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• The NanoSafety Platform (PNS) – CEA Grenoble

• PNS and Additive Manufacturing

• Additive Manufacturing

• Technology, material and process

• EHS issues

• Occupational risks
• Particle exposure during metal AM

• Conclusion 

AGENDA
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THE NANOSAFETY PLATFORM (PNS)
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• 3 CEA Tech’labs

CEA – TECHNOLOGICAL RESEARCH FOR INDUSTRY
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CEA – THE NANOSAFETY PLATFORM
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PNS AND ADDITIVE MANUFACTURING
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• Study of AM technologies for new energy applications

• Broad spectrum of activities:

• Powder characterization
• Raw material formulation
• AM process development
• EHS expertise
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CEA – LITEN AND ADDITIVE MANUFACTURING

Launch at CEA Grenoble of an EHS support program for AM, in 
the line of its experience of “nano-risk” management

Transfer to CEA 
industrial partners 
safe technologies

Ensure the lowest
possible exposure to 

powder for CEA workers

Help the sector with other 
national stakeholders for a 
responsible development of 
AM regarding EHS issues
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• Assistance with the design and development of industrial lines 
through an EHS approach

• Assessment of industrial processes

• Workstation measurement and monitoring

• Release and aging studies of manufactured products

• Training
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A COMPLETE OFFER TO SUPPORT THE ADDITIVE 
MANUFACTURING SECTOR



ADDITIVE MANUFACTURING
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• Definition 

• “Process of joining materials to make objects from 3D model data, usually 
layer upon layer, as opposed to subtractive manufacturing methodologies, 
such as traditional machining” (ASTM standard F2792-10)

• Material

• Plastic
• Polymers or thermoplastics

• ABS, PVA

• Metal
• Different alloys

• Stainless steel
• Nickel base
• Cobalt Base
• Titanium alloys
• Aluminum alloys

ADDITIVE MANUFACTURING
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• Technology

• 2 main technology families

METAL ADDITIVE MANUFACTURING
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Metal Additive 
Manufacturing

POWDER BED 
TECHNOLOGY 

Laser Beam
Melting

(LBM or SLM)

Electron Beam
Melting
(EBM)

BLOWN POWDER 
TECHNOLOGY

Direct Energy
Deposition

(DED or LMD) BeAM

Industrial lasers
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• Process
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METAL ADDITIVE MANUFACTURING

• Technology
• Powder

INPUT

• Powder 
storage

• Powder 
preparation

• Machine 
preparation

PRE-PROCESS
• Build process

IN-PROCESS

• Part unpacking
• Part finishing
• Machine cleaning, 

maintenance
• Reconditioning

(sieving)

POST-PROCESS

• Product
• Waste

OUTPUT

From Philippot, C. & al. Potential workers exposure measurement in metal additive manufacturing and how to manage it.
Euro PM2018 Congress, Bilbao



EHS ISSUES
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• Known and regulated risks

• Related to materials, equipment and operations performed
• Exposure to metal dust
• Fire / EXplosive ATmosphere (ATEX)
• Laser
• Handling / Working postures

• Emerging risks

• Linked to the interaction of the laser with the powder and which depend on 
the technology and the material
• Exposure to particulate aerosols, including a nanometric fraction
• Potentially greater reactivity of “recycled" powders
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OCCUPATIONAL RISKS
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• Main route = inhalation

• Metal powders

• Main chemical components: Fe, Ni, Cr, Co, Al, Ti
• Average particle size around 40 to 60 µm

• Material Safety Data Sheet (MSDS)

• Example: 316L powder
• Section 2: Hazards identification
• Section 7: Handling and storage
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EXPOSURE TO METAL DUST
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• Material Safety Data Sheet (MSDS)

• Example: 316L powder
• Section 8: Exposure controls/Personal protection
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EXPOSURE TO METAL DUST

German OEL
mg/m3

French OEL
mg/m3

Dust
- Respirable
- Alveolar

10
1,25

10
5

Ni 0,006 1

Cr 2 2

Co 0,005 0,1

Welding fumes 5
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EXPOSURE TO PARTICULATE AEROSOLS

• Identification, characterization and assessment of potential
exposure to airborne particles, during different working phases

• Real-time measurements and samples on site
• Data analysis and physico-chemical characterization of on-site samples

• Certain working phases more emissive than other

INPUT
PRE-

PROCESS
IN PROCESS

POST-
PROCESS

OUTPUT

Powder pouring Machine opening
Manufactured parts recovery

Cleaning
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• Factors influencing emission and exposure
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EXPOSURE TO PARTICULATE AEROSOLS

• Powder pouring
• « Fresh » powders �� « Reused » powders
• Closed door process �� Open door process

• Machine opening and parts recovery
• Technology

• Powder bed or blown powder, laser power, etc.

• Delay between end of production and 
equipment opening

• Possibility of a pre-cleaning closed door
• Working protocol for cleaning of printed parts 

• Mechanical operations
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• Factors influencing emission and exposure

• Cleaning
• Closed door operation with an integrated vacuum cleaner
• Easy access to different areas of the chamber, including with a glove-box 

system 
• Working protocol to recover powder surplus
• Integrated sieving system
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EXPOSURE TO PARTICULATE AEROSOLS

Magic 800, BeAM

EOSINT, M 280
with confort powder modul ProX 300, 3D Systems



CONCLUSION
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• AM equipment design

• To limit worker exposure to airborne particles � work closed door
• To improve working conditions (handling, postures) � access to all the 

chamber areas

• Premises design

• To prevent fire and ATEX risks

• Safe-by-design process

• Working protocols

• Meanwhile: Collective and Personal Protective Equipment (CPE, 
PPE)

• CPE: local exhaust ventilation
• PPE: non-woven coverall, mask with P3 filter, nitril gloves
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TO REMEMBER

Addup Flexcare SystemTM



Commissariat à l’énergie atomique et aux énergies alternatives
17 rue des Martyrs | 38054 Grenoble Cedex
www.cea-tech.fr

Établissement public à caractère industriel et commercial | RCS Paris B 775 685 019

THANKS FOR YOUR ATTENTION !
catherine.lallain@cea.fr


