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Interlaboratory Study (ILS) — Aims and Scope

Aim

Address the scientific question “How does nano-additivation affect polymer & metal PBF-LB processability and final part

properties?”

Quantify the interlaboratory variability in: densification, dimensional accuracy, microstructural and mechanical properties
as well as virgin & used powder properties

Peer-reviewed publication (of both, the pilot run and final run), seed data for AM materials database

Background & Scope

Basis: priority program SPP2122 “materials for additive manufacturing” (www.uni-due.de/matframe)
Participants: International institutions that run PBF-LB (at least 10 for polymer, 10 for metal)
Coordination: 1 coordinator per laboratory, protocol needs to be signed by the coordinator
Materials: PA12 and AlSi10Mg alloy (3 batch jobs: pure/nano-1/nano-2)

In-depth analyzed powders will be provided to all participants

Central analysis of as-built parts
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Nano-Additive Material Selection Criteria
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To understand and document the influence of nano-additives on ...

... material properties of powder feedstock

« ... melting-resolidification (crystallization) kinetics
e .. processability

e ... Mmicrostructure

e ... mechanical properties

e .. densification

e ...chemical composition
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Micropowder

Nano-additive

PA12

AlSi10Mg

Ag, Carbon Black

SiC, TiC
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Organizational Chart
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Advisory Board Study Director
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M. Schmidt (FAU) S. Barcikowski (UDE)
i A Kwade (TU-BS)
S. Kaierle (LZH) : I
i J. P Kruth (_KU Leuven) Study Coordinator & Powders, base plates, STL & magics file,
P HJMaler(LUH) Statistican —p| standard operating procedures (SOPs),
l. M. Kusoglu (UDE) empty technical data sheets
Unbiased results

Central Laboratories

(central testing partners) PBF-LB/P/M Study Partners

- Define one responsible
person per lab

Process half-blind (but tracable)
samples

PBF-LB processed specimens,
Used powders, and Technical @
Data Sheets
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the results of central laboratories

Powder quality

<

L-PBF process

Questions to be answered within the ILS by evaluating

What is the effect of nanoparticles additivation on the powder properties of AlSi10Mg and PA12 powder feedstocks?

What is the effect of nanoparticles on chemical composition, relative density, volumetric pore size and distribution,
microstructure, thermal properties, and mechanical properties of as-built parts?

How is the statistical deviation of the results between the Interlaboratory Study participants?

by RR participants
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Used powders
Coordination office

Powder Coordination office Powder Coordination office L-PBF
Production Characterization Process

A 4

Coordination|office

Building plates & as-built specimens (2 partners)

—| Metal parts |—— Heat-tretatment —» Tensile specimens —
Surface finishing Cubes
Seperating parts | Coordination office _ | Central
Labs
Tensile specimens ]

1 Polymer parts |—— Dpimensional accuracy —
Cubes

Coordination
\ 2 office
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Parts
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Workflow for powder production & characterization in ILS DU IS B R 6
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PA12 _ .
AGRCB Powder Production A'_S|10M9
g | SiC&TiC
bl |
Coordination Office
N
Vi \\\
[Powder quaiiy | T
A 4 \ 4 A \ 4 L
Powder size Morphology Surface Chemical Flowability Thermal Laser
roughness composition behavior Absorbtion
l v v l l
l l Static Dynamic v v l l l
'm?ge. 'm?g‘? AFM XRF ICP-OES
Dynamic image Laser analysis analysis Cohesion Dynamic Ring Shear Fast-DSC
analysis Diffraction Index  Angle of Repose Test
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Workflow for L-PBF processing of PA12, Ag/PA12, and CB/PA12
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powder feedstocks Open-inded

Coordination Office

v l v

Powder STL, SOP

feedstock magic files
| |

ILS Participant

SR +

As-built parts
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Workflow for testing as-built polymer parts OIS B R G
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Coordination Office

A 4

As-built polymer parts

l
[ central Laboratores

l
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Composition Density Pores Molecular Rheology Mechanical 3D imaging and Crystalinity
l l l l weight properties NPs imaging |
XRF  ICP-OES  p-CT, CT l l l WAXS  Polarized
volumetric GPC Tensile SEM-EIB microscope
TEM
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Workflow for L-PBF processing of AlSi10Mg, SiC/AlISi10Mg, and
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TiC/AlISi10Mg powder feedstocks Open-inded

Coordination Office

R

Powder STL, SOP

feedstock magic files
| | |

Building
plaltes

RR Participant

Used powders

As-built parts over
building plate
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Workflow for testing as-built metal parts IS BY RS
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Coordination Office

