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Abstract To improve the photo-oxidation degradation resistance and antimicro-
bial ability of ZnO-filled polypropylene random copolymer (PPR), 13X zeolite
particles supported with nano-ZnO with different morphologies were prepared and
used to manufacture filled PPR composites. The formation of ZnO with different
morphologies on the surface of 13X zeolite was proved by atomic absorption
spectroscopy, scanning electron microscope, UV-vis spectra, and fluorescence
spectra. The results indicated that the photo-oxidation degradation resistance of
nano-ZnO-supported 13X zeolite-filled PPR composites is higher than that of PPR
composites filled by the same content of pure nano-ZnQO. Antimicrobial experiment
results show that nano-ZnO-supported 13X zeolite-filled PPR composites exhibit
higher antimicrobial properties than ZnO-filled PPR composites prepared by
directly adding nano-ZnO into PPR matrix for Staphylococcus aureus and Esche-
richia coli. The addition of nano-ZnO-supported 13X zeolite particles increases the
crystallization temperature, but has no influence on the melting behavior of PPR
composites.
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Introduction

Polypropylene random copolymer (PPR) is a kind of thermoplastic material
developed in recent years. PPR copolymerized by propylene and ethylene has been
widely used for pipes, automobiles parts, furniture and packing plastic because of its
excellent physical and mechanical properties [1-4]. At present, the crystalline
structure, morphology, and mechanical and rheological properties of PPR have been
reported [5—7]. PPR, similar to iPP homopolymer materials, easily undergoes photo-
oxidation degradation. However, the photo-oxidation degradation characteristic of
PPR composites has little been investigated. In addition, it is needed to increase the
antimicrobial properties of PPR, which is used as pipes and packing plastic. As is
known, the addition of nano particles is an effective method to offer functionality
and improve the physical and mechanical properties of polymer materials.

Nano-ZnO is a kind of inorganic particle with antibacterial ability, acts as UV
light screen and has catalytic and electrical properties [8—14]. The addition of nano-
ZnO generally improves the antibacterial ability and reduces the photo-oxidation
degradation of polymer materials. The photo-oxidation degradation resistance and
antibacterial ability of nano-ZnO-filled PP composites have been investigated [15—
17]. Zhao et al. [15] investigated the photo-oxidation degradation of nano-ZnO-
filled PP composites and observed that photo-oxidation degradation can be reduced
significantly due to the superior UV light screen effect offered by nano-ZnO
particles. Chandramouleeswaran et al. [16] observed that nano-ZnO not only
reduced the photo-oxidation degradation, but also improved the antibacterial ability
of PP against two human pathogenic bacteria, Staphylococcus aureus and
Escherichia coli. Many investigations found that the particle size, morphology,
and physical and chemical properties of ZnO varied with the preparation methods
[16, 18-22]. Venkatesha et al. [18] used the electrochemical method to synthesize
flower-shaped ZnO with good photo-catalytic properties. Hassana et al. [19]
fabricated one-dimensional ZnO nanostructures through thermal evaporation via the
vapor solid mechanism on different substrates. The crystallization behavior and
mechanical properties of PP composites filled by nano-ZnO with different
morphologies have been investigated [23-26]. To develop PP films for food-
packing applications, Lepot et al. [24] prepared biaxial orientation PP films
containing spherical and nanorod nano-ZnO particles and found that nanorod ZnO-
filled PP films exhibited better mechanical properties. Omar et al. [25] studied the
physical and mechanical properties of PP composites filled by nano-ZnO with
different morphologies and observed that addition of 1 wt% nano-ZnO improved
the tensile strength, tensile modulus and elongation at the break of PP and nanorod
ZnO-filled PP exhibited better ultraviolet resistance. Zheng et al. [23] and Wen et al.
[26] investigated the crystallization behavior and mechanical properties of PP
composites filled by tetra-needle-shaped zinc oxide whisker (T-ZnO,,).

