
P
P

S
a

b

a

A
R
A
A

K
P
P
D
P
A

1

a
a
m
m
a
i
a
a
m
u
o
c
c
m
c
n
g
s

u

0
h

y COREView me

er Connector 
Journal of Analytical and Applied Pyrolysis 97 (2012) 158–163

Contents lists available at SciVerse ScienceDirect

Journal  of  Analytical  and  Applied  Pyrolysis

journa l h o me  page: www.elsev ier .com/ locate / jaap

hotochemical  degradation  study  of  polyvinyl  acetate  paints  used  in  artworks  by
y–GC/MS

huya  Weia,∗, Valentina  Pintusa,b,  Manfred  Schreinera,b

Institute of Natural Sciences and Technology in Art, Academy of Fine Arts, Schillerplatz 3, 1010 Vienna, Austria
Institute of Chemical Technology and Analytics, Analytical Chemical Division, Vienna University of Technology, Getreidemarkt 9/16, 1060 Vienna, Austria

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 6 March 2012
ccepted 8 May  2012
vailable online 23 May  2012

eywords:

a  b  s  t  r  a  c  t

Photochemical  degradation  of  commercial  polyvinyl  acetate  (PVAc)  homopolymer  and  PVAc  paints  mixed
with burnt  umber,  cobalt  blue,  cadmium  red dark,  nickel  azo  yellow  and  titanium  white  commonly  used
for artworks  were  studied  by  pyrolysis–gas  chromatography/mass  spectrometry  (Py–GC/MS)  and  Fourier
transform  infrared  spectroscopy-attenuated  total  reflectance  (FTIR-ATR).  Py–GC/MS  with  single-shot
technique  was  used  for the  characterization  of the  thermal  degradation  of PVAc  at different  temperatures,
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while the  double-shot  technique  of  Py–GC/MS  was  used  to reveal  the  differences  in  the  specimens  before
and after  UV  ageing,  including  the  changes  of  detectable  amounts  of deacetylation  product  –  acetic  acid
and plasticizers  such  as  diethyl  phthalate  (DEP).  Furthermore,  the  relative  concentration  of  the  pyrolysis
products  of the  paint  samples  could  be measured  and  compared  in  the second  step  of the  double-shot
Py–GC/MS,  which  are  highly  dependent  on the presence  of  pigments  and  the ageing  status  of  PVAc  paints.
. Introduction

Polyvinyl acetate (PVAc) is prepared by polymerization of vinyl
cetate monomer. It has been used as artists’ media for paintings
nd for conservation of art objects [1,2]. The durability of the poly-
ers and the prediction of the long-term stability of polymeric
aterials are of great interest for conservation and restoration of

rtworks. As known, deterioration of artist’s media and varnishes
s mainly a result of oxidation processes involving free radicals
nd hydrolytic processes of an ionic type. Auto-oxidation reactions
re initiated by thermal or photochemical energy input. However,
odern paint is a formulation where in addition to the polymers

sed as a binder, organic and/or inorganic pigments, fillers and
ther additives may  also be used. Apart from thermal or photo-
hemical sources, metal oxides and other salts present in pigments
an have a notable effect on varnishes and media as they pro-
ote light-induced oxidation reactions [3].  Oxidants are usually

hemical elements or substances with elements in high oxidation
umbers or highly electronegative substances/elements that can
ain one or two extra electrons by oxidizing an element or sub-

tance.

Concerning PVAc photodegradation under UV irradiation, it
ndergoes both chain scission and cross-linking accompanied by
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the release of volatile compounds, mainly are acetic acid, car-
bon monoxide, carbon dioxide and methane [4,5]. The possible
degradation pathways for PVAc proposed in the literature include
the photo-oxidative mechanisms [6–8], which evolves through a
series of reactive intermediates and radicals [9].  The intermedi-
ates can be inferred in an infrared spectrum of PVAc from the
broadening of the carbonyl band by FTIR [10,11]. The presence
of metal oxides in formulations may  have a stabilizing or sen-
sitizing effect on the polymer [12–14]. As well known, titanium
dioxide, especially in the anatase form, is photocatalytic [15,16].
However, in recent study [17] about the effect of pigments to the
photo degradation of PVAc, titanium dioxide and iron oxide dis-
played a protective effect on the paint shown by a decrease in
the chain scission rate when compared to the pure PVAc. On the
other hand, calcium carbonate and ultramarine blue promote an
increase in the polymer scission rate [17]. From the above results
(some are contradicting each other), it can be seen that the effect
of pigments to the photodegradation of PVAc is a complex pro-
cess, which is not clear yet. Pyrolysis–gas chromatography/mass
spectrometry (Py–GC/MS) and thermally assisted hydrolysis and
methylation with tetramethylammonium hydroxide (TMAH) have
been introduced for the analysis of synthetic resins [18,19]. More
recently, Py–GC/MS with hexamethyldisilazane (HMDS) deriva-

