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ABSTRACT: In recent years, much research effort has been driven to develop alternative plasticizers for medical and commodity plastic
materials. In this study, a modified natural plasticizer, synthesized by esterification of rice fatty acids, was modified by epoxidation
with peroxy acid generated in situ. Two natural epoxidized plasticizers were obtained, using peracetic acid (NP-Ac) and peroctanoic
acid (NP-Oc) as reagent. PVC films after addition of these natural epoxidized plasticizers presented fairly good incorporation and
plasticizing performance, as demonstrated by results of mechanical properties, T, values (as shown by DSC), optical microscopy, exu-
dation, and migration tests, FTIR and X-ray diffraction obtained for plasticized PVC films. NP-Ac plasticizer presented enhanced
plasticizing performance compared with NP-Oc, probably due to a higher epoxidation degree obtained in the reaction with peracetic
acid. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

A plasticizer is a material that when added to another sub-
stance, makes the material softer and more flexible." According
to the International Union of Pure and Applied Chemistry
(IUPAC), a plasticizer may be defined as “a substance incorpo-
rated in a material (usually a plastic or elastomer) to increase
its flexibility, workability, or distensibility. In addition, a plasti-
cizer may reduce the melt viscosity, lower the temperature of a
second-order transition (glass transition temperature, Tg), or
lower the elastic modulus of the product”.

To be effective, a plasticizer must distribute itself between the
polymer chains and interact with functional groups, thereby
reducing the interactions between the polymer chains and soft-
ening the matrix.> The composition, size, and shape of a plasti-
cizer as well as its compatibility with the polymer could affect
the interactions between the plasticizer and the polymer.” The
selection of a plasticizer for a specified system is normally based
on the compatibility and permanence of the plasticizer, the
amount necessary for plasticization, and the desired physical
properties of the films.>* Plasticizers are required for nearly all
polymers used in film coating to reduce the polymers brittle-
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ness, improve flow, import flexibility, and increase toughness,
strength, as well as shear resistance.’

Some of the most common plasticizers are phthalate™® and adi-
pate”® esters. Esters, phosphates, and epoxides are the most
suitable plasticizers for poly(vinyl chloride) (PVC). Since PVC is
polar in nature, most ester type plasticizers such as dioctyl
phthalate (DOP) and dibutyl phthalate are used for its com-
pounds. Fatty epoxides are used directly as plasticizers that are
PVC compatible and as stabilizers for PVC resins to improve
their thermal stability.>’

Despite the innumerous advantages on using phthalate plasticiz-
ers, several controversies have arisen in recent years regarding
possible toxicity of these compounds. In addition, DOP can
migrate from the polymer matrix to the medium, making the
use of this plasticizer unfeasible in packagings that have direct
contact with food.'® Although there is no consensus concerning
the wide use of DOP in PVC, manufacturers and consumers are
increasingly worried about this issue, considering the perspec-
tives for expanding plasticized PVC applications. Extensive
research is going on to find alternative plasticizers which are
able to replace conventional plasticizers for medical and other
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commodity plastic materials.'' These additives should be non-
toxic and biodegradable, and also, when applied in a polymer
matrix, they should improve the appearance and mechanical
properties of the film."?

In recent years, vegetable oil modification technology (e.g., pro-
duction of epoxidized oil, biodiesel synthesis, among others),
has attracted the interest of manufacturers and researchers since
these products are obtained from natural renewable sources and
can be used as raw material in chemical industries.'>'* Epoxi-
dized soybean oil (ESBO) and other epoxidized vegetable oils
are extensively used in the industry as stabilizers and plasticizers
into PVC matrices.'”™"”

Among the possible technologies for vegetable oils epoxidation,
the most widely used in the industry is carried out using or-
ganic peracids with mineral acids or enzymes as catalysts.'"*""”
The reaction between an organic peracid and unsaturated fatty
acids results in the addition of an oxygen atom into the double
bonds (C=C), forming epoxide groups (or oxirane rings) in the
fatty acid molecular structure.'®™!

In this work, two epoxidant agents were used for modification
of a modified natural plasticizer obtained from rice oil distillate.
The plasticizing performance of both natural epoxidized prod-
ucts added to PVC films was then evaluated.

