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 ABSTRACT : Renewable sources are becoming more attractive because of growing environmental awareness. In 

fundamental research for industrial applications . The natural fiber reinforced polymer composite material has gained 

importance. Due to its availability , eco friendly, Non toxic, mechanical integrity and properties usage the natural fibre 

hybrid composites are growing in engineering . The advantage of natural fibers over synthetic fibers is that they are 

obtainable from renewable sources and are biodegradable. These composites are made of natural fibers and biobased  

polymers are completely bio-degradable. The present work is taken up for developing thin sheets of poly vinyl alcohol 

using untreated and treated kenaf short fiber and also rice powder. The composite films produced shall have better 

mechanical and water absorption properties. The composites are developed using Kenaf fibers, rice powder for 

reinforcement in poly (vinyl alcohol) matrix to study the influence of cross-linking, fiber/starch content and chemical 

treatment of fibers. 
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I. INTRODUCTION 

Composite materials have been widely used in place of conventional materials due to   their higher specific 

properties especially in high technology areas like aerospace, aircraft and other transportation sectors. 

Composites made of glass or synthetic fibers cause environmental issues during disposal.  Increasing 

emissions of greenhouse gases and global warming have raised concern over the protection of environment in 

the international forums. Demand for biodegradable materials has given birth to the development of new 

materials using plant fibers and biodegradable resins.  Polymers like, poly vinyl alcohol, poly lactic acid, 

shellac, starch, etc.,  are used along with  plant fibers, such as, kenaf, jute, hemp, flax, sisal, etc. are used  to 

produce biodegradable composites.  The Biocomposites are made of natural fibers and biobased polymers and 

are completely bio-degradable. Different biobased polymers are poly (vinyl alcohol), poly lactides, poly 

hydroxy-alkanoates, cellulose esters, starch polymers, etc.  They are carbon neutral and add no additional 

carbon will be added into the environment. They do not require high energy for decomposition and do not 

cause green house effect or global warming. The demand for biodegradable and biocompatible materials has 

been increasing due to the concern for health and safety to human beings and environment. The present 

composites are developed using Kenaf fibers, rice powder for reinforcement in  poly (vinyl alcohol) matrix to 

study the influence of cross-linking, fiber/starch content and chemical treatment of fibers.The composite 

polymeric sheets are useful for packaging of detergents, water treatment chemicals, agrochemicals, dyes, 

embroidery and laundry bags applications, etc.  They are strong, absorb moisture and prevent damage to the 

inside material.  A spectrum of research articles published on the development of poly vinyl alcohol 

composites using plant fibers or wood flour, cellulose or solutions like starch from rice, corn, pea's granules, 

etc., are presented. 

Bana, R. and Banthia, A.K. [1] has reported that biodegradable composites are made using cross linked poly 

(vinyl alcohol) blended with Piyasal wood dust as the filler.  Different amounts of cross linking agent such as 

glutaraldehyde is added to improve compatibility between wood dust and plastic material.Chiellini, E., 

Cinelli, P., Ilieva, VI., Martera, M.[2] have produced composite films using PVA algae (Ulva Americana) 

and starch in the presence of glycerol.  The suspensions are cast by compression molding. Nigrawal, A., 

Chand, N.[3] have developed sisal powder filled polyvinyl alcohol composites.  NaOH treated and untreated 
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sisal powders are used in different quantities with PVA.  Results showed that chemical modification of fibers 

has decreased the dielectric constant. Cerpakovska, D., Kalnins,  M.,  Tupureina V., Dzene, [4] have 

developed poly vinyl alcohol composites using three different kinds of paper for reinforcement.  Each paper is 

made of fiber of different length and differing in void content. Kim G.W.[5] has invented the composite fiber 

of cellulose-polyvinyl alcohol.  The method of preparation of cellulose/polyvinyl alcohol composite fiber is 

presented with the steps of spinning dope and cross linking and solidifying the composite fiber with cross-

linking agent during solidifying process. Ramaraj, B. [6] has developed a low cost, environmental friendly 

packaging material by casting thin sheets of cross linked poly (vinyl alcohol) blended with different quantities 

of starch.  

Othman, N., Azahari, N.A., Ismail, H. [6]have prepared the poly vinyl alcohol/corn starch blend film using 

solution casting method and the thermal property studies are conducted. Azahari, N.A., Othman, N., Ismail, 

H. [7] have prepared polyvinyl alcohol/corn starch blend films by solution casting method.  The 

biodegradability of the films was investigated based on enzymatic absorbance in water, in acidic solution as 

well as by burial in soil and compost. Chen, Y., Cao, X., Chang, P.R., Heneault, M.A. [8] have prepared the 

films of poly(vinyl alcohol)/pea starch nano crystals and poly(vinyl alcohol)/native pea starch.  The pea starch 

nanocrystals in the range of 30-80 nm were prepared by acid hydrolysis from native pea starch granules. 

