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Highlights: 

 

 Chemically treated individualised short jute fibre-based preforms were developed. 

 Jute composites showed a reduction in mechanical properties with longer fibre lengths. 

 Fibre individualisation increased the mechanical properties of jute composites. 

 Alkali treatment on short individualised fibres was able to increase mechanical 

performances significantly. 

 

 

                  



Abstract  

Jute fibre reinforced composites (JFRCs) are facing challenges to composite 

manufacturers due to the high cost of dry fibre preforming and inferior fibre performance 

compared to other commonly used natural plant fibres such as flax, sisal, hemp, and 

kenaf. Therefore, long fibre architecture jute fibre preforms often cannot fulfil the 

performance requirement of the composites. Using shorter length of jute fibres and then 

transform them into dry preforming sheet can ideally be used in manufacturing intricate 

composite products with low processing cost and high fibre reinforcing effect. On the 

other hand, short jute fibres suffer with extremely low fibre content and hence, they are 

difficult to use in making complex shape composite structures. In this work, a highly 

individualised and chemically treated (alkali) short jute fibre preforms with increased 

fibre contents were developed with the help of compression moulding. Composites were 

fabricated by impregnating the dry fibre preforms with epoxy resin by wet layup 

technique and cured in the hot press. These composites were found to have significantly 

higher mechanical properties when compared to traditional randomly oriented short jute 

fibre composites; showing the tensile strength ⁓93 MPa and flexural strength ⁓190 MPa 

for these composites, are the highest than any other natural short fibre composites 

reported so far in the literature. It was found that the extent of the improvement of 

mechanical properties of these composites, is related with the content of fibre in the 

composites, chemical modification of fibre ensuring higher bonding between the fibre 

and matrix.  This work highlights new insights into high performance short jute fibres. 

If short jute fibres can be transformed into highly packed dry fibre preform, then it can 

be used in many semi-structural and structural composite applications. 

Key words: A. Natural fibres; B. Mechanical properties; D. Mechanical testing; E. 

Preforming; E. Compression moulding 

                  



1. Introduction 

To implement the environmental management and sustainable development concept in 

the fibre reinforced composite sector, combining economical, societal and 

environmental benefits, natural plant fibres are considered as a potential alternative to 

replace their synthetic counterparts in composite applications. Natural plant fibres are 

from renewable origins, bio-degradable, and offer high specific mechanical properties 

with cost effectiveness compared to carbon, glass, kevlar or other synthetic non-

renewable and non-biodegradable fibres [1]. Besides, due to the recent media coverage 

of environmental issues worldwide; significant level of CO2 emission reduction target 

by the end of 2030; governments’ strict legislations; customers growing demand; the 

26th United Nations Climate Change Conference of the Parties (COP26) goal of 

achieving net-zero emission by the middle of the century etc., both scientific researchers 

and manufacturers are focusing on the use of natural plant fibres in composite 

applications increasingly, maintaining the required properties and functionalities of 

natural plant fibre composites for various structural and semi-structural applications. 

This supports the UN Sustainable Development Goal no. 8 (decent work and economic 

growth), 9 (industry infrastructure), 11 (sustainable cities) and 12 (responsible 

consumption and production). 

Jute is one of the most attractive fibres among other natural plant fibres (flax, hemp, 

sisal, ramie, kenaf and bamboo) for its abundance and very high cultivation rate in India, 

Bangladesh and other Asian countries, low production cost, lower density, higher 

individual fibre length and comparable mechanical properties[2–4].  

Exploring new fibre architectures with improved mechanical performances in 

composites is a great challenge to the composite researchers and manufacturers, despite 

having extensive research on this topic for the last couple of decades. Currently, natural 

                  



fibres such as jute, flax and hemp fibre preforms are commercially available in the form 

of woven fabric, non-woven mat, braided structures, which are normally used for the 

lamination by resin infusion and compression moulding techniques. They can be also 

found as short fibres, ideally used in the injection moulding process to manufacture 

composites. Specifically, for jute fibres, very good quality jute fibres are used by jute 

spinning industries to manufacture yarns and then processed into fabrics by conventional 

weaving process. Although this type of jute preforms ensure more reliability in different 

shape formation of composites, they do not have the capability to withstand high 

mechanical loads necessary for structural composite applications, because of the crimp 

formation at warp and weft yarns interlacement in woven fabric structures that leads to 

stress concentration in ultimate composites[5–7].  In mechanically demanding 

applications, jute yarn based unidirectional (UD) plant-based composites are also being 

used for the manufacture of composites, because of the higher load bearing capacity of 

unidirectional yarns [8]. While yarn-based UD preforms shows better mechanical 

performance in composites, yarns are induced with high amounts of fibrillar twists, 

which result in the poor impregnation of resins into fibres in composites [9,10]. In 

addition, the manufacturing process of jute yarns involves many mechanical actions and 

steps (pilling, beating, carding, combing, draw frames etc), which cause a huge 

manufacturing energy consumption and ultimate mechanical degradation of jute fibres 

[11,12]. Processing of fibres to yarn in the spinning industry adds around fifty percent of 

manufacturing cost [13]. Likewise, weaving of yarn into fabric also includes additional 

processes, such as, winding, warping, sizing, weaving and finishing processes [14] 

Considering above description, it is important to develop a new type of jute fibre preform 

with high mechanical performances, engaging the minimum number of preform 

                  



processing steps for avoiding fibre degradations, reducing processing cost, process 

wastes and life cycle energy consumption significantly.  