EXPERIMENTAL

Materials

The fatty acid of rice oil distillate was provided by Wells-Nuo-
dex (Industria Quimica, Brazil). Boron trifluoride (BF3) was
purchased from Merck (Darmstadt, Germany), octanoic acid
(98% purity) was purchased from Fluka (Steinheim, Germany).
All other solvents and reagents were of analytical grade. A pool
containing 36 fatty acid methyl esters (Supelco FAME Mix, Bel-
lefonte, USA) was used for fatty acid identification and the tri-
decanoic acid methyl ester (purity > 99%, GC) from Sigma-
Aldrich (Chemie, Germany) was used as internal standard for
fatty acid quantification. PVC K70 resin was kindly donated by
Braskem (Sao Paulo, Brazil).

Fatty Acid Analysis

The fatty acid from both the rice oil distillate (raw material
used for the producing the modified natural plasticizer) and the
modified natural plasticizer (before epoxidation reaction) were
analyzed by gas chromatography (GC) according to the official
method of AOCS.** The fatty acid methyl esters (FAME) were
analyzed in a GC Shimadzu (model GC2010, Kyoto, Japan),
equipped with a flame ionization detector at 260°C, split injec-
tor (1/50) at 250°C, a CP-SIL 88 column (100 m, 0.25 mm i.d.,
0.20 pm; Chromopack, Middleburg, Netherlands) and a work-
station (GCSolution, Shimadzu). The chromatographic condi-
tions were as follows: H, as carrier gas at 34 cm/s; N, as make
up gas at 30 mL/min; column temperature — 120°C for 8 min,
increase to 160°C at 20°C/min, at 160°C for 4 min, increase to
195°C at 3°C/min, at 195°C for 10 min, increase to 220°C at
35°C/min, at 220°C for 3 min, increase to 240°C at 20°C/min,
at 240°C for 5 min. The injection volume was 2 pL by the hot
needle technique for 5 s.
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The fatty acids were identified based on the retention times of
36 FAME standards: C8:0, C10:0 to C24:0, C14:1n9, C15:1n5,
Cl16:1n7, C17:1n7, C18:1n9 (cis and trans isomers), C18:2n6 (cis
and trans), C18:3n6 and n3, C20:1n9, C20:2n6, C20:3n6 and n3,
C20:4n6, C20:5n3, C22:1n9, C22:2n6, C22:6, C24:1n9, and were
quantified using C13:0 as internal standard.

Epoxidation of the Modified Natural Plasticizer

The modified natural plasticizer, obtained by esterification reac-
tion between rice fatty acids and polyols as previously
reported,” was modified by epoxidation with peroxy acid gen-
erated in situ. Thus, two epoxidized-modified natural plasticiz-
ers were obtained, using peracetic acid (NP-Ac) and peroctanoic
acid (NP-Oc) for the reaction, respectively.

The modified natural plasticizer was dissolved in toluene (2:1).
Then sulfuric acid, in a concentration of 2% (in relation to the
mass of plasticizer), and acetic or octanoic acid were added.
The system was kept under agitation by a magnetic stirrer and
hydrogen peroxide (30% v/v) was slowly dropped into the solu-
tion. The amounts of acid (acetic or octanoic) and hydrogen
peroxide were calculated in order to obtain a molar proportion
of 1:0.5:1.5 (C=C: acid: hydrogen peroxide). After the addition
of hydrogen peroxide, the system was heated until 60 * 2°C
and stirred for 6 h. The mixture was then cooled to room tem-
perature and the natural epoxidized plasticizer was recovered by
liquid-liquid extraction with ethylic ether. The residual moisture
was removed by using anhydrous sodium sulfate and the or-
ganic solvents (toluene and ethylic ether) were evaporated in a
rotary evaporator (at 40°C) followed by freeze-drying.

FTIR Analysis of Epoxidized-Modified Natural Plasticizers
Fourier transform infrared spectroscopy (FTIR) analyses were
carried out using a Spectrum One—FTIR spectrometer (Perkin
Elmer, Waltham, USA). The spectra were acquired in the range
of 4000-600 cm ™" at a resolution of 4 cm™'. The modified nat-
ural plasticizer was analyzed as a liquid supported on NaCl
pellets.

Film Preparation

The epoxidized-modified natural plasticizers (NP-Ac and NP-
Oc) were incorporated into PVC films in order to evaluate their
plasticizing performance.

