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Abstract 

Hydrogenated polyisoprene was prepared by homogeneous hydrogenation 

of isoprene rubber in chloroform/acetone using palladiuln (II) acetate as catalyst. 

The hydrogenated polyisoprene and polyisoprene, which was supplied froln 

industrial sources, were then used as compatibiliser in imlniscible blends of 

polyethylene/polypropylene. The composites were prepared by solvent casting 

technique with various contents of compatibiliser from 0.5 wt% to 1.5 wt%. The 

effect of the addition of compatibiliser on thermal, optical and mechanical 

properties were investigated. 

From thermal and optical tests, it was found that blends containing 

polyisoprene and hydrogenated poly isoprene have shown entanglelnents of 

cOlnpatibiliser with the polypropylene phase, resulting in shift of the transition 

temperature of polypropylene. Mechanical properties of the blends, naInely 

tensile and iInpact tests, show improvement in modulus, tensile strength, 

elongation at break and impact strength, when compatibiliser were used, as 

compared to those with no compatibiliser. 
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1. B. Susmita,R.Padmavathy,B.Anil,and A.Bhola 111fll1fffl1:Jlfl11teYlIfl1it'U~'U lfl .... tlfl­

!lJtl{~ijlfl triblock 6lJtl-l styrene-isoprene-styrene (SIS) llfl(Jl~ Pd (II) acetate t~'U~1t~-ltlBfij(Jl 

tiltlfl leY l1fl1 il'U~'U~'W'U1i~ri ~tlW11f1iJ 60 
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2.1 'EJ1~'j~lui'u (Hydrogenation) [2] 

lel i\p)'j~l'wi'Wl~'Wi1inT'.i~ihh·~ itJ~]n1lJ1n1 ',Jn1'j~\9l1tJlJV(;1tfl'W u(;1~t~'Wi1i~11tJ~1~1'W 

fl1'j ltJ~ tJ'Wvr'W'fj~III~lJ\Pl1'lJV~fl111H)'W -fl111Jv'W 1~'Wvr1,J'fj~~lJ\Pl1'lJV~fl111Jv'W -fl111Jv'W ~~1~1$I 

n1Jff1'jtJ'j~ flV1JlnV1Jl1 flGlfU \P)~ l'j 1~V~ n 1'j i \P)tJ1 ~\Pl1tj ~tJ~ fll tJ1tt(;1~ ff f111~ ~ t'VIljV'W n'W ~~ 

ff1lJ1'j(HtJ~ tJ'W v(;1fi'Wt~ 'WV(;1 tfl'W UV(;1nv elv(;11ll~lJ\Pl1t~1,J UV(;1nv 3Vtf~lJ\Pl1 U(;1~ tV fft'YIv1~ ulll~lJ 

\Pllt~'WtVfft'YIv1~lJ\Pl1 n1'j 13i\p)'j~t'W i'W itl!(;1VJ'WiJn~tl~ 1~\Pl1d ~tJ~flltJ1tl1~~~!~'W Ni , Pt U(;1~ 
t I • j) 

Pd i \P)tJr11 1tJfl11lJ~'WVi1~~tl-31ll'ft' -3lJ1n !~'WU\Pln1'j13i\p)'j ~!'Wi1,J!n\p) l$l~l i tlmifJ'WViihl1'V1un 
'II 

ilJ!(;1fJ(;1~l~ !'If'W ttln~'W 'n'jtlYi~'W 1j1Vi~'W !'n'Wt'YI'W !!(;1~!3n!C)1'W iJn~~ lel i\p)'j~!'W\9l1~tlci1~'j1\P)­

t111 'W'ft'f111~ ltl i\p)m·b'W i tl!(;1VJ'WU(;1~13i\p)'j!~'W1J'W Ni-containing catalyst ~fl11lJ~'W1J'j'jtJ1n1f1 

U(;1~tlW'VIfliJtJ'j~lJ1W 100-200°C U(;1~~tl-3fl11JfllJtlW'VIfliJ1,r~1~ff\P)!'¥h~~~tlJ'W1 tJl$1 t~'j1~~
q 'II q q 'II q 

~W 'VI lJ iJ ~ -3 ~ ,,~!n \P) tJ i]nl U 1 ~1-3 tfi tJ -3 ~ t~ tJ 1,jtl-3 n 1J n 1'j U \9l n vr u 'fj ~ 'lJ tl-313 i \P) 'j fl1 { 1J tl 'W 1 #I 
• 'JI • 

r:hu imt1VJuYiihl111Un ilJmnt1'ft'-3n-h ~~13i\p)'j~t'W\9l l$11'W'ft'f111~'lJtl-3t'VIt11 tlW'VI f1iJVi1~ 150­
q 'II q 'II 

200°C 1'lf'W ~tl~1j1\9l~1\P)V'W (Polybutadiene) 13i\p)'j~t'W\9l i\p)tJ1~ Ni !~'W\Pl1!~-3tJ~nlU1~ 

~Wl1lJiJ 260°c ~~1$1 hydrorubber (hydropol) ~iJn1'jtJi'1JttJ~U'Wtl'if11fl11lJ1ll~lJ\Pl11$1 ~-3Ul-3iJ 
• • 'JI 

flW 'ft'lJ,j~t~'Wtl1ljtlu!'YItl11lJ~(;11'ft'~n 1\p)m~~l~flW fflJ,j~YitlWl1f1iJ~l fl11lJ'YI'W ihiJ'W Ut1~1'111lJ 
q q q 'II 

d ci 

U'lJ~U'j~\P) 

ff1'j~ 1 n 1 mt1rt'W rl1U111ru13 i\p)'j~!u\9l l~~tlW 11 f1iJ~lni1 ISO-200°C rl'11 ~\Pl1t~ ~ 
u q 'II 
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I Compound Catalyst Temperature 

(oC) 

Pressure 

(Psi) 

Product 

Allyl alcohol 

Dibenzalacetone 

Cinnamic alcohol 

Furan 

Dihydropyran 

Cinnamic acid 

Cinnamic acid 

Nickel 

Platinum 

Platinum 

Palladium 

Raney Nickel 

Copper chromium 

oxide 

Nickel 

130-170 

25-80 

25 

25 

25 

175 

300 

15 

30-50 

15-50 

50-100 

40 

1500 

1500 

Propyl alcohol 

Dibenzylacetone 

Cyclohexylpropanol 

T etrahydrofuran 

Tetrahydropyran 

Phynylpropionic acid 

Cyclohexylpropionic 

acid 

t~'U~lhff-:HtW1l1fl1l1ell~l~n,Ji'U fl~lJ1 tlttlVlUfl l'U fltl fl'CHJf)~ rn5UtlUiJ tlJ'U~u U~fl 

~ 1-3 ~ 1fll ell~ lf115U tlU ~1-3~~tl-31~fll1lJl ~ i1~1 ~1-3Utl ~ fl1UfllJ 1 ,rtf)~tJ5 f)~ tJ1~ ethylenic 
SI '1 , , 

linkage rYht!,~ 11jl11'tf)~ViYl~flutij flll~llfliuYI~Vi lliVlJ~l6ijtl-3fltlfltl eltl~ fltl~ lel~tm~fil~u 

ff1lJllt)'VIl l~l~£1f.hU ltl6ijtl-3ffll1h~fltlUtttl~ lell~lt~ulJ1mf)U ~tlUU~ld -3tJ5f)~£11 lUfff)11~ 

ltl YI~tll'llflll1~l~l~tui'U1 U fff)11~6ijtl-3tYlCtll~£1i~fll1lJ~U lell~lt~U 3-100 atm YI~tllJlflfl11 

tl1ffllJllt:H~tlfllell~1~tuiUt\l~1~¥rU'fi~ (Selective hydrogenation )~~tl-3fl1l 1~£1fl1l 

tJfUttJ~£1U~lt~-3tJ5f)~£11UCt~fff)11~1~ t~U lell~1~t'Uiu~¥rU'fi~~6ijtl-3fl15UtlU-fl15UtlU U~ 

l:ul~1~ 1~t'Ui'U ~ ¥rU 'fi ~fi6ijtl-3fl15UtlU-tltlfl~t~U Utl~ 1~l~l~tuiu~¥ru 'fi~ff1lJ6ijtl-3fl15Utl'U-
'II 

fl15Utl'U u~llilell~l ~1'U%u~¥rU'fi~fi6ijtl-3fl15UtlU-fl15Utl'U ~-3fl1l1ell~1~tUiUt\lvn~ ¥rU 'fi~Jj
'II 

" 
fll1lJff1flty 1 'UfJ~ ff1Y1 flll:JJlJ 1fl ttCt ~~tl-3t~tlflfff)11~111'tYllJl~ fflJ 1'i-3~lt~ -3tJfi f)~ £11 f;!~YI.fJii 

fll1lJll'U Utl~~ll'lltl~tll£1 

iJ~;ijtJ~JjYm~tlfl1l1eJl~l~tu-i'W 

fJWYI.fJii~-3fl11iJtl11ltf)~fl1lffCt1£1~11~ tJfif)~£111ell~1 ~tUiUffllJ1lt;)~tl'~ fl~U 1~1~£1f11lt~lJ 


1. tlWYlf)ii
q 'II 

1~'Urll'U~fflfltyUCt~JjfiCt~tltJfif)~£1llJ1fl~t!~ fJWYI.fJii~1~flll~lfl11 400°C t~11~~ 
" . 

tlW YI f)ii ll-3J'Ufllll'll~tltuYl f)ii~~1~ff~tl'i1~~~t1J'U ltJl~ lrltlfitlfllll'l~Cttl-3U-3tlJ'U~t.h~tl1~ 
q <u q <u q 

l~£1~lthJ~lt~-3JJfif)~tJ1~t~U lCtYl~l'l11'W~i'W t~U U~tlYit!lJ Utl~¥rtltllt~tJlJ i~l'lltJfif)~tJl~ 
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~WrUJlJr1en~~ 150°C UfHn~tH'l~'Yn)~U~N 1~l1TtJiin~(l1~~Wi1iJlJ 150-200° C u~~eJeJn '191~ 
0"lm~ 1~i1~ 1~~ 250-400 C 

2. f111JJ~'U 

fI f{l(ln'U~W i1 iJlJ ~~i1 ~~ fl'j~'YI'U~eJfl\P1'j1fl1'j tnll,jB n~ (11 fl\P1'j1fl1'j !nll,ji]n~ (l1'l)~ '.lilJ~U 
djeJrrilJfl11lJ~U l~'j1~1'U r:1' fl11~ nl91U~~!vilJfl11lJ~'W t 1Ju fl1'j !vilJfl11lJt1j'lJ1j''U 

3.n~1 

11l(l,jfl~n~1~1~1'Ufl1'jlel11l'j~!u~U ;ieJ,j'j~lJ1W 2-5 i11lJ~ ~'Un'U,j~lJ1W"UeJ~r:1'1'j 
:JI 

\Pl~~'U neJ'U lel11l'j~!'U~'U \Pl1d ~,jBn~(l1 ~Wi1 iJlJ U~~f11111~'U 

4. r:1'fl1U ~"UeJ~ fl1'jtn~,jBn~ (11 
:JI , :JI 

r:1'fl1U~"lm~!i1~1 (liquid phase) !i1111~rl1i1i''Ur:1'1'j\Pl,:j~'U'¥l'l)~lel 1~'j~t'U~U UeJfl'l)lnU 

1 eJfl1r:1'''UeJ~ fl1'j 'ffllv1'r:1' 1 ~(I\P1'j ,:j"UeJ~\Pl1ri ~,jBn~(l1U~~ lel 1~'j t1l'W 111 1~1~ (lfl1'j!"U thi1 ~ eJ 1~nl91 

lel1~'j tll'Uvhu~~ 1'U'UeJ~!i1~1 fl1'jt~llfl1l11~'U'I)~GJi1(11Mnl91lel1~'jtll'U~~~ltJl~lJ1n~'U~ltJ 

