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Introduction

Atmospheric plasma spraying is applied at industrial scale to produce high-
resistance coatings of metallic surfaces

Due to the high energies applied, nanoparticles (NP) are released to
workplace air and impact worker exposure in industrial facilities

NP emissions have been characterised in terms of particle number
concentrations, mean diameter and size distribution, but data are still
unavailable regarding particle chemical properties and toxicity




Atmospheric plasma spraying

Industrial scale

* Different types: atmospheric plasma,
HVOF, arc discharge

» Spraying of ceramics or metals
(powder or wire)

* High potential for NP emissions




Objectives

1. To characterise the chemical composition of coarse, fine and
ultrafine aerosols emitted during plasma spraying in a real-world
setting

. To support ongoing toxicity assessments of the same aerosols
. To assess the usefulness of an aerosol concentrator (VACES) for
ultrafine particle sampling in industrial settings

Methodology

Two different scenarios:

- Booth #1: high temperature (5-20%103 °C), low velocity (200-500 m/s).

- Booth #3: high velocity (425-1500 m/s), lower temperature (2.9x103 °C).
Particles sampled onto Teflon filters and in liquid suspension using an aerosol
concentration enrichment system (VACES; Kim et al., 2001)

Filter acid digestion and analysis by ICP-MS, ICP-OES and XRF
Analytical inter-comparison for quality assurance




Methodology
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Results: Emissions and exposure impacts
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Results: Mass concentrations
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« Very high particle mass concentrations (8-hr sampling)!
* Fine=19 mg/m?3 (#3_2); UF=3 mg/m3 (#3_2); Coarse, 4 mg/m3 (#3_1)

 Relative contributions:
 Coarse is dominant in Booth#1
* Fine is dominant in Booth#3

Markedly different aerosols/concentrations due to type of spraying/controls




Ni and Cr volatilise at
approx 2500°C

Present in UF as new '
particle formation

Results: chemical composition

Fine: Emission area (#1) Ultrafine: Emission area (#1)

HighT
LowV

%

Fine: Emission area (#3) Ultrafine: Emission area (#3)

Ni and Cr: emitted as UF /
and fine

mAl mCa mCr Fe mMgmNa mW mNi mTi mS

Y mMnmeCo mZr mCu

Sr mSn mSh mBa




Results: chemical composition

Coarse: Exposure area (#1) Fine: Emission area (#1) Ultrafine: Emission area (#1)
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Results: Element size distribution
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Results: Filters vs. Liquid suspensions
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Results: TEM images
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A (worker area)
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Conclusions

Plasma spraying scenario:

- Particle impacts on exposure dependent on spraying tehnique and local controls

- Different aerosol compositions as a function of the feedstock
- Process temperature = key parameter defining element fractionation

Tool:

- The aerosol concentrator VACES is a useful tool to characterise the size-
resolved chemical composition of workplace aerosols

- Logistics - complicated!

Next steps:
- Comparison with bulk material composition (erichment factors)
- Links with toxicity assessments to understand toxicity mechanisms
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