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6. 'Y'Vl1't1Yl1"J,IULl61:::A'"J13Jff1fl'l}

tl1-illi"iW'Jf1��-il1flfl1 L wir11i1t1 hh:::uurh:1J:::t1Ullfl:::ITT"il 1-i13JnLnli1UqJ'V\1n7"ilflli11l 10-fiu (reversion) 

bli1 mu 'V'-11:::0 r.i1'1 �'11 U"i::1J1Jn7"i1 flfl1 L U'lJ�L 'lf01i1TI �1'1,l,"lJ el-:! rrrn:::nu� ElITT"il 1'1ff-il��El"i::1J1Jtln� (conventional 

vulcanization, CV) 1n0-f-iwn11 i ffl!llil'll0'1tl1'11flfl1LW1fi0t1fl.Jl rtei'1'il1nITTL 'V\li1'Vlfl1 m.h:::nT�L�LLn n7"iflli1fl-il 

"1J El-ilmll1 rn �Uli:::l �el:IJ LEN n7"ilU� l'..JUllUfl,'J Lfl"i'1ti11'1"1Jel.Jvruli:::l ;El:IJ bl'..!'1 n7"il vi :u 1m-:i ti11-J� LlJ'l,l,1-illJUITT l'..J b'Jf 

'Vlin"llEl-ill'..!1-il (cycnzation) n7"ibfl(j}�-,,tli:::fif1EJU'llbnli1 (conjugated double bond) 1JUITTl'..l1'1imtn '-lfl'-l 
" 'II 

-:11u ii tJit�"� EJ'1n7"iia1n 1,-1u11�1'..J�1,1 � �ih-rn� Bm"i�L 1EJ-fi-u"JJ1J-ilt11-illiTI:U"lf1 �r10:uL1hl Ufl:::i:-Jfl"ll El-ii 
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8. m'ln1"i�1L 'UU'11U 

1Hnn!3-oy (fowna) 
'11'U.1itJUfln'lflnT:ibn'il1b101i°1-Ubfl:::ff:!Jlm'V\fl'1n1'"fJflfl1LWJ!"lJ0'1£.11'11i"i"i:!J''1!1�fltl:!JbU1'11 

u,iitJ�m'ili1,di��c;iam"iLn'i11L1afi'il,"1J€)'1£.11'1 L'i1mLU'1n1'".iftn'l!J-100nLU'I-I. 2 R1'\,l, L�bbfl 
1. tl1'11i"i"i:!J"lf1�L:ij�ff:1Jff1'".i'i11b�:IJ L'iltJfln'l!l-1lJ9l'iltJG11'1 ') 'il'lld

1.1 "i:::'IJ'IJ"lJ€1'1nTr)flfl1LU'l!bbfl::"1fi1.'i1"1J€1'1ff1"id°'1tl�mmm"i1�m 1wn L�bbfl ITT"i�1L1'1n�:JJL1i0:::L'lffl
(thiazole accelerators) fitl MBT LL�:: MBTS bb�::ITT"ii1d'1n�:!J'J!flW'U.1L:JJ'11 (sulfenamide 
accelerators) fitl CBS Lrn:: TBBS 

1.2 anmniJ 
' 'U 

1.3 ff1"iUEJ'1f1'1,l,f1'\,l,L�mJH111r'l N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine (6PPD) L'i1tJ 
bb1.hmmrul'il,°1i1'1 0.0-1.5 phr 

1.4 ff1"i'ii1u1nafw 4 "lfil.'il L<i!bbfl trimethylolpropane triacrylate (TMPTA}, 1,3-
bis(citraconimidomethyl)benzEne (BCIMX), hexamethylene-1,6-bis(thiosulfate), disodium salt, 
dihy-drate (HTS), Ufl:: 1,6-bis(N,N-dibenzylthiocarbamoyldthio)hexane (KA) L'i1mL1hmmru. 
1'\,l,°1i1-J 0.0-3.0 phr 

