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This paper describes the preparation of poly(vinyl alcohol)/kenaf fiber 
(PVOH/KF) composites with entrapped urea. The major FTIR peaks of 
these composites could be identified. These composites are intended for 
agricultural applications as biodegradable mulches and could be potential 
carrier materials for fertilizer. The water solubility, release behavior, 
chemical properties, and thermal stability of the composites were 
evaluated. The composites lost 25% of their weight after 7 days in water. 
In a wet environment, urea was released from the composites through its 
dissolution in water, and around 57% of the urea was released from the 
composites in 24 h; Thermagravimetric analysis showed that these 

composites were stable up 150 C. These composites would be able to 
withstand rain and protect seedlings from the sun when applied in the field 
as mulches. For around three to four weeks, these biobased mulches 
could slowly disintegrate as the PVOH binder was gradually dissolved by 
moisture, releasing the kenaf fibers to serve as soil fertilizer without 
leaving any undegradable waste for disposal. Hence, they would not pose 
any risks to the land or biological systems.  
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INTRODUCTION 
 

There have been increasing concerns in recent years regarding environmental 

pollution consisting of non-biodegradable polyethylene mulch films. Previous literature 

has reported the uses of polyethylene films as mulches in reducing soil erosion and 

maintaining soil moisture for better crop growth (Adegbidi et al. 2003). Petroleum-based 

films are widely used due to their properties such as low density, good mechanical 

properties, excellent water resistance, and low cost (Nurfatimah et al. 2015). However, this 

synthetic plastic has generated a number of disposal difficulties because it requires huge 

labor forces for manual disposal. Land application is not a suitable disposal method for 

non-degradable plastic mulch due to its interference in the root development of subsequent 

crops (Kasirajan and Ngouajio 2012). An alternative disposal method for agricultural 

plastic wastes is through biodegradation processes.  

 Many studies have demonstrated the use of biodegradable materials as alternatives 

to conventional polyethylene mulch films (Moreno and Moreno 2008). Some of the 

biodegradable materials used were composites developed from a combination of cellulose 

and starch (Moreno and Moreno 2008). These biodegradable films have not gained 

widespread use, possibly due to their high production cost and the unpredictable nature of 

their biodegradation behavior (Kasirajan and Ngouajio 2012). 
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Poly(vinyl alcohol) (PVOH) is a non-toxic material that presents no adverse effects 

to biological systems, and has become highly attractive for various applications (DeMerlis 

and Schoneker 2003; Yong et al. 2015). In the agriculture sector, PVOH could be a 

promising material for biodegradable mulches due to its water solubility (Guohua et al. 

2006). This material can be biodegraded and absorbed into the soil instead of requiring 

removal from the field. The use of biodegradable mulch films can solve the waste disposal 

difficulties and high labor cost issues associated with PE films.  

Kenaf fiber is an abundant, sustainable high-yield fiber crop (Monti and 

Alexopoulou 2013; Yong et al. 2015). Due to the film-forming characteristics of PVOH, it 

can serve as a binder for kenaf fibers to form biodegradable mulches.  Moreover, the kenaf 

fiber could serve as fertilizer for the seedling after the degradation of PVOH in soil. 

In agriculture, urea is the fertilizer with the highest nitrogen content (46%). In its 

field application, it has not been fully absorbed by the plants, but a greater part is lost to 

the environment (40 to 70%), particularly due to rapid leaching and surface runoff into the 

soil, resulting in low crop production and environment pollution (Chen et al. 2008; Ni et 

al. 2013; Thanh et al. 2015). For this reason, controlled-release fertilizers made from a 

variety of matrix materials have been developed, such as starch, polyacrylic acid, chitosan, 

polylactic acid, ethyl cellulose, and poly(vinyl alcohol) (Chen et al. 2008; Wu and Liu 

2008; Ni et al. 2009; Calabria et al. 2012; Yip et al. 2013; Zhong et al. 2013).  

Nevertheless, the implementation of controlled-release fertilizers is limited by their 

relatively high cost, in spite of their potential benefits (Trenkel 1997). Tao et al. (2011) 

have reported a triple polymeric layers for slow-release of urea, with water-retaining 

characteristics by using a combination of polyethylene, poly(acrylic acid-co-acrylamide), 

and poly(butyl methacrylate).  

