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Abstract
In this paper, the starch/PVA blend films are formed with SiO2 
nanoparticles. Starch/PVA blends are formed in the ratio of 60:40 
with different concentrations of SiO2 nanoparticles to improve 
the properties of the blend. Transmission Electron Microscopy 
(TEM) analysis confirmed that the Silica Nanoparticles prepared 
were spherical in shape they were in range of ~3.2nm-3.8nm. 
The mechanical properties of the films were studied for tensile 
strength and percentage elongation. The tensile strength of PVA 
film was higher than all the films (14.28 N/mm²). When SiO2 
nanoparticles were added into the starch/PVA blend films, the 
tensile strength of the PVA/NS/SiO2 blend increased with the 
increase in SiO2 nanoparticles content. The tensile strength of 
blend film containing SiO2 nanoparticles with 2% concentration 
was 10.456 N/mm². But, tensile strength showed a decreasing 
trend on increasing the concentration of SiO2 nanoparticles by 2 
% in starch/PVA blend films. Elongation at break decreases with 
the increase in SiO2 nanoparticles content. Elongation at break for 
PVA/NS blend film was 110 %. As SiO2 nanoparticles were added 
to PVA/NS blend, elongation at break was reduced to 20 %, 29 
% and 33 % by addition of 1 %, 2 % and 3 % SiO2 nanoparticle 
content to PVA/NS blend films respectively. Thermal properties, 
water absorption and enzymatic degradation of the blend films 
were also examined.
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I. Introduction
Starch is a carbohydrate consisting of a large number of glucose 
units joined by glycosidic bonds. It consists of two types of 
molecules, the linear and helical amylose and the branched 
amylopectin. Starch can act as a filler in thermoplastics due to 
its biodegradibility, renewability and low cost [1-3]. But, pure 
starch film lacks strength, water resistability and thermal stability 
[4-6]. Therefore, various process have been tried in literature to 
modify the starch such as glycerol [7-8], ultravoilet irradiation 
[9], surface octanoylation by octanoyl chloride [10], reaction 
with isocyanates, epoxy functions and stearoyl chloride [11]. 
The film forming capacity of modified starches is also studied 
by various researchers [12-14] and it was found that it improved 
after modification.
Recently starch has been blended with biodegradable synthetic 
polymers such as Poly Lactic Acid (PLA), poly e-caprolactone 
(PCL) and Poly Vinyl Chloride (PVA) as it promoted good film 
formation [15-16]. Out of completely biodegradable polymers, 
PVA can be blended  with starch as PVA has good film formation, 
excellent physical properties, chemical resistance, good 
biocompatibility and high thermal stability. It can be completely 
degraded by a soil bacteria psuedomonas but degradation of pure 
PVA is very slow under the presence of plasticizer glycerol. It is 
the largest synthetic water soluble material produced in the world 
[17] and biodegradable in nature and it is well suited for making 

blends with starch [18-19]. Thus, starch/PVA blend is the most 
popular biodegradable polymer but it still lacks in mechanical 
strength and is hydrophillic in nature.
Nanoparticles can modify the properties of polymer materials 
due to their high surface activity. In this experiment the starch/
PVA blends are modified with nano-SiO2 particles to improve the 
properties of the blend. Nano-SiO2 has multi-hydoxyl structure 
and it participates in hydrogen bond formation with starch/PVA 
blends. Very few scientists have studied the effect of nano-SiO2 
particles on the starch-based films [20-21]. Nano-SiO2 is not stable 
in nature as there is no oxygen on the surface. Due to the presence 
of too many unsaturated chemical bonds, nano-SiO2 particles are 
easy to disperse into macromolecular chains. Silica particles can 
be prepared in situ with in a hydrophilic polymer such as starch 
by the hydrolysis and condensation of alkoxysilanes in a mixture 
of water, alcohol and base catalyst. The most commonly used 
alkoxysilane is tetraethyl orthosilicate (TEOS). Because water and 
alkoxysilanes are generally immiscible, a mutual alcohol solvent 
such as ethanol is normally used to compatibles the two. The use of 
TEOS as a precursor to SiO2 has enhanced mechanical properties 
in many different polymers, including poly (acrylonitrile-co-
butadiene-co-styrene) (ABS), poly(butylene terephthalate) 
(PBT), poly(ethylene) (PE), poly(methyl methacrylate) (PMMA), 
poly(styrene-co-butadiene) rubber and poly (tetrafluroethylene) 
(PTFE, Teflon).
Degradation has been reported on the starch blended films22. 
Degradation can be natural, or by the Enzymes. Starch is totally 
biodegradable in nature and it has two types of molecules: amylose 
and amylopectin. Amylose is made up of glucose molecules with 
α (1-4) glucosidic bonds. Whereas glucose units in amylopectin 
are linearly linked with α (1-4) glucosidic bonds with branching 
at α  (1-6) linkages occurring every 24 to 30 glucose units. On 
the other hand, amylose contains very few α (1-6) bonds, or 
even none at all. The enzymes that break down starch into the 
constituent sugars are known as amylases. α-amylase, b-amylase 
and amyloglucosidase are the various enzymes, which are readily 
used to degrade starch. Beta-amylase cuts starch into maltose units. 
Amylase attacks α(1-4) bonds in both the molecules of starch. 
α (1-6) bonds are attacked by glycosidase. Both the fractions 
of starch can be hydrolyzed at the acetal link by enzymes. The 
endo-amylases hydrolyze only the main chain bonds and they do 
not hydrolyze the branch points of the starch, while exo-amylases 
are active on branch points or the main chain.
Mechanical properties and water absorption of the blend films 
were also examined. TEM analysis was performed on SiO2 
nanoparticles to investigate its size. Modified starch/PVA blend 
films were characterized by Thermal analysis.

