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ABSTRACT 
 
 

In this research project, a nanocomposite coating was developed using multiwall carbon 

nanotubes (MWCNT) associated with epoxy primer in order to increase coating resistance 

against ultra-violet radiation and corrosion. The effectiveness of this nanocomposite coating was 

evaluated by exposing it to ultra-violet light for different time period. To determine 

hydrophilic/hydrophobic characteristics of the different UV exposed coated surface, the water 

contact angle was measured on the surfaces. The UV degraded samples were also exposed to the 

salt fog corrosion chamber for 80 days. 

The coating performance tests were carried out using digital images, optical microscope, 

atomic force microscope (AFM) and thickness measurement. It was found that the addition of 

multiwall carbon nanotubes into the coating materials drastically increased the coating resistance 

against ultra-violet radiation and corrosion. Overall, this coating can be an option to solve the 

problem of the UV degradation and corrosion of metals and composites. 
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Ultraviolet Ray 

 

1.1.1 Definition 

 

Ultraviolet (UV) light is electromagnetic radiation with wavelength ranging from 10nm 

to 400nm and energies from 3eV to 124eV which is shorter than that of visible light, but longer 

than x-rays. The reason behind the naming UV is the frequency of its spectrum which consists of 

electromagnetic waves with frequencies higher than those that human eye identifies as the color 

violet. [1] Figure 1 sows the electromagnetic spectrum of solar energy [2]. 

 

 

 

Figure 1: Electromagnetic spectrum of solar energy [2] 
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According to ISO solar irradiance standard (ISO 21348 Process for determining solar 

irradiances compliance), the electromagnetic spectrum of UV can be subdivided into the 

following main groups: [1] 

1. Ultraviolet A (UVA): 99 percent of the total ultra-violet light that can reach the 

surface of the earth is Ultraviolet A which is the radiations with wavelengths 

between 320nm and 400nm. UVA radiations are responsible for some 

photosensitivity reactions and it can increase the harmful effects of ultraviolet B 

radiations. 

2. Ultraviolet B (UVB): Ultraviolet B is the radiations with wavelengths between 

290nm and 320nm. 1 percent of the total ultra-violet radiations that can reach the 

surface of the earth are UVB. It causes a number of damaging photochemical 

reactions. 

3. Ultraviolet C (UVC): Radiations with wavelengths between 200 and 290 nm are 

ultra-violet C. UVC is filtered out by the ozone layer and mostly cannot reach the 

surface of the earth. 

 

1.1.2 Ultra-violet Degradation 

 

When natural or synthetic macromolecules are exposed for extended periods of time to 

outdoor conditions, a wide variety of chemical reactions and physical processes take place. 

These chemical reactions and physical processes are called ‘weathering’ [3]. Degradation of the 

polymer coating has been investigated for many years. Ultra-violet (UV) radiation, H2O and O2 

are three critical factors for coating degradation under weathering exposure [4]. The most 
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important degradative mechanisms are associated with the absorption of ultra-violet (UV) light 

with energies between 300kJ/mol and 450kJ/mol for the great majority of synthetic 

macromolecules [3, 5]. Ultraviolet ray degradation can take place when the amount of energy 

absorbed by the polymer exceeds the bond energy of the polymer [5]. 

 

1.1.3 Ultraviolet Degradation Mechanism 

 

Ultraviolet ray degradation or UV degradation of polymeric materials is usually caused 

by a complex series of chemical reactions caused by the absorption of ultra-violet light. The 

ultimate result of UV degradation is the deterioration of the physical properties of the polymer. 

Ultraviolet ray degradation is a common problem in polymeric coatings exposed to sunlight. 

Intermittent exposure of ultra-violet light is less serious problem than continuous exposure. The 

protection of polymeric coating against the effect of ultra-violet radiation is very important to 

protect coated materials as well as to reduce corrosion initiated costs. [3] 

With respect to the changes under the influence of ultra-violet radiation exposure, 

synthetic polymers can be divided into two groups although the chemical reactions differ broadly 

from one polymer to another. In the first category, the polymers tend to discolor rapidly under 

ultraviolet ray exposure, but retain their physical properties for extended periods of irradiation. 

Polyvinyl chloride and polyacrylonitrile are examples of this category. [6] The scission of the 

backbone of polymers does not happen in this category of polymers, but main consequence of 

radiation is change in the chemical structure of the polymer inducing chromophoric groups. The 

second category of polymers, polyethylene, polypropylene and polystyrene for example, tend to 
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be embrittling under the action of ultra-violet radiation. This effect can be the consequences of 

scission of the main chain and photo induced crystallization [3, 7]. 

To establish the characteristics of the radiations to which polymers will be exposed is 

very important. The sun has an approximate Boltzmann distribution of energy with a peak 

maximum at a wavelength of around 5000 Å (Angstrom; 1 Å = 10-10meter) or 500 nm.  Since the 

ozone layer of the upper atmosphere absorbs the shorter wavelengths, they cannot reach at the 

surface of the earth. So, only the lights having the wavelengths more than 3000 Å or 300 nm are 

available at the earth’s surface. The distribution of energy from the sun in terms of the intensity 

at the earth’s surface as a function of wavelengths or energy per Einstein is shown in the Figure 2 

[3]. 

 

 

 

Figure 2: Distribution of solar energy [3]. 
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Both scales are shown together with the bond strengths of several covalent bonds. We are 

interested in the proportion of the total radiation of the sun which is sufficiently energetic to 

break a chemical bond, because the major reaction in the degradation of physical properties is 

usually the breaking of chemical bonds in the backbone of the polymers. Figure 2 clearly shows 

that, very little portion of the total radiation is sufficiently energetic to break strong bonds such 

as the carbon—carbon bond and no radiation is available to break bonds having energies more 

than 100 kcal/mole, for example C=O or C=C. [1] However, it is obvious that, a large portion of 

the sun's radiation is sufficiently energetic to break weak bonds such as the O—O bond in a 

peroxide or an N—N bond. Usually, the chemical bonds involved in the formation of the 

backbone of the most stable polymers have strengths comparable to those of the carbon—carbon 

bond. Thus, radiations having wavelength longer than 4000 Å (400 nm) are ineffective in the 

bond-breaking processes. Again, the radiations with wavelengths shorter than 300 nm are filtered 

out by the earth’s atmosphere. Therefore, for practical purpose, we are concerned mainly about 

the radiations with the wavelengths range of 300 nm to 400 nm. [3] The total photochemistry of 

ultra-violet ray degradation of polymeric coatings is notoriously complex.  

 

 
1.2 Corrosion 

 

1.2.1 Definition and Importance 

 

A destructive attack of metal by chemical and electrochemical reaction with its 

surroundings is called Corrosion. Corrosion generally takes place during the oxidation of the 

metals. Most of the time, corrosion is unwanted and has a serious impact on economy, 
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environment and health. According to a recent study, losses due to corrosion sustained by 

industries and government are approximately $276 billion in the United States, which is 3.1% of 

the Gross Domestic Product (GDP) [8]. The cost of corrosion is approximately 3-4% of the 

Gross National Product in Australia, United Kingdom, Japan and some other developed countries 

[9]. 

