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Summary: This paper presents an investigation of the influences of temperature and

UV radiation on the antimicrobial properties of Bactericide Wood Polymer Composite

(BWPC). The composite was formulated with polypropylene (PP), wood flour from

Pinus elliotis and a triclosan compound. The BWPC was exposed to different time

periods and to UV radiation at 100 8C. Microbiological tests were conducted with

Escherichia coli and Staphylococcus aureus bacteria. These results showed that the

bactericide action is strongly affected by the time of exposure of the composite to

high temperature and UV radiation.
Keywords: composite degradation and polymer degradation; polymer-matrix composites;

recycling; wood; wood fibers
Introduction

WPC (Wood Polymer Composite) material

has been the subject of frequent studies

over the last two decades with regard to

processing,[1–2] properties, and composi-

tion,[3–6] as well as biodegradability and

photo-degradability.[7–9] This polymeric

composite is made of a wood mass in a

polymeric resin. The wood residue can be

obtained at low cost. This composite is of

great interest to the wood transformation

industry. WPC is an important material for

sectors of the plastic industry and has

displayed an average annual growth rate

of approximately 18% in North America

and 14% in Europe,[10] with widespread
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applications within various sectors of the

construction and automobile industries.

An advantage of composites is that they

can combine various properties of poly-

meric additives used during processing.

These characteristics permit a large range

of applications within the area of engineer-

ing composites. By using biocide additives

in the polymer, it is possible to create

bactericide properties in the WPC. Due to

facility of processing, materials with bac-

tericide properties can potentially be

applied in the manufacture of products

for home use, public restrooms, and

laboratory and hospital settings, among

others. To incorporate the bactericidal

property, polymeric additives containing a

triclosan compound have been used at the

University of the Extremo Sul Catarinense

(UNESC-Brazil) recently. One of the

projects evaluated the possibility of incor-

porating a bactericidal property into WPC

by investigating triclosan additives with

different magnitudes of action and different

temperature effects.[11] The results showed

an excellent microbiological response from

the BWPC (Bactericide Wood Polymer
, Weinheim wileyonlinelibrary.com
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Composite) produced by an extrusion

process.

WPC with bactericide properties

(BWPC) could provide affordable applica-

tions for wide use in society. In powder

form, this bactericide composite can be

applied in aviary buildings or in other

similar environments as a cheap alternative

for the prevention of bacterial diseases in

domestic animal care. However, this mate-

rial might be used in various farm environ-

ments operating under different climatic

conditions, such as radiation, temperature,

or atmospheric conditions. These factors

could be responsible for a decrease in

composite performance due to reactions

between the additive the elements present

in the composite or in the atmosphere.

When exposed to natural environments, the

material surface can reach high tempera-

tures due to light reflection resulting in

thermo-degradation of the additives or

other composite elements. In this context,

exposure time, temperature, and the pre-

sence of ultraviolet radiation (UV radia-

tion) can be that will promote to the

decreasing of the microbiological action

of the BWPC.

This work presents an investigation of

the influence of temperature on the anti-

microbial properties of Bactericide Wood

Polymer Composites (BWPC) after differ-

ent exposure time periods at 100 8C and

under various UV radiation conditions.
Experimental Part

The homopolymer polypropylene (PP –

Ipiranga Chemical S.A.) was used as the

composite matrix and wood flour was used

as the filler element. Pinus elliotis wood

specimens with a particle size in the range

of 28 to 100 mesh were dried for 100 min-

utes at 110 8C. The polypropylene, dried

reinforcement (wood flour) and bacterici-

dal additive were mixed at room tempera-

ture in a homogenous system. The added

bactericidal agent was a commercial com-

pound containing Triclosan (CIBA Chemi-

cal). The Bactericide Wood Polymer Com-
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posite (BWPC) was prepared via an

extrusion process with a mixture of poly-

propylene and the reinforcement in pro-

portion of 1:1% w/w; there was 2.0 wt% of

bactericidal additive. The BWPC was

processed in the Oryzon-OZ-E-EX-L22

extrusion system, with a screw velocity of

90 rpm, and four thermal regions controlled

with temperatures of 160 8C, 160 8C, 175 8C,

and 175 8C. For microbiological testing, six

extruded cylindrical samples of BWPC

were taken with diameters of 0.50 cm and

height of 0.50 cm. The samples were sub-

mitted to microbiological tests via agar

diffusion using the bacteria Escherichia coli

(EC- ATCC 25922) and Staphylococcus

aureus (SA- ATCC 25923).

