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Abstract:



Jute fabrics were treated, with different formulations, using various proportions of bitumen emulsion and polyester (PE) resin in combined solutions. Styrene monomer was used as solvent, methyl ethyl ketone peroxide as cross-linking agent and cobalt naphtha as curing agent. The fabric specimens were immersed in the solution for 10–15 min, then pressed by a roller and dried at room temperature for 24 h. According to the percentage of bitumen emulsion and PE resin, the jute samples were obtained as J0 (untreated or raw jute), J1 (20% bitumen emulsion +10% PE), and J2 (10% bitumen emulsion +20% PE). It was revealed that tensile strength (TS) increased with bitumen emulsion and PE resin mixture treatment on both directions of jute fabrics where J2 showed the highest improvement of TS which were 61.4% and 44.7% for warp and weft direction respectively. Tensile strength (TS) decreased for all the samples in both directions after soil degradation. After 90 days, the untreated sample was totally degraded. Treated samples exhibited better stability than untreated ones in soil medium. Weight loss by soil degradation, moisture regain, moisture content and water uptake tests of the treated and untreated jute samples were also performed. Scanning electron microscopy (SEM) analysis was conducted to analyze the fiber surfaces of raw and treated jute fibers, finding significant differences as a result of treatment. Finally, the strategy of combining bitumen emulsion and PE resin for treatment, rather than using only PE resin, was found to produce a jute fabric which was not only better in all the above respects but also would be cheaper to produce.
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1. Introduction


Jute is the most important natural cellulose-based fiber, second only to cotton, in world natural fiber production. Bangladesh and India dominate the world jute market, as more than 85% of the world’s jute fibers are grown in these two countries [1]. The main constituents of jute are cellulose (58–60%), hemicellulose (21–25%), lignin (12–14%), fats and waxes (0.4–1.0%). Other minor ingredients such as proteins or nitrogenous matters, pectins, mineral matters, and traces of pigments are present in jute [2,3,4]. Jute fibers possess many promising characteristics such as light weight and sufficient strength. Jute is also ecofriendly, cheap, abundant, and convenient to process. Among natural fibers, jute has the longest staple length as well as outstanding properties for textile utilizations. Among the natural fibers, jute is extensively employed in manufacture of sacks, packaging, carpet backings, furnishing fabrics and composite materials etc. [5,6]. Basically, jute is a 100% biodegradable fiber, hydrophilic in nature. The degradation process can be made quicker by various factors such as moist environment, immersion in water, the influence of bacteria, mildew, fungi, insects, etc. Jute is also not sustainable in certain chemical media. Jute is generally swollen in contact with water and destroyed if it is exposed for six months to water. This inherent drawback of jute fiber can be overcome by several techniques and methods of chemical treatment [7,8,9,10,11,12,13,14,15]. Saha et al. reported that jute fabrics treated with 5%, 10%, 15%, 20% and 25% polyester (PE) resin showed improved physico-mechanical features. Jute treated with 25% PE resin showed the best result. However, tensile strength (TS) decreased 34% for raw jute. On the other hand, TS decreased by 8% where the samples had been treated with 25% resin, after 42 days buried under the soil [16].



Bitumen emulsion is a dispersed liquid consisting of three products: water, bitumen, and emulsion. Bitumen (asphalt in USA) is generally used for road construction [17,18,19]. Various applications of bitumen emulsion were also observed [20,21,22,23]. D. Kar studied sisal fiber treated with SMA (Stone Matrix Asphalt) and bituminous concrete (BC) composite and found that 5% bituminous concrete (BC) and 5.2% SMA (Stone Matrix Asphalt) combination with 0.3% fiber content produced the best results [24]. Dynamic modulus, moisture susceptibility, and permanent deformation properties were improved by the application of hot asphalt mixtures to fibers [23,25,26,27]. In view of these studies, showing significant improvement of fiber results with the application of bitumen emulsion, we have formed the hypothesis that adding bitumen emulsion to the widely-used PE resin will significantly improve the physico-mechanical properties of jute. Polyester resin is a widely-used polymer matrix employed with natural and synthetic fibers around the world. It is a thermoset polymer and possesses many useful characteristics for instance curing at room temperature and suitable mechanical properties. The incorporation of PE resin with various cellulose-based natural fibers has been reported by different researchers such as PE-jute [28,29,30], PE-sisal [31,32,33], PE-coir [34,35,36], PE-ramie [37], PE-pineapple leaf [38,39,40], PE-hemp [41], and PE-cotton-kapok [42]. PE can also be reinforced with synthetic fibers [43,44].



