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Abstract: Presently there are lot of materials that can be used in 
the fabrication of any item, so choosing a material is a major 
criteria. So the materials are chosen depending on the properties 
desired by the resulting item. The composite materials have better 
properties when compared with its individual components, metals 
and ceramics. The overall appeal of the product depends mainly 
on its durability, aesthetics and its final cost. Composite materials 
are cost effective and significantly satisfy the needs of the clients. 
By utilizing composite materials we can obtain high strength to 
weight ratio at a relatively economical cost. Moreover, they can be 
produced easily by basic part forming. Hybrid polymer composites 
have been studied of late which improves a specific property of the 
composite that is under question. Here a hybrid composite made 
of laminate of Nomex and HS glass sheets with varying 
percentage (1% - 2.5 %) of bisphenol dispersed in resin is 
prepared. The same samples were subjected to cryogenic 
treatment (24 hrs and 72 hrs). The results of tensile strength, 
flexural strength and hardness were compared for all the 
specimens 24 hrs cryogenic, 72hrs cryogenic and non-treated 
specimens. The results showed that the hardness of the cryogenic 
treated bisphenol based PMCs has increased with the weight 
percentage of Bisphenol indicating the fact that the laminates can 
withstand more loads at subzero temperatures The increase 
observed was about 3 – 4 % more in terms of BHN number. At the 
same time the tensile and flexural strengths have considerably 
reduced after treating the PMC cryogenically as the laminates 
becomes more brittle when treated. The tensile strength increased 
by about 10% approximately and the flexural strength reduced by 
300%.  
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I. INTRODUCTION 

Composite materials extend the design horizons for all eng

ineering fields. The likelihood of getting new answers to the 
troublesome designing issues is offered by this group of 
combined materials. By inundating fibers in a matrix of light 
weight, low strength material, a stronger material can be 
acquired, in light of the fact that the fibers stop the spread of 
the crack in the lattice. A polymer with deficient quality or 
firmness could be strengthened with these new fibres to create 
a more grounded, stiffer and lighter weight product. For the 
most economical and productive output, use of material with 
increased property combination is the present day demand. 
Composites have a mixture of characteristics including very 
high strength-to-weight, stiffness-to-weight ratio, 
extraordinary fatigue resistance, enhanced wear resistance, 
enhanced corrosion resistance, higher resistance to thermal 
expansion, outstanding optical and thermal characteristics 
and good fracture toughness. Multitude amount of research on 
PMCs embedded with graphene have been carried out 
globally. The polymer composites have been laminated by the 
adding varied percentages of Graphene. These composites 
showed changes in characteristics viz. tensile strength, 
hardness value and flexural strength with weight proportion 
differences ranging from 1- 3 % of graphene nanoparticles. 
The introduction of Graphene particles and EGlass fiber to 
the laminate shows enhanced mechanical characteristics in a 
laminate [1,3]. Hybrid polymer composites by varying the 
stacking orders in an average 55 % polymer matrix content,  
shows increased hardness with high number of layers of High 
silica (HS)  fibers. Addition of Nomex T410 and High silica 
glass fiber increased the flexural strength[20]. These 
laminates have proven to be more chemical stability and also 
possess good temperature stability up to 300°C [2,4,8]. 
E-Glass fiber reinforced epoxy composites shows better 
mechanical properties in terms of tensile strength [6,23,24]. 
Bisphenol based polymer matrix composites can be used for 
elevated temperature applications [5,9]. Several coating / 
additives techniques have been employed on MMC to 
enhance their mechanical, Tribological and corrosion 
characteristics [18,19,21,25,27]. Similarly addition of 
additives into PMCs are being researched extensively for 
improved characteristics.   
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Polymer nanocomposites with Graphene additives are highly 
promising research interest mainly arising from the interface 
between graphene particles and polymer. Graphene offers 
good bonding at the interface with the polymer [22] and hence 
provided good mechanical and electrical property 
enhancements [7,16]]. Materials with Graphene additives 
improves thermal conductivity showing good barrier 
characteristics[14,15,17]. 
 This is combined with their low price and large-scale 
production potential [10]. It was noted that the laminate with 
nanocarbon has shown higher hardness and greater tensile 
strength [11,13]. Increase in functionalized graphene with 
Nomex fibre in a polymer increases tribological properties 
[12]. The shift in wear rate, however, happened because of the 
shift in Nomex's layer. Carbon –Nomex composites in line 
with aluminum produce lower wear rate and increased 
strength value. This composite is therefore suitable for 
applications of light weight in sectors such as aerospace and 
related areas. Though products based on 
phenol-formaldehyde resins have been widely accepted in 
many applications, they have their own shortcomings in order 
to improve their performance; studies continue to be made 
concerning replacement of the phenolic as well as the 
aldehyde component of the risen. The present paper is based 
on preliminary work undertaken to develop a new resin based 
on Bisphenol-A furfural. Theoretical considerations indicated 
that such a resin should have highly desirable properties. 
Hence, studies are carried out to optimize the condition for 
resin formation. Preliminary evaluations of the product in 
molding the powders have indicate great potentialities for the 
resin, Because of its superior thermal, mechanical, and 
chemical properties. The probable industrial applications of 
this resin have been indicated. [6] This article reviews latest 
progress in grapheme enhancement and the manufacture of 
polymer nanocomposites based on graphene. Grapheme has 
recently drawn scholarly and industrial interest because at 
very small filler content it can yield a drastic improvement in 
characteristics. The functionalized grapheme / grapheme 
oxide in the manufacture of nanocomposites with various 
polymer are investigated. Many organic polymers are being 
extensively used in variety of techniques to manufacture 
grapheme-filled polymer nanocomposites. In the case of 
modified polymer nanocomposites based on Graphene, it is 
possible to achieve the percolation threshold at a very low 
filler load. Here, together with thorough examples from 
scientific literature, the structure, preparation and 
characteristics of polymer / grapheme nanocomposites are 
discussed in particular.[7] 

