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Abstract. This research focuses on the mechanical and thermal insulation efficiency of Areca palm fiber by using three different 

binders, such as natural rubber latex, latex glue and water latex glue. The thermal insulation boards with size 15 x15 x 3 cm3. The 

ratio of fiber per binders was 60:40. The physical, mechanical and thermal properties of the boards were investigated. The results 

showed that the insulation boards from Areca palm fiber had good physical and mechanical properties. The tensile and moisture 

content values of all insulation around 0.144 – 0.152 Mpa and 7-10%, respectively. Thermal conductivity measured in accordance 

with the ASTM C518 revealed that the board with a density of 190-230 kg/m3 had the thermal conductivity values ranging from 

0.021 , 0.026 and 0.027 W/m.K. With binders, water latex, natural rubber latex and latex glue, respectively. Finally, the Scanning 

Electron Microscopy (SEM) analysis of the fiber  confirmed that the insulation of Areca palm fiber with binder of water latex was 

the most appropriate to develop the insulation.  

Keywords: thermal insulation, Areca palm fiber and physical property. 

INTRODUCTION 

Natural fibers are very promising and have great potential as eco-friendly raw materials to be used especially in 

thermal insulation [1]. Natural fibers are biodegradable and have a low environmental impact. The natural fiber can 

deliver thermal in comparison to the common construction materials including a lower carbon emission and fewer 

health issues during installation, maintenance, removal and disposal after used. The growing environmental awareness 

throughout the world has triggered a shift towards developing environmentally friendly materials from renewable 

resources. Thermal insulation plays an important role in contributing to the energy savings in the building by heat 

gains and losses through the building envelope [2]. A study reported that  effective building insulation alone will   save 

over one hundred times the impacts of the carbon   footprint from material usage and disposal, irrespectively of the 

materials used [3]. With  new  regulations  and  increasing demand for alternative materials, development of materials 

which can provide both thermal. A study has   been reported on  the development  of insulation  materials  from sheep  

wool fibers with  comparable properties as that of conventional materials [4]. In another recent study, the authors 

highlighted the quantitative issues of alternative sheep wool materials available in  the market to  meet the demand 

for the building sector, although sheep wool materials are  very good insulators [5].  One of the problems associated 

with the sheep wool insulation materials is their susceptibility to higher moisture content and resultant drop in their 

performance [6] 

 Several authors have analyzed the thermal degradation of different natural fiber and composites that include 

such fibers [7]. A study has been reported on performed a thermal analysis of cellulose derivatives/starch blends with 

different sisal short fiber content, and found that the addition of the sisal fibers produced no significant effect on the 

thermal degradation of the composite materials in comparison with the matrix alone [8]. Investigated the thermal 

decomposition processes of 10 types of natural fiber commonly used in the polymer composite industry. These fibers 

included wood, bamboo, agricultural  residue, and bast fibers [9] .The considered cellulose, hemp, flax, sugar cane 
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and bamboo as natural fibers, and poly butylene succinate (PBS) as polymer matrix. The treatments of fiber prior to 

their use in composites have also been analyzed in  terms of  possible changes in their thermal degradation properties 

. Furthermore, another report to study mechanical, thermal and acoustical characterization of an insulating bio – based 

composite made from sunflowers stalk particle and chitosan , the resulted showed that the thermal conductivity from 

natural fiber is low more than  insulation from the market [10]. 

 The objective of this work focus in studying and characterizing the physical and thermal conductivity of 

Areca palm fiber with three different binders of natural rubber latex, latex glue and water latex glue, aiming to 

determine the optimum ratio for better thermal insulation board.  

MATERIALS AND METHODS 

- Areca palm fiber preparation 

 In preparing the fiber, the fiber was obtained from a Yala city in the south of Thailand. Bring the shell to dry 

(Fig.1a) until the color of the shell is brown (Fig.1b). The weight of shell about 4 kilograms can be the weight of fiber 

about 2.5 – 3 kilograms. Then pull the  fiber out of the dry shell (Fig.1c). After that,  the fiber was boiled for 24 h 

with sodium hydroxide (5%) in order to achieve the soft fiber. The boiled fibers were rinsed with water until they 

were clean from NaOH and then dried in the oven at a temperature of 100 C for 4 h. For the composite board of three 

different binders samples, prepared by mixing the Areca palm fiber with natural rubber latex, latex glue and water 

latex glue. The ratios of fiber and binders was 60:40  by weight. The size of all insulation boards was controlled all 

samples fixed at 

3

31515 cm
. Finally, the three sample insulation board dried at a temperature of 100 C  for 3 

h (Fig.1d).  

 

                                           
(a)                                                             (b) 

                                           
                                      (c)                                                               (d) 

FIGURE 1. a) The Areca palm shell (b) drying the Areca palm shell c) The fiber of Areca palm(d) The sample 

insulation board dried at a temperature of 100 C. 

 

- Tensile testing 

            The Force gauge, digital, FG-20KG-232 was used to test the  tensile. The insulation sample was measured 

by prepared the sample size 
3355 mm

. Then each sample was tied with rope and tied one side with holder of 

force gauge and another side tied with base of force gauge, after that rotating the force gauge until the sample are 

separate. 
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FIGURE 2.  FORCE GAUGE TESTER  (FG500/FG520). 

 

- Density   

The density of samples measured the weight and volume. Then calculated the density for equation 1. 

v

m


                                                               [1] 

Where 


 is Density  (

3

mkg
), m  is mass   (

kg
)  and v is the volume 

)(
3

m
 of sample. 

