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Abstract 

 

The composite are widely used due to their high strength, light weight and 

ease of fabrication. In fracture topography investigation on jute fiber, cross 

stitched epoxy laminate with coconut shell powder, the effect has been 

improve the strength by a novel idea of stitching the fibers with cotton threads. 

It has been made by hand laying. Technique. The results of tensile strength of 

stitched with coconut powder laminate is appreciable increased. A good 

quality fabrication process, it does not have the chance of defects in the 

materials. The specimen were subjected to scanning electron microscope 

(SEM) imaging. The topography of the fractographs indicates a defective 

fabrications but the stitching of the fibers still improved the tensile strength. 

 

Keywords: SEM, fractography, stitched, unstitched, epoxy laminate, jute 

fiber, coconut shell powder. 

 

 

1. INTRODUCTION 

The literature on the influence on the stitching of jute fibers and their fractography 

studies is very less. In their experimental it was observed that the cross stitching does 

not appear capable of preventing the initiation and spread of delamination. It indicates 

that clear reduction of damage area stitches bridges delamination sufficiently 

developed in length. It is demonstrated that predicting the influence of cross stitching 

on the in- plane properties is difficult because it is governed by a variety of reason and 

constraint such as 

1) Types of fabrication 

2) Types of resin 
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3) Types of fibers 

4) Lay-up configuration 

5) Amount of coconut shell powder  

6) The stitching condition 

7) Types of thread 

8) Stitching pattern 

9) Stitch density 

10) Stitch tension 

11) Thread diameter 

12) Gap between the stitching 

13) The pressure of stitches. 

 

In this investigation, it was observed that the pressure of stitches did not affect the 

materials behavior. The literature survey reveals that very few investigations have 

worked on the effect of stitching on the tensile strength of fiber jute-epoxy coconut 

shell composites. 

 

 

2. EPOXY PROPERTIES 

An epoxy resin is defined as a molecule with more than one epoxy group, which can 

be hardened into a usable plastic. The epoxy group, which is also called the glycidyl 

group, has through its characteristic appearance given the name to epoxy. What one 

sees is an oxygen atom on the outside of the carbon chain. Epi means “on the outside 

of” and the second part of the word comes from oxygen. There are two spellings, 

namely epoxi and epoxy. The first comes from the oxygen’s bond with the carbon 

chain being called an oxide. Epoxy resin is manufactured from simple basic chemicals 

that are readily available. By varying the relationship between bisphenol A and 

epichlorohydrin, various molecular weights are obtained for the completed epoxy 

resin. The lowest molecular weight an epoxy resin of the DGEBA type can have is 

340, but if two elements together can form different molecular weights when they 

react, the epoxy resin will contain a mixture of epoxy molecules of varying lengths. 

One therefore does not refer to the epoxy resins’ molecular weight, but rather to their 

mean molecular weight. Epoxy resin with a mean molecular weight of over 700 is 

called high molecular, and epoxy resin with a mean molecular weight of under 700 

low molecular. Epoxy resins can be allergens, and it is the molecular weight that 

determines how great the risk. When the molecular weight is higher, the probability 

for allergies is low. In the formula for epoxy resin, the letter “n” is seen after the 

brace. If n=0, i.e. that which is inside the brace does not exist, we then have the 

shortest epoxy molecule with a molecular weight of 340. It has the highest reactivity 

and thus also constitutes the greatest allergy risk. If n=1, the molecular weight is 624, 

for n=2 it is 908, etc. For each time n increases by 1, the molecular weight increases 
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by 284. In a low molecular epoxy resin with the mean molecular weight of 380, the 

distribution is approximately 88% n=0, 10% n=1 and 2% n=2. A pure epoxy resin 

with n=2 is not an allergen, but if we look at a commercial epoxy resin with the 

molecular weight of 1080, the distribution is approximately 20% n=0, 15% n=1, 15% 

n=2 and 50% n=3, 4 and 5. This means the even a high molecular epoxy resin can be 

an allergen. 

