Ul1f1tJ1Jt11~fl1'l'')j'.:jl'U 

... .1 '" _I'" r:<J 0 , '" '" .. ... 'I ' A ...... 
3-6 Lfltl'U '\J'Ufl1JlJ'l1J1W'\Jtl.:jfllC]1 ('Ul~.:jm'Ufl1J1J'U919l1flUflflM'ltltl1J Lnfl'll1J')j''Ul'Jfl 1 Lfltl'U M'ltl 

.1 '''' '" r:<J ~ 'I' A ... 'I' A::'\J'Utl~fl1J'11'l1J1W'\Jtl.:jfllC]1) C]1.:j' 'Um~1J1'Ufll'l Lnfl111J')j''U 1 flVfll'l911flU~~M 'ltltl1J Lnfl'll1J')j''U'U'U 
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vh1M'rJl.:Jur·hJ tJH1J 1 tYl91 v!mJ,nfitltliifi'itl1VVflciiltl-itJ fiv'..ft fifilfl1'l L~V1J tY 111'n'U V.:JUNtJtJl.:J 

1dV.:J 'il1fltl1.:J~Vi1fl1 'l fffl'l:lltrltJ tJ1.:JUNtJ ~'U 

(4) ~'nn'n(1~W '11 fJii'U ij.:J'l~'U'U~Vfl1'lt]filcH'Ufi1CJttl1!'U V tJ1JVtJVfl 'CJt~ fl1'lt]filcH'UlrltJ 

tliifi;tJ1f11tJfl111JfvtJ ~.:JtI'ilitJ~ij~m~Vfl1'lt]filcH'U flVfl111JAtJl1;Vfl111Jl.fJ1J.fJtJ'UV.:J9i'1Qflt]filcH'U 
II' 

~w'I1t;Jii ~ijfil'U ij.:Jff1'l9i'1Qfl t]filcH'U U(1~tY1'lt]filcH'U A.:J11tJ1 tJ fl1'l t]fil cH'U~~ ~V.:Jfl1'U fl1J ~W '11 fJii'Uv.:J 

fl1'ltlfilcH'Uhrm~ (tI;tJ'n'l l~1Jty1'lfl(1i1, 2551) U(1:' 'lH1tJ1itJ ''''Vi1fl1'lfffl1:11fl1'ltlfilcH'UfilCJt 

" ""..I '" "f11'l'UVtJ1JVtJVfllCJtfil'n~W'I1t;J1Jl1V.:J 

(5) f1111J'I1'afil1JtJd'Uv.:JUN'WtI1.:J1J1tYl91V!U'U~ 'n'U':h~'UtJ1filVl.!f11f11gfl ft.:J ~(11..fijth 

f1111Jl1Ufil1JtJ dtl.:J ~.:Jtl1f1111J'I1 cWfil1JtJd"l.:Jft.:J ~(1~Vfl111Jff11J1'l fI , tJ fl1'l!tI~tJtJlltl(1 .:Jltl'.i1.:J~1 , tJ 
t, , II 

Vi1tJV.:Jl~tJ1ntJ tJ1.:Jliii f1111J'I1Ufil9i1~'il: ijfl111JtY11J1 'l fI , tJ fl1 'l t tI~ tJtJUtI fl ~1tI '.i H "l.:J '"1tJt11~Utl1.:J 

~iifl111Jl1cWtl~lt.:J 'l1fl''''~ltJVi1'..fm:'U1tJfl1'l~ii9ltrltJ'tI'1I1filtJ~ltJ ,rlvii 'il1'lW1fl1'luti 'llt1lrtv 

ImtJ'UllitJ'Utl1f1111J'I1cWfil1JtJd'UV.:JtJ1.:JUNtJ1J1tYI9Ivfu'U'lf f11'l1~Vfl ~.:JthtJ ~tI;1J1W 40 phr l'n'll:ii 

t .. d • , ,.,.c:l I AI 91 • Q 1 " ;d

fil1f1111J'I1tJ fil1JtJ tJ "l.:J ff.:J ~(1 111Jfl111J'ntJ9IVUHfil.:JUfl:f1111J9I1 'W 'n1'WIOlOflTHl fl'U1fil1JUtJ1 'W1J 
.:. .I 

l'n1J'UtJ 

5.3.1 f11'l Vi1fl1'1 1flfl1 , 'WICJtcH'WtJ1.:J11 ;Vtl1.:Jf1.:J 1tlfiv'W ih1Jl'~ t'n'l1:tJ1.:J~'U'I1;6tJ1.:J~ 

V.:J hi'~N1tJ fl1HHltl'il:iifl111Jljfill1qtJ~1 ''I1fl ''''~1t1 Ufl~V.:J hiiifl111J!fftltJ'lf11'n'nHltl'iH 
II' 

A.:J11'Wfl1'lVi1fl1'l1flfl1''WtCJtcH'WtJ1.:JuN'W1J1 tYt9lVfU'U'1 fivtJ'Ih' tI,-f.:J1tJ 

5.3.2 f11'lijfl1'l fffl'l:I1fl1'l'll1tJ1.:JUNtJ1J1tYt9lV!U'U~~'-fltli11Jl~tJ'dfff11'n',v'll1 m1'U1J1 

~ <II <IIA , ~ 0 ~ lid" " "..I5.3.3 t'WV.:J'il1fl 'Wfl1'lnfl'l::I1 '.;I1'iltJ'n1fl1'lnn1:nfl1'ltlfilCJt'Ufl1CJtfll'l'UV'W1JV'WVfllCJtfl'n 
II' 

~Wl1t;Jihfv.:J A.:J 11'Wfl1'1Vi1fl1 'l fffl'l::I1fl1'l tl filcH'U filCJtfl1f'UvtJ 1JV'W Vfl , GJti>l'ulJi (1:,11.:J ~W '11 fJii 

..I • A _I '" '" <II lid" ".. I ..<II

'nU9Ifl911.:JfltJ 1'nVtl1J'l:tY'n1if11'nfl1'lt]flGJt'Ufl1GJtfl1'l'UV'W1JV'WVfllGJtfil'UV.:JU~'WtJ1.:J1J1ff'91V'l"'U~ 

http:Jltl'.i1
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mlJf111Jf;jlJ1H'l-n1:l. "a'm'Ufll1W'lJl1-n1:l", Ministry of natural resource and environment (Online). 

." 

http://www.pcd.go.th. 12 lJ'Ulf1l1, 2554. 

4 "ij) QI 4Q1 fIQI .. 
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... 
'VtqfY~flltl'U, 2554. 

fi~lnU' 11 1'U~l'H111. "fll1 fffl1:l1Li4vn.n tJ1JLYitJ1Jf11111a'11111 tl i'U fll1 ~~ci1Ja~Oll 'Ilo,uh'Unllu'U 
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GI ."lUYlJ1. 10(2): 104-112; 2550 
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2553. 

I 4 0' Q,I 
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'" 
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1')1tJlma'flll11111JW!fIfl : 1I1111')1tJll'1tJa'~'Ill'll'UfI1'U')11, 2549. 

Q,I .:. 0 QI ~, : 01 ,,- J1 ,J! r QI QI tI Q Q d_ 
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GI.tfQ IQ GI <ill 
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d GI A ... ..I ... , ..I 1 ..I GI 

11')1f11111fl11~Uf1q'llfll'Vt Uf1:::lfll'lfll1111'VtVq\lfll'Vtfl. "a'17')111 U\l117", a'U 'U1I117 fl],!~71tl\llfl 

..I . 
11117. http://www.healthcarethal.com. ~111f111, 2555. 

http:http://www.healthcarethal.com
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"''' ..." I '" 1 I , ,,1 <I I '"'' .:, ,A I'U1-:J'Hl1:l 1')j'1:Ijff-:J'H "fll'm'tN lJ1'\.J(lijij'U lJ1'UijU~-:J~llJlJ1~'jj1'U~ij-:JmlJ'th lJ", ~ij1.d11'Y11 lJ 

~ij-:J ,~. http://www.baannatura.com/thlmatlcontentldetaiV136.html. ti'UemJ'U 2553. 