The BWPC samples were exposed to

atmospheric conditions with a controlled

temperature (100 8C) over different time

periods for a total of 650 hours. After the

exposition to high temperature under

different periods of time, four samples

were submitted to microbiological tests

using agar diffusion with the bacteria

Escherichia coli (EC- ATCC 25922) and

Staphylococcus aureus (SA- ATCC 25923).

The effect of UV radiation exposition on

the bactericidal action of the BWPC was

studied. The samples were exposed using a

UV camera with a 30 Watt power for 15

days. After this, four samples were exposed

for different time period and submitted to

microbiological tests using agar diffusion

with the bacteria Escherichia coli (EC-

ATCC 25922) and Staphylococcus aureus

(SA- ATCC 25923).

To evaluate the bactericide action, a

method that measures the size of the

bactericide area of action was used. An

illustration of this method is presented in

Figure 1. The bactericide action promotes

the death of the bacteria, and as a result, a

free region of bacteria colonies surrounds

the sample. This region is defined by a halo

witch is proportional to the number of dead

bacteria. In this way, the evaluating of the

halo size can be calculated associating the

numeric values of this area with the

bactericide action and with the factors of

interest. This study considers Abac (Bacter-
, Weinheim www.ms-journal.de



Figure 1.

Illustration of the bactericide and sample areas.
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icidal Area) as a measure of the bactericide

action of the BWPC composite sample.[12]
Results and Discussion

Figure 2 presents results of the agar

diffusion tests for the Bactericide Wood

Polymer Composites (BWPC) at room

temperature. The microbiological tests

indicate an excellent bactericide effect of

the BWPC produced with the Triclosan

compound additive. The bactericide area

had a value of 12.57 cm2 for the bacteria

Escherichia coli and 23.76 cm2 for the

Staphylococcus aureus bacteria. However,

with the Escherichia coli bacteria, the

microbiological halo is smaller because this

microorganism has a higher resistance to

the bactericide compound than the Staphy-

lococcus aureus bacteria. Microbiological

studies indicate that Escherichia coli is a

gram-negative type of bacteria while Sta-

phylococcus aureus is gram-positive. In

general, gram-negative bacteria contain a

cellular wall with higher resistance to
Figure 2.

Agar diffusion tests with BWPC at room temperature: (a

and (b) Microbiological results with Staphylococcus aure
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bactericide action than the gram positive

bacteria.[13]

Figure 3 shows microbiological test

results for the BWPC samples produced

with 2.00 wt% triclosan compound and

exposed to high temperature (100 8C) over

different time periods. The results indicate

a strong influence of temperature on the

bactericide action of the BWPC. An

increase in the exposure time promotes a

decrease of the bactericide action of the

BWPC for both types of bacteria. These

results can be seen as indication of the

presence of thermal degradation reactions

involving the composite elements and the

triclosan molecules in the bactericide

additive.

The microbiological tests show bacter-

icide halos with areas of 1.80 cm2

(Figure 3a) and 12.00 cm2 (Figure 3b) for

the bacteria Escherichia coli and bacteria

Staphylococcus aureus respectively, for

BWPC samples exposed previously to a

temperature of 100 8C over 150 hours.

Figures 3c and 3d show microbiological

test results with Escherichia coli bacteria
) Microbiological results with Escherichia coli bacteria

us bacteria.
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Figure 3.

