HOT ISOSTATIC PRESSING (HIPed) OF
THERMAL SPRAY COATINGS
IN' TRIBOLOGICAL APPLICATIONS

Virgiliu Stoica
Dr. Rehan Ahmed

HIPing parameters

Temperature: 850°C
Pressure: 150MPa
Time: 1hr

Encapsulation: Yes

Experimental procedure

Coating characterisation: microstructure, phase transformation
evaluations

Microhardness, residual stress measurements

Tribological investigation: sliding wear tests
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As-sprayed coatings deposited by High Velocity Oxy-Fuel process
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Hot Isostatic Pressed coatings at 850C, encapsulated
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Investigation of the potential of Hot Isostatiggéjssi%; MD1457
to develop qualitative coatings in terms of microstructure,
microhardness, residual stresses, sliding wear resistance
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» Sintered and crushed powder
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WC-12Co coatings, Microstructural investigation

As-sprayed coating HIPed coating
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WC-12Co coatings, Microstructural investigation

As-sprayed coating
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WC-12Co coatings, Microstructural investigation
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WC-12Co coatings, Microstructural investigation

Powder

Summary of microstructural
investigation

« plastic deformation of the substrate due to the
temperature and pressure of the HIPing process

- change of the shape of the carbide grains from rounded
to prismatic shape

« formation of agglomerates of carbide grains

« precipitation of needle-shaped carbide grains at the

coating/substr

XRD evaluation

HIPed
coating
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WC-12Co coatings, phase

Summary of phase transformations HiPed coating
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« recrystallisation of amorphous phases at HIPing
temperature

« elimination of secondary phases W,C
- disappearance of brittle metallic tungsten

- formation of additional complex eta-phases prayed coating
Co,W,C and Co,W,C

- possible chemical reaction: \;»,JWLJL.
W,C+W+3Co = Co,W,C

Powder
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WC-12Co coatings, Fracture toughness

As sprayed coating HIPed coating

coatings, Indentation fracture toug serformed under a
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WC-12Co coatings, Microhardness

Microhardhess measurements

HIPed coating

As-sprayed coating

Distance from the interface
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Weibull analysis
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WC-12Co coatings, Young's modulus

Elastic modulus

HIPed coating
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WC-12Co coatings, Residual stress
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WC-12Co coatings, Sliding wear testing

Reciprocating ball on plate apparatus

Normal
load

Sliding direction
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WC-12Co coatings, Sliding wear testing

Wear scars: coatings Vs. Si;N, balls, 6kg
load

HIPed coatings

yed coatings

WC-12Co coatings, Mechanical properties

Summary of mechanical properties
measurements

« increase of microhardness across and along the coating due to
microstructural changes e.g. angular-in-shape grains, WC grains agglomerates,
hardening of binder through formation of complex eta phases

« increase of fracture toughness due to phase transformation e.g
disappearance of brittle secondary phases and metallic tungsten

« increase in the elasticity of the coating due to the improvement in the
bonding between lamellas

« increase in the level of compressive residual stresses
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WC-12Co coatings, Sliding wear testing

Coating and ball material loss
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WC-12Co coatings, Sliding wear testing

Wear mechanisms: coatings Vs. steel balls, 4kg
load
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WC-12Co coatings, Sliding wear testing WC-12Co coatings, Sliding wear testing

Wear mechanisms: coatings Vs. Si;N, balls, 4kg ball asperity

load
Co binder

WC grain
debris

debris

HIPed coatings
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WC-12Co coatings, Sliding wear testing WC-12Co coatings, Sliding wear testing

Material transfer: EDX analysis

As sprayed coating Steel ball

As sprayed coatings HIPed coatings

HIPed coating Steel ball
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First set of HIPing parameters:

: 850°C
150MPa
« Time: 1hr
+ Encapsulation: Yes

Conclusions:
e Preliminary results indicate that the sliding wear of WC-12Co coatings
—— can be significantly-improved-due-to-HIRPing—at-850°C.

e Changes in coatings toughness and hardness are indicative of the
microstructural changes seen in XRD pattern.