111'j1lJff ~~lJ1. fll'j ijijflU'U'Ufll'j'YI~l1ij-:J'YI1-:J1ff1m'jlJ. fl1 -:J1'Y1'WlJ'H1'Um : 1 H~lJ~U'ti-:J 
" ... '" ~W111-:JmQ1lJ'H11'Y1enl1eJ, 2545. 

AI' "" ~'YIff'U. fll'jijijflU'U'Ufll'j'YI~l1ij-:J1m::11m1::'HHl1fll'j'YI~l1ij-:J.... fl1 -:J1'Y1'WlJ'H1'UfI'j :lJ'j:: 'W'jff'j "''' " 
tht!fl~lJ~.yrij11 ~lti~, 2551. 

.QlI'l ' +.Q ~A IQ.Q QI .Q

1m:: IH'HlJ1!. 1'Y1eJ1'U'W'UTilJ'jqJqJ11'Y1eJ1ff1ff~'jlJ'H1'UWCY]~ : 

... '" " lJ'H11'Y1eJ111eJLfl1:l~'jff1ff~'j, 2551. 

11'j:: n~ 11iifflTi fln ~ Ul1::flW::, "~1:I.tieJ~ij-:Jfl1'U '4'H~'" 'U'YIfl11lJff1'j ll!mlJ1'Y1 mh'H l'ULen1')j''U <iJ . 
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"" ~'U11'j1')j'Ti1'U, 2551. 
II II 

m~ ~1'U11ij')j'fJl1. fll'j,~en-:JTi'j 'jlJ')j'l~' 'U fll'j'th,j~l'\.h11'U1iJij'U ~1ii111:: 111eJV'U'YIl6v'U~'j1eJ. 

ff1'Ufl-:J1'U flij-:Jl'J'Uff'U'Uff'4'U fll'j1~eJ : lJ'H11'Y1eJ111eJTi'j'jlJff1ff~'j, 2548. 
o QI QI .QQI .Q QI ~ 

~'YI Ti')j'l~ 11;}eJ'j'4~'j. "fflJ,j~~ij-:JeJ1-:JTi'j'jlJ')j'1~1~lJ~1eJL~111ijeJi;fl1 'U ~-fll'j ,jlJUl1::fflJ,j~1;r-:Jfll1", 
• II • 

fll'j11'j ::'llJ1'1f1fll'j 1f1; ij,j1eJ1ff1m 'jlJ1f1; ij-:Jfll1U'ti-:J11'j::1'YIR' 'YIeJ. fll-:Jii 18. 
.Q QI .Q ~ 
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'" UC)f~eJ. eJ1-:J: ')j''U~... fflJ'U~"'... Ul1::fll'j, ')j'-:J1'U." " 'U 1 l1eJ l1'H::Ul1::'W-:J1:ITi'j fl1-:J1'Y1'WlJ'H1'Um : tl'UeJL'YIfl 1 ""1 

1ff~U'ti-:J'1f1~, 2547. 

____. eJ1-:J: m::'U1'Ufll'jHi;~Ul1::fll'j'YI~ffij'U. fl1-:J1'Y1'WlJ'H1'Um : t,!'U61'Y1f11'U 111V111'H::Ul1:: 

1ff~U'ti-:J')j'1~, 2550. 
QlQ '.Q .c:I. 1 I 

'j~~flll1 lJij-:J1'W')j''j. "fll'j1H1f11'UU'U'U1~1~'UL'H'UeJ1flij", 1ijlLH1f11Y. http://www.rattikan123. 

ob.tc/p8.html. ~111f1lJ, 2552. 
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II II 

1.1 mlYl~tYVtJtJ;lllru'lJV~U~,nl~flll~hJ1htl1~ (Total Solid Content, TSC) 

mlflltJ;lllru'lJV~ff".n.J ~lrh,!l,imJ1~i~flll~1'W J'ltJl ~nlJntJ tYll g'W '1 ~,til')$tJl~ 
4QA ~ \Ii 'JJ.cd GI " 

91111lJ191l!1'W ASTM 1076-80 1IimlYl~tYVtlVIitJ1tJ nYlfl1'lJV 2.3.1.1 

• II II 

... _,"" d cv 'I'


f111Hn n. 11Jllllru'lJV~U'lJ~YI~flll~ L'W'WltJH (Total Solids Content, TSC) 

.
.. . 
 .. .
v'"fl1{1n 1 
.,
v'"fl'Nn 2 fl1{1fl 3 

•... 
IfUUJ 

f 

flUnf11tlt1 

37.81% 37.80% 37.80% 37.80% 27-48% 

SI til"

1'W ml YI~ tYVtlU; 11lru 'lJ V~U~~,:r~flll~Viij l'W t11tJH filml 'Y\~ tYVtI't1~flll~ ~1'W 1'W 3 

fli~ ..,tJ11fhU;lJ1ru'lJV~u~~i~flll~''Wl,iVtJl~~'~ihhlUgtJ''l~ 37 .80 lUV!lci}'W~ cti~flllJ191lJl'W 
•• ., .. d .. 

ASTM 1076-80 Vgl~fl11~ 27-4811JVllCJl''W9I 
II 

1.2 mlYl~tY6tJU;lJ1ruli7VtI1~mr~ (Dry Rubber Content, DRC) 
II II II 

lrJ'W mlfllU; lJ1W'lJ V~ ff1'W 'lJ V~li7VtJH 't1~flll ~ , 'Wt11tJH9Ill111191l! 1'W ASTM 

1076-80 11iml'Y\fH'I6tJvitJ1tJ'~~M1~V 2.3.1.2 

..l _,'" .I v
f111Hn n. 2 1Jllllru''W6tJl~Ufl~ (Dry Rubber Content, DRC) 

.
or •
"' ...fl1{1n 1 " •v'"

fl1~n 2 
.v'"fl1"1n 3 

" ... 
&tUUI 

I 

flUnf11tltl 

34.93% 34.95% 34.92% 34.93% 25-45% 

II ,tI' " II 

''WmlYl~tYVtJU;lllWli7VtI1~U,r~Vi1il'Wt11tJH film'lYl9ltY6t1't1~fllI~~1'W1'W 3 fl1~ fll 

.'''' .I v ..l, v.ot I ..l .. d .. d I I I1J'.illlWl'W6t11~Ufl~YI ~llfl11Ut'ItJ 34.931U6l1CJl''W9I CJl'~fll11191'lJl'W ASTM 1076-80 f)gl::fl11~ 25

45 'Uf)!Ici}'W~ 
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t1m (tll'yi) CO (ppm) nm (tllVi) CO (ppm) 

10 70 

20 80 

30 90 

40 100 

50 110 

60 120 



99 




100 

• • tI 

1I11'1n 'U.l n1'.im~Hii-llfffl'l.hmmmnm.hm-ll 

Q I r ... p , " 'JI QI i I "J "dill '11<;
1.2 'U1IHm'UlLft~'Ulff~t:llfll'VI(H(J~Nffll!U11fl1'U lWlJlf1'U fltlN~m'U 111'V1 tiJ llJn1'j 

'VIflftt:l~,hnj'U~ll1UN'Un1 '.i'VIflftt:l~~-IlUfffl~1'U~l'.i1-1l~ 3.4 



101 

~ ~ ~ ~ 

1.3 lVlihf.Jl·H'·Ur~Nff2J fl1'\.HllJN~rll'U '\.hff:;m~ '\.htlHltJlJl'aOl~f.J1tilJU~1~~lVl 
......... "y .... " " : llJ"'"
m~-W01lJmHmNfflJ fl1lJl111'1JlfllJU~11mH~:;m U~1fl11~-WtNlJlf.J1~ t11J111W'\101J'\IO~~:;fl~ 

