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ABSTRACT: A series of LDPE/PVA blend films were prepared via a twin-screw extruder, and their morphology, thermal property, oxy-

gen and water vapor permeation, surface properties, and mechanical properties were investigated as a function of the PVA content.

During the extrusion process of the blend films, glycerin improved the compatibility and processing conditions between LDPE and

PVA. The melting temperature (Tm), melting enthalpy (DHm), crystallinity (%), and thermal stability of the thermal decomposition

temperature (T5%) of the LDPE/PVA blend films decreased with increasing PVA content. The oxygen permeabilities of the blend films

decreased from 24.0 to 11.4 cm3�cm (m2�day�atm)21 at 23�C. The WVTR increased from 7.8 to 15.0 g(m2 day)21 and the water

uptake increased from 0.13 to 9.31%, respectively. The mechanical properties of blend films were slightly enhanced up to 2% PVA

and then decreased. The physical properties of the blend films strongly varied with the chemical structure and morphology depending

on the PVA and glycerin. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41985.
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INTRODUCTION

Low-density polyethylene (LDPE) is a synthetic commodity

polymer, that is, an extensively used plastic material because of

its inexpensive and valuable properties, including mechanical

properties, high water resistance, and high chemical resistance.1

For these reasons, LDPE is widely used in industrial areas such

as food, pharmaceutical, and cosmetic industries. However,

packaging films composed entirely of LDPE do not have an

oxygen barrier property that affects packaging materials and

negatively impacts the extensive application.2,3 Therefore, LDPE

has been used in the form of a multilayer film with EVOH and

polyvinyl alcohol (PVA) to overcome this disadvantage of

LDPE.1,2

Poly(vinyl alcohol) (PVA) is a special synthetic polymer with

multihydroxyl groups.4,5 The hydroxyl groups in PVA contribute

to strong hydrogen intramolecular and intermolecular bonding,

which improve PVA via many excellent properties such as oxy-

gen barrier properties, high mechanical strength, and abrasion

resistance.4 For these reasons, PVA has an important role in

many industrial applications, such as papermaking, textiles,

adhesives, and a variety of coatings. However, it is difficult to

produce a film using a melting process because the melting

temperature and decomposition temperature of PVA are simi-

lar.5,8 Therefore, most of the production of PVA films is limited

to a wet process using water as a solvent, which requires a large

amount of energy consumption, time to dissolve, and drying

process.6 Additionally, PVA has poor dimensional stability due

to high moisture absorption, which restricts its use in many

applications. To overcome such problems as the processability

and physical properties of PVA film, the study of PVA is widely

performed by the addition of inorganic filler such as clay,9 gra-

phene oxid,10 plasticizers8,11–14, and polymer blends.1,5,13

Among the various studies, blends combining two or more

polymers have attracted attention to achieve the desired proper-

ties.1,13,15 Blending is a good way of improving physical proper-

ties, such as barrier properties, using a small amount of an

expensive polymer like PVA in an inexpensive matrix polymer

like LDPE.14 For a blend, the physical properties may be

strongly dependent on the morphology.15 Specifically, the mor-

phology of the blend is significantly influenced by the results of

a complex interplay between the processing conditions and

physical and chemical characteristics of the polymer compo-

nents.15 For these reasons, plasticizers and coupling agents can

be used as additives to improve the compatibility and process-

ing conditions between polymer phases.1,13,15 Several studies

have investigated the superior physical properties of PVA,

including blends of LLDPE/PVA blends,1,2 cassava starch/PVA9

and PP/PVA.13 However, previous investigations have focused

on the processing conditions, thermal properties, and mechani-

cal properties of blend films.
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In this study, the improvement in oxygen barrier property of

LDPE could be achieved through the formation of LDPE/PVA

blend films. At that time, LDPE was used as a supporting mate-

rial for the successful melting process of PVA with excellent oxy-

gen barrier and mechanical properties for packaging

application. However, blending of PE and PVA has poor com-

patibility (e.g., phase separation) and processing conditions.4

Therefore, it is hypothesized that the addition of glycerin as a

plasticizer could improve compatibility and processing condi-

tions due to enhanced thermal characteristics, dispersion and

interfacial interaction of PVA into the LDPE matrix for the

extrusion system. In addition, the morphological structure, ther-

mal properties, oxygen permeability, and water permeability of

LDPE/PVA blend films were thoroughly investigated as a func-

tion of PVA content for packaging applications.