Thus, this paper analyzes the combined effect of applying bitumen emulsion and PE resin solution, together, to jute fabrics. Our hypothesis, as stated above, suggests that adding bitumen emulsion will significantly improve even these results. Yet there are far better reasons to try this method. PE resin is costlier than bitumen emulsion. Adding bitumen emulsion can substitute out some of the PE, thereby reducing the cost of treatment of the fabrics. In addition, bitumen emulsion is more easily available, as well as cheap, ecofriendly and has rutting resistance properties. Therefore, using bitumen emulsion with PE resin together, in jute fabrics, would be a cost-effective technique with additional physico-mechanical benefits to the fabric and will make treatment easier as well as cheaper and better.



The major aim of the research is to study the effects of bitumen emulsion and PE resin on the physico-mechanical and degradation properties jute fabrics.




2. Materials and Methods


2.1. Materials


Jute woven fabric (1 × 1 plain weave, 15 EPI and 15 PPI) was collected from the Jute Diversification Promotion Centre (JDPC), Dhaka. Scouring, bleaching, and dyeing were not done in this fabric. Bitumen emulsion, styrene monomer, unsaturated polyester (PE) resin, methyl ethyl ketone peroxide (MEKP) and cobalt naphtha were collected from local agent. All the chemicals and reagents were purchased as laboratory grade and used without any purification.




2.2. Methods


2.2.1. Sample Preparation


Raw jute fabrics were treated with bitumen emulsion and unsaturated polyester (PE) resin. The chemical solution was prepared by mixing different percentages of PE resin with bitumen emulsion as shown in Table 1. In this solution, styrene monomer was used as a solvent, 5% MEKP was used as a cross linking agent and 1 to 2 drops (0.1–0.5 mL) of cobalt naphtha was used as a curing agent for every sample. Then the jute fabric was dipped in the solution for 10–15 min and after that the fabric was pressed by a roller and dried at room temperature for 24 h. In this experiment, J0 (untreated or raw jute), J1 (20% bitumen emulsion and 10% PE resin) and J2 (10% bitumen emulsion and 20% PE resin) samples were obtained by this process as laid out in Table 1 below, and for J1 and J2 samples, 70% fiber weight% were taken.


Table 1. Sample formulation.





	Sample
	Bitumen Emulsion (%)
	Polyester Resin (%)





	J0
	0
	0



	J1
	20
	10



	J2
	10
	20










2.2.2. Testing of the Sample


Tensile Test


The TS of the specimens were measured according to ASTM D 5035 (Grab test). The test sample was cut 152.4 mm × 101.6 mm in both warp and weft directions. The sample was clamped in top and bottom jaw. Pressure of clamping was optimum so that it does not slippage and breaks at the back of the jaws. Then the machine was started, and pretension was optimum. The machine works at a constant rate of extension (CRE) of 100 mm/min, until it reaches a breakpoint at cell load 3000 N. The same procedure was performed 5 times, in both the warp and weft directions and the average result was reported.




Soil Degradation Test


Treated and untreated samples were buried in soil up to 90 days. After 15, 45 and 90 days, samples were carefully withdrawn from the soil, washed lightly with distilled water, and dried at room temperature for 24 h. Then, each time, the tensile strength of the fabric was determined [45].




Determination of Mass for Unit Area


The mass for unit area of the samples was determined according to ASTM-D3776. The test sample was cut by a GSM cutter, which was 100 cm2. The sample was then conditioned in standard atmosphere before being weighed. Weight was assessed after conditioning. This procedure was performed three times, from which an average result was reported.




Determination of Moisture Regain and Content


Moisture regain is the percentage of moisture in a textile material brought into equilibrium within a standard atmosphere after partial drying. Moisture regain is calculated by the following formulae
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(1)







The moisture content of textile materials when they are in equilibrium with their surroundings is determined by the amount of moisture in the air. Moisture Content is measured by the following equation
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(2)




where, W = Weight of water (A − D), A = Weight of the sample before drying, D = Moisture free weight after drying.



MR and MC are based on moisture-free weight. Moisture-free weight means the constant weight of a specimen obtained by drying at a temperature of 105 °C in an electric current until desiccated [46].




