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Abstract— This work is concerned with the evaluation of the 

effect of chemical treatment and fiber content on the thermal 

conductivity of natural fiber reinforced composites. This 

work seems an opportunity of enhancement on insulation 

capability of a typical natural fiber reinforced polymer 

composite Composites were fabricated using untreated jute 

and sisal fiber/epoxy, treated jute and sisal fiber/epoxy, with 

constant fiber loadings. The jute and sisal fibers are treated 

with 5% of sodium hydroxide (NaOH) for one hour and the 

specimens where fabricated by compression molding 

technique using untreated and alkali treated fibers. The fiber 

content in the composite is kept between 20% - 40% of 

Weight fraction (wt). The variations in the thermal 

conductivity are studied. A greater reduction of in the value 

of thermal conductivity is recorded with increase of fiber 

content in epoxy resin. With light weight and reduced heat 

conductivity, these insulative, fibers reinforced polymer is 

composites finds their potential applications in insulation 

boards, food containers, thermo flask, building materials. 
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I. INTRODUCTION 

It is essential for comfort and in some cases, for the survival 

of humans and animals to reduce the heat flow by using 

some insulation technique. Insulation has many advantages 

in industry like it prohibits damage due to freezing of 

various articles or damage of articles by higher 

temperatures, and lowers the cost for heating and cooling. 

Heat flows from a higher temperature body to a lower 

temperature (i.e. less warm) body in one direction only so 

insulation helps to reduce the heat flow. for example, In a 

refrigerator  insulation lowers the heat flow from the room 

air to the refrigerator. In a building, we can observe that 

insulation keeps out during summer heat and keeps in during 

winter. So, there is a great necessity for building materials 

with highly insulating properties. With the development of 

new technologies, the scenario in industries of all kinds, 

transportation sector, and entertainment are changed  Along 

with synthetic fibers like glass fiber, nylon, carbon fiber etc. 

natural fibers like jute,  coir, banana etc... These synthetic 

and natural fibers are found to be potential materials for 

improving insulation capability of various polymers because 

of its lower thermal conductivity. But these synthetic fiber 

reinforced polymer composite have some demerits they are 

corrosive and toxic in nature, higher cost and non-

recyclable. 

Sapuan [1] carried out investigation for magnitude 

of the mechanical properties like tensile and flexural (three-

point bending) tests on natural fiber with composite 

materials (Musaceae/epoxy). Thiruchitrambalam [5] studied 

the effect of Banana/Kenaf Hybrid composites and woven 

hybrid composites treated with alkali and SLS (Sodium 

Lauryl Sulphate). Laly [13] natural fibers are replacing 

synthetic fibers as reinforcement in various matrices. The 

composites so prepared can effectively be used as a 

substitute for wood and also in various other technical fields 

like automobile parts. It is found that some research are 

carried out on jute / sisal fiber they have found only the 

mechanical properties of these composites. There is a lot of 

scope to characterize the thermal property of jute / sisal fiber 

- Epoxy composites. So it is decided to carry out research in 

the above topic and to analyses the thermal conductivity of 

the above said composites. 

II. MATERIAL PREPATION 

A. Composite material of jute fiber 

Typically the fiber phase of the composite materials serves 

as the principal load carrying member. A composite is a 

mechanical mixing of two materials in which first is called 

the matrix phase while second the reinforcing phase it  is in 

the form of fibers, sheets, or particles, which are chemically 

separable. The reinforcing and the matrix material can be 

metal, polymer or ceramic anything. The matrix phase will 

have higher ductility than the fibers and thus acts as a source 

of toughness for the composites. The matrix also serves as 

protection medium for the fibers from environmental 

damage before and after composite processing. When 

designed properly, the new composite material posses better 

strength rather than would each individual material. 

Composites have better structural, electrical, thermal 

properties. 

