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ABSTRACT

This research work entailed the development of thick plasma sprayed coatings with nano grained microstructure from (a)
8%yttria stabilized zirconia (8YSZ) and (b) o-alumina (a-ALO;3) to serve as thermal barrier and wear resistant coatings
respectively. Their usefulness was demonstrated in an actual application by employing a single cylinder diesel engine. Plasma
sprayable powders were synthesized from commercially sourced nano (<100 nanometers) powders of 8YSZ and 0-ALO; via
manual-granulation and spray drying methods which resulted in 50 and 70 grams/batch of powders respectively. Many process
variables were applied to obtain free flowing powders with high efficiency in processing. (2) Flowability (b) stability in plasma
and (c) coating quality assessments were made to determine their sprayability. Similar flowability (46 to 48 grams/minute) and
particle agglomerate size range (50 - 110y) were obtained in both methods: although spray drying was preferred route due
to process efficiency. After lab scale developments, the best parameters were used for further plasma spray powder
synthesis in pilot scale spray dryer. The developed powders were plasma spray coated on ~50 um thick bond coated
(commercial NiCrAlY) Al-Si (engine piston materials) and stainless steel (engine gudgeon pin material) coupons which entailed
establishment (extensive trials) of suitable plasma spray parameters so as to fabricate >100 microns thick well adherent coatings
with nano-grained microstructure.

The challenges caused by unsuitable plasma spray parameters resulting in substrates burning, powder /coating melting, non-
adherent coatings etc. were over-come by making small but systematic changes in the spray parameters to obtain them. 8YSZ and
a-ALOs coatings exhibited tetragonal-ZrO; & corundum phases (XRD) respectively with average grain sizes between 30 &
50nm (SEM). The top coat thicknesses (cross section metallography & SEM) were up to (a) ~170 p in 8YSZ and (b) ~ 150p in
0-Al,O5 coatings. Deposition efficiency was found to be buildup of 10um/pass coating thickness that was stable up to a
maximum of ~200 pm. Temperature drop of ~40°C across 8YSZ coatings with high thermal shock resistance, VHN numbers
(980-1010HV), wear loss (<2%), scratch adhesion tests with <10% indenter penetration at average depths (17.9 -18.8um),
average friction of (3.45 N-3.11N) were determined in these coatings as applicable.

The best plasma spray parameters established via experimentation were employed to spray coat actual engine components (8YSZ
on engine piston and o-AlOs on gudgeon pin). The coated components were mounted on a single cylinder SHP Kiroskar diesel engine
mdpaﬁxmarmdiﬂémwswaewaluamdbdwmbasehwmginemdmodiﬁedmghm The engines were nun for 100 hours each
at maximum load. The 8YSZ coated piston withstood the performance evaluation and exhibited significant (22%) reduction in
Brake specific fuel consumption with correspondingly other beneficial outcomes (higher thermal efficiency etc.). Nano
0-ALO; coated gudgeon pin also withstood the test w ithout any deterioration in coating quality. Coating
thicknesses were evaluated after 100 hours of engine performance test: small reductions in thicknesses were observed which
could be the loose outermost layers (needs addressing). A heat balance sheet that aids the understanding and optimization of the
performance of IC engine was prepared.
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