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ABSTRACT: Flexographic photopolymer plates have a
wide range of commercial applications despite the fact
that recycling of such materials is difficult. In conse-
quence, there is a large bulk of leftover material around
the world. In this research, the photopolymer plate waste
products, identified as styrene-butadiene rubber (SBR)/
polyester are blended into common polypropylene (PP)
and ethylenevinylacetate (EVA) resins at different loading
percentages. PP and EVA are used as the polymer matrix
and the recovered styrene-butadiene rubber (SBR) material
as the filler. Evaluation of the mechanical, spectroscopic,
thermal and chemical properties, as well as morphology,
is done by means of scanning electron microscopy (SEM).

Mechanical results show that elongation strongly depends
on the matrix polymer: the greater the amount of solid-
sheet photopolymer (SSP), the smaller the elongation. No
specific interactions were detected; however, thermal deg-
radation and transitions were displaced, suggesting some
miscibility. More homogeneity is seen for EVA blends,
with no significant chemical attack detected. It is possible
to reuse these recycled materials in blends with PP and
EVA resins. VC 2010 Wiley Periodicals, Inc. J Appl Polym Sci 118:
1436–1441, 2010
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INTRODUCTION

The recycling of polymeric materials is a problem
that has not been solved adequately. Only 30% of
polymeric waste is recycled as potential sources of
chemicals and energy.1–3 In Brazil, it is estimated
that 1150 thousand tons of plastics are consumed
each year, but only 17.5% is reinserted into the pro-
duction chain as input material.4

With increasing plastics consumption, the main
challenge is to keep pace in waste recovery. Chemi-
cal recycling, via thermal and/or catalytic conver-
sion, has been recognized as an ideal approach that
could significantly reduce the net cost of disposal of
industrial plastic wastes.2,3 Simple mechanical blend-
ing works as well.5

The flexographic printing plate industry uses large
amounts of photopolymerized materials. These are
used as cover sheets that protect the virgin surface
of the plates, a curable layer composed of an elasto-
meric and photosensitive copolymer, styrene/butadi-

ene, and other additives.6 Properties of photopoly-
meric plates depend largely on processing conditions7

and material composition.8 Figure 1 shows a sche-
matic representation of a solid-sheet photopolymer
(SSP) material.
Despite great demand for industrial use of these

materials, there are no relevant publications in the
open literature regarding recycling or post consump-
tion of flexographic printing plates. However, it is
known that reused SBR, when added to another
resin in small quantities, behaves as a filler to
increase stiffness and make the material more brit-
tle.9,10 The physical and mechanical properties of
blended SBR are sensitive to small variations in the
amount of individual components.11 EVA copoly-
mers constitute good counterparts for blends with
unsaturated elastomers such as SBR because of their
excellent mechanical properties, as mentioned by
Soares et al.12

On the other hand, ethylene propylene diene
(EPDM) has been reinforced with PP, which has a
significant effect on the rigidity of the material, espe-
cially after addition of compatibilizers.13 In this case,
PP has also been modified by addition of 5–10% of
epoxidized natural rubber.14 Moreover, the properties
of cracks, analyzed during mechanical evaluations,
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were also modified when nonmetal fibers from ther-
mosetting recycled plastics were used with PP.15

In the present work, we report the recycling of
waste products based on SSP/EVA and SSP/PP
blends. The mechanical, thermal, and chemical prop-
erties were evaluated, as well as the samples mor-
phology via scanning electron microscopy (SEM).

EXPERIMENTAL

Materials

Solid-sheet photopolymer plates (SSPs) were col-
lected from local industry and used in their unmodi-
fied form. The SSPs were cut into small pieces and
micronized cryogenically in liquid nitrogen at �180�C
to obtain a powder with particle size less than
24 mesh (� 0.5 mm). Particles were dried to constant
weight at 90�C before preparation for use in blends.

Blends preparation

Blends were prepared by adding the dried micron-
ized polymer plates to EVA (from Plásticos União
S.A., Brazil) or PP (Braskem, Brazil) at different per-
centage rates according to Table I.

Pellets were created using a single spindle ex-
truder (OZ-E-EX-L-22, Orizon). The processing pa-
rameters, such as temperature and spindle speed,
were adjusted in accordance with the blend compo-
sitions and kept constant for each blend. Spindle
rotation ranged between 80 and 120 rpm. Tempera-
ture varied between 140�C and 155�C with 5�C
increments along the four heating zones. Extruded
blends were pelletized and used to prepare molded
test probes in a HIMACO LH model 150�80
(80 tons) molding machine at 180�C. The procedure
for sample preparation was carried out according to
ASTM D 638.

