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ABSTRACT

This report basically discusses the research dodéasic understanding of the chosen
topic, which is theEffects of Surface Roughness on the Adhesion and Corrosion
Properties of Organic Coating Applied on One Surface of One Sample Set of Mild
Steel. One of the effected areas after performing surfaeparation on any metal
surface is the surface roughness. The sampleshfsrstudy are mild steel. Three
samples with different surface roughness were peebaASTM B 117-90 Salt Spray
(Fog) test is carried out in order to study therasion behavior and performance in
accelerated environment. The adhesion behaviordetesymined by performing scratch
test on the coated surface after underwent theleaated corrosive environment while
the corrosion performance was determined by visngpection. In this study, oil

modified alkyd-based enamel coating is selectati@asest sample.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

An organic coating composition is described, whieim be used to enrich the surface
region of a metal-based substrate. Many paintstirogs and high performance organic
coatings have been developed as a need to progegineent from environmental

damage. Of prime importance in the developmentatiEgtive coatings was the industry
that produced most of the basic ingredients fromclwhmost synthetic resins were

developed.

Surface roughness is the measure if the finer saiifaegularities in the surface texture.
These are result of the manufacturing process gragléo create the surface. Surface
roughness, Ra is rated as the arithmetic averagatws of the surface valleys and
peaks expressed in micro inches or micro mete®. $&andards use the term CLA

(Centre Line Average). Both are interpreted ideaitic

The ability of a manufacturing operation to produgespecific surface roughness
depends on many factors. For example, in end miting, the final surface depends on
the rotational speed of the end mill cutter, thiveity of transverse, the rate of feed, the
amount and type of lubrication at the point of ingft and the mechanical properties of
pieces being machined. A small change in any of dbeve factors can have a

significant effect on the surface produlk.

11
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Figure 1: Surface Roughness
1.2 Problem Statement

Improper surface preparation — the substrate suifacot adequately prepared for the
coating that is to be applied. This may includeaning, chemical pretreatment or

surface roughening. @

Although roughness is usually undesirable, it iffiadilt and expensive to control
in manufacturing. Decreasing the roughness of aasar will usually increase
exponentially its manufacturing costs. This oftesults in a trade-off between the

manufacturing cost of a component and its perfor®aan application.

1.3 Objective and Scope of Study

The main objectives of this study are:

1. Obtain the clear correlation between the eftéctarious surface roughness
towards the adhesion and corrosion properties gdroc coating applied on
the metal surface.

2. Record and analyze the physical condition efdbating after undergone the

accelerated corrosive environment.

12



Scope of work of this project is to experiment amwmpare the effect of surface

roughness measured on different metal surfaceet@dhnesion and corrosion properties
of the applied oil modified alkyd-based enamel cwpbn the surface. The metal plate
used is mild steel contains 0.16-0.2%8%carbon sized 20 x 70 x 4.5 mm. All the
experiment will be carried out in the laboratorjaelreal-environment conditions will be

replaced by the use of the Salt-Spray Corrosionmea for an accelerated corrosive
environment.

13



CHAPTER 2

LITERATURE REVIEW

2. INTRODUCTION

This study is concerning some major field that viemportant to be understood in order
to complete the research. Some of the main aretssrstudy are Surface Roughness,
Profilometer, Coating Material, as well as Salt H@st.

2.1 Surface Roughness

Roughness is a measure of the texture of a surtade.quantified by the vertical
deviations of a real surface from its ideal forinthese deviations are large, the surface
is rough; if they are small the surface is smoBibughness is typically considered to be
the high frequency, short wavelength componentrakasured surface.

Roughness plays an important role in determining haeal object will interact with its
environment. Rough surfaces usually wear more duiekad have higher friction
coefficients than smooth surfaces. Roughness ienott good predictor of the
performance of a mechanical component, since itegigjes in the surface may form

nucleation sites for cracks or corrosion.

Roughness may be measured using contact or noaatomethods. Contact methods
involve dragging a measurement stylus across thiacgy these instruments include
profilometer

Specifying surface profile is critical. A surfaceughness that is too shallow can result
in adhesion difficulties, and surface roughness (asufficient coating thickness) that is

too deep can result in pinpoint rusting becauseatapted peaks of the profile protrude
above the surface of the coating. As a general thke surface profile should be a

nominal 15 to 20 percent of the total coating systhickness (up to 0.38 mm [15

mils]). !

14



2.2 Profilometer

Profilometer is a measuring instrument used to oreaa surface's profile, in order to
guantify its roughness. Vertical resolution is Usuan the nanometer level, though
lateral resolution is usually poorer.

Contact Profilometer is a diamond stylus is movedieally in contact with a sample
and then moved laterally across the sample foeaifpd distance and specified contact
force. A profilometer can measure small surfaceiatians in vertical stylus
displacement as a function of position. A typicadfpometer can measure small vertical
features ranging in height from 10 nanometerstallimeter. The height position of the
diamond stylus generates an analog signal whichnserted into a digital signal stored,
analyzed and displayed. The radius of diamond stsdnges from 20 nanometers to 25
um, and the horizontal resolution is controlled e tscan speed and data signal

sampling rate. The stylus tracking force can rénga less than 1 to 50 milligram§.
221  Advantagesof contact profilometer:

« Acceptance: Most of the world's surface finish deads are written for contact
profilometer.

