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£ i3It ZF Aol tiell Kissinger®] siATHS 2185t Ao} vilf- ofsst A Belom 78727 A&
A3} o x| k& BE AZof tis} 147.02.0 kI/molE 72] L83tk Flynn—Wall-Ozawa2) aji2uhH-S 4
|3le] sk 0.05~0.40 HElelA Alta Faild/ds) oA a2 dskee] wstl uet Al wslslia sk
o] STl whet 71 FhE FVIeRe dE Kol F9lom], HEds) o] gk 211.6+19.0 kJ/mol ©]3itk
7HA sl WS vl ATRERE, AAEES] A iRk vhgHFUSe] AR T ofy] WAle] v RES o R
o]Fo] Qli= Aoz AZst 4= qllrk

Abstract: Thermal degradation behavior of CR (chloroprene) —modified NR (natural rubber) compounds,
having different sulfur/accelerator compositions, was studied by non—isothermal TGA method. Data
were analyzed using both Kissinger and Flynn—Wall—Ozawa analysis to assess the activation energies.
Activation energy obtained from Kissinger analysis was 147.0%2.0 kJ/mol for all samples, showing little
effect of sulfur/accelerator composition changes in the samples. On the other hand, activation energy
from Flynn—Wall—Ozawa analysis exhibited much variations with conversion, showing average value
of 211.6+19.0 kJ/mol. From the results, it was considered that whole thermal degradation processes
of the samples were composed of complex multiple step processes, of which reaction mechanisms were
different from each other.
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NRuFA 9] B3t A3k NR 5 [poly (cis—1,4—iso—
prene) ] 7} FAREC] oS ARS EHiAo® THAAL Qlor R Ak &
A BlollA 9] Abslol= 53] wizkslthe Hlolld 7118 waha,
NRaZF-2] 2kiol| ot Aks) 9ES-2 w9 EXskA] I3Hc) A/duks-
o M= ofu] B3t theA] Wh-& AA visolXivh= 218 ATR gk
A9k rkepkgolii= A Hol 28l (scission) £} 71Nk (cross—
linking) 2] -7 7| REgo] SAlel A 0= ojupA] . ool wlz}
Al Gl 1] S o] Ul WEe] e Hkel wet &
R, FAEY] Eajlo] o3 dshikg-S vFe] BT Fw
(stiffness) & 2} = Wb, 7k~ % (hardness) & <7}
AZTA AR o] = du|dol 31-2] FA4 (brittleness) ©] 575l
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NRE] 7-Folli= dg) 291710Mx] Ak ot aAlE uif-22]
ksG] wEl 5 7)) RES-e] B Blgo] I geEfivhe A
o] &4 gk’

B Ao CRZ 71d¥ NRILY- B3 = 0] Gia)] nkgo] o
slo] FRETE AR defslo] AFsK= Bl TGA (thermogravi—
metric analysis) & AFE3lo] A8 st Foixl Aol
E}Z Kissinger ¥ Flynn—Wall—Ozawa®°l] 23t A2 th2 x4
< Agozy Aol e AE vl A7l
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AMEE. NRIFH(SMR20) ol a5 70812 A chloroprene (CR,
B-102)& AR50, 7HARE FHsulfun) <, 7RISAAIZE €
SHA(TT) 9 =3oRIA(C2) & ARSIl e, AlsPiAAZE of
WABC) & ARSI WA 7l A7 SR E8ER] 92 Base
sz AR $181e] T3R)2 90/102=2 &3k NR/CR 4] 100
partel] tgte] CB 50 part 2 4BPEA1#] 3 part® ¥ CMB(carbon
black master batch) & #|Z=8kL ©] base CMBe] thsle] 7FAl/7+
AEXAY vEs 2 /R "R AS £33t FMB(final
master batch) ¥EE & TXIE AE3to] AlxsISick A3 el A
¥ 7iEE NRIF H53A5S] S5l mighlE 7795 Table 101 Y
ERAIEE 47019] WEE 7REIEAIA] F2] sulfen amide$} sulfure] &
< 3.75 phr2 178kl 1 o] Z/duIuks: WA A 7PaA] v
Z& YERATh

Table 1. FMB Formulation Obtained by Roll Mixing with the
Base CMB

Function Chemicals Contents (phr)
Samplel SampleZ Sample3 Sample4
Thiurams 1.0 1.0 1.0 1.0

