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Abstract
In this study, we observed changes in the physical properties of norbornene dialkyl ester applied to a PVC. The PVC speci-

mens were prepared by blending PVC, norbornene dialkyl ester and stabilizers. Then, the hardness, tensile strength, elonga-
tion, tearing strength, transmittancy, haze and yellowness index of these specimens were measured, and were compared with
DOP. The hardness of compounds except dicyclohexyl-5-norbornene-2,3-dicarboxylate (DCHN) were an equal to or higher
than that of DOP. The tearing strength and tensile characteristic of DCHN could not be analyzed due to its high hardness.
Tensile properties such as the tensile strength and elongation were improved for six compounds except diiso-
nonyl-5-norbornene-2,3-dicarboxylate (DINN). All compounds measured showed better tearing strength and trans-
mittancy than those of DOP. Also all norbornene derivatives except DDN showed good haze indices. The yellowness index

of DON and DPN showed similar values as DOP.
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1. M =

Poly vinyl chloride (PVC):= 27k 424 W80 7 AHgH =
4t £4 F dtolt}l PVCE AAYAE ¥36l7] wjiol 243}
e 2k, A7230] ol Ad AFOR dho]x, AM AAA, A
W 2HEx}p B2 5 25 ARl ARETH,2). PVC A= 8] 3o]
227F ¢k 80 Tol, 100 CHE= Gt AXFER A7) =
315 dov)= ©o] Qo] PVC @502 1y BA g
ol ojo] Qlth 18 B R QFgA, FtaA, ABPRAl 5 H kA <)
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Table 1. Compounding Ratio of PVC Specimens

Materials Amount (phr) Description
Ve 100 Average degree of polymerization 1000
(P-1000, Hanwha Chemical Co., Ltd.)
Plasticizers 50 Synthesized compounds or DOP
Epoxidized soybean oil
E-700 2 (Songwon Co., Ltd.)
Ba/Zn system liquid stabilizer
BZ-150T 13 (Songwon Co., Ltd.)
BP-251S 0.5 Ba/Zn system powder stabilizer

(Songwon Co., Ltd.)
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2.1. M=

PVC] 2-8-3= norbornene dialkyl esteri= A A7-2] WH[13-15]
o F FHgste] AHESIITE /9 ¥ M2 DPN (Dipentyl-5-norbor-
nene-2,3-dicarboxylate), DIPN (Diisopentyl-5-norbornene-2,3-dicarboxylate),
DHN (Dihexyl-5-norbornene-2,3-dicarboxylate), DCHN (Dicyclohexyl-5-
norbornene-2,3-dicarboxylate), D2EHN (Di-(2-ethylhexyl)-5-norbornene-
2,3-dicarboxylate), DON (Dioctyl-5-norbornene-2,3-dicarboxylate), DINN
(Diisononyl-5-norbornene-2,3-dicarboxylate), DDN (Didecyl-5-norbor-
nene-2,3-dicarboxylate)]th. PVC= $Hs}AI0ZE9] P-1000 (H+ S5
T 1,00002 AHE-3sFla, 7 8ol Epoxidized soybean oil E-700
(FLAR), BaZnAl AAHIAE BZ-150T (FH)FLA),
Ba/ZnA| ¥ A= BP-251S ((A)FAAI) S 974 viER gt
ato] PVC AlES Al=sisich

22, AJE HIE A FH

AL PVCE 715 0% Table 1] YR B&= g ate], Hobart
mixer® 120 CelA] 15 mingt EH3Ath &9 w22 roll mill-
ing3lz, 180 ColA &&sle] 1 mm FAZ A2k Alzke AE
<2 Universal Testing Machine (Instron, Model : 4204)=- ©]-8-3}] Q1%
7S (tensile strength) 2} Al-E(elongation)= 57d3+31 L, Shore-D 7%
Al&7|(Mitutoyo) 2 74 F(hardness)S S35tk Q1A% S(tearing
strength) 57J< Elmendorf Tear Tester (THWING-ALBERTIST CO.
(ProTear))= A3} 2™, BYK-Gardner (Model: Haze-gard plus)®
1A EE] FE 9 FEEE RIS o] vl SaxE
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Figure 1. Norbormene dialkyl ester.

