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I I 'J/ V 

1 l'i'iJ-:i l'W 1 'il t1vhn t11-u'r:i-:i tl1N 1 'W 1'il tlU 1\Pl ti il� 1\iJJ'U (2548) fffl'!:11 N'1 fll'j 1 �'U 1:IJ'W vi01n �'Wi'Hl 7ff�1 '1f 
" a' I 0.1.:::. ,I : Q.I d 3'A : Q.I 'J) : Q.I rl : Q.I d l"!Hl':i 'l 'W tll-:JfltllJl'U 1\Pl\Pl mn.J'lJ\Pl 'IJ'e),:j tll-:J fl tlll!'U11\Pl 'WllJ'W 'Vl 'l 'lflJ'WllJ'W lJ�'W'.i11 'WllJ'W 'U1'1lJ U1:l�'WllJ'Wt:1.J1:l \Pl 

,, 
tll-:J'Wl'.il l'U1tl1H'Yl tl1Jtl'lJ'Ul:IJ'Wff1J'Wl�'11'Wff�l-l'Vlf m1tf1W� (2551) 11'i'fffl'!:11!!'1�!'U1 tl1Jl'Yltl1J N'1'1JtJ,:j'ffl'j 

,, ,, 
•1ht11'Wm�1J1'Wfl1'.iv-l�\91 �v 'Ul:IJ'WV::; 1'.im�fl 'Ul:IJ'W'V'll'.ilvl'Wfl mt� Ultra flow 500 �mHJ'IJ�'UV-:Jt11-:itv

' ,,
'Vi�'W t'V'l'.i1'V'l�'W1\Pl�'W (EPDM) 'Ylrn'!:1.Jm-:il'i'1m'llii1�1 'V'11J11 fll'.it�:i.J'ffl'.i'l11t1l'Wfl'.i�1J1'Wfll'.iN�\9ll1-:J 3 'lf'W\Pl

,, ' 
'l 'W t11-:i fl tJ m tl 1\Pl ci-:i r,.i1:1 'l tt m ::;'lJ 1 'W fll '.i r,.i{:i \91 'l'l 11 l'i' �w� u � 1 fl 11 :1.J 11 u \PlU" �'V'l '1-:i-:i l'W 'Yl 'l �1 'W fll'.i m:nrn \Pl '1-:J

,, ' ,,
-:Jl'W1'ilt11Pi'7'W'W'Yliifl1'.ifff flfl'l'Wl•l1-:J'U'.i�l'Vlfl' l'lf'W Kuriakose and Rajendran (1994) fff flflfl1'.i'Wl'W71J'Wi7-u'11
mt� 'W ci1'W Nffll 'l 'W t11-:ifl vm 1111\Pl'l 'W '.i � 1J 1J �'l �fl 1:1.J �5 w� 'Wm '.i'l'l 1 'l tt t11-:i fl-:J '.i 11 �-:itl1:1J 'W 'il 1 fli1-u'11ir 'W iJ
ri1mh�nv11'llv-:im\Pl '1 'll:iJ'W t'lf'W mwm�t1�fl �-:ivl111tl'1�t�'Wffl'J m��'W fll'j vi1-:i l'W 'UV-:J ffl'J�1l'i-:iu€1�t� 'W

I .::::r. 'J) :Q.1 0 9)  A l  Q &0 Q/.c:t.d if -=:t. 

m '.i 'lf1t11 um� 1J 1'W m rn€1 \911 \Pl u €1 � l 'W 'W 1:1.J 'W 'J 7'll71'il::; llff1'W 11 'J � nv11v,l 'W v €1 '1f-:i llffll 1J \91! tl 'Wu v'W \91 V v f1'1f
a' 91 , f .., d 91 91 a' U\Pl'W'Vl Nondanan et al., (1999) 1\Pl'.iltl-:Jl'W11 'W1:1.J'WllJ1:l\Pltl1-:J'W1'.i1"1'llJ1'.ifl'l'lf1\Pl'H'17tl'il\Pl'U'.i�ff-:Jfl'l'Wt1l-:J 

. . 

,,, -=t a' & 91 ;/ .., d d -=>11) a'.:, 11) 9 ', 9 91 '!i'.i'.ilJ')j'1\91U1:l�tl1-:Jltlff'lJtll'.i 'illfl1'.ifl'fl'hllfl1'.i'l')j''WllJ'WllJ1:l\PW1-:J'W1'.ill1J'W'W'11ff\91 tCJH9ftl'.i'Vl1 riJ t'Wtll-:J t\Pltl t'lf 
'.i�1J1J fll'.i11:lfll 1 'W"lf!t1J1J'Uf1� (Conventional system) 'V'l1J11 'I'll l tt ffll'IJ�!'if-:J fl'1 'l 'Wt17-:J1'1fll 1 'W"lf'UV-:Jtll-:J 

.::::i. d a' 19 Ill .c::S d :f cv 1 'J) I Ji dJ 'Ii '.i 'j ll'lfl\91 U €1� tll-:J t tJ ff1J'tl 1l 'ti tit 'W '.i � \Pl 'IJ\Pl Wtl:I.J 'W 'tl fl 'il 1 fl WM 'V'l1J 11 fl11ll \9ll'W 'Vl l'W \91 'tl fll 'j t ff'tllJ\ol 'U'W 
qJ 

a., \rJ a' Q/.<:::). 'j} 'J) I di 'J) I '.i � t1::;t 1'111'1fl 1 t.'W 9f!! €1::; fll'.i 1J'1 ll'1\Pl M fflJ'lJ\91 \oll'W fl 11ll\91 l'W 'Vll'W \91 'tl fll'j fffl 11 'J'tl!! €1 �fl 11:1.J\9ll'W 'Vll'W\9l'tlfll 'j 
qJ 

'lifl-:itltvilJt'W Kundu (2000) 11Pi'fffl1ll'W1J11 fll'.i'l�tl11J'WVl']j'U�lJ1U!l�m!tJt1'l ci1:1-:i 1 'Utl7-:Jfltl:IJ!'U1\Pl'.i�'l117-:J 
fll'.i H'fflJ ij r,,i '11 '11 fi1u ':i -:J 'U \Pl-yj ,� 'ill fl fl'.i 1rJ fl u·fo fl71 '!.J 'lfijfi 71:l \Pl 1:1-:J ci1-:i ij J',,11:11,1 tJl i1 tl-:J 1 tJ fl-:J 'fflJ'U�'Vl 7-:JvJ irmr 

,, ' ' 
'1':1.J'IJ��-:inci11'UV-:J t11-:i Nff:i.J'U l:1J'Wvi'lfiJ�1€11o1r1-:i trn::;fl17:i.J'H'W 1u 'W 'W 'UV-:Ji 'W 'Ji::;! tj;Vll 1t1-:i vi tl' VtlM �7 tanb ru 

' ' 'J} ' 31 

'ii \Pl 'Vi'l tt� 1m -:ili\Pl m ff\Pl ii� 1� 1'1-:i m1 'l �u 1:1J 'WVl'.b''l 'W t11-:i '1'17 'l tt�1 !ll\Pl� ff'1\Pl 1:1-:i t11-:ifl tJmtl 1\Pl'Vi'l �u 1:1J'W Vl'lf 
q 'U q qJ 

'ii� 'l ir�lfl�'.i r-:i\Pl iiJ 'illflfll'.ifl\Pl�l w,i'l ,r fl1':ifl'.i�tJi'-:ii1 fl11lJ¢J' 7'!.J 'Vll'!.J \91 tlfll'.i� fl'IJ 1\Pl U'1 � fll '.i'IJ tlltl\911'1Jtl-:J ':i tltl 
U\9lfl�\(-:itrlmtl1t1rn'Ylt11Jt11Jtll�fl'tllJ!'Ul\Pl\(\9lrn7m!l'W�!ii'l ciJ1:1J'Wvi'lf Antony et al, (1999) 11Pi'fffl'!:llfll'.i 
9 3).::::. a' d 9 -=:t, a' c/ I I o q j} � t'.b'9f-:Jflff!\9ltlt'.i'Vl t'W'V'l'tl'1tll'tl'Jt1J'1'W\ol'J�'H17-:J mHDPE/mEPDM 'V'l1J11 'V11 t'l1fl11ll'l1'W\ol'U'tl-:J Ionomeric 

d o q!V lj) 1 & � d  d d 1 polyblend 'UtU::; 11 rt 'till '1 \Pl rt-:J !!rt �:I.J N'1 'Vl 1 t'nfl 1 l:I.J\911 'W 'Vll'W \91 'ti U '.i-:J \Pl-:J '.i::; ti::; tl\ol 'Vl 'il \Pl 'lJ l\ol U '1::; fl11ll U 'U� llfll • 
� �  '' i QI d jJ  I 9J ' d  d el d 3)  l'WlJ'IJ'W U\9lfl1 t:I.Jl:)1:l'ff1:l\P1Ml1:lfl'!.Jtltl rf1'Wfl11lJ\917'!.J'Vl1'!.J\9\tlfl7':i'Qfl'IJ7\Pll'W:1.J'IJ'!.Jl1:lfl'!.Jtltl Ismail and Anuar, 

,, ' 
(2000) fffl'hl 70� J',,11:1 'Utl� fl'.i\Pl 1 'll:U'W 'IJ tl� 'W llJ'W iJ l't'l lJlm�tl�lJlU!l'IJ:Wll'l 1-viii�tJff:1.J'IJ� l�� fl1:l fflJ'IJ� fll'.ift'W '.itl . 

