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Extrusion Effects with Bactericidal Additives
in Polymer Wood Composites

Wood polymer composite is an important material class for in-
dustries. Microbiological properties can be an important as-
pect to enlarge its application base. The biocidal properties of
wood polymer composite (WPC) can be aggregated by incor-
poration of biocidal additives on its composition. But, an im-
portant aspect is the evaluation the influence of the fabrication
process on its biocidal properties. In particular, the tempera-
ture and screw velocity are important parameters for extrusion
processes, and the mass proportions of the compounds are im-
portant factors to define the WPC properties. Different combi-
nations of process conditions and mass proportions of the com-
posite can promote variation in the magnitude of the
bactericidal effect. The bactericidal properties are aggregated
in the composite by organic bactericidal additive and the high
temperature and high shear rate during the extrusion process
can affect the effectiveness of the bactericidal additive func-
tion. This paper investigates the effects of the extrusion process
parameters associated with different percentages of bacterici-
dal additives on the WPC. The results showed significant ef-
fects on the bactericidal properties that depended only on the
bactericidal content.

1 Introduction

In the last two decades, many studies have been conducted on
composites with polymeric matrix and wood residue elements.
Some research has been carried out on the processing condi-
tions of the composite (Balasurya et al., 2001 and Bhattach-
aryya et al., 2003), the mechanical properties and composition
(Byskov et al., 2002; Coutinho et al., 1999; Elvy et al., 2001
and Ichazo et al., 1995) and the biodegradability and photo-de-
gradability of WPC (Tascioglu et al., 2003; Geoge et al., 2005,
Laurent et al., 2001).

WPC is a polymeric composite, where the wood mass sub-
stitutes for the polymeric resins, which generally have a rela-
tively high cost, while the wood residue can be found at rela-
tively low cost. Therefore, the production of this composite is
an excellent way to utilize wood residues.

WPC composite is an important material for the plastic in-
dustry. WPC composite is a combination of woody materials
with thermoplastic polymers and is a material class attractive
in the USA and Europe with a wide range of commercial pro-
ducts already available in the market (Gupta et al., 2007).
WPC composites are used in a large number of applications in
the automotive, civil construction, marine, electronic and aero-
space industries (Schwarzinger et al., 2008). However, if the
special properties of this class of material, in particular bacter-
icidal properties, are enhanced, its application can be wide
spread.

The utilization of WPC with bactericidal properties (BWPC –
bactericidal wood polymer composite) can be relatively inex-
pensive. Technological growth in the last decade has led to a
need for many special properties in materials. BWPC compo-
sites can be used in the manufacture of products for home use,
public sanitation, laboratories, hospitals and various other indus-
tries. In powdered form, bactericidal composites can be used on
chicken farms or in other animal surroundings as a cheap alter-
native for the prevention of bacterial diseases in animals.

BWPC composites can be obtained by the addition of the
bactericidal compound during the production of WPC compo-
sites. These composites provide bactericidal effects that de-
pend on the additive percentage and the ambient temperature
(Fiori et al., 2008a). The extrusion processing parameters, i. e.,
temperature and screw velocity, can promote different rheolog-
ical properties, influence composite degradation and affect the
bactericidal properties of the composite. In addition, the pro-
cessing conditions are an important factor in the production of
BWPC in terms of defining the bactericidal effect.

Many products are manufactured with WPC composite by
linear extrusion. This technique is traditional and very important
in the production of many polymeric products. Thus, this work
presents studies on the effects of the extrusion process and the
additive percentage on the bactericidal properties of BWPC
composite. These results are very relevant for the manufacture
of BWPC products with bactericidal properties, because they
demonstrate if the extrusion technical and additive percentage
it influences on the biocidal properties of the composite.

2 Experimental

This work utilized polypropylene (PP) as the composite ma-
trix and wood sample flour as the composite element for
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BWPC. The wood sample (Pinus Elliot) had particle sizes be-
tween 28 to 100 mesh and after being dried for 100 min at
110 8C had water content on dry wood residues about
9.00 wt.%, determined by thermogravimetric analyses (TG).

The mixture of polypropylene, dry wood flour and the bac-
tericidal additive was made with a homogeneous system at am-
bient temperature. The homogenate process was realized in the
cylindrical system within two helix coupled with velocity con-

trolled during one hour. The antimicrobial additive was a com-
mercial additive that contained triclosan (Ciba Chemical). The
BWPC composites were prepared with different ratios between
the bactericidal additive, polypropylene and wood flour. All of
the BWPC composites were processed utilizing an extrusion
system, Oryzon-OZ-E-EX-L22, with an L/D (relationship be-
tween the length and the diameter of the screw) equal to 17
and screw diameter (D) 22 mm. There were four regions with
controlled temperatures, and different screw velocities and
temperatures were investigated.

