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Abstract—Vegetable oil based plasticizers have potential use as nontoxic and sustainable plasticizer and as replace-
ments for commonly used phthalate plasticizers. In this study, novel soybean oil based polyol esters (derived from glyc-
erin or pentaerythritol, of which two were acetylated and two were additionally epoxidized) were synthesized and
characterized with GPC, FT-IR and '"H NMR. Properties of poly (vinyl chloride) (PVC) plasticized with different soy-
bean oil based polyol ester as main plasticizer were evaluated and compared to that of traditional plasticizers dioctyl
phthalate (DOP) and epoxidized soybean oil (ESO). It has been proved that thermal stability of PVC blends could be
improved by soybean oil based polyol ester plasticizers. Plasticizing effect of pentaerythritol derived soybean oil polyes-
ters on PVC is better than that of DOP, ESO, and glycerin derived soybean oil polyesters. Tests of migration stability
showed that with the increasing of the molecular weight, branching degree of molecular and ester bands of soybean oil
based polyol ester, the migration stability was enhanced. This study may lead to the development of new type of PVC
materials using soybean oil based polyol ester as main plasticizer.
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INTRODUCTION

Poly (vinyl chloride) (PVC) is a versatile material with an exten-
sive range of applications such as food packaging, biomedical, chil-
drenss toys, etc [1]. PVC materials present flexibility, softness, dis-
tensibility and workability when plasticized with plasticizers. Phthal-
ate plasticizers are the most commonly used plasticizers that are
easily released from the PVC matrix because of low molar mass.
When they are used in some applications such as childrens toys,
medical devices and food packaging, the loss of plasticizers not only
causes changes in long-term properties of products but also has a
potential biological effect on the human body [2-4]. Since the 1940s,
the toxicity of phthalates has been investigated. After the 1990s,
people began to be concerned by the negative effect of phthalates
on animals, including adverse effects on animals’ liver, heart, kid-
neys, lungs, and other organs [5]. Furthermore, most of these plas-
ticizers are derived from petroleum. With the depletion of petro-
chemical resource and the rising price of fossil oil, vegetable oil has
been focused on substituting with petrochemical resource to syn-
thesize chemical products. Recently, there has been growing inter-
est in the use of plasticizers obtained from vegetable oil because of
advantages of non-toxic, environmental, biodegradable and renew-
able raw materials. Recent publications reported the synthesis and
possible application of vegetable oil based plasticizers such as epoxi-
dized safflower oil [6], epoxidized neem oil [7], epoxidized linseed
oil [8], epoxidized soybean oil [9,10], soybean oil fatty acid methyl
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ester [11], benzyl ester of dehydrated castor oil fatty acid [12], soy-
bean oil based polyol [13], epoxidized broccoli oil [14]. A signifi-
cant body of work has shown that epoxidized soybean oil can indeed
be used as primary/single plasticizer for PVC, provided a suitable
heat stabilizer is included in the formulation [15-17]. We have syn-
thesized glyceryl monooleate-based polyester plasticizer [18] and
phosphorous-containing plasticizer based on vegetable oil [19-22].
The glyceryl monooleate-based polyester plasticizer is efficient to
improve the thermal stability of PVC blends; the high migration
stability can keep the property of PVC products for a long time. But
the glyceryl monooleate-based polyester plasticizer must be coop-
erated with phthalates plasticizer to blend with PVC which limits
its application. Phosphorous-containing plasticizer based on vege-
table oil can improve thermal stability, flame retardant performance
and mechanical property of PVC blends. They are potential and
functional plasticizers for PVC.

The current work focuses on synthesizing soybean oil based polyol
ester plasticizers such as acetyl soybean oil polyol ester (SOPE-1,
SOPE-2) and epoxy acetyl soybean oil polyol ester (ESOPE-1 and
ESOPE-2), and investigating their plasticizing effect on PVC as main
plasticizer. Their chemical structure was characterized using FT-
IR, 'H NMR and GPC. Thermal property, mechanical property
and crystallinity of PVC plasticized with synthesized plasticizers
were explored. Migration resistance and leachability of these plasti-
cizers were investigated.

