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ABSTRACT 
 

In today’s world the significance of bio-based materials are increasing rapidly because of 

the environmental concern. Material scientists are nowadays engaged in development of 

such materials which have natural origin and degrade in its environment. Several works 

have already been reported in area of thermoplastic biocomposites. However bio-

composites based on thermosets is comparatively new area of research. In this work bio-

based composites have been developed from two different bio-based thermoset resins. 

The main objective of the work was room temperature curing of poly lactic acid based 

resin (POLLIT™) and AESO, acrylated epoxidized soy-bean oil (TRIBEST®). These two 

resin systems were impregnated with different natural fibre mats. Cure behavior was 

characterized by means of DSC (Differential Scanning Calorimeter) and results shows 

that the resins have been cured at room temperature. The mechanical properties of 

prepared composites were assessed by the means of flexural testing and charpy impact 

testing.  The viability of using these composites in structural applications are also been 

discussed.  
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1. Introduction 
As a result of the increasing demand for environmental friendly materials and the desire 

to reduce the cost of traditional fiber (i.e. carbon, glass, and aramid fiber) reinforced 

petroleum-based composites. Researchers have begun to focus on natural fiber 

composites made of natural fibres (i.e., bio-composites), which are composed of synthetic 

or natural resins and reinforced with natural fibers. [1, 2] Studies on thermoplastic based 

natural fibre composites have already been reported by several authors. [3, 4] Thermoset 

based bio-composites are not yet as common as thermoplastic. However thermoset 

composites are less viscous comparing to thermoplastic composites which facilitates the 

impregnation with the natural fibers. These kinds of composites are thus often processed 

at room temperature. Higher viscosity of thermoplastic material makes wetting of fibers 

more difficult causing an insufficient adhesion between the matrix and the fibers.  

 

In this study, TRIBEST (Acrylated epoxidised soybean oil) and POLLIT (A lactic acid 

based thermoset), two bio-based resins were cured at room-temperature and bio-

composites were made with different natural fibres. In large scale production, curing at 

elevated temperature or curing by UV initiation are quite expensive. The main objective 

of this study was to cure bio-based resins at room temperature which is cost effective 

compared to other curing methods. The mechanical properties of composites made by 

compression moulding are also assessed. 

 

1.2. Composites 

Modern structural composites, mostly referred to as ’Advanced Composites’, are a blend 

of two or more components, one of which is made up of stiff, long fibres, and the other, a 

binder or ’matrix’ or ‘resin’ which holds the fibres in place. The fibres are relatively 

strong and stiff compared to the matrix and are generally orthotropic (having different 

properties in two different directions). The fibre used for advanced structural composites 

is long, having length to diameter ratios of over 100. The fibre’s strength and stiffness are 

usually much greater, perhaps 10 to 100 times higher, than the matrix material. The 

matrix material can be polymeric (e.g. polyester resins, epoxies), metallic or ceramic. 

When the fibre and the matrix are combined to form a composite, they retain their 
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individual identities and both combined structure influence the final composite 

properties. The resulting composite will usually be composed of layers (laminates) of the 

fibres and matrix stacked to achieve the desired properties in one or more directions. The 

main advantage of advanced structural composites ‘higher strength or stiffness to weight 

ratio’ is well known, but there are also other advantages like redundant load path (fibre to 

fibre), long life (no corrosion), inherent damping and increased (or decreased) thermal or 

electrical conductivity. These advantages translate not only into aircraft or high profile 

utilization but into everyday activities and life too. There are also few drawbacks like 

cost of raw material and fabrication, transverse properties maybe weak, reuse and 

disposal maybe difficult and analysis is difficult. But proper design and material selection 

circumvent most of the drawbacks and convert them into advantages. [5] 

. 

 

1.2.1. Polymer composites 

Polymer composites are material consisting of polymer (resin) or often known as matrix, 

combined with a fibrous reinforcing dispersed phase. Polymer composites are very 

popular due to their low cost and simple fabrication methods. Use of non-reinforced 

polymers as structure materials is limited by low level of their mechanical properties. 