In this context, development of long and short fibre based non-woven jute preforms 

could be a potential alternative to yarn or woven based preforms, since they require less 

processing steps, energy consumption and generates low manufacturing wastes and 

hence, the ultimate cost. Recently, jute non-woven long fibre preforms were studied for 

structural composites. The field retted fibres and manual heckling process were used 

which ultimately reduced the cost of composites [15–17], whereas the continuous 

production of jute preforms was not fully explored. Many studies reported the use of 

needle-punched non-woven short natural fibres [13,18,19]. The problem with needle 

punched preforms is related with the repeated actions of needle on fibres which reduce 

the mechanical properties of the preforms and ultimate composites. Besides, short fibres 

are cut into different lengths and distributed randomly in composites matrices, which 

makes it difficult to achieve a uniform fibre length and content across the composite 

structures [20]. To explore the full potentiality of the advantageous properties and 

removing the above-mentioned drawbacks of non-woven short fibre based preforms, 

manufacturing dry fibre preforms using different short natural fibres have drawn a big 

attention in composite research community. Recently, robust preform from short sisal 

fibres have been reported in the literature by hot compaction process by Lee et all. [21–

23]. Flax non-woven robust preforms were developed by Fortea-Verdejo et al. [24] using 

nanocellulose as a binder. However, their mechanical properties were not sufficient 

enough to recommend them in structural applications. Sisal fibres were cut into short 

lengths and made into robust preforms using enzymatic binders to use in thermoset 

composites [23]. Higher fibre content was reported due to the compaction, but composite 

mechanical performance was not at the expected level to recommend them in structural 

                  



applications. One of the ways to improve the mechanical performances further of short 

fibre based non-woven composites, could be an increase of fibre packing in composites 

by individualising the technical fibres into elementary fibres with an optimised short 

fibre length. This novel concept can be investigated to develop highly packed, uniform 

jute non-woven short fibre based dry preforms for high mechanical performance 

composite applications, since no other work has been reported in literature so far on this. 

Furthermore, some chemical treatments (alkali and PVA binder (polyvinyl alcohol)) can 

also be applied on individualised jute fibres. Polysaccharides (lignins, hemicelluloses, 

waxes etc) present in the natural fibres can create stress concentrations upon loading and 

are responsible for the poor fibre-matrix interfacial performance which are reported in 

many previous studies [25–29]. Mild alkali treatment at a 0.5 % concentration was found 

to be effective in removal of polysaccharides particularly hemicelluloses from the 

interfibrillar region of jute fibres [3,30,31].  In addition to the alkali treatment, PVA 

binder (poly vinyl alcohol) treatment can also be used to coat the fibres that can 

potentially improve the mechanical load resistance capability of ultimate jute fibre 

composites.  

Therefore, a fibre individualisation technique was applied on the optimised jute short 

fibre length for producing dry fibre preforms and their ultimate composites with high 

mechanical properties, for the first time in this work. As chemical treatments, alkali and 

PVA binder treatments were used on the developed preforms to improve the mechanical 

performances of jute composites significantly. Tensile, flexural, dynamic thermo-

mechanical (DMA) testing and fractographic (SEM, X-ray micro-CT) analysis were 

carried out to investigate and understand the effects of short fibre lengths, fibre 

individualisation and chemical treatments (alkali and PVA binder) on the improved 

mechanical behaviours of these developed jute composites.  

                  



2. Materials and methods 

2.1. Materials 

Commercially available grade, Bangle White –B (B.W.B) jute (Corchorus capsularis) 

fibres were collected from Dhaka, Bangladesh. Details of the fibre can be found in our 

previous work [3]. After collection, jute fibres were stored in a dry controlled 

atmospheric environment with a temperature of 27 (±2) ⁰C and relative humidity of 65 

(±2) % before using them in this research work. The basic properties calculated for these 

fibres are shown in Table 1.  

Diglycidyl ether of Bisphenol A (DGEB) type epoxy resin (AY-105) and epoxy 

hardener (HY-951) (reactive polyamide) was supplied by Ciba Geigy India Ltd. Resin 

to hardener ratio was 10:1 and the pot life of mixed resin was 30 min. Analytical grade 

sodium hydroxide (NaOH) pellets (product no: 1020315) were purchased from Union 

Drug and Chemical Company (Mumbai, India). Polyvinyl Alcohol (product no 9002-

89-5) with a molecular weight of 11,500 g/mol were collected from Loba Chemical Pvt., 

Ltd. (Mumbai India). 

2.2. Methodology 

2.2.1. Fiber preparation for different short fibre lengths 

The collected raw jute fibres were cut into four different fibre lengths (5 mm, 10 mm, 

15 mm and 20 mm) utilising a hand scissor with a great care. The digital image of cut 

short jute fibres can be seen in Figure 1.   

2.2.2. Fibre individualization was applied only for the 5-mm long fibres 

Between four different jute short fibre lengths, the 5-mm length was determined as the 

optimised one, since better mechanical properties were found for jute composites 

developed with this short fibre length (described in section 3.2 and 3.3). Hence, the fibre 

                  



individualisation concept was applied only on this fibre length (5 mm) to separate the 

technical fibres into elementary fibres. Jute fibres were individualised first, using a hand 

combing device, which is generally used in the combing section of a jute spinning 

process, followed by cutting individualised fibres into a 5-mm length.  

