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The present work aims to study physical tests such as the water absorption   

tests of PVA; PVA/corn starch blends at different mass percent (25, 30, 35, 

40, and 50%) of corn starch after immersion in distilled water for ten 

minutes. The blends were also characterized by FTIR analysis, and an 

optical microscope. Casting method used to prepare samples. The results of 

water absorption exhibited that the weight losses of the sample increases 

the starch content rises in the PVA matrix. Also, it was found the highest 

value of the swelling ratio % at (50% PVA /50% Starch) blend, while 

minimum values of the swelling ratio % at (75%PVA /25%Starch) blend 

and pure PVA film.  

   It was observed from optical microscope that the starch granules disperse 

well at 25 and 30 wt.% of the starch in the blend films. Nevertheless, 

clustering could be observed in the polymer blend at 35, 40, and 50 wt.% of 

starch component. It was shown that porous and spherical voids after the 

samples were immersed in distilled water.    
How to cite this article:  , “A Study of the Effect of Starch Content on the Water Absorption of PVA/Starch Blends,” Engineering and 

Technology Journal, Vol. 39, Part B, No. 01, pp. 150-158, 2021. 
DOI: https://doi.org/10.30684/etj.v39i1B.1921 

This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0 

 

1. INTRODUCTION 

The blending method has become a versatile and economical process to achieve polymers with a 

varied range of appropriate properties [1]. 

        In recent years, researchers take a great responsibility to find new synthetic biodegradable 

polymers and modification of some of the present polymers to increase their susceptibility to 

biodegradation, without affecting their physical and mechanical properties. So, many efforts made to 

develop starch-based polymers to keep petrochemicals resources, to decrease the effects on the 

environment, and to find new applications to substitute the synthetic thermoplastic polymers [2]. 
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Starch-based hydrogels have some distinctive properties that includes for examples, permeability, 

hydrophilicity, biocompatibility, and similar to soft biological systems. Also, they have a 3D structure    

that enables them to absorb and reserve adequate water and keeps enough mechanical property 

simultaneously. Therefore, these properties make them useful for many biomedical applications as in 

the form of hydrogel or microsphere, which are appropriate for drug delivery [3]. 

     Poly (vinyl alcohol) PVA is a versatile, synthetic, good film formation, high thermal stability [4,5], 

non-toxic, semi-crystalline, resist to chemical solvents [6] and oils [7] , excellent in mechanical and 

barrier properties, flexible, compatible [2,8], biodegradable polymer that has a backbone that consists 

mainly of–OH bonds[4], able to dissolve slowly at normal water temperatures, and it can be dissolved 

quickly and easily with high water temperature, good adhesion to materials, resistant to corrosion, 

resistant to absorbing moisture, high density, stable optical properties, and weak electrical 

conductivity [7] 

    PVA has an extensive range of applications for examples, [5] packaging due to its biodegradability 

and solubility [4]. Besides, PVA is gradually being used as a thickening agent, emulsifier, film 

material, textile sizing agent, vinylon fiber production, and the support structure for 3D printing [6].   

    Starch is the most plentiful biomaterial, relative low-cost natural polysaccharide sources, a suitable 

renewable resource with unique properties such as availability inherent biodegradability, and 

thermally processed [8,9].   There are  a number of limitations for using starch  in different 

applications ,   as a result of  hydrophilicity nature, humidity sensitivity, brittleness, and  poor 

mechanical properties[8,10,11]. Thus, blending starch with other polymers such as PVA is 

recommended [11, 12]. PVA/ starch blends are biodegradable [8], have good film properties [4], and 

these polymers showed good compatibility with each other [13] which affects the water resistivity of 

the compounds [14]. Therefore, PVA/starch blends can be widely studied, and they are usually used in 

agricultural, packaging [9], clinical and biomedical fields such as bio membrane and drug control 

release carrier [15]. 

  P.Cinelli et al., (2006) prepared starch-PVOH based materials formed by a baking process. The 

results have shown a greater water resistance and higher tensile strength than starch [16]. It has been 

shown in another study by H.Judawisastra et al., (2016) who revealed that tapioca starch/polyvinyl 

alcohol blend reduced the water uptake and the brittleness of the starch [11].      

     In this study paper, water absorption studies of biodegradable (PVA /corn starch) blends and FTIR 

test were carried out. 

