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Abstract 
 

The aim of this work was to investigate to manufacture Fiberboards 
substituting Sugarcane bagasse based particle/fiberboards as there is a 

scarcity of bagasse in India. The Royal Palm Fibers were treated with 

alkaline solution of sodium hydroxide. Boards were prepared using these 
fiber mats with fevicol as adhesive. Further, tests were performed to evaluate 

the performance of Boards. Results revealed that the treatment increased the 

compressive modulus, flexural strength, impact strength and resistance of 

composites when compared with pure polymer. Another feature of thermal 
conductivity found to be very low for this royal palm fiberboard hence can be 

used for thermal insulation applications. 

 

Key words: Royal Palm, Fiber, Fevicol, Polyethylene, Compressive stress, 

Flexural strength. 
 

1 Introduction 
 

1.1 Palm Tree 
 

Royal palm variety of palm has been positioned as an attractive tree 
across India for landscaping. In farming, Roystonea regia is known as either 
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Cuban royal palm or just the royal palm. In Cuba, the tree is said to be Palma 

real or Palma criolla. 

 

1.2 Renewable Material for Sustainability 
 

In the last 40-50 years, industrialization has changed all vital parameters 

of human living from soil, water to air. In the name of development, forests 
and cultivable lands were converted into human habitations as well as 

industries. The effluent from the industries like black liquor, spent wash and 

other industrial effluents were discharged either into canals or rivers without 
following any discharge norms. The indiscrimination of using trees for paper 

making and building material in the form of wood, plywood has depleted 

forests. The substitutes for wood and wood products were developed in the 
form of rice straw and sugarcane bagasse which are truly renewable for paper 

making since early 1980 in India. Wood free particle boards were produced 

in India from sugarcane bagasse successfully in Maharashtra in 1994 and 

subsequently in other states of India like Uttar Pradesh and Gujarat. The 
availability of sugarcane bagasse has come down for particle board making 

since various state governments have announced incentives for power 

generation from agro waste through cogeneration [1]. In this scenario, many 
researchers have come up  with novel ideas of making wood free boards  

from rice husk, cotton straw, coconut fiber etc. 

Palm trees of various species and their fiber can be successfully used for 

making composites. One such attempt is to use inappropriately disposed 
Royal palm residues for righteous purposes and at the same time contribute 

for the reduction of greenhouse gasses caused by indiscriminate destruction 

of trees and forests in our planet. On the other hand, widespread use and 

commercialization of synthetic fabrics have formed brutal ecological, 
financial, societal as well as political troubles. The accessibility of land for 

landfills has shrunk fast in addition to the disposal of plastics in semi urban 

and urban areas. To ease these troubles, synthetic recycling is appropriate in 
waste managing programs [2], along with the function of lignocellulosic 

fibers for corroboration for better products. The natural fibers in polymeric 

materials have enhanced the quality compared to products based on synthetic 
material. 

 

1.3 The Raw Material 
 

In general, Palm trees are the mainly common species of steamy forests 
in addition to have significant attributes that make sure the sustainable 

improvement of farming as well as horticultural methods. The interest on the 

development of these varieties of plants has enlarged drastically due to its 
unquestionable scenery, where palms are of huge environmental as well as 

financial significance [4]. For every extracted palm leaf, around 800-1000g 

of palm-sheet is harvested, which stands for 5-8% of the palm’s leaf. 
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The residue constitutes 90-92% of the total palm leaf weight, there are 

few variations based on variety [5].The filtrates from Royal palm comprise 

mostly of leaves as well as leaf sheathes (Figure 1). Few number of this 
extremely cellulosic substance is presently utilized as boiler fuel, in the 

preparation of fertilizers through composting and the remaining portion is 

used as firewood. 

The branch of few varieties of palm trees is collected of natural material 
for example fiber, protein as well as polysaccharides, like substitutes for 

starch and sugar. Earlier investigations utilized the leaves as well as leaf 

sheaths in creation of flour along with its description illustrated attractive 
outcomes, particularly regarding a fiber and minerals based diet [6]. 

 
Figure 1: Representation of the rests from palms: Leaves as well as leaf sheath 

Source: Schematic of the residues from palms: Leaves and leaf sheath.[6]. 

