UNIVERSITI TEKNOLOGI MARA

THE AQUEOUS ENVIRONMENTAL
EFFECTS ON CO-NI-FE COATED
STAINLESS STEEL BOLTS

MUHAMMAD SYAFIQ BIN MD.NOR

Thesis submitted in fulfillment
of the requirements for the degree of
Master of Science
(Mechanical Engineering)

College of Engineering

July 2022



AUTHOR’S DECLARATION

| declare that the work in this thesis was carried out in accordance with the regulations
of Universiti Teknologi MARA. It is original and is the results of my own work, unless
otherwise indicated or acknowledged as referenced work. This thesis has not been
submitted to any other academic institution or non-academic institution for any degree

or qualification.

I, hereby, acknowledge that I have been supplied with the Academic Rules and
Regulations for Post Graduate, Universiti Teknologi MARA, regulating the conduct of

my study and research.

Name of Student :  Muhammad Syafiqg Bin Md.Nor

Student 1.D. No. : 2018457108

Programme : Master of Science (Mechanical Engineering) —
EM750

Faculty : College of Engineering

Thesis Title :  The Agueous Environmental Effects on Co-Ni-Fe

Coated Stainless Steel Bolts

Signature of Student L

Date . July 2022



ABSTRACT

Stainless steel 304 (SS304) is one of the widely used steel fasteners in both commercial
and industrial sectors. However, stainless steel is susceptible to failure in a harsh
corrosive environment despite its good corrosion resistance. Nowadays, the
electrodeposition process is gaining traction as a flexible method to improve surface
properties using various types of alloys. In this study, Co-Ni-Fe alloy was chosen as a
protective coating for SS304 bolts through electrodeposition process. The purposes of
this research are to develop a better understanding on the surface properties of Co-Ni-
Fe thin film deposited onto stainless steel 304 bolt and the corrosion behaviour in
corrosive mediums taken from actual environments. First, the coatings were synthesised
with deposition time of 15, 30, and 45 minutes and current density of 28, 35, and 42
mA/cm? whereas the other plating parameters were kept constant. The samples were
characterised using scanning electron microscope (surface morphology and elemental
composition), 3D surface metrology system (roughness and thickness), and hardness
testing machine (microhardness). In most cases, there was a correlation between the
trends of surface roughness and corrosion rate. Both properties had lower values as
deposition time increased. In order to select the best combination of plating parameters
for environmental tests, the samples were further analysed with potentiodynamic
polarisation technique using a potentiostat to obtain the corrosion rates. The optimum
plating parameters were 30 minutes and 42 mA/cm? because the corrosion rate was the
lowest. More samples were produced using these optimum parameters for the
environmental immersion test, which consisted of river water, tap water and seawater.
River water was the most aggressive environment because the samples lost the highest
weight followed by seawater and tap water during the weight loss analysis.
Electrochemical impedance spectroscopy (EIS) results indicated that the impedance |Z|
value varied as immersion period increase. River and tap water had an increasing |Z|
value whereas seawater had a decreasing |Z| value over times. In terms of
electrochemical aspects, river water caused the highest corrosion rate whereas the
weight loss test showed that seawater caused the highest corrosion rate. It did not had
direct relationship with weight loss trend. Based on these environmental tests, the
corrosion resistance of Co-Ni-Fe coating is the highest in tap water, followed by river
water and seawater.
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