EXPERIMENTAL

1. Materials and Chemicals
Epoxidized soybean oil (ESO, chemical pure) with oxirane oxy-
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Fig. 1. Synthesis of ESOPE-1.

gen content 5-6%, and iodine value 0-6 g /100 g, pentaerythritol,
glycerol, phosphoric acid, formic acid, 30% hydrogen peroxide solu-
tion, acetic anhydride, sodium hydroxide and dioctyl phthalate
(DOP) were provided by Nanjing Chemical Reagent Co., Ltd. (China).
All of the reagents were analytical reagent. Polyvinyl chloride (PVC)
was supplied by Hanwha (South Korea) with K value 65.0 and degree
of polymerization 1300+100. Soybean oil (SO, edible grade) pro-
vided by Arowana Co., Ltd. (China).

2. Method

2-1. Synthesis of Soybean Oil Polyol (SOP-1)

A four-necked round-bottom flask equipped with a mechanical
stirrer, condenser pipe, thermometer and provision for nitrogen
flushing was charged with soybean oil 500 g, sodium methoxide
0.18 g, triethyamine 3.6 g. The temperature was raised to 230-240 °C
after continuous nitrogenation for 20 min. Then 122 g of glycerol
was taken in the mixture. The temperature was maintained at
230-240°C for 2.5 h [18,19,23,24].

2-2. Synthesis of Soybean Oil Polyol Ester (SOPE-1)

200 g of SOP-1 and 160 g of acetic anhydride were mixed in a
three-necked round-bottom flask equipped with a mechanical stir-
rer; condenser pipe and thermometer. Stirred at 140°C for 1h to
finish esterification. Then the reaction mixture was washed thrice
with distilled water and the water removed with a rotary evapora-
tor at 60 °C.

2-3. Synthesis of Epoxidized Soy Bean Oil Polyol Ester (ESOPE-1)

200 g of SOPE-1, 15.5 g of formic acid and 0.50 g of phosphoric

acid were mixed in a four-necked round-bottom flask equipped
with a mechanical stirrer; condenser pipe, thermometer and constant
pressure funnel. 150 ml hydrogen peroxide solution was dropped
in the reaction in 30 min and stirred at 60 °C for 8 h to finish epox-
idation. Then the reaction mixture was separated from water with
separating funnel and washed thrice with distilled water, then the
water removed with a rotary evaporator at 60 °C. Fig. 1 showed
that synthetic route of ESOPE-1.

2-4. Synthesis of Soybean Oil Polyol (SOP-2)

200 g of soybean oil, 60 g of pentaerythritol and 1.30 g of cal-
cium hydroxide were placed together in a four-necked round-bot-
tom flask equipped with a mechanical stirrer, condenser pipe, ther-
mometer and provision for nitrogen flushing. The reaction mix-
ture was heat to 230 °C for 3.5h.

2-5. Synthesis of Soybean Oil Polyol Ester (SOPE-2)

100 g of SOP-2 and 130 gof acetic anhydride was mixed in a three-
necked round-bottom flask which was equipped with a mechani-
cal stirrer, condenser pipe and thermometer. Stirred at 140 °C for
1 h to finish esterification. Then the reaction mixture was washed
thrice with distilled water and the water removed with a rotary evap-
orator at 60 °C.

2-6. Synthesis of Epoxidized Soybean Oil Polyol Ester (ESOPE-2)

100 g of SOPE-2, 7.75 g of formic acid and 0.25 g of phosphoric
acid were mixed in a four-necked round-bottom flask equipped
with a mechanical stirrer, condenser pipe, thermometer and con-
stant pressure funnel. 80 ml hydrogen peroxide solution was dropped
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Fig. 2. Synthesis of ESOPE-2.

in the reaction in 30 min and stirred at 60 °C for 8 h to finish epox-
idation reaction. Then the reaction mixture was separated from
water with separating funnel and washed thrice with distilled water,
then the water removed with a rotary evaporator at 60 °C. Fig. 2
showed that synthetic route of ESOPE-2.
2-7. Preparation of PVC Blends

20 g PVC was mixed with 8 g plasticizer (DOPB, ESO, SOPE-1,
ESOPE-1, SOPE-2 and ESOPE-2, respectively) using 300 ml THF
as the solvent. The mixture was thoroughly agitated using a mechani-
cal agitator at 160 rpm for 1h at 60 °C followed by sonication for
10 min until the mixture presented clear and transparent. The sam-
ples were then cast into Petri dishes (diameter 19 cm) and dried at
ambient temperature for 7 days to remove traces of residual sol-
vent and to obtain thin films [1,25-27]. The thickness of the cast
films were around 3-5mm. The residual THF were investigated
according to the H. Lai et al's study [28]. The results indicated that
3-5% THF remained in the PVC blends after casting and drying.
The polymer and blends that were evaluated are identified as fol-
lows: PVCO (no plasticizer); PVCD (DOP as plasticizer); PVCE
(ESO as plasticizer); PVC1 (SOPE-1 as plasticizer); PVC2 (ESOPE-
1 as plasticizer); PVC3 (SOPE-2 as plasticizer); and PVC4 (ESOPE-
2 as plasticizer). Note that no heat stabilizer was added.
3. Materials Characterization
3-1. FT-IR