Reinforcement of polymers by strong fibrous network allows attaining enhanced 

properties. [5] 

Advantage of polymer composites  Disadvantages of polymer composites 

High tensile strength   Low thermal resistance    

High stiffness    High coefficient of thermal expansion 

High fracture Toughness 

Good abrasion resistance 

Good puncture resistance  

Good corrosion resistance 

Low cost 
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1.3. Polymer Matrix  

The polymer matrix can be formed in two ways. Thermoplastic matrix (e.g. nylon, 

acrylic, polystyrene, polyethylene) are transformed into linear polymers by 

polymerization reaction, while thermosetting are converted into three-dimensional cross-

linked network after polymerization. [6] 

 

1.3.1. Thermoplastic Resins 

Thermoplastic composites form a fairly new group of materials. Commercial prepreg tape 

such as CF/PEEK (carbon fibre/polyether ether ketone) and later CF/PPS 

(polyphenylenesulfide) was introduced in the early 1980s. However, as early as 1966, 

Menges reported on improved static strength and fatigue resistance when epoxy was 

replaced by polyamide 6 as a composite matrix.[5] In the mid, there was an interest in 

CF/PSU (polysulfone) due to expectations of better processing methods and improved 

toughness characteristics. However, solvent resistance was found to be a problem. 

Composites later introduced based on semi-crystalline thermoplastics, such as PEEK and 

PPS, which have been introduced more recently, have excellent chemical resistance and 

are superior to epoxy-based composites in this respect. 

 

Enthusiasm for thermoplastic composites is generated for, basically, three different 

reasons. First, processing can be faster than for thermoset composites since no curing 

reaction is required. Thermoplastic composites only require heating, shaping and cooling. 

Secondly, the properties are attractive, in particular, high delaminating resistance and 

damage tolerance, low moisture absorption and the excellent chemical resistance of semi 

crystalline polymers. Thirdly, in light of environmental concerns, thermoplastic 

composites offer advantages. They have very low toxicity since they do not contain 

reactive chemicals (therefore storage life is infinite). Because it is possible to re-melt and 

dissolve such thermoplastics, their composites are also easily recycled or combined with 

other recycled materials in the market for moulding compounds. [5] 
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1.3.2. Thermoset resins 

Thermoset materials are cross-linked polymers that are cured by applying heat or under 

pressure. Cured thermoset resins may soften when heated but do not melt or flow. They 

generally offer higher resistance to heat than thermoplastic. Thermoset materials often 

contain filler material such as powder or fibres to improve the strength or stiffness.  

 

Thermoset provides a variety of features. Products that are designed for electrical and 

electronic applications often provide protection against electrostatic discharge (ESD), 

electromagnetic interference (EMI) or radio frequency interference. The most common 

thermoset resins used in preparation of composites are unsaturated polyesters, epoxies, 

vinyl esters, and phenolics. [7] 

 

1.3.2.1. Unsaturated polyester resins: 

They represent approximately 75% of the total resins used in the composites industries. 

Thermoset polyesters are produced by condensation polymerization of dicarboxylic acids 

and difunctional alcohols (glycols). In additions unsaturated polyester contains 

unsaturated materials such as maleic anhydride or fumaric acid as part of the dicarboxylic 

acid components. Polyesters are considered as versatile due to their ability to be modified 

during the formation of polymer chains. Unsaturated polyesters are divided into classes 

depending upon the structure of their basic building blocks. For example orthophthalic, 

isophthalic and dicyclopentadiene are classified according to their structure. According to 

the end use application, polyester resins are classified into general purpose or speciality 

polyesters. [7, 8]  

 

1.3.2.2. Epoxy resins 

Epoxy resins are well widely used in a range of composite parts, structures and concrete 

repairs. Major advantage of epoxy resins over polyester resins is mainly the lower 

shrinkage. Epoxy resins can be formulated with different materials or blended with other 

epoxy resins to attain specific features oriented performance. To match the process 

requirement their cure rates can be controlled by proper selection of hardeners or 

catalysts. Curing of epoxies is normally done by using amine hardener or anhydride. 
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Variety of hardeners and different quantity of hardeners can produce different cure 

profile and give different properties to the resultant composites.  