:JI , 

1. Heterogeneous hydrogenation !'lIul1i~~!~lJ clf~1'Uu'O~u'U1~nueJV1~U'Ydi1~ltJ ~ld~ 

,jBnltJl'1:h'U1i1tYdj'U 1~i1~ tGJi'U vr~~lt~mJ U~~'YI'YitrlJ UfHn~ r:1'1'j~~~ltJ"lJeJ~fl~fi'U'O~\1fH"lJV1 

fl11tJ 1~f11llJ~'U"lJ eJ ~ nl91lel1~ 'j t 1l'U~!'U11Jl,:j u~~i1\Pl1d~,jBnltJleJQ!~ flUeJtJ ,jB nltJ1'O~tn~~u 
I :JI 

eJU1,:j'j l~L~l!t~~ lll~'U!t 'j,:j djeJiiu tl~,jBn~ tJl \Pl1t~ ,:j,jBn~(l1'O~\! flfl'jeJ,:jeJeJfl 'Olflff1'j~~~1tJ1 ~~ltJ 

2. Homogeneous hydrogenation tllUl1ifl1'j1i1lj~,jf1J,j~,:j\Pl1d,:j,jBn~tJ1 'vh1l1'r:1'llJ1'jfl 

!i1eJfl~hUi1u,:j lel1~'j~t'U~'W~~eJ,:jn1'j l~ ~,:j Heterogeneous hydrogenation l1l11ll~ \Pl1t~,:j 

,jB n~ tJ1LtJ'W r:1'1'j,j 'j~ fleJ1J!;,:j~eJ'U"lJeJ,:jff1'j fl'U'YI~ vn1J 1 ~i1~'YI'jl'Uc}f~U ~,:j'O~~~~1(11'W r:1'1'j~ ~~1tJ 

~ 'W 'YI~V ,jBn~ tJl'O~ !n~1'W l!) fllf1!~ (11 nu U~i11j'eJ~lnll ;ieJ fll'j tWfl\Pl1t~ ,:j,jBOl til eJ eJ fl'O 1fl~i1~ 

nWcr1111 l~tJlfl 
I :JI 

1'U'¥lU t'jl1~ Homogeneous catalyst 1~tJ1~ Palladium (II) acetate ttJ'U~l!~ ,:j,jiiO~fJ1 
~I 31 '1 31 31 "'"", Q.I Rid 
u'j~fleJ1J~ltJ !~i1~ 3 eJ~~eJlJ~eJlJ'jeJ1J1l1V 6 ~Ufl'W~ (acetate group) ~,:jtu'YI 2.1 
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.........CH
O/' ....~C 3 
H C O-Pd~ '.I 

3 'C(- '_ '0 ~O 
1\, 't I 0 -';C-CH7' 

o "'C \ 'I 3, -/ 'CH . "0' Pd-O 3 / . 

O~( ~ ______Pd 

C'-=-O~ '" I "O-.::-?O 
HC ? 

3 CH 
3 

f)il'f)f)l'j!n~'e1T~'j~!\A~\ATv1tl1" Palladium (II) acetate [1] 

t~lJ~l'l'jl1Jtl'U~fl£hni":rh Palladium (II) acetate iJ1flj~fffl~~N~1lf)~ llj~f)fl1J~':W'II 

lel'H~ 3 fl~}9\fllJfl~d'JlJffllJt'H~£Jlj~iJ 6 ~Uf)lJ~ ( acetate group ) trlflffljt~~~fllJ{1~tnv1lJ~Tl'h 
{1~{11V Palladium (II) acetate '\)~.aWf)\9l1flflf)lJl,r~\9l1t~lJ monomeric species f)ljtWf)\9l1,\)~tn~ 1~ 
;\I. , 

~lV~lJ 1lJ\9lTVil{1~{11tI'Yiij donor atom U{1~fflj{1~{11V'\)~!.u'lUl'llJi1~lU'Hti~':h~'Ufl~fl~}9\fllJ 1{1'H~ 
~~lIfin~vl 

Solvent 

O~Solvent ~ " JJ'q~
CH3-C~.. Pd ; C-CH3 

~crl ''if 
Solvent 

• ;\I , 

\9l1t~ ~i11fl~ 11U,\)~t.u'1'~hllfin~vltl1J 1~1~jt1)lJt.wfl,r~\9l'J!lJlJ metal hydride complex }9\llJ 
. .cll~1J U{1~~n~ olefinic bond tl1J 1{1'H~ U{1~ hydride transfer "t1i1rrlJ1i~~~~fllJtilJti1fl ,,rl~Pf~\9l-

, , , sJ • 

JltUcr1.yH)lJ~1 tlJfl complex tWf)~':)flt)f) 11lU~1 (lfl11l~lJ;rlJ}9\fllJi1,hflty'lJf)j~1J1lJ f)lj acetone 
" " Il'J1.I.r111111:::mvn1,rilll1fl~1lJ1.In~ fr:h ethyl acetate .r~1.11.1 lJ~ffl'1J lJ~fl11181~1 iiI1.1 'li'\~ ~~ \T~ fl':h 

1'Ufflj{1~{11V acetone ~~1I5n~vl 

r 
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Solvent 

+ 


• .. 

+ 

[Pd (CH3COO)2,(sol vent)] 

fl1'l'H1A veriAcUCUVl'~T~'l~!CUiCU1JeHtJVJ'flTCU'W1CU 

tUV {tcM'W~l~1~1 ~1'W'l1'W'I111.J{1l1flfl11vJfl11lJ fflJl1'W -{1~'I1 i l~tUv{tcM'W\9l'0111 ~1~1­

~t'W'l1'WniJer~'jT~TW l~l:'hll'W'lJV~ l~1~1fl1{iJV'W~tlJ\P11(Saturated hydrogen )~V leI l~'jlll'W'lJV~ 
leI 1~'jfl1{iJv'W~11itlJ\P11( Unsaturated ~ydrogen ) 

fJ1~ lV1C)f'W~'Wijlfl1 ~ff~l~flV 
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1f}1\P1'jfl1flJv'W~~1J\911~V1f}1\P1'jl'il'W6lJV-l 1f} 1\P1'jfll{UV'W~ lll~1J\9111'Yhflu 7: 1 Hff\P1-l':hlrlV 1lil1 

f1 1'j leI 1 \P1'j~1'Wiu 1eI1 \P1 5 1 'il'W "V-l 1eI1\P1'jfl11uV'W ~~1J\911~V1f}1\P1'jl 'il'W"V ~"1 eJ 1 \P1 'jfl11Utl'W ~ 1JJ~1J 

\9111'Vl1nU 7:1 (\lYi1f11'j1f}1\P1'j~1'Wi'W1iJ 25% Uff\P1-l111'1f11 4 l1Ul(J"tl-l(J1-l1tl19$'Y4~'W'il~tJn'Vl1 

f11'j 1eJ1\P1'j~lUi'W 1 l1Ul(J ~-l'il~lM'Wl1~1'Wl'W'lW-l1eJ1\P1'j!'il'W6lJtl-l1eJ1\P1'jfl1{Utl'W~ 1li~lJ\911'il~ 
• , ,3J 

{;1\P1{;1-l 1 tl~~tl1J U{;1 ~ 1eJ1\P1'j l'il'W6lJtl-l 1eJ1 \P1 'jfl1{Utl'Wl1 ~lJ\911 'il~l~1J1jU 3 tl~~tllJYf11Ml1fl~'j 1ril'W 

1 eJ 1 \P1'j 1'il'W6lJtl-l 1eJ1 \P1 'jfl1{Utl 'W ~~1J\911~V1f}1\P1'j t'il'W "tl-l 1f}1 \P1'j rll{Utl'W ~1li~lJ\9111'Vl1f1U 3 1 :3 

H H H H 
H H 

H H 

H H H 

! 

H H H H 

H H 
H 

H H H 

U{;1~1'WYi1'WV-lt~tnfl'W#leJ1\P1'j~1'Wi'W1iJ 50% U{;1~ 75% 'il~l1fl~'j1ffl'W1f}1\P1'jl'il'W"tl-l 

1eJ1 \P1'j f11{UV'W~~1J\911~V1eJ1\P1'jl'il'W6lJV-l1eJ1\P1'jfl1{UV'W~1,j~lJ\91111'hnu 17: 1 U{;1~ 37: 1 ~llJ 
, 'JI , , 

~l~U ril'Wl1'Vl1f11'j 1eJ1\P1'j~1'Wi'W 100% U'W~l'Wl'W1f}1\P1'jt'il'W"tl-l1f}1\P15f11{Utl'Wl1 1,j~1J\911'il~ 

rvhnu 0 vb1MV~'j1-ffl'W1eI!\P1'jl'il'W6lJtl-l1eJ!\P1'jfn{1Jv'W~~lJ~l~tl1eJ1\P1'jl'il'W"lltl-l1eJ1\P1'jfll{1Jtl'W~ 
. " 

1li~1J\911lhhvu'W~ ~~U'W'il~ 1~f1111J-«1J,;r'W;'j~1111-ltiJV{tcJ}'W~f11'j 1eJ!\P1'j~t'Wi'W n1Jfl~'j1 

-ffl'W 1eJ1 \P1'j t'il'W "V-l1f}1 \P1'jfl1{UV'W~~1J\911~V1eJ1 \P1'jt'il'W"lltl~1 f} 1 \P1'jfl1{U tl'W ~1,j~1J\911~~U ff\P1-l 1'W 
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\9ll'n~~ 2.2 fll11HYlJ'vhJ 1f'j~ l1'<h~ ~ tJV{tctltJ~fll'j 1 ~1~'j~!lJi'tJ niJfl\9l'jTffltJ 1 ~ 1 ~'j! \) tJ'lJ eH 

1e11~'jfn{iJvtJ~~lJ\9l1~V 1~1~'jt\)tJ'lJV~ 1~1~'jfll{iJVtJ~1:U~lJ\9l1 

%f)1'j191~'j~ttJi'tJ Saturated HI Unsaturated H 

0 7 

25 31/3 

50 17 

75 37 

100 oc 

\)1 f) fll1lJ fflJ VitJ 1f~~ f) ,'11 ffllJ 1 'j tl Un'fflJ f) 1 'j t vlV ff.f1 ~ f) 'j 1 vJ fll1lJ fflJ VitJ,{'j ~ 1111 ~ 

ttJV{tctltJ~f)l'j 1~1 ~'j ~!tJi'tJ niJfl\9l'jltlltJ1~1~'j!\)tJ'lJV~ 1~1~'jfllfuvtJ~~lJ~1~V 1~1~'j !\)tJ'lJV~ 

1~1~'jfll{iJVtJ~1:U~lJ~11~tJ'~fflJf)1'j 2.1 

(y-l00)(x-a) = b ....... (2.1) 


~ ~ ~I "d" III 1 "'" Q.I!lJV Y flVAlJV'jtctftJ\9If)l'j!~ ~'j\)ttJ'jftJ 

x flVfl\9l'jltlltJ 1~1 ~'j!\)tJ'lJV-31~1~'jfll{iJVtJ~~lJ\9l1~V1~1~'j t\)tJ'lJV-31~1~'jfll{iJVtJ~1:u 

illJ~l 
~ I III'"

!lJVU'Y1tJfll x u,,~ y ~~ !~fflJf)l'j 

'Y = 100 - 1000/x+3 ......... (2.2) 
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100 

o 10 20 30 40 50 60 70 80 90 100 110 120 

Saturated H/Unsaturated H 

2.2 	£Jl{j'~lC)f~1U (Isoprene Rubber, IR) [5] 

V4fl~ifl 191V41tHlhJU1~~1i'1lJll~lh~ff~rl,.t1 ~hJ iJlfl<J ~ff11~~1JlJ ill 1~<Jfll11JfllJ1 ctl~n ~~ 
q 

• 	 'lI 

i:JBlJ\?l1fl~lUtl1JUH'fi<J<JlJG)$1~ ~~{j 

. 	 . 
v-lt"11,riJ fll<J iJ ~ iJ 1V\9l1 u~ 1l~ ffllJ 1<J t:l iJ~ iJ lV 1~1u ~ fl-1 ~ 'VI iJ 1filJrllfll<J iJ~ iJlv1 fl~tti U-1 tlU . !W~ 

ffllJl<J(rYhui)n~vlTi1J ffl<J!fllJ~ iJfl11lJifl~11~fliu 'fi~~i~ iJ 19f'VIrrfl~v~'VI QlJ 1~lJlfl ~-1'Y111-H 
"" 3J 3J d I ~ ~I o.J ~ 	 I 

~rutyJ,JlJffnl1~fliJ1VUfll ( T) lJfl1\9l1u<J~lJlru -73 C 91~~1JUv-liJlJl1l1fl stiffening ~fl~flt'llJ 

