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A1e] d11s0nonyl cyclohexane-1,2-dicarboxylate(DINCH)$} 72 %13V 7HAIZ tiA] =7] ARkt skARE X133
7FeAE Agstegte PVC LEAe] A 3] AR Q18| ol AA| glole 7HaAl7E FAA jre R o 3]
ol eE EAME ZH ) B Ao E 21873 714410 DINCHY} PVCERE o8 s e ZAMS 2eks]
H3l FuZd ST o851 butyl acrylate(BA) 2 54H817]7F E3HEl hydroxy propyl acrylate(HPA)E 7|RFS.Z
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PVC A& AZEIon ol o]-&-sted ]33‘4 574, €4 54, 28 7IAIA SA4S BAsk 2 5848 A

Esitt.

Abstract: Poly(vingl chloride) (PVC) is one of the best selling plastics today, and plasticizers are essential for its pro-
cessing. di(2-ethylhexyl) phthalate (DEHP), which is phthalate-based plasticizer, is the most commonly used. However,
recent research has shown that DEHP can be migrated to the outside of PVC systems, and is found to be harmful to
humans and the environment. Therefore, eco-friendly plasticizers excluding aromatic moieties in their structures began
to be used as alternative plasticizers such as BASF's diisononyl cyclohexane-1,2-dicarboxylate (DINCH). However, the
presence of free volume of PVC polymers still limits the problem of plasticizer migration. In this study, radical polym-
erization was used to synthesize acrylic oligomers containing both butyl acrylate and hydroxy propyl acrylate to com-
pensate for the drawback of the DINCH migration. The new material obtained in this study was applied to PVC
fabrication together with DINCH to prepare various PVC test samples, and their migration properties, thermal properties,
and mechanical properties are analyzed.
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ok A 7FE Bol AREAL = PVC 7EAle o] EA
7FA2A 2 dibutyl phthalate(DBP), di(2-ethylhexyl) phthalate
(DEHP), diisononyl phthalate(DINP) Z22]3 di-n-octyl phthalate
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Figure 1. The interaction between DINCH plasticizer and PVC
polymer chains.
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Scheme 1. Typical schematic description of the synthesis for
poly(butyl acrylate, pBA) by radical polymerization.
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Scheme 2. Typical schematic description of the synthesis for p(BA-
co-HEA), p(BA-co-HEMA), and p(BA-co-HPA), respectively, by
radical polymerization.
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Table 1. p-PVC Formulations for This Study
A p(BA-co- p(BA-co- p(BA-co-

PVC D(IFT)\}]](;,)H (P}E’]r) HEA) HEMA) HPA) (Tp'hsr.)
(ph) (b (pho)
60 - _ i -
5 - - -
Sol-gel
method 100 55 - 5 ) ) ;
- } 5 ]
- - - 5
60 - - - :
Solution 5 - _ i
casting 100 } 5 ) ] .
method 55
- } 5 )
- ) - 5

O3 22|1H &f Y& PVC AlE HMZE. 2 AolA
A At ok =E &)1 E PVC A9 DINCH 7HAA|
o} s #-g3fe] thksk PVC A ¥ (p-PVC)S A1 &3kt
p-PVCe| thdFst 54 H7HE 9180 sol-gel 'WHOE coin ¥
dog-bone FES] AAE AFsI A, THFE SVl AM8-gt
solution casting WHO 2 FEY p-PVC A|HS A &3 T
Table 16 p-PVC Azt A 285k tpafst 7k2A] v E
ERH ST

iF PVC AlHe| 7t oy HIt A=kt p-PVC Al
HE olive oitE ARS8l A Buljol] gt o] A4S
FPAT} p-PVC A HE 7F2 50 mm, A1E 50 mm 7|2
G AT & 27 TS AT 2 FHE)
BrQl olive oilell 33| FRIAI7]AL WX 8ISITE 2447k
At F AolA F53] 7X2E AP s FAE S
Aot 27] TEFH] 2polE oot thadt 2 AS A
&5t 7HaeA] olP &S ALttt