 

Royal Palm  Crown,  Roystonea  regia  consists  of   trunk   having 

typical dimensions of 60’ in height x 25’ having beautiful, solitary, self- 

cleaning type can withstand moderately salt tolerance, drought, good wind 

and high cold tolerances. Many studies establish new applications to these 
fibers, such as, filtration by palm fibers can be a prospective method for 

tertiary waste water management as it offers a sustainable production 

clarification [7]. In the middle of these researches to concern such waste in a 

sustainable mode, we can mention the use in polymeric composites, 
substituting for wood, where they are used to improve mechanical 

performance by reducing cost and weight of components. 

 

1.4 Scope of the Present Work 
 

The crisis of non-availability of quality wood in India and other parts of 

the world paved the way for wood substitutes in the form of renewable 
sources like cane sugar bagasse, cotton and rice straw, Coconut fiber etc. 

However, Cane sugar bagasse availability for board making has become 

scarce due to its usage in power generation and incentives offered by 
governments. 
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An attempt is made to use various resources like palm for making the 
board and tests were carried out as per the existing and recommended 

procedures for its suitability as an alternate material. 

 

2 Literature Review 
 

Nesibe et al [9] investigated date palm fibers and their possibility for 

non-structural and structural usage. They observed that, the addition of fibers 
get better flexural supremacy and the sulfate battle of the mortar mix. 

Bryan et al [10] investigated a method of incorporating the fibers in 
polymeric Composites. The King Palm Fibers were treated with alkaline 

solution and methods for example Scanning electron microscopy (SEM), X- 
ray diffraction (XRD) as well as Thermal analysis (TGA) were used to 

distinguish the consequence of behavior on fibers. The study revealed that 

the treatment improves the tensile modulus and resistance of composites 

when compared to pure polymer. 
Adzkia et al [11] aimed to test the morphological characteristics of ultra 

structure and elemental content, crystallinity, as well as fibers derivation 

characteristics from the royal palm. They observed that the diameter of palm 
fiber bundles was decreased from outside towards inside and the silicon 

content in the inside section was lower than those in the middle and outside 

sections and the highest degree of crystallinity was about 18 %. The fiber 
length of royal palm leaf sheath was in values around 6000 μm. However, the 

royal palm leaf sheath had thick fiber walls and thin lumen, as well as other 

fiber derivation characteristics such as the coefficient of rigidity and the 

flexibility ratio, was in low-quality values. They recommended from the 
study that, the royal palm sheath was recommended as a composite 

reinforcing material. An attempt had been made by Aldousiri et al [12] to 

improve the various properties of recycled HDPE by chopped strand mat 
(CSM) glass fibers since a synthetic support as well as by small oil palm 

fibers as a ecological support. They investigated the consequences of level 

fraction together artificial as well as natural fibers on properties of the HDPE 

and also studied the cave in of the compound by the help of optical 
microscopy. The high power of the compounds was displayed when at high 

burden portion of both normal as well as syntactic fibers which was about 

50MPa. Date palm fiber illustrated superior interfacial union to the HDPE 
although the crude situation utilized. Alternatively, behavior of the fibers is 

optional for high tensile recital of the compounds. 

Pradeep P. et.al [13] presented the fiber extraction from different 
elements of the palm tree and its physical as well as chemical properties were 

characterized. The test properties were evaluated by other natural fiber 

depending compounds. They concluded that, the fiber composite developed 

possess comparable properties and shall be used in automotive and aerospace 
applications. 
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3 Materials and Methods 
 

3.1 Fiber Sampling and Extraction 
 

Palms are classified into many palm species, mostly grown varieties 

including the Royal Palm, are monoecious – they have both male as well as 
female flowers on the same tree. The Canary Palms are dioecious – there are 

trees with only male and trees with only female. There is another type – 

hermaphrodite – that can be either male or female in any year. Date palms 
are dioecious and a lot of efforts go every year into pollinating these flowers 

by many methods including providing honey bee houses to ensure a good 

crop. As the female trees generate flowers, the male trees generate pollen. 
According to the earlier investigation by Al Maadeed et al. [14], it is exposed 

that female trees have superior tensile property in Date Palms. The Royal 

palm leaves, in the present context, were attained from these monoecious 

trees which are fixed at the CMRCET campus at Hyderabad. The portion 
between the trunk and petiole bases (thickness 0.7–2.5 mm) were shed out 

through means of Knives from palm leaves by hurtful them in extents of 

about 100-200mm. 

 

3.2 Pretreatment 
 

The pretreatment of these fibered mat was accomplished through NaOH 

as well as Ca (OH)2 solution concentration. The NaOH tablets were utilized 

to arrange the solution which were made by M/S Indenta Chemicals, Mumbai 
and were of common reagent type. 

