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a b s t r a c t

The current research investigated the effects of anthraquinone solvent dyes and commercial stabilizers
on the aging resistance properties of ethylene-norbornene (EN) composites subjected the aging in the
full solar-spectrum for various time periods. During irradiation, the mechanical properties were
measured by low and high degrees of deformation using dynamic mechanical analysis (DMA) and tensile
tests until break, respectively. Changes in the color and surface defects in the investigated composites
were evaluated using spectrophotometry and scanning electron microscopy (SEM). An accelerated aging
test revealed that the application of solvent dyes with anthraquinone chromophores significantly pro-
longed the lifetimes of the EN composites during aging. The best improvement in durability was found in
the EN samples that contained dyes, such as Solvent Blue 97, Solvent Blue 104, Solvent Blue and Solvent
Green 28. Moreover, the ability of solvent dyes to protect EN composites against harmful effects of solar
radiation was found to be much greater comparing to those of the investigated, commonly used
stabilizers.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Dyes and pigments are widely used in the coloration of polymer
materials for many commercial applications [1,2]. Although pig-
ments and dyes are primarily used to impart color to the particular
polymer and make it attractive for consumers, they can also have a
dramatic effect on the polymer photostability [3e9]. For example,
anatase form of titanium dioxide (TiO2) is markedly photosensitive
in degrading polymers [10]. Literature data showed that both
organic and non-organic pigments generally improve the light
stability and weathering resistance of polymeric materials [11�14].
Favorable pigment influences on the polymer light stability is most
likely due to screening or selective absorption of harmful radiation,
and deactivation of polymer photoexcited species. Among organic
pigments, phthalocyanine blue and green pigments were identified
as the most useful in this regard, because they exhibit strong ab-
sorption in UV range [15e17].

Dyes as opposed to pigments, are soluble and transmit light in

the media being colored. Out of the wide variety of dyes only a
small group of them is suitable for coloring polymers especially non
polar like PP or PE. They must fulfill a number of requirements such
as good solubility in non-polar or slightly polar media, light resis-
tance, resistance to chemicals and high thermal stability under
processing [18,19]. Some of the colorants which almost fully meet
these requirements are solvent dyes being the subject of this study.

Recently a new group of solvent dyes with anthraquinone
chromophores, characterized by exceptional good heat and light
resistance has been developed. They are relatively inexpensive,
have very good solubility in non-polar medium, excellent color
strength, transparency as well as high heat and light stability.
Moreover, a full range of colors, with similar solubilities and sta-
bilities, can be developed by changing the pendants on the
anthraquinone molecule [20,21]. Nevertheless, in the literature
there is no information about the effects of such type of dyes on the
aging process of polymer materials.

In the current research solvent dyes with anthraquinone chro-
mophores and different types of auxochromes, were employed to
obtain colored elastomer composites characterized by enhanced
aging resistance and good mechanical strength. The effects of* Corresponding author.

E-mail address: marzec.anna@hotmail.com (A. Marzec).

Contents lists available at ScienceDirect

Polymer Degradation and Stability

journal homepage: www.elsevier .com/locate /polydegstab

http://dx.doi.org/10.1016/j.polymdegradstab.2015.11.013
0141-3910/© 2015 Elsevier Ltd. All rights reserved.

Polymer Degradation and Stability 123 (2016) 137e145

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:marzec.anna@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.polymdegradstab.2015.11.013&domain=pdf
www.sciencedirect.com/science/journal/01413910
http://www.elsevier.com/locate/polydegstab
http://dx.doi.org/10.1016/j.polymdegradstab.2015.11.013
http://dx.doi.org/10.1016/j.polymdegradstab.2015.11.013
http://dx.doi.org/10.1016/j.polymdegradstab.2015.11.013


solvent dyes on the properties of the tested composites were
compared to a reference sample and stabilizer-based composites of
ethylene-norbornene EN, which are commonly used in polymer
technology.

2. Materials and sample preparation

Dyes: Solvent Blue 97, 1,4-bis[(2,6-diethyl-4-methylphenyl)
amino] anthracene-9,10-dione (Keystone, USA), Solvent Blue, 104
1,4-bis[(2,4,6-trimethylphenyl)amino] anthracene-9,10-dione
(Keystone, USA), Solvent Green 28, 1,4-bis[(4-n-butylphenyl)
amino-5,8-dihydroxy] anthracene-9,10-dione(Keystone, USA), Sol-
vent Red 207, 1,5-bis[(3-methylphenyl)amino]anthracene-9,10-
dione (Keystone, USA). Solvent Blue dye, 1,4-bis[(4-n-butylphenyl)
amino] anthracene-9,10-dione has been synthesized according to
formulas described in the literature [21].

Commercial stabilizers: Tinuvin 234, phenol, 2-(2H-benzo-
triazol-2-yl)-4,6-bis(1-methyl-1-phenylethyl) (Ciba, Switzerland),
Chimassorb 81, methanone [2-hydroxy-4-(octyloxy)phenyl]phenyl
Switzerland (Ciba, Switzerland), Tinuvin 1577, 2-(4,6-diphenyl-
1,3,5-triazin-2-yl)-5-[(hexyl)oxy]-phenol (Ciba, Switzerland).
Structures of the studied dyes and stabilizers are shown in Table 1.

Ethylene norbornene random copolymers (EN) e Topas Elas-
tomer 140 (40 wt% bound norbornene content, TOPAS Advanced
Polymers, Germany) was used as a polymer matrix.

