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ZE: Poly(vinyl chloride)(PVC)= A AlAINA dE] AMSE= B4 Fet2g X9 U=R dutyoz A3 F
A2 W= di(2-ethylhexyl)phthalate(DEHP) 53 7+ ZE o] EA] 714A]7F WiEA] @ sieh. A9k H2
geo]EA 7EAI7E QA B S0 felisithe A7 A3 e olHd wAIE JHAdskeE (5)BASFAR dii-
sononylcyclohexane-1,2-dicarboxylate(DINCH) % (3H)gs}A|n]Z2] eco-diethyl hexyl cyclohexane(DEHCH)<}
2 AR 7] S ZteArE SAET B dFlMs AERIAN Fx2E IRE 38R
cyclohexanedimethanol pitchE Y52 314 2-ethylhexanoic acide} ¥H-&A1A 348 EFE FH 9 714AE T4
Sith FAE 7k EFES PVC H-&ated thdst PVC AlAS AlAsIon zF Ao 71414 54, o]
54 2 94 EAE A5t PVCE 7HaAEA 9] 2395 Bl

K o

Abstract: Poly(vinyl chloride)(PVC) is one of the world's most widely used plastic resins, and phthalate-based plasti-
cizers such as di(2-ethylhexyl)phthalate (DEHP) are often used for manufacturing products. However, recent research
results have shown that phthalate plasticizers are harmful both to human body and environments, and environmentally
friendly plasticizers (diisononylcyclohexane-1,2-dicarboxylate (DINCH) from BASF & eco-diethyl hexyl cyclohexane
(DEHCH) from Hanwha) that could resolve these problems have led to the world’s attention. In this study, the plasticizer
was synthesized by reacting 2-ethylhexanoic acid with 3-component 1,4-cyclohexanedimethanol pitch containing cyclo-
hexane structure. PVC specimens were fabricated by applying the synthesized 3-component plasticizer to PVC, and the
resulting mechanical properties, migration properties, and thermal properties of the specimens were analyzed in detail.

Keywords: poly(vinyl chloride), plasticizer, 1,4-cyclohexanedimethanol, cyclohexanedimethanol pitch.
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Poly(vinyl chloride)(PVCy= A AlAlolA 714 de] ARS-= 7HaeAlE PVC @A) A0l g s, a4
= H1E 28 A F R W dASA T Ystehg, O E(T)E Yol A9 7H/dS AT 53], A
W & e 548 7R o A A eke] st A PVC AIF Alx Al AREE= 7P AE4% 7taAls =
T 2E AL 7Rl Holuk AW FAE, A5 AA, 9 2] 7HA] A7) 90% o3-S RIS e e o] EA
folg o, a8 58E? 5 g gkt EopollA AL 7FA|Z dibutyl phthalate(DBP), di(2-ethylhexyl)phthalate)
257t} ARE = PVC AA = wf$ Tesk AE S (DEHP), diisononyl phthalate(DINP), —22] 3. di-n-octyl phthalate
7AAL Q17 w2l 7hee] bt E S PVC AR E AR Al (DNOP)Ys t}eFst F771 A3t} Tego|EA 71aAE
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el = Al PVC AEF 2FE old=o] F2& A5
71e SRS 7HIAL EE AlRe] H2 A= ekl vlEe
Zeeo|EVt &0l Falldh dF2 4o ¢ lom At
ol FU Al IAle] WEHAIE W7IER < = ¢ 2=
AR AAEIL Q= Aggelth wEtA] 2ol EA Tia
A7k A-8¥ PVC AlFol gl Bkl o] B2
g Wate e olE 25 VAT 7HaA| AR EﬂffL
TAIE HAF ABelal Sle dAelnkt ol met B A

71Z M= T 0| EA 7IAAE YA = U= st
718473 7124 (green plasticizer) 71 A2 A3t Aok
9-11

2187 7taAlE 7hasl g8o] 71E AMgs ZEEolE
7YaA| ok frALeloF al ALEA} Aol A] €] o]fo] o= Ak
WS 7RA] A 7E QIAI9F gdel] Faljgt Bl o] EA
9 e S1RHES 9] v $ho) " diisononylcyclohexane-1,2-
dicarboxylate(DINCH)= 59| BASFAZ} 70k 7haA] =
WaFEo] uiAlE Al%ifﬂw TZE 7P7<11 UoH, 7| L
ge|o|EA] 7kaA|e} AETS 7kast §88 7KL 7] o
ol e AREE ﬂ%ﬂ@% ﬂwé‘ 7bJﬂ < dfelnt.”

