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Abstract. Recently, the usage of plant-based fillers as reinforcement materials in polymer composites have been a focus
among the polymeric researches. The semi-crystalline cellulose extracted from the plant walls was found to be a good
potential reinforcing agent. Many studies focused on the mechanical properties of such blend, but least on the thermal and
biodegradability behaviour of the cellulose reinforced polymer. This paper presents the thermal- and bio-degradability of
garden waste cellulose incorporated in starch-polyvinyl alcohol (St-PVOH) biopolymer composites. The garden waste fibre
celluloses were alkaline treated to remove hemicellulose and lignin. Varying fibre content from 0.5 phr to 3 phr were mixed
and solution casted with St-PVOH blends. The results show that the biodegradability of the blends was positively correlate
with the cellulose fibres in the polymer blends, due to its ease of metabolized by microorganisms. Besides, it was observed
that primary thermal decomposition of the bio-composites blend occurs between 250 and 400°C via TGA. Higher content
of cellulose increases the thermal stability of the St-PVOH blends, especially for high starch ratio samples. According to
FTIR, the broad absorption band corresponded to the hydroxyl stretching vibrations indicating the existence of hydroxyl
functional groups or highly hydrogen bonded network between the cellulose and the St-PVOH matrix, in which, contributed
to the thermal stability of the bio-composites film.

INTRODUCTION
Due to its nature of non-renewable, non-biodegradable, the disposal of petroleum-based polymers has becoming a
serious environmental issue. Many researchers have presented alternatives to produce plastic products from natural or
plant based materials, such as starches, celluloses, lipids, protein, and many more to named [1]. Starch has been
blended with synthetic polymer to increases its biodegradability and its ease of availability at low cost [1,2]. Like
starch, Poly(vinyl alcohol) (PVOH) is another biodegradable polymer but derived from source of petroleum. Blending
of starch with PVOH (St-PVOH) was found to overcome inherent poor processability and brittleness of native starch
film [3]. Besides, addition of starch in PVOH blends also shows significant improvement in physicomechanical
properties of the products. Siddaramaiah and Somashekar [4] reported that St-PVOH film increases the tensile strength
and percentage of elongation at break compared to pure starch or PVOH film. The formation of hydrogen bonds of
hydroxyl functional group (-OH) between starch and PVOH promotes localised stability and subsequently improved
miscibility of starch and PVOH [1].
In the last few decades, the usages of plant-based fillers as reinforcement material in polymer composites have
attracted significant interests of researchers. The crystalline part of the semicrystalline cellulose chains as found in the
plant cell walls represents the most highly potential reinforcing agents for polymer [5]. Cellulose possessed high
strength and stiffness, which make it suitable to blends with starch-polyvinyl alcohol for thermoplastic starch
production [6]. These cells can be found in the stem, the leaves or the seeds of plants. In this project, natural fibre
cellulose was extracted from pruned garden waste, specifically of tree branches, as part of the waste reclamation
project collaborated with Subang Jaya District Government.
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METHODOLOGY OF RESEARCH
Material
Pruned garden waste (branches) was collected at Subang Jaya district. 88.3% partially hydrolysed polyvinyl
alcohol and analytical grade sodium hydroxide were obtained from R&M Chemical, UK. Glycerol was purchased
from Merck Sdn. Bhd., Malaysia; whereas food grade cassava starch, brand Kapal ABC, manufactured in Thailand,
was purchased off the shelf from grocery shop in Malaysia. All these materials were used as received.

Preparation of Cellulose Fibres
The branches were washed and oven-dried overnight at 60°C [6], followed by grinding and sieving through a 4
mm mesh. The content of hemicelluloses and lignin is removed via alkaline treatment, in a 4 wt% sodium hydroxide
solution at 70°C for 3 hours [7]. It is then cleansed with distilled water to remove the residues of alkaline solution,
until the samples reached pH 7. The samples were then oven-dried overnight and again, repeat the alkaline treatment
process for three times to a complete removal of hemicellulose and lignin from the cellulose fibre samples [7].