 

A low molecular epoxy resin with a mean molecular weight of 380 is fluid at room 

temperature, while an epoxy resin with a mean molecular weight of 1000 is solid at 

room temperature. The molecular weight determines what the epoxy resin can be 

used. The low molecular can be handled without solvent additives, which evaporate 

and are therefore used for casting, thick coatings, gap-filling glues, etc. The high 

molecular epoxy resins must as a rule be dissolved in organic solvents to be 

manageable, which limits usage to paints and lacquers. To convert epoxy resin to 

epoxy plastic, a reaction with a suitable substance is required. Such a substance in this 

context is called a hardener. Examples of substance groups that function as epoxy 

hardeners are: amines, amides, acid anhydrides, imidazoles, boron trifluoride 

complexes, phenols, mercaptans and metal oxides. For hardening at room 

temperature, amines and amides are primarily used, and to a certain extent 

mercaptans. The other hardener types generally require temperatures above +150°C to 

react with the epoxy. From this point forward, only amines and amide hardeners will 

be further described. 

 

Amines are substances that are closely related to ammonia (NH3). Depending on how 

many hydrogen atoms that are replaced by alkyl groups, primary amines NH2- R, 

secondary amines NH-R1 or tertiary amines N-R2 arise. The total number of amino 

groups determines if the amine is a monoamine (NH2-R), a diamine (NH2- R-NH2) 

or a polyamine (NH2-R-NH-R-NH-R-NH2). Furthermore, the amines are divided into 

aliphatic, i.e. a straight carbon chain, cycloaliphatic with a ring-shaped carbon chain 

and finally aromatic where the amino group is bonded to a benzene ring. As hardener 

for the epoxy resin, primarily diamines and polyamines are used. The primary amino 

group NH2 contains as seen, two hydrogen atoms and one nitrogen atom. It is the 

hydrogen that constitutes the reactive part, and the reaction occurs with the oxygen in 

the epoxy group. In the first reaction phase, one of the amine’s hydrogen atoms reacts 

with the epoxy group’s oxygen, causing the formation of a hydroxyl group (OH-) at 

the same time as the primary amine is reduced to a secondary amine. The secondary 

amine reacts with yet another epoxy group and the reaction is complete. An epoxy 

molecule normally contains two epoxy groups, and one primary diamine has four 

reactive hydrogen atoms. 
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Examples of amines that are used as hardeners for epoxy resins: 

Aliphatic amines 

(i) Diethylenetriamine 

(ii) Triethylenetetramine 

(iii) Aminoethyl piperazine 

(iv) Trimethyl hexamethylenediamine 

Cycloaliphatic amines 

(i) Isophorondiamine 

(ii) Diamino-dicyclohexylmethane 

 

Aromatic amines 

(i) Diaminodiphenylmethane 

(ii) m-Phenylendiamine 

 

It is very common to pre-react the amines with a certain portion of epoxy resin. The 

purpose of this is to attain a hardener that is less fluid than the pure amine and that has 

a somewhat higher reactivity. The next large group of hardeners is the amides, or 

more correctly expressed, the polyaminoamides. An amide is formed when a 

polyamine reacts with a fatty acid. This generally applies to all polyamides, even 

nylon. By varying the relationship between fatty acid and amine, one can decide if the 

polyamide will be acid-terminated (of the type nylon) or amine-terminated, i.e. which 

end groups the polyamide will have. Only amine-terminated polyamides can be used 

as hardeners for epoxy resin. As fatty acid, most often used is tall fatty acid, linolic 

acid or olein. The fatty acids use either monomer (one carboxylic group) or dimer 

(two carboxylic groups). As polyamines, diethylenetriamine, triethylenetetramine and 

tetraethylenepentamine are used. The hydrogen in the amide group (CONH) is not 

reactive, but it is rather the hydrogen in the primary amino groups at the polyamide’s 

ends and the secondary amino groups that are derived from the polyamine, which are 

reactive with the epoxy resin in the same way as previously described. 

 

Both amine adducts and polyamides can be made water soluble. Such solutions have 

the capacity to emulsify low molecular epoxy resin, which in turn provides the 

possibility to manufacture water soluble epoxy paints. The reaction between an epoxy 

resin and a hardener is an irreversible poly-addition, i.e. no by-products are formed, 
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and the epoxy plastic cannot be decomposed into epoxy resin and hardener. The 

reaction is exothermic, which means that heat is released. Depending on the type of 

hardener one uses, one can achieve very large differences in reaction speeds. This has 

significant practical importance when working with epoxy. The time it takes to 

consume a mixture of epoxy resin and hardener is called potlife. Depending on the 

mixture’s reactivity, potlife can vary from a few seconds to several years. 