FT-IR spectra of synthesized plasticizers were recorded on a Nico-
let iS10 FT-IR (Nicolet Instrument Crop., USA) Fourier transformed
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infrared spectrophotometer. The plasticizer samples were sandwiched
between two plates of KBr. The spectra were acquired in the range
of 4,000 cm™" to 500 cm™" at a resolution of 4 cm ™.
3-2. GPC

Molecular weight of SO, SOP-1 and SOP-2 was measured by using
an Efficient gel chromatograph made by Waters, USA at 30 °C (flow
rate: 1 ml/min, column: mixed PL gel 300x718 mm, 25 um) using
THEF as solvent.
3-3.'HNMR

'"H NMR spectra of obtained plasticizers were recorded by an
AV-300 NMR spectrometer (Bruker, Germany) at a frequency of
300 MHz with tetrametnylsilane as an internal standard.
3-4. TGA

TGA was by a TG209F1 TG thermal analysis instrument (Netzsch
Instrument Crop., German) in N, atmosphere (50 ml-min ") at a heat-
ing rate of 10 °C-min”". The samples was measured in a platinum
pan with a mass of about 5 mg and scanned from 40 °C to 800 °C.
3-5.DMA

The dynamic mechanical analysis was performed via a DMTA
Q800 (TA Instruments, US) with gas cooling accessory to observe
the o-transitions of the PVC blends under investigation. Rectan-
gular samples of geometry 80 (L)x10 (W)x4 (T) mm”. The oscil-
latory frequency of the dynamic test was 1Hz. The temperature
was raised at a rate of 3 °C/min in the range of —80 °C-100 °C.
3-6. XRD

The crystallinity data were obtained via X-ray diffraction (XRD)
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with a D8 FOCUS (BRUKER, German) operated at 45kV and
40 mA using Cu-Ke radiation with a graphite diffracted beam mono-
chromatic. Data were acquired in a 2 theta scale from 10°-80°.
3-7. Exudation Test

Exudation of synthesized plasticizers was evaluated by placing a
sample of PVC blends between two pieces of parchment paper. The
system (PVC blends+two pieces of parchment paper) was then
placed in a drying oven at 40 °C for 48 h. After this period, the weight
increment of the paper was determined and the extent of plasti-
cizer exudation was calculated.
3-8. Migration Stability Tests

Leaching tests were based on ASTMD1239-98. The test condi-
tions were restricted at a temperature of 23+2 °C and 50+5% rela-
tive humidity. The PVC specimens were immersed in five different
solvents (distilled water, olive oil, 10% (v/v) ethanol, 30% (w/v) acetic
acid and petroleum ether). Samples were weighed and kept in 200
mL of each solvent. After 24 h, the solvent extracted PVC speci-
mens were rinsed with isooctane and then wiped up using vegetable
parchment [29-32]. Afterward, all of the PVC specimens were dried
under the test conditions in oven at 30 °C for 24 h and reweighed.
The extraction loss was calculated according to Eq. (1): Weight loss=
[(W,—W,)/W)]x100, where W, =initial weight of test specimen,
and W,=final weight of test PVC specimen [33].
3-10. Tensile Tests

Tensile modulus, tensile strength, and elongation at break were
determined according GB/T' 1040.1-2006 (China) under ambient
conditions, using F43.104 Universal Testing Machine (MTS Instru-
ment Crop., China). The reported values were the average of six
samples.

RESULTS AND DISCUSSION

1. GPC

The GPC spectra of SO, SOP-1 and SOP-2 are presented in Fig,
3. From the curves of SOP-1 and SOP-2, the molecular weights of
249 g/mol and 269 g/mol represented mono-glyceride, and the mo-
lecular weights of 521 g/mol and 563 g/mol represented di-glycer-
ide, while there was only a single peak of 912 g/mol in SO spectra.
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Fig. 3. The GPC spectra of SO, SOP-1 and SOP-2.
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Fig. 4. FTIR spectra of SO and synthesized products.

