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Abstract The acetone-soluble lignin fraction (ASLF) of
sugar cane bagasse, from a sugar and alcohol factory res-
idue, was obtained after extraction with formic acid and
used to prepare blends with poly(vinyl acetate) (PVAc) by
casting. PVAc and ASLF/PVAc blends were irradiated
with ultraviolet light (Hg lamp). Blend formation and the
irradiation effects were examined through thermal analysis
(TG and DSC), scanning electron microscopy, and atomic
force microscopy. The DSC results show PVAc glass
transition temperature (7,) shifts because of both, irradia-
tion and ASLF incorporation. Non-irradiated pure PVAc
presented a smooth surface, while after UV irradiation,
light surface spots are observed. ASLF/PVAc 10/90 and
5/95 blends did not exhibit differences before and after UV
irradiation, suggesting that lignin protects PVAc from
photochemical degradation.

Keywords Poly(vinyl acetate) - Lignin - FTIR - SEM -
TG - DSC
Introduction

Lignin is a phenolic biopolymer (showed in Fig. 1 [1])
present in the cell wall of higher plants and mainly in
woody tissues. It is obtained in large quantities as by-
product in the pulp and paper industry. It can also be
extracted from plant residues such as sugar cane bagasse
which is the most abundant waste of the Brazilian
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agroindustry. Depending on its origin and extraction
method, lignin structure (based on phenylpropane units)
presents variations in the relative content of the functional
groups: methoxyl, carbonyl, carboxyl, phenolic, and ali-
phatic hydroxyls. Besides its major use as energy source
and in leather tanning, lignin is still investigated in various
applications such as dispersant [2, 3], emulsifier [4, 5],
pesticide [6], antioxidant [7-9], compatibilizer [10], filler
[11, 12], and others [13, 14].

Various studies of blends containing lignin and/or its
derivatives have shown that the incorporation of low amounts
of them to a synthetic polymer stabilized the material against
photo and/or thermal oxidation [7-9, 15-18].

Based on the earlier studies of PVA-Lignin systems
[17-20] in which lignin also showed stabilizing effects, in
this study the authors focused on lignin incorporation to
poly (vinyl acetate) (PVAc). PVAc is a thermoplastic with
good adhesion to different substrates and also with good
film-forming properties. It is extensively used in paints,
adhesives, architectural coatings, applications in which the
polymeric material is frequently exposed to sunlight. When
exposed to UV light, PVAc undergoes photooxidative
degradation [21] which depends on the surrounding con-
ditions and causes alterations such as embrittlement and
discoloration, decreasing its useful lifetime. The objective
of this study was to obtain a stability improvement of
PVAc films toward ultraviolet radiation.

Experimental
Materials

PVAc of Mw 113,000 was purchased from Aldrich. Sugar
cane bagasse was obtained from a local sugar and alcohol
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Fig. 1 Lignin structure
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factory (Santa Terezinha, Iguatemi, PR-Brazil). Hexane,
formic acid, acetone, and other used reagents were of
analytical grade and purchased from Nuclear.

Methods

For lignin isolation, sugar cane bagasse was first washed
with abundant water, dried, and grounded. The powder was
submitted to successive extractions with n-hexane, ethanol,
and water in a Soxhlet system to remove low-molecular
weight components. The sample was then treated with an
80% FA and 1% HCI aqueous solution in the Soxhlet
system in a ratio of 100 mL of solution for 10 g of sugar
cane bagasse. Lignin was precipitated by diluting the dark
brown solution obtained in the previous step with distilled
water. After isolation by centrifugation, it was washed with
water, twice redissolved in acetone for further purification,
and oven dried at 60 °C. For the isolation of the acetone-
soluble lignin fraction (ASLF), lignin was extracted with
acetone in a Soxhlet system and then dried at 60 °C.

For blends preparation, the polymers (PVAc and ASLF)
were separately dissolved in acetone (concentration of
7,2 g L") and then mixed in appropriate amounts to give
ASLF/PVAc blends with 15/85, 10/90, and 5/95 weight
percent ratios. 13 mL of blend solutions mixture were
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stirred and transferred to poly(trifluoroethylene) (Teﬂ0n®)
dishes with area of 28,3 cm® for solvent evaporation at
60 °C.

PVAc and ASLF/PV Ac samples were irradiated for 96 h
with a low-pressure Hg vapor lamp (OSRAM, 125 W)
without a bulb, with 48 mJ s m™? fluence rate measured at
sample surface (the distance between the lamp and the
sample surface was 17 cm).

Thermogravimetric measurements were performed with
a Shimadzu TGA 50 instrument in the following experi-
mental conditions: approximately 6 mg samples, platinum
pans, 10 °C min~' heating rate, 20 mL min~"' of nitrogen
flow.