Water Absorbency Test


The first step was to condition the samples (5 cm × 5 cm) and weighed them. Then the samples were immersed in distilled water at a temperature of 25 °C for 60 min. After a certain time, the samples were then taken out of the immersion and excess water was removed by using tissue paper. According to British Standard 3449, the water absorbency test was performed [47]. The water absorption was calculated as
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(3)








Scanning Electron Microscopy


The surface morphology of the treated and untreated samples was identified by the scanning electron microscopy (SEM) (JSM-6490 LA, JEOL, Tokyo, Japan). The test was carried out with a maximum operating range of 20 kV, using the apparatus in the Center for Advanced Research in Science (CARS), University of Dhaka, Bangladesh. The scanning electron microscope took the picture of the sample surface by scanning it with a high energy beam of electrons. The electrons interact with the atoms that make up the sample, producing signals that contain information about the sample’s surface topography. Surface micrographs were taken at a magnification of ×30, ×50 and ×100, with a scale of 500 µm and 100 µm.







3. Results and Discussion


The jute fabric samples used in this experiment are shown in Figure 1. The treated sample is shown in Figure 1a which was J2 (10% bitumen emulsion and 20% PE resin). After 15 days of soil burial test the treated sample is shown in Figure 1b; Figure 1c,d represent the samples after 45 and 90 days of soil burial test respectively. The untreated or raw jute fabric (J0) after 45 days of soil degradation test is exhibited in Figure 1e.


Figure 1. Jute fabric used in the experiment: (a) treated jute fabric; (b) treated jute fabric after 15 days; (c) treated jute fabric after 45 days; (d) treated jute fabric after 90 days; (e) untreated jute fabric after 45 days.
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A comparison was observed of the treated and untreated jute fabrics after the soil degradation test in Figure 1. After 15 days, there is no difference found on the treated samples. After 45 days, slightly degradation found in the treated samples in Figure 1c, and more degradation is found in untreated sample after 45 days as shown in Figure 1e. Figure 1d shows the degradation of treated jute fabric after 90 days i.e., this sample can be used for any application require for 90 days or more such as gardening, cultivation, or any other geo-textile applications, whereas after 90 days no traces is found for untreated jute sample.



In this Figure, one can see graphically the extent of degradation exhibited by jute fabric left in soil for an extended period. It is easy to compare, even by sight, the relative strength, to see the effects of treatment in reducing degradation.



3.1. Tensile Strength


Figure 2 shows the TS of J0 (untreated), J1 and J2 specimens are 411.8, 431.8 and 664.8 N, respectively in warp direction and 372.4, 392.0 and 539.0 N, respectively in weft direction. It is revealed that TS increased after bitumen emulsion and resin mixture treatment in both directions of jute fabrics. In warp direction, TS increased 4.9% and 61.4% for J1 and J2 samples respectively, and in weft direction, TS increased 5.3% and 44.7% for J1 and J2 samples respectively as shown in Figure 2. The highest increase of TS found for J2 which was produced by 10% bitumen emulsion and 20% PE resin treatment. Due to the maximum amount of PE resin having been used (20%) for J2, plus the addition of bitumen emulsion, the fabric exhibited the highest TS. Saha et al. reported that when jute fabrics were treated with 5%, 10%, 15%, 20% and 25% PE resin only, the TS increased from 3.5% to 18.8%, compared to untreated jute fabric, respectively [16]. In our previous study [16], TS increased 16.6% for only 20% PE resin treatment; but in this study, TS increased 44.7% for J2 (20% PE + 10% bitumen emulsion) which showed that TS increased more than 2.5 times. Therefore, the effect of bitumen emulsion is clear.


Figure 2. Tensile strength of the jute samples in warp and weft directions.
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The bitumen emulsion and polyester resin both are polymers which most probably did not reacted with jute fibers. As bitumen emulsion is highly adhesive in nature, it created coating or physical bonding with jute fibers, which will give improved mechanical properties to jute fabrics. Similarly, polyester resin also built coating around the jute fiber surface and increases its mechanical properties. Improved physico-mechanical properties of the sample will be achieved if the interfacial adhesion between jute fibers and these two polymers are occurred. To do so, fibers must be properly soaked into the polyester and bitumen emulsion solution. In addition, pressure is needed for better penetration of the solution mix into the fibers and to remove voids inside the fibers.