2.2.2. Chemical treatments 

Different fibre treatments and their codes are given in Table 2. No chemical treatments 

were done on raw jute fibres of different fibre lengths (Table 2, no. 1-4) before the fibre 

length optimisation.  Once the fibre length was optimised with the 5-mm length, the 

fibre individualisation was carried out (UTF, Table 2 no. 5) and chemical treatments 

(alkali and PVA binder) were applied only on the individualised cut fibres with the 

optimised 5-mm length (Table 2, no. 6-9).   

For alkali treatment, fibres were treated in a 0.5% (W/V) NaOH solution with a 1:30 

liquor ratio for 24 hours. After alkali treatment (ATF), fibres were washed carefully with 

deionized water until pH is reaching to neutral condition. The PVA binder treatment was 

applied on both alkali treated and not-treated fibres, through immersing them into a 1% 

(W/V) PVA solution for 30 min, followed by a drying operation to dry the fibres. The 

alkali and PVA treatments were conducted before and during the preform manufacturing 

process respectively.  

2.2.3. Preform manufacturing 

Short jute fibre based dry preforms were manufactured in different fibres lengths, with 

and without chemical treatments. The developed preforms were named according to 

different fibre lengths and treatments codes, mentioned in Table 2.  

For preforms produced with fibres at different lengths (UT5, UT10, UT20, UT15) and 

5-mm individualised fibres (UTF), the cut fibres were filled in the steel square box 

                  



(Figure 1-d) which was kept in a metal bowl filled with deionised water.  The square 

box was perforated at the bottom side, for passing the water in and out of the box and 

also to contain the fibres inside of it. The stirring was done to wet the fibres fully inside 

the square box. The metal bowl was heated at around 80 o C (± 5 o C) to increase the 

interaction between water and fibres, following the recommendation of a previous study 

[32]. Here, the fibres were kept in hot water for 30 mins, so that a fibre cake could be 

formed (see Figure 2). Short jute fibre wet cakes were transferred from the steel square 

box to the rectangular metal frames (lower and upper frames) of 200 mm (length) × 200 

mm (width) × 3 mm (thickness) dimension. To squeeze the water out and dry the fibre 

cake preforms, the metal frames were placed in a compression moulding machine at 120 

o C with a 1-Ton/square inch compression force for at-least 30 mins [15,32] . For alkali 

treated fibre based preforms (ATF), the alkali treatment was done before the preform 

manufacturing processes. The PVA binder was added in the cake manufacturing hot 

water during the preform manufacturing process of UTFB and ATFB fibres (see Table 

2). In addition, a commercially available jute nonwoven preforms (NW) was also 

collected to manufacture jute composites so that a comparison could be made between 

the developed dry fibre preform composites compared to conventional non-woven 

preform composites. Thus, highly packed, uniform and high performance short natural 

jute dry fibres preform were manufactured (see Figure 2). Physical properties of 

preforms are provided in Table 3. 

 2.2.4. Composite fabrication 

A compression moulding technique and rapid curing epoxy resin were used to 

manufacture the composites. All composite types were developed following the same 

manufacturing conditions. The developed dry fibre preforms were kept in an oven for 5 

hrs to control the moisture in their structures. Hardener was added to epoxy resin at a 

                  



1:10 ratio and the mixture was applied to both surfaces of preforms with the help of 

painting roller. PTFE sheets were used at lower and upper sides of wet preforms’ layup 

and then, the lay-up was placed between the upper and lower metal plates of the 

compression moulding machine to apply a high pressure of 25 MPa for 90 min at 80 °C 

temperature (see Figure 3). The manufactured composite surface is shown in Figure 

3(d). Composites were taken out from compression moulding machine and kept until it 

reached to room temperature. The manufactured composites were named and coded 

according to their fibre and preform names (Table 2 and Table 3).         

2.2.5. Characterisation of mechanical properties of composites 

2.2.5.1. Tensile testing 

Tensile tests were conducted according to the ASTM D 638-03 standard using AG-X 

plus Universal Testing machine (Japan) equipped with a 20 kN load cell (see Figure 

4(a)). Based on the testing standard, specimens were prepared with a dimension of 165 

mm length, 20 mm width and 3 mm thickness for tensile tests. The cross-head speed of 

the machine was kept constant at 1 mm/min during the test. A total of three specimens 

of each type of composite sample was tested and their mean value and standard deviation 

were calculated. 

2.2.5.2. Flexural testing 

Three-points bending flexural test was conducted using the same universal testing 

machine (UTM). As ASTM D 790 testing standard was followed, the dimension of the 

specimen was125 𝑚𝑚 × 20𝑚𝑚 × 3𝑚𝑚 with a test span of 50 mm. The crosshead 

speed was 1.4 mm/min and minimum five specimens of each sample type were tested 

(see Figure 4.b).  

2.2.6. Fractographic observation 

                  



2.2.6.1. SEM study 

Fractographic observation of broken samples after tensile tests was done with a Phenom 

Pro G desktop Scanning Electron Microscope (SEM), Netherlands. All specimens were 

gold coated and images were taken at different magnifications.  

2.2.6.2. X-ray micro-computed tomography 

Tensile-tested fractured specimen surfaces were scanned with a Nikon XTH 225 

scanner. The molybdenum target metal used with the μ-CT unit was set at 135 kV and 

103 uA without any filtration. A flat panel detector made by Perkins Elmer was installed 

in the device. The 3d reconstructed volume was created using 1562 pictures, with the 

resulting voxel size being 0.018 mm. The VGSTUDIOS MAX version 2.0.5 was 

employed in the hardware rendering mode to create the final images utilising a separate 

computer. 