Epoxies are used with number of different fibrous reinforcing materials including glass, 

carbon, aramid and different natural fibres. Epoxies are well known their compatible 

with common composite manufacturing processes like autoclave moulding, vacuum-bag 

moulding, compression moulding, pressure-bag moulding, filament winding and hand 

lay-up. [9]  

1.3.2.3. Vinyl ester resins 

Vinyl ester resins were developed to obtain the advantages of epoxy resins along with 

better handling and faster cure, which are typical properties of unsaturated polyester 

resins. Epoxy resins are reacted with acrylic or methacrylic acid to produce vinyl ester 

resins. The resulting product is dissolved in styrene to obtain a liquid which have the 

similarities to polyester resins. These resins are also cured with the conventional organic 

peroxides. Enhanced properties such as mechanical toughness and excellent corrosion 

resistance are achieved without any complex processing techniques, handling or special 

fabricating methods which are common with epoxy resins. [9, 10] 

 

1.3.2.4. Phenolic resins                                                                                                         

Phenolic resins are a commonly based on phenol and formaldehyde. These kind of 

thermosetting resins are cured by a condensation reaction. It produces water and it is 

necessary to remove water during processing. The application of such resins is limited to 

pigment to red, brown or black. Phenolic resins have low smoke, very low toxicity and 

the good fire retardant properties which are considered to be the predominant reasons for 

their increasing acceptance in all fire safety applications. [9, 11] Composites made of 

phenolic resins have many desirable performance qualities including high temperature 

resistance, creep resistance, excellent thermal insulation and sound damping properties. 

Phenolics have different applications as adhesives or matrix binders in plywood 

(engineered wood), circuit boards, brake linings, clutch plates.  
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1.3.2.5. Polyurethane 

Polyurethane exhibits wide range of properties and applications. It is produced by 

exothermic reaction of an organic polyisocynate with a polyol which contains more than 

one hydroxyl groups. To produce the whole spectrum of polyurethane materials, only a 

few basic constituents of different molecular weights and functionalities are used. The 

polyurethane resin can be engineered to achieve the desired properties because of the 

versatility of the polymer. They are commonly used as a coating, foam, elastomer, or 

adhesive. Polyurethane’s are tough, chemical resistant, flexible and fast curing when 

they are used as a coating. Different polyurethane foams can be formulated for 

optimization of the density for insulation, architectural components and structural 

sandwich panels. High toughness and abrasion are shown by polyurethanes when used as 

elastomers which have variety of application such as wheels, bumper components, solid 

tires or insulations. Polyurethanes are often used to bond composite structures together. 

The advantages of polyurethane as an adhesive bonds are that they show better impact 

resistance, rapid resin curing and the good bonding with different surfaces such as 

concrete. [9, 11] 

 

1.4. Techniques for cure characterization 

Cure characterization can be done by both macroscopic and microscopic levels by 

monitoring chemical, physical in terms of; refractive index [12], density [13], and 

viscosity [14], electrical in terms of electrical resistivity [15, 16], mechanical, and 

thermal property changes with time. [17, 18] The most commonly used techniques are 

differential scanning calorimeter and spectroscopic analysis, which is briefly described in 

following section. 

 

1.4.1. Differential scanning calorimeter (DSC) 

DSC is the most commonly utilized to obtain the degree and reaction rate of cure as well 

as the specific heat of thermosetting resins.  
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Figure 1: Rate of enthalpy change with temperature is shown in thermogram. 

