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ABSTRACT 

 

 
Polyvinyl alcohol (PVA) is a water soluble polymer which is commonly used for 

various applications. The peculiar properties of PVA and its reduction in the 

production cost account for its increasing market penetration and end uses. Due to 

its enhanced usage, PVA tends to accumulate in water bodies and causes serious 

removal problems. Though PVA is water soluble, discarded polymer wastes in large 

quantities impose disposal problems and tends to accumulate in water bodies 

leading to blocks in water bodies due to high viscosity. The polymer would also 

prevent light penetration and disturbs the survival of aquatic organisms. Also, PVA 

can enter the bodies of the aquatic organisms and causes their destruction. Hence is 

important to determine the conditions under which the viscosity of PVA can be 

decreased for its fast removal from the water system. Experiments are carried out 

mimicking the environmental conditions.. Thus polymer degradation study involving 

reduction in viscosity is studied based on the variaion in pH, presence of 

nanomaterials, temperature and metal ions. 
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CHAPTER-1 
 

1.1 INTRODUCTION 

 
Polyvinyl alcohols (PVA) are synthetic polymers used since the early 1930s in a wide 

range of industrial, commercial, medical and food applications including resins, lacquers, 

surgical threads and food-contact applications [1] Polyvinyl alcohol (PVA) is the only vinyl 

polymer that can be used by bacteria as a carbon source and energy source. Under the 

action of bacteria and enzymes, PVA can be degraded by 75% in 46 days, so it belongs 

to a kind of biodegradable polymer material. PVA is a water-soluble polymer with a 

carbon chain as the main chain and a large number of hydroxyl groups in the side chain. 

It can be produced on a large scale by non-petroleum routes, with low price and good film-

forming properties shows the structural formula of PVA resin. PVA film is flexible, 

transparent, non-toxic, non-hazardous and biocompatible; it has good mechanical 

properties chemical resistance, and gas barrier, and can be completely biodegradable in 

line with the development of green environmental protection needs.[2] Viscosity 

measurements of polymer solution shows the existence of molecular interaction between 

the polymer and the solvents. From these measurements, the extent of interaction can 

also be predicted. Solvation dynamics and its experimental and theoritical studies have 

given rise to renewed interest in the field of research activities [3] Polyvinyl alcohol 

(PVA), which is essentially made from polyvinyl acetate through hydrolysis, is easily 

degradable by biological organisms and in water is a solubilized crystalline structure 

polymer. PVA is an artificial polymer that has been used during the first half of the 20th 

century worldwide. It has been applied in the industrial, commercial, medical, and food 

sectors and has been used to produce many end products, such as lacquers, resins, 

surgical threads, and food packaging materials that are often in contact with food [4]. 

 

Figure 1.1 Poly Vinyl Alcohol (PVA) 
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1.2 Sturucture of Polyvinyl alcohol 

 
Polyvinyl alcohol is a polymer, so it comprises small monomer units bound. The 

monomeric unit of polyvinyl alcohol is vinyl acetate. The polymerization of vinyl acetate 

results in the polymer's formation of polyvinyl alcohol. The direct polymerization of vinyl 

acetate is not possible. Hence, polyvinyl alcohol is prepared by the hydrolysis of polyvinyl 

acetate in the presence of an alcohol (mainly methanol) and an alkaline catalyst. 

 

 
PVA Structure 

 
Poly(vinyl alcohol) (PVA) is a well known synthetic polymer that is attracting renewed 

interest for the production of environmentally friendly plastic materials. The rather 

peculiar PVA properties and its gradual reduction in production cost account for its 

increasing market penetration and end uses. In particular four major segments of PVA 

consumption include: warp sizing, paper coating, adhesives, and films.“Biodegradable’’ 

disposable PVA items (mulching films, laundry bags etc.) can reach the environment 

without entering any integrated system of waste treatment. Therefore, the 

biodegradability of PVA and PVA-based systems is a fundamental instance to be 

ascertained. Basic properties of these materials are very much depending upon the 

degree of polymerization, degree of hydrolysis, distribution of hydroxyl groups, 

stereoregularity and crystallinity of PVA; thus also, the assessment of the relationship 

between biodegradability and polymer structure is of utmost importance [5]. 
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CHAPTER-2 
 

LITERATURE SURVEY 

 
Tayser Sumer Gaaz, Abu Bakar Sulong [4] and his partners studied the 

preparation,characterization, water absorption capacity, thermal stability and flame 

retardant behavior of PVA-HNTs nanocomposites with special reference to fille loading. 

This polymer has been studied widely based on clinical and nonclinical research. PVA- 

HNT nanocomposites can be used in general clinical operations such as cartilage 

replacement or cartilage transplantation because they have the advantage of being 

readily available compared with cartilage transplantation. Disease transmission concerns 

and limited availability characterize cartilage transplantation. Moreover, PVA-HNT 

nanocomposites can be used in eye contact lenses, eye drops, and drug delivery 

systems to target tissue with abnormal growth rates. PVA and PVA–HNT nanocomposite 

applications due to their biocompatibility, non-toxicity, noncarcinogenicity, smoothness, 

and flexibility in potential applications in bone tissue engineering and drug delivery 

systems. 