B. Fiber extraction 

Jute fiber is extracted from respective plant bark. First stage 

in fiber extraction is peeling off the trunk then brown-green 

skins are removed from it. The remaining cleaner or white 

portion is converted to knotted fibers. The fibers are 

extracted through hand extraction machine composed of 

either serrated or non-serrated knives. The extracted fibers 

are then sun- dried which whitens the fiber. Once dried, the 

fibers are ready for further work. Fibers are then alkali 

treated with NaOH for a specified time of one hour  with  a  

soaking  alkali  concentration  of  5%  which  is  derived  

from various literatures as a optimum concentration value 

and then the same is chopped in to small pieces, further 

which they were fabricated as composites with Epoxy resin 

by varying the fiber / resin weight ratios. 

C. Fiber Tensile Test 

Initially in orders to know the feasibility of using the chosen 

fiber, the following test were run to check the deciding 

parameters like the tenacity of the fibers which plays a 

major role in considering its mechanical and physical 
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properties of their respective composites. The tensile 

strength of the jute  fibers are studied from various literature 

reviews were tabulated below to access its possible potential 

property to be considered in deriving the mechanical 

properties of this composite materials. 

D. Alkali Treatment of Jute Fiber: 

Alkaline treatment is used to reinforce the fibers with 

thermoplastics and thermo-set plastics. Alkaline treatment 

modifies the disruption   of   hydrogen   bonding   in   the   

network   structure. This alkaline treatment increases the 

surface roughness of natural fiber. The lignin, wax and oils 

covering external surface are removed from the fiber cells.  

Natural fiber ionization of the hydroxyl group to the 

alkoxide can be increased by mixing of aqueous sodium 

hydroxide (NaOH). Figure 1 shows the difference between 

jute fiber in untreated and alkali treated condition.  

 
Fig. 1: Jute fiber in untreated and alkali treated condition 

E. Harderners  

In composites materials hardeners increases the flexural 

strength properties. For this investigation hardener (HY 951) 

is utilized. These Epoxy hardeners are used to make reaction 

with the epoxy resins and it will not act as a catalysts. This 

step in composite preparing greatly increases ultimate 

properties of the curved epoxy resin system. Epoxy 

hardeners increases gel time mixed viscosity; demould time 

of the epoxy resin system. Epoxy hardeners also plays major 

role in epoxy resin physical properties such as tensile, 

compression, flexural properties, etc 

F. Specimen preparation 

The chosen fiber-reinforced polymer composites fabricated 

by using compression molding technique. Epoxy LY556 of 

density 1.15 g/cm3 –1.20 g/cm3, mixed with hardener 

HY951 of density 0.90 g/cm3 is used to prepare the 

composite plate. The weight ratio of epoxy resin to hardener 

HY951 is 10:1.  A steel mould of dimension (300×300×3) 

mm was used for casting the composite sheets. The first 

group of samples was manufactured with 30%, weight 

percentage of fibers. In this untreated/alkali treated fibers for 

a length of 4 mm were manufactured. The weight fraction of 

fibers, epoxy resin and hardener are in the ratio of 10:1 by 

weight percentage and it was blended by gentle stirring for 

minimizing air entrapment. 

Properties 
Jute fiber 

Untreated Alkali treated 

Tensile strength (gf) 451.24 942.75 

Elongation (%) 1.67 2.48 

Table 1: Comparison of Tensile properties of 

untreated/alkali treated Jute fiber 

For easy removal of composite sheets from the 

settings, mould release sheet was placed over and below the 

mould cavity and wax was applied at the inner surface of the 

mold. After keeping the mold on a polyethylene sheet a thin 

layer of the mixture of fiber and matrix (10:1) were poured 

into the mould. Care was taken to avoid formation of air 

bubbles and air entrps. Pressure was then applied from the 

top of the polyethylene sheet and the mould was allowed to 

cure at room temperature for 24 hrs. This procedure was 

adopted for preparation of composite specimens consisting 

of untreated and alkali treated jute fiber 30% and resin 70%. 

After 24 hrs the samples were taken out of the settings, and 

then cut into different sizes as per the ASTM standards.    

