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ABSTRACT

Sudies were carried out on biomodification and the pre-heat (130°C) influence on Poly (vinyl chloride) / Poly
(e-caprolactone) fil ms. The results showed that heat pre-treatment improved tie biomodification of PVC fil ms, but it

inhibited the biomodification o the PVC/PCL film.
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INTRODUCTION

Plastic use for packaging materials has increased
rapidly over the last 20 years. The annual disposal
of plastics has raised the demand for non
degradable plastic materials. Sdective use of
biodegradable polymers in certain applications
might help to reduce the awironmental impact of
plagic materials (Yavuz & al., 2002). These
materials became a waste concern, becuse of ther
persistence in the eavironment (Aboud-Zeid et al.,
2001).

Poly(e-caprolactone) (PCL) an aliphatic polyester
is derived from a ring apening poymerization of
e-caprolactone, and has a rdatively low melting
point, 60°C (Darwis &t al., 1999. Biocompatible,
biodegradable and rontoxic synthetic aliphatic
poyesters in  biomedical applications are
espedally used as drug ddlivery devices, because
when inside of the body they are completely
degradable. An interesting property of PCL (a
goad example of an aliphatic padyester) is its
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ability to form compatible blends with a wide
range of other polymers (Darwis et al., 1999.
Polyvinyl chloride (PVC) is one of the most
important commodity plastics in use nowadays
(Varma et al., 1999. It is often used as food
packaging, toys, pipes, floor, window frames, etc
(Anon, 1997. PVC, a known thermal and photo
unstable poymer, degrades over 130°C (Pospisil
e al., 199; Verordli & al., 1999. The photo and
thermal degradation releases hydrochloric gas
(dehydrochlorination) that leads to the formation
of conjugate payene sequences (-CH=CH) in the
poymer chains, giving the PVC a reddish
brown color (Hollande and Laurent, 1997
Verondli et al., 1999.

The polymer surface deterioration is an interfacial
process It can involve microorganisms that can
colonize the polymer surfaces as biofilms. These
biofilms consist of cells embedded in a polymer
matrix of ther own aigin, containing
poysaccharides and proteins (Flemming, 1998
Costerton et al., 1987). Some of the major ways
through  which  microorganisms deteriorate
synthetic polymers are fouling, which is an
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unwanted  deposition  and gowth o
microorganisms on surfaces; degradation o
leaching components; corrosion including

hydration, penetration, and color change due to
biofilms which can contain arganisms that produce
pigments (Flemming, 1998.

Some  fungi, such as Phanrerochaete
chrysosporium and Aspergillus fumigatus are
known for their ability to degrade some
recalcitrant pollutants sich as g/nthetic polymers.
Theformer is called white rot fungus and degrades
lignin and synthetic polymers (Martins e al.,
200% Thomaset al., 199; Lymar et al., 1995 and
the latter has een described as an effedive
degrader of plasticized PVC and DDT. Scanning
Electronic Microscopy (SEM) studies with this
fungus on  pdy-hydroxybutirate-co-valerate
samples $owed degradation on their surfaces
(Renstad et al., 1999.

Polyesters are potentially biodegradable due to the
hydrolysable ester bords. PCL mixed with PVC
alters its properties, such as high impact behavior,
heat resistance temperature and techndogical
processing. PCL was reported to be a very
effedive plasticizer for PVC (Karal & al., 1997).
In some @ses, thermal and photo pre-treatment
can facilitate the attack of microorganisms on the
poymer surface (Verondli e al., 1999. The
literature did not show any paper that uses thermal
and biological treatment on PVC/PCL films.

In this paper, we intended to associate thermal and
biological treatments on PVC/PCL blend using
UV-Visible absorption spedroscopy to find aut
evidences of deterioration.