EXPERIMENTAL

Materials

Lutene-H
VR

ME8000 LDPE resin was provided by LG Chemical

Co., Ltd. (Seoul, Korea). LDPE has a MFI of 7.5 g/10 min

(ASTM D1238) and a density of 0.918 gcm23. Fully hydrolyzed

PVA F-17A (98.0–99.5% degree of hydrolysis, MW: 74,800

gmol21) was kindly supplied by OCI Co., Ltd. (Incheon,

Korea). For use as a plasticizer of LDPE/PVA blends, glycerin

(C3H8O3), a plasticizer of hydrocarbons obtained from petro-

leum fractions by solvent crystallization, was purchased from

Daejung Chemical & Material Co., Ltd. (Siheung, Korea). In

this study, all materials were used without further purification.

Preparation of Glycerin-Plasticized LDPE/PVA Blend Films

Using the compositions listed in Table I, PVA and glycerin were

mixed in a high-viscosity kneader tester (TO-350, Testone Co.,

Gwangmyeong, Korea) at 175�C with a rotor speed of 50 rpm

for approximately 5 min, and then, LDPE was added at the

same conditions. The glycerin-plasticized LDPE/PVA mass was

thoroughly oven-dried to minimize the water effect and was

pulverized using a grinder (MF 10 basic, IKA Co., Seoul, Korea)

to obtain fine granules. Finally, glycerin-plasticized LDPE/PVA

blend films were processed using a laboratory-scale twin-screw

extruder (BA-19, BauTech Co., Uijeongbu, Korea) with a A of

19 and L/D ratio of 40 : 19. The setting temperature of the

extruder was 175�C (Header), 175�C (Zones 1–6) and 120�C
(Feed Zone). As shown in Figure 1, the transparent and non-

sticky blend films were successfully obtained through an extru-

sion process. The film thickness was maintained at

approximately 70 mm to aid in evaluating the physical

properties.

Characterization

To characterize the glycerin-plasticized LDPE/PVA blend films,

Fourier transform infrared spectra (FTIR) were recorded on a

Spectrum 65 FTIR spectrometer (PerkinElmer Co. Ltd., MA)

from 400 to 4000 cm21 using the attenuated total reflection

(ATR) mode. For the morphology of the glycerin-plasticized

LDPE/PVA blends films, wide angle X-ray diffraction (WAXD)

patterns were obtained using a D/MAX-2500H X-ray diffrac-

tometer (Rigaku Co. Ltd., Tokyo, Japan) with a CuKa
(a 5 1.5406 Å) radiation source. To investigate the miscibility of

the glycerin-plasticized LDPE/PVA blend films, SEM images

were obtained using the Quanta FEG250 scanning electron

microscope (FEI Co. Ltd., Hillsboro, OR). To analyze the frac-

tured surfaces of the glycerin-plasticized LDPE/PVA blend films,

the films were first frozen in liquid nitrogen and then broken to

produce a cross section. Prior to the examination, all of the

samples were coated with a thin layer of platinum (Pt).

Thermogravimetric analysis (TGA) was used to determine the

thermal stability and decomposition of pure PVA, pure LDPE,

and glycerin-plasticized LDPE/PVA blend films. The analysis

was performed using a TGA 4000 thermogravimetric analyzer

(PerkinElmer Co. Ltd., MA) at a heating rate of 20�Cmin21

from 50 to 600�C under a nitrogen atmosphere. The thermal

properties of pure PVA, pure LDPE, and glycerin-plasticized

LDPE/PVA blend films were analyzed using a Q10 differential

scanning calorimeter (TA Instrument Co. Ltd., DE) under a

Table I. Compositions of the Glycerin-Plasticized LDPE/PVA Blend Films

Sample code (Volume fraction
of LDPE : PVA : glycerin)

