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Abstract: Phthalate plasticizers such as DBP, DEHP, and DINP have been traditionally employed to impart flexibility
towards poly(vinyl chloride) (PVC). Recently, the cyclohexanedicarboxylate plasticizer containing cyclohexane structure,
namely DINCH(diisononyl cyclohexane-1,2-dicarboxylate), has been commercialized by german company, BASF, and
recognized as an eco-friendly plasticizer showing minimal human and enviromental toxicity. In this study, we synthesized
4 different 1,4-cyclohexanedimethanol bis(aliphatic carboxylate) plasticizers employing 1,4-cyclohexanedimethanol and
4 different aliphatic acids (butyric acid, hexanoic acid, octanoic acid, and decanoic acid) via esterification reaction. The
newly synthesized 4 kinds of plasticizers were structurally characterized by FTIR and NMR, and were employed to make
various PVC samples. The mechanical and thermal properties of the PVC samples were characterized by UTM, TGA,
and DMA. The plasticizer migration properties of PVC samples were also investigated in various solvents.
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Scheme 1. Esterification of CHDM with various aliphatic carbox-
ylic acids.
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1,4-Cyclohexanedimethanol  Bis(butyrate) (O] 5}
CHDMDB): Yield 84%, viscous oil, 'H NMR(500 MHz,
CDCly), 8(ppm), 0.93(t, 3H), 1.38~1.83(m, 4H), 2.27(t, 2H),
3.88(d, 2H), 3.97(d, 2H).

1,4-Cyclohexanedimethanol Bis(hexanoate) (O] 5t
CHDMDH): Yield 87%, viscous oil, 'H NMR(500 MHz,
CDCL), 5(ppm), 0.88(t, 3H), 1.12~1.87(m, 6H), 2.29(t, 2H),
3.88(d, 2H), 3.97(d, 2H).

1,4-Cyclohexanedimethanol Bis(octanoate) (0|3}
CHDMDO): Yield 85%, viscous oil, 'H NMR(500 MHz,
CDCly), 8(ppm), 0.87(t, 3H), 1.27~1.84(m, 8H), 2.29(t, 2H),
3.88(d, 2H), 3.97(d, 2H).

1,4-Cyclohexanedimethanol Bis(decanoate) (0|3}
CHDMDD): Yield 81%, viscous oil, 'H NMR(500 MHz,
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CDCly), &(ppm), 0.87(t, 3H), 1.11~1.85(m, 10H), 2.29(t,
2H), 3.88(d, 2H), 3.97(d, 2H).
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Figure 1. "H NMR spectra of 4 different CHDM based plasticizers.
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Figure 2. FTIR spectra of CHDM and four CHDM-based plasti-

cizers, respectively.
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Figure 3. Stress-strain curves of CHDM-based plasticizer contain-
ing PVC samples.
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Figure 4. Shore A hardness of CHDM based plasticizer (60 phr)
containing PVC samples.
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Table 1. Mechanical Properties of PVC Samples Containing 4 Different CHDM Based Plasticizers (60 phr)

CHDMDB CHDMDH CHDMDO CHDMDD

Elongation at break (%) 809.4+30.7 797.8425.2 709.6+10.3 545.3£15.2
Tensile strength (MPa) 8.9+0.8 9.5+0.9 13.2+1.0 15.1+£0.9
Modulus at 100% elongation (MPa) 2.4+0.3 3.6+0.3 4.9+0.2 5.9+0.3

Zay, Al454 A25, 20213
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Table 2. TGA Results of CHDM-Based Plasticizer (60 phr) Containing PVC Samples Under N2 Conditions

Samples Toecosw (°C) Thee 0% (°C) Tec.50% (°C) Residue (%), 600 °C
CHDMDB 188.58 212.97 275.26 14.23
CHDMDH 212.06 227.72 280.88 12.72
CHDMDO 214.15 230.51 286.18 12.58
CHDMDD 225.10 241.79 291.47 12.02

1004 —— PVC/CHDMDB(60phr) I 70°C DI water
—— PVC/CHDMDH(60phr) 40 4 [ aq. 50% Ethanol
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3
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Figure 5. TGA traces of CHDM based plasticizers (60 phr) con-
taining PVC samples under N, conditions.
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Figure 6. DMA curves of 4 PVC samples containing various
CHDM-based plasticizers (60 phr).
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gk CHDMA| 7}2:A1(60 phr) 3+ PVC uigH A1 459] 2
Lo W tan § @S HIFI AUt 7+ vz HUjgke
PVC A9 fejdol2=E ofn|sh CHDMDB®] 7% 7,
-8.4°C, CHDMDH T, -2.7°C, CHDMDO$] T, 4.8°C, &
31 CHDMDD= 132°CY] T, #< 2= 2102 Azt
ol& FalX T T 7oA E CHDMA 7HA| 7}
Zh= ARt @9l x8] Zdolrt #opd S pvCel tigh 7t
A3l 882 FUkke 28 ERls

PVC HHg} AlMo| 7tAX O|did HWIL 7HaA7t M7k
PVC Hl3HE2] o84 5242 9 F83 9ol 7k
7} Bol o]d== PVC A|F-2 7tardo] Asts]o] W44l
oksHA| EH 53], 54 AGe] 7kaA7} olaE o] IAZ
JE Al 5L Hole d4S HOFI k! B Aol
$/3¥ CHDMA 7k2A|9] o fAH =5 thegst §nf =71
sloll A ZAFSF AL, Figure 791& PVC 9l g Al H 453}
DEHP 7}2A417F 59 o g H71E PVC wig A 1&
o] o) FAxg A 1=ttt old e ik
2 CHDMA 7HaA|e] Ak @] £329] Ho|7t Aoj3
5 7HAsilar, 53] g4 57 7P 11 Adat @eltx
7IA= CHDMDD= FYst o2 3% DEHP 714
Hoe B o8 HoFa 9l