Although nano-ZnO-filled PP composite has been widely investigated [15-17,
27], ZnO-filled PPR composites are little reported, especially PPR composites filled
by nano-ZnO supported on surface of inorganic particles [28]. In this paper, nano-
ZnO-supported 13X zeolites with different morphologies were prepared using 13X
zeolite as support and their filled PPR composites were fabricated. The photo-
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oxidation degradation characteristic, antimicrobial ability and crystallization
properties of PPR composites filled by nano-ZnO-supported 13X zeolite were
investigated and compared with PPR composites directly filled by the same content
of nano-ZnO. A new method was developed to prepare PPR composites with
improved photo-oxidation degradation resistance and antimicrobial ability.

Experimental
Materials

PPR (R200P, MRI = 0.23 g/10 min at 23 °C and 2.16 kg, the content of ethylene is
3.8 %, Mn = 72.2 x 10* g/mol, Mw/Mn = 4.5 and the density is 0.91 g/cm®) was
provided by Hyosung Corporation. 13X zeolite with average particle size of about
1.0 pm and pore diameter about 1.0 nm was supplied by Wuxi Rongdeli Molecular
Sieve Factory, China. Zn(Ac), (AR) was supplied by Tianjin Miou Chemistry Co. Ltd,
China. Zn(NOs), (AR), NaOH (AR) and concentrated nitric acid (GR) were bought
from Guangzhou Chemical Factory, China. E. coli and S. aureus with the
concentration of 1.7 x 107 CFU/ml and 5.5 x 10° CFU/ml, respectively, were
obtained from Guangzhou Institute of Microbiology, China. Nano-ZnO with average
particle size of about 30 & 10 nm was supplied by Aladdin Chemistry Co. Ltd.

Preparation of materials
Preparation of nano-ZnO-supported 13X zeolite particles

Neat 13X zeolite was pretreated at 400 °C in a muffle furnace for 3 h; then 20 g of
pretreated zeolite was added into a three-neck flask. After the system was evacuated
to 0.063 MPa with a vacuum pump and keeping the pressure for 0.5 h to remove the
air in the flask and the hole of zeolite, 120 ml of aqueous solution with different
concentrations of zinc acetate and zinc nitrate was added into the three-neck flask
and the mixture stirred for 2 h. Then the filtered mixture was transferred to a beaker
after vacuum filtering. 1 mol/l NaOH was added to adjust the pH of the mixture at
7.0, and then the mixture stirred for 1 h. The filtered mixture was heated from room
temperature to 300 °C in a muffle furnace to obtain nano-ZnO-supported 13X
zeolite. The nanno-ZnO-supported 13X zeolite particles prepared with concentra-
tions of 1, 3, 5, 7 and 10 wt% zinc acetate and zinc nitrate aqueous solution were,
respectively, denoted as A, Az, As, A7, Ao and Ny, N3, N5, N7, Nio. The content of
ZnO in the nano-ZnO-supported 13X zeolite was measured by atomic absorption
spectroscopy (AAS).

Preparation of nano-ZnO-supported 13X zeolite-filled PPR composites
PPR composites were prepared with an HL-200 internal mixer (Jilin University

Science and Education Instrument Factory, China) at 170 °C and 50 rpm for 7 min.
The nano-ZnO-supported 13X zeolite-filled PPR composites prepared with 5, 10, 15
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and 20 phr Ay or Ny were denoted as 5A¢o/PPR, 104,o/PPR, 15A,,/PPR, 20A o/
PPR and 5N,o/PPR, 10N,o/PPR, 15N,o/PPR, 20N,o/PPR. The ZnO/PPR composites
containing the same ZnO content as that of SN,¢/PPR, 10N,/PPR, 15N,¢/PPR and
20N;¢/PPR were denoted as ZnOs/PPR, ZnO;o/PPR, ZnO;s/PPR and ZnO,y/PPR.
10 phr pure 13X zeolite-filled PPR composites were denoted as 10S/PPR. The neat
PPR and filled PPR composite films for photo-oxidation degradation and
antimicrobial experiments were pressed on XLB 50-D plate vulcanizing press
(Zhejiang Shuangli Group Huzhou Xingli Rubber Machinery Manufacturing
Company, China) at 180 °C and 10 MPa for 3 min and then quickly cooled to
room temperature. The morphology of nano-ZnO-supported 13X zeolite dispersed
in PPR was invested with mold samples. The samples were prepared by an F-120
vertical injection molding machine (Guangzhou Fengtie Mechanical Company,
China) at a temperature of 230 °C, injection pressure of 60 MPa and mold
temperature of 60 °C.