2.3. Norbornene dialkyl ester®| g
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¥} titanium ZUl koA ¥H-S-A1A norbornene dialkyl esterE AT
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Table 2. '"H-NMR Chemical Shift, Yield and Purity of Norbornene 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
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,

DIPN 4H), 6.14-6.19 (m, 2H) 95.00 98.98
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,

DHN 4H), 6.19-621 (m, 2H) 95.00 99.23
DCHND 1.21-1.85 (m, 22H), 3.14-3.28 (m, 4H), 4.42-4.71 (m, 2H), 6.20-6.27 (t, 2H) 96.02 96.60
D2EHN 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) 95.72 98.69

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,

DON 4H), 6.19-626 (m, 2H) 97.29 99.64

DINN 0.79-0.91 (m, 24H), 1.03-1.55 (m, 12H), 3.09-3.21 (m, 4H), 3.89-4.04 (m, 4H), 6.14-6.19 (m, 2H) 89.50 95.20

DDN 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), 9046 0872
6.17-6.22 (m, 2H)
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o

Figure 2. Synthetic route of compounds.
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Figure 3. Hardness of PVC specimens. Figure 4. Tensile characteristics of PVC specimens.
Figure 4| PVCY] Q7w e} 2182 131322 JERYITE Norbornene lkyl ester®] norbornene 18] T-F= W3l wf] 7|A1Z EAJo] HAE
FHEAISE 185 PVCS] U9 AL 193 -2060 kgl ] S5 & AR S UK, S EAL SR A0 Lol
slom, DOPE 283 739 1.959 kgfem’ = 0] Frakeh ke Wbl S7FetEA I 7‘*0}1 e STk Ao A S
o} A1E&-2 norbornene dialkyl ester 3FgHe-o 283k 79 292 ~380% O1}{16,17] Figure 414 = DIPN 1848 kg/cm’, DHN 1.874

0]tk DON2 DOPS} o] 8719 ©hrArles 71 22 Q34T kg/em®, D2EHN 1.93 kg/em’©]™ o]uj2] 2142 DIPN 307%, DHN
£ 201 kglem’Z v|ASA DOPRY 7161, AES 377%% 338%, D2EHN 350%, DON 377%% <] ]E—— I AJolsHAl IHE
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Table 3. Yellowing Degree of PVC Specimens

YI .
Name L a b (Yellowness Index) Color-difference meter
DOP 90.36 -1.13 1.93 3.06
DPN 90.10 -1.36 2.88 4.84
DIPN 88.88 -2.04 6.72 12.33
DHN 89.51 -1.73 4.77 8.46
DCHN 89.23 -1.80 6.56 12.15
D2EHN 85.37 -1.25 3.24 5.97
DON 89.99 -1.23 2.67 4.50
DDN 88.41 -1.34 3.68 6.62
12 100 100
w| * b hd * - ————= | g
10 | 92.9 93 92 92.3 911 912 92.1 915
- 80 - L 80
g
w8 z 70 4 . =— I 70
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Figure 5. Tearing strength of PVC specimens.
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WA AEE I T e AoE dddnh
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Figure 5olli= PVCE] JAGAEE S4% d7E vehligle) dd
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& Julgte), gk A2 DPNS 6.684 kg/mmo| ™, Al
9] a7t Zow ZIXE G322l DIPNS 8.076 km/mmO 2 =75
ARzo] 7 71 A &-%2] DDN-2 7.189 kg/mmo]™, 7}
3722 DINNS 10.56 kg/mm®z S48 Ay} Agu} 7p18 A}
&5 M geEo] A AT S48 A delg 5= QIgith
T3 28 AES] ©447 22 DOPSF DONS| 73-%- DOP 7.008
kg/mm©] 32, DON< 7.86 kg/mm S % norbornene 7-3=Q! DON©| izl
1EE 7 DOPRYE -5t AE YeRQIt) ol& A E 4
72} mE7EA R norbornene 77} 71A1A E43E MAskE 2E
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Figure 6. Transmission and haze of PVC specimens.
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