Piyada, K., Waranyou, S., Thawien, W.[9] have prepared a rice starch based film, reinforced with starch 

nanocrystals by casting film-solution on leveled trays. Jelinska N, Tupureina V, Dzene A, Laka M. [10] 

have prepared composite films by solvent casting method using several blends of poly vinyl alcohol, glycerol 

and natural fillers, such as starch, thermocell and thermocell gel. Zhang, X., Liu, T., Sreekumar, T.V., 

Satish Kumar, Moore, V.C., Hague, R.H., Smalley, R.E.[11] have produced poly(vinyl alcohol) (PVA) 

composite films using poly(vinyl pyrrolidone) (PVP)and sodium dodecyl sulfate(SDS)- covered, well 

dispersed single wall carbon nanotubes(SWNT) exhibit significant improvement in tensile strength and 

modulus as compared to he control PVA and PVA/PVP/SDS films.  

 

II. METHOD & MATERIAL  

a).  Fiber Extraction and Alkali treatment  

 The stems of kenaf plant are cut from the tree are collected in wet conditions and soak in water for a 

period of two days and then washed totally with water for free from scaling substance and dry in sunlight to 

get very clean and fine fibers for preparation of mats. The complete process of extraction of the thin fibers has 

to be done only during the contents is green that is in wet condition by retting process. Alkali treatment is 

usually done for the fibers to improve wetting of the fibers and builds a strong interface as shown in figure 3.   

The fibers are soaked in a solution 5 wt% NaOH for 24 hours and washed thoroughly and finally with distilled 

water to remove any traces of alkali.  

  

Figure 1   Hibiscus Cannabinus Plants  
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  Figure 2  5%NaoH Solution  Figure 3  Fiber Treatment 

Rice is the most widely consumed basic foodstuff in the world. Each year over 500 million tons of rice is 

harvested. Part of this production goes into making Rice Starch. Rice flour (also rice powder)  is a form of 

flour made from finely milled rice. Part of this production goes into making rice starch. 

 

   Figure  4 Kenaf Fiber          Figure  5 Kenaf Fiber –Untreated 

Polyvinyl alcohol is an odorless and tasteless, translucent, white or cream colored granular powder.  The 

powder is soluble in water and a 5% solution of polyvinyl alcohol exhibits a pH in the range of 5.0 to 6.5.  It 

has a molecular weight between 26,300 and 30,000 and a degree of hydrolysis of 86.5 to 89%. Glutaraldehyde 

is a chemical frequently used as a disinfectant and sterilizing agent against bacteria and viruses (2% solution), 

an embalming fluid and tissue fixative, a component of leather tanning solutions, and intermediate in the 

production of certain sealants, resins, dyes, and electrical products.  Now glutaraldehyde is used as cross 

linking agent with polyvinyl alcohol.   

 

b).Methodology 

 Cross linked poly(vinyl alcohol) resin blended with treated and untreated kenaf short fiber  and also 

rice powder in different quantities are considered for making the biodegradable polymer sheeting that can be 

used for various packaging applications has  been prepared.  Initially, the pure PVA resin is considered.  Then 

4 ml of glutaraldehyde is added as the cross linking agent and thoroughly mixed and casted on a glass plate.  

The glass plate has been thoroughly cleaned and wax polish is applied to provide oily surface for easy 

removal of the dried polymer film. Then sheets are prepared by blending 1g and 0.5g of rice powder into the 

cross linked PVA solution. Similarly, 1g and 0.5g treated and untreated kenaf fiber is blended into the cross 

linked PVA solution.  Total 8 varieties of samples are prepared.    Then boundaries are set for the required 

size of the film to be casted using thick glass pieces again applied wax polish.  Required quantities of PVA 

and glutaraldehyde are taken in a measuring jar and they are thoroughly mixed without generating air bubbles.  

Then the measured quantity of kenaf fiber or rice powder is mixed for uniform distribution in the resin.  The 

contents are then poured and spread over the glass plates uniformly and are allowed to dry at room 

temperature for 48 hrs.  Then the sample sheets are removed and specimens are cut as per ASTM standards.  

The tensile test is carried out as per ASTM D 882 on a Universal Testing Machine. The moisture absorption 

properties are evaluated as per ASTM D 570. 

Various sample composite sheets are moulded using different additives to the basic ingredient, i.e., polyvinyl 

alcohol(PVA).  Different additives are: Glutaraldehyde (GL), treated kenaf short fiber (TF), untreated Kenaf 
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short fiber (UTF).  Both the tensile and moisture absorption tests are conducted on the above type of 

specimens.  For each type, five specimens are taken.   

The variety of composites produced and respective ingredients are indicated in the following. 

i. PVA 

ii. PVA + GL 

iii. PVA + GL + 3.75% TF 

iv. PVA + GL + 1.87% TF 

v. PVA + GL + 3.75% UTF 

vi. PVA + GL + 1.87% UTF 

vii. PVA + GL + 3.75% starch 

viii. PVA + GL + 1.87% starch 

 

c).Preparation of specimens  

The specimens are prepared for each test, i.e., tensile test as per ASTM D 882 and for moisture absorption test 

as per ASTM D 570.    The dimensional details of each type of specimen are presented in Figure 6 (a) and (b).  