« Surface Independence: Contacting the surface ehadh advantage in dirty
environments where non-contact methods can end epsuming surface
contaminants instead of the surface itself. Howebercause the stylus is in
contact with the surface, this method is not sefmsiio surface reflectance or
color.

« Resolution: The stylus tip radius can be as snsallananometers, significantly
better than white-light optical profiling.

. Direct Technique: No modeling requiréd.

15



2.3 Coating Material

Coating materials are applied in a thin film to yde protection or decoration to a
surface. Most films are thin in comparison to Wwek piece. In order to achieve the
desired characteristics from the thin film, the tooa material formulation must be
carefully considered in relation to the part chteastics, surface preparation, and
application technique and curing method. The ebrecembination of components and
process steps can lead to a film that provides-lasting beauty and defense against the

elements.

24 Salt Fog Testing

Salt Fog Testing is typically performed on coatedpainted samples for marine,
automotive, and military equipment. Salt Fog Tegtmalso an excellent way to test the
permeability of coatings and seals. Salt spray iesin accelerated corrosion test that
produces a corrosive attack to the coated samplesier to predict its suitability in use
as a protective finish. The apparatus for testingscsts of a closed testing chamber,
where a salted solution is sprayed by means ofzl@oThis produces a corroding
environment in the chamber and thus, parts ireitedtacked under this severe corroding
atmosphere. Chamber construction, testing procedun@ testing parameters are
standardized under national and international staf®] such as ASTM B 117 and ISO
9227. These standards describe the necessary mtfomto carry out this test; testing
parameters such as temperature, air pressure gptiaged solution, preparation of the
spraying solution, concentration, pH, etc. The meétlof coating application on the

surface will be varies.

The apparatus for testing consists of a closethteshamber, where a salted solution is
sprayed by means of a nozzle. This produces adiogeenvironment in the chamber
and thus, parts in it are attacked under this sewerroding atmosphere. Typical
volumes of these chambers are of 15 cubic feetusector historical reasons that was
the smallest volume accepted by ASTM-B-117, sim&=90's there is no request about

volume in ASTM, ISO recommends that the chamberulsimt be smaller than

16



200 liters in order to receive an acceptable amaintest samples, chambers are
available from sizes as small as 9.3 cu ft (2600 2,058 cubic feet (58,300 L), most
common machines range from 15 to 160 cubic fee@<4500 L)Tests performed with

a solution of NaCI"
25 Scratch Test

Scratch Test is a new method in determining theesidin strength of a coating. During
the scratch, the stage moves in the X-direction amgtobe remains stationary while
applying a controlled load on the specimen. Thel isaapplied by a cantilever system.
The three load modes include constant, incrememtadl progressive loads. In a
progressive load mode, the load of failure or adimestrength is at the load where the

probe first eliminates the coating.

The specimen must be flat with a length and wid#fgrably between 0.5 inch and 1.25
inches. On the other hand the coating must haveughness <5 um. Differences
preparation in the surface of the substrate andicapipn procedure of the coating will

alter results.

However, there are some challenges for using ¢ctast for testing such as there are no
ASTM standards on how fast, load rate and lengthctatch the surface of the coated
specimen. Then, the determination of adhesion gtineof the coatings is difficult for a
scratch test because the failure point of eachiragpdtas different characteristics of

failure during a progressive load scratth.

Scratch tests were performed using a CSM Instrusnetth a spherical micro-contact
indenter used in progressive mode. For sphericaltacd geometry, the imposed
effective strain depends on the depth of penetratiod is linearly proportional to the

ratio of the radius of efficient contact, r, to tiaelius of the spherical geometry!°R.

17



CHAPTER 3

METHODOLOGY
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3.2PROJECT ACTIVITIES

1. Metal and Coating Preparation

v

2. Grinding the Metal Surface

N

3. Measure Surface Roughness

4. Weight the Specimens

<~

5. Coating the Specimens

=~

6. Exposure to Corrosive Environment

N

7. Visual Inspection

8. Weight the Specimens

9. Scratch Test

=~

10. Metallographic Process

I

11. Documentation of
Results

Chart 2: Project Flowchart
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33 ACTIVITIESDESCRIPTIONS

3.3.1 Metal and Coating Preparation

This stage is to find the metal and paint as tlegiog system in this project. In this
study, the type of metal used is Mild Steel or LOarbon Steel. The metal is then
cut into 70 x 20 x 4.5 mm size. The size is detaedithat way in order to make

later stage of the research easier to handle with@mmaging the specimens.

Paint that has been chosen for the research i=oNipP00 Gloss Finish formulated
for interior and exterior metal and wood surfadidss type of paint is chosen due to

its availability and the quality that it offers.