MATERIALSAND METHODS

Chemicals

Poly(e-caprolactone) (Fig. 1) was kindly supgied
by the Department of Engineering Materials -
UFSCar - Sdo Carlos, SP, Brazil. Poly(vinyl
chloride) (Fig. 2) Mw = 145,636g/mol (PVC) -
Norvic, without additives, was aupdied by the
Petrochemistry Company of Camagari, Bahia,
Brazil. As olvent, 1,2-dichloroethane, p.a
(Reagen) was used as received.
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Figure 1 - Poly(e-caprolactone) (PCL)

[—CHZ—CIZH—]n

Cl

Figure 2 - Poly( vinyl chloride) (PVC)

Fungi

Pharerochagte chrysosporium (CCB 478 was
suppied by the Mycology and Liquenology
sedion d the Botany Institute, Brazil. Aspergill us
fumigatus was isolated as a contaminant of some
culture media in the Laboratory of Polymers of the
Biochemistry and Microbiology Department,
UNESP, Rio Claro, SP, Brazil .

Sample Preparation

Films of PVC, PCL and blends of PVC/PCL 1:1
were obtained by casting from solutions of PVC
and PCL in dichloroethane on a glassplate, whose
diameter was 2.5 cm at room temperature (25°C).
The films were dried under vacuum for 48 hours
(Martins-Franchetti et al., 2002.

Thermal pre-treatment

Films of PVC, PCL films and the blends of
polymers were thermally treated in a high power
oven (130°C) for one hour before the microbial
treatment.

Fungi suspension preparation

P. chrysosporium and A. fumigatus were grown in
dants at room temperature. The suspension was
obtained by adding 9.0 mL of saline solution
0.85% (m/v) in the dants, and afterwards filtering
it in glasswool. The liquid suspension dotained
containing fungi spores was used as inoculum.

Culture Medium

The liquid culture medium consisted of a solution
of Sabouraud — Malt. P.chrysosporium and A.
fumigatus were inoculated (1 mL removed from
saline suspension) in the culture medium and kept
for 7 days at 32°C without films.

Microbial treatment of the films

Duplicate samples of PVC, PCL and PVC/PCL
1:1 were incubated in Sabouraud -Malt solution in
500 mL Erlenmeyer flasks containing 100mL of
Saboraud-malt medium with P. chrysosporium and
A. fumigatus. The original films (without any
treatment) and heat pre-treated fil ms were kept for
4 months, in aincubator at 32°C without agitation.
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After this treatment, all films were washed severd
times with dstilled water and dried under vacuum
for 48 hours.

UV-Visible spectroscopy (UV-Vis.)

UV-Vis. spectra were obtained on a UV-Vis.
Shimadzu spectrometer (UV-2401 modd) in a
range of 200-800nm.

RESULTSAND DISCUSSION

PVC, PCL and PVC/PCL 1:1 films were colorless
and transparent films, with 30um thicknesses.
After thermal treatment, these films changed to a
pink color suggesting degradation. UV-Vis gectra
of the PVC films thermally treated revedled the
presence of palyenesin the range of 450 — &0 nm
(Fig.3). This result was in accordance with the
thermal degradation mechanism of PVC, described
by Verondli et al. (1999.

Spectra of biotreated PVC films dowed an
increase of the absorbance intensity, because the
film became opagque (Fig. 4). Spectra of heat pre-
treated and biotreated PVC films presented an
increase of the absorbance intensity in the range of
450650 nm wich was attributed to the absorption
of payenes squences on PVC matrix (Fig.5). In
this case, the biotreatment was €ff ective only after
the thermal treatment.

The UV-Vis. spectrum of PCL did not present
significant changes after thermal treatment
(Fig. 6). Biotreated PCL films showed an increase
of the absorption intensity in the range of 260-340
nm, related to carbonyl groups (Fig. 7). The UV-
Vis gedra of the thermal and biotreated PCL film
showed a significant increase of the absorbance
intensity of carbornyl groups (260-340 nm) and the
presence of three sharp bands related the
absorption d different types of carbonyl groups
(Fig. 8). Inthis case, it was difficult to say whether
the modification on PCL film was more or less
important than just in the case of the biotreatment.
The UV-Vis. spectrum of the PVC/PCL 1:1 bend
did not present changes after thermal treatment
(Fig. 9). This howed the PCL effect in PVC
chains, which in this case, did not undergo thermal
degradation, as in the PVC film. The biotreated
blend showed three sharp bands rdated to the
absorption d the carboryl groups on UV-Vis.
spectroscopy (Fig. 10). The UV-Vis. spectrum of
the thermal biotreated blend (Fig.11) showed that
the bands of carbonyl groups and poyenes
deadeased (260340 mm and 450650 mm,
respectively) in comparison to the PVC spectrum
(Fig. 5). It seamed that the PCL proteded the
thermal degradation o the PVC and the PVC
protected the biodegradation of the PCL, i.e. the -
C=0 groups of PCL interacted with the H-C-Cl
groups of PVC, avoiding the thema and
bi odegradation in both the polymers.