0
methyl ~~ flfl ~tl1J1ctl'VIrrfl UiJ~lJrll~ru'VI J,JiJ'VIflfllJ!'VIfl1(Tm)U<J ~lJlru 25 C 
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~ ~.::s 

2.3 'VUltlAfl'fltl'U (Polyethylene, PEl 

rr~';j irl).:Jfffl.:J
'U 

~"" 1 "". liJ ~ I ~.:::\ ",g ~ liJ 'JJ 'JJ ,.:::\liJ 'JJr.:tfinllW~ ~HJ'YI1 ~lJ'fHHl1U(J1 ~~C)f'JJfl11lJ"l1U ~~Uf.)(JlJltl 'YIU'YI1U~f.)ffl';jtfllJ ~~~lJltl
OJ 

!IIU \l U1Ui \'h'41~ ~it~OlJ i:l ffm]; ~U\'1 ('UlJ ~Tn1lJ! ff0.,1'l1 U~11111 ~'lfU ~u~hvm ~ 1J 1U tm.i1" '1 

·1~~1(J 'V'wilwYi~u i~1l1ntl';j ~1J1Utll';j'Wf.)il!lJfli ';jtC)f~U !flYi~U 1~(J'Wf.)ilwYi~'U~~il~~u1'U'YI1~ 
tll ';jti lf1i' 

" 
~U';j tltrh'!'WflilwYi~'UU1J1Jfl11lJl1U lUl1'U~(h

. 
1'Ui11J~u'U1J'WfliltflYi~U ttld~~h~"l ~1'JJ 

1f1d ~fffl~ 1lJmfJfiHfi~~nllW~fflJU~~~fl~1l'Utlldl~~1'U 1~rtJ'Utl~lJ1il~"l ~.:Jrl [6] 

I III I ~.". 
fl11lJl1U1UU'U 0.915 - 0.395 tldlJ~flfitl1Jlfl'tltC)f'U~tlJ~d

'U 

I III I ~ "" 

fl11lJl1'U1U'UU 0.910 - 0.925 tl';jlJ~flfitl1Jlfl'tltC)fU~tlJ~d
'U 

. 
• 'Wflilt'ClYi~U"l1iJ~fl1llJl1'U1Ul1'U~llJltl (VLDPE) 

" 
• 'Wfliltf.)Yi~'Ul1ll1,rtl ilJ!~n~ff~ (HMWPE)

'I 'II 

" ihl1,rtl1lJ!fifJ~ 200,000 - 500,000 

" 
• 'WflilwYi~tnlll1,rtl1lJ!~tl~ff~lJltl (UHMWPE)

'I 'II 

" l1ll1UtlllJl~fJ~ ~?OOO,OOO 
" . 

'Uf.)tl1l1tlijV~1J'WflillflYi~U"l1iJ~1~fllJ 1u~fI~f.) 1d97~ lrllUl~~'Wf.)ilwYi~u U~~ i fI'WflilllJf.){ 

~l~"l 6ijf.)~lf.)Yi~U~1U 

2.3.1. 'Wf.)iltflYi~'U"l1iJ~fl1llJl1'U1Ul1u~1 (Low Density Polyethylene, LDPE) 
, t )J , 

luiJ fI.fl'. 1930 1~lJ1JnldNil~'WflillflYi~U"l1iJ~fl1llJl1tnul1'U~1 fl1'~udn91,ull'U 


liJ~'W~ lff~tl'Wf.)ilwYi~ 'U"l1iJ~ll';jtl~l1llJl1~lU'YI1~tll';j til tld ~1J1'U tlld ~il~u~~~fl1:HlJ ~ 1~(J.r1111 

. " 6ijfl~'WflilwYi~'U"l1iJ~fl1llJl1'U1Hl1'U~11J~~iA [7] 
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• 	 fl11lJlfl'W~1-Nl'Wfl'J~1J1'Wfll'H.j~~Vil~'i;!':nJlfl 1,000 3,0001J'J'Jtllfllff 


(15,000- 45,000 psi) 


* 	~rul1iJlJ~1-Nl'WtJiln~tlTYH)~!lJfl1'J!9fiU 200 - 400 fl~ffl~9f~H9ftlff 
• 	 'Wfl~!flVl~'W~1~lJfl11lJl1'W1U11'Wfl~1'W"lf1~ 0.019 - 0.925 nflJ/{l1J.9flJ. fll'Jfl'J~'illt1~1'II 

lJ 	 • 

'1Ifl~1l111irfl1lJ!{l fl{l fl~l~U{l~lJn~ nl'W ffl"lJlfl1t11 'W 1lJ!{l fl{llJlfl 
q 	 q 

.. 	 '1IlJ1'W fll'J~1-Nl 'W fll'J ~~\911 'W i1'il 'iltr'WlJfffl~fl'J~1J1U fll'J 
'I 

1. 	 Autoclave Process '1Ifl~ leI 

2. 	 Tubular Process '1Ifl~ uee 
• 	 iJ • 

9f~ r1~ fffl~ fl'J~lJ1'W fll'J 'il~ 111'1fl'J ~ff~l~1lJ!{l fl{lV1t!\91fl~l~ n'W!!~'il~ ffllJl'Jfl ~~\91 LDPE 
'I 

~ lJ"lf1 ~fl11lJl1'W lU11 hi ~ t{l ~ "lf1~'U fl~~'J'J GJfU fll'J 111{Itl1ljfl 'W n'Wftfl 

fl11lJl1'W1UU'W 0.915 - 0.930 flflJ/{llJ.9flJ. 

~'J'JGJfUfll'J111{l O. 1 - 50 flflJ/IO 'W1V1 

fflJtr~~11tJ 

• 	 tlfllJ 1 tin19f9flJ ril'W 1~nifl~'ill flihY1'W 'Ufl~ fltf'W!l'W~~lJtJ~lJ l\91'Jflff'J~tlfllJ1tilJfll'J !fl~fl'W 
iii 1 iii 31 ...:/ <:S I I d Gj 311 mI ...:/ • iii 31
!111'Ufl~ lJ!{lfl{l!~ 'il~lJGJffl~11~'WflYl'il~ t'H lJ!{lfl{l"lJfl~fll9f9flJ~l'W!~

q 	 'I 

• 	 fll'J111{l~1~ 

• 	 "lf1~flrul1f1lJl'W fll'J '-N~l'W'1Ifl~~il\91nrucvl~HtJ'J'JtJlJl'illfl LDPE UfllJ 1~tllJtlru11f1lJ1'U fll'J 
<l tU 	 qJ q tt. 

!II lJ 

• t1'J'W~1n'Wfl11lJcjf'W 1~~ 


.. ~ rl'lJ ~utJ 'J'J'\I tJ lJ 1 'ill fl LDP E 'il ~ i1 fl11lJ t 11 'W!~121'W ~u{l ~ i1 ~1~1 


.. t~'W\lU1'W iyJvh~fifl'W~l~~ 


fll'J1l11 tJl-N~l'W 

~ d' ~-"'-,;; • ~ d' 31 ~ d 
.. 	 n{llJU{l~~1'Wtfl{lU1Jl1{l1t1 '1 GJf'W (lamination) tGJf'W nfllJl1~lr.JJ (shrinkwrap) l1'jtlt:!~YI 

~tl~fll'Jfl11lJlff'lJlfl '1 

• 	 ~l'WU~UlJlJ (injection moulding) 

• 	 ~l'WtlhU1JlJ (blow mouding) 

• 	 61-A '1 !"If'W VJrl'lJl1{llt1~'W (coextrusion) ~l'W~~vifl (pipe extrusion) ~l'Wtfl~fllJfflt1'yJ~l 
U{l~fflmflrU{l (wire and cable coating) 
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http:nfllJl1~lr.JJ


.::::\ .::::\.:::! 

2.4 'fHlll'rf'je)'VftlU (Polypropylene, PP) 

J;1'\9lj 1f1j,:n;Y!1-:J
'U 

, !V 

(I lJtlfllJW~1 fI'j -:JJ;1'!l-:J!1t'Ut'ff'tJ\9l'j -:J !1t'U'YH)il!lJtlfnlJthln!Olin ~~l1CltllJ!lH1TthtJ flCll-:J 

tltl1'U~1-:J 164 - 170
0 

C 
'U 


!II 


(I lJU111iTfl1lJ!ClflCltltl1'U~1-:J 60000 - 200000 fl11lJl'!tJ1UU'U 0.9 fli'lJ/CllJ.9JlJ.
q 'U 

(I 1:UCl~Cl1fJ1'U~1li1Cl~Cl1fJ1~ ~ ~~Wl1!Ji1,.rtl-:J 

(I !~ tl-:J111 flfl11lJ!1t'U ~~ flJ;1'
'U 

-:Jlil 1 ,.r'Wtlil!lJtl1lJJ;1'lJiJ~!~-:JflCl~~ 

(I J;1'llJ 1'j tI VI 'U \9i tl fl'j ~!! Cl~! lJ J;1'!U 'U tltl1-:J~ !dtlfJ\9i tl11 Bfij fJl!fI lJ,.t 1111 !!\9i 'Vl'U \9i tl fl11lJ!tl'U 

uJ;1' -:J HCl ~~1tltlfl;1 ~ffU't)fJfll1'Wtlilwii~'U 

(lI"'\ 

J;1'lJlJ\9l LDPE PP 
"-, 

Specific Gravity 

Crystallinity % 

0
Melt Temperature C 

Tensile Strength MPa 

Tensile Modulus GPa 

Elongation to break % 

Impact Strength 

, 0 
Heat Deflection Temperature C 

0.91-0.93 

50-70 

98-120 

4.1-16 

0.10-0.26 

90-800 

no break 

38-49 

0.90-0.91 

82 

165-171 

31-41 

1.10-1.55 

100-600 

21-53 

225-250 
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~ r1 
2.5 'YU)(;l!lJ61f.HJlJ (Polymer Blend) 

. ~ ~ 

'YHliltlJtl{ vU1lJtlJu nlJll TWtlilmtl{vH11flJ ~~fl~U~ fl~l~ flU~~U~~tl~6}fiJ~~u l11lJl~~lJ 
'}.I • 

!~l~1(JflU1~(J1fl J ~ ~fl~6ijtl~'WtlilmtlflH'nl1~~tl~6}fiJ~YlihlJ1J 1lJ flU tl f}i ':OJ flU 1~(J lJJtn~)~'W 1i~ 
'II 

• • '}.I 

1flnt~u~h~'VI11~flU Cfi~~lJ1J~6ijtl~'WtliltlJtl{~~lJ111~u 'il~t'~ n~l~ 'ill n~lJ U~6ij tl~'W tlil!lJ tl111 ~n 

YllJllJl~~lJnU . 
'WtliltlJtl{~~lJ 'il~u,j~!lJu 2 lh ~!fl'YI fitl 'Wtlil tlJtl{fl~llJ1Jtl J 1lJ!-D 1 n'W tllu n1 

~ 

tl!~(Jl 
"" " <=i1l] I d .J <:::\ .... 11] !II

(miscible blend) U~~ 'Wtl~tlJtlJ~fflJ'YI !lJffllJ1JtlJ1lJttJUtUtlt~(J1flU !~ (immiscible blend) 

!II Q; 11] !II """ 11] !II I 9
nl'i ~~lJt6ijlnU !~6ijtl~'W tl~tlJtlJ ~~lJ~llJ1Jtl~ !~'illnfllfllllJffTJJ1Jtl ! U nl'i~~~l(J (Solubility 

parameter) ~~tlJu~1u1.h'YI1~!'YItl{llJl~uliJnff ihn.hmlJu J'/2cm-3/2 tll'il'VI11~'illnnlJrllU1W 

'VI ~tl'illnnlJ'YI~~tl~~~Uff~~iU~l'il~~ 2.4 

tilfh solubility parameter ijfhin~!fi(J~nu'VI~tlt'vhnu 'il~l'hil1'~l ~Hm = 0 V>1~~lJnlJ 

(2.3 ) 

~ fitl ttlUrll{1D
Tn 

<1>1 fit) 'ff~-ff1Ul1~lJl~J6ijtl~'Wtlil!lJtl{6}fiJ~~ 1 

<1>2 fitl 'ff~-ff1Ul1~lJl~JGijtl~'Wtlil!lJtl{6}fiJ~~ 2 

I, 

o 'il~l'hit1'~l ~G llJu~rlJ U1;HH11'Wflil!lJtl{~llJTHl~~lJ'~lflUl~~ 

iU'YI1~nrr1Jnutil~1 81-82 U~f)~l~nUlJlf) 

Jt1~ 2.4 
'\J 
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i 
+ 

0 
~G m 

~ 
0 cpo 1

I 

tll~ 2.4 uff~--1ril'VHr--1--11'Wi)ff'j~ 1'Wt11'jVifflJffV--1'fiTUll'j~fH)1Jl~Wi'1£Jtl'W [10] 

1riV A Uff~--1()--1f111lJl~ltl'W 1lJ1~GijV--1VfeJ~1lJV{ 

1l1'j1--1~ 2.4 u ff~--1filf111lJffllJl'jtll'Wfll'jtl~tll£JGijV--1VW~WYl~'WW;'~'nv~'VnvVi~'W ( Solubility 

Parameter) [11] 

"'" 
,,­

'nVtlllJV'j 8 112 312 expo (J /cm ) 8 112 3/2calc. (J /cm ) 

"'" ""'.::I 

'nVtllV'YItl'W 15.8-17.1 16.0 

i 'nv~'n'jvVi~'W 16.8-18.8 17.0 

II, 

11ltlll'j~ ff --1r1GijV--1'nV~llJV{VifflJ
q • 

• Y. 