The experiments were performed at processing temperatures
with a minimum value of 160 8C, a mean value of 175 8C and a
maximum value of 190 8C. The screw velocity ranged from 40
to 140 min–1 with a mean value of 90 min–1. The additive per-
centage ranged from 0.10 wt.% to 2.10 wt.% with a mean value
of 1.10 wt.%. The polypropylene percentage ranged from
40.00 wt.% to 80.00 wt.%, with a mean value of 60.00 wt.%.

For the microbiological tests, four cylindrical samples of
BWPC were made with a diameter of 0.50 cm and a height of
0.50 cm for each processing condition and composition. The
samples underwent microbiological tests involving diffusion
in agar using two types of bacteria: Escherichia Coli (EC-
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A
wt.%

PP
wt.%

T
8C

Vscrew Bactericidal halo
u – cm

<u>
cm

Ebac

cm2
r

1 0.10 40.00 160.0 40 2.8 3.0 3.1 3.2 3.0 7.2 0.1
2 2.10 40.00 160.0 140 4.9 4.9 5.3 5.1 5.0 20.0 0.2
3 0.10 80.00 160.0 140 3.7 3.3 4.0 3.5 3.6 10.2 0.3
4 2.10 80.00 160.0 40 6.2 6.5 5.6 5.5 5.9 27.7 0.5
5 0.10 40.00 190.0 140 2.8 2.9 2.8 2.4 2.8 5.9 0.2
6 2.10 40.00 190.0 40 5.4 5.4 5.3 5.3 5.4 22.5 0.1
7 0.10 80.00 190.0 40 3.3 3.6 3.3 3.3 3.4 8.9 0.1
8 2.10 80.00 190.0 140 5.5 5.3 5.2 5.2 5.3 21.8 0.2
9 1.10 60.00 175.0 90 4.7 4.8 4.8 5.1 4.8 18.3 0.2
10 1.10 60.00 175.0 90 5.1 4.9 4.8 4.7 4.9 18.7 0.2
11 1.10 60.00 175.0 90 5.8 5.8 5.2 4.8 5.4 22.7 0.5

A (wt.%) – additive percentage; PP (wt.%) – polypropylene percentage; T (8C) – machine temperature; Vscrew – screw velocity; u – bactericidal
halo diameter and Ebac – bactericidal effect

Table 1. Microbiological results for different processing conditions and compositions of the BWPC – Staphylococcus Aureus

A
wt.%

PP
wt.%

T
8C

Vscrew Bactericidal halo
u – cm

<u>
cm

Ebac

cm2
r

1 0.10 40.00 160.0 40 1.1 1.1 1.0 1.0 1.0 0.8 0.0
2 2.10 40.00 160.0 140 3.5 3.7 3.5 3.6 3.6 10.0 0.1
3 0.10 80.00 160.0 140 2.0 1.9 2.0 1.8 1.9 2.9 0.1
4 2.10 80.00 160.0 40 3.7 3.4 3.4 3.5 3.5 9.6 0.1
5 0.10 40.00 190.0 140 1.3 1.3 1.2 1.4 1.3 1.3 0.1
6 2.10 40.00 190.0 40 3.7 3.9 3.4 3.4 3.6 10.2 0.2
7 0.10 80.00 190.0 40 1.7 1.7 1.6 1.4 1.6 2.0 0.1
8 2.10 80.00 190.0 140 3.6 3.8 3.6 3.6 3.6 10.3 0.1
9 1.10 60.00 175.0 90 3.1 3.1 3.0 3.3 3.1 7.6 0.1
10 1.10 60.00 175.0 90 3.2 3.2 3.1 3.2 3.1 7.8 0.0
11 1.10 60.00 175.0 90 3.5 3.5 3.6 3.5 3.5 9.7 0.0

A (wt.%) – additive percentage; PP (wt.%) – polypropylene percentage; T (8C) – machine temperature; Vscrew – screw velocity; u – bactericidal
halo diameter and Ebac – bactericidal effect

Table 2. Microbiological results for different processing conditions and compositions of the BWPC – Escherichia Coli

Fig. 1. Illustration of the bactericidal area and a bactericidal BWPC
sample
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ATCC 25922) and Staphylococcus Aureos (SA-ATCC 25923).
These bacteria type are many applied on microbiological tests
and are sensitive to triclosan compound. When incorporated
in the WPC compound it joins the bactericide properties (Fiori
et al., 2008b).

For the evaluation of the bactericidal effects, a methodology
was developed that defined the bactericidal area (Fiori et al.,
2008b). An illustration of this method is presented in Fig. 1.
In this way, many studies can be accomplished by associating
the numeric values of this area with the bactericidal action
and other interesting factors. This study considers the halo area
for the bactericidal effect (Ebac) of the BWPC composites.