Sulfen amides 3.25 3.05 2.95 2.8
Accelerator - 7ol thiazyl
disulfide 0.5 0.5 0.5 0.5
Cross—linker Sulfur 0.50 0.70 0.80 0.95
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Figure 1. TGA thermograms for the samples with several different heating rates.
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Figure 2. DTG thermograms for the samples derived from Figure 1.
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Figure 3. Peak temperature, at which maximum reaction rate
occur, for the samples as a function of heating rate.
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In(a/7) vs. (I T3) 5 E53 Aups vhehdck eollA o)53t ulsl
2ol Z}2}e] TJRlEe] tisle] 71870l & Wt glo] g 7] Ao
E fitting™ 7 Qe B0 & o, Aol ARG AZEelMe 7EIAY
7RIEZIA] 229 ®iglel] e AR RESV1Te] & Wshe ¢l
Th= Z o2 e] sl ¢ ik megh vk 5t 2P dAds Bolk=
Zo7 Hol B A% o] H9oi= Kissinger? 3] Bho] a3l
A8 4 Qlukar AZRE 4= qluk 1Rlel|A e TET |2 E A &
243} ol|A] k2 147.012.0 kI/molZA 22 AEE] diste]
dynamic DSCE- ©]85}0] 92 thE Aol 2] AdEA3] oy
] k1 83.0£5.0 kI/mol #tell vlate] wf-e- =2 olliA] gks Ho
F9Ie o= anbA o® pRAEe] pENIS oA E Sl ohjz}
7HEISZAIE HIEsle] ekt AREAlsltEe] B o AMEEY)
uhel] AR eME olF0] FHulelaks slof REgEE) oy
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(cross—linking) ¥} FAREE-8IHFS-(main—chain scission) 52] Hk
SHZE0] MZ TR HEgE0] SAlel A= AR 0 ® oA
HEE A3} U] gk olFe] A7 Whgell B adk 2493 ofy]
A kel E3row R} uhiEel Ao Yz’
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Figure 4. Kissinger plot of TGA results, showing that the acti—
vation energy of degradation may be obtained from the slope.
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Figure 5. Flynn—Wall—0Ozawa plot of TGA results for Samplel,
showing that the activation energy of degradation may be obtained
from the slope.
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2] Wo R dlAste] Table 204 HXo] Z+ A& tisied o]9}
2L SRS 218510 In(g) vs. (1/7) Z59] 7127)25E ARk
AgE 0.05~0.405= HALIex gAEEolx 9] el ds) o
UAE YRS Table 2614 & = Sl 7P & 542 Gl
HESoA 2] 23l ds) oA 2] gho] xshee] Male] ule} A%4]
o7 Wglsith= Aol o9} 2 54L& Table 28 TIHOE XA
St Figure 6ol A HTH 6L s & 5= Stk BE AlZel o
slo] Aslgo] Sl ut &g} AT Sk s 1ol
=), o]2)3t A A ofxd= Hrt o] 4A Aotd 4= Q= a5
29] Apzo] s HhE FallRkSo] X1HHe] wep HA o ¢k
A3t IETEE oFE= AKEER] B i a2l HafjEofo}f s
iEl o= A7 o]9) v} Aot & A2 olglA &g
3} |7} kel wet Mgtths 2 27k Mg dAlelA
9] HEgHFREe] AR Zdolaiths ARdo|th o]= ella] AT
Kissinger?] 7Vgolxi = Ads] the Zlolt). wabx, of2|dk AR
ERE 558 = = 22 Kissinger?] aXHRS AAZQl vk
Tgell tigh Ft 2l 3] oA gk shube tlaa o= viehdle]
HojFE= WA Flynn—Wall-Ozawa2] aflXdol] 23t HhH-& uke-31y
9] Xgef| o3l HxIA o2 JEA|E HehEe] upE w717 vlA
st ks AgE ¢ QIS FlE thE 540 Stk As st
. st 5= Qi) o) E 5o SellA] 7153t niel o] Faiik-SollA

Table 2. Activation Eenergies for the Samples at a Constant Con-
version Obtained from Flynn-Wall-Ozawa Analysis

Conversion Activation Energy, £, [kJ/mol]
(o) Samplel Sample?2 Sample3 Sample4
0.05 124.19 123.48 189.87 141.72
0.10 156.85 172.52 204.44 171.69
0.15 155.99 195.52 213.72 191.33
0.20 182.41 190.97 210.81 189.14
0.25 182.41 193.88 214.09 199.89
0.30 194.42 219.18 229.74 216.09
0.35 214.63 239.57 268.70 240.30
0.40 247.58 249.40 310.57 276.89
4 [m]
o] | 57 Samplee
1| -3 Sample3 o LB
= 250 -/~ Sample4 s
£ ]
% 200
w ]
150

Conversion, o

Figure 6. Activation energy variations of the samples as a
function of conversion obtained by Flynn—Wall—Ozawa analysis.
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3 5 WA 33 3 WA2] NR 9] )% broadslAl S50
Ueh b= 21 st = Qi

3) 2zt BZ) el (/7)) vs. 1/ TS Z23 A3}t w5 33
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4) Flynn—Wall—Ozawa?] aiXuHg 2)-8-sfe] 2t &l tist
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< Hol FIth 0|25 AEE2] A Eafihg-2 RESH|7REo]
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+2.0 kJ/molZA], oJell “d-851= 8} 0.05~0.35 el Flynn—
Wall-Ozawa®2] si&iel 2ato] Ante Bdds) ou] g
211.6£19.0 kJ/mol B} 3] 212 k& Hof itk o]zt 4
= Kissinger ] 314 ®io] @3} oA7} A o= mlj9- vk
AN EHE T23lel o] 27|7kK] 2] ANEgel thgh HrA<l
& YeRl= 9bd, Flynn—Wall-Ozawa®] si&e 7, 255
2] HglEel gt Baeks Allelsly] wiiel Ao A= Sich

Appendix: Flynn—Wall-Ozawa?] 9] =

Flynn—Wall—Ozawa®l| &t 32 A Aslao] o]2+=1]
a3t MR TE $2HE oM 25 47 HH 58RI A
5 E3o] HEgEHds) oluix| el WA ARtE 4= Q= o] 9l
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