2. £.11'1lf"i"i:1J"lf1��ff:1JH1'".i�1L�:1J�'11flm lui<A'1£Jri1:1J::t1'1,l,Ufl::H1"it':i'11 '1-1."i::urn.Jn� L'iltJftn'l!l-1iJ,ii tJlii1'1 'J
� .t 'i1'1'\,l,
2.1 "lfi1.'i1"1JEJ'1ff1"ii1L�:1J MLLri L"1J:ij1i,h N330 LLfl::LLflflL,;tJ:iJmfumu'i1
2.2 mmru"1JEJ'1ITT"i�1L�:JJ1w1h'1 0-60 phr
2.3 ff1"ilil1'1-1.1L1Elfii.t 4 'lfU.'il L<i!LLT1 TMPTA, BCIMX, HTS, Lb�:: KA mmru. 2.0 phr 

3. 1 Lm1::v;im1u"lla'1 tl1'1fl amtl11i1�l 'li'LL�::l:ijl 'li'H1"ii1'\,l,1L 1 afiu' 
"" .-.:.. "I .- '" 11 "' "'I � � 11 .-.d'l " .d n1"i"iL1EJ"i"lf'il,"1JEJ'1£.11'1flmJblJ1'ilITT:!J1"itll'ln'l!l-1 L'i19l1nmTnbbff'i1'1r'lt']'i1n"i"i:!Jn1"i1flfl1 b'j,l,'lfY] L'i19l1nLf1"'50'1 

oscil lating disk rheometer (ODR) Ufl::m"iL'llfornritJUff:!JlJ°iYl1'1W�nWllEJ-J£.11'1�'11flmhi� optimum cure 
time (t

0
) Lb�::� 1 i'1L:!J'1 L'i1tlff:IJ�Y11'1W�nAfl1'i1L'iiLLri m1:IJ'V\'il,1LLU'l-l."1JEJ-JW'l,l,li::b;0:IJLt.1'1 :!Jtl'i1flff�"i::tJ:::�'il ' 

mmn:Simrn�aiilf·:mma (fowna) 

tJ1'1flEJ:!J Ltl1'11<ft'1 L:ij� H:!JITT':i'il1L�:IJ LLfl::1�m l 'j,1,'lf1 'l,l,':i::uutln�,i::L n'i11L 1 afi'il,:!J1n�H'il R1u "i:::uu 
tl1::m1im't'l,1:: l:ij Ln'i11L 1 af� uG\f\1 LL "i'1U'i1 H'1 H'i19l::�f\1�1ni1 U1'1fl a:1JLU1'11�.,i1�m 't wn1 u"i::'IJ'I.J�'il, 'J

'U ' 

.t ti .. � ,< ,,1, .r .d .,: A � 11 .. .d 0 'il,EJn,i1nutJ1'1flEJ:IJL 7'i19l:::Ln'i17L1€l"i'lf'il,:IJ1n"ll'I-I.L:!J m r'l:IJ�lliVIIJ:1..1 n1".i,flfl1 L'Wl!tJ1-JY1'".i:::t1:::n�1mnn,1 optimum 
cure ti me 'Yi11imm lliW'l,l,li:::b -:aa:1..1 Lt.1'1fl'll�'1 bb�::mmruwuli:::b�EJ:IJLtl'1"1JEl'1 tl1'1<B'11flfl1LWJ!i1 tJ"i::'I.Jutln�,i::: 
fl<ilfl'1:1J1nn-l1t11-J*-J1 Glfl1 I. w1M,a1:::u'I.J�'il, ') Lbff'i1-J 1 iL ,t;;'il,11n1'".ibn'i11b ,afi''il,i:IJW'il,li!l1Jn1':ifl'i1fl'1"1JEJ'1In1J1 rn 
W'il,li::b;tl:IJLt.1'1 n1"i1'1i'ITT"i 6PPD l:i.iITT:IJ1"it1UEJ'111'\,l,n1"ibn'il1LWfi'il,L<il t1iL'i�'il,11n1':ib�tl:!Jff111r'l"1J0'1m'1 L'i1tJ 
aan;b9lU.'V\10L0L6l!'l,l,L:ij1"JiITTbWil'Vltmrn'1m"iLn'i11L1EJfii.t u.an,11nUm"ib�:1Jm1J1ruH1'".i 6PPD (0-1.5 phr) Lli ' 
'1'111immruw'l,l,li::b;0:!JLtl'1bbl;l:::ff:!JtwlLi'1nflLU�tJ'U.LLUfl'1 m11'lfITT"ili11'ITTL1€lfi'il, BCIMX, TMPTA, ui;:i:: HTS 
1'1,l,m:IJ1ru 0.5-3.0 phr ,i::"Ji1tJ1mm:::iummrnw'l,l,1i::L;tl:1Jfo'1bbl;l::ff:1JimL;-'1nfl"lltl-JtJ1,lH b�0'19l1nITT"ii'1 3 
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A O ., ,d � d 1 ,d , ' A ... .. ,1,, , .J O 1 "· � 
"l)''U,�l''il:::'Y11'V\'U.1'Yl"D'Cill "JllJ'WUli::l "JH!ll £.h'l'YlflCilfl-3 b W:i::'V\'l1-.ln1"ilnCil"il 1 e)j"lf'U, b Wllrn:::'YlITT"i KA 'il::m 'V\u"i111tW'1Jel-.l