 

It is based on the measurement of the differential voltage (converted into heat flow) 

necessary to obtain the thermal equilibrium between the sample i.e. resin, and an inert 

reference, both placed into a calorimeter. [19, 20] Figure 1 represents the resultant 

thermogram. [21] In this, the area under the whole curve represents the total heat of 

reaction, ∆H R, and the shadowed area represents the enthalpy at a specific time. The 

DSC operation can be carried out under isothermal or non-isothermal conditions. [22] 

 

1.4.2. Spectroscopy Analysis 

Sophisticated techniques are required to measure the concentration of all components in 

order to trace individual reactions occurring during cure. Fourier-transform infrared 

spectroscopy (FTIR) [23, 24, 25], solid state 13C nuclear magnetic resonance (NMR) [26, 

27, 28, 29, 30], and chromatography [27, 30] are commonly used techniques. 

 

The spectroscopy methods consist of dispersing a radiation from a source and passing it 

over a slit system that isolates a narrow frequency range falling on the detector. [28] By 

using a scanning mechanism, the amount of energy transmission through a sample as a 

function of frequency, known as the spectrum, is obtained and compared with the 
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spectrum characteristic for each functional group of thermosetting resins. The mid-

infrared region (m.i.r.) and near-infrared region (n.i.r.) regions of the spectrum can be 

utilized. [6] Although all functional groups involved in cure reactions of epoxy resins 

have strong characteristic absorptions in the m.i.r. region, the m.i.r. spectra of epoxy 

resins and hardeners are very complex. The absorption bands of the main functional 

groups in cure reactions of epoxies are well-isolated in the n.i.r. region of the spectrum 

(10,000 and 4000 cm-1). [6] 

 

1.5. Natural fibres as reinforcement 

In natural fibre reinforced composites, fibre acts as reinforcement and exhibits high 

tensile strength and stiffness. Polymer as matrix that holds the fibre acts as coating and 

transmits shear forces. A functional relationship of time and temperature, a lower tensile 

strength and comparatively higher elongation, characterizes the material behavior of 

applied matrices. Hence the mechanical properties of reinforcement (fibres) have direct 

relation with the tensile strength and stiffness of the composite. For a good adhesion of 

fibre to matrix, usually very thin fibres with large surface to volume ratio are adopted. 

[31] The selection of suitable reinforcing fibres follows certain criteria such as, thermal 

stability, fibre-matrix adhesion, long time behavior, elongation at failure and moreover 

price and processing costs. A comparison of properties of natural fibre against glass fibre 

is presented in Table 1.   
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Table 1: Properties of glass and natural fibres [31] 

 
Properties 

Fibres 

E-glass Flax Hemp Jute Ramie Coir Sisal Abaca Cotton

Density 
g/cm3 

2.55 1.4 1.48 1.46 1.5 1.25 1.33 1.5 1.51 

Tensile 
strength 
10E6 N/m2 

 
2400 

800-
1500 

550-
900 
 

400-
800 

500 220 600-
700 

980 400 

E-modulus 
(GPa) 

73 60-
80 

70 10-
30 

44 6 38  12 

Specific 
(E/density) 

29 26-
46 

47 7-21 29 5 29  8 

Elongation at 
failure (%) 

3 1.2-
1.6 

1.6 1.8 2 15-
25 

2-3  3-10 

Moisture 
absorption 

- 7 8 12 12-17 10 11  8-25 

 

Generally natural fibres are classified into three categories; vegetable, animal and mineral 

fibres, among which mineral fibres are no longer or very rarely used due to their 

carcinogenic effect. All vegetable fibres such as, cotton, flax, jute, hemp etc contains 

mainly cellulose and proteins. These are the base of fibres with animal origin such as 

hair, silk and wool. Vegetable fibres are further classified into bast, leaf, or seed fibres, 

according to their origin. The bast and leaf fibres lend mechanical support to the plant’s 

stem or leaf respectively; examples for these kinds of fibres include flax, hemp, jute, and 

ramie. [32] The surfaces of natural fibres are uneven and rough which provides good 

adhesion to the matrix in a composite material. The specific mechanical properties of 

natural fibres have high significance for their utilization in composites. 