1. rwv,ji'1Jlh --1 111'ii fflJ,r~~~'W1'W 'jlfllYitl1lJl~ fflJ 1~ml/'W fll'jGij£Jl£J~~f111lJ ffllJl'jtl 1'W 
'l 

fll'jU 1 1 ,j1i',j'j~ l£J~tfGijV--1'nV~tlJv{~ihlfllU'Jl--1 

2. lv1v111'1~'nV~ll,J'f){VifflJ~iifflJ,r~l11lJl~fflJ1'W fll'jUl 11l1i'--11'W 
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d! 
2.6.1 !fl'jfH DitTerential Scanning Calorimeter ( DSC ) 


!'VlflUfl DSC All tH'VlflUflf)nl!fl'jl~lfol'j~lVfl111l5fnJ~i1vlIl i'flVl~ f)~1~Gij11~ !fl~fl-3 

• 'j) • 

DSC-50 Vll~1!fl'jl~t11tJ lfl'j,HltJihlltJ95U\9l Heat Flux DSC VlihH;ltltl1'jyh~ltJ!~tJ!~V1ntJn'U 

Differential Thermal Analysis ( DT A) 'ff1'j~lflV1~U~~'ffl'jfl\:jil~11~fl~'UtJ!'Vlfl{111fi'VHVi~~~fl 

n'U!\911!IAI1 !~fl 1..rfl1111~fltJUn'ff1'j\9i1flVl-l!W~ 'ffl'jfl1~il~~!~flV111flYh1..r'ff1'j!OU~~ 11~!n\9ltl1'j 

!'1J~VtJuJJ~~ltJ'ff1'j\9i1flV1~ llll..rfltul1Jl:UGijfl~'ff1'j~lflVl~ (Ts) U~~'ffl'jfl1~il~ ( Tr ) U\91tl~l~ntJ 
q 'U 

d! , "" "JJ d cI OJ .::!t "" liJ "JJ "JJ n.lQI

111fl1\9lfl111lU\91tl\911~Gijfl~fltul1f111 (Ts Tr) U~l'W~fl\91!'VlV'Utl'Un~ll1'jflfltul1f1lJ 11~ ~\9l!!;ltJtl'j1l"1
q 'U < q 'U 

< Y • 

SU fl~ DSC filfl111lU\91tl~ l~SUfl~fltu 11f1iJiJ 11~llltHi'\9lril'W n'Ufl1111U\91tl~1~SUfl~fl1111 ~fltJ Vlll1~ff 
q 'U 'U 

0.21 mCal/sec) 

d! 
2.6.2 1fl'jfl~ Polarised Light Microscope 


1~tJ!'Vlfli1 f1~1i'fftl 1:J l'Wflil111 fl {~ili1~tJrdB1~V1 ntJ 
.:it 

l1~lV 

~ ~. . 
'ffll,j~SUB~;tJ~ltJ 'ff1lJl'j(lUtlfl'1\91tlVllJSUtJl\9l 1 J.lm Bfltl111tlntJi~ !l1fl;tJ~ltJlJSUtJl\9lrvhntJ 

j.J • ., f 

;,-A ~1tJVl 11 llJ 1\91 'j 111 ffB'Ufl1 'jlJfl11lJ'U1~ 1!~1Ufl~111tlV1tlll 11~ 1\91~VlJfl11lJl1tJ III1~11~ fl v1 tJ ~1~ 
'U 

11 'J 'JI
"" ::"t OJ "JJ Q.I cI I II) "JJ<:S G} ';I) ';I) Q.I "" Q.I G} "JJ

5 - 10 J.lm G1ftJ~ltJll~\ltllJ\9lYlU\9l1V\911tl~1~YlUff~~ltJ t\9lC)$~ &G1fUtl1 ~tlfjtu~SUB~G1ftJ~ltJfl1'j11\9l trY 

!YI fI i1 fI ~1i'1tJ tl 1 'j 1 tV tl 1!] f11fl 

I.Polarise light contrast ff1lJ1'j(l1i'uVtll!]f11f1~lJtl1'j.u\9l!~v~\9i1~1-:jntJ l~tJ 

flri'tu~ltJ 111fl fl11lJ!~tJ~~tl U~1l1!l1lJ1~n'U'j~u'U~lJtl1'j.u\9l!~v~\9i1lJ1tltl':h 1 1!]f11fl l~i~~ 

3.Differential interference contrast &1iJ1f)1'jtlJ'jtlU!YltI'U'j~1111~1!]fI'lfi lJfl11lJ ff1lJ 1'j(l 

nU'W1tl 
, . 

1~tJlv u~~1~~liJn'U1Y1fli1f1fltJ ~ ,~ 

2.Phase contrast 
"" I

111lJ1~n'U~'-A~ltJYiijfl11lJ'U1~ « 10 nm) U~~ tll'HJJ~V'U1VlV'U~1 

1~1Vfl11lJU\91tl~1~SUfl~fhh1 n!]~'U~ntuSUfl'U 

G)"JJ n~ cI 1 OJ cI 

II) ';I)"", Q.I Q.I .:i ~I1tJtl1'j1Wtl ~\9l\9l 1rYlJ1~f)U1\91tlYl1lJtJ birefringent 

4.Fluorescence 111 tJ!Ylfli1fl~lJfl11lJ'11~\91'j111fffl'U tl1'j nJ~VtJUtJ ~~ eJ~ftlh:t tlfl'UYl1~ 
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----
--- " ........... -.,


~l';OUtlmJfjn!l14~.~t)SI'fl'aJ~'~'~.~ 
. 

2.6.3 U1tfl~(J1u:IJmu~tlt'J 19fUuuctf'"nUtl1~'J~1flU (NMR) [12] 


U1tfl~(J1u:IJtltu~m'J 19fUuuctf'~tUtl1~n~1flU t~tH'VlflUfl~1~'J~~1JV~ ~~~lU~U~tl~l~ 


nu'm~u1tfl~(Jff~ fl ~fll(J1~i) 'Vl i'Vi{l6lJ fl~ ffU l:IJUl-1tM~ tl 
'U 

(nuclei) 

U'J~ 'Vi tl ~~1tMljfl'Untl M1J U fl~~{l fl ~ t 1 {l1 t'J lffl:IJ1'J tl fttl'Y 1 tll'J t U ~ (JU t1U{l ~ fflJ,j~ 'Vll~tt1itM~ tl6lJ fl~ 


U1f1~ 'lmMciTrfi~trlfl'W lU1f1~ i fl i U11~ 1'Uff'Ul:IJU1itM~tl ~1tl~1~6lJtl~U 1f1i;t~lfl~ijff:IJ,j~u1i 

~ \Jj jJ I I 13 14 15 17 19 31 ~I 91

tM{ltl ~~Utl H, C} N) N, 0, F, P tuU~'U 

~1fl~1~~n~'Wi'~~~~ fitl U1f1~itl'H tm~ 
~ 

'n1Jtll Utt'j.jtM~tlflUt~fl11U ~u l:IJtt1itM~tl tt{l~ll~ ~~{~ (J~~1tl~1Utt'U 16lJtl~t~Utt 'J ~tt1i!M~ tl !t~ 

t~tl~1l1tl~tl~ln~'Vll~~1'Ufl1flU~:lJ6lJfl~U1f1~ifl'l'h1H'tll'J~~~1U1f1~ ifl 'H U{l~ DC fl~1'U ~tl'YW~ 
'U 

~dJ'Uiui$l2 U1J1J fifl ~~~1~llJilf1'Vll~t~(J1n1Jff'Wl:IJutltM~tl ('Vi1tl~ij'Vi~~~lU~1) M1fl~~~1ilf1 
91..... I ~ c!at ..... 

'Vll~~ 'J ~6lJl:IJtl1J~U1:lJtt:IJtM{l tl('Vi1tl'VllJ'Vi{l~~ lU~~) 

l1jtl~1l1tlU1f1~ ifl6lJtl~ IH U~{l~~11U~1'J~1fl~1~fl~1'U~.tll1~tn~-atllJ~~1~n'W ~~yh1H'ij
'II 

'jI 'jI I 

fl11lJM'Ultt11'W6lJfl~nt{ltl~'Jfl'UH~tl~1~n'W ~~ir'U 'H tMcilirUll~ i1itn~t'J 19fu'Uuctf'l1 100MHz !'vh 

n'W'V!tl~1U~1l~tn~t'J 19fUUUctf'~fl11:IJgfl~'Ui'Vl~U~tl~1~1l1tl 100 MHz t~ tlUtl(J ~~t'Jl!j(JtlU'jltlD 
'jI I 'jI 

tll'Jwu'h chemical shift 1~(J111iUtll'J1Jfltl chemical shift 1'UNMR irUiJtl1Jflfl1~(Jtll'Jtl1(J'Un1J 

fl11lJrl6lJtl~~1'JlJl~'J!1'U t~'U t'Vl'Vl'J~mi{l i9ft{l'U(tetramethy silane, Me4Si) 1~~1~fl'h TMS M1tl 

t tl ~ tll9f t~ (J:lJ6lJ fl ~4,4- i ~t:IJ i {l-4-9f{llt 'Vi'U t'Vl 'U ~{l1vhJ fI Utl9f~ (4,4-dimethy-4-silapentane 

GJ 91..... I I 

sulphonic acid) tGJ$~1(Jfl11 DDS 

TMS u(J:lJ1~1'U~Tnl{l~{l1(J~itl1~Jl U{l~~1:IJ1'Jtl 1~i~tll'U~1'JlJl~'JJllU i~~-3 'H U{l~ 
13 ,.". ~ .". "i d"c! at 91 GJ 91GJ .". c! 91 ~ ~ .....Q.I

C MlJt:IJ1i{l'Vl~MlJ~ ll~ttl~t 'J t9fU'U'U9f'Vlt~(J1tl'U HlJll~ tGJ$ ! 'UU'JlJ1W 'Vl'U tl(Jtlffl:IJ1'J tltMU ffruW1W 
<U u u 

'jI 

i~fl~1~i'~tll'UU-a1 'Utltl1l1tliH~tl'lJfl~ TMS iJ~fl~Ml~1l1tl~tl'lJfl~1U'J~fl'Wff1'U1MW U{l~tn~t'J19f 
'\I u 

I 'jI 

U'U UctlYl ~'UllJUtitM~ tlijfil~~tl'h1U'J~fl'U1'U ~l'JU'J~tltl1Jn'U 'Vl1Uff1'UlJltl 'Ufltl1l1tlU TMS iJ~ 
<U 

tllu~1'Jt~tl(Jil}vhuun~ditflijn1J~1'Jn'U'Vl1Uff1'Ugu1 U{l~TMS ij~~t$lfl~~l ~llJl'Jtlfh~~tltltl 

