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Abstract Many studies have been accomplished in the field of nanocomposite (NC)

preparation to control the adhesion and spatial dispersion of nano-fillers and effect

of these on attributes of the polymer matrix. In this investigation, surface modifi-

cation of a-Al2O3 nanoparticles (NPs) was performed by vitamin B1 (VB1) as

biodegradable and environmentally friendly modifier agent. Poly(vinyl chloride)

(PVC) NCs were prepared with several contents of modified a-Al2O3 NPs (3, 5, and

7 wt.%) by ultrasonication method. Then, many standard techniques were used to

study the properties of NC films. The results demonstrated that PVC/a-Al2O3–VB1

NC films had better thermal stability and stress strength properties than pure PVC.

Morphology images of PVC/a-Al2O3–VB1 NCs showed the good dispersion of NPs

in the polymer matrix in nanometer scale. They revealed that the a-Al2O3 NPs have

sphere-like morphology. The mechanical properties of PVC/a-Al2O3–VB1 NCs

were improved by adding different amounts of a-Al2O3–VB1 into the matrix of

PVC. Water contact angle analysis showed increase in hydrophilicity of PVC/a-
Al2O3–VB1 NCs.
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Introduction

Nanocomposites (NCs) are materials designed for enhanced performance in any

number of unique applications: structural, functional or cosmetic. NCs include a

matrix, composed of polymer, metal or ceramic combined with nanoparticles (NP)s

in suspension [1].

NPs have unparalleled chemical, mechanical, thermal, and electrical properties

that make them very noteworthy for application in medicine, biotechnology, and

environment-related initiatives.

Metal oxide NPs deputize a new class of substantial materials that are being

developed for use in research, as a facility for functional materials of electrical and

mechanical parts [2, 3].

Alumina NPs have attracted much interest because alumina is one of the cost-

effective NPs that has hardness and high strength. a-Al2O3 NPs have supreme

dielectric properties, good thermal conductivity [4], wear resistance [5], resistance

to intense alkali, and acid attack at high temperatures. They have been used as nano-

fillers for polymer NCs to improve the mechanical and conductive attributes [6, 7].

Among different forms of this worthwhile material, the ultrafine a-Al2O3 powder

has considerable potential for a wide range of requisitions as high-strength

materials, catalysts, and electronic ceramics [8, 9]. The wide utilization of ultrafine

a-Al2O3 makes it a general material and increases the attention [10, 11].

NPs have an extremely high tendency of aggregation [11], due to the fact that

they have small particle size and high surface energy [3, 12]. Dispersion of NPs in

organic polymers can elevate a wide domain of material properties, such as

mechanical and thermal properties as well as fire retardancy and barrier properties

[5, 13]. One method to overcome aggregation of NPs is the use of different

biocompatible coupling agents such as citric acid and ascorbic acid (vitamin C)

[5, 14]. This is an efficacious method due to the strong covalent and hydrogen bonds

created between the polymer chains and surface-modified NPs [15–18]. Another

method is the use of ultrasound wave energy [19, 20]. Researches showed that the

use of ultrasonic waves can improve the distribution of the NPs, control size

distribution, morphology and decrease the aggregation in the polymer matrix

[21, 22].

In this study, surface modification of a-Al2O3 NPs was accomplished by vitamin

B1 (VB1) as a biocompatible modifier to enhance the dispersibility and prevent

agglomeration. VB1 (also called thiamine), has appeared as an eco-friendly,

inexpensive, naturally occurring, and water-soluble compound with the reported

toxicity parameter [LD50 (VB1, oral rat) = 3710 mg/kg]. VB1 is a pyrimidine

derivative with a methylene-bridged thiazole moiety [23, 24]. The use of VB1

analogs has been reported as powerful catalysts for different organic transforma-

tions [25].

Poly(vinyl chloride) (PVC) is one of the polymers with the highest production

and applications due to its characteristics such as easy modification and low cost

[26].
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PVC has been reinforced with various fillers including titanium dioxide (TiO2)

[27], zinc oxide (ZnO) [28], iron oxide (Fe3O4) [29], and silver (Ag) [30] NPs for

different purposes [31]. In this project, PVC/a-Al2O3–VB1 NCs containing a-
Al2O3–VB1 NPs (3, 5, and 7 wt.%) were prepared by ultrasonic irradiation. The

PVC/a-Al2O3–VB1 NCs were characterized by techniques such as Fourier

transform infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), thermogravi-

metric analysis (TGA), and ultraviolet–visible (UV–Vis) spectroscopy. Field

emission scanning electron microscopy (FE-SEM) and transmission electron

microscopy (TEM) analyses were used to determine the morphology of the a-
Al2O3–VB1 and PVC/a-Al2O3–VB1 NCs.

