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ABSTRACT 
In this paper, polyvinyl alcohol (PVA) /Corn Starch (CS) blend and PVA/ CS nanocomposites films were prepared using solution 
casting method by changing formaldehydecontent and the addition of differentnanoparticles types (TiO2, SiO2 and ZnO). Fourier 
transform infrared spectroscopy (FTIR) was used to evaluate the structure of the PVA, CS, and PVA/CS films. FTIR of the films 
explores the CS was linked with PVA by chemical binding crosslinking. The biodegradation of the films has been investigated 
under the influence of enzymatic solution immersion (α-amylase), soil burial and water immersion.As well as, the mechanical 
properties (tensile strength and elongation at break). The results show the weight loss of the tested films decreased with the 
increasingof formaldehyde content.The investigation of the physical properties for the nanocomposites films indicated that 
compared with films without added nanoparticles, the mechanical properties and water resistance were enhanced up by the 
addition of nanoparticles.  
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1. INTRODUCTION 
Alternatives for petroleum based polymers have been much sought by researchers to replace non-degradable products that 
cause pollution and not environmental friendly, with polymers that can degrade[1].Use of plastics has been under attack 
for some time because of lack of recycling facilities or infrastructure, non-recyclability, non-renewability, non-
biodegradability or incorporation of toxic additives. Current trends indicate steady growth will occur in the use of 
biodegradable plastics with increasing availability of suitable materials and because of societal and legislative pressure 
[2].Most synthetic polymers cannot be degraded by microorganisms. To increase their biodegradability, non-
biodegradable polymers are associated with fully biodegradable polymers, such as aliphatic polyesters, or natural 
polymers [3]. Among the natural polymers, starch is of interest.Owing to its complete biodegradability, low cost and 
renewability, starch is considered as a promising candidate for developing sustainable materials [4].Unfortunately, the 
starch has no physic-mechanical characteristics, as well as processing properties, good enough to allow the whole 
replacement of the composite materials based on petroleum hydrocarbons. The products from starch are mostly water 
soluble and brittle. Some properties of starch can be improved by blending with synthetic polymers [3].Among these 
polymers is polyvinyl alcohol (PVA) because it is well known as a synthetic biodegradable polymer and possesses 
excellent mechanical properties. Its biodegradability in various microbial environments has been reported, and PVA is 
one of the best options to be blended with starch [5]. 
Starch/polyvinyl alcohol blends are one of the most popular biodegradable plastics, and are widely used in packaging and 
agricultural applications. Although the processing and mechanical properties of starch/PVA blends have been 
investigated extensively [6], However, the physical properties such as the mechanical properties and water resistance of 
the starch/PVA blended films are still lower than those of other polymers made from petroleum [1].To further improve 
the moisture barrier and mechanical properties of starch–PVA blends, polymer nanocomposite concept could be an option 
to be applied to the blended system [2]. 
 
2. EXPERIMETAL  
RAW MATERIALS 
The raw materials used to prepare the films were; Corn Starch powder, supplied by Changchun Jincheng Corn 
Development Co. Ltd., Da Cheng Group (China), Polyvinyl alcohol (PVA) water-soluble powder of molecular weight 
(MW14000) and purity 99.9%, supplied by Merck Schuchardt OHG. Hohenbrunn, Germany, Formaldehyde and glycerine 
of analytical grade, were used as received from the local market. The water used was distilled and deionized water.SiO2 
nanoparticles of particle size 50nm, supplied by Aerosilpharma. ZnO of particle size 50nm supplied by Aerosil 
pharma.TiO2 nanoparticles of particle size 20 nm supplied  by (MTI Corporation). All The nanoparticles are purity 
99.9% ,α-amylase(Traditional name is colotempase EC 3.2.1.1) of PH=6,supplied by Colotex biotech India. 
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PREPARATION METHOD 
Two groups of PVA/CS based biodegradable polymer films were prepared by solutions casting method.The first group 
was prepared by adding different weight percentage ratios of formaldehyde (5%,15%,20%,25%, and 30%) to a fixed 
blend ratio of (30%PVA/70%CS)weight percentage, a mixture of 100 ml of deionized water and 3 ml of glycerine was 
added to  CS and PVA polymers that were weighted for suitable mixing ratios, and then mixed with the (water-glycerine) 
mixture by a shearing mixer at 500 rpm for two hours to have good distribution for the mixture. (5%, 15%, 20%, 25%, 
and 30%) weight percentage of formaldehyde was added to the mixture. Then the temperature of the mixture was raised 
to 95ċ during the mixing stage for four hours. The resulting mixture was poured glass plates of dimensions 10 × 10 cm2 
for casting the blend sheets. Then the mold was kept in an oven at 50ċ for six hours for drying, then the temperature was 
raised to 80ċ for one hour to get crosslinking.  
The second  group were the PVA/CS nanocomposites, prepared by adding 5% weight percentage of different types of 
nanoparticles(TiO2, SiO2 and ZnO)  to the(30%PVA/70%CS) blends with 20% formaldehyde.The details of the prepared 
two groups are shown in Table (1) . 

