.‘;\\e Sclence

4d -
5 (N
g (s

ISSN: 2165-8064,

'vlaaul,ﬁ",a

9,

Masudur Rahman and Khan, J Textile Sci Eng 2018, 8:1
DOI: 10.4172/2165-8064.1000338

Journal of Textile Science & Engineering

Influence of UV Radiation on Mechanical Properties of PVC Composites

Reinforced with Pineapple Fiber

Masudur Rahman ANM"#* and Ruhul A Khan?

"Department of Fabric Engineering, Bangladesh University of Textiles, Dhaka, Bangladesh
2Polymer Composite Laboratory, Institute of Radiation and Polymer Technology, Bangladesh Atomic Energy Commission, Dhaka, Bangladesh

p

Abstract

Pineapple fiber reinforced polyvinyl chloride (PVC) composites (25-75% fiber by weight) were fabricated using
compression molding technique and the mechanical properties such as tensile strength (TS), tensile modulus (TM),
bending strength (BS), bending modulus (BM) and impact strength (IS) of the composites were evaluated. It was
found that at 55% fiber content, the composite exhibited the best mechanical properties. The TS, TM, BS, BM and IS
were found to be 48.8 MPa, 773 MPa, 75.6 MPa, 4.2 GPa, 21.4 KJ/m? for 55% fiber composite. The composites were
exposed to different intensities of ultraviolet (UV) radiation (25-200 UV dose) and found significant improvement in
the mechanical properties up to 100 UV dose. At 100 UV dose, the value of TS, TM, BS, BM and IS of the composite
were found to be 57.3 MPa, 932 MPa, 87.5 MPa, 5.2 GPa and 26.3 KJ/m? respectively. Water uptake behaviours
of the non-irradiated and UV irradiated composites were also observed. The interfacial property was examined by

scanning electron microscopy (SEM).
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Introduction

Pineapple fiber is one of the most common well-known natural
fibers on the world. Pineapple fiber is extracted from the leaves of the
plant Ananus cosomus belonging to the Bromeliaceae family by retting.
It is a very cheap and lightweight natural fiber. So, to fabricate partially
degradable type, low cost and light weight composite, pineapple fiber
was selected. Pineapple leaf fiber has three principle constitutes, namely
cellulose (70-82%) and lignin (5-12%) [1]. The surface of pineapple
fiber is shown in Figures 1 and 2. The superior mechanical properties
of pineapple leaf fibers are associated with their high cellulose content.
Interest in using natural fibers as reinforcement in the polymer matrix
as partial replacement of synthetic fibers has grown significantly
during the last era because of their low cost, low abrasive nature and
low density, biodegradability and recyclable nature [2-5]. Among the
natural fibers, pineapple appears to be a promising material due to its
low cost, nonabrasive nature, low density, high strength, and modulus
than plastic and is commercially available in tropical countries.
Pineapple composites can thus ensure a very effective and value-added

application street for the natural fiber. It can be very cost-effective
material especially for building and construction industry, packaging,
automobile and railway coach interiors, and storage devices [4,6].
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Figure 1: Virgin pineapple fiber (200X view).

Polyvinyl chloride (PVC) is an important engineering thermoplastic
which is expansively used in the automobile and building construction
fields, as well as packaging due to its outstanding and vital mechanical
properties. Ithas high mechanical strength, high corrosion and chemical
resistance, durable, flexible, high softening temperature and relatively
low cost. Throughout the world, about 50% of PVC manufactured is
used in the field of construction. But PVC is not biodegradable and
today, the world is conscious of the environment. So researches on
natural fiber reinforced synthetic polymer-based composites are going
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Figure 2: Virgin pineapple fiber (200X view) with the measurement of diameter.
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on. A good number of papers have been published already on jute
fiber reinforced polypropylene, polyvinyl chloride composites. But
no studies have been carried out on the mechanical properties of the
pineapple fiber reinforced PVC composites [7,8].

There has been increasing significant growth in the development
and application of radiation such as UV and gamma in curable
materials in various industrial areas. Gamma and UV radiation are
known to deposit energy in solid cellulose by Compton scattering and
the rapid localization of energy within molecules produced trapped
macro cellulosic radicals. The radicals thus created are responsible for
changing the physical, chemical and biological properties of cellulose
fibers, polymers and composites [9].

The present investigation involves measuring the mechanical
properties (tensile, bending and impact strength) of the matrix material
PVC and the pineapple fiber/PVC composite. Different intensities
of UV radiation were applied to the composite material and the
mechanical properties of the composites were evaluated significantly.
Water uptake behaviour of the composites was also performed and
interfacial properties were investigated by analysis of SEM.

Materials and Methods
Materials

Pineapple fiber has been collected from the local market of
Bangladesh. Polyvinyl chloride (PVC) was purchased from Polyolefin
Company, Private Ltd., and Singapore (Figures 1 and 2).

