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Abstract 

Laboratory successfully synthesized Syndiotactic polystyrene without oxygen 

and water by metallocene catalyst The miscibilities of the blend with compatible 

polymer of amorphous polystyrene pair were tested by melt mixing method and solution 

casting method. Syndiotactic polystyrene can be miscible with Poly(alfa-methyl styrene), 

Poly(ethyl methacrylate), Poly(n-butyl methacrylate). Poly(cyclohexyl acrylate) and 

Poly(cis-isoprene) by having only single glass transition temperature in between the two 

polymers while it can be partially miscible with Poly(vinyl methyl ether). The addition of 

Low molar mass liquid crystal and lubricant (gleceral monosterate) in the blend resulted 

in lower the crystalline melting temperature due to more mobile molecules can 

separated from crystal faster and resulted in lower crystallization temperature due to 

harder for mobile molecules to separate and generate a crystal. The mixing method 

affected the glass transition temperature by slightly lower temperature when using 

solution casting method compared to melt mixing methcd due- to molecular mixing in 

solution. With X-Ray Diffraction Spectroscopy, the percent crystallinities of the blends 

were lower and even lower when mix with low molar mass liquid crystal or lubricant. 

With Thermal Gravimetric Analysis, the blends with Poly(alfa-methyl styrene) and 

Poly(cis-isoprene) have the highest 5% and 10% degradation temperature respectively. 

With Differential Mechanical Thermal Analyzer, higher frequency was, higher 

mechanical properties of the blends were. Moreover, when increase temperature or time 

of loading, the storage modulus of the blends were lower due to faster movement of 

molecules at high temperature and longer time for movement of molecules. The WLF 

theory' can be applied to the blends' data with WLF constant calculated and numbered. 
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;U~L'flLl'lFl~n~'fl~~hi~'udJU~'fl~Ll-J'flf~L~'1~:;fluYnpnhf'lLfl'11:;~1~lutI fl.P!. 1985 

L~£JU1';1'l~L~Ujj;trl6JI1U (ldenmitsu Kosan Co.Ltd.) t~)£Jl-n(;),)L1'1tl!)m£J1(;)')1~)j~~'1Qn 

flU~U fl'fl L)J'Vi'~L~;U (Metaliocene) L"'£J~iJLfl~'fl~L)J'flf (Copolymer) LihJL)Jfi~'fl~i1U'flflL6JlU 

(Methyl Aluminoxane (MAO)) ~)Jti1i'WLP!M'lI'fl'l~'fl~L)J'flfrl'~LLt;ln~1'1~1n~m.~HU:;'fllt1Jj1U"1J'fl'l 
.... '1 "" ..J "" """''''' ~.,J"" ~I "" '1'W'fl~~ Lt;l'1Ul'lLt;l'1£J)J)J1n"',)£J')fifi'1'1l-J"'1 (free radical polymerization) L~£J'Vl~lfl,)1)JLuu~~n LU 

.., ..J.... "" 0 '1 """ a 'll.~ .,J
'\,1~1£J~nMru:;1'l'flru~1J)Jn1'1~~'fl)J~:;~1£J~~n~~ Yl1 L~lJfl,)1lJLL'lI~LL'1'1r1'1'VlULL~:;~1)J1'1n b"l1 LUl'l 

iJ'flru~1Ji1~~n~1~ttl~~1t;l1Ufi'1'1)J"'1lJ1nti'l~'fl~Lyh n1'1l'l Lfl'11:;lf"l111~;U~L'fl LYI fl ~n'W'fl~~1t;l1U 

1-nLYlflLUL~U,fU~~ LL~:;L~~~lJ,,:;i1n1'1~~t;l1UL~'1'flt;l~1~n'1dlJt"'£JU1';YI~1'),rLfli1fl'fl~ (Dow 

Chemical) lutl rI.P!. 1988 111£Jl~~'fln1'1fl1 flL,)~Lt;l (Questro) n1d1h:;£Jnt;l1-n'l1u~'1'fltJlu
~ ~ 

n1'1LLYfV16Lrt'fl~~1n~1lJ1nl'vhn1'1'flu~1L:{'fl~'flru""1Ji1~'11~ (sterilization) LL~:;l~LiJULL~UL~'fllu 
n1nL£Jn~1'1 'flU1r1t;l'll'fl~'Vi'B~LlJ'flf 'Iill",tf~'1iJ~nln~ n1'1~~lJ'Vi'fl~LlJ'flf"l111",ifL~'flLuun1dv'hl~ 

~1)J1dn;[Ululm(11£Jl~~un'1ru~iJ'fl~"f1'fl~1)J1'1nufuUl"1f'lruJl1'Vil~1~1n1lJLnru1iLL~:;n1'1~'" 

~~r11L~lJl~~n)J1n 

luu",uutfYl1'1PJumr.r£JYl1'1~1U(;),)Lf'lu~mtJ1LL~::;~P!')n'1'1lJu~mtJ11~~1lJ1'1rl 
l'l Lfl'11::;tX"l111"';U~L'El Ll'lrl~nL'Vi~~111l1ul~L'fl'l LL~:;~1)J1'1n LLtJn LL~ :;l'h1iiLn "'"l111",snu~t'fl L Ylfl ~n 

YTI?J.J'W1luLLUU'lI'fl'ln1'1l'lLr1'11:;tX'fl~cf'fl£J 1 
1
-
2 i'ln1'1~~In"l111(;)snu~t'flL'V1f01~nt'Vi~~11n1uu1~Yli 

~1'fln1 '1v'htrl'Vi'fl~ LlJ'flf~ ~~ lJ3-7 nu'Vi 'fl~t'fl L~YJU~LL~:;~1'1U '1:;n'fl U sn ~n 1 n 1 '1 ~n M1 ~1Un1nn '" 
~~nL"'tJ%n1'111i1~ 1 L~'fll~Ln"'~lJu~LL~:;fl,)1lJLihl~lun'1:;u')un1nn"'~~n'll'fl'l"1l11",;u~L'flLYI 

fl~nt'Vi~~11n1u8-17 ri~'1i1~~1Lllun1'111i'fl LLl1in1'1~nM1n1n~1nul~"1J'fl'l"1l11"';'W~L'flLYlfl~nt'Vi 

~~11n1unuw'fl~L)J'flf1J1~Yli~u 1 ~'1;j~~~1Lllun1'1~nM1u'fl£J).nn uiJL-wtl 2002 1~i1n1'1~~lJ 
~ ~ 

'1:;'\,1~1'1"1111",enu~L'flLVlr1~nt'Vi~~11n1uriU'Vi'fl~~111l1'Wfi'1'1lJ~1LYhJu18 

lU'Vl1'1'fl11l~1~n'1'1lJ LL~,) -rl,)'1~ru'\,11Jijl~'11'W"1J'fl'lsn'W~t'fl L'Vl r1~n 'Vi'fl~~lIn1'W~:;~'1n~1'Vi'fl~ 

rl1fu'flL'Wl'lLL~::;~1lJ1'1ni1~,)ULLU'll'l~1"'~1nlu~'f.lu ('W'f.l~ L'f.l llJ~) LL~::;'Vi~~ llJ'f.lflu'Vl1'1';j PI') n'1'1lJ 
I 

~'W1 t"'tJU"r.rtJL'Wn1'1flUY4U (;)') L1'1u!jmtJ11'\,1)jv'h1~~1lJ1Jn LtJ~In~1 "'1'l1'1~l'l~1'\,1 n'1'1lJl~~n 

30 

http:lu~'f.lu
http:1;j~~~1Lllun1'1~nM1u'fl�J).nn


U'lil~lJilli~~L'1i'WL~t1'lrlU'Vi'a~'Vi'a1~'W~'r}n.n/"1Ji1n1dlil'l1'W'a~1'W-rl'l'l'rlruVl1Ji1f1~1tJLLn'l (Glass 

transition temp.) LL~~'r}ruVl.Qi1V1~!ll-JLVI~'l~~n (Crystalline melting point) ~n~htJ 

LLiJ~1td~'11'W!l (;I~1V1nddl-Jl'W1.h~LYlfiltT~1l-i~1l-J1d(HJ~[1]'Vi!l~ Ll-J!lf~ill?lrl'1~ LLvi~~1~~1n 
~ 

n1df){tJrl'U'lLiI'WLL'W'l'Vl1'11':'~dn~'lJ'W11?1n~1'1LL~~'lJ'W11?1U!ll-J (SME) '111'Vi~1~~n'1lul?lif~1n 
vi1'1th~L'VlfilL~'t)tJ~lJ LL~~;f'WdlJ LiJ'Wt:J~ (;IJiru.,r'1lill?l~1~1 L~'a L~l-JlJ~~h L~l-J'lJ'a~ Ll11?1'Vi~1~~ntl?ltJ 

~ ~ 

~1~'1 'W!ln~1ntftT~~~~1lJ1dt:1tJfutJl~~l-J1J~1':'Li/1nutJ~(;I.nrusy}VI~1tJ't)u1'1~n~htJ Lti!l'l~1n 
., I I I " " 

~ ruVl1Ji11'Wn1d;'Wltl ~1~'1vl11':'Lfl1'a'lil'aVliJ't)~~1l-J1dO~'Wltl'Vi!l~ Ll-J!lf'1lul?llll~ LL~ ~1'W'Vl1'1 

ni1Jn'Wih~'a'ln1dlil'l1'W~'t)~Ll-J'af,jill?ltf~'ilruVl.Qi1~'1 tT'I~1l-J1dO~nWln1dL~l-J~1dt:J~nLVI~'l 
l-J,)~ tl-J L~ fl~ ~1L~'a~ I?I fl'l1lJVlU'"1'W'lJ ru:;VI~'al.1 LVI~'ltl?ltlll-l~'1 t:J~ nd~'VlU (;)!l'r} ruVl1Ji11il'l1'W~'lti 

~'1~~~1l-J1dotlfu!ln.mllijltJn1 dVl~'al-J LVI~'ll,"ln~ L~tJ'Inu'aruVllli1V1 ~'al-J LVI ~,)'lJ!l'l t:J ~n~n~'ltJ 
q ~ ~ ~ 

LLviL~!lfl'l1l-J LLl-l'Wih1'Wn1dt:J~l-J L~'t)lil'l1'W ~1 dJ'W~'t)'1 ~m~n LLt:J'W.1Jij LyJ~ LL~~in1j-ru~'Vl1'1 
I I I 

tflN~r1'1tl-JL~fl~ (Morphology) LL~~t:J~nd~'VluVli1vi'at:J~n~'WLu'a'll-J1~1nn1n~l-JLL(;)'1L~!l 

tId~n'W fl ru1l1~'jJ 't) 'I t:J ~ (;111ru11LL~ ~~n 1j-"1 tJ ~~ 'Vl1'1 in1j-ru~~~n ~1~lJ~ 'lJ'a '1~!l~ LlJ!l hr'l~ 'a'! 
~ 

· ..... .oS " (Synergistic) 'an'Vl1'1V1'W'I~(HJ 

n1d~~(;I'Vi'a~Ll-J'aT~u~1V1l-lL~'a1,"il~lf;uim~tru~(;I1l-J~~'a'ln1dJ'WdJ'Wn1d~'1Yl'W~~'1l-J1n 
(~'1d'll-Jn'l~UI?I;'W~n:'a L'Vl fl~ n t 'Vi~~1(;11'W~'ltJ) n1d~~l-J'Vi'a~ Ll-J'aTnU'Vi'a~ Ll-J'afu1~'Vli~'1 LlI'W 

'Vl1'1L~'an~n'Vl1'1'~~'1L~'a~~~1~~l-J,JiJi~L1..1~tJ'WLL1J~'11tJr.nn'Vi'a~Ll-J'aT u1~'Vli LL~~W'an~1ntf'fn~ 

Lnl?l~~'Vl1'1~l-JtWi~~;f'Wn~1n1d1l-l~~l-JVl1't)'t)th'lu't)tJ~~LlI'Wn1d~I?I~'WYl'Wn1dt:J~(;I'Vi'a~Ll-J!lT~ill?l 

~1'11 1~ild1 f11'Jn~'1 LL~ ~LVll-J1~~ l-JrlU n1 d'll11t11.n'l1'W1~ 1'Wu~,u'W':'!l'lf){tJ LfliJil Lfli!l~lJ!l 

'VlI?I~!lu~9~'Vh1':''Vld1un'lin1j-ru~'lJ'a'l~~n~Lnl?l;f'Wvl'an1n~l-JLLvi'l'Vi'a~Ll-J'aT~ill?lvi1'11 
I " 

n1 dt:J~l-J'Vi'a~ L)J'a T~!l'Vi'a~ LlJ'afll?ltJl.J1n~~'ViU~1 Ln I?I~ lJ~L'il~t1d~VI~1'1i'l~!l'l'Vi'a~ Ll-J'a T 
I '" I ., 

I d ....-:::. .qollC:lld d <C:II. ~ 41C:1t.,. ..., ..:a.. I ..::Jt. 

LL(;I!l1~l-J~l-JUj;)d'll-J'Vl I?I"lI'W (Synergistic) '1I'1~:::"'n'l1~)JU[1]'lJ'a'l'Vi'a~ Ll-J'ad'Vl'l~'t)'1"Jl'W'" LL(;I'a1~ Lnl?l 

~l-JtWi~L~'l~~ (Non-Synergistic) 1~~'1~l-JU~U1'1~ill?l n1n~1n'W1m"ll'a'l~!l~LlJ!lfLLtJ'I1mVlin 1 

dJ'W~1lJ LLUU~'a n1n~1rl'W1~tl?ltl[1]~'t)I?I (miscible) n1n~1n'W1~L~tJ~U1'1~'l'W (partially 

misci ble) LL~ :::n1dLLtI n L'rJ ~Vl1!l1aJ~1l-J1dO L~1 n'W1m (i m misci ble) ~'a~ Ll-J!lf~ L i/1 rl'W1m~ ~iJ 
" ~4C2tIt. ..::I I .c:::tt.!,;' iI I I ~ s" .., .., ~ ~ d 

~)JU In 'Vi Lfil 'lj-fl 'a f11'r} ruVl.1J).,1 fl ~1 tI LLn'l~ ~'afJ d~VI,) 1'1'r}ruVl1J lJ fl ~1 tJ LLn')"lI'a'l'Vl'l~'a'l'Vi'a~ L).j'adLL~ ~l-J 

L~tJ'I f11 L~t1'l ~'1;f'W't)t1 rlU~[1]d1~'l'W'lJ'a'ltf1V1,rn"1l'a'ln1 dt:J ~l.J'Vi'a~ Ll-J'ar 'Vi'a~ L)J'ar~1~~:::i1~lJml~
'lJ 

~~1 L~l.J'a LL~ :::L~'aVl~'al.J~ :::~1t1n~:::fl'l fl'l1l.J 1~1~ 'Vi'a~ L)J'ar~ L~1nw1mL.wtl'lU1'1~'l'W'a19 Lnl?ln1d 

LLtin L'rJ~~'aruVlllij~'1 ~'1~ :::vl11ii wn'l~'W LLvifl'l1l.Jvi't) L ti'a'l'lJ'a'l L If'a~'a~ Ll-J'aTuj;Jnvl1'1rl'W'a'an1t1 
q 'lJ ~ 
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I I 
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~ ~ 
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I I I 

t:-Ifs ~tf1.1lI:Jrl~1 @U1f1.fJ1 L~1lj~LttL~~§@tt'~@M.tt~I':1~LUUL~n.IA.~~U~1':1141 k!1 ~L@f1.~t~~ 
F ~ I 

@M.U~~1A.1@1~f1.~l4lnlJgt:-@tT.U~I':1~k!1~Lu~ru.j;{.u~~uL~u@n I:JL~Ut:-~~@tt1~@M.t:-@~tt~I':1~LUt:-~k1. I ,.. ., '111:::7 ,.. 

~ 

~l1tt~~~11n.1A.~~U~I':1~@~1f1.~l!It~~@M.U~~IA.'@1~n~111lI:JL~ut:-~§@tt1~@M.tt~~~LUL~~~~t:-GN, 'l@ I I I 

~~LU@1f1.fJ'~~" U L tt Ltt L.j;{. U~~L U ~f1.~~t~~@M.n.11 ~tn,v L~,tt ~l':1lj~ L tt L ~~§Btt'~@M. 

~~'UIl11 

~LU~k!1 !1t~t:-f.J~nt~@~~ULttrl~lt:-~ ~tf1.Lt:-!ittSLrk1.ru~t:-I:JJl.~f1.k1.L~ U~LttL~~tL~~~~~1~lif1.I':1" I I 

I1L~IA.~LU ~M'UIl1,~rurr.n' f1.UUL~U@B~U~Ht' t:-B~lA.f1.B~~'~LUt:-ljt:-~~'1~~t:-1f, (UO!l!SOdW08ap rv It ~ ~ /'" f" I? F 

8IPU!ds) 
b 

~1'tf1.11!1~rl~1~~' UIl1'~LU~~" (18POW!8) f1.1!I~~UnLt-t-~M.ILo' 1A.~M1Url'1~LU Il ~ Illt/'" rv 

t-l4l~,,~~t-lf, J8l8WpOl88 6U!UU88S lequ8J8H!O @~k1. (6up8ne8s 11l6!1 816U:l lIews) n.~"I'trt
F IP 

t:-~"t:-~'~~U~LUl4ll't-@~~'!i~rl14l1~tft~I':1~LU~l'~f.J~l!Ilj~LttL~~~ru.j;{.U~tt~1':1~LUrlLJT.L~'~§@tt'~@M. 
I ~ I 
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Vi'e)~ L~'e)f~~~'1I'e)~Vi'e)~ L~tlf~~~'e)'-J L~~'J1~ LL~~Vitl~ L~tlf~~ nL,"~'l't~'Jn ~n'M'1L~tI 

un':){tI~~1t1'Vh'W LL~L~tJ'-J1nLiJ'Wn1~~~~Vi'e)~L~flf~~nL~~'J'-J'l~L~L~n~~~riU'W'e)~L~tlf~'WIt ., 

A.Buckley, A.B.Conciatori LL~~ G.W.Calundann [19] 1~~nM1n1~~~'-J~1~~~n 

L~~'lLL~~'Wtl~LtlL~~'W~~1tlVitl~L'fl~L'Vl'flf L~tI~~1~~~nL~~'li1'-J'J~L'-JL~fl~lh\~2-nru 1,000 
, 

~ .c::I'I !I !I !I .::!l a I ~ ,
g/mole ~~tJ'Vl ~~f1'l1'-JL'1I:W'1l'W'1I'e)~~~nL~~'Ju~~~1ru 0.5-5%) ~~tI~'l~ LL~~'WtJ'J1~1~1~~~~ 

f1'J1~~U~'1Iru~~~'e)~L~~'l'1ltl~LVi~L'e)L~YJ'W~~1'fl'Wtl~L'e)~L'Vl'e)f1.~ti~ 25-30% L~tlvhn1~'Vl~~'e)~ 

L(?)U1.ol!1L'flih~'flfLLUuvitl1tn (Capillary Rheometer) 

A.Siegmann, A.Dagan LL~~ S.Kenig [20] 1~L~1tJ:WVi'fl~L~'e)f~~lJ'1Itl~ ~1~~~nL~~'J 

6-hydroxy-2

naphthanoic acid LL~~ p-hydroxybenzoic acid nUVi'e)~L:wtlftl~ru~1'W·lItl~Vi'e)~L'e)1l-./~ LtnU 
tIS 

%n1~~~'e):WL~~'J~~:W ~'-Ju1i~1'Wn1~1~~'l'W-nru~~~'e):WL~~'J (Rheology) l~LtJ~tJ'WLLu~~ltJ 

'flti1'll-./1n LL~~Vi1J~1 f1'J1:w~Utn'1lru~~~tll-./L~~'l'1l'fl~'W'e)~ L'fll:w~1~~ ~~~ 20-25 Lvi1L~'fle.J~:W~1~ 
~ ~ ~ 

e.J~nL~~'J~~l'llL.wtJ~ 50/0 LtntI'W1~UnLvi1u'W 'WtlnIOl1nU~l-./'lliiL:n~n~~h'WLL1~~~'1Itl'l'W'e)~Ll-./'e)fe.J~'-J 
~ 

n1:i'LLtJ n LyJ~~'W'e)~ritJtIh,J1 ru'1l'e)~~1~ 
It" I 

t:.J~ n L~~'lYl L~:W~~ltJLL~~LyJ~~ Ln tn~'Wij~n'r1"ru~~1~'e)'flnluLij'fl f1'l1:W LiJ:wiJ'W'1Itl~~1~e.J ~n L VI~'J 

LtI~tJ'Wlt1 

Y.C.Lin, H.W.Lee LL~~ H.H.Winter [21] 1~~n'r1"1f1'l1l-./L~1ri'Wl~LL~~~:W1J1i~1'Wn1~ 

lV1~1.'W"Jru~Vl~tlJ.JL~~'J'1I'e)~Lf1Vitl~L'e)~L'Vl'e)fLLUUU~'e)f1~i1lJ'J~L:WL~f1~L'U~U 11,500 g/mole LL~~ 
" Vi!fJ~L'flfi~'WL'VI'e)~1~'Vl'Vl1L~'Vl ( PET) LL~~Viu~1n1~1.~~1~e.J~nL~~'lLLihVitJ'l 20/0 L~tJin~un"~ 

~1J.J1~~~ tn f1'l1J.J~Utn"ll'e)~Vitl~ LlJ'af~~:W~'ll~ti'l 600/0 LL~~~h.JVi1J~1~1'-J1~(l~ ~f1'J1~~U~l~~lh 

~ 

lJ1n~'WLL~1~iLn'W 500/0 L~t1lJ(H~'1I'e)~~1~~~lJe.J~nL~~'J LL~~n1~1.~~1~~~:We.J~nLVl~'liJe.J~~'e) 

~:W1J1i~h'Wn1~lVl~'1I'e)~ PET 

rer'1J~'W1 ~'WL~11n1Ol [22] 1~~n'r1"1e.J~"lI'e)'ln1:i'L~:W~1~~~nL~~'JlJ'J~L:WL~f1~~1 (iJ:w'l~ 
LlJL~f1~t1~~:W1ru 400 g/mole) nUVi'e)~f11fu'e)L'W~ (PC) VI~1tJ'1I'W1(?l:W'l~L:WL~f1~ ttnu1.ejj%~~~ 

, ~ 


LLUU~~'fl:W L~~'lYl f1'J1:W LiJ:wiJ'W 0.25,0. 5, LL~~ 1%L(?ltJ1.l1VlUn'1l'e)'l~1~e.J~nLVI~'l ~~'JlOlrjtnf1'l1:W 
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~u~1'jJn~:;~~'tI~L~~'lL(1)t11ii1L'tIjjLlwflfLLUUvI'e~il(1) (Capillary Rheometer) ~1'l~rJ(1)tlru~.1Jjj~~1t1 

LLtl'J (Tg) L(1)u1ii~L'tI~~ (Differential Scanning Calorimeter) ~U~1n111~~11tJ~nL~~'lL~t1'1 

1% L~t1JTl,nrn~1~11Cl~(1)~'l1~"'U~1I't1'1 PC ~'11~n~1 50% 1u"1lru:;~ Tg LtI~uwltlL~u'l 3-5% 

~1~ufi Llh'tl\i~1tu [23] 1~~mi1tJ~"1I't1'1n11L~~~'tI~h~'tIftJ~nm~'l~~1t1"J1U(1)~iJ~'l~ 

tu~~~~th:;~nru 400 g/mole nU~'tI~L~'tIf~in~~1t1"11il(1)1~LLfi ~'tI~~1fU'tlLU(;l, ~'tI~L'tIfi~u, 

'v'I f)~L~1Y4~U, ~'tI~'tI:;;(;l'tl~, LL~:;~'tI~L'tIl~~ L~t1n11~~'tI~L~~'l~'ltl~'l1~~'tIU LL~:;(;l1'l~~'tIU 

~~2J1I~L~t11ii1L'tIjjL~'tIfLLUUL~~'Vl~ (Twin plate Rheometer), DSC LL~:; L~i'tl'l~'1'Vl(1)~'tIU~~tm 

b;]~n~ (Tensile Testing Machine) LV1t1unu~'tI~L~'tIfu1~'Vli L~t11ii~(;l11~'lUtJ~~~'tI~L~'tIf 
CJ ~nL~~'l 0.1, 0.2, LL~:; 0.4% L~t1J1""Wn ~U~1~'tI~L~'tIftJ~~~iJ~11tJ~nL~~'lLtlu 
'El'l ~lh:;n'tlu"'l:;iJ~'l1~~u~1u"1lru:;~~'tIl-IL~~'l~(1)~'1;'1LLl'i 20% ~ult1~1~fUY'f'tl~L'tIi~u LL~:; 

r;f-:l LL[;j 50% ii'l~1nn~1 80% ~1"'fu~'tI~h~'tIf"JIU(1)~U1 1U'Jru:;~~~U~'Vl1'1n~ LL~:;'Vl1'1~'l1~ 
~''rlULL'VlullJ LtJ~UULL1J~'11t1"'l1n L~~ 

U~'l11ru HiwfI'I [24] ~m~t1ii'ltJ~n1:;'VlU'lI'tI'Iijfin11tJ~~l'i'tln11~~~'1"11't1'1~'l1~~U(1) 
, 

_ .... "" ~ 04
"1l'el'l PC ~'tI'I"11U~'Vlrt'l1~L'lI~'lIU 0.1, 0.2, 0.4, 0.8, LL~:; -j % L~8l-1'l~"1I'tI'I~11tJ~nm~'l~'l~ 

y~ l~ n~~1 ~U~1n11tJ~~ tJ~nL~~'ll-l'l~L~ L~n~~1"'l:;~1~11Cl~ (1) rt'l1~VlU(1)"1I ru:;~ ~'el~L~~::Vl~N 
~ ~ 

"1l'el'lL~i'e)'1ij'e)(;\1'1"J1U(1)nu"'l:;1,"n11~~~'1"11't1"rt'J1lJ~i1~"1I'tI" PC ~llJ Lvl1nu L~t1n111-n L~i'tl'l~(1) 

1~LLUU~fJ1L~t1'l~:;1~f1'J1l-1~U~~~~~"~1~~~ 
, 

~flimiru f1ruth:;L~1:ij [25] ~m~t1ii'ltJ~n1:;'Vl1J"1l'tl'ln11~ ~~'1"11't1"f1'J1lJ~U~Lij'tl
~ q ~ 

Lf1i'tl"ij'tl~1;1un11tJ~lJLtJ~t1ult1 LL~:;tJ~n1:;'Vlu~ii~'tI~~~'Vl1"LL1"~'1"11't1'1~'tI~Ll-I'tIf~1~ L~'tI 

CH~l-I~11tJ~nL~~'l~'l~Ll-IL~~~~1 0.2% L~t1lJ'l~~'11u PC ~'tI""JIU(1) ~u~1n111ih"i'tl'l 
./ 

d .:tI.,.::.I .JIV,Q I

VI~'tIlJL~~'ltJ~lJfl1t11u (internal mixer), Lf11't1'1't1(1)1(1)LLuu~nl~ LL~:; Lrt1't1'1'e)(1)1~LLuu~nlL(1)t1'l 

"'l:;1~tJ~"1I'e)'1n11~~~'1"11't1'1LLNU~'lI'tI"Lf1i't),,~"nfi1'JlJ1n~U(;l1~~1~U 
~1'W'Vl1ULLN~'1'l1't)"~'t)~LlJ'tIf~1~LtI~t1'Ult11lJLnu 10% 

mf~,r rJ'll1'l'llTWUvl [26] ~n'l:t1ti"tJ~n1:;'VlU"1l'tl"n111~~11tJ~n~~~'l~'l~LlJL~f1~~1~ 
i:l 1'i't1~l-I1.Wln1nLtln LyJ~ LLUU Spin6dal6JJ't)"~'e)~ Ll-I't)ftJ~~1:;~~1,,~1~1U'tI:;~1L~lull'l1Lrt~'t)~ 

Ll-I 't)f~t11:;n't)U~'lti 25% L~uJ1wwn6JJ't)"'t):;f11L~lul(;l1 LL~:;~'t)~LlJ'Vli~L~'Vl1f11L~'Vl (~rer~11~'lU 
~HUJ 20/80% L(1)uJ1V1Un) LL~:;~11tJ~nL'M~'JlJ'J~LlJL~n~~1~L~lJL~lJ~!1j;\11~'lUtJ~lJ 0.2, 0.4, 

~ 
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~'fl-lL~lJ;fulu-rl'l-l'j'e)'ln1HLtJnLyJ~ LL~~'W1J~1n1n~lJ~lJtJ:i'~~'VIin11LL'W1~~L~lJlJ1n~~~lu"1l'l'l 
0.2% L~f.JJ1vnrn"ll'e)-l~1rtJ~nL""~'llJ'l~LlJL~f1fl~1 

~ltJ-31U'l4'tJ~ L~tJ'l;'fl-3n'U~u~L'flL'VIfl~n~'flft~1~i1U (Syndiotactic Polystyrene) LU:i't'l'IJ 

tJ~ ~1UlJ1 ~1lJ1:i'n LL"n LL"'l1"fI'l1lJ~1rl'1Jl~vr'l;f 
M.Sivakumar et.a!. [27] 1~.yhn11~4'tJL~tJ'ln'U~lJ1Jlln11LiluL~'flLL~U (Membrane) 

"lI'fl'lL~fl ~hL'fl~r4 L'fl~ (delta-sPS) ~tJf'IJtJl~L~tJn1:i'1;rn11~n~~'ltJlff'lv11fl~fl1tJLtluiu1 LLfl~ 
"'r'l"~'e)'Ufl'l1lJl?J~s.D1J"lI'e)'l Xe 'W'IJ~1LiJun11c:l~n~ULL1J'IJ~'fl'lt"'lJ~ (Dual mode) ~'e)t1r~n'fl'IJi'l 

LlIUT (Henry) LLfl:;i'lLLlJ1 (Langmuir mode sorption) ~ 2SoC LLfl:;n1rl?J~n~uihrrlJ1rulJ1n 

L~'e)L'Vltl1Jn1JL~'flLL~U'e)ltlJj1UL'fl~r4L'e)~ (amorphous sPS membrane) ~1l1Yin114'~L1tJ'llPl'l 

LLfl~tfhJ1"'1"l1'fNLlJLflnfl~1lJ1:i'n"':i''l''~'e)1Jl~~'ltJn1:i'Yi1 129 Xe NMR 
~ 

Y.Qian et.a!. [28] 1~~nM1i1~ Catalysis Ifff)LvnJ~L~Lun11~~Lf)11~l-f sPS t~t1L~'fln 

"'nn Half sandwich Titanium complex (Cp'TiCI2(OR*)) t~t1~ Cp' f1'fl Cp,CH3CH(CH3)Cp, 

CH30CH2CH2Cp, CH30CH2CH(CH3)Cp LL~~ R* f1'fl menthyl, fenChYll~\ln~'lLf)11~l-f~u 
LL~~1~Lijulfff)d'ltJBm~.J11un1:i'~'lLf):i'1~tf sPS t~t11~ MAO Ltlulff'ld'lu!jmtl11'llJ n11 

LtJ~tI'I,.mtl~'ltf):i''l~'f1'l"ll'fl-lIff'l L1-ltl~mtl1iJ tJ~ I'i'fl r11 f)f)1lJ~'fl'l1'l1utJBmtl1~1~ L~t1~1lJ1nl'v'h 

r11f)f)1lJ~'e)-l1'l~-l~~1~i1-l 7.37*10
7 

g sPS/(n;OI Ti mol S h) L~t1L; AIITi Lyi1n'IJ 2000 tJ~,nut1 
tJ-31~~n'1j1i1-ln1:i'vhtl~mtl1~Tlru'L"'Qnr;i1-l1 LL~:; Ltl~t1ULLtJ~-luhJ1ru AIITi i1n~'ltJ 

~"04 04.... 04 "" 04
S.C.Wu et.a!. [29] L~~n'M1n'lfln'1jru:;tJflnLLfl~n1:i'Lnl1ltJflnLL1J1J alpha LL~~ 

beta "1l'fl-l sPS L~t11; FTIR LL~:;uuuutJ~n11rl1u'lru"'1im:tru:;tJ~nt~t11;r WAXD n111'~ 

crystallizaticn) ~fI'l1).JtJ1'lfl~U:i':;"'~1-l 870-820 cm-
1 ~Tlru"'.1Jn 264°C L~t1~n'M1LL'lJ1J 

tfhJ1ru~bfl11:;".,1~tln1:i'LYltJ1Jn:i'1yJn11~~n~ULL~'l"ll'fl'lim:tru:;~'lu"ll'e)-ltlJLfln~U'fltJ~tl1:;n'fl'IJ
'\I • 

djun1:i'I?J~n~ULL~'l:i''llJ n111~fl'l1lJ1'flULL'IJ'IJ'lAfl'fllJfl:;~1t1,,:;1iitJ~nLLulJL'IJ~h (beta) i'liu 

"'" 04 a 1 " 04 ..., ••1 "1.I" .., ~ .J 04LL~:; n1nn~tJ~nLLU'IJLtlU":; "'tJ~nLL'IJ'IJ'e)~ft1 (alpha) Llfl:;l'IJ"'1 (beta) uYi:i''fllJ1 nu~~tJ'VItJ~n 

LL'IJ'lJLtliJh (beta) ":;Ln~"1nn1ntl~uulih1ntJ~n~L1JU'el~yJ1 (alpha) ~LijuLyJ~cilJ~u"ll'e)'ln11 

1~fI'l1).J'f'e)u1uin'Mru:;t1 t~tI~ r11'Wi-l-l1Un11Ln~ tJ~n LL'IJ'IJ'el~yJ1 (alpha) ":;~1n~1lL1J1J L1J~1 

(beta) ~-l~!l~fl~!l-ln'IJtJ~n1:i''VI~~'e)-l LL~:;~1lJ1:i'Cl~ltJl~~1 n1nn~tJ~nLLU1JLU~h (beta) LlJU 

n:i':;U'lun1:i'~Ln~1~~n~11u'Vl1-lLYl'e)fllJl~u1i1ni 1u"llru:;~n1:i'Ln~tJ~nLL1J1J'el~yJ1 (alpha) LiJU 

n:i':;'IJ'lun1:i'~Ln~1~~n~11'WYl1-l9~U~1~",f 
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X.Sun et.a!. [30] 1~~m.i'1~-3nlrl~ Silyl-substituted cyclopentadienyl titanium 

complexes [CpSi(CH3)2X]TiCI3 LU'W(;]'lL1-3u!jmtJ11'Wnl1l-3Lrl11:;," sPS L~tJ~ X ~'a CI, Me, 

LL'~:; PhoMe L~tJ~iJf)'l1lJ~'a-31'lil'atJ~N!1l1lJ~1~U rl'lllJ~'a-31'l1'Wnlnii(11t1!jmtll~-3~(11~'a~ 

2.42*10
7 

g sPS/ (mole Ti mol S h) L(11tJl~tK'lL1-3t1!jmtJl1'llJ MAO ~iJ'fl!1l11~'l'W AllTi LVi1rilJ 

.?ooo 1'Wnld~n1=tlifl~LU~tJU'rlru~.lJi11unld.yhu!jmtllLL~:; 'il(;Jdl~'lU"1l'a-3 AllTi ~n~'ltJ 
C.Wang et.a!. [31] l~~n1=tleJ~nLLUU alpha '1I'a-3 sPS L(11tJvhnl1!1ld'l~1'~rl'l1lJL~i1t11 

'lI'i:l-3eJ~nLL~:;in1=tru:;sn'a-3-n\~CJ~n (lamellar) ~L!1l1tJlJnl11~f)'l1lJ1'flU~'tlru~1Jij~1-31 riu L(11t11~ 
SAXS LL~:; TEM Y4U~121nld1..ntllu"1l'fl-3"(11tJ'fl(111unl1!1l1'l~rj(11 SAXS ~'tlru\-1.lJij~'fl'Hrt'fl-3~1n 

. ., 
rl'lllJ LL!1ln ~1-3"11'fl-3 nldn1:;~1tJlK'l"1l'fl-3~ L~ rl !1l1'flU1:;~~1-3,rUCJ~n (lamellar) LL~:; Y4'a~LlJ'flf 'fllru 

jiU ~-31~.yhnld(;Jd'l~1'(11~ 180°C L~'fl~~:;L~;'fllJ~~~~U nldf)Lrldl:;\-11~~lJnldsn'fl-3iiUU-'Vl'fllJ 
l'W (Gibbs-Thomson) L(11tJ~1lJldrt!1ld'l~1'(111~~1 'il(;Jdl~'lU1:;"d1-3 Y4i-3,:nulunldLf)'1-3'fl (fold 

surface free energy) ~'flY4i-3-31Ulunl1\-1~'fllJL\-l~'leJ~nsn'fl-3CJ~n'fl~'Vh (alpha) 21rhil'fltJn~1 

CJ~nLLUULu~h (beta) lJln 

S.K.Noh et.al. [32] l~~n1=tl(;]'lL1'1UDmtll Doubly bridged dinuclear titanocenes 

(DBDM) ~1;lurildl-3Lrl11:;," sPS LL~:;Y4U~1 DBDM ~iJ\-1~L~'fllJ~'fl L,2-diethyl-1,3

di propanoxy (DEP) llJL~t1-3 LL~1~rl'lllJ~'fl'l1'l"ll'fl-3t1!jmtll~'1n~1L'Vi1JU U-31~ rl'lIl-J~~1 L~lJ'fl 
Yll'1Lrl1'1~11'1'DU~L'flL'Vlrl~n (Syndiotactic) ~~n~1 DBOM ~iJ~~L~'fllJ~'fl 1,1 ,4,4-tetramethyl

1,4-dibutanoxy (TMB) 'W'fln~lnifU'Ifl'WY4U~lrl'lllJ~'fl'll'l'1l'el'lU!jmtllL~lJ~ULrl'flL~lJ'tlru~1Jij 
lUnl1VhUDmtli. L~lJmlJlru'1l'fl'l(;]'ld'lu!jnhJ11'llJ LL~:; L~lJrl'l1lJ L;lJ;usn'fl'lLlJL'WLlJ'flf tK'l 

LLunh ~C1J~ rl'lLI '1 lj rl'lllJ~~1 L~ lJ'fl'1l'fl'l Lrld'l~11'l ~'fl rl'l1lJ L ;lJ;'W"ll'fl'l~L(;Jru1unldVhU!jmtli 

~'I~~I~t1J~flU'ViU~'flnl1~~~L~'fllJ~~'el'l"ll'fl'l dialkoxy ~~'eld:;~~I'11~n~I'l"ll'fl'l titanium \11~ 

~:;iJ CJ~'fl th'l~'l ~'fl rl'l 1lJ1'fl'l1 'l"ll'fl'ltl!jffi'tl1 LL~:;LrlN~11'1'11'fl'l sPS ljl nn~I~~L~'fllJY4'fl~ LlJfi 

~~'W (polymethylene) 1:;\-1~1-3~tl'ln~lJ"ll'fl'l Cp 

Y.Y.Lyu et.al. [33] l~Ul"1l(11lK'ld'lu!jmtJlrli'lLlJfi~L~~U (Half-metallocene) "ll'fl'lL'Vl 

YlILUtllJ (Titanium) ~iJ siloxy ligands LL~:; Bimetallic titanocene complex lJl1~lunld 

i'lLrldl:;,x sPS L(11tJ1;[;]'lL1'ltlDmtll1'llJ MAO LL~:;L1J1tJULYltJuriU[;]'lL1'1t1nffitJ1L;)lJ~1;'fl~ 

O.Larobina et.al. [34] L~~n'ttlnld"J(11'l.JLL~:;nld'hJYl:;~"ll'fl'ln16J1~il(11~1'l1 !'l'tlCJ~n 

~il(11 delta "ll'fl'l sPS ~iJLUtlfL;U"'rl'lllJLlh.ACJ~nL'il'l1ri'W d'llJi1'lnld(9ld'l~rj(11 isosteric heat of 

sorption "ll'el'l~~n nlsn~~n'ttld'llJi1'1 rllfU'fl'W'l(11'fl'fln'lsn~. l'WL(9In~'W LL~:;'fl'fln'DL~U 

36 



K.Beckerle et.a!. [35] 1~~n'l:t1{;]'l d-lU!jffi'tJ1 post-meltallocene ~1,lun1d 

l-lLrld1:;\.f isotactic LL~:; syndiotactic Polystyrene t~tJliil'l'ld'lunmtJ1t'l).J MAO ",,1'tl 

B(Cls)lAl
i
Bu3 l'l'ld-lunmtJ1'tl~1'WlU"1l'tl'l [M~(OC6H/Bu2-4,6)2{S(CH2)2S}] tl1\tJ~ M ~'tl Ti, 

Zr, Hf m~:; X ~'tl CI, OiPr, CH2Ph ~1J~1~1).J1drll'lLrld1:;l-f sPS lcJ)~'flru.""1Jij~1 rt'l1).J~'tl'l1'l 

'J'rl'lU!jffi'tJ1 LL~:;fl'l1lJ~~1 L~lJ'tl'll'tl'ltrtN~'f1'1LtJ'Wl'l,) LLU 1[;]1 lJ"1I'tl-l ligand ~ l'l'l d-lu!jmtJ1 

C.Capacchione et.a!. [36] 1~~n'l:t1n-ll'l'ld'lu!jmtJ1~1,jl-rl metallocene ",,1'tl 

isospecific group 4 metal bis{phenolate) 1'Wn11i'lLrt11:;l-f sPS t~tJlill'l')d'ltlnffi'tJ1i')).J 

MAO t~tJi')d-ltlBmtJ1'rl~1'WltJ"1I'tl'l [M~(OC6H/Bu2-4,6)2{S(CH2)2S}] t~tJ~ M ~'tl Ti, Zr, Hf 

LL~:; X ~'rl CI, CH2Ph t~tJii ligand ~).J1~1n 1,4-dithiabutanediyl-linked bis(phenol)s ~'1 

~-lt:J~l'i'tlrl,)1)J~'tl'l1,)"1I'tl-luBmtJ1LL~:;rt,)1).J~~1L~).J'tl"1l'tl'ltrtN~'f1'1LtI'W'tltJ1'1~'1 n11lii ligand 

"1I'tl-l 1 ,5-dithiapentanediyl-linked bis(phenolato) ":;~1lJ1drltJ~(;I sPS lcJ)~rt,)1lJ~'rl'l1')"1I'rl'l 

UnmtJ1~1 
A.K.Ghosh, E.M.Woo [37] 1~~n'l:t1n-l~n'l:tru.:;tJ~n"1l'tl'l sPS ~LLYldn (intercalated) 

'tl~1'WLif'tlU1tULrl~r t~EJn1rvhul)mtJ1l'W~iiLrl~fLl1\tJlii 1,1 ,2,2-tetrachloroethane (TCE) 

dj'W{;]'lvh~:;~1EJ Lrti'rl-l~'tl~l.Ji~'tl XRD LL~:; DSC L~'tl~trtN~11'1"11'rl-l Montmorillonite 1'W sPS 

~ Ltlut:J~n LL~:;",,~'tllJ~:;~1EJ~ Ltl~tJULLU~'1l'l'l LLur'flru.""1Ji1~ Ln ~tJ~n sPS ":;Ln~tJ~n"1lil~ alpha 
• ., I " I....... - .. .... _... ....... .... ...... 


LL~:; beta 1iJI-l)JtJ~~1n"1l'W~'lI'tl-lLrl~nL~:;'flru.""1J).J n1nn~·1I'W'lI'tl-ltJ~n"1l'W~ alpha ":;L~).J'lI'WLd'tltJ1 

,,'Wtl-l'flru.""1Ji1 250°C t~tJ~ii organo-clay 'tl~ Pristine clay (Na-MMT) ~:;L""titJ'lu1lihn~ 

t:J~n"1lil~ beta [;]~'tl~,j'l-l'flru.""1Ji1l'Wn1r~m~t1if n1dl~Lrl~1LLUU intercalation 1'W sPS ~:;vh 
l~Ln~t:J~nLLuu alpha ~iin1r{~L1tJ-l{;]'lLLrlUn~1tJ~nLL1J1J beta LL~:;,,:;vhl~Ln~ Spherulites ~ 

iJ~n'l:tru.:;l1h-l1n'W[;]1lJmlJ1ru.'lI'tl-ltJ~n~Ln~~'W 

J.Schellenberg [38] 1~~n'l:t1ii,m1du1{;]'lLi-lul)nh.nLLuu multinuclear half

titanocene lJ1liilt.m1rl-lLrlr1:;'" sPS t~tJl.Ji{;]'ld-lul)ffi'tJ1i'llJ~'tl MAO LL~:; tBuAI {;]'lL1-l 

tll)mtJ1~lii'tl~1'W1U"ll'rl'l [(11 
5
-C5Me5)T·i]4(J.!.-O)6 LL~:; [(11 

5
-C13H17 )Ti]4(J.!.-O)6 t~tJn1dvh 

tlnmtJ1"l1'rl'l'tl-l~ud:;n'rl1JtJ'tltJnuJ1LL~:;(;Ir'l~~'tlutrlN~11'1~1~nu X-ray trlN~11'1'l1'tl-l{;]'ld'l 
tlBmt.ni'l~'tl'l":;Lij'W tetrameric t~tJ~ii'rl:;[;]'tl).J'lI'tl-l'tl'tln;L~'W""n{;]'lLtI'W{;]'lL~'tl).Jd:;""~1'1 Ti i'l~ 
£'l'l ~:;'rl~lutrlN~11'1"1J'tl-l adamantine t~tJii",,~ Cp U'lrl'lL~'tl)Jl'i'tl'rl~n1J""~ Ti i'l~~'l ~'ld'l 

tlBmtJ1 [(11 
5
-C13H17)Ti]4(J.!.-O)6 ~:;ij rl'l1)J~'rl-ll'ln~1 LL~:;~:;iirl'l1)J~'rl'l1'l L~lJ~'W~'tltJ1~'Wn'l 

'f1[;]d1~'l'W MAO/[(115-C13H17)TiJ4(J.!.-O)6 mole L'vi1nu 600 tBuAI ~:;L~)Jrl'l1lJl'l1'Wn1dl'i'tl~1tJ 

teri~'Wii'l'~~'1~~~tr[;]j'1~'l'W TIBA/[(115-C13H17)Ti]4(~-O)6 LVl1nU 30-100 {;]'ld'l1JBmtJ1i'llJi'l 
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~!l~~:;i1 ~ ~ ~!ll-J,)~Ll-J L~ ~~1I!l~'W!l~ LlJ!lTLL~ :;n11n1:;~1tJ~,)1I!l-3LlJ L~ fl~L~tJ~1t1L~u,);!l-3ri1JnTl 

9~ L1U~~,)"1I!l~Ll-JL'WLlJ!lT ~,)1lJ~!l-31')1'Wn11vl1t1!)ffi'u1'11!l~ ~')d-3t1!)ffitJ1 LLUU multinuclear 

~1lJ11r1~~1~ti~ 30-50% 1I!l~f'l,)1lJ~!l-31,)"1I!l-3!l~f'1t11:;n!luthlUU'WLlJ~~LYhri'W LL~:;u~1~f'l,)1lJ 

~!l~1')~~~ LLiJ~1~:; ui1J1~1u ~Jl1'W~fj!l!ln=n L~'W LL~'i~~!l-31') ~'iltJ!jffi'U1~:;lt11-rl'i ~ L~U,) 
L-rl'WL~U')riU!l~ f'1tJ 1:;n!lUUT)U ~~J'WLtJT)fL-i'W~ Syndiotactic ~:;~1 n~1n11vl1'u!jffi'U1''lJT)~ lK') d-3 

tJ!jmtJ1 LLuulK')~T)~1') L~U,) LL~~:;1~~~I:J~~T)J1~unLlJL~f1~L~tJ1,)lJ 

I I " 

L~n~1n I:J~ n"D\l~ delta sPS L~tJ!l1fil'u L~1T)-3 ATR-FTI R L~T)~~~1l-Jn11~~ n~'WLL~~'Vi~"1I!l-3 


LlJ L~ ~~lK')v'i1~:;~1U LL~:;'WT)~ LlJT)T n11LtI~tJ'WLlJ L~fl~~:;l-3 Ln r;11~~1nn11n1:;'Vlu"1IT)~1T) 

I I 

"" ...... 'i' ...,," ...Toluene LL~:; Chloroform "1IT)-3~~n delta sPS n1nfl~'il'W'VlT)tln"1lT)-3 ~lJL~n~~:;lJ L~~'t)-3LLU1Jfl!l 
~ 

.J.J I ".Jer · III

n11Lfl~T)'W'VlT)T) nT)U1-31,)~ L1,)~1n~')'W'VlLU'WT)lru~1'W LL~:;n1n~~T)'WYlYlih n~1~1 n~')'WVi LU'W .... 

~~n LL~ :;jjn11~1')~1'~~lJtl1:;~'Vli'1l!l~n1ni1U L 'VlLlJ L~ f1~~ Lfl~!l'W~T)T)n LL~ :;n11~~ n~'WLL~~tJ~ 
UT)nti~~Jl1~n1ntl~u'W1tJlI't)~~~nl'W"1Iru:;~fjn1nhuL'VllJ')~T)'t)n 

C.I.Park et.al. [40] ~n'ft1ti~n11~~lJd:;~U'W1L'W1I't)~ sPS riUL~~ft~u.ff'W~!l'W~ 
tJ1:;nT)U~')tJn1dl:J~l-J Poly(styrene-co-vinyloxazolin) (OPS) L~Un'l1~:;~1tJ OPS ~~1'W'W1L'W 

sPS 

~11tJd:;nT)utl1VlL-rl'W 'qru~.Qnn1d~~l-J LL~:;"D\l~"1IT)~ organoclay ~:;tJn~nM"IL~tJn1dlif X-ray 

LL~:; Rheology ~-3L~Ul-J1n,rn:['WT)~riun1n~T)nl;~11tJl~LL~~ra'W'Vl1tJ"1IT)~Lfl~f n1d~nM1flf'lif 
lifn1dl~fl,)1l-J~T)'WLLUUfiddl-J~1riu~1dtJd:;nT)u'W1L'W~1~~'1~:;liil:J~ exfoliated ~11; bilayer 

arrangement LL~:;~:;l~~~ intercalated ~11if paraffinic monolayer arrangement n111~ 

fl,)1l-J~T)'W~:;~1lJ1drlvl11~LtI~U'WLfl N ~~1'1 intercalated 1t1 LU'W exfol iated ~'1 LL~ ~~ti'l LLNU~ 

L~titJ')~iJ"1IT)-3 OPS LL~:;~'Wtj,)"1IT)~Lfl~f ~~~d')~'Wu1~~1ninMru:;LLu'Wd1U"1IT)'1LlJ~i~1'W~l-Jilli 

Rheology ~'1'hl~fl,)1l-J~T)'W OPS LL~:;Lfl~f~:;Lfl~T)'W~L;1vnri'WLL~:;y'hlihn~n1nfl~T)'W1~') 

"111)'1Ll-J L~~~~'1vl11~n1d9~ crtJ'I [;],)"1I1)-3Lfl~fL~1)'W[;]') LL~:;y'h1~ LnVlL~N~~1~ LL1JU exfoliation 

M.Giordano et.al. [41] 1~tJd:;~'l1~ optoelectronic sensor ~~1l-J1drl1'~~11ra'W'Vl1tJ 
cI3 

hJL~~~L~n1~1'W~11~:;~1tJL~ul; sPS ~iJ~l-Ju1i~~n1:;~U'W1L'W~~1l-J1drl~~BJiu~1dra'W'Vl18 

tJd:;LJlYl fl~1)1lHL~:;1)Lnn ~ n1~~ L~U Lttl'W1:;T)U1'1~~~1 Lfl~T)u1~u'WtJ~1U"1IT)'1~1tJt11 LL~'11tJ LLrl'J 

LL~:;~d')~1'~n1d,rnL'" LL~'11'W"lJru:;~tJn'lJ1)~1'Wti'1 L~'f)1'~fl,)11,JLiilJii'W~1d chloroform LL~:; 
toluene ~ihnl-J1ruLr.1l'f)tJ'W'f)~1'WJ~~1J~1'W~,)'W (ppm) n1Jvl1-31U"1lT)'ILfli1)'11'~fl,)1lJ,rnmLL~'Ilf 

quartz-crystal(classical resonant 
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C.Wang et.al. [42] ~nMIr1'lIl-JL;lriul~'lI'El'l sPS LL~~ aPS lU~'lU'lI'El'lnlrnr~L~'l 

LL~'lLL~~nln~utVldjJ'El'l~~n t~tll; DPLS (depolarized light scattering), n~'El'l,~vif'lt!LL~'l 

t'Vifnlri LL~~n~'El'l,,~vifilU~L~r1Vlr'ElU l.J'l~tl-JL~n~djJ'El'l aPS ~l;;j~'El'ldjJUI~ ~'rl 100,000, , 

(aPS(H)) LL~~ 4300 (aPS(M)) nI1~~l-J aPS "~~~'f1Vl11nlnii~~~nLL~~fl'lIl-JL~'llunI1Ln~ 

~~nt~tJ1'll-J ~'lnI11~ aPS(M) "~lit~~~"1i~L"un~I~'rl~1).J11Cl~~'tlru"'1JiJnlnn~~~n nl1Ln~ 

~~ n LL'lJU~n erut~tJVl1'l~I).JlrClVlr'l"'Viul~u"Ji'l'lrqru"'1Jij 240-269° C 'lI'El~nlr~~).J aPS(H) 

LL~~,,~littfl1'l~11'lUUUL~u1.tI~'rlultJl.JI~~~Il-JlnIVl1'l"'Viut~tJ SEM LL~lu'lIru~~nI1~~l-J 

aPS(M) lUml-Jlrul-Jln,,~1~nlnn~~~nLLUtJll-iLLtJrerut~tJVlr'l~ low supercooling LL~~lit 

tfl1'l~11'l LLUU interspherulitic Lrl'rll;'VI~M]djJ'El~ Lauritzen-Hoffman 'Wi'l~IU~uCj'llunI1djJ~ 
, I.......0 2 2 "Is, ... 


Vl'l'll'El'l sPS 'YIf11U'lru"ln DPLS (15.1 erg/cm) LL~~ POM (12.6 erg/cm) "~~"'~~'V1 

~'il~fl~'il'lnU ~'lU'Wft~'lIU~~nlULLU'lrltJdjJ'El'lnI1L~lJ aPS ,,~1,j~un'lJlJ'l~hlL~n~ aPS ~lii~'El, 

r1'l~'Elti~t1r~l.Jlru 9.9 erg/cm
2 ~'lLL~~'ln'lnlr1,jih~\.!fi~~L~'l:n~"dl'lLl-JL~n~ aPS LL~~ sPS 

'II ~ 

LL~~U'ElnL",il'El"lnJ'i.!L~ij'ElUnU~I'Vift'l'lIUnr~~U~I",rUnlrLr1~'ElU~'lI'El'ltl-JL~n~ sPS "ln~'lU 
q , q 

~LtlU'El~rujlu~L;hnul~"~L~lJ~u1.ur~uu'lI'El~ aPS(M) dJultJl~~"~Ln~~UL~'El~"ln~'El'lnlr 
'Vii'l'llu1.unlnLtln aPS LL~~ sPS 

C.Wang et.al. [43] 1~PinMln'lnI1L;lnul~'lI'El~ sPS LL~~ aPS 1.ULL~'lI'El'lnI1~~L1t1'l 

1?1'l'll'El'liU~~nLL~~nlrLLtI~nl?1'l'El'Eln"lnnULd'Elijr1'lIl-J L;l-J;U~11lJ'l~Ll-JL~n~ sPS tlti~ 200,000
q 'II 

LL~~lJ'l~tlJL~l1~ aPS 'rl~~ 1 00,000 t~tllii SAXS (Small angle X-ray scattering) LL~~ TEM 
s- S, I 

(Transmission electron microscopy) nI1~nMIi11~~~lJ'Vitl~Ll-J'rlfr1'l ~'El'lVl'f1Vlrl~'lU"'I'l1 

LL~~vilnlr'EltJ~'tlru"'1Jn 250°C L~'Ellihn~~~n~'tlru~1JiJi1 Lti'El'l"ln'Vi'rl~L).Jtlfi'l~'rl'lijr1'lIl-J 
wWlmlu1.n~L~tI'ln'WnlnrnL~LL~'l X-ray ~'tlru~1JiJ~'El'l9~dJu1tJ1~tlln9~1~~ldlunlr'VI~~'rl'l 

~150°C L~lJ~UL~'rl1.iii~'lIUI~ lamellar l~LL,juih~'l~'W nI1'f)Lr111~,x;'tll-J~1;~l-JnlrdjJ'tl'l
'II 

Oebye-8ueche LL~~1~vllnlr~lJnlrnr~L~~LL~'l~1~L~tI'l;'S'l'il'tlnL~'tl'f)Lfl11~lXnI1,rnL~LL~'l 

''In lamellar LL"'LiA1!J'l'tltil'lL~tJ'l filfl~~~1'l1fhU'lrul-JI"lnnlr,rnL~L~~~luiJ~L~tI'lLL~~~~~ 
l~~'rl~r1~'tl'lnu TEM ~'lLL~~'lliiLi1un'ln~l-J'lI'tl'l aPS ~nd~"It1'El~i'l~~n'll'tl'l sPS vil1iiLn~ 
tr1Nil'l L~U1.tI~ LLtin'tl'tln"lnnu 
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-
1 , ..Morphology SU"el.:lVi'£l~ L3J'£l~ 

L~tltlrn~LL~,)'W~~L2-J'tlfjj Morphology ~~-lLLlJtJ~~ ~~n (Crystalline) LL~:;'tliru~1U ..... 