Wo—W

Degree of migration (%)= %100

Wk W= 212t p-PVC Al 9] 27] g 283 U
TEH = ovFt

& PVC AlEHQ| 7I4X| 7t 22 "It A% p-PVC
I5E AlHe] 7Kgl ofst ol Bl slidE= 7HE 7
FS Wkt 7] &ulel ik o] AT sUg
2|529] p-PVC Al FHIEIAA, 27] T3S 578313t
Ty L% 7 93 @ EA 120 T &% 27 3l
WRBHATE 24A17k0] At -, W7ES 30 B1F AdollA
AR APR L vz S 783t Enfol gk o8
A B4 Hrloll 283k degree of migration(®]3]E) 4 o]
gste] A wskEs AlLtslal
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Figure 2. Representative GPC trace of p(BA-co-HPA) acrylic oligo-
mer.
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Table 2. Molecular Weight and PDI of Poly(butyl acrylate) and
Poly(butyl acrylate-co-hydroxy acrylate) Oligomers

Code M, M, PDI
pBA 1831 2779 1.517
p(BA-co-HEA) 1831 2870 1.568
p(BA-co-HEMA) 1827 2695 1.475
p(BA-co-HPA) 1833 2693 1.469
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Figure 3. FTIR spectra of acryl oligomers synthesized in this study.
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Figure 4. FTIR spectra of DINCH and (DINCH + p(BA-co-HPA),
90:10) mixture, respectively.
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Figure 5. 'H NMR spectra of acryl oligomers synthesized in this
study.
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Figure 6. 'H NMR spectra of p(BA-co-HPA) and (p(BA-co-HPA)
+ DINCH, 95:5) mixture, respectively.
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Figure 7. Migration test results of plasticized PVC samples con-
taining DINCH and various acryl oligomers in olive oil.

22| DINCHS} 3% p(BA-co-HPA) EE2] 'H NMR
2 E-H XM= -OH #5717F <F 3.8 ppmollA] H2= ATt
o] FTIR 23 ER] 4 A3} w7 A& p(BA-co-HPA)®]
—-OH #5717} DINCHE] C=0 #57]9} FAaAFE o]Fo
'H NMR Z~#HEZA A —-OH #5719 I3 $1x]9] 5
o] Bhgk Zlo = FAHT}

p-PVC AlHo| 714K o8y It Olive oile &vi= A
Al B AolA A 23 p-PVC AlHo] g3t e
DINCH 7}2xA9] o]8d E243& 41813t Figure 71 DINCH
@5 B TRt of=md S| ae FU1= vl p-PVCe]
S o Fo] Al AaES UERSITE Olive oildll €]k
7hA)] oldd B4 4 édr, DINCH/p(BA-co-HPA) (55 phr/

Polym. Korea, Vol. 48, No. 6, 2024



674 ESNEER Y S
20
17|66
15|99
154
13126
£
0 10722
& 10
£ 789
g o
=
54
0- T
DINCH DINCH DINCH DINCH DINCH
{B0phe) {55phr) {55phr) (55phr) {55ghr}
pBA pBA-co-HEA pBA-co-HEMA pBA-co-HPA

(Sphr) {5phr) (Sphr) (5phry

Figure 8. Volatile loss test results of plasticized PVC samples con-
taining DINCH and various acryl oligomers placed in 120 C oven
for 24 hours.