These results indicated the alcoholysis reaction of SO and polyol
(glycerol, pentaerythritol) had occurred [24].
2. FT-IR

The spectra of SO, SOP-1, SOPE-1, ESOPE-1, SOP-2, SOPE-2
and ESOPE-2 are compared in Fig. 4. In the spectrum of SO, sev-
eral characteristic peaks are indicated in the spectrum of SO, the
band at 3,008.67 cm™', which is assigned to the absorption of =C-H
bonds, methyl and methylene groups (2,922.54 cm™" and 2,852.95
cm™), ester carbonyl groups (1,743.40cm™"), and the band at
1,657.78 cm ™, which is assigned to the absorption of -C=C- bonds.
The FT-IR spectra of SOP-1 and SOP-2 show a strong and broad
band between 3,468 cm ™', the intensity of the band increased be-
cause many hydroxyls were generated from the alcoholysis and con-
densation. The strong and broad band of hydroxyls disappeared in
the FT-IR spectra of SOPE-1 and SOPE-2, and a strong absorp-
tion of ester band at around 1,740 cm ™" appeared, implying that an
esterification reaction of C-OH of SOP-1, SOP-2 with acetic anhy-
dride occurred. To epoxy group at 961 cm™" appeared in the FT-IR
of ESOPE-1 and ESOPE-2, and the -C=C- double band of SOPE-1,
SOPE-2 at around 3,017 cm™" disappeared, which indicated that
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the epoxidation reaction occurred. All of these data may suggest
that expected soybean oil based polyol ester was synthesized suc-
cessfully.
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3.'H NMR

Fig. 5, Fig. 6, Fig. 7 and Fig. 8 illustrate the 'H NMR of SOPE-1,
ESOPE-1, SOPE-2 and ESOPE-2, respectively. As indicated in the
spectrum of these synthesized products, the peak at 0.89 ppm cor-
responds to the terminal methyl protons of fatty acids (-CHs-) (peak
1 in the Fig. 5, Fig. 6, Fig. 7 and Fig. 8, respectively), the multipeaks
around 4.2-4.4 ppm correspond to the methylene protons of glyc-
erol (peak 7 in the Fig. 5 and Fig. 6, respectively); these peaks are
always taken as references and could be used as internal standards
to quantitatively characterize the content of certain groups, because
the intensity of the peak should not be altered during the reaction
[34]. In Fig. 5 and Fig. 6, the methylene protons [-(CH,),-] were at
6=13ppm (peak 2). The methylene group protons [-(CH,)-CH=]
(peak 4) were at 0=2.0 ppm. And the peak at =2.3 ppm was as-
signed to -CH,- of [-O-C-CH,-C-O-] (peak 5). The peak 0=5.3
ppm (peak 8) was assigned to [-CH,-] connected with [-C-O]. The
proton signals in the 5.4 ppm (peak in the 'H NMR of SOPE-1)
region of the spectrum of SOPE-1 associated with -CH=CH- bands
were replaced in the spectrum of ESOPE-1 a resonance at 6=3.2
ppm (peak 6 in the spectrum of ESOPE-1) corresponding to pro-
tons on the epoxy groups, which indicated that the -CH=CH- of
SOPE-1 bonds reacted with hydrogen peroxide solution. The 'H
NMR spectrum of SOPE-2 and ESOPE-2 are similar to that of SOPE-
1 and ESOPE-1, all of the characteristic absorption was labeled in
Fig. 7 and Fig. 8. From the FT-IR and 'H NMR of synthesized soy-
bean oil based polyol ester, we can draw a conclusion that the SOPE-
1, ESOPE-1, SOPE-2 and ESOPE-2 was obtained.
4. TGA

TGA of PVC plasticized with DOP, ESO, SOPE-1, ESOPE-1,
SOPE-2 and ESOPE-2 was carried out. The TGA curves of all the
PVC blends showed two degradation steps, the first step of the de-
gradation in the temperature range of 270-320°C is correspond-
ing to the elimination of a large amount of HCI with some ben-
zene traces. The second stage at about 440-480 °C is attributed to
formation of conjugated unsaturation that resulted form elimina-
tion of HCl from adjacent carbon atoms. The process of thermal
degradation of polyenes involves cyclization and splitting of chains
[35-37]. Table 1 summarizes the thermal property data of plasti-
cized PVC blends, including 5%, 10%, 15% and 50% weight-loss
temperature (T5, T)5 and Tj;). From Table 1, Ts, T'5 and T, of all
plasticized PVC are higher than that of PVCO. T, T,5 and Ty, of
PVC1, PVC2, PVC3 and PVC4 are higher than that of PVCD and
PVCE. We may conclude that all of the plasticizer used in the study
could improve the thermal stability of PVC blends, and SOPE-1,

