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Abstract
In this study, we applied six different norbornene dialkyl esters as a plasticizer to an isoprene rubber (IR) and evaluated

replaceability of DEHP which is an endocrine disruptor. IR test sheets were prepared by blending IR, norbornene dialkyl
ester, vulcanizing agent, etc. and processing properties of the IR were evaluated by measuring Toque, scorch time, cure time
and mooney viscosity. Mechanical properties of IR test sheet including hardness, tensile strength, 100% modulus and elonga-
tion were also measured and the physical properties of norbornene dialkyl ester applied as a plasticizer were compared to
those using DEHN. Both the maximum and minimum toque for the norbornene dialkyl ester as a plasticizer were similar
to those of using DEHP. In addition, the scorch and cure time of the former were slightly longer than those of the latter.
The mooney viscosity for the case of DEHN was slightly lower than that of the latter. DEHN was also superior to DEHP
in terms of processing. The hardness and thermal properties of all IR test sheets were measured to be similar to each other.
The linear alkyl chain of norbornene compounds also exhibited good tensile characteristics.
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Table 1. Compounding Ratio of IR Test Sheets

Materials Amount (phr) Function
Isoprene rubber 100 raw rubber
Sulfur 2.25 vulcanizing agent
ZnO 5 vulcanizing adjuvant
cz 0.7 vulcanization accelerator
Stearic acid 2 dispersing agent
SRF 35 filler (carbon black)
Plasticizer 3 plasticizer (synthesized compounds or DEHP)
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o

Figure 1. Synthetic scheme of norbomene dialkyl esters.
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Table 2. '"H-NMR Chemical Shift, Yield and Purity of Synthesized Norbomene Dialkyl Esters

Name Chemical shift (ppm) Yield (%) Purity (%)
DPN 0.86-0.91 (m, 6H), 1.21-1.32 (m, 10H), 1.51-1.62 (m, 4H), 3.87-4.19 (m, 4H), 6.19-6.22 (m, 2H) 97.50 99.99
DIPN 0.84-0.89 (m, 12H), 1.38-1.46 (m, 4H), 1.56-1.64 (m, 2H), 3.09 (s, 2H), 3.21 (s, 2H), 3.90-4.03 (m, 4H), 95.00 98.98
6.14-6.19 (m, 2H)
DHN 0.85-0.91 (m, 6H), 1.94-1.38 (m, 12H), 1.49-1.69 (m, 6H), 3.23 (s, 2H), 3.27 (s, 2H), 3.88-4.20 (m, 4H), 95.00 99.23
6.19-6.21 (m, 2H)
DEHN 0.86-0.91 (m, 12H), 1.18-1.62 (m, 20H), 3.06-3.28 (m, 4H), 3.76-4.02 (m, 4H), 6.20-6.24 (m, 2H) 96.02 98.69
DON 0.84-0.89 (m, 6H), 1.27-1.32 (m, 21H), 1.43-1.59 (m, 5H), 3.13 (s, 2H), 3.26 (s, 2H), 3.90-4.06 (m, 4H), 97.29 99.64
6.19-6.26 (m, 2H)
0.85 (t, 6H), 1.24-1.30 (m, 30H), 1.52-1.57 (m, 4H), 3.12 (s, 2H), 3.24 (s, 2H), 3.89-4.05 (m, 4H),
DDN 6.17-6.22 (m, 2H) 90.46 98.72
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Figure 2. Torque of IR tset sheets included various norbomene dialkyl
ester and DEHP as plasticizers.
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Figure 3. Scorch time and cure time of IR test sheets included various
norbomene dialkyl ester and DEHP as plasticizers.
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Table 3. Hardness of IR Test Sheets Included Various Norbomene
Dialkyl Ester and DEHP as Plasticizers
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Figure 4. Mooney viscosity of IR test sheets included various

norbomene dialkyl ester and DEHP as plasticizers.
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Figure 5. Tensile properties of IR test sheets included various

norbomene dialkyl ester and DEHP as plasticizers.
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Figure 6. Elongation of IR test sheets included various norbomene
dialkyl ester and DEHP as plasticizers.
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Table 4. Decomposition Temperature (Tg) of IR Test Sheets Included Various Norbomene Dialkyl Ester and DEHP as Plasticizers

Weight Loss DEHP DPN DIPN DHN DEHN DON DDN
5% () 334.6 321.6 330.6 3229 3255 3308 333.1
10% (C) 3517 3454 349.7 3449 3485 350.1 351.2
50% (C) 4115 397.7 399.5 393.6 405.8 400.0 399.5
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Figure 7. Termogravimetric curves of IR test sheets included various
norbomene dialkyl ester and DEHP as plasticizers.
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