 

1.2.2 Types of Corrosion 

 

Uniform corrosion, pitting corrosion, crevice corrosion, concentration cell corrosion, 

microbiologically influenced corrosion, intergranular corrosion, atmospheric corrosion, fretting 

corrosion, dealloying, galvanic or bimetallic corrosion, stress corrosion, filiform, hydrogen 

embrittlement, etc. are some common types of corrosion [10]. 

 

1.2.3 Corrosion of Aluminum 

 

Aluminum is a low weight metal having high tensile strength, good electrical and thermal 

conductivity, and good corrosion resistance. Aluminum tends to pit in Cl- containing water, 

especially at crevices or at stagnant areas. Oxygen dissolved in water improves the corrosion 

resistance of aluminum but the presence of dissolved oxygen is not necessary to achieve 

passivity. Aluminum corrosion behavior is sensitive to small amount of impurities except 

magnesium. Traces of Fe3+ or Cu2+ in water react with aluminum and result deposition of iron or 

copper at local sites. Finally, this iron or copper initiate pitting and stimulate pit growth. High 
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purity aluminum is more corrosion resistant than commercial aluminum. Pure aluminum is soft 

and weak; it is alloyed to increase strength of the pure aluminum [8]. 

 

1.2.4 Corrosion Protection Process 

 

A number of corrosion protection processes are popular nowadays, but researchers are 

still trying to invent new processes or to improve existing processes. Metal coatings, chemical 

conversion coatings, coating of plastic or rubber, corrosion inhibitor, cathodic protection, anodic 

or passivation protection, corrosion preventive paintings are some examples of the types of 

corrosion protection [8]. 

 

1.2.5 Requirements for Corrosion Protection 

 

A good paint should meet the following requirements to protect materials against 

corrosion [8]. 

1. Provide a good vapor barrier 

2. Inhibit against corrosion 

3. Provide longer life  

4. Lower cost 

5. Adhere well to a metal surface 
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1.3 Composition Limit for Aluminum 7075 

 

Aluminum 7075 is widely used in aircraft manufacturing and other aerospace 

applications where high strength, light weight and moderate toughness are required. It has a 

moderate corrosion resistance. [11] Table 1 shows the composition limits for Aluminum 7075. 

 

TABLE 1  

 

COMPOSITION LIMIT FOR ALUMINUM 7075 [11] 

 

Components Maximum amount (%) 
Silicon (Si) 0.40 

Iron (Fe) 0.50 
Copper (Cu) 1.2-2.0 

Manganese (Mn) 0.30 
Magnesium (Mg) 2.1-2.9 
Chromium (Cr) 0.18-0.28 

Zinc (Zn) 5.1-6.1 
Titanium (Ti) 0.20 

Aluminum (Al) Balance 
 
 

1.4 Metal Surface Preparation for Coating 

 

Generally, metal surface preparation is more important than the quality of the paint that 

applied. A poor paint system on a properly prepared metal surface has a better performance than 

a better paint system on a poorly prepared surface. Adequate surface preparation consists of the 

following main processes. 

1. Cleaning dirt, oils and greases from the surface 



 

 9

2. Complete removal of rust and mill scale 

Dirt, oils and greases can be removed by using proper solvents or alkaline solution and 

removal of rust and mill scale can be accomplished by either pickling or sandblasting [8]. 

 

1.5 Carbon Nanotubes  

 

Carbon nanotubes have extraordinary material properties for various purposes. It was 

discovered by Iijima [12] in 1991.Carbon nanotubes (CNT) consists of single atomic layer thick 

graphite sheet (graphene) of carbon atoms that has been rolled to form nano sized tubes. Carbon 

nanotubes have superior mechanical, thermal and electrical properties. Carbon nanotubes can be 

single walled (SWNT) and multi walled (MWNT). Multi walled carbon nanotubes consist of 

concentric single walled CNTs that are held together by weak van-der-Waal’s force. Figure 3 

shows SWCNT and MWCNT [11]. 

 

 

 

Figure 3: (a) SWCNT, (b) MWCNT [11]. 
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Carbon nanotubes are prepared by a number of techniques such as catalytic 

decomposition of hydrocarbons, heat treatment of polymer, arc method, low temperature 

pyrolysis, plasma torch method, catalytic chemical vapor deposition and condensation-

vaporization densation which can be done using electric arc discharge, continuous or pulsed laser 

ablation or solar energy [14]. Carbon nanotubes have found applications as chemical sensors, 

biological sensors, electronic devices, field emission materials, catalyst support and 

reinforcements in high performance composites. They are also used in biomedical and chemical 

investigations, anode for lithium ion batteries, supercapacitors, nanoelectronic devices, etc. [14].  

The diameter of CNTs varies from 0.4 nm to several hundred nm ant its length extends from 

several micrometers to several millimeters or even centimeters [15]. The elastic modulus of 

SWCNT varies from 1TPa to 5TPa [16]. Strengths of CNTs are 10 - 100 times greater than 

strongest steel at only fraction of the weight [17]. They have very high aspect ratios, as well. 

Therefore, we became interested in experimentally investigating the resistance of aerospace 

grade polymer coatings against UV degradation, and corrosion with CNTs as inclusion in the 

coating and compare the performance of nano-composite coatings with standard coatings that are 

used in industry. 

 

1.6 Corrosion and UV Protection using Nanocomposite Coatings 

 

For corrosion protection of materials, Asmatulu et. Al. mixed nanoparticles with primer 

coatings to make nanocomposite coatings. [18] Successful use of nanoparticles with primer 

coating raised interest to use different nanowires or nanowhiskers, nanotubes and nanoparticles 

for corrosion and ultraviolet radiation protection. For example, CNTs (both single wall and 
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multiwall), Graphene, ZnO, CdSe, TiO2, ZrO2, CdTe and Al2O3 can be utilized to make 

nanocomposite coatings. Because of the exceptional mechanical, electrical and physical 

properties of carbon nanotubes, it should improve the coating properties if it is mixed with 

polymer composites as well as polymeric coatings. [19] F. Hussain et al discussed about the 

increase of tensile strength of nanocomposites because of the addition of carbon nanotubes. 

Mechanical strength of carbon nanotubes containing epoxy matrix is discussed by A. Allaoui et 

al. [20] Asmatulu, R., Hille, C. and Misak, H. found improved corrosion properties of the 

multiwall carbon nanotubes containing nanocomposite coatings. They also discussed the method 

of MWCNT containing epoxy nanocomposite coating fabrication and their corrosion properties 

at different weight percent of MWCNT content in the epoxy primer coating [21]. 
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CHAPTER 2 

 

MATERIALS AND EQUIPMENTS 

 

 

2.1 Primer 

 

For coating of aluminum samples, we used Corrosion Resistant Epoxy Primer P/N 

10P30-5, Curing solution or Hardener P/N EC-275, and Exempt Solvent Reducer or Thinner P/N 

TR-115. All of them were purchased from ANAC Aerospace coatings. This primer is used in 

aerospace application. They are shown in Figure 4. 

