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Abstract 

In the present era, polymer composites are widely used as various structural parts in marine 

field. In order to check the suitability of these materials in marine applications it is very much 

essential to know about the water/moisture absorption behaviour of these composites which is 

strongly correlated with the extent of degradation of properties of these materials when exposed 

to water. Considering this, the keystone of this present work is to explore the effect of moisture 

absorption on the mechanical and thermal properties of –COOH functionalised carbon 

nanotubes (CNTs) epoxy composites. Samples were immersed into sea and distilled water 

separately at room temperature up to a period of six months. All the samples seem to be 

degraded due to the long term effect of moisture that diminishes the interfacial properties of 

the composites.  Further, swelling, plasticization of the matrix phase, confirmed by the field 

emission scanning electron microscope (FESEM), induce several damages in the composite 

those end up in reducing the flexural modulus, strength, hardness and the glass transition 

temperature (Tg) of the composites. Results demonstrated that at 0.75 wt.% of CNTs loading, 

minimum deduction in properties has been observed while at relatively higher wt.%, i.e., in 

case of 1 wt.% of CNT concentration comparatively higher degradation is realised. Further, it 

was observed that compared to sea water exposed samples the distilled water exposed 

composites showed greater degradation which is due to the greater moisture absorption by the 

later. 
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Introduction

In spite of the plenty of research published on characterisation of epoxy

composites with functionalised carbon nanotubes (CNTs), very limited works

have been reported regarding the environmental conditioning of this

material. This may be because of the complexity of phenomena and

heterogeneous morphology of nanocomposites. As the nanocomposites

involving functionalised CNTs are showing improvement in terms of

mechanical and physical properties of polymers, it gains enough curiosity to

study the effect of moisture absorption on the overall properties of this

material for environmental applications. Aiming this, present literature tries

to focus on the pros and cons of CNT-functionalized epoxy nanocomposites

especially when unexposed and exposed to water environment.

Hence, the primary focus of the study is to determine the effect of moisture

absorption on the flexural modulus, flexural strength, hardness and glass

transition temperature (Tg) of –COOH functionalised CNT epoxy composites.

The secondary goal is to correlate the moisture absorption with the failure

mode of the composites demonstrating the severe effect of moisture on the

nanotube/matrix interfacial strength using field emission scanning electron

microscopy (FESEM).

Methodology Synthesis procedure 

Designation of the specimens:

Epoxy composites with 0 wt.% of functionalised MWNT: neat epoxy

Epoxy composites with 0.5 wt.% of functionalised MWNT: FC0.5

Epoxy composites with 0.75 wt.% of functionalised MWNT: FC0.75

Epoxy composites with 1 wt.% of functionalised MWNT: FC1

 Moisture absorption percentages were 1.18% and 1.22% respectively

for SEp and DEp specimens.

 All the nanocomposites exhibited greater moisture absorption than

Ep.

 The maximum moisture absorption was observed by FC1 specimen.

Weight gain of 1.4% and 1.51% for SFC1 and DFC1 respectively is

observed.

 FC0.75 demonstrated least moisture uptake compared to other

nanocomposites for both the cases.

 The DWE samples demonstrated greater moisture absorption

(weight gain) than the SWE specimens.

Figure. Moisture absorption behaviour of (a) seawater exposed (SWE) and (b) 

distilled water exposed (DWE) samples

Study of water/moisture absorption behaviour

Figure. Flexural modulus 

and strength of unexposed 

samples

Study of mechanical properties 

 FC0.5 and FC0.75 were showing 89% (8506 MPa) & 101% (9047 MPa)

modulus enhancement in comparison to neat epoxy with modulus

4501 MPa while relatively lower improvement i.e., 40% (6301 MPa)

increment in modulus was observed in FC1.

 The strength values were in the order like Ep < FC1 < FC0.5 < FC0.75

with 66, 84, 93, 148 MPa, respectively.

 SWE specimens showed a final decrement of

modulus of around 46%, 54%, 47% and 59%,

respectively for SEp, SFC0.5, SFC0.75 and SFC1.

 In DWE specimens a reduction of 53%, 61%, 55% and

62% had been recorded, respectively for DEp, DFC0.5,

DFC0.75 and DFC1.

 SWE specimens showed a final decrement in

strength of 53%, 56%, 55% and 59% respectively for

SEp, SFC0.5, SFC0.75 and SFC1.

 In case of DWE specimens a reduction of 56%, 60%,

58% and 64% had been recorded respectively for

DEp, DFC0.5, DFC0.75 and DFC1.

 Among the nanocomposites, FC1 specimen displayed

the highest % of reduction in modulus and strength

while, FC0.75 showed the least reduction in modulus

and strength values for both the SWE and DWE

samples.

Figure. Flexural modulus of (a) SWE and (b) 

DWE samples

Figure. Flexural strength of (a) SWE and 

(b) DWE samples

 The hardness value of Ep was found to be around 12 MPa. An

increment of 75%, 166% and 133% hardness values were observed,

respectively for FC0.5, FC0.75 and FC1 nanocomposites with respect to

Ep .

 Results demonstrated gradual declination of hardness values with

the exposure time. SWE samples showed a diminution of 5-12 MPa

hardness value while for DWE samples hardness was reduced by 6-14

MPa when compared to their unexposed counterparts.

Figure. Hardness of all

unexposed and exposed

samples

Results and Discussion

Study of Thermal properties

 Unexposed samples demonstrated gradual

increment of Tg values with the increase in wt.% of

CNT added to the epoxy polymer. Ep showed a Tg
value of 73˚C while FC0.5, FC0.75 and FC1

nanocomposite exhibited Tg value around 78 ˚C , 83

˚C and 85 ˚C, respectively.

 Tg values for SWE specimens got reduced by 4%, 6%,

5% and 7% respectively for Ep, FC0.5, FC0.75, FC1

samples compared to their unexposed one.

Similarly, for the DWE specimens the reduction in Tg
values were 5%, 10%, 8% and 13%, respectively for

Ep, FC0.5, FC0.75, FC1 samples.

Figure. Tg values of 

unexposed and  

exposed samples 

Microscopical investigation

Figure. Fracture surfaces of unexposed (a) FC0.5, (b) FC0.75, (c) FC1 Figure. Exposed specimens showing swelling of matrix and CNTs in (a) SFC0.5, (b) SFC0.75, (c) SFC1, (d) DFC0.5, 

Figure. Pull out of CNTs in (a) SFC0.5, (b) SFC0.75, (c) SFC1, (d) DFC0.5, (e) DFC0.75, (f) DFC1

Summary: In case of unexposed samples, all the nanocomposites showed increased flexural modulus, strength, hardness and Tg values than the neat epoxy samples. Among the nanocomposites, FC0.75 showed 

the maximum properties while, FC1 displayed the lowest enhancement in properties except hardness and the Tg value than neat epoxy.

Moisture absorption by the composites caused degradation of all the properties. A minimum reduction in properties was observed in case FC0.75 sample while maximum reduction was noticed in FC1 sample.

Microscopic investigation revealed that moisture absorption by the composites caused swelling of the matrix, plasticization of the composites, and damage of the interfacial region that are the primary reasons 

for the degradation of composites and hence lowering the properties.

(e) DFC0.75, (f) DFC1