 

3.3 Adhesive 
 

Fevicol is an adhesive, manufactured by Pidilitite Industries, Mumbai. 

Fevicol belongs to the type of artificial resins made with latex adhesives 

which are derived from polyvinyl acetate which is odorless, thermoplastic 

and non-toxic. It is a non-Crystalline as well as moderately divided rather 
than linear formation. Fevicol SH is artificial resin glue projected for wood 

working.  SH powerfully connects plywood, wood, veneers, laminate, MDF 

and every kinds of boards with cork; it is as well engaged in the construct of 
sporting supplies as well as book binding. SH attains desirable strength in 8 

to 10 hours, completely cures in 24 hours. 

 

3.4 Fiber Mat Pretreatment 
 

The bundled fiber mats were dressed up by immersing separately in 2.0% 

of NaOH solution. The fiber mats were washed thoroughly by using running 

water and wiped with soft dry cloth. 
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Then these mats were pressed in mechanical press for 2 hours to flatten 
them and removing oozing water. Subsequently, these mats were dried in an 

oven at 75-80
0
 C for 2 hours. The treated fiber mats were then cut into 

various sizes as per various test requirements for making them into Fiber 
boards. 

 

3.5 Fiberboard Preparation 
 

Fiberboards were prepared by gluing mats together with Fevicol SH with 

10% on weight basis. Four mats are placed one on another in different 
orientations of 0-90
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 for Specimen-1, Specimen-2, Specimen- 

3 and Specimen-4 respectively as shown in Table-1. The specimen fiber 
boards prepared with different orientations are shown in Figure-2. 

Table 1: Different orientations of layers 

Type of 

Specimen 
Orientation 

Layer Wise Orientation 

Details 

Specimen-1 00-900(00-900-00-900) 
1st Layer 00,Second layer 900, 

Third Layer 00, Fourth layer 900 

Specimen-2 00-300(00-300-00-300) 
1st Layer 00,Second layer 300, 

Third Layer 00, Fourth layer 300 

Specimen-3 00-450(00-450-00-450) 
1st Layer 00,Second layer 450, 

Third Layer 00, Fourth layer 450 

 

Specimen-4 

 

00-300-450-9 00 
1st Layer 00,Second layer 300, 
Third Layer 450, Fourth layer 

900 

 
Fig 2: Different orientations of layers prepared 
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4 Results and Discussions 
 

4.1 Compressive Test 
 

Compression strength or compressive strength is the ability of a fabric or 

formation to survive loads nurture to decrease size, as opposite to tensile 
strength, which survives many tending to lengthen. Compression tests are 

carried to establish the material performance under compressive loads. The 

maximum stress a substance can carry on over a time period beneath a load, 
which is either steady or continuous, is determined. Compression testing is 

frequently accomplished to a break (split) or to a limit. 

The compressive stress and modulus of different orientations of royal 

palm fiber board specimens (which were prepared)  have been carried out as 
per Indian standards [15] and results are shown in Table-2 and same is 

plotted in Figure-3. 

From the analysis of the compressive test, specimen -1 with 0
0
-90

0
 

orientation has high value. 

 
Table 2: Compressive Test results of Specimens 

Specimen 

orientation 

Compressive stress (MPa) Modulus (MPa) 

00-900 0.049 338.337 

00-300 0.019 88.25499 

00-450 0.019 95.47718 

00-300-450-900 0.042 226.75210 

 

Fig.3: Compressive Stress and Compressive modulus of various specimens 

 

By comparing this entire test, we can conclude that the sample with 

orientation 0
0
-90 has the highest value compared to the other orientations. 
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4.2 Flexural Test 
 

Flexural testing is  perfect test since it includes tensile, compressive, and 

shear loading within the specimen; providing the a good amount sensible use 

of the material.  Bend testing is an outstanding way to evaluate diverse wood 
types between each one another, which is frequently required for choosing 

the precise material. 

Three test samples from each specimen type were made for determination of 

Modulus of Rupture, as specified in IS 2380 (Part4); 1977 as applicable to 
Particle boards [15]. 

 

Table 3: Flexure Modulus  of Specimens 
Specimen orientation Flex modulus (MPa) 

00-900 57.83 

00-300 54.75 

00-450 42.46 

00-300-450-900 42.86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4: Flexure Modulus of various specimens 

 

The Flex Modulus of all orientation royal palm fiber boards are given in 

Table-3 and same is plotted in figure-4. As of the figure it was experimental 

that, the specimen-1, of orientation 0
O
-90

O
 is the best for under flexural test. 