2.2.7. Dynamic mechanical analysis (DMA) 

The DMA of NW, UTF, ATF, ATFB, UTFB composites was conducted using a TA 

Q800 instrument in the double cantilever bending mode, with a frequency of 1 Hz at a 

temperature ramp of 2°C/min from 25°C to 180°C. From the DMA analysis, the storage 

modulus and tan δ (damping factor) properties were determined.  

3. Results and Discussion 

3.1. Physical properties of composites 

In this study, a significant number of changes in the physical properties of composites 

were observed (see Table 4). These changes are related with the effect of physical 

changes of fibres after doing individualization of fibres and subsequent chemical 

treatments. For instance, all UT (UT5, UT10, UT15, UT20) composites showed a very 

lower amount of fibre volume fraction (FvF) which is nearly 38%. The FvF of 

composites directly related with the packing capacity of fibres in the composites. Fibres 

                  



in UT composites were not received any kind of treatment (either physical or chemical) 

therefore, impurities such as hemicellulose, lignin and wax present in the fibres which 

ultimately reduced the packing of fibres in the composites. Moreover, fibres cut into 

different lengths cannot improve the FvF of composites. However, after the application 

of fibre individualization on the optimized 5-mm length fibres, the FvF was increased 

to nearly 41% for UTF composites. In this regard, separation of elementary fibres from 

technical fibres was responsible for the increment of FvF, which was also found in a 

previous study [33]. In addition, the alkali treatment of individualized 5-mm long short 

jute fibres (ATF) increased the FvF to 46 %, which was almost 21% higher compared 

to any UT composites. The mild alkali treatment cleaned the fibres after mechanical 

individualization which was the main contributor for the enhancement of fibre volume 

fraction of ATF composites. A maximum of 49% FvF (see Table 4) was achieved after 

the combination of treatments (fibre individualization, alkali treatment and PVA binder 

application) for ATFB composites. In this point, adding PVA binders on the short fibres 

increased the fibre interactions in the preform. No significant changes were observed for 

the densities of composites, although a slight change was seen for the fibre 

individualization and PVA binder treatment, which might be related with the crystal 

changes of fibrils present in the technical fibres. 

3.2 Tensile properties  

3.2.1. Effect of fibre lengths 

The fibre length is one of the determining factors for developing and manufacturing 

short fibres reinforced composites with improved mechanical properties. Inherent flaws 

(waxes, pectin, lignin and hemicelluloses) and variations in cellulose contents present in 

the fibres, the effect of chemical modification of fibres and compatibility of fibres length 

with individual matrices sometimes depend on the suitable length of fibres. Therefore, 

                  



the selection of an optimised fibre length has a direct effect on the mechanical properties, 

and this was considered as the primary research objective in this study, before 

investigating the fibre individuation and chemical treatments effects on mechanical 

properties. Figure 5 shows examples of the stress-strain curves of tensile tested 

composite specimens, with the comparison of composites made from developed new 

fibres architectures (UT5) and traditional non-woven (NW) architectures. UT5 

composites exhibited not only the stress improvement but also a steeper curve in the Y-

axis which confirmed the improvement of strength and stiffness of materials 

respectively. In short natural fibres composites, the stress development along fibres is 

considered one of the major challenge due to the intercalation of fibres in the matrices. 

To tackle this challenge, the fibre content percentage and fibre-length should be 

optimised, so that the fibres can withstand mechanical forces at different real-life 

applications.  New fibres architectures developed in this study confirmed the enhanced 

fibre content percentage (ATF, ATFB) more than 50% fibres in the composites (see 

Table 4). Figure 6 shows the impact of fibre lengths, individualisation and chemical 

treatments on the tensile properties of jute composites. 

In Figure 6. tensile modulus and strength were increased with the decrease of jute fibre 

lengths. The values increased from 4.4 GPa (modulus) and 38.67 MPa (strength) for 

UT20 composites (20 mm fibre length) to 5.45 GPa (modulus) and 62.38 MPa (strength) 

in UT5 composites (5 mm fibre length). It is clear that the highest tensile strength and 

modulus were obtained with the 5-mm length of jute fibres in UT5 composites. Such a 

significant enhancement in UT5 composites was related with the higher aspect ratio of 

shorter jute fibre length and the uniform surface topography of the fibres[3]. A shorter 

fibre length attains with even fibre surfaces, thus improves fibres packing in composites. 

Besides, it was observed that UT5 composites had a 5% more fibre volume fraction 

                  



compared to UT20 composites, confirming the better fibre packing capability of the 5-

mm length fibres inside UT5composites, which ultimately resulted in the uniform stress 

development. This is also justified with the simple rule of mixture formula that higher 

the fibres content better the composite tensile properties. The reduced tensile strength of 

composites with the 20 mm length could be related with the irregular fibre 

entanglements or agglomeration of individual fibres leading to less load carrying 

capacity in the composites. Moreover, inter-space between fibres and matrix become 

larger for higher fibre length which also prevented to create a strong interfacial bonding 

between fibres and matrices.  