Polyvinylchloride (PVC) films were prepared by casting, accord-
ing to procedure described in Lindstrom and Hakkarainen.® In
a glass beaker, 0.4 g of PVC K70 resin (Braskem, Brazil) was
mixed with the epoxidized-modified natural plasticizers (30%.y/
in relation to PVC resin) followed by the addition of 9 mL of
tetrahydrofuran. homogenized using a
magnetic stirrer for 10 min at room temperature and then the
solution was casted in a clean glass Petri dish (diameter 14 c¢m).
The films were dried at ambient temperature until complete
solvent evaporation.

The mixture was

Film Characterization

Thickness. Film thickness was controlled by pouring a constant
mass of solution over the support. At the end of the drying
process, films were detached from the support and conditioned
at room temperature and 52% RH for 3 days inside desiccators
before characterization. Thickness of the conditioned films was
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Figure 1. Chromatograms, obtained by GC-FID, of fatty acids from the rice oil distillate (A) and from the modified natural plasticizer (B). Peak identifi-
cation: (1) C12:0; (2) C14:0; (3) C15:1; (4) C15:0; (5) C16:0; (6) C17:0; (7) C17:1; (8) C18:1n9t; (9) C18:0; (10) C18:1n9¢; (11) Cl18:2n6t; (12)
C18:2n6¢; (13) C20:0; (14) C18:3n6; (15) C20:1; (16) C18:3n3; (17) C20:2n6; (18) C22:0; (19) C20:3n6; (20) C20:4n6; (21) C24:0; (22) C24:1; (IS)

internal standard (C13:0).

measured using a digital micrometer (Mitutoyo, MDC-25S, Ja-
pan). Measurements were taken at 10 different positions of the
film surface and the mean value is reported.

Mechanical Properties. Tensile strength (TS) and percentage
tensile elongation at break (E) of the films were determined at
room temperature using a TA.XT2 (Stable Microsystems SMD,
England) according to ASTM standard method D882.** Films
were cut into strips (10 x 2.54 cm?) and mounted between the
corrugated tensile grips of the instrument. The initial grip spac-
ing and cross-head speed were set at 50 mm and 0.1 cm/s,
respectively. The tensile strength was expressed as the maximum
force at break divided by the initial cross-sectional area of the
film strip and the elongation at break as a percentage of the
original length.

Exudation Test. Exudation of the plasticizer was evaluated by
placing a sample of film between two pieces of vegetable paper.
The system (sample + 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 plasticizer exudation
was calculated.

Migration Stability Tests. To appraise critical conditions of
plasticizers application, migration of the plasticizer from film
samples were carried out in three different solvents (petroleum
ether, gasoline, and water) at 25°C.*> Samples were weighed (in
triplicate) and kept in 100 mL of each solvent. The samples
were taken out after 72 h, dried in a drying oven at 30°C for 24
h and the weights of the dried samples were determined. The
percentage of mass loss was calculated in relation to the initial
plasticizer mass added to the sample.

Crystallinity. To observe modifications on crystallinity of the
films induced by modified natural plasticizer addition, X-ray
diffraction was performed on film samples with a Philips Ana-
lytical X’Pert PW 3050 diffractometer with Cu-Ko radiation.
The X-ray source was operated at 40 kV and 40 mA. Diffraction
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intensity was measured as reflection mode at scanning rate of
0.6°/min for 26 = 5-35°.

Differential Scanning Calorimetry. Glass transition tempera-
ture was determined by differential scanning calorimetry using a
Mettler Toledo 823e DSC (Mettler Toledo International, USA).
Samples of about 10 mg were conditioned in aluminum pans
and heated at 10°C/min, under inert atmosphere of N, (50 mL/
min N,), from ambient temperature (24 = 1°C) to 120°C.
Then samples were cooled again to ambient temperature and
finally heated to 120°C at 10°C/min. An empty pan was used as
reference. Liquid nitrogen was used for sample cooling before
the runs.

Fourier Transform Infrared Spectroscopy. The FTIR analyses
were carried out using a Bomem-MB102 spectrometer (ABB-
Bomem, USA). The spectra were acquired in the range of 4000—
650 cm™ ' at a resolution of 4 cm™', measuring directly the
polymer films and recording the IR absorption