Characterization of samples

Tensile mechanical properties were studied on
standard polymer probes using dumbbell-shaped
tensile-test specimens cut from the composite sheets.
The stress–strain data were obtained with an EMIC
model DL 10,000 tensile-testing instrument. The

equipment was maintained under the same condi-
tions for all blend films and operated at an extension
rate of 3 mm/min. The values of yield stress, tensile
strength, and elongation at break (plastic deforma-
tion) were determined according to ASTM D 638. At
least five specimens were tested for each sample,
and the average values were reported.
The FTIR spectra were recorded in a Varian 3100

Excalibur series instrument using an attenuated total
reflectance (ATR) accessory in the interval of 400–
4000 cm�1 and a resolution of 4 cm�1.
Thermal analysis was performed using a differen-

tial scanning calorimeter (DSC-50) and a thermogra-
vimetric system (TGA-50), both from Shimadzu. The
evaluations were carried out under a nitrogen
atmosphere. DSC traces were collected after the sec-
ond heating cycle (ambient to 300�C with heating
and cooling ramps of 15�C/min) to eliminate the
thermal history of the probes. TGA evaluations were
obtained from heating procedures of ambient to
600�C in ramps of 20�C/min. Finally, morphological
and microstructural analyses were performed by
means of SEM in a JEOL JSM 6390. Fractured sam-
ples, taken from mechanical evaluations, were gold
coated prior to the SEM evaluations.
Blends were also evaluated in their resistance to

chemical attack when in contact with various chemi-
cals. The procedure was carried out following ASTM
D543 directions. Three specimens of each sample
were immersed in corresponding solvents at 25�C 6
2�C with magnetic stirring for 24 h. The chemical
products used were: NaOH 10%, HCl, HNO3,
H2SO4, acetone, acetic acid, methanol, ethanol, N,
N-dimethylformamide (DMF) and toluene.

RESULTS AND DISCUSSION

Figure 2 shows the mechanical properties of each of
the blends. An important difference in deformation
percentage [Fig. 2(A)] can be seen between PP and
EVA materials. EVA can be elongated by more than
200%, whereas PP sustains just less than 50% of de-
formation under stress. The tensile strength and
modulii traces show similar behavior [Fig. 2(B,C)].
Moreover, the plates affect such mechanical

Figure 1 Schematic structure of a typical solid-sheet pho-
topolymer plate.

TABLE I
Composition of Blends SSP/PP and SSP/EVA

Blend

Composition (wt %)

SSP PP EVA

1a 5 95 –
1b 10 90 –
1c 15 85 –
2a 5 – 95
2b 10 – 90
2c 15 – 85
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properties. Although the effect is not very large, it is
noticeable, especially for higher loads and reducing
them for PP, but lightly enhancing them for EVA.
This means that plate particles behave as an inor-
ganic load even with crystalline PP.

The occurrence of specific interactions between the
blend components has been analyzed by FTIR spec-
troscopy. Figure 3 gives the FTIR spectra of pure
SSP [Fig. 3(a)] and both pure PP and its blend as
well as pure EVA and its blend. There are no impor-
tant differences between the original and blended
materials. The PP blend [Fig. 3(b)] shows a small sig-
nal about 1700 cm�1 corresponding to carbonyl

Figure 2 Mechanical properties of blends as a function of
the amount of SSP added.

Figure 3 FTIR spectra of (a) pure SSP; (b) 15% SSP
blends with PP and (c) EVA.
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species, which could come from the plates. Another
small signal at 3300–3400 cm�1 from both materials
can be attributed to the presence of peroxides com-
ing from a small oxidation process in the polymer
chain. The rest of the signals from both spectra cor-
respond to the proposed structures.

Figure 3(c) corresponds to EVA materials and also
shows no difference between the pure and blend. In
this case, the strong signal below 1750 cm�1 corre-
sponds specifically to the carbonyl from the acetate
group from the EVA which covers the small one
coming from the plate. The rest of the signals from
both spectra correspond to the proposed structures.

Figure 4 shows the thermogravimetric traces for
both materials before and after blending with the
plates. Figure 4(a) shows the TGA curves of virgin
PP and its higher loaded blend (15% SSP). PP by
itself has a one step decomposition involving evolu-
tion of volatiles due to thermal degradation, starting
at 330�C. Blended PP shows the same step of ther-
mal degradation but at a higher temperature
(350�C). These results indicate that addition of SSP
improves thermal stability of the resin due to some
miscibility between materials. It has to be mentioned

that polyester plates degrade at around 400�C and
as such enhances the stability being mixed with the
PP. Blends with 5% and 10% SSP have traces of vol-
atiles evolving at temperatures in a corresponding
sequence between the 0% and 15% (not shown here).
Figure 4(b) shows the TGA curve of virgin EVA

resin and its blend, which contains the highest
amount of SSP prepared (15% w). In the virgin EVA,
two thermal degradations are observed; the first is
at 320�C, corresponding to the acetic acid evolved
from the vinyl acetate (VA) decomposition, and the
second thermal degradation is at 440�C, from the
hydrocarbonated chains. It is clear that the blended
sample shows a similar trend; however, the evolu-
tion of volatiles displaces measurements by � 20�C
(320–340�C and 440–463�C, respectively). This sup-
ports the idea that addition of SSP improves thermal
stability, as seen with PP. Again, the 5% and 10%
SSP give expected trends in PP blends, like those
seen in EVA–SSP.
Figure 5 shows the DSC thermograms for PP and

EVA and their corresponding blends. In the case of
PP, which has higher melting temperature (Tm ¼
175�C), a reduction effect of 10�C in the transition

Figure 4 Thermogravimetric curves of 15% blends with
PP and EVA.