3.2.2 Effects of fibre individualization and chemical treatments 

Since the 5-mm jute fibre length showed the highest tensile properties, fibre 

individualisation using combing operation and subsequent chemical treatments (alkali 

and PVA binder treatments) were applied only on the 5-mm jute fibre length-based 

composites. As mentioned earlier that the load bearing ability of any fibrous composites 

depends on the fibre content present in the composites which can be directly affected by 

individualization and chemical treatment of natural fibres [30,33].  The effects of fibres 

separation (individualization) and chemical treatments on the tensile properties of short 

jute fibres composites are provided in Figure 6. A 25% increment in the tensile strength 

of UTF composites (77.59 MPa) was observed after applying combing action on 

untreated short jute fibres of 5 mm length compared to its non-combed counterparts 

(UT5). The combing operation created a higher fibre volume fraction and increased 

tensile strength of the composites. The results also indicated that alkali treatment itself 

had a great impact on the tensile strength of the composites. The maximum tensile 

strength of the composites was found for ATF composites (92.74 MPa), which was 

basically a 20% further enhancement compared to UTF composites. The improvement 

                  



was related with the synergistic effects of fibres length, higher fibre volume fraction and 

improvement in the load and stress transfer between the fibres-matrix interfaces because 

of the alkali treatment [34]. The earlier relevant study confirmed that a mild alkali 

treatment with prolonged exposure progressively removes the polysaccharides from the 

interfibrillar network of jute fibres, not only improves the load bearing ability of 

individual fibrils, but also the interfacial shear strength (IFSS) of jute fibres and epoxy 

matrix due to the increase of hydrophobicity of jute fibres. However, PVA binder 

treatment on with or without alkali treated 5-mm long individualised fibre was not able 

to bring any positive impact on the tensile properties of UTFB or ATFB composites; 

this could be due to the poor interfacial adhesion of binder treated jute and epoxy 

networks [11]. Figure 6 also shows a comparison of tensile modulus between jute 

composites made with different fibres lengths and chemical treatments. The results 

indicated that tensile modulus of short jute fibres composites was little affected with 

regards to fibre lengths and chemical treatments. Only the optimised UT5 composites 

exhibited an improvement with individualised alkali treated fibre composites. A 

comparison was also made between commercially available traditional nonwoven short 

jute fibre composites (NW) with the developed short jute fibres preform composites. 

Both the tensile strength and modulus were increased by nearly 270% for ATF 

composites compared to NW composites in this study. The main reason of such 

significant different in the tensile properties was related to lower fibre content in NW 

composites (only 35 %), flaws present in the fibres and damage of individual fibres by 

the repeating needle action of non-woven machines. As per the overall observation in 

the tensile properties of the developed composites, shorter fibre length of 5-mm, 

individualisation of fibres and further alkali chemical treatment create a new jute fibres 

                  



architecture preforms which are able to influence significantly in the enhancement of 

tensile properties of short jute fibres composites. 

3.3. Flexural properties  

Typical flexural stress strain curves of UT5 and NW composites are shown in Figure 7.  

Flexural properties of jute composites with different fibres lengths and effects of 

chemical treatments are provided in Figure 8.  

3.3.1. Effect of fibre lengths 

In the case of jute short fibre length comparison, composites flexural strength exhibited 

a gradual increase with the decrease of jute fibres length (see Figure 8). Composites of 

5-mm fibre length (UT5) yielded a maximum flexural strength of 139.82 MPa, which 

was almost a 26% increment over composites of 20 mm fibres length (UT20). The 

similar trend was also observed in tensile properties. This might reflect several factors, 

such as a shorter jute fibre length offers better surface area and fibre orientation with 

less flaws, therefore an efficient load transfer from matrix to fibres with a strong 

interfacial bonding between them can be facilitated. Besides, flexural stress is a 

combination of compressive and tensile stress [35].When compressive stress is 

generated, it is expected that the compressive wave is developed in short fibre 

composites uniformly. However, when fibres length is higher, there is a strong 

possibility of having more flaws in fibres, which can interrupt the compressive wave 

and thereby, develop stress concentration points in matrix materials of composites. This 

can lead to the initiation of cracks and de-bond the fibres - matrix interface and thus, 

overall failure of composites is visible. This behaviour of natural fibres composites is 

also supported by the findings of a previous study[36]. 

                  



3.3.2. Effects of fibre individualization and chemical treatments 

Similar to tensile properties a positive effect of fibre individualisation was observed for 

UTF composite flexural strength (Figure 8 - c, d) compared to UT5 composites. Unlike 

tensile properties, the PVA binder treatment with (ATFB) and without the alkali 

treatment (UTFB) on 5-mm length individualised fibre based preform for ATFB and 

UTFB composite respectively, showed a noticeable increase in flexural properties. 

Although the flexural strength (̴ 155 MPa) was found almost similar for both UTFB and 

ATFB composites, the flexural modulus was seen higher for ATFB composites (̴ 11 

GPa) MPa than that of UTFB composites (̴ 8.92 GPa). This was possibly due to the 

possible interaction between the hydroxyl groups of PVA binders and the functional 

groups of polysaccharides present in jute fibres, resulted in an increase in the flexural 

strength of UTFB and ATFB composites. On the other hand, the alkali treatment 

enhanced the flexural strength and modulus by 36.5 % and 39 % respectively for ATF 

composites in comparison with UTF composites. Such a large enhancement of flexural 

strength of ATF composites was related with some factors such as: an enhanced fibre 

volume fraction due to the fibre individualisation and alkali treatment; a greater 

interfacial bonding between the enhanced hydrophobic functional group of jute fibres 

and epoxy matrices, as reported in other studies of short natural fibres composites. SEM 

images are shown in Figure 9 also supports this claim that fibres with alkali treatment 

are well connected into the epoxy matrix (indicated by arrow marks) which suggests a 

strong interfacial bonding between the alkali treated jute fibres and epoxy matrix. ATF 

composites provided the maximum flexural strength of 190.88 MPa. However, adding 

PVA binder on alkali treated fibres reduced the flexural strength and modulus of ATFB 

composites to 150.44 MPa and 10.23 GPa, respectively (see Figure 8). This result proved 

that the PVA treatment didn’t work with alkali treated fibres, as expected. ATF 

                  



composites showed a maximum flexural modulus of 11.77 GPa, which was significantly 

(̴ 482%) higher than the traditional nonwoven needle punch jute fibres composites (NW) 

(2.02 GPa only). 

