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ABSTRACT: Resin bonded sand casting is widely used for
manufacturing automotive parts, especially those made of aluminium alloys.
In general, resin bonded sand casting use alkaline resin as binding agent.
Typically, they are from non-biodegradable materials that have issues on
reclamation and disposal of the sand as well as cause hazard to the
environment. Therefore, a biodegradable resin consisting of Polyvinyl
Alcohol (PVA) as one of the solution contents was developed to substitute
the non-environmental friendly resin. The purpose of this investigation is to
attest that PVA is a biodegradable material under natural environment.
Weight loss quantification was used as a method to study the
biodegradability of PVA and Fourier transform infrared spectroscopy (FTIR)
and Raman spectroscopy were used to examine the molecular bonding as
well as the morphological structure of the resin after biodegradation. The
degradation process was evaluated by the weight loss and molecular
structure of the PVA. At the end of this study, the weight loss of PVA is
insignificant to show the biodegradation process. However, further
investigation using FTIR and Raman spectroscopy methods; it is observed
that there is a significant change in molecular and morphological structure of
PVA.
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1.0 INTRODUCTION

Resin bonded sand casting is proven has a great improved property in
terms of strengthening the mould as compared to a traditional sand
casting which use clay as a binder. Recently, resin bonded sand
casting industry uses furan and phenolic as a binder to strengthen the
mould. Hussein et al. [1] found that these materials have improved
the properties of the mould significantly in term of tensile, transverse
and compression properties. However, the use of furan and phenolic
materials have an issue of environmental pollution at the disposal
phase [1-2], in which increase in awareness to substitute for greener
and more environmental friendly materials. Few polymers such as
polyvinyl alcohol (PVA), polylactic acid and microbial biopolymers
are found to be biodegradable [3-6]. The polymer becomes an interest
as a biodegradable material because of its excellent mechanical
properties, low cost and good bonding agents [7-9]. Theses excellent
properties are desirable to maintain the shape of the mould during
pouring process.

Among most of the biodegradable polymer that rises the attention of
researchers is polyvinyl alcohol (PVA). PVA is a kind of synthetic
polymer that has a vast application in many industries as an option to
substitute a non-biodegradable material [10-11]. PVA has very great
physical properties such as viscosity, film forming, emulsifying,
dispersing power, adhesive strength, flexibility and good bonding
agent [12-13]. PVA is known as a versatile polymer and the only
polymer that contains a backbone made up from primarily -OH
bonds that is totally biodegradable [14]. The biodegradability of PVA
is determined by its degree of hydrolysis, molecular weight [15], the
degree of polymerization and hydrolysis, the distribution of hydroxyl
groups, and the stereoregularity and crystallinity of PVA [16].
However, as claimed by Kawai [15], crystallinity does not give much
effect to biodegradation of PVA because the presence of functional
group i.e ~OH is more significant. The hydrolysis of ester groups will
trigger the biological degradation in the amorphous phase.

Biodegradation of materials is mainly caused by enzymatic and

chemical degradation by living microorganisms [17]. The enzymatic
biodegradation of a material depends on the microbes, the pH-value,
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temperature, moisture, low glass temperature (high mobility), and
low crystallinity. Campos et al. [16] had stated that other factors that
affect biodegradation process are the nature of the polymer, the
interaction among the blend components, its crystallinity and
environmental conditions i.e. light, temperature, Oz concentration and
humidity. = Researchers =~ commonly use the method of
thermogravimetric analysis (TGA) [18], direct observation on the
morphological ~ structure  of  materials, spectrophotometric
(concentration) analysis [19] and measuring the weight loss [5] as an
indicator of the biodegradability of PVA. It is essential to understand
the techniques to measure the degradation of PVA according to the
desired condition.

This study employed a method of measuring the weight loss coupled
with FTIR and Raman analysis to study the degradation process of
PVA. The aim of this study is to examine the biodegradability of
polymeric resin in sand mould. The objectives of this paper are to
measure the weight loss of PVA in a soil as an indicator of
biodegradation process, analyse the microstructure of the resin and to
compare the molecular bonding of PVA.

2.0 EXPERIMENTAL METHODS

This research has been specified to study the weight loss of pure PVA
in soil under natural environment. Their relationship is defined in
such a way that the set of factors will give impact on weight loss,
which in turn determines the final outcome in terms of
biodegradation rate of PVA. The parameters used in this study are
obtained from previous researches, which claimed that temperature
and moisture condition are the factors that affect the soil microbial
activity towards the degradation rate. The most suitable condition for
soil microbial activity is the best when the temperature between is 25
to 30°C in low soil moisture [20].