,~ ~ 

1J1'W;1 ....3 'lilJ~OlJfl11Nff2J'\.hf.Jl~ti1Jm~-WO{ijfl 

~ 

1.4 1 O~lJf.JH~1JI~htilJ 1~f.JfflJ\l1W' 1 ~f.J ~:;ij1lwIf1lJ OOfl2J11J;nW 1 01J~OlJf.JH 
~ ~ 

l1n~~lmrlJl,y19ilJ1l1ff:;m~~-II't1fifl~lJfHllJ~hf.Jl.:j 

, II , 
• 0 .id o.t QI

1I1ft'fl .... 4 lJlf.Jl-11111 0fl11~1J~1 

http:01J~OlJf.JH
http:U~1fl11~-WtNlJlf.J1


102 

Q..4 _ ~,. .d .q ~ 0 • 'l ... ld 
1.6 C)f~m':i':iflt'llfJfl6n\J\J\l::H11'lfl11lJ'H\Jl 5 lJt'lt'I'lJ~':i \lln'W\J'Wlt11~UN\JNfflJ nJN~ 

t'llJU':i::lJ1W 3-4 <ii'~ LlJ~ 



103 

1.8 thl1i'1JfJ1~u~hJ'nJfllU \hfJ":mNU~~U1f~l"'l1'5 ~'511fllU~f.ltln1fJij 50-60 f1~f1l 
19fCllCUm;1th:::lllW 4-10 lU 1l:::1~fJ1.:jUNU':illfilU 

..I, .. 
1l1vttl ".8 UNUfJHlllff1"f1':iU'U'J1 

0.111' 'P ... ,! ...
't11fl1HIU, UNUfJHi'l1fJfl1':il~llN.:jtl1U't1~ 6 'J1U" "l11fl1'HlflflU1J1Jfll':i't1"ClfI~ 

~~fl1f1NU1fl .:j 



104 




105 

ASTM D 624 
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f1~Ufffl~'l'UmVi~ tl.2 
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lU.fl1'Vf~ fl.6 

.... ..." 
1I1T1" fl.6 "lJ.:JllJ'YI~t'I'f.l'lJ 

" . . 
2.1 ';lm'l~~filLfl1tH Universal Tensile Testing Machine Lntll.fllJm'l'YI~t'I'O'lJUH~.:J 

t.I'!r:::~lUH'Uf)1"lll1f11'Ulrl6olma:::1l1aL2J611YWlafll'VIflUflft;n:::mll 

nlT1~ fl.7 lfl~f.l.:J Universal Tensile Testing Machine 
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2.2 1I1mr\.nh;$u,nwVill:Vlflfff)1l'U~llVflti1J1f1'HH Universal Tensile Testing 
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~ <011 r " 
1l1ftn ft.9 f)1'lfl~UHUtJHlJ1ffl11f)'mll'l1 
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Physical Mechanical 
Factor 

Properties Properties 

RunOrder Particle Absorption Tensile Tear 
Weight Rubber 

Type Size Emciency Strength Strength 
(phr) Sheet 

(11m) (ppm) (MPa) (N/mm) 

1 MC 53 10 ADS 7 0.55 27.20 

... AAC 53 20 RSS 7 1.80 61.60"'

i 3 AAe 212 10 RSS 7 0.99 41.30 

4 BC 212 20 RSS 11 1.55 70.90 

5 AAC 53 10 RSS 5 1.27 65.10 

6 IMOC 425 40 RSS 16 0.68 32.50 

7 TC 425 5 RSS 8 0.46 59.70 

8 EC 425 10 RSS 10 0.61 43.30 

9 MC 53 40 RSS 10 0.61 28.40 

10 IMOC 425 40 RSS 16 0.68 32.50 

11 MC 106 5 ADS 7 0.57 33.10 

12 EC 106 5 ADS 8 0.96 30.40 

13 MC 425 20 RSS 11 0.65 45.70 

i 
14 TC 425 20 ADS 20 0.58 42.00I 

i 

15 EC 106 20 RSS 10 1.06 40.20 

16 EC 212 10 RSS 8 0.93 37.50 

17 TC 425 20 RSS 16 0.67 43.60 
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RunOrder 

Type 

Factor 

Particle 
Weight 

Size 
(phr) 

(f.lm) 

Rubber 

Sheet 

Physical 

Properties 

Absorption 

Efficiency 

(ppm) 

Mechanical 

Properties 

Tensile Tear 

Strength Strength 

(MPa) (N/mm) 

I 
i 

18 TC 106 40 ADS 16 1.51 63.90 

19 TC 212 10 RSS 9 0.86 41.00 

I 
i 

20 

21 

MC 

MC 

212 

106 

5 

10 

ADS 

RSS 

9 

6 

0.45 

0.72 

25.90 

29.90 

22 EC 425 10 RSS 10 0.61 43.30 

23 IMOC 106 40 RSS 10 1.00 49.30 

24 IMOC 212 10 ADS 10 1.20 39.20 

25 IMOC 106 5 ADS 7 0.88 35.70 

26 AAC 53 40 RSS 10 1.96 71.40 

27 IMOC 212 40 RSS 13 1.25 43.50 

I 28 

29 

IMOC 

TC 

53 

53 

20 

5 

ADS 

ADS 

8 

9 

1.41 

1.47 

55.70 

45.40 

30 MC 106 20 RSS 8 0.74 38.40 

31 

32 

TC 

EC 

212 

212 

40 

20 

RSS 

RSS 

15 

11 

I 1.57 

1.15 

63.10 

51.10 

33 EC 106 20 ADS 13 1.00 39.70 

34 EC 53 5 RSS 4 0.86 36.80 

35 BC 425 10 ADS 12 0.70 39.40 

36 EC 53 20 ADS 12 0.44 37.50 

37 EC 53 40 ADS 17 0.59 31.60 

i 
38 

39 

MC 

IMOC 

53 

425 

40 

5 

ADS 

RSS 

12 

8 

0.54 

0.95 

28.80 

29.90 

40 AAC 212 40 RSS 15 0.99 46.60 
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Factor 
Physical 

Properties 

Mechanical 

Properties 

RunOrder 

Type 

Particle 

Size 

(Jim) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Emciency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

41 AAC 212 20 RSS 10 1.17 60.00 

42 BC 425 5 ADS 10 0.71 33.60 

43 TC 53 5 ADS 9 1.47 45.40 

44 TC 425 10 RSS 11 0.92 28.50 

45 IMOC 106 20 RSS 8 1.84 60.40 

46 MC 53 5 RSS 4 0.87 40.40 

47 TC 425 20 RSS 16 0.67 43.60 

48 IMOC 106 10 RSS 7 1.39 44.20 

49 MC 425 10 RSS 9 0.56 39.50 

50 IMOC 106 20 RSS 8 1.84 60.40 

51 IMOC 106 20 ADS 10 1.13 43.40 

52 

53 

TC 

IMOC 

212 

212 

40 

20 

ADS 

ADS 

17 

13 

I 1.49 

0.83 

47.60 

44.50 

54 I MC 53 5 RSS 4 0.87 40.40 

55 MC 53 40 ADS 12 0.54 28.20 

56 BC 106 10 RSS 7 1.55 47.90 

57 BC 212 20 ADS 15 1.48 55.60 

58 TC 53 20 ADS 11 2.00 56.80 

59 AAC 212 40 ADS 21 0.92 45.80 

I 60 IMOC 53 40 ADS 9 0.51 45.10 

61 1M 53 20 RSS 7 1.68 67.20 

62 EC 212 5 RSS 6 0.72 29.30 

63 AAC 425 10 ADS 11 0.82 43.90 
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Physical Mechanical 
Factor 

Properties Properties 

RunOrder Particle Absorption Tensile Tear 
Weight Rubber 

Type Size Efficiency Strength Strength 
(phr) Sheet 

(Jim) (ppm) (MPa) (N/mm) 

