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Abstract 
Alkaline aqueous solution treated and untreated coconut shell particulates were incorporated into a polymer 
matrix (HDPE) with the help of Two Roll Mill in order to have a homogenous mix. The  treatment with aqueous 
sodium hydroxide solution was to roughen  filler surface. Magnisuim hydroxide flame - retardant additive was 
incorporated to reduce the flammability of the composite.  The  flammability characteristics of the  composite 
fabricated were tested using Fire Testing Technology(FTT) Dual Cone Calorimeter. The results obtained 
showed that the sodium hydroxide treatment enhanced the flame retardant characteristics of the composites as 
properties such as HRR, EHC, MLR, TSP and SEA were influenced . The filler – matrix interaction was also 
investigated and the images obtained at two different magnification X500 and X1000 showed enhanced 
compatibility of the filler – matrix for alkaline aqueous treatment of the shell 
__________________________________________________________________________________________ 
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INTRODUCTION  
Plant fillers are renewable resources abundant 
globally as a by-product of agricultural produce. 
Their positive impact on the eco-system has been 
established through research finding, environmental - 
performance evaluation and life cycle assessments. 
Many applications have been developed most 
recently for many agro waste fillers. The agro waste 
fillers most commonly used for polymer composites 
are the fibrous type.[Agarwal,et al,1990]  Coconut 
shell particulates is made from hardest part of the nut 
– the shell. The shell is organic in nature. It has good 
abrasion resistance and waterproof property.[Bujang, 
et al 2007] Coconut shell has high lignin content 
when compared to other shells, it gives product  with 
good durability.[Zaini et al, 1995] Being a non polar 
material, It is expected that the lignin should have 
some kind of interfacial interactions with polyethene 
polymer, which give better mechanical properties to 
the composites. Coconut shells are naturally 
flammable due to its oily nature, therefore, for safety 
purposes it is always necessary to incorporate flame 
retardant additives or employ some kind of fiber 
treatment before using the shell for composite 
fabrication. 
 
High density polyethene (HDPE) is a thermoplastic 
polymer commonly used in the fabrication of 
domestic articles.[Crawford, 1990 and Hongdian et al 

2007]. Due to the unique properties of HDPE such as 
good weathering resistance when filled with agro 
waste it can be  applied in many  fields of technology 
like the aerospace, automobile and cable industries 
[Hongdian et al, 2007]  
 
Natural fibre – polymer composites have 
considerable potential to replace monolithic 
engineering materials like metal in structural and non 
- structural applications [Sapuan and Maleque, 2005]. 
Such composites impart strength and stiffness to the 
product. Coconut shell has advantages such as low 
cost, environment friendliness, abundant availability 
and renewable nature. It is an under - exploited 
material with considerable potential for composites 
fabrication. Although substantial research has been 
carried out on other tissue - types of the coconut  
palm (Cocos nucifera), such as leaf bud 
sheath[Sapuan et al, 2001], coir [Lai et al., 2005]  
shell [Sapuan et al, 2003], reports on the use of 
coconut shell as a reinforcer in composite materials 
are  still scarce. Both HDPE and Coconut shell aid 
flame propagation when exposed to fire, Presently 
research efforts have been made in fabricating flame 
retardant olefin polymer composites. It has been 
established through research that halogen containing 
compounds are the most effective commercial fire 
retardants for reducing the flammability of HDPE, 
but they have many negative characteristics, such as 
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corrosiveness and toxicity. [Geo-lette, et al, 2000 
Misra, 2008 and Bourbigot and Bras 2004] 
In order to sustain green technology, the search for an 
alternative (environmentally friendly fire retardant 
additives that has the capability to replace halogen 
containing compounds) is presently a target for  
researchers and additives like magnesium hydroxide 
and aluminum hydroxide proved to be a good 
alternative in the thermosettic matrix composites 
systems [Jiao et al, 2006]. 
 
Unlike the halogen flame retardant additives, 
magnesium hydroxide does not pollute the 
environment in any form. It had been used for 
thermosettic polymer composites in a semi cross 
linked system, but this work is designed to 
investigate its performance in a thermoplastic system. 
 Johnson et al reported decreases in weather 
degradation when wheat straw was incorporated into 
Polyethene matrix.  Joseph et al reported that, 
treatment of coir with stearic acid as the coupling 
agent enhances the mechanical properties and thermal 
stability of the composites and also prevent aging of 
the composites. 
 
EXPERIMENTAL 
Materials   
The high density polyethene (HDPE)  used for this 
study was supplied by SK - Corporation Yuzek in 
Korea. The Coconut shell was sourced locally. It was 
first washed thoroughly with water and dried at room 
temperature for 48h.  The particle size of the coconut 
shell was also reduced to a fine powder using 
laboratory mill and finally sieved with ASTM 
standard sieve to obtain the required particle size. 
 