 

1.6. Matrix impregnation  

Thermosets: Adhesion between fibres and matrix depends on the percentage wetting 

during the production process. Among thermosets the viscosity is low and thus eases the 

wetting. For some types of thermosets, the specific strength and stiffness will be even 

better while comparing to glass fibre composites. Problem with moisture and air are 

commonly encounters in such systems. It is advisable to dry the fibre to prevent moisture 

from affecting chemical reaction. At normal room conditions, the moisture content of the 
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fibres is over 10 % which should be brought down to 2 to 3 %. Some extent of air always 

present in the fibres because the surface of natural fibre has geometry and a chemical 

condition which initiates the air bubble growth.  In order to prevent the development of 

voids which results in failure of resulting composite, it is necessary to dry the fibres and 

to remove any air from the resins. [31] 

 

Thermoplastics: In thermoplastic polymers proper wetting of fibres is difficult due to 

processing viscosity of resins. The high temperatures can cause the damage or unwanted 

changes to fibre surface and it may even destroy the fibre properties. The major reasons 

of thermoplastic composite growth are low price, reasonable processing temperature and 

its easy recycling. Use of compatibilisers increases the properties of the material, which 

results compatibility problem between thermo plastics and fibres. [31] 

 

1.7. Preimpregnated fibres (Prepregs) 

Pre-impregnated fibres, which are referred as prepregs, are resin impregnated continuous 

fibres where the fibres generally are unidirectional or woven. Research into the use of 

composites for structural applications is mainly looking at preimpregnated fibres, or 

‘prepregs’. Research community is nowadays engaged in development of environmental 

friendly biocomposite materials. [33, 34] As it is well known that prepregs have 

significance in developing composites used in structural applications, it has drawn 

attention to develop prepregs based on polymers from natural origin. [35]  
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2. Experimental 
 
The experimental work was divided into mainly two parts with common aim of 

evaluating curing properties of two thermoset bio-resins and to prepare their bio- 

composites with different natural fibres. Thus this work has come to involve, blending of 

resins into reactive solvents (styrene and methacrylic acid) and different peroxides, 

curing at room temperature, impregnation of bio-resins with different natural fibres and 

evaluating mechanical properties (flexural strength and impact resistance) of bio- 

composites. 

 

2.1. Materials 

2.1.1. Bio-resins  

To optimize suitable processing cure time, temperature and combination of the 

accelerators and peroxide proportion for the resin systems the curing was studied under 

the influence of the different reactive solvents. Studies were also conducted to determine 

the conditions during hand lay-up impregnation with fibres and compression moulding. 

 

The resin systems used for these experiments were POLLIT ™ - Grade P11F obtained 

from JVS Polymers Oy, Finland and TRIBEST® obtained from Cognis GmbH and Co., 

Germany. The former system was functionalized with methacrylate group.  

 

2.1.2. Peroxides and accelerators 

Different peroxides were supplied by Naroc Andos, Norway, used to study the curing 

behavior of the POLLIT. In Table 2 Benox and Andonox peroxides are shown which 

were used for this study. Table 3 shows the four different kinds of accelerators were also 

used as to initiate the curing reaction. Accelerators were supplied by Reichhold AS, 

Norway. Below are the list of accelerators and peroxides used for the curing the resin at 

room temperature. 
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Table 2: Benox and Andonox peroxides used for curing 

Benox Andonox 

Benox B-50 Pulcate super PD-40 KP-9 

 

Table 3: List of accelerators 

DMA 

N-N- 

Dimethylaniline, 

Norpol 9826 

Cobolt Accelerators 

Norpol 9802 P 

DEA 

N-N Diethylamine 

DMPT 

N-N- 

Dimethylparatoludine

 

2.1.3. Natural fibres 

Four different types of fibre mats were used for the study. Carded flax and jute were 

supplied by Linapellava, Finland and they were woven mats. Dissolving pulp sheets were 

off-white colour and supplied by local company Domsjö Fabriker, Sweden. LNH4 fibre 

mats were non-woven mats and obtained from Laroche, France. Table 4 shows the all 

four mats with their specific weight. 