� 

jJ .... I rl ' I d I � J U'1�fll'.i'17'U'tl-:Jtl1-:Jfl'tlll!'ul\Pl 'V'l1J11 fl1 scorch time, cure time, fatigue life U'1� elastic torque llfll!'V'lll'U'W 
' ' ,, 

tijtl!'W:i.J111mru'UV-:Jfl'.i\ol1'll:IJ'W'UV-:J'Wl:IJ'W117'1:I.J ri1'W�l viscous torque, loss modulus, reversion trn� tan 
' ,, ' 

delta 'il �fj fi lrt\ol M tij'tl 1 �111mru fl1 'j 1 ;fl'.i\Pl 1 'll:IJ'W 'U'tl-:J'U 7:IJ'W iJ 1 � m vi 1 tl'W tll-!lfl 'till t Ul\Pl� Nff:i.Jt'llii 1� l!fl'.i \Pl 
• I"" 9 91 I I 9 91 I N330 1JUJ1U! 50phr 'i)::; t'nfll elastic torque, viscous torque im� tan delta ��"l\Pl U\9l'il� t'nfll reversion U1:l� 

' ,, 
, • 0 di G)'J) TQ/ A O Q/ d fatigue life \,ll'f!\Pl Egbuchunam et al., (2007) ft'fl'.l:Jlfll':i t'lf'ff\jff-:Jfl�ff'Utl-:J'!.J1lJ'!.J'illfll:I.Jft\Pltl1-:J (Rubber seed

. di 'l 919 "" "'"' -=t -=> , 9 91 -=t d -=1 II) 91 d 
011, RSO) 9f-:J 'lf t'W'V'l'17ff\9lfl'V'l1fl'V'l19f'V'l'11ff\91!Wt (PVC plastigel) 'V'l1J11 fll'.i t'lf'ffl'.itflll'Vlt\91'.itlll t\ol'illfHllrt\Pl 
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" " 

t'Jl-:JVll'j 1-d-:i rl'1�tlfl 11:IJW� VHll-:Jfl 11:w!m,J'Vl 1111�1Glfiim1m?f� fj'j� 'e)fl 11:wf tl'W:IJlfl�'W 'W 'e)fl'i) lflU ,�n
" ' 

fll'j�fllJlfll'j'l�'WllJ'W'W'lf'lf'W��1-:ici 1�v'Yi Dasgupta et al .. (2007) and Dasgupta et al,, (2008) !�ftfllllfll':i 
V I I ' 'J) 

'l�'Wl:IJ'W 'il1fl'W'lfl'Wel'lf1tl'l lJ fl11 mJ ntlt11-:i iifo-:i 'il1fH'\1\olvH'l'Yl1-:J¢17lJl-tllJ:iJ\ol1fl1Jff-:JU 1�li'mJ 11-:J if-:i ffl:IJlHI 
� q 

" 

tlm1 h1:iJ'Vl�ll 'Vl'W 1� 1im1'11:iJmJ� 1 tl 'illflfll':iftfl'EIW11J11 i'l1il'i.i 'illflV1'lf1J1-:J'lfu�iin:wu�Ji'1i.i mrntlntl 
� � 

'Utl�Vl-:Jfl il:wiil 1\Pl�� tn�ilfin! Vl':i�'\111-:J'l"I 'e) �l:IJ'e) {n'11 ?fl'j � 11�:IJ trn�'Vl 1 '111 m 'j � 1!�:Wfll':ifl 'j� 'illfJ� 1� fl 11 

'WllJ'W 'illflD1\91':i!�V:IJ 

cl � � <) ..,..., 2.4.1 m-:i tlTmn.J Htl�lfl'HN'llel &'l-!tl11'111E.I 
. " 

l'Wfll':i1'0V°l'Mt'Jl-:J1j':i':i:IJ'lfl�'Yii"Mt�'WV7-:JU�'W':i:Wfl1'W'l5'W 3 ( Ribbed smoked sheets 3, RSS-3) rl�\91'il1fl 

'lfm:Wff'11fl':iill'lf71?!'1'WV1-:J�ll.fltl 1r1fl 1'1"1fu�m'W 'O-:J'\11�'U\91\917U) v1-:irnir1h:n{ (Styrene butadiene 

Rubber, SBR) tm� SBR 1502 iif17fl'Jl:W'\1'U� ML 1+4 (loo
0

c) t'Vllfl1J 52 il!mwffl\911'W 23.5% uri�'U'J 

'V11 ,�fl'W 76.5% (Ni1\ol !�t1111iJ'V111JleJeJ{ 1.h�rnrYWel'l:!JlJ) bl'711fl11 lJCJf�'liffo fll:IJ�OlJ( Sulphur) (Ni1\ol 

favu!'l1'Vl Ciech S.A Co., Ltd. D':i�t'Vlff1iJuri'W�) ?!'7':im��'W�l'M�tl 9f-:Jfltltlfl!CJf� (Zinc oxide, lm� NC 
q 

105 (N�\911�vu!'l1'Vl Global Chemical Co., Ltd. 1.h�t'Vlffl'VlV) m�fft�v!n ( stearic acid) (N�\911�vu!'l1'Vl 

Imperial Chemical Co., Ltd. iJ1�l'Vlffl'VlV) 'ff1':iloi'11�:1J'l'Wfl111'0tl�el l'U:l.h�l'lf'W� High Abrasion Furnace Black 

(HAF) im� N330 (Ni1\91 l�tl Thai carbon black Public Co., Ltd. tl':i�!'Vlf!'1'Vlt1) Url�CJHimtJ1�m'Vl Hydrated 

precipitated silica ii�eJ'Vll-:Jfll':i�l�tl Ultrasil VN 3(Nii\911�v United Silica (Siam) Co., Ltd. Thailand) l'M'ffl':it�tl:IJ 
• I d.,; 'j) "I ""' "' ,I • l"i II) ..,. "i "' QJ 

1J':i�'ffl'W (Coupling agent) :IJ'lftl'Vll-:Jfll':ifllfltl Couplink 89 !1J'W'lf'W�!:WmUfl1J 1\91 1cirm'W (Nrl\91 1�V1Jnl'Vl Behn 
• I QJ 

• I d QJ I ,d '1 'J/"'I ?I Meyer Chemicals (S.E.Asia) s dn. BLd 1J':i�!'Vlff'ff11jl':iW':ij1J':i�'lfl'lf'W'il'W) 'ffl':i\911!':i-:J'Vl !'lffltl TBBS !1J'W?fl':i

loi'1t�-:Jfl�:W i'1�'Wll:W� (N�\911�vu!'l1'Vl Flexsys Co., Ltd. il1�t'Vlffff'11i'!m:w!m) 'ffl':i'lf1VN'ff:W'Vll-:Jfll':i�l�!'M�tl 
" 

Ultra Flow 700s (N�\91 !�t1111ii''Vl lUlJ1:wweJ{ lfliifleJi'l('Vi) �lfl� tl1�l'VlrY:IJ1lrl!CJft1) 'lim11oi-:i\illJ'llJfll1l\ol1tl:IJ'ff11 
" " 

'111t1Nbl':1Jt17-:Jfle) 'W 1:IJlJ:IJ�'l"lr 11 (Coconut oil) (Ni1\ol'il1fl !1�-:JllJN�\ol'Ul:IJ'W:IJ�'l"l!neJ-:ICJ.!'WUM �lfl� U\91\oll'W 
" ' 

il':i�t'Vlff!'VlV) 'WllJ'WDl'a:IJ (Palm oil) \91':il'\1Vfl (N�\911�rJ'lJ1'11'Vl ihm (il':i�t'Vlffl'VlV) �lfl� (:W'111'lf'W) iJ1�t'Vlffl'VlV) 
� 

m�!'UlJ'W Palm fatty acid distillate (PFAD) nirmJW�!�'W'Uel-:JU�� irmi1eJ-:icit1'W��W'\1,QlJ11el-:J (P-l�\91 !�ti 1J1'11'Vl 
" . " 

'J!:Wl1ffe,J\olfflttmrn-w1:i1lJiJ11:1:w �1n� (:wm'lflJ)) 1m�'lcffm11r1ii�w1�-:i-u�eJ 1CJft�v:w1er�':ieJfl1CJf� ( N�l'l 1�v 

Labscan Asia Co., Ltd., tl1�l'VlrY1'Vlt1) 'lf-:irfimvJ\ol lfl1�'1'11-:Jfl1':ifl1 (N�\ol !�!:J UTIDS ENTERDRISE CO., LTD 
" ' . 

