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Outline

1. Strength variations in an Al-Scalloy (Scalmalloy®):

2. Hot cracking in a Nickel-base superalloy: Inconel 738LC
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Aluminium-Scandium Alloys

Á Strengtheningachievedby precipitationof Al3(Sc,Zr) nanoparticlesupon 

ageingheat treatment

Á Scalmalloy®: AlMgScZr-alloyswith hypereutectoidcontent of scandium

developedby Airbus

Á Rapid quenchingnecessaryto retain supersaturation: 

melt spinning+ hot compactionor LAM can be employed

R. Hyland, Metall. Trans. A 23, 1947 (1992).

AlSi10Mg Scalmalloy®

Â Ultimate tensile strength

Â Yieldstrength

Â Elongation to fracture
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The problem ðunexpected drop in strength

precipitates?

grain size?

?

defects?

Á Same powder composition

Á Similar process parameters

Á Different powder atomization supplier

Á Different SLM-machine vendor
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SAMPLE 2 3 5

Powder

atomization
VIGA EIGA EIGA

SLM machine
Concept 

Laser

Concept 

Laser

SLM 

Solutions 

Post-

heat treatment
HT HT + HIP HT

Yield strength

/ MPa
520 437 395 

Ductility

/ %
14 17 7.4 

EIGA: Electrode Inert Gas Atomization / VIGA: Vacuum Inert Gas Atomization

HT: Heat treatment (4 h@ 325ÁC )

HIP: Hot Isostatic Pressing (2h @ 325ÁC )

^

Sample overview ðlow ductility and strength?
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As-produced HIPed

bonding defects

Á Unmeltedpowder particles and bonding defects in samples produced by 

the SLM Solutions machine (samples 4 ð6)

Á Bonding defects are not healed by HIPing!

unmelted powder

Low ductility ðbonding defects on fracture surf.
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3 5 6

SAMPLE 3 5 6

Powder EIGA EIGA EIGA

machine Concept laser SLM Solutions SLM Solutions

heat treatment HT + HIP HT HT+ HIP

ductility č Ď Ď

yield strength Ď Ď Ď

Defect area fraction Close to 0% 13.68% 14.62%

6

3

5

400um

400um

400um

Low ductility ðbonding defects on fracture surf.

æ Bonding defects are the reason for low ductility

æ They cannot explain low yield strength (cf. sample 3)
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Influences of unbondedzones on yield stress

æ Unbondedzones lead to a reduction of 

load-bearing area in cross section

æ Decrease of apparentyield stress

But hardness measurement unaffected by bonding defects!

æ bonding defects canõt explain drop in hardness 
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The problem ðunexpected drop in strength

precipitates?

grain size?

?

defects?

Á Same powder composition

Á Similar process parameters

Á Different powder atomization supplier

Á Different SLM-machine vendor

V
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R. Hyland, Metall. Trans. A 23, 1947 (1992).

Coarse precipitates in AP-material and powder

Á Large precipitates (20-50 µm diameter) in the SLM-

produced parts are identified by EDX as Al3(Sc,Zr)

Á They are onlypresent in powder atomized by the 

EIGA process.

Á Presumably the time in the liquid state is not long 

enough to dissolve them.

courtesy of Airbus Defense and Space
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Large precipitates: low strength, but high ductility

SAMPLE 2 3 5 6

Atomisation VIGA EIGA EIGA EIGA

Y.strength / MPa 520 437 395 410

Ductility/ % 14 17 7.4 7.9

Á Large precipitates apparently 

donõt deteriorate ductility!

Á Cup-and-cone fracture 

around large precipitates

Á Maybe they decrease 

strength by òconsumingó 

solute, which then cannot 

lead to nm-size precipitates?
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Matrix Precipitates

Areafraction 99.69% 0.31%
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Influences of unexpected precipitates
Elements nominal

composition

composition 

sample 3

change

Mg 4.50 4.52 +0.02

Al 93.87 94.02 +0.15

Si 0.17 0.17 0.00

Sc 0.66 0.57 -0.09

Mn 0.50 0.50 0.00

Zr 0.30 0.23 -0.07

Á Large precipitates only 

òconsumeó about 0.1% of Sc!

Á Does this explain the 

remaining difference in yield 

strength?



Eric Jägle  ðAlloys for Laser Additive Manufacturing   ð12

Sample No. 2 5

Number density (× 1023/m 3 ) 7.06 4.98

Average radius (nm) 1.57 1.80

volume fraction ~2% ~2%

aOnly small influence of coarse precipitates on secondary precipitates.   

Atom Probe Tomography of Al3Sc
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Bypassing mechanism:

Cutting mechanism:
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Precipitate strengthening follows cutting mechanism due to the size. 

aSample 5 should be even a little stronger than sample 2!

Estimation of strengthening by Al3Sc

2 5

only ~15MPa difference!
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The problem ðunexpected drop in strength
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fewer nm-sized precipitates 

due to large precipitates?

larger volume fraction of 

small, equiaxedgrains

Á Bonding defects and large ppts

alone cannot explain drop in 

strength

Á Strong difference in the fraction 

of small grains depends on the 

atomization process (!)

?

reduced cross sectional area 

due to bonding defects? V

U
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sample 1 sample 4

Grain refinement by intermediate precipitates?

æ Different number of medium-sized precipitates (20-50 nm) ð

grain refinement during re-melting?

Sc5%.at 

isosurface

Mn 2%.at 

isosurface

Mg 20%.at 

isosurface

O 10%.at 

isosurface

100 nm
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IPF (001)

1 2 3 4 5 6

Equi-axed grainsColumnar grains

Different fractions of equiaxedgrains 

EIGAVIGA

æ Area fraction of equiaxedgrains depends on atomization method!
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Micro-hardness measurements

æ No significant influence of grain size on hardness (and hence strength)



Eric Jägle  ðAlloys for Laser Additive Manufacturing   ð18

The problem ðunexpected drop in strength

?

Á Same powder composition

Á Similar process parameters

Á Different powder atomization supplier

Á Different SLM-machine vendor

fewer nm-sized precipitates 

due to large precipitates?

larger volume fraction of 

small, equiaxedgrains

reduced cross sectional area 

due to bonding defects? V

U

U
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Sc5%.at 

isosurface

Mn 2%.at 

isosurface

Mg 20%.at 

isosurface

O 10%.at 

isosurface

100 nm

Observations of precipitates free zones

æ Width of PFZs is significant compared to radius of small, equiaxedgrains
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Precipitates free zone

100 nm40 nm

Sample No. 2 5

Total width / nm 38 70

Width of ppt / nm 18 28

Width of PFZ / nm 19 42

1Fourmeauet al., Phil. Mag., 95 (2015) 3278

æ Soft zone around PFZ may be 10 times wider than PFZ1. 

æ Considering of the fine grain size (less than 1 µm), the PFZs 

may contribute significantly to low yield strength. 
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Small changesyield large differences

wider PFZs may contribute 

to lower strength

Á Bonding defects due to poor process parameters explain difference in ductility 

and partially explain difference in strength

Á Different atomization process leads to coarse precipitates, that in turn
Á bind Scand Zr

Á lead to a lower number of intermediate-size precipitates

Á lead to a lower fraction of equiaxedgrains

Á lead to wider PFZs

?

reduced cross sectional area 

due to bonding defects? V

V
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Outline

1. Strengthvariation in an Al-Scalloy(Scalmalloy®):

2. Hot crackingin a Nickel-base superalloy: Inconel738LC