Characterization
Zinc oxide contents

Nano-ZnO-supported 13X zeolite of 5 mg was dissolved in concentrated nitric acid
and diluted by deionized water. The ZnO contents in nano-ZnO-supported 13X
zeolite were characterized on Japan Hitachi Z-2000 atomic absorption spectroscopy
(AAS), The analytical line of Zn is 213.9 nm, The content of ZnO is obtained with
the following formula:

Wino % = —22" 2 27210 o 100 % (1)

in which W, o is the mass content of ZnO in nano-ZnO-supported 13X zeolite; Cz,
(ppm), V(L) and mg (g) are the concentration, volume and mass of the sample,
respectively. Mz,o and My, are the molar mass of ZnO and Zn, respectively.

Zeolite morphology

The morphology of 13X zeolite, nano-ZnO-supported 13X zeolite and nano-ZnO
particles was observed with a scanning electron microscope (SEM S4800, Hitachi,
Japan). The injection molding samples were fractured in liquid nitrogen, and the
morphology of filled PPR composites and dispersion of zeolite in PPR were
obtained. The samples were gold coated and observed under an acceleration voltage
of 20 kV and a current of 20 pA.

UV-vis spectra
The UV-vis spectra of 13X zeolite and nano-ZnO-supported 13X zeolite particles

were measured on a UV-3150 (Shimadzu, Japan), at slit width of 5 nm and scanning
number of 200-600 nm. BaSO, was used as the reference sample.
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Fluorescence spectra

The fluorescence spectra of 13X zeolite, ZnO and nano-ZnO-supported 13X zeolite
particles were characterized by fluorescence spectroscopy (RF-5301PC, Shimadzu,
Japan), at an excitation wavelength of 320 nm and emission wavelength of
330-800 nm. The slit width of excitation and emission is 10 nm and the optical
filters of incident light and emitted light are 250—400 and 360 nm, respectively.

Photo-oxidation degradation

Photo-oxidation degradation for PPR composites films (the thick is about 20 pm)
was carried out under a UV lamp with power of 125 W (the UV-irradiation
wavelength was 300—400 nm). The temperature of the sample surface was 80 °C
and the vertical irradiation distance 20 cm. Composite films subjected to UV
irradiation for 0, 50, 90 and 120 h, respectively, were characterized by FTIR
analysis. The FTIR measurement (model Nicolet Nexus 670) was carried out with
the scanning range of 4,000-500 cm™! and resolution ratio 4 cm™!, at transmission
mode using 32 scans. The carbonyl index, characterizing the degree of photo-
oxidation degradation of PPR composites, was calculated by the Eq. 2 [29]:
AR

Carbonyl index = —. (2)
Ac

In Eq. 2, Ac is the area of the carbonyl adsorption band between 1,700 and
1,800 cm ™! and Ag is the area of the reference band between 2,700 and 2,750 cm L
The reference band was not affected by photo-oxidation degradation or crystalli-

zation degree of PPR [30].
Antibacterial property

The antimicrobial ability of nano-ZnO-supported 13X zeolite-filled PPR composites
was evaluated quantitatively in fluid nutrient medium [31, 32]. The films of
composites at 1 g with the dimensions of 1 cm length x 1 cm width x 0.12 cm
thickness were soaked in the 2 ml fluid nutrient medium after sterilization at 37 °C
for 18 h in a shaker and the intensity of UV absorption, A value, of the nutrient
solution was measured by UV-vis spectrophotometer (TU-1901, Beijing Purkinje
General Instrument Co. Ltd. China). The antibacterial reduction rate, Y value, was
obtained with the following formula [33]:

Y % = [(Ay — A,)/As] x 100 %, (3)

in which Ay, and A are the intensity of UV absorption of blank and samples under
the incident wavelength of 600 nm, respectively.
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Crystallization and melting behavior

The crystallization behavior and melting characteristics of PPR and its composites
were studied on a TA Q20 differential scanning calorimeter in a nitrogen
atmosphere. About 5 mg of sample was heated to 220 °C at a rate of 30 °C/min and
held at this temperature for 5 min to erase the thermal and mechanical history.
Samples were cooled to 40 °C, held at this temperature for 3 min and then reheated
to 220 °C at a rate of 10 °C/min. The crystallinity was determined by X. % = (AH/
AHy) x 100 %, in which AH and AH, were the melting enthalpy of the samples and
100 % crystalline PP, respectively, and AH, = 209 J/g [5].

Results and discussion
Morphology and characterization of nano-ZnO-supported 13X zeolite

The content of ZnO in nano-ZnO-supported 13X zeolite prepared with Zn(Ac), and
Zn(NOs), aqueous solution is listed in Table 1. It can be seen that the content of
ZnO supported on the surface of 13X zeolite increased with increase in the zinc salt
concentration. The ZnO of 15.2 % supported on 13X zeolite was obtained with the
salt in which aqueous concentration was 10 %. To obtain better ultraviolet
resistance and antimicrobial ability, nano-ZnO-supported 13X zeolite of A;g and Ny
with high ZnO content was used to prepared PPR composites.

The SEM morphologies of 13X zeolite, nano-ZnO and nano-ZnO-supported 13X
zeolite particles are shown in Fig. 1. It can be observed that the 13X zeolite has
regular shape and smooth surface, while the surface of nano-ZnO-supported 13X
zeolite is different from zeolite and has filamentous or granular shape, indicating the
formation of ZnO supported on the surface of zeolite. In addition, the filamentous
ZnO supported on the surface of zeolite with nanoscale was observed. Secondly, the
size of filamentous ZnO supported on the surface of zeolite is lower than that of
pure nano-ZnO particles. It indicated that the ZnO supported on the surface of
zeolite has larger specific area than that of pure nano-ZnO. As a result, the nano-
ZnO-supported 13X zeolite is expected to exhibit better ultraviolet resistance and
antimicrobial ability. Moreover, the particle size of ZnO supported on N, is smaller
than the one supported on A, so the specific area of the former is larger than the
latter. This is probably the reason that the photo-stability of Njo-filled PPR
composites is better than Aq-filled PPR composites.

Table 1 Amount of ZnO in nano-ZnO-supported 13X zeolite prepared by different mass concentrations
of zinc acetate or zinc nitrate

Zeolite S Ay As As Ay Ao
Content of ZnO (%) 0 2.1 7.0 10.8 11.8 15.2
Zeolite - Ny N3 N5 N; Nio
Content of ZnO (%) - 1.4 6.3 7.4 11.6 15.2
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Fig. 1 SEM morphologies of zeolite (a), Ajg (b), Nip (¢) and nano-ZnO (d)

Abs (a.u)

nano-ZnO

200 300 400 500
Wavelength/nm

Fig. 2 UV-vis spectra of 13X zeolite (S), nano-ZnO-supported 13X zeolite (A, and N;() and nano-ZnO
in the range of 200-500 nm

The UV-vis spectra of 13X zeolite, nano-ZnO and nano-ZnO-supported 13X
zeolite particles are shown in Fig. 2. It can be observed that the intensity of UV
absorption of pure ZnO is highest and 13X zeolite has no UV absorption in the
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range of 200-400 nm. Nano-ZnO-supported 13X zeolite of Ay or Nio has UV
absorption in the range of 200—400 nm, which also proved the formation of ZnO on
the surface of 13X zeolite. The blue shift of UV absorption for ZnO supported on
the surface of zeolite particles is attributed to the formation of smaller size of ZnO
on the surface of zeolite [23]. Besides, the higher intensity of UV absorption of Ny,
than A,y should result in the better ultraviolet resistance of N;g-filled PPR
composites. In addition, the intensity of UV absorption of Njq is higher than A,
and it is expected to provide the basis for the result that the photo-stability of N;q-
filled PPR composite is better than A;-filled PPR composite.

