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Nickel and nickel alloys and their behavior In /&EPMA

Course Outline
Alntroduction to Additive Manufacturing
ACategories of Additive Manufacturing

AAdditive Manufacturing of Metals and Nickel Alloys
APowder Bed Fusion

A Types, Principles, Processing of Nickel and Alloys, Microstructural and Thermal Issues
Applications

ADirected Energy Deposition
A Types, Principles, Processing of Nickel and Alloys, Microstructural and Thermal Issues
Applications

ABinder Jetting
A Types, Principles, Processing of Nickel and Alloys, Microstructural and Thermal Issues
Applications

AReferences

. M Co-funded by th : : : o . N . —
&N‘ foll onnder oy e Thisprojecthasbeenfundedwith supportfrom the EuropeanCommissionT hispublicationreflectsthe viewsonly of the author, and the Commissiortannotbe 2

4, & Erasmus+ Programme ¢ : ) i ) -
* of the European Union heldresponsibldor any usewhichmaybe madeof the information containedtherein




Introduction to Additive Manufacturing

¥ european powder metallurgy association

AThe processof joining materialsto
make objectsfrom 3D model data
usually layer upon layer, as
opposed to subtractive
manufacturing  methodologies,
suchastraditional machining/1].

AA manufacturingprocessin which
the workpiece is built up In
successivenitsor layers[2].
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Introduction to Additive Manufacturing

1. AM parts must start from a software model that fully describesthe
externalgeometry Thiscaninvolvethe use of almostany professional
CADsolidmodelingsoftware

2. Thisfile shouldbe convertedto a STLor AMFfile format.

3. There may be some generalmanipulation of the file so that it is the
correctsize,position,andorientation for building

4. The AM machinemust be properly set up prior to the build process
Suchsettings would relate to the build parameterslike the material
constraints,energysource layerthicknessetc.

5. Buildingthe part is mainly an automated processand the machinecan
largelycarryon without supervision

6. Oncethe AM machine has completed the build, the parts must be
removed Thismayrequireinteractionwith the machine

7. Onceremoved from the machine, parts may require an amount of
additional cleaning, polishing, machining or thermal treatment up
beforethey arereadyfor use [3]

"W

CAD model is converted First a 3D model of the

to a STL file to tessellate object is created using

the 3D shape and slice it CAD software or a 3D
into digital layers object scanner

STL file is then Consumables are
transferred to the printer then loaded and the
using custom machine prlnmr IS sel-up with
software printing parameters

Part is then removed Printer builds the mode!
from the build by depositing material
platform and its layer by layer
support structure

Finally, post processing,
such as cleaning,
polishing, and painting

might be required
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Introduction to Additive Manufacturing EPMA

Impact on Impact on supply

AM attributes compared to traditional manufacturing product offerings chains

Manufacturing of complex-design products

New products that break existing design and manufacturing limitations

Customization to customer requirements

Ease and flexibility of design iteration

Parts simplification/sub-parts reduction

Reduced time to market

Waste minimization

Weight reduction

Production near/at point of use

On-demand manufacturing
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Categories of Additive Manufacturing EPMA

Additive manufacturing technologies

TYPICAL RELEVANCE
TECHNOLOGY MATERIALS MARKETS FOR METAL

>
Applicable t > Powder bed fusion — Thermal energy selectively fuses regions of ~ Metals, polymers Prototyping, ‘ =
: ' rt @
Ni & Alloys | o) I a powder bed direct pa §
. -— Directed energy deposition — Focused thermal energy is usedto  Metals Direct part, =
Appl icable t (_ ) fuse materials by melting as the material is deposited repair O %
Ni & Alloys g
Sheet lamination — Sheets of material are bonded to Metals, paper  Prototyping, @ L
@ form an object direct part =
&
: H Binder jetting - Liquid bonding agent is selectively deposited to Metals, polymers, Prototyping, direct =)
App licable t \|' ) l join powder material foundry sand part, casting molds @ 3
Ni & Alloys o

4 Material jetting — Droplets of build material are Polymers, waxes Prototyping, O

) selectively deposited casting patterns
Material extrusion — Material are selectively dispensed througha  Polymers Prototyping O
| | nozzle or orifice
. '3 Vat photopolymerization - Liquid photopolymer in a vat is Photopolymers  Prototyping O
| (825 I selectively cured by light-activated polymerization [6]
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Powder Bed Fusion Additive I\/Ianufacturing&:%!ﬁMﬁ

AThis group of technologiesproducesthe parts by fusing a powder
layer within a definite crosssectionalzonedefined by the slicedCAD
modelof workpiecewith the scanningpath.

Energy Source | Full Melting Partial Melting

Electron Beamé EBM (Electron Beam Melting) :

Laser : DMLM (Direct Metal Laser Melting:
Laser : DMLS (Direct Metal Laser Sintering
Laser : SLM (Selective Laser Melting)
: : Not relevant to
Laser lllllllllllllllllllllllllllllllllllllllllllllllllllllll SLS (Selective Laser Sintering) Ni &Alloys
Print Head SHS (Selective Heat Sintering) ¢ Not relevant to
Ni & Alloys
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EPBF versusPBF EPMA

Energy Source Laser Electron
Pre-heating Up to 250C Up to 1100C
Processing Atmosphere Protective gas (Argon or Nitrogen) Vacuum (Supported by Helium)
Applicable Materials Various alloys of aluminum, cobalt

Various alloys of cobalchromium,
nickel based superalloys, titaniumn
alloys and titanium aluminates.

chromium, ferrous, nickel based
superalloys, steels, titanium alloys
precious metals.

