Thesis Title Effects of Nanoparticle Additives on Structures, Properties and
Tribological Behaviour of Thermal Sprayed Alumina-Based

Nanocomposite Coatings

Author Miss Nuchjira Dejang

Degree Doctor of Philosophy (Materials Science)

Thesis Advisory Committee
Asst. Prof. Dr. Sukanda Jiansirisomboon  Advisor
Asst. Prof. Dr. Sittichai Wirojanupatump  Co-advisor

Asst. Prof. Dr. Anucha Watcharapasorn Co-advisor

Abstract

Plasma sprayed ceramic coatings are widely used in many industrial
applications for wear resistance. Objective of this study is to examine the effects of
nano-sized additives such as TiO,, ZrO, and MgO (with various content of 3, 13 and
20 wt%) in Al,Os-based coatings deposited onto mild steel substrates. Effects of type
and content of nano-sized additives on microstructure, phase, mechanical properties
and tribology of the Al,O3-based coatings have been investigated. X-ray diffraction
result presented that the phase structure of Al,O3; matrix which comprised mainly of
metastable y-Al,O3 and stable a-Al,O3. Phases of nano-sized oxide powders were
also found to be changed after being plasma-sprayed; for examples, anatase-TiO,
transformed to rutie-TiO,, monoclinic-ZrO, transformed to tetragonal-ZrO, for

Al,O3/TiO, and Al,O3/ZrO, coatings, respectively. However, cubic-MgO phase



Vi

presented in the powder was unchanged after being sprayed. Apart from this,
Al,O5/TiO; and Al,03/MgO composite coatings also contained new phase of Al,TiOs
and Al,MgO,, respectively. Microstructure of the composite coatings showed high
density and excellent distribution of oxide lamella. VValue of percentage porosity of all
composite coatings were rather similar and found Al,O3 to be in the range of 12-18%.
ZrO, addition was found to increase hardness, while reduction of hardness values
were observed for TiO, and MgO additions. The addition of TiO, and ZrO, nano-
particles could improve fracture toughness, but the MgO addition could not. Friction
coefficient of Al,O3/ZrO, and Al,O3/MgO coating systems were similar and found to
decrease over 3 times with only 3wt% addition. The friction coefficient values were
found to be ~0.1-0.2. An addition of TiO; nano-particles into Al,O3 coating showed
only small drop of friction coefficient when compared to that of pure Al,O3 coating.
Result of sliding wear test showed good correlation between the friction coefficient
and wear rate. The Al,O3/ZrO, coating had highest wear rate compared to the other
systems, but abrasive wear rate of this system was found to be minimum. The
Al,03/13wt%MgO presented the lowest friction coefficient and highest sliding wear
resistance. For the abrasive wear, the Al,O3/TiO, coating showed higher abrasive
wear resistance than the other coatings. Moreover, nano-particles addition regardless
of its type could not reduce abrasive wear rate. This could be a result of rather sharp
particles which caused harsh wear behavior. The effect of nano-particle addition on

abrasive wear thus could not be classified theoretically.
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