A 4

As-built metal parts

l
[ central Laboratores

l
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Composition Density Pores Crystal orientation Mechanical properties 3D imaging and Corrosion resistance
l l | of grains I NPs imaging
XRF u-CT u-CT Optical l Tensile  Hardness l
Microscope SEM-EBSD SEM-FIB
TEM
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First funding period of SPP2122 Second funding period of SPP2122 S
>
2020 2021 2022
June Feb [Mar | Apr ([MayJune|July |Aug | Sep | Oct [Nov | Dec | Jan | Feb |Mar | Apr [May|June|July | Aug | Sep | Oct |[Nov | Dec
“ < piotRun > o
v" Developing new powder feestocks for v" Check workflow and sampleflow of v" Produce 100 kg of NPs additivated powder feedstocks for
L-PBF interlaboratory Study chain Interlaboratory Study
v" Producing high amounts of NPs v' Check central laboratories for testing v' At least 10 participants for L-PBF of metal powders
modified powder feedstocks for L-PBF as-built specimens v' At least 10 participants for L-PBF of polymer powders
v' Determine the quality of produced v' Check processability of powders in v"Quantify the inter-laboratory variability in: densification,
powders different L-PBF machines geometric tolerance,
v Define standard process parameters v Check SOPs for processing and testing v"microstructure and mechanical properties as well as
for interlaboratory Study parts virgin & used powder properties
v SOPs for higher reproducibility and v' Peer-reviewed publication from the v' Peer-reviewed publication, seed data for AM materials
repeatability of the interlaboratory results database
study

Final team of the Full-Run ILS will be determined from participants of the second funding period
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Detailed powder properties:

e Particle shape distribution (size dependent aspect ratio)
e Particle size distribution (Q,, d10, d50, d90)

e Hausner Ratio

e Avalanche Angle

e Ring shear test and/or Freeman Powder Rehometer

e Chemical Composition incl. Oxygen, Humidity

- Two samples per powder material: Used (powder bed) and virgin (stored) powder; aliquots of
every laboratory

- Standard operating procedure (SOP) for handling, sampling, and storage provided
- Powders in sufficient quantity provided
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e Each partner defines one responsible contact person
e Magics-files (.stl respectively) provide by Coordinator / LPT
e One buildjob per powder material; tensile bars (3 orientations) and cubes
— Required powder bed dimension PBF-LB/M: min 200 x 200 x 73 mm?
— Required powder bed dimension PBF-LB/P: min 200 x 75 x 62 mm?
e Each participant will follow SPP2122-provided standard operating procedures (SOP)
e 3 materials (blend, 2 types nanocomp.) for each metal & polymer feedstocks

. 9(\1
7 e
& TECHNICAL CHEMISTRY | (W
& BARCIKOWSKI GROUP ““ CENIDE
{ B e

DUISBURG-ESSEN

| frame

r Additive Manufacturing

14




UNIVERSITAT

Build job for PBF-LB of Polymer parts Y

Open-Minded

Each build job yields: 2 V/m
a 1
10 tensile specimens (0°) '535"'_'"'_'_,'_' ''''' ‘% 78 _'_'_'gr"'_'_@é' 54
. . o |
10 tens!le spec!mens (45°) Lo 20 )
10 tensile specimens (90°) L/ 4. | ! 4.7
7 cubes , 24
3 cylinders B 49 -
3 disks Tensile specimen, DIN 50125:2016-12 Form C
Minimum build area : 200 mm x 75 mm 10
mm
Total height of build volume: 62 mm 10mm/, «—>
(49 mm height of tensile bars, 10 mm base
and 3 mm top powder layer) 10mmI

Cubes
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As-built bars will be machined to tensile specimens

Each build job yields: [ gem () 0 ) J)

9 bars (0°) 68 mm
9 bars (45°)

9 bars (90°) o Ree3 B :

12 cubes | S @._g S < 3
3 cylinders & . ~ ,
| 30 1
8 Fe) 8
36
60
Minimum build area : 200 mm x 200 mm Tensile specimen, DIN 50125:2016-12 Form B

Total height of build volume: 73 mm
68 mm height of tensile specimen 10mm
5 mm support structures 10mm/ «>

10mmI

Cubes

f' | frame
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Thank you for your interest on ILS of SPP2122

For further information please read white paper of the ILS concept
Materials 2021, 14(17), 4892; https://doi.org/10.3390/mal14174892

Contact : ihsan.kusoglu@uni-due.de
Website: https://www.uni-due.de/matframe/
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