Agar diffusion tests for BWPC produced with 2.00wt% triclosan compound exposed to 100 8C. After exposure
time of 150 hours: (a) Microbiological test with Escherichia coli bacteria and (b) Microbiological test with

Staphylococcus aureus bacteria. After exposure time of 650 hours: (c) Microbiological test with Staphylococcus

aureus bacteria and (d) Microbiological test with Escherichia coli Staphylococcus aureus bacteria.
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and Staphylococcus aureus bacteria, respec-

tively, for BWPC after exposure at 100 8C
over a period of 650 hours. The results show

that for an exposure over 200 hours, the

magnitude of the bactericide effect of the

BWPC is relatively unchanged. Therefore,

beyond this time, there are bactericide

effects that remain practically constant. For

Escherichia coli bacteria, the bactericide

area of effect after 200 hours of exposure is

around 3.50 cm2 while for bacteria Staphy-

lococcus aureus the bactericide effect is

around 1.50 cm2.

The comparison of the bactericide

action between unexposed BWPC samples

and BWPC samples exposed for over

200 hours demonstrates a significant

decrease in the bactericide effect. After

the critical exposition time (200 hours), the

magnitude of bactericide action decreases

about 85% for Staphylococcus aureus bac-

teria and 89% for Escherichia coli bacteria.

These results indicate a significant effect of

temperature on the bactericide action of

the BWPC.

The presence of lower microbiological

effects after an exposure time of 200 hours
Copyright � 2011 WILEY-VCH Verlag GmbH & Co. KGaA
indicates the possibility that the polymeric

matrix initially protects the triclosan mole-

cules from thermal-degradation reactions.

However, the significant decrease in the

magnitude of the bactericide action for

samples exposed to high temperature

indicates the probable presence of thermal

reactions in the composite. These thermal

reactions can alter the bactericide effect of

the triclosan additive by degrading the

triclosan molecules that are unprotected by

the polymeric matrix.

Figure 4 presents thermo-gravimetric

analysis results (TGA) for the pure Triclo-

san molecule. The TGA results indicate

that temperatures between 100 8C and

150 8C promote a low rate of thermal

degradation of pure Triclosan, while high

temperatures promote a high degradation

rate. The TGA result indicates if pure

triclosan compound was submitted to

temperatures over 100 8C during its proces-

sing the bactericidal additive will be

degraded and its bactericidal properties

probability prejudiced.

The microbiological tests presented in

the Figure 3 shows the presence of the
, Weinheim www.ms-journal.de
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Figure 4.

Thermal Gravimetric Analyses (TGA) for the bactericide additive Triclosan.
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bactericidal action in the BWPC after its

processing at temperatures between 160 8C
and 175 8C. These results suggest that the

Triclosan molecules protected by the poly-

meric matrix are not subject to significant

thermal degradation, while the unprotected

molecules are degraded by high tempera-

ture conditions. Therefore, due to degrada-

tion of those unprotected Triclosan mole-

cules, the bactericide action of the BWPC is
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Dependence of the bactericide effect of the BWPC with 2.

100 8C.
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altered after significant exposure time at

high temperature.

Figure 5 shows the dependence of the

bactericide effect of the BWPC on the

exposure time at 100 8C. The microbiolo-

gical results indicate an exponential depen-

dence. An increase in the exposure time

promotes an exponential decrease of the

magnitude of the bactericide effect, as

shown in the figure. This behavior can be
400 500 600 700 800 900

R2 = 0,94

R2 = 0,97

on time (hours)

ture exposition (1000C)

phylococcus aureus bacteria
cherichia coli bacteria

0wt% of triclosan compound on the exposure time at
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Figure 6.

Agar diffusion tests for BWPC produced with 2.00wt% the triclosan compound, exposed to UV radiation.

Exposure time of 120 hours: (a) Microbiological test with Escherichia coli bacteria and (b) with Staphylococcus

aureus bacteria. Exposure time of 350 hours: (c) Microbiological test with Escherichia coli bacteria and (d) with

Staphylococcus aureus bacteria.
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associated with the degradation mechan-

isms activated in the composite via the

effect of temperature on the triclosan

molecules, thus affecting the bactericide

action associated with these molecules.

Figure 6 shows microbiological test

results for BWPC samples produced with

2.00 wt% triclosan compound and exposed

to ultraviolet radiation over different time

periods. The results indicate an influence of

UV on the bactericide action of the BWPC.