Preparation of starch-Poly(vinyl alcohol)-fibre thin film
Total of 21 formulations were prepared via solution casting method as shown in Table 1. Samples were prepared
by dissolving PVOH and starch (st) (total of 10 g) in 400 ml of distilled water. The solutions were stirred at 400 RPM
in hot water bath at a controlled temperature of 97 ± 2°C for an hour [8]. The cellulose fibre was added to the mixture
and stirred for another 30 min to reached homogenisation. The mixtures were then casted on the Petri dishes and were
oven dired for 24 hours at 65°C. The dried film samples are sealed in polyethylene bags and stored in dried cabinet at
RH 65% at room temperature for further analysis.
TABLE 1. Sample formulations
Film Sample

Starch: PVOH (wt%)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

0:100
10:90
20:80
30:70
40:60
50:50
100:0
0:100
10:90
20:80
30:70
40:60
50:50
100:0
0:100
10:90
20:80
30:70
40:60
50:50
100:0

Natural Fibre Dosage (phr)

0.5

1.5

3.0
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Samples Characterisation
Thermal degradation of the samples was analysed using thermogravimetry analysis (TGA). Thermogravimetric
Analyzer (TGA 8000, Perkin Elmer) was carried out over a temperature range of 30 – 700°C with a constant heating
rate of 20°C/min under nitrogen atmosphere to determine the thermal degradation of the samples [9].
Fourier Transform Infrared Spectrometer (FTIR Spectrum 100, Perkin Elmer) was used to identify the functional
groups of materials used in sample synthesis. Attenuated Total Reflectance (ATR) sampling method was employed
with a total of 16 scans under the operating range of 4000 – 650 cm-1.

Biodegradability Analysis
Biodegradation behaviour of the cellulose-St-PVOH samples was studied by obtaining the loss in weight during
the soil burial method [10,11]. 1 kg of gardening soil samples went through the sieving process to remove big pieces
of solid such as pebbles, metals, non-soil materials, etc. to produce uniformed compost which filled up a large
gardening pot. The samples were wrapped in a tea bag was buried in the compost at depth of about 7 cm. In order to
measure the progress of degradation, the films were cut into 2 cm × 2 cm size, and the initial sample weight, Wo, were
recorded. The compost was kept moist by sprinkling water at regular time intervals (every 24 hours) to maintain
humidity and stored at room temperature. The excess water was drained through the bottom of the pots. The
degradation of the samples was studied at 7-days time intervals, where the samples were removed from soil and was
clean with distilled water. The samples weight, Wt, was recorded after dried at 65°C in the oven for 24 hours. Weight
loss of the samples was calculated as measure of degradation as shown in Eq. (1). All experimental work was carried
out in triplicates.

Weight loss %=

Wo -W
Wo

× 100%

(1)