64 AAC 425 10 ADS 11 0.82 43.90 

65 IMOC 53 40 ADS 9 0.51 45.10 

66 BC 106 5 RSS 5 1.98 58.10 

67 BC 212 10 ADS 11 1.42 39.10 

68 EC 212 10 ADS 11 0.87 34.30 

69 AAC 106 10 RSS 7 1.12 48.70 

70 IMOC 53 10 RSS 5 1.73 52.10 

71 TC 106 20 ADS 14 1.26 58.10 

72 TC 425 40 RSS 26 I 0.93 44.00 

73 TC 53 10 ADS 10 1.55 59.50 

74 BC 212 5 ADS 10 0.81 35.20 

75 TC 53 40 ADS 15 2.83 91.80 

76 TC 212 20 RSS 10 1.34 38.40 

77 IMOC 212 20 RSS 11 1.11 50.20 

78 BC 106 40 ADS 18 0.84 36.60 

79 TC 106 5 RSS 6 1.05 66.90 

80 AAC 425 5 RSS 5 0.72 40.30 

81 EC 425 10 ADS 13 0.56 31.00 

82 MC 212 20 RSS 10 0.89 35.50 

83 BC 106 20 ADS 14 1.50 50.00 

84 EC 53 20 RSS 9 0.62 39.10 

85 

86 

TC 106 

BcI 106 

10 

40 

ADS 

r;;s 
11 

15 

1.12 

1.08 

50.30 

40.10 
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RunOrder 

Factor 
Physical 

Properties 

Mechanical 

Properties 

Type 

Particle 

Size 

(Jim) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

87 AAC 53 5 RSS 4 1.29 48.20 

88 EC 106 5 RSS 5 1.00 41.60 

89 IMOC 106 40 ADS 11 0.95 35.00 

90 TC 53 20 ADS 11 2.00 56.80 

91 BC 425 10 RSS 9 0.92 44.70 

92 MC 53 10 RSS 5 0.70 41.60 

93 BC 425 5 ADS 10 0.71 33.60 

94 IMOC 425 5 ADS 

RSS 

11 0.83 29.70 

95 MC 53 20 7 0.75 44.40 

96 EC 106 40 RSS 14 0.85 43.80 

97 IMOC 106 40 RSS 10 1.00 49.30 

98 AAC 53 10 ADS 6 1.26 48.70 

99 BC 53 20 ADS 13 1.00 52.80 

100 TC 106 40 ADS 16 1.51 63.90 

101 IMOC 425 10 RSS 11 0.79 38.50 

102 MC 212 40 ADS 18 0.95 40.80 

103 AAC 212 10 ADS 9 0.85 40.30 

104 IMOC 106 20 ADS 10 1.13 43.40 

105 MC 212 40 RSS 14 1.05 45.10 

106 EC 425 5 RSS 7 0.59 32.00 

107 BC 106 40 ADS 18 0.84 36.60 

108 TC 53 20 RSS 9 2.41 74.90 

109 TC 212 20 ADS 15 0.80 37.70 
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Factor 
Physical 

Properties 

Mechanical 

Properties 

RunOrder 

Type 

Particle 

Size 

(f.lm) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

EMciency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

110 BC 53 10 RSS 6 2.09 60.00 

111 BC 106 5 ADS 9 1.92 51.90 

112 MC 212 5 ADS 9 0.45 25.90 

113 MC 212 5 RSS 6 0.61 34.40 

114 AAC 106 10 ADS 7 1.09 43.20 

115 TC 106 20 RSS 10 1.71 62.30 

116 EC 212 40 RSS 16 1.22 37.00 

117 IMOC 106 5 RSS 5 0.93 37.70 

118 IMOC 425 10 ADS 14 0.72 32.70 

119 MC 106 20 RSS 8 0.74 38.40 

120 AAC 53 10 ADS 6 1.26 48.70 

121 EC 212 20 RSS 11 1.15 51.10 

122 BC 53 5 ADS 8 1.17 46.00 

123 AAC 212 10 RSS 7 0.99 41.30 

124 IMOC 425 10 ~ 11 0.79 38.50 

125 TC 425 5 ADS 12 0.35 29.10 

126 BC 106 5 RSS 5 1.98 58.10 

127 MC 53 20 ADS 10 0.40 29.90 

128 BC 212 5 ADS 10 0.81 35.20 

129 AAC 106 10 RSS 7 1.12 48.70 

130 AAC 212 5 RSS 5 0.89 43.20 

131 

132 

AAC 

EC 

53 

212 

10 

5 

RSS 

r;;s 
5 

6 

1.27 

0.72 

65.10 

29.30 
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RunOrder 

Factor 
Physical 

Properties 

Mechanical 

Properties 

Type 

Particle 

Size 

(~m) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

133 TC 106 40 RSS 11 1.91 84.00 

134 AAC 212 5 ADS 7 0.77 39.80 

135 EC 425 20 ADS 16 0.53 37.10 

136 IMOC 425 40 ADS 20 0.67 29.50 

137 EC 53 40 ADS 17 0.59 31.60 

138 TC 212 20 ADS 15 0.80 37.70 

139 IMOC 425 40 ADS 20 0.67 29.50 

140 EC 425 40 RSS 21 0.46 40.60 

141 EC 425 20 ADS 16 0.53 37.10 

142 EC 425 5 RSS 7 0.59 32.00 

143 BC 425 40 RSS 19 0.91 33.90 

144 BC 53 10 RSS 6 2.09 60.00 

145 MC 53 10 ADS 7 0.55 27.20 

146 TC 212 10 RSS 9 0.86 41.00 

147 IMOC 212 40 RSS 13 1.25 43.50 

148 IMOC 212 10 ADS 10 1.20 39.20 

149 IMOC 212 5 ADS 9 1.00 36.40 

150 BC 53 5 RSS 4 1.32 49.20 

151 EC 53 5 ADS 7 0.55 30.10 

152 BC 106 5 ADS 9 1.92 51.90 

153 IMOC 425 20 RSS 14 0.72 46.40 

154 AAC 53 40 ADS 15 1.07 46.70 

155 TC 425 10 ADS 15 0.45 27.60 
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Factor 
Physical 

Properties 

Mechanical 

Properties 
I 
i 

RunOrder 

Type 

Particle 

Size 

(!lm) 

Weight 

(phr) 

I Rubber 

Sheet 

Absorption 

Emciency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

I 

156 

157 

IMOC 

MC 

53 

212 

10 

10 

ADS 

ADS 

6 

11 

1.22 

0.44 

39.50 

24.90 

158 BC 53 40 ADS 15 0.79 44.90 

159 IMOC 53 5 ADS 5 1.22 39.20 

160 IMOC 212 40 ADS 16 0.75 38.40 

161 MC 212 10 ADS 11 0.44 24.90 

162 AAC 425 20 ADS 16 0.74 45.40 

163 BC 106 40 RSS 15 1.08 40.10 

164 EC 53 10 RSS 5 1.16 39.80 

165 IMOC 425 20 ADS 16 0.71 46.10 

166 TC 212 5 RSS 6 0.68 38.40 

167 IMOC 106 5 ADS 7 0.88 35.70 

168 AAC 425 5 RSS 5 0.72 40.30 

169 AAC 425 10 RSS 8 0.96 54.40 

170 TC 212 5 ADS 9 0.37 24.00 

171 TC 106 20 RSS 10 1.71 62.30 

! 