Compositions

LDPE (g) PVA (g) Glycerin (g) Total (g)

Pure LDPE (100 : 0 : 0) 300 0 0 300

LDPE/PVA 2% (97 : 1.5 : 1.5) 294 6 6 306

LDPE/PVA 5% (92.7 : 3.7 : 3.6) 285 15 15 315

LDPE/PVA 10% (85.7 : 7.3 : 7.0) 270 30 30 330

LDPE/PVA 20% (72.8 : 13.9 : 13.3) 240 60 60 360

Figure 1. Photograph images of the glycerin-plasticized LDPE/PVA blend

films. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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nitrogen atmosphere. The samples were heated from 240�C to

240�C at a rate of 10�Cmin21. The oxygen transmission rates

(OTR) of the glycerin-plasticized LDPE/PVA blend films were

measured with an OTR 8001 oxygen permeability tester

(Systech Instruments Co. Ltd., IL). The OTR test was performed

at 23�C under dry conditions. The oxygen permeability (OP,

cm3�cm (m2�day�atm)21) was calculated using eq. (1).

OP5
OTR � L

Dp
(1)

where OTR is the oxygen transmittance rate of the blend films

(cm3m22�day), L is the film thickness (cm) and Dp is the partial

oxygen pressure difference (atm) across the two sides of the

blend films.15–17

The water vapor transmission rates (WVTR) of the glycerin-

plasticized LDPE/PVA blend films were measured with a WVTR

7001 water vapor permeability tester (Systech Instruments Co.

Ltd.). The WVTR tests were performed at 37.8�C and 90% rela-

tive humidity. The water uptake for the glycerin-plasticized

LDPE/PVA blend films was gravimetrically determined accord-

ing to ASTM D570-98.18,19 Before the test, all samples were

completely dried in a vacuum oven at 80�C for 24 h and the

weight of the dried samples (Wd) was measured using a micro-

balance. The dried samples were stored in a humidified cham-

ber with deionized water for 24 h, the excess surface water was

removed with moist Kim wipes, and the sample was weighed

(Ws). The water uptake (S) was calculated using eq. (2).

S %ð Þ5 Wd2Ws

Wd

3100 (2)

The water contact angle on the glycerin-plasticized LDPE/PVA

blend films was measured using a Phoenix 300 contact angle

goniometer (SEO Co. Ltd., Suwon, Korea). To minimize the

effect of water evaporation on the contact angle, all analyses were

conducted in a humidity chamber in the controlled range of 80–

90% relative humidity. The surface free energies of the glycerin-

plasticized LDPE/PVA blend films were estimated via the Owens/

Wendt method, utilizing the theory of adhesion work between

solid and liquid phases, from which polar (cP) and nonpolar or

dispersive (cD) surface free energies could be derived.20,21

The mechanical properties of the LDPE/PVA blend films were

measured using a universal testing machine QM 100T (Qmesys

Co. Ltd., Kwangmyeong, Korea) according to ASTM D 638-

10.22 The acquisition parameters were as follows: 500 mmmin21

test-speed, 5 kg load cell, 1 cm specimen width, and 8 cm speci-

men length. The resulting profiles were analyzed using MC tes-

ter version 12.6.0 (Qmesys Co. Ltd., Kwangmyeong, Korea).

RESULT AND DISCUSSION

Preparation of the LDPE/PVA Blend Films

FTIR analysis was performed to confirm the changes in the

chemical structure and interfacial interactions between LDPE,

PVA, and glycerin.1,5,13,23 Figure 2 shows the FTIR spectra of

the glycerin, pure PVA, pure LDPE, and LDPE/PVA blend films.