5 phr) ¥IEHES] BA] 7Hag0] 896%E 7P WS RIS B
o3F15L DINCH(60 phr) ©5 AREHT} 7] ZH480] 4.19%
23T ol 4719 FTIR ¥ 'H NMR £4 Z39} v}
ZEHIZ p(BA-co-HPA)?] ~OH #57]7} DINCHS] C=0 #
719t F2ATE o Fo] DINCH 7haeA|e] Weolade] &
g Roz F4gHAn

p-PVC AlHe| JiAXe| 71ed Ztgk ®IL. 2 Aol A
25 p-PVC A2 7FE(120 C, 24X 78 7138 2SR
doll ot 7taA| 9] o] 5L A1t Figure 89
2 AFA G5 A5t ok =d w7t wigE p-PVC
o] FA g VERISITE o A3, A7) fuljol] 23t o]
3y 54 A At fAFsHA, DINCH/p(BA-co-HPA)
(55 phr/5 phr) BigHEe] 77 7Hago] 7.89%= 7HE W
& e, DINCH @5 ARg Rt A 7480
9.77% 743t

p-PVC AlHe| ¥X 54 "It 2 AFolA A&gt p-
PVC AlHE ¢85l DMA ¥ TGA ¥4 53 €4 &
28 AR Figure 99l p-PVC AlH9] £ ¥3lo) w2
DMAS®] tand®] ¥3t& YERI UL Table 391= thdst p-
PVCe| Fedol (Tl XS YERHITH DMA 4
A}, hFet ol A= A% AR Al PVC WIHE
o] d& EAol| = I3 vIAA LTk oldd 54 Al
Aol 7 573 545 BoFUAY DINCH/p(BA-co-

0.4

0.1 —s— DINCH{B0phr)

—s— DINCH{55phrjpBA{Sphr)
—a— DINCH{55phripBA-co-HEA(Sphr)
—=— DINCH{55phrjpBA-co-HEMA(Sphr)
0.0 —#— DINCH{55phrjpBA-co-HPA{Sphr)

2 T T T T

-20 0 20 40 80 80
Temperature (°C)
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DINCH and various acryl oligomers.
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Figure 10. TGA thermograms of plasticized PVC samples containing
DINCH and acryl oligomers.
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Table 3. Glass Transition Temperatures of Plasticized PVC Samples Containing DINCH and Various Acryl Oligomers

DINCH DINCH (55 phr) DINCH (55 phr) DINCH (55 phr) DINCH (55 phr)
(60 phr) pBA (5 phr) p(BA-co-HEA) (5 phr) p(BA-co-HEMA) (5 phr) p(BA-co-HPA) (5 phr)
T,(C) 34.69 3542 36.17 38.70 36.75
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Table 4. TGA Results of Plasticized PVC Samples Containing DINCH and Acryl Oligomers

DINCH DINCH (55 phr) DINCH (55 phr) DINCH (55 phr) DINCH (55 phr)
(60 phr) pBA (5 phr) p(BA-co-HEA) (5 phr)  p(BA-co-HEMA) (5 phr)  p(BA-co-HPA) (5 phr)
Tiecaow (C) 262.45 263.85 265.35 267.34 266.80
Tecaon (C) 291.65 293.42 293.95 298.25 296.26
Tyecs0% (C) 306.37 308.84 309.04 314.55 312.88
Residue (%) 7.02 6.48 6.58 6.59 7.38
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Figure 11. Stress-strain curves of plasticized PVC samples contain-
ing DINCH and acryl oligomers.
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Figure 12. Shore A hardness results of plasticized PVC samples
containing DINCH and acryl oligomers.
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Table S. Mechanical Properties of Plasticized PVC Samples Containing DINCH and Acryl Oligomers Measured by UTM

DINCH DINCH (55 phr)

DINCH (55 phr)

DINCH (55 phr) DINCH (55 phr)

(60 phr)  pBA (5Sphr) p(BA-co-HEA) (5 phr) p(BA-co-HEMA) (5 phr) p(BA-co-HPA) (5 phr)
Tensile Strength (MPa) 12.68 12.99 11.41 11.72 12.40
Elongation at break (%) 537.45 523.32 516.67 472.92 492.68
Modulus at 100% elongation (MPa)  4.97 5.26 5.51 5.63 5.69
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