2. EXPERIMENTAL WORK  

I. Materials  
    PVA powder with 99.9% purity and Av.Mol.Wt (12000-18000) g/m was supplied by Panreac 

(Barcelona, Espana). Corn starch (St) with 99.9% purity was also obtained from Panreac (Barcelona, 

Espana). 

II. Pure PVA film Preparation  

    Solutions casting process is generally used to prepare 10% PVA hydrogel. PVA solution was 

prepared by dissolving 10g of PVA powder in 100 ml of distilled water by using a magnetic stirrer at 

(85-90) 
o
C for two hours until having a clear and good homogeneous solution. Then, this solution is 

left to cool gradually at ambient temperature, and it is poured into a dry glass plate. After pouring, the 

mixture is left to cure for 24 hours until it dries and finally the film has taken off.    

III. Preparation of the PVA/St blend films   

The casting method is generally used to prepare specific PVA/St samples at different weight 

ratios (75/25, 70/30, 65/35, 60/40, and 50/50) wt.%. After preparing PVA film as in (II), starch was 

added to PVA solution with constant stirring to get a homogeneous mixture. Lastly, the prepared 

mixture solution was poured on to a dry and clean glass plate and left for 24 hours to dry in the air.   

2. Testing technique   

  I. Water Absorption Test  

   This test was performed on samples according to ASTM D570 with square sample in size (1 x1) cm 

and thickness (0.2mm). First, the samples were weighed to the nearest 0.000 grams before immersion 
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and then immersed in distilled water for the time of up to 10 minutes. The samples were taken out 

intermittently and then weighed directly after being removed from the water on surface of the sample.     

    The swelling ratio % was calculated by the relation below [17]: 

 

                 
                                                                                       

                                     
            (1) 

 

II. Optical microscope 

       PVA and (PVA/St) blends film morphology surface was examined via using conventional optical 

microscope Model: MT9430 made in Japan of MEIJI TECHNO CO., LTD with 10x eyepiece lens 

which is corresponding to 100 magnifications 

   

III. Fourier Transform Infra-Red (FTIR) Analysis 

   FTIR is a technique that utilizes the vibration response of molecules when exposed to (IR) radiation. 

IR spectroscopy comes from light with limited molecular vibrations interaction. It was carried out 

using FTIR spectrometer (TENSOR-27), made by (Bruker Optics Company- Germany) in the wave 

number range of (4000–500 cm
−1

) .The test was performed according to (ASTM E1252) at Ibn Al-

Bitar center   / Industrial Research and Development Institute. A thickness of prepared samples between 

the (0.5 – 1 mm) was used as film form [18]. 

3. RESULTS AND DISCUSSION 

    Water absorption tendency is one of the main shortcomings of starch-based material so any 

enhancement in water resistance is very essential [8]. 

    The most important features of biomaterials are hydrophilicity and hydrophobicity wherever the 

water absorption is one of the key parameters used to define the material's hydrophilicity [19]. 

Blending PVA with starch plays a role in water absorption by increase this property of the samples 

due to hydrophilic nature of starch which has a polar nature owing to the presence  (-OH groups) that 

permit hydrogen bonding to be formed in the water which affects the resistivity of water of the 

mixtures [14]. 

   The water swelling was performed using distilled water and it was measured at period time. The 

water swelling increased with time due to water absorption and the swelling ratio % for each blend. 

The characteristic of water uptake increases with time up until the samples reach equilibrium [19]. 

   Figure (1) shows the relationship between the swelling ratio % with time of immersion for PVA 

before and after it is blended with starch at different concentrations. 

 

 

Figure 1:  Swelling Ratio % of prepared films in distilled water    

     The results showed that the PVA film that contains corn starch confirmed greater water uptake than 

PVA [8], so PVA had greater water resistance than starch [16]. 
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    The water absorption and immersion time in distilled water of the prepared (PVA/St) blends 

increased with increasing the starch ratios from (25% to 50%) in the blend  because of the OH groups 

of PVA [20] and due to the hydrophilic starch, which is responsible for the water absorption. 

Amusingly, the increase of starch in blends has less stability and accelerates the degradation of blends 

where starch is sensitive to water. As a result, the absorption increases and led to greater water 

absorbed amount. When the blends immersed in water, the gelatinized starch favored degradation; this 

was possible due to the separation of the grains for the duration of starch gelatinization [8]. 