Experimental

Materials

a-Al2O3 powder (average particle size: 80 nm and purity: 99%) was supplied from

Neutrino Co. (Tehran, I. R. Iran). VB1 (C12H17N4OS, Mw: 265.35 g/mol) was

purchased from Alfa Aesar Co. (Karlsruhe, Germany). Emulsion (E)-PVC grade

((C2H3Cl)n, Mw: 78.000 g/mol) was obtained from LG Chem Co. (Seoul, Korea).

Tetrahydrofuran (C4H8O, Mw: 72.11 g/mol) was supplied by JEONG wang Co.

(Gyeonggi-do, Korea).

Characterizations

The functionalization of a-Al2O3 NPs and fabrication of NCs were accomplished

using Topsonics ultrasonic liquid processors (Tehran, I. R. Iran) with a frequency of

25 kHz and power of 100 W. The FT-IR spectra of the samples were recorded in a

Jasco-680 (Japan) spectrophotometer in the form of KBr pellets of finely ground

samples. It was used to study the characteristic peaks related to the NC films

directly. The UV–Vis spectra were investigated by Jasco V-750 UV–Vis–NIR

spectrophotometer (Tokyo, Japan), in the wavelength scan range from 200 to

800 nm.

XRD patterns were recorded on a Philips X&Pert MPDX-ray (Germany)

diffractometer by a copper target operating at a voltage of 40 kV, a current of

35 mA, and Cu Ka radiation (k = 1.5418 Å) over Bragg&s angles (2h) ranging from

10� to 80� with a scanning rate of 0.05 �C/min. Field emission scanning electron

microscopy (FE-SEM) was performed on Hitachi S-4160 (Japan) instrument at an

acceleration voltage of 15 kV. Prior to analysis, the composites were coated with an

ultrathin gold layer in sputter coating method. TEM was done with a Philips CM120

microscope (Germany) (accelerating voltage 150 kV). Tensile testing was per-

formed at room temperature on Hounsfield test equipment H25KS (RHI 5DZ,

England). Tests were done with the speed of 5 mm/min. Contact angle measure-

ments were done with U-vision MV500 digital camera microscope (China).
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Surface modification of a-Al2O3 NPs with VB1

The surface of a-Al2O3 NPs was treated with VB1, 0.1 g of a-Al2O3 nanopowder

was suspended into deionized (DI) water (8 ml) and ultrasonicated for 30 min.

Then, 0.01 g of green modifier VB1 (10% mass fraction of a-Al2O3 content) was

dissolved in DI water (5 ml) by ultrasonication for 15 min. In the next step, the

mixture of NPs and VB1 solutions was sonicated for 30 min. Finally, the prepared

suspension was dried at room temperature to obtain the powder of modified a-Al2O3

NPs with VB1 (a-Al2O3–VB1 NPs). The reaction sequences are shown in Scheme 1.

Preparation of PVC/a-Al2O3–VB1 NC films

The preparation of PVC/a-Al2O3–VB1 NC films was achieved by the following

procedure: 0.10 g of PVC was added to 5 mL of THF by stirring (1 h at 40 �C).
After that, different amounts of a-Al2O3–VB1 (3, 5, and 7 wt.% of PVC) were

separately added to PVC solution. Prepared mixtures were ultrasonicated for

30 min. Finally, the resulting suspensions were poured into glass Petri dishes and

allowed to dry (Scheme 2). After evaporation of THF, NC films with high

transparency were obtained that were easily separated from the Petri dishes (Fig. 1).

The images of the prepared NC films with different contents of NPs are shown in

Fig. 1. As it can be seen, transmission capability of PVC decreased with increasing

the a-Al2O3–VB1 NP contents.