 

III. Results and Discussion  

a).Tensile Test 

Tensile test is conducted on different specimens using Grab Tensile Testing Machine.  In each case, five 

specimens are tested. A loading speed of 20 in/min is used.  The broken specimens after tensile testing are 

shown in Fig. 7(b) 

   

  (a)       (b) 

Figure 6 Dimensions for Specimens (a) Tensile  (b) Moisture Absorption 
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The tensile specimens before testing and after testing   are shown in Fig 7  

  

 Figure 7 (a) Tensile Test Specimens   (b)Tensile Test Specimens after Testing 

 

The results of load vs elongation are plotted for all the specimens.  The modulus of elasticity (Es) is obtained 

from these plots.   

 

  Figure 8 Load vs elongation curves for   Figure 9 Load vs elongation curves for  

                    (PVA, PVA+GL )     (PVA + GL +3.75% TF, PVA + GL + 1.87%TF)   

 

2.Moisture test 

Moisture test has been conducted as per ASTM D 570.  The amount of moisture content in the specimens is 

measured  initially by measuring the weight of each sample upto a minimum of 0.1 g.    After drying the 

sample in oven for 1 hour at 50oC, it is allowed to cool for 5 minutes and the weight is measured.  The 

difference between the original weight and the weight after drying gives the amount of moisture content in the 

specimen.  

Calculate percent moisture using the formula 

                                                    % Moisture =
wt.of water

wt.of dry material
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Figure 10   Load vs elongation curves for  

(PVA + GL + 3.75% UTF, PVA + GL + 1.87% UTF) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure11   Load vs elongation curves for  

(PVA + GL + 3.75%, PVA + GL + 1.87%  rice powder) 
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Table 1 Moisture Test observations for PVA composite 

S .no Normal sample 

weight  

wt. of dry 

material 

wt. of water % Moisture avg % of 

moisture 

PVA 0.25 0.23 0.02 8.70 0.27 

0.24 0.18 0.06 33.33 

0.32 0.26 0.06 23.08 

0.29 0.22 0.07 31.82 

0.25 0.18 0.07 38.89 

PVA+GL 0.82 0.74 0.08 10.81 0.90 

0.79 0.67 0.12 17.91 

0.87 0.79 0.08 10.13 

1.06 0.97 0.09 9.28 

0.96 0.84 0.12 14.29 

PVA + GL + 

3.75% TF 

0.79 0.76 0.03 3.95 0.80 

0.8 0.77 0.03 3.90 

0.82 0.77 0.05 6.49 

0.8 0.75 0.05 6.67 

0.78 0.74 0.04 5.41 

PVA + GL + 

1.87% 

TF 

0.56 0.48 0.08 16.67 0.54 

0.6 0.52 0.08 15.38 

0.46 0.4 0.06 15.00 

0.52 0.43 0.09 20.93 

0.55 0.37 0.18 48.65 

PVA + GL + 

3.75% UTF 

0.59 0.53 0.06 11.32 0.59 

0.64 0.51 0.13 25.49 

0.62 0.52 0.1 19.23 

0.53 0.46 0.07 15.22 

0.55 0.5 0.05 10.00 

PVA + GL + 

1.87% UTF 

0.53 0.5 0.03 6.00 0.50 

0.53 0.5 0.03 6.00 

0.49 0.42 0.07 16.67 

0.49 0.44 0.05 11.36 

0.46 0.41 0.05 12.20 

PVA + GL + 3.75 

% STARCH 

0.53 0.5 0.03 6.00 0.53 

0.5 0.46 0.04 8.70 

0.5 0.49 0.01 2.04 

0.53 0.45 0.08 17.78 

0.6 0.55 0.05 9.09 

PVA + GL + 1.87 

% STARCH 

0.56 0.48 0.08 16.67 0.55 

0.56 0.48 0.08 16.67 

0.55 0.46 0.09 19.57 

0.55 0.5 0.05 10.00 

0.55 0.46 0.09 19.57 
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IV. Conclusion 

Polymeric sheets of polyvinyl alcohol with different additives are tested for tensile and moisture absorption 

properties.  It is observed that the specimens with PVA with only glutaraldehyde and also the specimen with 

pva + glutaraldehyde + 3.75% rice powder are found to have higher tensile strength compared to other types 

of specimens.  It is noted that the strength of the specimen is increased after adding glutaraldehyde to pva.  

However, it is further increased to a much higher valued with the addition of 3.75% of rice powder.  It is note 

worthy that the brittleness of the specimens has been found to increase with the additives while the pure PVA 

possesses very large elongation.   

 It is noted from the results that the tensile and water absorption properties have improved due to cross 

linking and enhanced with increasing quantities of blending material.  This work shows that successful 

fabrication of a Kenaf fiber reinforced pva composites by simple hand lay-up technique.This study leaves 

wide scope for future investigations. It can be extended to newer composites using other reinforcing phases 

and the resulting experimental findings can be similarly analyzed. To find the characteristics of the 

composites under different climatic conditions, the samples are tested under different environmental 

conditions.  Further, the composites are buried underground to test the biodegradable property of these 

composites.   
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