 

 

 

Figure 4: Paint used for making nanocomposite coatings. (a) Thinner or Exempt Solvent Reducer 

P/N TR-115, (b) Epoxy Primer P/N 10P30-5, and (c) Hardener or Curing solution P/N EC-275. 

 

a b c 
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2.2  Paint Shaker 

 

It is recommended that we should shake the epoxy primer properly before use. Various 

types of paint shaker and paint mixers are available in the market. The common types include 

mechanical paint shaker or mixer, pneumatic paint shaker, magnetic paint mixer, hand operated 

paint mixer, etc. A pneumatic paint shaker, shown in Figure 5, was used to shake Epoxy primer 

in our project.  

 

 

 

Figure 5: Pneumatic paint shaker. 

 

2.3  Carbon Nanotubes 

 

Multi wall carbon nanotube (MWCNT) was purchased from Materials and 

Electrochemical Research (MER) Corporation, Product No # MRCSD, MWCNT produced by 

chemical vapor deposition (CVD), with 140 +/- 30 nm diameter and 7 +/- 2 micron length, with 
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purity >90%. MWCNT’s were used in experiments without any further modification. Figure 6 

shows multiwall carbon nanotubes from MER Company and the Scanning Electron Microscope 

of the MWCNT. 

 

 

 

Figure 6: MWCNTs purchased from MER Company [21]. 

 

2.4  Sonicator 

 

Ultrasonic bath used for the experiments was purchased from Fisher Scientific (Model 

FS20D, 115 volts, 50/60 Hz). Sonicator was used for dispersion of MWCNT in solvent 

reducer/thinner in order to break particle agglomeration and ensure good dispersion. 

Dispersion and de-agglomeration is achieved by sonication. When liquid is exposed to 

ultrasound, sound waves that propagate into the liquid create an alternating high-pressure and 

low-pressure cycles. This creates mechanical stress on the attracting forces between the 
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individual particles. Ultrasonic cavitation in liquids causes high speed liquid jets of up to 600 

mile/hour. Such jets press liquid at high pressure between the particles and separate them from 

each other. Smaller particles are accelerated with the liquid jets and collide at high speeds. This 

makes ultrasound an effective means of the dispersion and de-agglomeration of nano-particles. 

Figure 7 shows sonicator or ultrasonic bath. 

 

 

 

Figure 7: Sonicator or ultrasonic bath used in our experiments. 
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2.5  Hot Plate / Magnetic Stirrer 

 

The hot plate/magnetic stirrer was purchased from Fisher Scientific. Mixing and stirring 

of the liquid solution at specified temperature is the main purpose of using the Isotemp Digital 

Stirring Hotplates. We used it for proper mixing of carbon nanotubes with primer. A small piece 

of magnet was used during the mixing. Figure 8 shows the hot plate / magnetic stirrer with 

magnet rotating at 100 rpm (revolutions per minute).  

 

 

 

Figure 8: Isotemp Digital Hotplate 
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2.6  Optical Water Contact Angle Goniometer 

 

The optical contact angle goniometer was purchased from KSV Instruments Limited, 

Model# CAM 100. It is a compact video based instrument for the measurement of contact angles 

between 1 to 180 degrees with an accuracy of +/- 1 degree. Computer software used for 

measuring contact angle is also supplied by KSV Instrument Limited which can precisely 

calculate and record contact angle values as well as can take the pictures. The KSV Cam 100 

used in this project is shown in Figure 9. 

 

 

 

Figure 9: KSV Cam100  
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2.7 Metallurgical Microscope 

 

The compact inverted metallurgical microscope used for inspecting the samples was 

purchased from OLYMPUS, Model# GX41. The magnification settings extend from 5X-100X in 

this microscope and it is suitable for simple polarization observations as well as brightfield. A 

standard 6V-30W halogen lamp is attached to this microscope to receive a high-brightness image 

even with dark sample. A computer software was also supplied by the OLYMPUS to observe 

and record microscopic images. Figure 10 shows the metallurgical microscope used to take 

microscopic images. 

 

 

 

Figure 10: Metallurgical Microscope OLYMPUS, Model# GX41 
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2.8  pH Meter 

 

Fisher Scientific accumet* Excel XL60 pH/mV/Temperature/DO/ISE/Conductivity 

Meter was purchased from Fisher Scientific. We used it to measure pH of the salt water solution 

of the corrosion chamber. It has powerful comprehensive data management software which can 

process and store required data. Figure 11 shows accumet* Excel XL60 

pH/mV/Temperature/DO/ISE/Conductivity Meter measuring pH of the solutions. 

 

 

 

Figure 11: Fisher Scientific accumet* Excel XL60 pH meter. 
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2.9  UV Chamber/ UV Light 

 

QUV Accelerated Weathering Tester or UV Chamber was purchased from the Q-panel 

Company. The ultraviolet ray lamp used in this tester was UVA-340 lamps which can produce 

only the ultraviolet portion of the spectrum. This lamp is a simulation of short-wave sunlight. 

QUV Accelerated Weathering Tester can produce photodegradation in a few days or weeks that 

can occur outdoors in several months or even years. It also has the moisture simulation system, 

so materials can be tested under controlled humidity. Figure 12 shows the ultraviolet ray 

chamber used for testing nanocomposite coated surface. 

 

 

 

Figure 12: QUV Accelerated Weathering Tester 
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2.10  Spray Gun 

 

HVLP (High Volume Low Pressure) Spray Gun Kit was purchased from Central 

Pneumatic, Model# 94572. This type of gravity feed spray gun can give more reliable coverage 

than conventional spray guns. The spray gun used to coat the Aluminum panels is shown in the 

Figure 13. 

 

 

 

Figure 13: HVLP (High Volume Low Pressure) Spray gun. 
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2.11  Atomic Force Microscope 

 

To produce 3 dimensional images with very high resolution, Atomic Force Microscope 

(AFM) relies on a scanning technique. It can measure ultrasmall forces, less than 1 nanoNewton 

(1 nN), which is between sample surface and AFM tip surface. AFM can investigate surfaces 

morphology of both conductors and insulators [22]. 