3.2. Tensile Strength Loss by Soil Degradation


TS of the jute fabrics were measured during soil degradation after 15, 45 and 90 days in warp and weft direction. After 15, 45 and 90 days, TS was 196.0, 68.6 and 0 N respectively for J0 fabrics in warp direction. Similarly, after 15, 45 and 90 days, TS was found to be 294.0, 98.0 and 39.2 N for J1, and 333.2, 137.2 and 49.0 N for J2 fabrics respectively in warp direction as shown in Figure 3. For untreated jute fabric (J0), after 90 days TS was not found due to degradation of jute fabric in soil. After 15 days, loss of TS found to be 52.4%, 31.9% and 49.9% for J0, J1 and J2 fabrics respectively. Similarly, after 45 days and 90 days, TS reduced to be 83.3%, 77.3%, 79.4%, and 100%, 90.9%, 92.6% respectively for J0, J1, J2 fabrics in warp direction. After 15, 45 and 90 days, TS was 147.0, 39.2 and 0 N respectively for J0 fabrics in weft direction. Similarly, after 15, 45 and 90 days, TS was found to be 196.0, 49.0 and 9.8 N for J1, and 196.0, 78.4 and 19.6 N for J2 fabrics respectively in weft direction as shown in Figure 4.


Figure 3. Loss of tensile strength of jute fabrics in warp direction during soil degradation.
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Figure 4. Loss of tensile strength of jute fabrics in weft direction during soil degradation.
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For untreated jute fabric (J0), after 90 days, TS was not found due to complete degradation of the jute fabrics in soil. After 90 days, loss of TS found to be 97.5% and 96.4% for J1 and J2 fabrics in weft direction respectively.



Saha et al. [16] reported that after 42 days of soil degradation the loss of TS occurred 33.6%, 27.9%, 23.2%, 17.9%, 8.2% and 8.0% for 0%, 5%, 10%, 15%, 20% and 25% resin treated jute fabrics respectively. For raw jute 33.6% TS loss was occurred and only 8.0% loss of TS occurred with 25% resin treatment after soil degradation. It is seen that after 42–45 days, the loss of TS in Saha et al. (8.2%) is lesser in the previous study than the present study (almost 80%). This is due to the tensile property is not same for all jute fabrics, it depends on yarn count, fabric structures, picks per inch, ends per inch etc. It is also seen that the loss of TS for untreated jute was almost 34% in [16] but it is almost 84% in current study, so the raw jute fabric properties are not same for the previous study and the current study.



From the current study, it is also found that the loss of TS is protected in comparison to the untreated jute fabrics in both warp and weft directions. Moreover, the TS were found even after 90 days on the treated samples, where the untreated samples were completely degraded after 90 days. Therefore, the addition of bitumen emulsion in PE resin significantly improves the degradation properties of jute fabrics.



Jute is a hydrophilic biodegradable fiber, which has a very strong affinity to water, due to its -OH groups in the polymer chain. When buried in soil, the degradation accelerated due to water penetration into the jute fiber, microbial degradation may also occur. As a result, the mechanical properties of jute fiber decreased substantially. Nevertheless, the treated jute samples showed a better result than the untreated one. The untreated jute showed very poor durability in soil, as jute fiber is naturally biodegradable. After 15 days, the loss of TS was moderate, while after 45 days over 50% TS loss for all the samples was recorded. Finally, after 90 days, degradation was completed i.e., TS was almost zero. This was due to the natural degradation process of the fiber and with the increase of degradation time jute fiber also decayed.



The combined coating of bitumen emulsion and PE resin extended the degradation period of the treated fabrics beyond that of the untreated one. Bitumen emulsion has good anti-stripping, anti-rutting, and anti-microbial properties, which help to prevent the degradation of jute in soil. However, with the extension of the degradation period, the coating becomes weak and slowly decrease the bitumen and PE coating around the jute fibers as both polymers are biodegradable.




3.3. Weight Loss by Soil Degradation


The initial weight (GSM) of untreated jute fabric (J0) was 325.5 g/m2. After soil burial, the weights were found to be 200, 100 and 0 g after 15, 45 and 90 days respectively. Similarly, initial weights of J1, and J2 samples were 417.42 and 556 g/m2 respectively and after 15, 45 and 90 days the weights were found to be 371.99, 310, 150 g/m2 for J1 fabric, and 372, 265, 80 g/m2 for J2 fabric respectively as shown in Figure 5. It was revealed that after 45 days 69.28%, 25.73%, and 52.34% weight loss occurred for J0, J1, and J2 samples respectively, and after 90 days 100%, 64.06%, and 85.61% weight loss occurred for J0, J1, and J2 samples respectively. Untreated jute fabric (J0) showed the highest loss of weight during soil degradation i.e., 100% degradation after 90 days.