      G. X .Zou et al., (2008)  informed that water absorption of (PVA/starch) composites increased with 

increasing starch content, as a result of the starch structure with greater presence of OH group thus 

increasing the site for water to bind to the OH groups [21]. 

    The films immersed in water caused to break the hydrogen bonds and increased its solubility. This 

finding was in a good agreement with D Yu et al. [22].                                           

     The result was seen that pure PVA has maximum water absorption (Mm), (222 %) for 50% St/PVA 

(677.17); whereas for 25% St/PVA was (295.45%) and its relation curve is nearly being a straight line 

which explains that it was quite more stable than the other samples.  

    In figure (2), it shows the maximum ratio increase in the samples weight at the equivalent mention 

time. Based on this, the sample with the low ratio increase in weight at a quite high reference time 

owns the highest stability and resistance in the water medium. In view of this result, sample (with the 

highest PVA ratio) was still the highest. The increase in the PVA ratio in the blends led to increase in 

the resistivity of moisture absorption therefore increasing for the weak resistance nature of pure starch 

[10]. 

 

Figure 2: The relation between corn starch ratios and the maximum absorbed water content (Mm) 

of the PVA blend films in distilled water   

   The morphologies of PVA and (PVA/St) films with different starch weight ratios (25-50 %) before 

and after immersion in water for ten minute are shown in Figure(3).   

      Figure.3 (a) shows a homogenous surface of the PVA matrix [6] and contains some of bubble and 

it can be concluded by corn starch addition that its particle was finely dispersed [8] and also show well 

dispersal as a regular phenomenon in the PVA matrix which achieved in the blend film with (25, and 

30 wt.%) of the starch see Figure.3 (c),(e) [6] . The dispersed phase /starch would be miscible in the 

matrix; as a result, the blends would be miscible and uniform morphology due to the hydrophilic 

nature of PVA; that characteristic caused hydrogen joining increase and effect in adhesion strength 

between the chains of corn starch. This results in a good agreement with N. A. Azahari et.al, [8]. 

Similar studies are reported by N.J Hameed et .al. [20].  

     Agglomeration /clustering appeared with a further increase in starch and produced voids in the 

PVA medium. These agglomeration and voids as shown in Figure 3 (g,i,k) led to weak interfacial 

adhesion between the two components [6]. It was realized that the porous were increased with the 

PVA ratio increased due to the miscibility of blend; this was in good agreement with N.J. Hameed 

et.al and E. J. Mohammed [20, 23]. After the prepared samples were immersed in distilled water, it 

was shown porous and spherical voids inside the sample as shown in Figure 3 (b,d,f,h,j,l).  
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Figure 3: Optical microscope image of (a) PVA (b) PVA after immersion in water  (c)(75%PVA/ 

25%st)blend   (d) (75%PVA/ 25%st)blend after immersion in water  (e ) (70%PVA/ 30%st) 

blend   (f)  (70%PVA/ 30%st) blend after immersion in water(g)  (65%PVA/ 35%st) blend   (h)  

(65%PVA/ 30%st) blend after immersion in water (i)(60%PVA/ 40%st) blend  (j) (60%PVA/ 

40%st) blend after immersion in water  (k) (50%PVA/ 50%st) blend  (l) (50%PVA/ 50%st) 

blend after immersion in water  

III. Fourier Transform Infra-Red (FTIR) analysis    

It is one of the most common techniques that gives useful information about the interactions 

between their active groups and intermolecular interactions associated with bending or stretching 

vibrations of certain bands, and the sites at which these peaks seem to depend on the band strength 

or force constant [24,25].In FTIR spectrum, broad peaks in the range (3500 to 3400 cm
-1

), which are 

assigned for (O-H) stretching vibration is certainly the most characteristic feature of phenols and 

alcohols [11,26]. FTIR analysis of the pure polyvinyl alcohol (PVA), pure starch (St) and 

(75%PVA/25%St ) blend film is presented  in Figure  4(a,b,c) respectively. 
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Figure 4: FTIR spectra of (a) pure (PVA), (b) pure starch (St) and (c) (PVA/25%St) blend film 

     

 Figure 4 (a) shows the FTIR spectrum of pure PVA film .It clearly reveals about (2918.57cm
-1

) for 

symmetric stretching of  (C-H) band from alkyl between (3000-2800 cm
-1

) and a broad peak  related  

to pure  PVA [5] and a broad absorption band centered occurred(transmittance  peaks) at (3283.08 

cm
-1

) between (3500 – 3200 cm
-1

) is associated with intermolecular and intramolecular strong free  

hydrogen bonding (O-H) stretching vibration present in PVA chain due to high hydrophilic forces 

[26,28] .Similar results are reported by others [24]. 