An increase in the time exposure promotes

a decrease in the bactericide effect for both

types of bacteria. These results can be an

indication of the presence of UV degrada-

tion reactions involving the triclosan mole-

cules in the composite.

The microbiological results show bacter-

icide halos with areas of 3.40 cm2 and

10.20 cm2 for BWPC samples exposed to

UV radiation over five days (120 hours)

with the Escherichia coli bacteria and

Staphylococcus aureus bacteria, respec-

tively, as shown in Figures 6a and 6b.

Comparison of the microbiological halos

for the exposed and unexposed samples

indicates significant differences in the
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bactericide action of the BWPC. Exposure

to UV during this period caused a decrease

in bactericide magnitude of 73% and 57%

for Escherichia coli bacteria and Staphylo-

coccus aureus bacteria, respectively. These

results indicate the possibility of occurring

UV-induced degradation reactions invol-

ving the triclosan additive and affecting the

bactericide action of the BWPC.

Figures 6c and 6d show microbiological

results for BWPC exposed to UV over a

period of fifteen days (360 hours) with

Escherichia coli bacteria and Staphylococcus

aureus bacteria, respectively. The results

show that for an exposure time above

120 hours, the magnitude of the BWPC

bactericide effect does not show significant

changes, but presents a low bactericide

action. The presence of microbiological

effects after long UV exposure time

indicates the possibility that the polymeric

matrix may protect the triclosan molecules

from degradation. This condition may

permit UV degradation reactions with a

lower degradation rate.

The microbiological results indicate an

exponential dependence of the bactericide
, Weinheim www.ms-journal.de



0 5 10 15
0,0

5,0

10,0

15,0

20,0

R2 = 0,98

R2 = 0,96

Escherichia coli bacteria
Staphylococcus aureus bacteria

B
ac

te
ric

id
e 

E
ffe

ct
 - 

E
b 

(c
m

2)

UV Exposition time (day)

Figure 7.

Dependence of the BWPC bactericide effect on the UV exposure time periods. BWPC produced with 2.00wt%

triclosan compound.
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effect on the composite relative to UV

exposure time. An increase in exposure

time promotes an exponential decrease in

the magnitude of the bactericide effect, as

seen in Figure 7. This behavior can be

associated with the degradation mechan-

isms in the composite caused by the

interaction between the triclosan molecules

and the UV-radiation, affecting the bacter-

icide action associated with these mole-

cules.

The dependence of the BWPC bacter-

icide effect on UV radiation and tempera-

ture is similar in both cases. An increase in

exposure time promotes a decrease in the

magnitude of the bactericide effect. How-

ever, for the same exposure time, the

temperature causes a greater decrease in

the bactericide effect.

Research by Yu et al. and Milagros et al.

shows the presence of triclosan photo-

degradation reactions induced by UV

radiation. Products of these reactions with

triclosan are quinone and triclosan hydro-

quinone [14] and dibenzodichloro-p-

dioxin.[15] These products exhibit a lower

bactericide action than the original triclo-

san molecules and thus affect the bacter-

icide properties of the BWPC. Exposure to

high temperature and UV radiation can
Copyright � 2011 WILEY-VCH Verlag GmbH & Co. KGaA
induce these reactions, accelerating the

degradation process of the triclosan mole-

cules and decreasing the bactericide action

of the BWPC. However, the triclosan

molecules protected from the degradation

reactions by the polymeric matrix, resulting

in the retention of a low but significant

bactericide effect.
Conclusion

The results indicate a strong dependence of

the BWPC bactericide action on exposure

time to an environment with relatively high

temperature and the presence of UV

radiation. The microbiological results

showed that exposure time at high tem-

perature and UV radiation both promote a

decrease in the bactericide action with an

exponential relationship that approaches a

constant after 150 hours of exposure.

These observations can be associated

with thermal reactions and photo reactions

involving the triclosan molecules that are

induced by high temperature and UV

radiation. However, the triclosan molecules

protected by the polymeric matrix retain a

low but significant bactericide effect on the

BWPC. This is a strong indication that the
, Weinheim www.ms-journal.de
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environmental conditions are an important

factor for analyses prior to the application

of BWPC’s.
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