Glycerin exhibited characteristic absorption peaks of 3000–

3600 cm21, which are caused by AOHA stretching and vibra-

tion. Furthermore, the absorption peaks at approximately 2875

and 2927 cm21 belong to the symmetric and stretching vibra-

tion of ACH2A, whereas the peaks at 1119 and 1030 cm21 are

due to the wagging vibration of ACHA.12 Pure PVA exhibited

characteristic absorption peaks at 2956, 2919, and 2852 cm21,

which are caused by the ACH2A asymmetric stretching vibra-

tion band. Broad characteristic peaks appeared near 3000–

3600 cm21 in the PVA spectra, corresponding to AOH-

stretching vibrations. The absorbance peak at 1087 cm21 is due

to ACAOA.12,23 Pure LDPE exhibited characteristic absorption

peaks at 2919 and 2852 cm21, which are caused by the ACH2

asymmetric stretching vibration band. Furthermore, the blend

films exhibited the absorption bands near 1475 and 1372 cm21,

Figure 2. FTIR spectra of glycerin, pure PVA, pure LDPE, and LDPE/PVA

blend films.

Figure 3. WAXD patterns of pure PVA, pure LDPE, and LDPE/PVA blend

films.
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corresponding to the bending, symmetric deformation, and

rocking vibration of ACH2A. The peaks at 731 and 719 cm21

are due to the in-plane rocking vibration of ACH2A.24 The

intensity of the broad absorption bands between 1037 and

1104 cm21 gradually increased with the PVA and glycerin con-

tent in the blend films. The intensity of the OHA stretching

vibration of the LDPE/PVA blend films increased with increas-

ing pure PVA and glycerin contents. The hydrophilicity of

LDPE/PVA blend films slightly increased with the intermolecu-

lar bonding of AOH groups between PVA and glycerin and by

intramolecular bonding of PVA and glycerin. From these results,

the blend films may become more hydrophilic than pure

LDPE.12

Morphological Structure

The blend morphology is an important characteristic because it

may affect the physical properties such as thermal stability and

permeability properties.5,12,13 The morphology of the plasticized

LDPE/PVA blend films is widely characterized by WAXD and

SEM experiments. 5,12,13 Figure 3a shows the WAXD patterns of

pure PVA. The pure PVA showed a strong diffraction peak at

2h5 19:6o 101ð Þ planeð Þ, corresponding to a mean intermolecu-

lar distance of 4.53 Å.25 Pure LDPE has a broad amorphous

halo in the range of 15–25o (2h), as well as two sharp diffrac-

tion peaks at 2h 521:33o 110ð Þ planeð Þ and

23:74o 200ð Þ planeð Þ. As the PVA and glycerin content increased

from 0 to 20%, the intensity of diffraction peaks (101)

Figure 4. SEM images of the fractured surfaces of the LDPE/PVA blend films.
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originating from PVA increased; however, the intensity of the

(110) and (200) diffraction peaks originating from pure LDPE

decreased and the amorphous halo decreased. PVA with a semi-

crystalline structure may improve the crystallinity of the LDPE

matrix by decreasing the mobility of the LDPE chains near the

PVA surface. However, regardless of the PVA content, the crys-

tallinity of blend films decreased via the addition of PVA and

glycerin. The AOH group of glycerin interacts with the AOH

group of PVA, which prevents the formation of the crystallite

region in the PVA and LDPE matrix.6,12

As shown in Figure 4, SEM analysis for the fractured surfaces

was performed to determine the miscibility of PVA in the LDPE

matrix. Pure LDPE showed a relatively smooth fracture sur-

face.26 As shown in Figures 4(b–d), the fractured surface of the

LDPE/PVA blend films with glycerin exhibited an intercon-

nected smooth fractured surface. This finding may suggest that

glycerin provides good adhesion and interaction between the

nonpolar LDPE and polar PVA. However, the blend film with

relatively high PVA content (5–20%) in the LDPE matrix exhib-

ited some voids and showed a slight phase separation of LDPE

and PVA. Therefore, it may have adversely affected their

mechanical properties, which may relate to the low interfacial

interaction between LDPE and PVA.

Thermal Properties

To investigate how the PVA and glycerin content affects the thermal

stability of LDPE/PVA blend films, DSC and TGA analyses were per-

formed in a nitrogen atmosphere. As shown in Figure 5, the DSC

curve of pure LDPE presents an endothermic peak at 107.3�C corre-

sponding to the melting of pure LDPE. This endothermic peak

slightly shifted to a lower temperature as the PVA content increased.