Realizing these complications, Castro-Enríquez et al. (2012) developed 

homogeneous, thin porous membranes, containing oriented fiber obtained from wheat 

gluten via an electrospinning technique, with the aim of building a release system at lower 

cost. However, the product formed released 98% of the total urea in 300 minutes, which is 

incompatible with the established standards for agricultural use (Castro-Enríquez et al. 

2012). Wheat gluten is regarded as a suitable material for such applications because it is 

renewable, biodegradable, inexpensive, and widely available (Castro-Enríquez et al. 2012). 

In another case, Yip et al. (2013) also encapsulated urea in starch-based composites to 

reduce the cost. Although the price of starch based coating is low, its nutrient release 

lifespan is lower than the polymer coating formulations. Furthermore, some of the starch 

coating formulations are occasionally incompatible with crop metabolic needs (Azeem et 

al. 2014).  

In the present research, poly(vinyl alcohol)/kenaf fiber composites with entrapped 

urea were prepared via a solution casting method. Urea was added as a slow-release 

fertilizer. The functionality, water solubility, and thermal stability of the prepared 

composites were evaluated. The release behavior of urea through the composites and their 

feasibility as potential fertilizer carriers were examined. Moreover, this report further 

investigated the time scale of urea release after water penetration. This material was 

designed to provide a two-fold advantage with respect to environmental management: the 

urea is released to the plants in a controlled manner, and the biodegradable mulches can 

disintegrate after a number of weeks without leaving any unnecessary residue behind. 
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EXPERIMENTAL 
 

Materials 
Polyvinyl alcohol (PVA-220S), with a degree of hydrolysis between 87 to 89 mole 

percent, was purchased from Kuraray Asia Pacific Pte. Ltd (Singapore) and used without 

further purification. The urea was purchased from Systerm ChemAR (Malaysia). The kenaf 

fibers were supplied by National Kenaf & Tobacco Board (Malaysia). The fibers were 

cleaned, ground, and sieved to an average size of 50 µm, then dried in an oven to less than 

10% moisture prior to use. 

 

Methods  
Preparation of PVOH/KF composites 

The composites were prepared according to a procedure mentioned in previous 

literature (Yip et al. 2013), with some minor modifications. A predetermined amount of 

PVOH powder was first dissolved in cold water to produce a PVOH solution with 10% 

solids content. The solution was homogenized under constant stirring at 80 °C for 1 h. A 

100-g portion of the PVOH solution was transferred into a 250-mL beaker, and kenaf fiber 

was added until it represented 10 wt% of the PVOH solution. Various levels of urea loading 

(3, 5, 7, and 10 wt%) were added, and the mixture was stirred continuously until it became 

homogeneous.  Finally, the mixture was cast on a 20-cm × 20-cm non-stick mold and left 

to dry overnight at ambient temperature (27 to 28 °C). The sample was then hot pressed at 

150 °C for 8 min to obtain a sheet with a uniform thickness of around 1 mm. The produced 

samples were stored in a drying cabinet for 7 d at 25 ±0.5 °C and 35% relative humidity 

(RH) before characterization. The morphological images of the composites were examined 

by a Dino-Lite AM3113T digital microscope (Dino-Lite, Taiwan). The composites had a 

good appearance and smooth surfaces without any bubbles or surface cracks as show in 

Fig. 1. 

 

 
 

Fig. 1. Morphology of biodegradable mulches 

 
Characterization  

For the water solubility test, a total of 5 samples for each formulation were cut into 

2-cm × 2-cm squares of 1 mm thickness, and dried overnight in an oven until a constant 

weight was achieved. The dry weight of the samples was measured using an analytical 

balance. The samples were then immersed in distilled water at room temperature. After the 

specified time, the specimens were taken out of the water and wiped with a soft tissue. The 
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specimens were dried in a vacuum oven at a temperature of 50 °C until a constant weight 

was achieved. The final weight was measured and recorded, and the water solubility was 

calculated as the ratio of lost weight to the original weight. All readings were measured in 

triplicate. 

