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ABSTRACT 

 

A chamber for ablation purpose was designed. This system was calibrated and the minimum spot size 

produced by the LASER on the sample surface and its relation with sample position adjustment 

experimentally, was determined. Applying this chamber, a technique for controlled generation of particulate 

by LASER ablation has been developed. The sampling was carried out in four different atmospheres; Air, 

CO2, Stainshield 66, and Argoshield 52. Furthermore, to survey and analyse the fume particle size range, 

Scion Image software was applied. 

Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy were chosen for analysis of 

fume particles morphology and size distribution. Energy Dispersive spectroscopy (EDS) and 

Scanning Transmission Electron Microscopy (STEM) were also chosen for chemical analysis. 

 

The average fume particle size observed in all atmospheres was less than 0.1 micrometer. Considering the 

effect of oxidation potential of shielding gases, CO2 generated the largest fume particles compared to Ar, 

while adding H2 led to a smaller particles size. 

 

The agglomeration pattern and morphology of fume particles was analysed as well. The survey of the 

agglomerated fume particles morphology with the SEM is more reliable since the TEM sample preparation 

could disturb the agglomeration pattern.  

Fume particles agglomeration tended to grow three dimensionally while ferrous compound tended to make 

network and agglomerate together. The fume particles in the same size range tended to agglomerate in a 

‘chain’ pattern which could grow up to 10 micrometers. The population of agglomerated particles with 

different sizes together varied between 3 and 400 particles. One of the most common patterns of these 

agglomerations is ‘spherical’ pattern.  

 

While the fume particles can be in ‘faceted’ or ‘spherical’ shape, fume particles observed in this work were 

mainly ‘faceted’, independent of applied atmosphere. 

 

The chemical composition of fume particles is variable of target (the sample) composition. In this work Fe, 

Mn, Si and O2 were the elements observed in fume particles composition, while the elements found in the 

fume particles did not vary in different atmospheres. 

 

It is also proposed that future works follow the investigation of the size distribution and morphology of 

fume particles while different welding electrodes are targeted by LASER and atmosphere is purged with 

shielding gases. 

  

 

 

 

 

 

 



  IV        

  

TABLE OF CONTENTS  

PAGE 

ACKNOWLEDGEMENTS............................................................................................................... II 

ABSTRACT........................................................................................................................................ III 

TABLE OF CONTENTS.................................................................................................................... IV 

1. INTRODUCTION.......................................................................................................................... 1 

2. LITERATURE REVIEW............................................................................................................... 3 

2-1. Why is the study of the fume important? ..................................................................... 4 

2-2. Welding fumes.............................................................................................................. 4 

2-2-1. Particulate fume........................................................................................... 4 

2-2-1-1. Aluminium................................................................................. 4 

2-2-1-2. Cadmium................................................................................... 5 

2-2-1-3. Chromium.................................................................................. 5 

2-2-1-4. Copper....................................................................................... 6 

2-2-1-5. Manganese................................................................................. 6 

2-2-1-6. Nickel ........................................................................................ 7 

2-2-1-7. Vanadium................................................................................... 7 

2-2-1-8. Zinc ........................................................................................... 8 

2-2-1-9. Fluorides  ..................................................................................  8 

2-2-1-10. Iron .......................................................................................... 9 

2-2-1-11. Lead ........................................................................................ 9 

2-2-1-12. Silica ....................................................................................... 9 

2-2-1-13. Other fumes............................................................................. 9 

2-2-2. Gases........................................................................................................... 9 

2-2-2-1. Carbon monoxide and Carbon dioxide ..................................... 9 

2-2-2-2. Ozone ........................................................................................   10 

2-2-2-3. Nitrogen dioxide........................................................................   10 

2-2-2-4. Chlorinated hydrocarbons and Phosgene ................................. 10 

2-3. How do these gases threaten the human health? .......................................................... 11 

2-3-1. Respiratory damages................................................................................... 12 

2-3-1-1. Pulmonary Function.................................................................. 12 

2-3-1-2. Asthma.......................................................................................  12 

2-3-1-3. Metal Fume Fever (MFF).........................................................  13 

2-3-1-4. Bronchitis...................................................................................  13 

2-3-1-5. Pneumoconiosis and Fibrosis.................................................... 13 

2-3-1-6. Respiratory Infection and Immunity.......................................... 14 

