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Abstract: Vegetable oil-based plasticizers are regarded as the most promising bio-based environmentally
friendly plasticizers owing to their wide resources, adjustable structure, excellent plasticity, non-toxicity and
biodegradability. However, the high proportion of long chain alkyl groups in the structure of vegetable
oil-based plasticizers results in their poor compatibility with polyvinyl chloride (PVC), which makes the
plasticizers usually used as auxiliary plasticizer and their application value not fully demonstrated. In recent
years, domestic and foreign scholars have chemically modified the vegetable oil-based plasticizer' structures
and developed a series of multifunctional vegetable oil-based plasticizers (such as compatibilization, heat
tolerance, flame retardant, suppressed migration, etc.) to achieve the "quality and efficiency improvement"
for vegetable oil-based plasticizers. Herein, starting with the molecular structure design of vegetable oil, the
modification research on vegetable oil-based plasticizers was summarized, analyzed and discussed via
molecular simulation as well as combination of micro and macro analysis. Meanwhile, the
"structure-activity" relationship between the structure of plasticizer and the performance of plasticized PVC
products was also established, aiming to provide a theoretical basis for the structural design and industrial
production of high-performance and multi-functional vegetable oil-based plasticizers.
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Fig. 1 Theoretical diagram of PVC plasticized by vegetable oil-based plasticizers
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Fig. 2 Schematic diagram of compatibility of vegetable oil-based plasticizers with PVC
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Fig. 5 Epoxidized dicarboxylic acid dimethyl ester ( E-C21-DAE ) plasticized PVC (a)*®!; Schematic diagram of new castor

oil-based plasticizer (EGERAE) plasticized PVC (b)!*”!
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RN, VIARASHE Z (e, e H S PVC Akt
BRI ZENT ) CHEN 2RV 5 jiy T —Fh 36 T 8RR
) T P A 8 ) —— B JRR Y 2 2 TR R 1 R A T 4 K
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10% B g AR fR IR BE 42 T T 45 °C, FEHEMHR T
EGERAE 1) 4 7K H Jih g 35 [41 F1 34 40 € 141 58 4% 7 ok
HC1 JF3EZZ 3% M ; LA, PVC/EGERAE Wik
R PVC/DOP #2711 8%, X4 & EGERAE YK
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Bl 6 BEATLAE A i B3 28 0] A BELA LR
Flame retardant mechanism of flame retardant
vegetable oil-based plasticizers

Fig. 6
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Fl & BRI #85%) ( PFRP) #1C DOP, FiT PVC
Hil A I . SRR, T RERR BRI A LT
A Ay TR 5 0 s e 390 1 TR P ol R i 6 1T, PVC AR
R, JFEHRETESECHE %)Z, HTH
1SR RIEE SR AR Z (B A A R o ss e, SEZE T T
ERE R — 2 A, REIBRA B Y. B Y
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1 1,4-BDB [ #UE R KT DEA. IbAh, HA &K
REER DBS M T, e fik, FTEM ML AR R K Bt %

P33 S 550 ] A ) B 470 28 47 2 PVC T , 3
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\ R
Synthesis I Synthesis
) | y! ) .
)l\o | b¢ 1’7 }: f
A-ODL | PVCfilms
\  aonL I /} PVC films
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1J1 @ Esterification v iy
H, ® Epoxidation 9 ¢
————
EMRA bio-plasticizer Flexible PVC coating

& 7 ZME1,8- 2 B REIN R ZBE I BRI ( A-ODL ) 398 PVC /R E 8] (2 ) B Z R HEFA & 10 BRI R FHY 155 ( EMRA )

¥ PVC R ER (b) B

Fig. 7 Schematic diagram of acetyl 1,8-octanediol diricinoleate levulinic acid (A-ODL) plasticized PVC (a)®*; Schematic
diagram of epoxidized methyl ricinoleate with a pendant acetate ester (EMRA) plasticized PVC (b)**!
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Biobased
plasticizers
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Fig. 8 Materials Studio model of PVC molecule plasticized
by bio-based plasticizer!”®
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