The urea content in the water was determined by using the Kjeldahl method, with 

minor modifications (AOAC 1995). The water used in the solubility test, described in the 

previous paragraph, was mixed with 25 mL of a 50 wt% sodium hydroxide solution in a 

conical flask fitted with a rubber stopper that carried a delivery tube. The mixture was 

heated to boiling point, and the released ammonia gas was directed through the delivery 

tube into a known volume of 0.1-M hydrochloric acid solution. The acid/ammonia solution 

was then back-titrated using a 0.1-M sodium hydroxide solution. The number of moles of 

ammonia was calculated by subtracting the moles of base added from the moles of acid at 

the end point of the titration. Finally, the urea content released in the water was determined 

based on number of moles of ammonia. For comparison with the experimental results, 

another standard solution was prepared by mixing urea in distilled water at concentrations 

of 3, 5, 7, and 10 wt%. This experiment was carried out in triplicate. 

The functional groups of the composites were characterized by the attenuated total 

reflection (ATR) technique using a Perkin Elmer Spectrum 400 spectrometer (Perkin 

Elmer, USA). The sample was placed in direct contact with the crystal surface. The probe 

was then gently pressed down into the sample. A series of FTIR spectra were recorded, 

consisting of 16 scans in the wave number range of 4000 to 400 cm-1. The 

thermogravimetric measurements were performed by using a TGA 851/LF instrument from 

Mettler-Toledo (Switzerland). The samples (approximately 6 to 8 mg) were placed in a 

clean platinum pan and heated from 30 °C to 600 °C at a scanning rate of 10 °C/min under 

a nitrogen atmosphere.  

 

 
RESULTS AND DISCUSSION 
 
Water Solubility   

Figure 2 presents the results of water solubility test the composites after 1 week of 

water immersion. It was found that the water solubility of the composites was not affected 

by the loading of small amounts of urea; the entrapped urea in the PVOH/KF composites 

could dissolve much more slowly than urea in the water. All of the samples presented 

similar patterns, and the water solubility percentage increased with increasing time. The 

10-wt% PVOH/KF/U composite achieved the highest water solubility percentage after 7 d 

of water immersion. The composite reached 12% solubility in 24 h, increasing slowly to 

14% in 3 d. The composite achieved 25% solubility after 7 d in the water, implying that 

the composite could last for a reasonable length of service time in static aquatic conditions.  

When the composite was immersed in water, the water molecules diffused into the 

composite, and presumably the hydroxyl groups in PVOH and kenaf fiber could take part 

in intermolecular hydrogen bonding with water, causing the lower molecular weight 

fractions to diffuse out and dissolve (Nosbi et al. 2010). The water-solubility of the 

composite gradually increased over 24 h (Fig. 2). This effect was enhanced by the cellulose 

content of kenaf fiber, which contributed to more water penetration into the composites 

(Tan et al. 2014). Mazuki et al. (2010) also reported the same observation when pultruded 

kenaf fiber reinforced composites were immersed in water. They claimed that this 

phenomenon was attributable to the penetrability of water and capillary action.  
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Azwa et al. (2013) also reported that moisture is one of the factors that influences 

the degradation of natural fiber/polymer composites. The leaching of water-soluble 

substances from PVOH/KF composites would cause the debonding of kenaf fibers from 

the composite. Thus, the dissolution of a composite in water would ultimately lead to the 

degradation of the composite (Azwa et al. 2013). Similar findings have been reported by 

Dhakal et al. (2007), who investigated the water absorption behaviour of hemp fiber-

reinforced unsaturated polyester composites. 
 

 
 

Fig. 2. Water solubility of PVOH/KF composites with different urea loading values 

 
Content of Urea Released in Water    

The controlled release property of the composites was investigated by measuring 

the amount of urea released into the water. The nutrients released through the polymer 

carrier were mainly dependent on the temperature and moisture permeability of the 

polymer carrier. Therefore, it is possible to estimate the nutrient release for a given time 

(Trenkel 1997). In Figure 3, all of the samples displayed a similar pattern, and the content 

of urea released from the composites increased with increasing time and urea loading. The 

10-wt% PVOH/KF/U composite released the highest amount of urea after 24 h; 25% of the 

urea content was released in the first hour. The urea content in the water increased to 36% 

after 10 h, while a total of 57% of the urea was released into the water after 24 h. This 

finding indicates that the urea was released in a controlled and delayed manner after being 

entrapped in the composite.  

Figure 4 compares the leached urea content with the standard urea solution. 

