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Basalt fibers (BFs) were surface-treated with a vinyl triethoxy silane coupling agent to improve the mechanical
properties of wood fiber-reinforced high density polyethylene (HDPE) composites. Basalt fibers were characterized with
SEM and FT-IR. The effects of the basalt fiber content and apparent morphology on the mechanical properties of the
hybrid composites were investigated in this paper. The results show that the BF coated with the vinyl triethoxy silane
coupling agent resulted in an improvement in mechanical properties due to the increased interfacial compatibility
between the BF and HDPE. The flexural strength and impact properties significantly increased with 4 wt.% modified

basalt fibers.
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1. INTRODUCTION

In recent years, there has been an increased interest in
developing composite materials from renewable resources.
Wood fiber-reinforced thermo-plastics, usually called
wood plastic composites (WPCs), have recently received a
great deal of attention from both academia and industry
[1—4]. The mechanical properties, color and texture of
WPCs are similar to that of wood, and hence WPCs are
widely used in gardening, municipal applications,
automobiles, and other applications such as pallet
construction [5, 6]. Waste plastic and wood sources can be
used as raw materials to manufacture WPCs, resulting in
“turning waste into something useful” [ 7, 8].

However, the mechanical properties of WPCs are
insufficient to fit the requirements of structural and
engineering construction. The reason is that the hydrophilic
bio-fibers and hydrophobic thermoplastic matrix usually
creates a weak interfacial bond between [9, 10, 19]. In this
case, high performance fibers were investigated to improve
the WPCs’ properties.

Basalt fibers (BFs) are made from volcanic rocks. It
has been tried to use BF as an alternative reinforcement
material for polymer matrix composites [11, 12]. Their
chemical compositions are similar to that of glass, and its
basic components are Al,O; , Si0,, CaO, MgO, K,0, Na,O,
Fe,O; and FeO [13]. In recent years, basalt fibers have
been studied extensively as reinforcements in both
thermoplastic and thermosetting matrices [14—16],
however, their applications in wood plastic composites
have rarely been reported. In a previous investigation,
basalt fibers ranging in length from 3 mm to 12 mm were
directly added into a commercial WPC that had been
characterized [17], and the addition of BF did not lead to
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an important improvement in the tensile and flexural
strength of the WPC. The purpose of present research was
to evaluate the influence of the added modified basalt
fibers into wood fiber/high density polyethylene
(WF/HDPE) composite on the mechanical properties of the
hybrid-reinforced plastic composites.

2. EXPERIMENTAL
2.1. Materials

HDPE (50008 resin, density 0.954 g-cm™, melt flow
index 0.7g-10min"') was purchased from Daging
Petrochemical Co. Ltd. China, and was used as a matrix in
this research. The Basalt fibers (6 mm in length, 17 um in
diameter) were provided by Zhejiang GBF Basalt Fiber Co.
Ltd. China. Wood fibers (40-mesh to 80-mesh) were
bought from Harbin Yongxu Company, China. Vinyl
triethoxy silane coupling agent (YGO-1203) was obtained
from Harbin Chemical Research Institutes, China.

2.2. Samples preparation
2.2.1. Surface treatment of BF

Basalt fibers were extracted from a Soxhlet extraction
apparatus after being soaked in acetone for 12 h, and then
washed with deionized water for 3h to remove any
impurities. These treated basalt fibers were dried in an
oven at 110°C for 3 h, and then were cooled to room
temperature.

The mixed solvent was prepared by mixing 90 %
anhydrous ethanol and 10 % distilled water at room
temperature, then vinyl triethoxy silane coupling agent was
added to this mixed solvent. The pH value was buffered to
about 3.5 by adding glacial acetic acid and stirring for
5 min. BFs were submerged in the mixed solvent for
30 min and then filtered from the solution. The BF fibers
were dried at room temperature before the grafting reaction



was carried out at 120°C for 2 h. Then the treated fibers
were washed alternately with deionized water and acetone.

2.2.2. Preparation of composite sample

Wood fibers were dried in a drying oven at 105°C to
reduce moisture content to less than 3 %. HDPE, BF
(Original or Modified), and WF were mixed in a
high-speed mixer for 10 min, and then were transferred to
a twin-screw/single-screw extruder system to directly
produce BF/WF/HDPE composite lumber. The specific
ratio of HDPE, BF, and WF are listed in Table 1.

Table 1. Hybrid composites and their compositions

Composites HDPOE= le: Modiﬁeod BF,
wt.% wt.% wt.%
WPC 36 60 0
YWPC-4 36 56 p
YWPC-8 36 52 g
YWPC-12 36 48 =

2.3. Characterization

2.3.1. Fourier transform infrared spectroscopy
(FT-IR) analysis

The original and modified BF was analyzed with
FT-IR in a Magna-IR 560 (Thermo Nicolet) at room
temperature to investigate the formation of the chemical
bonding while considering the surface treatment of the
basalt fiber. Data were collected from 400cm™ to
4000 cm ™' with 32 scans for each sample.

2.3.2. Mechanical tests

Tensile properties were evaluated with a crosshead
speed of 5 mm/min, and flat tensile specimens with
(50x13x4) mm gauge dimensions were machined
according to ASTM D638-2004.

Three-point  flexural tests with (80%13x4) mm
specimens were carried out according to ASTM
D790-2004. A crosshead speed of 2 mm/min and span
length of 64 mm were used for testing.

The unnotched Izod impact strength of the composites
was determined from similar tests with (63.5x12.7x4) mm
specimens according to ASTM D256-2006.

Each test was repeated at least six times, and the
average value was calculated.

