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Abstract | Measurements of modulus at 100% elongation and extension ratio at break with the total-
, poly-, di- and monosulfidic crosslink density of HAF-filled vulcanizates before and after aging at
100 in air and nitrogen for up to 168 hours were carried out. Also, the influence of the crosslink
structures on the Demattia crack growth rate was investigated at various temperatures, The conven-
tional(Conv), semi-efficient(Semi-EV), efficient(EV) and dicumyl peroxide(DCP) cure systems
showed the similar level of total crosslink density and the quite different crosslink structures before
aging, The crosslink structures dominated the Demttia crack growth rate. The Conv vulcanizate show-
ed the highest resistance whereas the DCP vulcanizate showed the lowest resistance to the Demattia
crack growth. When the vulcanizates of 4-cure systems were aged for the same periods at 100C, the
modulus at 100% elongation was significantly changed. However, this modulus at 100% elongation
could be expressed as a function of the total crosslink density regardless of the different crosshnk
structures and aging conditions. In this study, the slope of the plot of modulus at 100% elongation
and total crosslink density in logarithmic scale were changed by the levels of total crosslink density.
The relationships between the extension ratio at break and modulus at 100% elongation of 4-cure
systems were different due to the degree of network chain scissions and changes of the crosslink

structures during the aging.

188 Polymer (Korea) Vol. 18, No. 2, March 1994



ZbRTZ7F & NR 713 e] =8z dd) ue B4 Wi

A e

ol I e e ZinAz vtaE 1%e
AFREE Bt g, A, 0F, A, FHQ 92
ol g ddzog rtunAdgEY Wels T3
Atz W3tE dod|n AnHos EA4E A
Ao 2N A g GEAIZILh ol2gh

& T3 AMEE R9 FF, 7H8A, 18a
BAAG w3l A o wel gelzi,

7hare] @A 7R Fojut, 7h&AIZE, 1
g3 7L x| wE st el Wiyl vhad 1
5o 71AF A mAe TS AF7A] Hol
A7so] g}, 176

5] gydol 2o o3hd F0izl el &
EeaE 159 sludse Au#ect’ wit v}
ALE9 F7He BAS FUHAIZIY. A REEs
© AT 249 EA S vl AU =
Y2 © WA d@AEEY Hxo|th webA
7tz F7t8k o] A mEYae A
Hog A nEyAry =2 F7isHA €oh
T3 FHEEY o] wigte B9 o] vHAAE 100%
29 W AT Pt

A nFo] AAMNE tu AR EArEe] Ay
2o wdshs Aoz dHA goh !0 uEaje
ool mad, 7tudsrt B g e Wyo] o
ofupe Bt AlEo] oy S WEldkA &3}
og ARge ZiEc, ey ARUEs) ojn
QAR o] Fo 2 wolAH stawe] EAle My o
E A& wjEgs Baste o 2o AFES e
WA #d. & B3 Aol AdH7] lsiMe 1
Tl EAghe 2 Ade] #e AEE Foluol
ok et (affine W E). 2 7t AT Holg} o
A ] zto] G UjRo A oju] WMEF S Wi e YE
AA AEE mEo] 97 duxE ¢ 7 MEYa
AlES e o aulEnh o] YAy AvleE 1
T2 7tug aFEg 4 vlund a¥Fe N ¥
o}

QAAEE 7tz Pao) A 7Hudy 4%

Ez|H 188 23 19943 3¢

7} gadte eMdz 7482 ey AF
d ATEL 32 g #BF ygoln A

AaFE ge A% wzde) te tudws
Qe W e JE AAYeE A7
@ AnEe g Agolth

B BT Nzady gt 2 A5 4E
NYY W mgesd FES RS WA

2 Q]
W

59 a%E 2AR g REYAE FYT FEL
o]

2 2431 Aol tldtd] Fa35ith oA go)

ol Mol z|e) Ao HIH IR E 7t
Z gy or FHst JaF oz S
el REe 2t w2 Zo] fEd vk EY¥ e
e, 3

el B Ao e w3 WA YRS v
48} S0 7 A3 conventional(Conv), semi-
efficient(Semi-EV), efficient(EV), 18|31 dicu-
myl peroxide(DCP) 7}3A| 2 7lol¥ 2HF-Eof B3|
10T 7150 FaFoA =3 A AFERH
A7inds 2 7t vbudEd VtadEeE 2ARE
o2H, ki W 7tutRe MA7tEEe A
7t B4l X JgS FESA e =5t
IE-Eo 8] e &LolA 7tut 7t Demattia
A A FFE Fotsiith,