1l1tl~1'J{l~{l1(Ji~~1(J ~~':h1H' TMS til'U~u(JlJ'~nu 1~(J~1iu H{l~tilMU~1H'Yitl6lJfl~ TMS Allu 

o ppm 
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tH 

Ib Ib Ib

tAf1U rl G~~~rlUl) ~11t-rt U rtL~t-}bMrtMrtll ~rlrttAnrtf1rlG~~~rl~l1M.rtMrtn M rtMrtll NMbL ru1ntA t-GJb t-rl F 11> I '<::> l? 'F (f; 'F'" '<::> 1 l?' 1 '<::> l? '" '<::>. '" '<::> I (f; , 11> 

. Ib 

fb InL~HtL~~~UGf1~tUt-GrbrlLt!fb rtG~f1lJ ~~f1GU~trb~~~t!trtL~~~Ul)~l1rtG IHi.U~.LJ.Lt! M 

L1'111. t-LrbfU tArt Gt!~1rtGl'111.trl t!U1lA,~mrbI'11 rto,rtt 1 ~l1rtGt!11.U~.LJ.L t!M ~tl (f; (f;1 ~Lt~ f? ~ ~ b l? '<::> '<::> ~ 
, • i ~ • 

tLU ~t!11 tLUt-G!frtL~rtGt!11.U~.LJ.Lt!M~ ~tLUt-GfhU,tt11.L tt)tln t-~~tUI'111t-~11.rlGl)~rtG~~l~I1I'1GftU
". . . 

trl t!U1I'1rtULI1 ~tlUGf1~tUt-GrbL n11.rtL~~Grt.LJ.~.LJ.Un~l1rtGt!11.U~.LJ.Lt!M U~.LJ.Lt!M~rt1rtG~rlttU ~;i' ~ (f; (f;' '<::> "" ~ 

ULI1Utt-pU n~U~.LJ.Lt!MrtGt!11.~t!nt-rl~R!fG~1rtft11.~l1nGrt11.trl~Ul ~rt~ftnt-Go,t-L~t-G~t-QfbInl JJs1 

~~tLU L!,t ~(S ~rtG~U~.LJ.Lt! MrtG t!11.tL Urtijl1t~tLU1'1 \, rtGrt11.trl ~U1~\, ~11U~.LJ. Lt!M ~~t-G ~~1 

fbln G~fbtrt!!;~~tLUt-Gn,ft11.\, tU~(J1-rt~lrtQ~~lG~l t-t}11.t-£~U~~U~11
" ,. " " 

MrtM rtHrtrtUL 11 LrtU GGt-u'~tUU&~l1rtLt-ftjf,~I1n UGG~U~~I1MrtMrtn tt!HrtLt-rtJbrtrl1Gt!11.U LI1t-t! U I' '<::>1 ;i' (f; '%' '" '<::>, (f; '%' ~ I 11> 

tlUt-G!f~rtl~rtlt-rt~t-Gn,t-l ~fbtrt~p~~1%LLL!,tG~l ~rt~ftnrtLfbln L~lrtGt!11.U~.LJ.Lt!M~~tLUL!,t • f( • 

~111'1,ttUL11 ~rt11.LV~ mLrt~fbrt LrtGt!11.U ~.LJ.l t!M~~l%LLL!;t~tlUrttl1~tUtLlJ'fbttL~~~tLU 
". ." 

t-Ql t~~1'1\,)tln ~gNtLUl!,tl)tLrtl.LJ.fbtl'1~~~tLUrttf1~tU%L\'L!,tt-~ l1~h~1-ftGQ-tlU 
iii 

rt\, Ut~~.LJ.rtLt~~~ml ~,ttrt1~~nrG~lnrtlt-L!;tl)tLlll.LJ.~U~.LJ.Lt!M~~t-G~~1~\,rl~1 fOUl, G~UU~l 

~U"'Lo,~~I1L~ftln L>n~~Lrto,~~U~.LJ.L t!M rtL N'L~~~NtlU 1'1 Ll) tLrtL.LJ.rtLt ~G!J~ L>rt~~!j.$bfb t t fb n • f{ • 

tLU(!11 1rt1 ~tAlf1lJf1rl~lf1rl~fb1G~p fbtrt~~~tLUt-Go,~GJJs U~.LJ.Lt!M}t?m1f~~N~gNtLUtL\,Ut~~.LJ. 
• f{ 

rtLt~~ t-Lto,t-LXU t-LrGrtlJ~L~l1n fu~L~~fbttfbntLU(!11 11'11 ~tA1rt ~1fb ttL!!;~~tLU 
• f{ 

(ilU!PIOUI UO!P~!UI ) fbtrt~~~t-G~~l v'9'Z 
f{ • 

''''£'Z'I 

° ... , ZlC; , Zit ' ZlI 

~o,m 
F 
Ib 

~n,t!1 
I 

Ib 

~o,t!1Gtu~n,m 
I f? F 

Ib 

~o,111 , 
Ib 

~o,111 
I 

~o,t!l 
F 

;Gf11rt,tt rt~1'1 G t ~I'1U.LJ. rtG~~Gn,m t!trt£\.t!l 

tJ.fb InG~t-~Gln~~t!j.t-Gn, ( l~qUInu ;)!UIOlR) 
f{ 

rtG~~Gn,m~l1n (l~qUInu SSRUI) t!trtn,mf1lJJI'1~rt»rtLt~~tJ. I ;Gf11rt,ttrt~rtGt~rtll.LJ.t-!!; °L~UULrt 
f{ • 

;Gf11rt!1rt~f1Gl~rtU.LJ.~~Gln~~t!:tLr;pt-G!f)tln (lWN t-LtAJtltLUIJULtfb~~l~Gb~~ttt 

UIdd OZ mLrt;:gtfbt-~ °ULI1t-l~rtLrG;:gl1 g L~ !hUbrttPrtG~tfb111£UL~ 
zH U! A;)u~nb~ld l~l~UlOlp~dS 
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l'U SUW ~ ~D f)~l'U 'Hit ,H1'1lJ TH) ~fI~f)'U ~1 ~f) cil~fl 'ff'j~~llJ tWt'll 

f)f)fl1~ 
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t 

cI 

'U'YI'YI3 

~ 

3.1 UN'U ~1'1-HlTH'l fl1:n 
~ . 

ifrJ -3,:n14vhfnrth1J14fll'jfffnnu"~l<UtlrHl~fHfll'j1el i~'j~~14~14Vl-l18 191'W~149$~1-h ~1 tJ1{ 

!iJ 14 \9l1'thm'HYlJ114 Y4 8i1VH"lJ'j~'Hl1-lY48i1!8Yi~ 'U H"~ Y48i1Y4'j8r4~14 i ~ViJ~8'U ~ ~~ ~-lU 
9) 

flflt.l~l fll'j 1el1~'j~~14~14Vl-l18i 91Y4~14 

1. fffllJlfll'jbl el 1~'j~~14~14Vl-l18 i91Y4~14 

2. fffllJTffW~l14l'VW1U"~ i 1'1'j -lffrl-l~8-lVl-l18191Y4~14n814U"~'Htr-lfll'jYh1eli~'j~!'U~14 

. 
.:::t "'" a' ' ' '''' ""''''' "'" ""''''' flflt.lfl 2 Y48"!lJ 8'j ~fflJ'j~'H11-lY48" tfl'Vl "14 UI:l ~Y48 I:l Y4 'j 8'YU' 14 

1. !v18fffllJl11~lJ1W\9l1~lV~fflJ~t'HlJl~fflJ 

.c:t
3.2 (;ll'UfUJ 

1. Vl-l18i 91Y4~ 14 (Isoprene rubber) 

2. Y48i1t8Yi~14 (Polyethylene) G)iiJ~1'1l1lJ'H141Utl14lfil 

3. Y48i1rn8r4~14 (Polypropylene) 

4. vrl:ll:llt~VlJ (II) U8~!\9I~(Pd (II) acetate) 

5. 1'1l:l8 i'jyJ8{lJ (Chlorofonn) 

6. !W~i~14 (Acetone) 

7. 19t~14 (Xylene) 

8. tlJ'Vll148" (Methanol) 
, 9) 

9. U1'1I:l!9iVlJ1'11:l8 1 'j~lll1'jltHl1f)'th (Anhydrous CaClz) 

10. 114 1~'j!ll14!'Hl:ll (Liquid nitrogen) 

11. n'19t1eli~'j!lltJ (Hydrogen gas) 
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3.i 	 <V 

6. 	 '1ftl'W~flff1'j 

7. 9j~fl'jtl'Hl~fll1lJ~U 

8, fl'j~llfl'W1Wfl1 

3.i d'.:::. 

9. 	 fl~tl~~~'YI'j'jft''Wtlmfl~'jtl'WU1J1Jfl11~ (Scanning Electron Microscope) 

J 	 .:::. cI a' C\ 1 a' ~I 1 C\ a' 
10. 	 !fI'jtl~'Wl!fl~fJ'jUlJm'W~n!'j 9H!'W'W91ff!lJn ~'jlJl~tl'j (Nuclear Magnetic Resonance 

Spectrometer) 

J 	 C\~.1 a.l <I cI C\ .:::. C\ <I 

11. 	 tfl'jtl~~TItf'ltl'jt'j'W!'1ffJ~ffun'W'W~Ufl~tl'jlJt~tl'j( Differential Scanning Calorimeter) 
• y 
~ 	 cI e:!I ft I 

12. 	tfl'jtl~\lWU'WilJ (Injection Molding Machine) 
J e:!I 

13. 	!fl'jtl~l'l~fftl1JU'j ~~~ (Tensile tester) 
~ 	 QJ 

14. 	!fl'jtl~l~U'j ~n'j~u'YIn (Izod Impact tester) 

15. 	 6lJl~'j11'lflJ-W
'IJ 	 'IJ 

~ ,
17. 	 tfl'jtl~!6lJfJ1 

18. 	!fl~tl~ihJnl'WU~~UYl~U:U!VI~fl 
19. 	 !fl~tl~ Polarised Light Microscope 

~.o::t 

3.4 11Hl11'Y1PltH)~ 

1. 	 Ol'i'eJIVl'i~t'U;r'U 
cI QJ 0

1.1 	 Ol'ilVl'itllJVld'Ylli;l~i;llti 

y
Utl ~1~ 'W U~ ~ f1 ~ tl 1 'j yJ tl .;lJ ~1~, 'W n 1 'j 'YI ~ ~ tl ~ ,rtl ~ Vi 11rr11 'j 1 ft'1l1 flU 11~ fJ fll 'j t~ lJ 

~ 	 "" 3.i
Anhydrous CaC12 'VllJlfltfl'W'Wtl U~lf)'jfH CaCl tltlf)

2 

" 1.2 	Ol'iflltll-.11111Jlil''t1fi 
q 

fJl~ , tl 191'W~'W~,~''W f)1'j'Vl~~tl~1l:;#ltl~UllJ1Vil1..r1J~ff'YIi 1~ fJ~~~ lfJ''Wfl~ tll 'jyJtl 1lJ 
'l 

Util~fl~~fltl'W''W!lJ'YI1'Wtl~ Ul'tJtl1J''W~tl1J~tytylfllft'~~WVliJiJ 80°C l1J'Wn~l 8 i'11l.1~ 
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1.3 	Ol'jlll1J~n~ul 

't1~'t11(J(Jl~~yh 1t1'lJ~~'YlfU~1 ( 2 tlflJ) 1 uUtJ9f1\9l'tHl't1~f1't1tJ}jyJtJ{lJ (50+50 li't1~~\9l'i) 
3J 	 • 

'illtl,rUl~lJ'Vr't1't11~~(JlJ (II) UtJ9fl\9l~ (40 iJ't1~tlflJ) UTffl'j't1~'t11(JNbrlJl1i~1ri1ufll9)'U~'ff~tfl'il~r1 

f111lJ~Ubr~(autoclave) ~~tJl tllf1fll(J1utJtJtl1~(Jl1lJbrrurultllf1 u~lfl~nl9$ieJ1~'i t'ilU Ul i lh~t:h
tV U • q u u 

~lmfl~tJ~!~t:h~f111lJtjl 60 'itJU~tJUll1 tlJUL1't11 60 Ull1 1~(JtJWl1 fliJU't1~'fll1lJ~u~1~1u 
q 	 '\I 

: OJ 

Ull1Utl 

(Jl~(g) 

: OJ 

Ull1UnCat. 