3.4. Fractographical observation 

3.4.1. SEM study 

A study on the fractured surfaces of the composites was conducted to observe the failure 

mechanism of the composites.  Figure 9 displays SEM images of fracture surfaces 

obtained after tensile tests. Since the 5-mm length fibre was optimised, fibre 

individualisation and alkali treatment demonstrated a significant increase in both tensile 

and flexural properties. Only UT5, UTF, ATF and ATFB composite broken surfaces 

were examined. 

Considering UT5 composite, it is clearly visible that untreated composites had a higher 

number of fibres pull out, fibres irregular breakages and some matrix cracks in the 

fracture surface.  These failure mechanisms were also true for the composites with fibre 

individualisation (UTF). Fibres pulls out indicated the poor interface of UT5 

composites.  On the other hand, in the case of ATF composites, it was seen that the 

amount of individual fibres had been increased dramatically, no fibres pull out was 

visible in the fractured area.  Also, fibres were broken linearly compared to UT5 

composites.  But when PVA binder was added son alkali treated fibres in ATFB, some 

sort of fibres agglomeration was noticed and also, matrix and fibres irregular breakages 

were also noticed in the composites and these were the reasons for a reduction in both 

tensile and flexural properties of ATFB composites, described earlier. Thus, alkali and 

fibre individualisation ensured a higher fibre content, fibre uniformity and strong 

interface of the composites leading to a significant increase in mechanical (tensile and 

flexural) properties.  

                  



3.4.2. X-ray µ-CT tomography 

In mechanical tests, it is clearly indicated that the composites with shorter fibre length 

(5mm), showed a better separation of fibres and more rough surfaces, which play a 

crucial role in making composites with improved mechanical performances. To support 

the observation that short jute fibres preform composites are more important, tensile 

fracture samples of UTF, UTFB, ATF, ATFB and NW composites were analysed with 

the X-ray µ-CT technique, in addition to the above discussed SEM image analysis. The 

NW composite was included to compare its failure mechanism with developed 

composites in this work. The X-ray µ-CT is a useful and powerful technique to analyse 

and investigate the complex failure processes at fracture surfaces and inside of 

composite structures and hence, it has become an essential tool for the analysis of 

fracture surface topography of broken composite specimens [37]. The X-ray µ-CT 

images of tensile broken surfaces of NW, UTF, UTFB, ATF and ATFB composites are 

shown in Figure 10.  

It is seen that fibres were protruded from the matrix in NW composites.This could be 

related with the poor interfacial bonding of fibres with epoxy matrix which eased the 

tearing off of fibres from the matrix. It is well established that in order to realise an 

optimal mechanical performance of natural fibre composites, fibre/matrix bonding is 

one of the key parameters that need to be achieved [32, 33]. Composites made from new 

fibres architectures developed in this work (UTF, UTFB, ATF, ATFB) didn’t not show 

any protruding fibres which came out from the matrix largely. Because, the optimized 

fibre length compacted under uniform tension, resulted in good mechanical interlocking 

and chemical bonding with epoxy matrix. This finding supported the reason of improved 

properties of composites made from this new fibre architectures. UTF (Figure 10 c) and 

ATF (Figure 10 d) composites showed the uniform crack progression throughout the 

                  



tested specimens under the tensile stress, whereas ATFB (Figure 10 e) composite 

exhibited the non-uniform crack progression within epoxy resin for the lower adhesion 

of binder treated fibres with epoxy matrix. Moreover, between UTF and ATF 

composites, highly aligned and well separated fibrils in tensile broken surfaces were 

clearly found in ATF composites.  

3.4. Dynamic mechanical analysis (DMA) 

Storage modulus and tan delta (damping factor) curves of NW, UTF, ATF, UTFB and 

ATFB composites at the tested temperature range are provided in Figure 11. Storage 

module provides information on composite stiffness, fibre-matrix bonding etc. It is 

clearly seen that all tested composites showed a slow reduction initially in storage 

modulus values with the increase of temperature, followed by a sharp decline in the glass 

transition region (Tg) of composites. Because the polymer chains start to flexible in 

composite matrix with an increase in temperature and in the Tg region, they exhibit 

molecular mobility.  NW composites showed the lowest storage modulus values, while 

ATF composites provide the highest values with a better thermal resistance compared 

to other tested composites, as expected. This again confirmed the optimised 5-mm fibre 

length with fibre individualisation and alkali treatment created an excellent fibre-matrix 

interfacial bonding in ATF composites.  The binder treatment clearly didn’t show any 

positive interaction with the alkali treatment in ATFB composite, as thermal resistance 

capability was reduced significantly for this composite. The tan delta (tan δ) curves 

(Figure 11 b) generally present information on energy absorption/dissipation and 

damping behaviour related to impact properties of composites. The peak position of tan δ 

curves indicated the glass transition temperature of the polymer matrixes used in tested 

composites. The tan δ curves supported the storage modulus results. NW composites 

showed the highest peak in the tan δ curve, which was expected, as they have the weakest 

                  



bonding at fibre-matrix interface. A slight positive increase in Tg value was noticed for 

ATF composites, which correlated their better storage modulus values observed earlier. 

