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Production and characterization of Cr,0O3-Ag nanostructured
composite powders in plasma spraying process

E. Sadri, F. Ashrafizadeh and M. Ramazani
Department of Materials Engineering, |sfahan University of Technology,

Abstract: In plasma sprayed nanostructured composite coatings with ceramic matrix, the feedstock must consist of
nanoparticles of appropriate specifications. In this research, the procedure for production of Cr,0s-Ag agglomerated
nanostructured composite powder to produce comosite coatings has been investigated. Nanopowders of Cr,O3 with 0, 2, 5, and 10
volume percentages of silver were dispersed to obtain a homogeneous aqueous dispersion appropriate for spray drying process. In
the second stage, Cr,03-Ag composite powders were produced by agglomeration process. The nanostructured composite powders
were, then, used in the atmospheric plasma spray (APS) process to deposit a series of composite coatings for evaluation. The
composite powders, with a granulated morphology, had uniform distribution of silver in a ceramic matrix and the coatings were
composed of nanoparticles and particles of nano-sized crystallites. Experimental results indicated that presence of nanoparticle
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zones within the microstructure led to non-uniform porosities formed between splats and these zones. Furthermore, use of
nanopowders in the feedstock caused a reduction in lamellae thickness of plasma sprayed coatings.

Keywords: Cr,03-Ag, Composite powder, Spray drying, Nanostructure, Plasma spraying.
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1. adhesion strength 12. sinter-crush 20. Williamson-Hall

2. substrate 13. poly vinyl acohol 21.gaussian

3. blended feedstock 14. centrifugal disk atomizer 22.sigmaplot 10

4. spray drying 15. bond coat 23.thermal barrier coatings

5. Hall-Petch 16.dynamic laser scattering 24.field emission scanning

6. Chwa (DLS) electron microscopy (FESEM)
7. Lin 17.scanning el ectron microscopy 25. feeder

8. yttriastabilized zirconia (SEM) 26.lamella

9. Ahn 18.energy disperse spectroscopy

10. splat (EDS)

11. interlamellar strength

1. Boldli, G., Camnillo, V., Lusvarghi, L., and
Manfredini, T.“Wear Behavior of Thermally
Sprayed Ceramic Oxide Coatings,”Wear, Vol. 261,
pp. 1298-1315, 2006.

2. Davis, JR.,Surface Engineering for Corrosion and
Wear Resistance, ASM International, 2001.

3. Aouadi, SM., Luster, B., Kohli, B., Muratore, C.,
and Voevodin, A.A.,“Progress in the Development of
Adaptive  Nitride-Based Coatings  for - High
Temperature Tribological Applications,” Surface and
Coatings Technology, Vol. 204, pp. 962-968, 2009.

4. Donnet, C., and Erdemir, A., “Historica
Development and New' Trends. in Tribological and
Solid Lubricant Coatings,” Surface and Coatings
Technology, Vol. 180/181, pp. 76-84, 2004.

5. Pawlowski, L., The Science and Engineering of
Thermal Spray Coatings, Second edition, Wiley,
2007.

6. Lu, Y., and Liaw, P.K., “The Mechanical Properties
of Nanostructured Materials,” Journal of Metals,
Vol. 53, pp. 31-35, 2001.

7. Cavdeiro, A., and De Hosson, J.M., Nanostructured
Coatings, Springer, 2006.

8. Lima, RS, and Marple, B.R.,, “Therma Spray
Coatings Engineered from Nanostructured Ceramic
Agglomerated Powders for Structural, Thermal
Barrier and Biomedical Applications. A Review,”
Journal of Thermal Spray Technology, Vol. 16,
pp. 40-63, 2007.

9. Ahn, J, Hwang, B., Song, E.P., Lee, S, and Kim,
N.J., “Correlation of Microstructure and Wear

WAY 50l oF ke XY Jlos e 55 amb iy 5l ga

19. X-ray diffraction (XRD)

&l
Resistance of AlI203-TiO2 Coatings Plasma Sprayed
with- Nanopowders,” Matallurgical Materials
Transaction A, Vol. 37, pp. 1851-1861, 2006.

10.Chwa, S.O., Klein, D., Toma, F.L., Bertrand, G.,
Liao, H., Coddet, C., and Ohmori, A.,
“Microstructure and Mechanical Properties of Plasma
Sprayed  Nanostructured  TiO2-Al  Composite
Coatings,” Surface and Coatings Technology,
Vol. 194, pp. 215-224, 2005.

11.Lin, X., Zeng, Y., Lee, SW. and Ding, C,
“Characterization of Alumina-3wt. %Titania Coating
Prepared by Plasma Spraying of Nanostructured
Powders,” Journal of the European Ceramic Society,
Vol. 24, pp. 627-634, 2004.

12.Tao, S, Liang, B., Ding, C., Lao, H., and Coddet, C.,
“Wear Characteristics  of Plasma-Sprayed
Nanostructured YttriaStabilized Zirconia Coatings,”
Journal of Thermal Spray Technology, Vol. 14,
pp. 518-523, 2005.

13. Cao, Q., Vessen, R., Schwarz, S., Jungen, W., Tietz,
F., and Stoever, D., “Spray-Drying of Ceramics for
Plasma-Spray Coating,” Journal of the European
Ceramic Society, Vol. 20, pp. 2433-2439, 2000.

14.Heimann, R.B., “Plasma Spray Coating Principles
and Applications,” Second edition, Wiley-VCH-
Verlag, 2008.

15. Suryanarayana, C., “Mechanica Alloying and
Milling,” Progress in Material Science, Vol. 46,
pp. 1-184, 2001.

16. Nandiyanto, A.B.D., and Okuyama, K., “Progress in
Developing  Spray-Drying Methods for the

WY


www.sid.ir

Production of Controlled Morphology Particles:
From the Nanometer to SubmicrometerSize Ranges,”
Advanced Powder Technology, Vol. 22, pp. 1-19,
2011.

17.Cdllard, A., Zenati, R., Garnier, V., Fantozzi, G., and
Baret, G., “Optimization of Chromium Oxide
Nanopowders Dispersion for Spray-Drying,” Journal
of the European Ceramic Society, Vol. 27,
pp. 1021-1027, 2007.

18.Delogu, F., and Cocco, G., “Microstructura
Refinement of Ceramic Powders under Mechanical
Processing Conditions,” Journal of Alloys and
Compounds, Vol. 420, pp. 246-250, 2006.

19. Takadoum, J., Materials and Surface Engineering in

VO

Tribology, Wiley, 2008.

20.Cdlard, A., Garnier, V., Fantozzi, G., Baret, G., and
Fort, P., “Wear Resistance of Chromium Oxide
Nanostructured Coatings,” Ceramics International,
Voal. 35, pp. 913-916, 2009.

S8l ol lans sl 5,3 (5o Y

oo dm VP a5 p e S LSt gL Ly

ANAYe o Qe V55 e g e plely 5L
RAY

WWAY Sl oY Slad Y Ol ige s 43 iy 3ls


www.sid.ir

