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Abstract
Plasticizers added to thermoplastic polymers are known to shorten the life of products due to the elution to outside, and some

of them are harmful to our environment and human body. Since the use of phthalate plasticizers suspected of being carci-
nogens has been gradually prohibited, there is a need for environmentally friendly plasticizers that can replace them. Most
of the substances have a low compatibility with resin, high cost and lack of safety verification. Therefore, in this study, four
kinds of norbornene dialkyl ester compounds possessing excellent physical properties, which are also reported as safe com-
pounds from the toxicity evaluation, were added to PVC resin to evaluate the possibility of human exposure by leaching,
and also the potential usage as plasticizer candidates alternative to commercial ones including DEHP, DINCH and DOTP.
The test was carried out according to the American standard test method (ASTM). The results showed that di-2-ethyl-
hexyl-5-norbornene-2,3-dicarboxylate (DEHN) in aqueous solvents and diisopentyl-5-norbornene-2,3-dicarboxylate (DIPN)
compounds in oil solvents were superior or equivalent to DEHP. In addition, all four norbornene compounds showed lower
values than 100 ppm, which is considered to have an influence on the environment, indicating that the polar norbornene struc-
ture affects the elution.
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Table 1. '"H-NMR Chemical Shift, Yield and Purity of Synthesized Norbornene Dialkylesters

Name Chemical Shift (ppm) Yield (%)  Purity (%)
DPN 0.86-0.91 (m, 6H), 1.21-132 (m, 10H), 1.51-1.62 (m, 4H), 3.87-4.19 (m, 4H), 6.19-622 (m, 2H) 97.50 99.99
o
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
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5-Norbornene-2,3-dicarboxylic anhydride (NDA)+= TCI, 1-pentanol,
3-methyl-1-butanol, 1-hexanol, 2-ethyl-1-hexanol, titanium(IV) isoprop-
oxide, DEHP, dioctyl terephthalate (DOTP)+= Sigma Aldrich, 1-octa-
nol, 1-decanol> Alfa Aesar, Hexamoll® DINCH: BASF, sodium
chloride, sodium hydroxide, celite545, anhydrous magnesium sulfate,
tetrahydrofuran, n-hexane, ethanol< (573}, PVC (P-1000, <
FTRE 1000)= 3Vl FYdstiom, BF F7PA glo]
AFEEIIT
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diisopentyl-5-norbornene-2,3-dicarboxylate (DIPN), dihexyl-5-norbornene-
2,3-dicarboxylate (DHN), di-2-ethylhexyl-5-norbornene-2,3-dicarboxy-

late (DEHN)°|™, =& 4l =% Table 19 g2st3ich
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Table 2. Migration Test Results of PVC Films Containing DEHN
Distilled water Vegetable Oil 50% Ethanol n-Hexane
Plasticizer Weight loss Leaching Weight loss Leaching Weight loss Leaching Weight loss Leaching
(%) (ppm) (%) (ppm) (%) (ppm) (%) (ppm)
DEHN (30 phr) 0.03 0.20 0.22 1.10 0.00 0.00 4.57 14.84
DEHN (50 phr) 0.02 0.20 1.35 9.50 0.29 2.40 7.80 23.44
DEHN (70 phr) 0.07 0.40 5.62 36.7 1.31 6.90 16.01 4432
Table 3. Plasticization Efficiency of PVC Films Containing Synthesized Compounds and Commercial Plasticizer
NON DEHP DINCH DOTP DEHN DPN DHN DIPN
T, (C) 80.53 59.05 60.16 59.23 46.43 52.18 45.53 52.88
E (%) - 1.0 0.9 1.0 1.6 13 1.6 13
25.00 60.0
Leaching (ppm) —e— Weight Loss(%)
20.00 _-'_ 50.0
40.0
15.00
_.’ _ 30.0
10.00 . N
e 200
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5.00 100
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0.00 DEHP DINCH DOTP DEHN DPMN  DHMN DIPN DEHP DINCH DOTP DEHN DPN  DHMN DIPN DEHP DINCH D_J'FP D_EﬁN DPN  DHN DIPN DEHP DINCH DOTP DEHMN DPMN  DHN DIPN oo
Distillad Water Wegetable il 50% Ethanol n-Hexane
Leaching (ppm) 0.4 05 04 02 03 0.5 0.4 60 148 104 85 66 120 42 17 16 06 16 7.1 46 22 346 562 302 234 180 267 176
Weght Loss{%) 007 | 0.07 006 002 005 007 007 128 243 199 135 148 202 09 028 025 012 026 112 085 0.38 13.22 21.29 985 7.80 7.82 1119 7.05
Figure 1. Migration test results of PVC films containing synthesized compounds into various solvents.
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