Open access under CC BY-NC-ND license.
tization reagent has been used for the study of the changes of
plasticizer in PVAc during ageing [20,21]. The double-shot tech-
nique of Py–GC/MS allows a unique combination of thermal
desorption (first step) for the analysis of volatile compounds and
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Table  1
List of investigated samples (information from the data sheet: golden PVA paints
are  made from polyvinyl acetate resins, specifically a 1:1 blend of AYAA and AYAC
type polyvinyl acetate resins dissolved in ethanol. Average molecular weight: AYAA
is  83,000 amu, AYAC is 12,800 amu).

Product no. Commercial name Description

67040 Mowilith® 50 (PVAc) Polyvinyl acetate
GO00080 Golden PVA cadmium red dark (CR) PVAc + CdS, xCdSe
GO00225 Golden PVA nickel azo yellow (NA) PVAc + nickel

complex azo
GO00030 Golden PVA burnt umber (BU) PVAc + Fe2O3 + MnO2

+ Si + Al2O3
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GO00140 Golden PVA cobalt blue (CB) PVAc + CoAl2O4

GO00380 Golden PVA titanium white (TW) PVAc + TiO2

yrolysis (second step) of the polymers themselves, which was
pplied for the study of the degradation of acrylic polymers, with
romising results [22,23].

The main objective of this work is to characterize the photo-
hemical degradation properties of commercial polyvinyl acetate
aints (with different pigments) mainly used in art works. For this
urpose, a selection of commercial PVAc homopolymer and paints
ith different pigments from Kremer (Germany) were purchased.

he intention of the selection of paints was to include inorganic
nd organic pigments in order to study the effects of the pig-
ents on the paint ageing properties; thus Golden PVAc paints

f burnt umber, cobalt blue, cadmium red dark, nickel azo yel-
ow, titanium white were chosen. Specimens of polymer and paint
lms were prepared and subjected to accelerated aging in a Xenon
rc solar simulator, which were analyzed by infrared spectroscopy
FTIR) and Py–GC/MS with single-shot/double-shot techniques. The
hermal degradation of PVAc at different temperatures was  charac-
erized by single-shot Py–GC/MS. The effects of pigments on PVAc
hoto-stability were examined by double-shot Py–GC/MS. Espe-
ially in the thermal desorption step with double-shot Py–GC/MS,
he differences of the amount of plasticizer and degradation prod-
cts between the unaged and aged specimens could be revealed.
urthermore, the relative concentrations of the pyrolysis products
f the PVAc paints (with different pigments unaged and aged spec-
men) could be evaluated and compared in the pyrolysis step with
ouble-shot Py–GC/MS, which are highly dependent on the pres-
nce of pigments and the ageing status of the samples.

. Experimental

.1. Materials

Polyvinyl acetate Mowilith® 50 and the Golden PVAc paints of
remer (Kremer Pigmente Gmbh & Co. KG, Germany), including
olden PVAc of burnt umber, cobalt blue, cadmium red dark, nickel
zo yellow and titanium white were chosen for this study (Table 1).
o make specimen, Mowilith® 50 was dissolved in acetone and then
asted on glass slides, while the Golden PVAc paints were directly
asted on glass slides, allowing them to dry at room conditions
average thickness of the paint film is about 0.1 mm).  Characteriza-
ion of the pigments used by the manufacture is listed in Table 1;
o extenders were mentioned in the data sheet of the products. The
aint films were stored in a box for about one year as unaged sam-
les. The UV aged samples were obtained by exposing the slides
ith the paint film in the UV ageing chamber for sixty days.

.2. Instruments and methods
.2.1. Accelerated ageing
UV exposure of the samples was carried out in a UV

hamber UVACUBE SOL 2/400F produced by Dr. Hönle GmbH
plied Pyrolysis 97 (2012) 158–163 159

UV-Technology, Germany. The radiation source of UV light was
supplied by a 910-W/m2 Xenon arc solar simulator with an incor-
porated H2 filter, which provides radiation with wavelengths
between 295 and 800 nm. The chamber temperature was  48.8 ◦C;
the relative humidity (RH) varied between 30% and 35%, depending
on the RH in the ambient atmosphere.