Results and discussion

Modification of a-Al2O3 and composites preparation

VB1 is utilized as a biocompatible modifier for creating more functional groups on

the NPs’ surface to prevent agglomeration, enhance the dispersibility and good

miscibility of NPs in the PVC NCs. Based on performed study and recent

investigations, the optimum weight percent of modifier was estimated around

10 wt.% [32]. In the modifying process, the amount of modifier is important

because low amount of modifier can cause an inhomogeneous and low miscibility

between the a-Al2O3 and the PVC matrix while, high amount of modifier can

increase agglomeration of the NPs in PVC/a-Al2O3–VB1 NC. Lone-pair electrons

of chlorine atoms made many interactions in PVC. PVC has been used as a polymer

matrix for the formation of the NCs [33]. The aim of this research is the

manufacture of the NCs without aggregation of NPs in the polymer matrix. To

overcome this problem, the environmentally friendly modifier and ultrasonic

vibration were used. Ultrasonic power apparatus produces acoustic capitations and

thereby affects the reaction. It makes bubble and these bubbles help to distribute the

energy. In the modified a-Al2O3, the organic structure of VB1 expands NPs’

properties as filler. It gives a good ability to form homogeneous hybrid film with

PVC matrix.
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Scheme 1 Surface modification of a-Al2O3 with VB1
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FT-IR analysis

Figure 2a presents the FT-IR spectrum of a-Al2O3 NPs. The Al–O band is shown at

around 400–900 cm-1. The broad peaks at around 3100–3300 and 1600–1700 cm-1

correspond to the stretching and bending bonds of hydroxyl groups of adsorbed

water molecules on the a-Al2O3 surface [34]. Figure 1c exhibits the absorption

bands for VB1. Two peaks around 1615 and 1592 cm-1 are assigned to the C=C and

Scheme 2 Preparation of PVC/a-Al2O3–VB1 NC films
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C=N stretching modes in the pyrimidine structure for VB1. The peaks at 3424 and

1666 cm-1 represent the stretching and bending vibrations of –NH (–NH2),

respectively. An absorbance band at 3492 cm-1 corresponded to the O–H

stretching. The peak at 3050 cm-1 is assigned to the C–H stretching vibrations of

the aromatic rings and at 2910 cm-1 associated with the aliphatic C–H stretching in

VB1 [35].

The FT-IR spectrum of modified a-Al2O3 NPs displays new characteristic peaks

(Fig. 2b). The absorption band at 1662 cm-1 confirms the existence of VB1 on the

surface of the a-Al2O3 NPs; this peak shows that the NH groups of VB1 appear in a-
Al2O3–VB1. The mild shift of absorbance bands toward lower wavenumbers may be

ascribed to the interactions between a-Al2O3 NPs and VB1. For instance, the

hydrogen bonding between a-Al2O3 NPs and VB1 decreases the frequency of O–H

bond from 1637 to 1607 cm-1. The peak at 3431 cm-1 can be ascribed to the N–H

stretching vibration and confirmed that VB1 was tied on the a-Al2O3 surface [36].

Fig. 1 Photographs of a pure PVC, b 3 wt.% PVC/a-Al2O3–VB1 NC film, c 5 wt.% PVC/a-Al2O3–VB1

NC film, and d 7 wt.% PVC/a-Al2O3–VB1 NC film
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The spectra of the pure PVC and PVC/a-Al2O3–VB1 NCs are shown in Fig. 3 in

absorbance mode. Figure 3a shows the spectrum of pure PVC. The band at

2800–3000 cm-1 is attributed to the C–H stretching bond. The peak at 1250 cm-1

is assigned to the bending bond of C–H near Cl. The absorbance band in a range of

600–650 cm-1 is related to C–Cl gauche bond [37, 38]. In comparison with the pure

PVC, new peaks appeared in the spectra of the PVC/a-Al2O3–VB1 NC films

(Fig. 3b–d). In addition, the absorption peak of the O–H group at 1607 cm-1 shifted

to a higher frequency which could be attributed to the formation of effective

hydrogen bonds between the a-Al2O3–VB1 NPs and the PVC matrix. The presence

of a-Al2O3–VB1 makes changes in the infrared spectrum of pure PVC which

attributed to NH group of VB1 at 1772 cm-1. The band at 425–450 cm-1 is in

agreement with the Al–O bond. The peak intensity of the a-Al2O3 NPs in the PVC/

a-Al2O3–VB1 NCs increased with enhancement of the content of modified NPs.

