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Abstract

To replace phthalate plasticizer for PVC, acetylated monoglyceride (AMG) plasticizers were prepared from plant oil and their
plasticization effects were also investigated. Transesterification of coconut oil by glycerol followed by acetylation with acetic
anhydride gave AMG-CoCo (Coco : Coconut Oil). In addition, AMG-GMO (GMO : Glycerol monooleate) and
AMG-GMO-Epoxy were synthesized by acetylation and epoxidation with glycerol monooleate. It was found that the thermal
stability of AMG plasticizers increased in the following order: AMG-GMO-Epoxy > AMG-GMO > AMG-CoCo and all three
plasticizers were thermally more stable than those of common petroleum-based plasticizer DOP (Dioctyl phthalate). The tensile
strain values of the PVC containing AMG compounds were ca. 770~810%, while tensile strength values were ca. 19~22
MPa, which were higher than those of PVC containing DOP. DMA (Dynamic Mechanical Analysis) results showed that the
miscibility of AMG-GMO-Epoxy in PVC was excellent and the 7, of PVC containing AMG-GMO-Epoxy at 50 phr decreased
down to 24 C. Finally, the leaching experiment result showed that the weight loss values of PVC containing AMG-GMO
and AMG-GMO-Epoxy at 50 phr were as low as 2 and 1%, respectively, indicating that they have high water migration
resistance. The above findings suggested that AMG-GMO-Epoxy could be one of plant oil-based PVC plasticizers to replace
DOP.
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2 Ao ZFH 2Y(Coconut Oil), SEAE BiET]olo]E
(Glycerol monooleate, GMO, (F)LAIAMNE ARSIt 2EAME
(Aldrich, 99.5%), SFIEAL F-E(Aldrich, 98.0%), H,O, (Aldrich, 30
wt% in H,0), E54KAldrich, 96.0%), HlA~-2(oE a4 ZEHgo]E
(Bis(2-ethylhexyl) phthalate (DEHP) or Dioctyl phthalate (DOP), Aldrich,
99.5%) 5 HE2] A glo] ARESISItE HoloH 28 wk-g FHullz

Potassium methoxide (PM, =7 3}8K(F), 32% in MeOH), trietha-
nol amine (TEA, Aldrich, 99.0%) & AME3FITH

SAJ3E opA|E 3} B A|Eto| S(AMG) 7HaAl Q] FREAE 9
3 'H-NMR (500 MHz, Bruker), FT-IR (FTS165, Bio-Rad), GC/MS
(7890A, Agilent Technologies)E AH&-8I3Ith GC 4] =712 o3
2t} AH: HP-1 capillary GC column (30 m, 0.32 mm, 0.25 mm), 2
2 2% :50~320 C, & 7 : 10 C/min, split ratio 1 : 50, in-
jector temp. : 250 C, detector temp. : 300 C. 7}4A|Y] 3255
Z4317] 98 @F = #-2(Thermal gravimetric analysis, TGA)< TA
A+2] Q-500 TGA instruments ARSI 10~20 mge] Al S5 A4
715 tellA 25~600 T7HA] 10 T/ming] T2 235k0] 43513
. A4 KHTotal acid number, TAN)S} S:F7]1%k(Hydroxyl value,
OHV)S ASTM D6643 ASTM D1899 HFHol ule} Metrohm 888
Titrando titrator = =743} t}.
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Figure 1. The chemical structure of common phthalates used as a
plasticizer for PVC.

o AEN 28} WSS 3T HP£7IO1] K2 766 ¢ (1.2 mol), 4]
= 546 g (6.0 mol), PM 1.2 g @ TEA 2.4 g& F5]ate] 230 CollA
3~5 h &<t AGith FAE B 9 tho] S AEto| e opA|EAT
FrES 91 120 CollA ¥H-gsle] FT-IRE ¥H-E9] -OH 2H8-7]0
%t F Wt AR dEete] WS TAAATE Wh3ol T4
HH Aeow Yl T WF(15 mmHg) AElolA L2 100 — 120
— 150 CE "AFCE 2] ofNEAL 4 n|ule ol EAL DA%_o_
Fato] AASIL AHE AMG-CoCoZ 1097 g (E-E 99%,
= 85%)%*%!4. AMG-CoCo8] T-%+ 'H-NMR, FT-IR 4 GC/MS i
A& Fsto] gelsiginh

AMG-CoCo :

'H-NMR (500 MHz, CDCl5) : & (ppm) = 5.26 (m, 1H), 4.29 (m,
2H), 4.16 (m, 2H), 2.32 (m, 2H), 2.08 (m, 6H), 1.61 (s, 8H),
1.24~1.28 (m, 17H), 0.88 (t, 3H)

FT-IR : » (em™) = 2957, 2928, 2857, 1749, 1462, 1372, 1224,
1165, 1103, 1051, 960, 865, 723

OHV : 1.7 mg KOH/g

TAN : 0.5 mg KOH/g

2.3.2. AMG-GMO &+

27 RES71el] GMO 712 g (2 mol), OFAEA 5 459 ¢ (4.5
mol)& FY3t &5E 100 CTE 52319 4 h #FS3It} FT-IRZ
H-g-E2] -OH ZHg-71) 93t &5 w7} Al wste] W85 %
AXZAT) Whgo] FAEE A2 o7 ¥ £ 2315 mmHg) ALEHOH
A LEE 100 — 120 — 150 TE @A o2 &8 opA|EA W n)
HES- oPA|EAL Faes SFstel AlASHL 4/dE AMG-GMO 837 g
(RAFHE 99%, T8 = 95%)2 AU AMG-GMO2] T3+ 'H-NMR
9 FT-IR AFEY BAE gjate] g1t