These values when compared with any particle board made of either wood or 

bagasse is very high and is comparable to MDF values. 
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4.3 Impact Test 
 

The impact resistance is expressed as the energy absorbed by a specimen 

in Joules(J) the impact test characterize the material brittleness when stress 
beyond the qualified limit is applied. These tests are carried using Charpy 

and Izod machines with different test and load conditions. A predetermined 

load is allowed to hit the sample suddenly by hammer which ruptures the 
specimen. 

Impact tests were performed according to the recommendations of 

ASTM D143:1999 [16] which were accepted to establish toughness. For 
every specimen studied, we have tested 20 samples of rectangle cross- 

section of 2 cm on grain route [17].These values are comparable to Angelim 

Saia wood species and Tatajuba wood species at lower end. The Impact test 

is carried out for the dissimilar orientations and the values are given below 
corresponding graph is shown in figure-5. The highest impact strength of 

3.6J was obtained with specimen-4 whose orientation is 0
0
-30

0
-45

0
-9 0

0
. 

Specimen – 1 : 2 J 
Specimen – 2 : 2.2 J 

Specimen – 3 : 0.6 J 
Specimen – 4 : 3.6 J 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.5: Impact strength of various specimens 

 

4.4 Thermal Conductivity of Specimens 
 

The heat conductivity of wood is dependent on a numeral of factors of 

changeable degrees of significance. The most considerable variables 

affecting the rate of heat flow in wood can be listed as 
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(1) density of the wood 

(2) moisture content 

(3) direction of heat flow with respect to the grain 
(4) Kind, quantity, and distribution of extractives or chemical substances 

in the wood including adhesive 
(5) relative density of woods growing various seasons 

(6) proportional growth of wood in different seasons in the timber 
(7) Defects such as knots, cross grain structure etc[18]. 

Thermal conductivity λ is defined as ability of material to transmit heat 
and it is measured in watts per square meter of surface area for a temperature 

gradient of 1 K per unit thickness of 1 m. The thermal conductivity varies 

and depends on density, moisture and ambient temperature. It is observed 

that with increase in density, moisture and temperature the thermal 
conductivity also [20]. 

Determination of thermal conductivity test was conducted for 0-90
O
 

orientation specimen-1 with different heat inputs. Schematic diagram of 
Thermal Conductivity measurement is shown in Fig.6. 

 

Fig.6: Schematic diagram of Thermal Conductivity measurement 

[22] 
 

The calculated thermal conductivities based on heat supplied (kth) and 

heat transferred (Kact) are given in Table-4. The values are taken by repeating 
the experiment until the steady state is obtained. Figure-7 shows the 

difference of thermal conductivity by temperature. It was observed from the 

figure that, modifies in thermal conductivity by temperature is almost 
negligible. Thermal development is the propensity of theme to alter in area, 

shape, along with volume in reaction to adjust in temperature. The thermal 

conductivity obtained is much less than that of particle boards (of both high 

and low densities) and range between 20-50%. 
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Table 4: Results of Thermal Conductivity of Specimen-1 

V(volts) I(amps) 
 

Q(W) TO (OC) Ti (
OC) kth(W/mK) Kact(W/mK) 

50 1.31 65.5 40.75 129 0.0512 0.0325 

55 1.53 84.15 41.25 155.3 0.0508 0.0298 

60 1.58 94.8 42.5 171.6 0.0506 0.0279 

 

 

 
 

 

 
 

 

 

 
 

Fig.7: Effect of temperature on Thermal conductivity fiber board specimen 

 

5 Conclusions 
 

Polymeric composites made shows that they have low density, very high 
specific stiffness and strength [20].They are available at a very low cost, 

contributing to global green initiatives, superior deformability compared to 

wood and MDF, simplicity of good thermal, recyclability as well as 
insulation properties when compared with pure polymers or other composites 

based on wood or wood free composites [21]. 

These research findings can help in finding solutions to several 

applications in alternate materials manufacturing. These results show an 
improvement in the composite when compared with pure polymer or 

wood/agro based composites. The savings projected are enormous as the 

manufacturing cycle is simple and offer natural orientation of fibers avoiding 

enormous labor costs. Taking from the environmental point of view, the 
material is directly contributing to the environment in plummeting the 

generation of pollutants, improved provisions for savings in inputs compared 

to other processes and superior biodegradability. 
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