    The maximum absorption peak  at (1086.30 cm
-1

) is assigned as (C–C) and (C–O–C) stretching 

vibrations[26,27] and the band at (2918.57 cm
-1

) corresponded to bending vibration of (CH-CH2) 

which confirm basic carbon skeleton of PVA [29]. This band has been used as an estimates tool of 

PVA structure because it is a semi crystalline synthetic polymer which able to form some domains 

depending on some method parameters [30]. The appearance of the bands at (1373.43 cm
-1

) was 

attributed to (CH2) bending and the peaks  at (1732.32cm
-1

) was due to stretching vibrational bands 

of  (C=O) of residual acetate groups remaining after the PVA manufacture from hydrolysis of poly 

(vinyl acetate) or oxidation during processing and manufacturing. The values of (C = O) and/or (C = 

C peak intensities display that PVA have the similar resonating structure from alkene ↔alkane and 

C = O) ↔(C-O–) and/or existence of H- bond with O of (C = O) group [20, 26]. It was seen 

appearance of band at (834.38 cm
-1

) that was due to (C-H) out of phase bending (rocking of CH) 

[20].The absorption band is appearing at 1423.69 cm
-1

 is due to (CH2) wagging [26].    

    For pure corn starch, the spectrum shows a broad band at (3314.19 cm
-1

) and the peaks at 

(1640.44 cm
-1

) were attributed to the stretching vibration and bending vibration of (O-H), 

respectively. The characteristic peak occurred at (1640.44 cm
-1

) was the feature of tightly bound 

a b 

C 

https://www.thesaurus.com/browse/confirm
https://www.thesaurus.com/browse/estimate
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water present in starch .The appearance of peak at (2930.42 cm
-1

) related to bending vibration of (C-

H). The bands (761.83-1076.98 cm
-1

) corresponded to the (C-O) bond stretching [28]. 

    After blending of PVA with 25% of corn starch, there was a change in FTIR characterizes which 

refer to the physical mixing so it was seen appearance of a small sharp new band within range of 

(1732.24 cm
-1

) due to (CH) stretching [31]. This characteristic peaks was due to some of the water 

molecules will be present in the films by the solution casting method and resulting from the 

carbonyl functional groups (C=O) stretching arising from the acetate groups that remain after the 

manufacture of PVA [32]; the results proved bands shifting toward the longer (wave numbers). 

These results proved that the mixing process was carried out successfully, that was in a good 

agreement with [33]. It can be observed that a broad band (O-H) stretching peak at (3285.93 cm
-1

). 

The addition of PVA appears to reduce the amount of (O-H) bonds in the pure St, which indicates 

that free (OH) groups in the pure St are forming hydrogen bonds with the (OH) groups in the pure 

PVA. The increasing amount of hydrogen bonding between St and PVA leads to the decrease in the 

detected amount of (O-H) stretching [11]. Also it was observed bands at (1244.53 and 1087.58 cm
-1

) 

are attributed to the stretching vibration of (C–O) in (C–O–H) groups, and the band at (1024.62 cm
-

1
) is related to the (C–O) stretching vibration of (C–O–C) groups of the glucose unit in starch. The 

appearance of the absorption bands at (1426.24 cm
-1

), (1374.02 cm
-1

), and (834.70 cm
-1

) was also 

attributed to the starch only and this is an ideal reference frequency to display starch content in the 

films, the results in a good agreement with previously informed results. The band around (1426.24 

cm
-1

) (C-H stretch) belongs to the spectrum of PVA [34].  

    Functional groups assignment of PVA and St has been reported in many other studies. Compared 

with those previously reported by other research groups [35-38] some differences are obvious from 

the FTIR result in the current work. Similar types of characteristic peaks were also observed by 

other researchers (Chen et al 2008) [39]. Figure (5) shows the reaction between PVA and starch [9] 

   
Figure (5) hydrogen bond formation between PVA and starch [8] 

3. CONCLUSIONS 

1) The adding of starch to the PVA led to increase in the welling ratio % and the water absorption of 

(PVA/St) films. 

