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Plastics and Evaluation of Antibacterial and
Mechanical Properties
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Abstract Polypropylene (PP)/silver nanoparticles (AgNPs)-zeolite plastics were prepared by melt blending PP with
AgNPs-zeolite at various AgNPs content of 0, 40, 80 and 160 ppm in a twin-rotating-screw extruder for inducing
antimicrobial activity. Mechanical properties and antibacterial efficacy of the prepared PP/AgNPs-zeolite plastics were
investigated. Results indicated that yield strength and tensile strength of PP/AgNPs-zeolite plastics were almost unchanged in
comparison with that of the control PP while elongation at break was reduced from 562% (0 ppm) to 443% (160 ppm). The
highly antibacterial efficiency (n~100%) was observed for the PP/AgNPs-zeolite plastics samples containing from 80 to 160
ppm of AgNPs. Thus, the prepared PP/AgNPs-zeolite masterbatch can be suitably used to fabricate a number of products like
food containers, chairs, vials, etc. with highly antimicrobial activity.
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1. Introduction

Silver nanoparticles (AgNPs) with broad-spectrum
antimicrobial activity have been most commonly used in

consumer and medical products including clothing,
respirators, household water filter, contraceptives,
antibacterial ~ spays, cosmetics, detergents, dietary

supplements, cutting boards, sox, shoes, cell phones, laptop
keyboards, food packaging, wound dressing, children’s toys,
ect [1-6]. In addition, Mannewattanapinyo et al. reported that
AgNPs could be relatively safe when administrated to oral
(LDsy > 5,000 mg/kg body weight), eye and skin of the
animal models [7]. Polypropylene (PP) and polyethylene (PE)
are among the most commercially important thermoplastic
polymers with wide applications in the automotive, food and
packaging industry, household appliances, and construction
[8]. Several studies on the mechanical properties and
antibacterial properties of polymers/silver composites have
been carried out [8-11]. Typically, results of Aalaie et al.
study indicated that PE/nanosilver film exhibited highly
antibacterial efficiency (n>99.9%) for E. coli and S. aureus
bacteria [8]. In addition, tensile strength and elongation at
break of the PE/nano silver films with nanosilver filler from
0.5 to 1.5% were almost unchanged in comparison with that
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of the control PE film.

In this study, PP was first mixed with AgNPs deposited in
zeolite  framework  (AgNPs-zeolite) by  extrusion
compounding process to prepare PP/AgNPs-zeolite
masterbatch. Then, PP/AgNPs-zeolite plastics with various
AgNPs contents were prepared by mixing PP/AgNPs-zeolite
masterbatch with PP resin. The mechanical properties and
antibacterial efficacy of as-prepared PP/AgNPs-zeolite
plastics were investigated. The development of these
composite materials is with the purpose of fabricating them
into a number of applications like food containers, chairs,
vials, etc. with antimicrobial activity.

2. Experimental

2.1. Preparation of AgNPs-zeolite and PP/AgNPs-zeolite
Plastics

PP pellets (QR6701K), MFI = 10g/10 min and d =
905kg/m®, were a product of Sabic, Saudi Arabia.
AgNPs-zeolite with the AgNPs size of about 30 nm and
silver content of 1.2% (w/w) was a product synthesized by
our research group as described in a previous paper [6]. In
brief, 1.05 kg of zeolite 4A was suspended into a glass
beaker containing 1.3 L water. Then, 1.05 L of HNOs 2N in
water was added into zeolite suspension mixture for
neutralization to pH ~6 and for final volume of about 4.2 L.
17.5 g of AgNO; was dissolved in 300 ml water and then
poured slowly into neutralized zeolite suspension mixture.


