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Abstract：Nanocrysta儿ine powders of yttrium partially stabilized zirconia fYPSZ)8re 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 nanocrystal[ine particle feedstocks and coatings were deposited oil

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-section and cross—section

of the nanostructured TBCs Experimental results show that the agglomerated nahoerystalline par—

tides are spherical and dense．Unlike conventional plasma-sprayed coatings．the mlcron／nano／ml—

crop sandwich structure CaD be found in the nanostructured 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 ceramic[1’o．Coating thickness is usually in the range of 200—500“m，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【3一”

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．Microcraeks are frequently

found in the coating after plasma sprayingh∞The conventional coating fails after losing laminar layers

gradually．Nanocrystal“ne 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 nanocrysta“ine powders and plasma spray for forming nanostruetured 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 111Ust be re—

processed to improve the density and flow abi[ity．

First．the mixed powders were hall milled，with the addilion 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—

oration of water during spray drying．The agglom—

erated particles are in the range from 10 um to 90

／*m．The surface of the large particles is smooth

Flow ability of the agglomerated powder is signifi—

cantly improved after the reprocessing．

2．2 Forming and testing
¨g·l M。。pbology。f‘h。rsz nan。蚶Ⅲ1Ⅲd p。wd。。f88d

Plasma spray for forming the nanostruclurcd

thermal barrier coatings is conducted by DC plasma spraying system(Metc03MB)．DC plasma was used．

Argon was used as plasma gas．Substrate material is stainless steel with metallic bond coating

’Fhe morphology and cross sectional microstructure of the plasma spraying YPSZ coatings are observed

with a scanning electron microscope(SEM)fHlTACHI S 3500N．Japanese)．

3 ResuIts and diSCUssion

The ceramic coating is approximately 150 ttm．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 10％porosity in the coating．

Unlike conventional coatings，no obvious laminar layers can be seen in the coating．giving rise 10 high co

herent strength of the coating TWO regions can be

identified from the coating 0ne is dense block re

gion，and another is porous nanostructured region

Because the plasma powered at about 40 kW had

the very high temperature(～10000℃)at center

and the very lOW temperature at surroundings．

some of the injected particles were melted i11 the

plasma when traveling through the center，while

others were not melted when traveling at different

trajectories．As a resnlt，the melted particles con Fig·2
SEM of the nanostructurcd TBCs fabricated by plasma

structed the dense block region in which the nano
8pray”g
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crystalline grains disappeared Non melted or partially melted particles formed nanostructure region in the

coating after impacted and deformed oyl the substrate

4 COncIuslOns

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 consist of nanostrueture．No

obvious laminar layers are presented in the coatings．Unlike conventional plasma—sprayed coatings，the mi～

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