RESULTS AND DISCUSSIONS
FTIR Spectra
Figure 1 shows the FTIR spectra of the solution cast films at different cellulose fibre loading. The stretching of the
C-O-C bond in the biocomposite films was observed in the peak of 760 cm-1. This peak could show that it was credited
by the starch and it is not overlapped by absorption peaks of other components [12]. The interaction of the starch and
PVOH during the blending process and solution casting process was weakened and shifted. Besides that, the stretching
of the hydroxide groups (OH-) was found in the absorption band of around 3300 cm-1 and it was able to observe that
the intensity of the band was almost the same. Hence, it showed that all of the OH groups in the molecular chain were
involved in the solution casting process by blended the starch with the PVOH [12,13]. The natural fibres were
undergone the alkali treatment to remove the hemicellulose and some of the lignin, hence it caused the higher number
of hydroxyl group in the biocomposite films [5]. The alkali-treated natural fibre that cleaves through the alkali
sensitive bonds could generate more hydroxyl group. Hence, the 0% PVOH of biocomposite film still contain OHeven though there is no PVOH blended in the biocomposite film [12]. The absorption band of the starch molecule is
around the wavenumber of 851cm-1 was weakened due to the starch quantity in the film is increased from 0% to 100%
[12,14]. This absorption band is sensitive in the change of the crystallinity of starch and the weakening of the band.
This was caused by the interaction with the molecules of PVOH that affect the crystallinity of the starch component
decreased [12].
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FIGURE 1. FTIR spectra for Cellulose-St-PVOH biocomposites films
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In the wavenumber around 1142 cm-1 is considered as the crystallinity dependent band of PVOH which was
weakened in the starch-PVOH blends [12]. This could show that the crystal structure of PVOH was changed while
the intensity was decreased due to the crystallinity of the PVOH molecule was decreased [12,14]. While the PVOH
blended with starch, the number of hydrogen bonds was decreased and this caused the PVOH decreased its
crystallinity, which could specify that the interaction between PVOH and starch were presented. The wavenumber at
around 1150 cm-1 is the stretching of the C-O bond in C-O-C and C-O-H groups of the anhydrous glucose ring
weakened and it was shifted to lower wavenumber in the graph [12,14]. This showed that the intermolecular and
intramolecular hydrogen bonding of starch has changed after undergone the blending process with PVOH.
In general, peaks at 2923 cm-1, 1147 cm-1 and 853 cm-1 were known the finger print absorption for cellulose. The
generation of intermolecular H+ bonded OH- groups in between starch, PVOH and cellulose fibre has severe the
extensive hydrogen-bonding network in the cellulose molecular chains itself that cause the crystalline structure
changed. The absorption peaks were becoming more protuberant, which was caused by the greater concentration of
the cellulose present in the biocomposite films. The absorption peaks for the starch are around wavenumber of 760
cm-1 and 1030 cm-1. These absorption peaks cannot be observed clearly due to the dominant polymer matrix of PVOH
and the alkali-treated natural fibres that are composed mostly of cellulose fibre [12]. The polymer matrix was
represented in 1142 cm-1, which is the C-O stretching band. Hence, if the intensity decreased, it may show that the
crystallinity of PVOH has decreased and the crystal structure of the PVOH was changed.
While the starch and natural fibre blended with PVOH, the number of hydrogen bond could decrease in the
interface bonding that was formed in between natural fibre, starch and PVOH. Therefore, this could decrease the
crystallinity of PVOH indirectly, which prove that there is the interaction in between the molecular chains of natural
fibre, starch and PVOH. Other than that, the absorption peak with the wavenumber of around 1653 cm-1 is the bending
of O-H [12]. This was considered as the cellulose stretching. Besides that, in between the wavenumber of 1465 cm-1
was observed as the C-H deformation, which was shown that the lignin was removed from the natural fibres. There
was the CH2 bending at around 1430 cm-1 [12]. According to the comparison of the graphs shows in Figure 1, it could
show that the cellulose bending was decreasing while the cellulose content was decreased [12]. In a nutshell, the ratio
of starch increase in the composite film can affect the absorption peak around the wavenumber of 760 cm-1 and 1030
cm-1 became larger from the graphs above. In addition, if the natural fibre in the film increased, the absorption peak
at the band of 2923 cm-1, 1147 cm-1 and 853 cm-1 are larger peak. Besides that, crystallinity dependent band of PVOH
was weakened in the starch-PVOH blends will cause the absorption band of 1142 cm-1 decreased if the ratio of PVOH
is decreased.

