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Superalloy Skin on Nickel Open-Pore Foam Deposited by Thermal Spray
Processes

H. R. Salimijazi, T. Behzad and J. Mostaghimi

Department of Materials Engineering, Isfahan University of Technology, Isfahan, Iran
Department of Chemical Engineering, Isfahan University of Technology, Isfahan, Iran
Department of Mechanical Engineering, University of Toronto, Canada

Abstract: Open pore metallic foams can be used for high temperature, high performance heat exchanger due to their high gas
permeability and heat conductivity provided that skins properly attach to the foam’s struts on the surface. In the current study, a
novel process was successfully developed to fill pores on the surface of the foam sheet in order to deposit skin on the foam
specimens by thermal spraying. Nickel based superalloy (Inconel 625) skins were deposited on each side of a sheet of nickel metal
foam with different pore densities of 10 and 20 pores per inch by high velocity oxy-fuel (HVOF), atmospheric plasma spraying
(APS), and twin wire arc spraying to form a sandwich structure. The sandwich structure can be used in high temperature heat
exchanger applications. The penetration of the coating materials into the foam struts can be controlled through the filling process
before spraying. The microstructure of the skins and the adhesion at the interface between the nickel foam’s struts and skins were
characterized. Results showed dense skins with good adhesion to the surfaces of the foam. The foam’s struts were imbedded into
the coatings deposited by HVOF more deeply than the coatings deposited by APS and wire arc spraying. Skins deposited by
HVOF and wire arc spraying showed higher bending strength than the skin deposited by APS due to lower porosity and oxide
content in the coating.

Keywords: thermal spray, heat exchangers, metallic foams, super alloys
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Parameter APS, alloy 625 HVOF, alloy 625 APS, YSZ
Gun SG-100 Diamond Jet DJ SG-100

Current, A 600 - 750

Voltage, V 56 - 60

Total gas flow rate, (Ar/He), slpm 50/1 - 55/1
Feed rate, g/min 12 30 6

Spray distance, mm 60 300 60
Total Oxygen/Fuel/Air, SCFH - 578/176/857 -
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Sandwich structure O max, MPa 7 max, MPa
APS 6.3£0.5 0.15+0.02
HVOF 18+8 0.5+0.2
Wire Arc 28 0.6

sy anY 358 Oy ol 0l sl p b sl (655
JS B b (s3lueslel dl b lav s S g6 s @
Jestls A HVOF iy 4 s bl iy aY 35 .
Sledas a eddsloml it gl Sl iy JSS e s
ol VL Sk & 358 ol & G s s 5 APS
Sl ) ol gl S e a8 IS slgesh 4 Y
sl sl (sl b SV St o dias0lts et
lalbw e o s S S HVOF g5 4 0
S S slaaY sl Jds 4 .Gl APS 55 4 el sl
Dls 5 A8 Gl rsh S5 w08 4 oo
g5 ol 3 Ol besd 5 by Gl e Jbo (St 03
oS Ul olekily b sle S sledbe sl (sl Lokl

55 esbial e sl

1. cladding 2. diffusion bonding

1. Bonnet, J.-P., Topin, F., and Tadrist, L. “Flow Laws
in Metal Foams: Compressibility and Pore Size
Effects”, Transp Porous Med, 2008, Vol. 73, p. 233-
254,

2. Salimijazi, H.R., Pershin, L., Coyle, T. W.,
Mostaghimi, J., and Chandra, S. "Metal Foam
Sandwich Structure as a High Temperature Heat
Exchanger,” International Thermal Spray Conference
& Expositions,: Thermal Spray Crossing Borders, on
CD-ROM, 2008. B.R. Marple, M.M. Hyland, Y.-C.
Lau, C.-J. Li, R.S. Lima, and G. Montavon, Ed., June
02 - 04, 2008 Maastricht, The Netherlands, ASM
International, p 230-235, 2008.

3. Boomsma, K., Poulikakos, D., and Zwick, F.,“Metal

Y

s Sre i Ol 035 08 5l il Kl e oS
32 sHVOF gy adinlonl glpdd g po olaaY
sla¥ xp Sdaar poimmen S APS 0 Cod e
33 Al e o3 s HVOF gy 53 bl 5 2ty
Sldes e s odd slonl (G ST LS 5 Olis el
Sl (FLHVOF 51z (Vo7) APS iy, 4 as iz

IV] ol $YO Sl i s

6;:?“’.‘:5_f
Sleid g sl Gl o ol sy S& G ol o
il ol e bbb g, 2 gl S 25
jéﬂé})ﬁéﬁ@‘ﬁdb@&‘)‘ﬁdﬁMd&\
sl es is glaa ¥ ool o) 1B 25k anle Olles

sl S b sleds, 4 #Y0 SUT s 5l g St

4l o5l
3. wire-arc 4. splat

&l
Foams as Compact High Performance Heat

Exchangers”, Mechanics of Materials, Vol. 35, 1161-
1176, 2003.

4. Bhattacharya, A., Calmidi, V. V., Mahajan, and R.

L., “Thermophysical Properties of High Porosity
Metal Foams”, International Journal of Heat and
Mass Transfer, 45, 1017/1031, 2002.

5. Aziz, W., Roberts, W.L., and Rabiei, A., “A Study on
Pressure Drop and Heat Transfer in Open Cell Metal
Foams for Jet Engine Applications”, Materials&
Design, Vol. 28, No. 2, 569-574, 2007.

6. Dukhan, N., and Chen, K-C. ‘“Heat Transfer
Measurements in Metal Foam Subjected to Constant
Heat Flux”, Experimental Thermal and Fluid

WA Sle ) led Y Jlo o pudige 55 ab iy 3le


https://dorl.net/dor/20.1001.1.2251600.1391.31.1.5.7

[ DOR: 20.1001.1.2251600.1391.31.1.5.7 ]

Science, Vol. 32, 624-631, 2007.

. Sasedi, J., Coyle, T.W., Mirdamadi, S., Arabi, H.,

and Mostaghimi, J., Phase Formation in a Ni-50Cr
HVOF Coating, Surface & Coatings Technology,
Vol. 202, p 5804-5811, 2008.

. Azarmi, F., Saaedi, J., Coyle, T.W., and ],

Mostaghimi,” Microstructure Characterization of
Alloy 625 Deposited on Nickel Foam Using Air
Plasma Spraying”, Advanced Engineering Materials,
Vol. 10, No. 5, p 459-565, 2008.

9. Cellular Solids, Structure & Properties, Gibson, L.

WA Sle ) led Y Jlo o pudige 55 4 iy 3le

J., and Ashby, Pergamon Press, M.F., 1988.

10. Choe H., and Dunand, D.C., “Synthesis, Structure,

and Mechanical Properties of Ni-Al and Ni-Cr-Al
Superalloy Foams”, Acta Materialia, Vol. 52,
1283/95, 2004.

11. Boomsma, K., and Poulikakos, D., “On the Effective

Thermal Conductivity of a Three-Dimensionally
Structured Fluid-Saturated Metal Foam,”
International Journal of Heat and Mass Transfer,
Vol. 44, 827-836, 2001.


https://dorl.net/dor/20.1001.1.2251600.1391.31.1.5.7
http://www.tcpdf.org