Crystalline structure

XRD was used for the recognition of the crystalline phases. Figure 4 presents the

XRD patterns of a-Al2O3 NPs and a-Al2O3–VB1 in the 2h range. The diffraction

peaks of a-Al2O3 NPs, namely 021, 104, 110, 024, 116, 211, 122, 124, 030, 208, and

Fig. 2 FT-IR spectra of a VB1,
b a-Al2O3–VB1 NPs, and c a-
Al2O3 NPs

1902 Polym. Bull. (2018) 75:1895–1914

123



119, related to the hexagonal nature of a-Al2O3 NPs [39]. These data have good

agreement with reported data in the literature. It is seen from the XRD pattern that

pure PVC is an amorphous polymer (Fig. 4c) [40]. The XRD curves of PVC/a-
Al2O3–VB1 NCs (Fig. 4d–f) indicated a broad peak plus certain peaks that are

relevant to NPs’ crystalline structure. The XRD patterns of the PVC/a-Al2O3–VB1

NCs demonstrated weak peaks at 2h, namely 012, 110, 113, 116, and 119 which

were slightly raised with increasing the content of the a-Al2O3–VB1 NPs in the PVC

matrix. The low intensity of peaks can be attributed to fine dispersion and low

percentages of a-Al2O3–VB1 NPs (3, 5, and 7 wt.%) in the polymer matrix [38].

Morphology studies (FE-SEM and TEM)

The morphology of the a-Al2O3–VB1 NPs, pure PVC, and PVC/a-Al2O3–VB1 NC

films was observed by FE-SEM micrographs. The FE-SEM images (Fig. 5a)

confirmed that the a-Al2O3 NPs after modification were nearly spherical in shape,

similar to a-Al2O3 NPs [41]. The homogenous surface can be observed from FE-

SEM micrograph of NC films (Fig. 5c–e). Actually, the ultrasonication caused a

uniform surface morphology which ensures a potent interaction between nano-fillers

and the matrix [42]. There was no significant change in FE-SEM images of the

Fig. 3 FT-IR spectra of a pure
PVC, b 3 wt.% PVC/a-Al2O3–
VB1 NC film, c 5 wt.% PVC/a-
Al2O3–VB1 NC film, and
d 7 wt.% PVC/a-Al2O3–VB1

NC film
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obtained PVC/a-Al2O3–VB1 NCs compared to the pure polymer. For a more

detailed observation, TEM analysis was employed.

Clearer morphology and dispersion of NPs into the PVC/a-Al2O3–VB1 NCs were

scrutinized by TEM micrographs. As shown in Fig. 6a, modified a-Al2O3 NPs

display individual spherical-like and single crystalline a-Al2O3 NPs with a clean

surface [43].

TEM images of the 5 wt.% PVC/a-Al2O3–VB1 NC film at various magnifica-

tions are shown in Fig. 6b. These images confirmed the presence of a-Al2O3–VB1

NP in the PVC/a-Al2O3–VB1 NC films. It can be seen that a-Al2O3–VB1 NPs

distributed uniformly in the polymer matrix and their sizes decreased. On the one

hand, successful modification causes steric effect and separates NPs from each

other. On the other hand, ultrasonic irradiations during the formation of NC can

break the aggregation of a-Al2O3 NPs and cause good dispersion of them in the

PVC matrix. It is clear that the size of NPs depends on the ultrasonication time [44].

It is possible that sonication for a long time enhances the chance of the lone particle

Fig. 4 XRD patterns of a a-
Al2O3 NPs, b a-Al2O3–VB1

NPs, c pure PVC, d 3 wt.%
PVC/a-Al2O3–VB1 NC film,
e 5 wt.% PVC/a-Al2O3–VB1

NC film, and f 7 wt.% PVC/a-
Al2O3–VB1 NC film
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reaction with the micro-bubbles produced by the acoustic cavitation. Consequently,

due to successful modification as well as ultrasonic irradiations the size of some a-
Al2O3–VB1 NPs embedded in the PVC matrix decreased and was found to be

18–30 nm.

Fig. 5 FE-SEM micrographs of a a-Al2O3–VB1 NPs, b pure PVC, c 3 wt.% PVC/a-Al2O3–VB1 NC
film, d 5 wt.% PVC/a-Al2O3–VB1 NC film, and e 7 wt.% PVC/a-Al2O3–VB1 NC film
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Combustion test

To estimate the amount of the a-Al2O3–VB1 NPs in the 5 wt.% PVC/a-Al2O3–VB1

NC, it was combusted in air. The images of the 5 wt.% PVC/a-Al2O3–VB1 film

before and after combustion from room temperature to 1000 �C and then holding

temperature for 4 h at 1000 �C are shown in Fig. 7. It is clear that after combustion,

5 wt.% PVC/a-Al2O3–VB1 film changed to white powder and shows that the

remaining materials are metals, which are approximately 5% of the whole weight. It

is well known that PVC is a char-forming polymer during combustion. Under strong

heat flux, the PVC macromolecules pyrolyze into various smaller molecules and

some of these will combust when their concentration reaches some critical value in

air [45]. FT-IR analysis was done on residual white powder and it showed

characteristic peaks related to a-Al2O3 NPs.

