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Abstract: Coating failure principally leads to crack initiation and propagation at the interface between the AT40 ceramic coating and
the bond coat. One of the methods of toughening ceramic coatings is to make a multilayer ceramic and low-metal-stress coating. A
four-layer AT40-NiAl-AT40-NiAl composite coating is prepared on Q235 using APS (Atmospheric Plasma Spray) and all the
composite multilayer should be engaged in heat treatment. SEM, EPMA, 3PB and other characterization methods are then used to
study the effects of heat treatment on the microstructure of the four-layer metal-ceramic composite coating and the fracture toughness
of the coating. The results show that element diffusion occurrs at the interface between the ceramic layer and the bond coat and at the
Al-rich phase-Ti-rich phase interface of the ceramic layer during heat treatment; the hardness of the ceramic layer increases by 30%,
and the fracture toughness of the composite coating improves after the heat treatment. On the one hand, the oxide formed by element
diffusion during the heat treatment causes a pinning effect between the bond coat and the ceramic layer to improve the cohesion; and
on the other hand, filled pores, cracks and others in the coating to improve the hardness of the coating and reduce the area of crack
propagation to improve the fracture toughness of the coating. The composite ceramic coating formed by the deposition of multi-metal
ceramics, together with the use of heat treatment thereon, can effectively improve the fracture toughness of ceramic coatings such as
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AT40. This creates a new idea for avoiding the possible brittle fracture failure of surface abrasion-resistant ceramics of iron-based

components and expanding the range of application for ceramic coatings.

Keywords: multilayer coating; ceramic toughening; heat treatment; mechanical properties; Al,03-40wt.%TiO,
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(a) Al;03-40wt.% TiO; powder morphology (b) NiAl powder morphology
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Fig. 1 Powder Morphology
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Fig. 2 SEM image of the cross section of NiAI-AT40 composite coating, (a)-(d) original coating, (e)-(h) heat-treated coating
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Fig. 3 EDS element analysis of NiAI-AT40 coating interface
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4 EDS JLHE/MHTIUA NIAIFATA0 S 432 A (Q)SEM JESE  (b)~(e) a5 A4l
Fig. 4 EDS element analysis of the original NiAI-AT40 composite coating interface,
(a) SEM topography, (b)-(e) element distribution

.y{,

K15 EDS JtHE MU ELE NIAI-ATA0 H59R)2 50 ()SEM JESE  (b)~(e)suE A&
Fig. 5 EDS element analysis of NiAI-AT40 composite coating interface after heat treatment,

(a) SEM topography, (b)-(e) element distribution
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(b) Ceramic layer-bond layer interface
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Fig. 6 Schematic diagram of pinning effect enhanced composite coating
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(b) Microhardness test method

(¢) Orginal ceramic layer-bond layer interface

(d) Original ceramic lamination pattern
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(e) Ceramic layer-bonding cayer interface lafter heat treatment

(f) Ceramic laminate after heat treatment
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Fig. 7 Microhardness distribution and indentation diagram of the original and heat-treated composite coatings
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Fig. 8 Three-point test load-displacement diagram of composite coating and substrate, schematic diagram of the experiment
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Fig. 9 Morphology of the crack propagation path of the coating
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