Figure 5. Weight loss of the jute samples during soil burial test.
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On the other hand, J2 sample showed the least degradation after 90 days due to 10% bitumen emulsion and 20% resin content where the adhesion between fiber and the mixture of bitumen emulsion and resin was better than for other samples. Bitumen emulsion addition in PE resin enhances the lifetime durability of jute fabrics as shown in Figure 5 where untreated jute completely perished after 90 days. Figure 1d shows the evidence of treated jute fabrics after 90 days of soil burial.



Normally, the price of PE resin per kg is five times greater than that of bitumen emulsion. Therefore, this could be a great achievement because only 20% PE resin and 10% bitumen emulsion was used. Thus, use of this combination may drastically reduce the total treatment cost, by substituting cheaper bitumen emulsion for PE.




3.4. Moisture Regain and Moisture Content


Figure 6 demonstrated that for J0 (untreated), J1 and J2 fabrics MR were 13.51%, 12.50% and 9.50% respectively and MC were 11.90%, 11.00% and 8.11% respectively. MR and MC reduced up to 29.68% and 31.85% respectively for J2 (10% bitumen emulsion + 20% PE resin) as compared to untreated jute samples. Thus, it was revealed that MR and MC decreased with the increase of PE resin percentage in the jute fabrics. This is happened due to the excellent coating of jute fibers by the mixture of bitumen emulsion and PE resin and these two hydrophobic polymers may block the hydroxyl group of jute fibers.


Figure 6. Moisture regain (MR) and moisture content (MC) of the jute fabrics.
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3.5. Water Uptake (%)


Figure 7 showed that water absorbency for J0, J1, and J2 samples was 68.5%, 60.8%, and 38.2% respectively. Water absorbency abated with the accumulation of resin and bitumen in the fabrics and highest decreased of water absorbency was found to be 44.2% for J2 fabric (10% bitumen emulsion and 20% PE resin) treated specimen as compared to the untreated one.


Figure 7. Water Uptake (%) of jute fabrics.
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It was identified that hydrophilic property of the untreated specimen reduced and it became hydrophobic after the treatment. The polar -OH groups in jute built H-bond by up taking water molecules which induced swelling in fibers. PE and bitumen emulsion are hydrophobic polymer that cross-linked with jute and made strong bonding with cellulose polymer chains and it provided a coating on the fabric surface which imparted the hydrophobic nature. The voids inside the fiber also filled by these polymers and protected water penetration into the jute fibers. Moreover, strong adhesion between jute and these polymer mixtures reduced the water uptake ability of the sample.




3.6. Scanning Electron Microscopy (SEM)


The treated and untreated surface morphology of jute fibers was evaluated by SEM. Figure 8a,c,e display the SEM images of untreated fabric surfaces at 30, 50 and 100 times magnification and Figure 8b,d,f show the SEM images of treated fabric surfaces of 30, 50 and 100 times magnification. The untreated fiber surface is free from polymer solution and has a smooth surface. The multi-cellular nature of the jute fibers is vividly observed whereas a rough surface is found for the treated sample. In each case, the treated sample is clearly more compact and dense. In addition, the treated sample appears to contain many polymer droplets. Thus, bitumen emulsion and PE resin treatment of jute demonstrated considerable change of morphology and topology of the fiber surface due to the good adhesion between the fiber and the polymer solution. In summary, the SEM observation clearly showed the difference between the untreated and treated surfaces of the jute fabrics.


Figure 8. SEM images of jute fabric treated by bitumen emulsion and polyester resin mixture: (a) Untreated jute (×30); (b) treated jute (×30); (c) Untreated jute (×50); (d) treated jute (×50); (e) Untreated jute (×100); (f) treated jute (×100).
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4. Conclusions


The present study demonstrated that treating the jute fabrics with the mixture of bitumen emulsion and polyester resin solution was a beneficial technique to ameliorate the physico-mechanical characteristics of jute by overcoming its some inherent drawbacks such as poor stability in a soil and water medium. The treatment also improved the tensile strength of jute fabrics significantly, in both warp and weft directions. Soil degradation tests revealed that treated samples retained their tensile strength for longer periods of exposure to soil but that the tensile strength of fabrics deteriorated with increased exposure time. The effect of biodegradation of jute increased with a longer burial period. Other properties such as moisture regain, moisture content and water absorbency were also found to be better after treatment. The scanning electron microscopy observations clearly demonstrated the difference between the treated and untreated surfaces. Finally, it could be concluded that the combined application of bitumen emulsion and polyester resin was better than only polyester resin treatment. This combination of treatments produced not only a better fabric but a cheaper one.
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