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Abstract—In recent years, the proper utilization of natural fiber 
reinforced composites are increasing under different environmental 
conditions. Several natural fibers such as banana, sisal, jute, etc. are 
used as an effective reinforcement in polymer composites. Fillers in 
the form of fibers or particles are processed with polymers to attain 
preferred thermal properties. The analysis of thermophysical 
properties has been important for various applications such as heat 
exchangers, electronic products, etc. Thermal conductivity, thermal 
diffusivity and specific heat are the significant properties required to 
analyze the heat transfer in composite materials. In this work, the 
thermal properties of fiber composites were investigated as a 
function of the total volume fraction of filler (MSW+ Bahunia 
racemosa fiber). The total volume fraction (Vf) of filler was 
established by keeping the relative volume fraction of MSW and 
Bahunia racemosa as 50:50. The transverse thermal conductivity and 
diffusivity of composite specimens were measured by using a guarded 
heat flow meter. Thermal conductivity and diffusivity of the composite 
were decreased with increase in filler content.  
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1. INTRODUCTION 

In the last few years, natural fiber reinforced green composites 
reached a large attention of researchers in the area of 
aerospace, automotive, and other industries due to their 
distinctive characteristics of low density, high specific 
properties, biodegradability, and low-cost compared with 
synthetic fiber reinforced composites [1,2]. The measurement 
of thermal conductivity is very much essential in the natural 
fiber reinforced composites. Natural fibers consist of cellulose 
decrease the thermal conductivity compared with other 
conventional fibers such as glass fiber and carbon fiber. 
Thermal conductivity of composite is similar to the elastic 
modulus of materials [3]. Some theoretical models were 
developed to find the thermal conductivity of composites [4-
7]. Heat flow meter [8] or the transient plane source method 
[4] was used to evaluate the thermal conductivity of polymer 

composites. Specific heat capacity of composites was 
analyzed by differential scanning calorimeter (DSC) [9]. 
Agrawal et al. [10] analyzed the effect of fiber surface state on 
the thermal conductivity of natural fiber composite. Thermo 
physical and Fire properties of Sansevieria fiber-reinforced 
polyester composites was analyzed by Ramanaiah et al. [11]. 
Many researchers studied the thermal behavior of synthetic 
fiber reinforced polymer composites [12, 13]. The removal of 
the large amount volume of Municipal solid waste (MSW) 
would be difficult through the landfills and alternate methods 
of disposal, etc. Hence, proper utilization of MSW as a value 
added product has become the need of the hour. In 
environmental, technical, and cost reasons, there is an 
increased attention in using MSW as filler in composite 
manufacturing industries. However, the reported research on 
thermal properties of MSW as filler in composite is limited. In 
this study, the effect of the filler volume fraction of MSW and 
bahunia racemosa fiber on thermo-physical properties of 
composites was investigated. 

2. MATERIALS AND METHODS 

2.1 Raw Materials 

In this work, MSW and Bauhinia racemosa (BR) fiber were 
used for fabricating the composite specimen. MSW was 
collected from residential institution, which mainly consists of 
vegetable waste, fruit peels, etc. It was dried in sunlight for 24 
hours and ground by a pulverizer. The powdered MSW wass 
screened to remove excess fines by sieve shaker machine over 
a screen size of 25 meshes (600µm). The BR fiber was 
collected from Hogenakkal, Krishnagiri District, Tamilnadu, 
India. Phenol formaldehyde resin (PF) was procured from the 
SS polymer, Chennai. The properties of PF resin are given in 
the Table 1[14]. 
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Table 1: Properties of PF resin [14] 

Appearance Brown colour 
Viscosity (CPS) 18-22 
Water tolerence 1:18 
Solid content % 50 

2.2 Composite Preparation 

Chopped Bauhinia racemosa (BR) fiber of 30 mm length were 
used to prepare the specimen. The MSW, Bauhinia racemosa 
(BR) fiber and UF resin are mixed in a blender. Initially, BR 
fiber is dried in sun light to remove the moisture. The 
composites are prepared by varying the filler volume ratio of 
MSW and bahunia racemosa fiber. The blended particles and 
fiber are transferred to moulding box of size (150x150 mm). 
The processed composite is pressed hard with a load of 40 
tones under hydraulic press and the excess resin is removed 
and dried for 24 hours. Curing is done at a temperature of 
1500C under constant pressure of 2.5 MPa for 24 hours. The 
composites were prepared by keeping the relative volume 
fraction of MSW and bahunia racemosa fiber as 50:50. 

