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ABSTRACT: Starch/polyvinyl alcohol (PVA) nanocomposite films by film blowing process were successfully obtained. Starch (1700 g),

PVA (300 g), and organically modified montmorillonite (OMMT, 200 g) were blended and plasticized with acetyl tributyl citrate

(ATBC) and glycerol (GLY) at weight ratios of 0/100, 5/95, 10/90, 15/85, 20/80, and 25/75. The structural, morphology, barrier,

mechanical, and thermal properties of the films, as well as molecular interactions in the nanocomposites were analyzed. The 3.98 nm

d-spacing was the highest in starch/PVA nanocomposite films plasticized with ATBC/GLY ratio of 10/90. The film with ATBC/GLY

(5/95) had the lowest WVP (3.01 3 10210 g m21 s21 Pa21). The longitudinal tensile strength (TS) of starch/PVA nanocomposite

films gradually increased from 4.46 to 6.81 MPa with the increase of ATBC/GLY ratios. The Tg steadily increased from 49.28C to

55.28C and the DH of the nanocomposite films decreased from 81.77 to 51.43 J/g at the presence of ATBC. The addition of ATBC

into GLY plasticized starch/PVA/OMMT system enhanced the intermolecular interaction in the nanocomposites. This study proved

that ATBC was an excellent compatibilizer in the preparation of starch/PVA/OMMT nanocomposite films. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

The increased nonbiodegradable plastic wastes has become a

major source of pollution, which has been a worldwide environ-

mental problem, therefore, biodegradable polymers for packag-

ing materials have attracted much attention in recent years.1

Starch-based film is one of the most promising biodegradable

polymers because of its good gas barrier properties, transpar-

ency, biodegradability, cost efficiency, and availability.2,3 Polyvi-

nyl alcohol (PVA) is a colorless, nontoxic, and widely available

biodegradable polymer with excellent film-forming capabilities.4

The PVA films exhibit great tensile strength and flexibility as

well as enhanced oxygen and aroma barrier properties.5 Starch

and PVA blends are widely studied among biodegradable

materials.

However, the mechanical properties and moisture barrier prop-

erties of starch/PVA blends should be further improved in some

practical fields. The performances of starch/PVA blends have

been enhanced by acid modification and plasma treatment,6

addition of cross-linking agents7 and blending plasticizers,8 or

addition of nanoparticles.9–11 Starch/PVA nanocomposites have

great advantages because of their enhanced mechanical proper-

ties and moisture barrier properties. Majdzadeh-Ardakani

et al.12 reported that starch/PVA/clay nanocomposites with

organically modified montmorillonite (OMMT) exhibited better

mechanical properties than those of unmodified montmorillon-

ite (MMT). Gao et al.13 reported that natural and organically

modified clays tended to form nanocomposites with native and

modified starches, respectively. In the perfect nanocomposites,

the clay platelets uniformly dispersed in the polymer matrix

with intercalated or exfoliated structures other than the aggrega-

tion as tactoids.14 However, compared to starch nanocomposites

and PVA nanocomposites, starch/PVA nanocomposite have not

been widely studied.

Starch/PVA composites were prepared with various plasticiz-

ers.10 Glycerol (GLY) and water have been used as plasticizers

for starch/PVA blends.15,16 Some commonly used plasticizers

include sorbitol,17,18 urea,19 citric acid,17,20 and GLY–urea mix-

ture.8 However, all these plasticizers are hydrophilic compounds

which generally lead to high water vapor permeability and poor

dispersion of OMMT in the starch/PVA matrix.

Acetyl tributyl citrate (ATBC) is an eco-friendly, hydrophobic

plasticizer that has been applied for biomedical and biodegrad-

able materials.21 This plasticizer has been used in some poly-

mers, such as PVC,22 PLA,21,23,24 PHA,25 and PHB26 to

maintain the softness and pliability of the plastics and rubbers.

The hydrophobic ATBC and hydrophilic GLY can be combined
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to yield a mixed plasticizer that can improve the performances

of starch/PVA nanocomposite films.

Starch/PVA films have been primarily prepared by solution cast-

ing since the 1980s. However, large-scale production of starch/

PVA films by solution process has not been encouraged because

it involves higher processing costs and lower production effi-

ciency compared with extrusion process.10 Extrusion blowing

can be applied in industrial production of starch/PVA film

because of its high productivity and efficiency. Nevertheless,

there have been very few studies on starch/PVA film by extru-

sion blowing process.

