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Synthesis and properties of bio-based glyceryl ester plasticizers
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Abstract: A series of bio-based gester plasticizers [glycerol trioctanoate, glycerol tri(2-ethylhexanoate),
glycerol trivalericate, glycerol tri(2-methylbutyrate)] were synthesized by direct esterification of glycerol
with different fatty acids (octanoic acid, 2-ethylhexanoic acid, valeric acid and 2-methylbutyric acid), and
then characterized by FTIR and *"HNMR. The plasticizing effects of the prepared plasticizers on polyvinylchloride
(PVC) formulations were investigated with commercial plasticizer bis(2-ethylhexyl) phthalate (DEHP) used
as control. The results showed that compared with those of the PVC test sheet plasticized by DEHP, the
eongation at break of PVC test sheet plasticized glycerol trivalerate was increased by 151.0%, the initial
degradation temperature of PV C test sheet plasticized by glycerol trioctanoate displayed an improvement of 12.3
°C, and the volatility resistance of the one plasticized by glycerol tri(2-methylbutyrate) was also enhanced,
indicating that the obtained plasticizers show the promise to fully or partialy replace DEHP. Furthermore, the
structure-activity relationship analysis for the plasticizers demonstrated that plasticizers with more branched
chains in molecular structure at the same relative molecular mass had better compatibility and extraction
resistance with PV C, but with reduced thermal stability and volatility resistance.
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Fig. 1 FTIR spectra of obtained plasticizers
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Fig.2 Molecular structures and 'HNMR spectra of plasticizers
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Fig. 3 Tensile stress-strain curves of different PV C test sheets
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Fig.4 TG (a) and DTG (b) curves of PVC test sheets
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Fig. 6 Extraction resistance and volatilization resistance of PV C test sheets at different times

# 2 AFEHEEF AL PV C IR H A
Table 2 Thermogravimetric data of PVC plagticized by different

plasticizers
RIEHI%
FE 5 Ts0/°C  T100/°C  Ts0e/ °C
110~390 °C 390~550 °C

Hih =2/ 268.9 2832 316.3 76.1 19.1
5/PVC

Hih=(2-&¢% 2448 266.0 313.1 75.1 18.5
CLFR)ER/IPVC

il = 2215 252.0 305.2 75.1 18.4
FE/PVC

Hah =i 2017 2341 3083 76.0 16.4
TTR)ERIPVC

DEHP/PVC 256.6 2739 310.2 75.2 18.4
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Table 3 Results of compatibility of plasticizers determined
by water valence method

R IR 2.5 g 4 IBFIFEHIZE R K /mL
il = BREE 37
H i = (2- 2.3 2L R ik 4.4
Hh = SR e 7.8
= (2-H 3R T ) R 8.3
DEHP 4.9

2 3ATLIEH, Hul = R R A H il = (2-F
HTR)EES PVC Z R BAHZA M L DEHP B4, H
M= ERER A H I = (2- 2R CR)EES PVC ZIHAY
AN 2T DEHP, MZ5Fy EitfrHbss, A %
BE Y H 0 = (2- £ 3 R R A H 90 = (2-F 3 T R) ik
5 PVC ZI WA A4, 13X — &5 5 54l s
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PRI 34k PV C i i i W (4 285301 821.7%7F1
794.5%, Lt DEHP #4k PVC X A 43 W4 5 151.0%
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