2.2.2. Pyrolysis–gas chromatography/mass spectrometry
(Py–GC/MS)

Py–GC/MS analyses were performed with a PY-2020 iD (Fron-
tier Lab, Japan) combined with a GCMS-QP2010 Plus (Shimadzu,
Japan) equipped with cryo trap. A capillary column Ultra alloy-5 MS
(30 m × 0.25 mm × 0.25 �m,  Frontier Lab, Japan) using bonded and
highly cross-linked 5% diphenyl/95% methyl siloxane was used. The
GC column temperature conditions were as follows: initial temper-
ature 40 ◦C, hold for 5 min, and afterwards increased by 10 ◦C/min
to 292 ◦C. The helium gas flow was set at 1 ml/min in splitless mode
in the thermal desorption step, while in split mode (1:100) in the
pyrolysis step. For the single-shot analyses, different pyrolysis tem-
peratures were used respectively: 300 ◦C, 400 ◦C, 500 ◦C, 600 ◦C and
700 ◦C for 12 s.

The double-shot parameters were as follows: for the thermal
desorption, several temperature gradients were tested: 50–120 ◦C,
50–200 ◦C, 100–250 ◦C, resulting the chromatogram obtained with
the temperature range of 100–250 ◦C provides better repro-
ducibility information, so it was  chosen as thermal desorption
temperature parameters. The temperature was set at 100 ◦C and
increased by 20 ◦C/min to 250 ◦C, held for 2 min. The second step –
pyrolysis temperature was  set at 600 ◦C and held for 12 s. About
200 �g of the samples were scraped from the mock-ups with a
scalpel and put in a sample cup (ECO-CUP Frontier Lab, Japan),
which were introduced into the pyrolyzer by auto sampler. Mass
spectra were recorded under electron impact ionization at 70 eV.
NIST 05 and NIST 05s Library of Mass Spectra were used for identi-
fying the compounds.

2.2.3. Fourier transform infrared spectroscopy-attenuated total
reflectance (FTIR-ATR)

FTIR-ATR analyses were performed with an Alpha FT-IR Plat-
inum ATR instrument (Bruker Optics, Germany) equipped with a
deuterated triglycine sulfate detector (DTGS) and with a diamond
crystal. Spectra were acquired in a spectral range between 4000 and
370 cm−1 performing 64 scans at 4 cm−1 resolutions. The resulting
spectra were collected and evaluated with the spectrum software
OPUS® of Bruker Optics.

3. Results and discussion

3.1. Unaged and aged Mowilith® 50 (PVAc) samples

3.1.1. Py–GC/MS analysis with single-shot method
Thermal degradation of unaged PVAc was  studied at different

pyrolysis temperatures by Py–GC/MS. The pyrograms obtained are
depicted in Fig. 1.

From the comparison between the pyrograms obtained at dif-
ferent temperatures by Py–GC/MS, it can be seen that at 300 ◦C,
only water at retention time (RT) 2.0 min  was detected, which
was probably absorbed by the sample from the environment. No
acetic acid was detected, which means that deacetylation reac-
tion did not occur at this temperature. In contrast to that result,
in the pyrogram obtained at 400 ◦C the most dominant peak is
that of acetic acid at RT of 3.2 min  (m/z = 60), with a smaller

amount of water at RT 2.0 min  (m/z = 18) and benzene at RT 3.5 min
(m/z = 78), indicating deacetylation reaction occurs at 400 ◦C. At
temperatures above 500 ◦C, the main pyrolysis products are car-
bon dioxide, carbon monoxide and water at RT 2.0 min  based on
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Fig. 2. Pyrograms of Mowilith® 50 obtained by Py–GC/MS with double shot tech-

50 binder are shown in the Table 3. The infrared spectrum of the
PVAc (Fig. 3) has a characteristic finger print characterized by sev-
eral sharp and intense peaks. The most dominant band is related to
the C O stretching vibration associated to acetate groups with

Table 2
The compounds identified in the sample of PVAc obtained by Py–GC/MS with
double-shot technique in the pyrolysis step.