III. Material and Method

A. Film Preparation Method
The starch/PVA/SiO2 blend  was prepared by adding TEOS mixture 
to 15 wt% starch/PVA solution. TEOS mixture was prepared by 
adding TEOS, water and HCL in the ratio of 1:4:0.1 in a conical 
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flask23, which was placed in a shaking incubator with the rate 
of 180 rpm at 30 oC for 1 h. Starch/PVA/TEOS solutions were 
mixed together and heated at 80°C with constant stirring for 3 
h. After this, the prepared solution of starch/PVA/SiO2 mixture 
was poured onto the petri dish and allowed to dry in oven for 24 
h at 50°C. After 24 h of drying, the fully dried membranes were 
peeled off from the petri plates.

B. TEM
The size of the SiO2 nanoparticles was obtained by Transmission 
Electron Microscopy (TEM) analysis. TEOS mixture prepared 
was analyzed by Hitachi H-7500 with an operating voltage of 
1.2 KV.

C. Thermal Analysis
Thermal analysis was performed using TG-DTP instrument (Perkin 
Elmer, Pyris Diomand). Change in weight of sample against 
temperature (Thermogravimetric analysis, TG) and rate of change 
of weight against temperature (Derivative Thermogravimetric 
analysis, DTG) were measured. Each sample was heated from 
50° to 700°C with a heating rate of 10°C/min. Nitrogen was used 
as purge gas at flow rate of 200 mL/min.  

D. Mechanical Properties
Tensile Strength (TS) and elongation at break (%E) were measured 
on universal testing machine (NEXYGEN, Lloyd Instruments 
Limited, England) at a crosshead speed of 1.2mm/min, according 
to ASTM D882 method. Dumbbell shaped specimens (width of 
5mm and 40 mm length) were cut and the thickness of the film 
was measured by a mechanical scanner (digital thickness gauge 
‘Mitutoyo’, Tokyo, Japan) at six random positions. The average 
thickness of each specimen was less than 1mm. All the tests 
were carried out at room temperature (25oC) under controlled 
conditions.

E. Water Absorption Measurements
Water absorption measurements were done according to the ASTM 
D570-81 method. Film pieces (30mm x 30mm) were conditioned 
at 50°C for 3 h and weighed (Wdry). Dried films were immersed 
in distilled water at room temperature (25oC) for 24 h. After 24 
h, samples were removed from the beakers containing distilled 
water, dried by wiping gently with blotting paper and subsequently 
weighed (Wwet) to determine water absorbed by the films. The 
water absorption (Wa) is given by:

F. Enzymatic Degradation
Enzymatic degradation studies were carried out at 37°C, pH=7, 
using α-Amylase for 96 h. The dried samples were cut into 30mm 
x 30mm, weighted (Wo), and immersed in conical flasks containing 
α-amylase (20 ml) with an enzymatic activity of 328.9 KNU/g. 
The flasks were placed in a incubator shaker with the rate of 
160 rpm at 37°C. After 24 h intervals, the residue was washed 
with distilled water, and dried at 80°C to a constant weight and 
weighed (W1). 
The weight loss rate is given by :