 

Table 4: Natural fibres with their specific weight 

Dissolving pulp LNH4 Jute Carded flax 

940 g/m2 560 g/m2 650 g/m2 325 g/m2 

 

2.2. Methods 

2.2.1. Room temperature curing of POLLIT 

POLLIT was kept into the refrigerator in order to avoid any unwanted cross-linking. The 

material was almost solid at room temperature and difficult to process. To make it 

processable, first it was diluted with MAA (methacrylic acid) and styrene (reactive 

solvents) supplied by Sigma Aldrich. The weight ratio of POLLIT to reactive solvent was 

kept 70:30 respectively. The resin then was heated up to 50 °C for approximately 20 to 

25 minutes. Different samples of approximately 10 to 15 g were made in small jars. To 

cure POLLIT at room temperature different weight ratio combination of peroxides and 

accelerators were added. Peroxides were added to the POLLIT varied form 0.1 to 3 wt-% 
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ratio and blended it thoroughly. Samples were added with different accelerators to study 

the optimal room temperature curing combination of accelerators and peroxides. They 

started to cross-link soon after the accelerators were added and as curing reaction is 

exothermic, the temperature had gone up. Samples were kept for approximately 20 to 24 

hours at room temperature. To study the curing time for the resin, at different time 

interval of 0 hours, 2 hours, 16 hours and 22 hours samples were taken for further 

measurement. Table 5 shows the different peroxides and accelerators and their weight 

percentage ratio blended with resin.  

Table 5: Different combination of peroxide and accelerators with resins  

Peroxides Accelerators Resin (wt-%) 

Benox B DMA 2:2 

Benox DEA 2:0.5 

Benox DMPT 2:0.5 

Andonox Pulcat Super Cobolt 2:0.5 

Andonox KP - 9 Cobolt 2:0.5 

Andonox PD - 40 Cobolt 2:0.5 

 

Similarly TRIBEST, quite liquid at room temperature, was first diluted with styrene 

solvent with the 70:30 weight ratios respectively. The mixture resin was then added by 2 

wt-% Andonox KP-9 peroxide. Curing reaction was then accelerated with cobolt 

accelerators. Curing reaction started soon after the addition the accelerators. The mixture 

then kept for approximately 8 hours to get it cure completely. 

 

Once the samples were seemed to be cured visibly, to study the cure characteristics, DSC 

analysis was performed. 

 

2.2.2. Preparation of bio-composites with natural fibre as reinforcement: 

After studying the curing properties of the POLLIT and TRIBEST resins and to 

optimizing the proper combination of the peroxide and the accelerators, preparation of 

the composites was carried out with different natural fibres as reinforcement.  
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Almost 600 g of POLLIT and TRIBEST resin was taken and diluted with styrene solvent 

and added with Benox B-50 and Andonox peroxides (Andonox PD-40, Andonox KP-9, 

Andonox Pulcate Super) respectively and mixed them thoroughly by magnetic stirring 

equipment over the night. Once the resins were mixed evenly, they were kept in to the 

refrigerator.  

 

Natural fibres carded flax, LNH4 fibre mats, dissolving paper sheet and jute were first cut 

into the A4 size sheets. They were dried at 105 °C temperatures for 45 minutes in the 

vacuum oven (Medcenter Einrichtungen GmbH, Buch & Holm). At the same time, 

accelerator was added to resins to initiate the curing reaction. Resins were then 

impregnated by hand lay-up and roller was rolled to distribute resin all over the fibres. 

The composite was kept between two A4 size glass sheets to get cured at room 

temperature. The composites were kept to the width approximately 4 mm. They were 

kept for approximately 2 hours. The resulted composites were not encouraging. So 

compression moulding was carried out later.  

 

2.2.2.1. Compression moulding 

Natural fibres were cut into 16 cm × 16 cm size according the compression moulding 

equipment requirements. They were dried into the vacuum oven for 1 hour at 105 °C 

temperature. The prepared resins were blended to the different natural fibres by means of 

hand lay-up. The picture of pressure equipment (Hydraulic Compression moulding 

machine, Rondol Technologies) is shown in Figure 2. 