In this study, extrusion blowing was performed to prepare

starch/PVA nanocomposite films which were co-plasticized by

ATBC and GLY. The influences of different ATBC/GLY ratios on

the formation of nanostructure and properties of starch/PVA

films were investigated first.

EXPERIMENTAL

Materials

Hydroxypropyl distarch phosphate (mode HP-CF T0278,

HPDSP) was purchased from Puluoxing Starch (Hangzhou,

China). The moisture and hydroxypropyl group content of the

HPDSP were 13.2% and 3.1%, respectively. Poly(viny alcohol)

(PVA) was obtained from Sinopec Sichuan Vinylon Works

(Chongqing, China), with polymerization degree of 1700, alco-

holysis degree of 99.0%, and ash of less than 0.6%. GLY was

purchased from Chemical Reagent (Tianjin, China). ATBC was

obtained from Jiangsu Lemon Chemical and Technology

(Jiangsu, China). Organically modified montmorillonite

(OMMT) with octadecyl benzyl ammonium as cation was

obtained from Zhejiang Fenghong (Zhejiang, China).

Blending and Compounding

HPDSP (1700 g), PVA (300 g), and OMMT (200 g) were thor-

oughly blended in a SHR50A mixer (Hongji, Zhangjiagang,

China) at room temperature for 10 min. ATBC was mixed with

GLY at weight ratios of 0/100, 5/95, 10/90, 15/85, 20/80, and 25/

75 with a high speed blender (Ultraturrax T18, IKA, Stauffen,

Germany) for 5 min at 10,000 rpm. The mixed plasticizers

(700 g) were slowly added into the starch/PVA/OMMT blends

and mixed for 15 min at room temperature. The mixtures were

then packaged in polyethylene bags and stored for 24 h at room

temperature to equilibrate all the components. The mixtures

were then compounded in a laboratory twin screw extruder

(Jingrui Plastic Machinery, Laiwu, China) with a screw diameter

of 35 mm, screw length of 30D, and two individually controlled

temperature zones. Compounding was performed at a screw

speed of 50 rpm and at 808C and 1208C in barrel zones I and

II, respectively. The extruded strands were cut into pellets and

conditioned for at least 72 h at 23 6 28C and 53% relative

humidity (RH) prior to film blowing.

Film Blowing

The starch/PVA nanocomposite films were prepared by extrusion

blowing using a single screw extruder (Jingrui Plastic Machinery,

Laiwu, China) with a screw diameter of 35 mm, screw length of

25D, screw compression ratio of 3 : 1 and four individually con-

trolled temperature zones. The extruder was equipped with a con-

ventional temperature-controlled film-blowing die with a

diameter of 60 mm and a film-blowing tower with a calendaring

nip and takeoff rolls. Temperatures in the barrel and die were set

at 808C, 1308C, 1408C, 1508C, and 1458C from feed inlet to die,

respectively. The ratio of the diameter of the die to that of the

blown bubble (BUR) was carefully set at 1 : 4. The ratio of the

take-up velocity to the film velocity at the die exit (TUR) was

carefully set at 4 : 3. Figure 1 showed the continuous and stable

preparation of starch/PVA nanocomposite films.

Structural Characterization

X-ray diffraction (XRD) was performed with a D8 Advance X-ray

diffractometer (Bruker-AXS, Germany). Film samples were previ-

ously conditioned in a desiccator at 23 6 28C and 53% RH prior

to determination. The samples were then scanned at diffraction

angles (2h) from 18 to 408 at a speed of 0.028/s. Transmission elec-

tron microscopy (TEM) was performed with a Tecnai 20U-TWIN

electron microscope (Philips, the Netherlands) at an operating

voltage of 100 kV. Ultra-fine grinding samples were placed onto a

carbon-coated copper grid by physical grid–powder interactions.

The dispersion of the clays was investigated.

Film Properties

Water vapor permeability (WVP) was measured according to

the ASTM E96-95 with modifications using an automatic water

vapor permeability tester (PERMETM W3/030, Jinan, China).

Films were cut into round shape (80 mm in diameter) with a

special sampler. The specimens were placed in the environment

of 2362 and 5065% RH for at least 72 h prior to testing. The

test was carried out at 388C and 90% RH. The WVP of each

sample was obtained from the average of three measurements.

Tensile strength (TS, MPa) and elongation at break (E, %) of

the films were measured with a TA-XT2i texture analyzer (Sta-

ble Micro System, UK) at 23 6 28C and 53% RH according to

ASTM D882-02. The samples were cut into strips (dimensions,

120 mm 3 15 mm) in the horizontal and longitudinal direc-

tions of the extruder with a sharp knife and conditioned at

23 6 28C and 53% RH for 7 days prior to the measurements.