VI. Results and Discussion

A. TEM Analysis
The size and morphology of silica nanoparticles were characterized 
using a Hitachi H-7500 with an operating voltage of 120 KV. It has 
a Gatan BioScan 1K CCD camera, which allows digital imaging. 
This instrument has the resolution of 0.36 nm (point to point) 
with 40-120 kV operating voltage and can magnify object up to 
6 lakh times in High Resolution mode. For transmission electron 
microscopy, plate films/35 mm films are made available to the 
users. A stained grid was prepared in the laboratory containing 
the sample. Then the sample is set into a specimen holder and 
the beam is switched on to observe the sample. Transmission 
Electron Microscopy (TEM) analysis confirmed that the silica 
nanoparticles prepared were spherical in shape and they were in 
range of ~3.2nm-3.8nm as shown in fig 1.

       (a) 

       (b)
Fig. 1: TEM Results Showed (a) SiO2 Nanoparticles Dispersed 
in Medium (b) Range of Sizes of SiO2 Nanoparticles
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B. Starch/PVA Blend Films
Starch is hydrophilic in nature and has poor mechanical properties, 
which leads to poor quality film. Modification of starch could 
improve the properties of starch/PVA blend films. Based on 
the objective, different films were prepared by incorporating 
SiO2 nanoparticles in starch/PVA blend films. The films were 
further modified by post crosslinking the films with SHMP. The 
composition of the various films prepared was summarized in 
Table 1.

Table 4.1: Composition of the Prepared Blend Films

Sample Starch 
(g) PVA (g) Glycerol

(g)
SiO2 
 (%)

NS - 3 -

PVA - 30 - -

PVA/NS 18 12 3 -

PVA/NS 1.0 SiO2 18 12 3 1

PVA/NS 2.0 SiO2 18 12 3 2

PVA/NS 3.0 SiO2 18 12 3 3

C. Thermal Analysis
Thermo Gravimetric Analysis (TGA) and derivative thermo 
Gravimetric Analysis (DTG) curves of PVA/NS, PVA/NS/SiO2 
blend films are shown in fig 2 and 3 respectively. TG thermo 
gram of PVA/NS blend films showed two stage weight loss below 
520 °C with first minor one due to loss of water from 44.3 °C to 
264.5 °C with a weight loss of 18.77 %. After dehydration the 
starch was stable up to 280 °C. With increase in temperature from 
264.5 °C to 664 °C, the thermal decomposition took place with 
a weight loss of 69.68 %. 
TG thermo gram of PVA/NS/SiO2 blend film showed two stage 
decomposition from 48.9°C to 226.7 °C, and from 226.7 °C to 
679.7 °C with weight loss 19.56 % and 55.06 %, respectively. In 
PVA/NS/SiO2 blend film, the first step was due to decomposition 
of starch, while the second was due to decomposition of 
intermolecular bonds between SiO2, starch and PVA. 
DTG data showed the rate of weight change of starch with 
temperature. It was observed that the PVA/NS blend film was 
degraded at 171.2 °C, 265.9°C and 493.7°C with weight loss of 
.87 mg/min, 0.77 mg/min and 1.16 mg/min respectively. PVA/NS 
blend film modified with SiO2 nanoparticles (2 wt%) was degraded 
at 255.6 °C, 313.9 °C, 502.5 °C with a weight loss of 0.483 mg/
min, 0.513 mg/min and 0.464 mg/min respectively. 

Fig. 2: Thermo Gravimetric Analysis (TGA) and Derivative 
Thermo Gravimetric Analysis (DTG) Curves of PVA/NS Blend 
Films

Fig. 3: Thermo Gravimetric Analysis (TGA), Derivative Thermo 
Gravimetric Analysis (DTG) and Differential Thermal Analysis 
(DTA) Curves of PVA/NS/SiO2 Blend Films