3 Results and Discussion

Table 1 and Table 2 show the microbiological effects values
for different processing conditions for the BWPC composites
with different temperatures, screw velocities, bactericidal addi-

tive percentages and polypropylene percentages in terms of
Staphylococcus Aureus bacteria and Escherichia Coli bacteria
activity. The results show the presence of bactericidal effects
with low standard deviations and significant differences for
the bactericidal response (Ebac), depending of the parameters
combination.

The microbiological tests showed a large microbiological
halo and an excellent bactericidal effect for the composites
with the triclosan additive for both bacteria types. In both
tests, large areas of death occurred for the bacteria and depend
of bacterial type. However, for the Escherichia Coli bacteria,
the microbiological halo was smaller, because this microor-
ganism had a higher resistance to than the Staphylococcus
Aureus bacteria. Microbiological studies indicate that Escher-
ichia Coli are gram-negative bacteria, and Staphylococcus
Aureus is gram-positive. Gram-negative bacteria have a cellu-
lar wall with a specific composition that offers higher resis-
tance to bactericidal compounds than gram-positive bacteria
(Denyer et al., 2002). This characteristic promotes a lower
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A) B)

C) D)

Fig. 2. Microbiological results with Escherichia Coli for different processing conditions and compositions of the BWPC: (A) test 1, (B) test 4, (C)
test 3, and (D) test 5 – Table 2
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diffusion halo with Escherichia Coli bacteria than that with
Staphylococcus Aureus.

Fig. 2 shows the agar diffusion results for different proces-
sing conditions and compositions of the BWPC with Escheri-
chia Coli. The presence of the halo indicates the bactericidal
effect of the BWPC. The difference between halo diameters
for different production conditions indicates the effect of the
percentage additive or of the processing conditions on the anti-
microbial action of the composite.

Figs. 2A and B correlate two different production conditions
for BWPC with different additive percentages for the same
processing condition. The results show the significant effect
of the additive concentration on the bactericidal properties of
the composite. The increase of the additive percentage pro-
motes an increase in the bactericidal halo of around 1000.0%
and indicates a significant modification o f the BWPC bacteri-
cidal effects.

Figs. 2C and D correlate the microbiological results for the
BWPCs processed with different machine temperature condi-

tions and the same screw velocity and same bactericidal addi-
tive percentage. The microbiological test shows low variability
for the bactericidal halo with the BWPC processed at 160.0 8C
(Fig. 2C) and 190.0 8C (Fig. 2D).

Fig. 3 shows microbiological results with Staphylococcus
Aureus bacteria for the BWPC processed with different proces-
sing temperatures and different compositions. Fig. 3A and B
show the microbiological results for the BWPC samples pro-
cessed with different additive percentages at the same proces-
sing temperature. The results indicate the significant effect of
the additive percentage on the bactericidal properties of the
composite. The increase in the additive percentage promoted
an increase of around 300.0% of the bactericidal halo (bacteri-
cidal effect) of the BWPC.

Figs. 3C and D show the microbiological results for BWPC
samples processed with different processing temperatures and
the same bactericidal additive percentage. The microbiological
test shows the low variability of the bactericidal halo for the
BWPC processed at 160.0 8C (Fig. 3C) and 190.0 8C (3D).
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A) B)

C) D)

Fig. 3. Microbiological results with Staphylococcus Aureus for different processing conditions and compositions of the BWPC: (A) test 1, (B) test
4, (C) test 3, and (D) test 5 – Table 1
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The variability of the bactericidal halo is low for the BWPC
processed with the same bactericidal additive percentage and
different processing temperatures for both bacteria types. So,
the low difference between results not permits to define the sig-
nificance for the microbiological results. The significant effect
of the processing temperature depends on statistical analysis to
reach a conclusion.

Table 3 shows the variance analysis, and Table 4 gives the
estimated statistical effects for the microbiological results with
Staphylococcus Aureus for BWPC samples processed with dif-
ferent temperatures and compositions. The statistical results in-
dicate significant differences only for the additive percentage
variable with positive estimate effects of (16.02 ± 3.26) % and
a statistical coefficient of 8.01 ± 1.63.