Peak code RT Area% Products characterization

CO 1.74 0.9 Oxidization product
CO2 1.95 6.2 Oxidization product
H2O 2.25 1.3 Oxidization product
Acetone 2.39 1.1 Oxidization product
CPT 2.61 0.6 1-3-Cyclopendadiene, chain

scission product
Acetic acid 3.60 83.4 Deacetylation product
ig. 1. Chromatograms of Mowilith 50 obtained by Py–GC/MS analysis: (a) 300 C;
b)  400 ◦C; (c) 500 ◦C; (d) 600 ◦C; (e) 700 ◦C; mixture: CO, CO2 and H2O; CPT, 1-3-
yclopendadiene.

he ions (m/z = 18, 28, 42, 44), acetone at RT 2.2 min  (m/z = 15, 43,
8), 1-3-cyclopendadiene at RT 2.4 min  (m/z = 39, 66), acetic acid,
enzene and toluene at RT 5.3 min  (m/z = 91). It can be seen the
yrolyses at temperature above 500 ◦C allowed the formation of
ore products such as 1-3-cyclopentadiene, benzene and toluene,

howing the decomposition of PVAc during deacetylation reaction
nto a highly regular unsaturated material or polyene. The results
re in agreement with the thermal degradation mechanism of PVAc
y non-isothermal and dynamic thermalgravimetry including the
ormation of acetone [24], and solid-state NMR, thermogravimetry
oupled with mass spectrometry and differential thermal analy-
is. In the literature, it was reported the first and most intense
egradation step-deacetylation occurs between 300 ◦C and 400 ◦C
ith temperature rate at 20 ◦C/min [25]. The chain scission reaction

ccurs at the end of the polymer main chain during deacetylation.

.1.2. Py–GC/MS analysis with double-shot method
The double-shot technique of Py–GC/MS was applied for the

haracterization of unaged and aged PVAc samples. In order to
chieve in the pyrograms a good resolution of the molecules with
ow molecular weight, a cryo trap was used. The pyrograms of
naged and aged PVAc samples obtained by Py–GC/MS in the ther-
al  desorption are depicted in Fig. 2a. Acetic acid is the degradation

roduct of PVAc and diethyl phthalate (DEP) is the plasticizer usu-
lly used in PVAc [21]. Di-tert-butyl dicarbonate (DTBD) is a reagent
idely used in organic synthesis. However, its detection in the sam-
le is probably due to the impurity of the PVAc product, as it is also
he case for octanone. By comparison of those two chromatograms,
t can be seen that a significant amount of acetic acid was detected
n the UV aged sample, which is in agreement with a Norrish Type
I mechanism based on the formation of an excited carbonyl group
ollowing absorption of light [10,26].  In addition, the decrease of
he amount of the plasticizer DEP was observed after ageing. It
as reported that the change in the mechanical properties of PVAc
roducts has been related to the slow migration and evaporation of
uch plasticizers, resulting in severe embrittlement and potential
amage of the paint film [20,21].

After the thermal desorption analysis, the remains of the

ample was dropped again into the pyrolyzer for the second
tep-pyrolysis. The chromatograms of unaged and aged samples
btained are shown in Fig. 2b. The pyrolysis products, retention
ime and the peak areas are listed in Table 2. It can be seen that
nique: (a) in the first step – thermal desorption; (b) in the second step – pyrolysis.
DTBD, di-ter-butyl dicarbonate; DEP, diethyl phthalate; AA, acetic anhydride; CPT,
1-3-cyclopentadiene; *not identified compounds.

the separation of all pyrolysis products is good with the cryo trap
on, which enables the identification of the individual compounds.
Pyrolysis products including carbon monoxide, carbon dioxide,
water, acetone, 1-3-cyclopentadiene, acetic acid, benzene, acetic
anhydride and toluene could be well separated and identified
in both the unaged and aged specimens. However, the relative
concentration of the pyroylsis products are found different in the
unaged and aged samples, which is discussed in detail in Section
3.2.1 in comparison with the paint samples.

3.1.3. FTIR-ATR analysis
The FTIR-ATR results of the polyvinyl acetate (PVAc) Mowilith®
Benzene 3.67 4.6 Chain scission product
AA 4.68 0.7 Acetic anhydride,

deacetylation product
Toluene 5.40 1.2 Chain scission product
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Table  3
ATR infrared absorption of the investigated polyvinyl acetate samples.