ATFB composites demonstrate a reduction in the Tg value.  

 

3.5. Comparative study with the literature 

It is interesting to compare the properties of developed short fibres preform composites 

with the properties of the composites reported in the literature. Though a direct 

comparison between the variety of natural fibres cannot be made as they are largely 

different in terms of origin, quality and grade of fibres, physical, mechanical, and 

thermal properties, production process, fibres content, fibres aspect ratio etc. Table 5 

shows a comparison of findings between our study and other recently developed similar 

kind of natural fibres composites from the literature. It can be clearly seen from the table 

that the mostly used normal nonwoven dry fibres preform in thermoset composites 

provides the lowest tensile and bending properties. From the previous section we came 

to know that fibres are largely damaged during the different mechanical action 

performed at different stages of the preparation of nonwoven preform composites. Most 

of the work reported in Table 5 demonstrate that all composites attained a large fibres 

volume fraction up to 55% by compression moulding technique with thermoplastic 

matrices and had mechanical properties with a range of 50-80 MPa only. Whereas our 

newly developed alkali treated individualised 5-mm short length fibre composites (ATF) 

allowed 46% fibres volume fraction with a flexural strength and modulus more than 190 

MPa and 5.4 GPa respectively, which is nearly a 40% increase compared to Glass/PP 

composites, reported in Table 5.   

4. Conclusions 

                  



In this research work, the development of short jute fibre preforms with a new fibre 

architecture was carried out to increase the physical, tensile and flexural properties of 

jute composites. The observed significant increase in the developed dry fibres preform 

based composites were related with the selection of jute fibres, chemical treatment of 

fibres, fibres individualisation and improving the packing of the preforms. The key 

findings of this study are concluded as follows- 

 Effect of fibre lengths study showed that mechanical properties of the composites 

are reduced with the increase of fibre length in composites. Between four 

different short fibre lengths (5, 10, 15 and 20 mm), the 5-mm length provided 

the maximum tensile and bending properties in jute composites. This might be 

related with the aspect ratio of the 5-mm fibres which allowed a better frictional 

property and improved the interfacial properties of the composites.  

 Fibres individualisation increased a significant amount of tensile and flexural 

properties compared to not-individualised fibre composites.  The alkali treatment 

on individualised fibres increased the fibre volume fraction and hence, created a 

strong fibre/matrix interface which were responsible for the highest 

improvement in mechanical properties of jute composites in this work. 

 Finally, the comparative study showed that this newly developed dry jute fibre 

preform based composites can improve the mechanical properties of the 

composites significantly higher than the mechanical properties of other short jute 

fibres and other allied fibres composites reported in the literature.  

Composites manufactured from short natural fibres have a great future ahead. Dry fibres 

preforming after fibre individualisation and compaction is a promising method to 

produced highly packed short natural fibres composite. However, further extensive 

research is necessary to optimize the different parameters such as preform density, fibres 

                  



alignment in the preform and the development of tools and technique for the 

confirmation of scalable production of high performance dry short jute fibres preform 

for structural composite applications.  
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Tables 

 

                               Table 1. Physical and mechanical properties of jute fibres.   

Properties Jute fibre 

Fiber diameter  45 (±20) µm 

Fiber mean length  98 (±35) mm 

Density  1.48 (±0.24) g/cm3 

Tensile strength  270 (±45) MPa 

Tensile modulus  33 (±16) 

Failure strain  1.1 (±0.19) % 

 

 

 

 

 

 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Different fibre treatments and their coding. 

No  Treatment Name Code 

01 Raw jute fibres (untreated) with 5 mm length UT5 

02 Raw jute fibres (untreated) with 10 mm length UT10 

03 Raw jute fibres (untreated) with 15 mm length UT15 

04 Raw jute fibres (untreated) with 20 mm length UT20 

05 UT5 with fibres individualization  UTF 

06 UTF treated with PVA binder  UTFB 

07 Alkali treatment of UTF fibres ATF 

08 ATF fibres treated with PVA binder ATFB 

09 Nonwoven fibre preform (commercially available) NW 

 

 

 

 

 

 

 

 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Physical properties of developed dry jute fibre preforms. 

Preforms Preform size (mm) Preform thickness 

(mm) 

Areal density 

(GSM) 

UT5 200 X 200 2.7(±0.20) 1652(±115)  

UT10 200 X 200 2.65(±0.27) 1642(±135)  

UT15 200 X 200 2.64(±0.32) 1645(±127)  

UT20 200 X 200 2.60(±0.52) 1622(±117)  

UTF 200 X 200 2.5(±0.20) 1605(±110)  

UTFB 200 X 200 2.6(±0.17) 1615(±150)  

ATF 200 X 200 2.3(±0.31) 1600(±120)  

ATFB 200 X 200 2.3(±0.26) 1610(±128)  

NW 200 X 200 3.2 (±0.29) 1890 (±315) 

 

 

 

 

 

 

 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Table 4. Physical properties of composites1.  