Table 1. TGA and DMA data of PVC blends

Sample T;(°C)  Ts(C) Ty (CQ) T, (°0)
PVCO 176.2 254.9 294.6 84.2
PVCD 2143 261.4 308.2 431
PVCE 227.9 276.3 346.2 475
PVCl1 256.3 289.8 338.6 44.6
PVC2 233.7 282.0 320.1 422
PVC3 253.9 310.1 326.8 44.0
PVC4 251.1 295.2 3383 343




Green plasticizers derived from soybean oil for poly(vinyl chloride) as a renewable resource material 1085

ESOPE-1, SOPE-2 and ESOPE-2 improved the thermal stability of
PVC blends better than that of ESO and DOP. In the initial stages
of decomposition, ESO behaved worse than the other soybean oil
based plasticizers. We inferred that the reasons are that, first, more
epoxy groups connect to the chemical structure of ESO than that
of the other soybean oil based plasticizers, epoxy group is easy to
react and decompose at low temperature; second, the relative con-
tent of the ester bond of ESO was less than that of the other soy-
bean oil based plasticizers. Because more ester bonds existed in the
structure of soybean oil polyol ester and ester bonds with higher
thermal stability limited the decomposition of those segments with
lower-thermal-stability chain segments, thereby increasing the ther-
mal stability of PVC blends [24]. Consequently, ESO behaved worse
than the other soybean oil based plasticizers in the early stages of
decomposition. Furthermore, PVC3 and PVC4 were not too dif-
ferent in performance, PVC1 and PVC2 exhibited significantly
different results. Ts and T\5 of PVCI1 are higher than that of the
PVC2; in the meantime, T and T'; of PVC3 is higher than that of
the PVC4. These results indicated that the existence of epoxy groups
had adverse effect on the thermal stability of PVC materials. In the
later stages of decomposition, ESO behaved better than the other
soybean oil based plasticizers. We inferred that more olefinic bonds
existed in the chemical structure of ESO than the other soybean
oil based plasticizers, which are harder to thermally decompose
than saturated bond.
5. DMA

The glass transition temperature (T,) of PVC blends was mea-
sured by DMA. The values are shown in Table 1. All of the plasti-
cized PVC blends showed only a tan J peak indicated that SOPE-
1, ESOPE-1, SOPE-2 and ESOPE-2 were compatible with PVC.
All the plasticizers resulted in decreasing the T, of PVC blends. With
increasing of ester bands in the chemical structure of soybean oil
based polyol ester, T, values of PVC4 presented more lower that of
the other plasticizers. The lower glass transition temperature (T,)
of PVC blends indicated that the compatibility of PVC and the plasti-
cizer is excellent [38]. More ester bands existed in the chemical
structure of plasticizer, for easier compatibility between PVC and
plasticizer. Compatibility is a key factor to evaluate the plasticizer,
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Fig. 9. XRD curves of PVC blends.

because the final mechanical properties of PVC blends depend on
the compatibility.
6. XRD

Fig. 9 presents XRD diffractograms of PVC blends. XRD analy-
sis is employed to determine the structure, complexation and crys-
tallization of the polymer matrix [39,40]. From the corresponding
angle of the characteristic peaks and applying Braggs Law (nA=
2dsin@), for A of 1.542 A, the interlamellar basal distances (d) could
be calculated. The diffractograms showed two characteristic peaks
at 2 theta ~18.2° and 24.6°, which correspond to interlamellar basal
distances of 0.49 A and 3.62 A, respectively. According the XRD
diffractograms, no difference could be observed in the crystalline
of the PVCO and PVCD, PVCE, PVC1, PVC2, PVC3 and PVC4.
The results show that DOPB, ESO, SOPE-1, ESOPE-1, SOPE-2 and
ESOPE-2 cannot change the crystallinity of PVC blends.
7. Exudation Test

Exudation test of PVC blends was investigated accurately; the
mass loss of all plasticized PVC blends during the experimental
period showed less than 0.1%, indicating that all of the plasticizers
were fully compatible with PVC.
8. Migration Stability