II. LAMINATE PREPARATION   

Fig. 1 shows the fabrication of laminates through Hand Layup 
process. The required number of Nomex and HS glass sheets 
(7 sheets each for one laminate) is cut into size of 
300mm×300mm. Now a glass of size 300mm×300mm is kept 
as a base and on top of which mould releasing agent is 
applied. The required amount of hardener is added to the 
prepared mixture of resin and graphene. The mixture thus 
obtained is then smeared in one direction using blades. 
Alternate layers of Nomex and HS Glass are stacked together 

after applying the resin- hardener-graphene mixture at the 
interface of two consecutive layers. To this stacked layers, a 
final layer of plastic sheet is placed followed by glass which is 
pre-applied with mould releasing agent. After stacking the 
laminates to a definite thickness, the laminate is applied with a 
constant pressure to vent out the air entrapped inside. It is then 
cured at room temperature for 48 hours [26]. Cured samples 
are taken out by breaking the outermost layers of glass.  

 
 Fig. 1. Laminate preparation through Hand Layup  

III. TENSILE TEST 

ASTM standard ASTMD3039/3039M-08 is used for Tensile 
Test of the hence prepared specimens. And the size for the 
same is shown below. Dimensions of the specimen for tensile 
test, has a gauge length of 50mm and thickness of 3mm as per 
the ASTM standard. 

IV. FLEXURAL TESTING 

ASTM standard ASTMD790 and standard test methods were 
used for the finding the bending strength of the samples 
prepared using 3 - point bending mechanism. The flexural test 
calculates the load required to bend the specimen. The test rig 
represents a simply supported beam with a point load acting 
on the mid span in a predefined rate until the delamination is 
formed at one end of the specimen in the center plane. The 
parameters for this test are the support span, the loading speed 
and the maximum test deflection. The flexural strength is 
given by (3Pl/(2bd2)) N/mm2 with thickness of the 3.2mm. 

V. HARDNESS TEST  

ASTM standard ASTM D0785: which is the standard testing 
method for (RHN) Rockwell Hardness of Polymers and 
Electrically Insulating Materials was used. Specimens were 
cut to the dimensions 25mm × 25mm × 6mm for the test.  
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VI. RESULTS AND DISCUSSIONS: 

A. Tensile Test 

On the specimen, tenisle test was performed, cut according to 
the above norms. Tensile load has been introduced to the 
composite in a gradually growing way and is progressively 
expanded to fracture of the specimen. The load, deflections of 
the samples were recorded throughout the experiment, control 
system and related software. Graph was plotted against 
various % of reinforcement and tensile strength, the same is 
shown in the figure below. 