Bond type Mowilith® 50 and golden
PVAc paints (cm−1)

C H stretching 2973, 2926
C O stretching 1729

C H bending 1433
1370

C O and C C
stretching

1225
1120
1018

945

C H rock 795
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Fig. 4. Pyrograms obtained by Py–GC/MS with double shot technique in the first
step-thermal desorption of unaged/aged samples of (a) golden paint PVAc cobalt
632
604

 molecular vibration at 1729 cm−1 and complemented by two
ess intense peaks at 1433 and 1370 cm−1 due to the CH3 asym-

etric and symmetric bending vibration, respectively. The second
ost intense peak was detected at 1,225 cm−1 according to the

symmetric stretching mode of C (C O) C of ester groups, fol-
owed at lower wavelengths by a double peak with the maximum at
018 cm−1 and the less intense one at 945 cm−1. Additionally, dif-
erent less intense peaks such as the doublet of the CH3 and CH2
ntisymmetric stretching vibration at 2973 and 2926 cm−1 and the

 H rocking vibration at 795, 632 and 604 cm−1 were detected.
he spectra of the unaged PVAc binder were compared with the
pectra of the aged sample in order to see any effect of the UV
ight on their chemical stability. By comparing the IR spectra of the
naged and aged polyvinyl acetate binding medium (Fig. 3) no sig-
ificant changes in the absorption were recorded. The only signal
f the photo-oxidative reaction on the synthetic binder is given
y the weak broadening of the carbonyl peak in the wavenumber
ange between 1700 and 1600 cm−1, which suggests the increas-
ng of free acetic acid [27] after UV ageing according to the Norrish
ype II mechanism [17] as well as with the results obtained by the
y–GC/MS analysis with the double-shot mode. Although a loss of
ster groups with a consequent formation of the free acetic acid

ook place during the UV ageing, the absorption of the carbonyl
eak at 1729 cm−1 remained unchanged. This is probably due to the
ompensation of the loss of ester groups with some new oxidation

ig. 3. FTIR-ATR spectra of the polyvinyl acetate (PVAc) Mowilith® 50 before (solid
ine) and after UV ageing (dashed line).
blue, (b) golden PVAc paint titanium white; AO, antioxidant KB (butylated hydrox-
ytoluene); DEP, diethyl phthalate; DiPA, N,N-diethyl-N′-phenylethylenediamine,
DOP, di-n-octyl phthalate.

products such as aldehyde groups absorbing in the same region and
formed by reaction of secondary macroradical with oxygen [28].

3.2. Unaged and aged golden PVAc paints

3.2.1. Py–GC/MS analysis with double-shot method
In order to characterize PVAc paints of different pigments and to

see their degradation properties after UV ageing, the golden paints
(Table 1) unaged and aged specimens were analyzed by Py–GC/MS
with double-shot technique. Due to the similarity of the results,
only the pyrograms of golden PVAc cobalt blue and titanium white
unaged and aged samples obtained by Py–GC/MS in the thermal
desorption step are depicted in Fig. 4a and b. It can be seen that the
deacetylation product – acetic acid was  detected in both unaged
and aged samples. However, in the aged samples the amount of
acetic acid is higher than in the unaged ones indicating the degra-
dation of the film after drying and accelerated by the UV ageing
procedure. Diethyl phthalate (DEP) at RT of 21.1 min and di-n-octyl
phthalate (DOP) at RT of 32.5 min  were detected in the samples,
which are the plasticizers used in the products. The antioxidant
KB (butylated hydroxytoluene) at RT of 19.9 min and N,N-diethyl-
N′-phenylethylenediamine at RT of 32.5 in the samples were used
as additives for the paint products. The reason for the presence of
octadecane in the Golden paint PVAc with cobalt blue samples is
not clear and probably due to the impurity of the product. In the
aged samples the increase amount of acetic acid and the decrease
of the plasticizer could be observed.

In the second step-pyrolysis of the paint samples, the main
pyrolysis products are the same as for PVAc (Fig. 2b), which

are carbon monoxide, carbon dioxide, water, acetone, 1-3-
cyclopentadiene, acetic acid, benzene, acetic anhydride and
toluene (chromatograms are not present here due to the similarity
to Fig. 2b). However, the relative concentration of the pyrolysis
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Fig. 5. Comparison of unaged and aged golden PVAc paints: (a) values of O/B; (b)
values of O/A; PVA, Mowilith® 50; NA, nickel azo yellow; CR, cadmium red dark; BU,
b
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urnt umber; CB, cobalt blue; TW,  titanium white; 1, unaged, 2, aged.