Table (1): The details of the prepared three groups 
 Film 

no. Blends ratios Formaldehyde 
ratio 

G
ro

up
 1

 

1 30% PVA+70% starch 5% 
2 30% PVA+70% starch 15% 
3 30% PVA+70% starch 20% 
4 30% PVA+70% starch 25% 
5 

30% PVA+70% starch 30% 

 
G

ro
up

 2
 

6 30% PVA+70% starch +5% TiO2nanoparticles 

Fi
xe

d 
ra

tio
 

(2
0%

) 

7 30% PVA+70% starch +5%ZnOnanoparticles 
8 30% PVA+70% starch +5%SiO2nanoparticles 

 
FTIR TEST 
Infrared (IR) spectroscopy is a popular method for characterizing polymers. This technique is based on the vibrations of 
the atoms of a molecule. An infrared spectrum is obtained by passing infrared radiation through a sample and 
determining which fraction of the incident radiation is absorbed at a particular energy. The energy at which any peak in 
an absorption spectrum appears corresponds to the frequency of vibration of a part of the sample molecule. Most infrared 
spectroscopy is carried out by using Fourier-transform infrared(FTIR) spectrometers. This method is based on the 
interference of radiation between two beams to yield an interferogram, i.e. a signal produced as a function of the change 
of path length between the two beams. The two domains of distance and frequency are inter convertible by the 
mathematical method of Fourier transformation [7]. FTIR spectrum was taken in an absorbance mode, and was recorded 
by using solid KBr discs as calibrator. The spectra were obtained at a resolution of 8 cm−1 in the range of 650 to 4000 
cm−1. 
Different test samples of PVA/CS were prepared by well  mixing of 0.2g KBr powder with 0.002g from a crashed test 
sample of PVA/CS, The mixture contents were compacted to  solid discs suitable to the FTIR instrument, a calibration 
was made by  a compacted solid disc of  KBr. 
 
ENZYMATIC TEST 
Tostudy the α -amylase enzymatic action on PVA/CS blends and on some nanocomposites, enzymatic degradation test 
was performed by immersing the test films in an enzymatic solution consistof 1% α-amylasein distilled water,adjusting 
PH value of the solution at 6.9,the films weight loss was calculated frequently up to 120 min.The weight loss rate was 
calculated from equation (1) : 
Weight loss rate (%)=       …….. (1) 
Where the weight of the sample before enzymatic degradation is,  is the weight of the sample after enzymatic 
degradation. 
 
SOIL BURIAL TEST 
Soil burial degradation was performedby buried the test samples for eight weeks in a pot contains soil at a depth of 10 cm. 
the pot was placed in the laboratory, and the moisture of the soil was maintained by sprinkling water at regular time 
intervals. The excess water was drained through a hole at the bottom of the pot. 
The degradation of the samples was determined at regular time intervals (7 days) by carefully removing the sample from 
the soil and washing it gently with distilled water to remove soil from the film then dried and  weightedit. Weight loss of 
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the sample over time was used to indicate the degradation rate of the soil burial test.The weight loss was determined every 
seven days from the starting day, and was calculated using  equation (2): 
Weight loss rate (%) = ……….(2) 

Where is the dry weight of the film after being washed with distilled water, and is the initial dry weight of the 
specimen. 
 
WATER IMMERSION TEST 
To determine the water absorption of thespecimens, water immersion test were performed. The specimenswere immersed 
up to 240 min  in water free of any admixture or any other wetting agentto find the profile of water uptake. The test was 
performed under ambient temperature. The immersed samples were frequently removed from water and weighted and 
then replaced again in the water bath to monitor the water uptake until the film reached equilibrium weight. The moisture 
content (Mt) absorbed by each sample at timet was calculated by equation  (3):  
Mt(%) =  ×100%         ………. (3) 
Where Mt and Mo are the weights of the sample after and before soaking in water. 
From the water absorption we can determine the diffusion coefficient or diffusivity D that was calculated from the slope of 
moisture content Mt versus the square root of time  as shown in equation(4) : 
D=π( )2( )2           ……… (4) 
Where Mm is the maximum moisture content, and h is the thickness of the sample. Assuming the absorption process was 
linear at an early stage of immersion, the time was taken at the beginning of absorption process so that the weight change 
was expected to vary linearly with the square root of time. 
 