(mg) (min) (bar) 

Solvent 

2 40 60 60 14 Chloroform 

2 2 40 60 60 14 Chloroform 

3 2 40 60 60 7 Chloroform +Acetone 

4 2 40 60 40 14 Chloroform + Acetone 

5 2 40 60 60 14 Chloroform + Acetone 

6 2 40 60 60 7 Chloroform +Acetone 

3J 	 3J • 

'illn,rUYI~1r1\VUl1~W l1lJiJt1'tJ~ fltJ(J'lJJ~tJ(Jnl9$i~1~'it1i)ufJfJn tl'if)~~lt~~JJ~n~ (JlfJf)n 

'JI 	 0 dllJ 'JI 'JI 1IJ 'JI
1i)lnbrl'i't1~'t11(J H't11Ulbrl'i't1~'t11(J11 t~\9ln\9l~nf)U~lmlJ111Uf)'t1 Ul\9l~nfJU nJfJu1u\9lfJU 

'\I 

brrurulnlf1~f)Wl1fliJ 80°C tlJUt1't11 8 i'11lJ~ 
q u 	 u q qJ 

"" 	 "'" J 1',
2. 	 01'jtVl'jutJ'VunutJf)'jNlr:JJ 

i~~fJ~tlJf){U't1~(Jl~\9l1lJJJ~lJ1W~Ubr~~~'\'\9l1'il~~ 3.2 'ri'Ut1~JJ~n'iW~Ul~ 2 ~\9l'i !~lJ 
• 	 'j):JI 

i9$~U 1 ~\9l'i 111nl'iiJunlu U't1~'t1'f111lJ~f)U 100 °c 'ilU't1~'j:nmlJurUm~(JlnU 'illn,:rU'i~tl1(J 

~1111't1~'t11(JfJf)n uliJJfJu1U~fJubrrurulnlf1~fJWl1flii 80°C tlJU!1't11 8 i'11lJ~ ~~~fJ~llJfJ{~
'\I 	 q u U q '\I 

22 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



.,; 
t;l~'n1 PP (g) LDPE (g) Isoprene (g) Hydrogenated 

isoprene (g) 

1 100 100 0 0 

2 99.5 99.5 1 0 

3 99.0 99.0 2 0 

4 98.5 98.5 3 0 

5 97.5 97.5 5 0 

6 95.0 95.0 10 0 

7 99.5 99.5 0 J 

8 99.0 99.0 0 2 

9 98.5 98.5 0 3 

, 
"" IV , <!l IV",,", , 

3. f)1~'fI~tJ)Jfl1tltJl-:i!Vff)'tl~tftl1Ji.nJ1Jflfll-:i9 

3.1 NMR 

lh~';nldl'l£jl'lil1i~fl'il~r1~1£j NMR l~w'i' Denterated chloroform (CDC13) dj'U~TVh-

!II 4 
3.2 'tl~tftl1J~1mf1~tl-:i DSC 

~'lYHnff~f)''U pan rlll1i'1J'Yl~fftJ1J~1mfl~tJ'l DSC ~1'U1'U 5 - 10 mg,,r'Yl'il1Jl1~lJltu 
cI I 

ffl'i'YlUlJ'UtJ'U 
'J} 0 11] A I""" ", 'J} A 

U!;l1'Ul A1J1tfl'il~11~1mfl'itJ.:J DSC 
'1 G'j 'J} G'j 'J} 'J}

!~£j l~U~'ilf)l'i tl1fl11lJ'itJ'U 20 tJ'lft'l 
f', 

~C)f!;l~C}ffJff / 'U1Vl ~tul11Ji1r;t.:J,,!~ 200 tJ'lft'ltC)f!;l~C}ffJff H!;l~U~'il,,rfl11lJ!V'U 20 tJ'lf1'l~C)f(;HC}f£jff / 

cI 

tJl'Yl 

V f 

<!l cl9 'J} ~.I 0 'J} ;d 'J}

'\AI'U'Yl !~f)'iln f)1'ifll'U1'U111fl11lJ'itJ'USUtJ'If)1'i~f)r,mf) (He) U!;l~ fl111J'itJ'USUtJ'lf)1'i11!;ltJlJ 
v v 

!11!;l1( Hf ) ~tJUll1irf)ffl'i~1tJ£h'l \Pl'lU 

v , 

H ~tJ'Vl'~f)'ilyJ (mJ) 

'U.'U.ffl'i~1tJdl'l (mg) 
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~I 1/<5 1/ ?t d 	 0 1iJ3I
UI1::;!uij'j!9f'W\9lfl11lJ11J'WvH.Hl (% Crystallinity) ff1lJ1'j()fl1U1W !~nl1fl 

% Crystallinity = ~Hf x 100 
--0 

~Hf 

flij fl11lJ~ijU lUfl1'jl1I1ijlJ~i1 tW11ijrh-l 
o 

<!t 31 9 d "" 1/ "" d
fl ij 	 fl11lJ'j ij 'W ! 'W fl1'j 11 '!;WlJ ~I1 fl'VW ~ llJ ij 'j 1J'j ~'VI1i 

1rlij'WijihijYi~U~iJfl11lJ!l1u~i1fl 100% ~-:Jijfh 293 Jig [13] 

U~::;'Wij~'W'jijYi~'W~iJfl11lJ111u~i1fll 00% ~-:Jijfi1 163 Jig 

3.3 	YlVltf81J~1mfl~8.:J Polarised Light Microscope 

111 'W!'VI flU fl~1'1f'1 U fl1 'j \9l 'j 1~11fl'j1~r1'j u j l-:JltI1::; 'U'W 1~'U ij-:J fftYJ (J'j tl ~ y]'U ij-l 'W ij~ llJ ij 1 
~ 	 ~ 

~ 	 I 

l~(J\9l-:JflWl1lJiJ'UfN Hot Plate 180 ij-:Jff1t9f~t91(Jff U1u~u'WijiitlJtl11J1-:J ~ ii\9l~ 1111-:J1JUU~'W 
1iJI/ ",,31 	 .;", "" 1/ "" 31 .t

ff !I1~UI1~1l~'VI1J~1(J Cover slip 'jtl~Ufl'j~'YI-:J'WijI1tlJij'jlt~ijlJ\9l1 1'lfUI11(JU1U\9l~1JU Cover slip 

if-:J 1 ~1r1'tn~fl1'jlVU\9l1 !viij1l1'tn~u~uvhflJ~1J1-:J~f!~ u~Tl.hlJ1t:l1Wl1'W l~(Juf1J!u~ (Ju'j~(J~tvitl 
1l1'.f11'WfllJi'~~~~ \9l1lJlJl\9l'jlll'Wfll'j'VI~ffij1J ASTM D2l17-82 

<V~ '4
3.4 tf:J..I1J91fl11JJYI'U918U'j.:JVl.:J (Tensile Strength) 


Ul~ij~tlJij1~fflJ~'~1uu~~u'jU dumbell ~-:J'jU 3.1 

~ ~ 

Guage length 50 mm 

1', 

v 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:UI1::;!uij'j!9f'W\9lfl11lJ11J'WvH.Hl


I 

"
,:v CI c:! ell ~I I 

~1tJtfl~f)~lA~~'W~u (Injection molding machine, Cosmo 1U TTl 220/80 

HITEC; Welltec Industrial Equipment) 1~tll-h'V'H)il!lJtl{vH"lJ~tl¢i'111lJl'lJ~$htJtfl~tl~'lJ~ 1JlflJU 
I 3J • Y 'j/, 

11 llJl1ri1Utflrf)~~~~'W ~'J !flrf)~~~~'W ~tl1J:t:Yhfll~'Yft1tllJ'VItlilklJ tl{Ut1:t: ~~!1J'W~'W~1'W rr f111:t:11<U <U 

1~~ 1'Wf11flN'W1f1 1'Wfll~'Vl~rrf)'lJ~1tJtflrtl~'Y1~rrtl1JU~ ~~~ (Tensile tester ,LLOYD ~'W LR 30 
<U " 

" ~:t:tl:t:~tl~fll~~1J;'W.~l'W( Gauge 

~ 
ASTM D638-87b ~ 'VI tl 'Yf lfll 

Yield Strength Young's Modulus at 1% Elongation 

QJ":::; , 

3.5 tnJ1JVlft11)J'YIl-AVliJH'j-1fl'j~H'YIfl (Impact Strength) 
" • • I 

111~'W~1'WVi!'fi~tllJ!'ilu~tl notch izod ~~~tlVi 3.2 lJl'Vl~rrf)'lJ~1tJtflrf)~1~U~~fI~:t:U'Vlfl<U <u 

(Izod impact tester, Yasudai'W 7697; Yasuda Seiki Seisakusho) 1J:t: '~rilfl11lJ'Vl'W~f) 

U~ ~fI~:t:U'Y1f) lU'Yft11tl kJ/m
2 ~~rn 'Yf iJiJMf)~'fillJlJl'fi~~lU'Vl~rrf)'lJ ASTM D256-87 
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I 

~ 

'U'tTYI 4 

• 	 31 

1~tn\9l~u 'fi~tflij~f)nU 91~fl11lJffllJl'H;) iu fll'H,j'lnu 1~tru ffllJl1"f:rWfijl'HU11~fijlflfil solubility 

parameter ~~'Vi'1r:h'Vif)~uJf)1Ylffldr~t,j'llnU 1~1~~'Vif) ~~U\J~~)jfll1"tJ-rUtJ~ ~fll 1" t,j'l f)U 'U en 
:v 

,'Vif)~tlJf)1 YlfflJ 1\9lm~lJffl1"GlhvYlr1'lJ fijlflfll1"'VI\9l{lf)~ r1'llJl 1" flUtJ~ YI{l fll1"'VI~~H) ~1~~~ij 

4.1 	 fll1"fffll:J1 1 fl 1" ~ff~l~'Uf)~(Jl~1f)19f'Vi5'W 


fijlflr1'\911" 1 rl1 ~ff~l~'Uf)~1f) 19f'Vi~'W 

'" 

lrlwih1tJ'VI~fff)U~1V NMR fij~'ViU chemical shift ~ 5.1 ppm ~~ll1'W'Uv~1tJ1"\91V'W~~f) 

f)vnu~lJ'fi~fi (Hb) U{l~~ 1.6-2.0 ppm (H ,H ,Hd) l1J'W'Uf)~1tJ1"\91f)'W~~f)VVnUfll1uv'W~~lJ~~1"tJ
'" 'U 	 a c 'U 'U. 

.::l. 

'VI 4.1 

isoprene 

'\ i) )
','f / 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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isoprene 

DU=u. USER=service. NAME=isoprene. EXPNO=2. PROCNO=l 
Fl=11.000ppm. F2=-1.000ppm. MI=O.DOcm. MAXI=10000.00cm. PC=1.000 

# ADDRESS FREQUENCY INTENSITY HISTOGRAM 
[Hz] [PPMJ

1 7765.5 2178.411 7 7582 1.12 *2 14260.9 1538.485 ~.1261 2.97 ** 3 24384.6 612.369 2.0403 9.50 **********4 
t: 

24895.0 565.678 1.8848 0.15 
.) 25572.2 S03.734 1.6784 12.50 ************6 25824.0 480.693 1.6016 0.427 26012.2 463.480 1 5443 1.12 * 8 26943.0 378.333 1.2606 0.129 30435.1 58.879 0.1962 0.0610 31030.4 4.413 0.0147 2.48 **11 31018.7 0.000 0.0000 18.06 ******************12 31115.0 -3.317 -0.0111 0.62 *13 31778.3 -59.426 -0.1980 0.09 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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y = 100 - 1000 

x+3 

d 
!lJV 	 y % Hydrogenation 

x ~ TU TU 1 U'j ~ v'U SU V~l~'U 'Ii ~ ~lJ~1~ fJ ~ 1'U1'U 1 U'j ~V'U SUV ~vr'U 'Ii ~fi 
'U 

22.57 : 2.97 - 7 !rlvth1UUl1'U1'UtflJtl1'j 2.2 'il~ 11lrh y !'Vl1t1'U 0 ~-3i1v'h1JJijtl1'j 1~1~'j~!'U~'U 

Uff~~'h!~'U£n~1v 191TI~'U vHltl1'j 1~1~'j~!'U~'Uti1'U1W 11l~~~1'j1~ 4.1 

~1V~1~ tl'jV~ 
d 

ff 0/01el1~'j~!'U~'U 

1 1JJ11l 111 29.7 

2 1lJ 
tlll 111 26.5 

3 1JJ 
llll 111 28.0 

4 1JJ 
llll 0 

~1 2004 

5 Llll SU11 24.8 

6 llll SU11 26.0 

. 
'il1tlrH1tl1'j11~(;1V-3TI'Ui1 ~1V~1~li }-4 1lJff1lJ1'j()U11J1i~11l !TI'j1~il1:UffllJ1'j()!Wtl 