D':i�t'Vlf!'1 'Vlv) 1cirt�v:wmrn 1 ':i� (Ni1\91'illfl'Wlmi1eJ 'l'W-w'W'Yi i-:i'l11�il\91\91TW 'l"M-:i1i.i 'l 'W':iiJ'ffl':iri�mmfli1eJV:1Jloi1) 
, � 

I I I g} 'JI 

m�-e:i-:iiomvi1"Mil-Jmrn1hiil�ti tl'l�tJ-:JN?flW7-:Jffti-:J(Jflfli1-:i (Two roll mill) il':i�fltl'lJ�1rl'Jflfl�-:J 2 
" " " 

�fl �t�'W�7WjWJflm� 6 -u1 m1:wv11'Ut1-:J�flt1ii-:i 14 -u1 (rl�\91 !�rJ '!1'ilfl.'15vt'il1t1Jfll':i'lfl-:J ni-:it'Vl'l"l:l.l'l1l'Wm) 

1r1�0-:imrmt1J'IJU\Pli'117:iJ'il'UeJ-:J11'cJ-:1N'ff:1J 500 cm3 mm1t:1m11r1:womr1n:iJui1�'fl17:IJl�1'\JeJ-:J !'H\oleJ11� (N�\91 
q q q cu 

1�V'lJ1'!1'Vl l'il 1 t1Jl1ff'W �lfl� rl':1-J'Vl 1,J 17fl11) 'Vl\Plbl'el1Ji'111:IJ'\1'W�\j'W �tfl teJ-:i1�i'111:IJ'\1'U�U1J1J\jlJ� (Mooney 



,, 
';1 
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Viscometers i'w MV2000) \911:IJlJl\W:ijl'W ASTM D 1646-99 (H�\91 l\oltJiJ�-J'Vl Techpro. Co. Ltd., U':i�t'Vlrl' 
"1'11'.i!'r.H:IJ�fll) ff:IJ'U�fll':ilr:lfll ! 'Wcif'Vl\olfftliJ�1mflf t1-:i'flt1i11\9lt1{ (Oscillating disk rheometer, ODR2000) 
(rl�\91 l\oltJiJ�-J'Vl Monsanto Co., Ltd. 1h�l'Vlrl'ff11'.fjtll:IJ�fll) l\9\�tJ:IJl'l'.l'WeflJ'Vl\?1"1'tl1J l\?1Vf11';HJ\Pll'D'1¢i'1mf°lftl..:i 
tl\?1Vl-:Jl.«1u1J1J�lJ'W (Compression Molding) (rl�\911\olV 11'ilf1.iVl'il1t1jfll':i'lf7-:i ni..:it'Vl'V'l:IJ111'Wm) 'Vl\olb1'el1J 

a.,.=:i, 3' I .dl 3/ I d 3J � ,d rJ) b1':IJU\91m7:IJ\911lJ'Vl 7lJ \9\tlll H \Pl..:itrn�m7:w\917lJ'Vl7'W \9\tlfllrn f1'U1\PI\Pl 1Vlmtl..:i Tensile testing machine mm 
Hounsfield i'W HlOKS (rl�\91 l\oltJiJ�-J'Vl Hounsfield Test Equipment U':i�t'Vlrl"eJ-:iflt]ll) l\olm1m1�-:i�1tJ 
lflf tl-:itflf tl-:i'Vl\olffeliJfl17:IJU�-:i (Shore Durometer Tester) �11'U1tJ1\oll�'W Shore A (H�\91 l\oltJiJ�-J'Vl Afri Co., 
Ltd. 1h�l'Vlrl'�\911�) 'Vl\olffel1Jf1WUmi-:i¢i'1mf°lft1..:i Gear aging oven ilJ GPHH-20 (rlr!\91 l\PIV1J�'hl'Vl Tabai 

,J ..l.·1 = "'1 " ' " .,j Espec Corp. 'j�!'Vli'l't1]1,(U) 11m1�11 fl'j,:jff';jl-:Jffl'j''lf'JVvH1'lJVl-:J\Pl1Vlfl'Hl..:J FTIR {u MAGNA IR560 
spectrometer (H�\911\PltJ1J�'hl'Vl Nicolet 'U1�l'Vlrl'ff11'!]"tll:IJ�fll) 

" 

l\9l�V:IJlf1iiti9f..:ifl'UeMm\ol l'U:IJlJ l\PIVt�ili]n�Vl 2 'UlJ\9\ellJ �el 
� ' " 

-u-uvie>-un 1 : t\91 � vm niiei 1"lf t� m.J'U ti..:i m \Pl l 'U:iJlJ 'il 1 f1'W 1:i! lJ�'lftrn� m \Pl l 'U:iJlJ 'lfU\911,11..:i"l 1 \Pl V'W 1 
'J) !ii 'J) ' 

ffl'jlf1�-u'1-:i#i''W�el l-Jl:IJ'W:IJ�'V'lf11 l-Jl:IJ'WU1i:1J tl1:i1'W()1!11�e)-:j fl';i\olir!�tJ�fl fl';i\?1'1el�fl In'!� PFAD u�mw 
l'VllfliJ 6.67, 8.67, 9.43, 2.84, 2.04 1rn� 2.42 ni':w \911m11�iJ :1JTvhili]n�ti1"1'�ue:i-w�1f°l'lf'WfliJ l"lfl�V:IJ­
ter\ol':ielfl!Clftu�mw 0.1 mo! '11�elU�mw 4 flf:IJ t'W'U1\oln'Wflr:l:IJ�elW11fl1J 70 °C 'V'lft1:1Jfl1'W\91'1el\oll1r:ll 

q "' 

'J) 
. . ' 

11'.l'W!1m 15 'WTvi 'il7f1'WlJ'il�'1¢i'miiei l"lft�VlJ'Uei..:im\Pl l 'U:iJlJ 'W71 il�1..:i¢i'1vmrn�r:lW l"lft�ti:Wflr:leJ 11t�:w\ol1 
l�elfil 'il\olfl�lClfel 1 ':i�

'V I I 'JI I 

'U'W�el'Wfl 2 : 'Wllfl�e) lClfl�V:Wvit�U�lJlW 5 fl'.i:IJ !Ur:i�mv'l'Wl-Jlfl�'WU!lJl\,)'j 200 Dr:i��\,)'j vh
uon!vltliJCtl-:j�CJfr:ll-W\91-u':w-u''W 0.15 M u!:wwn 100 1J'1��\,l'j l\olVi\oleJUmru'l'Wfll':il\9\�V:IJ�-:jiu� 1 � 
e.iw 11 JJi'.i 70°c L\?1Vfl1'Wel tl1��1il':i�mw 60 1e:iu�e1'WTvi l\?1V11 V\olffl':ir:i�mv9f-:iflim-w\91e:it11-:i�1"l 1 �nr:11 

d I 'JI .=:i, C\�Q d d t � 1IJ !J} !J} d SI di Q ,I 11v\Plil1�:w1ru 10 mr1 'Ur:leiv111m\olil�nw11rl'Wnm 5 mr1 \91-:J'VM n111m'W m..:i1rn�me:i..:imr:lt1"lf-:Jfl'UeMm\PI 
t'U:1J'W�l\?1�ti:w1$i'¢i'1vtl1F1i'W 'il'W pH l�'Wflm-:i tl11ue:i1J¢11v�e:i1Jr:i\olf717:IJ�'W�eJW11JJii so0c t�'Wnm 24 

I I 'J/ I 

'151 l:!J-:i l\olV�llH'Wrl-:jfll'j'VJl'Uijfl�Vl�-:iiuvi 2 'illfl'W'Wl-JllU1lml�l11m-:ifff1-:i$J1mfi�tl..:i FT-IR \911:IJtt1-u'ti 
'Vl 2.4.4 



• •  

... ... ... 

fi":i":i'JJ'll'lVINtf'JJG1fiUll 

'Wl:IJ'U'W'lfl1�'eltl'Hl1'1l:IJ'U 0.01 mol vi11.Jijfi�Vltl'U 0.1 mol NaOH 

" ' 

!II O "' 

1. 'f'l�'f'l1t1mt1'U1flrl'W 200 mL

' 

2. '11V� 0.015 mol Zn(SO
4
).7Hp 'V1�tU'11,QiJ 70°C

11 

' " 

fffl'!:17 r,rn 'll'el-:J 'lf'W � 'll'el-:J mil -eJ'ff -:i m:iHi 1� 11 lfl'W 7:IJ'U 'W'lf Uti � fl rn 1 'll:IJ 'U � mnJ11&i'll -eJ-:J v1-:i 'Ii 11ii'lf1&i r-iffii 
Q� <i' .. I -=ii d QI .:::td ll] � 't QJ ll] QI d 
9Hlfll 1�VUlJ'a'lf'U�'\J'el-:J1fltl'elff-:ifl�'ff'VI 1�,Jlfl'UllJ'WLtti�m� 1 '\JillJrrn Zn-coconut, Zn-plam, Zn-stearic !ttl� 











� 
/.'l 
,�-:, 

.,, " 

·� _, 
;, 

·' 

• 

16 

.., d <!I .., al : .., <!I Iii .., 
2.s . .1 m ·:nx -.'.11 rrn:::: mr

r

�ei tr-.'.! n:::: thll nmiiu \"I 'lmt1:::: m � & 'llil'W 

,, 

'illflfl1'j't1�!fl'jl:t:'Htflile! tCJft�cl:IJ t\9lcJ1�i'.h�'Utm::::m\91 l'U�'W'b''U\91�1�'1iJ!mru 0.01 mo! vhiJ6ri1c11fi'u 

tCJft�cJ:1JieJ\9l'j'e)fl iCJJ'�iJ�mru 0.1 mol tl1mile1 t'lft�tl:IJ:IJ1J;1:t:J;1W#i''rnJ1mi'u,i1m!utl1 i 1lvhiJ6n�cJ7fl'U"li�fi 

cumvl\9l��W'11JJ:W 70°C ttlunm 15 mvi t\9lcl�e!W]'\1clf fr!'7J1;1:t:1;17cl 0.015 mo! Zn(SO
4
).7Hp t#l\91:t:fl'e:J'W 

'j/ I 'J) 'J} I 

tfl�el 't1�n::::rh111 u �\:i � 'JV'Ulfll:1'W '\11;1lcl'1 f ff � lllfl'W 'W'U 71 u e)'IJ 1 irmr�vi eltU '11.fl:U 50°C 1:1fl'l:l ru:::: N�\9111 ru � 
. .. 