2-3-1-7. Lung Cancer..............................................................................  15 

2-3-2. Non-Respiratory damages .......................................................................... 15 

2-3-2-1. Dermatological and Hypersensitivity Effects............................ 15 

2-3-2-2. Central Nervous System Effects................................................ 15 

2-3-2-3. Prostate Cancer .........................................................................  15 



  V        

  

 PAGE 

2-3-2-4. Reproductive Effects.................................................................   15 

2-4. Fumes and gases allowance..........................................................................................  18 

2-5. Recommended control methods....................................................................................  19 

2-6. Fume formation mechanism..........................................................................................  20 

2-7. Parameters which affect the fume formation................................................................  20 

2-8. LASER technology.......................................................................................................   21 

2-9. LASER ablation and its Usages ...................................................................................  21 

2-10. Ablation Parameters.................................................................................................... 22 

2-10-1. Sampling Strategy.....................................................................................   22 

2-10-2. Chamber Shape.........................................................................................   22 

2-10-3. Sample Roughness....................................................................................  22 

2-10-4. Transport System and carrier gas..............................................................  23 

2-11. LASER in welding......................................................................................................   23 

2-12. Diode LASER ............................................................................................................ 32 

2-13. Shielding gases ........................................................................................................... 32 

2-14. Traditional fume sampling..........................................................................................  33 

2-15. Particle size and morphology......................................................................................    40 

2-16. Factors that affect fume generation.............................................................................   44 

2-16-1. Shielding gas.............................................................................................   44 

2-16-2. Base metal composition............................................................................   45 

2-17. Sample analysis...........................................................................................................   45 

3. EXPERIMENTAL PROCEDURE................................................................................................. 49 

3-1. LASER ablation chamber design.................................................................................. 50 

3-1-1. Objectives....................................................................................................   50 

3-1-2. Chamber design...........................................................................................   50 

3-1-3. Prospective materials and dimensions.........................................................  51 

3-1-4. Safety issues................................................................................................  51 

3-2. New chamber adaptation...............................................................................................  51 

3-3. Sampling method..........................................................................................................  57 

3-4. LASER spot size output................................................................................................  57 

3-5. Weighing experiments..................................................................................................  58 

3-6. Generating fume weight Vs. Focal length in different atmospheres............................. 58 

3-7. Generating fume weight Vs. Laser power in different atmospheres............................. 60 

3-8. Analyses........................................................................................................................   62 

3-8-1. SEM............................................................................................................. 62 

3-8-1-1. Sample preparation and Imaging...............................................   62 

3-8-1-2. EDS analysis.............................................................................. 64 

3-8-2. TEM............................................................................................................   65 

3-8-2-1. Sample preparation....................................................................   65 

3-8-2-2. TEM Imaging............................................................................    67 



  VI        

  

 PAGE 

3-8-2-3. EDS and STEM analyses...........................................................   68 

3-8-2-4. Particle Size Analysis................................................................   69 

4. EXPERIMENTAL RESULTS....................................................................................................... 70 

4-1. LASER chamber characteristics...................................................................................   71 

4-2. Weighing experiments.................................................................................................. 73 

4-3. SEM.............................................................................................................................. 75 

4-3-1. Images......................................................................................................... 75 

4-3-2. EDS and Map of elements...........................................................................   77 

4-4. TEM .............................................................................................................................  79 

4-4-1. Images.........................................................................................................   79 

4-4-2. EDS and map of elements........................................................................... 82 

4-4-3. Particle Size Analysis..................................................................................  84 

5. DISCUSSION.................................................................................................................................   87 

5-1. Chamber characteristics................................................................................................  88 

5-2. Weighing experiments..................................................................................................  88 

5-3. Fume particle size.........................................................................................................   89 

5-4. Fume morphology.........................................................................................................  90 

5-5. Fume particle compounds.............................................................................................  90 

5-6. Recommendation..........................................................................................................  91 

6. CONCLUSIONS............................................................................................................................   92 

REFERENCES...................................................................................................................................  94 

APPENDIX......................................................................................................................................... 99 

  

 

 


	University of Wollongong - Research Online
	Analysis of metal vapour generation by laser ablation
	Recommended Citation

	Copyright warning
	Title page
	Certificate
	Acknowledgements
	Abstract
	Table of contents