 

 

Figure 2: Picture of pressure equipment. 
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The fibres to resins ratio was maintained approximately around 70:30 respectively. The 

resulted sheets were then kept at room temperature between compression moulding plates 

for approximately 50 minutes applying the pressure of 30 MPa. In order to make the 

proper impregnation of the resins into the fibres, first the compression moulding was 

done at lower pressure for first 10 minutes. Once the curing reaction started faster and 

resins get impregnated evenly to all fibre mats, the pressure was increased up to 30 MPa 

and was kept there for approximately another 40 minutes.  

 

2.2.2.2. Post curing 

The moulded composites were then post cured in an oven. The samples were kept for 30 

minutes at 150 °C temperatures in the oven. Cured composites were brought for the 

different mechanical properties testing at the IFP Research institute in Mölndal. Charpy 

impact test and flexural test were performed on the composite samples.  

 

3. Characterization 

3.1. DSC Analysis for cure characterization 

POLLIT resin samples were taken for DSC analysis Q 1000, once they were seen 

physically as well as visibly cured, to study curing characteristics of the samples. DSC 

(Differential Scanning Calorimeter) equipment is shown in Figure 3. The main aim was 

to study the degree of cross-linking of the cured material. 4 to 10 mg of the samples were 

taken to the DSC system under the heat/cool/heat method and studied against the 

standard reference sample. The temperature gradient was kept from 0 to 200 °C.  

.  

 

 

 

 

 

 

 

Figure 3: Differential scanning calorimeter 
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3.2. Mechanical properties 

3.2.1. Flexural test 

To evaluate the mechanical properties of the resulting composites from the compression 

moulding, flexural strength was measured on tensile testing machine with a MTS 20/M 

(MTS System Corporation) according to ISO 178. The main reason for using flexural 

strength testing was that flexural loading seemed more probable assessed application and 

thus this method would give more comparative values related to reference materials. 

There was three point bending test having crosshead speed of 10 mm/minute. The length 

used between the holders was 40 mm.  

 

3.2.2. Charpy Impact Test  

The composite samples resulting from the compression moulding were taken for the 

impact load testing at IFP Research. The charpy impact test machine with pendulum 

energy 2,7 J was used for the measurement. The charpy impact test determines the energy 

absorbed by the composite material at fracture. Thus, it provides the measure of the 

toughness for the given composite samples in this context. The specimens were cut to 

10mm×5mm×60mm size and kept on the V-notch. The reason for using charpy impact 

test was to measure the toughness of the resulting composite materials.  
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4. Result and discussion 
 
4.1. Cure characterization 

Cure characterization of the samples were done using differential scanning calorimeter. 

Optimizations of the samples were done with different peroxides and accelerators. 

Comparing the different compositions, POLLIT with 2 % Benox peroxide and 1 % DMA 

was selected. However it was found to be not fully cured with above composition. Thus, 

30 % of the styrene as a reactive agent was added into the POLLIT resin and then 

blended with same composition of Benox peroxide and DMA accelerator selected as 

discussed above. After adding styrene POLLIT was cured visibly and it was confirmed 

with DSC analysis given in Figure 4. The results were very encouraging to proceed for 

preparing composites with different natural fibres. Similarly, TRIBEST was also added 

with 30 % styrene before being cured and good results were seen. Table 3 and 4 show the 

final composition of resins for preparation of composites with different natural fibres. 

                        Figure 4: Cured DSC graph of POLLIT adding styrene 
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Below are the Tables 6 and 7 showing the final composition of the resins, taken for the 

further use with impregnation with different natural fibres. 

 

Table 6: Composition of POLLIT resin 

 

POLLIT 

(%) 

Styrene 

(%) 

Benox 

Peroxide (%) 

DMA 

Accelerator 

(%) 

Temp °C 

70 30 2 2 Room temp. 

 

 

Table 7: Composition of TRIBEST resin 

 

TRIBEST 

(%) 

Styrene 

(%) 

Andonox 

KP-9 (%) 

Cobolt 

Accelerator 

(%) 

Temp °C 

70 30 2 2 Room temp. 