2) The Maximum water absorption values increased as the starch ratios increased.  

3) From an optical microscope micrograph, it was seen that the starch granules disperse well in the 

blend films at (25 and 30 wt. %) of corn starch but at (35, 40, and 50 wt. %) of starch content, it can 

be observed agglomerates (clusters) in the blends. It was shown porous and spherical voids inside the 

sample after it immersed in distilled water. 

Acknowledgment  

The author is appreciative to Sanaa Mahdi Saleh and Dr.Rabea Nafil for their assistance during the 

progress of work.   

 

 



Engineering and Technology Journal                        Vol. 39, Part B (2021), No. 01, Pages 150-158 

 

157 
 

References 

[1]  K. Leja and G. Lewandowicz, "Polymers Biodegradation and Biodegradable Polymers – a Review", 

Pol. J. Environ. Stud, 19, 2, 255-266, 2010.  

[2] M. Râpă, E. Grosu, P. Stoica, M. Andreica and M. Hetvary," Polyvinyl alcohol and starch blends: 

properties and biodegradation behavior ", Ecoterra journal Environmental Research and Protection, 11, Issue 1,   

24-42, 2014. 

[3]  D. R. Lu, C. M. Xiao and S. J. Xu, "Starch-based completely biodegradable polymer materials, eXPRESS 

Polymer Letters 3, 6, 366–375, 2009. 

[4]   P. Alexy., Darina, K., M. Kršiak., D. Bakoš. and B. Šimková.," Poly(vinyl alcohol) stabilisation in 

thermoplastic processing", Polym.  Degrad. Stab, 78, 3, 413–421, 2002.   

[5]  H-G.Xiong, S-W.Tang, H-L. Tang, & P. Zou, "The structure and properties of a starch-based 

biodegradable film", Carb. Polym., 71, 2, 263–268, 2008. 

[6]  B. H. Musa and N. J. Hameed," Study of the mechanical properties of polyvinyl alcohol/starch blends", 

Materials Today: proceedings,  20, Part 4, 439-442, 2020. 

[7]  E.T. Abd al Hussein , B.H.Musa,  H.H. Hussain ,"Study of some Optical and Electrical properties of 

polyvinyl alcohol adoped with FeCl3 ", Eng.& Tech. Journal , 36, 49-56,2018  

[8] N. A. Azahari, N. Othman and H. Ismail, "Biodegradation Studies of Polyvinyl Alcohol/Corn Starch Blend 

Films in Solid and Solution Media", Journal of Physical Science, 22, 2, 15–31, 2011. 

[9] S.Tang., P. Zou., H.Xiong and H.Tang, "Effect of nano-SiO2on the performance of starch/polyvinyl 

alcohol blend films", Carbohydrate Polymers, 72, 521, 2008.   

[10] E. J. Eterigho, T. S. Farrow, S.E Ejejigbe and G. O. Daniel ,"Study of the Physical Properties and 

Biodegradability of Potato-Starch Based Plastics", Proceedings of the World Congress on Engineering and 

Computer Science , San Francisco, USA, 25-27 October 2017, Vol II , PP.1-5 

[11]  H Judawisastra , R D. R Sitohang , L . Marta and Mardiyati  ,"Water absorption and its effect on the 

tensile properties of tapioca starch/polyvinyl alcohol bioplastics", Innovation in Polymer Science and 

Technology 2016 (IPST 2016), IOP Publishing IOP Conf. Series: Materials Science and Engineering , Medan, 

Indonesia ,7–10 November 2017, Vol.223, PP.1-9. 

[12]  L. Averous , L. Moro, P. Dole, and C. Fringant ,"Properties of thermoplastic blends: starch-

polycaprolactone", Polymer, 41, 4157, 2001.   

[13]  W.A.W.A. Rahman ,  L. T. Sin , A. R. Rahmat , and A. A. Samad " , Thermal behaviour and interactions 

of cassava starch filled with glycerol plasticized polyvinyl alcohol blends , carbohyd polym, ,81,4, 805-810 

,2010. 