Figure 2: Prepared Samples

3.3.2 Grind the Specimens.

Specimen that has been cut is then polished usiighPand Grinded Machine
using different Grit Paper. In this study, threenpées have been prepared. These
three samples were prepared to have differentcimaughness from one another.
These samples were marked as Smooth, Medium, anghR&rit paper that has

20



been used was Grit 80 for Rough surface, Grit 2B0Medium and Grit 600 for
Smooth.

Rough surface sample is polished using only ortepgper which is Grit 80, but for
Medium surface the sample is first polished witd @rit 80 and then Grit 280, and
the same thing goes for Smooth surface sample. Taken for each polishing
process is 15 minutes for Smooth, 10 minutes fodilta, and 5 minutes for Rough
as each grit paper use 5 minutes with constantdsge®ugh out all polishing

processes.

Figure 3: Grinding and Polishing Machine

3.3.3 Measure Surface Roughness

The three samples are then measured to obtaire#tkng of surface roughness for
each sample. The measurement is done using Pretéorto indicate the roughness
different between each surface significantly wik hame given to each sample. If
there is any reading that unconvincing to the s@dapolishing processes is going

to be repeated again to obtain the desired readhirige reading of taken of the

21



sample is significant enough with the name givethesample, proceed to the next
step.

3.3.4 Coating Specimen.

Three specimens is then coat with Nippon 9000 Glssh according to the
Nippon product datashedt Recommended paint system is according to the data
sheet as well as recommended paint applicationadefhhe weight measurement

of the samples is then taken before undergo nexess.

Bodelzc 5000
Undercoat

Primer Rad Oxlde

Figure 4: Nippon Paint Three Coat System for Metal

3.3.5 Exposureto the Corrosive Environment

Three samples is place inside the corrosion chambeérthe practice of ASTM B
117 — 09! is followed through out this process. Exposuréquefor the samples are
eight days starting April"® to g". ¥

Before the exposure, each of the samples was weagbhibtain the original weight
before undergone the exposure.

22



Figure 5: Cyclic Corrosion Chamber Model SF/450/CCT

3.3.6 Weight the Samples.

After taking off from the corrosion chamber, visuagpection going to be done on
the sample to take note any visible changes oomartds the coated surface of the
sample. Some blistering and peeling are expectedctur on the paint of the

sample. Sample is not to be touched and none gqfalm on the metal is removed.

The samples are then weight on the scientific lealao determine of weight loss of
the metal. If the result of weight measurementhevs clear different between

initial and final condition, project work proceemithe next stagé”

Figure 6: Scientific Balance to Weight the Samples
23



3.3.7 Scratch Test

Scratch test is one of the tests that can be peein order to obtain the adhesion
properties of the coating system. Some other test ¢an be done such as three
point bend test, tape test and bend test. Basdtieoavailability of the test to be
performed, scratch test is chosen.

The scratch tester moves a Rockwell diamond tifp witadius of 200pum across the
coated surface of a substrate at a constant wehlbite an increasing normal force
is applied with a constant loading rate. The straést introduces stresses to the
interface between coating and substrate causingileation or chipping of the

coating. The critical normal force at which thesffifailure of the coating is detected

Normal
load
Coating

/ Tangential force
e

is termed the critical load L&

Rockwell
diamond

Substrate

Scratch channel

|

Sample motion

Figure 7: Diagram of Scratch Test

Scratch Test machine is dedicated instruments faracterizing the surface
mechanical properties of thin films and coatinggy. eadhesion, fracture and
deformation. The tester has the ability to charastethe film-substrate system and
to quantify parameters such as friction and adleesivength, using a variety of
complementary methods, makes it an invaluablefayolesearch, development and

quality control™?.
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This test is performs to study the adhesion pragsedf the coating system that has
been applied with the effect of different surfacrighness. Based on general
understanding of adhesion properties of organitimgathe coating will fail as the

load is over the adhesion properties of the coating

3.3.8 Metallographic Process

Metallographic is the study of a materials microsture. Analysis of a materials
microstructure aids in determining if the matehak been processed correctly and
is therefore a critical step for determining prodeadiability and for determining
why a material failed. The basic steps for proper metallographic specimen
preparation include Sectioning and Cutting, MoumtifPlanar Grinding, Rough

Polishing, Final Polishing, Etching, Microscopic #ysis, and Hardness Analysis.
[11]

3.3.9 Documentation of Result
All the finding within the research period is docemed to finally produce a
research paper for this research entitles EffectSofface Roughness to the

Adhesion and Corrosion Properties of Organic Cgatim Metal Surface.

25



CHAPTER 4

RESULT

4.1 Coating Specification

Coating system that going to be used in the rekeamrk is Nippon tri-coat coating
system Nippon 9000 Gloss Finish, Red Oxide Primmt Rippon Undercoat. These
paints are oil modified alkyd-based enamel paipécglly formulated for interior and

exterior metal and wood surfaces giving them ahafdrilliance!*?
This gloss paint will provide a lasting beauty ewerharsh weather and helps prevent
fungus. It is recommended use for decoration amdeption of internal and external

wood and metal surfaces.