I

AA7I L S st T 7ba 27 o 7t
e A7) 93l Conv, Semi-EV, EV, 18]1
DCP 7} A& A}-g3tg om vhghstss Table 13 2
o}

a5, FHEEY, Adsteld, a2l 2EopdLte
3ol AdAe whute] £V ol 88tRH. ®
3 713 2AAE H 2T tRAE Yol &3
a5tol Hrhehy) HAsfiA] A8 4R 8314 open roll&
ol gttt 71aHAlel Eg o] Bt Fofl witT-¢
FAE 2.5mm FE7F {2 g atof Rol YA

189



RS L

Table 1. Recipe

Ingredients Conv Semi-EV ~ EV DCP

SMR-20 100.0 100.0 100.0 100.0
N330 40.0 40.0 40.0 40.0
ZnO 3.0 3.0 3.0 —
Steric acid 15 15 15 -
Sulfur 3.0 0.6 - -
CBS® 1.0 2.0 15 —
TMTD? - 1.0 15 -
DTDMc — — 1.5 -
DCP¢ — - - 2.5

Notes : a : N-cyclohexyl-2-benzothiazole sulfenamide
b : Tetramethylthiuram disulfide
¢ 4,4"-Dithiodimorpholine
d ! bis(a,a’-dimethyl benzyl) peroxide
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Table 2. Physical Properties of Carbon Black Filled
Vulcanizates having Different Cure Systems before
Aging

Physical properties Conv SEH\?- EV  DCP

Modulus at 100%

elongation, MPa 3.13 284 293 294
Extension ratio at
break 584 539 530 376

Tensile strength, MPa 29.83 26.23 2552 2040
Breaking energy,
10°]/m? 1792 1395 1170 554
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Table 3. Changes in the Total Crosslink Density and % Composition of Mono-, Di-, and Polysulfide of Carbon
Black Filled Vulcanizates Having Different Cure Systems as a Function of Aging Period at 100C in Air and Nit-

rogen

Aging period,

After aging in air

After aging in nitrogen

Crosslink types

hrs. Conv Semi-EV EV  DCP Conv Semi-EV EV  DCP
Total crosslink 0 5.47 5.12 5.25 5.27 547 5.12 5.25 5.27
density, 10%mole/m} 6 6.64 6.20 6.31 5.07 6.10 6.33 6.31 5.32
12 6.74 6.96 7.02 4.76 571 6.21 6.53 5.33
36 6.55 7.75 8.08 4.29 4.89 741 7.39 5.47
72 6.64 8.21 8.49 3.80 4.00 7.24 7.50 5.27
120 767 8.01 8.17 3.27 4.50 7.27 7.65 5.32
168 11.42 7.55 7.88 2.99 4.69 6.88 7.36 547
Monosulfidic crosslinks, 0* 23.8 41.2 51.8 23.8 41.2 51.8
% 6 27.4 54.0 60.4 - 24.3 59.4 64.8
12 28.0 59.9 64.8 - 20.7 68.9 68.9 -
36 31.2 66.6 68.3 - 28.0 74.1 76.9
72 419 66.4 68.3 - 28.0 74.1 76.9 —
120 52.4 65.0 70.5 -- 353 77.0 32.6 -
168 53.7 66.6 69.2 - 40.1 75.1 83.0 -
Disulfidic crosslinks, 0 12.2 35.9 31.8 - 12.2 35.9 31.8 -
% 6 7.8 27.9 26.0 - 14.6 24.6 22.2 -
12 10.1 25.6 23.2 20.7 22.6 20.7
36 105 215 20.3 - 21.0 17.0 15.3 -
72 13.8 23.3 19.7 30.0 15.9 115
120 23.6 22.0 185 — 29.6 15.3 10.5 -
168 29.9 21.7 19.8 - 29.0 14.7 94
Polysulfidic crosslinks, O 64.0 229 16.4 N 64.0 229 16.4 -
% 6 64.8 18.1 13.6 61.1 16.0 13.0
12 61.9 14.5 12.0 - 58.6 85 10.4 -
36 58.3 11.9 114 — 51.0 8.9 7.8
72 443 10.3 115 — 32.0 3.0 6.4
120 24.0 13.0 11.0 — 351 7.7 6.9
168 16.4 11.7 11.0 - 30.9 10.2 7.6

Note i a : Aging period 0 means before aging.
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