DSC was performed on Shimadzu DSC-50 under flow-
ing nitrogen (20 mL min~") atmosphere at 10 °C min~".
Samples of 6 mg were placed into aluminum pans. The
glass transition temperature of the samples was determined
from the midpoint of the heat flux change observed in the
25-50 °C temperature range, on the second scan, at heating
rate of 10 °C min~'.

FTIR spectra were obtained using a FTIR BOMEM MB
100 spectrometer with samples in 1% KBr pellets.

A Shimadzu scanning electron microscope (SEM)
model SS550 Superscan was used to analyze the mor-
phology of the films coated by gold sputtering with 1000 x
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amplification and an area of 10 pm and a SHIMADZU
SPM-9500 J3 atomic force microscope (AFM) was used to
obtain images of films surface in dynamic mode.

Results and discussion
Lignin characterization

The acetone-soluble formic lignin (ASLF) obtained from
sugar cane bagasse was characterized using FTIR, TGA,
and DSC techniques. These results are shown in Figs. 2, 3.
Characteristic absorption bands in the infrared spectrum
(see Fig. 2) are: 3428 cm™!' (O-H stretching), 2923 and
2845 cm ™! (C-H stretching), 1712 cm~ {(C=0 stretching),
1600, 1515, and 1458 cm ™! (aromatic ring vibrations) and
other less intense peaks in the fingerprint region [22]. The
intense band at 1712 cm™" indicates that the lignin was
formulated during pulping [23].

TG results (Fig. 3) are similar to those observed with
other lignin samples [24-27], characteristic temperature of
the events can show some variations and are related to the
sample origin and isolation method. Mass loss because of
heating in inert atmosphere doesn’t presents well-defined
steps, showing that the sample degradation occurs as
sequence of complex reactions. Thermal degradation starts
at low temperature and mass loss observed until 150 °C is
attributed to evaporation of water and loss of other com-
ponents with low-molar mass. From 180 °C onward, the
mass loss is attributed to pyrolytic degradation that
involves first the side groups of the main chain, followed
by depolymerization at higher temperature, where mono-
meric phenols are formed. Above 500 °C the process is
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Fig. 2 FTIR spectrum of ASLF
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Fig. 3 Thermogravimetric curve of ASLF
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Fig. 4 FTIR spectra of the 10/90 ASFL/PVAc films non-irradiated
and 96-h UV irradiated

related to the decomposition of some aromatic rings [28].
At 1000 °C, about 5% of residual mass is observed.

The DSC curve for ASLF(figure not showed) present an
endothermic peak because of adsorbed water evaporation
near 100 °C. The glass transition for lignin samples is gen-
erally reported to occur near 100-180 °C [29-31]. It was not
possible to detect the T, of lignin undoubtedly from the DSC
curves. At higher temperature, exothermic superimposed
peaks can be seen which correlate with the pyrolytic degra-
dation reactions evidenced in the TG analyses.

ASLF/PVAc blends
FTIR spectra were recorded before and after film irradia-

tion with an Hg lamp for 96 h. The peak area ratio of the
carbonyl band of the PVAc at 1740 cm™" related to the
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Fig. 5 Thermogravimetric curve of PVAc and ASLF/PVAc blends

total spectral area was determined for both ASFL/PVAc
10/90 samples (irradiated and non-irradiated films) and a
100% increase was observed due to the irradiation. This
result shows that ultraviolet light promotes lignin structure
modification. The reactions leading to products with
increasing content of mentioned bond in the photo-oxida-
tion of PVAc were described by Jin et al. [32]. UV irra-
diation resulted in the drastic reduction of the hydroxyl
band between 3400 and 3500 cm ™', due to photodegra-
dation reactions of lignin that contains hydroxyl substituted
aromatic groups that may act as hindered phenol light
stabilizers. Similar results were obtained for blends 5/95
and 15/85. Figure 4 shows the loss in weight of a film of
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Fig. 6 DSC curve of PVAc and ASLF/PVAc blends non-irradiated
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Table 1 Glass transition temperatures of PVAc and ASLF/PVAc
blends

Composition (ASLF/PVAc) T,/°C
0/100 19
5/95 37
10/90 36
15/85 31
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Fig. 7 Thermogravimetric curve of PVAc and ASLF/PVAc blends
(96-h UV irradiated films)

Table 2 Glass transition temperatures of PVAc and ASLF/PVAc
blends (irradiated films)

Composition (ASLF/PVAc) T,/°C
0/100 29
5/95 33
10/90 31
15/85 38

pure PVAc as well as of ASLF/PVAc blends as a function
of temperature. The two main steps observed are known:
(1) between 300 and 350 °C in which the deacetylation
process takes place and (2) the disintegration of the
polyolefinic backbone around 430 °C [33]. The onset of
PVAc degradation occurs at approximately 300 °C and is
slightly shifted to higher temperature when ASLF is
incorporated (5—15%). This stabilization at the initial stage
of the blends degradation can be explained considering that
lignin molecules have radical scavenging action and so it
can suppress to some extent the deacetylation reaction
initiated by radical formation. Another effect of the ASLF
incorporation to PVAc is observed above 500 °C, residual
mass increases with lignin content. This can be related to
the relatively high quantity of char formed by the lignin, as
can be seen in Fig. 3.
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Fig. 8 SEM micrograph of the PVAc film surface a non-irradiated
and b after 96-h UV