�I d d 'j) Qi, d 111 9/� Qi, 
"'1 

'j) o!:!t a., d Qi, I 91 

t1J'W'Uel�tt'IJ�bl''Ul'J 'je)cJ1:'1:t:Nl:'1Nl:'1\9l'Vl t\9l'flel 65-70 'illflfll'j'Jtml:t:'11 'flHbl''jl�'Uel�tfll:'1elmfl::::bl''b''W\91\911�'1 \9l'Jcl 

trl�el� FT-IR l¢11:1't1.Jfl\9lf:W�'Wvl'j7lJ\91\ol�'j'U� 3 'V'li.117 tn\9lvJr1�iJt1fl'l:ltU:t:fl17��\917ttmJ� 3000-3440 cm· 1 

.. 

,, 

'illflfll'j'ff �tfl'j 1::::11milv'ff � n::::ff'UeJ�tl 1il'uvi•1m1;1::::m\91 i 'lliT'U ul-i 'r!'wvn� fll'jfll Ultraflow 700s iiii }Wflfll'j 

�\9lfl�'W\ol�flril'J 'Wfl\ol�flri11ttl'Wt'a'llfl�'W'IJ'e:J� OH stretching ��m,i,i::::tn\9l'illfl'\1� Zn(OH)z 'ff'Jl-.!viflm'llfl�'W 
-I 'l ?I .a\ di ' o' .J 11] I 'l � QI A 

1736 cm t'W Ultra flow 700s l1J'Wll:'1'\Jf1'1'W'\J'e:J..:J C=O l!bl'\91..:Jtl..:J'\1:IJ!tlbl'!'Vlel'j C}f..:Jll:t: t:IJ'V'l'IJ t'\.Hfl'1elbl'..:Jfl:t:bl''\J'e:J..:J
.. 

'J} " 'J) ' 

m\9lt'll�'Wll7fl'U7�l-.!:IJ:t:'V'l!111m:::: PFAD 'Welfl'il7flU��'Y'l'U17 'W'W'Ii:t: C=O 'llel..:J'Ul�'Wvi\911t1ml..:i 1700 cm· 1 �� 

iJfl1'jttl�t1'Utnfo�'lilr!'.lu C=O 'UNtnilv�1ohm,l� 1500 cm· 1 

·s
v, 

C: 

� 
� 0 

4000 3500 

Uitrnnow 700s 

3000 2500 

Wuve number (cm-
1
) 

2000 

l 

I 
1500 1000 

' I ,J 

l'LITI 3 �'Wvh11 Hlbl'!Utl\91 i':w'llei..:itn�ei�..:in:::: ffvit\91� v:w 1� ,i 1nm191 t 'll�'W1rn::::u 1�'W 'll''W\91�7..:J"l 1u� vrnviv'IJ 
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..::::.. � .c:::t. � Q.J'  ct lfl v • cv-=rt. � 
2.5.2 el'fljj'YHl'Uel..:J'll'UvlAfHHltT..:JO::rn''Uel..:Jfl'j'\>I A'IJ'll'l-!'11eltT'll'IJVl'Uel..:Jal..:Jjj'j''j''lJ'IJ'WI 

'il lfl fll 'j' �mn� v&vrn 'UtM 'lf'W \ol ! fl �'el 5 -.:i m: fr'll tM fl'.i\ol, 'UlJ 'W � !\91 � cllJ 'il lml1ir'W lJ�'VI ! 11 ll1l1 'W ,.ha lJ 
fl'.i\oli'H�cl�fl trn� PFAD �eH'i'lJ'JJ�'U'el-.:Jcll-.:J1i'Jrn'lf7� i\olcJ'l�u�mw 5 phr !U�cl1J!'V1cl'I.Jfl'IJ"1'l'J'lf1cl!!ihiu 
'Vll-1fll"Jri'i�fo Ultra flow 700s 1rn�1JJ'lim1i1m1'l.hiu1�N1:lfll':i'Vl\'11:ltl'11'l'1U 

' "'1 _I d "' ' _I _I _,,. ' 
2.5.2.1 fl l fl 11 'll'tt'I-! \>I'll el..:J£1 l..:J fl el'llhJl vi 'ii l fljj'a'j''lJ'IJ'l VIN tT'lltTl 1'll' 1£1 U'U 1l'U 'll'U vi VI 1-.:J 9 

'il 7 fl fl 1 ':i 'Vl \ol bl'tl 'IJ fl 11:J.J 11 'W \ol ¾! 'W ti 'U o.:i ell-.:J fl tJ lJ ! 'Ul 'fi'1 \ol ell! iJ ':i'lf'W \ol 'U o-.:i bl'l ':i '111 ell! iJ ';j i iJ �1 ell fl 1o .:i 
MV2000 l�N1:lfll':i'Vl\olbl'tl'IJl'l-.:JlU� 4-5 

45 ......................... .......................... ---

Palm oil Coconut oil PFAD Stcaric acid Ultra flow 700s 

Types of zinc soaps of fa tty acid 

' "' 

Non 

1UTI 4 N1:l'Utl.:J'lf'Wl'llflfioir'.:ifl::::�'Utl.:Jfl'.i\ol l'UJJ'W'il7fl'W7JJl-H!1:l::::m\ol l 'UJJ'W!!1:l:::: Ultra flow 700s �0�1 
qJ 

Mooney Viscosity (ML 1 +4, 100°C) ''lHJ·W7-:JfleJJJ!D7; 
' "' 

'il 1 fliiJvl 4-5 1 � 'W �'Vl TI'VI 1:1 'll o-.:i'lf'W \ol '1l ti-.:i tfl� ti 5 .:i fl:::: fr'llti.:i fl rn l 'U ir 'W 'il 1 fltJ 1ir'W 1rn � fl'.i\ol l 'UlJ'W 'lf'W \ol 
"' 

�1.:i.:i lU�el1.Jl'V1cJ'IJflrni'l'.i'lf1cJ!lU'.ilU'Vl7-.:Jf11'.il'i'1�ti Ultra flow 700s 'Vl'IJ11 fl1'.i'l�m'.i'lf1cJmhitl�-.:i'lfU\ol 
5 -.:Jlfl'.i1�11!!1:l �'Vll-.:J fl111'i' 1 u1mw 5 phr 'l'l 7 'l 11 m1:J.Jm'1 \ollJ'W ri 1:11911:1.:J 1rlmvl el'IJ fl'IJ m& 1JJ'l �m1 '111cl!! U':i ';ju � � 

I � o QJ I d ev I 
fll\(-:J'f!\ol 'JeJ"llJlfleJ Coconut oil, Ultra flow 700s, PFAD 1rn:::; Palm oil \9lllJ1:11\olll l'lf'Ul\olV1fl'IJfl1 Stress 

Si d  I SJ I O !l) o' l!JV• .% relaxation rate I! bl'\ol.:J 'l '11!'11'W 17 fll'.i °l 'lf"1'1'.i'lf1cl!!U':i'JU'Vll 'l m.17.:Jfl tl:JJ!U 1\ol mm1t1l!U nu L\ol-.:JlU'U'W 11-l cl � � 
,:j I d' l!J_ f I ,,j I 'j O 'l !l) ,,j 1JJ 1JJ !l) I .% 'j O !j} d ?I I 

bl'l'J!fllJ!11'11'W'il� nJ'l11:ltl1:l'W':i�'l111.:J L:J.J!1:!f:J1:!'Utl.:Jtll-.:J 'Vil '11!fl1:ltl'W L'l11 L\ol-.:Jltl'U'W L\olcl'Vll'\1'Wl'V1!1J'U"1'1':i'l11:ltl 

� QI ,. I d dl ' �I ' d .i:9 � QJ .:!:! .c9 I 1:1 'W (lubricant) \ol.:J i1J 'Vl 6 CJf .:J m Stress relaxation rate I 1J'W fll'Vl I! 1;1'\ol.:J M fll ':ifl l-J \911'11 rnfl 11 lJ el\olr'l �'W 'U tl-.:J 
1 1 ?1 I QJ I QI I Q.I d I ?1 'J) d I ?/ lJ!1:!fJm17.:J \olcl!u'Wfllfl17:J.J'lf'W'il7flfll':i plot n1111-:i log M flll log t fllf117:J.J'lf'W'il:::::J.Jmtu'W1:lll m:J.Jmtu'W
1:1'1J1;1.:i tt1:1'\ol.:i1w1.:i� fl17:J.JV\olr'l V'W � 1 flri 11tfo fll'.i 'l �m1i1c111u '.i 1u '117 'l 11 c11-.:i fl ti:J.J!Ul\ol�fl 11lJV\olr'l V'W 