Atomic Force Microscope can be used in two modes – (1) Static or Repulsive or Contact 

mode and (2) Dynamic or Attractive Force or Noncontact mode. [23] In repulsive mode, the 

sharp cantilever tip is brought into contact with sample surface. Due to electronic orbital overlap, 

cantilever tip experiences a very small repulsive force which is detected by capacitive, optical, or 

tunneling detector. On the other hand, in dynamic mode, cantilever tip brought into very close to 

the surface (as close as a few nanometers), but not in contact with the sample surface. This 

technique is difficult to use although there is no pressure exerted in the interface. [24] 

Model MFP-3D-SA Stand Alone Atomic Force Microscope purchased from Asylum 

Research was used for taking AFM images. The Cantilever Magnetic Force Moment (MFM) 

type of tip is used for this microscope. The Atomic Force Microscope at Wichita State University 

is shown Figure 14. 
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Figure 14: Atomic Force Microscope at WSU 
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2.12 Corrosion Chamber 

 

SCCH - Salt Fog (Corrosion Test) Chambers at Wichita State University is purchased 

from Singleton Corporation.  This chamber can be used for Salt Fog, Humidity, Water Fog and 

other test methods. Figure 15 shows the corrosion chamber at the Nanotechnology Teaching Lab 

at Wichita State University. 

 

 

 

Figure 15: Corrosion Chamber 

 

2.13  Coating Thickness Gauge 

 

PosiTest DFT Combo coating thickness gauge was used for measuring the coating 

thickness on samples. It measures both non-magnetic coatings on steel and non-conductive 
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coatings on aluminum, brass etc. It can recognize the substrate automatically and measures the 

coating thickness. The PosiTest DFT Combo coating thickness gauge is shown in the Figure 16. 

  

 

 

Figure 16: Coating Thickness Gauge 
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CHAPTER 3 

 

METHOD 

 

 

3.1 Aluminum Panel Preparation 

 

First of all, two different sized samples were prepared to conduct the experiments. 3x5 

inch and 1x3 inch panels were cut from unclad 7075 Aluminum sheet. 70 large and 70 small 

samples were fabricated and washed with soap and water. All metal samples are then sanded 

with 320 grit wet-sand and cleaned with thinner and degreaser. Figure 17 shows Aluminum 

panels before and after cleaning steps. 

 

 

 

Figure 17: Aluminum panels before and after cleaning. 
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3.2  Preparation of Nanocomposite Coating 

 

All coupons were painted with Corrosion Resistant Epoxy Primer (P/N 10P30-5 

purchased from ANAC Aerospace coatings). The control samples were painted with primer and 

other test samples were painted with nano-filler containing primers. In general, primer is the one 

mostly works against the corrosion and degradation. 

This epoxy primer was prepared by mixing Epoxy Primer, Curing solution P/N EC-275, 

and Exempt Solvent Reducer P/N TR-115. The ratio of Epoxy primer, Exempt solvent reducer 

and Curing solution was three: two: one.  Epoxy primer was shaken well in a pneumatic paint 

shaker for 30 minutes. Curing solution and solvent reducer was added with primer and 

mechanically stirred for ensuring proper mixing. 

Nano-composite coating was prepared by dispersing multi wall carbon nanotube 

(MWCNT) in the standard aerospace grade Epoxy primer. MWCNT was mixed with solvent 

reducer and sonicated for 30 minutes to ensure good dispersion of the nanotubes. Epoxy primer 

was shaken on a pneumatic paint shaker and placed on a magnetic stirrer. Then the 

MWCNT/solvent mixture was slowly added drop wise into epoxy primer and the resulting 

solution was stirred on a magnetic stirrer for 24 hours at ambient temperature. After 24 hours, 

curing solution was added to the mixture and stirred for 15 minutes to produce the MWCNT 

modified epoxy primer. Modified primer was prepared with 0.25%, 0.5%, 1% and 2% (dry 

weight) MWCNT and corresponding test samples were painted. The weight percentage of 

MWCNT was based on the dry weight of the paint solution. 
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3.3  Painting 

 

HVLP spray gun was used for painting the samples. Each type of coating (without 

MWCNT, with 0.25%, 0.5%, 1.0% and 2.0% MWCNT) was applied on 3x5 inch and 1x3 inch 

samples (each had 14 samples). 1 mil (25.4 µm) and 3 mil coating thicknesses were applied on 

the samples. Painted samples were air dried for 48 hours at room temperature. Coating thickness 

of the dried samples was measured with an eddy current paint thickness gauge. 

 

3.4  UV Exposure 

 

The samples were tested using ASTM D4587-09, Standard Practice for Fluorescent UV-

Condensation Exposures of Paint and Related Coatings. Samples were placed in the UV-

Condensation exposure chamber for 0, 4, 8, 10, 12 and 16 days for studying the surface 

morphology and hydrophobic/hydrophilic behavior of the coated surfaces. 

 

3.5  Corrosion Test 

 

Corrosion tests were performed in the corrosion chamber based on the Standard (ASTM 

B117-09) [25] after the UV-Condensation exposure. Samples were placed in the corrosion 

chamber on the rack at 15 degree angle, pH 6.8-7.2 and average fog concentration of 1.2 ml/hour 

as recommended by the ASTM 117B testing standard. Test samples were kept inside the 

chamber for 80 days and checked visually after every 10 days. Fog concentration and pH were 



 

 29

checked in every 24 hours in order to maintain the standard test conditions as accurately as 

possible. Operation of the corrosion chamber is shown in the Figure 18. 

 

 

 

Figure 18: Operation of Corrosion Chamber. 

 

3.6  Contact Angle Measurement 

 

Contact angles of the samples were measured by KSV Cam100 Goniometer after the UV 

exposure and corrosion tests.  Contact angle was measured on 5 places of each sample and the 

average contact angle was taken for studying the hydrophobic/hydrophilic behavior of the coated 
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surfaces with various percentages of MWCNT dispersed coating. The results were compared 

with control samples. 

 

3.7  AFM 

 

Atomic force microscope was used to evaluate the surface morphology of the corroded 

and degraded samples and compare those with the control samples. AFM images of control 

samples (0% CNT) and nanocomposite samples obtained using 0.25%, 0.50%, 1.0% and 2.0% 

MWCNT were taken before and after UV exposure and corrosion camber to evaluate the 

changes in surface morphology. 

 

3.8  Microscopic Image 

 

All samples were studied during the experimentation using a metallurgical microscope, 

Olympus GX 41. Surface characteristics at various locations of the samples were closely 

monitored along the whole experiment to find out the actual pattern of UV degradation and 

corrosion. 

 

3.9  Thickness Measurement 

 

Coating thickness of all samples was measured using a coating thickness gauge before 

and after UV exposure and corrosion chamber tests. Figure 19 shows the measurement of coating 

thickness using coating thickness gauge.  
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Figure 19: Coating thickness measurement  
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

 

4.1  Visual Inspection 

 

Digital images were taken for all aluminum samples before and after UV exposure and 

corrosion. We are expecting that adding carbon nanotubes into the primer, color of the primer 

should change. UV and salt fog unexposed aluminum samples with different weight percent 

carbon nanotubes are shown in the Figure 20. The number at the top right corner indicates the 

sample numbers. The bottom three numbers indicate carbon nanotubes percentage, duration of 

UV exposure (days) and salt fog exposure (days), respectively. For example, sample number 42 

is coated with 0.5% carbon nanotubes-epoxy nanocomposite coating and it is UV and salt fog 

exposed for 0 day (or unexposed).  