(Amorphous) L~tlLrlr-l~11-lLLlJ1J'tliruj1U ~'t)Lrlr-l~11-l~Ur1~r.nnn1r{~L1tJ-l~')vf;-~'t)~lu 

~Jl1~~lrltl LLtJtJlud:;~tJLlJ L~ fl~ LL~:;LflN~11-l~~n"1l~-l'W~~ L2-J~f i>1~LflN~r1-l~jjn1d{~L1t1-l 
(1}')LUVi ~'Vl1-l~~~1 L~2-J~ L~tltlrn~ LL~,)'W~~ L2-J~fbJ~12-J1drljjn1N~Lrtl-li,)"1I't)-lL2-J L~n~i-l~2-J~ 

~ 

. ~ 

~Jl1~n-l~~n (semi-crystalline) Lvh11u 

1.1 Lflr-l~r1-l~iru~1U 
u 

'W'tl~ L2-J'tlftJ1-l"11n~ll.iiJ~~n~1~n1d{~ Lrtl-l (1}') 1~1L~tI LL~:;~:;jj~Jl1'WLflU LLlJlJi-l LL~ 
n1d~~~lJ(1}')n-ln1dLL~-l~,) LL~:;jj~Jl1'WL~i1~uLLn') (glass) n1dlrn1r{~L1t1-l(1}'l~:;jj~Jl1'W 

L~;j'tlUL~'W~d i>1't) nd:;{~nd:;~1tJ1.l.ijjn1dLftl-l ~')1uin1:tru:;1~1 i n1:tru:;n1dLL~-l ~'l LL~ :;~~'tl)J 

~ :;~1t1~:; LLl?ln l1i1'1ntJ~ n,riul~'l"1l~'1LlJ L~fl~ ~~lu"1lru:;LLii'l ~'lLlJ L~fl~~:;i1 L~tJ'In1diu1.~') 
"" I a I 

(vibration) lu"Ji'l'liU1 Lvhuu l'W"1Iru:;L;j~ L~1~n1d~~'tll-1 L~~'lLlJ L~fl~~:;jjn1dLrl~~'WYl~1'tl 

~12-J1 dfl1.~~ LL~ :;~lJ'WI1i'lU d:;n~tJ ~')tI n1r1.~ ~"1I~'1L)J L~ n~~ :;~1lJ1rc1 LmtJlJ1.~nlJn1rLfI~~'W1.~')
q q 

"lJ'tl'lvl'tlL2-J L~ fl ~~'12-J1n Lri~'W~~ L2-J~ fiJ rl'l1lJ~~d:;1'Wn1d~l-J'W(1},)2-J1 n=[u~ :;~~lu~Jl1'r~~ 
Lu~tlt.nLu~'1lui1'1L~tld'llJ"1I~'1n~u'W~~L2-J~fl~luin1:tru:;~L~i1~un~u~uJ'1~'W~2-J1 LL~:;1l1jj 
Tlru~1Jij~'1;uL2-J L~ fl~~:;iJ~~d:;lun1rLrl~~'W~1~~ L~~'W't)~n~1nn'Wl~ LL~:;cilJiJ~Jl1'W d:J'W 

"1I'tl'lL~~'l LL~lu~Tlru~1Jij~1~1~iJTlru~1Jij~1n~1Tlru~lJijrl~1t1LLn'l (Glass transition 

temperature. Tg) 'W~~L)J~f~:;iJ~Jl1'W LL~'1 LL~:;Ltld1:;L~i1~untJ LLn'l ~'1~2-JtJ1i~~ifLtlU 

'1~1Jn'Wi~'1~~1riflJ"1I~'1'W~~~1.l?Irru ~iJ'Qru~.1Jijrl~1t1LLn,)~'1n'lUd:;2-J1ru 100°C ~'1":hl~iJ 

Syndiotactic 

LL~'1LLN=[UlJ~n LL~~th'lldnI1l1lJ~:;iJfI'l1lJLtJd1:;~1l~tln~1 Atactic Polystyrene ~Tlru~lJij~'t)'1 
n11l12-J 

1.2 
.,." ~ 

Tlru~.1J)Jrl~1tJLLn'l 

~)J1J7I~~1riflJUd:;n1r~rt'l"1l~'1'V'l~~LJ.J~fLLlJtJ~lruj1'W~~tJd1n!]n1rrun1rLU~tI'W~1n 

"1I~'1 LLii'l LUU"1l~'1 LV.~'l ci)J~1n~Tlru~.1Jij~1 111'V'l~~ L)Jrelf~iruj1U\ln":hLm~u=[u L2-JL~fl~~:;iJ 

'Wi'l'l1'W~~UL~l-J;'W LL~~tl1'11dnI?l12-J~:;~1n~~~1'W"Ji'l'ln1diul~'l~iuLL~:;'W~~Ll-J~f~:;jj~Jl1'W 
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~v 

bLUI:'Q,IfgI1lAtVl.I:'~~~iLlJ' ~tl.~~t~~Q,M. I1".Ut.Il~'tl.fIs>' J!P8l0!PUAS r1rl.11I:'L~~l:'b~l~L~iL!b~UIJg~Q,I't' . ~ 
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iJ9Utf ~,)U'W'a~ L)J'af~jjn119~ LrtJ~ LPi,)"1I'a-3~~'ath-31aJ~~1 L~)J'a~~L1tJn 

t~N~11~LLUU atactic 

, , ,

Hy-H Hy-HHY-br ,Hy < > Hy < ) y-HHy-H Hy-H - Hy-H
Hy~ < ) ?-H Hy~Hy-H - Hy-H Hy-H -
Hy <> Hy <> < ) ?-HHy-H Hy-H < >Hy-HHy <> < ) ?-H ~ If ?-HHy-H Hy-H Hy-H 
Hl <> Hl <> H1 <> 

i ~ 

Isotactic Syndiotactic Atactic 

t~1-:J~11~LLUU isotactic LL~~ syndiotactic ~::;~1)J11tlLn~CJ~n1~L'W11::;~,)I)J 

~~1 L~ )J'a "lJ'a 'It~N~'fI'1t)J L~ f1~ LL(;]'aUI'111nl'll)JnI1r.r~ L1U'l!K,)"1I'a'l'VI~U'aU LL~~'Qru'VI.1Ji3 
VI~'a)JL'VI~,) CJ~n~::;LLl'ln (;]1'1rlu'a'an1tl t~utln~ LL~,)'W'a~L)J'af~nt~N~'fI'1LLU1J atactic ~::;Liju 

'W'a~ L)J'af~nt~N~~I'1'a~ruJIU tin L~'WVI~~~'atliil'1 LUUt)JL~fJ~jj.ff,)~~~1)J11tl Ln~nI1r.r~L1tJ'I 
!K,)LtluCJ~n1~ 

~,)I)JhJ~~IL~)J'fl"1l'fl'lt~N~11'1~'1LLYl~1'1LL~,)L1lunI1t11n~'W'a~L)J'af~::;nt~N~'fI'1 

LUU isotactic Vl1'a syndiotactic t~tI~~IL~)J'tl1~ nI11aJ~~IL~)J'fllut~1'1~11'1tf~~~~'Qru'VI.1Ji3 
VI~'a)J LVI~,) CJ~n~'1 LL~::;lhiJ~,)I)J~ ~tln ~1i·fl'lnI1r.r~ ~tI'I(;]'))Jln 1 ~::;~ ~ ~,)I)J LtluCJ~n~'1~n 

R')tI 'W'a~ L)J'afCJ~)J1::;'VI~I'1'W'fl~L)J'af~nt~N~'fI'1 LLUU isotactic LL~::; atactic ~::;lJLtl'afL~UvlnI1 

LtJ'WCJ~n~I~'1L~'a'l~ln~,)'W~L1J'W isotactic LYhJ'W~9::;Ln"'CJ~n1~ 'W1)n91nif~'1tl-JL~n~~'1iJ
q 

100% 
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2. tJ'i1n£)n1'iruVl~'fl)J LVI~'l~'ld}J'fl.:J~'fl~ L)J'fl~ 

thIn!] nl1nr,.,,~(mJL""~ 'll'i''llltl'l'Wtl~ Ll-Jtl f~ll-Jl1n (?l1'l9'WU'1.~~hrJ Lflitl'l~tl,." ~lrJ-nUI'1 LdJi'U 

DSC dJ'U~'U nl1,.,,~tll-JL""~'li'lYil1i1'Wtl~ Ll-JtlfiJ~111'W L,."ijtl'UrJl\1 LL~::;n~lrJ LiI'UlItl\l'1.,.,,~ L,.,,~tl'U 

,11 l'U(?ltl'ULL1nL~tl'Wtl~ Ll-JtlfiJr,)ru""l1ij~'l;f'U 'Wtl~ Ll-Jtlf9::;'1.,j,.,,~tlJJ L""~'l'1.,.,,~L'Ui'UVl L,.,,~tl'UriUJl"'4 'IJ 'IJ 

Ltitl\l91n'Wtl~Ll-JtlfiJfI'lIl-J,."ill'1~\1 LL~::;i)I'Wtl~Ll-JtlHhi'Ufi::; covalent 1::;""~I'1~'1l1tl'lLlJL~fl~ 

(cross linked) 'Wtl~ Ll-JtlftlI99::;'1.,j,.,,~tllJL""~'lfl~lrJJlHlL~rJ 'Wtl~ Ll-Jtlftld'ru~I'U9::;til-Jl'i''l~--1~
u 

-D'l'l n~I'1 Ll'1fJl-Jl nlTn Ln 1'1~111'WfI~lrJ rJl--1 ritl'U~9::;VI ~tll-J~::;~lrJr1~lrJlItl'lLVI~'lVli11'1 'Wtl~ LlJtlf~\1 

~~n9:;fI'I~fll'W LL;\Il'i''l~tll'1V1tj'U'1.~~rqruVllJ i1~tl~1::;VI~I'1'QruVllJiJ fI~lrJ LLfl'l LL~::;rq ruVllJiJ 

VI ~tl)J LVI~'l~~n Ll'1fJl-Jln LL~'l'Wtl ~ LlJtl f~\1 t.J ~n9::;iJ fI'lllJ~'U1 'U"ll'l'l'QruVllJiJif Ltitl\l91 nfl'lllJ 

LL(?ln (;jl\1l1tl-:i ~~i1nlnrn LVI LL~\Il1tl\l'Wtl~ Ll-Jtlf~'lu~dJ'Utl~ru 
u
~1'ULL~::;~'l'U~ LiI'Ut.J~n LL~::;L~tl'Wtl~ 

LlJtlfVl~tllJ~::;~lrJ~'Qru"".1Ji'j~\In~I'Qru"".1Ji'jVl~tll,l L""~'l t.J~n 'Wtl~ LlJtlr9::;niu LiI'U"1Jtl\l m~'ll~ 

'Wtl~ L)Jtlf~'1 t.J~ n9::;iJ91'1,.,,~tllJ L""~'l~tl~n'U"ll'l\l LLflUl-Jl n n~I'Wtl~ L)Jtl ftl~ru~1'U LI'1rJ9 ::;Ln 1'1 , ~ u 

n'1ntJ~rJ'ULLU~'11tHl'1 LL~::;fI'lll,l b~;\1 LLNtlEh\l L i1'W1~"1i1'1 LL~::;Ld'a'l91nll'UlI'111'a\l tJ~n~iJlIU11'1 

L~nl-Jln ~\IJ'U 'Wtl~L)J'af9::;1,j""~!l)J~::;~nrJ1'Ui'Uvh~jj'a'UriuJl 'QruVl.1Ji'j~~tllJL~~'lt.J~n9::;LiI'U 

LflN~ti"N (clearing temperature) 'W!l~L)Jtlr9::;laJiJnl1rorl'1L1rJ\ll'i''l (anisotropic) LL~::;9::;niu 

Lth.JlItl'l L""~'ll~ LdJi'UL~rJ'lriU Yitl~ LlJtlf~'1 tJ~ni'l11.1 u9rorfJ~nlV1'U1'1LflN~rl\1l1!l'lL'W~LlJtlf 

'Utln91 nr,)ru'ttiJl ij LL~'ltT\I~'UnlJLflN~rl\1l1!l'lLlJ L~ n ~~ n ~htl~ 'IJ , 

Lfl1'1~rl~ I.L~::;rr'Wfi::;1::;VI~I\1Ll-J L~ fJ~9::;iJ tJ ~ (;j!l'Q ruVl.1Ji'jfl~lrJ Un'l LL~ ::;'QruVl.1JijVl~!l)J L""~'l 

tJ~nLi:l'Ut)Eh\l~\1 nl1~'W!l~LlJ'f)fi1n~)J1I!l'l amine ~1'a!l::;L1)Jl~n~'ULflN~rl'19::;Yil1iiiJrh
~ ., 

rqru~1JijVl~'tl~ L""~'l LL~:;'Qru"".1Jjjfl~lt1 LLrl'l ~\I~'U 1'Uul\1n~lJLflN~rl\1tlI99::;y'hli1 Lnl'1i m~ru:; 

'Wt)~ L)J!lftJ~n L VI~'l;f'W1~ ~ru"".1Jjj~ ~'tll-J LVI~'l t.J~ nll!l\l'W'tl~ L)J!lftlI9tJ1::;n'tlU ~hrJ~ ~lrJ'Q ruVllJ jj 

~ Ln 1'191 nnl1~~lrJ (;]'llltl\l tJ ~n LL(;j~:;GJltll'1 LL~::;LiJ-wlt11~~ tJ~ nGJItll'1V1~\I9:;~"ntl(;]'l Liil'1 d:l'UtJ~n 
~n-ntll'1V1.n'l~""~!l )J LVI ~'l~'Q ruVl.1Ji'j ~\I~'Wnl~ 
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'il1~ Ln 111 n11fl'l1'lfJ"lI'il'ltfl1'l~11-3 tI1lUn1'l~ 111 flfJ1lJ1'il'W~'l'ilU1'l1'l11l L~fJ~'W~1 n~1'tl ru"'.1Jijfl ~1U LLflfJ 

Vi'il~LlJ'Clr~'ln~1fJ"~i1im~tru~flfJ1lJl~,,,1'ilflfJ12-Ji'Wln~Lflu'lnutflN~11'l~~n~'tlru"'.1Jij~'lri'il'W 

n11~111 flfJ1lJ1'il'W (sub cool) t~UlJ1n LL~fJVi'il~ L2-J'ilfl'Wn~2-Jif~~ih'l LmfJ'WLu'Wen'Wl'Wt elf~'l 
. 1" " t 

Un1'lfJ'ilU1'lLSJl'W PET ",1'il~11~~nL"'~fJ~'W1 ~11Vll~~'ln~1'lih~~1lJ11nLn~~~nl~~nflf'lL~'il 

1~f4fJ1lJ1'il'W~'ln~1~ru"'1Jijfl~1ULLnfJ n1nnl1l~~n~~Lu'WltJ'ilth'l'fl(;]t'Wl-J~ 

4 - ~1~L~hJLL~.:I1.'U~,£}~UJ,£}~ 

L~'Cll~~lJu'1iL~2-J1~nun111;-31'W 

•• J "I I 

LLu'll",nj 1 l~Lu'W 3 LLUU LL1JUViWil-3~'il~11Vl91LU'WI?l'iln11~'W~U LLUUVl~'il'l~'il~1n~lJLLlii-3Vl 

'1ifJU L~2-J~2-Jllii LL~~LLUU~~12-J ~'il~11L~lJ LLr;i'l~1~~'lhJ L~1l LLnfl'l1lJUnVit'il-3"l1'il-3~1n~2-J LLlii'l~'il-3 

~UI1l LL1n ~ 2-J1J'1i~ L1J'Wt elfU1fJ"lI'il'l~'il~ LlJ'ilr~~SJlfJ U 1 ~~11 L~2-J LLlii'l~1l-J11C1i1uVlulVll'Wn11tl11ul.n 

'l1'W"lI'il'l~'il~ L2-J'ilfl~ 

~'Cl~ L2-J'ClrU1'l"1lUI1l L'1i'W Vi'Cl~lfJu~fl~'Cll1~",1'ilVi'il~'Cl~:n(;]'il~ 91 LU'W~~~~'il'l1~~1n~2-J LLr;i'l 

L~'Cl1J'il'ln'Wn111~m'W"lIru~~~'il2-J L~~fJ LLiJ LLr;ilu~'tlru~.1Jij~'il'l~'il~ L2-J'ilrU1'l-nUI1l LSJl'W~'Cl~~1'ill~ 

LLr;i'l~tJf1JflfJ12-J~'lEjfJ (wetting agents) L~'ill~1~~'il~L2-JT)rflT)lJt~~VI~il~lJu'1i~fil1l-J~'fl'ln11 

Lr;Ju:.n n LL~fJ~1n~lJ LLr;i'l-nul1lif"~Qn Lfl~T)UT)~u'WL~'Wlu LLf1fJtI1lU~~~(;]L~'Wltmn'lT)~ LL~'l ~'l LU'W 

1'l'lT)t11'l"llT)'l ~1 n~l-J LLl1i'l~UI1l~~1l-J LL~~ L~'Wlu LLFh dJ'W~ 11L~2-J LLlii'l~UI1l~"'~'l~'lSJl'l UL~1l-J LLN"lIT)-3 

~'Cl~LlJ'ilr 

~ n~'W fl'l12-JlT'WL-31 LL~~~lJu1i~'W~12-J11n L~""l~Ll1lul~~1n~lJ LLlii'ltl1~LflVl~~T)-3 ~11L~2-J 

LLr;i'l'lh~Lf1V1~yh1~~T)~ L2-JT) r'Vl'WVl1'Wr;iT) LLN n1~LLVI n T)1'viLSJl'W n1n~lJtJ1'l~'l1'WLifT) ~'il~ LlJ'ilr 

1'l11l L~'l911l LU'W~1n~lJ LLL'i,n.h~Lf1V1~~T)-3 

~1 n~l-J LLl1i'ltJ1~ LflVl~ ~1lJ"~LLn~ 
q 
~1Jn~tT)'l"ll'il'l~1n~2-J Lllii'l~T)'1-nUl1lll1n 

Plasticizers 91lu'W~1"'fun1~'Wlt1 PVC "IlUI1l~I1l",~'Wl~ ~1T)T)1~L~2-J~11'11~T)~'WVlI1lLLVI'W 
plasticizers nl~ l'W~T)~L2-J'ilr~llJl~L~lJ plasticizers ~1n~2-JLlr;i'lUi'lT)t11'l~~Ltl'WT)1~11"l1T)-3 
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Ld~:;~~~'l1lJ'Vl'W'Vl1'Wl'Wn11\lnn1:;LL'Vlnludjlru:;~~:;arl'ltlL~~ modulus ~1nh:;L1l'Vltl1-l~:;\ln 

L~lJ~-31'W~'tl~ Ll-J'tlf~1~fl1 n~lJ u(;}-31h:;L1l'Vl LdL~fi1rl' 
~1n~lJLL(;}-ltl1:;L1l'Vl~11~ri'tl~U (lubricant) ~:;arl'Jtlvl11~~'tl~Ll-J'tlf~1lJ11(1~l-!u~1t1Lsrl 

Jl1t11~LL1-l~-l1~ Lrl'tl-l~1n~:;1t1L~l-Jarl'tl-l~1-l1ULif'tl~'tl~Ll-J'tlf 
Plasticizers LUU~1n~lJLL(;}-l~arl'ltlfl,r1J~'iUn1n~~'tlul~'l4n'tNLsrlLL~:;~'JUdjI'tl-l~'tl~LlJ'tlf"ilQ~ 

'tl~ruj1U L~tll-J1n~:;laiiluml-J1ru.l-J1n LL~:;~:;i1eJ~(;}'tl~lJ'U~n11L~-l-l'tlLL~:;n11~~~'J ~-3~:;arl'JtI 
" 

lun11~UltJdjI'tN~'tl~LlJ'tlf 

~'J1l-JLL[;Jn~1-l'tlEJ1-li~L9'WdjI'tl-ln111.jf-l1'W plasticizers LL~~~11~ri'tl~U ~'tlmlJ1ru~1~~-lltJ 

lUL;1'tl~'tl~LlJ'tlf n~lnn11vl1-l1U'1I'tl-l plasticizers ~'iln1nL'VlU~li'ufi:;1~~~1-lh.IL~fl~djI'tl-l~'tl~ 

Ll-J'tlf 'tl1vharlu dipolar ~1'tl hydrogen bond 1:;~~1-3~1t1Lsrldjl'tl-lLl-JL~fl~ .yhlilLlJL~fl~~1l-J11n 

L~~'tlu~1~~1t1~'W LL~:;n~ln~ntJ1:;n11f)'tl n1n~~L;1'tl~~1-l1~~~1-lL~L~fl~djI'tl-l~'t)~LlJ't)f.yhl~ij 
m~1[;J1~~1:;L~l-JlJ1n~U ~-larl'ltln1n~~'t)ul~'JdjI't)-l~'t)~LlJ't)fL'1fuL~tI'lnu plasticizers L~tltJn~ 

I 

LL~'J~:;th:;n'tltl ~'JtI ~'Jvl1 ~ :;~1 tlVl 1:; L ~tll~tl1n 

~'lUfl11~fi'a~'W~'tlfl11~;:J,f'Jl'WLlJ L~fl~~fllJ~~ ~'i~:;th:;~~~~'l~~1t1fl'U surfactant ~:; 

L~~'tl'W~1'W1:;~~1-l~1t1Lsrldjl'tl-l~'tl~ LlJ'tlfl.~'tlth-l~ ;-lvl11~Ln ~n11~l.!'W~'JdjI'tl-l~1t1L'1I1l1t11'W~ 

~~1t1 1 "~'1I'tl-l~'tl~LlJ'tlf ~-lJ'W 9-l~1~11()1.jfl~'WmlJ1ru~U'fltln~1 plasticizers L~tI~1nLL~'J 
~11~fi'tl~'WlTn1.jfl'Wi'W-l1'W~~'tl-l1'U LLN ~-l Lrl'tl-l~1n LL1-l~-l~:;1t1 L~lJ ~'J1~Luui'ldjl'tl-l ~'tl~ LlJ'tlf 

.,..."., ..... If 

5. n1~L'nn'U j;l'1J'el.:t'W'el'aUJ'el~ 

L~tltln~ LL~'l~'t)~ LlJ't)f~:;eJ ~ lJflUl~~jj'rlru~1Jij~-3L'1fUL~tI'l flU ~11~ jjlJ'J~LlJ L~ fl~ ~1 LLr;) 

Lrt't)-3~1 n~'t)~ LlJ't) f'il19~:;jjli'Ufi:;~ LPl1:n:;~~1-lLlJ L~ n~ vl11il~'tl~ LlJ't)f~'tl-lanQ~~1lJ11n eJ ~lJfl'W 
~ 

1~~~ru~1J11~1t~EijJ~'l1lJLU'WLif'tl L~tI'J flU (miscibility) LL~:;~1lJ11rl LLtin LlJ'W~'t)-l LyJ~l~~ 

'rlru.'lMJl1~-l Lrt't)-l~1n~IJ1lJllJ~lJ~~u1:;~~1-l entropy LL~:; enthalpy im~ru:;n1nihnul~djI't)-l 
~'il~ LlJ't)fu't)n~1 n9:;jJli'ufi:;~ LPl1=t1:;~~1-l n'WLL~'l ch~'tl~ L~'t)f~ jJLlJLWLlJ'tlf~~1t1anil~~jJ LLN 

~inn'W'fl~luLlJL~fl~ ~~tI'Jnu n1n~lJ~'tl~ LlJ't)f~nanil~~~-lltJ'tl1~~:;yhlih:;uu1'llJ Ln~~'J1lJ 

~"J~~ULL~:;Ln~n11Lihnul~u~nin'Mru:;v;~-l u't)n~1ndEr-ljJ~1l1'J:;n1n;1nul~vf-l~lJ~~1:J 
uu'U (miscible) 

(immisciblp.) L~~:;LLUU~~1lJf)'tln1n;1flul~U1-l~'JU (partially miscible) 

~1l1'J:;n1n;1nul~d~:;.yhlil~~'U1i~1-l 1 djI't)-l~'t)~L~'t)feJ~~LtJ~tlULLtJ~-lltJ ~~illi~L':;'Wl~ 

i~~~~~'t)~'J1lJ~U LL~-l fh LyJ~~ Ln~~uJ'Wi1 rhv)'aniln11tXn L~ LL~-l~ u[;Jnvl1-l flU~'tl~ LlJ'tlfeJ~lJ~:; 
"" I 

Ln ~n11~1J LL~-l LL(?]'t)th-ll1n~~'t)~ L~'tlfu1-lanQ~~:;Viu LL~-lL~tJfi11lJan1 ~ .,;'-lU't)19Lu't)-l91n ~anil 
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n11tfn L'" LL~-lll'el-l ~~n LL~:;lI'el-l'el~ruj1ul11Lvhnu n11~~'el~ LlJ'elft.J~uJiJfl'l1lJl~~:;~1tll~~'el-l 

ndru.~'el~-niln1d~nL"'LL~-l1l'el-l~'el~LlJ'elfvf-l~'el-lLVhnu ",1'el~'el~LlJ'elfvf'l~'el-l~1lJ11r:l~~).Jnulu 
1:;~1JL).JL~fJ~1~ LLlILLl'i~'el~L).J'elf~iJf1'l1).Jl~vnnL~htiuhjl~LL~'lLrl'eltJ~).Jnun~:;Ln~f1'l1).J~u 

'el1ViL'1iU ~'el~~1~1u LL~:;~'el~LlJ'Vlfi~LlJ'Vl~:;lflL~'Vl 

~lJ1J'1i~~d'l~~'elU~1tJ~nth:;n1dt-1rl'lri~'el ~).JU'1i'Vl1-lf1'l1l-l~'elU vnn~'tl~L).J'flfvf'l~'fl-l-nil~L;h 

tiu1~1 U1:;~U LlJ L~ fJ~ rh'qru"'.1Ji1 f1 ~1tJ LLfl'lll'el-l~'el ~ L).J'elf~ ~ lJ~ :;1'llJnUL"'~'elL.wtJ-lrh L~tJ'l ~-l~-3 
" I I 

ilLiju~1-3 LL,J LLl'i n1:;vr-3~'el~ LlJ'el fVliJLlJLULlJ'flfl'i1-l-nil~ n'U~~lJnU'el~L~tJ~~d:; (random 

copolymer) 
... " 

'qrut-11Ji1 f1~1tJ LLn'J~'el'lri1Y1 ~n'el~1:;"'~1'1'qrut-1.1Ji1f1~1tJ LLn'JlI'el'l ~'el~L).J'tlfu1~'Vlfivr'l~'tl-3 en 'I 

LL~ ~'In-l L yJ~~~ lJ ~~ n'W~'fl-l LyJ~ ~'I LLl'i~:;LyJ~th:;n'elu ~'JtJ~'el~ LlJ'elf~1u'Ju).J1n l'i1'1-n ilI1HluLL~:;iJ 

~'el~LlJ'elf~n-nil~t-1rl'l~:;~1tJ'el~1'WmlJ1ru~u'eltJn~1 LL~:;'h~'el~L).J'elfL;1tiul11l~ ~:;~1'J~YiU 

'qrut-11Ji1 f1~1tJ LLfl'l hjl~Ltl~tJuLL1J~-lltl~1n 
... " 

~'fl~L).J'flf1J1q'Vlfivr-l~'fl'l L-rl'UL~tJ'Jti1JU~'elf1Lf1L~~ LlJ'elf (block copolymer) ~:;LL~~-l'Qrut-11Ji1 

f1~1tJ un'JlI'el-lLlJLULlJ'el fu1~ 'Vlii'l ~'el'l-nil~~ lJ1 tJ~ lJ tiu 
q 

tT'Imfi~1'J4:j~'elun1n;1ti'Wl~~nt-1~1tJ%'tl1VlL-rlu'tl1~liin~'fl'l~~'Vlddflti~L~f1"'d'flU LL1J1J~'el'l 
q 

nJ1~v;1'fl LL'J1J~'fl-l'Vl:;"t~ LyJ~~illlU1~Lftn 1 1~ LLl'i'elti1'111n~n11~f1'J1).J~U"lI'fl-l~'el~ LlJ'elfLL~:; 

~ lJt~V11'1 f1'J1lJ~'elU 4:j:;~1lJ11r:lU 'el n 1~'elti1'1 LLlluih~1~'el ~ LlJ'flf~1lJ11r:l tJ~).J L1JULif'el L~U'J tiu1~ 

t-11'ell11 
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1. ifi~~)J'Vf'£l~L)J'£l1L~!ln1'i"'~'£l)J~~~1!1 

n1~~~tJVi'fl~LlJ'flfL{;lun1~,"~'fllJ~:;~1t1LtlU%~~1t1~~{;l 
t III 

'fl(;1~1'VIn~~tl
~ 

'VI~nn1~~'fln1~VI~'fltlVi'fl~Ll-J'flfL~L'VI~,)LL~:;n')U~~).Jn'Wt'W'lIru:;ViU'l~'flU %ilil 

! ..J t..J ..J'1 !I"" ~ fI".J '1 t 0 ~I!I ~ .J 'I ~I ~ t 
'lIU(;1'flU'VI'l1t1'V1~{;l ~1~'V1 ~{;l~:;tlfl,)1lJ'U~~'VIfi~'lLU'fl'l~1n Ll-J~1Lu'W(;1'fl'l LVil-J~1~'fl'W ~{;lLu'WYHfil'M LL(;1 

III t 

~'fl L~tl ~'fl'fl1~l"iLn {;ln1~~~tltU~:;;'ULtl L~l1~ LL~:;'fl1~ Ln {;ln1~LLt1nLyJ~vr'lVi~1lJ1~"(;1~,)~Vi1Jlcll 

t "'" .....,...,. ~ 0 t"" !I 
1.2 fl'flt11 ~~).JVi'fl~ Ll-J'fl~'VItlll ruVl.fJlJVI~'fltJ~:;~1t1 (;11 n,)1V1 ~ :;U'flU 

1.3 n')'Wt:J~tlt~L~'1n'W'flth'li')~'l 

t 	 t 

"I 	 I t I 

1.5 v'h~1~'WVi'fl~ LtJ'flfViijtlruVl.fJijVl~'fll.J~:;~1t1 ~1n~1'V1lJ {;l(;11l.J~1u')'WVi-n'l1~ 

1.6 ~{;l'flruVll1ij~'lL'VI~'fl 200°C LL~~""'l'flru'VIl1ij1~tJ~:;).J1rJ 1a 'W1Vi L~'fl1~~'W~ 
'I " 	 'I 'IJ 

L'flLL'Vlfl(;1nVi'fl~~1(;11'Wijtlru'VI.fJijfl'l~1'Wn1~Ln{;lt:J~n (isothermal crystallization) 

1.7 


2. 	 ~fi~~ 3J"''eliL)J'el1L~!I n1'i~~~1!1L 'U ~';)vi1~~~1!1 L~!J';)nu 
~if,rn1-ilt'W~'fl'ltJn'U~n1~~r.rt1Lri'flij~1~~1'W'J'WlJ'fltlLL~:;~1~1~"'VI1l'i'Jvl1~:;~1t1~'Jl.Jn'W 

III 

1~ 'VI~nn1~~'fln1~~:;~1t1Vi'fl~LtJ'flfLUl'i,)vl1~:;~1t1 L~t1'J n'W LL~:;Yl'lt ~l'i')Yi1~~~1t1~:;LVlt1'fl'fl n~'W 

t:J~tJ~~ LLI'i'fl~1'l1~ri (;11).J%ifi1~'flL~tI~'fl ,,:;i! ~~ n~:;'Vl'U'lI'fl'll'i,)vl1~:;~1t1I'i'flVi'fl~ Ll-J'flft:J~l-J i'l 
t 	 III 

LU'fl'l~1nn1~~~L'VItI'fl'flnl~'VItJ (;lLL~:;n1~L~1 n'Wlcll~:;~'Wn'Ul'i')v'h~~~1t1~'Jl.J ~,)t1 ~'flVi'fl~ Ll.J'flf~:; 

t:J~lJl~~1'Wl'i,)vl1~:;~1UVI~'lLL~~'fl1~~~tJL~1n'Wl~1~1'Wl'i'J'Vi1~~~1t1iln"l!U"''VI~'l 'W'fln~1nif6'l 
III t 

Vi1J~1'flru'VIl1ijn1~LLtI n LyJ~'lI'fl'lVi'fl~ LtJ'flft:J~tJ LL(;1n 1'i1,1"~1 n%VI~'fll-J LVI~,) t:J~tJvr'lVi~:;L'VItll'i,)vl1
'I 'IJ 

III 

LtJ'flft:J~tJ'fl~1Uml.J1 rutJ1 n LL~ ~~:;y'h1~n1~n'J'Wt:J~tJ~11J1 n~'W'VI1'fl1'W1J1'l n~rul~~1tJ1~"vl11~ 

L~t1 %LLnl'lI ~'fln1~~ '" fl'J1 l.JWWc;1L"'tln1n~tJ l'i')'Vi1~~~1t1 L~).J LL(;)~:;tJ~~~Vin1J'UqJ'VI1n1~~:;L'VIti 
l'i'Jvl1~~~1t1~ijmtJ1 nJl.J1 n LL'Vl'W 
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2.2 f'1'ilU1L~lJ~'il~hlJ'ilf;an,ij~~~1t1 n'J'WL'i'JVh~~~IU~'W~'il~LJJ'ilfvf'l~'tl'l,ij~~~~IU 
~ .1'... IV t ..J' ,y '1 ".ell "1 :: " ... GAlIV 

Lu'WL'W'f)L~U'Jn'W 'VI~'W~~~IJJldt1~'1Ln"l L~f'I'il~ld~~~IU~~ L~L~lJ'ilnU'V1~,"JJ~ t11lJnldLLUnLn~ 

,"1'il~ld~~~1 H1J'W91 LU'W~'tl'l LtI~ U'WL9l'JViI~ ~~ltJ i'J lJ 

2.3 tll~ld~~~IUl~"'U~~'1tJ'WLL~Und~~n~'WL~lJLLj;.j'W 

2.4 ~~1~~11~~~IULL~'1~'elru~1Jij~'il'l 
2.5 

" L~11'WL~I'tlU~t1Jt1Jlnl fP\ L'i'l'elru~1Jijl~ 

t1d~lJlru 50 'tl~fP\IL'lI~LsnU~ i~l~ 24 -i'JLlJ~ 

2.6 tll~'il~LlJ'ilft:J~lJtJ'WLLj;.j'Wnd~~nlt1~~'illJ~~~IU~'qru~1Jij 300 L'lI~LsnU~ 1'W 

,f'W~'tl'Wii'~~~'1Ln"l1~~IL'i'JViI~~~IU'Jnd~L~U'il'tln~'W,"lJ~~1'ilL~~'tl'il~ L~ui'lLn~yJ'il'l'illnlfP\l'W 
" LU'tlYi'tl~LJJ'tlf lil~d'J~~lJyJ'tl'l'e)1nl~~~~'tl'lUln~tJlt1'tlul'WL~I'tlUfir:Yt1JlnlfP\;an~'Wn~l~~LLi1~ 

2.7 ~~'elru~1Jij~'1'tlth'ld'J~L'f'JlJIVl 200 'tl'lfP\IL6JI~L~tJ~ LL~~i'll~~'tl~LlJ'tlft:J~~'Ln~ 
I I4 ... _ ... 

t:J~n'VI'elrut-l1JlJfI~V1 (Isothermal Crystallization) 

2.8 ~~'qru~1Jij~'1~'Wn'l'qru"".1Jij~'tl'l L~'tll~~'tl~ LlJ'tlft:J~lJ LL-ii~L'i'Jvf'l~lJ~ 
2.9 ~'tl~LlJ'tlft:J~lJ~1~~~;j~mj'ru~LtI'Wy.J~~lJI'11LnI~'tl~u'W&j'Jnd~~n 

... _ tI ~ 4V"'_ IV IV 

3. n1'iLj;)'i!J)J"'el~ L)J'el'iL"'el j;)'i'J~'J CPl,&UJU j;)'VI1.:J Fl'J1 3J'i'el'UCPl'U.I DSC 

3.1 tll~'tl~ LlJ'ilft:J~lJlJILK~ Lu'Wi'WL~n1 ~'1LtI'WLLj;.j'WLLU'WUI'1,..,1'tl LU'Wt:J'I~~ L""lJl~~lJ 
~fi~ Lti'il'l~ln~~~llJldt1ftJfI'JllJ1'il'W~ln.JI'WL~I"lJ'f)'1 DSC l~'f)th'ld'J~L'f'JLL~~vf'Jn'l ~'1~~YlI 

1~nl11't'1 r11'V11'1 ~ lJU ~'VI1'1 fI'JllJ1'f)'WiJ fI'JllJ LL~'Wih~'1 

3.2 1~~'f)~LlJ'ilf~'11'WLuld'f)'1fU'f)~ljLntJlJ 

3.3 tlt'1~I'tl~ihnUlJ LL~~lilLfli'tl'lt:Jiln~ltlt'1~I~'WLLll'W 

3.4 tllL9l'J'tlth'l~1~1t11~1'WLul DSC ~nuLK'J'tlth'lLtI~I~1'f)lJflutlt'1~1 
I I 

o <CIt. .c::..ctI" .d q .c::. 

3.5'V11nln~lJ'qru""1JlJ'V1f1'JllJLd'J 20 'tl'lfP\ILsn~L'lIU~/'WI'Vl ~ln~ru~1JlJ -60 'tl'lfP\1 

L8]I~ L~U~n'l'tlru~1Jij 300 'f)'1fP\1 Lsn~ L~tJ~ u'WYinr11f'1'JllJ1'il'W~ LtI~tJ'WLLtI~'1"lJ'f)'1L9l'J'tlcil'1 L~'tl LVlUU 

nUL9l'J'tlcil'1 LtJ~1 ~l~~~tJniJ'f)lJ~~l~~1 LlJ'Wnldl~fI'JllJ1'tl'WfI;'1~,"~'1
'll 

_" ~ col... 4 

3.6 ~t'1~ru""lJlJ~'1t'1'JtJf'I'JllJLd'J 20 'tl'lfP\ILsn~LsntJ~/'WI'V1 ~ln 300 t1'1 -60 'tl'lfP\1 

L8]I~ L~U~ uuVi nrh fI'JllJ1'f)'W~ LtI~tJ'WLLtI~'1"lJ'f)'1LK'J'f)cil'1 L~'tl LVl tJU flU [;j'J'tlth'l LtJ~1 
I I 

o A::Irro ~Q t;S q A .c::. 

3.7 'Vl1nldL~lJ'qru""1JlJ'V1f'1'JllJLd'J 20 'f)~fP\ILsn~LsntJ~/'WI'V1 ~ln'qru'"1JlJ -60 'il'lfP\1 

L8]1~ L~tJ~ n'l~ru""1Ji'J 300 'f)'1 fP\1 Lsn~ L~tJ~ u'WVln r11 fI'JllJ1'f)'W~ LtJ~tJ'WLLtJ~'1"lJ'f)'1L9l'J'f)cil'1 Ln'f) LYitJU 

nuLK'J'f)cil'1LtJ~1 LL~~~uniJ'f)lJ~~1~~ILUUnldl-MfI'JllJ1'tl'Wf'I¥'1~~'f)'1
'lJ 
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4. n1~L(;l~!I)J~'l'el!h.:t~1'VI~'U XRD 

n1~n~~L~~LL~~~~Vl't),U~1n XRD ~1lJ1~rl1J'tln~'1Lfi)N~r1~~L1tJ'I(;]'lLtlU~~LiJEJ1J"lI't)'1~~n 
~ 	 ~ 0 

1ULil't)'W't)~ LlJ't)f1.~ LL~~l11fi)lJ~~'Wtl~~~1lJ1~rI'U'tl nn'l'1lu~-ntl'ltJ~nluLiltl'W'tl~ LlJ'tl f1.~ Lil't)'1~1n 

~ 

4.1 Lj;\1tJlJ~i2JU1'11'tltl'l~1~ L~tJn1rl;r)fi~'Ultl~lJtJ~1~~~~1U ~1'tlU1(;]lJ'tlth'l~1n 

n1~~ultl~'ltm11~~tllJtJ~2JlJ1n~i1Jl~Lu'U~fflJLL~lJU11t1~~'t)2JLL~~fl'l'flru~1Jij~ 200 'tl'lfil1 

L'~ L~EJ~ritl'Uu1t111; 

4.2 U1~;lJ~1~ltl~~ti1JLLvi'U[;j'lJtlth~an"eN XRD t~tJl~'~j;\nn1~Vl'Uantl'l~1LL~'1'tl~1'U 

~'lU~Liju~fflJ 

4.3 v'hn111'~fl1fl'l1lJL;tlan't)'1LL~'1~l-!lJj;\nn~~'Vlu~h~1 t~Uli'lfl1 XRD L't)11'lvl~if 30 

kVo 30 aM t~tJliin111'~fl1~~2J~h~1nUYln 0.04 tl~""1fj'U1V1 LL~~lii1-!lJ1U1~,"~1~ 10-40 tl'lPi1 

5. 	 n1~'VI1A1,.R)J1ClAn11LtI'U~in 

L~tJu1n~LL~lJ~~~1lJ1~rI,"1fl'l1lJLtl'U~~nl~~1nvf'l DSC LL~~ XRD t~EJ~n!~,"1rh~1n 

LLtlnU~tJu't)th'llJ1n L~tlL~'t)nrh~'1~uLL~~rh~~Vl1tJ~lifl'Un1~,"1~'W~1~n~1~~lItl'ln1~ 

'VI~'tllJL,"~'l~~n luanru~~ XRD 1iin1~1'~fi)'l1lJLLl1Inl'h'llun1~n~~L~'1LL~'1~'1nfl'l1lJfl~1~Lfl~'t)U 

1~i1'tltJn~1l-J1n l'U~tf~'1~~"lI'tlnfi1'lLLl'in1~,"1rl1fllJ1lJLtlutJ~nan'tl'l XRD LyhtXu 

n1nnfl1mlJ1run')ntlutJ~nlojjr)fi"ll'tl'l Ruland t~tJufutll'1l~L'VIl-J1~~lJn1J'tl~P11~1;lu 

n1~1'~ t~EJU~~lJ1rul~fllJ1lJL~lJLL~'1~uf1Jtll'1t~tJ~'1I\l'tl'l""1djurh~lJ\J~nr LL~~rhn1~n~~L~'1 

LL~'1 Lti'e)'1~1nfl'l1l-Jl,j~l-J\J~nr-n'e)'1 tJ~ni1 rh Ltl~tJULLtl ~'1lu"li'l~~y'h n1~1'~nmlJ1 rul~ LLl1Inl'i1~ 

Iinn~~n~lJ\!~nr (K= 1) ~'11,j~'1tJ~l'i'e)rl1an'tl'l~~n~1~ rl1i'1lu'e)~""1 (s) ~1lJ1~nrl1u'lrul~~1n 

~lJn1~ (1) 

2sin(e) 	 (1)s =----'-~ 
A 

~ 0 	 0 

" ..., -:J " J ~ ofl"",J 0'" ""'1" ..1 2..t".oiI.oiI " LenlJ"lI'e)'lLL~'1N~L'e)nrt L~tJLuU'e)I1I~1rt'lU~~,"'l'N'WU'Vl I1In~1Y't-ntl'l s Ie '1I'1nfl't) Ie fl'tlfl'l1lJL-nlJL~~-l 

~n~~L~'ltv)EJ~~n 'tl11l~1fl'l1l-1 LtlU~~n~1lJ1~rlr11U'lrul~t~tl~lJn1~ (2) 
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Sp

fS2 /cds 

X == So x K (2)
c Sp

JS2/ ds 

'i'.J 1'" .col .4.J~ '" J .J1 "' ..1 !¥l '"IL~tJ'Vl~~~~ ~rh K ~fi1 LrhJ~'U\I~\I'Vl L~n~1'J~1 rl1YiU'Vl l'InT1n'lJ'fl-3rl'J1~LuUCJ~n~ 

~1~1Trl~11~~1~1n ~'U~1~nT1y.JT'J~~1J~'JtJ$u~1~nT1vJ'lJ'fl-3~'Ju~Lu'U'fllru~1'U~~1~1Trl~1
J,J 

~11~~1n la ~\Ivi1n1T1'~rhn1dnT:;L9\1 LL~\I'7J'fl\l~1n~tJ'Jn'UnuCJ~n LLl'i'fl~1'U~fl1Yi'fllruj1u~ 
'fl\lPl1L~tJ'Jn'Unun1T1'~fhn1TnT:;L9\1LL~\I't1tNCJ~n u'fln~1nifu-3~~~~liirh S2 jjfi1il'fltJ~1n~u 

1t1~,[)\Ilfn~u~1n~'U~1~nT1y.J~\In~1'Jl'U1f'J\I'fl\lPl1n1TnT:;L9\1LL~\I~~~1Tru1 

~ 
-It 

.~ 

.,13 
1 
g 
~ 

- 2 
';: 
~ .. 

1 

o 

j 

( 
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6. n1~_ri1'UFh'fltu'VIllilFlfl1f1LLn'){Tg) 'fltu'VIlliln'fleJfin (Tc) U~~'fltu'VIllil'VI~'fl"'eJfin (Tm). . .~ ~ ~ 

r,;nn DSC 

L~Ulhn~LL~')iJ%'fi1Ufh Tg tl~~'tl'lf)fi ~'tln1rt-t1fl1L;'1r1U (onset) LL~~n1r~1fl1'~ 

~'ln~1'1 (midpoint) ~'1vf'l~'tl'lijfi;f~~1,"fl1~LLt;Jnl'i1'1nui'lpJ~ 2 

____________________•• ~ru~~~ 
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7. n1~'£i1'UFh'iltu"'llil"'~'eUUJin (Tm) U~~'iJtu"'lliln'il~;n (Tc). " . " 
t~tJtl1n~hL~fJn11~1Url1'flrut-l1JiJt-l~'tll.HJ~n (Tm) LL~~'flruv"1JiJri'fHJ~n (Te) iJ'tl~ 

~fJEJriU~'tl-:JfjfiL-rlUL~tJfJri'U ~'tln11th'Url1L=n-:J11U (onset) LL~~n11'tl1Urh~-:J~~ (peak) t~EJ'fjfi 

L=n-:J111JiJ'fjfin11th'Url1L'7iUL~tJfJriu Tg LL~Lrt'tl-:J~1nn11t-l~'tll.J~~n~~1i1rl1~L1JUrl1~-:J~~ ~-:Jl; 

~1~tl-imjj'tl'Unu T9 LLl'i~~l;f'htJ'tl~~~-n'tl-:J",!~~-:Jt1~HL'VlU 
n11'tl1uf'ht~tJl;rl1L;-:J111J~~lihh~ttJ"J1u1'Un11~'flrut-l1.JiJri'tlU~~'tll.JLt-l~fJ"lJ'tl-:Jt:J~n~-:J 

l~I~Ufii:~EJ[;JNri1Jrl1'flrut-l1.Ji1~-:J~~~~~~1l.J11tllaii-:J1Ur.'tl~Ll.J'tlfl~ ~fJUn11'tl1Url1~-:J~~~~ 

LL~~-:Jn-:Jn11~~~n~fJult-lt1Jt-l~'tll.J~~~1tJ ~-:JLi1ufii1t~tJL'!lr.1~"lI'tl-:Jt:J~n"J1\l~Ju LL~~n1r~iJ~~n 
~~1U'JlU~t-l~tll.J~~~1tJ'tl1~lhl~Lii~f'h~-:J~~l.J1nntj1t-ld-:J1~ ~-:Jn1ffi1urhL;-:Jr1u1lJ~1l.J1rtl 

LL~~-:J~1LLt-lU-:J~-n'tlunU'tl~"lJ'tl-:Jrh~-:J~~1~ lunrn1;fn1r~1uri1~-:J~~~-:JLiJuf)fi~L~l.J1~~l.Jntj1 
~f)'tltJ1-:Jn1r'tl1uri1'qru\UJi1~1n DSC 
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8. n1~'VI1fhm)J1ru SPS 1.'U~'J'U.yhthJ'fl~ru..l1'U 
L~'f)'1"1n'Vi'f)~LlJ'f)fllu~~'1t:J~n (Semicrystalline) ,,~ijvf'l~'Ju~LijU'tllruj1ULL~~~,)U~ 

LiJUt:J~n ~'1"~~1lJ1rn"'1L1J'tlfL;U~~'f)'1t:J~nl~L~tln1rl-ii XRD vr'l~1~na1,)lJ1LL~,) LL~~~'JU~ 
U'tlnL~i1'f)"1nL1J'f)fL;u~~'f)'1t:J~n~'1Ltlu~,)u~LlIU'f)lruj1U n11t:J~lJYi'il~LlJ'ilf~LlIU'f)lruj1U 

L1JUn1rL~lJLrl''f)'f)lru~1ULVI1JuLLj;J'f)1''~'1t:J~r1Jn,)ut:J~nLVltI,,~.yhl~L1J'ilfL-iu~n1ntlUt:J~n;j~1
u 

LL~~"1nm)J1run1n~lJ~1n~)JLLvi'l6jjil~'f)lruj1u,,~.yhli1~1)J11n~1u')rumlJ1ru SPS ~tJU'f)~ 

lu 'tllru~1ul~ LLj;J'f)ti1'111nL9\1)J'tl1"Lii~~,)1)J~~1~Lf1~'f)u~vhl~LtI'ilfL;uj;fn11Lilut:J~nijFh~'1u ~ 

n~1LtI'ilfLeiu~ SPS ~'il~lU'Vi'f)~L)J'f)ft:J~)Jl~~'11lJLiJUf1,)1)J"1'1 vf'ldtl1"Lrl'f)'1lJ1"1nn11~C\JL~tI 
'Vi'f)~LlJ'tlf'f)lruj1U~L~lJ~'11u SPS luiuL9\'f)un11n'Jut:J~lJ ~'1'Vi'f)~LlJ'f)fvr'ln'Ci1'J,,~ij~ru~.1Jijlu 
n11~~'f)lJL"'~'J~1n~1 SPS l-J1nvhl~~~~1tJ~~n1JLL~'Wn'Ju ",1'f)Lii~n1n~'f))J~1l1'Vil'W'1Jru~~ 

SPS 
... 

20%w LVI1UU 

(;)'Jtl£h'l~tllJ~~1J'1J'f)'1 XRD L9\1)J1U~ 4 LL~~'1n11yJn11n1~L~'1LL~'1~'tl'l(;)'JtlU1'1~i1t:J~n
~ ~ 

(L~'W1J'W) LL~~ n11n1~L~'1LL~'1~'f)'1(;)'JtlU1'1L~tJ'Jn'W~LtluLf1N~11'1tllru~1U (L~U'Ci1'1) LLnU X 
u 

LL~~'1~6jjiltl'lPl1 (s) LLn'W Y LL~~'1~1'lltl'l S2, L~tJ~yfu~1~n1Trh~~~1'1L~uvf'l~'il'lLL~i1I'IO'l 
m)J1ru~'JU~LiJ'Wt:J~n LL~~~u~1~n11yJ1JULL~VI'IO'ln11n1~L~'1LL~'1vf'l"'lJ~ 

35r---------  - - - - __~---------~ 

30r-----------------+~~~~~~----~ 

25~--- -----------~--~~~~~---~ 

15r---------+L~~-~~----------~ 

10 +--------

40 ---- .--.-------.-- ----- ------.-- ---- 

O.OS 0.1 0.15 0.2 0.25 0.3 0.35 0.4 
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%sPS total %Crystal %sPS amorphous in blend %sPS in amorphous 

50 0.27 22.98 0.31 

60 0.26 34.12 0.46 

70 0.31 38.97 0.57 

80 0.35 45.22 0.69 

90 0.39 50.95 0.84 

100 0.42 57.79 1.00 

1'Wfi'l!)~l.JULL1n LL~ ~-:Jn-:JmlJ1ruLtl!)fLai'W[;iL~tnf1vnrn~!)-:J SPS 1'W~!)~Ll.J!)fe.J~l.J ~-:JiJ 
~'.l'We.J~l.J~!)~ Ll.J!)f!)~ruj1'W~'W1'll.J!)~~'l tJ 1'Wfi'l!)~l.JU~~!)-:J d:J'W'el[;l11~'.l'W~!)-:J e.J ~n 1 'WLii!)~!)~ 

'" • ." I 

Ll-I!)fe.J~l.Jl'i-:J~l.J~Vl~1l.J11n\.nl~'"l1n XRD 1'Wr1!)~l.JuVl~1l.JLil'WmlJ1ruL~tJu1~un~!)-:J SPS Vl 

llJl~ri!)l?i'lLtI'We.J~n LL~~1'Wfi'l't)~lJU~~Vl1tJLL~~-:JmlJ1ru SPS 1'W~'l'W~Li:J'W'tl~ruj1'WLrl'tl~~1'llJ 
nu'Vi!)~ LlJ!)~il~~~!)-:J~-:Jri'~l~ri'f) i'l LiI'We.J~n i-:JifL~'f)tl1~ttJ-n'W1'Wn11vl1'W1tJrh Tg ~'tl-:J~'l'W~ 
dJ'W'f)~ru~i1'W

.u 

sPS1 


(weight fraction) 


0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

T9 1 

(oC) 

63.61 

69.52 

72.99 

76.18 

78.65 

97.28 

T92 

(oC) 

64.14 

72.02 

74.26 

77.42 

81.09 

97.41 

Tc 

(oC) 

n.d. 

223.84 

226.74 

230.97 

239.64 

243.25 

Tm 1 

(oC) 

n.d. 

261.90 

262.70 

261.89 

268.52 

268.88 

Tm2.1 

(oC) 

n.d. 

261.49 

262.33 

261 .92 

262.73 

263.53 

Tm2.2 

(oC) 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

271 .21 
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Tg1 ~'elfh Tg ~1~"1nn111,"f1'l1lJ'f'elUrlf-3LL1n L~tl":::LL~~-3n-3t\111~n11ri'elt.J~n~ 

'tlru"'JJi1rl-3~t~tlt.J~~1JLrt'el-3lJ1"1nn11i-31,"Ln~t.J~n"1nn11"'~'ellJ~:::~1tl~'rlCU"'lJi1 200°C 

LL~::: Tm1 ~'el,,~tl'el~~~'1J'tl-3n11"'~'ellJ~:::~1tlt.J~n~1~"1nn111,"rl'l1lJ'f'el'Wflf-3~'"rt-3L~'WrlU ~1 
q ~ 

I I 


.ell I "'" 1.elI....... t;; IV .... ..... ° I ....


Tc rl'tlrl1'tlCU'"1JlJn11Wilt.J~nVl(;J1'l"'l~"1nn11LtlU(;l'l~-3Vl'tl(;l11 20 C (;l'elU1Vl LL~::: Tg2, Tm2 

LL~~-3~1~1~"1nn111,"rl'l1lJ'f'el'Wrlf-3~~'tl-3 t~tltJ~n,,:::ijtl1:::rWln11ri'elt.J~n~~(;J11 20°C l'i'el'W1Vl 

L,"jj'el'Wn'Wl'W'Vln~1 

9. n1'5"i'.:JLFl'5"1~:aU~'ilLVlFl~n'n'il~~1~'5"~U 

9.1 n11L~i1tJlJ~'ld-3UDffi'tl1 

Cp*TiCI3 tl1'l/nl'n 0.014 nrlJ ~~/,ntJlu 35 ml '1J'el-3LVl~~U Jl1tJl~lJ1nnn1~'el1 

n'fl'W (Ar) lu Glove Box L~)tJYhn11n'lUtJ~lJ"Un1~vf-3~~~1tlL~tJ~lJlJ1nr LL~~,,~ldi1Lth.A~'ld-3 

uDffi'tn1'llJr1lJ MMAO (Modified-Methylaluminoxane) ~-3":::Yh"'ih~LtI'W~'ld-3Uflmtl11'llJ 
lun11l-3Lrl11:::"';'W~L'elLVlrl~n~'el~~1~f1'W 

9.2 n1n(;i1tllJ~1(;i1'WLlJtuLlJ'elf 

,,:::Yhn11~r1~-~1(;l1'WLlJtuLlJ'elf~'ltl~11~~~1tl NaOH 5%w/w lutl1niu LL~::: 

u1hJni'Wfntll~611L~tllJ~ 50°C Intll~~Jl1'l:::t1CYCY1n1P1 ri'elun11u11t1l-3Lrl11:::,x 

9.3 n11l-3Lrl11:::,r~'el~~1(;l1'W 
I 

........ I 

'VllJ LLVl'l n'lU 

LLl1L"'~n~'tlru'"1J}j~ri1"''W~Jl1tll~tJ11tl1n1P1'el1n'tl'W t~tlYhn11tJ~UJ 46 ml 1I'el-3tVl~~U, 32 ml 

'1J'tl'l~11~:::~1tlt;l'ld-3tJDmtl1, 13.6 ml 1I'el'l MMAO LL~~ 28.4 ml '1J'el'l~1(;l1'WtlJt'WLlJ'elf~ni'W 

LL~'l ~11t.J~lJ":::'Vi1uDmtl1"un1:::vf-3 rl1tJ (;l1lJ ih",'W~L'l~1 LL~ :::":::"'tJ~uflmtnt~tln1 n~lJ 

~11~:::~1tlLlJfi1'W'el~~ijn1~ HCI t.J~lJ'el~ 10% ~'el~~1(;l1'W~1~":::(;ln(;l:::n'el'W'tl'eln"1n~11~:::~1tl 
!.I" 

I ., 

..,0.., 0 

":::Qnn1'el'l LL~:::~1'1 (;l:::n'el'W~'ltlLlJfi1'W'el~ LL~:::Vl1 n1 ron'lU1WWn 

9.4 n11"'1mlJ1rusn'W~L'elL'VlA~n 

~'el~~1(;11'W~1111ezin11(;}'el~1tlteJi~LiJ'Wsn'W~t'elL'VlA~n"~~1lJ11C'1~:::~1t11'W~'l'Vi1 

~:::~1tl MEK (LlJfi~ L'elfi~ ~t(;l'W) ~'el~LlJ'elf~1~"1nn""'1l'lLrl11:::,r("i:::\ln~1'1t~tln11~:::~1tllu 

~11~:::~1tlrl'ltJLLtitUtl'WL'l~1 12 -i'lLlJ'I J1wwn~'el~~1j;l1'W~L"'~'el'elEi"1nn1~'~n~'\.n1~'ltl
'II 

J1'l",rn cilJ ~ULL~::: rl1U'lCULUULU'elfLsDu!?h::: LiJurh~"llllen'W~L~ L'Vl A~ n"1I'el'l~'el~ LlJ'el f~1~lJ1"1n 

n11~'1Lrl11:::,r~fl1'l:::lun11'Vi1tJDmtl1":::~1lJ11C'1~ltJ1~~'1.n 
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[Cp*TiCI3J = 3.68X10·
4 

M 

[MMAO] = 1.83 M 

[Styrene] = 2.06 M 

AIMMAolTi mole ratio = 563 

Toluene = 46 ml 

Polymerization Time (tp) = 6 h, 1 hand 6 min 

Polymerization Temperature (Tp) = 0, 10 and 20°C 

9.5 n1~v'i1 L~~·H'W'elfijL'~sf'Wtrw~.J1tl1ln~1~~ (Gel Permeation Chromatography) 

n1~y'hL~~L'W'elfijL'elsf'WtrW~l1tl1l~1yJ~~1dl'Wn1~t~u tJ1M'VI1'V1utltl1lnr1ilr1'el~ 

~'W~~ 11l1t~tJl~Lr1i'el~ PL-GPC 220 t~un11L-n'elt)tfi-l~r1~'Elt~L'U'W~'WLiJ'W[;j''lvh~~~1ut~un11 

~.h'W11Jt'Wr1'el~l.JcW PL-SP 260 ~'flruVlJJij 150°C Lil'WL'l~1 3 i'lt).J~ t~tJL-n'W'El~~1[;l1'W'elltlJj1'W 

" , 
tl1V1't!nLL~~t~U~1'W'l'W (Mw, Mn) LL~~rhn1~n~~~1U[;j''l'1l'el~~'l~t~L~n~ 

" 
'1I'el~'W'el~L~'elfYi 

l~Lr1~1~Vl1~ (Mw/Mn) 
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, ,
% .. 'I".dI.dI .. ..,. .... ,

1. '~'~-3Lfl~1~~ Syndiotactic Polystyrene (sPS): ~-nLfl~1l-3lJ1l'1JreN~'UtiL-ntl'l1lj]1qJ'Vl1-3rWlL1-3 

iJ~mU11l1fl~1Ij]1~f"I'Jn~1~LfliJ, flt1J~~P1'ln11lJP11~(;lf. "Yh~NnnUlJ~1~'VIU1~U 

1.1 Schelenk Line 

1.2 Schelenk Tube 

1.3 Glove Box 

1 .4 Vacuum Pump 

1.5 Inert Gas Supply 

1.6 Glass Reactor, Syringe and Needle 

1.7 Magnetic Stirrer and Hot plate 

1.8 Soxhlet Extractor 

2.1 Digital hot plate Stirrer 

2.2 Small angle light scattering (SALS): Lfli1l-3lj1l1h~n1lUL'Utl1~L'VlP1 

,"1l-3unu1; n11';jr.;ftl'W1l~ LlJ1lf, 

1l1fl~1Ij]1';j.~'J n11l-1 Lfli1, ~li1~Nn1nrlJ~1~'Vltl1itl 
~ 

2.3 Differential Scanning Calorimeter (DSC): Perkin-Elmer DSC7, 
, 

.. .:II.dI ..,. cv..,. 
~'UtlLfl1'il-3lJ'il, lJ~1(cWlU1~UJlJ~(;)~ 

2.4 Scanning Electron Microscope (SEM): JSM-541 OLV 

2.5 Wide Angle X-Ray Diffraction (WAXD): 

Philips Expert PW3710 BASED HT10 

~C11U'U~9UL~~~LL~~rJ~(;), ~li1~-3nJ'nrlJ~1~'Vltl1itl 
~ ~ 

2.6 Lfli'il-3ij'il'1J'il~'1J'il~ ~'UtlL~tl'J1lj]1 qJ'Vl1~ (;]'JLi'lu~mtl11l1fl';j-n1';j f"I'Jn1J'lJLfl~, 

flt1J~~ f"i'JnJ'J'lJ f"i1~ t;lf, ~li1~'1n1nrlJ~1~'VltJ1itl 
~ 

2.6.1 DSC, Perkin-Elmer, Diamond DSC 

2.6.2 DMA, Dynamic Mechanical Analysis, Perkin-Elmer 

2.6.3 WAXD 
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1.1 ~~n'ci'~'Vl1J'lI'iHI'ilru\'lllijj;]'ilfl,;)1~1'il.:t'b'll'il.:t~,;)L'i.:tunm!.l1
• ou 	 ;.J 

nl1l'3Lr111:;~;U~L'f)L'V1r1~n'W'f)~~1(;iru.yhlu~Jll'J:;'elru~.1Jijr1..:J~ 

L2JL~~~~iJ"lIU1~"'I..:Jnunl1l..:JLr111:;lf9:;'Vh~'elru~.1Jij~LL(ilnL'il..:JnU~llJfOh~'f) 0,10 LL~:; 20°C 

nl1vlltl!jmtJl~'elru'lMJijL'il..:J1 tfu9:;.yhli1r1'JI2J~'f)..:Jl'J"lI'f)..:JIff'Jd..:JtJ!jmtJliJFilLL(iln"'l..:JnU 
'f)'f)nltJ~..:J9:;~I2Jl1rJ~ltJl~~..:J(ill11..:J~ 1.1 

(Pl1'ci'1.:t~ 1.1 	 (ill11..:J~'f)tJ~:;1:J~1~LL~:;ri1 catalytic activity "lI'f)..:Jnl1l..:JLf'l11:;lf'W'f)~~l(i11ulu 

~Jll'J:;'elru~1Jijr1..:J~"'1..:J1 (Percent Yield and catalytic activity of polystyrene 

produced at various polymerization temperatures) a 

Polymerization Temperature 

(OC) 

Yield (%) Catalytic Activity 

(g PS I mmol Ti-hr) 

Ob 

10 c 

20 d 

11.47 

13.95 

15.22 

11.13 

79.48 

885.42 

a Polymerization conditions: [Cp*TiCI3] = 3.68x 1 0-
4 

M, [MMAO] = 1.83 M, [Styrene] = 

2.06, AllTi =563 

b.c,d Polymerization time =6 h, 1 hand 6 min, respectively. 

L~tJ9:; L~ul~~1 f'l'JI2J ~'f)..:J1'J"lI'f)..:J 1ff'J Li..:JtJ!jmtJI9:; L ~2J~ULri'f) L~ 2J'el rut-11Jij L~UL~tJ'Jn1J 
nln~2J'f'f)tJ~:;~a~l~ (Yield) ~..:J~Nn1Jt:J~nl1'V1~~'f)..:J~;jnl1~nMI2Jlri'f)U'VIib 

1.2 ~~'lI'f).:t'f)ru\'lllij j;]'ilfl,;)13.J LtJ'U:n'U~L'f) L'VI fl ~n 
.. ou 

L~tJnldi~LtI'f)fLsnu~Jl~Un~r1..:JL~~'tl91nnld~n~~'JtJl1l'Jvll~:;~IUL~'f)~ (Soxhlet 

Extraction) t~tJlii MEK LiJulff'Jv11~:;~ltlluL'J~1 12 -i'JL2J..:J9:;v111~~I2JldrJ1.h:;2Jlru~~Ur1'JI2J 

LiJU;U~L'f)L'V1fO)~nl~~..:J(illdl..:J~ '1.2 
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9l1~.:Jv11.2 	 ~'flrJ~~~~i1sn'fl"fI'l1l-JLtI'W;n'W~t'flL'Vlfl~n (% S.I.) sn'fl"n1d~'1Lfld1~,rYi'fl~~1f1l1'Wlu 

~1l1'J~'qru"".1Jnfl"~L'i1"1 {Percent Syndiotactic index (% S.I.) of polystyrene 

products at various polymerization temperatures)a 

Polymerization 
Weight of Polystyrene Product 

% Syndiotactic 

Temperature (oC) 
Before Extracted (g) After Extracted (g) 

Index (% S.I.) 

Ob 2.9506 2.7589 93.50 

10 c 3.5132 3.3148 94.35 

20 d 3.9164 3.7209 95.01 

a Polymerization conditions :[Cp*TiCI ] = 3.68x10-4 M, [MMAO] = 1.83 M, [Styrene] = 3

2.06, AIITi =563 

b, c, d Polymerization time =6 h, 1 hand 6 min, respectively. 