D. Mechanical Properties

1. Tensile Strength
Results showed that tensile strength of PVA film was 14.28 N/
mm²,which was higher than all the films. Whereas, the tensile 
strength of NS film was 1.41 N/mm², which is less than PVA/
NS blend film (3.52 N/mm²). The remarkable increase in 
tensile strength of PVA/NS blend film is due to the formation 
of intermolecular bonds between PVA and starch. When SiO2 
nanoparticles were added into the starch/PVA blend films, the 
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tensile strength of the PVA/NS/SiO2 blend increases with the 
increase in SiO2 nanoparticles content. The tensile strength of 
blend film containing 2% SiO2 nanoparticles was 10.456 N/
mm². The increase in tensile strength of the PVA/NS/SiO2 blend 
is due to the intermolecular bonding between SiO2, starch and 
between SiO2, PVA. The tensile strength decreases after 2 % SiO2 
nanoparticle concentration due to the saturation of intermolecular 
bonding at high concentration of  SiO2 nanoparticles. The tensile 
strength of the PVA/NS blend films containing SiO2 nanoparticles 
is shown in fig. 4.

Fig. 4: Tensile Strength of the Films Containing SiO2 Nanopar-
ticles

2. Elongation at Break
Elongation at break (Fig. 5) decreases with the increase in SiO2 
nanoparticles content. Elongation at break for PVA/NS blend film 
was 110 %. As SiO2 nanoparticles were added to PVA/NS blend, 
elongation at break was reduced to 20 %, 29 % and 33 % by 
addition of 1 %, 2 % and 3 % SiO2 nanoparticle content to PVA/
NS blend films respectively. Elongation at break decreases with 
the increase in SiO2 nanoparticle content in PVA/NS blend films 
as the rigidity of the  blend films increses due to the presence of 
intermolecular interactions between SiO2 nanoparticles, starch 
and PVA.

Fig. 5: Percentage Elongation of Films Containing SiO2 Nanopar-
ticles

E. Water Absorption Measurements 
Water absorption is the most important factor for the biodegradable 
materials24. PVA/NS blend is not suitable to make blends because 
of its high hydrophilicity and,  improvement in water resistance is 
a necessity. Therefore, SiO2 nanoparticles were used to improve 
the properties of PVA/NS blend films. NS films showed the 
maximum water absorption (89.7 %). Whereas, PVA/NS blend 
films had water absorption 10 % less than the NS films as shown 
in fig. 6. Whereas, starch/PVA blend films modified with 2% SiO2 
nanoparticles showed the lowest water absorption at about 38 %. 
SiO2 nanoparticles participates in intermolecular bond interactions 
with the starch and PVA molecules, which reduces the water 
absorbed by the PVA/NS blend films. 

Fig. 6: Percentage Water Absorption by PVA/NS/SiO2 Blend 
Films 

F. Enzymatic Degradation
The present study showed the role of α-amylase in starch/PVA/
SiO2 blend films degradation (fig. 7). NS film was most degraded 
due to increase in susceptibility to enzyme attack. Whereas, The 
enzymatic degradation rates of PVA/NS blend films modified with 
SiO2 nanoparticles were lower than PVA/NS blend film, as SiO2 
nanoparticles form a dense structure between starch and PVA, 
making the PVA/NS/SiO2 blend films more compact, which in 
turn reduced the diffusion of α-amylase in the blend.

Fig. 7: Influence of SiO2 Nanoparticles on PVA/NS/SiO2 Blend 
Films’ Weight Loss Rate by Enzymatic Degradation
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IV. Conclusion
Thermal analysis showed that starch/PVA blend films modified with 
SiO2 nanoparticles decomposes at higher temperature than the non-
modified starch/PVA blends. When SiO2 nanoparticles were added 
into the starch/PVA blend films, the tensile strength of the PVA/
NS/SiO2 blend increases with the increase in SiO2 nanoparticles 
content. As the number of intermolecular interactions increases 
tensile strength increases and percentage Elongation decreases. 
The tensile strength of PVA/NS/2.0 SiO2 (CL) was the maximum. 
PVA/NS blend is not suitable to make blends because of its high 
hydrophilicity and,  improvement in water resistance is a necessity. 
Therefore, SiO2 nanoparticles were used to improve the properties 
of PVA/NS blend films, as they participates in intermolecular 
bond interactions with the starch and PVA molecules. NS films 
showed the maximum water absorption. Starch/PVA blend films 
with 2% SiO2 nanoparticles showed the lowest water absorption. 
The enzymatic degradation rates of PVA/NS blend films modified 
with SiO2 nanoparticles were lower than PVA/NS blend film, as 
SiO2 nanoparticles form a dense structure between starch and PVA, 
making the PVA/NS/SiO2 blend films more compact, which in 
turn reduced the diffusion of α-amylase in the blend. 
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