The initial distance between the grips was 50 mm. The cross-

head speed was set at 1 mm/s. Each test was composed of six

Figure 1. Continuous and stable preparation of starch/PVA nanocompo-

site films. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]
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replicate measurements. TS and E were calculated according to

previous study.14

Differential Scanning Calorimetry

The glass transition temperatures (Tg), melting temperature

(Tm), and melting enthalpy (DH) of the samples were deter-

mined with a DSC 200PC (NETZSCH Scientific Instruments,

Germany) with a thermal analysis software (version 4.8) at a

heating rate of 108C/min from 2508C to 2508C. All the film

samples were conditioned for 72 h at 23 6 28C and 53% RH

prior to the measurement. Each test was composed of three rep-

licate measurements. Glass transition temperatures were deter-

mined from resulting thermograms as the midpoint between

onset and end temperatures of step changes in heat flow

observed during heating.

Fourier-Transform Infrared Spectroscopy

The fourier-transform infrared (FTIR) spectra of the films were

obtained using a Thermo Fisher Scientific (USA) Nexus 670

spectrometer attached to a Smart iTR diamond ATR accessory

for wavelengths ranging from 3700 to 900 cm21. The number

of accumulated scans and the scanning rate were 32 and

4 cm21, respectively. The film was directly mounted in the sam-

ple holder and tested.27

Statistical Analysis

Statistical differences of the properties of different samples were

analyzed with ANOVA via SPSS (version 17.0, SPSS, Chicago,

USA). Duncan’s multiple range test was performed to compare

the mean values of film properties when P< 0.05.

RESULTS AND DISCUSSION

Structural Characteristics of Starch/PVA Nanocomposite

Films

XRD provides information on the intercalated and exfoliated

nanostructures in polymer/clay nanocomposites. During interca-

lation, polymer molecules enter the OMMT galleries and

increase the gallery spacing.28 Bragg’s law states that the increase

in d-spacing results in a shift of the diffraction peak towards

low angles. Figure 2 showed the effects of the ATBC/GLY weight

ratios on the XRD patterns of starch/PVA nanocomposite films.

The nanocomposite films plasticized with ATBC/GLY exhibited

peaks at low angles in contrast to OMMT (Figure 2). A charac-

teristic peak at 2h 5 2.9008 (d-spacing, 3.06 nm) was observed

for OMMT. The starch/PVA nanocomposite film plasticized by

pure GLY exhibited a peak at 2h 5 2.3828 (d-spacing, 3.68 nm).

In contrast, the films prepared with mixed plasticizers (ATBC/

GLY 5 5/95, 10/90, 15/85, 20/80, and 25/75) showed peaks at

2h 5 2.3138, 2.2448, 2.3138, 2.2788, and 2.3138 corresponding to

d-spacing of 3.87, 3.98, 3.87, 3.94, and 3.87 nm, respectively.

The increased d-spacing indicated the formation of co-

intercalated structures because of the starch and/or PVA mole-

cule chains in the OMMT galleries. The films with the mixed

plasticizers exhibited higher d-spacing than that plasticized with

pure GLY (ATBC/GLY 5 0/100), suggesting that the starch/PVA

blends strongly interacted with OMMT at the presence of

ATBC. The d-spacing was the highest for the films plasticized

with ATBC/GLY (10/90). Starch and/or PVA molecules suffi-

ciently entered the OMMT galleries with dominant peaks that

shifted from 2.9008 (d-spacing, 3.06 nm) to 2.2448 (d-spacing,

3.98 nm). These results indicated that ATBC/GLY (10/90) facili-

tated the formation of intercalated nanocomposites between

starch/PVA and OMMT.