This may result from the polymer matrix becoming less dense and

increased chain mobility of LDPE with the addition of PVA and glyc-

erin.27 In addition, with increasing PVA contents in LDPE/PVA blend

films, the new endothermic peak appeared near 160–200�C, which

may be due to the existence of a new polymer crystalline phase in

LDPE matrix, induced by the presence of the PVA. The melting

enthalpy (DHm1) originating from pure LDPE and the melting

enthalpy (DHm2) from new crystalline phase by PVA were separately

calculated and summarized in Table II.

The degree of crystallinity (%) of the LDPE/PVA blend film was

calculated using eq. (3).

%Crystallinity 5 DHm=DHm
o3100 (3)

where DHm is the melting enthalpy of the blend films and DHm
o

is the melting enthalpy for the 100% crystalline LDPE sample

(293 Jg21).28,29 The calculated crystallinity of the LDPE/PVA blend

films decreased from 47.1 to 27.2%, likely due to the addition of

PVA and glycerin. The incomplete miscibility and ratio of compo-

nents between LDPE, PVA, and glycerin is a possible explanation

for these results.7 The chain arrangement of PVA in the LDPE

matrix was disturbed, and crystalline regions were prevented by

immiscibility and steric hindrance, which decrease the melting

temperature, melting enthalpy, and % crystallinity to a certain

degree.1,7 This result is in agreement with the WAXD results.

As shown in Figure 6 and Table II, the degradation patterns and

thermal stability are dependent on the content of PVA and glycerin.

Pure LDPE showed one-step degradation. However, all the LDPE/

PVA blend films exhibited a three-step degradation process with the

addition of different PVA and glycerin contents. The three-step pro-

cess indicates that the existence of PVA and glycerin significantly

influences the thermal degradation patterns of the LDPE/PVA blend

Figure 5. DSC thermograms of pure PVA and LDPE/PVA blend films.

Table II. DSC Results of the LDPE/PVA Blend Films

Sample code

DSC

Tm1 (�C)a DHm1 (Jg21)a Tm1 (�C)b DHm2 (Jg21)b DHmt (Jg21)c Crystallinity (%)d

Pure LDPE 107.3 138.0 – – 138.0 47.1

LDPE/PVA 2% 107.3 133.8 – – 133.8 45.7

LDPE/PVA 5% 107.1 123.6 – – 123.6 42.2

LDPE/PVA 10% 107.5 94.2 180.3 2.0 96.2 32.8

LDPE/PVA 20% 106.9 75.6 179.1 4.2 79.8 27.2

a Melting temperature and enthalpy of LDPE fraction in LDPE/PVA blend films.
b Melting temperature and enthalpy of PVA-induced new crystallites in LDPE/PVA blend films.
c Total melting enthalpy of the LDPE/PVA blend films.
d % Total crystallinity of the LDPE/PVA blend films.
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films. The pure LDPE showed one degradation stage between 400

and 530�C, which was due to the chain scission of the carbon-

carbon bond in the main chain.5,12 However, by adding PVA and

glycerin, the LDPE/PVA blend films showed a three-step degrada-

tion. The first degradation stage, between 150 and 300� C, was due

to the decomposition of the hydroxyl group in PVA and glycerin.5

The second (300–400�C) and third decomposition (400–530�C)

stages indicate the existence of a chemical degradation process

resulting from bond scission (carbon-carbon bonds) in pure PVA

and pure LDPE, which is characteristic of immiscible polymer

blends.12

Oxygen Permeability

In general, the barrier properties of polymer are affected by several

factors such as crystallinity and orientation, chemical interactions

between the polymer and permeant, and chemical structure

including their polarity, stereoregularity of polymer.16 Although

LDPE, HDPE, and LLDPE have the same chemical structure of

A(CH2ACH2)nA, they have different barrier properties due to

different density, MW, and MWD.30 References 30 and 31 exhib-

ited that OP values of LDPE and HDPE films are 16.3 � 21.3 and

4.0 � 7.3 cm3�cm(m2�day�atm)21, respectively.30,31 Furthermore,

as described in several literatures,13,16,32–34 the permeabilities of

blends or nanocomposite films are strongly dependent on the

morphological and chemical structures. Of the LDPE-based nano-

composite films, LDPE/KMnO4 showed in the range of 21.7 �
24.8 cm3�cm (m2�day�atm)21 and LDPE/nano-CaCO3 did in the