� 
d 1 ,; .t .J', ., "' , • ., .J !'I d 1 .d .. • � • , ., ....,, 

'Y-!Uli::l"D'el:IJ r.J-.lLV-1:IJ"lJ'U, "D'b'V\l'V\'U,11ff1"i KA Yl1'V\U1'YlluUITT"il"1fel:IJ r.J-.l'YlUElnL'V\'U,El'il1nm11::t1u lbfl:::'Y11b'V\ff:!J1J(j) 
A d .... � � d 1 

A ,,tl b "D'-.lnfl"llel-3 r.J1-3fl<i1fl-.lb 'U,El-.l'il1n r.J1-.l:!Ju"i:IJ 1nl.'WU1J:::l "D'El:!J r.J-.l:IJ1mnu b 

t.11-3 fl e):IJ btl1i�-.l�ff:!Jb "11 :ih;h bba::Lbflfl b;r.J:1Jf11{1J Ell Wil [J-.lfl-3 b flCiln1"i�b 1 sfiu bl\?im.i1-.l l "in Cil1:JJ"i::ium"i 

LnCil�b 1 sfi'u 1:l-i.:ff unummru."llEJ-.lff1"i<il1L�:!J n1"i1flfl1 Lwfrl111nLnU LU'il::rh 1immru.rfali::b �El:IJ 1t.1-.lii1Ciliil-.l �-., 

n1"ibU�r.J'U,bLUfl-.lm:1J1ru.iu11::tiei111t..1-.ln1Jm:1J1ru."11EJ-.lITT"ilil'Jl�:IJ"llel-.lr.J1-.l�-.l1flfl1LWJ!� cure time llfl:: 1 hr ii 

trn'!f rn:::ri i1 r.Jflii-.lll'U, llffCil-l 1 iL �w:hm"iLnCil�L'J sfiu i.:1.1iim11Jff:IJ"W'U,lfnuei'UCil"iITTt.11"i::'V\11-.l t.11-l lla::ITT"irnL�:!J 

L "Jim� r.J'JTllJ t.11-.l-H-.l i.:iJ�R:!JITT"ilil'J l�:!Jn1"i L"lfff1"imU1l 1EJ{iit KA 't11 L im-.,iimm rniu11:::b imJLr.J-3 l �:!J,r'U, 

tl 
.d ' .d ,, ' ., ... .-.:. ,d .d ... � "i::::!J1rn'V\U-.lb 'Y1 1"11El-.lr.J1-.l'll-.l b:!J�ff:!Jff1"iCi11'U,"il'JE)j"Jl'l,t "llrn:::'Ylr.J1-.l<Jr-.l�ff:!J BCIMX, TMPTA, lb a::: HTS :!Ju"i:!J1ru.

iu11::L iei:JJ br.J-3 LniLfir.J-.lllU ITT"i KA bUUff1"i'Yl1 L iLnCil'WUli::LieJ:JJ 1£.J-.lUelnl 'V\'UEl'il1nn111:::1fo L U"llnt::yj BCIMX, 
o .., d Q.,, .d b d d ,i::,o .d ,d,, 1"' • 1" ,. , 

TMPTA, llfl::: HTS 'Y11'V\U1'Yl"D'Cill"1fr.JV-1Uli::b"D'el:IJ t.l-l'YlflCilfl-.lb:IJElr.J1-.llnCil"iL1El"i"D'U n1"i "D'ITT"i KA 'Y11 'V\r.J1-.l:!Jfl1

:!JEJCiliffR-.lni1m"iL"J5ITT"iG11ml1f ffi'u"1fil.Cil�'U,') u\?iii�1m1:1J'Y1'U,'Y11'U,i;Jelbl"i-.l�-.l�1ni1 'il1n�am"i'Y1Cilflel-.l'Y-11Ji1 
. " 

ITT"i BCIMX llfl::: TMPTA LUUITT"ii1mnsfi'urlii1.h::m1fimw�ni1 KA ua:: HTS 

1. 