The intercalated structures in starch/PVA nanocomposites were

confirmed by the TEM images. Tang et al.14 reported that TEM

qualitatively elucidated the internal structure, spatial distribution,

and dispersion of nanoparticles in the polymer matrix through

direct visualization. Figure 3 shows the TEM images of starch/PVA

nanocomposite films for different ATBC/GLY ratios. The nano-

composite films plasticized with ATBC/GLY (5/95, 10/90) exhibited

obvious multilayer nanostructures [Figure 3(b,c)]. The film plasti-

cized with pure GLY (ATBC/GLY 5 0/100) showed very few inter-

calation of starch/PVA molecules into clay galleries, but exhibited

particle agglomerates or tactoids [dark spots in Figure 3(a)]. These

results were in agreement with the XRD patterns. ATBC as a sec-

ondary plasticizer added to the starch/PVA composite played a

compatibilizer role in this study. The hydrophilicity of the starch/

PVA matrix was reduced and became similar to that of OMMT at

the ATBC/GLY ratio of 10/90. Hence, the dispersion and intercala-

tion of OMMT in the starch matrix were improved. The hydrophi-

licity of the starch/PVA matrix with higher ATBC/GLY ratios (25/

75) was relatively poor compared to that of OMMT which hin-

dered the formation of intercalated nanostructures.

Zeppa et al.29 reported that hydrophilic MMT-Na1 dispersed

well in starch matrix plasticized by either glycerol or urea/etha-

nolamine mixture (50/50) while organically modified montmo-

rillonite (Cloisite 30B) agglomerated and could hardly form a

nanocomposite with starch. The authors attributed the results

to the polar structure of the plasticizers used in their study.

Hydrophobic plasticizers should receive more attention in

improving the dispersion of OMMT in polar polymer matrix.

Water Vapor Barrier Property of Starch/PVA Nanocomposite

Films

The water vapor permeability of starch/PVA films was one of

the most important properties of starch/PVA films when used

in packaging. Figure 4 illustrated the water vapor barrier prop-

erties of the starch/PVA nanocomposite films. The film without

ATBC exhibited the highest water vapor permeability (6.16 3

10210 g m21 s21 Pa21), while the film with ATBC/GLY (5/95)

had the lowest WVP (3.01 3 10210 g m21 s21 Pa21). These

results indicated that the addition of ATBC in starch/PVA

matrix improved the water vapor barrier properties of the films.

The transmission of water vapor through hydrophilic films

depended on the diffusivity and solubility of water molecules in

the film matrix. When the nanocomposite was formed, the

impermeable clay platelets created a tortuous pathway for the

water molecules to traverse the film matrix, thereby increasing

the effective path length for diffusion.14 The WVP of the starch/

PVA nanocomposite films plasticized with ATBC/GLY mixture

was reduced because of the perfect formation of intercalated

nanostructures. Pure GLY yielded less intercalated structure in

the starch/PVA matrix and the corresponding sample exhibited

poor water vapor barrier property.30

Figure 4 showed that WVPs slightly increased and then

decreased with the increase of ATBC/GLY ratios (5/95, 10/90,
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15/85, 20/80, and 25/75). The WVP of the film was also influ-

enced by the hydrophilic property and the homogeneity of the

polymer matrix.31 ATBC could reduce the WVP of the nano-

composite films partly because it is hydrophobic. The hydrophi-

licity of the mixed ATBC/GLY (5/95) plasticizer was exactly

similar to that of the starch/PVA/OMMT system. The film com-

ponents could homogeneously disperse in the polymer matrix,

thereby reducing the WVP. More hydrophobic ATBC insignifi-

cantly improved the water vapor barrier properties of the films

because of the poor homogeneity of the film-forming compo-

nents (shown in TEM images).

Mechanical Properties of Starch/PVA Nanocomposite Films

The mechanical properties of starch/PVA nanocomposite films

were determined in longitudinal and horizontal directions,

which were parallel and perpendicular to the die (Figure 1),

respectively. Figure 5 showed the TS and E of the nanocompo-

site films based on various ATBC/GLY ratios.

The longitudinal TS of starch/PVA nanocomposite films gradu-

ally increased from 4.46 to 6.81 MPa with the increase of

ATBC/GLY ratios [Figure 5(a)]. The starch/PVA nanocomposite

films with ATBC/GLY ratios of 15/85 and 20/80 had the highest

TS. This may be because of the higher interfacial and/or inter-

molecular interaction in the starch/PVA matrix.32 Sreekumar

et al.33 reported that starch/PVA blend at the ratio of 30/70 was

the most compatible blend and the compatibility decreased with

the increase in starch content. In this study, the ratio of starch/

PVA was much higher than 30/70. As mentioned above, addi-

tion of ATBC improved compatibilities between starch, PVA

Figure 2. XRD patterns of OMMT and starch/PVA nanocomposite films with different weight ratios of ATBC and GLY: (a) 0/100, (b) 5/95, (c) 10/90,

