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ABSTRACT 
 
 High performance structural polymer laminates for various mechanical applications must exhibit properties like high stiffness, high 
glass transition temperature, low internal stress and good adhesion.   For the laminate matrix, blended epoxy / cyanate ester is a promising 
material with a reinforcement of Unidirectional E Glass fibres. In this paper, the relation between the various structural properties made 
with 410 and 1200 GSM UD fibre/Cyanate modified epoxy resin and properties like, Tensile, Flexural, Compressive, ILSS and Impact 
strength along with Tensile and Flexural modulus, is experimentally investigated and compared. The essence of exhibiting superior 
properties of the investigated polymer composite laminates essentially depends on the trimerization of the cyanate group to form a high 
cross linking density, which in combination with rigid aromatic rings, provides excellent properties .The aerial density of the fibres in 
the laminate has been found to substantially play a role in deciding various properties due to their higher load carrying and adhesion 
capacity in the matrix. 
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INTRODUCTION 
 
 The laminate composites were initially fabricated 
from modified Epoxy resin loaded with 0%, 5%, 10% 
and 15% of Cyanate ester for Matrix and E–Glass 
unidirectional fibre of 410 GSM with four plies kept 
at the same symmetrical cross ply orientation of 
(0/90)2 reinforcement. Later after finding the 
optimized laminate from the above constraints, four 
more laminates of the same stacking configurations of 
(0/90)2 were made by open hand lay method using 
1200 GSM unidirectional fibre. All precautions as per 
the ASTM guidelines were observed while fabricating 
the laminates. Different types of loading were 
subjected on the specimen to find out the tensile, 
flexural, compression and bonding strength of the 
fibres respectively. The Charpy impact test, also 
known as the Charpy V-notch test, was done in 

another apparatus consisting of a pendulum of known 
mass and length that is dropped from a known height 
to impact a notched specimen of material. 
 
Fabrication of Composite Laminates and Testing: 
 
 A steel mould plate coated with silicone release 
agent and then a layer of resin was applied by a brush. 
The first layer of fiber (300X300 mm2) was placed on 
the resin and consolidated using roller. The process 
was repeated to construct four sets of 4 cross plied 
laminate with 0%, 5%, 10% and 15% of cyanate 
loadings. Laminates were cured at room temperature 
and were then demoulded after 10hours. Using ASTM 
standards and by water jet cutting, specimens were 
prepared.  UTM of associated scientific Engineering 
Works, New Delhi, India, with a maximum testing 
load rate of 5 ton with a digital encoder with built up 
software of FIE make was used for performing the 
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tests. The test specimens were positioned suitably in 
various grips of testing machine. The Charpy impact 
test, also known as the Charpy V-notch test, was done 

in another apparatus consisting of a pendulum of 
known mass and length that is dropped from a known 
height to impact a notched specimen of material. 

 

 
 

Fig. 01: Few Cured Samples. 
 

 
 

Fig. 02: Few tested Samples. 
 

 
 

Fig. 03: Few testing set ups 
 
 After fabricating the second set of four more 
laminates using 1200 GSM unidirectional, with 
stacking orientation (0/90)2as stated above, the 
specimens were subjected again to the same 
mechanical tests. 
 

RESULTS AND DISCUSSION 
 
 Prediction of strength of composite is always a 
difficult task since it depends on factors like properties 
of its constituent elements, effective stress transfer 
between the reinforcement and matrix (8-10). 
Generally, the matrix is a tough but relatively weak 
plastic that is reinforced by stronger, stiffer 
reinforcing filament or fibre. The extent that strength 
and elasticity are enhanced in a fibre reinforced plastic 
depends on the mechanical properties of fibre, their 
volume relative to one another, the fibre length and 
orientation within the matrix. When it comes to 
laminate, the stacking sequence and various possible 
architectures while building them do play a significant 
role in the final properties of the laminate. As per the 
micromechanical mechanisms predicting the strength, 
the difficulty arises since the strength of the composite 
is also determined by the fracture behaviour which are 
in turn associated with the extreme values of 
parameters such as interfacial adhesion, stress 
concentration, defect size and their spatial 
distribution. Evidently, these points shifts the focus on 
the simple features that could well be functionalised, 

like stacking configurations, ply orientations, position 
of the laminate mid plane, its symmetry with respect 
to the boundaries of the laminate, fibre and its volume 
fraction in the laminate, and also  from the different 
thermoset-thermoset resin blending which again could 
be functionalized. When it comes to the ultimate 
strength of the laminates, it also depends on weakest 
fracture path throughout the material. 
 