H
L
-

it 4 To 9

Polym. Korea, Vol. 45, No. 2, 2021



184

2 =

B AFoA= CHDM 98E 7|Hko 2 o] tfofsh gha
F(C4-C10)2] AW 458 o831 PVC &4

Al At 7RIS Aoz AT FAE TS
747k ARg-ste] PVC Higtell 28 2 Al Al2ke F3sk3l
37, o] PVC AlHE ARgste] 71A14], €2 54 9 PVC Al
HoBHE 7haA|9] oldi S 717t AR Ao,
CHDMA| 7}2aA| 2] Avhat ©@9)4tze] gha $7F S
= AE 74, e 9 B ES 5718193, shore A
Axe SV ol B3, 3MdE CHDMA 71aA<] A
WA SRS B U A S-S PVCY] THAast 88 Y
Azt g7t EiRE Ae g1 €4 A9 Y-
& A" CHDMA 7F2aA|2] APk @l 7-29] gha &
7} Z7VEE PVC AlH9] E3 oA fe] Holxrt
Z7bete 43S BolFth nx|eto g pVC A|HO 2 HE]
¥ CHDMA| 7HaeA| 9] o] Zqt whelzxe] 2
o7} AZTE GullolA] oedo] HolRle AxE ERIsIA

ZAR| 2: 2 Ae 3N AgR 3R AVE e
ARIEHAIHE 2016002040001)2] SA711] Lo 2 5|
=

g 8§

1. Chiellini, F.; Ferri, M.; Morelli, A.; Dipaola, L.; Latini, G
Perspectives on Alternatives to Phthalate Plasticized Poly(vinyl
chloride) in Medical Devices Applications. Prog. Polym. Sci.
2013, 38, 1067-1088.

2. Kim, J. K.: Kang, E.; Huh, K. M. Synthesis of a Coconut Oil-
based Bioplasticizer and Its Effects on the Rheological and
Fusion Properties of Poly(vinyl chloride). Polym. Korea 2019,
43, 778-786.

Zay, Al454 A25, 20213

o,
1
e
e
of
o
b
2

10.

11.

12.

13.

. Oh, S. J; Kim, I S.; Kim, S. H. Effect of TiO2 Nanoparticles on

the Properties of Plasticized Poly(vinyl chloride)/TiO, Composites.
Polym. Korea 2017, 41, 280-286.

. Lee, K. Y; Lee, S. H. Effect of Di(2-ethyl hexyl)phthalate(DEHP)

on the Onset of Puberty in Female Rat. Dev. Reprod. 2006, 10,
147-154.

. Chen, J.; Liu, Z.; Jiang, J. ; Nie, X. ; Zhou, Y. ; Murray, R. E.

A Novel Biobased Plasticizer of Epoxidized Cardanol Glycidyl
Ether: Synthesis and Application in Soft Poly(vinyl chloride)
Films. RSC Adv. 2015, 5, 56171-56180.

. Schettler, J. A. T.; Guidotti, T.; McCally, M. Health Risks Posed

by Use of Di-2-ethylhexyl phthalate (DEHP) in PVC Medical
Devices: A Critical Review. Am. J. Ind. Med. 2001, 39, 100-111.

. Miao, Y.; Wang, R.; Lu, C.; Zhao, J.; Deng, Q. Lifetime Cancer

Risk Assessment for Inhalation Exposure to Di(2-ethylhexyl)
Phthalate (DEHP). Environ. Sci. Pollut. Res. 2017, 24, 312-320.

. Ferrer, C. B.; Garrigos, M. C.; Jimenez, A. Characterization and

Thermal Stability of Poly(vinyl chloride) Plasticized with
Epoxidized Soybean Oil for Food Packaging. Polym. Degrad.
Stab. 2010, 95, 2207-2212.

. Palacios, O. Y. S.; Rincon, P. C. N.; Corriou, J. P.; Pardo, M. C.;

Fonteix, C. Low-molecular-weight Glycerol Esters as Plasticizers
for Poly(vinyl chloride). J. Vinyl Addit. Technol. 2014, 20, 65-71.
Jia, P. Y.; Zhang, M.; Hu, L. H.; Feng, G. D.; Bo, C. Y.; Zhou,
Y. H. Synthesis and Application of Environmental Castor Oil
Based Polyol Ester Plasticizers for Poly(vinyl chloride). ACS
Sustain. Chem. Eng. 2015, 3, 2187-2193.

Neuse, E. W.; Van Schalkwyk, J. D. Cardanol Derivatives as
PVC Plasticizers. II. Plasticizer Evaluation. J. Appl. Polym. Sci.
1977, 21, 3023-3033.

Crespo, J. E.; Sanchez, L.; Balart, R.; Lopez, J. Mechanical
Properties and Fracture Surface Morphology of DEHP and
DINCH Based Vinyl Plastisols. J. Elastom. Plast. 2009, 41, 145-
161.

Dupont, L. A.; Gupta, V. P. Degradative Transesterification of
Terephthalate Polyesters to Obtain DOTP Plasticizer for Flexible
PVC. J. Vinyl Technol. 1993, 15, 100-104.