range of 9.67 cm3�cm (m2�day�atm)21.32,33 Furthermore, the OP

value of LDPE/starch blend films varied from 71.25 to

337.5 cm3�cm (m2�day�atm)21 depending on the starch content.34

As shown in Figure 7, the OP value of pure LDPE is

24.0 cm3�cm (m2�day�atm)21 at 23�C, and the LDPE/PVA blend

films varied from 21.6 to 11.4 cm3�cm (m2�day�atm)21. The OP

value of the blend films incorporating 2%, 5%, 10%, and 20%

Figure 7. OPs of the LDPE/PVA blend films.

Figure 8. WVTRs and water uptake of the LDPE/PVA blend films.

Figure 9. Contact and surface energies of the LDPE/PVA blend films.

Figure 6. TGA curves of pure PVA and LDPE/PVA blend films.
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of PVA contents were greatly decreased by 10.2%, 16.9%,

24.9%, and 52.7%, respectively. Comparing other researches,

our blend films are more effective in enhancing oxygen barrier

property of pure LDPE.32,34,35

In general, nonpolar LDPE with a flexible chain has a high

degree of chain branching, which results in disrupted chain

packing and low crystallinity.13,15–17 For these reasons, the oxy-

gen gas is easily permeated in the LDPE matrix. However, the

addition of PVA with a polar group, such as AOH, and the

high packing density in LDPE may provide much better oxygen

barrier properties due to the weak interaction between PVA and

oxygen.13,16 The experimental OP in LDPE/PVA blend films are

enhanced with the PVA content, though it is greater than the

theoretical value, as given in eq. (4).

log OPblend5U1 log OPLDPE1 U2 log OPPVA (4)

where OPblend is the oxygen permeability of blend films, A1 and A2

are the volume fractions of LDPE and PVA in blend films, respec-

tively, and OPLDPE and OPPVA are the oxygen permeability of LDPE

and PVA.15–17 This deviation may be due to the miscibility of the

LDPE and PVA components and the morphology of blend films. For

a small amount of PVA and glycerin (2%), glycerin may improve the

miscibility between nonpolar LDPE and polar PVA, thus allowing

for decreasing oxygen permeability through the blend films that is

the same as the theoretical OP value. However, as indicated by SEM

and WAXD analyses, a weak interfacial interaction and small voids

exist in blend films with high PVA content, which may not effectively

decrease the oxygen permeabilities of blend films. Furthermore, the

same amount of glycerin in blend films is increased with PVA con-

tents. The increase of glycerin may contribute to less dense structural

regularity in blend films, which negatively affects to decrease the

experimental OP values. Resultantly, large difference results in

between theoretical OP and experimental OP values.

Water Vapor Permeability

As shown in Figure 8, the WVTR and water uptake results were dif-

ferent from the OTR results. With increasing PVA content, the

WVTR and water uptake values of the LDPE/PVA blend films

increased from 7.8 to 15.0 g(m2 day)21 at 37.8�C and from 0.13 to

9.31% as the PVA content increased. This indicates that the water

absorbency of LDPE was greatly enhanced by the LDPE/PVA blend

systems and the moisture diffusion in the pure LDPE film was

increased by the incorporation of PVA with a high affinity for water.