i 

I 

172 TC 212 10 ADS 12 0.68 22.60 

173 

174 

175 

BC 

AAC 

IMOC 

425 

53 

425 

40 

40 

5 

RSS 

RSS 

ADS 

19 

10 

11 

0.91 

1.96 

0.83 

33.90 

71.40 

29.70 

176 BC 53 40 ADS 15 0.79 44.90 

177 EC 212 10 ADS 11 0.87 34.30 

178 IMOC 425 20 ADS 16 0.71 46.10 
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RunOrder 

Factor 
Physical 

Properties 

Mechanical 

Properties 

Type 

Particle 

Size 

(Jim) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

179 TC 425 10 ADS 15 0.45 27.60 

180 TC 53 10 ADS 10 1.55 59.50 

181 EC 212 20 ADS 14 0.86 46.30 

182 AAC 53 20 ADS 10 1.78 53.60 

183 AAC 106 40 RSS 13 1.54 65.20 

184 IMOC 53 10 RSS 5 1.73 52.10 

185 MC 212 20 RSS 10 0.89 35.50 

186 BC 212 40 RSS 17 1.54 44.20 

187 TC 212 10 ADS 12 0.68 22.60 

188 MC 425 5 RSS 7 0.60 36.80 

189 BC 212 5 RSS 6 0.98 37.90 

190 AAC 425 20 ADS 16 0.74 45.40 

191 AAC 106 5 RSS 5 0.92 38.90 

192 AAC 425 20 RSS 11 1.01 49.90 

193 BC 106 20 ADS 14 1.50 50.00 

194 BC 106 10 RSS 7 1.55 47.90 

195 AAC 106 20 ADS 13 1.13 40.40 

196 IMOC 212 5 RSS 7 1.41 38.20 

197 AAC 106 10 ADS 7 1.09 43.20 

198 BC 425 20 RSS 12 1.25 51.60 

199 IMOC 106 10 ADS 8 0.99 38.30 

200 BC 425 40 ADS 25 0.79 29.30 

201 AAC 106 5 RSS 5 0.92 38.90 
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Factor 
Physical 

Properties 

Mechanical 

Properties 

RunOrder 

Type 

Particle 

Size 

(11m) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

L:VL: TC 106 5 ADS 9 0.99 49.20 

203 EC 106 5 ADS 8 0.96 30.40 

204 IMOC 106 40 ADS 11 0.95 35.00 

205 EC 53 40 RSS 12 1.14 39.90 

206 EC 425 20 RSS 13 0.72 38.60 

207 EC 53 5 RSS 4 0.86 36.80 

208 MC 106 40 ADS 15 0.52 24.50 

209 IMOC 212 5 ADS 9 1.00 36.40 

210 TC 106 40 RSS 11 1.91 84.00 

211 AAC 425 5 ADS 8 0.66 31.90 

212 20 RSS 10 1.06 40.20 

213 MC 425 40 ADS 21 0.52 31.30 

214 MC 212 20 ADS 14 0.66 28.90 

215 IMOC 212 10 RSS 9 1.34 44.30 

~ 425 40 ADS 25 0.79 29.30 

217 TC 425 5 RSS 8 0.46 59.70 

218 IMOC 

L- IMOC 

212 

53 

40 

40 

ADS 

RSS 

16 

8 

0.75 

1.21 

38.40 

220 BC 53 5 RSS 4 49.20 

221 53 20 RSS 9 39.10 

222 BC 425 10 RSS 9 0.92 

223 AAC 212 

212 

40 

5 

ADS 

RSS 

21 

6 ~ 
45.80 

38.40 
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RunOrder 

Factor 
Physical 

Properties 

Mechanical 

Properties 

Type 

Particle 

Size 

(Jim) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

225 IMOC 53 40 RSS 8 1.21 58.10 

226 MC 425 40 ADS 21 0.52 31.30 

227 BC 106 20 RSS 10 2.22 60.20 

228 IMOC 53 5 RSS 4 1.28 39.30 

229 TC 106 10 RSS 7 1.19 61.60 

230 AAC 106 40 ADS 18 1.04 44.30 

231 TC 425 5 ADS 12 0.35 29.10 

232 EC 425 5 ADS 10 0.50 31.60 

233 MC 53 40 RSS 10 0.61 28.40 

234 TC 425 40 ADS 30 0.62 37.80 

235 MC 212 10 RSS 7 0.69 37.00 

236 BC 425 20 ADS 17 1.03 47.60 

237 BC 425 5 RSS 7 0.79 35.20 

238 MC 425 10 ADS 12 0.44 28.40 

239 EC 53 40 RSS 12 1.14 39.90 

240 BC 212 40 ADS 20 0.83 35.40 

241 EC 53 5 ADS 7 0.55 30.10 

242 TC 106 10 ADS 11 1.12 50.30 

243 TC 53 40 ADS 15 2.83 91.80 

244 TC 106 5 RSS 6 1.05 66.90 

245 MC 212 5 RSS 6 0.61 34.40 

246 BC 425 5 RSS 7 0.79 35.20 

247 MC 53 20 ADS 10 0.40 29.90 
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,
CI QI ~ , 

Vll1Hn .:.t.l ~l'.il':)'lJ'\.."VlmHlfl1'.i'VI~Hlm (~fl) 

RunOrder 

Factor 
Pbysical 

Properties 

Mecbanical 

Properties 

Type 

Particle 

Size 

(Jim) 

Weigbt 

(pbr) 

Rubber 

Sbeet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strengtb 

(MPa) 

Tear 

Strengtb 

(N/mm) 

248 TC 212 5 ADS 9 0.37 24.00 

249 EC 53 10 ADS 8 0.72 34.20 

250 EC 106 20 ADS 13 1.00 39.70 

251 IMOC 106 10 ADS 8 0.99 38.30 

252 EC 106 5 RSS 5 1.00 41.60 

253 AAC 106 40 ADS 18 1.04 44.30 

254 EC 425 40 RSS 21 0.46 40.60 

255 BC 53 20 RSS 9 1.90 53.50 

256 MC 425 40 RSS 16 0.58 43.14 

257 TC 53 10 RSS 7 2.00 60.10 

258 TC 212 20 RSS 10 1.34 38.40 

259 IMOC 106 5 RSS 5 0.93 37.70 

260 IMOC 212 10 RSS 9 1.34 44.30 

261 BC 212 40 ADS 20 0.83 35.40 

262 EC 106 10 ADS 10 0.66 30.70 

263 TC 212 40 RSS 15 1.57 63.10 

264 AAC 425 40 RSS 18 1.14 42.50 

265 MC 425 5 ADS 10 0.56 30.80 

266 TC 106 5 ADS 9 0.99 49.20 

267 AAC 106 20 RSS 10 1.30 42.90 

268 EC 106 40 RSS 14 0.85 43.80 

269 EC 212 40 RSS 16 1.22 37.00 

270 EC 212 40 ADS 20 0.65 30.30 



123 

Factor 
Physical 

Properties 

Mechanical 

Properties 

RunOrder 

Type 

Particle 

Size 

(flm) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength. 

(N/mm) ! 