Fig. 6 TEM micrographs of a a-Al2O3–VB1 NPs and b 5 wt.% PVC/a-Al2O3–VB1 NC film
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Thermal stability

The amount of coupling agent is analyzed by TGA thermograms. From Fig. 8b, it

can be estimated that the weight ratio of the VB1 modifier on the a-Al2O3 surface is

almost 6 wt.%.

TGA curves of the PVC and PVC/a-Al2O3–VB1 NC films are recorded in

Fig. 9. For the pure PVC and the NCs, two stages of weight loss were detected.

The first transition weight loss of pure PVC from 276 to 298 �C corresponded to

the dehydrochlorination. During this first decomposition stage, the sample

weight loss is about 55%. Under the effect of temperature, chlorine radicals

resulting from scission of –C–Cl labile bonds take off a hydrogen radical from

adjacent –C–H groups to form a covalent H–Cl bond. This chemical mechanism

induces double bonds along the polymer chain and may lead to conjugated

polymeric chains [46]. The sample in the region 298–445 �C becomes thermally

stable because of the formation of polyacetylene. The second step of weight loss

Fig. 7 The digital photographs of 5 wt.% PVC/a-Al2O3–VB1 NC film before and after combustion in air

Fig. 8 TGA thermograms of a a-Al2O3 NPs, b a-Al2O3–VB1
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in the range of 445–530 �C is probably a consequence of the polyacetylene

cracking [47].

The resulting TGA data including temperatures at 5% (T5) and 10% (T10) weight

loss, and char yield (CY) at 800 �C are summarized in Table 1.

As it can be seen, the TGA curves of the PVC/a-Al2O3–VB1 NCs shifted to

higher temperatures than the pure PVC. After addition of a-Al2O3–VB1, the T5 and

T10 values of 5 and 7 wt.% NCs were improved.

UV–Vis absorption

As shown in Fig. 10, pure PVC and PVC NCs display strong absorption in UV

region. The spectrum of pure PVC showed absorbance peaks at k = 210 and

Fig. 9 TGA thermograms of a pure PVC, b 3 wt.% PVC/a-Al2O3–VB1 NC film, c 5 wt.% PVC/a-
Al2O3–VB1 NC film, and d 7 wt.% PVC/a-Al2O3–VB1 NC film

Table 1 Thermal properties of the pure PVC, 3 wt.% PVC/a-Al2O3–VB1 NC film, 5 wt.% PVC/a-
Al2O3–VB1 NC film and 7 wt.% PVC/a-Al2O3–VB1 NC film

Samples T5 (�C)a T10 (�C)b Char yield (%)c

Pure PVC 240.3 254.8 23.3

PVC/a-Al2O3–VB1 NC film, 3 wt.% 154.5 217.9 18.2

PVC/a-Al2O3–VB1 NC film, 5 wt.% 244.4 308.8 20.0

PVC/a-Al2O3–VB1 NC film, 7 wt.% 304.3 332.9 20.7

a Temperature at which 5 wt.% weight loss was recognized by TGA at a heating rate of 20 �C min-1 in

an argon atmosphere
b Temperature at which 10 wt.% weight loss was verified by TGA at a heating rate of 20 �C min-1 in an

argon atmosphere
c Percentage weight of the material left undecomposed after TGA analysis at 800 �C in an argon

atmosphere
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280 nm, which can be assigned to the n ? p* and p ? p* transitions, respectively

[48]. The a-Al2O3 NPs have UV–Vis absorption at k = 205 nm [49] which has

been covered by adsorption peak related to PVC. Therefore, the absorption intensity

of PVC/a-Al2O3–VB1 NCs increased with increasing the content of the a-Al2O3–

VB1 NPs in the PVC matrix.

Fig. 10 UV–Vis absorption spectra of a pure PVC, b 3 wt.% PVC/a-Al2O3–VB1 NC film, c 5 wt.%
PVC/a-Al2O3–VB1 NC film, and d 7 wt.% PVC/a-Al2O3–VB1 NC film

Fig. 11 Mechanical properties of a pure PVC, b 3 wt.% PVC/a-Al2O3–VB1 NC film, c 5 wt.% PVC/a-
Al2O3–VB1 NC film, and d 7 wt.% PVC/a-Al2O3–VB1 NC film
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Mechanical properties

The stress–strain curves of pure PVC film and PVC/a-Al2O3–VB1 NCs are depicted

in Fig. 11 and the corresponding tensile strength, Young’s modulus, elongation, and

strain are summarized in Table 2. The mechanical properties of PVC/a-Al2O3–VB1

NCs can be affected by many factors, such as the morphology, size, loading,

distribution, and interfacial adhesion of NPs [30, 47].