 

Fig. 2. Tensile strength of Bisphenol based PMC 
subjected to 24hrs & 72hrs Cryogenic treatment and 

without Cryogenic treatment 
It could be observed that the tensile strength for laminate with 
1% of bisphenol is low. This increases with the increase in the 
% bisphenol and higher for the laminate with 2.5% bisphenol. 
Further, the cryogenic treated laminates exhibit Higher tensile 
strength when compared to the laminates which are not 
cryogenic treated. Among the cryogenic treated laminates, the 
laminates which were exposed to 24hrs of cryogenic 
treatment, exhibited lower tensile strength than the laminates 
exposed for 72hrs of cryogenic treatment. These variations 
occurs due to the fact that with the increase in the bisphenol 
content improves the tensile strength. But, in addition to that, 
prolonged exposure to cryogenic treatment makes the 
laminates harder and brittle.  

B. Flexural test 

The specimen was created in accordance with the ASTM 
standards for flexural testing. Flexural load was applied to the 
composite in a gradually growing way until it fails. The 
control system with the associated software keep track of the 
load and any changes in the specimen for the entire length of 
the test. Graph was plotted against various % of reinforcement 
and flexural strength, the same is shown in the figure below. 

 
Fig. 3. Flexural strength of Bisphenol based PMC 

subjected to 24hrs & 72hrs Cryogenic treatment and 
without Cryogenic treatment 

 
It could be observed that the flexural strength for the sample 
with 1% of bisphenol is higher and lower for the laminate of 
2.5% of bisphenol. Further, the cryogenic treated laminates 
exhibit lower flexural strength when compared to the 
laminates which are not cryogenic treated. Among the 
cryogenic treated laminates, the laminates which were 
exposed to 72hrs of cryogenic treatment, exhibited lower 
flexural strength than the laminates exposed for 24hrs of 
cryogenic treatment. These variations occur due to the 
increasing levels of bisphenol in the laminates, which leads to 
the decrease in flexural strength. But in addition to the 
prolonged exposure to cryogenic treatment makes the 
laminates even harder and brittle thus making the laminates 
less effective towards bending loads. Before being subjected 
to cryogenic treatment, laminates exhibited higher Flexural 
strength when compared to the Flexural strength of the 
laminates after the cryogenic treatment.  

C. Hardness Test  

This test method used is Rockwell hardness test, this is used 
principally to determine the indention hardness in polymers 
and associated electrical insulators. A ball indenter 1/16” of 

diameter is used and the results are measured taken from the 
B-scale at a constant load (100Kgf). 

 
Fig. 4. Hardness of Bisphenol based PMC subjected to 

24hrs & 72hrs Cryogenic treatment and without 
Cryogenic treatment 
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It could be observed that the hardness for the laminate of 1% 
of bisphenol is higher and lower for the laminate of 2.5% of 
bisphenol. Further, the cryogenic treated laminates exhibit 
higher hardness when compared to the laminates which are 
not cryogenic treated. Among the cryogenic treated laminates, 
the laminates which were exposed to 72hrs of cryogenic 
treatment, exhibited higher hardness values than the laminates 
exposed for 24hrs of cryogenic treatment. These variations 
occur due to the increasing levels of bisphenol in the 
laminates, which leads to the increase in hardness of the 
laminates. But, in addition to that, prolonged exposure to 
cryogenic treatment makes the laminates more brittle with no 
significant increase in hardness. Before being subjected to 
cryogenic treatment, laminates exhibited lower hardness 
when compared to the tensile strength of the laminates after 
cryogenic treatment. 
 

VII. CONCLUSION  

The hardness of the cryogenic treated bisphenol based PMCs 
has increased with the weight percentage of Bisphenol 
indicating the fact that the laminates can withstand more loads 
at subzero temperatures. The flexural strengths have 
considerably reduced after treating the PMC cryogenically as 
the laminates tend to become more brittle in nature when 
being subjected to subzero temperatures.  The Tensile 
strength for the treated specimens have nearly increased by 
10% this increase also depends on the duration of the 
treatment process. Between the cryogenically treated samples 
72hr treated samples have shown higher tensile strength but 
only by a small margin (1%) hence increasing the treatment 
process beyond 72 hrs may not show any substantial increase 
in the tensile strength. Cryogenic treatment made the PMC 
more brittle thus making the laminates more susceptible to 
fracture when subjected to flexural test. The advantage of 
using PMC at subzero temperatures is that the laminates will 
not be subjected to corrosion. 
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