1.3 tJ~'lIif).:J~ru\ll.1Jijsnif).:JtlDm!J1lPlif))J'J~L~L~ 'l~enif).:J:a'U~Lif)L'VIA ~n'Viif)~'6Il\91~'U 

~'I'~~~1l-J1d()LL~~,,1~~"f1l1d1"~ 5 

Yi'fl~~1f1l1'W1u~fl1'J~'qru"".1Jnfl"~1'i1"1 (Molecular weights and molecular 

weight distributions of syndiotactic polystyrene at various polymerization 

tem peratu res) a 

Polymerization 

°Temperature ( C) 
Mn Mw MjMn 

ob (sPS3) 

10 
c 

{sPS1) 

20 d (sPS2) 

372,900 

636,400 

379,300 

1,083,300 

1,663,000 

1,040,500 

2.9 

2.6 

2.8 

a Polymerization conditions :[Cp*TiCI3] = 3.68x10-4 M, [MMAO] = 1.83 M, [Styrene] = 

2.06, AIITi =563 

b. c, d Polymerization time =6 h, 1 hand 6 min, respectively. 
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~~'lJ'a"'qn.rM1Jij'lJ'a"t1~mtl1!1l'a~'l~ tlJL~fl~'lJ'[),,~u~t,[)L'Vlrl~n~'[)~~11?11u9~LLl?lnl'l1"nu 

'a'[)nltl(u'a~nU'vf"'qruM1Jij~v'htl5mtl1LL~~L'l~1~lil1'Un1)'Yi1t15mtl1 1u~lf9~~t1n~'U~t'a 
L'Vlrl~n~'[)~~11?11'U~'1.~91n'qruM1Jij!1l1"1~tJ"~1~1J1?I1lJmlJ1rulJ'l~t~L~fl~1?I1~91U'lU (Mn) ~1 
sPS1, sPS2, LL~~ sPS3 1?11~~1~1J~"9~~1aJ1)'nLL~",,,1~~"1?I1),1";1"~'U 

1A ~~n1~VI(;l~1f)~t(;ltlLFi~1f)~ DSC (Differential Scanning Calorimetry) 

~,,~1~n~1'l1'U"lh"n1),fj LrI),1~t.f;'[)lJ~ LL~~fjfi ~1Lu'Un1),'Vl "'~'a" 91nn1),'Vl "'~'a" I?I ),,)91',,, 

~f)t.I DSC 9~~1lJ1)'nv'hl~'V1),11J'qruM1Jijrl~1tJLLfl'l, Tg (Glass Transition Temperature) 
.t::IIIt. .., d ..r::::IItio I 

'QruM1J~M~'alJLM~'l(;l'l'lJ'a"~~n, Tm (Crystalline Melting Point Temperature) LL~~~ruM1JlJn'a 

i'l'lJ'a"c.J~n, Tc (Crystallization Temperature) 'lJ,[)"~'a~LlJ'[)fri'[)'Un1),c.J~lJLL~~Mi"91nn1),c.J~lJ 

t"'t19~i"Ln(;lrl,)1lJL;1nulrn1'U'Vl1" ~'l1~~,[)'Ut"'t1~ li1ri1~ruM1Jij T9 'lJ'a"~'a~ LlJ'afc.J~~9~iJ'a~ 
., 

.::.I I ~ q I 'I ~ ~ ... ~.-tV .dl.., 

L~tJ"rl1L"'t1') LL~~lJrl1'[)fJ),~M'l1"'qruM1J~ T9 "ll,[)'l ~'a~ LaJ'a),1J),~'Vlfi'V1"~'a'l9~LL~ "'''n''rI'l1~1 L'il1 

nULlI'ULif'a L~tJ'lnU (Misci bility) LL~~'h'qruM.1Jij T 9 'iI'a"Yi'a~ LlJ'afc.J~~iJ~'a" ri1,[)~),~M~1" 
~ruM.1Jij T 9 'lJ'a"~'a~ LlJ'af1J1~'Vlfi.vf"~,[)"9~ LL~ "'''n''n1n;1nul~1L~t1'lU1''~'lU (Partial 

Miscibility) LL~~,hri1 Tg 'lJ,[)"~,[)~L~'[)f~~lJiJ~,[)'lri1LL~~1,jLtJ~t1'UltJ91n~ruMJJij Tg "lJ'a'l ~'a~ 

L~'[)f1J1~'Vlfi.vf"~,[)"9~1i'[)lrn~1~'a~ L~'af.vf" ~'a"1,j~1 ~1)'n ~~~ LlIuLif'a L~t1'lnt.!l~ (I m misc ible) 

LL!1l'a ci1"'1.)'ri~ n1),~1 '" L"'1 n1 n;1nu1~~1 n~ru M.1Jij ~~1 tI LLfl'l 


LtJ~t1ULLtJ~"~~1aJ1)'nl?l),'l91''"'1.~~1~1)'ni" Lnl?llrnt"'t1t11 n 


rI'l1~LtlULif'a L~t1'ln'U~"~'l),~'a "'~~'[)"nul~u!1lL'tl~1~n1 ),1?I),'l 91'",t"'t1 DSC LvhtXuur;i ~'l)'1-il 
Lf11'a"n'a"1lil"'~U1 L~'aUUt1Un1ntluLif'a L~ t1'lnu'lJ'a"~'a~ L~'af~n~htl 

1un1),'V1"'~'a"if9~Yi1n1)'(;l),'l91'",t"'t1 DSC 1'U"1i'l,,~ruM1Jij),~M~1" 50 - 300°C t"'t11-il 

i(;l),1n1)'1,"~,)1lJ~,[)'U 20°C ~'a'U1Y1 (;]'l'aci1"9~CJnv'i11~M~'alJLM~'l~ 300°C LL~~u1'1.tJ'Wn 

L~'a1~Ln"'~~n~ 200°C ri'aun1),U1L;1Lf11'a" DSC L~'aYi1n1n~~'qruM1JijLL~~I?I),'l91''''LtlUf1¥'' 

~",~" "'~"~1nl?l),'l91'", LL~~~ru"'.1Jij~u~"n" 300°C DSC 9~~",~ru"'1Jij~"rn'ltl't1I?l),1 20°C ~'[) 
U1Y1Yi1'a~Yi1n1)'(;l),'l91'",'Q ru"'1Jnri'[)~~n 1 u~1iJil?l),1fl1ntj'U(;]'l~"f1"~ 9'U~ruM1Jij~ "'~" L"'~'a 

50
0 C LL~'l~"v'hn1),1~ ~'l1~1'aULL~ ~I?l ),'l91''" f1 ¥,,~~ 'a" ~'ltl'Ei'1?l),1n1),1~f1'l1lJ1'aUL"1i'UL~t1'lnunu 

lwn1),1?l),'J9i"1~¥"~"'~" ),~"'~1"n1)'1iif1'J1~~'aUri1'QruM1Jij f1~1t1 LLrl'J LL~ ~'Qru"'1Jjj",~'a~ 
~ ~~1t1 ~~n9~CJnuuYi n 1?l1),1"~ ltJ"lJ'a"'Qru"'.1Jjj~ LlJU'1'" L~~ t1'U.vf"~1aJ9 ~~1~1)'n LL~ ",."lrnt~t1 
(;l1),1"~ 6 ~~91nn1),1?l),'l~1'",6Ru~t'aL'Vlf)~n~'[)~~'1.1?11'Uu1~'Vlfi.vf"~1aJ(;]'l~"tf

~ 
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Ul1~~v11.4 	 LL~~-:Jrl')~ru'lMJi1rl~1tJLLn') (Tg) 'ilru'l,uJi1riiflj;}f)'jJifl-:J~~n (Te) LL~~rl')'flrut"'Qi1 

"'~ifl)JL~~')j;}f)~~n (Tm) 'jJifl-:J~U~LiflLV\~~nYiifl~~11'i1U1J1~V\fi (Glass transition 

temperature (Tg) , crystalline temperature (Te) and crystalline melting 

temperature (Tm) of pure syndiotactic polystyrenes) 

Tg 1 Tg2 Te Tm 1 Tm2.1 Tm2.2 
Sample 

(oC) (oC) (oC) (oC) (oC) (oC) 

sPS1 97.28 97.41 243.25 268.88 263.53 271.21 

sPS2 94.00 95.34 242.57 268.73 263.55 270.57 

sPS3 93.48 94.19 240.78 268.69 263.14 270.17 

~')n(;l111-:J~~Li;'WL~~1rl1~ru"'.Qij~~1t1LLfh (Tg) LL~~'flru"'.Qn~~ifl)J~~~')tI'jJifl-:J~~n ™ 

~~;:jrl1L~)J~'WL~niJifltlLriiflL~)J'jJU')~)J')~Ll-JL~n~ (l.J,)~Ll-JL~n~ sPS1 >sPS2>sPS3) LLl1liflth-:JL1n 
~ 	 ~ 

(;l,)l.Jn11~~ru~.Qi1i-:J~ifl-:JiJrl')1n~L~tJ-:Jn'Wifl,)~l-Jifl-:lL~~1~V\fiYi~Lrtifl-:J~')nl-J,)~Ll.JL~f1~l1lifl Tg, Tm 

'jJifl-:lYiifl~ Ll-Jiflfl-J,)~LlJ L~f1~1"'nJ1~~1J LL~'W~~iJi1ifltln~11'WYiifl~hl.Jiflf~iil-J,)~L)JL~ f1~~1n~1if 
~1nn,)1~nli,)~l.J1M"lI'f)-:Jifl~ru~1'WYiifl~~L(;l1'W~-:J~~~'))J')1()L;,)LtI'WLififlL~tI')nUL~nU

"'dJI 
, 

PBMA, PCHA, PEMA, Poly( U-methyl-Styrene), Polyisoprene LL~~ PVME 9-:1Ln~LL'W,)~~Yl 

~ 
(;11~1~'VI 1.5 	 Glass transition temperature (Tg), crystalline temperature (Te) and 

crystalline melting temperature (Tm) of sPS1/PBMA blends at various 

compositions (Tgof pure PBMA =31.85°C) 

sPS1 Tg 1 Tg2 Te Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 67.83 64.80 n.d. n.d. n.d. n.d. 

0.6 68.27 n.d. 210.10 254.43 249.58 n.d. 

0.7 68.94 n.d. 213.69 255.21 250.34 n.d. 

0.8 69.37 n.d. 214.77 255.58 251.07 n.d. 

0.9 70.83 n.d. 234.25 265.30 262.90 n.d. 

1.0 97.28 97.41 243.25 268.88 263.53 271.21 
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.0:01 
(;)1'M.:I'VI 1.6 	 Glass transition temperature (T9), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS2/PBMA blends at various 

0
compositions (T9 of pure PBMA =31.85 C) 

sPS2 T9 1 T92 Tc Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 66.67 63.41 n.d. n.d. n.d. n.d. 

0.6 67:60 n.d. n.d. n.d. n.d. n.d. 

0.7 67.73 n.d. n.d. n.d. n.d. n.d. 

0.8 68.19 n.d. n.d. n.d. n.d. n.d. 

0.9 69.29 n.d. 233.28 263.26 262.61 n.d. 

1.0 94.00 95.34 242.57 268.73 263.55 270.57 

.0:01 
(;)1~1.:1'V1 1.7 	 Glass transition temperature (T ), crystalline temperature (TJ and

9

crystalline melting temperature (Tm) of sPS3/PBMA blends at various 

compositions (T of pure PBMA =31.85
0 

C)
9 

Tm2.2Tm2.1Tm 1sPS3 T9 1 T92 Tc 

(oC)(oC) (oC) (oC) (oC)(oC)(weight fraction) 

0.5 n.d. n.d.64.56 61.72 n.d. n.d. 

0.6 65.15 n.d. 197.51 238.31 236.71 n.d. 

0.7 66.12 n.d. 206.30 247.48 244.82 n.d. 

0.8 66.98 n.d. 201.71 247.74 241.16 n.d. 

0.9 n.d.67.64 n.d. 214.85 251.61 248.70 

1.0 263.14 270.1793.48 94.19 240.78 268.69 

IOnn~I~1~~ 7-9 IQj:;L~ul~~1 'W'il~Ll-J'ilft:J~l-J~iJ~,)1l-JL~l-J~UL1J~rJuhJ IQj:;U~~~iJfi11 

'Qru~.1Jn~~1rJ LLn') L~rJ-:Jfi11 L~rJfJ ~~IQj:;yh1~~1)J1rnv'i1u1rJl~~1y.j'il~L)J'ilf PBMA ~1l-J1rn L;1 

LiJULif'ilL~rJ')l~rlu ;nu~t'ilLYl~~n'W'il~~1~1uvf~~1l-J U'ilnIQj1nifli1~ru"uJn~~1rJLL11')iJfi11~-:J=fu 
Lri'il~,)1)JL~)J~U"1l'il-l ~U~L'ilLYl~~n'W'il~~1(;l1uiJfi11~-l=fu 1Qj:;(;lNrlUYl')1:tD"1I'il-l Flory-Fox ~ 

'ilfiU1rJn1nU~rJULLU~-l"1l'il~~ru~1JiJ~~1rJLLfhLri'ilm)J1ru't1~r1~,)W"1l'il-l~1r~iJ~ru~.1JiJ~~1rJ 

LLn')~~~n~11~~n~,)rJ
'II 
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t;l111-3'V1 1.8 Glass transition temperature (Tg), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS1/PCHA blends at various 

compositions (Tgof pure PCHA =25.81°C) 

"'" 

Tm2.1 Tm2.2Tg2 Tm1sPS1 Tg 1 Tc 

(oC) (oC) (oC) (oC) (oC) (oC)(weight fraction) 

0.5 64.14 n.d. n.d. n.d.63.61 n.d. 

0.6 72.02 223.84 261.9069.52 261.49 n.d. 

0.7 74.26 226.74 262.7072.99 262.33 n.d. 

0.8 76.18 77.42 230.97 261.89 261.92 n.d. 

0.9 81.0978.65 239.64 268.52 262.73 n.d. 

243.25 268.881.0 97.28 I 97.41 263.53 271.21 

t;l111-3'V1 1.9 	 Glass transition temperature (Tg), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS2/PCHA blends at various 

compositions (Tg of pure PCHA =25.81°C) 

"'" 

Tm2.1 Tm2.2Tg1 Tg2 Tm 1sPS2 Tc 

(oC)(oC) (oC) (oC) (oC) (oC)(weight fraction) 

0.5 59.05 60.89 n.d. n.d. n.d. n.d. 

0.6 60.64 63.08 223.94 263.88 263.48 n.d. 

0.7 61.31 64.05 215.61 255.59 253.08 n.d. 

0.8 62.12 65.15 215.39 262.69 249.87 n.d. 

0.9 66.50 68.72 234.32 261.10 255.27 n.d. 

1.0 94.00 9~.34 242.57 268.73 263.55 270.57I 
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~ 

r;)1~1.:J'VI 1.10 Glass transition temperature (Tg)' crystalline temperature (Te) and 

crystalline melting temperature (Tm) of sPS3/PCHA blends at various 

compositions (Tgof pure PCHA =25.81 oC) 

sPS3 Tg1 Tg2 Te Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) () 

0.5 53.68 56.69 n.d. n.d. n.d. n.d. 

0.6 55.18 58.80 223.87 261.09 261.5 n.d. 

0.7 56.91 61.00 220.10 257.73 258.14 n.d. 

0.8 58.57 61.96 216.89 258.70 255.76 n.d. 

0.9 61.40 62.37 220.64 253.94 253.52 n.d. 

1.0 93.48 94.19 240.78 268.69 263.14 270.17 

, ~ 

ronn[;l1r1-:1Vl 1 0-12 ~:;~1l-J1rrlrl1~L~nl~~1 PCHA ~:;~1l-J1rrlL~1LrhJLil/rlL~tJ'lL~nU 

~'U~ttlL'VIrl~n~'rl~~L~ir'Ui-:l~1l-J t~tJlJ""1'r1CU~1Jijrl~1tJLdhL~tJ-:I""1L~tJ'lLL~:;L~l-J~'U~nlJ 
I , ~ 

rerL9lr1~'l'U"1Jtl-:l6B'U~t'rl L'VI rl ~n~tl~~LL9l1'UVl L~l-J~'U 

~ 
r;)1~1.:J'Vl 1.11 Glass transition temperature (T9), crystalline temperature (TJ and 

crystalline melting temperature (Tm) of sPS1/PEMA blends at various 

compositions (T9 of pure PEMA =65.54°C) 

sPS1 T9 1 T92 Te Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 

0.6 

0.7 

I 0.8 

0.9 

1.0 

73.12 

74.96 

75.83 

76.01 

78.76 

97.28 

73.90 

n.d. 

n.d. 

n.d. 

n.d. 

97.41 

216.60 

203.94 

203.23 

207.10 

225.79 

243.25 

255.05 

228.19 

247.16 

246.83 

260.77 

268.88 

256.48 

245.44 

243.70 

246.52 

258.13 

263.53 

n.d. 

n.d. 

n.d. 

n.d. 

n.d. 

271.21 
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(;1111.:1.;11.12 Glass transition temperature (Tg)' crystalline temperature (Te) and 

crystalline melting temperature (Tm) of sPS2/PEMA blends at various 

o
compositions (Tg of pure PEMA =65.54 C) 

sPS2 Tg 1 Tg2 Te Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 67.94 69.63 n.d. n.d. n.d. n.d. 

0.6 68.65 n.d. 195.46 228.12 235.55 n.d. 

0.7 69.79 n.d. 199.36 245.38 240.51 n.d. 

0.8 70.53 n.d. 213.94 249.86 247.81 n.d. 

0.9 71.76 n.d. 212.97 252.02 247.86 n.d. 

1.0 94.00 95.34 242.57 268.73 263.55 270.57 

(;11'31.:1.;11.13 Glass transition temperature (Tg), crystalline temperature (Te) and 

crystalline melting temperature (Tm) of sPS3/PEMA blends at various 

compositions (Tgof pure PEMA = 65.54°C) 

sPS3 Tg 1 Tg2 Te Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 66.70 66.96 n.d. n.d. n.d. n.d. 

0.6 67.87 n.d. 204.01 250.44 246.31 n.d. 

0.7 68.81 n.d. 199.66 240.62 238.66 n.d. 

0.8 69.60 n.d. 216.81 255.53 251.02 n.d. 

0.9 70.32 n.d. 199.2'1 245.61 236.55 n.d. 

1.0 93.48 94.19 240.78 208.69 263.14 270.17 

I ~ ... 1~ I " ofl ~ .col 1" .....~ln(;Jlrl'l'VI 13-15~~~I).J1rnf"n"'J.~1 ~l)1 PEMA ~~~rll-JlrnL"1J1L1J'WL'W'aL(1ltJl) (1lnu 

;'W~L'a LY)fI~n'Vi'a~~1(;J1'Wvf'l~Il-J L~tJ)1rh'tlru"'.1Ji'1f1~ltJ LLn'J L~tJ'lf'l1 L~tJl) LL~~L~l-J~'W(;Jll-J 
't1(;Jrl~l)'Wdjj'a'l;U~L'a L'VI fI~n'Vi'a~~1(;J1'W~L~l-J~'W 
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..col 
j;'\1~1~'VI 1.14 Glass transition temperature (Tg), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS1/Poly(U-methylstyrene) blends 

at various compositions (Tgof pure Poly(U-methylstyrene) =87.33 °C) 

sPS1 Tg 1 Tg2 Tc Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 84.27 85.37 223.79 258.38 243.36 257.24 

0.6 89.06 92.48 229.79 262.58 251.75 263.67 

0.7 92.59 94.89 233.43 263.02 256.81 266.63 

0.8 93.56 95.79 236.68 267.01 260.75 268.82 

0.9 95.35 96.11 238.13 268.81 263.25 270.26 

1.0 97.28 97.41 243.25 268.88 263.53 271.21 

..col 
(Ol1~1.:s'VI 1.15 Glass transition temperature (Tg)' crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS2/Poly(U-methylstyrene) blends 

at various compositions (Tgof pure PoIY(U-methylstyrene) =87.33 °C) 

sPS2 Tg 1 Tg2 Tc Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 83.79 84.97 217.73 250.90 237.80 "252.40 

0.6 87.27 91.05 226.49 261.72 249.88 261.46 

0.7 88.63 92.39 235.75 266.43 258.06 267.54 

0.8 90.51 93.31 237.86 267.13 259.81 268.57 

0.9 92.86 94.92 240.86 268.43 262.87 269.90 

1.0 94.00 95.34 242.57 268.73 263.55 270.57 
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Ul1rl.:lv11.16 Glass transition temperature (Tg), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS3/Poly(U-methylstyrene) blends 

at various compositions {Tg of pure Poly(U-methylstyrene) =87.33 °C) 

sPS3 Tg 1 Tg2 Tc Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 77.26 79.17 207.31 241.54 229.59 246.80 

0.6 80.01 83.75 221.43 253.57 240.74 255.84 

0.7 85.08 86.55 215.80 252.60 235.14 250.93 

0.8 89.46 92.23 224.18 257.68 241.30 256.39 

0.9 91.31 93.67 225.53 256.56 242.24 257.67 

1.0 93.48 94.19 240.78 268.69 263.14 270.17 

. 
~ln(;l1rl"Vl 15-18 ~::;~I~lrClfll~L~111~~1 Poly(U-methyl-Styrene) ~::;~llJlrClL;' 

Lrh!Lif'ilL~tJ'll~nlJ;u;)L'ilLVlfl~n"l4'il~~ll?irui~~I~ L~mil~1~ru~1Ji1~~ltJLLn'lLYitJ"flIL~U'lLL~::; 
L~~~U(;lI~i'(;lr1~'lU"ll'il'l;U;)L'ilLYlfl~n"l4'il~~1(;f1U~L~~~U 

Ul1'i1.:1v11.17 Glass transition temperature (Tg)' crystalline temperature (TJ and 

crystalline melting temperature (Tm) of sPS1/Polyisoprene blends at various 

compositions (Tgof pure Polyisoprene = -47.02°C) 

sPS1 Tg1 Tg2 Tc Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 70.17 63.51 n.d. n.d. n.d. n.d. 

0.6 74.66 71.15 217.20 259.04 261 .54 
1 

n.d. 

0.7 76.85 73.10 221.37 263.16 264.87 n.d. 

0.8 77.90 80.45 220.94 260.68 1259.44 . n.d. 

0.9 78.83 82.23 225.12 258.83 257.51 1 n.d. 

1.0 97.28 97.41 243.25 268.88 263.53 I 271.21 
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.col 
Ul1~1.:1V1 1.18 Glass transition temperature (Tg)' crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS2/Polyisoprene blends at various 

compositions (Tg of pure Polyisoprene =-47.02°C) 

sPS2 Tg1 Tg2 Tc Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 45.12 49.73 217.76 250.60 253.22 n.d. 

0.6 58.83 63.28 217.16 259.82 263.96 n.d. 

0.7 60.03 64.57 221.72 261.45 265.23 n.d. 

0.8 70.14 71.12 223.84 262.27 262.67 n.d. 

0.9 73.43 73.64 236.72 265.45 265.90 n.d. 

1.0 94.00 95.34 242.57 268.73 263.55 270.57 

d 
Ul1~.:IVI 1.19 Glass transition temper8ture (Tg), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS3/Polyisoprene blends at various 

compositions (Tg of pure Polyisoprene =-47.02°C) 

Tm2.1 Tm2.2Tm1Tg2sPS3 Tg 1 Tc 

(oC) (oC)(oC) (oC)(oC) (oC)(weight fraction) 

n.d.257.9145.75 220.94 255.860.5 44.18 

n.d.261.51215.97 259.040.6 48.16 52.16 

n.d.218.90 261.53 262.380.7 56.82 53.38 

n.d.263.60 264.0057.67 225.990.8 61.22 

n.d.256.89 256.910.9 225.9569.28 73.99 

270.17240.78 268.69 263.141.0 93.48 94.19 

~1nI?l111..:J~ 19-21 ~:;~1lJ11rlfl1~L~1l~~1 Polyisoprene ~:;~1lJ11rl L~1LUt.nif11L~U'l 
1~mJ;'W~L11 L'Vl fI ~n~11~~LI?l1'Wvf..:J~1),J L~tJ i:lrl1'qru,~.1JiJ f1~1ULdl'l L-WU..:Jrl1 L~tJ'l LL~:;L~l-J{'W1?l1l-J 
iI?l11~'l'W-n11..:J;'W~L11L'Vlfl~n~'P)~~11?l1U~L~l-i{U 
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(;l1"i1.:1vl1.20 Glass transition temperature (Tg), crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS1/PVME blends at various 

compositions (Tgof pure PVME =-27.10 °C) 

sPS1 

(weight fraction) 

Tg1.1 

(oC) 

Tg1.2 

(oC) 

Tg2 

(oC) 

Tc 

(oC) 

Tm 1 

(oC) 

Tm2.1 

(oC) 

Tm2.2 

(oC) 

0.5 -24.19 46.13 -20.10 218.15 265.00 267.19 n.d. 

0.6 -23.73 47.84 -18.47 227.16 266.26 267.81 n.d. 

0.7 -22.31 50.29 -17.82 223.49 262.08 264.66 n.d. 

0.8 56.91 56.91 57.02 234.85 265.16 265.69 n.d. 

0.9 57.14 57.14 57.51 237.13 268.19 268.17 n.d. 

1.0 97.28 97.28 97.41 243.25 268.88 263.53 271.21 

..,a 
(;l1"i1.:1'Vl 1.21 Glass transition temperature (TgL crystalline temperature (Tc) and 

crystalline melting temperature (Tm) of sPS2/PVME blends at various 

compositions (T9 of pure PVME =-27.10 °C) 

sPS2 T91.1 Tg1.2 Tg2 Tc T m 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 -22.80 50.37 -17.13 215.86 262.69 267.12 n.d. 

0.6 -22.10 53.49 -16.11 219.36 264.67 266.70 n.d. 

0.7 -21.72 55.32 -15.97 223.96 263.58 266.71 n.d. 

0.8 57.76 57.76 57.98 221.90 259.44 261.53 n.d. 

0.9 58.22 58.22 58.90 236.32 269.70 269.73 n.d. 

1.0 94.00 94.00 95.34 242.57 268.73 263.55 270.57 
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j;]1'i1.:1'Vl"" 1.22 Glass transition temperature (Tg), crystalline temperature (TJ and 

crystalline melting temperature (Tm) of sPS3/PVME blends at various 

compositions (Tgof pure PVME =-27.10 °C) 

sPS3 Tg 1.1 Tg1.2 Tg2 Te Tm 1 Tm2.1 Tm2.2 

(weight fraction) (oC) (oC) (oC) (oC) (oC) (oC) (oC) 

0.5 -22.23 52.19 -15.79 228.63 265.13 265.64 n.d. 

0.6 -21.53 56.60 -14.90 219.83 263.59 266.17 n.d. 

0.7 -21.01 57.43 -14.26 221.36 262.53 265.12 n.d. 

0.8 58.86 58.86 59.54 220.81 262.00 263.36 n.d. 

0.9 59.37 59.37 60.15 228.63 265.13 265.64 n.d. 

1.0 93.48 93.48 94.19 240.78 268.69 263.14 270.17 

~lnl'lI'11'1~ 22-24 ~~~llJl'1n~ctll~~1 nl'1~~tl~LlJtlftJ~lJ"1Jtl'l PVME ilfil'fl[UtuJij 

~~IULLn'l~TNfil~tl~'1~\-t~I'1 Tg "1Jtl'l~'W~LtlLV1~~n~tl~~l[;rfULL~~ PVME LL~~'1n'lnln;hnul~ 

L.wtJ'IUI'1~'lU (Partial miscibility) LL~~Ln"'nlnLtJnLyJ~~u1'W~fl1~~.yhnl'1t)~L~tJ DSC 

1.5 ~~n1t;j''Vlj;]~'fl.:lt~tJu;i~·'fl.:l XRD 

n'11yJnl'1n'1~L9'1LL~'1L~niL'16LL~~mlJ1ru~'lu~LiJutJ~n~f011U'l[Ur.nn';)jj"1Jtl'l Ruland 

3OOO~------------------------------------------------~ 
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sPS1 

~ 1500 
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t;j'tJ~ 1.1 X-ray diffractogram of syndiotactic polystyrenes 
'" 
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~1~1~v11.23 LL~~"m)J1ru~,)'W~Lu'WCJ~n'jJt1,,~u;)L~LVlf)~nY4'el~~1(;ih~ (% Crystallinity of 

syndiotactic polystyrenes) 

Sample % Crystallinity 

sPS1 52.38 

sPS2 36.72 

sPS3 42.21 

1ii1nn11~1'W')ruL1.J'afLei'W(;]f),)1)JLt1UCJ~n LL~~"~1 sPS1 ih.filJ1ruCJ~ntJ1n~~~ n11'W 

n11n1:::L~" LL~""lI'a";'W~L~ LVI f) ~nY4'f)~~l1i11'Wvf"~1lJ~1lJ11[l LL~~"1~1iI1lJ11.J~ 5 
'II 
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'U 

72 


40 



(;l1Tl.:tvi 1.24 rl1m)J1ruFl,)1,.JLlIut:J~nsnTl'l sPS/PBMA ~Tl'lrhh:;nTltJ~1'11 (% Crystallinity 

of sPS/PBMA blends at various compositions) 

sPS % Crystallinity 

(weight fraction) sPS1/PBMA sPS2/PBMA sPS3/PBMA 

0.5 24.29 32.96 27.02 

0.6 24.85 27.31 25.88 

0.7 27.08 35.63 31.03 

0.8 44.21 34.59 34.78 

0.9 44.22 28.05 39.05 

1.0 52.38 36.72 42.21 
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Gl1~1~v11.25 rilmlJlr;u~'lllJLtlu~~nlltl'l sPS/PCHA ~tl'l~t1r~ntlU[;]I'11 (% Crystallinity 

of sPS/PCHA blends at various compositions) 

sPS % Crystallinity 

(weight fraction) sPS1/PCHA sPS2/PCHA sPS3/PCHA 

0.5 42.21 35.01 41.93 

0.6 35.87 34.94 36.36 

0.7 40.77 35.16 40.36 

0.8 37.52 34.59 40.42 

0.9 38.88 34.80 36.30 

1.0 52.38 36.72 42.21 

~O~----------------------------------------------------~ 

5000 

_ 4000 
::; 
.!! 
~3000 
fn 
c: 
.!
c: 
- 2000 

1000 

0/100 

OT-------~--------~------~--------~--------~------~ 

80/20 

70/30 
~""';"" """"~... _ .....,,~ _. "-'VVt"' ~ 

10 15 20 30 35 40 

~t1v11.8 X-ray diffractogram of sPS1/PEMA blends at various compositions 
" 

75 


http:Gl1~1~v11.25


6000 

5000 

-:- 4000 
:J 

.!. 
~3000 
I/)
c: 
.s 
c: 

- 2000 60/40 

iooo 

01100 

0 

10 15 20 30 35 40 

a'lleVi 1.9 X-ray diffractogram of sPS2/PEMA blends at various compositions 

~O,---------------------------------------------------------------------~ 

5000 

-:- 4000 
::s 
.!. 't":... 

~ 3000 
I/) 
c: 
.s 
.£ 

0/100 

2000 

sPS3IPEMA: 

80120 
: ....-'('<tv;'~':..\.J.,rl"'· ..... \.J.M~ 

"""""""'.., ......,,'v..~,. (VvV'-Y-c,-,..,.......<"'~-". ,. _.y..""".~..y .,...w__,'--__ '''~ ' r'Y-v,., ~-,~.-¥,..V'-..~..,..........,..,__ ~ . 2..r?!!2v~~""'.'" 

60140 

O+-----------.-----------.----------,r----------.-----------,----------~ 

10 15 20 25 30 35 40 

29 (0) 

atJeVi 1.10 X-ray diffractogram of sPS3/PEMA blends at various compositions 

76 




{;I1'i1.:1vi 1.26 rl1tfh-l1ru.Fl'l1)JLtlUt.J~n"ll'f}~ sPS/PEMA ~'f}~~1.h~n'f}1J(;h~1 (% Crystallinity 

of sPS/PEMA blends at various compositions) 

sPS % Crystallinity 

(weight fraction) sPS1/PEMA sPS2/PEMA sPS3/PEMA 

0.5 27.79 29.20 32.72 

0.6 32.19 31.55 33.53 

0.7 33.58 32.40 32.68 

0.8 31.78 34.01 33.01 

0.9 42.51 34.87 37.17 

1.0 52.38 36.72 42.21 
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6l1~1.:sv11.27 ri1mlJ1rurlf)1lJLilu~~n"ll'tl'l sPS/Poly(U-methylstyrene) ~'tl'lfl1.h:;n'tl1Jj;J1'11 

(% Crystallinity of sPS/Poly(U-methylstyrene) blends at various compositions) 

sPS % Crystallinity 

(weight fraction) sPS1/PU sPS2/PU sPS3/PU 

0.5 34.54 24.78 21.01 

0.6 41.83 34.10 40.16 

0.7 43.91 35.80 39.55 

0.8 49.00 36.29 39.71 

0.9 49.69 36.44 39.33 

1.0 52.38 36.72 42.21 
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(;l1~1~;11.28 ~11JhJ1rufl'l1~Lrh.JtJ~n'll'fl-3 sPS/Polyisoprene ~'fl~~tJd~n'fltJ~1-31 (% 

Crystallinity of sPS/Polyisoprene blends at various compositions) 

sPS % Crystallinity 

(weight fraction) sPS1/Prene sPS2/Prene sPS3/Prene 

0.5 46.75 28.82 34.60 

0.6 42.34 32.64 34.94 

0.7 34.19 34.64 35.01 

0.8 30.92 35.94 35.11 

0.9 33.94 29.48 33.25 

1.0 52.38 36.72 42.21 

1.6.1 fI'l1~~'fl~fI~'a-3r.'W1'W~TWLtJ'flfL.:n'Wl1lfl'l1~Lrh.JtJ~ndjJ'fl~tJ~ DSC LL~~ XRD 

LU'tlfL;'Wl1lfl'l1~ Li1'WtJ~ n'll'tl~en'W~L'fl L'Vl fI ~ n'W'tl ~ ~'t(;l1'W~ ~i1rh~ ~~'l dJ'W~~ ~1J 

Lrl'tlL~~'W'a~L~'tlftJ~~1'W'fl(;ld:~~1n~'W;'l~'tl~fI~'tl~n1JC.J~n1d~~~~djJ'a~'QrutuJih'~'aJ.JtJ~nlw 

n1ri~flf~LLrn, Tm1 L~u~~i1r-h~~~~ct-'aU1Lri'aL~J.JmlJ1ru'W'a~LlJ'tlfC.J~lJl~lJ1n~'W vf-3if'a1~ 
L~'fl'l~1 n'W'tl~ Ll.J'tlftJ~l.Ji1~'l'W~ dj'W'a~ill ~1'W).nn~'W~1n n1dL~lJ'W'fl~ L~'af~~1lJ1 dfl L ~, fl'W't~~'l..,"" 

" I I 

'tu n1d1'~flf'lLLdn'll'tl~ DSC LL~~~ml.J1ruLL~~flruI11'W'lI'fl~tJ~nVl~~~~Vl'Qru"UJij 200°C LL(;]n1r 

i~flf~~~'fl'lLL~~'lml.J1ruLL~~flruI11'WdjJ'a~C.J~n~l.J1~1nn1d~Wtlru'IA1Jij~'lu'ti(;lr1f1~~ 
r-l1~'il1~'W L",ij'al..!n1ri~L'Wflf-3 LLdn 

J.c!l _ r " ..... '1 ~ , .J a 

'W'an~1n'WL'W'a'l~1n'W'tl~ Ll.J'tldtJ~l.J~~ LdjJ1n'W L~ L'W~'l'W'Vl LtI'W'fl~ill ~1'W..,"" 

ml.J1ru'W'a~Ll.J'tlf~lJ1C.J~l.JfltJen'W~L'aL'Vlfl~n1":'tl~~'tl'l1'W ~~Lij'Wn1dL~~ml.J1ru~'l'lJ~LiJ'lJ'fl~C1J 

:P'lJL~U[;\d'l;'l~~~~~~ii'ln1d~~~'ldjJ'a'~~1'Qru~.1Jijfl~1ULLn'ldjJ'fl-3'W'fl~L~'afC.J~~ LL~~n1d~~'tl'l 

LLU'lmLiJ1ruen'lJ~L'fl LL'Vl fI~n'W'tl~~1(;l1'W~~ L9'tl~1'l1'lJ~'l'W~ Li1'lJ'fl~ru ~1'W ~~vh1~m~1 rufl'l1l.J..,"" 

Li1'W1~~1nn!d~~~-3djJ'tl-3'Qru~lJijfl~i8l.Ln'lLrl'tlL~~ml.J1ru'W'fl~L~'flf~l.J1C.J~~ LL~~n1d~~~'ldjJ'fl-3 

fI'l1~ LtI'WtJ~nLrl'tl L~l.Jml.J1rudjJ'tl'l'W'tl~ L~'tlf~~1tJ~l.J~n~'lU 

1.6.2 fI'l1l.J~'fl~fl~'tl'lfl'WdjJ'tl'l'Qru~.1Jij fI~'U LLn'l LL~ ~fI'l1J.J LU'WC.J~ n'll'fl~~'l'lJ'tl~C1Jj1'lJ 

o I ..c::::t. i.I I.t .~ r 
~1n~~n1dn1r'Vl1'lJ1Ufl1'Qru~.1Jl.JfI~1t1LLn'ldjJ'a'l~'fl~Ll.J'tldC.J~~djJ'tl'l Flory-Fox 