4. Results: 
 The experimental values of tensile strength, 
tensile modulus, flexural strength, flexural modulus, 
compressive strength, Interlaminar shear strength and 
Impact strength of laminates with  410 GSM 
unidirectional4 plied laminate against different 
cyanate loadings., viz. 0%, 5%, 10% and 15% have 
been shown in the table no.- 01. Hereafter this testing 
results could be identified as Type 1 test. The 
experimental values of tensile strength, tensile 
modulus, flexural strength, flexural modulus, 
compressive strength, Interlaminar shear strength, and 
Impact strength of laminates with  1200 GSM 
unidirectional/ 4 plied laminate against different 
cyanate loadings, viz., 0%, 5%, 10% and 15%  of 
cyanate loading have been shown in the table no.- 02. 
 Hereafter this testing and results could be 
identified as Type 2 test. 
1. A plot of the tensile  and flexural strength of the 
composite specimens with 410 and1200 GSM having 
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4 plies with 0%, 5%, 10% and 15% cyanate loading  
have  been plotted and shown in Figure 04 and 05. 
  From the results it is seen that the tensile strength 
value of the epoxy composite is 120MPa and for the 
cyanate modified epoxy composite the values are 
167MPa, 233MPa and 273MPa are respectively for 
0%, 5%, 10% and 15% cyanate loading. The tensile 
strength values are found to increase by 39%, 94%, 
and 128% increase when compared to that of EP resin. 
From the results as shown in fig (05) it is also seen 
that the tensile strength value of the composite 
specimens with 1200 GSM having 4 plies with 0%, 
5%, 10% and 15% cyanate loading  are 154MPa, 
214MPa, 350MPa and 381MPa. The tensile strength 

values are found to increase by 38.96%, 127.27%, and 
147.40% when compared to that of EP resin. The 
better tensile strength of the cyanate modified epoxy 
is due to the rigid aromatic structure and rigid triazine 
ring formed as a result of trimerization reaction. The 
role of higher 1200 GSM fibre to transfer the load 
effectively to the resin matrix is also proven by the 
relatively higher strengths exhibited by the 1200 GSM 
based laminates 
2. A comparative plot of the tensile and flexural 
strength of 4plied plied laminate using 410 and 1200 
GSM with 0%, 5%, 10% and 15% cyanate loading 
have been plotted and shown in Figure (06) and 04. 

 
Table 01: cyanate loading Vs Properties (410 GSM). 

 

Table 02: cyanate loading Vs Properties (1200 GSM). 

 

 
 
Fig. 04: Cyanate loading Vs Tensile and Flexural strength of 410GSM based Laminate1200GSM based     
        Laminate. 
 
 From the results it is seen that the flexural 
strength value of the epoxy composite of 410 GSM is 
200MPa and for the cyanate modified epoxy 
composite the values are 239MPa, 334MPa and 
380MPa respectively for 0%, 5%, 10% and 15% 
cyanate loading. The flexural strength values are 
found to increase by 19.5%, 67%, and 90% when 
compared to that of EP resin. Also it is seen that the 
flexural strength value of the epoxy composite of 1200 
GSM is 349MPa and for the cyanate modified epoxy 
composite the values are 418MPa, 584MPa and 
664MPa respectively for 0%, 5%, 10% and 15% 
cyanate loading. Similarly the flexural strength values 
are found to increase by 19.77%, 67.33% and 90.26% 

when compared to that of EP resin. The better flexural 
strength of the cyanate modified epoxy are due to the 
formation of a network structure between the cyanate 
ester and the epoxy matrix. The formation of aliphatic 
oxazoline exhibits more thermoplastic character, 
which imparts resistance to the bending stress (Wu et., 
2000; Barton et al., 1999). A marginal increase in 
flexural strength values have been found in both 410 
and 1200 based laminates under 0%, 5%, 10% and 
15% cyanate loading.  
3. The comparative plots of the tensile and the flexural 
moduli of Type 1 tested specimens and Type 2 tested 
specimens are plotted in fig (08). 

