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ABSTRACT

Lignocellulosic agricultural by-products can be utilized for an
array of biocomposite material applications. Biocomposite
properties can approach those of synthetic conventional
composites. They are highly suitable for automotive
applications, where the thrust is toward fuel economy,
weight-reduction, and higher renewability. A common
automotive polymer for biocomposite application is alloyed
acrylonitrile butadiene styrene (ABS), whose extensive usage
can be attributed to its exceptional balance of properties.
However, the low sustainability of ABS in environmental
degradation entails the addition of fillers. In this study, the
UV blocking properties of lignin component of natural fibers
will be analyzed for their use as additives in a natural ABS
grade and will be compared to an ABS grade compounded
with a traditional UV inhibitor.

INTRODUCTION

Biocomposite materials combine the advantage of reducing
the usage of synthetic petroleum products by using a
renewable natural resource and offering structural
performance similar to those of synthetic composites [1, 2].
Biocomposite materials also feature competitive pricing
because of their economical natural component, in addition to
adding value to commodity polymers, such as polypropylene
and polyethylene [3,4,5]. These polymers allow ecasy
incorporation of the natural lignocellulosic fiber and allow an
additional fiber chemical treatment [4] due to their low initial
cost, which explains their widespread usage. Research
endeavors have also extended to various other thermoplastic
matrices, however with mixed results.

Apart from polyolefins, acrylonitrile butadiene styrene (ABS)

in its standard and alloyed grade finds many applications in
the automotive plastic components [6]. ABS is a styrenic
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polymer that is a combination of rubbery toughener
(polybutadiene) particles dispersed in a styrene-acrylonitrile
(SAN) phase [7]. ABS possesses the highest impact
resistance within engineering polymers, with high toughness
and the flexibility of processing that includes injection and
compression molding, rotomolding, blow molding, etc. [6].
The common applications for ABS are enclosures for
electronic equipments and automotive parts. They are
considered to be alternatives for HDPE, PP and nylon. Table
1 lists the properties of unreinforced ABS. In spite of
possessing superior properties and easy moldability that
strengthen its position as an engineering polymer, the cost/kg
of the material partly prohibits its usage in commodity
applications.

ABS on environmental weathering shows brittleness and
yellowing [8]. The unsaturated bond in acrylonitrile side
group favors thermo-oxidative degradation by the formation
of imide chromophores, which causes yellowing over time
under conditions of outdoor exposure. Moreover, the
unsaturated bond in butadiene backbone contributes to
thermal, thermo-oxidative, or photo-oxidative degradation,
and readily shows chain scission and crosslinking leading to
embrittlement.

Specifically, the discoloration and instability of ABS to
outdoor weathering are primarily attributed to the
unsaturated carbonyl and double bonds in the butadiene phase
and in the styrene acrylonitrile dispersion [9]. Tiganis et al.
[10] investigated the thermo-oxidative degradation of ABS
blends, and reported the degradation to be concentrated at the
surface that showed microcracks initiating from existing
flaws in the degraded polymer surface layer and causing
fracture in mechanical testing. They also reported the thermal
degradation of the SAN phase being dictated by physical
aging and thermo-oxidative degradation, but mechanical
properties in the degraded material being a function of the
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polybutadiene phase, which entails the addition of stabilizers
to optimize performance. Davis et al. [11] conducted thermal
degradation studies in ABS resins and found the degradation
of the polybutadiene phase to undergo photolysis of the
methylene bond in the trans-1,4-polybutadiene, which creates
radicals that oxidize to produce carbonyl and hydroxyl
byproducts. Pickett et al. [12] performed accelerated
weathering on several engineering thermoplastics, including
ABS, and found it to possess a high non-linearity in
degradation with increased irradiance intensities. They also
argued that shorter wavelengths would cause higher
degradation in the polymer, with aromatic polymers; such as
ABS is expected to have absorption maxima at wavelength
lower than 300 nm.

Table 1. A List of ABS properties [6].