[14]  M. S. N. Salleh, N. N. Mohamed Nor, N. Mohd, and S. F. Syed Draman ," Water resistance and thermal 

properties of polyvinyl alcohol-starch fiber blend film" ,AIP Conference Proceedings 1809,   Proceedings of the 

6th International Advances in Applied Physics and Materials Science Congress & Exhibition ,  American 

Institute of Physic  Publishing., 24 February 2017 , PP.020045-1–020045-10 . 

[15] R. Shia, J. Bia, Z. Zhanga, A. Zhu, D. Chenb, X. Zhoub,L. Zhanga , and W.Tian, “ The effect of citric acid 

on the structural properties and cytotoxicity of the polyvinyl alcohol/starch films when molding at high 

temperature ”, Carbohydrate Polymers, 74,763– 770, 2008.  

[16] P.Cinelli, E.Chiellini, J.Lawton, and S. Imam," Foamed articles based on potato starch, corn fibers and 

poly (vinyl alcohol)". Polymer Degradation and Stability, 91, 1147-1155, 2006. 

[17] A M. Hameed & Z.G. M. Salih, “Diffusivity of water in Unplasticised PVC ”, Eng.& Tech. Journal , 28 , 

10 , 1960-1966 , 2010. 

[18] Annual Book of ASTM Standard, "Standard Practice for General Techniques for Obtaining Infrared 

Spectra for Qualitative Analysis", E 1252-98, 1-13, 2013.  

[19] M.Ali and A. Gherissi , "Synthesis and Characterization of the Composite Material PVA/Chitosan/5% 

Sorbitol with Different Ratio of Chitosan", International Journal of Mechanical & Mechatronics Engineering , 

17, 2 , 15-28, 2017. 

[20] N. J. Hameed and A. S. Abd-alrhman," Effect of SiO2 particles on the biodegradability of starch/PVA 

blends ”, Iraqi Journal of Physics, 16,  37,  52-64, 2018. 

https://independent.academia.edu/Du%C5%A1anBako%C5%A1?swp=tc-au-16404621
https://www.sciencedirect.com/science/journal/22147853/20/part/P4
https://www.researchgate.net/scientific-contributions/WAWA-Rahman-2090034926
https://www.researchgate.net/profile/Lee_Sin
https://www.researchgate.net/profile/Abdul_Rahmat3
https://www.researchgate.net/scientific-contributions/A-A-Samad-73553168
https://www.researchgate.net/publication/223227855_Thermal_behaviour_and_interactions_of_cassava_starch_filled_with_glycerol_plasticized_polyvinyl_alcohol_blends
https://www.researchgate.net/publication/223227855_Thermal_behaviour_and_interactions_of_cassava_starch_filled_with_glycerol_plasticized_polyvinyl_alcohol_blends


Engineering and Technology Journal                        Vol. 39, Part B (2021), No. 01, Pages 150-158 

 

158 
 

[21]  G. X .Zou, P Q. Jin, and L Z. Xin,"Extruded starch/PVA composites: water resistance, thermal properties, 

and morphology", J. Elastomers Plast , 40 , 303-316 , 2008. 

[22] D.Yu, and N.M. X Warg," Starch", 57, 494-504, 2005. 

[23] E. J. Mohammed," Preparation of Different Polymer Blends of (PVA) Matrix as Biodegradable Packaging 

Materials and study its properties", MSc. Thesis, Applied Science Materials Science., University of Technology, 

Iraq, 2016. 

[24] F. H. Falqi, O. A. Bin-Dahman, M. Hussain , and M. A. Al-Harthi   , " Preparation of Miscible PVA/PEG 

Blends and Effect of Graphene Concentration on Thermal, Crystallization, Morphological, and Mechanical 

Properties of PVA/PEG (10wt%) Blend, International Journal of Polymer Science, 1-10, 2018.  

[25] K. S. Reddy, M. N. Prabhakar, P. K. Babu, and G. Venkatesulu , U. S. K. Rao, K. Ch. Rao, and M. C. S. 

Subha ,"Miscibility Studies of Hydroxypropyl Cellulose/Poly(Ethylene Glycol) in Dilute Solutions and Solid 

State, International Journal of Carbohydrate Chemistry", 1-9, 2012. 

[26] Z. I. Ali and W. H. Eisa, “Characterization of Electron Beam Irradiated Poly Vinyl Alcohol/Poly Ethylene 

Glycol Blends,” Journal of Scientific Research, 6, 1, 29–42, 2014.   