RESULTS AND DISCUSSION

Fatty Acid Profile of Rice Oil Distillate and Modified Natural
Plasticizer

The esterification reaction used to obtain of the modified natu-
ral plasticizer did not change the relative proportion of fatty
acids present in the raw material, since similar fatty acid profiles
were observed as shown by the chromatograms in Figure 1.
However, the esterification reaction reduced the major fatty
acids content (Table I). These results were expected since the
reaction was carried out at high temperatures (T > 210°C)
favoring isomerization and degradation of fatty acids.’® The
major fatty acids contents found in the rice oil distillate were in
agreement with the values reported by the raw material supplier
(36% of linoleic acid (C18:2), 33% of oleic acid (C18:1), 22%
of palmitic acid (C16:0), 5% of stearic acid (C18:0), and 4% of
linolenic acid (C18:3)).
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Table I. Major Fatty Acids Contents from Rice Oil Distillate and
Modified Natural Plasticizer
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Table II. Tensile Strength and Elongation at Break of Plasticized PVC
Films

Content (g/100 g)? Film TS (MPa)? E (%)?
Modified PVC-+NP-Ac 196 £ 1.5 146.4 = 22.8
Rice oil natural PVC+NP-Oc 21518 104.0 = 34.0
Fatty acid tr (min) distillate plasticizer ] -
®Mean = SD from 15 experimental determinations.
C16:0 19.0 21.89 = 045 17.58 +1.30
C18:1n9t 21.5 518 + 0.14 414 + 044 . . . . .
When an epoxide group (or oxirane ring) is present in a com-
C18:1n9c 22.8 25.38 + 0.54 20.20 = 2.11 pound structure, characteristic absorption bands occur at 1270—
C18:2n6¢c 25.0 33.58 = 0.80 20.79 = 2.18 1230 em™! (v,C—O—C) and at 880-805 cm ' (v,,C—0O—C).”’
C18:3n3 27.4 2.53 + 0.07 0.67 + 0.06 Epoxidized-modified natural plasticizers produced (NP-Ac and

®Mean =+ standard deviation (SD) of triplicate analysis.

Epoxidized-Modified Natural Plasticizers

The results obtained in a previous study®® denoted that it was
necessary to modify the modified natural plasticizer obtained
from the rice oil distillate in order to reach an improved plasti-
cizing performance. Epoxidation reactions have been widely
applied for modifying vegetable oils to obtain natural PVC plas-
ticizers and some oleochemical intermediate products.>'® So the
modified natural plasticizer from rice oil distillate was epoxi-
dized with two different peracids (peracetic and peroctanoic
acids) by in situ peracid generation, resulting in two modified
natural plasticizers (NP-Ac and NP-Oc).

These modified plasticizers were analyzed by FTIR spectroscopy
to check the organic functional groups, specially the presence of
oxirane ring (epoxide group). The absorption bands in the
FTIR spectra of NP-Ac and NP-Oc (Figure 2, spectra A and B,
respectively) refer mainly to alkanes (2920 cm™ ! - v,,CH,, 2855
em ' - vCH,, 1458 ecm™' — §,,CH; or §,CH,, 1375 cm™ ' —
8,CH3), alkenes (3008 cm™' — v=CH or vCH,, only for NP-
Oc), saturated aliphatic esters (1740 cm™ ' — v,C=0, 1240 cm ™!
— vC—CO—0, 1173 em™! — vC—CO—O, 1137 cmfl) and alco-
hol (3449 cm™' — vO—H).

Transmittance (AU)

1458 cn!i ‘ ~~1173cm’”
1240 cm’”
1376 cm’

Wavelenght (cm”)

Figure 2. FTIR spectra from (A) NP-Ac and (B) NP-Oc plasticizers.
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NP-Oc) did not show absorption bands at 880-805 cm ', and
the absorption at 1270-1230 cm ™' was not clear possibly due to
overlap of the ester characteristic peak at 1240 cm™' (Figure 2).
In addition, the absorption band at 3449 cm™"' in both spectra
denotes the presence of hydroxyl groups in both NP-Ac and
NP-Oc plasticizers. These results indicate that oxirane rings
could have been broken during the epoxidation reaction, since
this is a common secondary reaction in the epoxidation pro-

Cess.18—21,28

Another interesting feature concerning IR-spectra of the epoxi-
dized-modified natural plasticizers, was the fact that NP-Oc
[Figure 2(B)] showed a weak absorption band at 3008 cm™!
which did not appear in the NP-Ac spectrum. The absorption
band is related to C—H bond stretching for sp> carbon atom
and, thus, denotes the presence of double bonds in the mole-
cule. The more intense this absorption band, the greater the
amount of double bonds in the compound structure.”” These
results indicate that the epoxidation by peracetic acid was more
efficient and consumed all (or almost all) double bonds (C=C)
present in the plasticizer molecular structure, which did not
happen in the epoxidation by peroctanoic acid.