PVA was procured from Merck Schuchardt, Germany. The PVA used
was 100% hydrolyzed with a molecular weight of 60000. As this study
focuses on the natural degradation of PVA, it is important to conduct
the study close to the natural environment but with some
modification to increase the biodegradation rate. There were five
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samples used in this study. These samples were left in a room
temperature of 30°C with 10% of soil moisture content. The weight
loss of PVA was measured every 9 days. Weighing routine started
with drying the samples in the oven to make sure there was no water
left in the soil before the samples were weighed. At the end of the
experiment, one sample was taken to observe the colonization of the
PVA using Scanning Electron Microscope (SEM).

The sand was from a beach sand type from Johor. To obtain the dry
sand, 1 kg of sand was left on A4 paper and distributed evenly as thin
as possible so that no moisture trapped between the sand particles. It
was dried in a room temperature for one day. Then the sand was
further dried in a vacuum oven at a temperature of 80°C for 6 hours
to completely dry the sand. The weight of the sand was taken before
and after each procedure.

Biodegradability of PVA was studied in a natural environment where
the samples were exposed in a laboratory with no control over
temperature and humidity. Sand of 100g was mixed with 20g of PVA
and 20% of deionized water for the initial moisture in an aluminum
container with the ratio of 5:2:2 for sand, PVA and water. There were
five replicates that contain the mixture of sand, PVA and water. There
were two control samples that contained a mixture of sand and PVA
and a mixture of sand and water. The samples were placed in an open
area for 90 days. The weight is taken every 9 days interval using
digital weighing scale.

Throughout the experimental period, no moisture was added as to
mimic the worst situation, which is a drought season. The moisture
was monitored by comparing the weight loss of the mixture of sand,
PVA and water with the mixture of sand and water. The weight loss
of PVA was calculated in percentage using.

% weight loss = (wi — wt) / we * 100 (1)

where wi is the initial weight of PVA and water wt is the weight of the
PVA and water at the time of weighing.
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FTIR was used to study the molecular vibration of polymer. The IR
spectra were obtained using a Jasco 6100 FTIR spectrometer. The FTIR
spectra were presented in absorbance range 400 to 4000 cm™ acquired
with a resolution of 4cm™. FTIR analysis is employed to identify the
absorption peaks, which correspond to the frequencies of vibrations
between the bonds of the atoms that making up the material.

Raman spectroscopy was also employed in this study to support the
findings in FTIR but with different medium. Raman spectroscopy
used in this study was from UNIRAM-3500 model with a wavelength
of 532 nm. Apart from that, Raman spectroscopy was also employed
to capture the microstructure of the PVA.

3.0 RESULTS AND DISCUSSION

The weight of the samples, weight loss and its percentage are
tabulated in Table 1. The data analysis is presented in the form of
graphs to compare the weight loss throughout the experimental
period. Figure 1 shows the percentage of weight loss of PVA. The first
9 days shows significant reduction in the weight loss that is 41%. The
reduction in weight is due to the water molecules that escape into the
air. The remaining days shows a nearly constant weight loss
percentage. At this period, water molecules are completely escaped
from the sand mixture. The weight loss from PVA particles is
observed to be very insignificant. The phenomenon of minor weight
reduction of PVA under natural condition has been due to the absence
of specific microorganisms to perform degradation process since the
PVA degrading microorganisms is hardly found in the environment
[19, 21].
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Table 1 : Test Model Specifications and Test Conditions of PVA Weight Loss.

Day Weight of Mixture Weight Loss of Weight Loss (%)
(® PVA (g)

0 140.00 0 0

9 123.54 16.46 41.15
18 123.26 16.74 41.85
27 123.01 16.99 42.48
36 122.89 17.11 42.48
45 122.61 17.39 43.48
54 122.23 17.77 44.43
63 121.98 18.02 45.05
72 121.69 18.31 45.78
81 121.32 18.68 46.70
90 120.83 19.17 47.93
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Figure 1 : Percentage weight loss of PVA

Apart from that, the degradation rate of PVA is observed to be very
slow and not significant under natural environment due to the degree
of hydrolysis of PVA used in this study. As claimed by Azahari et al.
[14], the biodegradability of PVA is dependent on its degree of
hydrolysis. Higher degree of hydrolysis makes the PVA more water
resistant in the natural environment and more difficult to crystallize
[11]. Rolf [22] stated that it is difficult for the microorganism to
transport the material directly into cells for the biochemical takes
place if the material is water resistant. Moreover, the high degree of
hydrolysis always has high molecular weight that is also another
factor that influences the biodegradability of PVA. Biodegradability
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decreases with increasing molecular weight as reported by [23].
Tudorachi et al. [17] highlighted that the PVA biodegradability can be
increased by combining with other natural polymers such as starch,
chitosan or cellulose specifically if the process is desirable in a natural
environment. These natural polymers can initiate de-polymerization
by soil microbes to begin the breakdown of the polymer chain [23].

