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Abstract— The long-term seawater durability of glass/carbon 

polymer composites that are used in marine structures are 

compared in a preliminary study. The composites are 

virtually identical in terms of fabrication processing, 

dimensions, thickness and fibre volume fraction, and this 

allowed the effects of fibre type (ie. glass /carbon polymer) 

durability to be determined. When immersed in seawater at a 

temperature of 30oC, Weight change measurements show 

that the amount of moisture absorbed by glass/carbon 

polymer composite. In this work, the durability 

characteristics of epoxy Carbon/Glass fibre reinforced 

laminates with Nanoclay fillers was examined. In this work, 

a series of test laminates was fabricated using hand lay-up 

process with symmetrical stacking sequence of (90/0/90)2S. 

The resin was modified with different Weight % (0.5% – 3%) 

of nanoclay fillers. The nanoparticles were dispersed into the 

matrix material by mechanical stirring with 3000 rpm 

followed by ultrasonication with 50 kHz for better dispersion 

of nanoparticles. The tensile strength properties were 

evaluated from servo-controlled hydraulic universal testing 

machine (ASTM D3039/ 3039M) with alkaline solution and 

seas water environments. In addition, the fractured surfaces 

were examined with scanning electron microscopy (SEM) to 

identify the mode of failures. SEM results shows that matrix 

cracking, fibre breakage, debonding and fibre pull out are the 

major failure when the laminates subjected to in-plane and 

out-of-plane loading conditions.  
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I. INTRODUCTION 

Glass reinforced polyester composites are used often in 

marine craft and are used occasionally in offshore oil drilling 

platforms because of their low cost, light-weight, high 

strength and excellent corrosion resistance. A wide variety of 

marine craft are made of glass/polyester composites, 

including kayaks, canoes, fishing trawlers, patrol boats and 

naval minehunting ships. Glass/polyester is also used in the 

superstructure, masts and radomes of some large steel ships 

and in the non-pressure hull casing, sonar domes and masts 

of submarines.The applications of glass/polyester composites 

on offshore drilling platforms include deckgrates, low-

pressure pipes and tanks [3]. Glass reinforced vinyl ester 

composites are al soused in marine craft and offshore 

platforms, although usually in high-performance structures 

such as racing yachts and power-boats [1]. Other types of 

polymers that are used in glass reinforced composites for 

marine structures include epoxy and phenolic resins. 

However, over 90% of all marine composite structures are 

made with glass/polyester and glass/vinylester materials.A 

drawback with using glass/polyester and glass/vinyl ester 

composites in large marine  structures is their low Young’s 

modulus. The bending modulus of these composites is 

typically below 40 MPa because of the low stiffness of glass 

fibres. The low modulus makes it difficult to build ultra-light 

racing yachts from thin glass composites and it is extremely  

challenging to construct glass composite ships longer than 

about 70 meters with adequate hull  girder stiffness. Another 

problem is that seawater is absorbed by glass reinforced 

composites, which degrades the resin matrix, glass-to-resin 

interface, and attacks the glass fibres. This damage can cause 

reductions to the mechanical and impact properties of glass 

reinforced composites when immersed in seawater for a long 

time [4-7]. For reasons such as these, many light-weight 

racing yachts are built using both glass/carbon reinforced 

composites which have much higher stiffness than 

glass/polyester and glass/vinyl laminates. Large ship builders 

are currently assessing the feasibility of building mid-sized 

naval vessels with glass/ carbon reinforced composites, and 

the Royal Swedish Navy recently launched the first all- 

glass/carbon composite corvette that is 72 meters long. 

glass/Carbon composites are also being considered for use in 

mooring tendons, drill risers and tubes on offshore drilling 

platforms .One concern with the use of glass/carbon 

reinforced composites in marine structures is their long term 

durability in seawater. Composite marine structures can be 

immersed continuously in seawater for several years, and it is 

common for some composite ships to be in seawater for over 

20 years. While a considerable amount of information is 

available on the seawater durability of glass/polyester and 

glass/vinyl ester composites because of their use in marine 

structures over many years, much less is known about the 

long-term durability of glass/carbon reinforced composites in 

seawater. 

II. LITERATURE REVIEW 

A. Thiagarajanet discussed about the paper presents the 

influence of nanoclay particles on epoxy/hybrid glass fibre, 

in combination with woven roving and chopped strand mat 

reinforced composites. Hand lay-up technique was carried 

out. X-ray diffraction (XRD) was used to characterize the 

structure of the dispersed nanoclay particles into matrix 

material. It was observed that the tensile strength, flexural 

strength and interlinear shear strength significantly increased, 

when nanoclay particles were added.  In addition, it was also 

found that small amount of nanoclay (1%) enhances the 

tensile strength by 14.8%, flexural strength by 9% and shear 

strength by 25%. Fracture surface of nanocomposites 

specimens were analyzed using the scanning electron 

microscopy (SEM).The improvement in mechanical 

properties of glass fiber/epoxy composite is attributed to the 

presence of nanoclay which acts as an interface material 

between fibre and matrix. 
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Subana P.Set presented a paper deals with 