Figure 3 presents the fluorescence spectra of 13X zeolite, nano-ZnO and nano-
ZnO-supported 13X zeolite particles with slit width of excitation and emission of
5 nm at excitation wavelength of 320 nm. It can be seen that nano-ZnO has a
fluorescence emission band at 550 nm, while no emission band is observed for 13X
zeolite particles. The lower intensity of fluorescence emission band at 550 nm of
ZnO than A or Njg is due to fluorescence quenching in the high content of ZnO.
The strong intensity of fluorescence emission band at 550 nm of nano-ZnO-
supported 13X zeolite particles indicated the formation of ZnO supported on the
surface of zeolite. It can be seen from Fig. 1 that ZnO with different sizes and
morphologies supported on the surface of zeolite resulted in different intensity of
fluorescence emission of Ay and N;o. The higher intensity of fluorescence emission
of Ny is attributed to the smaller size of ZnO supported on the surface of zeolite.

Photo-oxidation degradation of nano-ZnO-supported 13X zeolite-filled PPR
composites

Infrared spectrometry is a powerful tool to study photo-oxidation degradation of PP
[15-17, 33]. Similarly, it can be used to study the photo-oxidation degradation of

Intensity(a.u)

400 500 600 700 800
Wavelength(nm)

Fig. 3 Fluorescence spectra of 13X zeolie (S), nano-ZnO-supported 13X zeolite (Ao and N;) and nano-
ZnO at room temperature
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Fig. 4 FTIR spectra of 1,500-2,000 and 2,600-3,200 cm ™" for PPR, 10S/PPR, 104,,/PPR, 10N,o/PPR
and ZnO,y/PPR after UV irradiation for 120 h

PPR and its composites. Figure 4 is the infrared spectrum of PPR and its composites
after UV irradiation for 120 h. It can be seen that the UV irradiation significantly
increased the intensities of carbonyl band between 1,650 and 1,800 cm ™! for PPR,
10S/PPR and ZnO,y/PPR composites. However, no significant change was observed
for the intensities of carbonyl band between 1,650 and 1,800 cm~!in the 10A,o/PPR
and 10N;o/PPR composites. This experimental result indicated that photo-oxidation
degradation resistance of 10A,¢/PPR and 10N,o/PPR composites was higher than
that of ZnO,/PPR containing the same content of ZnO. For quantitative analysis of
the photo-oxidation degradation, the carbonyl index is calculated and its change
with UV-irradiation time is shown in Fig. 5. It can be observed that the carbonyl
index of PPR and its composites increased with increasing UV-irradiation time,
especially 10S/PPR composites. While no significant change of carbonyl index was
observed in the 10A,¢o/PPR, 10N;o/PPR and ZnO,y/PPR composites for UV
irradiation for 90 h. This result demonstrated that the addition of 13X zeolite
accelerated the photo-oxidation degradation of PPR. Nano-ZnO-supported 13X
zeolite and nano-ZnO-filled PPR composites can increase the photo-oxidation
degradation resistance of PPR. However, when PPR and its composites were UV
irradiated for 120 h, the carbonyl index of nano-ZnO-filled PPR composites
significantly increased and the carbonyl index of nano-ZnO-supported 13X zeolite-
filled PPR composites had little change. It is indicated that the nano-ZnO-supported
13X zeolite-filled PPR composites has higher photo-oxidation degradation
resistance than nano-ZnO-filled PPR composites.