It can be seen in the Figure 20 that the color of the MWCNT containing nanocomposite 

coating becomes darker with increase in the weight percent of the carbon nanotubes in the 

coating materials. 
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Figure 20: Aluminum samples coated with different weight percentage of carbon nanotubes 

before the UV and salt fog exposure. 

 

Samples with different carbon nanotubes before and after the UV exposure are shown in 

Figure 21. After the UV exposure, color of all samples were changed significantly especially for 

the paint without carbon nanotubes. This clearly indicates a big surface degradation of the primer 

coated samples. The color changes on the nanocomposite coated samples are very low. 

Especially, it is very hard to visually distinguish the color change on 1% and 2% MWCNT 

containing nanocomposite samples.  
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(a)      (b)    (c) 

   

    (d)    (e) 

 

Figure 21: Samples with (a) 0%CNT, (b) 0.25%CNT, (c) 0.5%CNT, (d) 1%CNT and (e) 

2%CNT before UV exposure and after 16 days of UV exposure 
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Figure 22 shows the fadings of two prepared samples. In the Figure 22, samples 12 and 

13 are identical, which were obtained using epoxy primer only (no carbon nanotubes). The 

sample 12 was UV exposed for 16 days, and then placed in the salt fog for 80 days, but not 

sample 13. The same experiments were also conducted on samples 63 and 57 where 2% CNT 

nanocomposite coatings were applied. Sample 63 was UV degraded for 16 days and then salt fog 

exposed for 80 days. After the salt fog exposure, all of them were faded although these digital 

images could not clearly show the level of fading. Salt stains were also visible after the 

corrosion. 

 

 

 

Figure 22: Color fading of the coatings after 80 days of corrosion.  

 

4.2  Contact Angle Measurements 

 

The contact angle measurements of 1 mil and 3 mil thick coatings are given in Table 2 

and Table 3, respectively, as a function of carbon nanotube contents under various UV exposure 

times. At 0 day UV exposure, the average contact angle values of 0%, 0.25%, 0.5%, 1% and 2% 

nanocomposite coatings were almost the same, and stayed between 85° and 91°. There is a very 
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little contact angle improvement at high CNT loadings. The contact angle values of primer 

coatings gradually decreased by increasing UV exposure times on the samples. For example, the 

contact angle values of both 1 mil and 3 mil primer coatings were initially 85°, and then reduced 

to 11° after 16 days of UV exposure.   

 

TABLE 2 

 

CONTACT ANGLE (°) MEASUREMENTS OF 1 MIL THICK COATINGS WITH 
DIFFERENT PERCENTAGE OF CARBON NANOTUBES UNDER VARIOUS UV 

EXPOSURE TIME 
 

UV Exposed 
Days 

0% CNT 0.25%CNT 0.5%CNT 1%CNT 2%CNT 

0 84.78 84.08 85.26 86.07 91.38 
4 74.90 78.82 78.72 81.33 91.12 
8 52.32 74.07 74.12 75.43 89.67 
10 28.75 53.12 66.09 68.56 86.69 
12 21.07 35.54 41.90 57.81 62.14 
16 11.52 29.68 33.12 40.30 43.04 

 

TABLE 3 

 

CONTACT ANGLE MEASUREMENTS OF 3 MILS THICK COATINGS WITH DIFFERENT 
PERCENTAGE OF CARBON NANOTUBES UNDER VARIOUS UV EXPOSURE TIME 

 
 
UV Exposed 

Days 
0% CNT 0.25%CNT 0.5%CNT 1%CNT 2%CNT 

0 85.31 85.15 84.89 85.97 89.33 
4 74.45 82.54 83.48 85.34 89.18 
8 48.17 72.95 79.72 83.05 88.48 
10 28.11 45.39 67.34 74.33 86.66 
12 23.92 24.06 57.07 62.13 69.84 
16 11.63 12.48 34.53 49.45 54.00 
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Figure 23: Contact angles values of the coated surface without carbon nanotubes and with 2% 

carbon nanotubes after 0, 8 and 16 days of UV exposure. a) 0% CNT, 0 days UV exposed, b) 2% 

CNT, 0 days UV exposed, c) 0% CNT, 8 days UV exposed, d) 2% CNT, 8 days UV exposed, e) 

0% CNT, 16 days UV exposed and f) 2% CNT, 16 days UV exposed. 

b. 

c. 

a. 

d. 

e. f. 
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Contact angle values are greater at higher loadings of CNTs in coatings after the same 

duration of UV exposure (Tables 2 and 3). At 0 day of the UV exposure, contact angle values of 

0.5% and 2% CNTs coatings were 85 and 89o for the 3 mil samples, respectively. After 16 days 

of UV exposure, the contact angle values of these two samples were reduced 34° and 54°. The 

2% CNT content sample has approximately 43° higher contact angle than the base case (primer 

coating only). This improvement should increase the performance of the nanocomposite coatings 

against UV degradation and corrosions. Figure 23 clearly shows the water contact angle 

measurements of the samples obtained using the Goniometer.  

 
The DI water contact angle values of 0, 4, 8, 10, 12 and 16 days of UV exposure on the 1 

mil and 3 mil coating respectively for various carbon nanotubes content are graphically shown in 

Figure 24 and Figure 25. This data clearly indicates the change in hydrophobicity of the coated 

surface, hydrophobicity is gradually lost with UV exposure time. For the coating without carbon 

nanotubes, the coated surface became hydrophilic after 16 days of UV exposure. On the other 

hand, carbon nanotubes nanocomposite coated surfaces were less hydrophilic after 16 days of 

UV exposure. 
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Figure 24: Change in Contact angle values with UV exposure time for 1mil thick coatings with 

different percentages of Carbon Nanotubes content. 
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Figure 25: Change in Contact angle values with UV exposure time for 3mil thick coatings with 

different percentages of Carbon Nanotubes content. 

 

4.3  Atomic Force Microscopy 

 

Atomic force microscopy (AFM) images of the coated samples were taken in order to 

determine the degradation levels of the coatings at micro and nanoscale. Figures between 26 and 

45 show the AFM surface images at 2 dimensional and 3 dimensional and roughness of different 

CNT weight percent of 3 mil nanocomposite coatings at 0 and 16 days of UV exposures before 
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and after the salt fog exposure. The images undoubtedly confirmed that surface morphologies of 

0% CNT samples are exclusively changed after the UV exposure. However, UV degradation 

level reduced appreciably with increasing CNT loadings in the coatings. This may be one of the 

the reasons to increase in hydrophobicity of the surface by adding CNTs in the coatings. It is 

known that CNTs cannot be degraded easily by UV light, but polymers [1, 26, 27].  