mailto:hien7240238@yahoo.com

90 Anh Quoc Le et al.:

Preparation of Polypropylene/Silver Nano-Zeolite

Plastics and Evaluation of Antibacterial and Mechanical Properties

Stirring was carried out for 2 h at RT for completed Ag*
exchange. A freshly prepared 50 ml hydrazine 25% (wi/v)
solution was added dropwise to the above Ag*/zeolite under
stirring for 4 h at RT. Reduction reaction was stopped and let
standing overnight for AgNPs/zeolite settling down at
ambient temperature. Finally, AgNPs/zeolite product was
filtered off using cotton fabric and dried at 110°C till to
constant weight. PP resin in ground powder form (9 kg) and
AgNPs-zeolite powder (1 kg) were premixed and melt
blended in a twin-rotating-screw extruder (Brabender,
Germany) for preparation of PP/AgNPs-zeolite masterbatch
in form of pellets. Then, three PP/AgNPs-zeolite plastic
samples with estimated AgNPs content at 40, 80 and 160
mg/kg were prepared by mixing a required amount of
masterbatch with PP pellets in the extruder as mentioned
above.

2.2. Characteristics of AgNPs-zeolite and
PP/AgNPs-zeolite Plastics

The as-prepared AgNPs-zeolite in powder form was
characterized by transmission electron microscopy image
(TEM, on a JEM 1010, JEO, Japan); by absorption UV-Vis
spectrum (UV, on an UV-2401PC, Shimadzu, Japan); and by
X-ray diffraction pattern (XRD, on a X Per’ Pro, PA
Nalytical, Netherlands) for observation of formation and size
determination of AgNPs on zeolite [6].

The plastic samples in sheet form were prepared by
heating pressure. The plastic sheets with thickness of about 2
mm were prepared for mechanical properties measurement
on a Tensile tester Zwick/Roell Z 005, Germany according to
ASTM D 638. The silver content in PP/AgNPs-zeolite
plastic samples was determined by inductively coupled
plasma-atomic emission spectroscopy (ICP-AES) on a
Perkin-Elmer, Optima 5300 DV. AgNPs-zeolite aggregated
on the surface of PP/AgNPs-zeolite plastic typically for
sample with silver content of 160 mg/kg was visualized
using scanning electron microscope (FE-SEM, Hitach
S-4800, Japan).

Plastic sample

.-\ Dry in petri dish

E. coli suspension

Wash in sterilized water Spread on agar plate

2.3. Antibacterial activity of PP/AgNPs-zeolite Plastics

The antibacterial activity of PP/AgNPs-zeolite plastic
samples against E. coli was evaluated following the method
of Ahmadi et al. [12] with some modifications. Scheme of
the antibacterial test was shown in Figure 1.

Firstly, the PP/AgNPs-zeolite plastic samples of 2 mm
thickness, 15 mm diameter, and Ag content of 40, 80 and 160
ppm were sterilized at 121°C for 20 min in autoclave and
then artificially contaminated with E. coli by soaking in 10
CFU/ml E. coli bacteria suspension for 30 sec. The neat PP
sample was also treated with the same process and used for
the control. Consequently, the contaminated plastic samples
were dried inside sterilized petri dishes at ambient
temperature for 10 min and then shaken in 10 ml sterilized
water at 150 rpm for 15 min (Figure 1). After that, the
washing water was collected for determination of the
bacterial contamination with spread plate method [13]. The
antibacterial efficiency of PP and PP/AgNPs-zeolite plastic
samples was calculated according to Eqg. (1).

n(%) = (N, — N) x 100/N, Q)
Where N, and N are survival number of bacteria in

washing water of the control and studied samples,
respectively [12, 13].