 

 
4.2. Mechanical properties 
 
4.2.1. Flexural properties 
 
The results for POLLIT and TRIBEST based composites are given in Table 8 and Figure 

5 and 6 show the flexural strength and modulus of composites respectively.  

Table 8: Flexural properties of thermoset composites 
 

 
 

Natural Fibre 

 
Flexural Modulus (MPa) 

 
Flexural Strength (MPa) 

POLLIT TRIBEST POLLIT TRIBEST 

LNH4 117 63 25 9 
Dissolved Pulp 1169 1755 43 38 

Jute 2495 2319 138 56 
Flax 4329 1265 117 25 
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From Figure 5 it is clear that except in case of dissolved pulp, composites prepared from 

POLLIT is showing high flexural modulus when comparing with those of TRIBEST. The 

tensile strength of composites has been shown in Figure 5. 

LNH4 Diss.Pulp Jute Carded Flax
0

500

1000

1500

2000

2500

3000

3500

4000

4500

 

 

Fl
ex

ur
al

 M
od

ul
us

 (M
Pa

)

Natural Fibre

 TRIBEST
 POLLIT

 
Figure 5: Flexural modulus of composites with different natural fibres 

 

The results from Figure 6 shows that POLLIT-composites show more strength comparing 

with composite based on TRIBEST. This proves that POLLIT based composites have 

good adhesion with different natural fibres. POLLIT/jute composite have shown higher 

flexural strength of 138 MPa. Taking TRIBEST-composites under consideration, 

composite with jute is showing highest strength comparing to composites with other 

natural fibres. It can be concluded that both TRIBEST and POLLIT composites with jute 

showed highest strength and composites made from LNH4 have least flexural strength. 
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Figure 6: Comparison of thermoset composites with different natural fibres 

 
 

4.2.2. Impact Properties 
 
Results of charpy impact test for composites with different natural fibres are represented 

in Figure 6. It is interesting that POLLIT/ jute composite is showing highest impact 

resistance among all the composites, even though POLLIT composites with other fibres 

showed a decrease in impact strength comparing to TRIBEST composites. 

TRIBEST/Dissolved pulp composite shows lowest value for impact strength and it can be 

assumed that in both TRIBEST and POLLIT composites, dissolved pulp increase the 

brittleness and results in decrease of impact resistance.     
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Figure 7: Impact resistance of composites with different natural fibres 

 

5. Conclusion 

Both resins POLLIT and TRIBEST can be cured at room temperature. However, POLLIT 

is very viscous at room temperature compared to TRIBEST and thus it is difficult to 

handle. It is needed to heat at 50 °C temperatures for 20 minute and to dilute with 

reactive solvents to make it process able for curing and making thermoset composites. 

Curing of resins at room temperature consumes lot of time to cure completely.  

 

POLLIT and TRIBEST are feasible to produce thermoset structural composites with high 

content of renewable material up to approximately 90 %. The manual impregnations of 

the resins into the natural fibres are not feasible as resin does not impregnate thoroughly 

to fibres. The composite material prepared by compression moulding seems very 

promising, though further evaluation is required to achieve the desired structure and 

properties.  
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Composites made of both resins are having good mechanical properties but POLLIT 

gives higher results compared to TRIBEST. POLLIT is very difficult to handle at room 

temperature. Among the different natural fibres, composites prepared with jute gives 

better mechanical properties. Further evaluation of optical properties is required to get a 

better idea.  

 

6. Future prospects 

Bio-based resins which have natural origin need to be given more emphasis by 

considering the fact that world today is moving towards sustainable development. The 

results of this work shows good future for POLLIT and TRIBEST composites which 

exhibit competitive mechanical properties. It is recommended that these thermosets 

which can be used in manufacturing of furniture as well in automobile industries should 

be developed in commercial view point. Several works with TRIBEST have been 

reported, but it is necessary to evaluate different application of POLLIT which have less 

work reported on it. Moreover POLLIT with its superior properties is a better solution in 

environmental friendliness with its degradation capacity. It is advisable to minimize the 

use of non degradable material for a better natural end-life of the material and it is a call 

of nature. 
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