After 80 days of the salt fog exposure in the corrosion chamber, we found all of the 

samples corroded at some degrees. The sample coated without carbon nanotubes coating and 16 

days UV exposed was severely degraded, and its surface was almost destroyed. This means that 

the UV degraded samples will corrode faster than UV unexposed samples. In contrast, we also 

found that the coating quality of the 1 and 2% CNT coated samples were almost the same after 

16 days UV degradation followed by 80 days corrosion chamber tests. At lower CNT 

concentrations, the UV degradation and corrosion seems higher on the surfaces. In general, the 

UV exposure is less destructive for higher loadings in polymeric coatings. For further study of 

the surface morphology, we have also taken microscopic images of the surface and measured 

coating thickness. 
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Figure 26: AFM image of only primer coated surface before UV and salt fog exposure. 

 

Figure 26 shows an AFM image of primer only coated surface which has not been 

exposed to UV light and salt fog chamber. A smooth and shiny surface of the coating is clearly 

seen. Surface roughness is also very low at the beginning. Figure 27 exhibits the AFM image of 

primer coating which has not been exposed to salt fog, but kept in UV chamber for 16 days. In 

this case, complete destruction of the smoothness and shininess can be seen on the surface. 

Numerous cracks in the micro and nano scale are seen on the surface. This has possibly led to the 
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decrease in hydrophobicity and increase in hydrophilicity. Hence, the hydrophobic surface 

(closer to 90°) of the primer coating completely turned into a hydrophilic surface (or 11° water 

contact angle) after 16 days of UV exposure. 

 

 

 

 

Figure 27: AFM image of only primer coated surface after16 days UV exposure without salt 

chamber. 
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Figure 28: AFM image of only primer coated surface after 80 days corrosion chamber without 

UV exposure. 

 

Figure 28 shows AFM image of primer only coated surface which has not been exposed 

to UV light but kept in the corrosion chamber for 80 days. From the Figure 28, it is evident that 

the surface has been destroyed and pitting at large scale can be seen on the polymeric coating. 

 

Pitting 
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Figure 29: AFM image of primer only coated surface after16 days UV exposure and 80 days 

corrosion salt chamber. 

 

Figure 29 shows the primer only coated surface which has been exposed to UV light for 

16 days followed by 80 days of salt fog. From the images, it is seen that there is no smooth place 

on the surface of the coating and the surface has been completely destroyed. This will eventually 

accelerate the corrosion formation on the Al samples. 
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Figure 30: AFM image of 0.25% MWCNT nanocomposite coated surface before UV and salt fog 

exposure. 

 

Figure 30 is an AFM image of 0.25% MWCNT containing nanocomposite coating on the 

Al surface before UV light and salt fog exposure. Although the surface is slightly rougher 

compared to the primer only coated surface, it is still shiny. The possible reason for the 

roughness may be the agglomeration of MWCNTs or amorphous carbon in the coating materials.  

 

MWCNT 
Agglomeration 
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Figure 31: AFM image of 0.25% MWCNT nanocomposite coating surface after16 days UV 

exposure without the salt fog test. 

 

Figure 31 represents the AFM image of 0.25% MWCNT nanocomposite coating surface 

exposed to 16 days of UV. No corrosion tests were conducted on this sample. At lower CNT 

inclusions, it is hard to compare the surface morphology of 0.25% MWCNT nanocomposite 

coated surface with the primer coated surface. Thus, the addition of 0.25% carbon nanotubes in 

the coating may not be enough to protect it against ultraviolet degradation. 
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Figure 32: AFM image of 0.25% MWCNT nanocomposite coated surface after 80 days corrosion 

without UV exposure. 

 

Figure 32 shows the AFM images of 0.25% MWCNT nanocomposite coated surfaces 

which has been kept in the corrosion chamber for 80 days. In this experiment, UV test was not 

applied. When the samples are compared with the previous samples, it has been observed that 

there is less surface destruction and pitting due to the addition of only 0.25 weights percent 

Pitting 
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carbon nanotubes. It clearly proves that addition of carbon nanotubes, even at 0.25% weight 

percent, improves coating performance. 

 

 

 

 

Figure 33: AFM image of 0.25% MWCNT coated surface after16 days UV exposure and 80 days 

corrosion. 

 

Figure 33 exhibits the 0.25% MWCNT nanocomposite coated surface after the 16 days of 

UV and 80 days of salt fog exposure. We observed that the surface destruction and pitting 



 

 50

formation are lesser when compared with the primer coated samples exposed to the same UV 

degradation and corrosion test conditions.  

 

 

 

 

Figure 34: AFM image of 0.5% MWCNT coated surface before UV and salt fog exposure 

 

 Figure 34 exhibits the AFM image of ultraviolet radiation and salt for unexposed 0.5% 

MWCNT nanocomposite coated surface. Surface roughness due to addition of carbon nanotubes 

has increased in this case, but the surface is still shiny. Figure 35 shows the AFM image of 16 
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days UV exposed 0.5% MWCNT coating surface. Surface destruction is visible here but to a 

smaller extent when compared to 0% and 0.25% MWCNT coated surfaces.  

 

 

 

 

Figure 35: AFM image of 0.5% MWCNT coated surface after16 days UV exposure without 

corrosion tests. 

 

 



 

 52

 

 

 

Figure 36: AFM image of 0.5% MWCNT coated surface after 80 days corrosion without UV 

exposure. 

 

 Figure 36 shows the AFM image of the 0.5% MWCNT coated surface exposed to 80 

days salt fog. Some pittings are still visible on the coated surface, but those are very smaller in 

size. Hence, undoubtedly the surface quality of the 0.5% MWCNT coated samples is better than 

those of 0% and 0.25% MWCNT coated surface after 80 days of corrosion test. 
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Figure 37: AFM image of 0.5% MWCNT coated surface after16 days of UV exposure and 80 

days corrosion. 

 

Figure 37 exhibits the 0.5% MWCNT nanocomposite coated surface after 16 days of 

ultraviolet radiation and 80 days of salt fog exposure. The surface destruction is very less for 

0.5% MWCNT nanocomposite coated surface than that of 0% and 0.25% MWCNT containing 

nanocomposite coated surface.  
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Figure 38: AFM image of 1% MWCNT containing surface before UV and salt fog exposure. 

 

AFM image of the 1% MWCNT containing nanocomposite coated surface can be seen in 

Figure 38. As is seen form the Figure 38, the roughness of the coated surface increase with 

increase in the weight percent of carbon nanotubes in the polymeric coating. This may be 

because of the MWCNT agglomeration in the coating. 
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Figure 39: AFM image of 1% MWCNT containing coated surface after16 days UV exposure and 

before corrosion. 