2. 

3. 

4. 

5. 

... 

i'j IS°''l,I d .. I A ,=a, 
,.( A A d ,� A .J" d A 

b 'U,"Jr(j)'J tJ"i::UUn-.lu"i::ff'Ylli171Vl blfl:::"i::U1Ju"i::m'lli111W ll a::"il 1 e)j"l)''U,'iJ::LnCil:!J1n"llU 'Y1 urn 'V\ 17:!Jff-.l 
. " " 

ff1"iUel-l !lUn1"ib�El:!Jff111W 6PPD l:1.JITT:IJ1"itlU El-3 !l'U,n1"ilnCil�l 1 eifi'u 1 'U,t.11-lfl el:IJLU1�

ff1"ilil'Jb�:!Jb "ll:1.J1ITT N330 na:::Llflfl b;r.J:!JflTTIJ Ell  '\,l,Cil 1:i.hh r.JlJEl-.l!l'U,n1"ilnCil�b 1 sfi'u L 'U,r.J1-.lf1El:!JlU1; 

m1:::-a::<i1U"l1El-.ln1""aLnCil�b1elfi'UL3-!�'U,fJi:Jnutfl:1rnll."1Jel-.lITT'"ai1L�:!J " 

ff1"ii1mnsfiu KA 'Y11'V\i!1rlLuUITT"i11ilfl1L'U,"nbff�:IJ'U,e)nl'V\Uel'il1nri1:u::t1U 1u"llrn:::�ff1"i BCIMX, 
• ., ,d ... d 1 .J 1 ' A .. .-,1,, 

TMPT A, lb a:: HTS 'Y11'V\'"1'Yl"D'Cill "1fr.JW'U,1J:::b "D'El:!J r.J-.l'YlflCilfl-3 'U,'"a:::'V\11-ln1"ilnCil"il'JeJj"1f'U,

ff14a BCIMX Lla:: TMPTA lUUITT"ilil1U1L1Elfi'url:utl"i:::ff'Ylli111'WITT'V\i.Jr.J1-.lfleJ:1Jbtl1i�R3.Jl"ll:IJ1�1 
� '1 ,;1" 1"' , ' '1 b l'.. � ::'!I '1 .-bbfl :::'Jflf11 bU'llbCilr.J "D'� 1"ib"i-.lnfl:JJ bliEJ::: 'llfl "i'J:!J'Yl-.l'llfln'U,1 b:IJCil

1 o. 'ileHi'lumm::: 

'il1n�a m"i�n'IY1 m1iJs-3num"i�L 1 e1fiuITTm"it1't11 i.iJ-.,m"i 1 "lf"i::uum"i1am i. WlfLLuu1.h:::m1fimV'l

Lrn::m"i 1 "15ff1"ii1ml 'Jfffiu llliln1"i 1 i'-a:::1JUn1"i1flfl1 Lll.'l!bbUUU'"a:: ff'Ylimm::'t'i11 i�:JJ�l �-.ln fl"llel-3 t.11-.l�El tJ fl-.]
d .r.:'! - d l 1 .J , ., ., "' .-,1,, ' ., � -� ... 

l 'U,E!-l'il1nu""a:!J1 nl,"1) el-.lWUli::b "D'el:!J t.1-.lflCil fl-3 U"llru.::Y1m"i1 "D'ff1'"a<i11'\,l,jl 1 El"i"D'U'il::"D''J EJ"in'!f1"i::<illJ"1J el-.lu"i:IJ1 ru. 'W'U,li::

l:.aEJ:ufo-Jtb�:::�:U�bi-Jml"lleh'l[J1-J ��nT'.ilJ0,Jl1ltnT':i1L"lElf,Tu��f)E) n1"'.ili'sn"'.i BCIMX mi:: TMPTA tfo.nm 