H Cl
\>§<\/ T
—>
H H
ZIP
—>
+ n (HCI)
H n+1

\/%/\/ + Hal
H

Scheme 1 - Dehydrochlorination reactionsin PVC macromoleales (Verondli et al., 1999.
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The protection effect in the PVC/PCL blend was
investigated by Karal e al (1997, but the effea
was noticed in the thermal and the biodegradation
processes of the blend. The thermal degradation
mechanisms of both individual polymers were
previously described by Kaczmarek et al. (2002.

The dfect of the PCL on the thermal oxidative
degradation o the PVC could be eplained by
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the combined reactions beween the active
groups formed in degraded PVC ('CHs, "CH,CH,,
‘CHiCl) and PCL chains (Kaczmarek e al.,
2002. Thermal degradation (at 13C°C) created
double bonds in PVC (evolution o HCI),
by “zip® dehydrochlorination  (Schemel)
(Verondli et al., 1999).
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Figure 3 - UV-Vis Absorption spedra of PV C filmswithout treatment, hea pre-treated (13C°C)
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Figure 4 - UV-Vis Absorption spedra of PVC films without treatment, biotreaed with

P. chrysosporiunvA. fumigatus
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Figure 5 - UV-Vis Absorption spedra of PVC films without treatment, thermal and
biotreated with P. chrysosporiunvA. fumigatus
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Figure 6 - UV-Vis Absorption spedra of PCL films without treament, heat pre-treaed
(13C°C)
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Figure 7 - UV-Vis Absorption spedra of PCL films without treament, biotreated with
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Figure 8 - UV-Vis Absorption spedra of PCL films
__without tregment
__thermal and biotreaed with P. chrysosporiunvA. fumigatus

Brazilian Archives of Biology and Technology



Biotreatment Effedsin Films and Blends of PVC/PCL Previoudy Treded with Heat

PVC/PCL 1:1
1.4
1.2

1.0+ .
i without treatment

0.8

Abs.

0.6

0.4 Thermal treated

0.2

0.0

T T T T T T

T T T T T
200 300 400 500 600 700 800
A (nm)

Figure 9- UV-Vis Absorption spedra of PVC/PCL 1:1 films without treament, heat pre-
treated (130° C)
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Figure 10 - UV-Vis Absorption spedra of PVC/PCL 1:1 films without treament, biotreated
with P. chrysosporiunvA fumigatus
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Figure 11 - UV-Vis Absorption spedra of PVC/PCL 1:1 films without treament, thermal
and biotreated with P. chrysosporiunvA. fumigatus

CONCLUSION

The thermal effed on biotreatment was effective
in isolated PCL and PVC films, but in the
PVC/PCL blend this effed was non-significant.
The pre-heat treatment, in these eperimental
condtions, inhibited the biomodification o the
blend. Regarding the PVC/PCL blend it could be
concluded that PCL avoided both the thermal
degradation and the thermal biodegradation of
PVC. This could be attributed to the interaction
between carboryl groups of the PCL and H-C-Cl
groups of the PVC.
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RESUMO

Poli e-caprolactona € um importante polimero
biodegradavel e miscivel com o PVC, um
paimero sintéico industrial, termo susceptivel e
ndo biodegradavel. A blenda PVC/PCL ¢é
importante quanto a suas propriedades mednicas
e biodegradabilidade. Neste trabalho foi analisada
a biomodificacdo da blenda PVC/PCL pré-tratada
com calor (130°C), através da espectroscopia UV-
Vis. Osresultados maostraram que o pré-tratamento
com calor pode fadlitar a biomodificacdo em
filmes de PVC, mas poce inibir a biomodificagdo
nos filmes da blenda PVC/PCL.
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