 

AFM image of the 1% MWCNT coated surface after 16 days of UV exposure is shown in 

Figure 39. Salt fog tests were not applied for this particular sample. It is found that the surface 

destruction is visible on this sample; however, the surface quality is far better than that of 16 

days UV exposed 0%, 0.25% and 0.5% MWCNT coated surfaces. 
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Figure 40: AFM image of 1% MWCNT containing coating surface after 80 days corrosion and 

UV unexposed. 

 

 Figure 40 exhibits the AFM image of the 80 days salt fog exposed to the 1% MWCNT 

containing surface. Very less pitting is visible in this case and some carbon nanotubes 

agglomeration is still in evidence. Therefore, 1% MWCNT containing surface is more corrosion 

resistant when compared to the corrosion resistance of 0%, 0.25% and 0.5% MWCNT containing 

surfaces. 
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Figure 41: AFM image of 1% MWCNT containing surface after16 days UV exposure and 80 

days corrosion. 

 

Figure 41 reveals the 1% MWCNT containing nanocomposite coated surface after 16 

days of UV degradation and 80 days of corrosion in a dense salt fog environment. Expectedly, 

the surface destruction is lesser than the 0.5% MWCNT containing nanocomposite coated 

surface. 
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Figure 42: AFM image of 2% MWCNT containing coating coated surface before UV and salt 

fog exposure 

 

Figure 42 is the AFM image of the 2% MWCNT containing coated surface before the 

UV and salt fog exposure tests. A large carbon nanotubes agglomeration can be seen in the AFM 

image. Also, surface roughness is higher than that of 1% MWCNT containing surface before the 

UV and salt fog exposure. The surface is still shinier and smoother. 

 

MWCNT 
Agglomeration 
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Figure 43: AFM image of 2% MWCNT containing coating surface after16 days UV exposure 

and before corrosion. 

 

Figure 43 exhibits the AFM image of 2% MWCNT containing surface exposed to the 16 

days of UV light before the corrosion tests.  Compared to the other 16 days ultraviolet radiation 

exposed surfaces, this surface is less degraded and looks better. 

 



 

 60

 
 

 
 
 

Figure 44: AFM image of 2% MWCNT containing surface after 80 days corrosion without the 

UV exposure. 

 

Figure 44 represents the AFM image of the 2% MWCNT containing nanocomposite 

coated surface exposed to the 80 days salt fog. No pitting is visible in this case, so from this 

AFM image, it is clear that corrosion resistance of 2% MWCNT containing surface is more than 

the corrosion resistances of 0%, 0.25%, 0.5% and 1% MWCNT containing nanocomposite 

coatings. 
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Figure 45: AFM image of 2% MWCNT containing coating surface after16 days UV exposure 

and 80 days corrosion. 

 
Figure 45 shows the AFM image of the 2% MWCNT containing nanocomposite surface 

which has 16 days ultraviolet radiation and 80 days of salt fog. Although the surface destruction 

is less but some cracks are visible in this case. The possible reason can be the increase in 

brittleness of the nanocomposite coating at higher loadings. Generally, the brittleness of the 

coating increases with increase in the weight percent of MWCNT in the nanocomposite coating. 
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4.4  Microscopic Images 

 

 Figures 46 to 50 exhibit the microscopic images of the surfaces coated with, respectively, 

0%, 0.25%, 0.5%, 1% and 2% MWCNT containing nanocomposite coatings. Each of them 

shows the microstructures of the surfaces before and after ultraviolet and salt fog exposure test 

results.  

 

From Figure 46 (a), we can see the microstructure of the primer only coated surfaces 

without any degradation or corrosion. It is clear that after 80 days of corrosion, surface pitting 

(Figure 46b) is visible under microscope. Surface crack can also be seen in Figure 46(c), which 

is the effect of 16 days ultraviolet ray exposure. After 80 days of salt fog and 16 days of UV 

exposure, surface of the sample is severely damaged, and corrosion on the metal surface will 

start soon (Figure 46d). 
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Figure 46: Microscopic images of epoxy primer coating sample without any inclusions (a) 0 day 

UV exposure and 0 day salt fog exposure, (b) 0 day UV exposure and 80 day salt fog exposure, 

(c) 16 day UV exposure and 0 day salt fog exposure, (d) 16 day UV exposure and 80 day salt fog 

exposure. 

 

 Similar to 0% carbon nanotubes nanocomposite coating, micro crack is visible after 16 

days of UV exposure in 0.25% carbon nanotubes nanocomposite coated surface. Although the 

UV resistance property did not improve significantly by adding 0.25% carbon nanotubes, the 

corrosion resistance property is improved appreciably. 

 

a. b. 

c. d. 
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Figure 47: Microscopic images of the 0.25% MWCNT coated samples. (a) 0 day UV exposure 

and 0 day salt fog exposure, (b) 0 day UV exposure and 80 day salt fog exposure, (c) 16 day UV 

exposure and 0 day salt fog exposure, (d) 16 day UV exposure and 80 day salt fog exposure. 

 

 Figure 47 shows the microstructure of the 0.25% MWCNT contained nanocomposite 

coating. After 80 days of salt fog exposure on the surface, no significant pitting formation is 

visible. The 16 days UV exposed sample has microcracks but lesser than the primer coated 

surface exposed the same UV and salt fog chamber.  

a. b. 

c. d. 
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Figure 48: Microscopic images of the 0.5% MWCNT coated samples. (a) 0 day UV exposure 

and 0 day salt fog exposure, (b) 0 day UV exposure and 80 day salt fog exposure, (c) 16 day UV 

exposure and 0 day salt fog exposure, (d) 16 day UV exposure and 80 day salt fog exposure. 

 

 The surface crack of the UV degraded samples is significantly less when we add 0.5% 

carbon nanotubes in coatings. UV unexposed sample was in very good condition even after 80 

days of salt fog exposure (Figure 48b). Nevertheless, 16 days UV degraded sample corroded 

faster than the UV unexposed (Figure 48d). Microcracks are nearly invisible on this sample 

shown in Figure 48c. 

a. b. 

c. d. 
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Figure 49: Microscopic images of the 1% MWCNT coated samples. (a) 0 day UV exposure and 

0 day salt fog exposure, (b) 0 day UV exposure and 80 day salt fog exposure, (c) 16 day UV 

exposure and 0 day salt fog exposure, (d) 16 day UV exposure and 80 day salt fog exposure. 

 

 Figure 49 exhibits the microscopic images of the 1% MWCNT containing nanocomposite 

coated surfaces. After the 16 days of ultraviolet light exposure (Figure 49b) or after 80 days of 

corrosion (Figure 49c), there are very little changes on the surfaces. In contrast, after both 16 

days of ultraviolet light and 80 days of salt fog exposure, the surface destruction is visible under 

the microscope, but a lot lesser than the previous samples (Figure 49d). 