Baodong Liu, Jianhua Zhang, and Hongge GuO [6] were studied the reviews of water- 

resistant modification methods of polyvinyl alcohol and the application of water-resistant 

films and provides an outlook on the development trend of PVA water-resistant films. 

They achieved Globally, a “plastic ban” is under promotion, and the development of PVA 

film is bright. In order to expand the scope of application of PVA films, it is necessary to 

modify them for water resistance. The use of multiple modification methods has become 

a trend for single nano-fill modification, polymer co-blend modification, and chemical cross-

linking modification. Because a variety of modification methods use synergistic 

modification, to further enhance the performance of the film, it will be enhanced; at the 

same time, the choice of additives will also become greater, leading to more functional 

films, and thus substantial increases in applicability. For the selection of additives, to 

integrate environmental protection, processing costs, and many other factors, for 

example, in the field of packaging, to consider the compatibility of blended polymers and 

PVA matrix, toxicity, degradability, preferably starch, gelatin, chitosan, and other 

biomaterials, for the choice of nanoparticles, nanocellulose, nano-chitosan, and other 

biomaterials can be preferentially selected. 

Najla Ali Elgheryani [7] and workmates evaluated the elasticity of the samples in the case 
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of NaHCO₃ decreased, while in the case of NaCl it increased, as well as the Young’s 

modulus, and for the figures of the viscosity of solutions indicate increased viscosity with 

increased concentration, but PVA/NaHCO₃ solutions have viscosities higher than that of 

PVA/NaCl. The treatment of viscosity data based on Huggins and Kraemers relationships 

allowed for evaluation of intrinsic viscosity of the PVA solutions with different 

concentration of NaHCO₃ and NaCl. Therefore, these results can be used to improve the 

properties of polymers, their solutions and segments, to benefit from them in many fields, 

such as industrial and medical applications and scientific studies. 
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CHAPTER -3 

 
AIM AND OBJECTIVE 

 
 

 

AIM 

 
Aim of our project is to reduce the viscosity of polymer material which aid its fast removal 

from the water bodies in the presence of ZnO, Areachea powder, CuSO4 , NaCl, pH and 

Temperature. 

 
 

OBJECTIVE 

 
• Viscosity analysis of PVA samples 

 
• Study the effect of temperature on viscosity decrease of PVA 

 
• To First prepare PVA solution containing small amount of ZnO and measure the 

viscosity of the solution using Ostwald viscometer. 

• Measure viscosity in the presence of areachea powder. 

 
• Determine the viscosity in the presence of metal ions such as Cu using 

viscometer. 

• To compare the viscosity of PVA under the selected conditions with the viscosity 

of pure PVA. 

• Finally compare all readings and find out which is the best suitable condition for 

the large decrease in viscosity. 



13 
 

CHAPTER-4 

METHODS AND MATERIALS 

 
 

4.1 Requirements 

 
• Ostwald U-Tube Glass Viscometer 

 
• Rubber Bulb 

 
• Standard Flask – 25ml 

 
• Pipette (10ml capacity) 

 
• Magnetic Stirrer 

 
• RB Flask – 250ml 

 
• Thermometer 

 
• Stop Watch 

 
• Glass Beakers (100ml) 

 
• Glass Rod 

 
 

4.2 PROCEDURE 

 
• Prepare 2.5g of PVA and add 100ml of distilled water by heating on magnetic 

stirrer. 

• Then mix well using a glass rod and leave to disslove for 1 hour. 

 
• Prepare polymer solutions of 5 different concentrations (2.5,5,7.5,10,12.5) in 25ml 

standard flask. 

• Take 0.05g of ZnO add 10ml distilled water using measuring cyclinder. 

 
• Then make 25ml mixture in standard flask 

 
• Shake well and leave the solution for 2 days. 

 
• introduce it in the bulb A of a viscometer. 
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• Suck air by using rubber suction bulb. 

 
• When liquid comes at appropriate level in the viscometer, it is released and the 

time taken to cross the level is determned. 

 
 

4.3 ZnO – PRECIPITATION METHOD 

 
4.3.1 Materials 

 
Zinc nitrate as the precursor, KOH as a precipitating agent to synthesize ZnO 

nanoparticles were purchased from Sigma-Aldrich. 

4.3.2 Preparation 

 
ZnO nanoparticles were synthesized by direct precipitation method using zinc nitrate and 

KOH as precursors. In this work, the aqueous solution (0.2 M) of zinc nitrate 

(Zn(NO3)2.6H2O and the solution (0.4 M) of KOH were prepared with deionized water, 

respectively. The KOH solution was slowly added into zinc nitrate solution at room 

temperature under vigorous stirring, which resulted in the formation of a white 

suspension. The white product was centrifuged at 5000 rpm for 20 min and washed three 

times with distilled water, and washed with absolute alcohol at last. The obtained product 

was calcined at 500 °C in air atmosphere for 3 hr. 