DINCH= DINPE 43} $hel Whg-5 HA Ak, st
ARk olH g A FAS AX= 5 DINP ZEE0|E ¢
71 &d38] A A7 =R ¢¥ol DINCHE A2 A8 HH
ArFe] WS BTt Follthe Zlo] dAIS] Hrte|tt. w
2k4] DINCH 712A|2 Zeo]|E 4 ek EZo] kst
gu7t Ao BErbss|d 2EA o Teo|ETL
EANBIA] AL AA o Fal|g PVCE 7HA] o] g
=

1,4-Cyclohexanedimethanol(CHDM)2 8218 8] %5
Sk35he ‘U2 (diol)’ 222 dimethyl terephthalate(DMT)E 2
WA st TS AX HTH o= FAHE?] CHDM pitch
o} $HA AzP =W SKAWZ Z2ZA2) 4 CHDM 2
CHDM pitche 24 153 DINCHS} g2 Wakso] ¢4
HiAE SRHER ofof tigh &8 A7t 7hAA Bk o)
TheFst Fofol| A X8Y o]t} S8 58], CHDM pitche= CHDM
¥} Hlaate] w-g- A"k 7o) 7)ol oy WA 284
o] 71t 8tgE F dhtolth” CHDM pitchs A%9]
CHDMS #3ksled 2%9] o|ehd|(dimer) B2 o] EgHo] ¢l

= ¥R SHER A, gL 79 Aol Hlaa =2
A= —EJ < 7HAAL Ut} Table 191 CHDM pitch7} o] £ $)

B9 sl B 24 77 JeRAI
\_:rLT: CHDMZ: ©]-83F PVCE 71aA|e] $4 A2
2] CHDM pitchE FYUFZ AFE-3F3L 2-ethyl hexanoic
acide} o /\Eﬂe HH-3-8- 4~3)3led CHDM pitch 719ke] #| 2}
Sk PVC AJHS ARE-51o] UTM ¥ Shore A durometer 492
Fall T 7kaAle] 7IA1A BAE doknskon, TiaAlE
skt tFet &S ARE-Ste] PVC AlHHolA 9] 744

Za), A4778 A 63, 20234
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Table 1. Components of CHDM Pitch and Their Chemical
Structure

Component Chemical structure Ratio (%)
N
CHDM Ho. A/ 10
CHDM pitch 1 o [ J © T 1 o 30
g
HO._ __oH
Ale] ol 54 % 5_/\}6} At} 3 TGAS AMg-3le] 94

7hA7t A8 Al Zall 2ieE BAsi €4 &

e suaa.
4 o

ME. At 71eAl S A8l vt 22 AekE AR
3}t CHDM % CHDM pitch= SK Chemical(gH=)ol 4]
T3F9aL, 2-ethylhexanoic acide= Sigma  Aldrich(USA)OlIA
T3] ARESIATE. ZHlQ] p-toluenesulfonic acid monohydrate
= Sigma Aldrich(USA) A1, WEg- &<l tolueneS 4H4<
k=l A AR, 2 9] sodium carbonate(3F214=2F,

Adste] AREEIATE PVC A1 A2l AREE PVC S4](KL-
10 55 ) FsHAVIZEE PRI, 4 FgAlE $94 (?'51%)—
ZHE BZ191E FY3I 2L, tetrahydrofuran(THF = 4Hd<
glk(—@%)ﬂ}‘i T3t AR

1,4- Cyclohexanedimethanol Bis(2-ethylhexano-ate)2]
. Scheme 1< ©o|-&3faL F Wk 99521 CHDMY 2
2 o]Ake] 2-ethylhexanoic amdg AREsle] of| 2E] WRS-S =
yajact