 

SL.No CODE NAME
TENSILE 

STRENGTH 
Mpa

Tensile 
modulus 

Gpa

Flextural 
Strength 

Mpa

Flextural 
Modulus 

Gpa

Compressive 
Strength    

Mpa

Interlaminar 
Shear 

Strength 
Mpa

Impact 
Strength 

Joules

1 EP 120 1.4 200 4.2 82 9 2.2

2 5EPCY 167 2.1 239 4.9 97 11 2.8

3 10EPCY 233 3.1 334 6.8 138 15 5

4 15EPCY 273 3.6 380 8.5 179 22 8

EFFECTS OF CYANATE LOADING ON MECHANICAL PROPERTIES OF CYANATE MODIFIED  
EPOXY/EGLASS UNIDIRECTIONAL FIBER COMPOSITE LAMINATE (410 GSM)

SL. NO CODE NAME 
Tensile 
stength 

MPa

Tensile 
modulus 

GPa

Flextural 
Strength 

MPa

Flextural 
Modulus 

GPa

Compressive 
Strength     

MPa

Interlaminar 
Shear 

Strength 
MPa

Impact 
Strength 

Joules

1 EPCY 154 1.84 349 6.9 98 10 6

2 5EPCY 214 2.77 418 8.12 116 13 5

3 10EPCY 350 4.09 584 11.2 165 26 8

4 15EPCY 381 4.75 664 14.09 214 30 10

EFFECTS OF  CYANATE LOADING ON MECHANICAL PROPERTIES OF CYANATE MODIFIED  
EPOXY/EGLASS UNIDIRECTIONAL FIBER COMPOSITE LAMINATE (1200 GSM )
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Fig. 05: Cyanate loading Vs Tensile and Flexural strength of 410GSM based Laminate1200GSM based 
Laminate. 

 
 

Fig. 06: Cyanate loading Vs Tensile strength of 410 & 1200 GSM based Laminates. 
 

 
 

Fig. 07: Cyanate loading Vs Flexural strength of 410 & 1200 GSM based Laminates. 
 

 
 

Fig. 08: Cyanate loading Vs  Tensile and Flexural Moduli of 410 & 1200 GSM based Laminates GSM based 
Laminates. 
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Fig. 9: Cyanate loading Vs  compressive strength of 410 & 1200 GSM based Laminates GSM based Laminates. 
 
 The tensile modulus of type 1 specimens are 
1.4GPa, 12.1GPa, 3.1GPa and 3.6GPa and for type 2 
specimens, the values are 1.84GPa, 2.77GPa, 4.09GPa 
and 4.75GPa respectively. And in case of the flexural 
modulus of type 1 specimens it has been found to have 
values of 4.2GPa, 4.9GPa, 6.8GPa and 8.5GPa and  
for type 2 specimens the values are 6.9GPa, 8.12GPa, 
11.2GPa and 14.09GPa respectively. A gradual 
increase in both tensile and flexural  modulus values 
have been found in the  4 plied laminates under 0%, 
5%, 10% and 15% cyanate loading.  

4. The comparative plots of the Compressive, Inter 
laminar shear and the impact strength of Type1 tested 
specimens and Type 2 tested specimens are plotted in 
fig. (09), fig. (10) and fig. (11) respectively. The 
Compressive strength of type 1 specimens are 82MPa, 
97MPa, 138MPa and 173MPa and for type 2 
specimens, the values are 98MPa, 116MPa, 165MPa 
and 214MPa respectively and in case of the Inter 
laminar shear strength of type 1 specimens it has been 
found to have values of 9 MPa, 11MPa, 15 MPa and 
22MPa   and for type 2 specimens, the values are 
10MPa, 13MPa, 26MPa and 30MPa respectively.

 

 
 

Fig. 10: Cyanate loading Vs  ILSS of 410 & 1200 GSMbased Laminates. 
 

 
 

Fig. 11: Cyanate loading Vs  Impact strength of 410 & 1200 GSMbased Laminates. 
 
 When it comes to the Impact strength of the 
specimens under category 1, has found to have 2.2J, 
2.8 J, 5J and 8 J and for type 2 specimens, the values 
are 6J, 5kJ, 8J and 10J respectively. As expected a 
comparatively better trend in compressive strength, 

ILSS and impact strength is observed after increased 
cyanate loadings with a relatively higher results in the 
1200GSM laminates than against 410GSM based 
laminates. Ability to withstand higher compressive 
loads is due to better stiffness provided by matrix after 
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the blending and also due to higher load carrying 
capacity as influenced by the fibres geometry. Better 
adhesion is felicitated because of a larger area of 
contact offered by the higher aerial density fibres as it 
has shown up a good increase in ILSS of both type 1 
and type 2 testing. 
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