- Moisture content 

The same samples were weighted before and after oven-drying at a temperature of 100 C and then placed inside 

the desiccator until they cool down. The moisture content was estimated as follows:  
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                                                  [2] 

Where MC  is the moisture content (%),  m
w

is the weight (g) before oven-drying and d
w

is the weight (g) after 

oven-drying. 

 

- Thermal conductivity 

 The smart Q heat flow sensor meter was used for measuring the thermal conductivity. The sample size used 

for measurement was 15 x 15 x 2  cm3. In  this test, the sample was placed in between two sample room. The first 

room was  the day situation (outside room)  and   the temperature was kept at room temperature to 80 C for 12 h. The 

second room was the night situation (inside room) and the temperature was kept at 80 C for 12 h. The coefficient of 

thermal conductivity of the sample was calculated by equation 3. 

                            dx

dt
KAQ 

                                                      [3] 

 

Where 
Q

 is the rate of thermal conductivity (W), K  is the coefficient of thermal conductivity ( kmW ./ ),  dt  is 

Different of temperature (C)  (outside and inside of the room)    and  dx   Different of temperature of thickness  

(
3cm ) 
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RESULTS AND DISCUSSION 
 

Physical properties 

                           
                   FIGURE 3. The tensile of Areca palm fiber insulation with various binders. 

 

The tensile strength of the boards can reflect the bonding strength between fiber. Figure 4 demonstrates that good 

bonding strength of board can be obtained at their relatively low density of 190-230 kg/m3. According to the standard 

of insulation board, the average of tensile strength values is between 10 to 25 psi. The experiment shows that all 

samples are agreed with the standard of insulation board and the tensile of natural rubber latex binder was the highest 

about 15.22 psi due to the stronger adhesive between fibers and corresponding with tensile of Narrow-leaved Cattail 

fiber [11]. 

Thermal properties 

-The coefficient of thermal conductivity 

                           
FIGURE 4. The temperature of the first room and second room with thermal conductivity  test. 
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The coefficient of thermal conductivity of each sample was measured by a thermal conductivity test. The data on 

the experimental of temperature at first room and second room (Fig. 4) was found that the temperature of the first 

room and second room were equal thermal equilibrium due to the both rooms has gaps where the air can flow between 

them. The all  heat flow sensor probes measured the temperature of both rooms started at 22 C, which confirmed the 

accuracy of the probe. When the insulation sheet blocked the gap between the  both rooms and take the heat in, turn 

on the lamp in the first room. At the time 0 - 43,200 s (12h), the temperature of the first room  increased from 22 C 

to 76 C while the temperature of  the second room increased from 22 C to 28 C (depend on the ratio of Cogon 

grass: natural rubber latex). After the time 43,200 s, the temperature of the both rooms was decreased until to thermal 

equilibrium at 22 c. 

 
(a) 

 
(b) 

FIGURE 5.  a) The coefficient of thermal conductivity depend on time (b) The average of thermal conductivity. 

 

The thermal insulation properties of the sample were measured in terms of the thermal conductivity. The thermal 

conductivities of various samples were  shown in Figure 5. Lower the thermal conductivity better is the insulation 

property. Low values of the thermal conductivity imply higher resistance to the conduction of the heat through the 

material. It creates a barrier between the surrounding environment and the sample. The results showed that thermal 

conductivity as a function of the times of all samples were rising rapidly in the first period and then slowly increased  

until the time of 3300 s the thermal conductivity were stable (see fig.5 a). The lowest value of thermal conductivity  

was  the binder of water latex glue while the binder of  water natural rubber latex and latex glue were similar  thermal 

conductivity value. The fig. 5b), the  binders of natural rubber latex and latex glue were showing the similar  average 

thermal conductivity value. While the specimen with binder of water latex glue was a slight  low thermal conductivity 

value. When comparing their thermal conductivity with that of other thermal insulation materials, it was found that 
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the Areca palm fiber with difference binders had a similar range of thermal conductivity that as of particle board from 

pineapple leaf fiber (0.022 – 0.025 W/m.K) [12], which was less than of fibrous materials and cellular material, such 

as low-density wheat straw board, cotton stalk fiber, durian peel and coconut coir, kenaf, pipe , black locust tree bark 

and date palm trees surface fibers [13,14, 15,16]. 

 Furthermore, these results showed that it is possible to develop samples were suitable for roof, ceiling 

insulation application in a building, which was less than a commercial insulation material such as fiberglass and 

rockwool [17]. Therefore, it can be concluded that the Areca palm fiber is an excellent insulating material for building. 

Finally, in another paper, the authors reported that the thermal insulation material made from natural raw materials is 

suitable alternatives to the conventional materials [18]. 

 

- Morphological studies 

           
              a)                                        b)                                        c) 

Figure 6.  Fe–SEM of sample with different binder (a)Natural rubber latex (b) latex glue(c) water latex glue. 

  

  Morphological studies of Areca palm insulation were shown in Fig. 6. The SEM  picture of natural rubber 

latex and latex glue  binder, both of examples were similar gap between the fiber. The water latex glue showed that 

the gap between the fiber was loose. This analysis supports the coefficient of thermal conductivity. 

 

CONCLUSION 
 Three different binders and Areca palm fiber were produced and tested for physical and thermal insulation. 

The physical properties of tensile and density were no significant in different and according to the standard of 

insulation board, the average of tensile strength values. Nevertheless, all of  the samples were a good  insulation 

properties, but the binder of  natural rubber latex and latex glue were similar thermal conductivity. Finally, the best of 

thermal insulation board in the study was the binder of water latex glue. 
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