3. Results and Discussion

In the UV-Vis spectrum of AgNPs-zeolite solution, a
maximum absorption peak was appeared at Ama 429 nm
which was confirmed to be a characteristic plasmon resonant
peak of AgNPs [14], while the such a peak was destitute in
Ag’-zeolite before reduction (Figure 2). Moreover, the XRD
patterns shown in Figure 3 indicated that the AgNPs-zeolite
has four typical diffraction peaks corresponding to 111, 200,
220, 311 crystal planes of silver with face centered cubic (fcc)
structure [6, 18], whereas these peaks were not appeared in
zeolite 4A. The UV-Vis spectra (Figure 2) and XRD patterns
(Figure 3) authenticated the presence of AgNPs in zeolite
framework.
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sterilized
water
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Figure 1. Scheme of the antibacterial efficiency test for plastic samples
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Figure 2. UV-Vis spectra of Ag*-zeolite and AgNPs-zeolite

El
.
'%i AgNPs-zeolite
3 [111] [200]
E .,“ | | [220] [311]
e o [ |
Zeolite 4A
- 4 J L-UL.;.JI : : :LL ol dod .L.n.:a gy
10 20 30 40 50 60 70 80

2 () WL=1.54060

Figure 3. XRD patterns of zeolite and AgNPs-zeolite

Figure 4. TEM images of zeolite (left) and AgNPs-zeolite (right)

Figure 4 showed the TEM images of zeolite and
AgNPs-zeolite. It can be seen from TEM image of
AgNPs-zeolite that the AgNPs diameter synthesized in the
cavities of the zeolite was fairly uniform that was in
agreement with the results reported by Shameli et al [14].
However, the sizes of AgNPs in the zeolite framework
obtained by Shameli et al. were smaller (2 — 4 nm) compared
to that of ours (~30 nm). This reason may be due to the
dilution ratio of zeolite and water during reducing process.

Another reason may be due to NaBHj,, a stronger reducing
agent that was used by Shameli et al. [14] to reduce Ag*
instead of hydrazine hydrate. Further study should be carried
out to clarify this phenomenon. Furthermore, in comparison
with the AgNPs size of ~30 nm calculated from XRD pattern
(Figure 3) based on Debye-Scherrer’s formula [6], the sizes
of AgNPs from TEM image in Figure 4 were in the range of
10 — 30 nm, smaller than 30 nm. The color of AgNPs-zeolite
is grey (Figure 5).
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Figure 5. Photographs of zeolite and AgNPs-zeolite

Reaction of Ag" reduction by hydrazine hydrate

(N,H4.H0) is shown in reaction below [15].
4Ag" + NyH, + 40H — 4Ag° + N, + 4H,0

This reducing reaction lowers the pH of the solution and it
remains in weak base due to reducing agent (N,H;.H,0) is
added in more three time excess, according to stoicheiometry
of the above reducing reaction. Dimitrijevic et al. also
reported that hydrazine hydrate has been considered as
preferred reducing agent and used for industrial scale
production of silver powder for decades [15]. Therefore, this
synthesis process of AgNPs-zeolite can be potentially to
carry out on large scale. The schematic illustration of the
synthesis of AgNPs into the zeolite framework from
Ag*-zeolite by chemical reduction was also described by
Shameli et al [14].

Table 1. The actual content of silver in PP/AgNPs-zeolite plastic samples

Estimated Ag content, mg/kg Actual Ag content, mg/kg

40 382+27
80 764+ 45
160 153.7+6.4

The actual content of silver in PP/AgNPs-zeolite plastic
samples was shown in Table 1. The obtained results of silver
content in all three PP/AgNPs-zeolite plastic samples were
slightly smaller in comparison with estimated values.
Mechanical properties of PP/AgNPs-zeolite plastics were

presented in Table 2.

Table 2. Mechanical properties of PP/AgNPs-zeolite plastics

AgNPs contents  Tensile strength Elongation Yield strength
(ppm) (MPa) (%) (MPa)
0 (PP) 25.7 562 315
40 252 487 314
80 255 464 30.6
160 254 443 29.8

It was obvious from the results in Table 2 that the yield
strength and tensile strength of PP/AgNPs-zeolite plastics
with AgNPs content in the range of 0 — 160 ppm were almost
unchanged. Conversely, the elongation at break was reduced
from 562% (0 ppm) to 443% (160 ppm).