TENSILE TEST 
Tensile strength (TS)and elongation at break (EB) of the films were measured by using  universal tensile testing machine 
type (Tinusolsen-H50KT) made in England, with full scale load capacity of  50KN,the voltage range of the device 
is(220V/50HZ ). The machine is designed to elongate the specimen at a constant rate, and to continuously and 
simultaneously measure the instantaneous applied load and the resulting elongations using an extensometer. Crosshead 
speed was 10 mm/min and gauge length was 20mm. ASTM D882 was followed for the tensile test.  
The tensile test specimen had a length of 100 mm and a width of 12 mm, Figure (1) shows the shape of the tensile test 
specimen. 

 
Figure 1The shape of the tensile test specimen 

 
3. RESULTS AND DISCUSION 
FTIR SPECTRA 
The FTIR spectra of CS and PVA were studied and compared with the spectra of the PVA/CS  blend film. The starch 
spectra of figure (2) shows the presence of -OH stretching vibration (3446.56-3487.06 cm-1), the intramolecular hydrogel 
(1647.10 cm-1) and -CH2OH stretching vibration (1240.14 cm-1) as well as C-O-C ring vibration (929.63 cm-1,860.19 cm-

1) in the granular starch[8]. PVA spectraof figure (3) shows a broad band at 3141.82-3492.85 cm-1 due to O-H stretching 
vibration and another band at2936.96 cm-1 assigned as C-H stretching vibration were observed. The absorption peaks of 
922.62 cm-1 represent C-C stretching. The1200-1100 cm-1 region contains a number of modes, which have been shown to 
be sensitive to the degree of crystallinity in PVA. The peak at1129.17 cm-1 is crystallinity-dependent [9]. 
The FTIR spectra of PVA/CS of  figure (4)shows the following three sets of changes in the film: (a) the peak at 3300-
3400 cm-1 of absorption bands weakened; (b)the crystallinity-dependent 1129.17 cm-1 peak of PVA weakened; and (c) 
the absorption peak of 922.62 cm-1 of PVA disappeared and the peak of 860.19 cm-1 shifted. 
The weakness, disappearance, and shift of the characteristic absorption bands may result from the interaction of different 
-OH groups in the starch and PVA molecular chains. So it may be deduced from these results that the starch was linked 
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with PVA by chemical binding introduced by formaldehyde. This kind of linkage has great effect on the improvement of 
compatibility[10]. 
 

 
Figure2 FTIR of starch 

 

 
Figure 3 FTIR of PVA 

 

 
Figure 4 FTIR of 30%PVA/70% CS blend with 20% formaldehyde 

 
ENZYMATIC TESTING  
Enzymatic biodegradation of 30%PVA/70%CS blendfilms was studied after  immersion in 1% α-amylase solution for 120 
min, it was noticed that the immersion cause weight loss for all films. 
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The effect of formaldehyde content on weight loss in is shown in figure (5), the weight loss decreases with the increasing 
of formaldehyde content, this can be explained as blend films cross linked by formaldehyde can lead the intermolecular 
and intramolecular linkage of -OH between CS and PVA molecules and therefore the hydrophilic groups were reduced 
[11].  
 

 
Figure 5 Variation of weight loss with formaldehyde of (30%PVA/70%CS) 

after  immersion in α-amylase solution for 120 min 
 
The enzymatic degradation of the PVA/CS nanocomposites with 5% weight percentage of different types of nanoparticles 
(TiO2,ZnO and SiO2) on 30%PVA/70%CS film with 20% Formaldehyde was studied, figure (6) shows the variation of 
weight loss with time  for the nanocomposites. It can be noticed the weight loss increased with time and it depends on the 
types of nanoparticles. 

 
Figure 6 Variation of weight loss with 5% nanoparticles content 

of 30%PVA/70%CS(with 20% Formaldehyde) films immersed in α-amylase for 120 min 
 
All the immersed films suffered of weight loss, and the weight loss of the PVA/CS/nanoparticles films is lower than that 
of PVA/CS films, due to the nanoparticles form a dense structure between the CS and PVA which in turn reduced the 
infiltration velocity of amylase[12].  
 
SOIL BURIAL 
After8 weeks of soil burial for30%PVA/70%CS films with different formaldehyde content(5%,15%,20%,25% and 30%), 
the filmsappeared brittle and fragile and diminished in size indicating the natural biodegradation in the soil environment. 
The weight losses were probably underestimated due to soil and debris adhered to the film surface [13]. 
However, the increase of formaldehyde lead to decrease in weight loss since it can lead the intermolecular and 
intramolecular linkage of -OH between CS and PVA molecules and therefore the hydrophilic groups were reduced lead to 
decrease of weight loss of PVA/CS when burial in soil [14] as shown in figure (7). 
 