Composite fabrication: PVC sheet was cut to the desired size (12
cm X 12 cm) for composite fabrication. Pineapple fibers were cut into
the length of 10 cm. Composites were prepared by sandwiching 4 layers
of fiber between 5 sheets of pre-weighted PVC. The sandwich was then
placed between two steel molds and heated at 190°C for 5 min under a
pressure of 5 Metric Ton. Then, the composite containing steel plates
was cooled to room temperature using another press (same model) and
then cut to the desired size for testing.

Mechanical testing: Tensile tests were evaluated according to DIN
53455 standard method using a Universal Testing Machine (Hounsfield
series S, model: H 50 KS-0404, UK). The load capacity was 50 KN
and a cross-head speed of 10 mm/min using gauze length of 20 mm.
The dimensions of the test specimen were: 60 mm x 15 mm x 2 mm.
Bending tests were carried out according to DIN 53452 using the same
testing machine mentioned above at a cross-head speed of 10 mm/min
and span distance was 40 mm. The impact strength was measured using
impact tester (MT-3016, Pendulum type, Germany) according to DIN
EN ISO 179 standard in the flat wise, un-notched mode.

Before testing, samples were conditioned at 25°C and 50% relative
humidity for several days and all the tests were performed under the
same conditions. All the results were taken as the average values of five
samples.

Irradiation: The composite samples were subjected to irradiation
with UV radiation (254-313 nm) using a minicure (UV Minicure Me-
200, IST Technik, Germany), which delivers 2 KW power strength. The
speed of the conveyor of the Minicure was 4 m/min for each pass of
the substrate under the lamp by maintaining different UV radiation
(25-200 UV pass) intensities. The irradiated samples were subjected for
testing after 24 hours of radiation.

Water uptake: Composite samples (20 x10 x 2 mm?®) were
immersed in a beaker containing deionized water at 25°C for different

time periods (up to 60 h). Before immersion in water, the specimens
were dried in an oven at 105°C, cooled in a desiccator and weighed.
After certain periods of time, samples were taken out from the beaker
and weighed. Water uptake was determined by the following formula:
Water uptake (%)=[(Wwet-Wdry)/Wdry] x 100, where W dry and W
wet are the weight of the samples before and after water treatment.

SEM analysis: The surface of the composite was examined by
Philips SEM at an accelerating voltage of 10 KV. SEM specimens were
sputter-coated with gold.

Results and Discussions

Effect of polymer loading

Mechanical properties of a fiber-reinforced composite depend on
several factors, such as fiber content, fiber characteristics, matrix-fiber
adhesion and fiber orientation. The fiber content of the composites
varied from 25 to 75% of their total weight. Besides tensile strength
is more dependent on the matrix and compatibility between fiber
and matrix, while tensile modulus is more influenced by the fiber
impregnation and fiber ratio. Effect of fiber loading (wt %) on the
mechanical properties of resulting composites was studied and the
results are given in Figures 3-5.

It was found from the figures that TS, BS, TM, BM and IS were
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Figure 3: Effect of polymer loading on tensile and bending strength of the
composites.
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Figure 4: Effect of polymer loading on tensile and bending modulus of the
composites.
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Figure 5: Effect of polymer loading on impact strength of the composites.

Tensile, bending and impact properties of PVC sheet and composites (55%
fiber by weight)

Tensile properties Bending properties

TS (MPa)  TM (MPa) IS (KJ/m?) BS (MPa) BM (GPa)

342+12 528+10  45+04 407+16 1.2+04

488+15| 773+13 | 21.4+05 756+1.8 4.2+0.7

Materials
PVC sheet
Pineapple/PVC

Table 1: Tensile, bending and impact properties of PVC sheet and composites
(55% fiber by weight).

increased linearly with increasing the percentage of fiber up to 55% in
the composite and then started decreasing with the increase in fiber
loading. At 55% fiber content, TS, BS, and IS of the composites were
found to be 48.8 MPa, 75.6 MPa and 21.4 KJ/m? respectively. It was
also found that the value of TM and BM were 773 MPa and 4.2 GPa,
respectively. So, the mechanical properties of the composites increased
with the increase of fiber in composites up to 55% by weight and
above 55%, the mechanical properties decrease with the increase of
fiber loading which may be attributed to the fact that increasing fiber
content in the composites decreased the fiber-matrix adhesion due to
poor wetting tension. From this investigation, this is clear that 55%
fiber content composites performed the best mechanical properties. So
the composition of 55% fiber content was taken to be the optimum
composition. At lower levels of fiber content, the composite shows
poor mechanical properties due to reduced fiber population and little
load transmission capacity to one another. As a result, stress gets
accumulated in certain points of the composites and highly localized
strain occurred in the matrix. At the levels of 55% fiber loading, the
population of the fibers is just right for maximum orientation and
the fibers actively participate in stress transfer from the continuous
polymer matrix to the dispersed fiber phase [5,10] (Figure 4).

Above 55% fiber content, there was a notable reduction in
mechanical properties of the composites. Higher level of fiber content
increased the population of fibers, which may lead to cluster and stress
transfer becoming blocked which could cause crack initiation as a
result failure occurs. The failure of the bio-composite might be initiated
by the failure of the matrix and then followed by fiber breakage [11]
(Figure 5).