The obtained results were consistent with the results of
Aalaie et al. for PE/nanosilver composite film prepared by
extrusion compounding process by means of masterbatch [8].
However, it was different from the results reported by Jang
et al. [9] that they prepared PP/silver nanocomposites by
simultaneous in situ synthesis of AgNPs during extrusion
compounding process. Accordingly, yield strength, tensile
strength and elongation at break were all increased with the
silver content from 100 to 1000 ppm. It can be observed in
SEM photos (Figure 6) that the AgNPs-zeolite was clearly
aggregated on the PP/AgNPs-zeolite plastic surface
compared to neat smoothly PP surface.

SEM)-PP-AgNPs- ' '

Figure 6. SEM micrographs of the neat PP (left) and PP/AgNPs-zeolite plastic (right)
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Data in Figure 7 and Table 3 displayed the highly
antibacterial efficiency of PP/AgNPs-zeolite plastics against
E. coli (n ~100%), except for sample with 40 ppm AgNPs
probably due to the low AgNPs content.

Table 3. Antibacterial efficiency of PP/AgNPs-zeolite plastics against E.
coli

AgNPs contents (ppm) CFU/ml n (%)
0 (PP) 140,000 -
40 6,300 95.5
80 ND 100
160 ND 100

ND: not detected (non-colonies on agar plate for statistical count)

Dastjerdi et al. [16] also reported the same antimicrobial
efficacy of PP/AgNPs-TiO, nanocomposite with the
maximum antibacterial activity for sample with 75 ppm of
AgNPs. Furthermore, effectively bactericidal activity of
PP/AgNPs-TiO, was also reported by Ahmadi et al [12].
However, they used rather high AgNPs content (~500 ppm)
for preparation of PP/AgNPs-TiO, nanocomposite.
According to Fernandez et al. [17] the content of silver in the
range of 20 — 100 ppm are required for realistic food
packaging  applications.  Thus, the  as-prepared
PP/AgNPs-zeolite masterbatch contained 1.000 ppm of
AgNPs can be conveniently used to fabricate a number of
products like food containers, chairs, vials, etc.

Figure 7. E. coli colonies from the washing water of PP/AgNPs-zeolite
plastics growth on agar plates: a) control (0 ppm), b) 40 ppm, c) 80 ppm and
d) 160 ppm AgNPs

4. Conclusions

The AgNPs-zeolite powder with AgNPs size of about 10 —
30 nm was successfully synthesized by hydrazine reduction
method. PP/AgNPs-zeolite plastics were prepared through
masterbatch by melt blending method. PP/AgNPs-zeolite
plastics with AgNPs content in the range from 80 to 160 ppm
exhibited highly antibacterial efficiency (n ~100%).
Furthermore, the tensile strength of PP/AgNPs-zeolite
plastics was almost unchanged in comparison with neat PP.
Thus, the as-prepared PP/AgNPs-zeolite masterbatch can be

conveniently used to fabricate various products of
antimicrobial plastics such as food containers, chairs, vials,
etc.

ACKNOWLEDGMENTS

The authors would like to thank VINAGAMMA Center,
VINATOM for financial support (Project No. CS/14/09-01).

REFERENCES

[1] Lara, H.H., Garza-Trevifio, E.N., Ixtepan-Turrent, L., Singh,
D.K., 2011, Silver nanoparticles are broad-spectrum
bactericidal and virucidal compounds, J. Nanobiotechnol., 9,
30.

[2] Ge, L, Li, Q., Wang, M. et al., 2014, Nanosilver particles in
medical applications: synthesis, performance, and toxicity,
Int. J. Nanomed., 9, 2399-2407.

[3] Marambio-Jones, C., Hoek, E.M.V., 2010, A review of the
antibacterial effects of silver nanomaterials and potential
implications for human health and the environment, J.
Nanopart. Res., 12, 1531-1551.

[4] Llorensa, A., Lloreth, E., Picouetb, P.A. et al., 2012,
Metallic-based micro and nanocomposites in food contact
materials and active food packaging, Trends Food Sci.
Technol., 24, 19-29.

