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Goal and objective Results

Goal: This work presents an investigation into the production of weld fumes from different
GMAW metal transfer modes as a first step in a broader project aimed at understanding the
physical mechanisms of weld fume generation.

Objective: As a primary objective, this work aims to correlate the GMAW metal transfer
mode to particle size distribution and aggregate morphology.

Background: Why particle size matters
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Fig 8. Average Count Median Diameter (CMD) of three
trials from each tested condition.

Aggregates morphology

- Welding fumes are a collection of aggregate

particles (APs), which are comprised of smaller o W
Late (PPs)

primary particles (PPs).

Fig 3. Schematic of Weld fume Mobility Diameter, d,,
- For each agglomerate, the maximum possible

Materials and Methods _ | )
- number of particles were considered (resolution and

Aggregate particle (AP)

. B /\@K' W / / Weld fumes from GMAW of carbon steel sharpness limitation). Total of 217 aggregates and
Wl 5N = we L ESE 2= wire onto carbon steel plate were extracted 5274 PP’s were measured within the selected

_ o N and segregated to two sampling methods: experiments (experimental matrix — table 1). Fig 9. Example of weld fume aggregate.
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1. Size distribution using a Scanning
o - = e T . Mobility Particle Sizer (SMPS) Table 3. Geometrical Mean Diameter (GMD) and Geometrical Standard Deviation (GSD) within measured
R Bl - 8- 8 > Particle morphology using Scanning aggregates
— - _ W Vs - Electron Microscopy (SEM) Metal gj:smr GMD (nm) GSD Min a"‘("n"rfsx GMD MJ;;‘LL":'?::)P A":;Zg\‘;o‘l"t‘;g:“t
el SC 3 53.38 1.60 32.39 — 135.12 21.74 —222.42 164 A/19.7V
asa [ | = Nl ;Neitd > GLOB 3 74.61 1.46 43.83 - 122.35 19.58 - 224.31 248 A/ 34.5V
et | ™ i i SP 3 54.35 1.56 33.52 - 103.20 14.67 — 168.87 310A/36.2V
RMD 3 45.38 1.71 24.32 - 93.13 12.45 — 182.65 153 A/ 18.1V
Exl?[f;' FFPC 2 45.15 1.55 25.63 — 81.88 18.47 — 159.65 166 A/33.1V
FFPC 5 34.41 1.60 24.10 — 80.0 10.57 — 167.52 266 A/34.3V
FFPC 7 38.09 1.46 23.20 — 73.06 14.01 — 121.37 284 A/34.8V

- All tested conditions presented primary particles spanning from ~10 to ~200 nm

Materials and equipment

Power source: Miller PipePro 450 RFC

Filler metal: ER70S-6, @1.2 mm

Shielding gas: 85% Ar + 15% CO2 (C15)

Base metal: ASME A36 low carbon steel plates

SMPS: TSI Inc. Electrostatic Classifier 3080 with 3081 Differential PP's sh 4 distinct holog thi tal t ¢ 3 3 r
Mobility Analyzer (DMA) and 3088 neutralizer, Ultrafine _ - s showed distinct morphologies within same metal transfer mode, and no uniform

- Reduction in geometrical mean diameter for RMD and PULSED (current controlled),
while Constant Voltage modes, the primary particle presented greater GMD.

f1x Filter

- Smaller PP diameters for PULSED might be related to higher cooling rates due to the
transition between high current (pulse peak ~450A) to lower (background curt. ~70 A)

Analysis
Condensation Particle Counter 3776 : pattern was observed.

Fig 5. Sample collection methodology.

Experimental Matrix

- A dedicated experimental matrix was designed to
collect fumes under different GMAW metal transfer
modes and parameters within each transfer mode, on
multiple days of collection to account for operational

variability
Table 1. Exp. Matrix. Highlighted experiments used for SEM analysis.
Metal transfer mode  Experiment  Wire feed speed (m/min) _ Arc voltage® (V) Fig 10. Examples of weld fume particles with different morphologies. a) and b) SC-2; ¢) and d) FFP-5
SC-1 3.8 18
Short Circuit SC-2 4.4 19
SC-3 5.1 20 =
- Conclusions
Globular GB-2 7.0 33 g ] ] )
GB-3 7.6 34 ‘” = For all metal transfer modes, aggregate particle sizes spanned from 20 to 400 nm with overall
SP-1 9.5 34 : :
Spray b o e Count Median Diameter (CDM) of 122 nm.
SP-3 10.8 36 =~ Regulated Metal Deposition and free-flight pulsed presented lower CMD compared to
Short Ciromit . RMD TS i . constant voltage modes (Short circuit, Globular and Spray).
RMD-3 4 ! w = Within all tested conditions, primary particles (PP) diameters spanned from ~10 to ~200 nm.
FFP-1 5.1 8.5 . . .
FFP-2 5.8 8.5 Free-flight pulsed presented smaller PPs, with overall average diameter of ~34 nm (exp. ID
FFP-3 7.1 8.5
Free-flight - Pulsed FFP-4 8.9 8.5 FFPC—PS)
FFP-5 10.2 9
FFP-6 10.7 9 i
FFP-7 11.4 9 :

Fig 6. Voltage and current oscillograms and High-speed video frames
taken from experiments ID SC-2, GB-2, SP-2, RMD-2 and FFP-5.
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