 
Figure 7 Variation of weight loss with formaldehyde content of 70%PVA/30%CS blend 

Afterburial in soil for 8 weeks 
 
Figure (8) shows the variation of weight loss with time of PVA/CS and PVA/CS nanocomposite films for the 
30%PVA/70%CS blend (with 20% Formaldehyde) and 5% weight percentages of different types of nanoparticles(TiO2 
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,ZnO and SiO2) .From figure (8), it can be seen that the weight loss of the nanocomposite films were lower than those of 
PVA/CS films. This might be because nanoparticles form a dense structure between the CS and PVA, which in turn 
reduced the infiltration velocity of microorganisms [15]. 
 

 
Figure 8Variation of weight loss with 5%nanoparticles content  

of 30%PVA/ 70%CS (with 20% Formaldehyde)blend burial in soil for 8 weeks 
 
WATER IMMERSION 
The plotted curves of figure (9) show the variation of weight gain Mt as a percentage of the original dried films against 
the square root of the immersion time t for the 30%PVA/70%CS blend films cross linked by different percentages of 
formaldehyde (5%,15%,20%,25%,and30%), it can be noticed that the water absorbency of films decreased as the increase 
of formaldehyde due to the crosslinking reaction [13]. 
 

 
Figure9 Effect of formaldehyde content of  on water uptake of 30%PVA/70%CS blends 

immersed in distilled water 
 
Generally, the application of formaldehyde led to intermolecular and intramolecular linkage of -OH between starch and 
PVA molecules and therefore the hydrophilic groups were reduced. So it could be confirmed that the water absorbency of 
the blend films decreased with the application of formaldehyde [11]. 
The effect of formaldehyde content on water diffusivity D of 30%PVA/70%CS blends with different weight percentages 
(5%,15%,20%,25%,and30%) were calculated from the relationship between weight gain Mt and diffusivity during initial 
water uptake for Fickian diffusion, figure (10) shows the variation  diffusivity values D with formaldehyde content. 
 

 
Figure10Variation D withformaldehyde content for blends  
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immersed in distilled water 
The effect of adding different types of nanoparticles(TiO2 ,SiO2 and ZnO) on weight loss after water immersion is shown 
in figure (11) ,the curvesshowthe variation of weight gain Mt as a percentage of the original dried films against the 
square root of the immersion time.It is clear that the weight gain of PVA/CS much higher than the nanocomposites for 
the same reason mentioned above. 

 
Figure 11Effect of 5% nanoparticles content on blend immersed in distilled water 

 
 The network structure formed by combining nanoparticles with PVA/CS, which prevented the water molecules from 
dissolving, improved the water resistance of the film [16]. 
 
TENSILE PROPERTIES 

The general behavior is the tensile strength and elongation at break increase as the formaldehyde content increases, this 
behavior can be explained such that the cross linkage agent formaldehyde forms a hydrogen bonding between the polymer 
chains of CS and PVA[17],the tensile strength, elongation at breakvalues and Young Modulus values for PVA/CS  were 
calculated and listed in Table (2). 
 

Table2: The values of tensile strength , elongation at break and  
Young   Modulusvaluesfor 30%PVA/70%CS film 

Formaldehyde 
% 

Tensile 
strength 

(MPa) 
Elongation (%) Young   

Modulus (MPa) 

30 10 180.35 0.49 
25 8.86 169.51 0.64 
20 7.86 166.79 0.93 
15 6.56 160.78 1.03 
5 2.2 156.42 1.53 

 
Also the tensile strength, elongation at break and young modulus values of the PVA/CS/nanoparticles films were 
calculated and listed in Table(3). 
 
 

Table3: tensile strength, elongation at break and young modulus of the 30%PVA/70%CS/5%nanoparticles 
with 20% formaldehyde) films 

Specimen Tensile strength 
 (MPa) Elongation.(%) Young  Modulus 

(MPa) 
pure 7.86 166.79 0.93 
TiO2 12.22 38.6 3.66 
SiO2 16.59 11.05 5.36 
ZnO 20.9 6.94 6.84 

 
 
4.CONCLUSION 
The results obtained out of this work lead to the following conclusions: Addition of CS to the PVA matrix reduces the 
brittle nature of CS and affected the degradation behavior by raising the tensile strength and elongation at break and 
reducing weight loss during enzymatic immersion and soil burial. The water absorption of PVA/CS films followed Fick's 
law of diffusion. Adding formaldehyde to the PVA/CS blend lead to increase the  tensile strength and elongation to break, 
water resistance and reducing weight loss during enzymatic immersion and soil burial, this can be explained as blend 
films cross linked by formaldehyde can lead the intermolecular and intramolecular linkage of -OH between starch and 
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PVA molecules. The results of the investigation show that the degradation behavior of the nanocomposite films were 
improved by the addition of nanoparticles, this can be manifested by raising the tensile strength and elongation at break. 
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