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Selective laser melting of Alloy 718
Influence of heat treatments on heat affected zone cracking of selective laser melted and 

TIG-welded Alloy 718
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https:// www.twi-global.com/capabilities/joining-technologies/additive-manufacturing//

SLM/ DMLS/ Laser Cusing:  Additive manufacturing powder-bed process:
3D CAD data > Laser beam > Fuse metal powders > 3D metal parts 

Selective laser melting process
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http:// www.renishaw.com/en/our-technology--27362

Selective laser melting process
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http:// www.renishaw.com/en/our-technology--27362

Selective laser melting process



Possibilities
Á Capabilityto producecomplexgeometries
Á Low-volumefabricationof expensivecomponents
Á Individuallycustomizedproducts
Á Minimum waste of material > unmelt powder can be sieved and reused

Challenges
ÁQuality and repeatability of SLMmanufactured parts is not good enough
Á Porosities (gas porosity, shrinkage porosity)
Á Lack of fusion
Á Cracks 
Á Residualstresses
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Possibilities and challenges with SLM



Research objectives

ÁTo investigate the effect of processparameterson microstructure and
defects,as well as to fundamentallyunderstandhow SLM-manufactured
Alloy718behavesin welding.

ÁWhat type of defectsareof primeconcernin SLMmanufacturedpartsandhow are
they affectedby specificprocessparameters?

ÁWhat is the influenceof post processheat treatmentson SLMmanufacturedAlloy
718microstructure?

ÁWhat is the influenceof pre-weld heat treatments on the susceptibilitytowards
hot crackingin SLMmanufacturedAlloy718?
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Heat affected zone cracking susceptibility of SLM-manufactured Alloy 718
Total crack length measurements 

Material condition Specification

As-built SLM-manufactured and no heat treatment

Solutionheat treatment (SHT) 954°C - 1hr  

Aging (SHT+AGED) 760°C - 5hrs + 649°C - 1hr

Mill -annealed (Wrought) 982°C- 4.5min
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SLMAs-built Alloy 718
Base metal

Interdendriticregions in as-built condition showing (1) Laves phase and (2) MC-type carbide
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TEM bright field image of Laves phase andNbCcarbide in interdendriticregions

SLMAs-built Alloy 718
Base metal
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SLMSolution heat treated 
Base metal

Solution heat treatment at 954°C- 1hr
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(1) Remnants of Laves phase (2) MC-type carbide and (3) Delta phase in SHTcondition 
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Microstructure of SHT+AGEcondition showing (1) delta phase, (2) MC-type carbide and (3) matrix with 
ǎǘǊŜƴƎǘƘŜƴƛƴƎ ǇƘŀǎŜǎ ʴΩ ŀƴŘ ʴΩΩ

Solution heat treatment 954°C/ 1hr + Aging heat treatment 760°C/ 5hrs+ 649°C/ 1hr

SLMSolution heat treated + Aged 
Base metal
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NbCcarbide, ɹΩ ŀƴŘ ΩɹΩDelta phase pinning the grain boundary Delta phase, ɹΩ ŀƴŘ ΩɹΩ

SLMSolution heat treated + Aged 
Base metal -ɻphase
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Wrought

Mill-annealed at 982°C- 4.5min
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Heat affected zone (HAZ) cracking susceptibility of SLM-manufactured 
Alloy 718

Total crack length measurements 

Material condition Specification

As-built SLM-manufactured and no heat treatment

Solutionheat treatment (SHT) 954°C - 1hr  

Aging (SHT+AGED) 760°C - 5hrs + 649°C - 1hr

Mill -annealed (Wrought) 982°C- 4.5min
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HAZcracking in as-built condition 

Cracking in as-built condition due to the liquation of Laves phase and carbide
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HAZcracking in solution heat treated condition 

Liquation of carbide and Laves phase causing intergranular cracks in SHTcondition

17



HAZcracking in solution heat treated + aged condition 

Liquation of carbides causing intergranular crack in HAZof SHT+AGEDcondition
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HAZcracking in wrought Alloy 718 

Liquation of carbides creating crack in HAZof wrought Alloy 718
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