Fig. 9 SEM micrograph of the 10/90 ASLF/PVAc film anon-
irradiated and b after 96-h UV irradiation

28.44
[nm]

10.00 x 10.00 [um] Z 0.00 — 28.44 [nm]

0.00

29.68
[nm]
nm_

70,00

10.00 x 10.00 [um] Z 0.00 — 29.68 [nm]

Fig. 10 AFM micrographs of surface of PVAc films a non-irradiated
and b 96-h UV irradiated

DSC data (Fig. 5) of these samples showed glass tran-
sition around 20-50 °C and an endothermic degradation
reaction starting at 250 °C. The T, of PVAc increases due
to lignin presence, mainly in the 5/95 and 10/90 blends, as
can be seen in Table 1. This behavior is indicative of
interchain interaction that can lead to some compatibility.

TG and DSC analysis of PVAc and ASLF/PVAc blends
were also performed after 96 h films irradiation with UV
light. TG curves (Fig. 6) are very similar with those of the
nonirradiated samples (Fig. 4) showing both thermal deg-
radation steps in practically the same temperature ranges.
Nevertheless, the 10/90 and mainly the 15/85 blend show
greater residual mass at temperatures above 450 °C than
the corresponding non-irradiated blends, evidencing that
thermal degradation reactions are different and produce
higher products mass than the non-irradiated samples when
they contain 10-15% of ASLF. On the other hand, DSC
analysis of the irradiated films show T, shifts due to the
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Fig. 11 AFM micrographs of ASLF/PVAc 10/90 surface films a non-
irradiated and b 96-h UV irradiation

irradiation, as can be seen comparing data in Tables 1 and
2. The difference in T,, of each irradiated and corre-
sponding non-irradiated sample, is lower for the 5/95 and
10/90 blends compared with the pure PVAc. The 15/85
blend show a different behavior, T, increases in a similar
extent as occurs with the pure PVA. The manner in which
the glass transition temperature (7,) varies with blend
composition is reflective of the relative strengths of these
intermolecular interactions. Probably in this composition
there is a major tendency of phase separation. Small con-
centration of lignin (ASFL/PV Ac 5/95 and 10/90) presents
more compatibility than high-concentration blends, show-
ing that protect effect is lignin concentration dependent.

The films morphology was studied by SEM. Figures 7
and 8 show the SEM micrographs of the 0/100 and 10/90
films (before UV irradiation and after 96-h UV irradiation),
respectively.

The morphology of the non-irradiated PVAc film is
characterized by a smooth surface, and after irradiation, it
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presented a smooth surface with regular clear formations
caused by photodegradation. Most probably photochemical
reactions occur in the superficial layers of the film, which
frequently involves C—O-C and C=0O groups, that in turn
can involve the splitting of the chains of the polymer.

The 10/90 ASLF/PVAc film was characterized by the
presence of small globular structures homogeneously dis-
tributed, related to lignin. The presence of different phases
in the structure may be indicative of the immiscibility or
partial miscibility of the polymers. After 96-h UV irradi-
ation, the film maintains the same characteristics, distinctly
from the degradation evidences observed in pure PVAc. As
suggested by the DSC analyses, the authors can propose
interactions between the PVAc and ASLF chains, and that
ASLF protects PVAc from degradation by UV irradiation.
This probably occurs due to the lignin aromatic groups,
which absorb UV light, forming phenoxy radicals, hin-
dering PVAc degradation [34, 35].

AFM micrographs of non-irradiated and irradiated
PVAc are shown in Fig. 9 and micrographs of non-irradi-
ated and irradiated 10/90 films are shown in Fig. 10. As in
the SEM micrographs, in these images it can be observed
that for pure PVAc film, irradiation causes irregularities
formation and that for the 10/90 film, irradiation effect is
practically non-detectable (Fig. 11).

Conclusions

Good quality films of pure PVAc and of ASLF/PVAc
blends were obtained by casting, using acetone as solvent.
Polymers show compatibility in the 5/95 and 10/90 com-
positions evidenced by microscopic and DSC results.
PVAc undergoes photodegradation under UV irradiation;
however, in the presence of 10% of ASLF, this effect is
reduced. Practically the same surface morphology is
observed in SEM and AFM images for the ASLF/PVAc
10/90 before and after UV irradiation, while for pure PVAc
significant differences are visible. These results suggest
that lignin protects PVAc from photochemical degradation
and that it has important potential to be used as stabilizing
component in PVAc films, especially in cases were the
films application includes sunlight exposure.
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