This organic paint is composing of three major parich are:

Pigments Mainly Titanium Dioxide, Iron Oxides
Carbon Black, Organic Pigments
Binders Soya Bean Oil modified Long Oil Alky

Thinnel White Spirit or MineraTurpenting

Table 1: Nippon 9000 Gloss Finish Composition

Recommended Number of Coats

Recommended No. of Co 2-3

Drying Time

> Touch Dry 2 hrs (depend on temperature and humidity)
> Hard Dry Maximum 8 hrs

Recoating Intervi 16 hre

Table 2: Recommended Paint Applications

26



Recommended Paint System for Steel and Iron:

Sequenc Product Nam No of Coat
Primel Nippon Red Oxide Primer/ Nippc 1
Zinc Chromate Primer
Undercoe Nippon 9000 Undercoat/ Econor 1
Undercoat
Finisk Nippon 9000 Gloss Fini 2-3

Table 3: Recommended Paint System

4.2 Mild Steel Selection

Mild steel is the most common form of steel becatserice is relatively low while it
provides material properties that are acceptalslenmy applications. Low carbon steel
contains approximately 0.05-0.15% carbon and ntddlscontains 0.16—0.29&&rbon,
therefore it is neither brittle nor ductile. Mildegl has a relatively low tensile strength,
but it is cheap and malleable; surface hardnes®eancreased through carburizifiy.

Mild steel is chosen due to it availability andsiteasy to process to produce the work
piece with the size that suit the work later one fHate cut into that size due to some

size limitation to work with scratch test machirfieepvard.

If the metal is already cut into the size of alable work piece to work on the bench of
scratch test machine, the sample will no be dansagkethe test can be conducted as
original state as possible as it is taken out ftbencorrosion chamber without has to be

cut off.

27



20mm

+«— 70mm >|

Figure 8: Metal Sample Size

4.3 Grinding Process.

In order to differentiate the roughness of theatefof the samples, grinding process is
done. Three samples prepared shown different surfagghness. The surface of each
sample is observed under the Optical Microscopgeta clear view of the real surface.

Figure 9: Three samples prepared with differenfaserroughness.

Sample A is indicated as Rough surface sample, BaBps Medium surface sample,

and Sample C is Smooth Surface sample.

Figures below show the microscopic condition of reaurface under the Optical
Microscope.

28



Sample A: Rough

Sample B: Medium

Sample C: Smooth

Figure 10: Microscopic View of Each Surface at Mag

29



44 Profilometer

This test is to measure the exact surface roughoéssach sample. After the
measurement is complete, the sample will be coatedrding to the product data sheet
from the paint manufacturer. If the measurementhef profile of the surface don not
shows significant different in the reading of thezle surface roughness, samples will be
polished again accordingly. Mahr Perthoméiasic specification and information:

. Tactile measuring system, profilometer
. Drive unit PGK-20, tracing length 20 mm
. Pick-up, RFHTB-50, RFHTB-250, MFW-250

. Dynamic noise < 8 nm, Static noise Rz < 2 nm
. Max. resolution vertical: 1 nm, horizontal: 100 nm
. Static measuring force 0.6 mN, 1 mN

. Evaluation software Mahr and PTB-Reference Softirp@B*"

The reading was taken three times at differentgddo detect the surface roughness of
the workpiece, and then the average of the readinmplculated and assumed as the
overall surface roughness of the workpiece. Thalingameasured shows that the

surface roughnesses were different from one anathdris polished using different grit

paper.
Sample A Sample B SampleC
1™ readin 0.5¢ 0.4¢€ 0.1¢
2" reading 0.74 0.37 0.1¢€
3%readin 0.4¢ 0.3C 0.1¢€
Average 0.6( 0.37 0.17

Table 4: Surface Roughness Measurements
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Figure 11: Surface Roughness of the Sample Is Meddusing Perthometer
Universiti Teknologi Petronas

Institute of Technology Petronas Sdn.

Bandar Seri Iskandar Perthometer Concept
31750 Tronoh,Perak
Darul Ridzuan

Object: OBJECT Pick-up:  MRA-250 -28,8-CAL | Inspector: NO NAME
Number:  HUMBER Date, time: 01.01.2000, 12:37

1st Measurement :

Profile (1/3): R [LC GS 0.25 mm] 1
: : : : : Ra 053 pm
Rz 285 pm

10.0

[um]
0.0

0.25 mm/div ' ' " 125mm
2nd Measurement :

Ra 074 pm
Rz 470 pm

0.25 mmidiv ' '  125mm
Srd Mesurement :

Ra 049 pm
Rz 236 pm

0.25 mmidiv ' ' © 125mm

Figure 12: Data Sheet of Sample A using Perthometer
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45 Coat The Samples.

The coating process will be done according to neetleeommended in the product data
sheet using a paint brush. To make the coat alitestical to one another, 3 layer df 3
coat Gloss Finish will be apply to each sampleratfie application of i coat of Red
Oxide, and White Undercoat a&"2oat. The application of the coating will be ineon
single direction and path.