271 AAC 53 20 ADS 10 1.78 53.60 

272 BC 212 10 RSS 8 1.61 53.70 

273 TC 106 20 ADS 14 1.26 58.10 

274 IMOC 53 5 RSS 1.28 39.30 

275 EC 212 20 ADS 14 0.86 46.30 

276 TC 53 5 RSS 5 1.68 54.10 

277 TC 425 40 ADS 30 0.62 37.80 

278 BC 212 20 RSS 11 1.55 70.90 I 

279 

280 

EC 

IMOC 

106 

425 

40 

5 

ADS 

RSS 

19 

8 

0.78 

0.95 

37.20 

29.90 

I 

281 IMOC 212 20 RSS 11 1.11 50.20 

282 BC 53 40 RSS 13 0.94 59.70 

283 EC 106 10 ADS 10 0.66 30.70 

284 BC 425 20 ADS 17 1.03 47.60 

285 MC 106 10 ADS 9 0.66 26.90 

286 IEC 53 20 ADS 12 0.44 37.50 

287 I AAC 106 20 RSS 10 1.30 42.90 

288 AAC 53 20 RSS 7 1.80 61.60 

289 MC 425 5 ADS 10 0.56 30.80 

290 

291 

MC 

BC 

53 

212 

20 

10 

RSS 

'- ADS 

7 

11 

0.75 

1.42 

44.40 

39.10 

292 EC 425 20 RSS 13 0.72 38.60 

293 MC 425 10 RSS 9 0.56 39.50 
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RunOrder 

Factor 
Physical 

Properties 

Mechanical 

Properties 

Type 

Particle 

Size 

(Jim) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

294 MC 106 40 ADS 15 0.52 24.50 

295 TC 53 40 RSS 11 2.94 93.00 

296 EC 53 10 ADS 8 0.72 34.20 

297 AAC 106 5 ADS 6 0.78 38.80 

298 MC 106 40 RSS 11 0.53 25.30 

299 AAC 212 20 RSS 10 1.17 60.00 

300 TC 53 10 RSS 7 2.00 60.10 

301 AAC 425 20 RSS 11 1.01 49.90 

302 AAC 212 20 ADS 15 1.02 54.40 

303 IMOC 425 10 ADS 14 0.72 32.70 

304 IMOC 53 10 ADS 6 1.22 39.50 

305 IMOC 212 5 RSS 7 1.41 38.20 

306 MC 53 5 ADS 6 0.34 25.40 

307 BC 53 40 RSS 13 0.94 59.70 

308 AAC 212 5 RSS 5 0.89 43.20 

309 EC 425 40 ADS 23 0.46 25.50 

310 EC 106 40 ADS 19 0.78 37.20 

311 BC 425 10 ADS 12 0.70 39.40 

312 MC 53 5 ADS 6 0.34 25.40 

313 MC 425 5 RSS 7 0.60 36.80 

314 BC 53 20 RSS 9 1.90 53.50 

315 MC 425 20 ADS 15 0.50 38.80 

316 MC 212 40 ADS 18 0.95 40.80 
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Factor 
Physical 

Properties 

Mechanical 

Properties 

RunOrder 

Type 

Particle 

Size 

(p.m) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

317 AAC 212 5 ADS 7 0.77 39.80 

318 AAC 106 5 ADS 6 0.78 38.80 

319 

320 

321 

EC 

AAC 

TC 

212 

425 

425 

5 

5 

40 

I 
..... nS+ADS 

RSS 

9 

8 

26 

0.68 

.66 

0.93 

27.70 

31.90 

44.00 

322 TC 53 20 RSS 9 2.41 74.90 

323 TC 106 10 RSS 7 1.19 61.60 

324 EC 106 10 RSS 7 0.92 33.30 

325 AAC 53 5 ADS 4 I 1.00 47.90 

326 EC 425 5 ADS 10 0.50 31.60 

327 BC 212 20 ADS 15 1.48 55.60 

328 MC 106 5 ADS 7 0.57 33.10 

329 EC 425 10 ADS 13 0.56 31.00 

330 AAC 212 10 ADS 9 0.85 40.30 

331 BC 212 10 RSS 8 1 "'1 53.70 

332 53 5 ADS 4 1.00 47.90 

333 BC 53 10 ADS 8 1.17 46.00 

334 BC 212 5 RSS 6 0.98 37.90 

335 BC 53 20 ADS 13 1.00 52.80 

336 BC 106 10 ADS 10 1.13 38.40 

337 40 RSS 16 0.58 43.14 

338 

339 *IMOC 53 

20 

20 

RSS 

ADS 

12 

8 

1.25 

1.41 

51.60 

55.70 
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Factor 
Physical 

Properties 

Mechanical 

Properties 

RunOrder 

Type 

Particle 

Size 

(r.lm) 

Weight 

(phr) 

Rubber 

Sheet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strength 

(MPa) 

Tear 

Strength 

(N/mm) 

340 EC 212 5 ADS 9 0.68 27.70 

341 MC 212 10 RSS 7 0.69 37.00 

342 BC 53 10 ADS 9 1.52 58.20 

343 MC 425 20 RSS 11 0.65 45.70 

344 MC 53 10 RSS 5 0.70 41.60 

345 EC 53 10 RSS 5 1.16 

346 

347 

348 

EC 

MC 

AAC 

212 

4 

40 

20 

40 

ADS 

ADS 

ADS 

20 

15 

23 

0.65 

0.50 

0.65 
~ 

I
39.30 

349 MC 40 RSS 11 0.53 25.30 

350 MC 1 10 ADS 9 0.66 26.90 

351 BC 53 5 ADS 8 1.17 46.00 

352 AAC 106 40 RSS 13 1.54 65.20 

353 MC 106 5 RSS 5 0.81 36.20 

354 BC 212 40 RSS 17 1.54 44.20 

355 TC ~ DSS 11 

356 MC 425 10 ADS 12 8. 

357 MC 106 10 RSS 6 0.72 29.90 • 

358 MC 212 40 RSS 14 1.05 45.10 

359 AAC 212 40 RSS 15 0.99 46.60 

360 

361 

MC 

TC ~ 
5 RSS 

ADS 

5 

17 

0.81 

1.49 

36.20 

47.60 

362 AAC 106 20 ADS 13 1.13 40.40 
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I 

I 

I 

I 

RunOrder 

Factor 
Pbysical 

Properties 

Mecbanical 

Properties 

Type 

Particle 

Size 

(11m) 

Weigbt 

(pbr) 

Rubber 

Sbeet 

Absorption 

Efficiency 

(ppm) 

Tensile 

Strengtb 

(MPa) 

Tear 

Strength I 
(N/mm) 

363 IMOC 53 20 RSS 7 1.68 67.20 

364 TC 425 10 RSS 11 0.92 28.50 

365 EC 425 40 ADS 23 0.46 25.50 

366 AAC 425 10 RSS 8 0.96 54.40 

367 EC 212 10 RSS 8 0.93 37.50 

368 IMOC 212 20 ADS 13 0.83 44.50 

369 IMOC 106 10 RSS 7 1.39 44.20 

370 TC 425 20 ADS 20 0.58 42.00 

371 BC 106 10 ADS 10 1.13 
I 

38.40 

372 EC 106 10 RSS 7 0.92 33.30 

373 IMOC 53 5 ADS 5 1.22 39.20 

374 MC 106 20 ADS 12 0.67 22.00 

375 MC 106 20 ADS 12 0.67 22.00 
i 

376 IMOC 425 20 RSS 14 0.72 46.40 

377 AAC 212 20 ADS 15 1.02 54.40 

378 TC 53 5 RSS 5 1.68 54.10 

379 AAC 53 5 RSS 4 1.29 48.20 

380 AAC 425 40 ADS 23 0.65 39.30 

381 AAC 53 40 ADS 15 1.07 46.70 

382 AAC 425 40 RSS 18 1.14 42.50 

383 BC 106 20 RSS 10 2.22 60.20 

384 MC 212 20 ADS 14 0.66 28.90 
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!'IvA <vtN d 14 d. 
1. m1.~lft1tl\ll~mOJrftl1'lJtl1nJt)'"tln 10Jr~ 1'" CO-220 

... ".s '" r:I.. , ..
CO-220 Carbon Monoxide Meter (lJl~fl'.i(;l111'.i'lJf11HI'.i111111f11'Vm'.i'lJfltJlJfltJflfl 'V~ 

..I!. .!... ...!...... I ... tP" ,......
(CO) OJr.IJ~fl'1.ItJ 1I~l'.i flflfJ1.Ifl'.iW tJ11 "lJl~ fl'.i") 1I~~'.i11111 111lJf11'Vm'.i U fl'IJlJ fltJflfl 'lf~Un:::1~ 

fl11lJl.u'lJ.u'tJ'Ufl\ln1'Vfl1i'ufltJlJ fl'IJ flfl ''VA''.i~1111\1 1-1000 tY1Wn'ltJ (11 uflfhl~'IJ parts/million 

... .. I.!" ~ '" ... tP.. , .. ....,."'.!
PPM) lJL91fln~'lJ.IJ'Vi11L11'IJOu'\'m'Wf11'.ilJf11'Vfl1'.i'lJfltJlJfl'IJflfl 'V~ 2 11i~~tJ : 

(1) ,j.IJ;};;'UJfl101'IJ'lJ'IJ LCD (Liquid Crystal Display) l~flOl'lUlll~tJ PPM 
J1 

(2) ,j.IJ;1;;1flf11'.iri\lLfffl.IJtY\\!\\!lWL~fltJ 

1.1 .rtl'Jalit8ftl11JtJa6~NtI- ltJ1~';',"n6'"'tj'~tJn101 
I , ".... .. ~ 4 JI 4 A I "" 