Property Value
Price (US $/kg) 5.00-5.10
Density (g/cm?) 1.01 - 1.21
Fracture Toughness (MPa.m'%) 1.20-4.20
Service Temperature (°C) -18-90

Glass Transition Temperature (°C) 110

Moisture Absorption (% dry mass)  0.1% — 0.5%

The addition of inexpensive natural filler to ABS is thus an
opportunity to utilize the cellulosic part of the fiber for
strength, and the lignin component for retardation of thermal
and ultraviolet degradation. Moreover, this study shows an
increased weathering performance without sacrificing
mechanical strength. Specifically, this investigation focuses
on analyzing the performance of a natural fiber-reinforced
ABS vis-a-vis a carbon black-filled, heat-stabilized ABS
grade. The unreinforced ABS grade is treated as a baseline
for properties.

MATERIALS AND EXPERIMENTAL
PROCEDURE

MATERIALS

ABS was obtained from Thai ABS plastics in natural (Porene
AP102, Thai Petrochemical Company) and black grade
(Porene AP102W, Thai Petrochemical Company), with a UV
stabilizer (carbon black) [13]. The melt flow index for these
polymers was about 20.0 g/ 10 min. The nomenclature used
in this paper is ABS-N for natural colored ABS, ABS-B
denotes carbon black filled ABS, and ABS-S stands for ABS
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compounded with bio-based filler. A bio-based natural fiber
derived from a hull-type structure was used in this study, with
an average of about 45 wt. % cellulose and 22 wt. % lignin.

PROCESSING

The as-received ABS was compounded with 20 wt. % of
lignocellulosic fiber, which was selected based on previous
studies. The fiber was subjected to size-reduction in a
centrifugal mill to approximately 0.25 mm. The polymer and
the fiber were compounded in a co-rotating twin-screw
extruder (Leistritz Micro 18 GL-40 D) and pelletized after
being water-cooled and blow-dried using compressed air. The
compounded pellets were injection molded (Technoplas SIM
5080) using vendor-recommended temperature profiles, as
ASTM D-638 type specimens. In all cases, ABS-N, molded
with similar processing parameters, was used as a control for
properties.

ULTRAVIOLET AND HUMIDITY

CONDITIONING

ABS-N, ABS-B, and ABS-S specimens were conditioned
according to ASTM G 154-06 in an accelerated weathering
tester (Q-UV, Q-Lab Inc.) [14] with UVA-340 lamps with an
approximate irradiance of 1.55 W/m%nm, at a wavelength of
340 nm. A common cycle suggested in the ASTM Standard
was used, which was 8 h of UV exposure at 70 + 3 °C black
panel temperature followed by a 4 h condensation at 50 + 3
°C black panel temperature. The Q-UV weathering tester
simulates the harshest environmental conditions of ultraviolet
radiation portion of sunlight, hot condensation, and high
temperature, which cause the maximum degradation in
plastics that are used for outdoor applications. These
specimens were exposed to 1) 168 h (14 cycles) and 2) 84 h
(7 cycles).

MECHANICAL TESTING

Tensile Testing

Type-I dogbone specimens were tested according to ASTM D
638 [15] at room temperature with a minimum of four
specimens for each material. The ultimate tensile strength
(UTS, or), Young's modulus (ET), percentage extension to
failure for ABS-S, and strain at maximum stress are reported.

Dynamic mechanical analysis

Coefficient of linear thermal expansion (CLTE) was
measured using a dynamic mechanical analyzer (DMA Q800,
TA Instruments Inc.) [16] in the controlled force module that
utilized a tensile film clamp. The specimen was held in the
clamp using a minimal preload force, and was subjected to a
temperature ramp of about 5 °C/min from room temperature
to 150 °C. Displacement was plotted as function of
temperature, and the slope was determined in a relatively
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linear region. The slope was then translated to a CLTE value
using a = (1/1y) (Al/AT), where a is the CLTE, Al and /j are
the change in length and initial lengths, and AT is the
temperature difference.