Filler Treatment   
The filler was dried in an oven for 24h at temperature 
of 105oC to reduce the moisture content of the filler 
to a value less than 5% for system A and B. The filler 
for system C   was soaked in 5% w/v sodium 
hydroxide for 1h in order to alter the OH group of the 
cellulose and lignin content in the fibre. Then it was 
washed several times using distilled water until 
neutral solution was obtained and finally dried in an 
oven at 600C for 24h.  
 
Preparation of Fire Retarded Composites 
Magnesium hydroxide Mg(OH)2 was compounded 
with the filler and high density polyethene (HDPE) 
using  Two Roll Mill to form system B and C. First, 
the High Density Polyethene (HDPE) Polymer 
Matrix was placed on the Roll Mill and allowed to 
melt – flow before the treated or the untreated fillers 
with Mg(OH)2 fire retardant additive were introduced 
respectively. The processing temperature was also 
maintained at 1500C. The specimen was prepared in 
accordance to ASTM standard specification for fire 
analysis using FTT Dual Cone Calorimeter. 
 

RESULTS AND DISCUSSION 
Flammability Characteristic  
FTT Dual Cone Calorimetric measurement of heat 
release was used to rank the flame spread of the 
various composites. Heat release rate is one of the 
most important parameters for characterizing the fire 
behavior of any polymer composite system.[ Marney 
et al, 2007]  It shows the rate of fire growth and 
intensity. Thermal degradation of the molten 
thermoplastics usually leads to the evolution of 
volatiles, which ignite and maintain burning. The 
heat release rate (HRR) increases as a result of an 
increase in quantity of combustible volatiles until a 
peak occurs which most often coincides with the 
maximum mass loss rate of the original material. At 
the end of the release of combustible volatiles, the 
combustion reaction ceases and the peak is typically 
followed by an abrupt linear decline to zero. 
 
Heat Release Rate (HRR) 

 
 
As a reference, this study commenced with the 
composite fabricated with an untreated filler without 
Mg(OH)2 (System A). HRR as a function of time was 
recorded at 51.3KW/m2 heat flux as shown in Figure 
1. The curve showed a single peak in heat release rate 
much after ignition, then the rate decreased rapidly 
with time due to the formation of a heat-insulating 
barrier called char layer at the sample surface. The 
reference sample burnt leaving behind no residue 
after combustion. From the curve shown in Figure 1, 
it is quite obvious that the Mg(OH)2 fire retardant in 
the two systems acts to reduce the intensity of the 
burning of the materials.  
 
Effective Heat of Combustion (EHC) 
This is the measure of the efficiency with which the 
emitted gaseous products are combusted. A low EHC 
indicates less efficient combustion in the gas phase 
and suggest better flame retardancy. 
It may also indicate the availability of less volatile for 
gas phase combustion due to the presence of less 
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combustible material. System A has EHC value much 
higher than System B and C which translates to 
efficient flame retardancy. From Table 1, it is clear 
that the plateau obtained for the different systems is 
reduced by the addition of Mg(OH)2. This reduction 
is mainly a function of the presence of fire retardant 
additives in the system. 
  
Table 1: Flammability Characteristics of the Various 
Composites 
Name HRR(kW/m2) EHC(MJ/kg) TSP(m2/m2) 
System A 755 79 7.3 
System B 576 70 8.7 
System C 517 67 9.1 
 
Mass Loss Rate (MLR) 
Fire retardant additives reduced the rate of mass loss 
of the composite which suggest a  decrease in the 
thermal degradation of the polymer. NaOH treatment 
of the shells also reduced the mass loss rate of 
Coconut Shell – HDPE Composite (ECO). From the 
result obtained, System B  recorded higher mass loss 
rate when compared to system C. 
. 

 

 
 

Total Smoke Release (TSR) 
From the obtained results  Mg(OH)2 enhanced flame 
retardancy, this is evident in the quantity of smoke 
released in the various systems. There was an 
increase in the amount of smoke produced by the 
composite with Mg(OH)2 fire retardant additive when 
compared with the samples without Mg(OH)2. This is 
likely to be due to inefficient combustion caused by 
flame poisoning as a consequence of the interactions 
between the fire retardant additives and the 
combustion zone. 
 

ECO 15A

ECO 15B
 
Figure 1 
 
CONCLUSION 
From the research studies carried out the following 
conclusion/inferences may be drawn: 
- Mg(OH)2 showed a good degree of flame 

retardancy when investigated via FTT Cone 
Calorimeter test technique. The alkaline 
aqueous treatment influenced the flammability 
characteristics of system B and C.  

- The micrograph obtained for the treated and 
untreated shell composite showed that the fillers 
were uniformly segregated in the matrix which 
suggest compatibility of the fillers with the 
matrix . 

-  System C showed better  filler – matrix 
interaction which may be as a result of the 
sodium hydroxide treatment 
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