polybutadiene rubber is added to it to improve the toughness 

of this plastic which is commercially known as high impact 

polystyrene. The combined effect of nanoclay and elastomer 

is compared with the composite obtained by adding nanoclay 

to physical blend of polystyrene and polybutadiene rubber by 

melt mixing. By modifying with nanoclay, the maximum 

improvement is obtained at 1% vinyl clay content. The tensile 

modulus flexural modulus and impact strength of directly 

blended composite are found to be lower than that of the 

composite based on the commercial HIPS. Also the rubber 

particle size in this technique is likely tkmno be smaller 

which affects the izod impact strength. 

III. MATERIAL USED 

The material used to make an hybrid polymer matrix 

composites are 

 Glass fibre 

 Carbon fibre 

 Epoxy resin 

 Titanium di oxide 

A. Glass fibre 

Over 95% of the fibers used in reinforced plastics are glass 

fibers, as they are inexpensive, easy to manufacture and 

possess high strength and stiffness with respect to the plastics 

with which they are reinforced. Their low density, resistance 

to chemicals, insulation capacity are other bonus 

characteristics, although the one major disadvantage in glass 

is that it is prone to break when subjected to high tensile stress 

for a longtime. 

 
Fig. : Glass Fiber 

B. Carbon fibre 

Carbon fibre is produced by the controlled oxidation, 

carbonisation and graphitisation of carbon-rich organic 

precursors which are already in fibre form. The most common 

precursor is polyacrylonitrile (PAN), because it gives the best 

carbon fibre properties, but fibres can also be made from pitch 

or cellulose. Variation of the graphitisation process produces 

either high strength fibres (at ~2,600°C) or high modulus 

fibres (at ~3,000°C) with other types in between. Once 

formed, the carbon fibre has a surface treatment applied to 

improve matrix bonding and chemical sizing which serves to 

protect it during handling. 

 
Fig. : Carbon Fibre 

C. Epoxy resin 

Epoxy resin polyepoxides are a class of reactive pre 

polymers and polymers which contain epoxide groups. 

Epoxy resins may be reacted (cross-linked) either with 

themselves through catalytic homo polymerisation, or with a 

wide range of co-reactants including poly functional amines, 

acids (and acid anhydrides), phenols, alcohols, and thiols. 

These co-reactants are often referred to as hardeners or 

curatives, and the cross-linking reaction is commonly 

referred to as curing. Reaction of polyepoxides with 

themselves or with polyfunctional hardeners forms 

a thermosetting polymer, often with strong mechanical 

properties as well as high temperature and chemical 

resistance. Epoxy has a wide range of industrial applications, 

including metal coatings, use in electronic and electrical 

components, high tension electrical insulators, fibre-

reinforced plastic materials, and 

structural adhesives commonly used in boat building. Epoxy 

resin is employed in some root canal procedures. 

 
Fig. : Epoxy Resin 

D. Titanium di-oxide 

Titanium dioxide, also known as titanium(IV) oxide or 

titania, is the naturally occurring oxide of titanium, chemical 

formula TiO2. When used as a pigment, it is called titanium 

white, Pigment White 6 (PW6), or CI 77891. Generally it is 

sourced from ilmenite, rutile and anatase. It has a wide range 

of applications, from paint to sunscreen to food colouring. 

When used as a food colouring, it has E number E171. 

IV. SPECIMEN PREPARATION 

Totally ten different types of specimens where prepared by 

hand lay-up method using unidirectional carbon fibre and 

glass fibre with nano particles(nano clay & titanium oxide). 

http://en.wikipedia.org/wiki/Prepolymer
http://en.wikipedia.org/wiki/Prepolymer
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Cross-linked
http://en.wikipedia.org/wiki/Thermosetting_polymer
http://en.wikipedia.org/wiki/Fibre-reinforced_plastic
http://en.wikipedia.org/wiki/Fibre-reinforced_plastic
http://en.wikipedia.org/wiki/Adhesive
http://en.wikipedia.org/wiki/Boat_building
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Specimens differ by the percentage of nano particle added in 

the matrix material. 

A. Sonication 

Sonication is a process in which sound waves are used to 

agitate particles in solution. Such disruptions can be used to 

mix solutions, speed the dissolution of a solid into a liquid 

(like sugar into water), and remove dissolved gas from 

liquids. Sonication has numerous effects, both chemical and 

physical. The chemical effects of ultrasound are concerned 

with understanding the effect of sonic waves on chemical 

systems, this is called son chemistry. The chemical effects of 

ultrasound do not come from a direct interaction with 

molecular species. Studies have shown that no direct coupling 

of the acoustic field with chemical species on a molecular 

level can account for sono chemistry or sonolumine scence. 

Instead, sonochemistry arises from acoustic cavitation: the 

formation, growth, and implosive collapse of bubbles in a 

liquid. 