AN, &= AEEY, wHk7] 283 dean-stark trapS 2t

0
HO "
OH HO
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Toluene (Solid concentration 50wt%)
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Scheme 1. Esterification of CHDM with 2-ethylhexa-noic acid.
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% 4-neck round bottomed flask®] CHDM 106.06 g(735.465
mmol), 2-ethyl hexanoic acid 243.94 g(1691.56 mmol) (CHDM :
2-EHA®] EH] 1:23)8 FY3Att. 282 ¥ p-
toluenesulfonic acid monohydrate 3.5 gIEFE 100 S35
‘:H75H 1 ?Ek—r)*— =I5k WS- 812l toluene 402.30 mLE
skt vhg=o] £l w —5713 oil bathel] =] £ 717
s F_HW](mechamcal stirreryS ARE-5k] W27 LH—‘?*F: F_HP
AIZTHA & 7hsled FHIRZIA] AMAE] 5 5?33\‘:} =5
Zgspas] vt SmekE T3] (TLCYE ARg-ste] vt 9] il
S FIIH R ZRIsI 5’_ oF A 3 WhES T &
¥l 7APF 23R S-S sodium carbonate 8 10 wi%
£ 700 mLE ARE-steq 2] Zw) 7] (separatory funnel)oll 4]
3t AEE SN FTdS EElste] K] 2-ethylhexanoic
acids A AU 283 FHRTE F7FAH & oA A
NS Fasled 7 sodium carbonate®} p-toluenesulfonic
acidE A AsIATE. 2232 magnesium sulfateE ARE&-S1]
= egste] sheks U-o] wlgke] RS AIASKIAL v
S = 3124 S (rotary evaporator)S ARS8 719t 271 sl
tolueneS SHAIA FHF WA= 1,4-cyclohexanedimethan-
ol bis(2-ethylhexanoate)( CHDMDEH)E =2 &> 90%)2
A s
1,4-Cyclohexanedimethanol Pitch Bis(2-ethylhexanoate)
9| g, 1,4-Cyclohexanedimethanol bis(2-ethylhexanoate)]
3 3 FLS WH O Z CHDM pitche} 2-ethylhexanoic

HO
OH
0
(o)
0O
(0]
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Scheme 2. Esterification of CHDM pitch with 2-ethylhexanoic acid.

acidg& AH&stal o &H wh-3S 3 ste] CHDM pitch
ester(CHDM PITCHDEH)E %< &> 90%)Z 5313
THScheme 2).

1,4-Cyclohexanedimethanol Bis(2-ethylhexanoate)
(CHDMDEH, Figure 1): Yield 90%, viscous oil, 'H NMR
(500 MHz, CDCly), 0.86-1.06(m, 6H, -CH;), 1.19-1.34(m, 4H,
-CH»-), 1.39-1.44(m, 2H, -CH>-), 1.46-1.54(m, 4H, -CH.-),
1.57-1.65(m, 2H, -CH-), 1.68-1.85(m, 2H, -CH-), 2.21-2.28
(m, 2H, -CH-), 3.90-4.00(m, 2H, -CH-).

1,4-Cyclohexanedimethanol Pitch Bis(2-ethylhexanoate)
(CHDM PITCHDEH, Figure 2): Yield 91%, viscous oil,

CHDMDEH
/'*v'“-T- 0"y /\ I :
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Figure 1. '"H NMR spectrum of CHDMDEH.
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Figure 2. '"H NMR spectrum of CHDM PITCHDEH.
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Table 2. p-PVC Formulations

PVC (g) THF (g) CHDM DEH (phr) CHDM PITCH DEH (phr)  Thermal stabilizer (phr)
100 - 60 - 3
Sol-gel process
100 - - 60 3
Solution casting 100 45 60 - 3
process 100 45 _ 60 3