Pd VVtllJl111 !~VUl1 Ui~!iJ'U~1GlhVf1fflJV1'ilt'h iM!n\9If1(;1,j'l~!fiv~111 ~~~1V~1~~!'j1ff1lJl'j() i~ 
It] 31cl ~ 	 <V I .d .,9 <V I .d i 31 _I "cl " It] 'i ..,. <V I ~ .t:!l
!~tlflV ~1VV1~11 5 Url~ 6 (,1N~1VVl-311 6 'YU1JV'jt91'U~fll'j!~ !~'j'il!'U'lf'UlJltltl11flV 26 % 'il '!Ul 

1ui~!'ll'U~1i1Vf1fflJ1'UTIvil!lJV{ 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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[lATE (: m d) 99,-0]18 dT dt •TDIPER_-\ TLRE PROGR.-\\l •Tihold) r(hold) oT i<ldrl) ~ n(repI"at) 
S.-\l.lF'LE \_-\'.IE 0", I R 1: 20 200 0 0 0 
COW,IE\T 2: -20 40 0 0 0 
S.-\~lPLE Q'TIT1" 7.2 mg 3: 0 0 0 0 0 
"ODeLE TYPE DSC 4: 0 0 0 0 0 
S.-\l.IPL I \G 1 \ T. 1 sec 3: 0 0 0 0 0 

~ ..~'" 
-- ­ 9 8 

2 

3 

20 50 80 110 
:'C 

140 170 

TDIP.: ---------TDIP ( 'C) ---Hea t F I 0\\' (mil) --------­
1 26.7 -0.4932 
2 109.4 -6.613 
3 169.4 -8.0556 
4 119.8 4.1179 

95.7 1.229 

. HE.iT· 
(; 

is 
9 

-'-Ti {"C:----Tf('C)-----Heat (mJ)--­
82.6 130.1 -149.3-18 

1-13 185.5 -200.37 
128.1 112.9 283.316 
102.-1 90 70.-174 

:T.-\\GE\T~ 

10 
11 

----Ti ('\) .. 
71.~' 

143.6 

-Tt( C)-InteTsection\"CI--­
104.1 94. :; 
162.8 133.4 

lU 163.1 134.2 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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•. I "~,, .?I <:!l tfJ jI1)1f) DSC Thermogram (1'llJTjtll11tUtl'H9fW~flJ11HUlHH'lf) !~1)lf){1'lJf)l'J 4.1 

% Crystallinity == LlH r x 100 ......... (4. J) 

--0 

Ll H f tltl.:J PE 293 Jig 


Ll HI' tltl.:J PP 163 Jig 


11 

fl1tJ1W !~~.:Ji11)1f)~1'j1.:J 4.2 \91'Jtl~l.:J LDPE 


% crystallinity 387.97 X 100/293 


17 % 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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,:1 
\9lTJ1-3Yl 4.2 Uff~-3~fi:lf)l'j'YI~HHH DSC 

Tm (oC) Weigth (mg) Heat f (mJ) Hf (Jig) Te (oC) Heat c (mJ) He (Jig) %Crys. Of %Crys. Of PP 

Sample LOPE 

lDPE PP LOPE PP _,"OPE PP LOPE PP LOPE PP LOPE PP LOPE PP Melt Recrys. Melt Recrys. 

LOPE 108 0 7.8 o -387.97 o -49.74 0 94.4 o 301.25 o 38.622 0 17 13 0 0 

PP 0 172.7 0 7.8 o -540.6 o -69.31 0 115.9 o 643.91 o 82.552 0 0 42.5 50.6 

LO+PP 109.4 169.4 3.6 3.6 -149.3 -200.4 -41.49 -55.66 95.7 119.8 70.474 283.32 19.576 78.699 14.16 6.68 34.1 48.3 

0.50% 107.2 168.9 3.73 3.73 -112.6 -226.9 -30.18 -60.82 94 123.7 96.743 312.15 25.936 83.685 10.3 8.85 37.3 51.3 

1% 107.7 168.4 3.663 3.663 -37.02 -174.6 -10.11 -47.67 94.7 123 28.108 253.04 7.6735 69.079 3.45 2.62 29.24 42.39 

1.50% 108.5 168.4 3.69 3.69 -127.5 -166.2 -34.54 -45.04 94.2 125.6 90.93 261.48 24.642 70.861 11.8 9.36 27.6 43.47 

2.50% 111.5 169.7 3.6 3.6 -190.3 -173.5 -52.86 -48.2 95.9 119.6 183.16 232.39 50.878 64.554 18 17.36 29.57 39.6 

5% 108.1 167.8 3.96 3.96 -134.5 -198.3 -33.97 -50.07 93.6 121 104.71 280.74 26.442 70.893 11.59 9.02 30.67 43.49 

H 0.5% 107.7 168.7 3.88 3.88 -145.8 -167.1 -37.59 -43.08 96.1 115.8 94.176 324.16 24.272 83.546 12.8 8.28 26.4 51.25 

H1% 107.8 167.9 3.61 3.61 -147.4 -181.9 -40.83 -50.38 95.8 115.8 107 273.26 29.639 75.696 13.93 10.11 30.9 46.43 

H 1.5% 108.2 168.5 4.18 4.18 -191.6 -256.1 -45.83 -61.28 95.5 115.5 126.46 305.71 30.253 73.137 15.64 10.32 37.6 44.87 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



I 
60 

I 

LOPE + tP +2.5% fR 

----- I 
LDPE + pi + 5.0% IA 

I 
I 

LOPE + PP + 0.5%HIR.---------+--------­
LOPE + PP + 1%HIR 
~~ 

~------

LOPE + PP + 1.5%HIR 

~---- :..----­
I 
J60 90 120 150 180[ec] 

, 
150 180 

I 
1 

Pure LOPE 
I 

I 
! 

I 
Pure ppi 

I 

LOPE +/pp 
i 
I 

! 

LOPE + p~ + 0.5% IR 

I 
I 
I 

LOPE + FjP +1.0% IR 
~------- -- i 

! 
LDPE +IPP +1.5% IA 
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~Je)-:J . pp lJltl~U !~fl-:J'I1tl!rlfl1 rirJl-:J 'fl1C}f'W~u (;l-:J'D1u'Wfl~!lJfl{r-HYlJ!l1iJ'fl~!~U ~l) !~}J~-:J 
• I 'JJ I 

UD(;l tlD(;l fllJ(;l-:J' 11 ~-:J'Dl1ll1Ul'¥id~Ju nucleating agent l1llM~tl~ii tl'~~lrJ~U n~!iJ'fl1~rJVJ 

'fl1C}f'W~U~~lUtll)'~1~)~!ui'U!iJU~1~':W~~nJ'Wullfh Tc ~fl-:J PP iJril(;l~(;l-:J!rlm1l~rJUtVltJU 

nU'Wfl~!lJfl{~fflJ~ 'liiJ~1~1rJ~fflJ ~-:JUff~-:JllrJl-:J 'fl1C}f'W~u~r-hUtll) ~l~1~) ~·n.Ji'u~~iJ1 fl)-:} 

ffrl-:J~!l1iJ'flUn1J PE ~flnU PP lil'Mljtll)!~rJ1~unU~fl-:JfflrJ 191)~111l-:J~1~1rJ~ff}JnU 

" 'j/ 

djflliltll)f1tll:ll~1mfl~fl-:J Polarised Light Microscope ~~'~~(;l~-:J{j 
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tl1~ 4.9 uff~'HnVJvtl""l'UeJ-l LDPE+ PP+ 0.5% Isoprene 

tl1~ 4.1 0 tUY~-lfflWVt l"vl'UeJ-l LDPE+ PP+ 0.5% Hydrogenated isoprene 
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เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 
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'illnt,j'il~~l1'W"nl:lw~ ff~YJfJ'~ 1'eln~eH LDPE riJ'W~J1TffTU~eH PP '\)~ iJ"nl:lW~!'iJ'Wl1'j ~ 
n'ellJiJ~\.,I1~lHtYnl1~fl~ LDPE ~rlflYi1n1'jNfflJ'j~Vlrh~ LDPE n1J PP ,\)~'V~1Jl1ijn1'jn'j~'il1tJ~1 

~fl~ LDPE n1J PP 1~tJ'il~1I"fll:lW~fl1'j~1J~ll1J\.,IncilJ~fl~~l!fl~ U'el~v~1Jl1~'W1~~fl~N~n LDPE 
q 

Q,; d 0 .d cl I Q,.1 d oC:\ ct' ~ 0 , Q.J' 

n'lJ PP l1Y11n1'jHfflJ,\)~lJ~U1~1'elnn11 LDPE n1J PP Y11J'j~Y1'fj ~lJflYl1n1'jNfflJ'j~Vl11~ LDPE n1J 

PP 1~tJ1citJ1~lfll91'V'l~U 0.5% 'V'l1J':hijn1'j!n~Nilm~n1flQ~11,j~~fffl~flt1'fl~n1JN'el DSC u~~~ij 
J 'j). t 'j) I 

n1'jn~lJ~U~fl~ Tc C}f~Uff~~~~n11'j~nNilnvh~1~U lljflYi1n1'jNfflJJ~Vll1~ LDPE n1J PP 1~tJ1ri 

tJ1~ Llfll91'Vi~u~~hunl'j1ell~'j~!Ui'UUt1'l 0.5% 'V'l1J"hijn1'jn'j~,\)ltJ~lnU~fl~l{]n1fl LDPE !!'el~ 
t' , 'Ji 

PP dlfl~,\)lntJl~1fll91'Vi~'WVlH1Un1'j1el1~'j~!Ui'UGJf1tJlun1'jHfflJ~fl~ LDPE U'el~ PP l$l~v~~u 

.c::g QJat. Q 

4.4 nl'jf1nl:l1fflJ1J~!'1f~n'el 

,\)lnnl'j'Vl~ffil1JfflJD~h~~n'el~fl~'Vifli11lJfl1HfflJ 'Vi1Jl111UU 1 h!lJ1,j1Ull1~!~tJ1n'W nci11­

<!! "'" '" d .:::1 I q iJ <va. a. d ~ ~ I '" d '" <!!
flil'Vi fl'fUlJfl'j NfflJl'llJ ffl'j'1f1tJNfflJ '\)~ ~ VI fflJ1J~l'1f~n'el (fl11lJU~~U 'j ~~~ 1ufl'j ~91U~nl'j tJ~ W ~~~ 1~ 

lJfl~"ff U~~fll1lJ'Vl'W~flU'j ~n'j~U'Vln) ~ff~nl1 lf1~Uff~~1 \.,I'j,j 4.11-4.18 
q ~ ~ 

-
35 

~ 30 
~ 

~ -- 25 
r:ry

11c; 
r:ry 20
£ 
r:ry 

15u~ ,;& 
r- 10~ 
(g: 
r­

-(g: 5 

0 i 

LDPE PP LDPE+PP O.S%IR 1.0%IR O.S%HIR 1.0%HIR 

36 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 

http:4.11-4.18


----21 

~ [Jl~1tl19fYI~ U- 20 
~ 

[Jl~ ltl19fYI~u~~huflnleJ1~'j~tuiu~-- 19t:1"? 
'tIG: 

t:1"? 