 

a. b. 

c. d. 
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Figure 50: Microscopic images of the 2% MWCNT contained samples. (a) 0 day UV exposure 

and 0 day salt fog exposure, (b) 0 day UV exposure and 80 day salt fog exposure, (c) 16 day UV 

exposure and 0 day salt fog exposure, (d) 16 day UV exposure and 80 day salt fog exposure. 

 

 Figure 50 shows the microscopic images of the 2% MWCNT contained nanocomposite 

surfaces. Similar to the Figure 49, after 16 days of ultraviolet light exposure (Figure 50b) or after 

80 days of corrosion (Figure 50c), there are not many changes observed during the tests. After 

both 16 days of ultraviolet light and 80 days of salt fog exposure, surface destruction is almost 

invisible. Thus, higher concentrations significantly decrease the UV degradation and increase the 

corrosion resistance of the nanocomposite coatings.  

 

a. b. 

c. d. 
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4.5  Changes in Coating Thickness 

 

We found that the coating thickness of all samples remains the same after the UV 

degradation, but it is changed after the 80 days of the salt fog exposure in the corrosion chamber. 

We performed coating thickness measurement on 3 mil thick coatings since 1 mil coating could 

not clearly show the thickness changes. The values of coating thickness changes are given in 

Tables 4, 5 and 6. 

 

TABLE 4 

 

THICKNESS OF DIFFERENT UV EXPOSED COATINGS WITH 0% CNT BEFORE AND 
AFTER SALT FOG EXPOSURE 

 

UV Exposure Time 
(Days) 

Average Coating 
Thickness Before 
Corrosion (mil) 

Average Coating 
Thickness After 
Corrosion (mil) 

Reduction in Coating 
Thickness 

(%) 
0 3.42 3.30 3.51 
4 3.18 3.02 5.03 
8 2.90 2.65 8.62 
10 3.48 3.00 13.79 
12 3.00 2.48 17.33 
16 3.18 2.46 22.64 
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TABLE 5 

 

THICKNESS OF DIFFERENT UV EXPOSED COATINGS WITH 1% CNT BEFORE AND 
AFTER SALT FOG EXPOSURE 

 

UV Exposure Time 
(Days) 

Average Coating 
Thickness Before 
Corrosion (mil) 

Average Coating 
Thickness After 
Corrosion (mil) 

Reduction in Coating 
Thickness 

(%) 
0 3.00 2.94 2.00 
4 3.14 3.06 2.55 
8 3.30 3.16 4.24 
10 3.40 3.24 4.71 
12 3.20 2.94 8.12 
16 3.28 2.82 14.02 

 
 

TABLE 6 

 

THICKNESS OF DIFFERENT UV EXPOSED COATINGS WITH 2% CNT BEFORE AND 
AFTER SALT FOG EXPOSURE 

 

UV Exposure Time 
(Days) 

Average Coating 
Thickness Before 
Corrosion (mil) 

Average Coating 
Thickness After 
Corrosion (mil) 

Reduction in Coating 
Thickness 

(%) 
0 3.38 3.38 0 
4 3.14 3.12 0.64 
8 3.52 3.50 0.57 
10 3.42 3.38 1.17 
12 3.20 3.08 3.75 
16 3.26 3.02 7.36 
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Figure 51: Percent reduction in coating thickness of different nanocomposite films after different 

UV exposure time and 80 days of salt fog exposure. 

 

Figure 51 shows the percent reduction of coating thickness of 0%, 1% and 2% MWCNT 

contained samples after different duration of the UV exposure and 80 days of the salt fog 

chamber. At 0% MWCNT coating, percent reduction between 0 and 8 days of UV exposure is at 

lower level, and then drastically increases. At 16 days of UV exposure and 80 days of salt fog, 

nearly 23% of film is disappeared from the surface.  However, at 1% and 2% MWCNT addition 

into the polymeric coating, the film thickness reductions are 7% and 13%, respectively, at the 

same UV and corrosion test conditions. This indicates that in the presence of nanoscale 
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inclusion, film thickness also stays more stable, which may be another reason of receiving higher 

UV and corrosion prevention results.    
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CHAPTER 5 

 

CONCLUSION 

 

 

The aim of this research work is to develop a nanocomposite coating against UV 

degradation and corrosion.  It is observed that a small weight percentage of carbon nanotubes in 

the polymeric coating increase the film resistance against UV ray. With the addition of 2% CNT 

there was no change in contact angle even after 10 days UV exposure. This proves that the 

hydrophilicity of the coated surface was not decreased, where water uptake into the film may be 

lesser. Another word, this nanocomposite coating increases the moisture diffusion resistance. 

  The microstructure of UV exposed and UV unexposed samples was studied in detail. The 

primer only coated samples exposed to the 16 days of UV exposure revealed numerous surface 

microcracks. With the addition of 0.25% MWCNT there were still microcracks on the surface 

but lesser compared to the previous case. When 0.5, 1 and 2% MWCNT is used in the coating no 

microcrack on the surface is observed after 16 days UV exposure.  It is difficult to understand the 

surface morphology of samples exposed to UV for 16 days and corrosion chamber for 80 days 

using only optical microscope.  

 AFM image study gave a better surface morphology at micro and nanoscale. It revealed 

that the surfaces of the samples before the exposure to the UV were shiny and smooth, but the 

smoothness was destroyed completely after 16 days of UV exposure. It was found that the 

surface roughness increased with increase in CNT contents, as well. The possible reason for this 
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may be the presence of CNT agglomeration in the coating. The solution to this problem may be a 

better dispersion of the CNT. 

Another issue of this research work is protection against corrosion. It was found that 

samples coated without CNT and unexposed to UV revealed numerous pitting and cracks when 

exposed to corrosion chamber for 80 days. The surface of samples coated without CNT was 

completely destroyed when exposed to UV for 16 days and corrosion chamber for 80 days. 

When 2% CNT is added to the coating material there was drastic improvement in corrosion 

although a slight portion of the coating was eroded. Overall, it is concluded that CNT plays a 

vital role in protecting of polymeric coatings against UV degradation and corrosion.  
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CHAPTER 6 

 

FUTURE WORK 

 

 

Effect of UV exposure and corrosion can be evaluated for a longer period of time for 

better understanding of the complex mechanisms and outcomes. Instead of using continuous UV 

exposure, experiment can be carried out with alternate UV exposure and salt fog exposure 

together. Experiment can be also carried out on other materials such as steel which is more 

susceptible to corrosion and degradation, and composites which are increasingly used as 

structural materials.  

Graphene can be experimented as moisture barrier instead of carbon nanotubes. Due to 

higher aspect ratio of graphene, better result might be achieved. Other types of nanosheets, 

nanotubes and nanoparticles can also be tested as barrier. Again, some other nanowires or 

nanowhiskers, nanotubes, nanoparticles including (but not limited to) carbon nanotubes (CNTs), 

ZnO, CdSe, TiO2, ZrO2, CdTe, and Al2O3 can be utilized to test ultraviolet and corrosion 

resistance of the coatings.  
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