Apparently, the leached urea content was reduced after the urea was entrapped in the 

composites. This result indicates that the poly(vinyl alcohol)/kenaf fiber composites had a 

controlled release property. Niu and Li (2012) also found that the rate of urea release had 

been evidently slowed down by starch-g-poly(vinyl acetate) matrices because the pure urea 

usually dissolved very quickly in water in several seconds. The 3-wt% PVOH/KF/U 

composite released around 48% of the urea content, whereas the 5-wt% composite released 

up to 55% in 24 h. The leached urea content continued to increase with increasing urea 

loading in the composites. The 7- and 10-wt% PVOH/KF/U composites released 

approximately 56% and 57% of the urea content, respectively. Niu and Li (2012) reported 

that urea was released slowly in the first (about 10% of urea) and third (about 15% of urea) 

stages. The release of urea from starch-g-poly(vinyl acetate) membrane depends on the 

graft efficiency of poly(vinyl acetate). The data in Fig. 4 are shown in units of g/g in order 

to compare the amount of urea released between the composites and the standard urea 

solution.  
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According to the nutrient release rate requirements published by the International 

Fertilizer Industry Association, the desired nutrient release rate should not exceed 15% in 

24 h (Trenkel 1997). Despite the observed increase in the nutrient release rate, these 

composites still retained the necessary characteristics for a mulching film and potential 

carrier for fertilizer. However, depending on the polymer coating material used, the 

incorporation of a cross-linking agent could reduce the moisture permeability of the 

polymers, which would subsequently reduce the nutrient release rate (Hussain et al. 2012).  
 

 
 

Fig. 3. Urea content released from the composites in 24 h at different urea loading values 
 
 

 
 
Fig. 4. Urea content in the water after 24 h for PVOH/KF composites at different urea loading 
values 

 

FTIR-ATR Analysis   
FTIR was used to identify that the characteristics peaks of the various components 

in the composites. Figure 5 shows the IR spectra of PVOH, KF, PVOH/KF, and the 10-

wt% PVOH/KF/U composite. The region between 833 cm-1 and 837 cm-1 indicated the 

presence of a PVOH skeletal backbone . The PVOH and kenaf fiber shared the same band, 

at 3299 cm-1 and 3334 cm-1, respectively, which was assigned to the –OH groups (Ali et 

al. 2014). The stretching of –OH groups from the intermolecular and intramolecular 

hydrogen bonds among PVOH chains was ascribed to the high hydrophilic forces (Reis et 

al. 2006; Yong et al. 2015). However, the existence of this band in kenaf fiber was due to 
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the stretching of hydroxyl groups, which are present in cellulose, hemicellulose, and lignin. 

The signal at 3297 cm-1 was related to the stretching of –NH groups in urea. Similarly, the 

stretching of –CH alkyl groups was also seen at 2928 cm-1 and 2921 cm-1 for PVOH and 

KF, respectively.  

Figure 6 displays the IR spectrum of the 10-wt% PVOH/KF/U composite before 

and after the water solubility test. Both curves show a similar transmittance, even though 

the upper curve represents a system following 24 h of water solubility testing The band at 

1647 cm-1 was associated with the bending of –NH groups, while the band at 1662 cm-1 

corresponded to the stretching of C=O bonds in urea molecules. This observation supported 

the controlled release property of PVOH/KF and its potential as a carrier for fertilizer. The 

main IR bands are summarized in Table 1. 

 

Table 1. Main FTIR Bands of PVOH, Kenaf Fiber, PVOH/KF and 10-wt% PVOH/
KF/U  

Chemical Structure 
Peak location (cm-1) 

* 
PVOH KF PVOH/KF 

10-wt% 
PVOH/KF/U  

OH Stretching 3300-3400 3299 3334 3300 3297 

CH2 & CH3 

Stretching 
3000-2800 2928 2921 2921 2921 

CH2 Bending 1461-1417 1424 1457 1423 1418 

C=C Stretching 1667-1640 1647 1633 1644 1653 

C=O Stretching 1750-1625 1720 1737 1720 1712 

C-O Stretching 1300-1000 1088 1238 1034 1036 

PVOH Skeletal 
Bone 

833 834 - 837 834 

N-H Stretching 3500-3100 - - - 3297 

N-H Bending 1640-1550 - - - 1647 

C=O Urea 1670-1550 - - - 1662 

* Adopted from Zhan et al. 2004; Imam et al. 2005 

 