£ 18
t:1"? 

u~ 
ri 17r-
r 
(g: 
r­

-(g: 16 

15 

o 1 2 3 4 5 

250 
G: 
r­
? 

200G: 
~ 

a 
G: 150~;) 
If"O 
r-
c= 
;t 100UiP 

,,;r; 
(Q:) 

-;:I 50 

0 
LDPE PP LDPE+PP O.S%IR l.O%IR O.SO/oHIR l.O%HIR 

~ ~ J 
'l1 'U A,. t)~ 't'HltUj.J t)'j 

37 


6 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



c 

280 

260 


G: 
r-
G? 240 

G: 
r.?C!' 220
a 
G: 200 


:Uii:J 
If'!' 
r ­ 180 


.... 6: 
;;1! 160 


utp 
.... If'!' 140 


(Q:) 
--;;:J 120 


100 

80 


• £Jl-:j1v lC}fl'l~'W 

• £Jl-:j 1v lC}fl'l~'W ~~n.! fn':i 'lell~':i~t'W'~'W 

o 1 2 3 4 5 


210 


- 180 

co 
0.. 150 

~ 
............­ 120 

)~ 
~~ 90 

(CiJ 

I­ri 60 


30 


0 
LDPE PP LPPE+PP O.s%IR 1%IR O.S%HIR l % HIR 

38 


6 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



220 


210 


.- 200 

('\j 

n.. 190 
~ 

180

d~ 

(2;:" 170 

(iiJ 

ri 

r 160 


-Ci: 

150 


140 


130 


--- rJl~!BT9f'V.~u --- fJ N! BT9f'V.~'W~~h'W 01 ~!eJTV! ~~I'W:U'W 

o 1 2 3 4 5 6 


. ­ 24Me- 21~ 
~ 
"-" 
<:: 18 
~ -. 15;);) 

If'J 
<:: 

12t!? 

!!: 
(5 9-6: 
;t:
a:: 6
ri 
r­
("'I) 3Gi: 
r­

-Gi: 0 
LDPE PP LDPE+PP O.S%IR l%IR O.S%HIR l%HIR 

39 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



-----
24 

M -- 22 [Jl~if)hr'r4i~e 

--j 20 -11-- tlH'f)leu'r4i~~Hl~m":i't1h11;olwii\wa1/; ~ 
c· 18 II \§ 
If'O \H 

16c 
"? 

~ 14 
(Q:)

-e;: 
;l: 12 
:;:: 
;;; 
r 
r- 10 
G: 
r­

-G: 8 

6 

o 1 2 3 4 

LDPE 20.3 

PP 30.5 

LDPE+PP 17.7 

LDPE+PP+0.5%IR 17.9 

LDPE+PP+ 1.0%IR 20.2 

LDPE+PP+ 1.5%IR 18.8 

LDPE+PP+2.5%IR 15.7 

LDPE+PP+5.0%IR 16.3 

LDPE+PP+0.5%HIR 18.3 

LDPE+PP+ 1.0%HIR 19.2 

LDPE+PP+ 1.5% HIR 18.3 

138.7 

48.7 

203.1 

225.8 

216.1 

161.4 

167.3 

151.3 

202.8 

205.0 

164.9 

(MPa) 

151.56 

184.30 

143.88 

209.14 

206.94 

167.70 

172.92 

190.44 

209.52 

210.74 

180.22 

ri 1fJ11lJ 'VI 'W \9lf) U'j ~ 

n'j~u'VIn (kJ/m
2 

) 

2.55 

13.81 

11.99 

20.95 

13.04 

N/A 

8.43 

11.18 

21.58 

14.61 

N/A 

40 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



1)1 fI'jtJ~ 4.11 - 4.18 ~1J1l fllfl lllJI! ~~U'i -'J~~~tN~Dt=itlJD{NfflJ~ ilrl~t~hJffl'jGJ1"H'J
'II 

NfflJiJfll'UDUfl1l~D~ PP tlCl~ PE 1J~~'Yl~' l~fH'i)lnfll'jN~lJtlU~D~~Dt=itlJD{L~ltlUtl~i:J~ U~ 

~~v1ff~l'i~J!,JN~lJlufl~'ilrilU 0.5% UCl~ 1.0% 'i)~GJ11uui'1J'th ~ 1,rfllfll1lJU~~U'i -:)~-:)iJfl1ff -:)fl11
q 'II 

vwt=itlJtJ{NfflJ~ "l:Ji~L~lJ~l'i~lUN~lJ rdn ~ ulnff1'iGJ1lUNfflJ'i)~l~1 i tJU'Yl'jfl~lD~'j~ 11 1 1-:) 1{jfi1fl 

n Cl~~~lJfll'i lrlul~\'!'~D~ff1U1 CJ1'j~1111-:) PP rlU PE ~~ tilu fl1'il~lJfll1lJU~~U'j -:)'i ~1111-:)1{jfi1fl 

2.5°;() UCl~ 5% flCl1J'Vll li1fl1fll1lJU~-:)U'j ~ ;;)-'J1HtU 11 UlJCl~Cl~ 'Yl~UtU D~'i)lflff1'iG)f1tlNfflJt~1 ~ tJ 

Itt V 

HCl~ ~':wl'Wfl1'j~flN~fl~f)~ PP U~Lijf)1fffl'll~lUN!llJlutJ~lJ1wi1rrilJtiuf)v fl~'nrilu 1.5% 

Q.I 0 31. ~ -"ld j) ~ddt I 31l1J 

Q./' • Q./ ~ 31 dt d. ~ I"" '31 lIJ ~ Id 
UIn fl1fllf)~'i~1111~1{j fi 1fl'i)'W t~lJUCll tlJDI iUJu'i lJ1W'UD~ff1'i G)fltlNfflH~l ~ uD fl 1)~'j1J flTW fl1'i 

N~lJll'W~v~ PP tl1J PE l1~Df)l'i)tWfl\9llDtJfl Ll tJufllf] fi1fll1~~ ~~lUfl1'j'Yl~Cl D~tJ~lJ1W ff1'i 

~ltlN~lJ 1% 1)~1,rfi1fll1lJU~~U'i~~~ff~~fI'~ UCl~ u1-:)iD 19j~~'W~v.hufl1'j'~ 1~'j~tuilJ'i)~1,r
'II , 

NCl~lfl~'ttlU~tl1Jtl1~ iD 19j~~U 

fl1ltJf){lc'fiU~fl1'jtl~ W ~~'U1~ fllJJf)~~ff uCl~fi1fll1lJ'YlU~mt'j ~fl'i~U'Ylfll,rNCl~til'W 
'lj) d Q./ I ~ ~ ~ I ~I cI~ cI .:!I • Q.I 931' 

U'Wl !'WlJ!~Wlfl1Jfl1fll1lJU~~U'i~~~ 9j~fl1tutJ'jt9jU~f)1'jU~ W 1l~'U1~ !tCl~fl1lJf)~Clff 1)~ !i1fl1ff~ 
~ q 'II 

". 


41 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



, 

.<::! 

'lJ'YI'YI 5 

nl) ~lel1~) ~t'Ui''U eJ1-l1tll91~~ 'U'\Ill '1~1~(J1~ Palladium (II) acetate tlJ'W~l~~ -l,ji)f1~ eJ1~ 

tlWl1f)]J 60°C f111lJ~'W 14 1J1f n~l 60 'W1Yi Ut1~1~~1'\ll1~~~1(Jfitl f1~eJ l'jWtlflJ U~~ 
~ 	 'U 

utl9fl~'U ''Wfl~)ltrl'W 50: 50 'i1~ 1~t,jtl{!~'U~nl)1el1~)~!'Ui''U,j'j~lJ1W 20-30 % U~~ 

ffllJl)mWn~~~l!~(JlJtltlnlJl tl~ U~TWl 1,jl~tlJ'Wffl'jGJfl(J~fflJ1'U~tli1tlJtlf~fflJ)~111l-l LDPE 

niJ PP U~1'Yl~r1tliJfflJiJ~'Yll-lf111lJrtl'W ~hmf1~tl-l DSC ~iJllffl'jGJfl(J~fflJij~~~tlnl) !,j~(J'W 

(l,IQ :v d 	 d 'c:\ <!S c:: Q-1

fflJiJ~'Yll-luff-l~lmf1'jtl-l Polarised Light Microscope 'Yl~iJlllJ~t1m~n"ltnY'l6ij'WlJln trl'W(Jl-l . 	 ~ 

1 tll91~~'U11~1'Unl) ~l el 1 ~'j ~!'Wi''W 'i1~ '\Ill 1 t1'~tli1!lJtl {~fflJ!~ln'W 1~~~'W'i11n~~6ijtl-lfflJiJ~'Yll-lU ff-l 

~ t!:!l' cS 
U~~ DSC91-lUff~-ltl-lf11 Tc 6ijtl-l PP 'Yl~Y'I~-l 

'i11flfll)'YlY'l fftl iJfflJiJ~l:jf-lfl ~~iJl1ffl'j GJfl(J~fflJ(Jl-l1 tll91~~'Wtt~ ~ (Jl-l 1tll91~~'W ~~1'W 

• iJ 

fht,j tlf1~'U~fl1'j 1j~ W 'i1Y'16ijlY'1 f11lJtlY'l ~ff U~~f11fl 11lJ'Yl'W~tlU 'j -l fl) ~H 'Yl fl) 1t1'rWlJ~'W lJ lfl fl 11 
q q 

I 	 • • 9J 

1. 	 fff)'hll~l!~-l,ji)fi~(J1~lV'W"l l1ffllJl'jtll~1'W,ji)fi~(J11ellY'1)~ l'Wi''W 1~~fJ-l~'W 

2. 	 ffn'hl1fff)11~~'~~'W"llY'1(Jfll),j~iJl,j~{J'W~Wl1.Q]J fllllJ~'W u~~n~l1t1'111lJ1~fflJn1J,ji)n~{Jl 

~l el 1~'j ~t'Wi''W ". 

3. 	 f1 l'j ij nl) 1,j ~tl'WU,j~-lfl\9l)ltrl'W 6ijtl-l~tli11lJtl f ~fflJ t~tl,j~iJ,j'j
q 
-l'fflJiJ~h~-l fl~ 

4. 	 fffl'hl10-lffl'j ~lt~lJli)jijY'l~'W"l t~tl,j~iJ,j~ -lfll'j t~ln'W~tl-l~tli1 tlJtlf~fflJ 
5. 	 fff)'hll0-lfflJiJ~~'W"l ~llJ~l{J ~GJf'U fflJiJ~fll) 111~ tYW!l'Ul'Yl(Jl 

42 


เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



1. 	 BhattachaIjee S., Rajagopalan P., Bhowmick A. and Avasthi B., J.AppI.Polyrn.Sci., 1993,49, 

1971-1977. 

2. Groggin P.H., "Unit Process in Organic Synthesis", 5
th 

ed., 1987, 574-600. 

th
3. Morrison R., Boyd R., "Organic chemistry" 5 ed., New York, 1987,303-305. 

. 4. Shaw D., J.AppI.Polyrn.Sci., 1990, 57, 203. 

5. 	 Weinstein A.H., Rubb. Chern. Technol., 1984,57,203. 
. 

QJ «::S 	 dd J1{'(11roJUfl~ "fll'Jfffl1:n Impact modifier l1lJN~\9H) 

Amorphous polymer !W~ Semi-crystalline polymer" 1fI'J ,;J,;J1U~!ff1fH~fl~Vl'J111rJlfflr:1'Vl'J 

uwc¥i~ fllfHfl1J flW~111rJlffl{,(~{ {,(fI1UU!11f11u l~V~'J~1)tJlJtfl~lt~lf1Wl1'Hl'J~lCflfl'J~U,;J
q 

TIfll'Jf1flfJl 2540 

7. tJlJ'J1~U 'ffl'ff~hl~ "'JlrJ,;J1U-fflJlJtn LLDPE ~~l'ff~fl ''H:J~lh<ij11~llJtJ,;J'' ffUVnl'J11'J'J 1)1111
'U 't 

" . 
8. 11~G)$1 ~'H~!'YI~ "l~iltlJtJ{" VilJ'Yffl1,;JV12 riTWflVilJ'YflJ'Hl111rJl~rJ'JllJillU'H,;J 2536 

10. 	 Ulrish E., "Introduction to Polymer Physics", 1990, 158. 

rd
11. Krevelew, Van D.W., "properties ofPolymers", 3 ed., 1990. 

:II 
12. UlJU 

n'J,;J!11~lJ'H1UfI'J 2539 
q 

13. 	Encyclopedia of Polymer Science and Engineering, John Wiley & Sons Inc., New York, 
1', 

1996. 

43 

เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 



เอกสารนี้เป็นเอกสารที่สงวนไว้สำหรับการใช้งานเพื่อการศึกษาเท่านั้น ไม่อนุญาตให้นำไปใช้ประโยชน์ด้านการค้า 

ไม่ว่ากรณีใดๆ ทั้งสิ้น อีกทั้งห้ามมิให้ดัดแปลงเนื้อหา และต้องอ้างอิงถึงเจ้าของเอกสารทุกครั้งที่มีการนำไปใช้ 