~-3~~~1l.J1dflLL~~-31~L~U~J.Jn1d (1.1) 
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Flory-Fox equation: 1fT = w,fTg1 + W/fg2 (1.1 )g 

~~~')'Wn ~uon'fl~'q ru~1Jijflli1tJ LLrhon'fl~Vi'fl~ LlJ'fl1~~lJ ,,:;Lu'Wl~~')t.ui'U'qru~1Jij 

flli1tJLLrhon'fl~'fl~r11Jr:;n'fllJon'fl~Vi'fl~LlJ'fl1~~lJ~'h~u\'l-1UnI?l1lJmlJ1rurerI?l11~,)'WL~tJJ1~t!n'll'fl'l 
Vi'fl~LlJ'fl1~ Li1'W'f)~r1tJr:;n'flui~~'fl~ (w1 ,w2) vf~tfLri'fl'Vl11lJrh'qru~1Jijflli1tJ LLfhon'fl'lVi'fl~ LlJ'fl1 

~ ~ 

~~lJ (Tg) LL~:;'ll'fl'lVi'fl~LlJ'fl1lJ1~'Vlfivi'l~'fl'l (Tg1, Tg2) LL~:;rhrer(;l11~,)UU1~t!n'll'fl'lVi'a~LlJ'fl1 

~lJ1 ~~lJ (w2) n":;~ 1lJ11CltJ1:;lJ1ruflf1')11~~'1mlJ1 rurer(;l11~')'Won'fl~6B'W~L'fl L'Vl fI~nVi'fl~~L(;lr'W 

~LUU'fl~r1tJ1:;n'flu1'W~')'W~LiJU'fllt1JjTW (w1) L~L~tJPlf1')1 ~'1"1nmlJ1ruVi'fl~~L(;lr'W~LUU 
'fllru 

"OS
:ij1U ":;~1lJ11CltJ1:;lJ1ruLtl'flfL;U~fI,)1lJ dJ'W~~non'fl'len'W~L'fl L'Vl fI ~nVi'fl~~L(;lr'WL~~'1Lri'fl 

U1lJ1 LVltJun'Wrh~1'~L~"1n XRD ":;~1lJ11rl LmtJlJ LVlUtlfI,)1lJ LiJ'W~~ non'fl~6B'W~L'fl L'Vlfl~nVi'fl 

~~L(;lr'WL~ ~'1":;~1lJ11Cl LL~ "'~L~~'1(;l111~~~r;\'flLtJtf 

~ 
f;l1'31.:t'YI 1.29 Weight fraction of sPS in amorphous from XRD and Flory-Fox equation of 

sPS/PBMA blends at various compositions 

sPS sPS1/PBMA sPS2/PBMA sPS3/PBMA 

(weight fraction) XRD Fox XRD Fox XRD Fox 

0.5 0.3396 0.5974 0.2542 0.6053 0.3149 0.5762 

0.6 0.4677 0.6039 0.4497 0.6198 0.4603 0.5951 

0.7 0.5886 0.6138 0.5340 0.6218 0.5650 0.6009 

0.8 0.6415 0.6202 0:6942 0.6289 0.6933 0.6144 

0.9 0.8207 0.6416 0.8610 0.6459 0.8359 0.6248 

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
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...l 
(;l1~1~'V1 1.30 	 Weight fraction of sPS in amorphous from XRD and Flory-Fox equation of 

sPS/PCHA blends at various compositions 

sPS sPS1/PCHA sPS2/PCHA sPS3/PCHA 

(weight fraction) XRD Fox XRD Fox XRD Fox 

0.5 0.1348 0.5841 0.2306 0.5414 0.1389 0.4651 

0.6 0.3763 0.6630 0.3852 0.5643 0.3715 0.4876 

0.7 0.4935 0.7081 0.5373 0.5740 0.4970 0.5133 

0.8 0.6799 0.7487 0.6942 0.5855 0.6643 0.5377 

0.9 0.8364 0.7797 0.8466 0.6471 0.8430 0.5788 

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

...l 
(;)1~~'V1 1.31 	 Weight fraction of sPS in amorphous from XRD and Flory-Fox equation of 

sPS/PEMA blends at various compositions 

sPS1/PEMAsPS sPS2/PEMA sPS3/PEMA 

(weight fraction) XRD XRDFox Fox XRD Fox 

0.5 0.3076 0.2555 0.2938 0.0908 0.2568 0.0448 

0.6 0.4101 0.3158 0.4156 0.1174 0.3982 0.0897 

0.7 0.5483 0.3441 0.5562 0.1599 0.5544 0.1255 

0.8 0.7068 0.3500 0.6969 0.1873 0.7014 0.1554 

0.9 0.8260 0.4384 0.8465 0.2326 0.8408 0.1826 

1.0 1.0000 1.0000 1.0000 1.00001.0000 I 1.0000 
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~ 
(;l1'i1~'V1 1.32 	 Weight fraction of sPS in amorphous from XRD and Flory-Fox equation of 

sPS/Poly(U-methylstyrene) blends at various compositions 

sPS sPS1/PU sPS2/PU sPS3/PU 

(weight fraction) XRD Fox XRD Fox XRD Fox 

0.5 0.2362 -0.3187 0.3353 -0.5459 0.3670 -1.7132 

0.6 0.3123 0.1778 0.3930 -0.0092 0.3316 -1.2356 

0.7 0.4652 0.5354 0.5327 0.1978 0.5037 -0.3744 

0.8 0.6079 0.6325 0.6861 0.4813 0.6683 0.3502 

0.9 0.8012 0.8103 0.8427 0.8317 0.8352 0.6510 

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

~ 
(;l1'i1~'V1 1.33 	 Weight fraction of sPS in amorphous from XRD and Flory-Fox equation of 

sPS/Polyisoprene blends at various compositions 

sPS sPS1/Prene sPS2/Prene sPS3/Prene 

(weight fraction) XRD Fox XRD Fox XRD Fox 

0.5 0.0611 0.8543 0.2976 0.7093 0.2354 0.7048 

0.6 0.3063 0.8800 0.4062 0.7995 0.3852 0.7320 

0.7 0.5441 0.8923 0.5410 0.8070 0.5384 0.7889 
... 

0.8 0.7105 0.8982 0.6878 0.8685 0.6918 0.8167 

0.9 0.8486 0.9033 0.8582 0.8877 0.8502 0.8657 

1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

i-:Jif9:;Li1'Wl~~1iJfl'l1lJ~'fl~fl~'fl-:Jn'W1'WViM'Vl1-:J''fl-:JmlJ1ru;'W~L,[)L'Vlfl~n'W'fl 
~~11'l1'W~Lu'W,[)-:JrftJ~~n'flu~'fl-:J'fllru~1'W~-:J9:;iJrh~~~-:JLri'fltfh-J1ru'W,[)~LlJ'[)f~lJ1~~l-JiJmlJ1ru

"'01.9 

L~tlJ1'V1,rnlJ1n{'W LLl'i'fltJ1-:Jl1riI'l1l-J~a.,ln11~,[)-:J Fox LU'WL~tI-:J~l-Jn11~ LL~~-:J LL'W'lLUlJ~,[)-:JVi M'Vl1-:J 

~,[)-:J~ru'VI1:Ji1fl~1t1LLn'l LyhJ'W rh~ r11'W'lrul~9-:JiJ rhn~ltJ91nrh~i~1~91n XRD ~-:J9:;iJfl'l1lJ 
LLlJU~ ' 1n~1 

U'fln91nif1'Wn11r11'W'lruml-J1rufl'l1lJLU'WtJ~n91n Fox 9:;L~'Wl~'fl~1-:J"ll~L9'W 

~11lJ~1lJ11nth:;lJ1rufl'l1a.,1 Lrh~tJ~n~'fl-:J1"I'fl~ Ll-J'flftJ~lJ"1J'fl-:J Poly( U-methyl-Styrene) l~i'lif 
Lti'fl'l91n~l-Jn11"1J'fl'l Fox 1,j~1lJ11nlh:;l-J1rurl'l1lJL~1l-JLLN (Synergistic) "1J'fl'l'W'fl~Ll-J'flftJ~l-J~ 
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i1r11'rlru""1Ji1r1~ltJLLn'l~L~tJ~L1Ju1thlnr11L'U~tJt~tni'lwJn~tl~~11U1~Ylfi1.~ ~~'il1~1,"rhnI1 
.J t ~.J'.4.J ...lh~"l1ruvlLilu~u ~~~LL~~~ LL~~Yl~U'ilI~LU'il~)JI~lnnI1Yl poly(a-methyl-Styrene) )J 

'rlru""1Ji1r1~ltJLLrl'l1n~L~tJ~nU;u~t'ilLv\fI~n'W'iI~~t(;l1u~n~'l't,m~~~'ltJ 

1.6.3 im~ru~r1'lllJLihUJ~n-1I'i1~~U~ttlLYlr1~n'Wtl~~1(;lU1U 

t~tJthn~LL~'l~~n'lltl~~u~ttlLv\r1~n'W'il~~'1(;l1u~llJI1n'il~lultJLLU1Jl'iI~1'1~ 

~'l~Ununl~4'~L1tJ~tff'l"tl~t)JL~fl~ ~~t~ltJvi''l1t1LL~'l~~~llJl~n(;l1'l~''''linMru~'lI'iI~~~n't~~ln 

n11Vh XRD ~'lL1i'W ~~n'JlU~ a ~~ilnI1n1~L~~LL~~~ 28 Lvhnu 11.6 LL~~ 12.2 tl~~1 ~~~ln 
" ..J1 " "l" c: , ... , '1 ,..J '1 '1'''' _.J .,....J
"lItl~~Yl ~ ~~LL~~~ L""L""'W'lI~~n~'lU L""ClJv\(;l1'l~'W1J L)J 'Jl~~n'JlU~ a LU'iI~~lnnI1n1~L~~LL~~v\ 
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2.1 n1'a~~LA'a1~,"=a'U~L'elL'VIA~n~'el~~1(;l1'U 

lu~;f9~1;~'ld-:JuBiihn L'ViUlPl~Ll-Jfi~1'1!t~~ L'ViulPl~1~~u~LVI LVI Li1t.Jl-J1V1rfl~tllrt'1_ 
(Penta methyl cyclopentadienyl titanium trichloride (Cp*TiCI3)) t"'t.JiJ~'ld-:J1JBiihnt'll-J~tl 

Ll-Jfi~tl~i1UtlPlL'U~~1un1r~~LLU~-l (modified-methylaluminoxane (MMAO)) ~.n1'l~lun1r 
,r r • 1'1 " ~ .J
t:i-l Lf"lr1~"'~1l-J1rrl~ lu LV'! V'!-:J lPl1r1-:JVI 

.0::1 
(;\1'a1~'VI 2.1 Polymerization of Styrene using Cp*TiCI3 with MMAO

a 

% Yield
b 

72.67 wt % 

Catalytic Activity 5,084.67 g PS/mmole Ti"hr 

% Syndiotactic Index 93.38 % 

M C 
w 1,943,500 g/mole 

f...

MC 
n 592,300 g/mole 

Molecular weight distribution (MWDt 3.3 

T 
J 

9 97.90 
o

C 

T d 
m 271.41°C 

aConditions: [Cp*TiCI3] =3.68x 10-
4 

M. [MMAO] =1.83 M. [Styrene] =2.06, AllTi =563, 

25°C 

bCalculated from (weight of synthesized polymer/weight of monomer)X 1 00 

CObtained from GPC and MWD was calculated from MjMn 

dObtained from DSC . 

" ~I J'.... cv !-' -~ _ _ "I ....
2.2 n1/nen1LlJ'UL'U'el L~!I'Jn'Uen'el~·lI'J r;t I.'el L'VI f>l (;ln~'el~'lt 1.(;l'a'U 

n1rL;1Lth.uiftlL~t.J'lnU"lJtl-:J;u~ttlL'Vl~~n'Vitl~~llPl1u~1l-J1rrllPlr'l9i",1~ 
" " ~91rru.1'rlru.~1J51~~1t.J LLll'l"lJtl-:J'Vitl~ Ll-Jtl~~~l-J Utlnronnu,lun1rVl ~~tl-:Ju'enu~ntl LVI ~~n'Vitl~~llPl 

1U~~l-J9~vi1n1r~~l-J LLlJLJ"'~tll-J L""~'l (~-:Jlun1rVl ~~tl-:JlPltlU~ LL~'ll-ifn1r~~l-Jt~tJl-if ~'lVi1~~~1tJ 
I .Q d ~.dI I d d ci.J' ~ 
r'll-J) LL~~l-Jn1r~~l-J~~nL""~'ll-J'l~tl-JL~fJ~lPl1 (LCC) ".,r'il~1r".,~'il~'W (Lubricant) '1!-.l1'W'VlU9~1~ 

nih'tlr'il~Ll-JtU~Lf?l1tJLrVl (GMS) luml-J1ru.~L'yhntJ LCC L~'ilLtlun1nmtJUL'VltJu~n~'ltJ 
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. 
r~1J1J~ 1: SPS LL~~ poly( a-methyl styrene). (PaMS) 

. 
r~1J1J~ 2: SPS LL~~ poly (ethyl methacrylate), (PEMA) 

, 
r~1J1JVl3: SPS LL~~ poly(n-butyl methacrylate), (PBMA) 

I 

r~1J1JVl4: SPS LL~~ poly(cyclohexyl acrylate), (PCHA) 

r~1J1J~ 5: SPS LL~~ poly(cis-isoprene), (PIP) 

r~1J1J~ 6: SPS LL~~ poly(vinyl methyl ether), (PVME) 

l'Wi'Wtlnlr'Vl~~'tl'l~~lif Differential Scanning Calorimeter (DSC) L~'tll?lr'l~1'~ 
I 

~ru~1J~fiI~1EJLLn'l (Tg) 'Qru~1J~h"~'illJ~~~ltJC.J~n (Tm), LL~~'tlru~lJ~ri'tll'l'l'1J'fl'lC.J~n (Tc) ;'1 I 

~:;l?lr'l"t)~l'WdJi'l'l~ru'l.-1.1Jih:;~~I'1 50°C n'l 300°C ~'ltJTJI?l11fi1'l11-JLT'l 200 C/min L~EJ,,~vh 

nlrl?lr'l"t)~l'WdJi'l'l L~lJ'flru~1Ji1~'tl'lfil¥'l ~'tlVhn1r(;l1'l~t)~l'WdJi'l'lL~lJ~ru~.1J~ filf'l~'l.-1~'1 LL~:;vh 
n1d(;ld'l"t)(;)1'W5Ji'l'l~~~ ru~.1Ji1 ~lnJ'W~:;vhnlr(;lr'l~t)~1'W-n'l'l L~lJ'flru~lJi1fi1¥'1~~'tl'l 'W'tln"lntl 

... I 

ri'tl'Wnlr(;ld'l9t)(;)L(;)EJ DSC r;i'l'tlElI'1~:;Qnvhlii'l.-1~'tllJ~~~1EJ~nflf'lVlTlru~.1Ji1 300°C LL~'lUllJl 

-wn'tl1Jl~~'flru~1Jij 200°C L1j'WL'l~1 10 'UIVl vf'lifL~'tl~9~~1Jfl'lllJ'Vld'l41'1J'tl'l~'tl~LlJ'tlft(;)tJn11 

'l.-1~'tllJ~:;~IEJ LL~~.yhlihn(;)nlrri'tll'l'l~'tlru~1Ji1fi1'1~ (200°C) L~'tlvhnlrl?lr'l9t)(;)'tlru'l.-11Jij~1'11 

91n~'tl~LlJ'tlf~ihh~'l~n1rl':'fiI'lll-Jr'il'W~L1j'WhJ1'W'VlI'lL~EJ'lnU 
... I I 

91n[n~L(;)EJd'l)J9:;L~'W1~~1rh Tg '1J'tl'lnlrliifl'lll-Jr'tl'UI1i'tl~'tl~Ll-J'tlrC.J~l-Jlufilf'lVlWil'l . ..,,, . 
9:;iJ~'tl'l ~1~'1 LL~ (;)'1 n'l n 1HLtJn LyJ~'1J'tl'l~'tl~ Ll-J'tl rC.J ~lJ~'tl'll1U.(;) 'Vl'lU'tl19 Lil'tl'l~lnnlrC.J ~lJL(;)tJ% 

~~'tllJ~:;~1EJrj,,1~~I)JldnC.J~lJ~'tl~LlJ'tlrvf'l~'tl" (sPS LL~~~'fl~LlJ'tlf~n"11il~~,,~1~nfil'llJ1LL~'l) 
liiLu'WL;f'tlL~EJ'lnu1~L(;)EJ~)J1Jdru LLI1i'tlth'l1dn~Ld'tl~'tl~LlJ'tlrC.J~)Jt.hunld'l.-1~'tl)J~:;~ltJIl1EJ1'W

'II 

... I " ... 
... ..... ..... .,., I I ""'....,.,.,., ,'''' .., ... 

DSC LL~'l 91nnld(;lr'l"'l(;)flN'Vl~'tl"9~~lJ'llfi11 Tg '1J'tl'l~'tl~L)J'tlrC.J~)J9~lJL~EJ'lfilIL(;)tJ'l 'VI'lU 
I ~ ~ I 

'tl19LU'tl'l~1nnlH;J1 LU'WLU'tl L~EJ'ln'W'1Jtl'l~tl~LlJtlrvl'l~tl'l .yhl~~1 T9 Vl(;lr'l~1'(;)1tJiihJd1nn 

L~EJ'l ~1 L~EJ'l nl rC.J~)JL(;)EJ nld1~ fl'll)Jr'fl'W'l.-1~'tllJ~~~IEJ'flI~hh~)J1:;~ lJn1JnlrC.J~lJ~tl~LlJ'tlr 

4TW'lUU'tlEJ1 LLI1i'tlElI'l1rnwrfiifdjui)fi~1-nlun1rC.J~lJ~'tl~L)Jtlfl'W'Q(;l~I~ndrl-J nlr'VI(;)~tl1J9'l 
~'lC.J~vi'tln1dC.J~(;l1'W'Vl1'l~(;l~1'l.-1nddlJL(;)EJ(;lN 

87 

http:l'WdJi'l'lL~lJ~ru~.1J


2.3 	 n1~~~2JnU PaMS 

n111'V1LVltJ DSC ~12-J11t1 LL~V1-l't~~-l1'W1'I111-l ~'1~:;Li1'W't~~11'Wn1~1'V11:;"d1,:m1 n~2-J 
., 

'flrulUJl1flf'lLL~n (Tg1) ~:;~12-J11t11ij1'l"iYi1J~~'1 Tg ~'1LL~V1'1't~tVltl (Tg1.1, Tg1.2) LLj;J~r11'1't~n 

~1'Wn11Iijr'l"i1'V1LVltln1 n~2-J'tlru\.1lJjJflf-l~~~'1 "i:;~12-J1rt111l1'l"i~~1J't~ rh Tg2 L~tJ'I~1 L~tJ'l 
~ , ~ ~ 

"i1n'Vl't~nfi1'l2-J1 LL~'l fJfil'Wn1rtJ~2-J"i:;iltJ ~j;J~in'liru:;en'El'ltYi~ L2-J~fYl'l~ 'W~n"i1n'Wn1nYil-J 

'tll1lr1~'lu«n'El'l sPS U-l"i:;v'hl,""'11 Tg2 LtI~tI'WLLtJ~'1'ltJtVltl"i:;L~l-Jr.nn Tg en'El'l PaMS 1J1~'Vlfi 

"i'Wnr:;i'lilr11f3-ln-l Tg en~'1 sPS 1J1~'Vlfi 'W~n"i1nif ~1fl'l1l-J'f~'W1'Wn11\.1~'Ell-J~:;~1tJtJ~n 

(~Hm) "i:;ilrhL~2-J:['WLrl~L~l-Jml-J1ru sPS 1'WYi~~ L2-JllftJ~l-J LL~ V1'1n'ln11~ V1r1'l12-JLtI'WtJ~nenll'l 
Yill~L2-J't)ftJ~lJLrl'Elilm2-J1ru PaMS L~2-Jfu~n~'ltl 

...a 
(;l1~1.:1'Y1 2.2 Glass transition temperature (T9), melting temperature (Tm)' crystallization 

temperature (Tc) and melting enthalpy of SPS/PaMS blends 

%SPS T91.1 T91.2 T92 Tm1 Tm2.1 Tm2.2 Tc ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (Jig) 

100 n.a. 98.18 97.90 269.99 271.41 264.06 242.66 25.73 

80 78.29 96.54 94.03 266.06 266.34 n.a 237.91 22.54 

60 77.68 92.29 87.90 263.13 263.87 n.a 233.35 20.33 

40 76.32 92.45 86.95 260.85 261.05 n.a 232.46 11.74 

20 76.98 98.53 85.61 259.26 260.59 n.a 230.78 10.90 

0 87.33 n.a. 87.33 n.a n.a n.a n.a n.a 

n.a. =not available 
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~~nI11n1'l"1'~Yi'f)~hl-J'f)f~"'l-J~L~l-J Lee LL~~ GMS ~llJI11lLL~~~1~i~1n111~ ~~"~Li1U 
1~~lnI1L~l-J Lec l-tr'f) GMS l~~~~~I?i'fml1LtI~f.JULLtJ~~ Tg, Tm l~t~f.JL~U,r~ LLU'ltUlJ 

t~f.J1'll-J"~LV.jj'flt1uiur~'f)~LlJ'flf~~l-Ji~~1~n~I'll-JILLli'l vf~;f'f)I"Lrt'f)~"lntIhJ1ru LCC v.1'f) 

GMS ijml-JlruU'f)f.JlJlnLL~~1,j"'1l-J111ln'l'W~"'l-Jl~'f)f.h~~1u~ij~11~'l'flEh~U'f)f.J 

~ 
~1T"l-3'V1 2.3 	 Glass transition temperature (T g), melting temperature (Tm)' crystallization 

temperature (TJ and melting enthalpy of SPS/PaMS/LCC blends 

%SPS Tg1.1 Tg1.2 T92 Tm 1 Tm2 Tm2.2 Te L\Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 n.a 97.84 97.73 269.13 270.57 262.51 239.06 23.91 

80 78.39 94.83 93.59 266.85 267.12 n.a 239.47 21.62 

60 78.12 93.59 88.48 264.95 265.63 n.a 235.92 20.10 

40 77.79 95.09 87.74 263.65 263.61 n.a 235.38 19.14 

20 77.94 96.74 84.81 263.45 263.54 n.a 234.11 15.68 

0 89.81 n.a 89.81 n.a n.a n.a n.a n.a 

n.a. = not available 

~ 
~1"3'1.:s'V1 2.4 	 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (Te) and melting enthalpy of SPS/PaMS/GMS blends 

%SPS Tg1.1 T91.2 T92 Tm 1 Tm2.1 Tm2.2 Te L\Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 n.a 99.66 99.25 270.62 271.01 263.30 240.64 24.60 

80 79.44 94.82 93.26 267.82 268.57 n.a 236.41 22.94 

60 78.36 92.12 88.25 265.25 265.60 n.a 232.46 20.57 

40 79.53 94.89 87.36 263.18 262.90 n.a 229.66 16.54 

20 77.69 95.69 86.04 260.76 261.87 n.a 225.71 11.49 

0 89.89 n.a 89.89 n.a n.a n.a n.a n.a 

n.a. =not available 
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2.4 n1'ie.J~ 2J n\J PEMA 

n111:.J~lJLihutf'flL~tI')nul~nlJ PEMA ~1lJ11rlLL~~,,1~~"I;Yl11" t~tl9:;~1lJ11rll"LnI'l 
1~91nn1n~lJ~U"ll'fl" Tg en'fl"Yi'fl~LlJ'flfl:.J~lJLri'flL~lJmlJ1ru sPS LL~:; n11iJ Tg L~tI"rl1L~tI'l 

I ... 

n1n~lJ~ru~.lJijflf"LL1n (Tg1) 9:;~1lJ11rlI'l1'l9l1lJ~'fl" Tg ~"LL~~"l~"'tI (Tg1.1, Tg1.2) LL~ 

'flfh,,11ri~lun11V11'l91'~t~tln1n~lJ'flru~.lJijPl¥"~~'fl" 9:;~1lJ11()1'I1'l9~'fltJl~rl1 Tg2 L.wtl"rl1 

L~tI'l r.nn~1~n~1'llJ1LL~'l 'lfilun111:.J~lJ9:;iJl:.J~~'fl~nliru:;'1I'fl"tYi~LlJ'flf~1~ U'flnlOnnifn1n~lJ 

tlI'l11~'lU"jJ'fl" sPS u"9:;lhl~rh Tg2 Ltl~tlULLtl~"hJt~EJ9:;L~lJ91n Tg '1I'fl" PEMA tJ1~'Vlfi 

9Un1:;vf"iJrl1~"ii" Tg en'fl" sPS lJ1~'Vlfi Utln91nd rl1fl'l1lJ'f'flulun11~~'fllJ~:;~1EJI:.J~n 

(L\Hm) 9:;iJrl1L~lJ~ULd'flL~lJllilJ1ru sPS lUYi'fl~LlJ'flfl:.J~lJ LL~",,,ii,,n11~~fl'l1lJLtlUI:.J~n'1l'fl" 
~'fl~LlJ'flfl:.J~lJLri'fliJllilJ1ru PEMA L~lJ:tU~n~'lti 

~ 
lPl1'i1~'YI 2.5 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (TJ and melting enthalpy of SPS/PEMA blends 

%SPS Tg 1.1 Tg1.2 Tg2 Tm 1 Tm2.1 Tm2.2 Tc dHm 

(DC) (DC) (DC) (De) (De) (De) (DC) (JIg) 

100 n.a. 98.18 97.90 269.99 271.41 264.06 242.66 25.72 

80 75.63 95.95 95.43 269.70 270.06 n.a. 239.44 23.64 

60 91.29 91.29 91.17 269.54 269.22 n.a. 238.12 23.92 

· 40 86.38 86.38 88.71 269.26 269.41 n.a. 238.19 20.51 

20 62.24 92.12 80.70 267.66 267 .61 n.a. 234.07 15.77 

0 65.54 n.a. 65.54 n.a. n.a. n.a. n.a. n.a. 

n.a. =not available 

l:.J~n1dV11'l91'~~'fl~LlJ'flfl:.J~lJ~L~lJ Lee LL~:; GMS ~1lJ11()LL~~,,1~~"1'I1d1" ~"9:;Li1U 

1~~1n1n~lJ LCC ",1'fl GMS llJ~"I:.J~~'fln1ntl~tlUl~tl~" Tg, Tm l~t~tlL~u-n~ LLU~tUlJ 

t~EJ1'llJ9:;L",n'fluntJ~'fl~LlJ'flfl:.J~lJ~,,~1~n~1'llJ1LL~'l i"if'fl19Lrt1.)'191nllilJ1ru Lee ",1'fl 

GMS lJlli1-l1ruu'flEJlJ1nLL~:;llJ~1lJ1drtn'lul:.J~lJl~'f}th"~1u~i1~11tK'l'f}Ei1,,U'fltl 
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..cIi 
(;l1T1.:J'Vl 2.6 	 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (Tc) and melting enthalpy of SPS/PEMNLCC blends 

%SPS Tg 1.1 Tg1.2 Tg2 Tm 1 Tm2.1 Tm2.2 Tc ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (Jig) 

100 n.a. 98.26 97.88 269.13 270.57 262.51 239.06 23.91 

80 69.39 95.32 95.18 268.55 268.58 n.a. 234.00 22.14 

60 67.40 90.16 90.29 265.74 266.52 n.a. 232.40 19.38 

40 66.78 66.78 87.42 266.76 267.15 n.a. 230.42 16.40 

20 62.76 62.76 79.94 263.95 265.75 n.a. 223.43 7.60 

0 52.94 n.a. 62.72 n.a. n.a. n.a. n.a. n.a. 

n.a. = not available 

...,a 
j;'I1'i1.:J'Vl 2.7 Glass transition temperature (Tg), melting temperature (Tm), crystallization 

temperature (Tc) and melting enthalpy of SPS/PEMA/GMS blends 

%SPS Tg1.1 Tg 1.2 Tg2 Tm 1 Tm2.1 Tm2.2 Tc ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (Jig) 

100 n.a. 99.66 99.25 270.62 271.01 263.30 240.64 24.60 

80 95.51 95.51 95.72 269.29 270.03 n.a. 239.29 22.28 

60 67.55 95.28 90.06 266.87 268.02 n.a. 236.19 18.27 

40 67.27 92.43 86.15 268.42 268.02 n.a. 233.15 17.91 

20 60.07 86.94 80.57 266.15 266.92 n.a. 223.89 12.05 

0 61.38 r..a. 58.82 n.a. n.a. n.a. n.a. n.a. 

n.a. = not available 

2.5 n1'i~~3Jn'U PBMA 

n1nHUJlrhJL.n'f)L~tJ'lnul~nu PBMA ~1lJ1nHL~~~1~~~(;I111~ L~tJ"'l:;~1lJ11(l~~Ln(;\ 

1~"~,nn1n~lJ;f'W"lI'f)" Tg "lI'f)"W'f)~LlJ'f)ftJ~lJLd'f)L~lJmlJ1ru sPS LL~:; n11iJ Tg L~tJ~~hL~tI'l 
n1n~lJ~ru"".1Jnf)f~LL:i'n (Tg1) "'l:;~1lJ1:i'(l(;\1'l"'l~U~'f)~ Tg ~~LL~~~l~l~tI (Tg1.1, Tg1.2) LLt9l 

'f)th'l11n~1'Wn11(;\1'l"'lr)~L~tln1n~lJ~ru""JJi1f)f'l~ ~'f)'l "'l:;~1lJ11n(;\1'l"'l~'f)ul~~1 Tg2 L~tJ"~1 
L~tI'l "'l1n~1~n~1'llJ1LL~'l %1un11tJ~lJ"'l:;i1tJ~I'l'f)~n~ru:;"lI'f)'lt~~LlJ'f)f~1~ u'f)n"'l1nifn1n~lJ 
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, 
~Un1:;vi'''IiJfh~''In''l Tg "1I'el"l sPS u1f1'Vlfi 'W'eln~1nil 

~ 

~1f)'l1~1'el'Wl'Wn11,"~'el~~:;~1t1r:J~n 

(~Hm) ~:;iJ~1L~~~'WLrl'elL~aJm~1ru sPS l'W~'el~L~'elfr:J~~ LL~~"In"ln11~~f)'l1~LtJ'Wr:J~n"1l'el~ 
~'el~L~'elf&J~~Lri'eliJm~1ru PBMA L~~~'W~n~'lti 

...1 
1Pl1ca1.:1V1 2.8 	 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (Tc) and melting enthalpy of SPS/PBMA blends 

%SPS Tg 1.1 Tg 1.2 Tg2 Tm 1 Tm2.1 T m 2.2 Tc ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 n.a. 98.18 97.90 269.99 271.41 264.06 242.66 25.72 

80 79.21 96.13 94.81 269.48 270.24 n.a. 240.53 25.57 

60 66.92 95.71 93.33 269.43 270.55 n.a. 238.37 23.19 

40 77.14 96.80 89.36 268.13 268.89 n.a. 238.48 22.42 

20 68.89 94.13 84.32 267.41 266.99 n.a. 234.39 21.14 

0 31.85 n.a. 31.85 n.a. n.a. n.a. n.a. n.a. 

n.a. =not available 

t:J~n11"'1'l~r)"'Yi'il~L~'ilf&J~~~L~~ LCC LL~:; GMS ~1~11ClLL~~"Il~~"I"'111"1 ~"I~:;Li1'W 

1~~1n1n~~ LCC ,"1'el GMS hJ~"I&J~l'l'iln1nU~tI'ULLU~"I Tg, Tm l~L~tlL~'W-n~ LLU'lLU~ 

t"'tJ1'll.Y~:;L,"ij'el't,H1UYi'el~L~'elfr:J~~~-3~1~n~1'llJ1LLli'l vf"l\f'il1~L~'il"l~1nmlJ1ru LCC ,"1'el 

GMS iJmlJ1ruU'eltJaJ1nLL~:;hJ~1lJ11Cln'l'Wr:J~lJl~'elth-3~1'W~iJ~11~'l'elth-3U'eltJ 
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...a 
6l1~1.:J'VI 2.9 	 Glass transition temperature (T9), melting temperature (Tm)' crystallization 

temperature (Te) and melting enthalpy of SPS/PBMNLCC blends 

%SPS T91.1 T91.2 T92 Tm 1 Tm2.1 Tm2.2 Te ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (Jig) 

100 n.a. 97.84 97.73 269.13 270.57 262.51 239.06 23.91 

80 74.88 97.66 94.02 268.07 268.48 n.a. 238.07 24.20 

60 70.74 93.89 91 .69 267.22 267.34 n.a. 235.79 22.52 

40 75.45 95.15 90.79 267.41 268.23 n.a. 235.65 21.83 

20 72.51 93.99 85.30 266.98 267.40 n.a. 234.39 21.68 

0 29.85 n.a. 29.85 n.a. n.a. n.a. n.a. n.a. 

n.a. = not available 

6l1~1~;12.10 Glass transition temperature (T9), melting temperature (Tm)' crystallization 

temperature (Te) and melting enthalpy of SPS/PBMNGMS blends 

%SPS,,, T91.1 

(oC) 

T91.2 

(oC) 

T92 

(oC) 

Tm 1 

(oC) 

Tm2.1 

(oC) 

Tm2.2 

tC) 

Te 

(oC) 

L1 Hm 

(Jig) 

100 n.a. 99.66 99.25 270.62 271.01 263.30 240.64 24.60 

80 74.85 95.93 93.98 267.29 267.70 n.a. 237.58 20.77 

60 72.36 97.89 91.84 268.13 268.14 n.a. 236.75 20.93 

40 69.73 91.32 89.51 266.94 266.97 n.a. 235.57 20.02 

20 69.72 92.54 84.90 266.60 267.00 n.a. 234.82 19.85 

0 29.88 n.a. 29.88 n.a. n.a. n.a. n.a. n.a. 

n.a. = not available 

2.6 n1~eJ?UJn'U PCHA 

n'1dr:J~).JLth.,uti''aL~tJ(Hl'Wl~n1J PCHA ~1)JI~nLL~~'11~~'1(1\I~I'1 L~tJ9::;~I)JI~nl'lLn(1\ 

1~91nnln~:-J~'W"ll'a'l Tg "ll'a'lY'l'a~L)J'afr:J~~IL~'aL~)Jm)Jlru sPS LL~::; n11n Tg LcWtJ'Ir)IL~tJ,) 
nln~)J~ruVl.Qi1f1f'lLL'j'n (Tg1) 9::;~I)JI'j'n(1\'j',)9Y'11J~'a'l Tg ~'1LL~~'11~L~8 (Tg1 .1, Tg1.2) LLI?i 

'atll'11~n~1'Wnl~(1\~,)9r)~t~~Jnln~)J~ruVl1Jijflf'l~ ~'a'l 9::;~I)JI'j'nl'l'j',)9~'a1Jl~r)l Tg2 LcWtJ'Ir11 
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L~U'l ~ln~l~n~I'llJILL~'l %lwnI1tJ~lJ~~i1tJ~Lii!lin1=tru~'1I'fh'lLYi~u-l!lf~1~ u!ln~lnifnI1L~lJ 

'[)(;l11~'lU'1l!l'l sPS u'l~~.yh1~~h Tg2 LtI~uuLLtI~'Ilt1L~u~~L~~~ln Tg '1I!l'l PCHA 1J1~Ylfi 

~un1~vi''Ii1~I~'In'l Tg '1I!l'l sPS 1J1~Ylfi u!ln~lnif ~lrl'll~r!lulunI1l-1~!llJ~~~IUtJ~n 

(~Hm) ~~i1~IL~lJ~UL~!lL~~m~lru sPS 1UYi!l~L~!lftJ~~ LL~~'In'lnI1~~f')'lI~LtJUtJ~n'1l!l'l 

~1)~L~1)ftJ~~Lrl1)i1m~lru PCHA L~lJ~U~n~'lU 

~ 
j;l1'.l1-3'V1 2.11 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (Tc) and melting enthalpy of SPS/PCHA blends 

%SPS Tg 1.1 T
9 
1.2 Tg2 Tm 1 Tm2.1 Tm2.2 Tc ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (Jig) 

100 n.a. 98.18 97.90 269.99 271.41 264.06 242.66 25.72 

80 66.84 94.02 90.21 268.24 268.23 n.a. 234.80 18.53 

60 51.86 95.33 87.80 268.63 268.22 n.a. 233.51 15.05 

40 44.61 85.88 78.40 268.46 268.04 n.a. 229.28 14.20 

20 53.5 91.92 57.86 266.98 266.51 n.a. 225.16 12.05 

0 25.49 n.a. 25.49 n.a. n.a. n.a. n.a. n.a. 

n.a. =not available 

tJ~nI1(;l1'l~1'~Yi!l~L~!lftJ~~~Li~i~ LCC LL~~ GMS ~1~11rlLL~~'Il~~'I(;l111'1 ~'I~~L-aU 

i.~~lnln~~ LCC "fh) GMS i.aJ~'ItJ~Lii!lnlntl~UULL1J~'I Tg, Tm l~L~uL~U,r~ LLU'lLU~ 

L~U1'll-l"'l~L'\..1iJ!lUn1JYi!l~ L~!lftJ~~~'I~i.~n~h'l~1 LL~'J vf'lif!ll~ Lti!l'l~lm.R~lru LCC '\..('11) 

GMS i1m~lrui1!lU~lnLL~~i.~~1~11rln'lutJ~~H\1)£h'l~1u~i1~111K'l1)th'li11)u 
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9l1'i1.:1v1 2.12 Glass transition temperature (Tg), melting temperature (Tm), crystallization 

temperature (TJ and melting enthalpy of SPS/PCHAlLCC blends 

%SPS Tg 1.1 Tg 1.2 Tg2 Tm 1 Tm2.1 Tm2.2 Te ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 n.a. 97.84 97.73 269.13 270.57 262.51 239.06 23.91 

80 64.76 92.49 87.09 264.14 265.38 n.a. 229.86 18.74 

60 53.75 90.62 86.20 264.90 264.89 n.a. 229.77 15.52 

40 49.22 98.84 80.61 266.58 265.76 n.a. 227.27 10.18 

20 53.72 89.82 56.23 264.45 264.09 n.a. 225.54 6.46 

0 26.46 n.a. 26.46 n.a. n.a. n.a. n.a. n.a. 

n.a. = not available 

9l1'i1.:1v12.13 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (Te) and melting enthalpy of SPS/PCHA/GMS blends 

%SPS Tg 1.1 Tg 1.2 Tg2 Tm 1 Tm2.1 Tm2.2 Te ~Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 n.a. 99.66 99.25 270.62 271.01 263.30 240.64 24.60 

80 51.19 94.19 90.26 269.08 268.03 n.a. 233.13 17.54 

60 49.27 93.44 88.77 268.62 267.37 n.a. 228.48 16.02 

40 47.08 90.07 80.75 266.50 266.08 n.a. 225.14 11.60 

20 50.49 90.44 58.57 266.93 267.05 n.a. 225.13 6.16 

0 25.29 n.a. 25.29 n.a. n.a. n.:J. n.a. n.a. 

n.a. =not available 

2.7 n1'itnUul'U PIP 

n1dr:J~uJLth!Lif'flL~u')nul~n1J PIP ~1~1dnLL~~Nl~~"(;J1d1" t~u~~~1~1dn~"Ln(;l1~ 
~1nn1dL~).J~U~'fl" Tg ~'fl"Yl'fl~L).J'flfr:J~).JL~'e)L~).Jm).J1ru sPS LL~~ n1d~ Tg L~U"A1L~U,) n1d 

L~~'QruVi1Jjj~f"LLdn (Tg1) ~~~1~1dn(;ld,)~Yl1J~'fl" Tg ~"LL~~"l~t(?)t1 (Tg1.1, Tg1.2) LL~ 
'flu1,,1dri~lwn1d(;Jd')~i~t~t1n1n~).J'Qru""1Jjj~¥,,~~'e)" ~~~1).J1dn(;Jd')~~t),lJ1~~h Tg2 Lr1u"A1 

L~U,) ~1n~1~n~1,)~1LL~,) ';)filun1dr:J~).J~~iJr:J~l'i'fl~nMru~~'e)"tYl~L~'e)f~1~ U'fln~1nrl'n1dL~).J 
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'rf(;]r1~'JU8Jl!hl SPS 6'1~~vh1i1~1 Tg2 LU~t1uLLu~'11uL(1JtI~~L~lJ~1n Tg 8Jl'rl'l PIP 1J1~Vlfi 

~'t.mr~vf'ln~1~'1ti'l Tg 8Jl'rl'l sPS tJ1~'V1fi u'rln~1nif ~1"'J1lJ1'rlu1un1r~~'alJ~~~1t1~~n 

(L\Hm) ~~i:1~1L~lJ~UL~'aL~lJmlJ1ru sPS 1U'Vi'rl~LlJ'rlf~~lJ LL~(1J'Iti'ln1r~(1J"1)1lJLtJu~~n'1J'rl'l 

'Vi'a~LlJ'af~~lJL~'rli:1mlJ1ru PIP L~lJ~u1)n~htl 

~ 
[;I1'11.:1'Vl 2.14 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (Tc) and melting enthalpy of SPS/PIP blends 

%SPS Tg 1 Tg2 Tm 1 Tm2.1 Tm2.2 Tc L\ Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 98.18 97.90 269.99 271.41 264.06 242.66 25.72 

80 64.12 86.61 267.85 268.86 n.a. 228.46 18.04 

60 58.14 80.16 266.55 267.48 n.a. 223.09 15.22 

40 44.25 65.96 264.57 266.69 n.a. 220.18 15.02 

20 42.40 56.38 264.00 265.46 n.a. 219.75 14.06 

0 -32.93 -32.93 n.a. n.a. n.a. n.a. n.a. 

n.a. =not available 

~~n1r(;]r'.l~i~'Vi'a~LlJ'af~~lJ~L~lJ LCC LL~~ GMS ~1lJ1rC1LL~(1J'Il~~'1(;]1r1'1 ~'1~~Liiu 

1~~1n1n~lJ LCC ~1'a GMS llJ~'1~~~'an1nu~t1ULLU~'1 Tg, Tm l~L(1JtlL~u,r(1J LLU'JLUlJ 

L~t1r'JlJ~~L~jj'aUrrur~'a~ LlJ'af~~lJ~'1~1~nfi1'.llJ1 LL~'J vf'lif'a1~Lrt'a'l~1nmlJ1ru LCC ~1'a 
GMS iJm~J1ruU'rltllJ1nLL~~1~~1lJ1rC1n'Ju~~lJl~'arh'l~1u~iJ~1r[?]'J'ath'lu'ati 
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.d 
[;l1'3"1.:J'VI 2.15 	 Glass transition temperature (Tg), melting temperature (Tm)' crystallization 

temperature (TJ and melting enthalpy of SPS/PIP/LCC blends 

%SPS Tg1 Tg2 Tm 1 Tm2.1 Tm2.2 Te Ll Hm 

(oC) (oC) (oC) (oC) (oC) (oC) (JIg) 

100 98.26 97.88 269.13 270.57 262.51 239.06 23.91 

80 64.90 87.12 265.94 266.39 n.a. 225.56 17.58 

60 59.40 81.98 265.45 266.88 n.a. 221.20 15.74 

40 44.42 69.77 263.04 265.42 n.a. 215.38 10.72 

20 38.38 56.88 262.12 264.58 n.a. 213.50 9.68 

0 -33.84 -33.87 n.a. n.a. n.a. n.a. n.a. 

n.a. =not available 

.d 
[;l1'3"1.:J'Vl 2.16 	 Glass transition temperature (Tg). melting temperature (Tm)' crystallization 

temperature (TJ and melting enthalpy of SPS/PIP/GMS blends 

%SPS Tg1 Tg2 Tm1 Tm2.1 Tm2.2 Te Ll Hm 
~ 

(oC) (oC) (oC) (oC) (oC) (oC) (Jig) 

100 99.66 99.25 270.62 271.01 263.30 240.64 24.60 

80 61.64 90.07 265.89 266.87 n.a. 221.65 18.38 

60 58.03 82.75 264.47 265.91 n.a. 221 .68 15.59 

40 49.9 66.50 264.93 265.42 n.a. 218.74 15.01 

20 35.03 53.00 262.07 264.48 n.a. 217.33 5.31 

0 -30.74 -30.74 n.a. n.a. n.a. n.a. n.2. 

n.a. = not available 

2.8 	 n1'3"~~).Jn'U PVME 

r.nn~'tl).J~n1~Yl~~'tl'l LL~~'l1ih~'Wn'ln1~1l-iLtl'WL;f'tlL~EJ,)fl'WL~'rlCJ~l-I sPS flU PVME 
'U 

vf'lif'rl1"'l~'lLn(;l1~r.nnn1~~iJ Tg n'l~'rl,:wh1wn1~(;J~,)"'lr)~1Ur1i'l~~'rl'l LL~:;n1~~ sPS 51 Tm ~llJ 
Ltl~EJ'WLLtl~'lltlL~'rlL~).Jml-J1ru sPS n'lLL~~1rh Tc "'l:;Ltl~EJl.mtl~'lhJii1'lLri'rlL~lJm).J1ru 

PVME 'W'rln"'l1nifn1dLtl~EJULLtl~'l Tg Lri'rlm).J1ru PVME Ltl~EJultli1rhn1dLtl~EJULLtl~'l~\J'rlEJ 

t~EJLn'tlu"'l:;llJLtl~EJULLtl~'lltlronnrh Tg "lJ'rl'l~'rl~L).J'rlfu1~Ylfivf'l1u~hUdjJ'rl'l sPS Vi1'rl PVME 
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n1n~1riuhJ1~if'e)1~Lti'e)'1~1~1nn11~Yi'e)~L~'e)ftJ~~~~s!U~'l1~iU'ClU~~Lt'11i1Lii~n1n;1riu 
1aJ1~"1I'e)'1Yi'e)~L~'e)fi'l~'e)'1 t~tJlJJn~LL~'l PVME ~~LiluYi'e)~L~'e)f~~~;u~'l1~(uLLfi~lTn 
n'e)li1 Lii~n11L~1ri'W1lJ1~"1I'e)'1Yi'e)~ L~'e)ftJ~~ f'i1~1?I1'l~1'~1~~'1 LL~ ~'11U1?I111'1 

..d 
(;)1"3'1.:1'Vl 2.17 Glass transition temperature (T

9
), melting temperature (Tm) and 

crystallization temperature (Tc) of SPS/PVME blends 

%SPS T
9
2.1 

(C) 

T
9
2.2 

(C) 

Tc 

(oC) 

Tm 

(C) 

100 

80 

60 

40 

20 

0 

n.a. 

-15.70 

-14.52 

-19.33 

-17.43 

-26.68 

97.90 

97.23 

97.74 

91.83 

96.76 

n.a. 

242.66 

237.38 

233.77 

234.83 

227.05 

n.a. 

271.41 

269.26 

269.83 

268.76 

270.30 

n.a. 

n.a. =not available 

~1ntJfin11[;Jd'l~1'~~1n DSC ~:;Li(u1~~1 sPS ~:;~1l41dntJ~l4LtluLif'rlL~tJ'lriu1~riu 
""" ••1 1 "'" ..... :: JPaMS, PEMA, PBMA, PCHA, PIP LLfi:;~:;Ln~n1nLtJnL-n~ undru"1l'e)'1n11tJ~l4n'1J PVME 'Vl'lU 

'e)1~'&f'lLn[;J1~~1nn11~Yi'e)~ L~'e)ftJ~l4iJ Tg LYitJ'I~1L~tJ'llun11f?l1'l~1'~lu~f'l~~'a'l ~'1n11tJ~~ 
flU PVME ~:;LL~~'1~1 Tg ii'l~'a'l~11un1d[;J1'l~1'~~f'l~~'fl'l lu"1Iru:;~~'fl~L~'flftJ~l4~U1 LL~~'1 

n1n~1flu1m~tJiJ Tg L~tJ'I~1L~tJ'l u'fln~1nifn1ntl~tJULL1Jfi'l"1l'fl'l Tg Li1'flL~~ml41ru sPS 6'1 

LL~ ~-31ihi(un'ln1nih LUULn'fl L~tJ'lnu1~t~tJn11Ltl~tJULLtlfi'lif~:;v'h1i1 Tg iJ~1~'1=fULLfi:;L~1 

ln~ Tg "1I'fl'l sPS (100°C) L~'flL~l-J'ClL9111~'l'U"lI'fl'l sPS lUYi'e)~Ll4'aftJ~l-J~n~'ltJ 
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2.1 0 ~'asni£l~n1~1.~ LCC LL'a~ GMS 1Pii£l~)J1J--;VI1~ FI'l1)Jii£l'Usni£l~"''£laL)Ji£l~~~)J 

2.10.1 ~~n1~'Vl1J~1l~ruV11Ji1fl~1t1LLn'l (Tg) 

n1JLU~t1'\..uLU~~i'\.JLrtll~~1~1nn11~~~ Lee ,~11l GMS f?illn1JL~1LihJL;f1l 
L~t1'lnU'lJ1l~'Vi1l~L~llf~~~Ju~~l~LnI?1L~'Wl~~1~TVill~L~llf~1~11LltJ~lJL;1LilULifllL~t1'lnu 
LL~'l n11CHUJ LCC V111l GMS ~~laJrilllihn~n1JLLtlnL'rJ~ t~t1'Vln[;j''lllth~~Yi1Jn1JL~1LtluLtfll

~ 

L~t1'lnul~~~11J'Vi1Jn1JLLtlnL'w~V111l~nutlV1~~n11i1~'fl~ Tg lun11[;J1'l~1'~flf~~~1l~LrllltJ~lJ 
.ell 1 ........ d!... ~.?I.1' ........


LCC V111l GMS LL~~ u'V11~n~1JnUL~llYi~11ru1n11~~~L'lJ1LuULUllL~t1'lnU'll1l~ PVME n1JtJ~lJ 

LCC V111l GMS nlaJ~1~1Jn.yhlihn~n1JL~1LtluLtfllL~t1'lnul~ ~1ntJ~n11'Vl~~1l~~~1u~1n1J 

tJ~~ LCC V111l GMS LLi1LYitl~ 1% n~~rilllihn~n1J~~fl'l1lJ",i1~"'~lllJ~~~1t11uYill~L~llf~~~ 

1~ LL~n1n~lJ"'~~LUllfL~ulil'll1l~ LCC ",111 GMS lun1J'Vl~~1l~if ~~11J~1~1JnLu~t1uLLu~~rh 
~ ruV1lJiJ fl~1t1 LLn'l'llll~Yill~ L~llf~~~l~llth~dJ1~L~uun 

2.1 0.2 ~~nJ~'Vl1J!?lll~ru'~IJi1rilllff'l'llll~~~n (Tc) 

'rlru"'1Ji1rilllff'l'llll~~~n~~~ ~~~L~1l~~mlJ1ruSJJll~ sPS luYill~ L~llf~~lJ n1Jl~ 

LCC ",111 GMS llJvi11iin1J~~r,~ifLu~t1uLLu~~lu~'1n~1l~fl~1l~n1J'Vl~'M!'ll1l'lYill~LlJllftJ~lJ 
LL!?lL~1l':l1n11Lu~t1ULLu~'1ifluLYltl1JnuJ~"'~1'1n1J~~~'1'll1l'l Tc L~llllJl~~~~ Lec ",111 GMS 

~~ilfl'l1lJLL[;Jn!?l1'1'll1l'l~ru"'1Ji1~~~~'1~LU~t1uLLu~'11uvi1ull'lL~t1'lnu ~'1t~t1~lULL~'ln1Jl~ 

LCC ",1il GMS ~~~~'rlru"'.1Ji1n1Jrilllff'l'll1l'l~~n~'11~lJ1nn~1n1JllJ~~lJ Lce ",111 GMS t~t1 

LL!?l~~~il~'ll1l'lYill~L~llf~~lJ~~i1fl'l1lJLL[;Jn!?l1'1lfllJL'Vhnuiu~~~1lJ1Jn~lul~~'1lf 
~1",j1JJ~1J1J'lJt)'1 PaMS n1JL~lJm~1ru PaMS ~~vhlii~ru"'1Ji1rit)Iff'l'llt)'1~~nil 

f11~~~'1 ~'1Ltlululuvi1ull'lL~t1'ln1JL~t)1~ LCe ",1t) GMS LL(;]t)th'llJn~Lrit)Lmtl1JLYltl1J 
I " " 

~ruV1lJi1n1Jrilllff'l'llt)~~~nYl~~~'1LL~'li1 ~~Yi1Jl~~1n1Jl~ LCC ~~vi11iii[;JJ1n1J~~~'1i1~~~~ 

luut)t1~~~ ",1t)~nutl"'~'1n1Jl~ Lee ~~L~~~ru"'lJi1rit)Iff'l'llt)'1~~nLrlt)Lmtl1JLYltl1Jn1JYit)~ 

L~t)f~llJl~~~~uJ~~nru 3°C n1JL~lJ~ulfLtluin'Mru~L'UYi1~'llt)'1 PaMS L'YhJu ~'lun1Jl~ 

GMS ~~vi11ii~ru"'lJi1n11rit)Iff'l'll1l'l~~ni1rh~~~'1lJ1nn~11uYit)~LlJ'r)f~llJl~~~lJ GMS t)~ 

l.h:;lJ1ru 3°C ~'1~~~1l~fl~t)'1n1Jn1J~~lJ GMS luJ~1J1JYit)~L~llf~U1 ~'1n1J~~~'1lfLtlululu 
vi1Ut)'1L~t1'ln'WLdt)L~lJmlJ1ru'llt)'1 PaMS luYit)~L~t)f&J~~ 

~1",fuJ~1J1J'llt)~ PEMA n1JL~~~U'llt)'1mlJ1ru PEMA lUYit)~LlJt)f&J~lJ~~vhlii 

~ru"'1Ji1n1jrit)Iff'l'llt)'1&J~ni1f11~~~'1[;l1lJ~1~1J LL~~n1JL~lJ LCe ~~vi11iin1J~~~'1lf~~~~~J1n 
~'1~U t~t1Ldll~~lJ Lee t)ru"'fliJrit)Iff'l'll1l'ltJ~n~~~~~'1lJ1nn~1Ldt)llJ~~lJ Lec ~i[;lJ1~'l'W

~ 'lJ 

n1J&J~lJ PEMA !?l1'11ilf11~~~'11tllJ1n~u (1'1 4-1 oOe LL~~n1n~~ GMS ~~~1lJ1Jn~~ 
o~ru"'1JiJn1Jrit)Iff'l'llt)'1&J~n~'1lJ1nn~1n1JL~lJ PEMA fiJJlJ~1(1'1 2-10 e ~'1~~~1lJ1Jn~ltll~ 
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~1n1n~~~1n~~LLl9i'l LCC ~1!l GMS 9~y'hlii'rln.m1JiJn1dri!lr1i'Jsn!l'ltJ~niJn1d~~~NL~~91n 
udn~!lti1'lL~'Wl~!lti1'l,r~L9'W (r~EJthn~LL~'J n1dr)~'rlru~1JiJL~EJn1dli1 DSC 9~vhliirh 

'rlru~1Jij~r)~l~Lt1~tI'WLLt1~'llul~'W'Ji'J'l +50 C) 

~1~fud~UUsn!l'l PBMA Lri!lL~~m~1rusn!l'l PBMA 9~y'hlii'rlru~1JiJn1drira~'J 

sn!l'ltJ~niJrh~~~'l(;J1~~1~U LL~~n1n~~sn!l'l LCC LL~~ GMS 9~vhlii'rlru~.1JiJri!lr1i'Jsn!l'ltJ~niJ 

rh~~~'lL~~~'W~nUd~"nru 3°C L~EJ~1~U n1d~~~'lifLLiJ9~1l-i~1nLLl9idj'Wn1d~~~'lL~EJ(;J~!l~ 
~'ly'j11ii L~tll~~1 n1d~ ~~'l~ L~~i'W91nUdn ~ifi1UEJ~1 flClJ 

~1Mfud~UUsntl'l PCHA L~tlL~~m~1rusntl'l PCHA 9~vl11ii'rlru~1JiJn1dri!lr;l'J 

sn!l'ltJ~niJr)1~~~'l(;J1~~1~U LL~~n1n~~sn!l'l LCC LL~~ GMS 9~y'j11-M'rlruM1JiJn1dritl~'Jsntl'l 

tJ~niJr)1~~~'l~1nn~1n1d~~~'lLritlL~~m~1ru PCHA ~'lti'lL~EJUd~~1ru 2-50
C .~'li1 

Utl~1flnJ''I~tl~9~L~!l1~~1n1dl~~1dL~ L~ n~ L~nL~fhif9~y'j11ii Tc iJr)1~~~'l~1nn~1n1d~~~'l
~ q 

L~tlUdn~ 

~1~fud~UUsn!l'l PIP 1'Wy'j1'Wtl'lL~EJ'Jn'WLritlL~~m~1rusntl'l PIP 9~y'j11-M Tc 

~~~'l(;J1~~1~J n1n~~~1d LCC ~1!l GMS 9~y'i11ii Tc iJr)1~~~'lL~tI~~1L~~!lUd~~1ru 2

7°C y'j11ii ~1~1dCl~lul~~1n1n~~~1n~~ LLl9i'lcl'9~y'j11ii'rlru~1JiJn1dri!l ~'Jsn!l'l tJ~ niJrh~~~'l 
91ntJ~n1d'Vl~~!l'l~'l~1~n~h'J~1cl'9~L':;'Wl~~1n1n~~m~1rusn!l'l~'J'W~LtI'W 

!llr~.J1'W (Yitl~h~tlf~ n6J!il~~~"'Wtln91n sPS) 9~vl11-Mr)1rqru~1Jijn1dntllK'Jsn!l'ltJ~niJ rh~ ~~'l 

L~EJ~1 ~U i'liftl19 Lti!l'l~191nn1dn ~sn'J1'ln1d9~ L1EJ'lr1i'Jsn!l'l sPS ~'l~!l'l LLYi1L;1~1n'WL~!l 
9~ L1t1'lr1i'J1'WLflN tJ~n n1n~~m"'1ruYitl~ L~!lftllrY31'W;f9~y'i11iin1dn ~sn'J1'ln1d9~ L1t1'l ~'Jlj 
r)1L~~~'WL~tI~h~U y'j11ii'rlru~1JiJn1dri!lIK'Jsn!l'ltJ~ni:Jrhu!lEJ~1 sPS U1~Vlfi 

n1n~l-Jm~1ru LCC M1tl GMS 1'WYi!l~L~tlftJ~~9~Lth.m1d~~fl'J1~~u~Lritl 

~~!l~~~~1EJ (Melt Viscosity) sn!l"d~UU rer'W9~y'i11-ML~L~fl~~1~1dClLfl~ra'W~1~~LL~~LLYi1n'Wl~ 

~1EJ~'l~'W 91nn1dVl~~!l'l9:;Yiu~1Lriral~ LCC ~1tl GMS 1'WYi!l~L~!lftJ~~9~y'i11ii'rlru~1JiJ 
n1dnralK'Jsnra'l tJ~ ni:Jr)1~ ~~'ll-J1nn~1n1dn!lIK'Jsn!l'ld:;UU Lri!l1~1~~~1nf,i~ LLffl'l i'lrlt~EJUdn f,i 

LL~'JYi!l~ L~!l f~ ~1~1dCl~ ~ !llJ~ :;~1t1 LU'WLif!l L~EJ'J n'W1~9:;iJ LLU'JLUlJ~9:;fl'l ~Jl1Yin1 dtJ~ ~LYi d1:; 

n1dtJ~~9~y'j11ii Gibbs Free Energy iJr)1~1~~~ n1d~~fl'J1lJMU(;lsnra'ln1dM~1l~~:;~1EJ~:;y'i1 

lii~!l~ L~!lftJ~~ifLLEJn!l!ln91nnul~rnn~'l~t-'W ~'lLtlum(;llii'rlru"'1:Jijri!l ~'Jsn!l'l tJ~niJr)1~ ~~'l 
L'Vid1:;L~L'~n~sntl" sPS reru9:;Yi11ii~1ul'i1l

q 
9:;~tl'lLL'Viilltln91 n~1'j"tJ~l-JltJ9~ L1EJ'l LYlr.lLUUI:.Jft n 

n1dtJ ~~ LYl'J 1'W~111Yilll~.J1'Wsntl'l'Vitl~ L~tl fM~1ll-J~:;~1EJ rq ru~1Jijn1 drltllK'Jsntl'l tJ~ n 1 'Wd~lJlJYira 

~ LlJ'aftJ~~ ~'ln~h'J9:;iJ r)1~ ~~'llu~n L~lJ L~lJ91 nn1dn~sn'J1'lnusn!l'lL~ L~ fl~ 
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2.1 0.3 eJ~n1~Vl1J~'el'flN"'1JiJ"'~'ellJ~~~ltJeJ~n (Tm) 

nl1"'~'ellJ~~~ltJ-n'el~~11L~tJvr'lltJ~llJiJnl1tJu-n'el~~11~L~lJ~~ltJ1ULrlN~~1~ 

"lI'el~"lI'el~LL;~~llJl1tl~ttJl~vr~~lJnlr 

Inx8 " ~H (_1 __I J (2.1 ) 
RT Tm* Tmd 

• r 

Tm * ='flN"'1JiJ"'~'ellJ~~~ltJeJ~nll'fl~~lr B (sPS) Y11J1~'Vlfi 

"ln~lJnlrd" ~L~ul~~1 ~il'eliJ~11tJULt1'flU 'Qru"'.r:lij "'~'fllJ L",ft'l"ll'el~~lr~ LUU 

lI'fl~LL;~,,~iJf"il~ ~~~i~dL~'fl~"lnnl1Ln~~11eJ~lJ1U~llTW~ LUU'lI'el~ L"'~'l,,~iJrh Gibbs' Free 

Energy ~~I~~LL~~nl1Ln~rl'lllJ~lJ~~if"~Ln~l~~'QN"'1Jij~~I~~ 
~1\~ fu ~11~ i1 n 114' ~ ~tJ~ 1K'l L~'fl LL;~ 1K'l vr~ L'1i U'W 'el ~ LlJ'fl f ~ lJ n 1 rn., ~hJ~ IlJl rn 

'flfiultJtJrln!Jnlrifl~'flt.h~ L~Ui'~ LL~'elth~lrnl'lllJ'W'el~ LlJ'elfeJ~ lJ,,~iJ LLU'l t illJ~"~~ ~'Qru"'1Jij 
"'~'ellJ~~~IU eJ~ n~~ Lri'fliJ'W'fl~ LlJ'elfeJ~lJ~ndJ1ill'l eJ ~lJ'el~ LL~~~~~1~n~h,)lJlnlr~ ~~~ifltl 
~llJl1tltJ1~lJlru1~t~u1eD~lJnl1vr')111 "1 n~'fl )J~~iJnl n~lJ'W'el~ LlJ'elf~ ndJ1il~1UmlJlru~~~ n ·~ 

80% tJ~Yh1~f"il'Qnn."1JiJ"'~'fllJ~~~IUeJ~n~~~~LYiu~L~nil'elu LvhtTu (1-2°C) nln~lJ~lr LCC 

'\.1'1'fl GMS lUmlJlru~~1 (1 %) 1l1rl')r~"~~~'Qru'\.11Jjj"'~'fllJ~~~IU"lI'fl~eJ~n~~1~'flrh~lJlnL~U 

LL~"lneJ~nl1'Vl~~'el~~ln~lJLL~~tlJL~f1~~IL"'~lif"~~llJl1n~~'Qru"'.1J)j",~'ellJ~~~lueJ~n~~1~ 

L~lJL~lJr.nnnl1~~~~L~'el~"lnnlrYh1~UlJ1~Liju'W'a~LlJ'elfeJ~lJ~nn~ 1-2 °c L~ulhmlJlru 
lI'fl~'W'fl~LlJ'af~lJlt.:~lJnlJ sPS i1f"illJln:£u nl1~~~~"lI'el~'flru"'JliJ"'~'ellJ~~~IUeJ~nL~U LCC 

q 'lI 

",'1'fl GMS "~i1f"il~i'~L,,u~ln~u nl1"'~'ellJ~~~IU~Ln~Lr')~ud"~~Il-J11n~"lrrLJ11~"lnnlr 
~~rl'lllJ'\.1il~",~'t)lJ~~~ltJlI't)~'W'el~ LlJ'elfeJ~lJ LlJ L~f1~"1I'el~ sPS "~Lrl~'t)u~l~ L~')~'W1'W~Jll,)~~ 

Luu't)ltlJjlU~"'~'fIlJ~~~ltJ~~"~~llJl1tl~~ Gibbs' Free Engergy "lI'el~1~u'lJ~~1~~n'flrh~Lr') 

fu ~~ ~t1'W~ l~ Ln l'l1~~1 nl r1~~1 'jL~ lJ LL~~~~1U'W'el ~ LlJ'el feJ ~ lJ" ~v111~'j~lJ'lJi1 r11'Q ru"'lJiJ 

"'~'ellJL"'~,) eJ~n~ ~1~~ 'flru"'1J)j"'~'fllJ~ ~~lueJ~nll'el~ sps 1'W'j~'lJU~I~1Lrl'el1tlL~lJ LL~~L~lJ 
~ln~lJLL~~"~~llJl1n~ttJ1~~~l'lI:i'1~ 
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..,j 

(;l1'i1.:J'VI 2.18 Melting temperature depression of their blends 

Melting Temperature Depression (oC) 

Samples 10010 80120 60/40 40/60 20/80 

SPS/PaMS 271.41 271 .14 271 .05 270.70 270.53 

SPS/PaMS/LCC 270.57 270.27 270.19 270.12 269.95 

SPS/PaMS/GMS 271.01 270.72 270.64 270.49 270.16 

SPS/PEMA 271.41 271.29 271.24 270.17 271.02 

SPS/PEMNLCC 270.57 270.33 270.27 270.17 269.58 

SPS/PEMNGMS 271 .01 270.76 270.68 270.64 270.38 

SPS/PBMA 271.41 271.35 271.29 271.25 271.18 

SPS/PBMA/LCC 270.57 270.57 270.57 270.57 270.57 

SPS/PBMNGMS 271.01 270.75 270.73 270.69 270.64 

SPS/PCHA 271.41 271.31 271.22 271.14 270.99 

SPS/PCHNLCC 270.57 270.29 270.20 269.95 269.45 

SPS/PCHA/GMS 271.01 270.70 270.65 270.46 269.82 

SPS/PIP 271.41 271.38 271.33 271.28 271.20 

SPS/PIP/LCC 270.57 270.27 270.21 270.00 269.84 

SPS/PIP/GMS 271.01 270.72 270.64 270.59 269.66 

2.1 0.4 !:J~n1::;Yl1J91n";j'ihL9l1tJlJ~11(;]'tIn11LUUL\f'[JL~tJ')nU"lJ'tI-:lYi'tl~LlJ'tIf!:J~uJ 

1U!:J~ n11'V1 ~~'tI-:lcl'1-n n1dLL9l1tJlJ ~'l'tlrl1-:1t~tJ";jfi~~'[JlJ~:;~lU~-:I (;]1-:191 n n11'V1 ~~'tI-:I 

~:;~lUL~tJ')nU'tI19Ln~!:J~ n1:;Yl1J91n~'l.yh~::;~lU .yh1~~lYl1-:1P1,)llJ1't1U~rJ~1~;jrhLu~uu1u 

n-:lLLiJ9::;1:;L~U~').yh~::;~ltJ'tI'[Jn1u~lJ~LL~')riL9l1lJ n11!:J~lJt~tJ%~~'[JlJ~:;~ltJ'\.11n1~~llJ11tl 

n'lU!:J~lJ~11vf-:l~'[J-:l1~t~tJvr') n-:l LL~')'[J19.yh1~n11rJ~~lYl1-:1rl,)llJ1'[JULL~ ~-:I LvJ~vf-:l~'tI-:I~ !:J~lJnu 

'[Jrl1-:11.~~1~ 1Un11Yl~~'[J-:lcl'1~-ni1't1~~91nn11'V1~~'tI-:lL9l'tlU~LL~,)L~'tILmUuLVltJunu LL~:;!:J~n11 

'VI ~~'[J-:l9::;~llJ11tl~lU1~Ltlun11vJ ~-:lcl' 
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"iu.yl 2.5 Comparison of method in blending of SPS/PI P blends with Fox equation
'LI 

~1n~~n11'V1~~fl,,1'W.ff'Wif LK'JfltJ1"i,,'nJ~~~\1nU;lru~t~U%~~fl~~~~1U 1un11 

l'ld'J~i~~ru'\-t1Jijrl~1ULLn'J1un1n~~~n.m.1Ji11urlf"LLdn "~Vi'lJ~1d~UU,,~;j~fl" Tg LL~~1un1d 
l'l1'J"i~n1n~~~ru\-1.1JiJ1Url¥"~~fl" "~ViU~1d~UU,,~;jLYiU" Tg L~U'J ~"LL~~"1ihi1u~,, 
"~'flflU"1Ifl" n1d~~~ LLUU\-1~fl~~ ~~1U t~u~ t;l'J fltJ1" 1 u.ffu~u"~Ln ~n1 dLLun LyJ~ i"ifLtifl""1nq 

rl'J1lJ~1'lJ1n 1 un1dn'Ju~~lJ~fl~ LlJfl1~1U'JU~UflU1~1~~1dLiffl L~U'J1U'VlUVI ~'JU1un11i~n1d 

L~lJ~ru'\-t\1iJrl¥"~~fl" Vifl~ LlJflf"~\1nvh1~~~fllJ~:;~1U1u DSC ~"Vifl~ LlJfl1~~1lJ11() L~1rlU 
LUULiffl L~u'J":;Ln~n11~ ~lJnut~U'ell'ltUlJ~ vh1~jjPl1'rlru\-1.1JiJFI~1U LLn'J LYiU"P11 L~U'J ~"LUU 
i nMru~"1Ifl"Vifl~ LlJfl1~~1lJ1d() ~ ~ ~I LUULiffl L~U'J rlU1~ i"if,,~tjuuu~~n1d'VI ~~fl"1'Wl'lflULLdn 

I " " 

VlViU~1Vifl~ LlJfl f~ ~lJd~UU ~1"1ih~~1lJ1d() ~~lJrlULUULllifl L~U'J rlul~ LLii~1":;11frjfin1H.j~lJ 

~fl~ LlJflfL~u~fi~llJL\-1ijflUrlUnl'l1lJ 

'VI ~~fl,,1'Wl'lfl'l.m1n P11LU'ilfL;U(;}n1nUU~~n~l'l1'J~i~L~U XRD ,,:;iJPl1~"n~1 P11 LUfl1Len'W(;}n11 

LUU~~n"1lfl"n11~~lJ1ul'lflU~~fl" i";ifl1"Ltifl"r.nnn11r.r~LrU,,t;l'JLuu~~n"1lfl" srs ,,:;v'hl~ 

rl'J1lJ LiJu~~n 1 ul1i'JfltJ1"~"n~1';jfi\-1~fllJ~~~1U n" LLii~~\1n'\-t~fllJ~~~'U rl¥"'\-t~" LL~~i,,1~ Ln ~ 

~~n~~ru'\-t1Jij 200°C L\-1i1flUrlu1ui"~'il"%~~lJril'l1lJ rl'J1lJLLl?ln~1"if,,~vh1~Vifl~LlJfl1~~lJ 
iJmlJ1ru sPS ~fl~1'l.nyJ~fl~Mj1u~llJLYhrlu n1d~;jPl1rl'J1lJLu'W~~n~"~:;vh1~iJmlJ1ru sPS 
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lU~'lU~LUU'tllM~1ui1ml-nruu't)tJn~1 n11~i1fi1fl'l1lJLijutJ~n~1Lri'tlmlJ1ruL~tlJ'1vnrn-n'tl'lu 

sPS lu1~uuiJfi1Ll'hnu fl'l1lJLLl'ln~1'1if~~~'1tJ~ii'lrh~ru~lJ)j Tg ~'1~~Vl'tlUfi1~'lU~ LUU'tllM 

j1U-n'tl'l1~Uun11~;jmlJ1ru sPS lu1~uulJ1n~~vhl~fi1 Tg i1fi1~'1n~11~uu~i1mlJ1ru sps 

1 "J ..J of'l...t: '" J 1~ v 'I 'I"IU'Ci'lUl'lLuU'tl'CiMj1UU'tltln'l1 tJ~n1~l'lUU~~~1lJ11C11'l1'l~~U ~ LUn111'l1'l~'l~fl1 Tg Lun11 L~ 

fl'l1lJ1'tlulufl¥'1~~'tl'l 9'1~1lJ11C1~lu1~~1n11tJ~lJ LLUU~~'tllJ~~~1tl~~i1fi1 Tg ~~'1n~1fi1 Tg 

-n'tl'ln11tJ~lJt~tllejf~'lvi1~~~1tlL~tl'lriu ~mlJ1rutlI'l11~'lut~uJ1wwn-n'tl'l sps ~iJfi1LVhriu 

LL~i'liflu1~1JU'11I'tl'l PaMS n11tJ~lJ~~vi11~fi1 Tg iJrh~1~'1n~1fi1L'U~U'1l'tl'l Tg "tI'tl'l 
", " 
vr'l~'tl'l~'tl~LlJ'tlfu1f11'1fi ~'1n~'1~'tl~fl~'tl'lnUn11~lU;1'1~u~'1nfi1'J t~tllU1~uuiUhi1mlJ1ru 

sPS lU~'lu~d~JU'tllMj1ulJ1n~~vi11~fi1 Tg '1I'tl'l1~uu;jfi1~1~'1lJ1nn~1n11~;j sPS lu~'Ju~ 
I ,. I I " 

LUU'tllMj1UU'tltl (~'1niUnU1~uu~u1Yi;jn1n~lJ'1I'tl'l Tg lhi1 sPS lumlJ1ruYilJ1n~u) n11 

tJ~lJt~tl"fjfi~~~1tllu~'Jvi1~:;~1tlL~tl'Jnu9'1iJfi1 Tg ~~'1n~1n11tJ~lJt~tl"fjfi~~'tllJ~~~1tl~ 
" ",

rerI'l11~'lut~uu1~un-n'tl'lmlJ1ru sPS vi"~lJ~lU1~U1JYi;jfi1Lvhnu 

;'tl~'tlU'1l'tl'l%n11tJ~lJLLUU~~'tllJ~:;~1tl1lJ1~Luu~tJ~1rfllun1rtJ~lJYi'tl~LlJ'tlflU1'l1'1 

~1'l~1~nr1lJ i'l;1Lti'tl'l~1 n ~U'VlU~~1n~1 LL~ :;1lJihlC1J~11un1rn1{~~'JVh~~~1tl~'1i1r1 fl1 LL~'1 
L~~~1lJ~'tl'li1r~1Ju~u1~'Jvi1~~~1uniulJ11ejfl~,j n11tJ~lJlumlJ1ru~lJ1n~:;~~~~'fi'tlulu~'tl'l

~ 

~1'l~1~nrrlJ 

~1nfi1 Tg '1I'tl'l~'tl~LlJ'tlf1J1~1'lfil.ur~1J1Ji'l~'tl'l'tl'l~tJ1~n'tlU~:;~1lJ1rC1rl1U'Jrurh Tg 

'1I'tl'l1~UU~'tl~ LlJ'tlftJ ~ lJ1~"i1n n111 if~lJn11~ L~'tllJnur~~ ~1'1~ ru~1J)jfl~1U LLrh'1l'tl'l~1 ru1~'Vlfi 

LL~:;'QruvtlJ)jfl~1ULLn'J'1I'tl'l~'tl~ LlJ'tlftJ~ lJ ~ lJn1r~Uj1U~ Ltlu~l{n~~'tl~ lJn1r'1l'tl'l Flory-Fox 

~'1~~~1lJ1rC1LL~~'11~~'1if 

1 WI (I-WI) 
-=-+--~ (2.2) 

Tg TgJ Tg2 

=~ru~!J)jfl~1ULLfbll't)'1~'tl~LlJ'tlftJ~lJ (1~~1nn1rI'l1'J~r)~) 

=SPS LL~:; ~'tl~LlJ'tlf'f)lM~1U~n'f)'1~ur~n'tl1Ju 

" ~1n~lJn1r"1l'tl'l Flory-Fox ~'1nfi!'J lh1'l11U'Qru~.1Jij fl~1U LLn'J"1I'tl'l~'tl~ LlJ'tlfu1~l'lfivr'l 

~'tl'l (Tg1, Tg2) LL~:;'Qru~.1Jnfl~1tlLLn'J"1I'f)'1~'f)~LlJ'tlftJ~lJ (Tg) ~:;~1lJ1rC1rl1u'Jrufi1tll'lr1~'Ju 
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'Lt'ltnl'nnl'n1U'Vl1'1'Vl ~1=t] (W1) 1~d~Un11~tl)J1~-:JLuu",hra(;111 ~'JU'Lt'lutl1'\.n!n"lltl'l SPS 1u~'Ju~ 

LUU'fliMj1U(;l1l-J'Vl~M]1~'Lt'lUth::;lJ1ru ~1~fl1u'Jrul~u1::;UU~1-:J1 ~::;~1l-J11tl~11JLi~JU(;I111-:J 

1~~'lrl' 

~ 
91111.:1'Vl 2.19 Percentage of SPS in binary blends from calculation 

%SPS % SPS from calculation (W1X100) 

(real) SPS/PaMS SPS/PEMA SPS/PBMA SPS/PCHA SPS/PIP 

100 

80 

60 

40 

100.00 

64.06 

5.54 

-3.70 

100.00 

92.99 

80.67 

73.42 

100.00 

96.12 

94.24 

89.12 

100.00 

91.27 

88.46 

77.12 

100.00 

94.24 

90.78 

82.71 

~:::L~ul~~1~1~tJ1::;',J1ru~1n Fox Equation ',dj~1flr,1t'1Lfl~'flU~1nra(;l11~'Ju'Lt'lu 

J1v,.Wn~ LLVl~1'lLtlU'flti1'l)J1n 'Lt'lU~:::;jn11fl1"'Lt'l1ra(;l11~'Ju'Lt'luJ1l-1tl'n sPS "lI'il-:J~'JU~LUU'fl{~ 
j1ui1~1~'ln~1lJ1n ~'l~::;djultJl~lunn11L~u'J;-)'iliJn1nLunL~~'lI'fl'l'fl'lrrtJ1::;n'flu~Li1u'iliMj1U 

'flti1'l11n~~)Jn11 Fox LiJu~l-Jn11~~1)J11tliJFI'J1)Jfl~1t'1Lfl~'flul~)J1n i'lifLti'fl'l~1nn11 
I ftft I .... ..l '1 I I ..l .... ell 

]J1:::l-J1ruLon'lfl1L'U~U LL~:::fl'J1l.J Ll.J~1l.J11(l]J1::;l.J1ru1:::lJUVlLnt'l Synergistic l-11'fl non-

Synergistic l.J1n11~ 

2.1 0.5 1:.J~'lI'fl'l~1n~l-JLL~'l~'flml.J1nm11LUUI:.J~n 

n11fl1u'Jru"nml.J1run1ntlul:.J~nlirlfi'll'fl'l Ruland 'Lt'lUn11(;11'J~it'ln11n1::;L9'l 

LL~'l X-Ray ~Lnt'lfu~l-!l.J~:::Vl'fluj;j1'l1 'Lt'lun111ii XRD n11fl1u'Jru~::;liil:.J~j;j1'l"ll'fl'ln11n1::;L9'l 
LL~'len'fl'l~'fl~Ll.J'flf~iJl:.J~n~U~')tJn11n1:::L9'lLL~'l'll'fl-:J~'fl~L)J'flfL~tI'Hiu lU~111'J::;~LtlU'ili'l!t:S1u

"" 
n11n1:::L9'l LL~'l~:::tJ1:::n'flU~'JtI ~'JU~Ltlun11n1:::L9'l Ll~'l'Lt'ltll:.J~n LL~:::~'Jun11n1::;L9'l LL~'l~1n 

~'Ju~LtlU'fli~j1ultJ~1'fll-Jliu 'f)fi'll'fl'l Ruland liin11r)1u'Jrui'JLLth~LiJuY('l~unlJl-ll.Jn11 
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2sinB 
s=-- (2.3)

A 

~'1~1 A Lih.Jf'Yl1tltl1'lfl~'W'1I'tl'l X-Ray LL~:; 8 f)'tll-!~~:;Yl'tl'W'1I'tl'l~1LL~'1(;lnr:;'VItJ 

~'1~1tB-tl1run1nil'W~~n (xc) '"l:;~1tl1:i'tlrl1'W'lrul~'"l1n 
sp

JS2 Icds 

Xc = s;p (K(so'sp' D,j2))= cons!. (2.4)

JS2 Ids 

I(s)= f'l'l1tlL;tl;'W'1I'il'ln1:i'n:i':;L~'1 LL~'11(;11~ ~1 LL~ll'l s 

'c(s)= f'l'l1tlL;tl;'W'1I'El'ln1:i'n:i':;L~'1 LL~'1L(;1£.1 ~~n~~1 LLVlll'l s 

(K(so's p' D,j2)) = ~1n1:i'n:i':;L~'1LL~'1'11'tl'l'U1nVltr'l~'WL~'il'ltl1'"l1nn1ri'Wl~'lL(;1t1 

f'l'l1tl1'El'W'1I'El'lLtl L~'1~ LL~:;f'l'l1tltJnyd'El'l'1l'tl'lLf'l:i''1~'f1'1~~n ~'1 

'"l:;~1tl1:i'tllh:;tl1rul~L(;1t1n1:i"th'W~1 ~'l L~'1I'"l1 n (;l1:i'1'1 LL~:; 

~tll-J~liHj~1f'l'l~1'W:i':;'U'UVlti'l1 

A I..I! 2
~1.J'Vl 2.6 Curve of s 1(s) versus s for polypropene 
" 

L(;1t1~ L~'Wlh:;9:; LL~ (;1'1 n1rnr:; L~'1 LL~'1'11'tl'l~'l'W~ LiI'W'El~~j1U ~~'Wn1rnr:;L~'1 LL~'1'11'El'l 

~~n9:;~1tl1rtl LL~ (;I'Il~ L(;1t1 LLv1'1:i':;VI~1'1L~'W1..h:;ntJ LLv1'1n1rnr:;L~'1 LL~'1~ LiI'W~'l'WtI'El (;1~ L~tl L~tl 
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~'Ultll'Un:n~ ~1)'W~L1j'W~U~I)~LL1L-l1~h)fh S2 L~'a I lJfl'UilU 1 ~-l~'a-l,rni-ll'Wn11fl1'Wl)ru 

tfhJ1ru~~nL~tI XRD 

n11fl1'Wl)rulnfl1 K tf~1lJ11nLL~~-lLiI'W~)Jn11 2.5 ~-l;f 

K=_S...::...-o___ (2.5) 

~-lfl1 f ~'aY(~.a-'W"1I'a-l'a-l~tl1:;n'atJYl1~LfllJ LL~~ 

fl1 0 ~'afl1flI)1)Jl~~)J1Jlor'jJ'a-l~~n 0 =exp (-ks
2
). 