To further study the effect of nano-ZnO-supported 13X zeolite, the photo-
oxidation degradation of PPR composites filled with different contents of nano-
ZnO-supported 13X zeolite (N;p) and nano-ZnO was investigated. It can be
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Fig. 5 Carbonyl index values as a function of UV-irradiation time for PPR and its composites
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Fig. 6 FTIR spectra of 1,500-2,000 and 2,600-3,200 cm™! for PPR and PPR composites filled with
different contents of Ny or ZnO after UV irradiation for 120 h

observed from Figs. 6, 7 that the carbonyl band between 1,650 and 1,800 cm™" and
the carbonyl index increased with increase in the content of Ny. It is attributed to
the two opposite effects of UV screening and photocatalysis of ZnO on film photo-
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Fig. 7 Carbonyl index values as a function of UV-irradiation time for PPR and PPR composites filled
with different contents of Njo or nano-ZnO

degradation [34, 35]. The carbonyl index of PPR composites filled with different
contents of nano-ZnO-supported 13X zeolite is significantly lower than that of
nano-ZnO-filled PPR composites. Therefore, it is considered that the photo-
oxidation degradation resistance of nano-ZnO-supported 13X zeolite-filled PPR
composites is better than nano-ZnO directly filled PPR composites.

Antimicrobial properties of nano-ZnO-supported 13X zeolite-filled PPR
composites

The antimicrobial ability of nano-ZnO-supported 13X zeolite-filled PPR
composites was evaluated quantitatively in fluid nutrient medium. The
antimicrobial reduction rate, Y value, is listed in Table 2 for PPR and its
composites to S. aureus and E. coli. It can be observed that pure PPR and 13X
zeolite-filled PPR composite (5S/PPR) has no antibacterial ability. The
nano-ZnO-supported 13X zeolite-filled PPR composites have antimicrobial
properties and the antimicrobial ability of its filled PPR composites
increases with increase in nano-ZnO-supported 13X zeolite content shown in
Fig. 8. The Y values of 20A,¢o/PPR are 100 % and 99.4 % to E. coli and S.
aureus, respectively, and higher than those of PPR filled by nano-ZnO as the
same content of ZnO as A, filled PPR composites. This result indicated that the
nano-ZnO-supported 13X zeolite-filled PPR composites have stronger antibac-
terial ability than nano-ZnO-filled PPR composites. It is suggested that the
antibacterial ability of ZnO-filled PPR composites depends on the morphology
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Table 2 The antibacterial reduction rate of PPR and its composites

Sample Escherichia coli Staphylococcus aureus

Abs Y (%) Abs Y (%)
Blank 1.486 0 1.542 0
PPR 1.554 —4.6 1.754 —13.7
5S/PPR 1.722 —-15.9 1.542 —15.0
5A,¢/PPR 0.678 54.4 0.771 50.0
10A,(/PPR 0.618 58.4 0.648 58.0
15A,¢/PPR 0.027 98.2 0.085 94.5
20A,¢/PPR 0.000 100.0 0.010 99.4
5N;o/PPR 0.962 353 0.842 454
10N,o/PPR 0.531 64.3 0.456 70.4
15N,o/PPR 0.056 96.3 0.103 93.3
20N,o/PPR 0.023 98.5 0.069 95.5
Zn0,/PPR 0.094 93.7 0.036 97.7

and surface area of ZnO as the antimicrobial agent. The nano-ZnO is generally
dispersed into the PPR matrix in large agglomerate state resulting in lower
surface area of ZnO, while ZnO with filamentous morphology supported on the
surface of zeolite has higher specific surface area, leading to increase in the
antibacterial ability of filled PPR composites.

Dispersion and morphology of nano-ZnO-supported 13X zeolite-filled PPR
composites