 
 

4.4 Synthesis 

 
4.4.1 Synthesis of ZnO/Polymer Nanocomposites 

 
ZnO and PVA were mixed in different proportions in 25ml standard flasks. Different 

concentrations (100, 300, 500, 700, and 1000 ppm) of the polymer were prepared from 

the stock polymer solution. Then, ZnO was added to the polymer solutions and 

determined their viscosities using Ostwald viscometer. 

Similarly, to different concentrations of PVA solutions were added Arachea powder, 

NaCl, and CuSO4 in order to measure the decrease in the viscosity of the polymer 

solution. Temperature and pH variations were also done to study their effects on 

viscosity reduction. 
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CHAPTER-5 
 

5.1 RESULT 
 
 

 

 

Figure 5.1 PVA 
 

In this plot shows that rate of f ow of PVA solutions at different concentrations. 
 
 

 

 

Figure 5.2 PVA with ZnO 
 

In this graph when mixing ZnO (0.05g) with PVA , the vicosity is stablized and decreased 

by 20 seconds in 2.5ml concentration of PVA. 
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Figure 5.3 PVA and Arachea powder (0.1g) Mixture 
 
 

 

 

Figure 5.4 PVA with Arachea powder (0.05g) 
 
 

 

In Fig 5.3 and 5.4   the plot shows that the presence of Arachea powder in capable of 

retaining the viscosity of the polymer solutions to the same extent. High viscosity is 

observed for the high polymer concentration, The rate of flow also increases. The rate of 

flow could be found that the prepared polymer pipetted out on above mentioned 

concentrations and add distilled water to make 25 ml in the standard flask, shake it well 

and leave it for 2 days to dissolve . 
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Figure 5.5 PVA with Carbonized Brown Powder (0.05g) 
 
 

 

 

Figure 5.6 PVA with ZnO and NaCl 
 

In the plot obtained by the addition of 0.05g of ZnO and 0.1g of NaCl to different 

concentrations of PVA showed a high decrease in the viscosity of the polymer solutions 

with high rate of flow. 
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Figure 5.7 PVA , ZnO (0.05g) , Nacl (0.01g) and CuSO4 

 
In fig 5.7 prepared each 12.5ml of PVA solution by adding 0.05g of ZnO, 0.1g of NaCl 

and varying volume of CuSO4 solution. 

60 

 
50 

 
40 

 
30 

 
20 

CuSO4 

Time (s) 

10 

 
0 

1 2 3 4 5 6 7 8 

CuSO4 (ml) 

Ti
m

e
 (

s)
 



19 
 

Concentratin Rate of flow Condition 

 
12.5 

 
62 sec 

PVA+Arachea 

Carbonized Powder 

(0.05g) 

12.5 52 sec PVA Solution 

 
12.5 

 
42 sec 

PVA + ZnO (0.05g) 

+NaCl (0.1g) + CuSO4 

(5ml) 

 

12.5 
 

40 sec 
PVA + Temperature 

(35°C) 

 

12.5 
 

38 sec 
PVA + Arachea Powder 

(0.05g) +NaCl (0.1g) 

12.5 35 sec 
PVA+ZnO(0.05g) 

+NaCl (0.1g) 

12.5 33 sec PVA+ZnO (0.1g) 

12.5 32.5 sec PVA+ZnO (0.05g) 

12.5 32.5 sec 
PVA+ Arachea Powder 

(0.05g) 

12.5 30 sec 
PVA+ Arachea Powder 

(0.1g) 

12.5 28 sec PVA+ZnO+Temp (55°C) 
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Fig 5.8 Comparison of Rate of flow of PVA under different conditions 
 
 

 

➢ The plot shows a decreasing order of rate of flow. 
 

➢ Prepared polymer solutions of 5 different concentrations as shown in the table. 
 

➢ The lowest viscosity in this plot is corresponding to PVA along with ZnO and the 

temperature of 55°C. 

➢ By heating PVA at 55°C temperature in the presence of ZnO showed the time as 28 

sec. 
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CHAPTER-6 
 

6.1 CONCLUSION 

 
PVA is an artificial polymer that has been used in the medical and other fields for the last 

30 years. Polyvinyl alcohol is a resin, a natural or synthetic organic compound made of non-

crystalline or viscous substance. Polyvinyl alcohol widely used to strengthen textile yarn 

and papers, particularly to make the later more resilient to oils and grease. It is also used in 

the freshwater sports fishing. PVA is added to bags to that filled with oil-based or dry 

fishing bait and attached to the hook. Overuse of the polymer and their improper disposal 

results in their accumulation and pave way for environmental deterioration. Hence it is 

important to find solution for the safe disposal of the polymer material. Since PVA is a 

water soluble polymer, its decrease in viscosity can easily and safely eliminate it from the 

environment without getting accumulated. Therefore conditions to decrease the viscosity 

of the polymer is determined based on the determination of rate of flow of the polymer 

using Ostwald viscometer. The best prevailing condition for the high decrease in 

viscosity is attained using -------------- 
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