L~tll-J1nLL~l)fl1 K 9~th'Wl~91nn11~L~tlLtlurr-l.a-U"1l'a-lfl1 s "1I'a~~'afh)J'af LL~~9~tlftJ 

rh k 1'W 0 L~'ali1rh Xc LLtl1cr'WL~-lL~'Wt;l1-lr;i'afl1 s rl1L~-lIKI)L~'jJ"1I'a~ K 9~~1)J11nLL~~~1~~tJ 

n11~ 

~ .
ltJ'Vl 2.7 Nomogram of K values as a function of k and sp calculated for the chemical 

composition (CH2)n and So =0.1 

~~1'Wn11Yl~~'a~;irl1 s 9:;lJrl1'a~1:;~~1-l 0.1-0.3 ~~91nn11~~1~~'W9~~1)J11(l'thurh 
K ~llJ~1rl1 k 9:;Li1'WL'Vhl~1~rh K Lvhnu 1-1 ,21'W~;i~-l9:;tl1:;l-J1rufl1 K lihvhnu 11'W'Vln1 

l-ll-l ~l-ln1:i'~BJlU~n'a'Wvr~n~11)9:;~(1):i'U~N m~'a L~tl~rl1rJ't;l:i'1~I)'Wn1'Cf~~'a~"1I'a-l s21 LvhJ'W 
q ~ 
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1~~________________________________~ 

,Q 12 

cau~ 2.8 X-ray diffraction pattern of amorphous SPS 
" 
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10 2D 

(a) 

10 is 15 

(b) 

(c) 

The X-ray diffraction patterns for SPS/PaMS blends and their blend with 

additives at various compositions: (a) SPS/PaMS blends; (b) SPS/PaMS/LCC 

blends and (c) SPS/PaMS/GMS blends 
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iP~Pf"A 

(a) 

3010 

(b) 

'10 i8 	 :26 

(c) 
~ 

~tJ'VI 2.10 	 The X-ray diffraction patterns for SPS/PEMA blends and their blend with 

additives at various compositions: (a) SPS/PEMA blends; (b) 

SPS/PEMNLCC blends and (c) SPS/PEMNGMS blends 
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(a) 

(b) 

-I) 1~ 2ft 30 

(c) 

~ 
~tJVI 2.11 The X-ray diffraction patterns for SPS/PBMA blends and their blend with 
'U 

additives at various compositions: (a) SPS/PBMA blends; (b) 

SPS/PBMNLCC blends and (c) SPS/PBMNGMS blends 
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10 15 	 30 

(a) 

iD 	 20 
29 

(b) 

1(l 

(c) 

25 

cI
~tJV1 2.12 The X-ray diffraction patterns for SPS/PCHA blends and their blend with 

additives at various compositions: (a) SPS/PCHA blends; (b) 

SPS/PCHNLCC blends and (c) SPS/PCHAIGMS blends 
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(a) 

f 


15 

(b) 

15 

'5'Uv1 2.13 
ill 

(c) 

The X-ray diffraction patterns for SPS/PIP blends and their blend with 

additives at various compositions: (a) SPS/PIP blends; (b) SPS/PIP/LCC 

blends and (c) SPS/PIP/GMS blends 
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..,a 
~1'i1':)V1 2.20 	 % Crystallinity of SPS/PaMS, SPS/PaMS/GMS and SPS/PaMS/LCC blends 

at various compositions 

% SPS % Crystallinity 

SPS/PaMS SPS/PaMS/GMS SPS/PaMS/LCC 

40 19.37 38.54 20.00 

60 23.93 27.27 23.49 

80 38.42 27.23 28.98 

100 57.26 49.59 51.63 

ronn~'f)~~'f)1"Hf':JLn(;11~~'Hri'elL~lJtf'hJ1ru sPS lW~'f)~LlJ'elfr:J~lJ ~~y'hlih.rtlJ1run1d 

Ln(?1r:J~n;j~hL~lJ~U LLUl) LiilJ~'1n~1l)U-.l~1lJ1dtl L-aul~Lri'f)~~1dru1r:J~~1n DSC L(?1EJL~'f)L~lJ 
. 	 " . ., 

mlJ1ru sPS ~'f)~LlJ'f)fr:J~lJ~~1~~i-.l-.l1uLYi'f)"'~'f)lJ~~~1EJr:J~nl'i'f)'l11'V1,rn~'el~LlJ'f)fr:J~lJL~lJ~U 

(;11lJilJ~U LL~~Lri'f)r:J~lJ LCC'VI'1'f) GMS ~~Yh1iimlJ1rur:J~n~(?1~-.l 1-6% ~'ln~'el~LlJ'f)f~l1-il~ 

d 
~1'i1':)V1 2.21 	 % Crystallinity of SPS/PEMA, SPS/PEMAIGMS and SPS/PEMAlLCC 

blends at various compositions 

%SPS % Crystallinity 

SPS/PEMA SPS/PEMAIGMS SPS/PEMAlLCC 
" 

40 27.00 29.33 31.58 

60 37.25 35.38 41.07 

80 41.43 44.75 44.41 

100 57.26 49.59 51.63 

~1n~'f)lJ~'f)1~~-.lLn(;11~~1Lri'f)L~l-iilllJ1ru sPS lU~'f)~LlJ'elfr:J~lJ ~~y'hliimlJ1run1d 

~n(?1r:J~n;j~hL~lJ~U LLUl)LiilJ~-.ln~1l)U-.l~1lJ1drl L~ul~Ld'f)~~1dru1 r:J~~1n DSC L(?1EJLd'f)L~lJ 

,fdlJ1ru sPS ~Tl~LlJTlfr:J~lJ~~1~~i-.l-.l1'WL~'f)'VI~'f)lJ~~~1t1r:J~nI'iTlJ1'V1,rn~'f)~LlJ'f)fr:J~lJL~lJ~'W 
(;11lJilJ~U LL~~Lri'f)r:J~lJ LCC 'VIr'f) GMS ~~vhliimlJ1r;uf.J~n~(?1~-.l 1-6% ~1n~'f)~LlJ'f)f~11-il~ 
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(;l1~1~v1 2.22 % Crystallinity of SPS/PBMA, SPS/PBMAIGMS and SPS/PBMA/LCC 

blends at various compositions 

% SPS % Crystallinity 

SPS/PBMA SPS/PBMA/GMS SPS/PBMA/LCC 

40 39.57 36.95 34.79 

60 36.65 34.12 30.58 

80 37.79 38.12 41.94 

100 57.26 49.59 51.63 

Ln~~~nijrhL~lJ~U LLU')LUlJ~'In~'l,)~'1~'llJ'lJ(lLi1uH1Lri'fl~~'lnU'l~~r.nn DSC L~tJLd'flL~lJ 

uhnru sPS ~'fl~LlJ'f)ft:J~lJ~:;1ii~~'1'1TWL~'f)t.1~'f)lJ~:;~'lt/~~nvi'f)J'lt.1unYi'f)~LlJ'f)f~~lJL~lJ~U 

L'nlJ~lJ~lJ LL~:;Lri'fl~~lJ LCC t.11'fl GMS ~:;Yh1ih.rh.nrut:J~n~~~'1 1-6% ~'ln~'f)~LlJ'flf~hj't~ 

(;l1~1~v1 2.23 % Crystallinity of SPS/PCHA, SPS/PCHAIGMS and SPS/PCHA/LCC blends 

at various compositions 

% SPS % Crystallinity 

SPS/PCHA SPS/PCHAIGMS SPS/PCHAlLCC 

40 34.80 37.00 28.93 

60 46.77 36.50 28.38 

80 43.68 40.34 29.49 

100 57.26 49.59 51.63 

~1n~'fl~~'en~~-3Ln(;\1~~'lLri'flL~).JmlJ'lru sPS lUYi'fl~LlJ'flft:J~lJ ~:;Yh1ihnlJ'ln.m'lJ 

Ln~t:J~nijrhL~lJ=[U LLU')tUlJ~-3n~'l')J-3~'llJ'lJ(l L.aul~Ld'fl~~'lJru'lt:J~~'ln DSC t~t/Lri'flL~lJ 
• .., I '" 

mlJ'lru sPS ~'fl~LlJ'flft:J~lJ~:;1ii~~'1-3'lUL~'fl',1~'fllJ~:;~'lt/t:J~nvi'flu'lt.1unYi'fl~LlJ'flft:J~lJL~lJ;U 

(;\'llJ~).J~U LL~:;~d'flt:J~).J LCC t.11'fl GMS ~:;Yh1~mlJ'lrut:J~n~~~-3 1-6% ~'ln~'fl~L).J'flf~l~l~ 
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ci 
(;)1~1~'V1 2.24 % Crystallinity of SPS/PIP, SPS/PIP/GMS and SPS/PIP/LCC blends at 

various compositions 

% SPS % Crystallinity 

SPS/PIP SPS/PIP/GMS SPS/PIP/LCC 

40 23.37 21.58 24.45 

60 27.76 29.70 31.13 

80 32.62 43.00 31.34 

100 57.26 49.59 51.63 

~ln~re)~~re)I~~'1Ln(;ll~~ILrlre)L~JJtIhJ1ru sPS 1'W~re)~hJJre)f~~JJ ~~v'h1ihRJJlrunI1 

Lii~~~n;:irhL~JJ;f'W LL'W'ltUJJ~'1n~I'lU'l~IJJI1n L~'Wl~Ld'aY4~11rul~~~ln DSC t~tJLrlre)L~JJ 
mJJlru sPS ~re)~LlJre)f~~lJ~~1~~i'l'lI'WL~re)~~re)JJ~~~ltJ~~n(;]re)Jlwtl'n~re)~LJJre)f~~JJL~JJ~'W 

~IJJi)J~u LL~~L~re)~~lJ LCC ~1re) GMS ~~vh1ihR)Jlru~~n~~~'1 1-6% ~ln~re)~L)Jre)f~hil~ 

~ln~re)~~~l~LL~!,)'1 nI1~!')m)Jlru sPS 1'W1~UU~~'V'h1ihrrlJlru~~niJrhure)tJ~'1 

(;IllJ~I~U 'Wre)n~lnifnln~lJm)Jlru LCC ~1re) GMS ~~~'1~~1~mJJlrunlntl'W~~n~re)'1 sPS 

;:ifh~ ~~'1 vf'ltfre)I~~~11ru11~~1nnI1ih~'l'W~ dj'Wre)~M~I'W~)J1 n~'W1'Wnnl1~re)'1nl n ~JJmJJI ru 
.AS 

~re)~L)Jre)fre)~M~I'W~L~IC.J~lJn1J sps ~1re)nI1;:i~'l'W~LiJ'Wre)~M~I'W~L~ntJ1~'1;f'W1'Wnnu~re)'1 LCC 
.AS '.AS 
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1'Wn1d'Vl~~'tl-:JIM)'Wif lilYi'tl~hl-J'tlf sps 1'WVl'tl-:J~~1~L~'tl'Vl~~'tlU~l-Ju~'Vl1,m~ t~u 
Dynamics Mechanical Analysis (DMA) LiI'WLfli't1-:)n'tl~ffnl'Wn1fjLfld1:;li Yi'f)~Ll-J'tlf~lilLL'Vl'W 

~hultlJffn1!tru sPS1 LL~:; sPS2 ~-:)iJl-J'l~tl-JL~fl~ LL~n~h-:)ri'W t~u~ sPS1 iJl-J'l~tl-JL~fl~ 

3.17*1 0
5 LL~:; sPS2 ;jl-J'l~tl-JL~fl~ 1.30*1 0

5 9:;.yhn1dt:J~l-Jriur~'f)~Ll-Jtlf 5 '1Iil~ ~'tl Poly (alpha 

methylstyrene), (PaMS); Poly (n-butyl methacrylate), (PBMA); Poly (cis-isoprene), (PIP); 

Poly (ethyl methacrylate), (PEMA); Poly (cyclohexyl methacrylate), (PHMA) t~ufjfi~~'tll-J 

1~qJL~'tl'Vl~~'tlU~lJU~'Vl1-:Jn~ .yhlifn1dt:J~lJt~un1d",~'tllJ~:;~1ulift:J~n1dt:J~lJ~~n~11'Wn1d 

'Vl~~'fHl1l'tl'W~~'tl-:J'tlci1-:)L,"'Wl~'tlci1-:J-D~L9'W 

3.1 	 fl1~~1J"";'VI1..:JFI'J1)J~'el'ULJ;l!l DSC 

Yi'f)~LlJ'tlft:J~l-J~l~ sPS1 LL~:; sPS2 Lri'tl'tl1lJ1t:J~l-JriUYi't1~Ll-J'tlf'tl~ru~1'Wi-:Jif1'J1il~ u 

~-:)nfi1'l Lrl'tl(;ld'l9i~~lJllii'Vl1-:)fl'l1lJ1'tl'Wt~u DSC LL~'l9:;~1l-J1dClLL~~-:)t:J~n1dl1ld'l9i~1~~-:).Q 

~ 
(;I1'31..:J'VI 3.1 	 Glass transition temperatures (Tg)' melting temperatures (Tm) and 

crystallization temperatures (TJ of sPS1 blend system 

System
a Heat up 1 Cool down Heat up 2 

TQ(oC) Tm(oC) Tc(oC) Tg(oC) Tm(oC) 

sPS1 

sPS1/PIP 

sPS1/PBMA 

sPS1/PEMA 

sPS1/PHMA 

sPS1/PaMS 

100.42 

88.58 

85.85 

75.13 

70.75 

88.74 

267.00 

268.74 

268.81 

268.33 

265.45 

266.84 

213.34 

220.26 

220.59 

214.88 

222.06 

221.12 

100.36 

74.88 

88.03 

83.50 

75.54 

93.33 

268.15 

268.75 

265.59 

263.52 

263.26 

265.37 

aConditions: Temperature 300°C, MW of sPS 31.7x10
4 

and composition sPS: another 

polymer =80/20 (wt/wt) by melt mixing method 
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...l 
(;l1"i1~VI 3.2 	 Glass transition temperatures (Tg), melting temperatures (Tm) and 

crystallization temperatures (Tc) of sPS2 blend system 

a
System 

Heat up 1 

T/oC) Tm(oC) 

Cool down 

Tc(oC) 

Heat up 2 

Tg(oC) Tm(oC) 

sPS2 97.47 267.52 234.70 100.25 265.73 

sPS2/PIP 56.85 263.02 215.15 70 .71 263.50 

sPS2/PBMA 64.39 260.18 213.86 84.22 260.54 

sPS2/PEMA 92.86 260.02 217.34 81.95 261.63 

sPS2/PHMA 98.70 260.77 212.08 79.22 257.71 

sPS2/PaMS 86.96 263.71 219.03 90.24 265.47 

aConditions: Temperature 300 °c, MW of sPS 13.0x10
4 

and composition sPS : another 

polymer =80/20 (wtlwt) by melt mixing method 

~'1 ~ ~nl1'Vl ~~,[)'1 ~'[) ~ f) ~,[)'1nU;'[)~lt1 L~lJ~ LL~ ~'1~1'W'[)~ LlJ,[) fvf'li11"1!il~if~llJ1Hl~~ lJ 

djowLif,[)L~rJ'Jn'Wl~nu sPS t1'1LLi1~I~~lii sPS ~iJ~lJ1J~lJ'J~LlJL~f"l~~LL(;ln~I'1n'W'[)'tlnlt1 LL~~ 
Ld,[)Ulrh~rJ~l~ifltJ LVlrJU nUnl1'Vl ~~,[)'11'W(;l,[)'W~~,[)'1~:;~llJl1() LL~ ~'1 ~~1~ ~'1if 

(;l1"i1~v1 3.3 	 Glass transition temperature (Tg) of sPS polymer blend 

.. ° T9 of This work(oC) T9 of Previous work( C) 
Blending system 

a 

Heat 2 Heat 1 Heat 2 Heat 1 

70.71sPS2/PIP 86.61 64.12 56.85 

84.22sPS2/PBMA 94.81 79.21 64.39 

75.63 81.95sPS2/PEMA 95.43 92.86 

99.61 79.22sPS2/PHMA 99.45 98.70 

90.24sPS2/PaMS 94.03 96.54 86.96 

aConditions: Temperature 300 °c, MW of sPS 13.0x10
4 

for this work, MW of sPS 

1.9x10
6 

for previous work and composition sPS : another polymer =80/20 (wtlwt) by melt 

mixing method 

~lnnl1LVl rJU n'W~:; LL~ ~'1ii'l f)'JllJ LU'WLif'[) L~rJ'J n'W"lJ,[)'1'W,[)~ LlJ '[) f~ ~ lJ 
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" " I •

~1~11f.1~~fh Tg sn'fl-3 sPS 1~ Y\-3U"~LiJunI1L~~'rlru~1JijVl1;-31'Ul~'flth-3~~UL~UtJ'l (1~~~1-3 

fh Tg LL~~ Tm) 'tl'U,,~Yh1ih~Il-J11f.11;-3TU sPS l~~erl'l-3n~I-3~u~'flltJ LLt;i'flth-311n~ll-Jfh Tg ~ 
1'~l~;jrhllJLvhri'U vf-3tf'flI"L~'fl-3l-J1"1nn111; sPS ~iJl-J'l~t~LfHl~~I-3n'U'fl'flnhJ 1'l~ti-3n111; 
~11L~l-JLLI1i-31U~'fl~L~'flf sPS2, sPS1 ~-31UnI1Yl~~'fl-3~'flU~ 1 LL~~ 2 1;~'fl~LlJ'flf~l-3Lfl11~i 

., , 
L'fl-3~~llJiinI1L~l-J~11L~lJLL~-3 1unI1Vl~~'fl-3~'flUULU'fl-3"ln"~~t.ntJllJ~lnlnh~~n~1;1uYl1-3 

, 
~~~1~n11lJt~tJ~1-3 ~-31; sPS Vll~lJl"1nYl1-3Vl'fl-3~~I~ti-3LLiJ~1"~~1lJ11f.1l-3Lfl11~~1~L'fl-3n 

[;l1~ 

3.2 	 fh~tI'U"i'V)1-3fl,;)1t1~,£)'lJt~!J TGA 

"1nn111'~n11YlU~'flfl'lllJ~'flusntl-3 sPS2 LL~~~'fl~LlJ'flfCJ~lJt~tJLfli'fl-3 Thermal 

Gravimetric Analysis (TGA) ~1'~J!~unsn'fl-3~'l'flth-3~~ru~1Jij~1-31 t~tJn11L~~~ru~1Ji11u 

'el~11 20°C ~'flU1Vltt'ltJ~1'l"1'~1~~~1-3~ru~1Jij 50-400°C [ntJl~1J11tJ1n1~ N2 ~'tl~11nI1 

It.1~ 100 ml/min n11YlU~'flfl'l1lJ~''flu''~1'~1~''1n'qru~1JijLrl'flJ1~Un'lJ'fl-3~'fl~L~'flf~1tJhJ 5% 

LL~~ 1 0% ~1lJ~1~t! i-3ifn11~i1'qn.m1Jiji?l-3n~1'l~-39~LiJun1nL~~-3~1~'fl~L~'flf~-3n~1'l 
~1~11f.1"~Ylul1i'flfl'l1lJ~'flul~~n~1 Lrl'flU1~'l'flth-31~1J1J"lI'fl-3 sPS2 lJ11111'l"~'fl1J~'ltiLfli'fl-3 

~-3n~1'l"~~1lJ11f.1~1tJlUU~'fl~~1~~-3;f 

.d 
(;I1~~'V) 3.4 Sample temperature at 5 % and 10 % weight lossa 


Blending system 
Temperature at 5% weight 

loss (oC) 

Temperature at 10% weight 

loss (oC) 

sPS2 345.94 377.48 

sPS2/PIP 347.26 377.67 

sPS2/PBMA 335. ~3 359.81 

sPS2/PEMA 316.38 348.50 

sPS2/PHMA 311.72 333.18 

sPS2/PaMS 353.19 366.99 

aObtained from TGA 
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~t1.y13.1 Temperature at 5% and 10% weight loss for blending system 

91n~1~I..:JLLft::;n~l'rJ~,m~I'l9:;~1).J1~tl~ltJl~~1 n1~'Vl'Wj;J'r)rl'l1).Jr'tl'Wen'tl..:J sPS Ld'tltJ~).J 

~'tl~L).J'r)f~n"Dil~ft..:JltJ 9::;vh1~ nl~'Vl'Wj;J'f)rl'l1).J1'r)'Wen'r)..:J sPS LtJ~u'WltJ L~tJ9::;il LL'W'l LU~~ft~ft..:J 

LLj;Jl~).Jlnu~ ~rutl"1JiJtllvtUnft~ 5% LLft::; 1 0% "1.1'r)..:J~'r)~L).J'r)ftJ~~ PIPilrh~..:J~~~ LLft::;~I~~~ 
Lij'W~'r)..:J~'tl~Ll-J'r)ftJ~).J PHMA n1~tJ~::;tJn~i1;..:J1'W~'Qruvt1JiJ~..:J"hdj'W~'r)..:J'Vl~ft'r)..:Jrl'l1).J'Vl'Wr;i'r) 

rl'lIl-J1'r)'WLti'r)..:J91nL~'r)~'r)~Ll-J'r)fLn~nl~~ftIU(;]'l9::;~ruL~utl1vtUnLLft::;.yhl~~).J~Vl1..:Jnftilrh~
'IJ .... 

3.3 	 ?UJ'U~'VI1.:)n~L~!.J DMA 

1'W,f'W~'r) ....rtf9::; LlJ'Wn"lr'Vl ~~'r)1J ~l-Jllii'Vl1..:Jnften'r)..:J~'r)~ L).J'r)ftJ~).J LLft::;~'r)~ L).J'r)f1J1"1'Vlfi 

(sPS1, sPS2) L~unl~lojj Dynamic Machanical Analysis (DMA) ;..:J9::;'Vl~ft'tl..:Jl'W"1i'l..:J~ru't-tlJiJ 

j;J1..:J1 L~tJ9::;i~~lJ'.m E', E", tan 8 ;..:JLu'WrhL).J"J~~~~ruvt1Jijj;J1..:J1Ld'r)L~~~ruvt1Jijl'Wrer~~1 5 

oImin rhLlJ"J~~ E' 9::;LL~~..:JCi..:Jrl'l1lJ~1l-J1~nl'Wnl~f1J LLN1'Wvll'W'r)..:JL~u'ln1Jrh tensile 

modulus ~'l'Wrh E" 9:;i~~~..:J'11'W~L'U~u'WhJ LU'Wrl'l1l-J1'r)'W1)"t,lLti'r)'1).J191nnl~f1J LLN (Loss 

Modulus) LLft::;rh Tan 8 LL~~'1rh E"IE' ;'19::;i1rh~'1Ld'r)~1l-J1~nf1JLLN1~~ 'Wlln91nifu'19::; 

~1).JI~n1J'r)nCi'1rh Tg l~L~unl~~'1Lnlw,~ull~en'r)'1 Tan 81~~n~'lu 
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3.4 eJ~ n'3~'Vl'UL'U'f)-3~1n'f)CU,"IUJ LL~~L'l~1 

• 1\1 

Lfli'fl-l DMA ~:;y'hn1:i't)~ri1 E' ~flf)Il-J~~1-l1191~1l~srif)-l'Qru~.Qjj~nTl,rU~ t~t.J~:;t)~ril E' 

1911l-JsrifJ-lflfJll-J~crt.J-l~I~1JhJ L~'U t)~~flfJll-J~ 0.1, 1, 10Hz crt.J-llt1Vl~:;flfJll-J~LdllL~l-J~ru~.Qll 

~fJt.Jtl~11~N~t~t.J~~1l~ ~lnril E' ~LL~~:;flfJll-J~~~rul-l1J1l~1-l1n~:;~Il-JI:i'rlfh'UfJru~lriILf)~1 

~f1JLL1-l~11l~nut.Jl-l~-l~fJ'Uni1JdjJll-lflfJll-J~~'qru~1J1l~1-l1 L~tlU1ril E' LL~:;LfJ~I~'Qrul-llJjj 
, , .... 

~1-l1l-J1 LL~ ~-lLiI'Un:i'1yJ t~t.J~ln L~'UL;lll-J~'t)V1'Qru~.Qjj L~t.JfJ rl'U ~:;l~n:i'lyJ ~-l LL~ ~-l ~-l ~1l11.J\l 
..l.., .....l ~ _ ...... ...,.... ..,.J ..., ..l ,"" 
'VlLf)~1:i'1J LL:i'-l~-l1 ~:i'llflfJll-Jrl~1 ~'t)~ Ll-Jll:i'~:;l-JLfJ~I~~L:i't.J-l~f)L~llnl:i':i'1J LLN'Vll-JlnnfJl ~-l 

y'hliiril E' ilril~~~-lLrlllL~l-JLfJ~I~'Qru~lJjjfl-l~ LL~:;t~t.JL'U~I:;llth-l~-l~'Qru~lJij Tg nl:i'L~l-J 

LfJ~11'Unl:i'f1J LL:i'-l~11lnTj'~ ~flfJ1l-J~ ~:;vhli1ril E' ~~~-lLu'Ullth-ll-Jln~ LfJ~1 L~l-J~'ULL~:;flfJll-J~ 
" " I I I 

~~~-l vr-li1LU't)-l~ln tl-JL~fl~~'t)~Ll-JllfVl'Qrul-llJij(;hn~1 Tg ~:;llJ~Il-JI:i'rldjJU1Jl~llth-l~~:i':;y'hlii 

.... , 
t~t.J~It.JLL~:;~~:i':;l-J1n~'U vlI1iiflfJll-J~Il-JI:i'rll'UnI1~'U~i-l-lI'Uilrh~~~-lu'U~1l E' ~:;il~I~~~-l 

~'Qrul-llJij~~-l~'ULrilI LVlt.J1J Lf)~1 L~t.JfJrl'U~:;l-l Ln ~ L~'U1~~1~1 E' ~:;i1 ~1~ ~~-l~Il-J~1 ~1Jvf-lrl' 
Lrt't)-ll-JI~lnflfJll-J~Il-JI:i'rll'Unl:i'flJ LLN~:;~ ~~-l Lrl'rltl-JL~ fl~lejf~i-l-lI'U~i1lltJ~-l1'Un1:i'f1J LLN 

l-l11l~i-l-lI'U~tJll'U1~1'UllfJ-l LfJ~l~ nl~'U~~:;~Il-JI:i'rl L1.J~tJ'ULL1.J~-l~l-JlJ'1l'VlI-ln~1~~1t.J n~1 Lrlll 

:i':;lJlJil~ru~lJij~-l~'U ~1 E' ~L'l~1 LL~:;'Qn.m.1Jjj~1-l1~:;~1l-J1:i'rl LL~~-l1~~-l~1l11.Jif 

123 



1.0E+10 
~temp60 

-a-temp80 
-- .-- _. temp90 

~temp100. 25 

~temp110 

~temp120 

-+--temp140 

n; -6-temp160 

e:, ~temp180 

Lu 1.0E+09 
0) 

.Q 

0.1 10
log t (rTin.) 

~ 
'itl'Vl 3.2 E' curve as time function for sPS1 
" 

1.0E+10 
-+-temp60 
-a-lemp80 

·lemp90 

--fr--- lemp100.25 

~lemp110: : : -~temp420 

n; - ~ , -.0 -+--lemp140
''Ii 

-6- temp160e:, 
~lemp180[u 1.0E+09 

0) 

.Q 

1.0E+08 +----_r__~-_r__...--.~~.----~~-~~~........_,___-~~~~~~~__r_l 


0.1 10
log t (rTin.) 

A I~ -
ll..l'Vl .j.3 E' curve as time function for sPS2 

124 

100 

100 

http:fr---lemp100.25


1.08-10 -.----------------------------r-.:---:-te-m-p-;;-60~--. 

--temp65 
- -- temp70.71 

----*- temp85 
--*-temp100 
~temp120 

-t-temp140 

m ~temp160 

--tr-temp180~ 
Lu 1.0E+-09 -l-----~~~II!::__o:..-----~~--=~====-__.:;..<---~=====f 

ii 
0.1 10 100 

log t (rrin.) 

E' curve as time function for sPS1/PIP blend 

1.0E+10 y-------------------------------r------,
--tamp60 

--temp65 

temp70.71 

-*-temp85 

-Jf-temp100 

--temp120 
• I I. I I II .. .. . . .. :'-.~-l~---ilt--~______ --+- temp140 

II ;{---- _ _ ,. -6-temp160 

!!:. .'.- ~' " ._" .. .. -- temp1 BO 

~ 1.0E+09 +-------~~:-= -,.,-A,-- .,._ - ___ ..><-- . - - _ .__ ._-..._.,- ," "' --.:..---I' '''=--,- ..,-- __-".--- .-._-__.. _-_.,.;__- - -_,,- .._- - _ - ---------L.

1 ,OE+OB -+---~---..--.--_,___.__._._.,...,..---...--.,..__....~_._-.-._._.,.._--_._---.--.__..._,---r_._.._! 

0.1 10 100 
log t (min.) 

'3uv1 3.5 E' curve as time function for sPS2/PIP blend 
cu 

125 

http:temp70.71
http:temp70.71


1.0E+10 ,----------------------------ir----:.~..te:::m::;p:<;60..----1 
___ temp80 

. ;k-- temp84.22 
~temp90 

-¥-temp100 
______ temp120 

-+-temp140 

-fr-temp160~- .~~ 
W 1.0E+09 +--,lIr---==-------c~l=_r~, ~temp180 

0.1 10 100 
log t (rrin.) 

~tJv13.6 
III 

E' curve as time function for sPS1/PBMA blend 

1.0810 ,------------------------------r-----:-.-----:t-em-p--;60~ 

m 
~ 
Ol 

.Q 

1.0809 +--.u------"-"~ ;:;p" ~-."' 
~"-'~ 

&~;t i ; 

0.1 	 10 
log t (rrin.) 

~tJv1 3.7 E' curve as time function for sPS2/PBMA blend 
III 

___ temp80 
","- temp84.2 

-*-temp90 
-¥-temp100 
______ temp120 
-+-temp140 
-fr-temp160 
~temp180 

126 

100 



1.08-10 ,------------------------------,----:-.-----:-te-m-p60-;:-:---.' 

___temp70 

··-A- temp81 .95 
~temp90 

: 
-*-temp100 
---+-temp120 
--+--temp140 

rc--__'./ / - '&\-.*-.-.- . --~--~,-.-.--.'"1i..--___ __ --6-temp160 

1.08-09 -+---~~~-.,------""''''""-~-----~ 
~lemp180 

[u 
C) 
.Q 

0.1 	 10 
log t (rrin.) 

~uvt 3.8 E' curve as time function for sPS1/PEMA blend 
u 

1.0E+10 ,-- ---------------- - - - ---- ---,----,....-----,
--temp60 
--temp70 
-- -- temp81.95 

- >(-..- temp90 
---temp100 
---temp120 
-+-temp140 
............ temp160 

l 
[u1.0E+09 

j 

- +-- temp180 

1 .0 E +08 +----.------,,....---.--...,...-,r-r--r-r,------,----.-,--~__r_.._r_,____--,.____,.-,.__.......,.__r__~ 


0.1 	 10log t (min.) 
.d

~U'V1 3.9 E' curve as time function for sPS2/PEMA blend 
u 

127 

100 

100 

http:temp81.95


1.0E+10 r---------------------------------;============l 

1,OE+08r---~_-~~~~~~~---~-~-~~~~~~---~-~~--r_~~~ 

0,1 10 100logt(mln.) 

~U~ 3.10 E' CUNe as time function for sPS1/PHMA blend 
'" 

1.0E+10~------------------------------------------------------------_.--~--~~_, 

1 ,OE+08+-------~--~~--~~~~r_----~----~~~~~~~------~--____~~~~~~ 

0.1 10 100 

log t (min.' 

~U~ 3.11 
'" 

E' curve as time function for sPS2/PHMA blend 

: : : I I I .~--••--~--. I •:~ I 

'. i ._ ,~ __ ___________ 

;;
~ 1.0E+09 +--------.="-."'"':II;::-.--..,.-. ~,~ '. -.. 

"'"A,. ~ -K~-..____- ._,. _""_'_. _ ___.. 

.. )(... 

--tempSO 
--temp70 

.. . temp79.22 
--><···· temp90 
-ll-temp1oo 
--temp120 
-+-temp140 
--temp160 
-~ tem 180 

iW 
~ 
iu 

~ 

--tempSO 
- -temp70 

- temp79,22 
............ temp90 
-lII-temp1oo 
--temp120 
-+-temp140 
--temp160 

.:_________~. I ·-~.. · tem 180 

~~.~--------------.----

1.0E+09 r------------::;:,.-.:::--------""><.r.o--------

128 

http:temp79.22


ro 
e:. 
ill 
0> 
.Q 

1.0810 
--+--temp60 
___temp70 

---,k -" temp80 
----*- temp90.24 
~templ00 

___*_temp120 
-+-temp140 
--tr-templ60 

1.0809 ~temp180 

0.1 10 100
log t (nin.) 

.rauvt 3.12 E' curve as time function for sPS1/PaMS blend 
<U 

1.0810 

1.0809 

ro
e:. 
ill 
0> 
.Q 

1.0808 

--+--temp60 
___temp70 

. temp80 
-~-temp90.24 

~templ00 

___*_temp120 
-+-temp140 
--tr-templ60 
--temp180 

0.1 10 
log t (nin.) 

d
-aU'VI 3.13 E' curve of time as time function for sPS2/PaMS blend 
<U 

129 

100 

http:temp90.24


3.5 

fO)'l1lJ~"tI'fl,m1rlllLLNi:lfl1'fl~r~~~'H 0.01 ii'l 10Hz (S·1) LL~~Lri'fl'V1~~'fl1Jfl1 E' 9~i:lfll 

~'l~t.H~'fl fO)'l1lJ~~'l~U vf'lifLrt'fl'l91n~ fO)'l1lJ ~~'l LLr'l~iJ'flU~'l1JU=i'U'l1UlU"ll'l'l L'l~1~~'l19~i:l 
"lI'l'l L'l~1 flt.U,j'l~1~1'fl LLN~iJ'flUlll=i'U'l1U9~i:l"ll'l'l~lll LLN~iun~1 vhlll~1lJ1r'1LnUr~~'l'l1U 
n~1J ~ul~~'ln~11u"1i'l'l~i:lf'l'l1lJ~~1trt'fl'l91nfl'lllJ~ LiJu~'lun~U"tl'fl'l L'l~1 n1 r(;J'flU~U'tl'l ~'fl 

t I • ., I I 

fO)'lllJ(H'LYilJ~U9~Lilunlr(;J'flU~U'tl..:l~'tlL'l~1Vl~~UN E' ~..:Ii:ln1r(;J'tl1J~u'fl..:lluViPl:v1n~1Jn1Jn1r 

(;J'tl1J~U'fl..:l'll'tl..:lL'l~1 tlU9~~1lJ1rn~1t11~unrn1L~tJ'ln1JL'l~1 ~'rlru~lJjj~1 E' 9~i:lfl1~..:ILL~~Ld'fl 

~~fl'l1lJ~fl1 E' 9~i:lfl1~~~..:1 Ld'fln1n~lJ'rlru~IJi1'fl~lU"ll'l-3 Tg fl1 

E' 9~LtJ~tJULLtJ~..:I'tltJ1..:1r'l~L1'lL~f.JL~'fl~~fl'l1lJ~fll E' 9~i:lf'"il~~~..:I'tltJ1-3~'l LL~~~L~il'fl'rlru~lJi1 

Tg tlJL~fl~~'fl~LlJ'flf9~LfO)~'tlU~1~Lilu~~r~lJ1n~U VhlllfO)'l1lJ~1lJ1rnlun1r~uLLNi:lfll~1~..:I 
'tlU9~Vhlllfl1 E'i:lfi1~~~..:1 

-b-temp180 

1.0811 

1.0810 

-+-temp60 
_a_tempBO 
- .... ·- temp90 
~ temp100.24 
~temp110 
_____ temp120 

-t-- temp140 
~temp160 

1.0808 1--....--.--...................,-.,...,,---,-----r--,--r-r""T"""T"""1,,----.--~...._T"~_rTT----,----,,--.r---.--._..._r_r_l 


0.01 0.1 1 

log f (Hz) 

10 100 

~,jv13.14
ou 

E' curve as frequency function fui sPS1 

130 

http:temp100.24


1.0Et11 

1.0Et10 

m 
e:. 

-+-temp60 
-tl-temp70 
- -'-- temp80 
~temp90.24 

---*-temp100 
-...-temp120 
--f-temp140 
-4)- temp160 
-tr--temp180 

[u 
C) 
.Q 

1.0E+09 

1.OE+08 +--~--r---r--'--'...,...,......,------r----.---'---r-~T"'TT-__'---'--"'--'--'--''-'-'--,---r---r--r-.....--r--r-r-r-i 

0.01 0.1 1 10 100 

1.0Et11 

1.0Et10 
m
e:. 
[u 
C) 

.Q 

1.0Et09 

log f (Hz) 

~ 
~tJ'Vl 3.15 E' curve as frequency function for sPS2 
ou 

-+-temp60 

-tl-temp65 


.~\:- - temp70. 71 

-X- lemp85 

---*-temp100 

~temp120 

--f-temp140 
~temp160 

-i!s--lemp180 

.... .... ..... 
. ~ 

• - -~ 
- - p ·ft_·_- --~---~-.j.' .. .....- .-- )( )( -$t- ~ )( 'k -- '. , 

...... -:~~ ~~ 

-no.. ......... 
It  ... 

-'""- A 
..... '-' '-' 

~ ~. ~ '-' 
~ ~'-' 

~ 

1.0Et08 
0.01 0.1 10 100 

log f (Hz) 

~tJv1 3.16 E' curve as frequency function for sPS1/PIP blend 
ou 

131 

http:temp90.24


1.0E+10 --temp60

--temp65 


; temp70.71 

--)(.- temp85 

--temp100 

--temp120 

-<-temp140 

--temp160 

- ..:r-- temp180 


~ ,... . - ~ ~.'- • , _ _ _ r_~ 

i;;1 .0E+09 -r----------------====~--.;-~.=-::::!,..--'---------....~~-..------,...--__t 
~ .--><------.---- -""- ---.--.. ....- ..----...~-...- .-..--.'- 

-~~------~------~~--
1.0E +08 -t--~-r___T""""""T_,_,...,..,_._---r-..,....-..,....-r_r_"T""T""rr_-__.-_r__r_.___._-.-.-ry--__.-_r__r_r_r_r_T'".,., 

0.01 0 .1 10 100 

log '(Hz) 

c1 
'iU'Vl 3.17 
III 

E' curve as frequency function for sPS2/PIP blend 

1.0E+11 Tr=========~--------------------------------------------,
-+-temp60 

-a-temp80 


temp84.22 

-7f-- temp90 

-71(- temp100 

___ temp120 

1.0E+10 --+- temp140 

.. 

~temp~O 

-ts- temp180 

.... 

.;z; 

---~"\- .. .... .- - J;- ~~.-0"" 

~ 

.... 
..~ -,~ .~- ~ ..~ 

"'-

-~.'-

::::JE-

~ 

~ ~ ~ ~ ~ 

1.OE+08 -+--_.__--.-----r--,-,.---r-r-,-,----.-~r_____<__,_..__r_...__rT-~r_...,.__....___,_-.-._r_r_r__---.----.-_.__,-,-~ 

0.01 0.1 1 10 100 

Jog f (Hz) 

'iU~ 3.18 E' curve as frequency function for sPS1/PBMA blend 
III 

132 

http:temp84.22
http:temp70.71


1.0811 T'r""'======;----------- --- ----------. 
-+-lemp60 

1.0810 

___ lemp80 
...... lemp84.22 
-*- temp90 
~lemp100 

~lemp120 

-+-temp140 
~lemp160 

-er-temp180 

1.0808 +-----r--""T""---.-...,--,--r-r-,,-------y-___,--r~..__r_,._,_,-___,-_.__r_r__r_T__,__,_,r_-_r___,__~_.__.__..._l 

0.01 0.1 1 

log f (Hz) 

10 100 

t;itJ~ 3.
'lI 

19 E' curve as frequency function for sPS2/PBMA blend 

1.0811 

1.0810 
me:. 

... 
-. 

"-

.... 

~ 

.... ... 
~}. 

.. .--;:. _.... -~ 

"" 
.-

~ ~ 

l

~ 

1.0808 -t----,----,-----.--,--,--,-,--..----r---,.----.__r_-r-r-.,..,.-,..--,----r-~___._~.,_---,----r--r-__,__,_.........__r_I 


0.01 0.1 10 100 

log f (Hz) 

t;itJv1 3.20 E' curve as frequency function for sPS1/PEMA blend 
'lI 

-+-lemp60 
___ lemp70 

" , temp81.95 
-~- temp90 

~temp100 

~temp120 

-+-temp140 
~temp160 
-A---lemp180 

133 

http:temp81.95


'i 

1.0E+10 rr======-=====r---------------------------------  -  -------------------------,
--temp60 
--temp70 

• temp61.95 
- )( · temp90 
--temp100 
--temp120 
-+-temp140 
--temp160 
~;- tem 160 

• 

W 1.0E+09 +---------------------------~-

..-_.•.•.-- -----_._.._._-- -_.,._.. 

J 

~--&---b-..--.-----o-.-.------~----e---t":r---.----4--.-~--,.'\-----~. ----. 

1.0E+06 +----~~--~_.~,,-----r--~~~~~._----~~~~_r~,,----~--~._._~~ 

0.01 0.1 1 	 10 100 
log f(Hz) 

dltl'VI 3.21 E' curve as frequency function for sPS2/PEMA blend 

--temp60 

--temp70 


temp79.22 

1.0E+10 
 -- temp90 

--temp100 
--temp120 
-+-temp140 
-tl-temp160 
- &-- tem 180 

- - -.-- ......- - -- . 
~-----'-----

--,......_-_._._><---_._...-.._ _.._-- -- -- -><_ .._----><.._._..- -_....._.._.-._-><._ ._.__.._ -- -. 
~ 
W 1.0E+09 

~ 

....r-_ - __..._-. ._ .-'Q--.-.-..- .._ __~_. ... -..-.._o-- -._ -_.-iI--__._.-.--_ ...-~---..---- - ....)---------+------&------.~~---.........{,-.-.----_ .--(1._._--

1 .0E+08+-----~~--~~~~.---~-__~____~~----~--~__~~~~---~--~~~~~ 

0.01 	 0.1 10 100 

log f (Hz) 

~t1vi 3.22 E' curve as frequency function for sPS1/PHMA blend 
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'3uv1 3.23 E' curve as frequency function for sPS2/PHMA blend 
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'3U'VI 3.24 E' curve as frequency function for sPS1/PaMS blend 
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atJv1 3.25 E' curve as frequency function for sPS2/PaMS blend 
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3.6 	 n1'i~;'-3n'i1vJn1'i~'ULL'i-3'i'J~tL~!.In1'i1.sH Time-Temperature Superposition (TTS) 

1 ::.J' ..J "" ..y. IV r , , 'i' ..J"ft.l 	 ftol
'Usn'U'Un:i'1Y'i 1fJlJtI'tl ~'Vl LL~ ~~ tl~flfJ1lJ'CilJYfWfi1~VlfJ1~ fl1 E' LL~::; LfJ~1 L~tI'Vl"::;~ 11~nr1-nr.nn 

n1ntJ~tI'Urhl'ULLn'ULfJ~11~L~'tl'WltJ~h'W;1~L~tln11V111rhl\.nLn'W X ~fJtlrh aT ~~Lu'Wrhfl~~ 

Vl1'tl~'tln1n~'tl'Wnr1yJltJ~1'W;1~"'W''tl'WYllJn'WnlJnr1yJ~ti~n'tlLu'WVlin~r11 Tg vf~;iL~'tl~"1n 
r11 T 9 Lij'Wr11lJ1l'lrj1'W~ijn1n,J~tI'WLLtJ~~sn'th'l E' lJ1n~~~ LL~::;L~tllJ1n"::;u~n'tlLlJ'W~ruVl1JjJ~ 
ti~lJ'tlnn1r1;~1'W'lI'tl~~'tl ~ LlJ'tlf ~'tl~ LlJ'tl fVi ijn111;~1'W1'W~fJ~VI~'ULVlUtlfJ"~1;~1'Wl'W~fJ~~~~ 

n~1r11 Tg LL~::;~'tl~LlJ'tlf~1;~1'Wl'W~fJ~LL~~Ln1~"::;1;~1'Wl'WdJifJ~~~ruVl1Jij~1n~1r11 Tg LL~::; 

L~tllhn~ LL~fJVl1n~'tl~ LlJ'tlfhJil ~~n ,,::;1;~1'Wl'WdJifJ~~ LlJ'Wn1nL~~ Ln1~ LL~::;~'tl~ LlJ'tlf~il~~n"::; 

1;~1'Wl'WdJi'l~VI~'WLVI UtifJ vf~;iLti'tl~"1n"::;1i1r11 flfJ1lJ'Vl'U'Vl1'W~ ~~~~l'l1lJimiru::;'lI'tl~~'tl~ LlJ'tlf 

~fJ'W sps n111;~1'W"::;lJ'tl~ fI fJ1lJVlU'WLVlUtlfJ LU'WVli n L~'tl~"1n LU'W~'tl~ LlJ'tlf~~1lJ11tl Ln ~ ~ ~n 
~ 

1~ LL~n111!fi~1'W~'tl~~1l'l1'W"1!il~'tlitlJj1'W"::;1;~1'Wl'WdJlfJ~~~ruVl1Jn~1n~1 Tg 

n1n~'tl'Wn11yJltJ~1'W;1~vf~~'tl~~1'W;iLu'Wn11tJ1::;lJ1run111;~1'W~LfJ~1~1~ltJ"1n 
fj'W1V1~tl'tlL'tl1r11 Tg LL~::;n11yJ'lI'tl~ E' LU'WVlin L~tlfi11lJ"1!1~LL~fJn11yJ E' ~~ruVl1Ji1~~n~1 Tg 

,,~ilr11 E' ~~1n~1r11 E' ~~ruVl1Jij Tg LL~::;n11yJl11~n~1fJLri'tll; Time-Temperature 

su perposition LL~fJ"~ L~'tl'WltJ'V11~ ~1'W'lIfJ1 LL~::;Lri'tllJ1~ ~fJ'W'lI'tl~ n11yJsjj'f)'WvllJ n'W Li~J'WLif'f) L~tlfJ 
LL~fJ~fJ'W~tI'W'tl'tlnltJ'Vl1~~1'W'lIfJ1"::; LL~ ~~n~n111;~1'WflJ LLN~ilLfJ~11'Wn111lJ LL1~~'W1'W~'W LL~~ 
1'W.yh'U'tl~L~tlfJn'WnlJn11yJ E' ~~ruVl1Jij~1n~1 Tg ,,::;ilr11 E' ~~n~1~r11 E' 'lI'tl~~ruVl1Ji1 

lJ1l'l1j1'W v'hlii~1lJ11tlL~'f)'Wn11yJltJsli'tl'WYllJnlJn11yJVlin~ T 9 L~tln1dL~'tl'Wl,J'Vl1~sli1t1 Lri'tl 

lJ1~~fJ'W'lI'tl~n11yJsli'tl'WYllJn'W ~fJ'W~~'W'f)'tlnltJ'Vl1~ ~1'Wsli1t1"::; LL~ ~~n~n11flJ LLN~ LfJ~1U'tltl1 
, , 

Vl1'tl~'tln111lJ LLNn1::; LL'Vln Lij'tl''f)'WvllJ LL~::;L~'tl'Wn11yJltJ ~1'W;1~ LL~fJ"~~1lJ11tlL~tI'WLu'Un11yJ 

1lJ LL1~VI~nl~I11~~1lJ11tl LL~ ~~l~I11~~'tllu;i 
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log VaT (rrin.) 

ltJ.y1 3.26 Master curve for sPS 1 as time function with Tr 100.25 °c 
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ltJ.y1 3.27 Master curve for sPS2 as time function with Tr 100.25 °c 
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log tlaT (nin.) 

ltJv1 3.28 Master curve for sPS2 as time function with Tr 100.25 °c 
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ltJv13.29 Master curve for sPS2/PIP blend as time function with Tr 70.71 °c 
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l'l.Jv1 3.30 Master curve for sPS1/PBMA blend as time function with Tr 84.22 °c 
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l'l.Jv1 3.31 Master curve for sPS2/PBMA blend as time function with Tr 84.22 °c 
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atJvl3.32 Master curve for sPS1/PEMA blend as time function with Tr 81 .95 °c 
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atJvl 3.33 Master curve for sPS2/PEMA blend as time function with Tr 81.95 °c 
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~Uv13.34 Master curve for sPS1/PHMA blend as time function with Tr 79.22 DC 
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~uv1 3.35 Master curve for sPS2/PHMA blend as time function with Tr 79.22 DC 
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~tJvl 3.36 Master curve for sPS1/PaMS blend as time function with Tr 90.24 °c 
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~tJ.y1 3.37 Master curve for sPS2/PaMS blend as time function with Tr 90.24 °c 
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n1r~~1).J1r"L~'fI\.Anr1yJ E' ~~ru"uJn~1'11'tu~1\.A;)1'1't~if~~y'hli1~1).J1rnur~).J1ru 
n1rfuLLN~iJ4''1'Vl'l~~1'1'el'fln'tU~~ru''t1Jn~1'1~'1 (~'11\.A~\f~'el~ru'Vl1Jn Tg) 't~~'1~~ihJr~LEJ"II,r 
'flth'l~'11\.An1rrl1\.A'l run1rfu LLr'l~ij ~'el\.A't'1ln1rftl LLN~~111'l ~~1'11 L~EJi'l'tu LL~'l~~~1).J1r" 
~11-lnrTrJf1J LLr-l'Vl ~nif't~~~ru'Vl1Jn~'el'eln LLUU1 i1ftl LLNt(1)EJ~~ L~'el\.Anr1yJ'el'eln'tUvf-lejj1t1 LL~ ~'1I'l1 
~ .... ~ E' 'Vl..J L~f.:I~ 1'tllllllf.:l·~n1q.~u LLq.·~r.l1·~1'Vl..Jb~EJL'Vltltl"1n~ru'Vl1Jn'fl1-l~-lU~~~~~1).J1rnur~).J1ru~h .... U 1.-6 JJJJ u.... d .... VI ....d d 

~ru'Vl1JnJ\.A1't~vi\.AYi ~-l~ru'Vl1Jn~ii'el LU\.A).J1[;lrj1\.A~~ij~hn~1-l LtI\.A 1 f)\.A1Yi ,,;r'fli\.A~tln1r 
LU~t1\.ALLU ~-l LLn\.A\.A'el \.At~ EJ LLnWi-l'tti LtJ~t1\.ALLtJ~-l L~'el LU~EJ\.A~ru'Vl1Ji1~1-l~-l'ttJ~~ru'VlIJi1~\.A1 LL~ ~ 
nr1yJn1rfuLLr-l'Vl~n (E') ~~ilrtJi1-lL'Vl;j'fl\.AL~).J \.A'fIn"1nli6'1"~~1).J1rnL~t1\.Anr1yJn1rfuLLN.. 
'Vl~nli1LtI\.A~'l UUr'1l'fl-l fl'l1).J~\.A'eln L'Vl\l'el"1n~ru'VllJij't~~n~'ltl~'1~'el'tuii' 
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log f*aT (Hz) 

a1Jv13.38 Master curve for sPS1 as frequency function with Tr 100.25 °c 
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~tJYl 3.39 Master curvefor sPS2 as frequency function with Tr 100.25 °c 
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~ 
~tJ'YI 3.40 Master curve for sPS1/PIP blend as frequency function 

. with Tr 70.71 °c 
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~tJvi 3.41 Master curve for sPS2/PIP blend as frequency function 
cu 

with Tr 70.71 °c 
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~tJvi 3.42 Master curve for sPS1/PBMA blend as frequency function 
cu 

with Tr 84.22 °c 
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~u.yt 3.43 Master CUNe for sPS2/PBMA blend as frequency function 
" 

with Tr 84.22 DC 
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'iu.yt 3.44 
" 

Master CUNe for sPS1/PEMA blend as frequency function 

with Tr 81.95 °c 
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1.0E-13 1 .0E-11 1.0E-09 1.0E-07 1 .0E-05 1 .0E-03 1.0E-01 1 .0E+01 1.0E+03 1.0E+05 1.0E+07 

log f*aT (Hz) 

ltJv1 3.45 Master curve for sPS2/PEMA blend as frequency function 

with Tr 81.95
0 
C 

1.0E+10~---------r------------------------------------------------------------~ 
-+-temp60 
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---l<-temp90 
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--temp120 

-+-temp140 
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- ·- tem 180 

ii' 
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~ 1 .0EK9 +-------------------~:------------------~ 

~ 

...--------
1 .~+-~~~~.-~~~~._~~~~._~~~~-~~~~-~~~~-~~~~-~ 

1.DE-14 1.0E-11 1.0E-06 1.0E-05 1.0E-02 1.DE+D1 1.0E+04 1.0E-+07 

log raT (Hz) 

'atJv1 3.46 Master curve for sPS1/PHMA blend as frequency function 
'LI 
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log f*aT (Hz) 

'auY13.47 Master curve for sPS2/PHMA blend as frequency function . 
cal 
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log f*aT (Hz) 

'aU;; 3.48 Master curve for sPS1/PaMSbiend as frequency function 
cal 
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1.0E+10 

1.0E+09 
(U

e:-
Lu 
Ol 
.Q 

1.0808 

-+-temp60 
-IJ-temp70 

temp80 
-)f-- temp90.24 
~tempm 

~temp120 

-t-temp140 
--temp1>O 
--temp130 

,n.r:n;1~"''' •••••••• 
.'Y:.)¢¢(*< 

1.0807+-~~=r~~~r-~~~~~~~~~~~~~~~~~~~~~ 

1.0E-14 1.0E-11 1.0E-08 1.0E-05 1.0E-02 1.0801 1.0804 1.0807 1.0E+10 

log f*aT (Hz) 

'1uvl 3.49 Master curve for sPS2/PaMSbiend as frequency function 
'U 

with Tr 90.24°c 
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3.7 eJ~n~~'Vl1J~'ULil'fl.:l)J1"'11n'f).:Ifl,j~~n'f)'U'VI~n (sPS) 

Lti!l'l~1n~!l~LlJ!lh!l~n~1~lun1dtJ~UJ~!l sPS L~tJ'VlnYi!l~LlJ!lftJ~lJ~::;n'f1(;1d1~,)U"ll!l'l 

sPS !lU~ 80% LL~::;i1~!l~Ll.J!lf~U!lU~ 20% LL~::; sPS ~liitJ~lJ~::;i1f11l.Ji)~LlJL~n~~LL(;Inl'h'lfiu
~ ~ ~ 

(sPS 1, sPS2) ~'1nd1yJn1dfu LLN~in~::;~1l.J1df.lU!lnn'lfl,)1l-JLL(;In~1'1sn!l'lJ1~'l!nLl-J L~fl~l~LiJU 
!lU1'1~ L~tJlhn~LL~'),h~!l~ Ll.J!lfnlJ,)~Ll.JL~n~~'1;fu fli)1l.J~1lJ1df.l1-wn1df1J LLN~::;~{U LL~::;

~ ~ 

tJ1n~'1{U~~::;LLtJn~!l~LlJ!lfJu!l!lndJu~·!l'l~')'W"f1!ldjn~!l!ln91nn'WLti!l'191nLLN~'1~~d::;~~1'1 
Ll.J L~ fl~sn!l'l~!l~ Ll.J!lf~iJl.J,)~LlJL~ fl ~~'1n~1~::;i1lJ1nn~1 LL~::;n1dL~tJi)-w'Wnu (Entanglement) 

sn!l'l~!l~ Ll.J!lf ~nl.J,)~Ll.J L~ fl~~'1n~1 rl9::;iJlJ1n n~1 vh1~tJ1n~'1;f'W~~::;LLtJn~!l~ Ll.J!lf!l!ln91n 

n'W ndTrJn1df1JLLNd,)l.J"lJ!l'l~!l~LlJ!lftJ~l.J~1ii1'Wn1dYl~~!l'lif~1l.J1df.lLL~~'1n'ln1d~ E' "ll!l'l 

sPS1 ~::;l.J1nn~1 sPS2 L~tJ(;I~!l~i'l1'W~!l~Ll.J!lf1J1~'VlfiLL~::;1'Wd::;1Jusn!l'l~!l~Ll.J!lftJ~l.J ~'1 
~l.Jlliilun1dfuLLN~~n~1ifl.J191nn1d~ sPS1 iilJ1~Ll.JL~fl~~'1n~1 sPS2 nd1rJl'i1'11~::; 
~1l.J1df.lLL~~'11~~'1if 
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1.0E-05 1.0E-03 1.0E-01 1.0E+01 1.0E+03 1.0E+05 1.0E+07 

log tlaT (rrin.) 

~t1v1 3.50 Master curve for sPS 1 and sPS2 
'U 
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1.0E-04 1.0E-02 

d
~t1'V1 3.51 
'U 

1.0E+OO 1.0E+02 1.0E+04 1.0E+06 1.0E+08 

log tlaT (min.) 

Master curve for sPS1 and sPS2 blended with PIP 
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IU 

Master curve for sPS1 and sPS2 blended with PBMA 
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log tJaT (min.) 

~,jvi 3.53 Master curve for sPS1 and sPS2 blended with PEMA 
IU 
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'itJv13.54 Master curve for sPS 1 and sPS2 blended with PH MA 
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log UaT (rrin.) 

'itJv13.55 Master curve for sPS1 and sPS2 blended with PaMS 
<u 
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3.8 A1Fl."v14}1'f)~ Williams Landel and Ferry (WLF) 

~l-Jn'")d"ll!l'l WLF LL~~~n~rl'J1l-J~l-J~'Wfid:;'VI~1~ Tg LL~:;rhlK'JL~!l'Wnd1~n1df1JLLNf'Jl-J aT 