Fig. 10 shows the extraction loss of different plasticizer by five
kinds of solvents from PVC blends. The test methods were designed
to simulate each representative environment for plasticizer migra-
tion into different contacting media. Every value was the average
of the values for five specimens. From Fig. 10, all of the plasticizers
show lower migration resistance in petroleum ether, because all of
the plasticizers are organic solvent. Migration amount of high molec-
ular weight plasticizers was obviously less into these five different
solvents than that of low molecular weight plasticizer in all five dif-
ferent solvents. Because the degree of branching of high molecu-
lar weight plasticizers (ESO, SOPE-2 and ESOPE-2) is higher than
low molecular weight plasticizers (DOP, SOPE-1 and ESOPE-1),
and more ester bands existed in the high molecular weight plasti-
cizers (SOPE-2 and ESOPE-2) is higher than low molecular weight
plasticizers (DOB, SOPE-1 and ESOPE-1). DOP exhibited the lowest
migration resistance, but ESO presented the highest migration resis-
tance. With the increasing of the molecular weight and ester bands
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4.0 B 30 % (wiv) acetic acid
& 10 % (viv) ethanol
Q 15 R A& petroleum ether
= C  Olive oil
g A a
s 304
g 3
Z
E 5 5
e 254
=) - A
8 Y
1]
= 2.0+ o
= o
(=] o
1.5 4 o o
a = & & o
8 ’ a °
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Fig. 10. Degree of migration of plasticizer.
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Table 2. Tensile properties of PVC blends

Sample Modulus of Elongation  Tensile strength
elasticity (Mpa)  at break (%) (MPa)
PVCOo 1198.32 167.52 42.48
PVCD 21.60 452.85 30.14
PVCE 15.16 427.55 36.99
PVC1 230.47 442.58 30.42
PVC2 267.61 598.79 30.10
PVC3 98.81 520.82 28.16
PVC4 287.93 537.82 26.60

of soybean oil based polyol ester, the migration stability is similar
to ESO. The higher migration resistance of PVC plasticized with
soybean oil based polyol ester will lead to the development of new
type of PVC products using soybean oil based polyol ester as main
plasticizer.

Tensile strength, elongation at break and modulus of elasticity of
PVC blends depend on the resin and plasticizers used in their com-
position. Hence, these properties are a good way to evaluate the
efficiency of plasticizers. The tensile strength along with elongation
at break and modulus of elasticity of PVC blends are presented in
Table 2. PVCO shows a lower elongation at break of 167.52% and
higher tensile strength of 42.48 MPa than that of the other sam-
ples. PVC3 and PVC4 show higher elongation at break and lower
tensile strength than PVCD, PVCE, PVC1 and PVC2. Elongation
at break and tensile strength of PVCD are similar to that of PVC1
and PVC2. The lower tensile strength and higher elongation at break
present more effective plasticizing effect. Hence, plasticizing effect
of SOPE-2 and ESOPE-2 on PVC is more efficient than that of DOP,
ESO, SOPE-1 and ESOPE-1, and plasticizing effect of SOPE-1 and
ESOPE-1 on PVC is similar to DOP. In terms of modulus of elas-
ticity, which is also a reflection of plasticization efficiency; ESO seems
to be the most efficient plasticizer.

CONCLUSIONS

This article describes the synthesis and application of novel soy-
bean oil based polyol ester plasticizers. Properties of poly (vinyl
chloride) (PVC) plasticized with different soybean oil based polyol
ester as main plasticizer have been evaluated and compared to that
of traditional plasticizers dioctyl phthalate (DOP) and epoxidized
soybean oil (ESO). The results showed that soybean oil based polyol
ester could improve the thermal stability. More relative content of
ester bonds connected to the structure of soybean oil polyol ester
and ester bonds with higher thermal stability limited the decom-
position of those segments with lower-thermal-stability chain seg-
ments. DMA results and mechanical data illustrated that the plas-
ticizing effect of SOPE-2 and ESOPE-2 on PVC is better than that
of DOP, ESO, SOPE-1 and ESOPE-1. Plasticizing effect of ECOPE-
2 on PVC is more efficient than DOP. Migration stability tests showed
that with the increasing of the molecular weight, branching degree
of molecular and ester bands of soybean oil based polyol ester, the
migration stability enhanced. The results showed that the derivative
of a kind of renewable natural vegetable oil may be more environ-
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mentally friendly than DOP and other petroleum-based plasticizers.
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