Thermal degradation
The thermal degradation of the cellulose-st-PVOH films were analysed using thermogravimetry analysis (TGA).
Although there were many investigation on thermal degradation of PVOH, starch and glycerol and their blends
[9,15,16], but these data were insufficient to predict the thermal behaviour of cellulose-st-PVOH blends, as each of
these blends are unique and has different thermal stability due to their interactions in the polymer chains. Figure 2
shows the TG mass loss curves at the heating rate of 20°C/min at various ratio of Cellulose to starch-PVOH
composites.
As observed in Figure 2, there are 3 degradation stages in each of the composite films. The first stage below 200oC,
generally due to the evaporation of water moisture in the biocomposite [17]. In other reports, starch often contributes
to the highest mass loss during at first stage due to its nature in absorbing moistures [9,18,19]. However, the differences
in sample mass loss between 100 – 250°C for varying St-PVOH ratio were found negligible, as starch, PVOH and
cellulose are highly water affiliated materials.
Second stage degradation happened around the 270oC, a main decomposition stage for cellulose, starch and PVOH.
As mentioned by Sin et. al. [18] , the decomposition of PVOH itself can be divided into two stages: starting from
hydroxyl groups dehydration at 200°C, and later, the formation of unsaturated polyene structures. At the increased
temperature, the carbon–carbon bonds between the molecules started to break, which contributing to the formation of
volatile organic compound and carbonyl end functional groups products.
As temperature continue to rise, the further degradation produces small amounts of hydrocarbon products e.g.
alkenes, alkanes and aromatics. The final stage of the thermal degradation is the carbonization of the organic matter
(above 500°C) [20]. Small amount of inert carbonaceous residues was left for Cellulose-St-PVOH products. Starch
and PVOH products shared similar trend in thermal degradation, primarily due to the similarity in its hydroxyl
functional groups.
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FIGURE 2. TG curves at heating rates of 20°C/min for Cellulose-St-PVOH films
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Biodegradation Study
Figure 3 shows the physical apparent of the biodegraded samples after 14 days incubation in soil burial test. It
shows that all the samples show sign of degradation at deferent degree; in which, the highest weight loss was found
in samples at st-PVOH ratio of 40:60. This is potentially through the starch degradation as starch molecule is known
to easily break down with soil microorganism activities. The PVOH has greater hydroxyl-stability which shown a
higher resistance against soil burial degradation.

10% PVOH

10% PVOH
0% PVOH
20% PVOH

10% PVOH
0% PVOH

20% PVOH
100% PVOH

30% PVOH

100% PVOH

30% PVOH
50% PVOH
40% PVOH

(a)

0% PVOH
20% PVOH
100% PVOH
30% PVOH

50% PVOH

50% PVOH
40% PVOH

40% PVOH

(b)

(c)

FIGURE 3. Biodegradability Test by Varying Natural Fibre and starch-PVOH (A) 0.5 Phr Natural Fibre, (B) 1.5 Phr Natural
Fibre and (C) 3.0 Phr Natural Fibre

According to the observation from the Figure 4, it showed that the biodegradability of pure PVOH and were lower
than the 60% PVOH film due to the higher hydrolytic stability that will cause a greater resistance to the biodegradation
[21]. Besides that, the quantities of microorganisms in the specific location of burial test also could affect the
biodegradability of the samples. According to the observation of the 50% PVOH sample, it should have greater
biodegradability than the 60% PVOH. However, weight percentage of 50% PVOH is greater than 60% PVOH. This
can be explained that the amount of microorganisms in the film sample area is lower, hence the biological activity is
unable to carry out as usual. Other than that, the 0% of PVOH film undergone greater weight loss because starch has
high biodegradability but it is not suitable to be chosen for the bioplastic production because starch has low hydrolytic
stability it will be degraded easily if the surrounding contain high water moisture.
According to the comparison from the Figure 5, it showed that the starch-PVOH film with 3.0 phr of natural fibre
has the greatest biodegradability if compared to 0.5 phr and 1.5 phr. Based on the information from the [22], it stated
that the greater quantity of natural fibre with the starch-PVOH of 40:60 was able to improve the biodegradability.
Hence, the biodegradability test is able to prove that the ratio of 40:60 starch-PVOH with 3 phr is the ratio that enables
the biocomposite film to degrade faster. According to the observation, it showed that the weight percentage of samples
in 1.5 phr and 3 phr of natural fibres were near and it can be explained that the amount of microorganisms around the
film sample with 1.5 phr natural fibre is higher, hence the biological activity is able to carry out as better than usual.
The biodegradability of the film sample that blended with 0.5 phr is lowest because the natural fibre content is low,
hence the film sample cannot degrade faster.
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(a)

(b)

(c)

FIGURE 4. Weight loss% in St-PVOH samples at (a) 0.5 phr, (b) 1.5 phr and (c) 3.0 phr fibre loading
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FIGURE 5 Varying Ratio of Natural Fibre with 40:60 of Starch-PVOH