L~tJ9:;~1l-J1dClLL~~~1~~~~l-Jn1d 

(3.1 ) 

~~~1 C1 LL~:; C2 9:;dJ'W~1rl~~"lI!l~ WLF Lti!l~91n1'Wn1d'VI~~!l~d~1 Tg LL~:; ~1 aT ~:; 
~1).J1dCl'VI1l-J11~91nn1d'Vl~~!l~91~ ~1 C, LL~:; 9:;~1).J1dCln1'V1U~1.~~L~tJn1dLL'Vl'W~1~'J'WC2 

nf'l1J"lI!l~~).Jn1d WLF l~~~(;j!llt1d 

-1 C __ = 2 ___+_ (3.2)
log aT C, (T - Tg) C, 

~~Ch~l-Jn1d"ll!l~ WLF ~1l-J1dCl1-nl~n1JtJ~n1d'Vl~~!l~if ~1~'J'Wnf'llJif9:;Lij'W~l-Jn1d 
L~'Wl?ld~~~9~1l-J1~'(r"'1~1 C, LL~:; c21~~1n~1rl'J1).J-n'W LL~:;'1~lK~LLn'W"lJ!l~nd1yJ~~n~1'J 

1'Wn1d'Vlty)~'tl~d'W1J~1~).Jn1d WLF ~1).J1dCltld:;~n&11-nl~n1J;!l~~~'ln~1'JL~tJ9:; 
~1).J1drIL~tJ'W~tm1dL~'WI?IN1~~~LL~~~ 
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• time 
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y = 5 .0899x + 0 .0255 
R' = 0 .9962 
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1'{T-Tg)(K ) 

~tJv13.56 Relationship between -1/10g aT versus 1/(T-Tg ) for sPS1 

• lime 

• frequency 

y =12.706)( + 0 .1694 
R'· 0 .9845 

y =5.3652x + 0 .0575 
R': 0.9906 

-0.10 -0.05 0.00 0 .05 0 .10 

lI(T-Tg)(K ) 

~tJv13.57 Relationship between -1/10g aT versus 1/(T-T ) for sPS2 g
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Relationship between -11 log aT versus 1/(T-Tg) for sPS1/PIP 
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~t1Y13.60 Relationship between -11 log aT versus 1/(T-Tg ) for sPS1/PBMA
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~t1Y13.61 Relationship between -11 log aT versus 1/(T-Tg) for sPS2/PBMA 
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..,,; 

lPl1'i1-:i'Vl 3.5 C, and C2 for pure sPS and all blend systems 


System 
Time dependence Frequency dependence 

r-v, C2 C, C2 

sPS1 12.48 157.34 39.22 199.60 

sPS1/PIP 5.23 30.58 12.22 34.59 

sPS1/PBMA 32.05 380.77 19.01 102.63 

sPS1/PEMA 6.88 83.67 21.98 103.69 

sPS1/PHMA 5.29 54.40 13.26 59.03 

sPS1/PaMS 8.64 88.64 22.22 110.74 

sPS2 5.28 67.09 10.39 93.66 

sPS2/PIP 5.98 38.11 14.04 36.16 

sPS2/PBMA 5.55 69.09 11.78 65.90 

sPS2/PEMA 5.30 92.57 18.80 121.83 

sPS2/PHMA 2.56 32.39 6.26 33.12 

sPS2/PaMS 14.93 153.79 62.11 297.37 
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3.9 eJ~ n"i~'VI'tJ'el'UL'U'el~3J1~1nn1"ieJ'lnJ'Vi'el~UJ'el"i 

~'f)~hl-J'f)f~~l-J9~Yhli1'Qru~.1JnfP)~'u.JLLrh (Tg) "jJ'f)'1d~1J1Jjjrh~~~'1 'tl'W9~vi11i1~1l-J1dtl 
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,!i! ",;1 
~, .' . 

1.00E-13 1.00E-11 1.00E.o9 1.00E.o7 1.00E.o6 1.00E.o3 1.00E.o1 1.00E+011.00E~ 1.00E+061.00E+071.00E+091.00E+111.00E+13 

log rllr (Hz) 

"itJv13.68 E' master curve for all sPS1 blend systems... 
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1.00E+10 -,----,---,--,-- -,------,-- -,-- -,-- --.----,---,---,-- -.----1 . sPS2 

.. 
!!::. 
ill 
at 

..2 

.sPS2JPBMA 

1.00E+09 +--+--+--+--+--+--:i+------::-,...~ 

1.00E+08 -t--+------:±-=~.,.,.-'"-""=+-"---+---+---+-----4 --+--+--+ -+--+ ----1 

1.00E+07 t- -j--+---j- --r---+--+---I----I----I----+---+---+---+----1 
1.0E-13 1.0E-11 1.0E-09 1.0E-07 1.0E-05 1.0E-03 1.0E-01 1.0E+01 1.0E+03 1.0E+05 1.0E+07 1.0E+09 1.0E+11 1.0E+13 1.0E+15 

log f'1tr (Hzl 

~tJvi 3.69 E' master curve for all sPS2 blend systems
'U 

~1nnd1yJ~,m~1')"'l:;L~'W1~~1rl1fl')1J.Jfl~l'i') (Storage Modulus, E') "ll'fNd:;lJU~rel~ 

Ll_JrelftJ~l_J~:;iJrl1~1?!~~tl?!tl~~rell?!~Ureltl-n~1rl1 E' '1I'fl'l sPS U1~'Ylirer'WLU'WCJ~l-J1~1nn1dftl?! 

mJ.J1ru sPS l'W~'fl~LJ.JrelrtJ~J.J~'1 LL~:;~:;~1J.J1dnLL'j..lnd1yJ~~n~1')1~Li:l'W~1J.J,j'l'ltvltln1'j' 

~~1dru1fl'l1J.J~ ,j')~vf~~1J.Jl'Wn1dLLti~~~1dn,nrl1fl')1J.J~~'fl ,j,)~~Ureltln~1 1*1 0-
3

, ,j')~ 1 *10-
3 

- 1*1 0
5 LL~:;"IilJ'I~J.J1nn~1 1*1 0

5 

Lij'fl~~1dru1d:;UU'1Irel~ sPS1 'Wreln~1nrl1 E' ~:;~I?!~~l'WYJn,j')~LL~') 'Ii')'1~iJfl')1J.J~~~ 

(J.J1nn~1 1*10
5

) ~:;~1J.J1drl LVlmJ1~nUn1drU LLNnd:;LL'Yln Lrt'fl~~1n~i~~1'W~1~1'WL')~1~i'W 

J.J1n (L')~1Lth.J.~lJ'Wniu"llrel'lfl')1lJ~) rl1n1d~I?!~'1'11rel'l E' Lu'l..~1'WYi1'W'f),.:L~tl')n'Wlu'lnd:;ulJ ~'fl~:; 

i1rhU'flU~'1"'l'WL'VhrlUrl1'11rel'l~'fl~LJ.JrelrtJ~J.J sPS/PaMS LL~:;lu'li')'1~fllJ1lJ~~1 (U'fltln~1 1*1 0-
3

) 

Lu'Wn1d1lJ LLN~l;LlJ~11U LL'N LU'WL,)~1U1'W (L'l~1 ~'fl~lJ'WniU"1J'fl~ fllJ1J.J~) "'l:;Liiu1~~1~'fl~ LJ.Jrelr 

CJ~J.Ji1n1d~I?!~'1"ll'fl~ E' ~1l-iL'Vhn'W tl?!tl"'l:;~1lJ1dnLW'I~1~J1~~1n 
,,, I 

PBMA>PIP>PEMA>PHMA>PaMS ;~n1d~I?!~'1nlh;jn11~1?!~'1U'fltlLL~~'1n'ln11fuLLNVll_n 

LlJ~1u1'W1~~n~1 'Ii'l'ln~1'1'11'eNfl'l1J.J~ (1 * 10-
3 

- 1*1 0
5

) n1TrJ~:;;jn1dLLtJ1LtI~tJ'W~ LL~n~h~riu 

'fl'fln1'lh~'flfl'l1J.J~~1nt,h'Wrl1 Tg '1Irel'lLLl'i~:;~rel~LlJ'flftJ~uJ~;jrl11,jL'Vhnu 'flth~11ri~n11 

LmUULVluuifv'h~~rut.11Jij 1 00.25
0 

C ~~~rut.11Jijl'Wn111_n'l1'W~~rut.11Jiji1'fl'lii"'l:;iJrl1 E' ~ 
'~t1 .,f~ 1 a t1~ ""I 0 ........


LL~nVl1'1 L "'l1nU 8JI~ U1:;UU'1I'fl'l sPS2 n~:;~1J.J11rl~( LI?! b'W'Yl1'W'fl'lLl?!tl'ln'W 
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1lth~ldn(jl1~nd1yJ~LL~"'~Lu'Un~i'1yJ log L~1lLmUULVluu"Ii'.l~~'.l1~~~1n~L~U~rr'U ~~ 

LiJu~'l.h~'U1~~~:;~ltJfi1~'.l1~LL(jln(;h'l~1l'l E' ru "Ii'.l~(;]1'111~~'1tf 

11' " . (3.3)E avg=E sps - E blended polymer 

.d 
t;'\1Tl~'V1 3.6 Average storage modulus difference of all blend systems for sPS1 

Range (Hz) 
PIP 

I1E'avg of sPS 1 blend system 

PBMA PEMA PHMA PaMS 

Over1x10
5 

1.23E+09 1.1BE+09 9.6BE+OB 7.BBE+OB B.76E+OB 

Under1x10
3 

1.70E+OB 1.35E+OB 2.13E+OB 2.36+0B 2.92E+OB 

t;'\1'31~Vi 3.7 Average storage modulus difference of all blend systems for sPS2 

Range (Hz) 
PIP 

I1E'avg of sPS2 blend system (Pa) 

PBMA PEMA PHMA PaMS 

Over 1x10
5 

1.16E+09 B.B1E+OB 1.97E+09 7.59E+OB 9.17E+OB 

Under 1x10
3 

B.51E+07 -2.74E+07 7.61E+07 6.B9E+07 1.74E+OB 

~1nI?l1d1'1~'1n~1'.l ~:;Li{ul~~1n1d~"'~'1111l'l E' 1U~'.l~~'.l1~~~'1~:;~"'~'1~1nn~1 

1u'h~"'1'.l1~~~1 ~'1~:;~1t11~~1n1d~"'~'1"lJ1l'l E' iJ~~~1nn~11'Un1df1JLLd'lnd:;LLvmLL~:; Yi1l~ 
LlJ1lf~iJrh~lJilli~"'~'1U'iltJ~~~~1l PBMA ~'1"h4l:;Ltluvn~1ltln1un1dL~1ln~1l~L~1lf~~~L~1l 

n11lil'l1UVl~LLVlU~'il~LlJ'ilf sPS 1J1~Vli1Ul't1~~ti-3~btJ 
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" 1. rer(?l~1~'Jt.H:J~1~ (yield) en'el-:ltJ!jnhJ1n1~i-:lLf)~1~~~'W~L'elL'Vlfl~nYvt1~~11'l1'WiJrh~1n~·t! 
I I 	 " 

Lij'elL~:W'elru~lliJen'el-:ltlnm-tJ1~'W
q 'Ii d..I 

t II I I 

2. fI'J1~~'el-:ll'Jen'el-:l(;]'Jd-:ltJ!jmtJ1 (Catalyst Activity) iJf'i1L~:W~'WLij'elL~:W'elru~.1JiJen'el-:ln1~ 
I 	 " 

Yhtl~mtJ1 LL[;;;,~iJrh~"'~-:lLil'elL'J~11'Wn1~yhtJ~mtJ1ilrh~1n~'W 
I 	 " 

3. n1n~:w'el ru~lliJl'Wn1 ~y'htJnmtJ1~~vi11~fI'J1:W LtJ'W:n'W~L'elL'Vlf) ~nij f'i1~-:I~'W 
q 'Ii d..I 	 'Ii 

" 
L~L~n~"l!~-:I~'W~L'elL'Vlr1~n'Vi'fl~~11'l1'Wu1~'Vlfi;jftJ

q 	 q 

5. 	 l'W'Vi'tl~L:W'elft.J~:W'Vln(;]'J(PBMA, PEMA, PCHA, Poly(U-methyl-Stytene), 


" 

Polyisoprene) tJnL~'W PVME ~~~1~1~ClL;1LtI'WLtl'elL~tJ'Jn'Wl~n1J~'W~L'elL'Vlf)~n'Vi'fl~~1(;11ULL~~ 

, " 
Q , "'" '" '" Q ,Q dt " "'" '" '" "'" If".., 
~ f)1'elru~.1J~f)~1tJLLn'JL'Vitl~ f)1 L"'tI'J'1!~'flr.!~~~'J1~~ru~.1J~ fI~1tJ LLn'Jen'fl-:l~1~1J~~'Vlfi'Vl-:l~'fl~ LL~~ 

i1 rh L~~~"\!L~ 'el L~~rer(?l ~1 ~'J 'Wen 'fl-:l ;n'W~L'fl L'VI f) ~n'Vi 'fl~~1(;11u1'W'Vi'fl~ L~'fl ft.J ~ ~:f'W 

6. 	 ~'J'W PVME ~~LL~",~ii~f)'J1:WL;1n'UlcJldj'U1J1~~'J'U (partial miscibility) ~-:I~~I'l~'J~i'" 
" 'elru'VI.1JiJfI~1t1LLfhl~~'fl~rhLL~~i1f'i1'fl~~~'VI~1-:1'elru~.1JiJfil~1tJLLfh'1l'el-:l'Vi'el~L~!lf1J1~'Vlfivi~~'fl~ 

~~ LL~ ~~ ii~ n1~LLtJn L orJ~l'W'Vi'fl~ L:W'elft.J~:w 
I 

"'" dt "'" If" Q, 0, "'" dt
7. 'elru~.1J:W~~'el:W L'VI~'J t.J~ n (Tm) 'J'el~'Vi'fl~'H~'el~t.J~:W~~:Wf)1(;11n'J11lru'VI.1J~~~'fl~L~~'JeJ~n 

'1I'el~~'W~L'elL'VIfl~n'W'el~~1(;11'Wu1~'Vlfi LL~~~~iJf'i1~~~~~'eltl1L~'el~lJm~1ru'Vi'el~L~'elf~:W1t.J~ 
I " 

"'" dt 
~~1ntJ~'1rtJ 

8. fl'J1~dJ'Wt.J~nen'fl~~'U~L'f1L'Vlf)~n'W'fl~~1(;11'W~~ilf'i1~~~~L~'flL~~m~1ruan'el~'Vi'f)~L~'flf 

~~1t.J~~ LL~~~'f)~fI~'fl~n1Jrh Tm ~-:lLL~~~ii~flruIl1'Vian'fl~t.J~nL~'f)ilfi1~"'~-:I~1.ltJ1(;11~m~1ru 
I 	 ," 

'1I1.l~'Vi1.l~L:W'flf~~1t.J~~1'U'Vln'Vi1.l~L:W'flft.J~~~L;1LU'WLU1.lL~tI'Jn'Ul~n1J;n'U~1L1.lL'VIf)~n'Vi'il~~1(?l1'U
q 

I I I II 	 I I 

fH')~~Llj'flL~:wm:W1ru'Vi'fl~L~'flfY1:W1t.J~:WLtI'WLtl1.lL~tI'Jn'W L~tlL~'Vi1:;t)th~tj~lu sPS1 ~~ 

~'fl"'r1~1.l-:ln1Jn1~~~~~'1I'fl~~ru~.1Jijf)~1t1LLn'J'1I1.l~'Vi'fl~L~'flft.J~:WL~1.lL~~m~1ru'1l'fl~'Vi'fl~L~'flf 

~:W1t.J~~ tJnL~'Ul'Un~ru'J'fl~'Vi'fl~L:W'flft.J~:w'1l'fl~ Poly(U-methyl-Styrene) 
" I 

1O. n1~~1'W'J ruLU'flfL~'W(?l1"'tlU1'\.nrn'1l'fl~~'J'WVl LUU'fliCjJj1'WlU'Vi'fl~ L~'flfeJ~~~1 n~:wn1~ 

'1I'fl~ Flory-Fox il rh~'fl'" f)~'il~ n1Jn1~~1'U'JruLtJ'flfL-n'U(;]~'J'U~ Liju~urru~1'W'1I'fl~;nU~L'f)L'VI fI~n'Vi'il
&lcl.9 

~~1(;J1'W~ ~1'W'J ru:W1~1n Ltl'flfL:n'Uvlfl'J12JLtI'Ut.J~ n~ (;1~'J~i"IL~tI XRD 

11. r11'elru~.1Jijfl~1t1LLn'JLL~~m:W1ruf)'J1:WLtlUeJ~n'1l'fl~ sPS2 LL~~ sPS3 ilfi11n~L~tI~n'W 

t~tI~~LL(?ln(;h~n'Wll-iLn'U 5% i~itti'f)~~1n'Yi'fl~L:W'flfi~~'f)~i1lJ'J~L:WL~n~ln~L~tI-:ln'W
q 
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1. ~1m:.J~n1~'VlV1~tl~LV1t1 DSC ~lY)1 sPS ~1)J1~t:lL;J1LU'WLif'e)L~t1'Jn'W1~n1J poly(a

methyl styrene), poly(ethyl methacrylate). poly(n-butyl methacrylate), poly(cyclohexyl 

acrylate), poly(cis-isoprene) LL~~~~LLtlnL~~L~tlr:.J~lJn1J poly(vinyl methyl ether) i~ti'LiJ'W 
n1~Lj;·i1t1lJ[;J')tlth-lLV1t1%VI~tllJ~~~1t1r:.J~)Jn'W 

2. 	 n1~L~lJ Lee ~1!l GMS 1lJi1r:.J~v'h1~~h Tg -n!l~~tl~LlJtlf~~)Jil~hLtI~t1'WLLU~~1u L~tl 
" " LY1t11Jn1J~'el~LlJtlfr:.J~lJ~1~1~1~~1n~lJLL~~ vr~llLu'Wn1~(;]~'J~~tl1J~h 

[;J'J!lth-lLV1t1 n1~"'~fllJ~~~1t1 r:.J~lJ new 

3. n1~L~lJ LCC Vl1tl GMS i1r:.J~v'h1~~h Tm -ntl-l~!l~LlJtlfr:.J~lJ~V1~~L~nUtltl~1n~!l~ 
, 	 . " " 

LlJtlfr:.J~lJYi1lJ1~ L~lJ~1~L~lJ LL~~ n1~VI~tllJ~~~1t1Yi Ln V1 L~'J~'Wll ~~~1lJ1~ClVi~1~ru11~~1 n n1~ 

~ V1 rl'J1lJVlilV1V1~tllJ~~~1t1-ntl'l~tl~ LlJtlfr:.J~lJLV1t1~1 n~lJLL~'1 LlJ L~ n~-ntl-l sPS ~~Lrl~!l'W~1~Lr'J 
~ 

'" I I I 
.ell "I .... !'I %..... .ell -new ~'W~1l1'J~V1Lu'Wtl'CiCYj1'W'Vl~~'e)lJ~~~1t1'l1'1~~~1lJ1~n~V1 Gibbs' Free Engergy -ntl~~~1J1J~'1 

1~~n'tu.i1-lL~'J~'W ~-l Lu'W~l-l Ln (;]1~~1 n1~1~~1~L~lJ LL~~~'11'W~tl~ LlJ!lfr:.J~lJ,,~v'i11,"~~1J1Ji1 ~h 

flruVillijVl~!llJ LVI~'Jr:.J~n~ ~1~'1 Lu'WViLflML~lJ L~lJ"1 nn1~~ V1fG11 Tm LV1t1LU'Wr:.J~lJ1"1n~tl~
, 'IJ 

" " , 	 " 
Yl-lULV1t11hn ~ LL~'J~!l~LlJflfYi ~1lJ1 ~t:lVl~tllJ ~ ~~1t1 LU'WLUfl 

.......... 1" .... ~".... 
, 	

0 .....
"I!.1
LV1t1'Jn'W V1"~lJLL'W,) ~'WlJVI~~rl~~1l1~n1~r:.J~lJL~~1~n1~r:.J~lJ~~'Vl1 ~VI Gibbs Free Energy lJrl1 
, . " 
~1Yi~V1 n1~~~rl,)1lJ~tlV1-nfl~n1~VI~fllJ~~~1t1LV1t1 LCe Vl1fl GMS ,,~.yh1~~tl~LlJ!lfr:.J~lJi1LLtln, 

fltln"1 n n'Wl~t11n~'1~'W ~-l LU 'W LVI ~1~~ruVl.1Jijn!l r;;')-nfl-l r:.J~ nil fGl1~ ~~'1 LYi~1~LlJ L~ fl~-nfl'l sPS 

,,~~tl-l LLYi1'tl'tln"1 n~1~tJ~lJlt1r.f~~t1-l[;J') LthJr:.J~ n tl'W~~v'i11,"~1'Wj;Jtm1~t.J~lJ[;J')1'W~1l1~flltlJ 

~1'W-n'tl-l~tl~Ll.J'tlf~VI~tllJ~~~1t1 'aru~.nijn1~n'tl[;J')-n'a-l r:.J~ n 1 'W~~1J1J~!l~ LlJ'afr:.J~lJ;~ n~1'J,,~il
~ 	 q ~ 

5. ~n1~r:.J~lJYi'a~LlJ!lfi1r:.J~j;J'af'lru~lJllii-n'a-lYitl~LlJ!lf~L~ n1~r:.J~lJL~t1n1~~~~1t11'W~'JtI 
o ....... "I" .". .. ...J!'I 	 J ....... ,."..".

'Vl1~~~1t1 Lc;)t1'l n'W"~ ~~Yi!l~ LlJ!l~r:.J ~lJ'VI Lu'WL'W'a L~t1'l n'WlJ1 n n'l1'lDn1~tJ~lJ LLUU~~'alJ~~~1t1 

L~tl~'J'at11-lihh-lJ1ru~U'atl LL~~~'a~LlJtlf~tJ~lJ~,)t1%n1~VI~'alJ~~~1t1~~1~~h Tg ~~-ln~1 

Yi!l~ LlJ'af~t.J~lJL~tJvi'lv'i1~~~1tJL~t1'Jri'W L~'ai1mlJ1nJrl,)1lJ L;JlJ;J'W-n'a~ sps 1'W~1~~lJ ~'W 
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"" I I 

t8-l-nru sPS 1'WL9i'Jtlth~~'1 Yi'l\lLn~Ltltl'l~1n1'Wt~J''1~~1'1tllf.1j~1'W~tl'ln1J'm:~,nru sPS LcW'fll,l1 
II I I 

t.I~~-JiJml,l1rul,l1n~'WLijtl~~ml,l1ru SPS ~'1 LL~~n1J'1~ Lee Vl1tl GMS iJLL'W'Jtt1l,1V1~~.yh1~ 

ml,l1ruCJ~niJ rh~ tn~'1 L~l,I L~l,I~1 nn1J'~ ~~'1 ~'1~1~nfi1'Jl,I1-ntl~'Wtl~ L~tlfCJ~~ ~'1 nfi1'J L~lJ~ n 

! J 4 "" .::: J 4 .dI "0 I'Vl-:l'Wtl1~L'Wtl~~-J1~1n ~'J1l-JL~CltlJ'tI~-n'W1'W~Jl1'Wtllru~1'WLl,Itlc.J~lJ Lee VlJ'tl GMS Y111VI-:l1t1 
"'c/.8 

~Jd .o::S .... r 0 "d'dco - " 
tI-:I-n'W'Vl~~VI~'ell-J~~~1t1 CJ~ n sPS 1'W'W'f)~ Ll-JtlJ'CJ~lJ LL~:;'Vl11'VI L'WtlVl LU'Wtllru~1'W(;)tl'ln1J'mlJ1 ru 

c/.8 
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'V 

1. ~,nt.J~n'1:i'V1~~!)~L~tJ DSC ~'WtT'Wn'1:i'L~'1L;:h1atl!)L~tJ')n'Wl~GJJ!)~~!)~L~!)ft.J~~:i'~"~~'1~ 

sPS LL~~ poly(a-methyl styrene), poly(ethyl methacrylate), poly(n-butyl methacrylate), 
, 

C' Qj "'" .r ....., Qj

poly(cyclohexyl methacrylate) LL~~ poly(cis-isoprene) L~tJVI~'f)~L)J!):i't.J~~~~n~'1,)~ Tg 
~ 

Qj ,Qj ,0, , , .... _ 
L~tJ~rl'1L~tJIJLL~:; Tg !)~~'1n')'1!"l'1 Tg .1J'f)~ sPS 1J:i'~'Vlfi 

, , 

2. ~1 nCJ ~ n1:i'V1 ~~!)~L~tJ TGA ~ td'1 n'1:i'L~!)~ ~ ~1 tJ GJJ!)~~!)~ L~!)fL;j!)~'lJn'lJ rl~ '1 )J~'f)'W 

(Degrade) GJJ'f)~~!)~L~!)fCJ~)JnrhllJLvhn'W L~tJ~'lJ~1 Poly(cyclohexyl methacrylate) nn1:i' 
" I· I I I 

~'1JL~tJ-W1~cJnm~'1ru 5% LL~~ 100/0 L;j!)~'lJn'lJrl,)'1~~-a'WVl!lru~lJijt;'i1Vi~~ LL~~ Poly(U
'V " 

methyl styrene) nn1:i'~'1JL~tJ-WTVlcJnm~'1ru 50/0 Vi!lruVllJii~~Vi~~ LL~~ poly(cis-isoprene) i1 
'V " 

n1:i'~'1JL~tJ-WTl.~cJnm~l1ru 10% V1~ru~lJij~~V1~~ 
, ,, _ .r Qj dI_I 

3. rl'1 E' (storage modulus) GJJ!)~Vln~!)~L)J!):i't.J~lJLL~~GJJ!l~~!l~ sPS ~~)Jrl'1~~~~L)J!lL~)J 

!)ru~Jlij~1!lL,)~'11'Wn'1:i'f'lJ LL:i''I vf~ifLti!l~~'1nL)J L~ n~GJJ!l~~!l~ LlJ!)f~'1lJ'1:i'rtGjJtT'lJ j;J')l~~'1tJ:{'Wi1
q ~ q 

'V I 'V 'V, 

Mobility ~~;'WLij!)~ ruVllJij ~~~'WLL~~L,)~11'Wn1:i'f'lJLL:i'~'W1'W~'W ~'1~1:i'rt L~!)'W~~ ~!)!)n~'1 n n'Wl~ 
a J 

L:i',)GJJ'W 
, 'V , 

4. rh E' (storage modulus) GJJ!)~V1n~!)~L)J!)ft.J~)JLL~~GJJ!)~~'f)'I sPS ~~n~1L-W)J~'WL;j!l
q 

'" '" I I I I • 

vi'lilLtl!)~~'1 n Li4!)1~ LL:i'~Vl rl,) 1~~~~~!)~ L~!)f~~llJn L,)~'1~!)Vl~~IJ1JtTiJ
~ 

" I I I I 

!)!)n~ '1 n n'W ~~cJ'W~~~'1lJ'1:i'rtf'lJLL:i'~l~~~ n~1 Li4!)1~LL:i'~Vl r1,)1~~ t;'i1 
~ 

.., "'.., ,Q, 

VI~nn1:i'GjJ!)~n'1:i'6jjtf)'WVI'lJGjJtf)~!lru~1J)JLL~~L,)~'1 (Time-Temperature Superposition (TTS) 
I "I I I I 

principle) .~~~~'1~;'WL~!ltl:i'~lJ1run1:i'f'lJLL:i'~V1!lru~.1Jijfeh~~~Vl r1,)'1)J~,"1tf) L,)~'11'Wn'1:i'f'lJ LL:i'~ 

L9h~11'WsrllJ~~ n~'1~ n~'1 n'1:i''Vl ~~!)~~1~ vf~ifL~Un'1:i'U:i'~lJ'1 ruL~~'1 n'1:i'f'lJLL:i'-3~tf)ru~J)ij~-3:{'WLLVl'W 
'I ~ ~ 

I I J • I I I " I 

fl'1rl,)'1)J ~Vl~ ~~-3 LL~:;n'1:i't1:i'~)J'1 rul~~1 n'1:i'f'lJ LL:i'~Y1!l ru~J)ij t;'i'1~~ LLVI'Wfl'1f1lJ'1)J11Vl)J'1 n~'Wn~'1Vl 
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ABSTRACT: This research concerned with the miscibil
ity and thermal properties of syndiotactic polystyrene 
(SPS) blended with several polymers such as poly 
(ex-methyl styrene)-PaMS, poly(ethyl methacrylate)
PEMA, poly(n-butyl methacrylate)-PBMA, poly(cyclo
hexyl acrylate)-PCHA, and poly(cis-isoprene)-PIP. The 
SPS synthesized by using metallocene catalyst and modi
fied-methylaluminoxane (MMAO) as cocatalyst. From the 
experimental results, it was fOlmd that the SPS can be 
miscible with PaMS, PEMA, PBMA, PCHA, and PIP. 
Furthermore, the effects of the addition of low molar mass 
liquid crystal (cyclohexyl-biphenyl-cyclohexane, CBC33) 
and lubricant (glycerol monostearate, GMS) on thermal 
properties of the blended polymers with SPS are con-

INTRODUCTION 

Generally, polystyrene (PS) is one of the most impor
tant commodity polymers in the industry. Its appli
cations range from high moduius, transparent grade 
to rubber modified, tough resins and blends with 
outstanding impact resistance and mechanical 
properties. Recently, coordination polymerization 
techniques were introduced for preparation of new 
polystyrene, which has an entirely new range of 
possibilities and the feasibility for preparation of a 
highly stereoregular, syndiotactic polystyrene (SPS) 
was demonstrated.1 SPS prepared by coordination 
polymerization is a new semicrystalline thermoplas
tic material with high crystalline melting tempera
ture (270°C) and excellent chemical resistance. 
However, beciluse SPS has some economic disadvan
tages such as low strength at low temperature,2 
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cerned. Both CBC33 and GMS can lower the crystallization 
temperature (Tc) of the blend and can also slightly lower 
the melting temperature (Tm) of the blends. This might be 
because of the higher mobility of SPS molecules induced 
the separation from the crystal both in the case of the 
depression of Tc or· Tm. The higher mobility of the blends 
happened together with the further reduction of the melt 
viscosity of the blends according to CBC33 that can be 
proven by Motong et al. in 2008 (Motong et al., J Appl 
Polym Sci 2008, 107, 1108). © 2009 Wiley Periodicals, Inc. 
J Appl Polym Sci 114: 2053-2059, 2009 

Key words: miscibility; thermal properties; syndiotactic 
polystyrene; liquid crystal; lubricant 

higher processing temperature,3 and low efficiency 
of polymerization catalyst, it has been restricted to a 
few applications. So, many researchers are still inter
ested in blending SPS with secondary polymer mate
rials and in ·the miscibility of its polymer blends. 

The previous researches have studied the miscibil
ity of polystyrene with several polymers, viz. 
polyphenyleneether (PPE), polyvinylmethylether 
(PVME), poly-2-chlorostyrene (PCS), polymethylstyr
ene (PMS), polycarbonate of tetramethyl bisphenal-A 
(TMPC), polycyclohexyl acrylate (PCHA), polyethyl
methacrylate (PEMA), polycyclohexyl methacrylate 
(PCHMA) and etc.4 Widmaier and Mignard5 investi
gated the blends of PS of molecular weights from 
4000 to 80,000 g/mol to poly{et-methylstyrene) of 
molecular weights from 55,000 to 300,000 g/mol by 
freeze-drying from benzene solutions. Glass transi
tion temperature (Tg) measurements by differential 
scanning calorimetry (OSC) indicate that the misci
bility behavior of the polymers is very sensitive to 
change of molecular weights. A decrease in PS chain 
length changes a two-phase system into a miscible 
or partially miscible blend. Cimmino et a1.6

,7 investi
gated the dependence of miscibility on composition 
and temperature in SPS/PVME blends by means of 

http:yahoo.com
http:wvvw.interscience.wiley.com
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solid-state NMR and DSC. The DSC experiments 
showed two Tg values corresponding to an SPS-rich 
phase (83 : 17 wt %) and a PVME- rich phase (13 : 
87 wt %). For SPS/PPE blends, DSC and DMTA 
measurements give an intemlediate single Tg value8-11 
between those of the pure components and 
obviously depended on the compositions. The Tg 
values of SPS and PPE are much different from each 
other (98 and 220°C, respectively), and this result 
constitutes an unambiguous proof of the blend 
miscibility within the whole composition range. 

However, the excellent properties of polymer can 
become a cause of limitation in manufacturing proc
esses especially the viscosity of melted polymers. 
The polymer blending procedure requires many 
complicated operations involving high temperature 
and high shear rate; therefore, their processing a..T1d 
manufacturing of polymer blends usually consume 
high energy. The processing properties of polymer 
blends can be modified by adding various additives, 
sl_1ch as antioxidants, plasticizers, and others. Many 
additives can reduce melt viscosity of polymers to 
improve their processability, but most additives may 
cause many negative effects to important properties 
of polymers, especially the mechanical properties of 
the final products. Lubricant,12 a small quantity pol
ymers' additive, can provide a considerable decrease 
in resistance to the movement of chains or segments 
of amorphous polymer or at least partly amorphous 
structure. Low molar mass liquid crystals (LMMLCs) 
were also found to improve processability of poly
mers.13

,14 Patwardhan and Belfiore reported that 
addition of LMMLC to amorphous polymers could 
improve both processability and mechanical proper
ties of the blends. IS The addition of low molar mass 
liquid crystal (CBC33) can dramatically reduce the 
melt viscosi ty of polycarbona te as observed by the 
rheometer. 13 

This work investigates the miscibility and thermal 
properties of SPS, which synthesized by homogene
ous half-metallocene catalyst system, blended with 
various polymers, and of these SPS blended proper
ties after addition of low molar mass liquid crystal 
(CBC33) and lubricant (GMS). 

EXPERIMENT AL 

Materials 

Styrene monomer purchased from Fluka Chemie 
A.G. was distilled from sodium under vacuum just 
before use. Trichloro(pentamethyl cyclopentadienyl) 

TABLE I 

Properties of Low Molar Mass Thennotropic 


Liquid crystals 


Property CBC33 

Melting point (0C) 158 
Smectic-nematic temperature (OC) 223 
Clearing temperature eC) 327 
Molecular weight (g/mol) 403 

titanium (IV) (Cp*TiCI3, 97.0%) was purchased from 
Aldrich. Modified methyaluminoxane (MMAO) 
1.831 M in toluene was donated from Tosoh Akso 
Japan. The low molar mass liquid crystal (LMMLC): 
CBC33, was purchased from Merck Co., Ltd. in the 
form of a white powder. The CBC33 structures that 
contain a cyc1ohexyi-biphenyl-cyc1ohexane backbone 
can be shown as Figure 1. Its molecular weight 
characteristics, transition temperatures, and other 
physical properties can be shown in Table I. The 
lubrkant, glycerol monostearate (GMS), was kindly 
provided by Rikevita Ltd (Malasia) with the 
melting point of 65°C and the molecular weight of 
358 g/mol. The chemical structure of GMS can be 
shown in Figure 2. 

Poly(n-butyl methacrylate)-PBMA, poly(<x-methyl 
styrene)-PalviS, poly(cyclohexyl acrylate)-PCHA, 
poly(cyc1ohexyl methacrylate)-PCHMA, poly(cis
isoprene)-PIP, poly(ethyl methacrylate)-PEMA 
were purchased from Scientific Polymer Products, 
Inc and used as received. 

Polymerization procedure 

Cp*TiC13 ("-' 0.014 g) was stirred in 35 mL of toluene 
under argon atmosphere until dissolved. Styrene 
monomer (chemical reagent grade) was washed with 
5% aqueous sodium hydroxide (NaOH) solution and 
distilled water, then distilled under reduced 
pressure. 

Polymerization of styrene was carried out in a 
250 cm3 glass reactor equipped with a magnetic stir
rer by introducing 46 mL of toluene, 32 mL of 
Cp*TiCh dissolved in toluene, 13.6 mL of MMAO 
and 28.4 mL of styrene at the desired temperature of 
25°C under argon atmosphere. The total volume of 
the polymerization mixture was 120 mL. The addi
tion of styrene was regarded as the starting point of 
the polymerization reaction. After complete the 

Figure 1 Structure of CBC33. Figure 2 Structure of glycerol monostearate (GMS). 
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TABLE II 
Polymerization of Styrene Using Cp*TiCIJ with MMAO" 

% Yieldb 72.67 wt % 

Catalytic activity 5084.67 g PS/mmole Ti ·hr 

% Syndiotactic index lJ3.38 % 

Mwc 1,943,500 g/mol 

M C 

n 592,300 g/mol 
Molecular weight 3.3 

distribution (MWD)C 
Td 97.90C C8 
Tmd 271.41oC 

a Conditions: [Cp"TiCl3] = 3.68 x 10-4M, [MMAO] = 
1.83 M, [Styrene] 	= 2.06, Al/Ti = 563, 25°C. 

b Calculated from (weight of synthesized polymer / 
weight of monomer) 	x 100. 

C Obtained from GPC and MWD was calculated from 
M'g/MI1' 

Obtained from DSC. 

desired reaction time, the reactions were terminated 
by the addition methanol followed by 10% HCI in 
methanol. The precipitated polymer was washed 
several times with methanol and dried at room tem
perature. The polymer obtained was extracted with 
refluxing methyl ethyl ketone (MEK) for 12 h to 
isolate the SPS portion of the polymer obtained fi"0m 
other isomers. 

Soxhlet extractor was used for syndiotactic content 
determination. The obtain polystyrene was extracted 
with boiling methyl ethyl ketone (MEK) or 2-buta
none to give syndiotactic (insoluble) and atactic/iso
tactic (soluble) polystyrene. A % syndiotactic index 
(% S.I.) is computed from 

% S.l. = Insoluble Weight of PS x 100 (1) 
Total Weight of PS 

The melting temperature (Tn!) and Tg values of the 
polymers were determined by a Perkin-Elmer 
DSC-Diamond. The analyses were performed at the 
heating rate of 20°C/min in the temperature range 
SO-300°C. The molecular weight (Mw) and molecular 
weight distribution (MWD) were investigated by 
gel permeation chromatography (GPC). Samples 
were prepared accurately at a concentration of 
approximately 0.5-1.0 mg/mL in the mobile phase 
and dissolved by using the PL-SP 260 at a tempera
ture of IS0°C for, approximately, an hour. The 
dissolved sampled were transferred into PL-GPC 
220. The GPC measurement was performed a t Thai 
Petrochemical Industry Public Co., Ltd. 

Polymer blend preparation and characterization 

The blends of SPS/polymers and their blends with, 
CBC33, the liquid crystal or, GMS, the lubricant 
were prepared by mechanical mixing using a digital 
hot plate at various compositions. The SPS/polymers 

were mixed together with CBC33 or GMS at 310°C, 
and all the blended samples were kept at 300°C for 
5 minutes before immediately quenched to 200°C 
and held for 20 minutes, before further cooled down 
to room temperature. The melting temperature (Tin)' 
the crystallization temperature (Te) and the glass 
transition temperature (Tg) of the blends were deter
mined by a Perkin-Elmer DSC-Diamond. The analy
ses were performed at the heating rate of 20°C/min 
in the temperature range SO-300°C. 

RESULTS AND DISCUSSION 

Polymerization of styrene 

The results of the polymerization of styren.:, using 
Pentamethylcyclopentadienyl titanium trichloride 
(Cp*TiCI3) with modified-methylalurninoxane (MMAO) 
as cocatalyst, can be summarized as in Table II. 

Effect of LMMLC and lubricant on thermal 
pi'Operties of polymer blends 

Glass transition temperature 

The glass transition temperature is the characteristi< 
of the amorphous part of the polymers. At Tg, a dra
matic change occurs in the local movement of mole
cule level of polymer chain from glassy state to 
rubbery state, which this changes almost all of the 
physical and mechanical properties of polymer.16 

The miscibility of binary blends is frequently 
ascertained by measurements of their Tg. Figure 3 
shows Tg of each composition of SPS/PaMS blend. It 
is observed that the Tg of pure SPS and PaMS is 
97.90 and 87.33°C, respectively. All the blends with 
different compositions exhibit single Tg which 
shifted to a higher temperatures in the same trend 
as the SPS content in the samples. This result may 
imply the miscibility of the two components in the 
blends under the DSC condition. The thermal 
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Figure 3 Glass transition temperature of SPS/PaMS 
blends before and after adding CBC33 and GMS. 
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Figure 4 Glass transition temperature SPS/PEMA blends 
before and after adding CBC33 and GMS. 

characteristics of SPS/PaMS/CBC33 blends and 
SPS/PaMS/GMS blends are shown that Tg of binary 
blends are in the same vicinity of their blends with 
CBC33 and GMS. The differe.nce between Tg of bi
nary blends and their blends with additives are less 
than 1°C, and cannot be distinguished from each 
other. These phenomena may be resulted from the 
too small (1.0% w /w) amount of additives in the 
matrix phase of the binary blends that are not 
enough to plasticize the blends to such an extent 
that the significant reducing in Tg of the blends can 
be observed. 

Figures 4-7 show Tg of each composition of SPS/ 
PEMA, SPS/PBMA, SPS/PCHA, SPS/PlP blend. It 
is observed that all the blends with different compo
sitions exhibit single Tg, which shifts to a higher 
temperature with the SPS content. This result may 
imply that the miscibility of the two components in 
the amorphous state of the blends. The values of Tg 
of binary blends are in the same vicinity to their 
blends with CBC33 and GMS. Thus, the additions of 
CBC33 and GMS have not significantly affected Tg 
of binary blends as same as SPS/PaMS blends. 
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Figure 5 Glass transition temperature SPS/PBMA blends 
before and after adding CBC33 and GMS. 
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Figure 6 Glass transition temperature SPS/PCHA blends 
before and after adding CBC33 and GMS. 

From these results, it was found that the SPS have 
tendency to be miscible with PaMS, PEMA, PBMA, 
PCHA, and PIP by melt mixing method. The glass 
transition temperatures of all the blends with addi
tives do not significantly change from additive less 
binary blends. This phenomenon proves that addi
tives do not have significant direct plasticizing 
effects on glass transition temperature of pure binary 
blends when added in the small quantity. 

Crystallization temperature 

The crystallization temperature is the temperature 
that the sPS in the blends started to crystallize due 
to lower temperature from the cooling ramp rate in 
DSC. From Figure 8, when the crystallization tem
perature at cooling rate of 20°C/min (Tc) of SPS/ 
PaMS blends and their blends with additives were 
compared, they can be showed that addition of 
CBC33 have affected in the slightly increasing Tc of 
their blends in the amount of less than 3°C apart 
from the pure blend. These differences were located 

o 10 20 30 40 so 60 10 80 90 100 llO 

SPS(wt%) 

Figure 7 Glass transition temperature SPS/PIP blends 
before and after adding CBC33 and GMS. 
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Figure 8 Crystallization temperature of SPS/PaMS 
blends before and after adding CBC33 and eMS. 

in error limit of the DSC that is less than ±5°C apart 
from each other. But the addition of GMS has the 
adverse affected by slightly decreasing the Tc of their 
blends in the vicinity of less than 3°C apart from the 
pure blend. These differences still were in the error 
limit of the DSC, and the increases/decreases were 
not significant while the concentration of the blend 
changed. So, in the system of SPS/PaMS, the 
additives (C,BC33, GMS) of the small amount in the 
SPS/PaMS blend were not changed significantly 
the crystallization temperatures of the blend. This 
might be because of too similar molecular structures 
between the SPS and PaMS. 

From Figure 9, it can be seen that the addition of 
CBC33 in SPS/PEMA blends affected the decreasing 
of Tc in their blends about 4-11°C from pure blend 
without CBC33. The addition of GMS also affected 
the decreasing Tc of their blends about 2-10DC. 
These temperature differences were significant and 
we can draw the conclusion that the additives tend 
to significantly decrease the Tc of SPS/PEMA blends, 
regarded the small amount of the additive. 

For SPS/PBMA blends, the additions of CBC33 or 
GMS have affected in decreasing of Tc in their 
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Figure 9 Crystallization temperature of SPS/PEMA 
blends before and after adding CBC33 and eMS. 
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Figure 10 Crystallization temperature of SPS/PBMA 
blends before and after adding CBC33 and GMS. 

blends about 3°e apart from the pure blend Tc as 
shown in Figure 10. Although the decreases of Tc 
were in the error limit of the DSC, but the 
unanimous decreases in Tc implied the significant 
variations. Thus, the additions of CBC33 or GMS 
have significant trended in decreasing the Tc of SPS/ 
PBMA blends, regarded the small amount of the 
additive. 

Figure 11 shows the values of Tc of SPS/PCHA 
blends before and after addition of CBC33 or GMS. 
It can be concluded that the additions of CBC33 or 
GMS have affected in decreasing of Tc of the blends 
about 2-5D C from the pure blend. Thus, both 
additives have significant effects in decreasing the Tc 
of SPS/PCHA blends, regarded the small amount of 
the additive. 

Similarly, for SPS/PIP blends, the addition of 
CBC33 or GMS have affected significantly in 
decreasing of Tc of the blends about 2-7D C from the 
pure blend as shown in Figure 12. Thus, both 
additives also have significant effects in decreasing 
the Tc of SPS/PIP blends from the pure blend, 
regarded the small amount of the additive. 

250.----------------------------------, 

........ SPSlPCHA 

Q.., 245 

6 

---SPSIPCHAICBC33
j -6-SPs.1'CHAJGMS 


; 240 


t 235 

I 
Ii 

:: 
8 

220+--.--~--.___r--.__,~_.--._~--,__ 

o 	 10 20 30 49 50 60 70 80 90 100 110 

SPS(wt%) 
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blends before and after adding CBC33 and eMS. 
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before and after adding CBC33 and GMS. 

To summarize from these results, the effects of 
adding CBC33 or GMS resulted in the significantly 
slightly decreasing Tc of the polymer blen~s con
cerned except the blend with PaMS. These might be 
because CBC33 and GMS can reduce melt viscosity 
of the blends,13,17 so the molecules of the polymers 
in the blend could move or separate easily. There
fore, the mobile SPS molecules have more difficulty 
to form the crystal from the induced of cooling 
temperature, because more mobile SPS molecules 
may tend to move apart fro~ the order (cryst~l). 
The crystalline temperature WIll decrease accordmg 
to the mobility of the molecules when added the 
CBC33 or the GMS due to the less order of the easily 
mobile chain molecules. 

Melting temperature 

For polymer blends, the depression phenomenon of 
the crystalline melting point temperature (Tm) usu
ally happened from the lower of the blends' Gibbs 
free energy. From Figure 13, the crystalline melting 
temperature T,,, of the pure binary blends and their 
blends with additives have unanimous lowering 
tendency than the Tm of the pure component of SPS, 
although the decreases were in the error limit of the 
OSC. The decreases were more pronounced with the 
additions of CBC33 or GMS which the Tm of the 
addition blends were unanimously and slightly 
lower than the Tm of the pure · blends. In every 
systems concerned in this research, the crystalline 
melting pOints when added the CBC33 or GMS were 
lowered than the pure polymer blend. From melting 
point depression phenomenon, the crystalline melt
ing point will be lower if the additives were added 
to the pure blends. However, because of the small 
amount of the CBC33 or GMS added, the quantities 
of the crystalline melting point depression will not 
only come from the melting point depression 

Journal of Applied Polymer Science 001 10.lOO2/app . 

PAHUPONGSAB ET AL. 

phenomenon alone but also contribute from the 
addition of the CBC33. The decreasing in the 
crystalline melting point due. to the addition of small 
molecule can be calculated from the equation 
below,Is 

(2) 

where, MiJ represents the molar enthalpy of the 
fusion from the SPS crystal. To a first approximation, 
the melting point depression depends on the mole 
fraction of impurity (XB) and the mole fraction of 
crystallizable polymer (being XA). For polymer 
blends, the crystalline melting temperature depres
sion phenomenon that results from the lower of the 
blend Gibbs free energy needed to have the large 
amount of XB to overcome the effect from the molar 
enthalpy of the fusion. Thus, by this equation, the 
crystalline melting temperature of the binary blends 
and their blends with very small amount of addi· 
tives will have very slightly tendency to lower the 
temperature from the pure component of the poly
mers. However, in this research, the effects in lower
ing the crystalline melting point (Tnt) might also 
come from the contribution from the addition of the 
CBC33 more than the melting point depression by 
normal additive. These might be because of the mo
lecular mobility enhancement from both CBC33 and 
GMS,13,I7 the crystal of the blends will melt easier. 
The more mobile SPS molecules can slide and depart 
from each other easier than the blend's SPS mole
cules without additive; therefore, the crystal will 
melt easier than the polymer blend without the 
additive. Moreover, as we have concluded before, 
the ease of the moving of the SPS molecules may 
enhance the depression in the crystalline tempera
ture (Tc). By the same assumption, the systems will 
also have the tendency to be apart from the shape of 
the crystal (melting of the crystal) faster than the 
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normal pure SPS molecules in the normal blend, so 
the Tm will be lower than usual. 

CONCLUSIONS 

In this research, the miscibili ty and thermal proper
ties of SPS blended with several polymers such as 
PaMS, PEMA, PBMA, PCHA, and PIP were investi
gated. The SPS was synthesized by using metallo
cene catalyst. From DSC, it was found that the SPS 
have tendency to miscible "vith PaMS, PEMA, 
PBMA, PCHA and PIP by melt nlixing method. The 
glass transition temperatures of all the blends with 
additives do not significantly ch<::.n.ge from non 
additive binary blends. This phenomenon proves 
that additives do not have direct plasticiL.ing effects 
on glass transition temperature of pure binary 
blends, regarded the small amount of additives. 

Both CBC33 and GMS significantly decrease the 
crystallization temperature (Tc) of polymer blends. 
Because CBC33 and GMS reduce melt viscosity of 
the blends,13,17 the polymers' molecules could move 
or separate easily. The SPS in thE: blends might sub
ject to more difficulty to ally their molecules in the 
shape of the crystal from the fast mobility melt of 
the polymer blends when added CBC33 or GMS. 
Therefore, when mobile melt molecule tends to form 
the crystal, it will hardly form the crystal in case of 
GMS and CBC33 addition in the blend. Thus, the 
ease of the moving of the molecule will enhance the 
depression in the crystalline temperature. 

The CBC33 and GMS slightly decrease crystalline 
melting temperature (Till) of their blends. By the 
same assumption, because CBC33 and GMS reduced 
melt viscosity of the blends, crystal of the blends 
will melt easier. In other words, the Tm tends to 
decrease when added with GMS or CBC33 because 
of the effects from the mobility of the molecules. It 

can be concluded that the effects of lowering the 
crystalline melting point largely come from the 
contribution from the addition of the small amount 
of CBC33 more than the nomlal melting point 
depression by normal additive. 

The authors would like to thank Tosoh Akso, Japan for the 
M1v1AO. 

References 

1. 	 Ishihara, N.; Kuramoto, M.; Voi, M. Macromolecules 1998, 21, 
3356. 

2 	 Candi. F. D.; Romano, G.; Russo, R.; Vittoria, V. Colloid Polym 
Sci 1990, 268, 72u. 

3. 	Cimmino, S.; OJ Pace, E.; Martuscelli, E.; Silvestre, C Polymer 
1991,32, 1080. 

4. 	 t.!~acki, L. A. Polymer Blends Handbook; KIuwer Academic 
Publishers: London, 2002; vol. l. 

5. Widmaier, J. M.; Mignard, G. Eur Polym J 1987,23,989. 
6. Cimmino, S.; OJ Pace, E.; Martuscelli, E.; Silvestre, C Polymer 

1993,34,2799. 
7. Cimmino, S.; OJ Pace, E.; Martuscelli, E.; Silvestre, c.; Rice, 

D. M.; Karasz, F. E. Polymer 1993,34,214. 
8. Guerra, G.; Vitagliano, 	V. M.; De Rosa, C; Petraccone, V.; 

Corradini, P. J PoLym Sci Part B: Polym Phys 1991, 29, 265. 
9. Choi, S. H.; Cho, I.; Kim, K. U. Polym J 1999,31, 828. 

10. 	Li, H.; Li, G.; Yang, W.; Shen, J. Polym Prepr Am Chern Soc 
Div Polym Chern 1998,39,689. 

11. 	Hong, B. K.; Jo, W. H.; Lee, S. C; Kim, J. Polymer 1998, 39, 
1793. 

12. Lutz, J. T.; Grossman, R. F. Polymer Modifiers and Additives; 
Marcel Dekker: New York, 2001. 

13. 	Motong, N.; Thongyai, S.; Clarke, N. J Appl Polym Sci 2008, 
107,1108. 

14. 	MutllOng, N.; Clarke, N.; Thompson, R. L.; Collins, S. A.; 
Thongyai, S. J Polym Sci Part B: Polym Phys 2007, 45, 2187. 

15. Patwardhan, A. A.; Belfiore, L. A. Polym Eng Sci 1988, 28, 916. 
16. Brandrup, 	J.; Immergut, E. H. Polymer Handbook; 3rd ed.; 

John Wiley & Sons: New York, 198':i. 
17. Wacharawicilanant, S.; Thongyai, S.; Tanodekaew, S.; Higgins, 

J. S.; Clarke, N. Polymer 2004, 45, 2201. 
18. Sperling, 	 L. H. Introduction to Physical Polymer Science; 

Wiley-Interscience: Nev.' jersey, 2006. 

Journal of Applied Polymer Science 001 1O.1002/app 

182

http:ch<::.n.ge


ISSN 0965-545)(, Polymer Science. Ser. A. 2010. Vol. 52. No . J. pp. 279-287. © Pleiades Publishing, Ltd., 20/0. 

The Crystallinity and Miscibility of Syndiotactic Polystyrene Blends 

after Mixing with Low Molar Mass Liquid Crystal or Commercia 


Lubricant! 

Pichet Pahupongsaba , Supakanok Thongyaia , Sirirat Wacharawichanantb, and Piyasan Prase.tdham" 


a Center of Excellence on Catalysis and Catalytic Reaction Engineering, Department ofChemical Engineering, 

Faculty ofEngineering, Chulalongkorn University, Bangkok 10330, Thailand 


b Depanment ofChemical Engineering, Faculty ofEngineering and Industrial Technology, Silpakorn University, 

Nakorn Pathom 73000, Thailand 


e-mail: iamsirirat@yahoo.com 

Received October 11,2008; 


in final fonn, February 18,2009 


Abstract-The quantities of the crystallinity ofsyndiotactic polystyrene (S PS) blended with another polymer 
in the group ofpoly(u-methyl styrene), poly(n-butyl methacrylate) or poly(cyc1ohexyl acrylate) with or with
out the additives were measured by X-ray diffraction and calculated by Ruland's method. The SPS was svn
thesized by using metallocene catalyst and modified-methylaluminoxane as cocatalyst. The additive of iow 
molar mass liquid crystal chemical (cyclohexyl-biphenyl-cyc1ohexane (CBC33» or lubricant (glycerol 
monostearate (GMS» was individually added to the blends ofSPS in order to investigate the effects on the 
crystallinity of the blended SPS. From the experimental results, it was found that the percent crystallinities 
of the blends decreased with decreasing the percent of SPS in the blend because of the dilution of SPS. The 
depression ofthe percent crystallinity was in the order of PaMS > PCHA > PBMA according to the compat
ibility with SPS. The addition of G MS or CBC33 slightly decreased the percent crystallinity of the pure SPS. 
The addition of G MS impeded the depression of the SPS crystallinity in the blends, because their percent 
depression from pure SPS is similar (at around 25%) regardless to the components of the blends. The blends 
with added CBC33 have the similar depression of crystallinity as the pure blends because of the low concen· 
tration of CBC33 and the good compatibility of CBC33 with the SPS. 

DOl: 10. I 134/S0965545XI0030090 

1. INTRODUCTION 

Syndiotactic polystyrene (SPS) is a semi-crystal
line polymer synthesized from styrene monomer using 
a metallocene catalyst [1-4]. The syndiotacticity of 
SPS results from the homogeneous coordinative poly
merization mechanism. Typically, group 4 transition 
metal complexes are utilized with co-catalysts such as 
methylaluminoxane (MAO) or pentafluoropheny 1 
borate derivatives. Initial evaluation reactions ofvari 
ous titanium compounds with MAO have been pub
lished [I, 5-7]. SPS has attractive characteristics such 
as high melting temperature (about 270°C) and high 
crystallization rate. In particular, the thermal and 
mechanical behavior ofSPS is very interesting if com
pared with that of an atactic and isotactic analogs [8]. 
Its high heat resistance and modulus of elasticity, low 
dielectric constant, excellent resistance to chemicals 
and relatively fast crystallization rate make SPS a 
potential thermoplastic for a large number of applica
tions in the automotive and electronic industries [9]. 

A few studies on SPS-based blends such as 
SPS/poly(vinyl methyl ether) (PVME), 

1 The article is published in the original. 

SPS/poly(2,6-dimethyl-l,4-phenylene oxide) 
(PPO), SPS/poly(p-phenylene sulfide) (PlPS), 
SPS/polyphenylene ether (PPE), and SPS/poly(sty
rene-co-a-methyl styrene) blend have been reported 
in the literature [10-14]. Hong et al. [15] investigated 
the miscibility of SPS/atactic polystyrene (APS) 
blends, whose constituent polymers have close TgS by 
crystallization kinetics and enthalpy relaxation. It is 
observed from crystallization kinetics experiment that 
both the spherulite growth rate and the overall crystal
lization rate ofSPS in blends decrease with an increas~ 
ing amount ofAPS, indicating that SPS is diluted wit 
APS. When enthalpy relaxations of the blends are 
examined, it is revealed that the enthalpy recovery of 
SPS/APS blends shows a single peak whose relaxation 
times is intermediate between those of SPS and APS. 
It is concluded that SPS/APS blends are completely 
miscible over the entire composition. Duff et al. [16] 
prepared the blends of SPS with polyphenylene ether 
(PPE) to determine the effect ofblending on the crys
tallisation mechanism of SPS. The miscibility of the 
blend was confirmed by both differential scanning cal
orimetry (DSC) and dynamic mechanical thennal 
analysis (DMTA). Crystallisation of the blends was 
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studied under isothermal and non-isothermal condi
tions using DSC. X-ray diffraction (XRD) was used to 
determine that the SPS polymorph present was the 
p-form. The diffuse scattering was shown to increase 
with PPE content, particularly with blends prepared 
using higher molecular weight PPE. Overall, the 
results indicate that the crystallisation of S PS is 
affected by blending with PPE, with the melting 
enthalpy of SPS decreasing and the half-time to crys
tallisation increasing with PPE concentration. This is 
thought to occur because ofthe lack offlexibility in the 
PPE chain compared with the SPS chain. 

Chiu et al. [14] examined the miscibility, crystalli
zation kinetics, melting behavior and crystal structure 
of SPS/poly(styrene-co-a-methyl styrene) blends. 
DSC, polarized light microscopy and wide angle 
X-ray diffraction (WAXO) technique were used to 
approach the goals. The single composition-depen
dent Tg;S of the blends and the melting temperature 
(Trn) depression of SPS in the blends indicated the 
miscible characteristic of the blend system at all com
positions. Zhou et al. [17] studied isothermal crystalli
zation' melting behavior and crystalline morphology 
ofSPS blends with highly-impact polystyrene (HIPS). 
SPS blends with HIPS were prepared with a twin
screw extruder. Isothennal crystallization, melting 
behavior and crystalline morphology of SPS in 
SPS/HIPS blends were investigated by DSC, WAXD 
and polarized optical microscopy (POM). Experi
mental results indicated that the isothermal crystalli
zation behavior ofSPS in its blends not only depended 
on the melting temperature and crystallization tem
perature, but also on the HIPS content. Addition of 
HIPS restricted the crystallization of SPS melted at 
320o e. For SPS melted at 280°C, addition of low 
HIPS content (10 wt % and 30 wt %) facilitated the 
crystallization of SPS and the formation of more con
tent of a-crystal. However, addition of high HIPS 
content (50 wt % and 70 wt%) restricted the crystalli
zation of SPS and facilitated the formation of p-crys
tal. More content of p-crystal was formed with 
increase of the melting and crystallization tempera
ture. 

Polymeric blends ofmelt processable polymers and 
liquid crystalline compounds have been studied in 
many researches. This review covers liquid crystalline 
(LC) blends containing low molar mass liquid crystal 
chemical (Lee). The main reason of blending low 
molar mass liquid crystal blends is to improving the 
melt viscosity of the blends. Buckley et al. [18] investi
gated the blends of Lee with either polyolefin or 
polyester. The LCC have molecular weight less than 
about 1000 g/mol. The LCe consists of groups 
N,N-bis(p-methoxybenzylidene):-a,a'-bi-p-toluidine, 
p-methoxycinnamic acid, N,N -bis( 4-octyloxyben
zylidene)-p-phenylenediamine. The LCC used is 
present in an amount of from about 0.5 to 5% by 
weight, and the melt viscosity of the blend was deter
mined by a capillary rheometer. The melt viscosity of 

LCC blends reduced by as much as 25 to 30% com
pared with the pure matrix polymers. Siegmann et al. 
[19] prepared the polymer blends of liquid crystalline 
aromatic copolyester (based on 6-hydroxy-2-naphth
anoic acid (HNA) and phydroxybenzoic acid) and an 
amorphous polyamide (PA) by melted mixing 
method. The rheological behavior of the blends was 
very different from pure component anu viscosity of 
blends significantly changed. Only 5% by weight of 
liquid crystal polymer (LCP) in the blend could 
r~duce the viscosity 20-25 times. Wacharawichanant 
et al. [20] investigated the effects on molecular motion 
in melt mixed poly(styreneco-acrylonitrile) (SAN) 
containing 25% by weight of acrylonitrile (AN) and 
poly(methyl methacrylate) (PMMA) (20/80 wt %) 
blends after adding two LCCs (CBC33 and CBC53) 
and two lubricants (GMS and zinc stearate) by using 
light scattering techniques. The samples were assessed 
in terms of the apparent diffusion coefficient (Dapp) 
obtained from observation of phase separation in the 
blends. The early stages of phase separation as 
observed by light scattering were dominated by diffu
sion processes and approximately conformed to the 
Cahn-Hilliard linearised theory. 

The major effect ofLeC was to increase the molec
ular mobility of the blends. The LC generally 
increased the Cahn-Hilliard apparent diffusion coef
ficient, Dapp, ofthe blend when added with concentra
tions as low as 0.2 wt %. GMS and zinc stearate can 
also improve the mobility of the blend but to a lesser 
extent and the effect does not increase at higher con
centration. On the other hand, the more LCC added, 
the higher the mobility. 

This work studied the crystallinity of SPS, which 
synthesized by homogeneous half-metallocene cata
lyst system, blend with various polymers. Also, the 
effect of LCC and G MS on the crystallinity of the 
polymer blends was the first time to investigate by 
wide-angle X-ray diffraction (WAXD). It will also be 
interesting to investigate the crystalline properties of 

SPS in the blends to compare with previous reports 
and understand the background phenomena beside. 
The effects ofaddition of LCe or G MS in homopoly
mer [21-23] and in phase separated blends [20] are 
reported, but the effects in crystallinity is new and 
highly interesting. 

2. EXPERIMENTAL 

2.1. Materials 

SPS was synthesized in our laboratory. The percent 
syndiotactic index is 93.38%, the weight average 
molecular weight (Mw) is 1943500 g/mol and the num
ber average molecular weight (Mn) is 592300 g/mol. 
The melting temperature (Tm) and the glass transition 
temperature (Tg) are 271.41°e and 97.90°C, respec
tively. Poly(n-butyl methacrylate) (PBMA), poly(a
methyl styrene) (PaMS), poly(cyclohexyl acrylate) 
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Fig. 1. Structure ofCBC33. 

(PCHA), were purchased from Scientific Polymer 
Products, Inc. and used as received. 

Low molar mass liquid crystal chemical (LCC, 
cyclohexyl-biphenyl-cyclohexane (CBC33» was pur
chased from Merck Co., Ltd. CBC33 liquid crystal 
was used in this research in the form ofa white powder. 
Its structure which contains a cyclohexyl-biphenyl
cyclohexane backbone is shown as Fig. I. Molecular 
weight characteristics, transition temperatures, and 
other physical properties of CBC33 are shown in 
Table 1. The lubricant, glycerol monostearate (GMS) 
was kindly provided by Rikevita Ltd. (Malasia). The 
melting point is 65°C and the molecular weight is 
358 g/mol. The chemical structure of G MS is shown 
in Fig. 2. 

2.2. Polymer Blend Preparation 

The blends ofSPS and other polymer with or with
out LCC or lubricant were prepared by using a digital 
hot plate at various compositions. The blends of SPS 
and another polymer in the group of PaMS, PBMA, 
and PCllA respectively were melt-mixed on hot plate 
each at the SPS composition of 80, 60, and 40%. The 
blends were further melt-mixed with CBC33 or GMS 
of 1 wt % each at 310°C. After homogenized, all the 
samples were kept at 300°C for five minutes and 
irrnnediately quenched to 200°C and held for twenty 
minutes and cool down before further experiments at 
room temperature. 

2. 3. Polymer Characterization 

The molecular weight (Mw) and molecular weight 
distribution (MWD) were investigated by gel perme
ation chromatography (GPC). Samples were prepared 
accurately at concentration of approximately 0.5
1.0 mg/rnl in the mobile phase and dissolved by using 
the PL-S P 260 G PC sample preparation system at a 
temperature of 150°C for approximately hour. The 
dissolved sampled were transferred into PL-GPC 220. 
GPC were performed at Thai Petrochemical Industry 
Public Co., Ltd. The glass transition temperature (Tg) 
values of the polymers were determined with a Perkin
Elmer DSC-Diamond. The analyses were performed 
at the heating rate of 20°C/min in the temperature 
range 50 to 300°C. X-ray diffraction (XRD) was per
formed to determine the bulk crystalline phase ofsam
ples. Tt was conducted using a SIEMENS 0-5000 
X-ray diffractometer with CuKa radiation (A = 
1.54439 A). The spectra were scanned at a rate of 
0.04 degree/second in the range 28 = 10-40 degree. 
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Fig. 2. Structure of glycerol monostearate (G MS). 

3. RESULTS AND DISCUSSION 

3.1. Crystallization Controlled Conditions 

All the blends produced in this research have the 
same crystallization condition. As freshly melted at 
