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Abstract: Nanocrystalline powders of yttrium partially stabilized zirconia (YPSZ) are reprocessed
into agglomerated feedstocks for plasma spraying thermal barrier coatings (TBCs), using the meth-
ods of ball milling, slurry dispersion, spray drying, and heat treatment. -Atmospheric plasma is
used to spray the agglomerated nanocrystalline particle feedstocks and coatings were deposited on
the substrate of Ni-based superalloy. Scanning electron microscopy (SEM) is used to examine the
morphology and cross-section of the agglomerated feedstocks and the free-seetion and cross-section
of the nanostructured TBCs. Experimental results show that the agglomerated nanocrystalline par-
ticles are spherical and dense. Unlike conventional plasma-sprayed coatings, the micron/nano/mi-
cron sandwich structure can be found in the nanustructured YPSZ coatings deposited by atmospheric
plasma spraying.
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1 Introduction

.Plasma sprayed coatings include anti-wear coating, corrosion-resistant coating, high temperature oxi-
dation-resistant coating, thermal barrier coating; and abradable seal coating, and lubrication coating. Most
of the coating materials are ceramict 4. Coating thickness is usually in the range of 200-500 pm. To in-
crease the bonding between ceramic coatings and substrates, intermediate metallic coatings are often applied
to the substrates prior to the deposition of the top ceramic coatings™ * .

YPSZ is a kind of ceramic coating material used in the gas turbine engines for the purpose of thermal
barrier. Conventional coating consists of laminar layers with high brittleness. Microeracks are frequently

[s.7]

found in the coating after plasma spraying®” . The conventional coating fails after losing laminar layers

gradually. Nanocrystealline materials could be applied to future gas turbine engines. Nanostructured ceramic
materials could be deformed by the way of grain boundary sliding® .
Reprocessing of YPSZ nanocrystalline powders and plasma spray for forming nanostructured thermal

barrier coatings are the aims of this study.
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2 Materials and methods

2.1 Materials

Nanocrystalline YPSZ powders purchased at market have low free holding density and poor flow abili-
ty. These powders can be used neither for plasma spraying nor for pressing and sintering. They must be re-
processed to improve the density and [low ability.

FirSt. the mixed powders were ball-milled, with the addition of deionized water. Secondly, slurry was
prepared using an organic compound as binder. Thirdly, spray drying was used to make agglomerated par-
ticles. Finally, heat treatment was applied toremove the binder, keeping the agglomerates integrated.

A typical SEM micrograph of the agglomera-
ted powder is shown in Fig. 1. Almost all of the
particles are spherical. A few apple-like particles
can be found that resulted from non-uniform evap-
pration of water during spray drying. The agglom-
erated particles are in the range from 10 pm to 50

pm. The surface of the large particles is smooth.

Flow ability of the agglomerated powder 15 signifi-

cantly improved after the reprocessing.

2.2 Forming and testing Fig.1 Morphology of the PSZ nanostructured powder feed

stocks
Plasma spray for forming the nanostructurcd

thermal barrier coatings is conducted by DC plasma spraying system (Metco3MB). DC plasma was used.
Argon was used as plasma gas. Substrate material is stainless steel with metallic bond coating.
‘The morphology and cross-sectional microstructure of the plasma spraying YPSZ coatings arc ohserved

with a scanning electron microscope{ SEM)( HITACHI S-3500N, Japanese).

3 Results and discussion

The ceramic coating is approximately 150 pm. A small piece of sample was cut from the cross section
of the coating. The coating sample was examined by scanning electron microscopy after being ground and
polished. SEM micrograph of the coating is shown in Fig.2. There is about 102 porosity in the coating.
Unlike conventional coatings, no obvious laminar layers can be seen in the coating, giving risc to high co-
herent strength of the coating. T'wo regions can be
identified from the coating. One is dense block re-
gion, and another is porous nanostructured region.
Because the plasma powered at about 40 kW had
the very high temperature (~10000T) at center
and the very low temperature at surroundings,
some of the injected particles were melted in the

plasma when traveling through the center, while

others were not melted when traveling at different
trajectories. As a result, the melted particles con- Fig.2 SEM of the nanustructured TECs {abricated by plasma

structed the dense block region in which the nano- spraying
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crystalline grains disappeared. Non-melted or partially melted particles formed nanostructure region in the

coating after impacted and deformed on the substrate,

4 Conclusions

The large particles size powders are suitable for plasma spraying and sintering. The coatings deposited
by DC plasma spraying of the agglomerated nanocrystalline powders mainly constst of nanostructure. No
cbvious laminar layers‘a're presented in the coatings. Unlike conventional plasma-sprayed coatings, the mi~

cron/nano/micron sandwich structure can be found in the nanostructured YPSZ coatings.

References

(1] Karlsson A M, Hutchinson ] W, Evans A G. The displacement of the thermally grown oxide in thermal barrier
systems upon temperature cyclingJ]. Materials Science and Engineering, 2003, A351:244—257,

(2] Schulz U, Leyens C, Fritscher K, ezaf. Some recent trends in research and technology of advanced thermal barri-
er coatings{J]. Aerospace Science and Technalogy. 2003, 7(1):73—80.

[3] Shaw L L, Goberman D, Ren R, et al. The,dependency of microstructure and properties of nanostructured coat-
ings on plasma spray conditions[J]. Surface and Coatings Technology, 2000, 130:1—8.

(4] #hE #R7, ARIEEMRTERD]. WHEH #2003 (3): 254257,

(5] Evans A G, He M Y, Hutchinson ] W, Mechanics-hased sealing laws for the durability of thermal barrier coat-
ings[J]. Progress in Materials Science, 2001,46¢3—4):249—271.

[6] Lima R 8, Kucuk A, Berndt C C. Evaluation of microhardness and elastic modulus of thermally sprayed nano-
structured zirconia coatings[J]. Surface and Coatings Technology, 2001, 135 :165—172.

[7) Chen X, Hutchinon | W, He M Y, et af. On the propagation and coalescence of delamination eracks in com-
pressed coatings: with application to thermal barrier systems{I]. Acta Materialia, 2003, §1:2017—2030.

[81 Schiichting K W, Padiure N P, Jordan E H, ezaf. Failure modes in plasma sprayed thermal barrier eoatings[]]-
Matcrials Science and Engineering A, 2003,342:120—130.

(9] Lima R S, Kucuk A, Berndt C C. Integrity of nanostructured partially stabilized zirconia after plasma spray pro-
cessing[)]. Materials Scicnce and Enéinecring A, 2001, 313 :75—82.

Acknowledgement
This work is supported by innovation project of the key laboratory of ministry of education and {undamental project of the

Beijing general research institure of mining and metallurgy.



