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Microstructure and Thermal Fatigue Properties of
Flame— Sprayed Nickel-Based Coatings

H. J. Kim and Y. G. Kweon

RIST, Maintenance Technology Research Team, P.O. Box 135, Pohang, Korea

Abstract

Flame—sprayed Ni—based coatings are investigated in order to improve the thermal fatigue

properties of gray cast iron in the presence of water spraying. The results of thermal cycling tests
from room temperature to 1100°C indicate that thermal fatigue endurance is increased in the order
of Ni-20%Cr, NiCr-6%Al, and Ni-5% Al. The thermal fatigue failure is caused by the formation
of iron oxides between the coating and the substrate and then the thermal fatigue cracks have
propagated either along the brittle iron oxide layer resulting in the spalling of the coatings in case
of Ni-5% Al and NiCr-6% Al coatings or to the substrate resulting in the whole specimen fracture

in case of Ni—20%Cr coating.

It seems that the most governing factor for thermal fatigue

resistance is the thermal expansion coefficient difference between the coating and the substrate.
Microstructural variations before and after the tests are also discussed.
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Fig. 1. The morphologies of feedstock powders.
(a) Ni-5%Al (b) Ni—20%Cr
{c) NICr-6%Al
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Table 1. Characteristics of feedstock powders.
Trade Nominal Manufacturing Powder Powder size Phase
name composition method morphology (um)
Metco 443NS |Ni19Cr6Al NiCr/Al composite |Spheroidal/granular |45—125 Ni, Al, Cr
Amdry 956 |Ni5Al Ni clad with Al Spheroidal/granular |45—90 Ni, Al
Amdry 4535 |Ni20Cr Gas atomized Spheroized 16—53 Ni
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Table 2. Characteristics of as—sprayed Ni—

based coatings.

Specimen Porosity Oxides | Microhardness Bond Roughness(um)
description (%) (%) (HV) strength R. R, R,
(kg/cm*)
Ni5Al 7.0 25.2 173 133 13 74 81
Ni20Cr 15.3 40.1 231 139 12 73 81
Ni19Cr6Al 8.2 27.5 228 169 18 106 122
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Fig. 4. The variations of {a) microhardness and
(b) bond strength before and after the
thermal cycling tests.
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Table 3. Elemental analysis of thermal-sprayed
NiCrAl coating after thermal cycling test.
Point numbers are indicated in Figure 5.

Position No. | Ni Cr | Al Fe Si
1 2.7 | 34.9 | 61.0 - 1.4
2 95.8 | 3.6 - 04| 0.2
3 3.2 2.8 — 94.0 —
4 18.9 1.9 — 79.2 -

Fig. 5. The cross sectional microstructure of
NiCrAl coating after thermal cycling.

Fig. 6. The back side surface morphology of
spalled coating after thermal cycling.
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Fig. 7. The cross sectional microstructures of NiAl
coating.
(a) As—sprayed coating
(b) Heat treated at 1100°C
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Table 4. Summary of experimental X—ray diffraction data.

Ni5Al Ni20Cr Nil9Cr6 Al
Powder Ni | Al Ni | Cr Ni Al Cr
100 9 100 {trace 100 18 trace
Assprayed | Ni | NiO] 7-AlLO; Ni | NiO| Cr0; | NiCrOy| Ni| Cr;0; | y~AlO;
100 5 2 100} 23 8 4 100 6 3
500C Ni | NiO| - AlLO; Ni | NiO} Cr,05 | NiCr,0,| Ni | y-ALOs| Cr0s
heat treated | 100| 3 2 100| 20 8 4 100 3 3
11007C Ni | NiO| r-ALOs| NiALO,| NiO| Ni | Cr,0; | NiCr,0,| NI NiO Cr.0; | y-AlLO,
heat treated | 100| 40 2 1 100| 96 14 9 100 11 4 trace
Therml NiO| Ni | NiALOsf 7-ALO;s| Ni | NiOj Cr,0; | NiCr,O, | NiO| NiCr,04f Cr,04 Ni
cycled 100| 18 2 trace | 100} 60 31 31 100 6 3 3
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Fig. 8. X—ray diffraction patterns of Ni-5%Al
( ) Feedstock powders
b) As—sprayed coating
(c) Heat treated at 5000C
(d)
(e}

Heat treated at 11000C
After thermal cycling
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Fig. 8. The cross sectional microstructure of NiAl coating near the surface after thermal cycling.
(a) Secondary electron image (c) Nickel mapping
(b) Oxygen mapping {(d} Aluminium mapping

Fig. 10. The cross sectional microstructures of NiCr coating.
(a) As—sprayed coating {b) Heat treated at 1100C
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Fig. 11. X~ray diffraction patterns of Ni-20%Cr
(a) Feedstock powders
(b) As—sprayed coating
(c) Heat treated at 5000C
(d) Heat treated at 11000C
(e) After thermal cycling

Fig. 12. The cross sectional microstructure of NiCr
coating near the surface after thermal cy-
cling.

(a) Secondary electron image
(b} Oxygen mapping

(¢) Nickel mapping

(d) Chromium mapping
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Fig. 13. The cross sectional migrostructures of
NiCrAl coating.
{a) As—sprayed coating
(b) Heat treated at 1100C
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Table 5. Properties of selected materials.

Materials a E I °
(1m)/°C| (GPa) g/cm®)

% Gray cast iron | 10 140 — 7.2
*Ni 13.3 | 207 0.31 8.9
*Cr 6.2 | 0.248 | 0.33 7.2
* Al 23.9 70 0.33 2.7
*Fe,04 10.0
*Fe,0, 8.4
* % NibAl 13.8 - - -
* % Ni20Cr 13.3 - — -
* % Ni19Cr6Al 141 - - —

* Data were taken from Metals Handbook!'®
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Zm

i

* kg=

m=Ed-w8
p

a=Linear thermal expansion coefficient at 20°C
E= Young’s modulus (Elastic modulus)
#=Poission’s ratio

o=Density

f=Mass fraction
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Fig. 14. The cross sectional microstructure of NiCrAl coating near the surface after thermal cycling.
{a) Secondary electron image
(b) Nickel mapping
(¢} Chromium mapping
(d) Aluminium mapping
(e) Oxygen mapping
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Fig. 15. X~ray diffraction patterns of NiCr—6% Al
{a) Feedstock powders
(b) As—sprayed coating
(c) Heat treated at 5000C
(d} Heat treated at 11000C
(e) After thermal cycling
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Fig. 16. Schemafic illustration of microstmcturad vaviations for thermal Spraged Ni-

based Coatings.
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