300°C which is higher than the crystalline melting 
point of pure SPS at 272°C, the blends were left at 
200°C long enough to fully established crystal)inity. 
Thus, all the blends have the same thermal history of 
the isothermal crystallization at 200°C. The PaMS, 
PBMA and PCHA each can be miscible with SPS in 
all the composition ranges utilized in this research. 
Usually the crystallization of the semi-crystalline 
polymer largely depended on the thermal history of 
the system. The SPS can have four kinds of crys I, 
namely a, J3, y and o. The a and J3 crystal can be ther
mally fonned from the melt SPS, while 0 and y crystal 
can be fonned from the solution of special solvent 
[24-25]. 

3.2. Glass Transition Temperature 

The Tg is a characteristic of the amorphous part of 
polymers. At Tg, a dramatic change occurs in the local 
movement of molecule level of polymer chain from 
glassy state to rubbery state, which changes almost all 
of the physical and mechanical properties of polymer 
[26]. 

The miscibility ofbinary blends is frequently ascer
tained by measurements of their Tg• Figure 3 shows Tg 
of each composition of SPS/PaMS blend. It is 
observed that the Tg of pure SPS, PaMS, PBl\1A and 
PCHA is 97.90, 87.33, 31.85 and 25.49°C, respec
tively. All the blends with different compositions 
exhibit single Tg which shifted to a higher tempera
tures in the same trend as the SPS content in the sam
ples. This result may imply the miscibility of the two 
components in the blends under the DSC condition. 
The thermal characteristics of SPS/PaMS/CBC33 
blends and SPS/PaMS/GMS blends show that Tg of 
binary blends are close to those of their blends with 
CBC33 and G MS. The difference between Tg of 

Table l. Properties of low molar mass thennotropic liquid 
crystals CBC33 

Melting 
point,OC 

Smectic-Nem
atic Tempera-

ture,OC 

Clearing 
Temperature, °C 

Molecular 
weight, 
g/mol 

158 223 327 403 
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Glass transition temperature, DC 
100 
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--- sPsjPaMSjG MS 
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SPS, wt % 

Fig. 3. Glass transition temperature of SPSjPaMS blends 
before and after adding CBC33 and GMS. 

binary blends and their blends with additives are less 
than 1°C, and cannot be distinguished from each 
other. These phenomena may be resulted from the too 
small (1.0% w /w) amount of additives in the matrix 
phase of the binary blends that are not enough to plas
ticize the blends to such an extent that the significant 
reducing in Tg of the blends can be observed. 

Figures 4, 5 show Tg of each composition .of 
SPS/PBMA and SPS/PCHA blend. It is observed that 
all the blends with different compositions exhibit sin
gle Tg which shifts to a higher temperature with the 
SPS content. This result may imply the miscibility of 
the two components in the amorphous state of the 
blends. The values of Tg of binary blends are close to 
those oftheir blends with CBC)) and G MS. Thus, the 
additions of CBC)) and G 1\IS have not significantly 
affected Tg of SPS/PBMA and SPS/PCHA blends as 
same as SPS/PaMS blends. 

From these results, it was found that the SPS have 
tendency to be miscible with PaMS, PBMA and 
PCHA by melt mixing method. The glass transition 
temperatures of all the blends with additives do not 
significantly change from Tg of additive-free binary 
blends. This phenomenon proves that additives do not 
have direct plasticizing effects on glass transition tem
perature ofpure binary blends. 

3.3. Effect ofAdditives on the Crystallinity 

The crystallinity is determined by measuring the 
integrated area of the crystalline reflections and the 
integrated area of the non-crystalline background and 
comparing the two. In this research calculated percent 
ofcrystallinity from Ruland's Method [27]. 

The intensity of the X-rays scattered over all angles 
by a given assemblage of atoms is independent of their 
state of order or disorder. It follows that if the crystal
line and amorphous scattering in the diffraction pat
tern can be separated from each other, the crystalline 

Glass transition temperature, °C 
100 

-

94 

88 

~sPsjPBMA 

sPsjPBMA/CBC33 
---..- sPsjPBMNGMS 

20 50 80 110 
SPS, wt % 

Fig. 4. Glass transition temperature SPSjPBMA blends 
before and after adding CBC33 and G MS. 

fraction is equal to the ratio of the integrated crystal
line scattering to the total scattering, both crystalline 
and amorphous. In the ensuing treatment, we shall 
adhere rather closely to the presentation given by 
Ruland [27]. We designate the magnitude of recipro
cal-lattice vector P~kl by the symbol s. 

s = 2sin8 (1) 
A 

The fraction ofcrystalline material in the specimen 
is given by 

Sp 

Js 2
lcdS 

-2 
Xc = ~(K(so, sP' D,f » = const. (2)

Sp 

J/lds 

Glass transition temperature, DC 
100 

-

85 

70 

55 

-0- sPsjPCHA 
sPsjPCHNCBC33 
sPsjPCHNGMS 

20 50 80 110 
SPS, wt % 

Fig. 5. Glass transition temperature SPSjPCHA blends 
before and after adding CBC33 and GMS. 
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I~100 

50 
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o 5 10 15 20 25 30 35 
28,deg 

Fig. 6. X-ray diffraction pattern of pure amorphous SPS. 

I(s) is the intensity ofcoherent X-ray scattering from a 
specimen at the point s in reciprocal space. Ic(s) is the 
part of the intensity at the same point that is concen

trated in the crystalline peaks. (K(so, sP' D, 12» is lost 
from peaks and appears as diffuse scatter in the back
ground as a result ofatomic thermal vibrations and lat
tice imperfections. The K can be found from the 
empirical chart and can be assume as a constant for 
each system. 

However, Ruland found that calculated values of 
the coefficient K is 

Sp 

Ji 12ds 
K= Sg (3) 

sp 

Ji12 Dds 

So 

X-ray diffraction pattern of pure amorphous SPS 
came from the melted SPS scattering at 300°C and is 
shown in Fig. 6. The curve is look like back ofthe turtle 
without any peak at all. All the crystalline content 
come from the excess area above the summation ofthe 
pure amorphous SPS and the amorphous another 
polymer weighs by composition of the polymer in the 
blend. 

The percent crystallinity in Tables 2-4 come from 
the XRD data of the blend as shown in Figs. 7-9 and 
the pure component and were calculated according to 
the method that explains above. Crystallinity measure
ments offer a useful way to ascertain the influence of 
another polymer blended with SPS on the crystalliza
tion behaviour of SPS. Table 2 shows percent crystal

linity of SPS/PaMS, SPS/PaMS/GMS and 
SPS/PaMS/LCC blends at various compositions. As 
the PaMS content increases, percent crystallinity 
decrease. 

When LCC and G MS were added into the pure 
SPS, percent crystallinity decreased about 6-7%. This 
might be because of the faster movement of molecules 
SPS that results from the contribution from small mol
ecules [20-22]. However, the GMS affect the crystal
linity ofSPS in the same quantity as LCC regardless of 
the different function of the additive. The Lee can 
increase the mobility of the bulk phases [21] while the 
G MS cannot [20]. Nevertheless, the variation of the 
crystallinity of the pure -SPS when added the additive 
of G MS and Lee is in the error limit of the experi
ments. Thus, we cannot definitely conclude about 
these depressions of the amount of crystal of SPS. In 
other word, the depressions can be negligible. The 
same 100% SPS data will be used in Tables 2-5. 

Table 2 and Fig. 7 showed the depression of the 
quantity of the SPS crystal from pure 100% SPS. 
However, the depression according to the blend and 

Table 2. Crystallinity ofSPS/PaMS, SPS/PaMS/GMS and 
SPS/PaMS/LCC blends at various compositions 

% Crystallinity
% SPsl0 

SPS/PaMS SPS/PaMS/GMS SPS/PaMS/LCC 

40 19 39 20 
60 24 27 23 
80 38 27 29 

100 57 49 52 
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Table 3. Crystal1in~ty of SPS/PBMA, SPS/PBMA/GMS 
and SPS/PBMA/LCC blends at various compositior..:; 

% 
SPS 

% Crystallinity 

SPS/PBMA SPS/PBMA/GMS SPS/PBMA/LCC 

40 

60 

80 

100 

40 

37 

38 

57 

37 

34 

38 

50 

35 

31 

42 

52 

Table 4. Crystallinity of SPS/PCHA, SPS/PCHA/GMS 
and SPS/PCHA/LCC blends at various compositions 

% 
SPS 

% Crystallinity 

SPS/PCHA SPS/PCHA/GMS SPS/PCHAjLCC 

40 

60 

80 

100 

35 

47 

44 

57 

37 

37 

40 

50 

29 

28 

29 

52 

Table 5. Reduction in Crystallinity at 40% SPS compared 
with 100% SPS 

Second 
polymer 

Crystallinity (Reduction, %) 

Blend Blend/GMS Blend/LCC 

PaMS 

PBMA 

PCHA 

19 (-66.2) 

40 (-30.9) 

35 (-39.2) 

39 (-22.3) 

37 (-25.5) 

37 (-25.4) 

20 (-61.3) 

35 (-32.6) 

29 (-44.0) 

the blend/LCC is approximately the same while the 
depression according to the blend/GMS comes with 
less extent. Normally, the miscible blends of crystal
line polymer and the amorphous polymer will reduce 
the crystalline melting temperature and the percent 
crystal in the blends according to the dilution effects. 
Thus, the LCC did not depress the percent crystal of 
SPS in the blends ofPaMS more than the normal mis
cible blend ofPaMS, while the GMS helped maintain 
high level ofpercent crystal ofSPS. 

Figure 8 shows the X-ray diffraction patterns for 
SPS/PBMA blends and their blend with additives at 
various compositions. Table 3 shows percent crystal
linity of SPS/PBMA, SPS/PBMA/GMS and 
SPS/PBMNLCC blends at various compositions. As 
the PBMA content increases, percent of the crystal
linity decreases. For the effects of addition LCC and 

GMS, no effect in reduction ofpercent crystallinity of 
SPS/PBMA blends has occurred as well as SPS/PaMS 
blends. 

The depression of the percent crytaLlinity of SPS 
when cooperated with PBMA is less than with PaMS . 
However, the depression according to LCC close to 
that for the pure blend and quite equal amount of 
depression according to G MS were found also with 
the blend ofPBMA. 

Figure 9 shows the X-ray diffraction patterns for 
SPS/PCHA blends and their blend with additives at 
various compositions. Table 4 shows percent crystal
linity of SPS/PCHA, SPS/PCHAjGMS and 
SPS/PCHNLCC blends at various compositions. As 
the PCHA content increases, percent of crystallinity 
decreases. The amount of the depression of the crys
tallinity from PCHA is slightly larger than that from 
PBMA. This might be because PBMA has the methyl 
group at the acrylate so its miscibility is less than that 
for PCHA which has no group at the acrylate. Accord
ing to the steric hindrance of the methyl group, the 
PBMA is less miscible with SPS compared to PCHA 
regardless of the side group of the acrylate. However, 
the PaMS has the most depression effects and even 
better than the PCHA. The reason is that PaMS has 
the most similar molecules with the SPS and thus form 
the most miscible pair with SPS. In this research, the 
most compatible pair with S PS can be arrange as 
PaMS > PCHA > PBMA, and the depression of the 
crystallinity of SPS will be in the same order. 

From Tables 2-4, it is seen that the percent crystal
linities decrease when the percent of SPS in the blend 
dacreases. However, in the first step of reduction of 
SPS content (to 80 wt %), the percent of the crystal
linity dramatically decreases compared to other steps. 
This result correspond to the previous DSC study [23] 
that detect the dramatically decrease in Tg in 80 wt % 
SPS samples. For lower concentrations of SPS, both 
XRD and DSC results show some depression when 
adding the second polymer to the SPS but in the 
smaller amount than for 80 wt % samples. 

Table 5 concluded the effects of depression ofcrys
tallinity ofSPS when blend with another polymer with 
or without G MS or LCe. We have selected the maxi
mum dilution of 40% SPS to effectively monitor the 
effects of the I wt % additive (GMS and LCC). As we 
have discuss, the most reduction in percent crystallin
ity of SPS can be labeled as PaMS > PCHA> PBMA. 
The depression according to LCC cannot be distin
guished from that of normal pure blend. Moreover, 
when concentrated on the effects from GMS, the 
depressions caused by G MS are in the same range 
(~-25%) regardless of the system proposed (PaMS, 
PCHA, or PBMA). Nevertheless the PaMS systems 
showed the lowest depression according to G MS. This 
might be because of the functionality ofG MS that dif
ferent from LCC. The G MS does not increase the 
mobility of the bulk phase as the LCC does [20], so the 
effects from the addition are not the same. The GMS 
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Intensity 
(a) 

SPS/PaMS 

10 15 20 25 30 


(b) 

10 15 25 30 

SPS/PaMS/LCC 

28 


Fig. 7. The X-ray diffraction patterns for SPS/PaMS 
blends and their blend with additives at various composi
tions: (a) SPS/PaMS blends; (b) SPS/PaMS/LCC blends 
with 1 wt% ofLLC and (c) SPS/PaMS/GMS blends with 
1wt % ofGMS. % SPS = 0,20,40, 6u, 80 and 100. 

might hinder the movement of the molecules of the 
bulk polymer, so the SPS tended to be crystal rather 
dissolve in the amourphous phase. The mobility effect 
of Lee cannot clearly be seen from comparison with 
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(b) 

SPS/PBMA/LCC 
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28 

Fig. 8. The X-ray diffraction patterns for SPS/PBMA 

blends and their blend with additives at various composi

tions: (a) SPS/PBMA blends; (b) SPS/PBMAjLC 

blends with I wt % of LLC and (c) SPS/PBMA/G M 

blends with I wt % of GMS. % SPS = 0, 20, 40, 60, 80 

and 100. 


the data for the pure blend. This might be because of 
the small amount ofLee is harder to monitor. lH w
ever, no large variation in the series of Lee has .been 
found . Thus, the Lee has no effects on crystallinity. 
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Intensity 

(b) 

10 15 

(a) 

20 

sPs/PCHA 

25 30 

10 15 

10 15 20 

SPS/PCHNLCC 

25 30 

SPS/PCHNGMS 

20/80/0.01 

40/60/0.01 

25 30 
28 

Fig. 9. The X-ray diffraction patterns for SPS/PCHA 
blends and their blend with additives at various composi
tions: (a) SPS/PCHA blends; (b) SPS/PCHA/LCC 
blends with 1 wt% of LLC and (c) SPS/PCHA/GMS 
blends with 1 wt% of GMS. % SPS = 0, 20, 40, 60, 80 
and 100. 

4. CONCLUSIONS 

In this research, it was found that the SPS have ten
dency to be miscible with PaMS, PBMA and PCHA 

- by melt mixing method. The glass transition tempera
tures of all the blends with additives do not signifi
cantly change from additive· free binary blends. The 
percent of crystallinity of SPS blended with several 
polymers such as PaMS, PBMA, and PCHA were 
investigated at various concentrations with or without 
1% wt additive that are G MS or LCC. From XRD 
results, the percent crystallinity of the blend is mea
sured and found to decrease when decrease the per
cent ofS PS in the blend. This may be resulted from the 
larger amorphous phase or dilution ofSPS in the pure 
blend of low concentration of SPS. The depression of 
the percent crystallinity is in the order of PaMS > 
PCHA> PBMA according to the compatibility with 
the SPS. The depressions are usually largest at the 
reduction of SPS content to 80 wt % SPS and slightly 
decrease as the more dilution of SPS. The addition of 
G MS in the 40% SPS blend reduced around 25% of 
the SPS crystallinity from 57% in the pure SPS regard
less of the components of the blend. The addition of 
LCC in the 40% SPS blend has no effect on SPS crys
tallinity that remains close to that of the pure blend 
without LCC. These might be because of the low con
centration of LCC and the compatibility of LCC with 
the blend. The different effects of GMS and LCC 
might be because of the different function of the mol
ecules in the blend. The LCC will increase the mobil
ity of the polymer molecules [18, 20-21] while the 
G MS might impede the movement of the SPS mole
cules that will results in the higher equilibrium quanti
ties of the SPS crystal in all sy~tems. 
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The Data of DSC Characterization 

....Ii
~tJ'VI A.1 DSC curve of PBMA 
cu 

-'833 --~-r-----r---I---I I------- --------r
-2D ------t--------+--------'--. - --1"- --·---- --1---·--·-- -- .---.. -.-----'---- --.- -----1--

1 ill , I , 
1-25 __!_ TgrlfCPE alr-25.B1'C I------t----- --- -~~ 
~ ~... CP~O. I95J1'· iii I ! l 

i ~.o.-----1 --.--- - -----l-------L--------- J - - - - --- --- ~-- - -- -----..--t --J 

~.. -- -l-~--! -~---~-- --+--~--+--- I 

I __ l _L- J - -- I --- I --~--- --J~ , I , I I I 

~~1~--+-----~--~----~1---_+----~----~;~--_4!~1 
2.5m 20 '"T~("C) 

~tJ;1 A.2 DSC curve of PCHA 
cu 

1.'&1 - ' ----, I --=--- -I=-I~•CT .----:~ t- ._r--: 
i I t' i ~ 

6 
1 I I -I . , 

0..... bp =0 .161 JI~-C I : II S --- - q- \ -- - ---- - I · II! I ! I 1 I
!. -~---- ,--- ---. --- --~ I II 

! I I I 'r-"'''''' N''''~~ 
13 I I - -~ ; I I 

2 --- ---- -'-- --- ------- ~ ----t-- --- . 
I 

I --... --- ---J-----L---~J
; I 1 I II
I , . 

o~ ---- - - -i
I 

---r-- . 

. I' : 

.2.05 so 60 10 '20 124' 

~tJ;1 A.3 DSC curve of PEMA 
cu 

195 



-6.517 

'11..1.;1 AA DSC curve of poly(a-rnet~ylstyrene)
'U 

-r-- ~---+- -----:--f----;_ Hr _i 

I 0 -~-Oo.acP-+lW-Jl~!C ~ --- --'----t--t------t i Ii 
I ___ !---1~g. H.~~~~~~!~ ~~~:~ --------------J _______ . --1. ----+-- :~ . :-----1..--j1-- _ 1~ --, ! i I I! I I :!

i' t-t-i-l---~----t~---+-!-l-t' 

, -I---I----- l---T l- --------r--r-i----r-Ij-, 

---~-------i-- ---- -r------ ---t -- -- --------- -- --- - ;-- --- ---;--------"1------ -~----- \------1-----1 
L------L----L---.---.-I- - ----.----L------------l--.----j----~L--~--' 

'11..1.;1 A.5 DSC curve of Polyisoprene
'U 

T.,..,."....... ('"C) 


'11..1.;1 A.6 DSC curve of PVME 
'U 

196 



1 • 

1 
3 

~ 

~ 
~ 1 

! o l~--~~~~~~..~·~~-------
-----,11-----------------' ~ 

i 
I I 

i .-4&.J-\9-m;/---l---------~ 
i p alla H = -2) 0091 Jig I i

I - --,-----..- _.-J.. ' ------------1 

-- ----_·_------1----- -------------1- ---------- --+- -----------_. ! 

ICC 

"ltJeVl A.7 DSC curve of sPS1 
" 

l S_l9 

I" 
1,2 ~-+----i 
~ 
~ 

! 
, 10 

i ! 

_~~ ~~----~----~--~--~--4_----~---~---~--+---?_---~-~ 
t~ I t C 

i er:":;H(...~ rC ) 

"ltJeVl A.a DSC curve of sPS2 
" 

I I- IJ:24; 09 1 
t:.~ ':;r.~1 1__ 

.J_OI~J ~-4-----_I__--....;_----...;_--"'__----i__-__;---____I------+--~---.........----+____....; 

10 t-7'''+---I 

It!O 120 1 ~ 18<: 2CC 
i'~'I:wrt(~l 

"ltJ;l A.9 DSC curve of sPS3 
" 

197 



i , ....----.-----.-;------.--.---.-.--.--- -.---.-- -.-.- -t-.- -...---...--+

~ Dena Cp =0 ,~, J.!g'? ! ' i i 
] 1 - I - -=----rgctioll€P .Jt..,._=SHHG- I _______L__~ 

} ----- I I 
('j ----'!----  - - - -+- -- 

i , I 
Oeh. Cp ; 0 136 Jir/7C I ! 

-] - --... --..----  -- --· --·-··Tg :· ".n· Cp-ek~l.t"'!"""~:aorc-··· I

" 
- - - -.. --- -- --- -. - I --.- ---.-----;

I I I iI 

==- j----=~+-==-~F ----I-~- 1----~--i 

~----4_----~_____~'- I' I 

~uv1 A.10 DSC curve of sPS1 1PBM..A blends at composition 50/50 wt% 
cu 

"~ ~---.-~~~-- --l ·=~-~r~~----~~~-=-- I - --------- -- f-- _n o. -------+~ 
: I I !----r i 

=-~=t:=~~~=t~r_r=c-J 

;: O.hoCP=01?6Ji~-----i i iiII 

§ r- I ! Tg . Han Cp E:drapolitod = 66.6' 7C I !i : t__ _·__ .-- ..--.. -.--+---.----.---' --.---!-.'---'- ---- -- --1-- --- ------- i -- -- - ----- -

1 I I 


j ·· 
1 

-·----------t------------·i
I 

--------------, 

Oe~. Cp = o., 15 J'\I·tc I ! ! 

------ -t---{gJ:!l!(~...E>;\f~--=-~H.!1~---+_-----~..........".-=-=------I-----~ l 
, I 1 

------J----- --,- - ~---! 

'"' --J------+---- !----L- -J 

~uv1 A.11 DSC curve of sPS2 1PBMA blends at composition 50/50 wt% 
cu 

I 

_______L _ ___ __~:I ~ II ! I 
! I 

b---='=+-==-=---- ·--+-------+ 1..-------- - ----l 
-'. I~S -I----------I---------'---------l_---_-I--_____4_-------l 

~uv1 A.12 DSC curve of sPS3 / PBMA blends at composition 50/50 wt% 
cu 

198 



~tlvi A.13 DSC curve of sPS 1 / PBMA blends at composition 60/40 wt% .... 

~tlvi A.14 DSC curve of sPS2 / PBMA blends at composition 60/40 wt% .... 

~tlvi A.15 DSC curve of sPS3 / PBMA blends at composition 60/40 wt% .... 

199 



I 
I" 

~ . l.5j +---;.L--__;._..--+---T__--;......------'---~--_l_--_+_--+_--T__-_ _ - ___' 
no 

catJv1 A.16 DSC curve of sPS1 1PBMA blends at composition 70/30 wt% 
" 

n.'" ,---..----...,.,-- ----.:-- I I : -=r~~--~ r --T----m ! 
I 11----;- -r I i ,- ,I 

2a I I I I - I ! j --:----~ --t---t---i---- - i 

:: -r L __! ~:t_=:-~-±:=X=~=1=== 

Deha p = 0 091 1'7C .----t i ! I i! 

I"~ i -~: --!--'--~i-----,----'---t----t--- ..-i---/---f-j 
~ '2 i 3 ~jL___l 
'" i i! I . , , I
J ,e I 1--1 -' 

I 

; - --+---+----+-1;---r---+
I ! , I ; 'I I 

c=t--r=---:T ~~ - t---~---i ~~] - l=l= -1_ ~ 
! I I! i I 

-- !-- -- I - -- -; .... --- -
1 

I .. ...1 1- --- - -t- - I 

• I I ; ! I I' --~~:r!:~=-- '::,1.'.
2 ---+---!----i------!·----c--i---:---..:-------, 

.111~ ~~--__;._..--_"_--__- ..........--_...--....;....--~--_"_--+_-..........-----+--_i 

5G t C leQ 10C nc 

Tn'Qr.ab.J. (?t;; 

ca,j.yj A.17 DSC curve of sPS2 1PBMA blends at composition 70/30 wt% 
" 

catJeVi A.18 DSC curve of sPS3 1PBMA blends at composition 70/30 wt% 
" 

200 



'itJvi A.19 DSC curve of sPS1 1PBMA blends at composition 80/20 wt% 
III 

872; +--~--"";'---+---~---I-----;'--~----:----+---+-----I_----;'----l 
~.~i t o u: lee 

'itJvi A.20 DSC curve of sPS2 1PBMA blends at composition 80/20 wt% 
III 

2S.CS ..---.----,-------r------~--~-

24 f--+----I 

21 f--+---+-~ 

---T~:-'-
-+---+----I-t-·---l---+~!!!II;'T=-"~"-"P 

2.~.~ l---+----i---40---l-----I-----+---___--....;.----I---l-----I----i----i 
~ to 

'itJvi A.21 DSC curve of sPS3 1PBMA blends at composition 80/20 wt%.. 
201 



i +' I !-I - -:--t·~-
i ! ! I

! . 
-' .S< +----+-----+-----+----'---~--__:_--__:_--~--__:_--__:_--+_--__:_-____i 

so 6t lee !OQ 
Tefr~e.-at ;., r. ( ~ C} 

'atJv1 A.22 DSC curve of sPS1 / PBMA blends at composition 90/10 wt% 
'U 

!~T +----+-__--+-____--+-__--+-______:_------:----+------:---+----+---+----+--~ 
!-O fO tOC I&C 

Te:r.;eratlotf'C (" : j 
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'atJv1 A.24 DSC curve of sPS3 / PBMA blends at composition 90/10 wt% 
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~uvi A.25 DSC curve of sPS 1 I PCHA blends at composition 50/50 wt% 
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~uvi A.26 DSC curve of sPS2 I PCHA blends at composition 50/50 wt% 
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catJoV1 A.27 DSC curve of sPS3 I PCHA blends at composition 50/50 wt% 
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~tJvt A.28 DSC curve of sPS1 1PCHA blends at composition 60/40 wt% 
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~tJvt A.29 DSC curve of sPS2 1PCHA blends at composition 60/40 wt% 
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~tJv1 A.31 DSC curve of sPS1 1PCHA blends at composition 70/30 wt% 
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~tJv1 A.32 DSC curve of sPS2 1PCHA blends at composition 70/30 wt% 
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~tJv1 A.33 DSC curve of sPS3 1PCHA blends at composition 70/30 wt% 
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~'l.Jv1 A.35 DSC curve of sPS2 1PCHA blends at composition 80/20 wt% 
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~tJvt A.37 DSC curve of sPS 1 1PCHA blends at composition 90/10 wt% 
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'3ueVi A.43 DSC curve of sPS 1 1PEMA blends at composition 60/40 wt% 
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'3ueVi A.45 DSC curve of sPS3 1PEMA blends at composition 60/40 wt% 
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'3't1v1 A.46 DSC curve of sPS1 1PEMA blends at composition 70/30 wt% 
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'3't1v1 A.47 DSC curve of sPS2 1PEMA blends at composition 70/30 wt% 
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'3't1~ A.48 DSC curve of sPS31 PEMA blends at composition 70/30 wt% 
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~uvi A.55 DSC CUNe of sPS1 / Poly(U-methylstyrene) blends at composition 50/50 wt% 
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';I1.1vl A.79 DSC curve of sPS1 / Polyisoprene blends at composition 80/20 wt% 
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The Data of GPC Characterization 
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The Data of DSC Characterization 
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Figure B.1 DSe curve of SPS 
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Figure B.2 DSe curve of SPS blended with Lee 

Figure B.3 DSe curve of SPS blended with GMS 
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Figure B.4 DSe curve of PaMS 

Figure B.S DSe curve of PaMS blended with Lee 

Figure B.6 DSe curve of PaMS blended with GMS 
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Figure B.7 DSC curve of SPS20IPaMS80 blends 
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Figure B.8 DSC curve of SPS20IPaMS80ILCC blends 
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Figure B.9 DSC curve of SPS20/PaMS80/GMS blends 
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Figure B.lO DSC curve of SPS40IPaMS60 blends 
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Figure B.ll DSC curve of SPS40IPaMS60ILCC blends 

Figure B.12 DSC curve of SPS40IPaMS60/GMS blends 
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Figure B.t3 DSC curve ofSPS60IPaMS40 blends 
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Figure B.t4 DSC curve of SPS60IPaMS40ILCC blends 
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Figure B.tS DSC curve of SPS60IPaMS40/GMS blends 
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Figure B.16 DSC curve of SPS80IPaMS20 blends 

Figure B.17 DSC curve ofSPS80IPaMS20ILCC blends 
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Figure B.lS DSC curve of SPS80IPaMS20/GMS blends 

235 




Figure B.19 DSe curve ofPBMA 
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Figure B.20 DSe curve of PBMA blended with Lee 

Figure B.21 DSe curve ofPBMA blended with GMS 
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Figure B.23 DSC curve of SPS20IPBMA80ILCC blends 
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Figure B.24 DSC curve of SPS20IPBMA80/GMS blends 
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Figure B.26 DSC curve of SPS40IPBMA60ILCC blends 
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Figure B.27 DSC curve ofSPS40IPBMA60/GMS blends 
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Figure B.28 DSC curve of SPS60IPBMA40 blends 
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Figure B.29 DSC curve of SPS60IPBMA40ILCC blends 
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Figure B.30 DSC curve of SPS60IPBMA40/GMS blends 
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Figure B.31 DSC curve of SPS80IPBMA20 blends 
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Figure B.32 DSC curve of SPS80IPBMA20ILCC blends 
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Figure B.33 DSC curve of SPS80IPBMA20/GMS blends 
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Figure B.34 DSe curve of PEMA 

Figure B.35 DSe curve of PEMA blended with Lee 
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Figure B.36 DSC curve ofPEMA blended with OMS 
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Figure B.37 DSC curve of SPS20IPEMA80 blends 

Figure B.38 DSC curve of SPS20IPEMA80ILCC blends 
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Figure B.39 DSC curve of SPS20/PEMA80/GMS blends 
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Figure B.40 DSC curve of SPS40IPEMA60 blends 
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Figure B.41 DSC curve of SPS40IPEMA60/LCC blends 

Figure B.42 DSC curve of SPS40/PEMA60/GMS blends 
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Figure B.44 DSC curve of SPS60IPEMA40ILCC blends 
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Figure B.4S DSC curve of SPS60/PEMA40/GMS blends 
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Figure B.46 DSC curve of SPS80IPEMA20 blends 

Figure B.47 DSC curve of SPS80IPEMA20fLCC blends 

Figure B.48 DSC curve of SPS80/PEMA20/GMS blends 

245 



Figure B.49 DSC curve of PCHA 

Figure B.50 DSC curve of PCHA blended with LCe 
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Figure B.51 DSC curve of PCHA blended with GMS 
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Figure B.52 DSC curve ofSPS20IPCHA80 blends 

Figure B.53 DSC curve of SPS20/PCHA80ILCC blends 
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Figure B.54 DSC curve of SPS20IPCHA80/GMS blends 
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Figure B.S7 DSC curve of SPS40fPCHA60/GMS blends 
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Figure B.S9 DSC curve of SPS60/PCHA40ILCC blends 
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Figure B.60 DSC curve of SPS60/PCHA40/GMS blends 
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Figure B.62 DSC curve of SPS80IPCHA20ILCC blends 

Figure B.63 DSC curve of SPS80IPCHA20/GMS blends 
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Figure B.64 DSe curve of PIP 

Figure B.65 DSe curve of PIP blended with Lee 
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Figure B.66 DSe curve of PIP blended with GMS 
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Figure B.67 DSC curve of SPS20fPIP80 blends 
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Figure B.68 DSC curve of SPS20IPIP80ILCC blends 

Figure B.69 DSC curve of SPS20/PIP80/GMS blends 
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Figure B.73 DSC curve ofSPS60IPIP40 blends 
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Figure B.78 DSC curve of SPS80/PIP20/GMS blends 

255 



,~=t=--c=-~-~l - -~I~---=f==~:3 

! , I II 1 - -- - - - - -----j-- ----- .- --.-- -- --- - ;--------. --.-f' - ---- --------t---- .------- -- "------. j 

I I , r I ------ -;----- j==L==j
l iii -- I

I:==+_--, I - -1=~=[-=--==--=]
: ' i ! I ' I 

- I - , i r----!-----~---1 
--------~-- ----- - - ---________~'__ _ - __ , _______ ---I ______ ______ • ___ ____ _ 

I ' !! , 1 
~ --- -- i-- --+---j ----------~-----_l 

Figu re B.79 DSe curve of PVME 

Figure B.80 DSe curve of PVME blended with Lee 

_IG 
' __I'C> 
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Figure B.83 DSC curve of SPS20IPVME80/LCC blends 
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Figure B.86 DSC curve of SPS40IPVME60/LCC blends 
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Figure B.87 DSC curve of SPS40IPVME60/GMS blends 
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Figure B.88 DSC curve of SPS60fPVME40 blends 

Figure B.89 DSC curve of SPS60fPVME40/LCC blends 

Figure B.90 DSC curve of SPS60/PVME40/GMS blends 
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Figure B.93 DSC curve of SPS80/PVME20/GMS blends 
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The Data of DSC Characterization 
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The Data of TGA Characterization 
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The Data of DMA Characterization 


sPS1= sPS Mw. 31.7 x 10
4 

sPS2= sPS Mw. 13.0 x 10
4 


I 

q ° (;11'i1~Vl C.1 DMA data of sPS 1 for temperature 60 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 62.05358 3590717564 1.56E+08 325.7563 0.057544 9806.65 0.133333 

50 61.97859 3590717564 2.-17E+08 327.8397 0.073696 9806.65 0.233333 

20 61.90699 3594178154 2.14E+08 328.5341 0.071507 9806.65 0.350000 

10 61 .82243 3579891231 2.1E+08 328.5341 0.07038 9806.65 0.450000 

5 61.74651 3545210769 2.13E+Oti 328.5341 0.072006 9806.65 0.566667 

2 61.64837 3522528000 2.23E+08 329.2285 0.075972 9806.65 0.716667 

1 61.50456 3496106077 2.27E+08 329.2285 0.077997 9806.65 0.900000 

0.5 61.34686 3474709154 2.35E+08 329.923 0.081323 9806.65 1.116667 

0.2 61 .05954 3442222385 2.51E+08 330.6174 0.087388 9806.65 1.533333 

0.1 60.55433 3426128077 2.58E+08 331.3119 0.090357 9806.65 2.283333 

0.05 59.81489 3412839923 2.67E+08 332.7008 0.094054 9806.65 3.383333 

0.02 58.13942 3405226385 2.73E+08 334.7841 0.096167 9806.65 5.966667 

0.01 56.02696 3289889006 1.85E+08 336.173 0.062098 9806.65 11.05000 
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~ ° 6l1~.:t'V1 C.2 DMA data of sPS1 for temperature 80 C 

Freq. Temp. E'(G') E"(Gil) dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 81.53671 3426595533 1.83E+08 345.8951 0.069175 9806.65 0.133333 

50 81.42533 3357376142 2.25E+08 350.0618 0.07971 9806.65 0.233333 

2C 81.30535 3347080769 2.32E+08 350.7562 0.081492 9806.65 0.350000 

10 81.18936 3308673462 2.33E+08 351.4507 0.082015 9806.65 0.450000 

5 81.0654 3256579615 2.38E+08 352.8395 0.085069 9806.65 0.566667 

2 80.91781 3235936569 2.55E+08 353.534 0.092406 9806.65 0.716667 

1 80.72418 3169567463 2.73E+08 354.9229 0.100446 9806.65 0.900000 

0.5 80.50755 3111716337 2.99E+08 356.3117 0.111842 9806.65 1.116667 

0.2 80.11018 3047894990 3.6E+08 358.3951 0.138288 9806.65 1.533333 

0.1 79.9632 3019951720 4.23E+08 362.5617 0.16677 9806.65 2.283333 

0.05 80.31148 2904022654 5.21E+08 370.895 0.21346 9806.65 3.383333 

0.02 80.02028 2818382931 7.64E+08 379.9227 0.345265 9806.65 5.966667 

0.01 78.37097 2710191632 7.23E+08 396.5892 0.309062 9806.65 11.05000 
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~ ° 1Pl1'i1.:1'Vl C.3 DMA data of sPS 1 for temperature 90 C 

Freq. Temp. E'(G') E"(Gil) dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 90.7568 2930893245 91434802 707.6984 0.030568 9806.65 0.133333 

50 90.77919 2904022654 1.42E+08 707.0039 0.042952 9806.65 0.233333 

20 90.80066 2877398415 1.32E+08 707.0039 0.039469 9806.65 0.333333 

10 90.82857 2837212500 '1.3E+08 707.0039 0.0392 9806.65 0.450000 

5 90.85157 2801813077 1.35E+08 707.0039 0.04135 9806.65 0.566667 

I 2 90.86722 2757295962 1.5E+08 707.6984 0.047124 9806.65 0.700000 

1 90.88531 2717085769 1.59E+08 7.07.6984 0.051132 9806.65 0.883333 

0.5 90.90617 2673349615 1.69E+08 707.6984 0.055699 9806.65 1.100000 

0.2 90.91414 2602017115 1.89E+08 707.6984 0.064304 9806.65 1.516667 

0.1 90.85802 2535510577 2.09E+08 708.3928 0.073552 9806.65 2.266667 

0.05 90.62522 2438796154 2.27E+08 708.3928 0.082148 9806.65 3.350000 

0.02 89.86826 2213286923 2.55E+08 709.0872 0.095629 9806.65 5.933333 

0.01 89.51218 1986094917 2.08E+08 709.0872 0.076096 9806.65 11.01667 
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~ ° j;l1'i1':)'Vl C.4 DMA data of sPS 1 for temperature 100.25 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 100.8889 2685344446 1.2E+08 684.7819 0.042705 9806.65 0.133333 

50 100.8224 2606153550 1.93E+08 684.7819 0.063865 9806.65 0.233333 

20 100.7663 2558585887 2.06E+08 684.7819 0.069434 9806.65 0.333333 

10 100.6982 2460367604 2.22E+08 685.4763 0.077059 9806.65 0.450000 

5 100.6292 2365919697 2.38E+08 685.4763 0.086315 9806.65 0.566667 

2 100.5565 2275097431 2.67E+08 686.1707 0.103531 9806.65 0.700000 

1 100.4681 2186257327 2.85E+08 686.1707 0.117482 9806.65 0.883333 

0.5 100.3442 2035228846 3.04E+08 686.8652 0.134364 9806.65 1.100000 

0.2 100.163 1827662192 3.2E+08 686.8652 0.157735 9806.65 1.516667 

0.1 99.86422 1671149596 3.28E+08 687.5596 0.176539 9806.65 2.266667 

0.05 99.62928 1455459081 3.28E+08 688.254 0.195474 9806.65 3.366667 

0.02 99.65995 1196740531 3.13E+08 688.9485 0.218023 9806.65 5.950000 

0.01 100.3856 1025651926 2.74E+08 691.0318 0.219868 9806.65 11.03333 

271 



d ° fPl1'i1.:1'Vl C.5 DMA data of sPS1 for temperature 110 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 110.743 2365919697 2.56E+08 657.6987 0.112228 9806.65 0.133333 

50 110.6183 2103778440 3.35E+08 659.0876 0.14656 9806.65 0.233333 

20 110.4995 1892343619 3.53E+08 660.4764 0.170368 9806.65 0.333333 

10 110.373 1733803998 3.57E+08 661.8653 0.190473 9806.65 0.450000 

5 110.2418 1555965632 3.61E+08 662.5598 0.215509 9806.65 0.566667 

2 110.0943 1419252212 3.34E+08 663.2542 0.235306 9806.65 0.716667 

1 109.9094 1245981538 3.09E+08 663.9487 0.24821 9806.65 0.900000 

0.5 109.7045 1093139904 2.79E+08 664.6431 0.255518 9806.65 1.116667 

0.2 109.3913 922816635 2.38E+08 665.3375 0.258444 9806.65 1.533333 

0.1 109.0259 814377212 2.08E+08 666.7264 0.254921 9806.65 2.283333 

0.05 108.9076 713809087 1.76E+08 668.8097 0.246365 9806.65 3.383333 

0.02 109.7807 594419712 1.34E+08 672.2819 0.225011 9806.65 5.966667 

0.01 111.2284 507029087 97330980 678.5319 0.191963 9806.65 11.05000 
.
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~ ° Ul1'r1.:l'Vl C.6 DMA data of sPS 1 for temperature 120 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 119.7255 1054386896 3.33E+08 676.4485 0.24504 9806.65 0.133333 

50 119.8147 893305484 3.27E+08 678.5319 0.27471 9806.65 0.233333 

20 119.9277 803526122 2.74E+08 679.Q208 0.28382 9806.65 0.333333 

10 120.0659 721107479 2.3E+08 681.3096 0.278977 9806.65 0.450000 

5 120.202 654636174 1.9'IE+08 682.6985 0.267632 9806.65 0.566667 

2 120.3721 603180385 1.47E+08 683.3929 0.243264 9806.65 0.716667 

1 120.5949 537380865 1.19E+08 684.0874 0.221428 9806.65 0.900000 

0.5 120.847 488559471 95919700 685.4763 0.196332 9806.65 1.116667 

0.2 121.3164 442017115 72817362 683.3929 0.164739 8878.284 1.533333 

0.1 121.9518 415128125 58876689 680.6152 0.141828 7997.734 2.283333 

0.05 122.4387 395507572 48728188 677.8375 0.123204 7147.645 3.366667 

0.02 120.8822 385519519 43163741 675.0597 0.111963 6271.995 5.966667 

0.01 118.0439 372391706 50070276 666.7264 0.124707 5406.057 11.05 
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Q ° Ul1'i1.:1'V1 C.7 DMA data of sPS 1 for temperature 140 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 139.934 469894109 1.06E+08 699.3651 0.212364 9806.65 0.130000 

50 139.8521 422668614 84492776 702.1428 0.180521 9806.65 0.283333 

20 139.8065 413999675 60997452 702.1428 0.142342 9371.608 0.383333 

10 139.7556 398107171 48265499 697.2817 0.117453 8243.77 0.500000 

5 139.714 390840896 38974706 693.1151 0.09792 7291.044 0.616667 

2 139.6647 384794808 30449609 689.6429 0.079132 6440.79 0.766667 

1 139.6062 378129832 26209582 683.3929 0.069314 5303.915 0;95000 

0.5 139.5562 371051058 23241465 683.3929 0.062637 5276.568 1.166667 

0.2 139.4866 363520745 

358476899 

20917097 682.0041 0.05754 4813.593 1.583333 

0.1 139.4997 19947835 681.3096 0.055646 4545.61 2.333333 

0.05 139.7778 353122139 19440174 680.6152 0.055052 4357.7 3.416667 

0.02 140.8038 344555457 18510422 680.6152 0.053723 4287.002 6.000000 

0.01 141.3851 339691707 18824222 681.3096 0.055416 4288.004 11.08333 
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~ ° 1P11'a1.:tVl C.8 DMA data of sPS 1 far temperature 160 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 159.7761 378459567 33569011 704.9206 0.088699 4965.342 0.133333 

50 159.8318 373057476 27511505 706.3095 0.073746 4908.842 0.233333 

20 159.8808 364929639 21261895 705.6151 0.058263 4585.677 0.350000 

10 159.9355 358947115 18584639 704.9206 0.051775 4418.334 0.450000 

5 159.9893 353444303 16630323 704.9206 0.047052 4292.826 0.566667 

2 160.0478 346351298 16067820 704.2261 0.046392 4162.859 0.716667 

1 160.1494 341142837 15850056 704.2261 0.046462 4096.967 0.900000 

0.5 160.2395 335936538 15976369 704.2261 0.047558 4030.562 1.100000 

0.2 160.4211 328952043 16447781 704.2261 0.050001 3957.634 1.516667 

0.1 160.7235 323206563 17040376 704.2261 0.052723 3908.926 2.266667 

0.05 161.0519 317547668 17729333 704.9206 0.055832 3859.205 3.350000 

0.02 161.3691 308188365 20548131 705.6151 0.066674 3787.699 5.933333 

0.01 161.3024 306246226 18861265 706.3095 0.061589 3741.898 11.03333 
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Q ° 1n1'i1.:J'Vl C.9 DMA data of sPS 1 for temperature 180 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 179.4777 334206394 16723697 724.3649 0.05004 3723.911 0.133333 

50 179.5366 330295601 15413254 727.8371 0.046665 3986.767 0.233333 

20 179.5919 325264808 14522580 727.8371 0.044648 3849.994 0.333333 

10 179.6489 320948365 14179599 728.5316 0.04418 3807.708 0.450000 

5 179.704 316441034 14086659 728.5316 0.0445·16 3736.679 0.566667 

2 179.7705 310302212 14380658 728.5316 0.046344 3676.599 0.700000 

1 179.8523 305475433 14777162 728.5316 0.048374 3628.592 0.883333 

0.5 179.9484 300567788 15197153 728.5316 0.050561 3580.442 1.100000 

0.2 
'-----. 

0.1 

180.1228 293835288 15937390 728.5316 0.054239 3515.749 1.516667 

180.381 288499351 16546418 728.5316 0.057353 3464.076 2.266667 

0.05 180.6789 283011514 17268154 729.226 0.061016 3413.519 3.350000 

0.02 180.8428 276551442 17876310 729.9204 0.06464 3310.581 5.933333 

0.01 180.6324 272540048 17598663 729.9204 0.064573 3288.044 11.01667 
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Gl1'n.:tvt C.10 DMA data of sPS1 blended with PIP for temperature 60°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 60.1161 2.41E+09 1.02E+08 -1024.23 0.057112 9806.65 0.116667 

50 60.2951 2A9E+09 1.09E+08 -1024 .23 0.059027 9806.65 0.233333 

20 60.45095 2.5E+09 1.03E+08 -1024.23 0.055469 9806.65 0.333333 

10 60.60649 2.48E+09 99449250 -1024.23 0.054029 9615.176 0.4:33333 

5 60.74567 2.47E+09 99430586 -1024.23 0.054446 9301.882 0.550000 

2 60.90214 2.44E+09 1.01E+08 -1024.93 0.055969 9180.126 0.700000 

1 61.08793 2.42E+09 1.02E+08 -1024.93 0.057101 9089.992 0.883333 

0.5 61.24131 2.39E+09 1.03E+08 -1024.93 0.058295 9030.851 1.100000 

0.2 61.37741 2.36E+09 1.06E+08 -1024 .93 0.060333 9191.332 1.516667 

0.1 61.18854 2.34E+09 1.07E+08 -1024.93 0.061765 9266.926 2.266667 

0.05 60.34386 2.32E+09 1.1E+08 -1024.93 0.063993 9315.082 3.333333 

0.02 56.82627 2.29E+09 1.1 E+08 -1025.62 0.064735 9546.487 5.933333 

0.01 53.17033 2.32E+09 1.05E+08 -1027.71 0.061213 9260.242 11.01667 
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Q ° 1?11'i1-:1Vl C.11 DMA data of sPS1 blended with PIP for temperature 65 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 65.83502 2.24E+09 97334359 -1022.15 0.054689 9806.65 0.133333 

50 
f---

20 

65.9211 2.32E+09 1.06E+08 -1020.76 0.057771 9806.65 0.233333 

65.98713 2.32E+09 1.01 E+08 -1020.76 0.055112 9806.65 0.333333 

10 66.05624 2.29E+09 99257148 -1020.76 0.054622 9806.65 0.450000 

5 66.10313 2.27E+09 'IE+08 -1020.07 0.055852 9806.65 0.566667 

2 66.16824 2.23E+09 1.01 E+08 -1020.07 0.056793 9806.65 0.716667 

1 66.23395 2.2E+09 1.02E+08 -1020.07 0.058532 9806.65 0.883333 

0.5 66.28393 2.18E+09 1.04E+08 -1020.07 0.060321 9806.65 1.100000 

0.2 66.33114 2.14E+09 1.08E+08 -1019.37 0.063807 9806.65 1.516667 

0.1 66.12751 2.11E+09 1.12E+08 -1019.37 0.066471 9806.65 2.266667 

0.05 65.48824 2.09E+09 1.15E+08 -1018.68 0.069621 9806.65 3.350000 

0.02 63.68365 2.05E+09 1.22E+08 -1017.99 0.075218 
.. 

9806.65 5.950000 

0.01 66.29751 2E+09 93132461 -101.7.29 0.058717 9806.65 11.03333 
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6I1'31.:1v1 C.12 DMA data of sPS1 blended with PIP for temperature 70.71 °c 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 72.3009 2.04E+09 1.04E+08 -1031.87 0.046963 9806.65 0.133333 

50 72.39113 2.11E+09 1.24E+08 -1029.79 0.053971 9806.65 0.233333 

20 72.47522 2.11E+09 1.2E+08 -1029.79 0.052425 9806.65 0.333333 

10 72.55685 2.09E+09 1.2E+08 -1029.1 0.053118 9806.65 0.450000 

5 72.62345 2.06E+09 1.23E+08 -1029.1 0.055059 9806.65 0.566667 

2 72.70539 2.01E+09 1.28E+08 -1028.4 0.058606 9806.65 0.700000 

1 72.7769 1.97E+09 1.33E+08 -1028.4 0.061883 9806.65 0.883333 

0.5 72.82386 1.93E+09 1.39E+08 -1027.71 0.065973 9806.65 1.116667 

0.2 72.83675 1.88E+09 1.5E+08 -1027.01 0.073233 9806.65 1.533333 

0.1 72.65138 1.79E+09 1.57E+08 -1026.32 0.079008 9806.65 2.283333 

0.05 71.96454 1.74E+09 1.68E+08 -1025.62 0.086194 9806.65 3.366667 

0.02 69.50132 1.6E+09 1.76E+08 -1024.23 0.093011 9806.65 5.950000 

0.01 67.16569 1.49E+09 1.59E+08 -1024.23 0.083377 9806.65 11.03333 
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lPl1~.:Ivi C.13 DMA data of sPS1 blended with PIP for temperature 85°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 84.91834 1.77E+09 2.08E+08 -1027.71 0.115555 9806.65 0.133333 

50 84.98602 1.8E+09 2.2E+08 -1020.76 0.119783 9806.65 0.233333 

20 85.05033 1.77E+09 2.16E+08 -1017.29 0.119417 9806.65 0.333333 

10 85.13547 1.74E+09 2.12E+08 -1015.21 0.119889 9806.65 0.450000 

5 85.21294 1.7E+09 2.11E+08 -1013.12 0.121349 9806.65 0.566667 

2 85.30727 1.63E+09 2.12E+08 -1011.74 0.127605 9806.65 0.716667 

1 85.41078 1.58E+09 2.14E+08 -1010.35 0.132812 9806.65 0.900000 

0.5 85.51031 1.52E+09 2.15E+08 -1008.96 0.138618 9806.65 1.116667 

0.2 85.65823 1.44E+09 2.21E+08 -1007.57 0.149787 9806.65 1.533333 

0.1 85.71549 1.32E+09 2.25E+08 -1005.49 0.158059 9806.65 2.283333 

0.05 85.3036 1.24E+09 2.31E+08 -1002.71 0.167204 9806.65 3.366667 

0.02 83.22298 1.11E+09 2.39E+08 -1000.62 0.177984 9806.65 5.966667 

0.01 81.90892 1E+09 2.29E+08 -999.235 0.172391 9806.65 11.05000 
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Gl1'i1.:1v1 C.14 DMA data of sPS1 blended with PIP for temperature 100°C 

Freq. Temp. E'(G') E"(Gil) dL tanD Ft Time 

Hz °c Pa Pa J.lm I mN min 

100 100.2038 1.4E+09 2.48E+08 -836.736 0.189721 9806.65 0.133333 

50 100.3513 1.32E+09 2.5E+08 -828.403 0.195146 9806.65 0.233333 

20 100.5163 1.22E+09 2.39E+08 -824.931 0.195503 9806.65 0.350000 

10 100.6801 1.16E+09 2.3E+08 -824.931 0.199043 9151.409 0.450000 

5 100.8438 1.09E+09 2.22E+08 -824.931 0.204334 8756.395 0.566667 

2 101.0362 9.88E+08 2.11E+08 -826.32 0.213736 8226.543 0.716667 

1 101.269 9.14E+08 2E+08 -827.708 0.218856 7789.597 0.900000 

0.5 101.5198 8.42E+08 1.88E+08 -829.097 0.222657 7340.775 1.116667 

0.2 101.9156 7.52E+08 1.7E+08 -831.875 0.225986 6722.001 1.533333 

0.1 102.481 6.59E+08 1.56E+08 -833.264 0.226498 6304.098 2.283333 

0.05 102.6153 5.94E+08 1.43E+08 -836.042 0.22687 5758.893 3.366667 

0.02 101.5183 5.41E+08 1.35E+08 -840.208 0.22854 4958.609 5.950000 

0.01 99.24773 4.88E+08 1.33E+08 -842.292 0.229706 5643.928 11.05000 
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U11'31.:Jv1 C.15 DMA data of sPS1 blended with PIP for temperature 120°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 120.2316 7E+08 1.88E+08 -688.82 0.269077 5525.273 0.133333 

50 120.215 6.4E+08 1.71 E+08 -686.043 0.267049 5467.645 0.233333 

20 120.206 5.63E+08 1.46E+08 -688.82 0.259733 4843.024 0.333333 

10 120.1971 5.12E+08 1.28E+08 -692.293 0.249546 4435.103 0.450000 ' 

5 120.1807 4.67E+08 1.11E+08 -695.07 0.236944 4077.832 0.566667 

2 120.1662 4.18E+08 90799250 -698.543 0.217189 3586.561 0.716667 

1 120.1554 3.87E+08 77533289 -699.932 0.200105 3401.087 0.900000 

0.5 120.1246 3.63E+08 66275133 -702.015 0.182825 3200.543 1.116667 

0.2 120.0508 3.36E+08 54161410 -703.404 0.161331 3036.965 1.533333 

0.1 119.9869 3.2E+08 46908219 -705.487 0.146548 2906.298 2.283333 

0.05 119.8619 3.07E+08 41350164 -706.181 0.134649 2797.544 3.366667 

0.02 119.7197 2.93E+08 35518719 -707.57 0.121086 2679.429 5.950000 

0.01 119.9721 2.85E+08 32611330 -710.348 0.114469 2431.156 11.05000 
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Gl1T1~v1 C.16 DMA data of sPS1 blended with PIP for temperature 140 °C 

Freq. Temp. E'(G') E"(GtI} dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 140.7719 3.6E+08 88699648 -671.459 0.246566 5732.294 0.133333 

50 140.7772 3.41E+08 72794992 -666.598 0.213772 5173.414 0.233333 

20 140.7741 3.17E+08 56386902 -669.376 0.177729 4595.755 0.350000 

10 140.7625 3.03E+08 46945156 -672.848 0.154719 4231 .921 0.45000b 

5 140.7497 2.93E+08 39822258 -675.626 0.136053 3900.586 0.566667 

2 140.731 2.81E+08 33440547 -678.404 0.119076 3564.472 0.716667 

1 140.7016 12.73E+08 30022619 -680.487 0.109872 3390.557 0.900000 

0.5 140.6575 2.67E+08 27543730 -682.57 0.103256 3159.342 1.116667 

0.2 140.5785 2.58E+08 25437625 -682.57 0.098411 3049.861 1.533333 

0.1 140.4314 2.53E+08 24036766 -683.959 0.095038 2919.117 2.283333 

0.05 140.2748 2.48E+08 23156504 -685.348 0.093476 2815.115 3.366667 

0.02 140.1071 2.41 E+08 22992252 -686.043 0.095429 2700.855 5.950000 

0.01 140.1011 2.37E+08 22126271 -686.043 0.093385 2629.164 11.03333 
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~1"i1~vi C.17 DMA data of sPS 1 blended with PIP for temperature 160°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 159.5746 2.87E+08 33715336 -674.237 0.117374 2991.014 0.133333 

50 159.6066 2.8E+08 28941049 -670.765 0.103227 3059.536 0.233333 

20 159.6467 2.73E+08 25010131 -670.765 0.091721 2792.217 0.333333 

10 159.6812 2.67E+08 23111113 -671.459 0.086623 2648.652 0.450000 

5 159.7204 2.61E+08 21830402 -672.848 0.083656 2561.874 0.566667 

2 159.7723 2.53E+08 20749229 -673.543 0.081872 2468.033 0.716667 

1 159.8226 2.48E+08 20231168 -673.543 0.081603 2408.69 0.900000 

0.5 159.8625 2.43E+08 19908633 -673.543 
, 

0.082047 2357.904 1.116667 

0.2 159.9438 2.36E+08 19875318 -674.237 0.084345 2294.049 1.533333 

0.1 160.075 2.31 E+08 19879346 -674.237 0.086202 2252.091 2.283333 

0.05 160.1845 2.26E+08 19984799 -674.237 0.088613 2212.327 3.366667 

0.02 160.138 2.19E+08 19935947 -674.237 0.091055 2159.902 5.933333 

0.01 159.9302 2.15E+08 19953348 -674.237 0.092924 2130.832 11.01667 
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~1'rl~~ C.18 DMA data of sPS1 blended with PIP for temperature 180°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 179.1855 2.56E+08 22046697 -659.654 0.085993 2221.254 0.133333 

50 179.2269 2.49E+08 21306006 -656.182 0.085497 2421.229 0.233333 

20 179.2689 2.44E+08 19921627 -654.098 0.081774 2539.612 0.350000 

10 179.3138 2.39E+08 19116389 -654.098 0.080024 2310.78 0.450000 

5 179.3602 2.34E+08 18523152 -654.098 0.079188 2268.932 0.566667 

2 179.4245 2.27E+08 18234164 -654.098 0.080181 2213.611 0.716667 

1 179.5028 2.23E+08 18124664 -654.793 0.081442 2172.635 0.900000 

0.5 179.5986 2.18E+08 18124371 -654.793 0.083223 2133.512 1.116667 

0.2 179.7285 2.11E+08 18340252 -654.793 0.086824 2081 .532 1.533333 

0.1 179.9411 2.06E+08 18431035 -654.793 0.089347 2043.001 2.283333 

0.05 180.1429 2.01E+08 18454924 -654.793 0.091673 2006.643 3.350000 

0.02 180.1604 1.95E+08 18513512 -654.793 0.094719 1960.305 5.933333 

0.01 
'----

180.043 1.92E+08 17745412 -654.793 0.0926 1927.375 11.01667 
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(;l1'i1.:Jv1 C.19 DMA data of sPS 1 blended with PBMA for temperature 60°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 60.1482 1.93E+09 91379870 85.48012 0.047423 6200 0.133333 

50 60.09882 2E+09 1.01 E+08 89.64676 0.05037 5970.336 0.233333 

20 60.0445 2E+09 96669544 90.3412 0.048249 5959.019 0.350000 

10 59.98988 1.97E+09 94502676 90.3412 0.047895 5959.019 0.450000 

5 59.93649 1.94E+09 93664408 90.3412 0.04824 5959.019 0.566667 

2 59.86643 1.9E+09 95869668 90.3412 0.05059 5959.019 0.716667 

1 59.76953 1.87E+09 1.01 E+08 91.03564 0.054323 5959.019 0.900000 

0.5 59.64732 1.83E+09 1.03E+08 91.03564 0.056467 5959.019 1.116667 

0.2 59.39888 1.78E+09 1.1E+08 91.03564 0.061852 5959.019 1.533333 
-

2.2833330.1 58.91682 1.74E+09 1.14E+08 91.03564 0.065862 5959.019 

0.05 58.16072 1.65E+09 1.22E+08 91.73008 0.071811 5959.019 3.366667 

0.02 56.54018 1.53E+09 1.31E+08 92.42452 0.079305 5959.019 5.950000 

0.01 56.29823 1.45E+09 1.21E+08 92.42452 0.07415 5959.019 11.03333 
-
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(;l1'i1~v1 C.20 DMA data of sPS1 blended with PBMA for temperature 80 DC 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa .Pa fJ.m mN min 

100 80.85674 1.82E+09 1.65E+08 850.753 0.084399 6200 0.133333 

50 80.79568 1.76E+09 1.44E+08 855.6141 0.074967 6000.305 0.250000 

20 80.73799 1.71 E+09 1.49E+08 856.3085 0.080439 5999.559 0.350000 

10 80.68368 1.65E+09 1.52E+08 857.0029 0.084782 5999.559 0.466667 

5 80.62016 1.62E+09 1.54E+08 857.0029 0.089866 5999.559 0.583333 

2 80.54928 1.48E+09 1.6E+08 857.6974 0.099489 5999.559 0.716667 

1 80.44373 1.37E+09 1.62E+08 857.6974 0.105966 5999.559 0.900000 

0.5 , 80.32467 1.3E+09 1.62E+08 857.6974 0.112253 5999.559 1.116667 

0.2 80.08226 1.14E+09 1.62E+08 858.3918 0.121541 5999.559 1.533333 

0.1 79.68459 1.02E+09 1.61E+08 859.0863 0.12831 5999.559 2.300000 

0.05 79.18044 9.46E+08 1.6E+08 859.7807 0.135217 5999.559 3.383333 

0.02 78.52409 8.39E+08 1.55E+08 861.1696 0.142542 5999.559 5.966667 

0.01 78.96503 7.69E+08 1.41 E+08 862.5585 0.14172 5999.559 11.05000 
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~1'31.:1~ C.21 DMA data of sPS1 blended with PBMA for temperature 84 .22 °c 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 85.33208 1.71E+09 1.58E+08 880.6139 0.097545 9806.65 0.133333 

50 85.32993 1.56E+09 1.72E+08 882.6973 0.110308 9806.65 0.233333 

20 85.32472 1.47E+09 1.72E+08 884.0861 0.117163 9806.65 0.333333 