'll q 1\.1 q 

� -.:it'W i\olcJ� fll'.i 'l �!fl�ti5-.:in�rf'UrNfl'.i\ol l 'UlJ'W PF AD m1�J1ir'WUl'alJ'\1l 'l 11 cll-.:Jfl tllJ!Ul\ol�fl'JllJV\olr'l tj'W 
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Types of zinc salts of fatty acid 
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l'lHi 5 rlfl'lltlsl'lf'W�Hflfitiffslfl�ff'lltlslm� !'lllJ'U'illfl'WllJ'UUfl�m� !'lllJ'UUfl� Ultra flow 700s �tl�l 

Stress relaxation rate 

:��fJE•r,,,,!:,,.-1,,,,, ..
?f� ....... <" 

' ' ' 

_ le! 0, 0 'J} d ' "I i ',' i1J'l1 6 'flfl'hlill�f11';i'V11'11'W1'Vl'Utl·H't'l';i'l1'fltl'fl'U 'U t:IJ!'flfJ'fl'Utl..:Jtll..:J (Moneypenny et al. ,2004) 

2.s.2.2 in.1u�m11�r11lw1h1tHm-:i111·rn'lf1�mrmn-ai1t1m.h1tl

'illflfll';jftfl'l:ll�'VlTil"lfl'lltlsl'lf'W�mfit1ir'..:in�ff'llt1sim� 1 'lllJ'ULtl� tirnvim.Jfli.J Ultra flow 700s Lrn�m&

1JJi�m';i'lf'WmhiiJ 11'1ti'V1\911;lt1i.JJ;1fl'hlW�fll';i1'flr111'WCJf�1mfl�t1..:i ODR 2000 ��ru11t;ii1160°c 1� 
�'flfll';i1,JtJi..:J\91l';iWvi 4 
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lill'H�TI 4 r,m'lJel�'lf'W\ol!f1�elir-:in:::rr'llel-:lfl'.i\ol 1'lllJ'W 1llf11.JllJ'Wtm:::n·rn 1'lllJ'Wtm::: Ultra flow 700s �el 

ri':lJ'IJ�f11'.i1r:'lfl 71 'WCJf'UeJ-:ltl1-:lfleJ:lJt'U71� 

Zinc salts fatty acid 

Zn-palm 

Zn-coconut 

Zn-PFAD 

Zn-stearate 

Ultra flow 700s 

Non-processing aid 

' ' 

ML (dN.m) MH (dN.m) 

2.92 22.0 

3.80 28.23 

1.92 23.81 

4.03 21.27 

2.64 23.79 

5.75 22.85 

t51 (min) tc90 (min) MH-ML CRI 

(dN.m) 

4.71 9.65 19.08 20.36 

3.86 9.03 24.43 19.34 

4.42 10.29 21.89 17.03 

5.36 11.28 17.24 16.89 

3.40 8.62 21.15 19.15 

4.96 14.83 17.10 10.13 

"' .,i • I"' "' ' 9 'J/ ' • I • I ' .,i OJ "' 
IJJ OJ 1 

'il 1f1\ol1'.iWYl 4 1:lJeJ11J '.i tl1H'Vl tl'U '.i ::::1111-:i fll'.i t 'b'rl'1 '.i'b'1tlU 1J '.i l1J fHJlllf1r:'le)'ff -:l f1::::'ff'U e),:j f)'.i\ol I 'U:lJ'W 'ffl'.i'b'1 ti 

U'Li'.il'Li'Vll-:lfll'.iflllti'l::::mru '11.J1 off 'V'l'U11 fll'.i 1 oifm '.i 1fl1J! 'W f1�mdie:i ir-:in::::ff'lJe),:j f1 '.i i-11 'UJJ'Wtrn:::: 'ffl'.i'lf1tlU'U'.i 
.I 'J) 01'J) OJ IJJ o' I .,i "' OJ IJJ o'IJJ'J) I cl O 9 'J/OJ 

i1J'V11-:im1m 'Vll 'l1nmrrnel'lf nm1rim 1w1rn\olr1-:i nm1flel tn\olm11rim 1'1-JGJr 1\olelc.JN'.i1\olt'l'1'Vll 1'\1el�'l'1 
Q.J \J'J a' � J I d 111 9' Q.I i d t:9 � QJ d \J'J Q.J O 9' d 9' "' I � �Q 

f11 '.i 1'1'fll I lJClH'V'l :lJ 'U 'Welti 1-:l 1'11 'W I \ol 'lf\ol 'Vl-:l 'Wt 'W el-:l 111 m f1'1 el ff ,:j n:::: ff'U el-:l m \ol I 'U:lJ 'W 'Vll'\1 l.11 'Vl m ::::IPJ 'W 1J Om tll 
OJ IJJ " 'l "' ,::1 • I "' 'JI OJ "' "' • I"' "' fl1 '.i1r:'lfll 1 'W "lf t\ol tllf1\ol l1J'W r!'l'.i1J '.i::::f1 eJ1H'lf-:l "lfeJ'W 'IJeJ-:l rr-:i n:::: rr (Zinc sulfurating Complex) 1:lJ eJ11J '.i tl1H'Vl tl'U 

,, ,, 

'.i:::: w:i Nm ne:i tr' .:in:::: ff'U e:i -:i m \ol I 'UJJ 'W 'il 1 nm \ol I 'U l1'W fl'U'W 1il''W -W'lf 'V'l 'U 11 1 n ne:i ir-:i n ::::ff 'il 1nu111 'W 1l 1� mm:::: 
,, . ,, 

tl 1l1'W:1.1:::¥Jf 11 tn\ol m'l'1rim t 'WCJfl�t �1n11tfl�elir-:in::: rr111nnrn m� v�n trn::: PF AD rwel-:i 11101 'WiJllJ'W 
9' d I .... , .Ct, cl ' G1 ' d) y d ,d t I \Ii OJ d d 

:1.1:::'V'l 'l'71llff1'W 1J 'l'::: nel'l.J 'llel -:i m \ol rl elrnt 'Ll'W rr1'W rn qi :1.1 1 fl H ff'j 1-:it 'U'W m v t GJr'Vl iY'W n11m\ol 1 'U :i.J'W 'VH'Ll 'W 
,, ' 

l;f'J'WU'.i:::f1eJ'l.J'Utl-:l'WllJ'W'lf'W\ol�'W nci11�el iJfl11:lJtl11'Uel-:l !911 g l\ol'.im{'l.Jel'W 11 e:i:::�eJ:lJ (C11H23COOH) vh
9 'J) � d .Ct, y QI d\J] 9', , .a 0.1 d 

\JJ Q.J � .di , '1 9' c:::i. ! '111f1\ollrJ'W'ffl'.i'U'J::::f1eJ1H'lf-:J"lfeJ'W'UeJ-:l 'ff-:lf1::::rf' !\ol-:lWf1111f1r:'leJ'ff-:i f1::::'ff'UeJ-:J f1'.i\ol I 'U:lJ'W'lf'W \oleJW] 'ff-:l Nr:'l !'11 tll-:J 1f1\ol

fll'.il�e):lJ 1v-:i 1\ol tlill:lJ:::tl'W 1#11�1011 trlmu1 tl'Ut'Vltl'l.Jfl'l.J Ultra flow 700s 'V'l'l.J17 f11'.i Hf Ultra flow 700s vii

,, ' ' 

'W 1il' 'W 'Li 1�llvi11,r1 fi \ol f11  '.i1 rim l 'W ci11 � 1vi �\ol 1i1 ti'W 'il n w 7fl 1 MH-ML 'V'l 'U17 in ti e:i ir-rn:::: ff'U e:i-:i m \ol I 'lll1 'W 
,, ' ,, 

PFAD fl'U'W7l1'W'W'b'trn:::: Ultra flow 700s i.iflltmi't�tl-:lfl'W 1\olV'nfll'.iti'mne:iir-:in::::i1'illf1'W7JJ'W:lJ::::'V'lr11i.i 

'U1:lJ1W'W'W 'li::::l�f):lJ 1t1-:i 'ff -:l'ff\ol u�1 'W mm� '11.J1 oifm'.i'Jf1tlU'U'.i 'J'U Vl'U17 i,j ff:lJ'IJ� l'i-:i mh1i.if11i 1f111mh-:i 1� 'W 
� q � 

ll]'J/OJ di, OJ , ,1
1

'J)d di , ., <!\ ', ,d,,. J 9 
1\ol'lf\ol GJr-:im\ol-:inm111:::'lf 'l1 m'W t1-:im11J11 mu'W 'W'Uel-:l'l"l'W 'li:::t'lfellJ 1v--:i·vun\ol'll'W 1 'W 1mrinri v1--:i
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n'IJ PF AD ri1'Wtrlti-w'ilTHl!lrl':JJ'IJ�m1:JJ\917'W'Yl7'W�eiuN�,n11;1-:i'il1n1h1d,rvm11 f11'}' t11H{m'j'lf'Jvtttl'jitlii 
' ' ,, 

flljttl�riimtlti-:iil':JJtl�i!eirivi Il'fl rhumj 1 im�eii-:in��'Uei..:imfl i '\JlJlHl1f1mflm�ri�n i'l1l!mJ1�:JJ tm� 
• 