Figure 13: Samples Coated witfi Coat: Red Oxide Primer

L

Figure 14: Samples Coated witff Zoat: Undercoat
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-
Ah

Figure 15: Samples Coated witl{ @oat: Gloss Finish

- —
A B

L Jl

Figure 16: Samples Coated with @oat: Gloss Finish

4.6 Weight The Sample after Coating.

All coated sample that has reach the drying tinoememended is then weight for the
records. The weight of each samples are taken antmunt to make sure that the
deposited amount of thickness layer of coatindgn®at equal in every pass for all three
samples. This practice is to monitor the consisterfdhe coating applied on top of the

metal surface every single time. Samples will beghted using scientific balance with
normal precautions such as take the average readahgtc.

33



Raw Primer Oxide | Undercoat 1st Coat 2nd Coat
Sample A 54.173 54.676 55.107 55.501 55.795
Sample B 51.275 51.732 52.031 52.41 52.831
Sample C 60.106 60.517 60.907 61.217 61.697

Table 5: Sample’s Weight after Particular Process

4.7 Corrosion Chamber Exposure.

Corrosion chamber is acting like an acceleratedrenment for the corrosion process to
occur. In this research Sodium Chloride (NaCl)gsdifor the salt solution. 5 +/- 1 part
of NaCl will be dissolved in 95 part of water. Téalt used shall be NaCl with not more

than 0.3% by mass total impuritié3.

A common formula to calculate the amount of sajuieed by mass to achieve a 5% salt

solution of a known mass of water is:

0.053x Mass of Water = Mass of NaCl Required

Equation 1: Salt Solution Equation
The mass of water is 1g per 1mL. To calculate thegwf salt required in grams to mix
1L of a 5% salt solution, multiply 0.053 by 1000dpis formula yields a result of 53g of

NaCl required for each liter of water to achiev&a salt solution by mass’!

The pH of the salt solution shall be such that whesmized at 35°C, the collected

solution will be in the pH range from 6.5 and 72.
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Figure 17: Samples Expose in Cyclic Corrosion Chamitour 1

Figure 18: Samples Expose in Cyclic Corrosion Chemktour 200.

4.8 Visual Inspection

As the samples are taken out from the corrosiomblea, the samples are inspected
visually to identify any abnormalities that has pap to all the samples after 200 hours
of exposure. Some of the noticeable changes thabwdly seen is the yellow brownish
sediment on the sample surface. As the coatingemlsyst coated in white color, it is

much easier to have the contrast between the goatwd the foreign elements. The
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photo of each sample is captured for further amalyBhe coating failures that had
occurred on the coating surface such as crackbngemd pinhole.

Table below summarize all the failure that occufdll the samples.

Failure
Sample Cracking Peeling Discoloration
Yes Yes Yes
B Yes No Yes
Yes No Yes

Table 6: Samples Failures
Cracking is small breaks in coating to substrateasious geometries normally resulting
from stresses due to continued polymerization atation. Peeling on the other hand is
strips or sections of paint peel loose from thdasar, usually due to moisture and/or
inadequate surface preparation. Meanwhile disctioras the looks of some yellowish,
grayish, or darkening on the coated surface assaltref weathering or chemical

reaction’?!

Figure 19: Overall View of Samples After Taken G&fom Corrosion Chamber
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49 Weight the Samples.
After 8 days in cyclic corrosion chamber, samples @out to be weighted again to
obtain the final weight of the samples. This measwnt is taken to calculate the

percentage of weight different for each step ferwnole process.

The samples is weighted in three condition whiceh at first it is weight directly after
taking out from the cyclic corrosion chamber, settpithe cleaning using soft cloth and
the thirdly using a Ultrasonic Cleaner. These dleguprocesses are to make sure that
the foreign elements are taken out from the coatethce and the final weight of the

samples can be obtained.

Sample After First
Exposure Cleaning UT Cleaning
A 55.589 54.937 54.138
° 53.426 53.262 52.935
¢ 61.773 61.549 61.107

Table 7: Samples Weight after Cleaning Processes

410 Scratch Test

The typical scratch tester has three methods @ctiey coating failure; a load cell to
measure the change in friction, acoustic emissioobservation of the scratch channel
using an attached optical microscope. The bestctci@dhesion testers use all three
methods of coating failure detection. The intensityhe acoustic emission is dependent
on the type of coating failure during the adheg&st e.g. cracking, chipping (cohesive
failure) and delamitation (adhesive failure). It tleerefore important to observe the
coating failure after the adhesion test using aicalpmicroscope to confirm the critical
load."!
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4.10.1 Features of the Scratch Test Machine:

> Proven method to quantify adhesion of coatings
> Acoustic Emission, Frictional Force, Penetratidbepth and optical
observation

> Unique force feedback actuator

> Wide range of different indenters

> Very high throughput and reproducibility

> Handling of large samples (up to 300 mm)

> Works for both hard and soft materials

> Wear testing in multi pass mode

> Automated optical microscope inspection

> Industrial platform for quality contréi®

Figure 20: Sample Being Test by Scratch Tester
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4.11 Metallographic Processes

Method that going to be practiced during metallpbre are:

4.11.1 Sectioning and Cutting

Proper sectioning is required to minimize damagdyiciwv may alter the
microstructure and produce false metallographicasttarization. Proper cutting
requires the correct selection of abrasive typadbw, and size; as well as proper
cutting speed, load and coolaht.

