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Abstract 

 
This research aims to study suitable preparation methods and to characterize highly filled graphite 

composites using polybenzoxazine as a matrix. The high loading of graphite filler was attained in the range 
of 40 to 80% by wt. due to the very low a-stage viscosity of the benzoxazine resin (BA-a) used. The suitable 
condition for the compression molding of the highly filled graphite-polybenzoxazine (PBA-a) composites 
was at temperature of 200°C, and pressure of 15 MPa in the hydraulic hot-press machine for 3 hours to 
assure a fully cured specimen. The densities of the obtained composites were found to be in a range of 1.19-
1.88 g/cm3. Mechanical and thermal properties of these composites were studied by dynamic mechanical 
analysis (DMA), and differential scanning calorimetry (DSC). The experimental results revealed that at the 
maximum content of 80wt% or 68vol% of graphite filled in the polybenzoxazine, storage modulus at room 
temperature of the specimen was raised from 5.9 GPa of the neat polybenzoxazine to about 21.9 GPa in the 
composites. Finally, glass-transition temperatures (Tg) of the prepared composites were observed to be 
ranging from 174 to 194°C. The Tg values substantially increased with increasing the graphite contents 
implying substantial interfacial interaction between the filler and the matrix. 
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Introduction 
 
 Graphite-polymer composites have been 
found to possess outstanding physical, chemical 
and mechanical properties.(1-2) Graphite is a highly 
prospective filler material for polymer composites 
due to the high ratio of hexagonal carbon layer, 
high strength, high thermal conductivity and high 
electrical conductivity, low coefficient of thermal 
expansion, as well as high chemical and corrosion 
resistance.(1, 5) Recently, various approaches for 
making graphite-based composites have been 
developed. The methods include blending polymer 
and graphite particles, and intercalating the polymers 
into interlayer of graphite. The availability of graphite- 
polymer composites is an essential requirement for 
the construction of bipolar plate in fuel cell, batteries 
and molding.(3-4) 
 

Recently, a new thermoset resin namely 
benzoxazine resin have been developed and used as 
matrix for composites material. Polybenzoxazine, a 
novel class of phenolic resins, has a wide range of 
mechanical and physical properties that can be 
 
 

tailored to various needs. The polymer can be 
synthesized by ring-opening polymerization of the 
aromatic oxazines with no by-products released 
upon curing, no catalysts needed, no solvent elimination, 
and no need of monomer purification.(6) The property 
balance of the material renders the polymer with 
good thermal, chemical, electrical, mechanical, and 
physical properties including very low A-stage viscosity, 
near-zero shrinkage, low water absorption, high 
thermal stability, good fire-resistant characteristics, 
and fast development of mechanical properties as a 
function of curing conversion.(7) 

 
In this study, we aim to prepare and characterize 

properties of graphite-based composites from highly 
filled polybenzoxazine i.e. density, mechanical 
properties, and thermal properties. 
 
Materials and Experimental Procedures 
  
Materials 
 

The materials in this research are benzoxazine 
resin and graphite. Benzoxazine resin is based 
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Dynamics Mechanical Measurement 
 

Figures 3a and 3b illustrate the dynamic 
mechanical properties of the graphite filled 
polybenzoxazine composites with the graphite 
ranging from 0 to 80wt%. At room temperature, 
the storage modulus (E') of the graphite filled 
polybenzoxazine composites increased with increasing 
graphite content as seen in Figure 3a. The modulus 
of the graphite filled polybenzoxazine in the 
rubbery plateau region was also found to increase 
significantly with increasing amout of the graphite. 
The influence is possibly attributed to the addition 
of rigid particulate filler into the polymer matrix 
was able to improve the stiffness of the polymer 
composite. The results indicate the substantial 
reinforcing effect of the graphite filler on both in 
the rubbery and the glassy state modulus, which 
imply strong interfacial bonding between the 
matrix and the reinforcing filler. 

 
Figure 3b exhibits the loss modulus (E'') 

curves of the graphite filled polybenzoxazine as a 
function of temperature. The maximum peak 
temperature in the loss modulus curve was assigned 
as a glass transition temperature (Tg) of the specimen. 
As seen in this figure, the linear relationship 
between the glass transition temperature and the 
filler content was observed. The glass transition 
temperature of the neat polybenzoxazine was 
determined to be 174°C whereas the glass transition 
temperature of the 80% by weight of graphite filled 
polybenzoxazine is about 194°C. An  increase of 
the Tg with an addition of the graphite is due to the 
good interfacial adhesion between the graphite 
filler and polybenzoxazine matrix which can highly 
restrict the mobility of the polymer chain. 

 

 
 
 
 

 
Figure 3. DMA thermograms of highly filled graphite- 
  polybenzoxazine (a) storage modulus and  
  (b) loss modulus composites: (■) 40wt%, (♦) 
  50wt%, (▲) 60wt%, (▼) 70wt%, (○) 75wt%, 
  (□) 80wt% 
 
Conclusions 
 

Graphite filler showed no adverse effect on 
curing reaction of benzoxazine resin. The conversion 
of suitable curing condition was achieved up to 
98%. A large increase in storage modulus at room 
temperature of the obtained polybenzoxazine 
composites implied substantial interfacial interaction 
between the graphite filler and the polybenzoxazine 
matrix. 
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