roducts is different in the studied paint samples, respectively.
he ratios of oxidization products of CO, CO2, H2O (O) to the
eacetylation product – acetic acid (A) – labelled as O/A and
he oxidization products (O) to the main chain scission product
enzene (B) – labelled as O/B were calculated using the peak areas

n the pyrograms, which are illustrated in Fig. 5. It can be seen
hat the values of O/A and O/B for all the aged samples are higher
han their unaged counterparts. Furthermore, by comparing these
esults with those for PVAc itself, the golden PVAc paints with
igments of burnt umber, cobalt blue, cadmium red dark, titanium
hite have significant higher O/A and O/B values, while golden

VAc paint with nickel azo yellow has lower O/A and O/B values.
It is obvious that the increase of O/A value in the aged samples in

omparison to the unaged counterparts is either due to the decrease
f acetic acid (A) or increase of the oxidization products (O). It is
ot difficult to explain the decrease of the amount of acetic acid

n the UV aged samples obtained by double-shot Py–GC/MS in the
yrolysis step, since significant amount of acetic acid was formed
uring UV ageing, which already released and detected in the ther-
al  desorption step, so less amount of acetic acid remained in the

amples. Therefore the O/A values are higher in the UV aged PVAc
amples than that in the unaged ones. The O/A value could be used
s an indicator for the status of the degradation of the PVAc. The
igher the value of O/A is, the more degradation of PVAc probably
ccurred, and vice versa. Since the O/B value has the same trend
s O/A value, both of those two values can be used as a clue of the
egradation status. From Fig. 4, it can be seen that the Golden PVAc
aints with pigments of cadmium red dark, burnt umber, cobalt
lue and titanium white have higher values of O/A and O/B than

VAc itself, this may  indicate that those pigments accelerate the
egradation of PVAc. Contrary to that, the PVAc paint with nickel
zo yellow has lower values of O/A and O/B, representing the nickel
zo yellow probably behavior as stabilizer for PVAc.
Fig. 6. FTIR-ATR spectra of the golden PVAc nickel azo yellow before (solid line) and
after UV ageing (dashed line).

3.2.2. FTIR-ATR analysis
Polyvinyl acetate (PVAc) paints have a more complex chemical

formulation in comparison to the pure synthetic binding medium.
This is mainly due to the addition in the paint of other compo-
nents such as organic and/or inorganic pigments, extenders as well
as plasticizers, which might interfere with the polyvinyl acetate
binder on the infrared absorption in the IR spectrum. The plas-
ticizers are commonly included in these commercial products as
external type in an amount up to 50% for improving the chemical
and physical properties of PVAc. Additionally, some studies on the
PVAc paints, which were carried out also by FTIR, reported the pres-
ence of a plasticizer as well as its loss during the irradiation [29].
Except for the nickel azo yellow sample (Fig. 6) with three weak and
small peaks in the region between 1665 and 1500 cm−1 and for the
cobalt blue sample in the range between 720 and 480 cm−1, the
aged polyvinyl acetate paints did not show additional bands that
could mask in some infrared regions the detection of the binding
medium with their absorption.

Similar to the ATR results obtained on the aged Mowilith® 50, no
noticeable differences could be determined by comparing the spec-
tra of the unaged and aged golden PVAc paints (Fig. 6). The shape
of the peaks and their intensity in absorption remained almost
unchanged, without formation of new shoulders and/or bands in
the infrared spectra of the aged samples. Although by the Py–GC/MS
with double shot method it was evinced an increasing of the acetic
acid, no broadening of the carbonyl peak in the spectra of the aged
sample that could be attributed to the appearance of other carbonyl
function was noticed. Additionally, the formation of the acetic acid
according to the Norrish type II mechanism is complemented by the
C C double bond in the main chain, which is possibly due to its low
amount [28], not detectable in the infrared spectrum. Moreover,
several possible intermediates such as lactones, ketones, peracids
as well as other volatile compounds could be formed during the
photo degradation by chain scission reactions. The relative concen-
tration of these products would still be in very low and therefore
not noticed in the infrared spectrum.

4. Conclusion
The thermal and photo-oxidative degradation of PVAc was  char-
acterized by Py–GC/MS and FTIR. Thermal degradation products
of Mowilith® 50 (PVAc) at different temperatures were examined
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ith single-shot technique of Py–GC/MS. The double-shot tech-
ique of Py–GC/MS was applied to monitor the PVAc degradation
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