The ethylene-norbornene EN mixtures were prepared by ho-
mogenization of the EN copolymer and dyes or stabilizers in an
internal mixer (Brabender Measuring Mixer N50).

The formulations of the EN compounds consisted of the
following: ethylene-norbornene copolymer (100 phr), solvent dye
(0.2 phr) or stabilizer (0.2 phr). The polymer mixtures were pro-
cessed at a rotor speed of 50 rpm and an initial temperature of
80 �C. Samples with a thickness of 1 mmwere obtained by pressing
the compounds between steel plates at 100 �C for 10 min.

3. Method

The thermal stability of the powders was studied using a TGA/
DSC1 (Mettler Toledo, Italy) analyzer. The samples were heated
from 25 �C to 500 �C in an argon atmosphere (60 ml/min) with a
heating rate of 10 �C/min.

The UVeVisible absorption measurement were studied with a
Jasco V-670 spectrophotometer (Japan), using standard quartz cu-
vettes. The absorption spectra were recorded over a wavelength
range of 200e800 nm. The dyes and stabilizers concentrations
were 1 � 10�5 M for all the samples.

Attenuated total reflection Fourier transform infrared (ATR-
FTIR) spectrawere recorded on a Thermo Scientific Nicolet 6700 FT-
IR spectrometer (USA), equipped with a diamond crystal, at room
temperature with a 32-scan signal from 600 to 4000 cm�1 in
absorbance mode. Each result was taken from 3 different places of
sample and averaged.

DSCmeasurements (DSC1Mettler Toledo, Italy) of samples were
performed at a heating rate of 10 �C min�1 in the temperature
range �50 to 200 �C under a nitrogen atmosphere. The glass
transition temperatures (Tg) were determined at the midpoint of
the step.

Tensile properties were characterized with ZWICK 1435 tensile
testing machine of Zwick Roell Group (Germany). Tensile strength
(TS) and elongation at break (Eb) were measured at room tem-
peraturewith a crosshead speed of 500 mm/min. For testing, type 2
dumb-bell specimens were prepared according to the ISO-37-2005
standard. Five different dumbbell-shaped specimens were tested,
and the average value for each formulation was reported. Mea-
surement error was in the range of ± 1e3 MPa for TS values and for

± 5e15% for Eb values. The aging coefficient S was calculated ac-
cording to the following relationship: S ¼ [TSA � EbA]/[TSB � EbB],
where TS corresponds to the tensile strength, Eb to the elongation
at break, and TSA and EbA correspond to the values of the TS and Eb
after aging, respectively.

Dynamic mechanical analysis (DMA) was performed on a TA
Instruments Q 800 Dynamic Mechanical Analyzer (USA) operating
in tension mode at a frequency of 10 Hz. Testing was conducted
over the temperature range of �80 to 100 �C with a heating rate of
2 �C/min.

The color of the obtained composites was measured using a CM-
3600d spectrophotometer from Konica Minolta Sensing, Inc.
(Japan). The instrument provided the color in the terms of the CIE
L*a*b* color space system. In this color space, L represented the
lightness (or brightness), a and bwere color coordinates, whereþa*
was the red direction, ea* was the green direction, þb* was the
yellow direction, and eb* was the blue direction. Moreover,
changes in individual components allowed to estimate the total
change of color E. The spectral range of the apparatus was
360e740 nm, where the change of color DE was calculated by the
equation below (1):

DE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDLÞ2 þ ðDaÞ2 þ ðDbÞ22

q
(1)

DL corresponds to the difference in the brightness intensity
between light and dark, Da corresponds to the difference of in-
tensity between green and red, Db corresponds to the difference of
intensity between blue and yellow, and the D symbol implies the
difference in the colors of the samples before and after aging.

Weather aging of samples that contained dyes or stabilizers was
performed with light radiation of l ¼ 280e3000 nm using a Solar
Climatic 340 instrument. The test was based on two variable pe-
riods that simulated day and night conditions. The test timeline had
the following parameters: day period e solar irradiation, temper-
ature 70 �C, humidity 50%, duration 8 h; night period e tempera-
ture �20 �C, humidity 60%, duration 4 h. The length of the test was
1400 h.

4. Results and discussion

4.1. Thermal stability of dyes and commercial stabilizers

Thermal analysis plays an important role in the study of the
stability of polymer additives. To be suitable for application, the
dyes and stabilizers must be able to withstand the polymer pro-
cessing conditions and the subsequent environmental conditions.
Table 2 shows the thermal stability data of the dyes and stabilizers
as determined by thermogravimetric analysis (TGA). The nature
and position of the substituents in the anthraquinone dyes influ-
ence the color and other properties. The heat and chemical stabil-
ities vary considerably for different substituted pendants on the
base anthraquinone chromophore. It is known that a-substituents
increase the molar extinction coefficients and enhance the tech-
nical performance, especially the lightfastness, of dyes because of
their participation in intramolecular hydrogen bonding with the
carbonyl groups. Generally, the heat stability of 1,4-disubstituted
anthraquinone dyes, increases with the polarity of the substituent
group [22,23].

Solvent Green 28 has the highest heat resistance of the
anthraquinone dyes with different substituents. The presence of
hydroxyl groups in the 5- and 8-positions in the molecule of Sol-
vent Green 28 increases its thermal stability compared to Solvent
Blue. On the other hand, the alkyl butyl chain attached to the aro-
matic ring in Solvent Blue provided better heat stability than the
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