- flfl1 'VlJL~fl'.iLlJ'lJLfl'.ifl.IJLHl91'.i111l'Wflfl11lJ1Jnfl~flflff1'IJ'lJflfln 

... 1/ ,P'" d "'" ... tP" , ..- L'.i fl'IJ ~un:::VIn'lJ V'IO\l Hnm::VI'lJVllfl~1I1fl'W'l:l'Ufl\lf11'Vm':i Ufl'IJlJfl'IJflfl 'V~ 

0-1 PPM ",d "'11.1"'"'.i:::~'U'WtJ11n\l ~w fl~ 

9 PPM fl11lJL.u'lJ.u'tJ~.lJq~911lJlJl91'.i!1'IJ ASHRAE 62-1989 'tJ'IJ;L1W~~fltJfldfl1fffl 

50 PPM '.i~~'ULU~fJl~'lJL1n1 8 ~11lJ.IJ 9l1lJlJl91'.i!ltJ OSHA 

~~fltJlI::!'U';;'tJffm'IJ~i1~ 

100 PPM '.i~~'U;jftiilflft~.lJqft~in;; 9l1lJlJl91'.i!1'IJ OSHA 

200 PPM o , ".... 1.1.... ~" 4 n' 4 ....Vl1 l1lJfl1f11'.i 1ftff'.i'l:l:::Lnfl'IJflfl 1't1tJflV 1 fl ntJ111 fl'IJ 
_ Q d .. .:Sf 

un::: 1\1L1fltJff'.i'l!l:::11'.ifllJ'IJ\I.IJ 

800PMM 
.......;r .Ie.... .... '"' 
1\1L1fltJ '.i'l!l::: fln'IJ1't1fltJfl111lfl'IJ 'Vflm::9Jfl 

Lfffl;1191fl1fl1tJL1n1 2 0\1 3 ~11lJ.IJ 

.tln1'tt'"~ 1917.24 'Ufl.IJd1um1'IJLf1flq'Um'W'rn::fl11lJ1.Infl~flfl''lJffm'IJ~'ril.IJltJ'Ufl.IJ 
tYW;!C1I (U.S. Department of Labor OccupationalSafety & Health Administration -OSHA) 

ti111'IJft 1 'If!fl'l!ll'.i:::~'Ufl'l'lfmi''U fl'IJlJfl'IJflfl ''VA'' 'IJ'U'.i'.i fJ1fl1ff1tJffmtJ~'Iffl\l'l1'U~i1ftij~;ft1ft '1 ''If 

, •... , ....tP.., ..... I 1 " 
1JLfl'IJfl11 50 PPM (0.005 %) 111fl1Jf11'Vm'.i'UfltJlJfl'IJflfl 'V~ lfl'IJfl11100PPM (0.01%) 11 

lflfl~lfl ~fltJflflfl'1.I"lfl'U;I1W~i1ftJtJ 

http:Ufl.IJd1um1'IJLf1flq'Um'W'rn::fl11lJ1.Infl~flfl''lJffm'IJ~'ril.IJltJ'Ufl.IJ
http:flflfJ1.Ifl'.iW
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o ... J 
1.2 	 fl11f1Hl,",.tl~lI'f1tl1 

... 	 .. , " 4 ... ell.. ".. " 1
1Il~vn~1J 'I1V1111JiHml1lm'lffll11JV\UJVuvn l'lffl f)~ U1Jlltnmff flf.I\l~ 

UffMthrllU1JU LCD U~~lf1f.1mlri,uilf.l~tYtyqpru 

, '"tI 
lVl1UU 

"" ell.. " ..~111f1dl11''U1I'UU 'UV-1m'lffl111JVU11VU vn l'lffl 

'='1'" J1.3 	tll'nuAlIlfl81 

'riU1J~l~v11.u'1~ij,~V! (ltJlfltl"ml9ifli-1u~~mlltJ~f.lUU1J9U~V1) Lilflij,~V! 
lf1tJnfl~~1IilL;jtl1 

tI 	 • 

ijl~V!\l~ri -1liltl~tYtytylru ffV-1f1i'~ u~~'tilmlVlflffV1J91Utv-11ul~wh-1li'tilml 
tI 

VlflffV1J \lVUfffl-1N~\l:U1J(lVf.ll1ltnln 10 ~-1 'tJf1-1 0 lf1tlri-1Li1tl-1lrJuffv~ ~vu., ~~ffV-1f1i'-1 ~111 
jI '" "'::tl1tJmll1QfI....ntll1l1U~flH 

... 	 .., "jI'" " d":' '" 1ell
'I11n1l1~V1N1Umlm1\lffV1J~Utv-1l9'lL1V1J1Vtl n\l:anJ~l1\l\l1J111m'lf fltl\l~ 

Ufffl~1,fVlll1J'1l1l1vmlri~1i1V-111-d-1f1i-1l'Jn., ff{)~1Ulii U~~Uff~Hthrlltl1JU \lVUfffl~N~ 
1.4 	 fl11f1AU81JfI,"ltl~''V~~Utl101 

ijL~V!\lZ'tilmlVlflffV1J'fI~V~~l1\lr(L~U'C)fV!)U~~!!1J~1~v1l'Jnfli~~Qmilfl 
)4 	 ..l. "AI • • A ..l ... " • .1"'" '" AI ..l

U~~ll'il~n\ltlU1J~l~Vl~V l1JVVH~V1UV-1 111nU1J~1~Vl1l mUVV \l~1IfftlltlllWl1JU1J~l~Vl 

tJlln{}4u1Ju LCD (Liquid Crystal Display) 

..l"'''.011 ",..l: • ..l..... o ... A f 
111nU1J~'~Vl1l m Ul~fl1JVI~ln11V111l~Vlml1UfI 'I11VlfllV~~n\l ,(Sensor) 

tI 

f{1Ill1~1'11lfl 'Jj'tiH1U ijl~V!\l~ri~ li1v~ fftlltlllU"rJU~VU" ~vu~~,flf1i'~~1111l1vmll1~flin 

"':: • ~ '" ,,:: ... jI... .. " tn111U~fIl~ U~~\l~tY~ll1MfI~~VU~:111f1HVn U11111l~fll\l::ilfl lUlfl-1 

QI 	 "jI AI..l ..l jI QI ... .:!I ... , • A t 
l1~~\lln L9'l!1JiWUU1J~'~V1U111 'I11nV-111"(1tl1tl11W!~VUV~ UtYfI~111fllV~~l1\l, 

jI ... " • 0 ,_~.... ...... ..a" jlQI • :: ell A JI
Vl\l1111'11~1111fl l1lVlH1U l1~fI~V'!fUV1JlmlVll9'll1JmlU~~~~'Ufl-1'Vhln L.... V'UV'UV\!~1Uml 

lU~VU!fI!V~~l1\lfll1,j 
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o ....Ii 
1.5 m,m'H'Uj)'\Ij)'rt'U!l'U 

• <II" 'J .. 1"0 ...,1 ..;... .. " 0 

flO'lJfll''.l'm1~111Ol'Jl'fl111J0'lJ1I0'lJOfll'Jl'fI l1Oll1'lJA'Uft'W'lJjl'lJ'YIlItt;lOl.::t;lO,n'n 

011 tmfJ'UtflfJtJti1J~~U1ftl{01lvh~~ 
:J .1 .......... , ... <11.. 'J .. ~ 

'YI~'lJ 1fI fJOll t tlfllIl¥lOll1lflllt¥l Ol¥l n~'n1JfllOllll fll'Jl'flll1JO'lJ 1I0'lJ Ofl l'Jl'fI 11J'U 

" ''''' ... ~ ..... 0 I";~ ... ': l'0-3 PPM lfllO~ff~fftyqpw~::tln;HJ~ U'fl::'lJtt;lO'j~::flll1'lJftfl1'Y1'u'U'Uft'n'UjIl'lJ 1111 