AMG-GMO :

'H-NMR (500 MHz, CDCL) : & (ppm) = 5.35 (m, 1.9H), 5.26 (m,
1H), 429 (m, 2H), 4.16 (m, 2H), 2.32 (m, 2H), 2.08 (m, 6H), 2.00
(m, 3H), 1.59 (s, 7H), 1.24~1.28 (m, 19H), 0.88 (t, 3H)

FT-IR: 2 (cm™) = 3006, 2930, 2857, 1751, 1459, 1372, 1224,
1169, 1100, 1051, 961, 859, 724

OHV : 0.8 mg KOH/g

TAN : 0.5 mg KOH/g

2.3.3. AMG-GMO-Epoxy &M

37 WES7]ell AMG-GMO 2484 g (0.565 mol), vl ZgAk
(AMG-GMO/ZEAF = 1.0 mol/1.0 mol)s Pl wd3tA Z3kst &
0 CollA 2l 2yAMG-GMO/ 284 = 1.0 mol/5.0 mol)S
A IR 10 mLmin®] $EE FYsIGich dtskra 4 F 4
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Figure 2. Synthetic scheme of acetylated monoglyceride plasticizers
using coconut oil and glycerol monooleate.
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257l 50 T HES o
F O/oE obMHO|ES ARESte] FullE AlAsta, el @ &
71%E Bol MgSOsE ol8d] TR AAR F TR &5
AMG-GMO-Epoxy 224.0 g (A3H& 99%, T8 = 87%)E & 3}
A3 AMG-GMO-Epoxy®] %3 'H-NMR % FT-IR ~#E# o7
gRlskgiet.

AMG-GMO-Epoxy :

'H-NMR (500 MHz, CDCl;) : & (ppm) = 5.26 (m, 1H), 4.29 (m,
2H), 4.14 (m, 2H), 3.11~2.89 (m, 1.9H), 2.32 (m, 2H), 2.08 (m, 6H),
1.64 (m, 4H), 1.49~1.24 (m, 25H), 0.88 (t, 3H)

FT-IR : » (em™) = 2929, 2857, 1749, 1461, 1372, 1224, 1167,
1102, 1051, 960, 842, 724

OHV : 1.8 mg KOH/g

TAN : 0.5 mg KOH/g
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(Mono-acetylated) -3 13~16%%1 Z1 0.2 YERITE B3 GC/MS
Aol 95 AMG-CoColl &7] 2= C6: 0= 1%, C8 : 0 =
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C18:0=23%, Cl8:1=16%, Cl8:2=3% 52 ZAoZ FA=]
glom 7 Al&9] Zol7t F& C12~160]3L 91% o]Ato] 3} At
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N3} WEelz]olx] 71918k & = 1.24~1.28 ppm} 0.88 (t, 3H) ppm2]
a9 WA ZFR Y o] 7HAEITE FT-IR 4] A
(Figure 4), 75 Y7} AMG-CoCot= 2 o] §lo] H|szst AHE
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Figure 3. "H-NMR spectra of (a) coconut oil and (b) AMG-CoCo.
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Figure 4. FT-IR spectra of (a) coconut oil, (b) AMG-CoCo.
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Figure 5. 'H-NMR spectra of (a) GMO, (b) AMG-GMO and (c)
AMG-GMO-Epoxy.
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Figure 6. FI-IR spectra of (a) GMO, (b) AMG-GMO and (c)
AMG-GMO-Epoxy.
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200 C ool AA3] &all7F AlFE Yot AMG-CoCo Rtk
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Table 1. 5% Thermal Degradation Temperature, Molecular Weight (MW), and Weight Percentage of Acetyl Group in the Plasticizers

Plasticizer Tasw (C) MW Acetyl group/g(%)
DOP 192 390.6 0
AMG-CoCo 197 358.5 343
AMG-GMO 228 440.6 27.7
AMG-GMO-Epoxy 258 456.6 26.7

Table 2. Mechanical Properties and Glass Transition Temperatures

PVC/AMG-GMO-Epoxy Films

of PVC, PVC/DOP, PVC/AMG-CoCo, PVC/AMG-GMO, and

Plasticizers (phr) Stress at break (MPa) Strain at break (%) Young’s modulus (MPa) T4 (C)
Neat PVC 61.4 £ 09 24 + 11 843 + 7.5 72.3
PVC/DOP(30) 258 +£ 0.7 504 + 4 147 £ 1.5 58.7
PVC/AMG-CoCo(30) 262 + 1.6 490 + 51 189 + 2.6 66.9
PVC/AMG-GMO(30) 263 + 2.9 584 + 84 128 + 1.7 65.4
PVC/AMG-GMO-Epoxy(30) 235 + 1.7 548 + 81 65.0 £1.3 47.8
PVC/DOP(50) 179 £ 0.5 699 + 20 157 £ 0.2 29.2
PVC/AMG-CoCo(50) 21.5 £ 0.9 768 + 9 30.0 £ 0.5 374
PVC/AMG-GMO(50) 20.1 + 0.2 809 + 14 329 + 0.6 37.0
PVC/AMG-GMO-Epoxy(50) 192 + 1.7 792 + 14 12.6 = 0.1 23.7
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Figure 7. Thermogravimetric analysis curves of (a) DOP, (b)
AMG-CoCo, (¢) AMG-GMO and (d) AMG-GMO-Epoxy as a function
of temperature.
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Figure 8. Storage modulus (E’) of the PVC and PVC containing (a) 30 and (b) 50 phr of DOP, AMG-CoCo, AMG-GMO, or AMG-GMO-Epoxy

as a function of temperature.
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