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Abstract

We attempted to provide an overview of the laws and current state of the 3D printing industry in South
Korea and around the world, using the annual industry surveys and the Wohler report. Additionally, we
reviewed articles relating to the potential exposure to hazards associated with 3D printing using metal
materials.

In South Korea, there were 406 3D printing—related businesses, employing 2,365 workers, and the
market size was estimated at 455.9 billion won in 2021. Globally, the average growth rate of the 3D
printing industry market over the past 10 years was 27.4%, and the market size was estimated at $11.8
billion in 2019. The United States had the highest cumulative installation ratio of industrial 3D printers,
followed by China, Japan, Germany, and South Korea. A total of 6,168 patents related to 3D printing were
registered in the US between 2010 and 2019.

Harmful factors during metal 3D printing was mainly evaluated in the powder bed fusion and direct
energy deposition printing types, and there is a case of material extrusion type with metal additive
filaments. The number, mass, size distribution, and chemical composition of particles were mainly
evaluated. Particle concentration increases during the opening of the chamber or post—processing.
However, operating the 3D printer in a ventilated chamber can reduce particle concentration to the
background level.

In order to have a safe and healthy environment for 3D printing, it iS necessary to accumulate and apply
knowledge through various studies.
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[Figure 1] Domestic 3D printing industry
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[Figure 2] Ratio of equipment by printing type
(MEX: material extrusion, VPP: vat photo polymerization,
MJT: material jetting, BJT: binder jetting, PBF: powder bed

fusion, DED: Direct energy deposition)
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[Figure 3] Purpose of 3D printing
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<Table 1> Installations by country (unit:%)

Country 2018 2020
US 35.9 34.4
China 10.6 10.8
Japan 9.3 9.3
Germany 8.4 8.2
Korea 3.7 4.0
UK 4.1 3.9
Italy 3.3 3.5
France 3.1 3.0
Canada 1.8 1.7
Russia 1.4 1.6
Taiwan 1.5 1.4
Turkey 1.3 1.4
Spain 1.2 1.3
Sweden 1.1 1.0
other 13.3 14.5
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[Figure 4] Industrial 3D printing system
manufacturers (Wohlers report 2020)
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<Table 2> Categorized patents by sector (unit:%)

Sector 11~13| ‘14~16| 17~19
hardware/methods 2.3 4.3 13.3
materials 3.0 3.0 6.7
software 7.3 5.0 6.7
academic institutions 2.7 2.7 2.7
aerospace 13.7 12.7 12.3
architectural 10.3 10.7 7.0

consumer products

. 10.0 13.3 14.7
/electronics

government/military 0.7 0.7 1.3

industrial/business

12.3 10.3 11.3

machines

medical/dental 20.3 20.3 12.3
motor vehicles 12.3 11.3 6.0
other 5.7 5.7 6.0
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<Table 3> Articles related to exposure at metal additive manufacturing

Author

Printing type & Materials
(year)

Main contents

Azzougagh et al. | PBF,
( 21)[20] aluminum alloy

number, mass, and shape, size distribution and chemical
compositions of inhalable particle

MEX,
ABS, PLA, and metal additive
(ABS—-W, PLA-Cu)

Alberts et al.
( 2D [21]

number, size distribution, emission rate, surface area, median
diameter (number, surface area, mass) of particles

Noskov et al. |PBF, DED, laser cladding,
( 20)[22] stainless steel material.

primary particle size distribution and chemical composition

Jensen et al. |PBF,
( 20)[23] |titanium powder (TiBAI4V)

number, mass, size distribution, lung deposit surface area, chemical
composition of particles

Bau et al. DED,
( 19)[24] | stainless steel(316L), Inconel 625

particle emission from source, number, mass, and size distribution,
chemical composition of particles

Ljunggren et al. | PBF & Welding,
( 19)[25] | Nickel alloy

airborne particle concentration(mass and number counting),
dermal exposure, metals in urine

Ljunggren et al. | PBF & Welding,
( 2D [26] |Nickel alloy

work environment questionnaire survey, metals in blood and urine,
clinical test(lung, hepatic, cardiovascular, and renal function)

PBF: powder bed fusion, MEX: material extrusion, ABS: acrylonitrile butadiene styrene, PLA: polylactic acid, DED: direct energy deposition
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