[27]  M. R. El-Aassar , M. Elnouby , F.H. Kamal , N. A.F. Badawy , and Sh. Amer ," Chemical crosslinking of 

poly(vinyl alcohol )/poly ethylene glycol with glutaraldehyde nanofibers ", Al Azhar Bulletin of Science , 27, 2,  

9-17, 2016. 

[28] X. Zhai , J. Shi , X. Zou , Sh. Wang , C.Jiang , J. Zhang , X. Huang , W. Zhang and M. Holmes ," Novel 

colorimetric films based on starch/polyvinyl alcohol incorporated with roselle anthocyanins for fish freshness 

monitoring " , Food Hydrocolloids, 69, 308-317, 2017. 

[29]  V. A. Pereira, , I. N. Q. de Arruda, and  R. Stefani," Active chitosan/PVA films with anthocyanins 

526from Brassica oleraceae (Red Cabbage) as Timeñ Temperature Indicators for application in intelligent food 

packaging",  Food Hydrocolloids, 43, 180-188, 2015. 

[30]  F. S. Matty , and Z. M. MohiALDeen, " Swelling Behavior and Drug Release of Interpenetrating Network 

Composed of PVA and Chitosan", Ibn Al-Haitham Jour. for Pure & Appl. Sci. 31 ,1, 145-156, 2018. 

[31] S. Bojja , M. Sairam, D. K. Chattopadhyay, P. A. Rathnam, and D. V.,Rao," Thermal, mechanical, and 

surface characterization of starch–poly(vinyl alcohol) blends and borax-crosslinked films", J. Appl. Polym. Sci. 

96, 1313-1322, 2005.   

[32]  K.Trinath, K.Sandeepkumar, N. Devarakonda ,and V.Karthik, "Development and characterization of 

biodegradable blending Starch/PVA Films theoretical and experimental comparison ", 2nd International 

conference on Advances in Mechanical Engineering ,IOP Publishing IOP Conf. Series: Materials Science and 

Engineering 402, 2018,1-12. 

[33] E.E.Tanase, M. E. Popa, M. Rapa, and O. Popa , "Preparation and characterization of biopolymer blends 

based on polyvinyl alcohol and starch", Romanian Biotechnological Letters, 20, 2, 10306- 10314, 2015.  

[34]   N.Elsayed, R.K.Rakhmetullayeva, G.Zh. Yeligbayeva., P. Urkimbaeva, S. Primzharova., D.B. 

Kaldybekov , J. Khatib, G.A Mun, and W. Craig,” Improving biodegradability of polyvinyl alcohol /starch 

blend films for packaging applications ", International Journal of Basic and Applied Sciences, 3, 3,263-273, 

2014.   

[35]  A. A. Arrieta, P. F. Gañán,  S. E. Márqueza and R. Zuluaga ,"Electrically Conductive Bioplastics from 

Cassava Starch ", J. Braz. Chem. Soc., 22, 6, 1170-1176, 2011.  

[36]  K. Kaewtatip  and V.Tanrattanakul ," Preparation of cassava starch grafted with polystyrene by 

suspension polymerization" , Carbohydr Polym , 73,4, 647-55, 2008. 

[37] Sh. A A. Shehap ,"Thermal and spectroscopic studies of polyvinyl alcohol/sodium carboxy methyl 

cellulose blends",  Egypt J Solids , 31, 75-91, 2008. 

[38]  S. M. Pawde, K.Deshmukh, and S. Parab,"  Preparation and characterization of poly(vinyl alcohol) and 

gelatin blend films" , journal of Applied Polymer Science , 109, 1328–1337, 2008.  

 Y. Chen, X.Cao, P.R. Chang, and M.A. Huneault, "Comparative study on the films of poly(vinyl alcohol)/pea 

starch nanocrystals and poly(vinyl alcohol)/native pea starch", Carbohydrate Polymers, 73, 8–17, 2008. 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Kaewtatip+K&cauthor_id=26048231
https://pubmed.ncbi.nlm.nih.gov/26048231/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Tanrattanakul+V&cauthor_id=26048231
http://scholar.google.com/scholar?cluster=10213962923509293139&hl=en&oi=scholarr
http://scholar.google.com/scholar?cluster=10213962923509293139&hl=en&oi=scholarr