(d) 15/85, (e) 20/80, and (f) 25/75. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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and OMMT. At lower and higher ATBC/GLY ratios, the

decrease of TS may be ascribed to agglomeration of OMMT. Lai

et al.34 reported that some hydrophobic plasticizers (e.g., pal-

mitic and stearic acids) beneficially strengthened the zein films

because of the strong polymer–plasticizer interactions. On the

other hand, the intercalated nanostructure in starch/PVA/

OMMT composites with median ATBC/GLY ratios also contrib-

uted to higher TS.13

Figure 5(b) indicated that E of the films decreased with increase

of ATBC/GLY ratios (5/95, 10/90, 15/85, 20/80, and 25/75). The

result suggested that the increased incorporation of ATBC

decreased the motilities of starch and/or PVA molecules. Plasti-

cizers were substances incorporated into a polymer to increase

its flexibility, processability, and distensibility. These substances

provided spacing for the polymer chains, which allowed the

plastics to be soft, comfortable, and highly flexible. The addition

of ATBC to starch/PVA blend showed an anti-plasticization

effect. Similar results were obtained for other hydrophobic plas-

ticizers.35 The enhanced interactions between starch, PVA and

OMMT prevented the facile sliding of the polymer chains and

Figure 3. TEM micrographs of starch/PVA nanocomposite films with different weight ratios of ATBC and GLY: (a) 0/100, (b) 5/95, (c) 10/90, (d) 15/85,

(e) 20/80, and (f) 25/75.
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thereby lowered the elongation properties of the

nanocomposites.36

The longitudinal and horizontal mechanical properties of

starch/PVA nanocomposite films were also compared in Figure

5. The TS in the longitudinal direction was higher than that in

the horizontal direction. This result was in agreement with that

of a previous study37 which reported that the TS of hydroxypro-

pylated and oxidized potato starch films were higher in the lon-

gitudinal direction than those in the horizontal direction.

Thermal Transition of Starch/PVA Nanocomposite Films

Differential scanning calorimetry (DSC) has proven to be a very

effective analytical tool to characterize the glass transition (Tg),

melting temperature (Tm), and the corresponding enthalpy

changes of polymers and polymer composites. The data from

DSC can be used to elucidate the compatibilities and existing

states of various components in composites.36 The DSC curves

of the films exhibited single melting endotherms in Figure 6

which indicated that the components of the films were compati-

ble on the whole.38 The DSC curves of the films became more

and more smooth with the increase of the ATBC/GLY ratios

which illustrated that addition of ATBC improved the compati-

bility of the components in the films. The Tg, Tm, and melting

enthalpy (DH) of starch/PVA/OMMT nanocomposites with dif-

ferent ATBC/GLY ratios were showed in Table I. The Tg of the

nanocomposite films were 49.28C, 50.58C, 51.38C, 51.98C,

54.48C, and 55.28C for the ATBC/GLY ratios of 0/100, 5/95, 10/

90, 15/85, 20/80, 25/75, respectively. The Tg steadily increased

with increasing ATBC/GLY ratios, which indicated that the

molecular interactions were enhanced and molecular mobility

was inhibited in the nanocomposites at the presence of ATBC.39

This may be attributed to the improved dispersion of OMMT

and the additional formation of intercalated nanostructure.40

Ali et al.36 reported similar effects of OMMT on the polymer

relaxation behavior and the Tg of the nanocomposites which

depended on the interplay between the confinement of polymer

chains, surface interactions, and the formation of intermolecular

structures.

