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Additive Manufacturing - 3D Printing

« Layer-by-layer addition of material

e Materials ranging from poylmers to metals or ceramics

Techniques & applications

* Vat photopolymerization * Hobby

* Powder bed fusion * Prototyping/ in the lab

« Material jetting e Industrial LA

* Material extrusion * Medical and dentistry ggiﬁfgﬁﬁ:ﬁ‘s‘#?’ine'edwgdmgo_tha_wonds_
« etc. * Housing

* 4D printing — smart materials reacting to stimuli

Bauen mit

it dem 3D-Drucker
- - : - Source: Tagesschau, online:
i )
Ein Haus in Schichtarbeit https://www.tagesschau.de/wirtsch

aft/haus-aus-dem-drucker-101.html
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3D Printing — Technigues @ home

Fused Deposition Modeling Stereolithography (SLA) Selective Laser Sintering

(FDM) A A (SLS) A
] [ ] [ ]

& ) \& 7

* Melted thermoplastics « UV laser on photopolymer * Laser used to sinter powder
« Cheapest method resin «  Still expensive
« Most used by consumers * Photochemically solidified « Mainly professional use
 Reached consumer price
range
* Release of particles and VOCs  Release of particles and VOCs Often fully encased
during printing during printing reported « Powder dust release
« Toxicity unclear possible during opening
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3D printing — Aerosols @ home?

FPF 3D printing —

FDM 3D printing pens —

Recycled granulates Handheld emmissions

(A% ]

UR-A008

Woern et al., 2018, Materials,
https://doi.org/10.3390/mal11081413
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FDM-3D Printing — Materials & complexity

MATERIAL

Koltron G1 MDFlex PLActive

TPC secTioN) LOOK AND FEEL

HIPS nylen

PETG PLA .

PP PPSF

Copper Filament
* 70% copper
(Wiw% ICP-MS)

PSL PVA Antibacterial Frosted Recycle
UV-resistant Abrasion Resistant
TPU Color chansing Refractory
pROPERTY low in the dark
t Weood Food safe
Abrasion Resist... Antibacterial
Multicolored metal
Refractory Flexible . = I E.
[anic paper 2
Heat resistant Food safe " SR - ;
Magnetic Frosted S == Steel Filament
e e e .
Organic Recycle éﬁm - o 30% Fe, 8% CI‘, 6% Nl
Purifying Conductive e = — ?m .. (W/W% | C P_ M S)
Support UV-resistant — | = N
gl paper stone e B gy B

Source: https://www.filamentworld.de/
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3D printing — Emissions

Based on Polymer

dlﬁpﬂff-‘% O coagulation

0o QO
detectable partlcles

10' 1-...,_

heated . 0 cundensatmnal
extruder s s PF rgrnwth O
/-
extruded [~/ ,/" MF’F‘:-‘l & I )
filament semi-volatile compounds 0SS tojsuriaces

Source: Zhang et al., 2017, Aerosol Science and Technology, doi: 10.1080/02786826.2017.1342029

& particulate additves

 CNTs, graphene
« Metal, metal oxide
 Wood, cellulose
e Stones

« efc.

Micro- and nano-sized
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3D printing pen — Online aerosol measurements

Particle concentration
by CPC

Online coupling

Particle size

Sigloch, H., Bierkandt, F.S. et al. 3D Printing -
Evaluating Particle Emissions of a 3D Printing Pen. J.
Vis. Exp. (164), 61829, doi:10.3791/61829 (2020)

Particle concentration

1,4E+06
1,2E+06
1,0E+06

—

' 8.0E+05

(&S]

¥ 6,0E+05

4,0E+05
2,0E+05
0,0E+00

PLA 200°C —ABS 210°C

oV

Start of 3D pen.

M~

O 2 3 5 7 8 10 12 13 15 17 18 20 22 23 25

Time [min]

Geometric mean

diameter [nm]

Frank Bierkandt, 4th Joint Symposium on Nanotechnology, 30.-31.05.22, Berlin




3D printing pen — Offline aerosol assessment

TEM

Passive sampling
by sedimentation

LDH assay
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Source: Vitrocell Systems GmbH Q Q N
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FDM 3D printing — Desktop instruments

e Measurementin 1 m3 chamber with ventilation/filtration

e Longer printing time & variation of parameters
(temperature ramp, nozzle “cleanness”, nozzle “sock”, etc.)

nozzle “sock”
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Conclusion - Qutlook

* NP release depending on filament & printing parameters (esp. temperature)

» Release of particulate additives (CNTs, metals) 3%

« Cellular toxicity after sampling and ALI exposure

> Further filaments & particulate additive/ parameter effects on emissions | ®

» Online/long-term ALI exposure

A » VOC emission and toxicity

» Other 3D printing techniques for consumers
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