..... I ... <11" 'J .... ..... 'I' 
l1lfl'lJl¥lOl~11~'n'U1l'lJOl'Jl'fllnJO'lJ1I0'lJOfll'Jl'fI 0~'lJlflfl1l 3 PPM 'lJL~o'n:: m 

o .,"". 'J .,..;...,: 1 I ~ "" " <II.. 'I .. ..;I I

'YIlfllllJl'UfllllJ'YI'UfI'n'lJ!l'U 1111 U~~::Ll1l1f1fll1m::m'lJfl1fll'Jl'fll1'U0'U :lJO'lJOfl L'JI'fI 'YIt;ln.'n'U 

.. , , 'It.l' 
1.6 f)"IflUfl181'Uq~qj)181 n (Max/Hold) 

1 ,. 	 ... .. d.. <II""" 
'U Ll1l1f1'UO~ Max/Hold lIl~On::m'Ufl1m'Ul::fI'Uf\l~qfl'IJ 0~Ol'Jl'fll1'U0'U'lJ0'lJOfl 

'I .. ..; 'IP 'IP 1 ,. .. .1..... "" <II ..
L"Iffi 'YIm1~'n'U L'fIlm n 'lJ Ll1l1f1Oll'YIH1'lJU'U'U'lJ'lJt¥lOl~::¥ln~l1n::fl'U'U0~fll'Jl'fl11'U0'U'lJ0'U 

Ofll'Jl'"j' ltJOfh~viotdo~lf1fJ~::ufffl~1..r'YI11'UlftfJflll-d~tafJ~fftytylW 'n~O'lJti'Uttfffl~fll'U'lJ LCD 

U~1U'nl::fllf\l~qfl'UO~ti'l')j'fll'f'UO'lJ'lJO'lJOfll"If"j'~~11~'n'U 

1'lJOlnhl..rll1'lJfI Max/Hold 't;'~l'lJl1;Ol~ViHl'lJ 1..rflfl~~'lJ MAX lfl~O~-d~ 
fftytylilHl::~~U'U'UA''lJ~ ffO~flf~ ,do 111'lJflrl"A'i''lJfhA'~1..rViHl'lJl1;O 1 ..rl~ViHl'U , 'lJ'Uw::~ 
,. 0 "'0' .I..;
Ll1'lJfI MaxlHold 'YIl~1'lJ~::lIfll1l "MAX" Ufffl~'U'lJ'YI LCD 

1.7 lliI~iI~HljJlfl~l'U'Ha~lj)tl8fll'Utffl 

l1lflijUff~ff1H lf1fJ10'Uijt~01~OfJ (Vi 1 1..rfl LCD '~fJ1fl) ''ti'''l~l'lJl1a~'UO~ 

LCD ~:atlflff1l~~'lJ lf1fJt1~1'lJtW1 l'ti"'lrl'~::tlft'ulo~1doijuff~ff1H'n0 
1.8 	m"ilj)~uI8~1j)tl8fll'Uml 


" 
ijl~01~::tlft 'Ulmlf1fJt1~1'lJtW1l1a~~lmtlflii~ l~1"'lJ11'f1l'lJl'lJ 20 'lJlfl . 
0"1"4'.., 'It"'"

1.9 	m"l1l'Hlfl'8~iI~iI'l!'l!lW ,).IiI.:JliItI.:J 

.1 1"" '.:!:I ... 'J..... 1" ..; .....~ ~ 2 'I" ~ .1'lJOllYll 	l1lfll O~ff~-"tytylWl~fJ'U ''lJff.:JlfffJ~ 'Hflfl'YI 'fI'1'Y1'J1'lJfl/LlJft1'lH nlU'lJ 

l1ml1'f1l'lJl'lJfl'h 2 1'lJlfl 1'lJ'Uw::~l'h'lJttlfl~umw 

1'lJ011 Vi 1 1 ,rlfl~o~-d~fftytylW fla'UVi Hl'lJ¥ll'lJU fl~ 1..rilflijl~01ul{11tlfI 1 'H~V fl 
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BB 

...I. ... 0' t:'I 0' , 0' 
111ft" t.l ff11JtJ'!i:nfl1J'\I6~1I'''6'!i''n~111m'Yfll'!i1J61J1I61J6n 'Yf'I Fluke CO-220 

I LCD (Liquid Crystal Display) 


2 ~11 MaxlHold 


3 ~11 lilf'llilf'l 


4 lf1~m"'!i1~f (Fluke PN 689497) 


5 m'!i6T\JfhRi"6f11rl1Jfb\JI~11J (parts/million - PPM) 


6 11111f'1 MaxlHold (Ufff'l~t;,q~tIf'I~"n'llY41Juf1::th1J't\')

" .. 

7 ~1tJ~;11'!i::~1J'~'1JU1J"'''6'!il9i1 


8 'fI~6~ri~'fftl'Uftyq"w~nilf'l 
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Sf •
1.10 'lltl1JQ91lTl1~: 

.d "0 A .., ~" 111 '" 
"111UI 9.2 	'\I~lJl:l'l11Tll~'\I~{I'fl'HH1flmC)ffll'j'lJ~'UlJ~'UflO L'II'fl~'U Fluke CO-220 

(mOl! ff1ofl'U, 2551) 

... 
~On1.fJ1J 

'u'llO&~.,h,nu : . 
'".uO&~n,nu'1': 

O°C a{l +50°C 
,.Q 

-30°C fl{l +50°C 

.I ~ 0 

fl111J"U IU"0&~'fIH1U 

... d 
< 3 tl1'f1PUJ 

... d 
> 3 tl1'f1"fJ 

,.Q 11 "''' o fl{l 99% fl11lJ'II''UfflJTI'YI1i 

,.Q 11 .., .., " o fl{l 90% fl11lJ'If'UfI'lJTI'YI1i 

,.Q o fH lOOOPPM 

1 PPM thrtlU 0 - 200 PPM 

5 PPM fflV1l'lJ 200 -1000 PPM 
: , 0 

fI111JU1JUUl 5% VI~fl ± 2 PPM 

(fhl'UtilV1d{l~q.:m11) 

1.h~'n'fl"tl':"fl1tH"'19f 
0.u,.tl4) 

• '" IloWlJ 0.4 % ~fl °C tlJflq':'011 25°C 

. "'.loWlJ 0.6 % 1ifl °C tlJflq.:J011 20°C 

< 20 1Ulli 

9 V, NEDA 1604A VI~fl IEC 6LR61 

CE 



134 

..., .<!l ~I'"
1", tflO", u mil 

,,hZl91nl1i-tmn 

... <I ... <I 
'lJHffl1\l1-3'I1I'lJ ~'lJlr'p"ru 

30 ~q'l;Jfl1fllJ 2529 

1f1'1fn , lJfI'lffl1l' ,jrucVil1l (1f1'1fn 'jlJ f.2l11ff1'Hm,) 

....... ... 

lJ'Hl1Y1UlnUf,lmnl'J1'1il'lJ. ~.fI'. 2551 

~.fI'. 2554 - i1\l,,j'lJ 

.. A ... 
UfI'lJ fl1'J1'ltmt:l-3lJt:lfln 

1Y1 Ul aUlYlflilfl tll'lJ 1 \It\l1tlJ 

~.fI'. 2553 - 2554 

UfI'lJfl1'J1'11n'Hzfl1' 
Q Q,I Q cI 

1Y1eJl nUlYlfl'lJflf,l1Jn, 1'J1'1i1'lJ 

~.fI'. 2552 - 2553 

nt:l-31J;fl1'j m,"mil 

<I .. 
t:l1 \lUU~ tfl'OW 

UfI'lJ01'J1'1,fHOn lH-31'lJ 

Q QI .Q 0 Q, 

1Y1 eJlnUlYlfl'lJfl t:l1'lJl \It\l, tlJ 

(l'lJ'lJ'JI'Ul-3fJ' 9il1Jn'lJ lNt:l t'lllflt:l 1 'lJ'lJ 'H 'lJllJlrvi-3 
QI Q,I 0 ., 

\l,:J'H1flt:l1'lJl\ll\l,fU 37000 

Administrator
Oval