'H NMR(500 MHz, CDCly), &(ppm), 0.86-1.01(m, 18H, -CHs),
1.20-1.35(m, 12H, -CH,-), 1.38-1.41(m, 6H, -CH,-), 1,44-1.51
(m, 12H, -CH,-), 1.55-1.66(m, 6H, -CH-) 1.73-1.82 (m, 2H,
-CH-), 1.98-2.03(m, 2H, -CH-), 2.25(m, 2H, -CH-), 3.18-3.29
(m, 2H, -CH-), 3.91(m, 2H, -CH-), 4.00(m, 6H, -CH-).
1,4-Cyclohexanedimethanol Bis(2-ethylhexanoate) %
1,4-Cyclohexanedimethanol Pitch Bis(2-ethylhexanoate)
gt PVC(OIst p-PVC) Al H|&E. Al 7HAIE PVC
2o A3} PVC Al pPVOYE A2t 2t 7124 2]
7IAA B4 H7IE S8 A (sol-gel) 37WHLZ coin FEY
9 dog-bone FEN Al HS A 23 PVCEHE 7HAaA] 9
olg} 54 W I3 54 W7IE T8 sl THFE &=
ARE-3le] solution casting WHOE L& Feje] PVC A|HES
A ZSHATE. Table 29 p-PVC AZF g} H&-8 YERAATE.
p-PVC AlEe| 7IHH 4 "It Hd= 259 7kA7t
ZEE pPVC AlHe] 71A1% A0l thate] 4 sisint. -4
Shore A durometer(Kobunshi Keike Co. Ltd, Asker, ¥ £)&
AME-31] p-PVCE] 7d=(Shore A hardness)E Z-d3Ith. #|
245k coin® p-PVCE Shore A durometerd] &3HES & 1
Lol 500 g¢] FE5 ESEFol FAE AEE RIS
18]35 TFsATE 7] (universal testing machine, UTM, LLOYD
Instruments, LR 30K, %9 =)& AF&-3le] Q147 = (tensile
strength), 21<€-(elongation) 28] 2. 2E#|2x(modulus at 100%
elongationyg 7431t} A& dog-bone FE| p-PVCE 50
mm/min®] N HEZ AJHo] Fojd wj7lA] F7|ojA] v
SAE s
p-PVC AlHo| JtAX| o|gid Wt sk 7taA7E A
€€ 5% p-PVCE o]&3ato] &nf & ol 9|5t o8 &
38 ZARIATE B4 AlHE F4 0.1 mme] p-PVCE 7H=
50 mm, AlZ 50 mmZ AEste] FH[SIA T p-PVCEFE]
o|8) == 7HAA] o] E(degree of migration)y The -2
21 o]-&ste] ALttt

Degree of migration (%)= WX 100(%)
0
Wy p-PVC 25 AZ9 2z FA, 283 W 2447

T Axd pPVCe] UE WA oJujai,
p-PVCE] ool oI o]a B4 7k 91 £

=

Za), A4778 A 63, 20234

deionized(DI) water, aq. 50% ethanol, aq. 50% acetic acid,
T2 olive oil2 A3t FHE p-PVCY] T 5482
sl Hx FAIE FRISIAAL 4 Bufoll 2447k B3t 33
At 223 AolM] xS

N

X
8] YA Al &
F 58E sl Us FAE ERlst] 7 Wk Altel
At

p-PVCEHE] 7kAAIe] ol 9]t o8] 54 A& I8l
THIE 53 p-PVCY FFS st HAx FAE gl
stk 2]l 100 CollA 168417F 59t =] & v 5%
248 8] Us FAE ERlsle HE FA wskEe ALt
ATk
p-PVC AlHe| X S4 HIL 3 71aA7F 288 2
5% p-PVCE ©]&3t d4 Asell sl 43ttt p-
PVCe| i3l 2= €5 % £47](thermogravimetric anal-
ysis, TGA, TA Instruments, Q50, USA)S AM&-3lo] =431t}

=
3
o

o

0 9 E2

1,4-Cyclohexanedimethanol Bis(2-ethylhexanoate) %
Cyclohexanedimethanol Pitch Bis(2-ethylhexanoate)2|
M. CHDM3} CHDM PitchE 2-ethylhexanoic acid®}
7}z o| 2B WhE-g et 90% ©]de =& FEE
CHDMDEH % CHDM PITCHDEHE #5313t} 53t 2
9| kAl 7= 45 fl8] 'H NMR 3 FTIR ~2|E
d 24& 3310}, Figure 1 28] Figure 29 398 2
9] 7HaA¢] 'H NMR 2=HER-S Yepl Itk 'H NMR
2 EY A8 53 3.90-4.00 ppm Aleldl] o220 &)
Fat= 257191 OCO-CH,-Cyclohexane ¥ 2.9} 0.86-1.01
ppm Ape]el s dsh= -CH; ] A7F A= 1T