,, 

'WllJU:JJ�'Wfr.i lirh1mit�ri..:in\,1 ri1t-Jf11j1im�mZ..:in��'Uel-:Jmfli'Ul1l.l'illf1 PFAD fllJ Ultra flow 700s i'.i�1 
1 n �t� ri-:i nu 1 � rii'.i m j t tl� riu u tl ti-:i I!':JJ 'IJ� '111;1-:J n wu rn -i-:i m n � "!fl 

[I Before Aging 

Palm oil Coconut PFAD Stearic Ultra flow Non 
oil acid 700s 
Types of zinc salts of fatty acid 

' ,, 

i1HI 8 Ntl'Uel-:J'lf'W fltf)�el'ff -:J f)��'\Jt)-:Jf)'jfl i '\JlJl.l 'il1f1'W llJl.l vi'lf mt�mfl i '\JlJU �elil':JJ1J�fl 11:JJ�ll.l'Ylll.l 

�eim..:i�..:i'Uei..:iri1-:i1timtuGJfneiwm�'Hir..:i'limi..:i�eiw1-rnil 100
°

c t�unm 22'17111.M 
. ., 

700 -,----------------­

i6oO 

-; 500 
Q> 
1-, 

': 400 

g300'.O 
�200 
..9 
� 100

Palm oil Coconut PFAD Stearic Ultra 
oil acid flow700s 
Types of zinc salts of fatty acid 

Non 

' " ' 

11Hi 9 N"1'Utl-:J'lfu \Pl mii't11:r'-:im:i1'Ut1-:Jm1P1 l 'UlJ'W 'il7f1'W 7lJ'W�'lnt"1� mlPI l 'UlJ'W�tJj� v�vlPIYi'illPl'Ul\Pl'U t1-:i 
� . 

v1-:i1"1mtuc1nei'Wtm�'l1ir-:i'li:JJt-i-:i�eiwm1il 100
°

c t�unm 22�11:JJ..:i 
. ., 

... 1d cl d:I .d QJ 1rJ ctd Q � QI c:::1 lrJ v A 'il 1 m u'VI 9 1 'U'W ':i � v� V\91'VI 'il\91 'Ul \91 '\JeJ..:J v1,rnw11 tu CJf'Vl u 111 'lf'W fl '\JeJ..:Jtmrn m n�n''Uel..:J mfl t 'U:JJ'W'lf'W \91 ., . 
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,i lflfl l'Jfffl'!:l lfl'Vl TIVrn 'Ue:i-:nJi :JJ 1t1Hfl�e:iff-:i fl�'ff'Ue:i-:im\911 'UJJ'W vi t\,'l � V:JJ'il 1 fl'W 1l!u :JJ�'W! 11ui1 � PF AD 

'illflfll'J'Vl\91 irnmi 11:JJ'\1 'W \911.j'W � 'Ue:i-:i v1-:ifl en.mJ 1� �u 1h1l�mru 'lle:i-:i m 'J'lf1vu 11 'J i11'lfu\91�7-:iG-J � 1v 

trl�el-:J MV 2000 t#i'r-Jilfll'J111V�-:J'J1J� 12-13
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2 

Coconut oil 
- • • PFAD 

_,.. - Ultraflow 700S 

3 4 

Quantities of zinc salts of fatty acid 

' ,, 

...... 
......-

5 6 

i1.Hi 12 r-11:1'Ue:i-:i1l1mrum�e:iff-:ifl�'ff'Ue:i-:im\91 t'UJJ'W'illfl'W7JJ'W:JJ�'W!11trn� PFAD t11�vrnvimJfl1J 

Ultra flow 700s �el�l Mooney Viscosity (ML 1 +4, 100
°

C) 'Uel-:JVl-:JffeJ:JJt1l11; 

O�-------------------------

2 3 4 
-0.02 

--+-- Coconut oil 

-0.04 - ... • PFAD 

-•- Ultraflow700S 
-0.06 ____ ......" . ., -" � ""

--
-

-0.08 ;;,-.,,..._ 
"' -_,,,.. 
"' -0.1 ._ # 

-0.12 � 
-

-· - -

- - -

-0.14 I ---�----- -
- - - - -

-0.16 

Quantities of zinc salts of fatty acid 

' ,, 

-

5 

-
-· 

-
- - - -

i1Hi 13 r-li:1'Uel-:J'U1:JJ7Wtfltimr'-:ifldY'Utl-:Jfl'.i\91 1

l 'Uil''W'iJlfl'WllJ'W'W'lfUi:1�fl':ilil 1 'll:IJ'Wtrn� Ultra flow

700s Ael�l Stress Relaxation 
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' ' " 

'il 7 fl'.i tl 'Vi 12-13 dj tJ u tl ':i tl 1 :IJl ru !fl� tJ 'ff -.:i fl::: ff 'll tJ -.:i fl'.i � 1 'll lJ 'W 'il 1 fl 'W 1 lJ 'W lJ::: 'V'l ! 11 U "1.7::: PF AD 
'U 

1iJ1vrnvivunu Ultra flow 700s °l'Wf.Jl-!!1i'.i'.ill'l/l��ii'1Hifrn�'Wfl'7'.i\9i'11th1 'V'l1J11 �lfl11lJ11'W�l.j'W�'Uel-!lf.Jl-:J 

fl el:IJ!'Ul --.it� 'l t'f lfl�e) 1:1-:J fl� ff'll'W �� 1-!l G'j ii�l"fl �"f1-!l\9llllil�mru 'Uel-:J!fl � ell:1-:J fl� ff �-:i fll 'j 'l �!fl�ell:1-:Jfl�ff'l/'W � 
" ' 

�1-!!G'jl1-!l'illfl Coconut oil, PFAD m'l� Ultra flow 700s 'O�!�Wll'.i'nel�°l'Wfl�lJ'Uel-!lfl'l'.i'lf1fJ°l'Wfll'.ilWrflJU"f1� 

u tlfiil V11 'l 1li;1'1'.i\o111�:1Jm::: 'ilW\9111��,'W V1Tni!1�1�'W m'.i11�ot'W 'il::: 1 il1rl'W \911'!111:Jr.'l�m1:1J11 'U�'U o-:i v1-:i. 'U 

l'i11 ii'-dim..:i tl'l'.il::: 1:1Jmflr.'l'llt1..:im�o�..:ifl:::ff'il::: 1 tlu'Vlrn\o11orh:::1r;h..:i 1mr.'lflr.'l'Ut1W1..:il'i11 ii'mv 1cif 1:wrnflr.'l 
q 'U q q 

I ' I SJ f 
,=::r, t:!I d ,:!I ,=::r, .:!I "I lJ] 'JJr � 1 t:!I � � ,.l.d d 1 

'Uel-!lf.Jl-:J!fl�fllrnrnei'W'Vl11 '.iel!fl�fll'j r.'l'W ! tl"fl !�-!llf.J'IJ'W mmlll11'U�'Uel-:J f.Jl-!l 'il-!l"fl�"fl-!l t'lJeltlJ W'lH'VW1J'.i�1111-!l 

" ' 

!fl�mr-:ifl�ff'Uel-:Jflrn !'IJ�'W'illfl'Wl�'W'W'lftrn�m� !'IJ�'WU"fl� Ultra flow 700s 'n'.i�i1Jfln'l�iJ�mru 1 phr 
' " 

'V'l1J11 Ultra flow 700s 'il�lJfl11lJ11'W�lJ'W'Wi'l'-!lf111!fl�el"1-:Jfldr'UeJ-:Jfl'j� ! 'UlJ'W 'illfl'Wl�'UlJ�'V'lr 111rn� PFAD 
'U 'U 

" ' 

'ff-:Jfl�ff'Uel..:Jfl'.i� ,'UlJ'W 'illfl'WllJ'WlJ�'V'lr 111rn� Ultra flow 700s \vlllJi11�1J !lJelVl'ill'.itl!lfil Stress relaxation 

rate 'V'l1J11 1rleJiJ�mtUfl'l':i'lf1fJUiJfiiJi-:i 3 'l/'W�!�lJ�'U 'il�!�'Ullfll':i'l� Ultra flow 700s vh'l,rn�1 Stress 
'J) ' ,=!! d I <V di d CV � I ' d 

relaxation rate r.'l�"f1-!l'Welf.Jfl1111'.iellJfllfl1llJ'l/'W (!llel'V'l"f1el\9lfl'.i1'lAJ log M fl1J log t) \9llfl11 Ui'!'�-!111 lJfl11lJ 

"" 0 "-' 

rm coconut oil mi::: PFAD \vlllJ-al�'IJ 

2 .5 .3 .2 tnJ'IJ� fll 'a'J'tl rll, '\-! 91 'IJ tl-UJl � '.Ii 'a 'all'lf 1�f.HYitcii�fl11 �U'.J mhmit umn-a•1hmnh-au
" 

'il 1 fl fll 'j ftfl'l:ll i'Vl TI'V'l fl 'IJ e) ,:j iJ� :I.Jl O! ! fl� el "1-:J fl� 'ff'IJ e),:j fl '.i � ! 'IJ � 'W 'il 1 fl 'W 1 � 'W lJ � 'V'l f 111m � PFAD 

1tl1vrnfiv'Lifl'IJ Ultra flow 700s 1�1:J'Vl�i'l'tJ'IJ�m1ru:::fll':i'!1;1m!'WGJ1�1mfl�tJ-:J ODR 2000 ��0!'11S.Jil 160°C 