—

Powder Size 15 pm- 45 pm 45 pum- 105 pm
Layer Thickness 20 um-50 pm 50 pm- 100 pm
Dimensional Accuracy 100 pm- 200 pm 400 pm-500 pm
Surface Quality Ra 5¢10 um 25-35 um
Geometric Complexity High Intermediate
Melting Rates 7 cnv/h - 70 cn¥/h 55 cn#/h - 80 cn#/h
Maximum Available Build Volume Up to 500 mm by 500 mm or
to be used for Superalloys* 400 mm by 800 mm x 500 mm  Up to @ 250 mm x 400 mm height
height [7]
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LY

EPMA

¥ european powder metallurgy association

Commercially Available Nickle Alloys for P

Alloy Cr Co Mo W Al Ti Ta Fe Nb Re Hf Zr Ni
CM 247 LC 8.0 9.3 0.5 9.5 5.6 0.7 3.2 - - - 1.4 - Bal.
CMSX-4 6.5 9.6 0.6 6.4 5.6 1.0 6.5 - - 30 0.1 - Bal.
HASTELLOY X 220 1.5 9.0 06 | 025 - - 18.5 - - - - Bal.
HAYNES 230 220 - 20 | 140 | 03 - - - - - - - Bal.
HAYNES 282 200 | 100 | 85 - 1.5 2.1 - 0.7 - - - - Bal.
INCONEL 625 21.5 - 9.0 - 0.2 0.2 - 2.5 3.6 - - - Bal.
INCONEL 713LC 12.0 - 4.5 - 5.9 0.6 - - 2.0 - - 0.1 Bal.
INCONEL 718 19.0 - 3.0 - 0.5 0.9 - 185 | 5.1 - - - Bal.
INCONEL 738LC 160 | 85 1.75 | 2.6 3.4 34 | 175 - 0.9 - - - Bal.
INCONEL 939 224 | 19.0 - 2.0 1.9 3.7 - - 1.0 - - 0.1 Bal.
NIMONIC 263 200 | 200 | 59 - 0.5 2.1 - - - - - - Bal.
RENE 41 190 | 110 1.0 - 1.5 3.1 - - - - - - Bal.
RENE 80 140 | 90 4.0 6.0 3.0 4.7 - - - - 0.8 Bal.
RENE 142 6.8 12.0 1.5 49 | 6.15 - 6.35 - - 2.8 1.5 - Bal.
WASPALLOY 19.5 | 135 | 45 - 1.3 3.0 - - - - - Bal. | [7]
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Laser Powder Bed FusigrPBF) EPMA

AAISO known as DMLM’ DMLsand SLM ’thIS Process Scanning Laser Lenses Fibre
AM type uses laser beams to melt the Monitoring _ Miors Beams Lasers
powders |

A Singleor multiple fibre lasershavinga laser  roude;,
power between 100 and 1000 W, a "= "
wavelengthbetween of about 1064 nm and ‘ 7
a focusedspot size between 50 ¢ 100 pm  Powder ;
are preferred

Powder

AHavinga powder particle size range of 15 Recycing*—

*Parts

Overflow A Powder

Dispenser

B Powder

um- 45 pm, L-PBFAM employs argon or o Y - oserser
nitrogen as a protective atmosphere and - .
processesparts generally below 250°C by Structures Patform
heatingthe baseplate [7].
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Process Parameters foiPBF AM &EPMA

APBF AM processesare characterizedwith Support Dow-Skin Up-SknRegons. - Down-SKin
m any p aram ete rS Structures * . | . Slructures

AStartingfrom the job preparation step, part Regions
geometiry IS supported with support
Structures, sliced into layersand discretized
INnto severalexposureregionsascore, up-skin
and down-skin with the possibilityof having
re-melting, pre and/or post contour

Down-Skin
REGIons,

exposu re g::(;: Scanning Speed .

ABach layer and/or exposure area such as —
upskin contour,downskinor support,hasits Ertaeagteesar—a—— - 2
own process parameters including input YV s Poder
power, layer thickness,hatch distance and  mem radentand Reqveli , S Parices
scanningspeed e T

| (-2fhLayer S - JThickness

_ (n-3)th Layer

[8]
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Process Parameters foiPBF AM EPMA

E SECTOR SKILLS STRATEGY

Aln addition to these, various
scanningstrategies are applied to
utilize a uniform temperature ULILLUUL
distribution along part surfaceand ' '
throughpreviouslayers 7e XC e X 26X

. . . Lin Lin Lin
AThe applied scanning strategies Scann?ng ( AnguTar) (Banz)

Include but are not limited to line
scanning with  constant or
alternating angles, island (chess
board) scanning and spiral

Il
[l e
Ul |

F

g ’ ' AL
Chessboard Spiral
(Island)
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Solidification, Thermal Cycles and Physical
Phenomenon In_EBF 7" morepean powter metallrgy soso ation

ARecoated powders of the current layer and the powders of precedinglayers are
meltedin L-PBFRusingfibre lasersto haveGaussiamlistribution.

AThisfact and thermal cycleslike conduction,convectionand radiation together with
liguid flow influencethe melt pool shapes

[9]
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