LAYER 

NO 

TYPE OF 

REINFORCEMENT 
ORIENTATION 

1 Glass Fibre 90o 

2 Glass Fibre 0o 

3 Carbon Fibre 90o 

4 Carbon Fibre 90o 

5 Glass Fibre 0o 

V. ULTIMATE TENSILE STRENGTH 

Tensile tests was conducted using a servo-controlled 

hydraulic universal testing machine with frame capacity of 

250 kN and load cell capacity of 100 kN with electronic 

extensometer. Test was conducted consistent with ASTM 

D3039/ 3039M and test sample dimensions taken for the 

experimental testing shown in Fig. 2. Test was repeated thrice 

and the average of all the values was taken for calculating the 

tensile strength of composites (Table I).  Addition of 

nanoparticles with different wt % lead to improved tensile 

properties of the Carbon /Glass fibre laminates. 

 
Fig. : Tensile test specimen 

 
Fig. : Before breaking 

 
Fig. : After breaking 

 

VI. SEA WATER DURABILITY AND MECHANICAL PROPERTY 

TESTS 

Glass and carbon reinforced composite panels (measuring 

140 mm ) were immersed in a bath of seawater with a salinity 

content of about 2.9%. The bath temperature was controlled 

at 30±0.5oC. The panels were withdrawn from the bath at 

regular intervals to measure the weight change to within an 

accuracy of 100 mg. The   change measurements are used to 

determine the rate of moisture uptake. Composite panels were 

also withdrawn at different periods to determine changes to 

the flexural properties and mode inter laminar fracture 

toughness. Immediately after being withdrawn from the bath, 

the flexural modulus and strength was determined in quarter-

point loading according to ASTMD790M specifications. 

 
Fig. : sea water solution 
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Tensile strength tests were performed in close accordance to 

ASTM D5528 to determine the mode inter laminar fracture 

toughness. Both the mode I strain energy release rate for 

crack initiation and crack propagation were measured in the 

tensile strength tests. Tensile tests were only performed on 

the glass/ carbon reinforced polyester composite. 

VII. SPECIMEN IMMERSION 96 HRS 

 

VIII. SPECIMEN IMMERSION 240 HRS 

 

IX. ALKALINE SOLUTION TEST 

The alkaline solution employed consisted of deionized 

water,KOH, NaOH, and Ca(OH)2 in the mass ratio1 : 0.014 : 

0.01 : 0.0016, and its pH value was around 13. The aging of 

the samples was analysed after time intervals of 0,15, 30, 45, 

and days. After each predetermined period, four GCFRP 

laminates were removed from thealkalinesolutions. Then five 

specimens, 250mm long,24mm  wide,a nd 2mm thick, were 

cut from each GCFRP laminate following the pattern shown 

in However ,taking edge effects into consideration, only three 

centra specimens were used for testing the tensile properties 

of the aged GCFRP composites. The tensile tests were 

conducted 

Analysis of test data is done at several level .First, 

the technician observes the test in progress, and may see that 

a grip is slipping or that the specimen fractures outside the 

gage section .These observations may be sufficient to 

determine that a test is invalid. Immediately after the test, a 

first-level analysis is performed according to the calculation 

requirements of the test procedure ASTM test specification 

typically show the necessary equations with an explanation 

and perhaps an example 

 
Fig. : Alkaline solution 

X. SPECIMEN IMMERSION 96 HRS 

 

XI. SPECIMEN IMMERSION 240 HRS 
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XII. CONCLUSION 

This study was to demonstrate that mechanical property 

improvements could be obtained in an epoxy Glass/ carbon 

fibre (EP-GCLF) composite laminate reinforced with surface 

organomodified nanoclays and nanoparticles under 

monotonic tensile strength. The results shows modified resin 

has greater strength, stiffness and ductility than the pristine 

EP-CGFP composite.  Microscopy analyses of the fracture 

and other surfaces of the test specimens show that the 

nanoclays are widely dispersed in the epoxy matrix and epoxy 

- glass fibre fabrics. Hence, it can be concluded that the 

nanoclays apparently toughened the epoxy matrix and 

strengthened the fibre - matrix interfaces in the composite to 

achieve these mechanical property improvements. 

Nano-composites is attributed to highly cross-linked 

structure caused by adding nanoparticles into epoxies. This 

behavior improves the tensile and flexural strength of 

laminates up to 2 wt. % (1 % TiO2 + 1 % nanoclay). After 

that, addition of nanoparticles into epoxy decreases its 

flexural strength. This behavior is due to low or missing 

interfacial adhesion strength. At 3 wt % nanoparticles 

inclusion debonding and cavitation appears.  The stiffness of 

laminates increase with increase of filler addition up to 2.5 

wt%, it's because of nanoparticles restrictions to the chains, 

decreasing in chains length and increasing in complicating 

the crosslink between polymer chains. The increase of filler 

to epoxy resin causes to decrease the tensile strength of 

laminates 
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