Water sorption, diffusion, permeability, and sorption are strongly

dependent on the chemical structure of the polymer matrix.13,16 In

terms of the chemical structure, the degree of hydrophilicity of a sur-

face is a significant factor for water vapor permeability. Specifically,

the water affinity of PVA consisting largely of AOH groups is better

than that of the LDPE matrix with relatively hydrophobic aliphatic

repeat units. It is anticipated that the addition of PVA will increase

the hydrophilicity in LDPE. At the same time, the increased water

affinity in LDPE/PVA blend films will be more pronounced because

the blend films are increasingly swelled and plasticized by the

absorbed water, resulting in an increase in WVTR and water sorp-

tion.13,16 This result coincides with the water contact angles of the

pure PVA and LDPE/PVA blend films, as shown in Figure 9. The

water contact angles for the pure PVA were measured at 20�. The

water contact angles of the LDPE/PVA blend films decreased from

94.8� to 85.2� at a PVA loading up to 20%. This indicates that the

hydrophilicity of pure LDPE increases as the relatively hydrophilic

PVA content increases. The surface free energy of pure PVA and

LDPE/PVA blend films was calculated by the Owens–Wendt method,

utilizing the contact-angle measurements of deionized water and

diiodomethane.20,21 The total surface free energies are the sum of the

polar and disperse parts. As shown in Figure 9, the surface energies

of the polar and disperse parts in pure PVA were 34.98 and 36.48

mJm22, respectively, which indicates that pure PVA has a polar

group originating from the AOH group. As shown in Figure 9, the

surface energy of the polar part in the LDPE/PVA blend films slightly

increased due to the polar structure of PVA. It is anticipated that

AOH groups will form during blending of LDPE and PVA, which

will induce relatively hydrophilic surfaces in the blend films. Based

on these results, water vapor will easily interact with the polar

hydroxyl groups of the blend films and weaken strong intermolecular

interactions, thereby facilitating segmental motion, water sorption,

and diffusion.

Mechanical Properties

The mechanical properties of pure LDPE and four different

LDPE/PVA blend films were investigated using a universal testing

machine, and their results are depicted in Figure 10. The tensile

strength and elongation at break of pure LDPE were 1.52 kgf

mm22 and 146.45%, respectively. Depending on the PVA and

glycerin, it slightly increased its maximum value at 2% PVA load-

ing in LDPE and then decreased thereafter. For small PVA and

glycerin contents, glycerin may improve the PVA dispersion and

enhance the interaction between nonpolar LDPE and polar PVA.5

However, when the content of PVA and glycerin is greater than a

certain value, they cannot be uniformly dispersed in the blend or

adhered between the LDPE and PVA with different polarities,

which induces a reduction in mechanical properties of the blend

films with high PVA and glycerin content. Additionally, as indi-

cated by SEM, the increasing small void makes the bond matrix

discontinuous and leads to catastrophic failure of the LDPE/PVA

blend films (5–20%).5,36 Further studies on the enhancement of

Figure 10. Tensile strength and elongation at break of the LDPE/PVA

blend films.
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interfacial interactions between LDPE and PVA are required to

improve the mechanical properties.5

CONCLUSIONS

LDPE/PVA blend films were successfully prepared through an

extrusion process, which were used as a packaging material with

improved oxygen permeability, mechanical properties, and process-

ability, and their physical properties were investigated by the effect

of PVA and glycerin content. The physical properties of blend films

strongly varied with the chemical structure and morphology

depending on the PVA and glycerin. PVA and glycerin incorpora-

tion caused the WVTR to increase from 7.8 to 15.0 g(m2 day)21 at

37.8�C, and the water uptake increased from 0.13 to 9.31%. The

chemical structure of glycerin-plasticized LDPE/PVA blend films

may become more hydrophilic than pure LDPE. Therefore, the

water vapor easily interacted with polar hydroxyl groups of the

blend films and then absorbed and diffused into the blend films.

However, the oxygen permeability of LDPE/PVA blend films

decreased from 24.0 to 11.4 cm3�cm (m2 day atm)21 at 23�C with

the incorporation of PVA. The mechanical properties of blend films

slightly exceeded the maximum value at 2% PVA loading in LDPE

and then decreased thereafter, which may be related to the good

miscibility and interfacial interaction of the glycerin-plasticized

LDPE/PVA blend films at low PVA content. However, a small

amount of voids and phase separation were observed in blend films

with relatively high PVA and glycerin loading. Although the com-

patibility and processability of mixed polymers needs to be

improved to maximize the performance of LDPE-/PVA-blend films,

enhanced oxygen barrier and mechanical properties of LDPE/PVA

blend films make them potential candidates for packaging materials

to prevent lipid oxidation in low-moisture food, including pow-

dered beverages, chocolate, nuts, and ready-to-eat cereal.
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