Cutting and section has to be done properly tochsay peeling and of the coating
system which would affect the result and finding.

4.11.2 Mounting
The mounting operation accomplishes three impofftamttions (1) it protects the
specimen edge and maintains the integrity of malesurface features (2) fills

voids in porous materials and (3) improves handihgregular shaped samples.
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For metals, compression mounting is widely useani@hcs are popular because
they are low cost, whereas the diallyl phthalates epoxy resins find applications
where edge retention and harder mounts are requlieel acrylic compression

mounting compounds are used because they havdestaghrity.!*

411.3 Planar Grinding

Grinding is required to planarize the specimen #nceduce the damage created
by sectioning. The planar grinding step is accosm@d by decreasing the abrasive
grit/ particle size sequentially to obtain surfafieishes that are ready for
polishing. Care must be taken to avoid being taasilee in this step, and actually

creating greater specimen damage than produceuigeuiting "

4.11.4 Rough Polishing

The purpose of the rough polishing step is to resrthe damage produced during
cutting and planar grinding. Proper rough polishiwgl maintain specimen
flatness and retain all inclusions or secondansplaBy eliminating the previous
damage and maintaining the micro structural intg@f the specimen at this step,
a minimal amount of time should be required to reenthe cosmetic damage at

the final polishing step.

Rough polishing is accomplished primarily with diaimd abrasives ranging from 9
micron down to 1 micron diamond. Polycrystallineadond because of its
multiple and small cutting edges, produces highratgs with minimal surface
damage, therefore it is the recommended diamondsader for metallographic

rough polishing on low napped polishing cloths.

41



4.11.5 Final Polishing

The purpose of final polishing is to remove onlyface damage. It should not be
used to remove any damage remaining from cuttirg @anar grinding. If the
damage from these steps is not complete, the r@adjshing step should be
repeated or continued”

4.11.6 Etching

The purpose of etching is to optically enhance astuctural features such as
grain size and phase features. Etching selectiadtgrs these microstructural
features based on composition, stress, or crystattare. The most common
technique for etching is selective chemical etchamgl numerous formulations
have been used over the years. Other techniquésasumolten salt, electrolytic,

thermal and plasma etching have also found speedkpplications.

Chemical etching selectively attacks specific mstmactural features. It generally
consists of a mixture of acids or bases with oxidyor reducing agents. For more
technical information on selective chemical etchiogsult corrosion books which
discuss the relationship between pH and Eh (oxad&eduction potentials), often
known as Eh-pH diagrams or Pourbaix diagrdis.

Figure 21: Samples after being mounted
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4.12 Microscopic Analysis
Optical Microscope is used to observe the conditibrthe microstructure and the

coating layer on the metal.

Figure 22: Micrographic View of Sample A
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Figure 23: Microscopic View of Sample B
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Figure 24: Microscopic View of Sample C

Sampl
Layer Sample A (um) Sample B (um) Sample C (um)
Red Oxide Prime 58 79 43
Undercoe 79 85 9C
First Coa 45 36 3C
Second Coi 36 36 3C

Table 8: Samples Coating Thickness Measured undEobtope

Result obtain from the measurement shows thathibkntess is almost precise from one

to another. The differences were in the acceptabige and the different was not too

big.
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CHAPTER 5

DISCUSSION

5.1 Mild Steel

Mild steel is sized 70 x 20 x 4.5 mm. The metatus into that size to ensure that later
stage of testing will not be affected. Size of rhésaabout to fit the testing bed of

Scratch Test Machine which the maximum width obwatble work piece on the testing
bed is about 1.5 inch width.

Therefore, the work piece is prepared earlierttth® testing bed. Sizing the work piece
that already fit to the testing bed will avoid audgt and sectioning the work piece after
the exposure in the Corrosion Chamber. Cuttingssuadioning the work piece after the
exposure might affect the condition of the coatsygtem of the work piece. Some
defect that would occur due to cutting and seatigrare cracking and peeling which

then lead to the early failure of the coating sysbefore endure the scratch test.

5.2 Grinding
The grit paper is chosen with different numberemdnstrate the significant different of
the surface roughness after the grinding procesg.dbhe entire specimen is grinded

using the same speed, 150 rpm for 10 minutes fdr paper individually.
Sample A was grind with grit No. 80, Sample B wasdywith grit No. 80 and grit No.

280, meanwhile Sample C was grinded 3 times usiog84, No. 280 and finally No.
600.
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Samples Surface Roughness
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Chart 3: Samples Surface Roughness

From the chart above, it is noticeable that earhpde has its own surface roughness
patterns that differ from one another. For eachpd@anthe reading is taken at different
spot which lead to the different of reading of tlmeighness. Based from these three
reading for each samples, the average of the rgadimaken as the sample’s surface

roughness. The roughness reading is 5 mm for gzetinsen.

This practice can avoid the same reading is takerthe continuous pattern on the
surface but the reading is taken adjacent to onthan The average of the readings will
provide enough amount of information required tketanto account as the surface

roughness of the metal.