Figure 3 ¥ 4= 43 2% 71441¢] FTIR & EHo|t}
CHDMDEH?] 7$- 9181 CHDM %] hydroxyl #5571
o sigsh= 3600-3100 cm™ol|X] #| =7}t HSEA] RO
o|2<H 7)ol slFshs 1750-1700 cm™'2} 1300 cm™ -
oA ¥=Z7}F 47t ASH ATk T3 3000 em! 2ol A A
= y|ax #2E9th. CHDM PITCHDEHS] 7-9-oll= 4
719 sz 3600-3100 cm oA | F7} AZ=5H] ok
KXo} o2 7= #EEA

p-PVC A|Eo| 7|HX S4 ™I} Shore A durometerS
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Figure 3. The FTIR spectra of cyclohexanedimethanol and CHD-
MDEH plasticizer.
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Figure 4. FTIR spectra of 1,4-Cyclohexanedimethanol pitch and
CHDM PITCHDEH plasticizer.

Table 3. Shore A Hardness Values of Plasticized p-PVC

PVC/CHDMDEH PVC/CHDM PITCHDEH
(60 phr) (60 phr)

Shore A hardness 73.1 74.2

ARg3}o] p-PVCe] 7Ras B4 HA8IIT). Table 30 FY
FH(60 phr)2] 7H2A71 vigHE p-PVCe] Shore A hardnessol]
gk Z78%kS VRS CHDMDEH_HJ/} CHDMPITCHDEH
7} R Y e AERS HoiF3lon, ol= CHDMPITCHDEH
7} &7t B8 o] gHA (dimer) TEE ~90% HE 7HA AL
9Jo] CHDMDEHET} 7143} 888 27 ZH4aA 7] Aoz
2] 9T} Table 491+ p-PVC AZ2] UTM 43S
ERN2IT}. 914188 CHDMPITCH DEH7} CHDMDEH 2-&
AR S SAEAL QPP B ES TR AT
HoFQ UTM 24 A3}, Shore A A% 23 éﬂr@r a}
ZPXZ CHDMDEH’} CHDMPITCH DEH Ert} ¢ =& 7}

L

Table 4. Mechanical Properties of p-PVC Samples Containing 2
Different Plasticizers

PVC/ PVC/CHDM

CHDMDEH PITCHDEH
(60 phr) (60 phr)
Elongation at break (%) 452.63 410.05
Tensile strength (MPa) 11.06 15.93
Modulus at 100% elongation (MPa) 4.61 5.84

Table 5. Migration Test Results of p-PVC Samples Containing 2
Different Plasticizers, in DI Water, aq. 50% Ethanol, 50% Acetic
acid and Olive Oil, Respectively

PVC/ PVC/CHDM

CHDMDEH PITCHDEH
(60 phr) (60 phr)
DI Water 1.3230 0.6452
50% ethanol 20.0209 2.6475
50% acetic acid 2.9252 0.5711
Olive oil 13.5182 13.0326

Table 6. Volatile Loss Test Results of p-PVC Samples Containing
2 Different Plasticizers

PVC/ PVC/CHDM
CHDMDEH PITCHDEH
(60 phr) (60 phr)
Volatile loss (%) 5.6875 4.0298

23} G285 RAFAY. o]t ATE 7taA Q] EApol
Z7¥elH 7hAst g8 Yol Ax, 283 AT T
o] Z7ket Aoz Bl

p-PVC A[Tio| 7[AX| oldN ™I}, A4Sk 252 7147}t

CHDM PITCH
8
§ CHDM PITCHDEH
=
w
=
e
=
v T v T T T y T ¥ T Y T
4000 3500 3000 2500 2000 1500 1000

Wavenumbers (cm™)

Figure 5. TGA traces of p-PVC samples containing 2 different plas-
ticizers under N, condition.