 
 

Fig. 5. FTIR of (a) PVOH, (b) raw KF, (c) PVOH/KF, and (d) 10-wt% PVOH/KF/U 
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Fig. 6. FTIR of 10-wt% PVOH/KF/U before and after soaking in water 

 
Thermal Properties 

In the application as agricultural mulches, the materials are not subjected to high 

temperatures. Nevertheless thermogravimetric analysis was carried out to check if the 

weight losses at different temperature ranges could be related to the wt% of the 

components. With reference to Fig. 7, both samples (a) and (b) exhibit a small weight loss 

(arount 10%) in the range 50 to 150 C due to volatile component (water).  

 
a) 

 
b) 

 
Fig. 7. Comparison of TG and DTG curves for a) PVOH/KF composites and b) 10-wt% 
PVOH/KF/U composites 
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The next major weight loss (about 60%) occurred from 250 to 350 C due to thermal 

degradations of lower molecular weight fraction of PVA and the finer fibers. The higher 

molecular weight fraction of PVA and larger fibers were broken down at temperatures 

higher than 350 C. In curve (b), the 10% urea were seen to break down at around 400 C, 

as indicated by dW/dT with a sharper peak. The maximum decomposition temperature, 

Tmax, for each sample is listed in Table 2. 
 

Table 2. TGA Characterization of Virgin PVOH, PVOH/KF, and 10-wt% PVOH/KF
/U in the Temperature Range of 150 to 450 °C 

Samples 

Weight Loss (%) in Temperature Range 

Tmax 
(°C) 

150 °C 250 °C 300 °C 350 °C 400 °C 450 °C 

Virgin PVOH 5.38 9.81 13.68 36.18 59.54 76.80 350 

PVOH/KF 6.26 8.74 36.92 62.93 69.63 80.42 300 

10-wt% PVOH/KF/U 3.94 6.30 30.75 55.12 66.19 79.46 300 

 
The result is in good agreement with the findings of Azwa et al. (2013), who found 

that approximately 60% of the thermal decomposition of most natural fibres occurred 

within a temperature range between 215 and 310 °C.  

Table 2 shows that the incorporation of fibers into the composites had a profound 

effect on the thermal stability of the PVOH matrix (Ng et al. 2014). The composites showed 

a lower degradation temperature (by about 50 °C) than pure PVOH. A similar observation 

was reported using poly(lactic acid) (PLA) and poly(butylene succinate) (PBS) composites 

with bamboo fiber (Lee and Wang 2006). Julkapli and Akil (2010) also reported that 

addition of kenaf dust in chitosan film reduced the thermal stability of chitosan film and 

that the reduction was proportional to the amount of kenaf dust added. The incorporation 

of urea into the composites did not influence the thermal stabilization of the composites, 

even at a loading of 10 wt%. Imam et al. (2005) reported a decrease in the thermal stability 

of PVOH/starch/orange peel composites, particularly because the addition of a high 

amount of low-molecular-weight components, such as urea and glycerol, resulted in early 

decomposition of the composites. Therefore, the low decomposition temperature of urea 

must be considered during the preparation of composites for high temperature applications 

(Imam et al. 2005). 

 
 
CONCLUSIONS 
 
1. Both the PVOH/KF and urea-entrapped PVOH/KF composites were prepared by a 

solution casting technique. 

2. The composites exhibited good water solubility and controlled release property and 

were readily degradable in the environment, suggesting their suitability for several 

practical applications, such as carriers for urea and as mulches for agriculture.  

3. The release behavior of urea was examined, and it was found that the entrapped urea 

could diffuse slowly out of the polymer matrix into the soil through the water medium. 

4. The composites were degradable in water, so no undesirable accumulation of plastic 

residues would occur in the soil. The leached kenaf fiber would serve as a natural 

fertilizer for the seeding of plants. 
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5. Composites were successfully made at a fixed ratio of PVOH/KF. The fiber is relatively 

cheaper than PVOH. The chosen ratio is very close to the highest possible fiber per unit 

weight of PVOH used for pressing into the rectangular mould. Other compositions 

would result in different rates of the release of urea. 
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