10 85.31615 1.38E+09 1.71E+08 884.7806 0.123688 9806.65 0.450000 

c:. 
v 85.30022 1.29E+09 1.69E+08 885.475 0.130757 9806.65 0.566667 

2 85.28828 1.17E+09 1.66E+08 886.1694 0.141904 9806.65 0.716667 

1 85.27634 1E+09 1.58E+08 886.8639 0.157591 9806.65 0.900000 

0.5 85.23285 9.14E+08 1.44E+08 888.9472 0.157377 9806.65 1.116667 

0.2 85.16456 8.28E+08 1.35E+08 890.3361 0.163055 9806.65 1.533333 

0.1 85.01022 7.7E+08 1.28E+08 892.4194 0.166444 9806.65 2.283333 

0.05 84.77502 7.24E+08 1.22E+08 893.1138 0.168045 9105.187 3.383333 

0.02 84.27431 6.53E+08 1.13E+08 893.1138 0.168802 8504.206 5.950000 

0.01 84.2936 6.18E+08 1.04E+08 893.8083 0.162267 7942.243 11.05000 

288 



~ . ° 1P11~1.:J'VI C.22 DMA data of sPS1 blended with PBMA for temperature 90 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz - °c Pa Pa ~m mN min 

100 90.59547 1.27E+09 1.48E+08 899.3638 0.116218 9806.65 0.133333 

50 90.56235 1.22E+09 1.67E+08 900.0582 0.136497 9806.65 0.233333 

20 90.52493 1.13E+09 1.65E+08 901.4471 0.146263 9806.65 0.350000 

10 90.49641 1.05E+09 1.59E+08 902.836 0.152105 9806.65 0.450000 

5 90.45807 9.7E+08 1.53E+08 903.5305 0.158112 9806.65 0.566667 

2 90.41022 8.75E+08 1.44E+08 904.2249 0.164104 9756.174 0.716667 

1 90.35287 8.13E+08 1.35E+08 902.1415 0.16622$ 8670.738 0.900000 

0.5 90.29152 7.55E+08 1.26E+08 901.4471 0.167349 8101.237 
--

1.116667 

0.2 90.13909 6.85E+08 1.15E+08 899.3638 0.167235 7477.493 1.533333 

0.1 89.93022 6.4E+08 1.06E+08 897.9749 0.165396 7056.695 2.283333 

0.05 89.69466 6E+08 98040456 897.2805 0.163389 6704.466 3.383333 

0.02 89.48273 5.52E+08 88397988 897.2805 0.160286 6294.627 5.950000 

0.01 89.88882 5.13E+08 77688828 897.2805 0.151345 6018.605 11.03333 
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~ . ° Ul1'3'1~'VI C.23 DMA data of sPS 1 blended with PBMA for temperature 100 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 100.262 9.18E+08 1.55E+08 925.7525 0.177938 9806.65 0.133333 

50 100.2648 7.89E+08 1.52E+08 929.9192 0.191181 9806.65 0.241546 

20 100.2682 7.28E+08 1.36E+08 932.0025 0.192072 9706.028 0.333333 

10 100.2666 6.79E+08 1.24E+08 929.9192 0.190701 8605.374 0.450000 

5 100.2623 6.46E+08 1.12E+08 927.8358 0.187453 8103.616 0.566667 

2 100.2657 6.19E+08 96758184 925.0581 0.180394 7460.711 0.716667 

1 100.2626 5.96E+08 86376621 924.3636 0.173893 7229.591 0.900000 

0.5 100.259 5.71E+08 77085423 922.2803 0.166617 6797.596 1.116667 

0.2 100.2617 5.27E+08 

5.01 E+08 

66700202 922.2803 0.157493 6608.468 1.533333 

0.1 100.2556 60072734 920.8914 0.150591 6240.991 2.283333 

0.05 100.2629 4.82E+08 54335391 920.197 0.143965 5903.473 3.383333 

0.02 100.4016 4.4E+08 47759850 919.5026 0.135437 5482.351 5.966667 

0.01 100.5144 4.1E+08 42954798 918.8081 0.127277 5142.337 11.05000 

, 
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(;l1~1-:1v1 C.24 DMA data of sPS 1 blended with PBMA for temperature 120°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 120.2208 6.38E+08 1.74E+08 575.0603 0.197712 5880.429 0.133333 

50 120.1298 6.07E+08 1.59E+08 594.5046 0.200681 9806.65 0.233333 

20 120.0385 5.89E+08 1.32E+08 584.7825 0.183313 6021.776 0.350000 

10 119.9508 5.55E+08 1.13E+08 584.088 0.170045 6021.776 0.466667 

5 119.869 5.43E+08 96598792 584.088 0.156984 6021.776 0.566667 

2 119.7801 5.22E+08 78302764 584.088 0.138761 6021.776 0.716667 

1 119.6678 4.97E+08 67490445 584.7825 0.126687 6021.776 0.900000 

0.5 119.5632 4.86E+08 58607939 585.4769 0.115817 6021.776 1.116667 

0.2 119.4231 4.53E+08 50098191 586.1714 0.105193 6021.776 1.533333 

0.1 119.362 4.36E+08 44904621 587.5602 0.098426 6021 .776 2.283333 

0.05 119.5811 4.14E+08 40897052 589.6436 0.093437 6021.776 3.366667 

0.02 120.6773 3.98E+08 37389468 591.7269 0.090193 6021.776 5.966667 

0.01 121.5016 3.74E+08 34536911 596.588 0.086576 5851.247 11.05000 
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d ° 1?11'i1.:1'Vl C.25 DMA data of sPS 1 blended with PBMA for temperature 140 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 140.8597 4.62E+08 52848275 626.4489 0.1143 7465.307 0.133333 

50 140.8413 4.5E+08 45782569 628.5322 0.101723 6825.542 0.233333 

20 140.8266 4.33E+08 36535941 628.5322 0.084441 6586.728 0.333333 

10 140.8119 4.21 E+08 31909426 628.5322 0.07574 6208.914 0.450000 

5 140.7981 4.11E+08 28887903 627.8378 0.070246 5878.668 0.566667 

2 140.765 3.99E+08 26167203 626.4489 0.065597 5527.138 0.716667 

1 140.7435 3.9E+08 25023145 625.7545 0.064111 5310.419 0.900000 

0.5 140.725 3.82E+08 24225781 625.06 0.063341 5125.988 1.116667 

0.2 140.701 3.72E+08 23883655 624.3655 0.064143 4920.024 1.533333 

0.1 140.7147 3.65E+08 24058466 624.3655 0.06596 4913.906 2.283333 

0.05 140.8116 3.58E+08 24062261 624.3655 0.067303 4744.387 3.366667 

0.02 141.1393 3.48E+08 24082127 624.3655 0.069152 4528.979 5.950000 

0.01 141.5033 3.42E+08 23601749 625.06 0.068939 4393.244 11.03333 
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[;l1'i1~v1 C.26 DMA data of sPS1 blended with PBMA for temperature 160°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 160.5002 4.12E+08 26792133 244.5069 0.065098 6065.798 0.116667 

50 160.4391 4.08E+08 24371648 236.868 0.059744 4292.32 0.233333 

20 160.3686 4.01 E+08 22042495 234.7847 0.054989 4015.556 0.333333 

10 160.2965 3.94E+08 21008374 235.4792 0.053365 4299.357 0.450000 

5 160.2193 3.87E+08 20217043 235.4792 0.052302 4227.502 0.566667 

2 160.1288 3.77E+08 19849318 235.4792 0.05261 4130.894 0.700000 

1 160.0393 3.7E+08 19791961 235.4792 0.053432 4056.834 0.883333 

0.5 159.927 3.57E+08 22049118 243.8124 0.061707 6200.000 1.100000 

0.2 159.7986 3.47E+08 23252248 245.8958 0.066984 6200.000 1.533333 

0.1 159.7201 3.4E+08 23310850 246.5902 0.068638 5842.711 2.283333 

0.05 159.9267 3.32E+08 23973785 248.6735 0.072207 5842.711 3.366667 

0.02 161.0155 3.21 E+08 24204982 250.0624 0.075486 5573.512 5.950000 

0.01 161.5773 3.13E+08 24222927 254.229 0.077465 5573.512 11.03333 
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0l1'i1.:1'Vld C.27 DMA data of sPS 1 blended with PBMA for temperature 180 ° C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 180.3842 3.52E+08 19466337 268.8123 0.055278 4082.757 0.133333 

50 180.373 3.46E+08 19222508 271.59 0.055587 4258.343 0.233333 

20 180.3609 3.39E+08 18453924 272.9789 0.054436 4292.207 0.350000 

10 180.3558 3.33E+08 18176556 272.9789 0.054621 4232.135 0.450000 

5 180.346 3.26E+08 18175068 272.9789 0.055674 4199.316 0.566667 

2 180.3266 3.18E+08 18261629 272.9789 0.057411 4110.425 0.700000 

1 180.304 3.12E+08 18407822 272.9789 0.059052 4046.258 0.883333 

0.5 180.2995 3.06E+08 18556454 272.9789 0.06072 3924.034 1.100000 

0.2 180.3008 2.97E+08 18816519 272.9789 0.063327 3828.279 1.516667 

0.1 180.3402 2.91E+08 18914651 272.9789 0.065015 3755.312 2.266667 

0.05 180.4319 2.84E+08 18867701 272.9789 0.066333 3681.251 3.350000 

0.02 180.6343 2.76E+08 18453125 272.2845 0.066744 3576.718 
'" 

5.933333 

0.01 180.7282 2.71 E+08 18275192 272.2845 0.06733 3503.815 11.01667 
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(;'l1'i1.:1vi C.28 DMA data of sPS1 blended with PEMA for temperature 60°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 63.90271 3.14E+09 1.14E+08 18.11944 0.036407 6200 0.133333 

50 63.84655 3.23E+09 1.38E+08 20.20276 0.042608 6200 0.233333 

20 63.78145 3.23E+09 1.27E+08 20.20276 0.039256 6174.71 0.333333 

10 63.71389 3.19E+09 1.28E+08 20.20276 O.()4019 6174.71 0.450000 

5 63.65218 3.13E+09 1.36E+08 20.20276 0.043419 6174.71 0.566667 

2 63.56055 3.04E+09 1.44E+08 20.8972 0.047418 6174.71 0.700000 

1 63.45503 2.97E+09 1.51 E+08 20.8972 0.050834 6174.71 0.883333 

0.5 63.32915 2.89E+09 1.59E+08 20.8972 0.054934 6174.71 1.100000 

0.2 63.07461, 2.78E+09 1.74E+08 21.59164 0.062628 6174.71 1.516667 

0.1 62.62231 2.69E+09 1.88E+08 22.28608 0.069883 6174.71 2.266667 

0.05 61.936 2.61 E+09 1.98E+08 22.98052 0.075704 6174.71 3.350000 

0.02 60.21609 2.49E+09 2.13E+08 23.67496 0.085421 6174.71 5.950000 

0.01 57.37067 2.49E+09 1.94E+08 25.06384 0.078122 6174.71 11.03333 
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d ° 1?11~1.:1'V1 C.29 DMA data of sPS 1 blended with PEMA for temperature 70 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 70.53992 2.66E+09 1.43E+08 40.34152 0.053762 9806.65 0.133333 

,50 70.55833 2.8E+09 1.91 E+08 41.03596 0.06819 9806.65 0.233333 

20 70.56876 2.79E+09 1.9E+08 41.7304 0.068082 9806.65 0.350000 

10 70.57797 2.73E+09 1.95E+08 42.42484 0.071451 9806.65 0.450000 

5 70.58749 2.64E+09 2.06E+08 43.11928 0.077802 9806.65 0.566667 

2 70.57521 2.51 E+09 2.18E+08 43.81372 0.086756 9806.65 0.716667 

1 70.55526 2.41E+09 2.29E+08 44.50816 0.095057 9806.65 0.900000 

0.5 70.53593 2.3E+09 2.4E+08 45.2026 0.104389 9806.65 1.116667 

0.2 70.43158 2.14E+09 2.6E+08 46.59148 0.121238 9806.65 1.533333 

0.1 70.1551 2.02E+09 2.71 E+08 47.98036 0.134368 9806.65 2.300000 

0.05 69.67313 1.9E+09 2.92E+08 51.45256 0.153376 9806.65 3.383333 

0.02 68.40575 1.76E+09 3.15E+08 54.23032 0.179088 9806.65 5.966667 

0.01 67.54305 1.74E+09 3.09E+08 60.48028 0.177398 9806.65 11.05000 
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~1~1-3~ C.30 DMA data of sPS1 blended with PEMA for temperature 81.95 °c 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa , Pa J.lm mN min 

100 79.65697 1.93E+09 1.94E+08 113.2577 0.100801 6200 0.133333 

50 79.78677 1.92E+09 2.24E+08 115.341 0.116452 6200 0.233333 

20 79.90705 1.83E+09 2.32E+08 116.0355 0.127112 6001.3 i5 0.333333 

10 80.03532 1.72E+OQ 2.34E+08 116.7299 0.135871 6001.315 0.450000 

5 80.16603 1.62E+09 2.37E+08 117.4244 0.146612 6001.315 0.566667 

2 80.30872 1.47E+09 2.34E+08 118.1188 0.158798 6001.315 0.716667 

1 80.4781 1.37E+09 2.32E+08 118.8132 0.170126 6001.315 0.900000 

0.5 80.64931 1.26E+09 2.29E+08 119.5077 0.181599 6001.315 1.116667 
-

0.2 80.91781 1.13E+09 2.23E+08 120.2021 0.198236 6001.315 1.533333 

0.1 81.18538 1.03E+09 2.17E+08 121.591 0.21122 6001.315 2.283333 

0.05 81.22036 9.39E+08 2.12E+08 123.6743 0.225441 6001.315 3.366667 

0.02 80.34953 8.42E+08 2.04E+08 125.7576 0.242472 5966.188 5.966667 

0.01 78.50906 8.18E+08 2.04E+08 127.841 0.249103 5906.429 11.05000 
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Gl1~1~~ C.31 DMA data of sPS1 blended with PEMA for temperature 90°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 90.9715 1.78E+09 1.97E+08 300.0621 0.110923 9806.65 0.133333 

50 90.91599 1.77E+09 2.25E+08 302.1454 0.127214 9806.65 0.233333 

20 90.86047 1.65E+09 2.28E+08 304.2287 0.138597 9806.65 0.333333 

10 90.8074 1.54E+09 2.27E+08 305.6176 0.147568 9805.65 0.450000 

5 90.74361 1.42E+09 2.26E+08 307.0065 0.159196 9806.65 0.566667 

2 90.67491 1.27E+09 2.25E+08 308.3954 0.176424 9806.65 0.716667 

1 90.57124 1.16E+09 2.24E+08 310.4787 0.192121 9806.65 0.900000 

0.5 90.46665 1.06E+09 2.23E+08 313.9509 0.210693 9806.65 1.116667 

0.2 90.26392 9.25E+08 2.29E+08 317.4231 0.247439 9806.65 1.533333 

0.1 89.90384 8.21 E+08 2.44E+08 325.0619 0.296511 9806.65 2.300000 

0.05 89.51218 7.09E+08 2.66E+08 343.1174 0.375657 9806.65 3.383333 

0.02 89.13339 5.52E+08 2.87E+08 366.0339 0.519566 9806.65 5.966667 

0.01 89.85876 5.07E+08 2.34E+08 418.8113 0.462106 9806.65 11.05000 
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Gl1'j1-!1v1 C.32 DMA data of sPS1 blended with PEMA for temperature 100°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz 0"'-.. Pa Pa J.lm 

470.8943 

mN min 

100 100.0786 1.15E+09 2.19E+08 0.190269 9806.65 0.133333 

50 100.0369 1.09E+09 2.27E+08 476.4498 0.208697 9806.65 0.233333 

20 99.99764 9.66E+08 2.14E+08 482.0054 0.221428 9806.65 0.333333 

10 99.9R789 8.74E+08 2.01E+08 486.172 0.230567 9806.65 0.450000 

5 99.94121 7.89E+08 1.89E+08 489.6442 0.240078 9806.65 0.566667 

2 99.90225 6.88E+08 1.75E+08 493.8109 0.253885 9806.65 0.716667 

1 99.8587 6.29E+08 1.63E+08 500.0608 0.25887 9806.65 0.900000 

0.5 99.8038 5.66E+08 1.57E+08 507.6996 0.277015 9806.65 1.116667 

0.2 99.75227 5.07E+08 1.48E+08 517.4218 0.290787 9701.603 1.533333 

0.1 99.67314 4.75E+08 1.35E+08 530.6161 0.284965 9001.76 2.283333 

0.05 99.64861 4.48E+08 1.21E+08 541.7272 0.269899 7970.24 3.383333 

0.02 99.96513 4.14E+08 1.07E+08 545.1994 0.257564 7042.031 5.966667 

0.01 100.3065 3.92E+08 96604667 549.366 0.246156 6615.459 11.05000 
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Q ° !P11'n.:l'VI C.33 DMA data of sPS 1 blended with PEMA for temperature 120 C 

Freq . Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 120.8634 5.38E+08 1.3E+08 595.8935 0.2422 9806.65 0.133333 

50 120.8683 4.97E+08 1.18E+08 636.171 0.237023 9806.65 0.233333 

20 120.8714 4.47E+08 1.02E+08 670.8931 0.227539 9806.65 0.350000 

10 120.8742 4.17E+08 91982667 696.5873 0.220687 9258.49 0.466667 

5 120.8668 3.91 E+08 84164318 713.9483 

725.0594 

0.215217 8667.262 0.583333 

2 120.8615 3.64E+08 76372276 0.210069 7773.847 0.716667 

1 120.8662 3.46E+08 72352307 732.6982 0.209383 7296.789 0.900000 

0.5 120.8557 3.31 E+08 68880786 739.6426 0.208242 6778.24 1.133333 

0.2 120.8541 3.12E+08 66591479 742.4203 0.213513 5980.827 1.550000 

0.1 120.8476 3E+08 64481505 744.5037 0.215063 5307.886 2.3000000 

0.05 120.8637 2.91E+08 62847891 747.9759 0.215942 5407.641 3.383333 

0.02 121.0615 2.77E+08 61224380 750.0592 0.221214 4814.517 5.966667 

0.01 121.4721 2.72E+08 60054995 753.5314 0.22056 4820.601 11.05000 
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j;'J1'i1.:1~ C.34 DMA data of sPS1 blended with PEMA for temperature 140°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa ~m mN min 

100 140.5051 3.77E+08 57949521 782.0034 0.153546 6319.144 0.133333 

50 140.4779 3.64E+08 50129958 786.8645 0.137789 6027.768 0.233333 

20 140.4629 3.48E+08 43729661 786.8645 0.12575 5313.033 0.333333 

10 140.4507 3.36E+08 40853414 786.8645 0.121529 5002.919 0.450000 

5 140.4404 3.25E+08 39535057 786.1701 0.121553 4732.019 0.566667 

2 140.4142 3.11E+08 39776977 784.7812 0.127984 4440.07 0.700000 

1 140.3732 3E+08 41052708 784.7812 0.136916 4247.374 0.883333 

0.5 140.3514 2.89E+08 42387721 784.0867 0.146658 4089.008 1.100000 

0.2 140.3151 2.74E+08 44944859 783.3923 0.163993 3895.689 1.533333 

0.1 140.3329 2.64E+08 46038146 783.3923 0.174691 3767.143 2.266667 

0.05 140.5092 2.54E+08 46318552 784.0867 0.182494 3669.586 3.366667 

0.02 141.1793 2.44E+08 45317177 784.7812 0.185941 3521.654 5.950000 

0.01 141.3929 2.37E+08 44446276 786.8645 0.187214 3475.735 11.03333 
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[;11'i1~v1 C.35 DMA data of sPS1 blended with PEMA for temperature 160°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 159.7173 3.15E+08 31725615 805.6144 0.100788 4326.937 0.133333 

50 159.6841 3.06E+08 31563005 811.1699 0.103019 4372.605 0.233333 

20 159.6565 2.96E+08 31557141 813.9477 0.106525 4395.87 0.333333 

10 159.6341 2.87E+0832765201 814.6421 0.114143 4247.353 0.450000 

5 159.6154 2.76E+08 

2.62E+08 

34757422 815.3365 0.125799 4137.473 0.566667 

2 159.5879 38071112 816.031 0.145078 3984.933 0.716667 

1 159.5692 2.51E+08 40601833 816.7255 0.162059 3872.043 0.900000 

0.5 159.579 2.41 E+08 41472365 817.4199 0.172384 3666.17 1.116667 

0.2 159.6341 2.28E+08 42049328 818.1143 0.184218 3507.763 1.533333 

0.1 159.8504 2.2E+08 41547268 819.5032 0.188469 3397.856 2.283333 

0.05 160.2778 2.14E+08 40431380 821.5865 0.188777 3293.325 3.383333 

0.02 161.1436 2.07E+08 38363471 822.9754 0.185125 3091.543 5.966667 

0.01 161.3464 2.04E+08 36706552 825.0587 0.179962 3030.753 11.05000 
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9l1THvt C.36 DMA data of sPS1 blended with PEMA for temperature 180°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa . Jlm mN min 

100 178.9824 2.71E+08 27516586 839.642 0.101508 3573.835 0.133333 

50 178.9904 2.63E+08 28838107 845.8919 0.109552 3697.583 0.233333 

20 178.9987 2.52E+08 31362948 849.3641 0.124507 3826.134 0.333333 

10 179.0069 2.42E+08 33265003 850.753 0.137725 3466.988 0.450000 

5 179.0187 2.31E+08 34910943 850.753 0.150947 3376.3 0.566667 

2 179.0483 2.17E+08 36133680 851.4474 0.166153 3246.614 0.716667 

1 179.1018 2.08E+08 36499651 852.1419 0.175499 3141.782 0.900000 

0.5 179.1658 2.01E+08 35558849 852.1419 0.176701 2948.293 1.116667 

0.2 179.3106 1.94E+08 34055581 852.1419 0.175916 2822.615 1.533333 

0.1 179.655 1.89E+08 32745469 852.8363 0.17328 2743.836 2.283333 

0.05 180.177 1.85E+08 31460435 854.2252 0.169948 2678.403 3.366667 

0.02 180.9918 1.81E+08 29697799 854.2252 0.164024 2607.981 5.950000 

0.01 180.8126 1.79E+08 28720328 855.6141 0.160451 2569.294 11.03333 
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d ° 1P11~.:J'VI C.37 DMA data of sPS1 blended with PHMA for temperature 60 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 60.52285 2.81E+09 1.06E+08 93.11896 0.033701 9806.65 0.133333 

50 60.54353 2.85E+09 1.45E+08 93.11896 0.040512 9806.65 0.233333 
-

20 60.5639 2.85E+09 1.3E+08 93.11896 0.035004 9806.65 0.333333 

10 60.59384 2.84E+09 1.27E+08 93.11896 0.034282 9806.65 0.450000 

5 60.6105 2.8E+09 1.31E+08 93.11896 0.036112 9806.65 0.566667 

2 60.6392 2.74E+09 1.34E+08 93.11896 0.037717 9806.65 0.700000 
-

1 60.67531 2.69E+09 1.38E+08 93.11896 0.039512 9806.65 0.883333 

0.5 60.70895 2.64E+09 1.44E+08 93.11896 0.041962 9806.65 1.100000 

0.2 60.78548 2.56E+09 1.5E+08 93.11896 0.045104 9806.65 1.516667 

0.1 60.84443 2.51 E+09 1.71 E+08 93.8134 0.052521 9806.65 2.266667 

0.05 60.81357 2.47E+09 1.8E+08 94.50784 0.056323 9806.65 3.350000 

0.02 60.10005 2.39E+09 1.95E+08 95.20228 0.062865 9806.65 5.933333 

0.01 57.69687 2.33E+09 1.07E+08 96.59116 0.032413 9806.65 11.01667 
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Ul1T1~~ C.38 DMA data of sPS1 blended with PHMA for temperature 70°C 

Freq. Temp. E'(G') E"(Gil) dL tanD Ft Time 

Hz °c Pa Pa Um. mN min 

100 72.12812 2.54E+09 1.22E+08 101.4522 0.041274 9806.65 0.133333 

50 72.12812 2.53E+09 1.69E+08 101.4522 0.051604 9806.65 0.233333 

20 72.12351 2.56E+09 1.58E+08 101.4522 0.04755 9806.65 0.333333 

10 72.10694 2.52E+09 1.56E+08 101.4522 0.047487 9806.65 0.450000 

5 72.1097 2.46E+09 1.63E+08 101.4522 0.050962 9806.65 0.566667 

2 72.0919 2.42E+09 1.73E+08 101.4522 0.056406 9806.65 0.700000 

1 72.06981 2.36E+09 1.78E+08 101.4522 0.060143 9806.65 0.883333 

0.5 72.05201 2.27E+09 1.84E+08 101.4522 0.064239 9806.65 1.100000 

0.2 71.96423 2.17E+09 1.97E+08 102.1467 0.072269 9806.65 1.516667 

0.1 71.75033 2.11E+09 2.07E+08 102.1467 0.078778 9806.65 2.266667 

0.05 71.24793 2.03E+09 2.15E+08 102.8411 0.08418 9806.65 3.350000 

0.02 69.66698 1.89E+09 2.29E+08 104.23 0.093339 9806.65 5.933333 

0.01 67.32368 1.82E+09 1.8E+08 104.9244 0.067839 9806.65 11.01667 
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d ° 1Pl1~.:IV1 C.39 DMA data of sPS 1 blended with PHMA for temperature 79.22 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 80.25379 2.27E+09 1.68E+08 109.0911 0.061527 6200 0.133333 

50 80.26729 2.26E+09 2.06E+08 110.48 0.070482 6200 0.233333 

20 80.28969 2.21E+09 2.06E+08 110.48 0.071843 6200 0.333333 

10 80.30687 2.13E+09 2.11E+08 110.48 0.076296 6200 0.450000 

5 80.33511 2.03E+09 2.13E+08 110.48 0.080942 6200 0.566667 

2 80.35259 1.89E+09 2.15E+08 110.48 0.087711 6200 0.700000 

1 80.38113 1.78E+09 2.16E+08 110.48 0.093349 6200 0.883333 

0.5 80.38727 1.69E+09 2.2E+08 110.48 0.100591 6200 1.100000 

0.2 80.398 1.56E+09 2.24E+08 110.48 0.110689 6200 1.516667 

0.1 80.35382 1.38E+09 2.31 E+08 110.48 0.120268 6200 2.266667 

0.05 80.12522 1.28E+09 2.4E+08 110.48 0.13116 6200 3.350000 

0.02 79.27679 1.11 E+09 2.51 E+08 110.48 0.142853 6200 5.916667 

0.01 78.60049 9.28E+08 2.42E+08 110.48 0.136571 6200 11.00000 
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Gl1~1~~ CAO DMA data of sPS1 blended with PHMA for temperature 90°C 

Freq. Temp. E'(G'} E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 92.28544 1.62E+09 2.35E+08 120.2021 0.120547 6200 0.133333 

50 92.11644 1.55E+09 2.68E+08 120.8966 0.134437 6200 .0.233333 

20 91.94622 1.45E+09 2.62E+08 121.591 0.139249 6200 0.350000 

10 91.77385 1.36E+09 2.59E+08 122.2854 0.146631 6200 0.450000 

5 91.59166 1.26E+09 2.54E+08 122.2854 0.154697 6200 0.566667 

2 91.38004 1.14E+09 2.46E+08 122.9799 0.16578 6200 0.716667 

1 91.11473 1.05E+09 2.37E+08 122.9799 0.174111 6200 0.900000 

0.5 90.79422 9.71E+08 2.3E+08 122.9799 0.182333 6200 1.116667 

0.2 90.18141 B.71E+OB 2.21E+OB 123.6743 0.195742 6200 1.533333 

0.1 89.21651 8.07E+08 2.17E+08 123.6743 0.206893 6200 2.283333 

0.05 88.18535 7.48E+08 2.11E+08 124.3688 0.217225 6200 3.366667 

0.02 87.49403 6.65E+OB 1.96E+08 125.0632 0.227141 6200 5.950000 

0.01 89.83667 5.57E+08 1.79E+08 126.4521 0.247596 6200 11.03333 

307 



d ° 1?l1~1.:J'V1 C.41 DMA data of sPS 1 blended with PHMA for temperature 100 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 99.59861 1.4E+09 2.22E+08 125.0632 0.121577 6200 0.133333 

50 99.65566 1.3E+09 2.58E+08 125.7576 0.141808 6200 0.233333 

20 99.70136 1.18E+09 2.47E+08 126.4521 0.147366 6200 0.350000 

10 99.7578 1.07E+09 2.36E+08 127.1465 0.15468 6200 0.450000 

5 99.80318 9.87E+08 2.26E+08 127.841 0.162143 6200 0.566667 

2 99.86514 8.82E+08 2.11E+08 127.841 0.172558 6200 0.716667 

1 99.9455 7.79E+08 1.99E+08 128.5354 0.181175 6200 0.900000 

0.5 100.0295 7.15E+08 1.86E+08 129.2298 0.188944 6200 1.116667 

0.2 100.1666 6.32E+08 1.68E+08 129.9243 0.197441 6200 1.533333 

0.1 100.3902 5.64E+08 1.52E+08 131.3132 0.202893 6200 2.283333 

0.05 100.6193 4.98E+08 1.35E+08 133.3965 0.204043 6200 3.366667 

0.02 100.6905 4.35E+08 1.12E+08 135.4798 0.198938 6032.912 5.950000 

0.01 100.2286 3.91E+08 92373125 138.2576 0.181749 5889.426 11.05000 
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911'a1-:Jv1 C.42 DMA data of sPS1 blended with PHMA for temperature 120°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 119.1145 7.23E+08 1.88E+08 177.8406 0.200144 9806.65 0.133333 

50 119.1231 6.07E+08 1.88E+08 178.5351 0.217132 9806.65 0.233333 

20 119.1225 5.23E+08 1.67E+08 179.924 0.221569 9806.65 0.350000 

10 119.132 4.74E+08 1.5E+08 180.6184 0.223527 9806.65 0.450000 

5 119.1385 4.24E+08 1.32E+08 181.3128 0.221201 9806.65 0.583333 

2 119.1345 3.83E+08 1.09E+08 182.0073 0.210543 9806.65 0.716667 

1 119.1524 3.51 E+08 91202305 182.7017 0.196059 9806.65 0.900000 

0.5 119.1817 3.27E+08 75115664 184.0906 0.177011' 9806.65 1.116667 

0.2 119.286 2.97E+08 57337273 185.4795 0.148885 9806.65 1.533333 

0.1 119.5394 2.76E+08 46562496 186.8684 0.129738 9806.65 2.300000 

0.05 120.0681 2.62E+08 38479211 190.3406 0.113074 9611.993 3.383333 

0.02 121.0853 2.49E+08 31711475 190.3406 0.098135 8254.192 5.966667 

0.01 121.1238 2.41E+08 27937373 192.4239 0.089242 7552.869 11.05000 
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d . 
lM1';11-:J'Vl C.43 DMA data of sPS1 blended with PHMA for temperature 140°C 

Freq. Temp. E'(G') E"(G") dL tan 0 Ft Time 

Hz °c Pa Pa J.lm mN min 

100 139.5047 3.53E+08 99239141 220.8959 0.216582 9806.65 0.133333 

50 139.4841 3.26E+08 85428797 224.3681 0.201819 9806.65 0.233333 

20 139.4694 2.96E+08 63867059 224.3681 0.165981 9127.108 0.333333 

10 139.4553 2.8E+08 50692246 222.2848 0.139272 8359.732 0.450000 

5 139.4325 2.68E+08 40866055 220.2015 0.117202 7682.435 0.566667 

2 139.4178 2.57E+08 32541064 218.1182 0.097571 6950.035 0.716667 

1 139.4003 2.5E+08 28453141 216.7293 0.087755 6524.73 0.900000 

0.5 139.3875 2.43E+08 25940246 215.3404 0.082124 6194.39 1.116667 

0.2 139.4253 2.35E+08 24111898 214.646 0.078977 5875.273 1.533333 

0.1 139.5622 2.29E+08 23136861 214.646 0.077846 5744.742 2.283333 

0.05 139.9374 2.23E+08 22840684 214.646 0.079034 5487.676 3.366667 

0.02 141.019 2.14E+08 22568658 215.3404 0.081255 5249.987 5.950000 

0.01 141.3499 2.08E+08 21625898 218.1182 0.Q80187 5107.258 11.03333 
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(;l1~:~vi C.44 DMA data of sPS1 blended with PHMA for temperature 160°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 159.8261 2.47E+08 36309625 246.5902 0.112981 6192.858 0.133333 

50 159.8087 2.43E+08 31332885 249.368 0.099243 6156.934 0.233333 

20 159.8068 2.35E+08 25567219 249.368 0.083668 5802.035 0.333333 

10 159.7919 2.3E+08 23172473 248.6735 0.077722 5597.144 0.450000 

5 159.7821 2.24E+08 21608916 248.6735 0.074281 5425.007 0.566667 

2 159.7748 2.17E+08 20471713 247.9791 0.072631 5242.914 0.716667 

1 159.772 2.12E+08 19897029 247.9791 0.072345 5125.323 0.883333 

0.5 159.7761 2.07E+08 19855914 247.2846 0.074037 5019.155 1.116667 

0.2 159.7922 1.99E+08 19363373 247.2846 0.074935 4907.201 1.533333 

0.1 159.934 1.94E+08 19174879 247.2846 0.076246 4792.051 2.283333 
-

3.3666670.05 160.2845 1.88E+08 19074619 247.9791 0.077939 4678.815 

0.02 161 .1471 1.81 E+08 18874912 249.368 0.080219 4528.5 5.950000 

0.01 161.6852 1.76E+08 18697541 251.4513 0.08193 4428.071 11.03333 
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d D 
CPI1';11.:J'Vl C.45 DMA data of sPS1 blended wi th PHMA for temperature -180 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz DC Pa Pa Jlm mN min 

100 180.0961 2.05E+08 24026281 278.5345 0.090283 4512.982 0.133333 

50 
f--- -

20 

180.027 2.01 E+08 20942902 281.3122 0.080404 4671.375 0.233333 

179.9456 1.94E+08 19397414 283.3955 0.077097 4798.578 0.350000 

10 179.8568 1.89E+08 18653463 283.3955 0.076042 4661.766 0.450000 

5 179.767 1.84E+08 18141418 283.3955 0.075883 4566.053 0.566667 

2 179.6652 1.78E+08 17620604 283.3955 0.07624 4443.001 0.700000 

1 179.5394 1.73E+08 17297203 283.3955 0.076834 4349.539 0.883333 

0.5 179.422 1.69E+08 16980066 283.3955 0.077431 4250.541 1.100000 

0.2 179.2574 1.63E+08 16705322 282.7011 0.078814 4120.921 1.516667 

0.1 179.1511 1.59E+08 16317265 282.7011 0.079088 4026.346 2.266667 

0.05 179.3946 1.54E+08 15892819 282.7011 0.079272 3930.483 3.35000 

0.02 180.5519 1.48E+08 16031247 283.3955 0.083364 3804.941 5.95000 

0.01 181.1012 1.43E+08 14709004 286.1733 0.078961 3732.179 11.03333 
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6l1'n.:Jv1 C.46 DMA data of sPS1 blended with PaMS for temperature 60°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa llm rnN min 

100 55.30696 2.6E+09 1.66E+08 1969.496 0.063762 9806.65 0.133333 

50 55.2474 2.68E+09 1.21 E+08 1969.496 0.045294 9806.65 0.233333 

20 56.17641 2.71E+09 1.08E+08 1969.496 0.039656 9806.65 0.333333 

10 56.11099 2.7E+09 1.02E+08 1969.496 0.037714 9806.65 0.450000 

5 56.04742 2.68E+09 1E+08 1969.496 

.. 

0.03748 9806.65 0.566667 

2 58.97736 2.65E+09 99503438 1969.496 0.037614 9806.65 0.716667 

1 59.89002 2.62E+09 99886626 1969.496 0.038107 9806.65 0.900000 

0.5 59.80453 2.6E+09 98774773 1969.496 0.037932 9806.65 1.116667 

0.2 60.67091 2.58E+09 99323374 1969.496 0.038527 9806.65 1.533333 

0.1 60.50888 2.56E+09 1.01 E+08 1969.496 0.039569 9806.65 2.283333 

0.05 62.57678 2.55E+09 1.08E+08 1970.19 0.042373 9806.65 3.383333 

0.02 63.86017 2.53E+09 1.17E+08 1970.885 0.046361 9806.65 5.966667 

0.01 64.2746 2.55E+09 37202869 1979.218 0.01461 9806.65 11.05000 
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1PI1~1.:1v1 CA7 DMA data of sPS1 blended with PaMS for temperature 70°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm rnN min 

100 72.01549 2A6E+09 1.48E+08 1977.829 0.060279 9806.65 0.116667 

50 71.9492 2.54E+09 1.19E+08 1977.829 0.046714 9806.65 0.233333 

20 71 .88014 2.57E+09 1.09E+08 1977.829 0.042427 9806.65 0.333333 

10 71.816 2.56E+09 1.04E+08 1977.829 0.040692 9806.65 0.433333 

5 71.73406 2.53E+09 1.01 E+08 1977.829 0.040015 9806.65 0.550000 

2 71.62695 2.51 E+09 1.01 E+08 '1977.829 0.040404 9806.65 0.700000 

1 71.47411 2.48E+09 1.01 E+08 1977.829 0.040824 9806.65 0.883333 

0.5 71.27463 2.47E+09 1.02E+08 1977.829 0.04149 9806.65 1.100000 

0.2 70.87198 2.44E+09 1.05E+08 1977.829 0.042936 9806.65 1.500000 

0.1 70.07717 2.42E+09 1.07E+08 1977.829 0.044401 9806.65 2.250000 

0.05 68.86594 2.4E+09 1.13E+08 1977.829 0.046803 9806.65 3.333333 

0.02 70.37849 
., 

2.43E+09 1.07E+08 1977.829 0.044079 9806.65 5.916667 

0.01 69.9747 2.42E+09 74244510 1982.69 0.030713 9806.65 11 .00000 
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q . 0 
Vl1~.:J'YI C.48 DMA data of sPS1 blended with PaMS for temperature 80 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa IJ,m mN min 

100 79.95246 2.2E+09 1E+08 1924.357 0.045554 9806.65 0.133333 

50 80.08379 2.3E+09 1.01 E+08 1924.357 0.044056 9806.65 0.233333 

20 30.21359 2.31E+09 93660838 1924.357 0.040611 9806.65 0.333333 

10 80.30272 2.29E+09 93430192 1925.052 0.040815 9806.65 0.450000 

5 80.50264 2.26E+09 94607216 1925.746 0.0418 9806.65 0.566667 

2 80.68184 2.23E+09 99863679 1926.441 0.044855 9806.65 0.716667 

1 80.87454 2.2E+09 1.04E+08 1926.441 0.047517 9806.65 0.883333 

0.5 81.08688 2.16E+09 1.11 E+08 1927.135 0.051235 9806.65 1.116667 

0.2 81.38912 2.11 E+09 1.25E+08 1927.829 0.059078 9806.65 1.533333 

0.1 81.63215 2.07E+09 1.37E+08 1928.524 0.066202 9806.65 2.283333 

0.05 81.58919 2.0'IE+09 1.56E+08 1929.913 0.077358 9806.65 3.366667 

0.02 80.04145 1.94E+09 1.74E+08 1931.996 0.088033 9806.65 5.950000 

0.01 77.2875 1.84E+09 1.51E+08 1933.385 0.073652 9806.65 11.03333 
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~1'n-:Jv1 C.4g DMA data of sPS1 blended with PaMS for temperature 90.24 °c 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 89.76276 2.1 E+09 1.14E+08 1940.329 0.054432 9806.65 0.133333 

50 89.92531 2.18E+09 1.2E+08 1943.107 0.055085 9806.65 0.233333 

20 90.09584 2.16E+09 1.22E+08 1945.19 0.056722 9806.65 0.333333 

10 90.26913 2.11E+09 1.28E+08 1946.579 0.060547 9806.65 0.450000 

5 90.46358 2.05E+09 1.38E+08 1947.968 0.06741 9806.65 0.566667 

2 90.68503 1.97E+09 1.57E+08 1948.663 0.079633 9806.65 0.716667 

1 90.9718 1.89E+09 1.74E+08 1950.052 0.092464 9806.65 0.900000 

0.5 91.25766 1.8E+09 1.95E+08 1951.44 0.108559 9806.65 1.116667 

0.2 91.74502 1.66E+09 2.26E+08 1953.524 0.136221 9806.65 1.533333 

0.1 92.5489 1.54E+09 2.47E+08 1955.607 0.159908 9806.65 2.283333 

0.05 94.02877 1.4E+09 2.62E+08 1963.94 0.178842 9806.65 3.383333 

0.02 86.13071 1.2E+09 3.05E+08 1968.801 0.18656 9806.65 5.966667 

0.01 92.71667 1.07E+09 2.99E+08 1964.635 0.223376 9806.65 11.05000 
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t9l1~1~vi C.50 DMA data of sPS1 blended with PaMS for temperature 100°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 99.63081 1.79E+09 1.7E+08 1977.829 0.094944 9806.65 0.133333 

50 99.76914 1.8E+09 1.95E+08 1981.996 0.108754 9806.65 0.233333 

20 99.91391 1.69E+09 2.17E+08 1986.162 0.128488 9806.65 0.333333 

10 100.063 1.58E+09 2.35E+08 1989.635 0.14861 9806.65 0.450000 

5 100.2209 1.45E+09 2.52E+08 1991.718 0.173637 9806.65 0.566667 

2 100.3755 1.27E+09 2.69E+08 1994.496 0.211714 9806.65 0.716667 

1 100.5733 1.12E+09 2.72E+08 1997.273 0.243688 9806.65 0.900000 

0.5 100.777 9.68E+08 2.66E+08 2000.051 0.274874 9806.65 1.116667 

0.2 101.1184 7.81E+08 2.43E+08 2003.523 0.311906 9806.65 1.533333 

0.1 101.4784 6.5E+08 2.18E+08 2008.385 0.335367 9806.65 2.283333 

0.05 100.9469 5.16E+08 2.08E+08 2018.107 0.340775 9806.65 3.383333 

0.02 99.06187 4.27E+08 1.76E+08 2025.745 0.340885 9806.65 5.966667 

0.01 99.45415 3.34E+08 1.37E+08 2032.69 0.333406 8384.123 11.05000 
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1P11t;11.:1v1 C.51 DMA data of sPS1 blended with PaMS for temperature 120°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 119.6129 7.24E+08 2.31E+08 2076.44 0.357528 9806.65 0.133333 

50 119.666 5.72E+08 2.11E+08 2097.967 0.367997 9806.65 0.233333 

20 119.7089 4.56E+08 1.71 E+08 2110.467 0.37417 9806.65 0.333333 

10 119.7589 3.85E+08 1.4E+08 2118.801 0.364754 9806.65 0.450000 

5 119.8079 3.29E+08 1.13E+08 2126A39 0.343586 9806.65 0.566667 

2 119.8804 2.74E+08 83591932 2131.995 0.304537 9714.622 0.716667 

1 119.9786 2.43E+08 65645192 2131.3 0.269828 8915.535 0.900000 

0.5 120.1082 2.19E+08 '51469950 2125.05 0.234874 7985.162 1.116667 

0.2 120.3792 1.96E+08 36767543 2113.245 0.187977 6787.148 1.533333 

0.1 120.7686 1.81E+08 27819790 2103.523 0.153593 5856.619 2.283333 

0.05 121.1075 1.7E+08 21888141 2102.134 0.128403 5633.82 3.38333') I 

0.02 119.9332 1.61E+08 17319073 2095.884 0.107683 4851.828 5.966667 

0.01 120.7081 1.61 E+08 14280587 2083.384 0.088699 3933.281 11.05000 
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(;l1~~; C.S2 DMA data of sPS1 blended with PaMS for temperature 140°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 138.6777 2.21E+08 56593107 2098.662 0.255605 4207.258 0.15 

50 138.7024 2.03E+08 43175114 2114.634 0.213198 5213.479 0.283333 

20 138.7421 1.87E+08 31117543 2108.384 0.166162 4287.301 0.416667 

10 138.7896 1.79E+08 24734638 2101.439 0.138567 3690.847 0.566667 

5 138.833 1.69E+08 20596385 2094.495 0.121604 3170.167 0.683333 

2 138.8908 1.65E+08 16894476 2088.939 0.102557 2721.08 0.816667 

1 138.9836 1.62E+08 15148256 2085.467 0.093353 2444.697 1.000000 

0.5 139.0845 1.6E+08 14074954 2083.384 0.087946 2236.073 1.216667 

0.2 139.3347 1.57E+08 13442651 2080.606 0.085594 2023.441 1.650000 

0.1 139.8177 1.55E+08 13240970 2078.523 0.085437 1849.678 2.40000 

0.05 140.5157 1.51 E+08 13076266 2079.217 0.086434 1839.152 3.483333 

0.02 140.8297 1.46E+08 12426098 2079.217 0.084875 1756.785 6.066667 

0.01 138.0791 1.43E+08 13274077 2078.523 0.092933 1811.542 11.15000 
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d ° lPl1'i1.:1'VJ C.53 DMA data of sPS1 blended with PaMS for temperature 160 C 

Freq. Temp. E'(G') EIt(GIt) dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 158.2346 1.73E+08 19698269 2100.051 0.113904 2015.078 0.133333 

50 158.2767 1.67E+08 16225140 2104.912 0.097255 2126.519 0.233333 

20 158.3162 1.65E+08 13440577 2104.912 0.081478 1981.803 0.333333 

10 158.3618 1.62E+08 12243358 2104.217 0.075576 1923.302 0.450000 

5 158.4035 1.61 E+08 11630519 2102.134 0.072375 1745.168 0.566667 

2 158.4599 1.57E+08 11345487 2102.134 0.072445 1702.764 0.716667 

. 1 158.5475 1.53E+08 11302891 2102.134 0.073747 1J380.569 0.883333 

0.5 158.6664 1.5E+08 11405324 2102.134 0.076141 1660.672 1.100000 

0.2 158.9087 1.45E+08 11664917 2102.134 0.080488 

0.084044 

1634.535 1.516667 

0.1 159.4032 1.41 E+08 11838608 2102.828 1617.135 2.283333 

0.05 160.1298 1.37E+08 12107980 2104.217 0.088614 1585.957 3.366667 

0.02 161.1477 1.3-IE+08 12392369 2106.301 0.094618 1577.803 5.95000 

0.01 160.9402 1.28E+08 12555312 2106.995 0.098343 1486.476 11.03333 
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(;l1Tl~~ C.S4 DMA data of sPS1 blended with PaMS for temperature 180°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 179.4153 1.53E+08 11110538 2128.523 0.072814 1458.113 0.133333 

50 179.5127 1.45E+08 12260625 2134.078 0.084461 1650.223 0.233333 

20 179.6111 1.44E+08 10136020 2136.161 0.070486 1704.916 0.35000 

10 179.7104 1.41 E+08 9991551 2137.55 0.071077 1713.407 0.45000 

5 179.7998 1.38E+08 9984397 2137.55 0.072547 1686.378 0.566667 

2 179.9153 1.34E+08 10023461 2137.55 0.075077 1664.823 0.716667 

1 180.0465 1.3E+08 10131908 2137.55 0.077699 1635.087 0.900000 

0.5 180.2148 1.27E+08 10278509 2137.55 0.080731 1604.814 1.116667 

0.2 180.4886 1.23E+08 10533049 2137.55 0.085556 1562.037 1.533333 

0.1 180.832 1.2E+08 10728351 2137.55 0.089511 1525.526 2.283333 

0.05 181.0491 1.17E+08 10863055 2137.55 0.093042 1489.526 3.350000 

0.02 180.7079 1.13E+08 10900380 2137.55 0.096385 1443.013 5.933333 

0.01 180.2037 1.1E+08 10801473 2136.856 0.097955 1410.854 11.03333 
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~ ° 1Pl1'31-3'Vl C.55 DMA data of sPS2 for temperature 60 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 60.42996 3108875964 1.55E+08 120.2021 0.055825 9806.65 0.133333 

50 60.530~6 3101962918 1.85E+08 122.2854 0.060961 9806.65 0.233333 

20 60.63087 3076428889 1.85E+08 122.9799 0.059548 9806.65 0.333333 

10 60.73827 3064791793 1.8E+08 122.9799 0.058005 9806.65 0.450000 

5 60.84813 3043721057 1.8E+08 122.9799 0.058506 9806.65 0.566667 

2 60.96819 3014616471 1.87E+08 123.6743 0.061375 9806.65 0.700000 

1 61.11755 2991088414 1.87E+08 123.6743 0.061821 9806.65 0.883333 

0.5 61.29161 2964772800 1.89E+08 123.6743 0.063049 9806.65 1.100000 

0.2 61.57276 2936464811 1.97E+08 124.3688 0.06635 9806.65 1.516667 

0.1 61.93168 2911415513 2E+08 125.0632 0.068024 9806.65 2.283333 

0.05 62.20758 2897793820 2.06E+08 125.7576 0.070349 9806.65 3.366667 

0.02 62.02488 2846049894 2.13E+08 127.1465 0.07296 9806.65 5.950000 

0.01 60.01889 2762119790 1.27E+08 129.2298 0.041047 9806.65 11.03333 
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~ ° ~1'ii'1.:1'V1 C.56 DMA data of sPS2 for temperature 80 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 80.83894 2909957152 1.52E+08 140.3409 0.056016 9806.65 0.133333 

50 80.89449 2819957152 1.9E+08 141.0353 0.064352 9806.65 0.233333 

20 80.97457 2794103629 1.87E+08 141.0353 0.062331 9806.65 0.333333 

10 80.97028 2762119790 1.87E+08 141.7298 0.062777 9806.65 0.450000 

5 81.01354 2686844357 1.89E+08 141.7298 0.063947 9806.65 0.566667 

2 81.07767 2610311625 1.93E+08 141.7298 0.066624 9806.65 0.700000 

1 81.02029 2576879196 1.99E+08 141 .7298 0.069519 9806.65 0.883333 

0.5 81.0209 2543105732 2.1 E+08 142.4242 0.07447 9806.65 1.100000 

0.2 80.9356 2487730821 2.21 E+08 142.4242 0.08007 9806.65 
# 

1.516667 

0.1 80.69626 2446784196 2.32E+08 143.1186 0.085496 9806.65 2.283333 

0.05 80.18874 2392005857 2.5E+08 "144.5075 0.093916 9806.65 3.366667 

0.02 78.9951 2350120339 2.58E+08 145.8964 0.098849 9806.65 5.950000 

0.01 78.4526 2326368197 2.26E+08 147.9797 0.08532 9806.65 11.03333 
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(;l1'a1.:t'Vlq C.S7 DMA data of sPS2 for temperature 90 ° C 

Freq. Temp. E'(G') En(Gn) dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 91.10522 2536153550 1.96E+08 155.6186 0.079947 9806.65 0.133333 

50 91.12608 2518585887 2.35E+08 158.3963 

159.0908 

0.088796 9806.65 0.233333 

20 91.13589 2499297996 2.32E+08 0.087395 9806.65 0.333333 

10 91.14264 2460367604 2.33E+08 159.7852 0.089166 9806.65 0.450000 

5 91.1451 2387811283 2.37E+08 159.7852 0.092417 9806.65 0.566667 

2 91.15061 2322736796 2.49E+08 160.4796 0.100069 9806.65 0.716667 

1 91.15154 2296148648 2.58E+08 161.1741 0.106784 9806.65 0.900000 

0.5 91.13866 2213094710 2.7E+08 161.8685 0.115077 9806.65 1.116667 

0.2 91.0586 2147830474 2.9E+08 163.2574 0.129844 9806.65 1.533333 

0.1 90.84145 2065380156 3.11E+08 164.6463 0.14542 9806.65 2.283333 

0.05 90.46328 2029037500 3.37E+08 166.7296 0.165898 9806.65 3.366667 

0.02 89.62106 1786487575 3.59E+08 169.5074 0.188057 9806.65 5.950000 

0.01 89.42139 1531087462 3.56E+08 174.3684 0.191497 9806.65 11.05000 

324 



~ - 0 
Ul1";j1~VI C.S8 DMA data of sPS2 for temperature 100.25 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 99.406 2187761624 2.03E+08 176.4518 0.098616 9806.65 0.133333 

50 99.51059 2108628150 2.49E+08 - 179.924 0.116961 9806.65 0.233333 

20 99.62223 2027682720 2.61E+08 183.3962 0.127011 9806.65 0.333333 

10 99.74461 1950020000 2.7E+08 186.1739 0.13832 9806.65 0.450000 

5 99.87281 1833053036 2.8'IE+08 187.5628 0.153414 9806.65 0.566667 

2 100.0179 1663024107 2.96E+08 189.6461 0.177806 9806.65 0.716667 

1 100.1792 1521158214 3.05E+08 191.7294 0.200328 9806.65 0.900000 

0.5 100.3859 1373311339 3.09E+08 195.2016 0.224934 9806.65 1.116667 

0.2 100.7632 1173890625 3.08E+08 197.9794 0.262013 9806.65 1.533333 

0.1 101.2993 990831945 2.99E+08 202.8405 0.292867 9806.65 2.283333 

0.05 101.7526 831763771 2.88E+08 210.4793 0.328806 9806.65 3.383333 

0.02 101.6134 647142616 2.7E+08 219.507 0.361723 9806.65 5.966667 

0.01 100.0734 517606832 2.66E+08 233.3958 0.355373 9806.65 11.05000 
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°
dC?l1'31.:tVl C.59 DMA data of sPS2 for temperature 110 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 109.3462 1753880502 2.62E+08 368.1172 0.165708 9806.65 0.133333 

50 109.3391 1472312502 3.05E+08 372.2838 0.198425 9806.65 0.233333 

20 109.3366 1312199899 3.14E+08 374.3672 0.227909 9806.65 0.333333] 

10 109.3379 1177605974 3.11 E+08 375.756 0.252747 9806.65 0.450000] 

5 109.3477 1049542429 3.03E+08 377.1449 0.27725 9806.65 0.566667 

2 109.3597 921631875 2.81 E+08 378.5338 0.305176 9806.65 0.716667 

1 109.3667 805332143 2.59E+08 377.1449 0.321381 8873.134 0.900000 

0.5 109.3892 701541205 2.32E+08 374.3672 0.33135 8071.686 1.116667 

0.2 109.5047 592888438 2E+08 368.1172 0.33698 6394.382 1.533333 

0.1 109.7051 465091786 1.78E+08 375.756 0.383329 9806.65 2.300000 

0.05 110.1088 409937321 1.44E+08 393.117 0.350593 9164.952 3.383333 ] 
.-

0.02 110.7794 346842500 1.09E+08 397.9781 0.315497 7997.814 5.966667 

0.01 110.7093 310455959 93267578 401.4503 0.273823 7883.295 11.05000 
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~ ° P11~1~'V1 C.60 DMA data of sPS2 for temperature 120 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J..lm mt.!... min 

100 119.1033 1111731727 3.04E+08 414.6447 0.330896 9806.65 0.133333 

50 119.3308 799259821 2.86E+08 419.5058 0.357225 9806.65 0.233333 

20 119.5724 642140223 2.34E+08 423.6724 0.36503 9806.65 0.333333 

10 119.8298 543885804 1.95E+08 426.4502 0.359233 980h.65 0.450000 

5 120.0928 469068259 1.63E+08 429.9224 0.346705 9806.65 0.566667 

2 120.4171 397943348 1.28E+08 429.9224 0.32142 9333.693 0.716667 

1 120.8378 357671451 1.07E+08 427.1446 0.297825 8405.752 0.900000 

0.5 121.2899 327879598 89461797 422.978 0.27285 7527.023 1.116667 

0.2 122.0394 300083013 72638259 419.5058 0.242061 6775.671 1.533333 

0.1 122.7564 290550826 65019905 413.2558 0.223782 5491.895 2.283333 

0.05 122.721 283274978 59346066 409.7836 0.2095 5025.253 3.366667 

0.02 119.9505 273526873 57073711 404.2281 0.201074 4243.777 5.950000 

0.01 118.267 268534445 62837288 397.9781 0.214077 4113.61 11.05000 
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d 0 
1?11'i'HVl C.61 DMA data of sPS2 for temperature 140 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 140.75 322106879 1.39E+08 459.7833 0.328776 9806.65 0.130000 

50 140.6073 301300602 1.14E+08 520.1996 0.296963 8265.301 0.283333 

20 140.5016 298538262 80992227 518.8107 0.263401 7132.285 0.400000 

10 140.3982 294091875 69448326 513.9496 0.236145 6197.861 0.500000 

5· 140.2854 285104799 60987254 508.3941 0.213912 5445.42 0.633333 

2 140.1646 277021250 53167266 502.8386 0.191925 4646.088 0.766667 

1 140.0343 272961696 48938644 500.7552 0.179288 4290.987 0.950000 

0.5 139.8924 269394866 45834079 498.6719 0.170137 4038.714 1.166667 

0.2 139.685 264202656 42841381 496.5886 0.162153 3727.963 1.600000 

0.1 139.52 258853973 40877874 495.1997 0.157919 3514.341 2.350000 

0.05 139.6672 253142344 39110257 494.5053 0.154499 3435.523 3.433333 

0.02 140.8272 243125022 37114729 
.. 

495.1997 0.152657 3447.958 6.016667 

0.01 141.6793 236342679 35323253 497.2831 0.149458 3427.501 11.10000 
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~ ° ~1'i1-!1'V1 C.62 DMA data of sPS2 for temperature 160 C 

Freq. Temp. E'(G') En(Gn) dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 159.5161 278567522 56875558 521.5884 0.204172 4114.84 0.133333 

50 159.4974 268786071 

260615355 

50083845 525.7551 0.186333 4420.147 0.233333 

20 159.487 450Fl1850 523.6718 0.166923 3633.831 0.333333 

10 159.4826 258226019 4153276:2 523.6718 0.15712 3489.012 0.450000 

5 159.4689 250610925 38923549 522.9773 0.150515 3379.584 0.566667 

2 159.4623 246036760 36399258 521.5884 0.144972 3284.185 0.716667 

1 159.4582 243781082 35045307 520.894 0.142893 3235.819 0.900000 

0.5 159.4718 239946629 33971540 520.894 0.14158 3195.042 1.116667 

0.2 159.5455 232880536 33060084 520.894 0.141962 3135.065 1.533333 

0.1 159.7771 227406652 32549389 520.894 0.143133 3078.565 2.283333 

0.05 160.3657 221603705 32180285 521.5884 0.145215 3019.789 3.366667 

0.02 161.4603 214491384 31919654 523.6718 0.148816 2917.709 5.950000 

0.01 161.3306 209880848 31977600 526.4495 0.152361 2856.769 11.03333 
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~ ° 1Pl1'i1-:J'VI C.63 DMA data of sPS2 for temperature 180 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 179.4777 238781128 16723697 724.3649 0.05004 3723.911 0.133333 

50 179.5366 231206921 15413254 727.8371 0.046665 3986.767 0.233333 
! 

20 179.5919 227685365 14522580 727.8371 0.044648 3849.994 0.333333 

10 179.6489 224663856 14179599 728.5316 0.04418 3807.708 0.450000 

5 

2 

179.704 

179.7705 

221508724 

217211548 

14086659 

14380658 

728.5316 

728.5316 

0.044516 

0.046344 

3736.679 

3676.599 

0.566667 

0.700000 
1 

1 179.8523 213832803 14777162 728.5316 0.048374 3628.592 0.883333 

0.5 179.9484 210397452 15197153 728.5316 0.050561 3580.442 1.100000 

0.2 180.1228 205684702 15937390 728.5316 0.054239 3515.749 1.516667 

0.1 180.381 201949546 16546418 728.5316 0.057353 3464 .076 2.266667 

0.05 180.6789 198108060 17268154 729.226 0.061016 3413.519 3.350000 

0.02 180.8428 193586010 17876310 729.9204 0.06464 3310.581 5.933333 

0.01 180.6324 190778034 17598663 729.9204 0.064573 3288.044 11.01667 
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~1'i1.:1v1 C.64 DMA data of sPS2 blended with PIP for temperature 60°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz O,-. 
\.J Pa Pa Jlm mN min 

100 61.7138 2168642201 

2159050722 

65123872 77.14684 0.055555 6200 0.133333 

50 61 .69991 64567509 82.70236 0.055325 5945.729 0.233333 

20 61.68294 2126173781 63000773 84.09124 ·0.054817 5932.133 0.350000 

10 61.36164 2108383184 62644423 84.78568 0.055229 5932.133 0.466667 

5 61.63356 2097443733 62271172 84.78568 0.055722 5932.133 0.566667 

2 61.61504 2076040861 63485660 85.48012 0.057969 5932.133 0.716667 

1 61.57183 2054940563 63714831 85.48012 0.059086 5932.133 0.900000 

0.5 61.51567 2043780653 64634306 86.17456 0.060889 5932.133 1.116667 

0.2 61.39006 2031489910 65690738 86.17456 0.063247 5932.133 1.533333 

0.1 61.13823 2010836309 67753103 86.869 0.06629 5932.133 2.283333 

0.05 60.7537 2000093934 69332300 87.56344 0.068956 5932.133 3.366667 

0.02 59.52016 2026787382 71499271 88.25788 0.072408 5932.133 5.950000 

0.01 56.98521 2015918267 66630022 88.95232 0.067509 5932.133 11.03333 
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d 0 
f?l1';11.:J'Vl C.65 DMA data of sPS2 blended with PIP for temperature 65 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa f.lm mN min 

100 65.92203 2020914368 61200495 96.59116 0.055021 7738.775 0.133333 

50 65.85137 1986510542 66807378 111.1744 0.060202 7848.938 0.283333 
I 

20 65.81096 1951176292 65583537 111.1744 0.059904 7399.854 0.400000 

10 65.76468 1934668688 64699219 111.1744 0.05995 7314.645 0.500000 

5 65.7184 1926807458 64812917 111.1744 0.060982 7231 ~ 104 0.616667 

2 65.66749 1908281208 65459440 111.1744 0.062932 7115.243 0.766667 

1 65.59468 1860032521 65983247 111 .1744 0.064465 7021.73 0.950000 

0.5 65.49503 1831205361 66673928 111 .1744 0.066237 6934.815 1.150000 

0.2 65.31608 1815769963 67659475 111 .1744 0.068743 6815.752 1.566667 

0.1 64.95417 1760645635 68820764 111 .1744 0.071067 6723.604 2.316667 

0.05 64.38062 1721248039 71261801 111.1744 0.074681 6636.604 3.400000 

0.02 62.93423 1652387010 70589214 111 .1744 0.075348 6549.897 5.983333 

0.01 61.71009 1604052754 69787079 111.1744 0.074678 6558.659 11.06667 
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6l1'i1.:Jvl C.66 DMA data of sPS2 blended with PIP for temperature 70.71 °c 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 72.06889 1831979333 65731962 116.7299 0.061076 7080.453 0.133333 

50 72.02531 1826553025 67970486 118.8132 0.063101 7248.469 0.233333 

20 71.97498 17955487~6 67558403 120.2021 0.063636 7400.099 0.350000 

10 71.93078 1735879147 67490234 120.2021 0.06463 7314.49 0.450000 

5 71.87708 1702387010 68345911 120.8966 0.066571 7220.961 0.566667 

2 71.81969 1680080154 69025807 120.8966 0.068911 7094.653 0.716667 

1 71.7227 164968483669561602 120.8966 0.070799 7000.518 0.900000 

0.5 71.59749 1593141966 70353737 120.8966 0.073035 6906.685 1.100000 

0.2 71.37806 1562187899 71795208 120.8966 0.07659 6783.207 1.516667 

0.1 70.93858 1484583137 73217413 121.591 0.079724 6689.724 2.266667 

0.05 70.23486 1402199899 76440920 121.591 0.084895 6609.764 3.350000 

0.02 68.45791 1191242008 76180877 122.2854 0.086763 6524.745 5.933333 

0.01 67.25159 1042317429 76073108 122.2854 0.087001 6472.134 11.01667 
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°
d1?l1'i1.:J'Vl C.67 DMA data of sPS2 blended with PIP for temperature 85 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J..lm mN min 

100 86.13285 1430384265 1.76E+08 -1041.6 0.196064 7463.163 0.133333 

50 86.16291 1261827535 1.54E+08 -1032.57 0.17324 7577.371 0.233333 

20 86.18254 1172195366 1.51 E+08 -1029.1 0.171579 7565.739 0.333333 

10 86.20647 1061695557 1.48E+08 -1027.01 0.171192 7377.884 0.450000 

5 86.23131 1000000000 1.48E+08 -1025.62 0.173926 7552.187 0.566667 

2 86.24848 959400632 1.48E 1-08 -1024.23 0.179535 7479.226 0.716667 

1 86.27179 933254301 1.49E+08 -1022.85 0.184387 7420.018 0.900000 

0.5 86.28805 893305484 1.49E+08 -1021.46 0.189932 7362.896 1.116667 

0.2 86.24449 837529282 1.5E+08 -1020.76 0.199354 7266.386 1.533333 

0.1 86.15463 765596607 1.51 E+08 -1019.37 0.206905 7180.866 2.300000 

0.05 85.84105 717794291 1.52E+08 -1017.29 0.215893 7106.901 3.383333 

0.02 84.30402 673795750 1.52E+08 -1015.9 0.225126 6780.962 5.966667 

0.01 87.88937 591221375 1.38E+08 -1013.82 0.234127 6914.046 11.05000 
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j;)1'n.:JcVi C.68 DMA data of sPS2 blended with PIP for temperature 100°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa Jlm mN min 

100 99.79521 699841996 1.96E+08 -1004.1 0.320168 6563.106 0.133333 

50 99.79736 644169266 1.71 E+08 -986.735 0.283733 6622.348 0.233333 

20 99.79981 608135001 1.64E+08 -979.096 0.283408 6591.178 0.333333 

10 99.80503 555303750 1.59E+08 -974.235 0.28587 6637.148 0.450000 

5 99.80625 531476500 1.53E+08 -970.763 0.288701 6530.714 0.566667 

2 99.80227 496856156 1.47E+08 -968.68 0.296145 6457.583 0.716667 

1 99.80227 470539844 1.42E+08 -965.902 0.30225 6467.85 0.900000 

0.5 99.813 440974563 1.36E+08 -965.208 0.309341 6073.717 1.116667 

0.2 99.80043 407086375 1.29E+08 -965.208 0.315812 5886.209 1.533333 

0.1 99.80074 367282300 1.22E+08 -964.513 0.317781 5734.304 2.283333 

0.05 99.75105 336511569 1.15E+08 -963.124 0.319626 5567.592 3.366667 

0.02 99.72068 299226464 1.07E+08 -961.735 0.322343 5410.458 5.950000 

0.01 101.9079 271019163 98737094 -961.735 0.322339 4925.402 11.03333 

335 



Q ° Ul1'i1"''V1 C.69 DMA data of sPS2 blended with PIP for temperature 120 C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa J.lm mN min 

100 119.053 363915036 1.54E+08 -949.235 0.388934 5311.709 0.133333 

50 119.0811 332659553 1.32E+08 -929.097 0.349528 5249.455 0.233333 

20 119.1052 311171634 1.18E+08 -924.236 0.339806 5087.215 0.350000 

10 119.129 301995172 1.08E+08 -923.541 0.334777 4904.956 0.450000 

5 119.1567 290402265 1E+08 -926.319 0.331766 4413.234 0.566667 
-

2 119.2006 274728906 87812797 -929.791 0.319634 4168.966 0.716667 

1 i 19.2592 256292484 78985273 -931.874 0.308184 3982.856 0.900000 

0.5 119.3376 240373094 70833055 -933.263 0.29468 3902.689 1.116667 

0.2 119.495 222820969 61869277 -935.347 0.277664 3652.35 

3536.18 

1.533333 

0.1 119.8159 210641344 55076836 -936.736 0.261472 2.283333 

0.05 120.26 200282703 49118809 -938.124 0.245247 3356.29 3.383333 

0.02 121.0174 189646766 42852117 -939.513 0.225958 3125.537 5.966667 

0.01 120.1088 190563953 40334617 -942.291 0.211659 2809.483 11.05000 
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~1ti'Hvi C.70 DMA data of sPS2 blended with PIP for temperature 140°C 

Freq. Temp. E'(G') E"(G") dL tanD Ft Time 

Hz °c Pa Pa ~m mN min 

100 139.5334 252348077 78100539 -936.041 0.318765 3706.336 0.133333 

50 139.5275 234963282 63053121 -924.93 0.282346 3490.638 0.233333 

20 139.5334 222711188 53833984 -925.625 0.241721 3213.196 0.350000 

10 139.5322 218358813 47442109 -929.097 0.217267 2887.849 0.450000 

5 139.5163 211965984 42166277 -931.874 0.198929 2732.691 0.566667 

2 139.5013 205495609 37113352 -935.347 0.180604 2462.215 0.716667 

1 139.5028 200793641 34132441 -937.43 0.169988 2363.315 0.900000 

0.5 139.5166 196695375 31850809 -938.819 0.16193 2246.708 1.116667 

0.2 139.575 191469234 29963607 -940.902 0.156493 2096.015 1.533333 

0.1 139.7968 187747000 28351520 -940.902 0.151009 2063.795 2.283333 

0.05 140.1898 184183453 27307305 -941.597 0.148261 1972.126 3.383333 

0.02 141.0559 179299172 26312359 -942.291 0.146751 1878.211 5.966667 

0.01 139.7562 177326750 26617379 -942.291 0.150104 1863.242 11.05000 
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