Figure 5 Differential scanning calorimetry thermograms
of 15% SSP blends with PP and EVA.

RECYCLING AND STABILITY OF FLEXOGRAPHIC PHOTOPOLYMER PLATES 1439

Journal of Applied Polymer Science DOI 10.1002/app



temperature is observed [Fig. 5(a)]. This indicates
some miscibility between the components of the
blend. It must be mentioned that the plates are com-
posed mainly of SBR and polyester,16 with the for-
mer in higher amounts. The polyester component
has a melting temperature of 80�C and is the reason
for the reduction of the PP melting transition.

Two details can be observed for EVA blends [Fig.
5(b)]. Melting temperature is, in this case, increased
by more than 10�C, and a signal near 60�C appears
for the 15% blend. The former means there is a
change in the thermal properties due to the rein-
forcement of EVA with the polyester–SBR mixture
from the plate. Moreover, the new signal corre-
sponds to the Tg of the polyester from the recycled
plates according to the characterization of raw mate-
rials.16 The Tg signal of the SBR rubber at �20�C is
also noticeable. Intermediate effects were seen for
the blends consisting of 10% and 15% of the plate
matter for both materials.

An important feature of SSP recycled material
blends is a reduction of thermal properties of rigid
materials such as PP but incrementation of thermal
properties for soft resins such as EVA. These
changes in the transition temperatures also confirm

the results of TGA and indicate that the mechanism
of accelerated thermal decomposition is different in
each polymer when the SSP is present.
SEM studies give an idea of miscibility between

blends. Figure 6 depicts a view of (a) PP/plate and
(b) EVA/plate. It can be seen that a smoother, better
dispersion of the recycled photopolymer can be
achieved with the PP matrix in comparison to the
EVA blend. These observations may be due to a
higher dispersion in values of the mechanical evalu-
ation for the latter material. There is no strong indi-
cation of miscibility between components of the
blends; however, evidence of changes in mechanical
and thermal properties, as well as the lack of specific
interactions by FTIR, indicates that there is compati-
bility between recycled plates and PP or EVA resins.
The resistance to chemical attack was determined

using the ASTM D543 standard and the results are
summarized in Table II. It is clear that all materials
increase mass after immersion in the used reagents,
with percentages as low as 0.03% or as high as
66.3%.
The inorganic reagents have the lowest interaction

with blends; the EVA materials gained the highest
percentages after contact with strong acids (nitric

Figure 6 SEM micrographs of 15% SSP blends with PP (a) and EVA (b) (magnification, 600�).

TABLE II
Mass Variation of Blends After Chemical Attack

Reagent

Mass variation

Weight of SSP in PP (%)
Weight of SSP in

EVA (%)

0 5 10 15 0 5 10 15

NaOH (10%) 0.07 0.08 0.04 0.03 0.40 0.10 0.20 0.30
HCl 0.10 0.40 0.30 0.30 0.10 0.10 0.20 0.20
HNO3 0.20 0.20 0.30 1.00 9.30 13.60 15.40 16.50
H2SO4 0.30 0.30 0.40 0.40 16.40 13.70 14.90 30.60
CH3COOH 0.10 0.06 0.10 0.20 6.20 6.70 6.60 7.10
Acetone 0.40 0.40 0.06 0.07 7.20 3.10 7.20 30.30
MeOH 0.20 0.10 0.10 0.10 1.40 1.40 1.50 1.50
EtOH 0.20 0.04 0.06 0.20 1.80 1.70 1.60 1.50
DMF 0.20 0.40 0.50 0.60 2.00 2.00 1.30 0.30
Toluene 5.60 14.50 15.70 20.60 66.10 70.00 78.50 66.30
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and sulfuric). The blends interact more with organic
reagents than inorganic reagents. In addition, the
EVA materials sustain the greatest increase in mass
percentage after the treatment. Toluene is the only
organic reagent that had an important interaction
with the polypropylene blends. It is obvious that the
differences are mainly due to the functionality of
EVA, with a minor effect from the amount of
recycled plates used in the blends.

In general, the blends have a high level of resist-
ance to chemicals, as seen by low interaction with
most reagents. After 24 h of treatment, no visual or
optical alterations in the blends were detected that
would indicate a chemical attack.

CONCLUSIONS

The mechanical properties of PP and EVA are little
affected by the addition of the photopolymer plates
as a common filler. No difference in chemical func-
tionality was detected by means of FTIR; however,
the temperature of degradation was delayed. The
effects on thermal transitions of matrix resins indi-
cate miscibility with recycled photopolymer plates,
especially with EVA, as shown by a more homoge-
neous microscopic structure. Chemical resistance of
blends is high for most of the reagents tested, espe-
cially the inorganic ones. EVA was the most affected
without sustaining serious visual damage. In gen-
eral, such photopolymeric plates can be recycled by
adding them to common resins, such as PP and
EVA. Such blends can be easily prepared by com-
mon processing methods.
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