Table 2 shows that stress, strain, and elongation increased for NCs of 5 and

7 wt.%. This can be explained by the reason that the incorporation of a-Al2O3–

VB1 NPs into the PVC matrix effectively enhanced the interfacial interactions

between NPs and matrix via the establishment of hydrogen and covalent bonds

between them. The interfacial bonding between NPs and matrix can effectively

transfer the applied stress to the a-Al2O3 NPs and improve the mechanical

properties [38].

Water contact angle analysis

Hydrophilicity of a polymer surface is an important property for biomedical

application [50]. It is well known that alumina has a hydrophilic surface [51];

therefore, the effect of the presence of a-Al2O3–VB1 NPs on the hydrophilicity of

Table 2 Mechanical properties from tensile testing for pure PVC and PVC/a-Al2O3–VB1 NC film

Samples Stress

(MPa)

Strain

(%)

Young’s modulus

(GPa)

Elongation at

max (mm)

Pure PVC 42.14 2.68 1.87 0.94

PVC/a-Al2O3–VB1 NC film, 3 wt.% 43.82 1.62 2.64 0.57

PVC/a-Al2O3–VB1 NC film, 5 wt.% 42.16 2.71 1.43 0.95

PVC/a-Al2O3–VB1 NC film, 7 wt.% 57.3 2.74 1.98 0.96

Fig. 12 Images of water droplets on a pure PVC, b 3 wt.% PVC/a-Al2O3–VB1 NC film, c 5 wt.% PVC/
a-Al2O3–VB1 NC film, and d 7 wt.% PVC/a-Al2O3–VB1 NC film
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NCs was analyzed in this study. Water droplets on the pure PVC and PVC/a-Al2O3–

VB1 NC films are shown in Fig. 12. In addition, water static contact angles were

measured and are summarized in Table 3. The decrease in contact angles of NCs

compared to the pure PVC can be ascribed to the presence of abundant hydroxyl

groups on the surface of a-Al2O3–VB1 NPs which increases ability of PVC surface

to form hydrogen bonds with water molecules (Fig. 12).

Conclusions

In this study we considered a simple and efficient method to obtain the PVC/a-
Al2O3–VB1 NC films with improved thermal and mechanical properties. The

ultrasonic technique was used for the synthesis of the NCs in a green and simple

way. The a-Al2O3 NPs were treated by VB1 as a biocompatible modifier to enhance

homogeneous dispersion and reduce the aggregation in the matrix. Then, the PVC

NCs were prepared with different percentages of a-Al2O3–VB1 NPs (3, 5, and

7 wt.%). FE-SEM and TEM images were used to study the distribution of NPs and

uniform morphology of the PVC/a-Al2O3–VB1 NCs. The XRD patterns of PVC/a-
Al2O3–VB1 NCs indicated that the crystalline phase of a-Al2O3 NP was not

changed. A comparison of T5 and T10 of the PVC/a-Al2O3–VB1 NCs with pure PVC

showed an increase in thermal stability of 5 and 7 wt.% PVC/a-Al2O3–VB1 NCs.

The UV absorbance of PVC/a-Al2O3–VB1 NCs is raised with increasing the content

of the a-Al2O3–VB1 NPs in the PVC matrix. The prepared PVC/a-Al2O3–VB1 NC

films can be used to block the UV radiation (at about 280 nm). Water static contact

angles were investigated and showed hydrophilicity enhancement of PVC/a-Al2O3–

VB1 NCs. As a result, it can be mentioned that the presence of VB1 as modifier

agent can prevent the agglomeration of a-Al2O3 NPs and cause a positive impact on

thermal, mechanical, and optical properties of PVC/a-Al2O3–VB1 NCs. Due to high

mechanical properties and UV absorption ability of the obtained composite films,

they may be employed in packaging applications.
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Pure PVC 80.02 ± 1.76

PVC/a-Al2O3–VB1 NC film, 3 wt.% 75.05 ± 1.06

PVC/a-Al2O3–VB1 NC film, 5 wt.% 73.15 ± 1.21

PVC/a-Al2O3–VB1 NC film, 7 wt.% 65.42 ± 1.75
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