2.3 Thermal Properties Measurement 

The thermal conductivity and diffusivity of composite 
materilas were measured by using a guarded heat flow meter, 
Unitherm model 2022, ANTER Corporation, USA. The 
circular test samples of 50 mm diameter and 3 mm thickness 
were cut from the composites for the this study. These 
properties were determined according to ASTM: E1530-11. 
Thermal diffusivity was calculated by the following equation 
1 [15] 

pC

k
a




 (1) 

where 

k  - thermal conductivity of composite 

a  - thermal diffusivity of composite 

  - density of composite 

pC  - specific heat capacity 

The specific heat capacity ( pC ) of composites was found 

using a differential scanning calorimeter analyzer (NETZSCH, 
STA 449 F3) at a heating rate of 100C/ min. A digital 
weighing balance was used to measure the weight of the 
composites used for thermal measurements. Differential 
thermal analysis (DTA) measurements were carried out using 
a differential scanning calorimeter analyzer (NETZSCH STA 
449 F3) in nitrogen atmosphere (200 ml/min) in a temperature 
range of 30-5000C at a heating rate of 100C/min. 

3. RESULTS AND DISCUSSION 

The thermal conductivity values of composite specimen with 
different volume fractions of filler are given in Table 2. It is 
clearly shown that thermal conductivity of the composites 
decreased with filler content increased. This is due to the 
hollow cellular structure of the fibers which cause a decrease 
of conductivity [16]. The thermal conductivity of composite at 
maximum volume fraction of filler was 0.164 W m-1K-1 It is 
34% lower than that of pure PF resin. As the volume fraction 
of filler increases, the reduction in thermal conductivity of 
composite is expected due to lower thermal conductivity of 
fiber. Similar trend was reported elsewhere [16, 3]. The 
addition of bahunia racemosa fiber in the PF matrix decreases 
the heat transfer in the composite. Also, the hydroxyl groups 
present in the fibers make them less available for conduction. 
The thermal diffusivity and specific heat behavior also 
decreases with the increase of the filler loading. 

Table 2: Thermal conductivity, thermal diffusivity and specific 
heat of MSW/bahunia racemosa composites at different filler 

loading (ratio of MSW: bahunia racemosa fiber =50:50) 

Volume ratio 
of the filler 

(MSW + 
bahunia 

racemosa 
fiber) 

Thermal 
conductivity, k 

(W/m K) 

Specific heat, 
Cp 

(J/kg K) 

Thermal 
diffusivity, a 
(m2/s) x 10-7 

Neat PF resin 0.25±0.1 1206±0.3 1.96±0.1 
20% Vf 0.192±0.2 1010±0.2 1.64±0.4 
30% Vf 0.185±0.3 981±0.1 1.61±0.2 
40% Vf 0.177±0.1 962±0.2 1.57±0.3 
50% Vf 0.164±0.2 941±0.2 1.48±0.4 

 
The effect of temperature on thermal conductivity composite 
is shown in Fig. 1. It was observed that there is a increasing of 
thermal conductivity of composite with the increase of 
temperature.  

 
Fig. 1: Thermal conductivity of composite varying with 

temperature at 50% Vf filler  
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4. FURTHER SCOPE 

A suitable technique has to be developed for the extraction of 
nanofibrils from bahunia racemosa fiber and nano municipal 
solid waste. High performance Nano composites can be 
developed using additon of nanofibrils and nano filler. 

5. CONCLUSION 

Composites were prepared from MSW/bahunia racemosa 
composite and phenol foemaldehyde matrix resin. The 
thermophysical properties of the composites were analyzed 
based on various filler loadings. The results indicated that 
thermal conductivity of the composites decreases with 
increase in volume fraction of filler. The addition of bahunia 
racemosa fibers into PF resin, resulting decrease of the 
thermal conductivity of the composites. The developed 
composites can be used for various applications such as 
automobile interior parts and building construction due to the 
best thermal properties. 
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