 

Potlife can be determined in several ways. One method is to temper the epoxy resin 

and hardener to +20°C. Thereafter an amount of 100 grams is mixed in a plastic cup. 

The time for the mixture’s temperature to reach +50°C is set as the mixture’s potlife. 

For systems with low reactivity (long potlife), one most often chooses to measure the 

viscosity or consistency and measure the time until the initial viscosity is doubled. 

Both of these methods are unusable for aqueous emulsified or aqueous dispersed 

systems. In this case, one instead performs a lay-up test and measures the time to 

gloss reduction. Most chemical reactions follow Arrhenius’ law, which states that the 

reaction speed doubles for each tenth of a degree the temperature is increased. This 

means that a reaction is twice as fast at +30°C as at +20°C. 

 

 

3. EXPERIMENTAL WORKS 

The paper discuss the fabrication of the composites plates and the effect of the cross 

stitching of fiber on the tensile strength of jute/epoxy coconut laminates. The plate 

with 300x300x3mm were fabricated by manual method. 

The plate was fabricated with ASTM standard specimen of tensile test. This specimen 

were tested in UTM machines and fractography studies were carried out. The 

specimen after fracture were investigated for failure made using test in SEM 

(Scanning Electron Microscope). The fiber were stitched by tailoring machine by 

needle and bobbin threads.  

 

The cross stitching was done by using cotton yarn. The jute epoxy laminates were 

manufactured in room temperature. Epoxy LY556, polyester and vinyl ester are used. 

The 11Y951 binder was used as hardner, the total weight of the materials 15% of 

coconut shell powder used as a nano materials. The ratio of mixing epoxy, coconut 

shell powder and hardener is 10:1.5:1. The mixture is uniformly applied, first jute mat 

was laid into the mold, then the resin was applied on the mat by brush followed by a 

second mat and it was again followed in reference till 4 layers were layed. Finally the 

mold was closed by glass plates. Weight is placed over the mold for curing is done for 

12 hrs duration. 
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4. TENSILE TESTING 

The testing is done in UTM (Universal Testing Material) to determine the materials 

ability to resist tensile forces deformation and failure. 

 

 

 
 

 



Fracture Topography Investigation Of Cross Stitched and Unstitched Jute Fiber.. 17 

5. RESULTS AND DISCUSSIONS 
The tensile tests revealed a higher tensile strength in the cross stitched specimen were 

greater than the unstitched specimen as shown in table 1. This indicates that the 

stitching process pins the slip planes and increases the tensile strength of the 

composite laminates by the addition of coconut shell powder. The topography of the 

plate is very aesthetic. 

 

S.No Ultimate tensile strength Cross stitched specimen(N) Unstitched    specimen(N) 

1 Ultimate breaking load 1620 1475 

 

The fractography images are taken from the fractured specimen by (SEM) Scanning 

electron microscope shows lack of bonding and failure due to fiber pull and breakage. 

In this case of unstitched specimen as shown in figure 3. 
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Fig 4 Fractographic SEM image of nano composites cross stitched jute fiber 

concentration. 

 

In this case of stitched specimen, there is a good bonding between the resin and the 

fiber and the fiber resist the pulling (delamination) and breakage. Thus the 

fractography also indicates the benefits of the cross stitching of the fibers in the jute 

fiber-coconut shell-epoxy laminates as shown in figure 4. 

 

 

6. CONCLUSION 

The\SEM fractography indicates that the stitching of the jute epoxy laminates 

improve the tensile strength and no delamination. Further revealed the improper 

bonding between the fibers and the epoxy resin. The loss of bonding is caused due to 

excessive use of resin and hardener, coconut powder and lack of penetration of the 

resin into the matrix. Even though the resin had less bonding presence of stitching 

minimized the delamination and associated problems. Thus the characterisation 

fractography investigation of the topography of the tensile specimen confirmed the 

influence of stitching in the increase of tensile strength in the cross stitched specimen. 
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