The Tm of starch/PVA nanocomposite films with median ATBC/

GLY ratios (10/90 and 15/85) was lower than that of the other

nanocomposite films. This was probably related to the various

crystal sizes and perfection in the films at the presence of heter-

ogeneous nucleation of OMMT platelets.41 The DH of the

nanocomposite films decreased from 81.77 to 51.43 J/g with the

increase of ATBC/GLY ratios from 0/100 to 25/75. This may be

because of either well-dispersed OMMT platelets or hydropho-

bic ATBC which hindered the starch and/or PVA chains mobil-

ity and then inhibited crystal growth and lowered the degree of

crystallinity. On the other hand, the enhanced interactions

between starch/PVA molecules and OMMT at the presence of

ATBC also decreased the crystallinity and thus DH.42

Molecular Interactions of Starch/PVA Nanocomposite Films

The molecular interactions between polymers, plasticizers and

OMMT were identified by FTIR spectral analysis. Given the

spectral changes (e.g. peak shifting and broadening) of the com-

posites with respect to the addition of each component, distinct

chemical interactions (e.g., hydrogen bonds and dipolar interac-

tions) were observed in the components.43 The harmonic oscil-

lator model states that the peak frequency decreases with

increasing molecular interactions.44

Figure 7 indicated the FTIR spectra of the starch/PVA nano-

composite films with different ATBC/GLY ratios. The typical

peak at around 3340 cm21 was the O-H stretching peak. The

peak ascribed to the hydroxyl groups that participated in the

formation of hydrogen bonds.45 As shown in Figure 7(a), the

peaks gradually shifted to lower wavenumbers (from 3341.7 to

3336.4 cm21) with the increase of ATBC/GLY ratios. The results

indicated that new hydrogen bonds between starch and PVA

chains formed at the presence of ATBC in the composites.12

This may be because of the compatibilizing effect of ATBC

which facilitated more interactions between starch and PVA

molecules. The peak at around 2920 cm21 was the methylene

C-H stretch in glucose ring. In comparison to the film without

Figure 4. Water vapor permeabilities of starch/PVA nanocomposite films

with different weight ratios of ATBC and GLY (0/100, 5/95, 10/90, 15/85,

20/80, 25/75).

Figure 5. (a) Tensile strength and (b) elongation at break of starch/PVA

nanocomposite films with different weight ratios of ATBC and GLY (0/

100, 5/95, 10/90, 15/85, 20/80, 25/75).
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ATBC, the peaks gradually shifted to lower wavenumbers (from

2927.2 to 2920.4 cm21) with the increase of ATBC/GLY ratios.

This implied that C-H (-CH2-) bonds had also taken part in

the formation of hydrogen bonds at the presence of ATBC.46

Three characteristic peaks were observed between 1000 and

1200 cm21, which were attributed to C-O bond stretching of

starch [Figure 7(b)]. The peak around 1150 cm21 was ascribed

to C-O bond stretching of the C-O-H group in starch, while

the other two peaks around 1080 and 1040 cm21 were attrib-

uted to C-O bond stretching of the C-O-C group in the anhy-

droglucose ring.47 The strength of polymer–plasticizer

interaction increased with decreasing peak frequency of the

C–O group.48 The peaks of C-O bond stretching at 1045.3,

1086.2, and 1156.3 cm21 of the films without ATBC were

shifted to 1030.0, 1080.9, and 1151.3 cm21 for the films with

ATBC/GLY ratio of 25/75, respectively. The O5C group of

ATBC and -OH group of GLY formed hydrogen bonds with

starch/PVA molecules, respectively. These peak shifts were

related to the stability and intensity of hydrogen bonds that

were formed between ATBC/GLY and C–O group of starch/PVA.

Wang et al.47 reported that citric acid as a second plasticizer

increased the dispersion of montmorillonite and intermolecular

interaction detected by FT-IR spectroscopy in the nanocompo-

site system.

CONCLUSIONS

The ATBC/GLY ratios significantly influenced the formation of

nanostructures, the water vapor barrier, mechanical and thermal

Figure 6. DSC curves of starch/PVA nanocomposite films with various ATBC/GLY ratios. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]

Table I. Thermal Transition of Starch/PVA Nanocomposite Films with

Different Weight Ratios of ATBC and GLY

Weight ratios of
ATBC and GLY Tg (8C) Tm (8C) DHm (J/ g)

0/100 49.2 182.9 81.77

5/95 50.5 182.7 79.46

10/90 51.3 175.6 73.79

15/85 51.9 170.6 70.36

20/80 54.4 182.3 52.58

25/75 55.2 184.9 51.43

Figure 7. FTIR spectra of starch/PVA nanocomposite films with different

weight ratios of ATBC and GLY (1-0/100, 2- /95, 3–10/90, 4–15/85, 5–20/

80, 6–25/75). [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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properties as well as the molecular interactions of starch/PVA

nanocomposite films prepared by extrusion blowing process.

The ATBC/GLY ratio of 10/90 facilitated the perfect formation

of intercalated nanocomposites between starch/PVA and

OMMT. The films with ATBC/GLY of 5/95 exhibited improved

moisture barrier properties (lowest WVP, 3.01 3 10210 g m21

s21 Pa21). The TS of the nanocomposite films increased with

increasing ATBC/GLY ratios up to 20/80. Addition of ATBC

increased Tg and decreased DH of the nanocomposite films. The

mixed plasticizers (ATBC and GLY) produced highly stable and

stronger hydrogen bonds in the starch/PVA/OMMT system.

Hydrophobic plasticizers should be further studied to improve

the dispersion of OMMT and performance of starch-based

nanocomposites.
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