[5] Phu, D.V., Quoc, L.A., Duy, N.N. et al., 2014, Study on
antibacterial activity of silver nanoparticles synthesized by
gamma irradiation method using different stabilizers,
Nanoscale Res. Lett., 9, 162.

[6] Nguyen, T.AT, Dang, V.P., Nguyen, N.D. et al., 2014,
Bactericidal activity and silver release of porous ceramic
candle filter prepared by sintering silica with silver
nanoparticles/zeolite for water disinfection, Adv. Nat. Sci.:
Nanosci. Nanotechnol., 5, 035001.

[7] Maneewattanapinyo, P., Banlunara, W., Thammacharoen, C.
etal., 2011, An evaluation of acute toxicity of colloidal silver
nanoparticles, J. Vet. Med. Sci., 73, 1417-1423.

[8] Aalaiea, J., Miralia, M., Motamedib, P., Khanlia, H.H., 2011,
On the effect of nanosilver reinforcement on the mechanical,
physical, and antimicrobial properties of polyethylene blown
films, J. Macromol. Sci. Part B: Physics, 50, 1873-1881.

[9] Jang, M.W., Kim, J.Y., lhn, KJ., 2007, Properties of
polypropylene nanocomposites containing silver
nanoparticles, J. Nanosci. Nanotechnol., 7, 3990-3994.

[10] Radheshkumar, C., Minstedt, H., 2005, Morphology and

mechanical properties of antimicrobial polyamide/silver

composites, Mater. Lett., 59, 1949-1953.

[11] Radheshkumar, C., Minstedt, H., 2006, Antimicrobial

polymers from polypropylene/silver composites-Ag"* release

measured by anode stripping voltammetry, React. Funct.

Polym., 66, 780-788.

[12] Ahmadi, Z., Ashjari, M., Hosseini, R., Nia, J.R., 2009,

Synthesis and morphological study of nanoparticles Ag/TiO,



94

[13]

[14]

[15]

Anh Quoc Le et al.:

Preparation of Polypropylene/Silver Nano-Zeolite

Plastics and Evaluation of Antibacterial and Mechanical Properties

ceramic and bactericidal investigation of polypropylene-
Ag/TiO, composite, J. Inorg, Organomet. Polym., 19,
322-321.

Phu, D.V., Quoc, L.A., Duy, N.N., Hien, N.Q., 2013, Study of
incorporation of silver nanoparticles onto PE-g-PAAc
nonwoven fabric by y-irradiation for water treatment, Radiat.
Phys. Chem., 88, 90-94.

Shameli, K., Ahmad, M.B., Zargar, M. et al., 2011,
Fabrication of silver nanoparticles doped in the zeolite
framework and antimicrobial activity, Inter. J. Nanomed., 6,
331-341.

Dimitrijevi¢, S.P., Kamberovi¢, Z.J., Kora¢, M.S. et al., 2014,
Influence of reducing agents and surfactants on size and shape
of silver fine powder particles, Assoc. Metallurg. Eng. Serbia,
20, 73-87.

[16]

[17]

(18]

Dastjerdi, R., Mojtahedi, M.R.M., Shoshtari, A.M., 2008,
Investigating the effect of various blend ratios of prepared
masterbatch containing Ag/TiO, nanocomposite on the
properties of bioactive continuous filament yarns, Fibers
Polym., 9, 727-734.

Fernandez, A., Picouet, P., Lloret, E., 2010, Reduction of the
spoilage-related microflora in absorbent pads by silver
nanotechnology during modified atmosphere packaging of
beef meat, J. Food. Prot., 73, 2263-2269.

Mthombeni, N.H., Mpenyana-Momyatsi, L., Onyango, M.S.,
Momba, M.N.B., 2012, Breakthrough analysis for water
disinfection using silver nanoparticles coated resin beads in
fixed-bed column, J Hazard. Mater., 217-218, 133-140.



	1. Introduction
	2. Experimental
	3. Results and Discussion
	4. Conclusions
	ACKNOWLEDGMENTS