SAMPLE COMPOSITION 

1 80% Epoxy 20 % Jute fiber 

2 75% Epoxy  25% Jute fiber 

3 70% Epoxy  30% Jute fiber 

4 65% Epoxy  35% Jute fiber 

5 60% Epoxy  40%Jute fiber 

Table 2: Sample and its composition 

III. EXPERIMENTAL SETUP 

The setup consists of a heater pad in strip type and it is 

connected to an AC source through a three way plug. This 

heater pad setup is mounted in a wooden stand and the work 

to be ensure that a complete insulating atmosphere. The 

composite material is fitted to the one side of the pad the 

other side of the pad is placed over the wooden plate. The 

other side of the composite material consists of a 

thermocouple which of wire type. 

This thermocouples are connected to temperature 

display device which displays the input and output 

temperature values. Average of three input values is taken 

for input and output values. This is readings are further used 

to find the thermal conductivity of the composite materials. 

A uniform head through the heater pad is given to sample 

test material between two surfaces which are controlled at a 

different temperatures.   

 
Fig. 2: Experimental setup 

This thermocouples are connected to temperature 

display device which displays the input and output 

temperature values. Average of three input values is taken 

for input and output values. This is readings are further used 

to find the thermal conductivity of the composite materials. 

A uniform head given to sample test material between two 

surfaces of different temperatures. The direction of the heat 

flow in the sample is from upper surface of the sample to the 

lower surface of the sample. The direction of heat flow were 

assumed to develop an axial temperature difference in the 

stack. When the thermal equilibrium is maintained, the 

thermocouple gives the output and it is the change in 

temperature with distance through the sample. It helps for 

reading of the transducer. 
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The thermal conductivity of the prepared sample 

materials were tested using the measured values of sample 

thickness. thermocouples are used to calculate the change in 

temperature through the length of the sample material in the 

highly conductive metal surface layers on either side of the 

sample. There are three thermo-couple placed on both side 

of the wall used to read the temperature inside and outside 

of the wall, The mean or average temperature value is taken 

for calculation to calculate its constant value of ‘k’ (thermal 

conductivity) The mean or average inside and outside 

temperatures are taken as T1 and T¬2 respectively recorded 

by its digital thermo-couple.  ‘L’ is the thickness of the wall 

measured as ‘3’ mm as per standards it has made. 

 
Fig. 3: Prepared workpiece and Experimental setup 

IV. RESULTS & DISCUSSIONS 

The thermal conductivity of composite (both jute fiber - 

epoxy and   fiber -epoxy) fiber at different percentage of 

weight of natural fiber is shown below. 

A. Experimental Determination of Thermal Conductivity: 

Conduction may be viewed as the transfer of heat energy 

from the higher temperature to the lower temperature          

body of a substance due to interactions between the 

particles. It is possible to quantify heat transfer processes in 

terms of appropriate rate equation. This fourier equations  be 

used to calculate the heat flux per unit area. For conduction, 

the rate equation is known as Fourier’s Law. 

For the one dimensional plane wall as shown in 

figure 3 having a temperature distribution T (x), the rate 

equation is expressed as 

 
Where    is the heat flux in W/m2 and 

Q – is the heat transfer in J/sec or Watts and 

A - is the cross sectional area of the wall normal to the 

direction of the heat.  

T1, T2  - inside and outside wall temperature,  

L -  thickness of the wall. 

K - Thermal conductivity of the wall material. 