Plasticized PVC Films

Plasticized PVC films produced by casting exhibit colorless, ho-
mogenous, smooth, and transparent surfaces with average thick-
nesses of 28 £ 0.7 um and 30 * 0.8 um for films added with
NP-Ac and NP-Oc, respectively. No signs of plasticizer exuda-
tion were observed for both films. These values were 1.3 times
higher compared with the thickness of PVC films obtained in a
previous study,?® but in the same range of PVC films prepared
with natural nonmodified plasticizer and natural plasticizer
modified by epichloridrine.® As expected, plasticizer addition
increased PVC films the thickness; however, the plasticizer epox-
idation as well as the type of epoxidation agent did not affect
the final thickness of the plasticized PVC film.

Mechanical Properties. The mechanical properties of PVC
films are shown in Table II. The tensile strength (TS) accounts
for the film mechanical resistance due to the cohesion between
the chains, while the elongation at break (E) measures its plas-
ticity, which is the capacity of the film to extend before
breaking.

Compared with PVC film plasticized with NP-OC, PVC film
added with NP-Ac was more flexible and showed an increase of
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Table III. Migration of Epoxidized Modified Natural Plasticizers from
PVC Films into Different Solvents

Film
Solvents PVC + NP-Ac (%)? PVC + NP-Oc (%)?
Water 0.47 = 0.04 2.09 = 0.51
Gasoline 8.62 = 0.66 8.57 + 0.57
Petroleum ether 8.46 = 0.18 17.90 = 0.95

®Mean *+ SD obtained from mass losses shown by samples of plasticized
PVC films.

41% in the elongation at break. FTIR data suggests that epoxi-
dation reaction with peracetic acid was more efficient than with
peroctanoic acid, agreeing with the enhanced plasticizing effect
observed for NP-Ac.

Besides, both epoxidized-modified natural plasticizers (NP-Ac
and NP-Oc) improved PVC films elasticity when the values in
Table II are compared with previous results for pure PVC film
(TS = 45.4 MPa, E = 22.8%) and PVC films plasticized by nat-
ural nonmodified plasticizer (TR = 27.0 MPa, E = 104.5%),”
reinforcing the idea that epoxidation degree was responsible for
increasing the plasticizing performance of the modified natural
plasticizers.

Exudation and Migration Stability Tests. In the exudation
test, plasticized PVC films (NP-Ac and NP-Oc) did not present
any significant mass loss during the experimental period (48 h,
40°C).

If a polymeric material comes into contact with liquids (water,
solvents, oil) the probability of plasticizer extraction increases.
To have increased resistance to extraction, the plasticizer should
have limited compatibility with the extractant and good com-
patibility with the polymer. Epoxidized-modified natural plasti-
cizers showed lower migration rates into water compared with
nonpolar solvents (Table IIT), which is in agreement with the
hydrophobic character of these plasticizers.

140

120
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60

Intensity (counts/s)

40

20 L 1 . 1 L L L N 1 L
5 10 15 20 25 30 35

20 (degrees)

Figure 3 . X-ray diffractograms from PVC films plasticized by (A) NP-Ac
and (B) NP-Oc.
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Figure 4. DSC curves from PVC films plasticized by NP-Ac and NP-Oc.

Another interesting feature from migration stability tests is that
NP-Ac migration rates from PVC films into water and petro-
leum ether were, respectively, two and four times lower than for
NP-Oc. In addition, when the results from Table III are com-
pared with previous reported results for natural nonmodified
plasticizer,”® the epoxidation of natural plasticizer by in situ-
generated peracids decreased the migration rates into nonpolar
solvents by 77-89%, for gasoline and petroleum ether,
respectively.

Crystallinity. The X-ray diffraction patterns of PVC films
incorporated with NP-Ac and NP-Oc (Figure 3) showed two
characteristic peaks at 20 ~ 18.8° and 24.1°, which correspond
to interlamellar basal distances of 4.8 A and 3.8 A, respectively
(as calculated by Braggs Law: A = 2d.sen 0, for 4 = 1.542 A).
According to the obtained diffractograms, no differences in the
crystalline phase of PVC films were observed with the incorpo-
ration of the epoxidized-modified natural plasticizers (NP-Ac or
NP-Oc). In addition, comparing these diffractograms to that
reported in a previous study for pure PVC film,** neither NP-
Ac nor NP-Oc changed the polymer crystallinity.