1¢i' v,J1;1fll'.i1'DV\Pl-:Jm'.i 1-.:i� 5 1rlovi'il 7'.i ru 111m1;1"fltJ'll' l'l'IJ17 1 'W fl'HU fll'J 1 �!fl tio�..:ifl:::ihrn..:i m� ! 'UJJ'W 'ill fl 
JI I 9J I i/ I 

'WllJ'W lJ�'V'lf 11! v/ lJ ;'W V11 'l irnml;l'fleJ'lfiifil"f1 � 1;1,:i fl�11�el !fl�fll'.i 11:i.Jloi''W fll ':i11;'1fll ! 'W GJ1!�!11;'U 'l 'W 'IJO!�'n 

fll';j'li!fl�e)"1-:Jfl�'ff'illflfl'.i� !'IJ�'W'illfl PFAD U"fl� Ultra flow 700s ii'V'lt)�fl'.i';jlJ�miJmJfl'U flci71�e) fll';j'l� 
• I g} I "I"" 

o 'l ')} "" <£ , "" 'l ')}" I"" 
o 'l ')} , d 11] ')} "-' 

lJ'.i:I.Jltl! 0-3 phr 'Vil 11!1"f17i'l'flel'lf!'V'llJ'J-!l'U'W U\911:IJe) 'lflJ'.illltl! 5 phr 'Vil m1m-i'l'flel'l/l;l�"f1-!lelf.Jl-!!!11'W !�'lf� 
' ' "

1:we:Jvi'il11ru 111mm111;1m t 'W 11rn:::ei'\9111m111;1f11 t 'W GJ1 'V'l'IJ17 m11vi:1Jil1mru m'.i i1m1 il fi 'Ul1..:i 3 'll''W� 'Vll 
'U 

!J) � 'J) Cl, 9' CV d\lJ 3' . el I 'J) � Q.I o' 9) d � t J11-1 in� 1 fl Hrr11-.:i rru 1h� norn'll'..:i"lftJ'U 'UtJ..:J ff..:ifl�l;I' 1� lJlfl'll'W 1;1'-.:i v,J1;11 mfl� fll '.i11;'1fl 11 Wlfl� !'J'"J'U'W 'Vl..:J 'W 
' " ' 

!'Uel-:J 'illflm'.i !fl ii fl �lJ'W 'V1111 ,! l'n trJ'W m '.ifl':i��'W'Uijn! f.Jl fll '.i1r;'lfll ! 'W GJf 'Vll °l ir1n� fl'l':iiJ '.i � fl�'lHi-:Jiel'W 'Uel-:J 
" " ' 

"1-:Jfl�'fft��w�u ri-:ii:-rn 'l irin�m'.i U\9lfl\9i'1'1Je"J-:J tlJ!"f1flr.'lf17:JJ�t1'W 1��1v�'W 1ri�'W'W1i�1c'.ile"J:1J 1v-:i 1�il!mrumfl 
• 

9/ I I I J/ I 9J 

il'W 1� eJVI 'il nm 1ri 1 M
H
-M

L 
l'l 'IJ17 1iJeJ il!m rumi1eJ ff-!! fl� ff'UeJ-:J m� 1 'UJJ'W!Vlll;'W V11 'l ,r ri 1� -:i flci111vi:1.J;'W 

I 9/ I JI 

1m�-:i 111fi�-wu TI�!'lfeJlJ 1v-:iil1mru \(-:i il'W 1iJmtl1 vrnfi l:l'IJ'J� 1111..:i m1'lf1vu1hitl 'll''W��1..:i"7 -n'-.:i 3 'll''W� 
" ' 

tl�mru s phr 'V'l1J11m11i!fltle"J"1-:Jfl�ff'UeJ-:im� l'UJJ'W'illfl'W1�u:1J�V1!11 ii�1 M
H
-M

L 
�-:ivi�� 1ei-:iMm�ei 

PF AD Ur.'l� Ultra flow 700s \9llll�l\ol1J 



f 
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d ,. 1-=i. � a., d d lf1 r,j) o a., 9/ 1J't a., 
m':iN'tl 5 vH'l'lHM1J':i:JJ1U!!fli:lrH'l'-:m�ir'Vl tl'l'illfll.17JJ'UJJ�'Vfil1!!1:l�flrn t'UJJ'U!!i:l� Ultra flow 700s 

\?ltlbl'JJ'JJ� fll':illWll ! 'W ci''lJ O,H'.Jl--:Jfl tJJJtiJ11; 

Processing Zinc salts of ML (dN.m) MH t
8
1 (min) tc90 (min) MH-ML CRI 

aid types fatty acid (dN.m) (dN.m) 

(phr) 

Zn-coconut 0 5.75 22.85 4.96 14.83 17.10 10.13 

1 3.99 22.30 4.36 14.20 18.31 10.16 

3 3.29 29,62 4.31 9.64 26.33 18.76 

5 3.31 28,23 3.86 9.03 24.92 19.34 

Zn-PFAD 0 5.75 22.85 4.96 14.83 17.10 10.13 

1 4.81 27.47 5.19 14.70 22.66 10.52 

3 4.29 21.01 5.90 13.16 16.72 13.77 

5 1.92 23,81 4.42 10.29 21.89 17.04 

Ultra flow 0 5.75 22.85 4.96 14.83 17.10 10.13 

700s 1 4.57 23.01 5.55 12.53 18.44 14.33 

3 4.00 23.09 5.81 11.68 19.09 17.04 

5 2.64 23.79 3.40 8.62 21.15 19.16 

2.5.3.3 �'ll'IJ�'IJij-:1£11-11�fll, 'U� 'lll m.11-1 '.fi':i':i'll'lfl �N�iJC)f�fll 1 �um1h·mmtt1�1':i'lf1l'.JH'lh atl 

'il 1 flfll ':i'W 1 t11-.:i 11:1 m '1 'W ci'�u iJ ':i iJ!JJ1ru 'Uo--:imii o�--:i fl� ir'llo-.:i m 191 ! 'UJJ'W 'lf'W\91 � 1-.:i "l 1iJ1 vrn vi ti'lJ fl'U
. a.,-==i, ' � . 

Ultra flow 700s 'Vll'lbl'O'lJ'ff:J.J'lJ\91\911--:J"] f10 300% Modulus, Tensile strength, Elongation at break, Tear 

strength trn� Hardness t#l�i:lfl1'J1111:J�..:J�tlt1Hl 

'illm11� 14 !�l-lfil 300% Modulus '1ltl..:JU7-:J11:lrllll-19f�U1111l�JJ1U!rl'l'J'lflmt1l11,J 3 'lfill'l trlti� � 
' ' ,, 

'W'ill'JU!lbl'JJ1J�f1'e:l'U1.l:ud..:.i 'V'l1J17 !ijti1�11�:IJ1U!lfliiti'ff-:Jfl�irvi'1�'illfl'W7JJ'U:U�'V'lr11 PFAD Ui:l� Ultra flow 
� � 0 9 9' ' d ' ,. 1d ,. I d d 31 91 9 'JI Q d? 

700s !'V'lJJ'U'W 'I'll i'r'lm 300% Modulus 'Utl-.:Jtll-.:J'il�:I-Jfll!1Ji:ltl'\-Hl1JM!'V'ltl-.:J!1;1fl'WVtl tlfl!TUfll':i i'lfiJ·rn1ru�-.:it1-.:i 5 
1 d 9 ,v - I"" "" 1/J - I o 9 ,v1 "' di 1/J liJ ,v J' o 9 ,v , 1 "' 

phr l'ltl'Vlfll':i L'lflJnllU!JJlfl!fl'W rn'Vll 1'11 :1-l!i:l�i:l!fll'lfll':i!fli:lO'W !'Vil !191:IJlfl'U'W'Vll i'l1m :U�i:l'ffi:ll'lM mi� 

fll'Jli Ultraflow 700s lJfil L:IJl915rri1n11m1i1m11l111lvn 2 'lfill'l 1rlm.'J11111l:1Jd..:J�tlU!'l1fiiJ 100°C l�l-1 qJ QJ q cu 
I j/ I iJ I 

!11:ll 22 'lf1 L:U-:J 'illfl'W'U'Wltil'Vl191"1'tl1J 'V'l1J17 �1 300% Modulus '1Jtl..:JU7-:J!'W:IJ:U'U t'W'el-!l'illfl L:IJ!i:l�i:ll:Jl--:J

'jj'j';j':IJ'lfl� i:l'1JJ1':itl!f11911Jijn! f.Jlli:lfll ! 'Uci'trn�iJ ijn! t116U'1,:n� f.J-.:J�l--:J"] �'el 111.lt�flfl 1rl0 �--:J!fl\91 fll'j til�EJ'WU ,J i:l-!l
a.,Q 9) 9) d 1 9' � � di 9 ',. ra � a., d � J t ;f � ,. I "1'JJ'lJ \91 'Ul..:J \91 'W 'il � :U U 'W 1 'W JJ! 'V'l:IJ JJ1 fl 'lJ 'U!:U 'el i fflJ ml U!! fl 1:10 'ff-:J fl� 'ff! 'V'l :U 'lJ 'W '1'1-.:J 'W ! 'W 0--:J JJ1 'il 1 fl ffl':i lJ ':i � fl V'lJ