Comparative mechanical properties

The mechanical properties such as tensile, bending, and impact
strength of PVC sheet and Pineapple/PVC (55% fiber by wt.)
composites were evaluated and compared. The results are presented in
Table 1.

From Table 1, it was found that TS, TM, BS, BM, and IS of the PVC
sheet was found to be 34.2 MPa, 528 MPa, 40.7 MPa, 1.2 GPa, 4.5 KJ/m?
respectively. Virgin pineapple fibers successfully reinforced with PVC
matrix. The TS and TM of the composite increased to 42.7 and 46.4%,
respectively than that of the matrix PVC. It was found that BS, BM and
IS also improved 85.7, 250 and 377.7%, respectively over the matrix
material PVC.

Effect of UV radiation on mechanical properties of the
composites

The optimized composite samples (55% fiber by wt.) were irradiated
by different dose of UV radiation. The effects of UV radiation on the
mechanical properties of composites such TS, TM, BS, BM and IS of the
composites were investigated. The tensile, bending and impact strength
as a function of total dose of the composites are shown in Figures 6-8.

From Figures 6-8, it was found that the TS, TM, BS, BM and IS of
the composites increasing trend from 25-100 UV dose and after that
the values decrease up to 200 UV dose. Best mechanical properties were
obtained using 100 UV dose and the value of TS, TM, BS, BM and IS of
composite were found to be 57.3 MPa, 932 MPa, 87.5 MPa, 5.2 GPa and
26.3 KJ/m? respectively. For the composite, about 17.4% increase in TS,
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Figure 6: Tensile and bending strength of UV irradiated composites against
total radiation dose.
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Figure 7: Tensile and bending modulus of UV irradiated composites against

total radiation dose.
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20.5% increase in TM, 15.7% increase in BS, 23.8% increase in BM and
22.8% increase in IS was found compared to non-irradiated sample.
This is significant findings in this research work (Figure 7).

TS, TM, BS, BM and IS of the composite are influenced by the
interfacial bond strength of the PVC matrix and fiber. UV treatment
improved interfacial bond strength by producing active sites.
Consequently, the mechanical properties of the irradiated composites
were improved up to 100 UV dose due to inter cross-linking between
the neighboring cellulose molecules. It can be assumed that stress
transfer between matrix and fiber was good at 100 UV dose leading to
cracks preventing at the fiber. But above 100 UV dose, the main chain
may be broken down and polymer may be degraded into fragments
and as a result, the mechanical properties are degraded. UV irradiation
affects the polymeric structure of the cellulose fiber and produces
active sites that increase the intra-chain bond in the fiber that causes
the polymeric chain to group together in a highly ordered (crystal-like)
structure. The intra-chain bonds are strong and give the fiber strength
[11-14]. For these reasons, the mechanical properties of the irradiated
composite increased up to 100 UV dose (Figure 8).

Water uptake of the composites

Water uptake determines the water-swelling behaviour of the
samples. The results of water uptake (%) of non-irradiated and
irradiated samples were shown in Figure 9 against the time (h) of
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Figure 8: Impact strength of UV irradiated composites.
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Figure 9: Water uptake behaviour of non-irradiated and UV irradiated
composites.
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Figure 10: SEM image of the surfaces (a) tensile fracture surface (b) of
Pineapple/PVC composite.

soaking in water. The water uptake values were found (6.3-15.7%) for
non-irradiated composite, and (4.6-9.8%) for UV irradiated composite
at various soak time. The water absorption by the samples was very
fast within the initial 10 h, and then the absorption rate became slow.
Hydroxyl groups present in the cellulose form intermolecular hydrogen
bonds with other cellulose molecules as well as with other hydrogen
groups and increase moisture absorption (Figure 9).

The water uptake value of UV treated composites was found to
lower than other composites ascribed that using UV decreased the -
OH group as well as increased crystallinity in cellulosic fiber by grafting
in the polymer chain which in turns decrease amorphous regions.

Morphological study of the composites

Scanning electron microscopy (SEM) was used to study the
interfacial properties of the composites. (Figure 10a and 10b) shows
the surface and tensile fracture surface of pineapple fiber composites.

It is observed that the diameters of the fibers are different and the
surface of the fibers is rough with the adhesion of some smaller fibers
and particles. On the contrary, the pineapple fiber was completely
surrounded with the PVC matrix proving a better fiber-matrix
adhesion which leads to better stress transfer between the matrix and
the reinforcing fibers.

Conclusion

Pineapple fiber reinforced PVC based composites were prepared
successfully using compression molding and physico-mechanical
properties were evaluated. The investigation showed that at 55%
fiber content the composite showed optimum mechanical properties.
UV radiation was also found to be a potential source to improve the
physico-mechanical properties of Pineapple/PVC composites. SEM
analysis showed that fiber and PVC matrix was in good adhesion, but
also revealed that the interfacial bonding between fiber and polymer
can be further improved by using coupling agent or surface treatment
of fibers.
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