418 Intern. Polymer Processing XXIV (2009) 5

ANOVA – Staphylococcus Aureus bacteria – R2 = 0.8135

SS Df MS F P

*A (%) *513.4192 *1.0000 *513.4192 *24.1269 *0.0390
PP (%) 45.9815 1.0000 45.9815 2.1608 0.2794
T (8C) 2.6298 1.0000 2.6298 0.1236 0.7588

Vscrew (min–1) 8.5659 1.0000 8.5659 0.4025 0.5907
Lack of fit 89.0721 4.0000 22.2680 1.0464 0.5421
Pure error 42.5599 2.0000 21.2800

Total SS 702.2284 10.0000

* – significant variable. A (wt.%) – additive percentage; PP (wt.%) – polypropylene percentage; T (8C) – machine temperature; Vscrew – screw ve-
locity; u – bactericidal halo diameter and Ebac – bactericidal effect

Table 3. Variance analysis (ANOVA) for microbiological results with Staphylococcus aureus for BWPC samples processed with different tem-
peratures and compositions

Estimated statistical effects – StaphylococcusAaureus bacteria – R2 = 0.8135

Effect Std.Err. t(6) P –95% Cnf.Limit +95% Cnf.Limit Coeff. Std. Err. Coeff.

*Mean *17.41 *1.39 *12.52 *0.01 *11.43 *23.40 *17.41 *1.39
*A (%) *16.02 *3.26 *4.91 *0.04 *1.99 *30.06 *8.01 *1.63
PP (%) 4.79 3.26 1.47 0.28 –9.24 18.83 2.40 1.63
T (8C) –1.15 3.26 –0.35 0.76 –15.18 12.89 –0.57 1.63

Vscrew (min–1) –2.07 3.26 –0.63 0.59 –16.10 11.97 –1.03 1.63

* – significant variable. A (wt.%) – additive percentage; PP (wt.%) – polypropylene percentage; T (8C) – machine temperature; Vscrew – screw ve-
locity; u – bactericidal halo diameter and Ebac – bactericidal effect

Table 4. Estimated statistical effects for microbiological results with Staphylococcus aureus for BWPC samples processed with different tem-
peratures and compositions

ANOVA – Escherichia coli bacteria – R2 = 0.9008

SS Df MS F P

*A (%) *141.2470 *1.0000 *141.2470 *120.4461 *0.0082
PP (%) 1.7033 1.0000 1.7033 1.4524 0.3514
T (8C) 0.0005 1.0000 0.0005 0.0004 0.9855

Vscrew (min–1) 0.0259 1.0000 0.0259 0.0221 0.8954
Lack of fit 13.3963 4.0000 3.3491 2.8559 0.2758
Pure error 2.3454 2.0000 1.1727

Total SS 158.7185 10.0000

* – significant variable. A (wt.%) – additive percentage; PP (wt.%) – polypropylene percentage; T (8C) – machine temperature; Vscrew – screw ve-
locity; u – bactericidal halo diameter and Ebac – bactericidal effect

Table 5. Variance analysis (ANOVA) for microbiological results with Escherichia Coli for BWPC samples processed with different temperatures
and compositions
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Table 5 shows the variance analysis and Table 6 gives the
estimates statistical effects for the microbiological results with
Escherichia Coli for BWPC samples processed with different
temperature conditions and different compositions. The statis-
tical results indicate significance values only for the additive
percentage variable with positive estimate effects of 8.40 ± 0.77
and a statistical coefficient of 4.20 ± 0.38.

The positive estimated effects for both types of bacteria indi-
cate the positive effect of the additive percentage factor on the
bactericidal properties of the BWPC. An increase in the per-
centage of bactericidal additive promotes an increase in the
bactericidal effects of the BWPC composite.

For both bacteria types, the processing temperature and
screw velocity did not have significant statistical effects on
the microbiological response of the BWPC. The statistical ana-
lysis showed that the microbiological response of the BWPC
does not depend on the processing conditions for the range of
screw velocities and temperatures applied. Recent work has
shown that the microbiological response of the BWPC depends
on the length of time the composite is exposed to different tem-
peratures. The work of Fiori et al. showed that after exposing
the BWPC for several days at 110 8C, thermo-degradation of
the triclosan compound occurred and consequently the bacteri-
cidal effect of the composite decreased (Fiori et al., 2008a).

The estimated effects shown in Tables 4 and 6 were obtained
with statistical equations that correlate the bactericidal effect
with the significant variable studied. Eqs. 1 and 2 present a lin-
ear relation between the bactericidal effect and percentage bac-
tericidal additive. These equations can be utilized by industries
before BWPC production to define the additive percentage val-
ues associated with the magnitude of the bactericidal effect.

Eb(A) = 17.41 (±1.39) + 8.01 (±1.63)A , (1)

Eb(A) = 6.,75 (±0.33) + 4,20 (±0.38)A , (2)

where the Eb is the BWPC bactericidal effect, and A is the per-
centage of the triclosan additive in the composite.

4 Conclusion

This study showed that the bactericidal properties of BWPC
composites produced with triclosan additive are influenced

by the additive percentage and the effects of the extrusion
parameters, i. e., temperature and screw velocity, are not sig-
nificant. These results are very important for several indus-
tries. They indicate that the traditional extrusion process and
the process parameters, the temperature and screw velocity,
do not prejudice the microbiological properties of BWPC
composites.
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