Notice that for Sample A, there is a highest mesment taken about 0.8um recorded.
This may due to the lack of surface contact towdndsSiC Grit paper during grinding
process. This condition is preferable for this gtad it is concerning with the variation
of the surface roughness. It shows that on thaicpiéar rough metal surface sample the

variation of peak and valley present there.
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On the other hand, Sample B and C shows a veny giiffakent of variation from three
reading which mean the measurement of the surtagghness is consistent and precise
with the average surface roughness taken. Evergth&ample A has a wide variation
from 1% reading to the ¥ reading, the % time reading and"3time reading is taken and

recorded with small measurement variation from amether.

5.3 Weight the Samples
For this research, the method to determine theigmeess and consistency of each
coating process is by the weight measuring methdsing this method, we can

determine the amount of coating being applied ambsited on the metal surface every

single time.
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Chart 4: Samples Weight Curve
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To observe the consistency of the deposited lafyeoating the percentage different of
every single coating is calculated using the equati

% different =| Current Weight — Previous Weight

| Previous Weight |

Equation 2: Coating Percentage Different

% Diff Raw-Primer | % Diff Prim- Udrcoat | % Diff Under-1st

Sample A 0.93 0.79 0.71
Sample B 0.89 0.58 0.73
Sample C 0.68 0.64 0.51
% Diff 1st-2nd | % Diff 2nd-Aft | % Diff Aft-1st Clean| % Diff 1st Clean - UT

0.53 -0.37 1.17 1.45

0.80 1.13 031 0.61

0.78 0.12 0.36 0.72

Table 9: Percentage Weight Different of the Samples
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Chart 5: Scatter Plot of Samples Percentage Differe

As this study is using the sample’s weight to meaghe consistency of the applied
coating, it is noticed that during the processadting the samples, percentage different
of the applied coating is almost uniform and caesise with one another. From the
scatter plot above, we can say that the averagepige different is about 0.75%.

From the scatter plot, it is noticeable that samplnd Sample C have almost identical
physical plot meanwhile Sample B have slightlyeliéint from those two. Sample B has
one inclined point taken for the percentage difiéfer the second coat weight and the

weight taken after one week exposure in corrosiantber.
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This is might be the result of the corrosion ankdeotsediments forming on the bare
surface of the metal such as water or air trappsde the corrosion area as the samples
is taken to the scientific balance straight awagralbeing removed from the corrosion
chamber. No cleaning is involved for this procelssréfore no foreign material or

corrosion precipitate is removed from the surface.

For sample A and C, there are significant differeatcentages of the sample’s weight
during the surface measurement of the sample thigef" cleaning and the freshly taken
out sample from the corrosion chamber. This may tu¢he loss of contaminant,

sediment or any foreign material that attachedh¢osamples during the exposure.

This first cleaning is the process of removing cedble and physical contaminant that is
precipitated on the surface. For this purpose, lerhand tool such as wire brush, and
scrapper gently used to remove all the foreign natthat precipitated on the surface.
Then the samples are dried using hair drier to kentbe entire water particle on the

surface in order to keep the surface dry.

5.4 Coating
Aside from surface preparation, the actual coa#ipglication is the most visible and

important aspect of the coating work.

For brush application, the brush should be dippgoraximately one half of its bristle
length into the coating. The bristle tips shoulddbeshed lightly against the side of the
container to prevent dripping, and as fully a lahde brush as possible should be
maintained. This will result in a more even coatiilgh and help ensure thorough
wetting of the surface.

Brushing is more effective than spraying for wotkimaint into depressed irregularities,

pits, or crevices. Care should be taken to endwakthe coating is not brushed out too

thin, especially on projections and corners.
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Sample A (ur | Sample B (un | Sample C (un
Red Oxide Prime 58 79 43
Undercoe 137 164 13:¢
First Coa 182 20C 163
Second Coi 21€ 23¢€ 19:¢

Table 10: Collective Thickness of Coated Sample
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Chart 6: Collective Thickness of Coated Samples/€ur

From the curve, it is noticeable that the thickesating applied is on Sample B
measured about 236 um, and the least thick is omp®aC measured about 193 pum.

The curve has shown no significant different betwdémmse three samples.
The percentage different of Sample A to Sample B7.B%. Percentage different

between Sample B to Sample C is 18.2% and percexiffigrent between Sample A to

Sample C is 11.5%. Average percentage differentdxt these three samples is 12.4%.
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5.5 Visual I nspection

Sample A with surface roughness 0.60 um shows ssigr@ficant defect such as
discoloration, peeling and cracking on the metalasie after being exposed for 8 days
in cyclic corrosion chamber. Sample B and SamplnGhe other hand only show the

sign of cracking and discoloration without any ation of peeling found.

Figure 25: Peeling on Sample A

This situation might be the result of roughestacefon Sample A compare to the other
sample. Rough surface will affect the coating adimestrength on the metal surface.
The adhesion properties of the coating materiat t#l the roughness of the metal
surface. This condition might also be one of trmults if the surface preparation is not
performed adequately to overcome this problem @&sadrthe affected area of surface
preparation is surface roughness.