!�-!lGMtll-! '1J'e)-!j� ..:Jfl�iriie'Vl li'V'li:l'Vil 1,n fl ':i-:Ji'l'5WW'U 'jj�(�tl:U LU-:J!fll'lfll'J 11.l� uimilM
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Quantities of zinc salts of fatty acid (phr) 

' " 
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·nHi 14 vH'l'UtN'U1moun�t11:1-m:::ihrn-:im\?ll'U�'U'illfl1.Jl�'U:1J:::'W�11m1::: PFAD �eJ 300%

Modulus 'UeJ-:JV7-:J1t'lflll'UCJf t'll1vrnvimJf71J Ultra flow 700s 
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� "k"· Ultra flow 700s 
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' " 

iiln 15 Nt'l'UeJ-:J'U1:IJ10Hfl�e)ff,m:::rt'UeJ-:Jflj\?l l 'U�'U 'illfl1.Jl�'U:IJ:::'W�11trn::: PF AD �e)fl'Jl:IJl>i'l'W'Vll'U 

�eJm-:J�-:J'UeJ-:JcJ7-:J1'1fll I 'UGJf t'U'icJrnvi cJ1Jf71J Ultra flow 700s 

'ill ni tJ� 15 tfhrn 11:iJ l>i' l'U 'Vll'U �'eJtt '.i -:i �-:i 'U'eJ-:J cJ1-:i1� mt 'W CJf� tt tJ '.i'U1mw ffl'.i i1mt tJ '.il'U 3 'lf'W\?l 

irlmhj'il1'.iWlff:1J1J�fl'eJ'WUm1-:i 'W1J11 trl'eJt�:iJtJ�mwm�mr-:in�ir'll'eJ-:Jm\?l I 'U�'U 'Vll 1 ttfl11:1J�l'W'Vll'U�'eJHH 
,=l � � t ;f .:A � Q.I d \tJ Q.I d

'l 
9) O 9/ d. 9) .c:::t,,Q,� Q,I \tJ tJ' O 

'l 
9/ 

\?1-:Jl'W:IJ � .:J 'IJ'W 'Vl.:J 'W l'I-HN 'ill fUfH'l 'e) ff .:J f1� ff'IJ 'e)-:J fl':i \Pl t 'IJ:IJ'U'Vl 'lf'Vl 1'11 'Wll'l fl':i � \9.}'W U � f1';i cllf11 ',j 1�m t 'U CJf l'1l '11 
V I V V 

tfl\?l'Uijfl1Vl l�!�1�'U !fl\?l'W'U 1'i:::t�eJ:IJ !V-:J'U1:IJ1W:1Jlfl�'U 'U eJfl'illfl'WfJ-:J'Vll 'l ttffl'.itfliit\?lV!'Q'Wl�ffn\911!�:IJ 

tfl\?lfll'.im�'ilw�1 l��i'U 'Vl1 'l tt'm1:1Jtt�-:iuHt�:1Ji'U 1rlt1vi'il1'.iw11u� vrnvicJtJ'j�'\111-:im'j'lflcJU'U'j'j'LJJ-:i 3 
. 'II 

" ' 

'lftJ\?l -wu11 fll'j'l �m�e:i1:1-:in:::rt'Ut1-:im\?l I 'U�'U'il1ntl1�'U:1J:::-w� 11iim1:1Ju�-:iuHff-:ivi,rn 'jeJ-:JM:IJl�eJ PF AD 
'II • 

� d I 'j/ ' ,:S dq 9) d Q.I t:!t .c:::t, 
-
Id d CII� Q.I ' !!'1� Ultra flow 700s C]f-:J:IJ'fllfl 11:IJ\91 l'W l'l l'W \91 'e)H '.i -:J\?J,rn t m'Hflcl.:J f1'W !:IJ'e)'W 'il l';itl! lllJ';i fJ1Hl'l cJ'l.Hl'lJ'U\91 '11 M'UlJ 

d-:i 'WlJ11 fflliJ�fl11:IJ�l'U'Vll'U�'elU'.i-:J�.:J'\11:1.:J1.lm1.:i'U'eJ.:Jtfl.:J1r1m1'WCJf�1.Y Ultra flow 700s iim'.i 
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RSS-3 SBR1502 
Types of rubber 

l!'.:l Coconut oil

□ PFAD

RSS-3/SBR1502 

' ,, ' 
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11.Hi 22 Nr!'Uel-.:JlflfteJ-a'-.:in�iY'lJe),H)'j'\91 '1'1J:JJ'W'illfl'Ul:JJ'W:JJ�'Wrr:imu:: PFAD l>ieJ':i�V�V\9ll1'il\9l'IJ1\91'1Jel-.:J 
� . 

v1-.:i1rimt'Wcif'lf'U�l>i1-.:i1 t\9lm'I.J'fornvivrni11m11i Ultraflow 700s 
d ?I -=t d "' 1lj "'"° "I "" ""'l 'JI ' "I "" ,i1m1l'Vl 22 tu'W'J'�tJ�cJ\ol'Vl'il\ol'lll\ol'lleJ-.'.lcJ7-.'.l'H'l'fl1 t'WGJf'Vlttu'J''ll''W\ol'lleJ-.'.leJl-.'.l'Vl 1'll'bl'l'J''ll'1titt11nu 3 'll''W\ol

., q "' 

' 9 'J/ I "' "' "" 'l d <!I d d <!I 
'1"11111 fll'j !'ll'bl'l'J''ll'1cJttu'J''J'u 3 'll''W\ol !'WcJl-.'.1 SBR-1502 m�cJ�cJ\ol'Vl1l\9l'U1\olff-.'.l'Vlff\ol 'jeJ-.'.!MlJlflel RSS-3 trn� 

cu q cu q 

,,:.9 d 1G) Vd Q.I J Q.I d , q G)V of:!1 0.1  d 

RSS-3/SBR-1502 GJf-.'.l:IJfll !flrl!'flcJ-.:Jfl'W 'Welfl'il7fl'W'il�ff-.:Jlfl\91ll1'W17 !'WV7-.:J SBR-1502 fll':i 1'lftflrlel'ff-.:Jfl�ff'llel-.:J 

,d G'j 9/d Q.I 'Vl'il\91'\Jl\91 !flrltflcJ-.:Jfl'W 

80 ------------

E 70
E 60 -

- so 

C 40 
J9 

'iii 30 
._ 20ra 
{:!. 10 

0 

Ea Coconut oil 

El PFAD 

El IJltr;:i flow 

RSS-3 SBR-1502 
Types of rubber 

RSS-3/SBR-1502 

' ,, 
_J-=I t:!:I QI d 1J1 Cl.I o Q.I '!J) I 9/ 1 

lU'tl 23 Nr!'Uel-.:Jlflrl el ff-.:J fl� ff'UeJ-.:Jfl'j'\91 ! 'U:JJ'W 'illfl'Wl:JJ'W :JJ�'W ':i 11!!'1� PF AD \91 el'fl 11:IJ\911'W'Vl 1'W \,l elfll':i 

� fl'IJ7\91'1JeJ-.:JV7-.:J1'1fl1'11-J 9f'lfU\9ll>i 7-.:J"l !\olvt'l.11vrnvit111tium11 i Ultraflow 700s 
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' 
d d 'J) d 'J) & o Q.I QJ .:!:I d c. c. 
m 11n1 � !ti f.J\Pl l-Hltl :JJ7 fl) 'YI 1 fl ii reference fl THnrn-:i m ii 'W t:11 m mN m \Pl m 1,w rn m \Pl 1;1 e> '.i fl Im� PF AD 

reference l'V'l'Jl�!lii'.ifll'J'J�'l,j condition 'l'Ufll'J 'U�:I.JlWl'VllfliJ 6.67, 8.67, 9.43, 2.84, 2.04 mi� 2.42 
,, ' 

l\ol�V:IJ 'ff1'U'U'U\olO'UYi 2 EJ-!lfl�:IJ!fl!o tll'lf\Pll'il'U m,� nf:iJ \oll:IJ�l\91'!J :lJl'\'llDOfl!V1ff�ilouvJ1f1'Jf'Utl'lJ 

-u'Bii1;1tll\9l'J-:Jf1'U'l'W'YIU7 10-11 t"b'l�f.J:IJ!g\Pl'Jelfl!"b'�'U1:IJ7W 0.1 mol '111elD1:IJ7W 4 qJ 
01 q <JJ d a.i, o ii 

nm t'W'll1\Plfl'WF11;1ii'Vle>ru'ttnii 70 c 'V'1rniin1u q qJ ,, ' ' 
\91'10\Plnm 1,tl'Wnm 1 s 'WTvi" 1rn�'U'W\91B'Wvi 2 1-w:iJ 

�Ofl17:lJ "u1m�ei LGJfl�V:iJ�t�il!mw 5 nf:iJ 11.l 
,, ' 

J;l�mv'l'UU1f1'1'U'U1:IJ7\9l'J 20011-a��\,l'j vhilon�Vl 

fl1JC)f-:Jf)Ctll;ll'W\91-u':U-u''U 0.15 M D1:IJ7\9l'J 100 

JJJ;l��\,l'j" 

1�m11 � o 2.6. 6 m ·nn 'LI r•rn fl l'a 1 � u 1 �w m v
r

a 1 iJ 
• 
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