 
Fig. 4: Heat transfer 

B. Jute fiber – epoxy composite                                                  

UNTREATED JUTE 

FIBER – EPOXY 

COMPOSITE 

ALKALI TREATED JUTE 

FIBER – EPOXY 

COMPOSITE 

J-R 1/1 – Jute (RAW): resin 

ratio – 20:80 

J-T 1/1 – Jute (treated): resin 

ratio – 20:80 

J-R 1/2 – Jute (RAW): resin 

ratio – 25:75 

J-T 1/2 – Jute (treated): resin 

ratio – 25:75 

J-R 1/3 – Jute (RAW): resin 

ratio – 30:70 

J-T 1/3 – Jute (treated): resin 

ratio – 30:70 

J-R 1/4– Jute (RAW): resin 

ratio – 35:65 

J-T 1/4– Jute (treated): resin 

ratio – 35:65 

J-R 1/5– Jute (RAW): resin 

ratio – 40:60 

J-T 1/5– Jute (treated): resin 

ratio – 40:60 

Table 3: Specimen reference and composition of Jute Fiber 

C. Model calculation 

 
Substituting the value of Q, A, L and T1 – T2,  

The thermal conductivity is equal to 

k = 0.711 W/mk 

UNTREATED JUTE FIBER – EPOXY COMPOSITE 

Speci

men 

Refere

nce 

Speci

men 

Numb

er 

Tempera

ture in 

(T1) 

ºC 

Tempera

ture Out  

(T2) 

ºC 

(T1 – 

T2) 

In 

Kelvi

n 

Thermal 

Conducti

vity 

(k) 

W/Mk 

J-R 

1/1 
01 153.667 72.333 

81.33

3 
1.139 

J-R ½ 02 137.667 51.667 
86.00

0 
1.077 

J-R 

1/3 
03 168.667 79.333 

89.33

3 
1.037 

J-R ¼ 04 179.667 73.667 
106.0

00 
0.874 

J-R 

1/5 
05 174.000 67.333 

106.6

67 
0.868 

ALKALI TREATED JUTE FIBER – EPOXY 

COMPOSITE 

Speci

men 

Refere

nce 

Speci

men 

Numb

er 

Tempera

ture in 

(T1) 

ºC 

Tempera

ture Out  

(T2) 

ºC 

(T1 – 

T2) 

In 

Kelvi

n 

Thermal 

Conducti

vity 

(k) 

W/mK 

J-T 3/1 06 170.667 72.000 
98.66

7 
0.939 

J-T 3/2 07 164.333 64.000 
100.3

33 
0.923 

J-T 3/3 08 175.000 57.333 
117.6

67 
0.787 

J-T ¾ 09 191.333 62.667 
128.6

67 
0.720 

J-T 3/5 10 199.000 68.667 
130.3

33 
0.711 

Table 4: Thermal conductivity of composite material 

Thermocouple Readings 
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p 

(T1) 

Kelvi

n 

p 

(T2) 

kelvi

n 

 

195.

000 

 

238.

000 

 

164.

000 

 

199.0

00 

 

60.0

00 

 

76.0

00 

 

70.0

00 

 

68.66

7 

Table 5: Thermo couple reading 

The Thermal conductivity is higher in untreated 

jute fiber – Epoxy composite than the treated composite; it 

means the less heat transmission is take place in treated 

composite fiber. The comparison of thermal conductivity in 

untreated and treated composite. 

The Thermal conductivity is higher in untreated jute 

fiber – Epoxy composite than the treated composite; it means 

the less heat transmission is take place in treated composite 

fiber. The comparison of thermal conductivity in untreated 

and  treated composite is shown in fig .The untreated and 

treated jute fibers at different percentage of weight with 

epoxy are designated as The value of thermal conductivity 

‘k’ of untreated and treated jute fiber epoxy. 

 
Fig. 5: Thermal Conductivity of Jute - Epoxy composite 

Fiber 

V. CONCLUSION 

In this work, thermal conductivity of untreated/alkali treated 

jute fiber / epoxy were investigated. The thermal 

conductivity of the composites as a function of fiber / resin 

content was analyzed. The surface modification by alkali 

treatment has improved the thermal conductivity than 

untreated fiber composites. The alkali treatment has 

improved the thermal conductivity of the jute  epoxy 

composites. Therefore it is conclude from the above result 

that the alkali treatment has enhanced the thermal 

conductivity. This work leaves a wide scope for future 

investigators to explore many other aspects of thermal 

behaviour of fiber reinforced polymer composites. 
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