%w—uf—‘“———“‘——*%h ik J"\.‘
2\  #4 V U"v W \“‘/‘ 'U.
- 18
8
c
£
=
7]
| o
{©
a /
s2em*” /| /
1462 cm
1333cm’ 957 cm’”
1254cm" 833 cm’”
4000 3000 2000 1000
Wavelenght (cm™)

Figure 5 . FTIR spectra from PVC films plasticized by (A) NP-Ac and (B)
NP-Oc, as well as (C) pure PVC film.
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Morphology of Film Surface. Optical micrographs of PVC
films plasticized by NP-Ac and NP-Oc (data not shown) show
smooth and homogeneous film surfaces, being comparable to
pure PVC film surface.”® These results denote good plasticizer
incorporation into the PVC polymeric matrix for both NP-Ac
and NP-Oc plasticizers.

DSC Analyses. Differential scanning calorimetry was performed
in order to determine the glass transition temperature (T,) of
polymeric matrix. DSC curves for PVC films plasticized with
NP-Ac and NP-Oc are shown in Figure 4. All two samples ex-
hibit a single T, characterized as an endothermic deviation on
the baseline. The analyzed plasticized PVC films showed T, val-
ues of 61.6°C and 65.2°C for NP-Ac and NP-Oc, respectively.
The presence of these plasticizers (NP-Ac and NP-Oc) into the
PVC polymeric matrix decreased its T, value, since pure PVC
film showed a T, value of 93.5°C.*> Although the decrease in T,
was not so intense as in some cases reported in the litera-
ture,”>*° these results still reinforce the plasticizing effect pro-
moted by the natural epoxidized plasticizer addition.

FTIR Analyses. The IR spectra vary according to material
chemical composition and can indicate the complexation and
interaction between its constituents.’’ In this way, FTIR spectra
may help to identify possible changes that occurred after plasti-
cizer addition, as well as possible modifications resulting from
the epoxidation reaction of natural plasticizer. In general, the
FTIR spectra from PVC films plasticized with NP-Ac and NP-
Oc (Figure 5, spectra A and B, respectively) showed similar
absorption peaks. In addition, the obtained spectra were similar
to those reported for pure PVC [Figure 5(C)] film and PVC
film plasticized by natural nonmodified plasticizer.”®

As shown in Figure 5, the obtained spectra presented the char-
acteristic PVC absorption bands: CH, deformation at 1333
cm ™', angular deformation out of plan (pCH) at 1254 cm™',
trans deformation out of plan (wCH) at 957 cm™ !, and C—Cl
stretching at 833 cm™ ! (see Ref. 31). Besides the characteristic
peaks for the polymer, the plasticized PVC films spectra (Figure
5) also showed the following bands: OH angular deformation at
3445 cm'; alkane angular deformation (v,,CH,) at 2924 cm
at 1732 cm ™! attributed to saturated aliphatic ester (C=0); and
asymmetric vibration (v,;CH3) or angular deformation (6,CH,)
at 1462 cm ™.

As discussed for FTIR results of epoxidized-modified natural
plasticizers, the absorption band regarding OH angular defor-
mation (3445 cm™') can possibly be related to the presence of
hydroxyl groups in the chemical structure of epoxidized-modi-
fied natural plasticizers (maybe due to oxirane ring opening) or
also due to partial substitution of chlorine atoms by hydroxyl
groups in the PVC chain.

The FTIR results of plasticized PVC films denote that no signifi-
cant change in the PVC chemical structure has been occurred
after plasticizer addition.

CONCLUSIONS

Both epoxidant agents, peracetic and peroctanoic acids, were
able to epoxidize the natural plasticizer obtained from rice oil
distillate, peracetic acid being more efficient in this issue than
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peroctanoic acid. On the other hand, whatever the epoxidant
agent, there was oxirane ring opening in the chemical structures
of epoxidized-modified natural plasticizers, indicating necessity
of optimizing epoxidation conditions in the next studies.

The epoxidized-modified natural plasticizers obtained in this
study showed good incorporation and plasticizing performance
into the PVC polymeric matrixes, as demonstrated by results of
mechanical properties, T, values (DSC), optical microscopy, ex-
udation, and migration tests, FTIR and X-ray diffraction
obtained for plasticized PVC films. In addition, the plasticizer
NP-Ac showed enhanced plasticizing performance compared
with NP-Oc and natural nonmodified plasticizer, probably due
to a higher epoxidation degree obtained for the plasticizer
modified by peracetic acid.
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