2.3.3. Scanning electron microscopy (SEM)

Interfacial bonding in the BF/WF/HDPE composite
was investigated with SEM. Samples were first frozen in
liquid nitrogen and then broken. The fracture surfaces were
subsequently sputter-coated with gold. The observation
was conducted with a FEI QuanTa200 SEM (Holland). The
accelerating voltage was 12.5 kV.

3. RESULTS AND DISCUSSION
3.1. FT-IR spectroscopy

Basalt fibers were treated with silane agent coupling to
improve their bonding with the HDPE matrix.
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The FT-IR spectra of the BF both treated and untreated
with the silicane coupling agent are shown in Fig. 1.
Compared with the untreated BF, new peaks appeared at
2869 cm ™', 1733 cm™, 1510 cm™, and 1372 cm™ in the
spectra of the treated BF (Fig. 1,b). These peaks
correspond to alkane (2869 cm™), —CH,— (1510 cm™), and
—CHj; (1372 em™), which were introduced by the silicane
coupling agent. In this research, the hydrogen bonding
occurred between basalt fiber and hydrolyzed coupling
agent, which leads to a flexible coupling agent layer
formed at the surface of basalt fiber and crosslinking with
polyethylene substrates [18]. As a result, the interfacial
adhesion between the BF and HDPE matrix was
strengthened. The FT-IR spectra indicated that the surface
of the BF was coated with the coupling agent layer.

However, new peak of 1733 cm™' was not related to
basalt fiber and coupling agent, it was probably the
vestigial glacial acetic acid which was used to buffer pH
value at 2.2.1. Some researchers presumed that the silicane
coupling agent easily reacts with the —OH groups on the
surface of the BF [18], however, we did not find the peak
of the reactive product, Si—-O-Si, at around 1100 cem ™.

110

100 4
b) P g /
R 17
> 2869 cm’ S o C/m’.' \
8 a0 1372 cm
o=
[
£
o
(7]
o]
<< 80
a) Original BF
1
70 b) Modified BF 724 cm
880 cm™_,.\
T T T ; . .
3500 3000 2500 2000 1500 1000 500

Wavenumber, cm™

Fig. 1. FTIR spectra of BF: a — original BF, b — BF modified with
Vinyl triethoxy silane coupling agent

3.2. Mechanical properties of the composites

The tensile properties of the WF/BF/HDPE composites
are shown in Fig. 2. Compared with the composites that
did not contain BF, the tensile strength and tensile modulus
of the composites containing 4 wt.% treated BF (YWPC)
increased by 9.1 % and 9.7 %, respectively (Fig. 2, a).
However, the tensile strength and tensile modulus did not
change much with further increases in the basalt fiber
content.

With respect to the flexural property, the addition of
4 wt.% modified BF resulted in an increase in flexural
strength by up to 14.0 % and flexural modulus by 3.4 %
(Fig. 2, b). When the content of modified BF was further
raised to 12 wt.%, the flexural strength and modulus
increased by 17.1 % and 10.4 %, respectively.

The unnotched impact strength of the composite was
also improved by adding BF (Fig.2,c). When the BF
contents were 4 wt.%, 8 wt.% and 12 wt.%, the increases
in the impact strength were 28.2 %, 39.4 %, and 42.4%,
respectively. Generally speaking, the addition of basalt



fibers to the composite improved its impact strength due to
reduction of the stress concentration. In the present
research, this improvement may be also attributed to the
improved compatibility between BF and HDPE matrix
after grafting treatments. Original basalt fiber has an inert
surface and shows a poor interface adhesion with HDPE
resin. However, the compatibility can be significantly
improved due to the coupling agent layers between BF
and resin matrix after surface modification. On the other
hand, there were more effective contact areas on BF
surface to disperse stress in the impacting process [17, 19].
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Fig. 2. Mechanical properties of YWPC: a — tensile strength and
tensile modulus, b — flexural strength and flexural
modulus, ¢ — impact strength
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3.3. Micrographic analysis of BF and WPCs

A morphological comparison between the original and
modified BF is presented in Fig. 3, a and b. The surface of
modified BF was rougher than that of the original BF
because of the attached chemicals on the BF surface. It is
presumed that this rough surface facilitated the interfacial
adhesion between the HDPE matrix and BF due to the
larger surface area.

In the case of the original BF, its surface is smooth and
exhibits a poor interfacial adhesion (Fig. 3, ¢). On the other
hand, the surface treatment produced a rough BF surface,
which created a stronger adhesion between the HDPE
matrix and the BF surface (Fig.3,d). These data is
consistent with the variation in mechanical properties listed
in Fig. 2.

However, BF pullout from matrix could also be
observed in Fig. 3, d. It is the dominant failure mode for
the YWPC. Because basalt fiber is much stronger with
respect to tensile strength than are the wood fiber and resin
matrix, basalt fibers were pulled out from the HDPE
matrix before breakage. Hence, it is very important to
improve the interfacial bonding strength.

Fig. 3. SEM micrographs of BF and WPCs: a — original BF
(3000x%), b — modified BF (3000x), ¢ — fracture surface of
WPC (1000x), d — fracture surface of YWPC (1000x%)

4. CONCLUSIONS

Basalt fibers modified with a vinyl triethoxy silane
coupling agent were introduced into WF/HDPE
composites as a reinforcing material. SEM and FT-IR
proofed that functional silane can be grafted onto BF and
produced rough surfaces. After modification, the surface of
the BF became more compatible with the HDPE matrix.
Addition of modified BF to wood plastic composites
provided better flexural and impact properties. It was
proofed that suitable surface treatment is necessary to
improve the reinforcement of BF.
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