Figure 2 shows the FTIR spectra of fully hydrolyzed PVA. Some of the
major peaks are observed related to hydroxyl and acetate groups.
Referring to the peaks obtained from PVA before degradation, there
are hydroxyl, carbon-hydrogen bonding and carbonyl bonding exist.
Large band is observed from 3200-3550 cm™ due to hydroxyl (O-H)
stretching mode. The hydroxyl stretching mode at this peak occurred
because of the elimination of water in which occurred in the first step
of the degradation process. It was evident that the stretching of
hydroxyl is due to the loss of water in the first stage of the
biodegradation process.
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Figure 2 : FTIR spectra from PVA particles before and after
degradation process

The band was observed between 2840 and 3000 cm™ because of the
stretching of carbon-hydrogen (C-H) bond as the carbon was used for
source of energy of microbial growth and the formation of water
and/or methane in biodegradation process [12]. Another peak
observed between 1735 and 1750 cm™ due to the stretching of

eISSN: 2289-8107 Special Issue iDECON 2016 135



Journal of Advanced Manufacturing Technology

carbonyl double bond stretching. Figure 2 also depicts significant
reduction intensities of the absorption before and after PVA
degradation process. It clearly shows that there is significant
molecular distortion occurred during degradation process. Carbonyl
and hydroxyl group are completely distorted as it used for the
formation of carbon dioxide and water and/or methane in the
degradation process.

The investigation of molecular vibration is supported using Raman
spectroscopy of the samples before and after the biodegradation
process as illustrated in Figure 3. It is observed that PVA peaks in
Raman spectrum have two different shifts, which are at 1450 and
2919. The peak at 1450 Raman spectrum is corresponds to the
presence of C-H bonding. Another peak is observed at 2919 Raman
spectrum, which corresponds to the presence of C-H bonding.
Observe the increase in intensity after the biodegradation process. It is
a result from more of the functional group present in the sample. This
graph shows insignificant changes in the molecular structure of PVA.
This finding is supported by the statement made by Premraj and
Doble [6] that claimed PVA can only degrade in the PVA-degrading
environment, with the presence of specific microorganisms (from
Pseudomonas strain) that is hardly found in the natural environment.
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Figure 3 : Raman spectrum of PVA before and after biodegradation
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Figure 4 shows the morphological structure of PVA particles before
and after biodegradation process. It is observed that there is a
significance difference in the structure. The grains before

biodegradation process are intense and continuous (Figure 4a).
However, the grains after the biodegradation process are observed to
be shorter and discrete (Figure 4b). The visible change in the
morphological structure clearly indicates that there is distortion in a
molecular structure. The distortion might due to the change in the
crystalline structure by microbial activity. The distortion is an
evidence of biodegradation of PVA that occurred after 90 days mixed
with soil under natural environment.

From the findings above, the soil burial technique is insignificant to
evaluate the biodegradability of pure PVA. This is due to the minor
change in weight loss obtained from this method. However, further
investigation is carried out using FTIR and Raman analysis. Distortion
is observed in both FTIR and Raman analysis result from a stretching
and scissoring of hydroxyl and carbonyl bonding. The morphological
study also shows a remarkable difference before and after
biodegradation process. Therefore, it can be concluded that only some
part of pure PVA is degraded by soil burial technique. The PVA will
not degrade solely in a natural environment without the presence of
PVA-degrading microorganisms or blending it with natural polymer
as starch.

b’ \

(®)

Figure 4 : PVA molecular structure (a) before and (b) after degradation
observed by using Raman spectroscopy
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4.0 CONCLUSION

This study investigates the biodegradability of PVA wusing an
evaluation of weight loss of PVA as an indicator of physical change
due to biodegradation process. Apart from that, this study employed
FTIR and Raman analysis that has a different spectrum to examine the
change of the material chemically. The morphological study is
performed using Raman imaging to observe the structural change of
the PVA.

Results from weight loss evaluation shows that soil burial is not
significant in determining the biodegradability of pure PVA. This is
due to the PVA characteristic of PVA wused in this study. Fully
hydrolyzed PVA has a high degree of hydrolysis, in which the
molecular weight is also high that lead to decreasing the
biodegradability of the resin. High degree of hydrolysis PVA should
not to be exposed to the environment alone without combining with
other natural polymer such as starch. Blending the material could
increase the biodegradation rate of PVA. Some modification of the
parameters in this study also could improve the result by setting the
parameter constant such as temperature by using humidity chamber.

However, the result from FTIR and Raman shows different findings
where it is observed that there is a change in the IR spectra of PVA
before and after degradation process. The peaks in FTIR and Raman
spectra shows the existence of some of the chemical groups that
correspond to the bonding that making up the PVA. The change in
intensity of both spectra indicates the distortion of the molecular
structure of PVA after biodegradation process. Image in Figure 4 also
depicts that a change in morphological structure corresponds to the
biodegradation process. From these results, it can be concluded that
the rate of biodegradation of PVA is very slow under normal
environment without the presence of natural polymer as a catalyst in
the process.
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