Polym. Korea, Vol. 47, No. 6, 2023



742 sl - zwE -

Table 7. Mass Loss Temperatures for p-PVC Samples Containing 2 Different Plasticizers

Tonset (C) T, (C) Ty (C) Ty (C) Residue at 600 C (%)
PVC/CHDMDEH (60 phr) 224.4 277.4 295.0 12.4
PVC/CHDM PITCHDEH (60 phr) 224.1 2419 2722 294.7 19.0

4% HEY p-PVCE A&t &n 9 dof| o]gt o]
AT Table 5 2 60 p-PVCEHE 71442
o] st 0|8 Aol thek 4%k, 123 p-PVCEHE
712A|e] el o)t ole)/d S797kS VFERNSITE. theet Safjel]
oJgt p-PVCAllA9] 7EaA] €] Wole) d-> CHDMPITCHDEH}
CHDMDEHY:T} B} £& 542 H9on, g 9|& p-PVC
o)X €] 7aA|e] Yol E Buljol] &gt o8] 54 4 A
o} 534 CHDM PITCHDEH”} CHDMDEHET} o] =&
548 HoFATh

p-PVC AlHe| X SM I A3 259] 71aw|e] &4
As 45 938l TGAE AMesl] 53 p-PvCe] #3l &
=& 43I Figure 55 ©]-8-3t] 7FAA7E vl p-
VC Ao thek TGA Z#E YeRHRIAL Table 701 Z17}9]
FA £ 5ol sdels 29 zhekskel tis] X138} 519
ok sz AT ARE T, 10% FA7E SHEAES
W= T, 30% FAIZE SAENE We Ty, "REERIE 50%
FAZE EAHAE W Tho= 212 7180t TGA +4
A3} [PVC/CHDMDEH] 2 [PVC/CHDMPITCHDEH] 2%
FAHA B4 2=ellA 9] FA £4E°] 5 T v|yke] 2jols
HoIFEA 0} 300-600 C -2 JGolAe] HFH9 eelE
Foll Ao = ExFo] o & 7aAE T3S [PVC/
CHDMPITCHDEH7} B & zhehs veRl21th(600 C
oA Ztzt 12%S}F 19% oA 8Hel). 235 o2 CHDM
PITCHDEH”} CHDMDEHY.t} ¥2}8ko] =31 Alo| =7} &
o= Eetal goll ogt FA £HES] A= HSEithE
2 RIS

tlo it

73

oo I X

YU

<

~
=2

>

4 B

£ AFelx= CHDM A # gk #4:H2<] CHDM pitchE
d B2 7Pz} ARS8l 2-ethylhexanoic acide} oZ~E|= wF
S FYste 2% 7HaAE 27 A 53 vt
2A1E 'H NMR % FTIRS ARE-SH 418 F3te] SighE9l
TE2E s on, PVCl FA7 60 phr)e= 48
& p-PVCE AZslaL 7taAlZM o] 28 7FeAdS AEs)
Ak ohFst B4 715 AREe] M3 Alet 7EAAI7E A
% p-PVCe] 71714, 4 54 At 59 ]
7} AE PVCel 2 -&3131S W CHDM PITCHDEH X T}
CHDMDEH®] 7 =7} B2 B S EHUL AAEE =

Za), A4778 A 63, 20234

2 k& 7Fx171°] CHDMDEHS] PVCol| T3t 7143} 54
o] B &S BAFU) s ¥ 74 o] A s CHDM
PITCHDEH% PVC 7}A| 24 FA4 20 4342 HolE 7
O 2 ALEHET teFsk &u) 2 Fof| oJst o]ay A A,
APJt= EAl= Ale]l=7T o 2 7111 CHDM PITCHDEH
71 gufell ogh o) E/do] o] 958 AR HAFGlon,
Qof| 9J3} o]3) EA % CHDM PITCHDEH7} U $-<=3+ 4
F= YeRT) vA g e 2 TGAS ARg-dle] A3k 259
7EA7F AEE pPVCe] G2 AES 418195 CHDMDEH
3} CHDM PITCHDEHS & EE3) 2}o]& HolA] e9h3-2
HojFo] A3 02 CHDMDEH % CHDM PITCHDEH &
T PVCE 313 7HaA| =AM Ago] 7hsshe HoFUT

AL 2: 2 Ave T gt S EVs Y
AR (ZHA 3 2016002040001)2] 7-H] K| Qo g =35
AU

Ola&tE: AAES olslldEe] flve AdTt
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