To analyze the dispersion and morphology of ZnO in the PPR matrix, the
fracture surface of 20S/PPR, 20A,,/PPR, 20N,¢/PPR and ZnO,,/PPR compos-
ites fractured in fluid nitrogen was observed with SEM. Figure 9 shows the
fracture surface morphology of neat zeolite, nano-ZnO-supported 13X zeolite
and nano-ZnO-filled PPR composites. For the zeolite-filled PPR composites, it
can be observed that although the zeolite is uniformly dispersed in the PPR
matrix, there is no interface adhesion between the zeolite and PPR and the
fracture mainly happened in the interface between zeolite and PPR. The zeolite
particles are easy to peel off from the PPR matrix, resulting in the interface
fracture. For the nano-ZnO-supported 13X zeolite-filled PPR composites, not
only nano-ZnO-supported 13X zeolite particles were dispersed uniformly in
filled PPR composites, but also there was also a strong interface adhesion
between zeolite and PPR, resulting in the PPR matrix fracture. For the nano-
ZnO-filled PPR composites, it is difficult to disperse the nano-ZnO in the PPR
matrix uniformly due to easy aggregation. Therefore, the ZnO supported on the
surface of zeolite not only is in favor of the dispersion of inorganic particles in
the PPR matrix, but can also improve the interface adhesion between the zeolite
particles and PPR matrix. Meanwhile, the ZnO supported on the surface of
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Fig. 8 Antibacterial reduction rate of A,o- and Nj(-filled PPR composites toward E. coli (a) and S.
aureus (b)

zeolite particles can endow higher photo-oxidation degradation resistance and
antimicrobial ability for the PPR matrix.

Crystallization behavior and melting characteristics of nano-ZnO-supported 13X
zeolite-filled PPR composites

Figure 10 presents the crystallization and melting behavior of PPR and filled PPR
composites; the corresponding DSC data are listed in Table 3. It can be observed
that addition of ZnO had no influence on the crystallization temperature of PPR.
This suggested that ZnO has no heterogeneous nucleation for PPR crystallization
[31]. Addition of 10 phr 13X zeolite increased the crystallization temperature of
PPR from 102.4 to 107.3 °C, indicating the heterogeneous nucleation of 13X zeolite
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Fig. 9 SEM morphologies of 20S/PPR (a), 20A4,o/PPR (b), 20N;o/PPR (¢) and ZnO,¢/PPR (d),
respectively

for PPR crystallization. The crystallization temperature of 10 phr Ay- or N;o-filled
PPR composites are 106.0 and 104.0 °C, respectively, which are lower than that of
10 phr 13X zeolite-filled PPR composites. The results indicated that the formation
of ZnO on the surface of zeolite decreased the heterogeneous nucleation of zeolite
for PPR crystallization. The crystallization temperature of ZnO-filled PPR
composites is dependent on the morphology of ZnO [23]. The 10A4,,/PPR and
10N,(/PPR composites with different crystallization temperatures are attributed to
the different morphologies of ZnO on the surface of zeolite. However, 13X zeolite,
nano-ZnO-supported 13X zeolite and nano-ZnO have no influence on the melting
behavior and degree of crystallization of PPR composites.

Conclusions

To improve the functionality of ZnO, ZnO supported on the surface of 13X zeolite
was prepared with Zn(Ac), and Zn(NOs), aqueous solution and zeolite. The
prepared nano-ZnO-supported 13X zeolite particles and their filled PPR composites
exhibit better photo-oxidation degradation resistance and higher antimicrobial
ability than nano-ZnO and its filled PPR composites for S. aureus and E. coli. The
antimicrobial reduction rate increased with increasing nano-ZnO-supported 13X
zeolite content. The interface adhesion between nano-ZnO-supported 13X zeolite
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Fig. 10 DSC crystallization (a) and melting (b) curves with a heating and cooling rate of 10 °C/min for
PPR and its composite

Table 3 DSC data of PPR and its composites

Sample T. (°C) AH,. (J/g) T (°C) AH,, (J/g) X (%)
PPR 102.4 61.6 143.0 56.8 27.2
10S/PPR 107.3 61.6 143.8 57.8 27.7
10N,o/PPR 104.0 63.5 142.6 60.7 29.0
10A,o/PPR 106.0 66.0 142.9 62.1 29.7
7Zn0,o/PPR 102.8 64.9 142.5 60.2 28.8

and PPR matrix is stronger than that between 13X zeolite and PPR matrix. The
heterogeneous nucleation of nano-ZnO-supported 13X zeolite increased the
crystallization temperature of PPR, but had no influence on the melting behavior

of PPR.
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