On Sample A, peeling only occurred at one sidédefrhetal at two spot along the edge
of the sample like shown in Figure 24. First defeas measured and read the length at
25.2 mm and the other location measured to be 38.8rhis giving the coating adhered
length to be around 14mm only out of total lengtif @ mm. Only 20% of the length of
the applied coating is adhered and the other 808orgpletely peeled off from the metal
surface.
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Figure 26: Sample After Taken Out From Corrosiom@her

Sample A has 4 different spots with cracks shoveg the coating is very weak and
easily influences by the corrosive environment. @ilthe cracks are originated at the
corner or the edge of the samples with none of tbaginated from the center which
indicates that edge and corner area should notakentfor granted during surface
preparation. The coating system provide greateesidh towards the better surface
roughness sample such as sample B and C and corromn be reduce with only two

cracking found each.

5.6 Scratch Test

Scratch Test is performed using CSM Instrumentiairglconducted in the progressive
loading test. Three reading was taken as precautieasure. The orientation of the
samples also varies from one run to the other. Mbde the location for the test is

randomly chosen of the coated surface.

Scratch Test is conducted after the sample is doweernight inside the moisture

absorber tray in order to make sure that the sangoéecompletely dry.
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Figure 27: Scratch Test Done On Random Location

After underwent Scratch Test, Sample A demonstfatther cracking and severe
peeling of the coating system which initiated frtime scratch test area. This also may
due to the rough surface of the sample.

Figure 28: Further Peeling and Cracking on Sample A
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CHAPTER 6

RECOMMENDATION

Further study on this topic can be done in manysymssible:

6.1 Full Coating of Samples

For this study, the sample is coated on one sudateand the rest were left bare and
uncoated. Having full coated samples will reduce plssibility of edge peeling of the
coating system towards the sample surface. Howdnaarng full coated sample has
another problem which is the entire surface of dampust have almost equal surface
roughness from one another to obtain the precisaltreNVhen the samples coated on
every faces of the samples, the scratch also nedgk tdone on every single faces,
therefore using thicker samples is possible withatision of 70 mm x 20 mm x 20 mm.

If the sample is cut in this size, scratch testlmaiwonducted easily.

6.2 Longer Exposure Time

Exposure time in the cyclic corrosion chamber fas tstudy is 8 days continuously. In
order to obtain greater visible result, the sampgleall be exposed for a longer period
such as one whole month and meet and follow allrélggiirement from ASME B117.
This practice will allow the failure, if there isipwill appear more significantly on the

samples surfaces.

6.3 Coating Thickness Measuring

Coating thickness measuring is the process of mieasthe wet and dry coating
thickness using specific film thickness gauge. Hesvdor this study, weight different is
use instead. Using film thickness gauge is belttan imeasure the weight of the coated
sample because, each of the coating layers apptiedetal surface can be determined
its thickness during the coating is wet an dry. Th®rmation gathered from the
measurement can be used to calculate overall gp#tiokness applied on the meatal

surface straight away.
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6.4 Focusing On One M ajor Factor

This study is conducted for two major results whaie the adhesion and corrosion
properties towards the variety of surface metalghmess. Further study can be
conducted if more concentrate on one major resiittele adhesion properties or

corrosion properties.

Further study on one major result will allow deepaderstanding and development of
the process. For example the adhesion propertieshis study there is only one single
test could be perform to determine the adhesiopestes which by mean of scratch test
alone. However if there is one major outcome igdtad, several type of adhesion

testing could be performed such as tape test amdl test.

Meanwhile, for corrosion properties for the organ@ating, beside visual inspection,
corrosion penetration rate could be consideredlaication time for cyclic corrosion

chamber exposure is long enough to have the fdiled coating system. Further
inspection also could be done using modern gadgét as Ultrasonic Test to obtain the

coating thickness should it loss some.
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CHAPTER 7

CONCLUSION

Based on the research work that has been compldétedflow of this project is
constructed firmly and structurally. Coating is ywedeal for decorative and corrosion
protection purpose but it is really related witk gurface preparation done. By varies the
method of surface preparation, the surface roughaoéthe metal is varied and produce

different result from one another in term of adhesess to the organics coating applied.

Direct relationship is clearly obtained from thedst that has been completed that the
one of the concern of having surface preparationughen the metal surface. Different
level of surfaces roughness affected the adhesiopepties of the coating system. For
example surface roughness of Rough Sample, RaO=h6has the Critical Load about
3 N which represent the adhesion strength of tigarac coating applied. Meanwhile,

Smooth Sample with surface roughness, Ra = 0.1hasCritical Load about 25 N.

Different level of surfaces roughness affected dld&esion properties of the coating
system. The corrosion rate also depends on thesmdh@roperties of the coating
material towards the surface. Rough surface prolds adhesive between coating

material and the metal surface.

Original cracking found of the coating at four di#nt spots on Sample A compare to
Sample B and C both with two original cracking fdurght after 200 hrs of exposure. It
was found out that the coating on sample A has piéabout 56 mm at the edge of the
sample which is about 80% from sample’s total |lerafter the exposure to corrosive
environment. Evident from the scratch testing om other hand shows that sample A

had peel off in the brittle manner and continuesréxk further more.
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