 

Composites 

type 

Weight of 

composite 

(gm) 

Weight 

of fibres 

(gm) 

Fibres 

weight 

fraction, 

Wf 

Matrix 

weight 

fraction, 

Wm 

Fibres 

volume 

fraction, 

Vf 

Matrix 

volume 

fraction, 

Vm 

Density of 

composite, 

 

ρc 

UT5 117.63(3.9) 51.27(4.9) 43.58 56.41 38.11 61.88 1.20 (0.02) 

UT10 123.63(3.8) 55.98(4.6) 45.28 54.71 39.74 60.25 1.21(0.03) 

UT15 123.86(4.5) 56.03(5.1) 45.23 54.76 39.70 60.29 1.21(0.01) 

UT20 128.17(5.2) 55.60(4.5) 43.37 56.62 37.91 62.08 1.20(0.02) 

UTF 112.64(4.2) 50.27(4.2) 45.22 55.78 41.43 58.47 1.18(0.02) 

UTFB 106.16(3.2) 50.51(4.2) 48.56 52.46 43.29 56.71 1.19(0.02) 

ATF 105.1(4.2) 52.84(4.6) 50.45 49.55 46.83 57.17 1.19(0.02) 

ATFB 98.99(4.5) 52.42(4.8) 53.25 46.75 49.34 50.66 1.20(0.03) 

NW 129.6(4.6) 45.39(4.7) 35.34 64.46 31.17 68.83 1.16(0.02) 

    

 1 Standard deviation value is provided inside the bracket 

 

 

 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Comparative study on the mechanical properties of developed composites in 

this work with literature. 

PLA for polylactic acid, UPR for unsaturated polyester and PP for polypropylene. 

 

 

Figures: 

 

Figure 1 

                  



Composite 

types 

Fibre 

Volume 

Fraction 

(%) 

Tensile 

strength 

(MPa) 

Tensile 

Modulus 

(GPa) 

Flexural 

strength 

(MPa) 

Flexural 

Modulus 

(GPa) 

References 

20 mm 37 38.67 4.44 110.73 5.85 This Study 

15 mm 38 47.47 4.51 111.32 5.72 This Study 

10 mm 38 49.81 456 108.80 6.57 This Study 

05 mm 39 62.38 5.45 139.82 7.71 This Study 

UTF 41 77.59 4.51 146.07 8.13 This Study 

UTFB 43 69.45 4.56 158.41 8.32 This Study 

ATF 46 92.74 5.45 190.88 11.77 This Study 

ATFB 49 68.53 4.51 150.44 10.23 This Study 

NW 31 25.06 1.45 39.17 2.06 This Study 

Hemp/UPR 55 - - 50 5 [23] 

Sisal/PLA  58.7 1.28 105.6 4.85 [35] 

Kenaf/UPR 55 - - 50 4 [23] 

Kenaf/PP 30 55 1.5 45 - [36] 

Glass/PP 30 60 4  62 - [36] 

Flax/PP 50 55 4 85 6.5 [37] 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 
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Figure 4 
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Figure 10 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 

                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Captions 

                  



Figure 1. Preparation of jute fibres: (a) raw jute sliver; (b) individualized jute fibres; (c) 

short jute fibres of a 5-mm length and (d) short jute fibre under chemical treatment in a 

metal sheet mold for the preparation of cake. 

Figure 2. Preform manufacturing: (a) individualization of jute fibres using hand 

combing; (b) cutting of jute fibres using scissor at various lengths; (c) preparation of jute 

fibre cake using perforated steel square box; (d) jute fibre cake is under compression 

with the set temperature and; (e) developed highly individualized preforms from jute 

fibres. 

Figure 3. Manufacturing of jute composites: (a) developed short dry fibre preforms; (b) 

preform after applying resin; (c) impregnated preforms with mould placed in the 

compression moulding machine and; (d) composites manufactured from short jute 

fibres. 

Figure 4. Mechanical testing set up: (a) tensile testing set up of UTM machine with 

fracture specimen after tensile test and; (b) flexural testing set up of UTM machine with 

fracture specimen after 3-point bending test. 

Figure 5.   Typical tress-strain curves of UT5 composites and NW composites 

obtained after the tensile test. 

 

Figure 6. Tensile properties of short jute fibres composites: (a) effect of fibre lengths 

on the tensile strength of composites; (b) effect of fibre treatment on the tensile strength 

of composites; (c) effect of fibre length on the tensile modulus of composites and; (d) 

effect of fibre treatment on the tensile modulus of composites. 

Figure 7. Typical flexural stress-strain curves of UT5 and NW composites. 

 

                  



Figure 8. Flexural properties of short jute fibre composites: (a) effect of fibre lengths 

on the flexural strength of composites; (b) effect of fibre treatments on the flexural 

strength of composites; (c) effect of fibre lengths on the flexural modulus of composites 

and; (d) effect of fibre treatments on the flexural modulus of composites. 

Figure 9. SEM images on the broken surfaces of short fibre composites: (a) UT5; (b) 

UTF;(c) ATF and; (d) ATFB composites. 

Figure 10. X-ray CT micro images of (a) (NW), (b) UT5, (c) UTF, (d) ATF (e) ATFB 

of short jute fibre composites. 

Figure 11.  Dynamic mechanical analysis (DMA) of tested composites (NW, UT5, 

UTF, ATF, ATFB): (a) storage modulus and; (b) tan delta curves over the tested 

temperature range. 

 

 

 

 

 

 

 

 

 

 

 

                  