CONCLUSION
In a nutshell, this research project was able to overcome the low thermal degradation temperature challenges by
blending the PVOH with the cassava starch and alkali-treated natural fibre. This is because the thermoplastic will not
be degraded during the production process that involves heating and shearing process. Hence, after the PVOH was
blended with starch and natural fibre, the temperature of thermal degradation is able to withstand the maximum
temperature in the range of 273oC to 291oC before starting to thermal degrade. According to the comparison and
analysis, it found that greater amount of starch was able to withstand greater temperature that will increase the thermal
degradation ability. Other than that, the biodegradability test for the biocomposite film was able to decompose and
more than 20% of weight loss had happened with the starch-PVOH ratio of 40:60 with the natural fibre of 3.0 phr.
Others biocomposite films also has decomposed with smaller percentage of weight loss, hence this could also prove
that bioplastic still degraded faster than the petroleum polymer. In the FTIR analysis, the chemical properties of the
biocomposite films and components with the specific wavenumber and the absorption peaks were analyzed.

ACKNOWLEDGEMENT
The authors are grateful to the Pejabat Ahli Dewan Undangan Negeri, Subang Jaya (Selangor State Council, under
Government of Malaysia) to sponsor the raw materials and collaborate this project under Subang Jaya Waste
Reclamation Project with Taylor’s University Malaysia.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.

A. R. Rahmat, W. A. W. A. Rahman, L. T. Sin, and A. A. Yussuf, Mater. Sci. Eng. C 29, 2370 (2009).
M. S. Khoo, S. W. Phang, and T. S. Lee, in 2nd Eng. Undergrad. Res. Catal. Conf. (EURECA 2014) (2014).
L. T. Sin, W. A. W. A. Rahman, A. R. Rahmat, and M. I. Khan, Carbohydr. Polym. 79, 224 (2010).
Siddaramaiah, B. Raj, and R. Somashekar, J. Appl. Polym. Sci. 91, 630 (2004).
H. M. Ng, L. T. Sin, T. T. Tee, S. T. Bee, D. Hui, C. Y. Low, and A. R. Rahmat, Compos. Part B Eng. 75, 176
(2015).
A. K. Bledzk, V. E. Sperber, and O. Faruk, Natural and Wood Fibre Reinforcement in Polymers (2002).
Y. Y. Chia and L. W. Yoon, J. Eng. Sci. Technol. 13, 52 (2018).
L. T. Sin, A. R. Rahmat, W. A. W. A. Rahman, Z.-Y. Sun, and A. A. Samad, Carbohydr. Polym. 81, 737 (2010).
W. A. W. A. Rahman, L. T. Sin, A. R. Rahmat, and A. A. Samad, Carbohydr. Polym. 81, 805 (2010).

040001-9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

I. M. Thakore, S. Desai, B. D. Sarawade, and S. Devi, Eur. Polym. J. 37, 151 (2001).
N. Gautam and I. Kaur, J. Environ. Chem. Ecotoxicol. 5, 147 (2013).
A. A.Ismail, Tech. Instrum. Anal. Chem. 69 (2007).
F. Ahamed, S. W. Phang, and L. T. Sin, J. Eng. Sci. Technol. 11, 1344 (2016).
R. Bhargava, S.-Q. Wang, and J. L. Koenig, Adv. Polym. Sci. 137 (2012).
B. J. Holland and J. N. Hay, Polymer (Guildf). 42, 6775 (2001).
A. Uda, S. Morita, and Y. Ozaki, Polymer (Guildf). 54, 2130 (2013).
A. Zuraida, Malaysian Polym. J. 6, 51 (2011).
L. T. Sin, W. A. W. A. Rahman, A. R. Rahmat, and M. Mokhtar, Carbohydr. Polym. 83, 303 (2011).
H. Liu, F. Xie, L. Yu, L. Chen, and L. Li, Prog. Polym. Sci. 34, 1348 (2009).
A. A. Aydin and V. Ilberg, Carbohydr. Polym. 136, 441 (2016).
L. T. Sin, S.-T. Bee, T.-T. Tee, A. A. H. Kadhum, C. Ma, A. R. Rahmat, and P. Veerasamy, Carbohydr. Polym.
98, 1281 (2013).
22. A. Ghanbari, T. Tabarsa, A. Ashori, A. Shakeri, and M. Mashkour, Int. J. Biol. Macromol. 112, 442 (2018).

040001-10

