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Abstract: Evaluating service lives of rubber materials at certain temperatures requires a destructive method (typically using
elongation at break). In this study, a non-destructive method based on hardness change rate was proposed for evaluating
the service life of chloroprene rubber (CR). Compared to the destructive method, this non-destructive method ensures homo-
geneity of CR specimens and requires a small number of samples. Thermal accelerated degradation test was conducted on
the CR specimens at 55, 70, 85, 100, and 125°C, and the tensile strength, elongation at break, and hardness were measured.
The results of the experiment were compared to those of the accelerated life evaluation method proposed in this study. Com-
paring the analyzed lives in the high temperature region (70, 85, 100, and 125°C), the difference between the service lives
for the destructive method (using the elongation at break) and non-destructive method (using the hardness) was approxi-
mately 0.1 year. Therefore, it was confirmed that the proposed non-destructive evaluation method based on hardness
changes can evaluate the actual life of CR under thermally accelerated degradation conditions.
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Table 2. Homogeneity Data of Tensile Strength, CR-60

Table 1. Recipe for CR Compound (CR-60)
Manufacturer (Ltd.)

Ingredients ~ Amounts (phr)

CR(M-40) 100 Denka Co.
N774(SRF) 60 Birla Carbon Co.
CaCO;, 100 Kwangsung Chemical Co.
A-2 24 Michang Oil Ind. Co.
MgO 4 POSREC
ST 1 DANSUK
3C 2 Kumho Petrochemical Co.
PA 2 Ouchi Shinko Chemical Ind. Co.
ZnO 5 Hanil Chemical Ind. Co.
NA-22 0.5 Qingdao Chemical Co.
TT 0.5 OCI Co.
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Source SS df F P-value F crit
Between Groups 0.26513 4 0.066283 1.359292 0.304964 3.259167
Within Groups 0.4642 3 0.154733 3.173203 0.063577 3.490295

Error 0.58515 12 0.048762

Total 1.31448 19

% P-value is larger than the significance level of 0.05, it can be judged that each data is homogeneous.
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Table 3. Homogeneity Data of Elongation at Break, CR-60

Source SS df F P-value F crit
Between Groups 264.947 4 66.23675 1.314758 0.319529 3.259167
Within Groups 438.5495 3 146.1832 2.901645 0.07866 3.490295

Error 604.553 12 50.37942

Total 1308.05 19

% P-value is larger than the significance level of 0.05, it can be judged that each data is homogeneous.

Table 4. Homogeneity Data of IRHD, CR-60

Source SS df F P-value F crit
Between Groups 1.497 4 0.37425 1.299855 0.324563 3.259167
Within Groups 2.1775 3 0.725833 2.520984 0.10726 3.490295

Error 3.455 12 0.287917

Total 7.1295 19

% P-value is larger than the significance level of 0.05, it can be judged that each data is homogeneous.
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Figure 4. Change of elongation at break.
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Figure 14. Hardness(IRHD) degradation graph over time.

Table 5. Failure Time Prediction Results
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Figure 17. Arrhenius plot of elongation at break.
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Table 6. Life Time Prediction

Confidence Level : 95 %

. Elongation Hardness(IRHD)
Temperature Percentile
hour year hour year
30 50 303 170 34.61 253 620 28.95
35 50 171 960 19.63 155 950 17.80
40 50 99 317 11.34 97 396 11.12
45 50 58 361 6.66 61 733 7.05
50 50 34 863 3.98 39 685 4.53
55 50 21 156 242 25 857 2.95
60 50 13 032 1.49 17 066 1.95
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