1.0-2.0 phr 1 ittWl"it.11-ltln� 
" 

u0n'il1nd�am"iftn'IY1 EJ-.lV-IU11ITT"i KA 'Yi1V1u1�bUUITT"i1ami. wfosm 'V\UEJ'il1nr'h11:::tiu i-.,Ju 

m"iftm.;.1m-a1i'm"i KA LUUITT"i1ami.ui tvls1V1LiEJ1-l�ijH:umiLi-.lna;bba:::�m1mRiit.1"ilile1m1111eiu �-.,Li'.Ju 
• I "' ,d , , u"i:::blil'!.t'YlU1ffU b'il 

-., ...I I - ...t 
11. rrn,nun1-1-;i�1m"'.i't1�1c;t'JTil:::mc;t'21U 

n1"iU1lffitEJ�a,nu1u�tl"i:::"D':JJ1"D'1n1"i 'V\�€Jn1"il�mbw1�a-31UL'"11"iITT"i1"D'1n1"i�:U peer review • 

iv 



/:

.. 

•• 

£.11'11i"i"i:I.J"Jl'1��'11 iilfl1 L U"lf '3l1 t..lfl1:1.J::t1Ullli1::ff1".H -;f ,i 1 u 1::wtln�:iTmn�1l 'J 0fiu�'1't111 i ff:I.JlJGi"lJEl,l t..11'1 
'il El ri iil'1 ,11u%t..1itftn'l!l-1iJ-,i11 ri�� �fl� am1Ln�1l 1 eifiuLliil::�iil"1J e1,1m1 H'ITT-a<ii1u1L 1eifiu� eJ�:l.ltrn"lleJ'1 m,i 
1J"i"i:1J"Jl'1 � riei :1.J Ltl1i 'il1nm-aiaimnw1J11Lrl0eirn'V111fo vi :1J�U1L ·rnfi'u'il::mntu m11 iITT1iJei,1num1 

. ., 

liEl:I.Jff111'V'l 6PPD L:IJ'lf1t..l'Uel'1!1Un1"alfl�'1l1Elfi'u llff�'11 il �w:h1neifi'u'l:iJ1'3lln�'il1fin1"ielelfi�b�i'u"llEl'1 t..11'1 
1neifiu£J'1f1'1bfl��ulum,1�,li:,Jff:1Jl"llm�1 N330 bliil::blf11ilb�t..1:1.JmflJmU� 0rJ1,1hni;i1:1.J"i::lillJ"1Jel'1'1n0f�1li 
tuei r.lnrn.nmruff1"ili11 b� :IJ 1 ut..11'1 bbff�,l 1 Vi'b y;'l,l,111b 1 eifiit 'l:iJiim1:1.J6f:1.JYfalfnue1wi1"ifl�£.11"i::Y111,1 ITT"ii1 b�:I.J 
lllJt..11'1 ff1"i�1u1neifiit Vulcuren KA9188 (KA) n1'Vli!1�LUUITTTI!ilm hiueim 'VIU.mnnn1:1.J::5u 1 it"llrn::� 
ITT"a BCIMX, HTS, bbiil:: TM PTA 'Yl1Vi'1t1"Jl'�b "Jl't..lWU'li::l �el:IJ 1t..1'1�'1fl�fl,l lu-a::'V\11'1n1"i1b1fffiu BCIMX bbfl:: 
TMPTA lUUITT"i'il1U�l10fiit��1h::ITT1imrHh'Vl�1Jt..11'11i"i"a:1J"lf1��,1mrnL"ll:iJ14n 
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Abstract 

Natural rubber vulcanized by sulfur-accelerator conventional vulcanization system always faces 

reversion which leads to inferior properties. This research studied factors affecting reversion and effects 

of antireversion agents on properties of natural rubber compounds. It was found that reversion increased 

with increasing temperature. The use of antidegradant 6PPD could not prevent reversion suggesting that 

reversion was not caused by oxidation of rubber. Reversion also occurred in rubber filled with N330 

carbon black and calcium carbonate. Degree of reversion is, however, independent of filler content in the 

rubber indicating that reversion was not related to interactions between rubber and filler. Vulcuren 

KA9188 (KA) antireversion agents acted as additional curing agent other than sulfur, whereas BCIMX, 

HTS, and TMPTA compensated chemical crosslinks decreased during reversion. BCIMX and TMPTA 

were effective antireversion agents br natural rubber filled with carbon black. 

vi 
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