CHARACTERIZATION

Fourier-transform Infrared Spectroscopy

FTIR was used to observe the compositional changes in the
specimen caused by the environmental conditioning. An
FTIR (Nicolet 6700, Thermo Electron Corporation) [17] was
used in the attenuated total reflectance (ATR) mode on a Zn-
Se crystal, with a resolution of 4.0 /cm and 32 scans per
specimen. All spectra were post-processed with an ATR
correction in the vendor software.

Colorimetry

A bench-top colorimeter (Macbeth ColorEye Model # 7000)
[18] was used to monitor the color change (AX, AY, AZ) or
increasing yellowness over the unexposed specimens.
Yellowness is an optical property of a polymer that is a
measure of the chromatic deviation from whiteness in
wavelengths ranging from 570 nm - 580 nm [19]. A CIE
L*a*b* scale was used to measure the specimen color, which
was converted to XYZ scale for calculating yellowness index,
according to ASTM E 313-05 [20] using the following
equation

Yellowness Index=100(1.28AX —1.06AZ)/AY
1)

RESULTS AND DISCUSSION
CHARACTERIZATION

The observed mass loss after a UV/condensation treatment
was approximately 0.260 = 0.008 %, 0.360 + 0.021 %, and
0.390 £ 0.013 % in ABS-N, ABS-B, and ABS-S specimens.
Following retrieval of the specimens from the weathering test
chamber, the specimens were weighed, and conditioned in a
desiccator till they regained equilibrium mass. All analytical
measurements were performed after this conditioning.

Fourier-transform Infrared Spectroscopy

FTIR spectra of the unexposed and Q-UV conditioned
specimens were acquired in the ATR mode. Fig. 1.(a) shows
the 900 - 1000 cm™! region of the spectra, which represents
the rocking modes of CH, that constitutes trans- 14
butadiene (~960 cm™!) and 1,2 butadiene (~910 cm™!) [8].

The 960 cm™! peak undergoes severe degradation in
1

intensity, whereas 910 cm ' peak is comparatively less
sensitive to degradation. As shown in the unexposed

condition, the 910 cm™! and 962 cm™! peaks are distinct,
which can be treated as a baseline. However, with a 168 h Q-
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UV treatment in ABS-N, the intensity of 910 peak decreases,
as expected, but the 960 peak completely disappears (Fig.
1(b)). This observation can be explained by considering the
similar roles of carbon black in ABS-B and the extremely
photo-stable lignin component of the natural fiber in ABS-S.
These components actively shield the exposure, and thus
preclude immediate initiation of oxidation. The absence of
either anti-oxidant in ABS-N causes the observed effect (note
that the ABS-N after exposure required a secondary y-axis
for absorbance in order to overlap the results for discussion

purposes).

On the other hand, the intensities of both peaks in ABS-B and
ABS-S decrease, but recognizable peaks exist and show
minimal peak-shift. This observation leads to the argument of
a lower chain scission and other degradation mechanisms
over ABS-N's basic molecular structure with the addition of
filler. Nevertheless, ABS-S in the exposed condition shows
lower absorbance of the CH, when compared to the

unexposed material (Fig. 1.(c)).

Fig. 2 shows the FTIR spectra of the unexposed and 168 h-
exposed materials and focuses on the 2850 cm ™! (CH,) and

2233 em™! (C = N) bands, which are the representative of the
molecular structure of ABS. The intensities of the 0 h-
exposed materials (Fig. 2(a) and 2(b)) were higher than those
of168 h-exposed samples. This decrease is consistent with the
degree of degradation in the material. Lower peak intensities
and convoluted peaks in ABS-S and ABS-B materials at 168
h-exposed case suggest higher degree of chain scission and
onset of degradation especially in the CH; groups. Moreover,

the relative band intensities for the 2233 cm™! peak for the
ABS-S and ABS-B in both exposure cases remains nearly
constant, while a decrease in nitrile (C = N) absorbance and
peak shift is observed in the neat material. This change in
peak characteristics also indicates that ABS-N is more
susceptible to damage, over the ABS-S composite.
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