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Laser welding and soldering are important joining processes in the automotive industry. Typical 

examples are the production of the car body of the VW Golf or the automatic gearbox of the 

Mercedes-Benz A-Class. Furthermore, there is a general trend to increase the use of lightweight 

materials (e.g. Mg, Al, alloys), and to combine different metallic materials to produce complex 

components (e.g. in tailored blanks). In order to ensure good practices with regard to occupational 

health and safety as well as environmental issues, laser joining processes have to be analyzed in 

detail. Avoiding and controlling emission products caused by laser processing of metals or metal 

composites is an important task in this context. Typically, costs for environmental measures re-

present a significant percentage of the total manufacturing costs related to a laser process.  

  In this work, emission measurements of several laser welding and soldering processes for metal 

sheets from steel and brass are reported. Different steel grades and surface treatments of the metal 

sheets have been taken into account: pure, zinc-coated, PTFE-coated, oiled, cold cleaner residues. 

The hazardous potential of these processes has been assessed by means of analyzing the specific 

emissions with respect to the relevant threshold limit values (TLVs). Based on the experimental 

results, the processes have been classified according to measures which are required by environ-

mental legislation. Finally, a cost calculation for measures related to emission capturing is presented. 

It has been shown that these environmental measures are manageable for all industrial laser pro-

cesses regarded here, and the costs for these measures remain acceptable, i.e. in many cases below 

8 % of the total processing costs. The results are made permanently available in an interactive 

internet database. Using this database, the planning of appropriate exhaust systems for laser welding 

and soldering is facilitated significantly. 
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1. Introduction 

During the last ten years, the global market for laser 

systems in the field of macro processing, including laser 

joining applications, has grown substantially [1]. In the 

same period, the global competition in the field of metal 

processing has increased steadily. Small and medium-sized 

enterprises (SMEs), such as laser job shops and automotive 

suppliers [2,3], face a high cost pressure. Regarding highly 

automated laser joining processes, the potential for further 

reduction of production costs is low. However, the indirect 

costs attributed to the disposal of process by-products still 

exhibit possibilities of reduction. 

Usually, a filtering system has to be integrated into the 

process chain to exhaust both gases and dusts emitted from 

the process zone. In order to minimize the corresponding 

investment and operating costs, the exhaust system shall be 

specifically planned for each application in order to avoid 

oversizing [4-6]. A cost-optimized planning is only possible 

if the specific emissions are known for each kind of joining 

process. Data bases of process emissions may in principle 

be used to predict the emissions for an industrial process. 

Unfortunately, existing data bases are out-of-date, because 

they were generated more than 10 years ago, and laser  

machines and processes have changed significantly since 

that time [7,8]. These data bases may help to ascertain the 

emission products in a qualitative way, which still has to be 

confirmed. However, it cannot be expected that these data-

bases reflect quantitative values at an accuracy which is re-

quired for planning cost-optimized exhaust systems. 

Besides the developments in laser technology, new 

trends in semi-finished products have come up, such as 

multi-metal material mixes. The old databases do not allow 

the prediction of emissions for laser joining processes of 

different metallic materials. Due to the lack of up-to-date 

data, optimization of fume capturing and exhaust techno-

logy requires extended experimental investigations to quan-

tify the gaseous and particulate emissions for each specific 

process, which is usually a very time-consuming procedure. 

In this work, the emissions of several laser welding and 

soldering processes for metal sheets (mostly steel) have 

been investigated. Different steel grades and surface treat-

ments of the metal sheets have been taken into account: 

pure, zinc-coated, PTFE-coated, oiled, cleaner residues. 

The hazardous potential of these processes has been 

assessed by means of analyzing the specific emissions with 

respect to the relevant threshold limit values (TLVs). The 

processes have been classified according to measures 

which are required by German environmental legislation 

(“TA Luft” [9]). Finally, the results of a cost calculation for 

measures related to emission capturing are presented as 

fraction of the total production costs. The results are inte-

grated into an interactive internet database [10]. Using this 
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database, the planning and selection of appropriate exhaust 

systems for laser welding and soldering applications can be 

facilitated significantly, at the same time meeting the re-

quirements of both SMEs and automotive suppliers. Expe-

rimental investigations in order to optimize the exhaust 

system for a specific laser application can be reduced. 

 

2. Experimental 

Twelve specific joining processes have been investiga-

ted, including eleven welding processes and one soldering 

process. The welding processes can be further classified 

into six deep penetration welding and five heat conduction 

welding processes. Different steel grades have been investi-

gated, including typical industrial surface treatment con-

ditions (pure, oiled, cleaned with residues of cold cleaner, 

PTFE-coated, zinc-coated, see Table 1). 

Emission measurements were performed for different 

laser process environments (gantry systems, robots, remote 

systems). In this work, only those emissions have been 

regarded for the deduction of waste-gas cleaning measures 

and the calculation of the corresponding costs, which were 

captured by the exhaust system. Emissions which were not 

captured and thus released into the working area have not 

been taken into account, although they are highly important 

regarding occupational health. In most working stations, it 

was ensured by means of analysing a defined aerosol gene-

ration that the major part of the emissions (> 85 %) was 

captured by the exhaust system at the process. In one work 

station, the capturing efficiency was lowered significantly 

when an additional exhaust system for the complete laser 

cabin was turned on. Depending on the local process envi-

ronment, specific constructional measures have been taken 

by the manufacturer to ensure high capturing performance. 

In addition, it was confirmed by measurements in the wor-

king area (distance to the process: 3 m) that concentrations 

of hazardous compounds were far below the values re-

quired by occupational health regulations (TRGS 900 [11]). 

Emission rates of specific components have been de-

termined from the mass flow in the exhaust system. For 

this purpose, a special sampling tube is included in the ex-

haust pipe system (see Fig. 1), from which partial volume 

flows are taken off and directed to on-line sensors and dis-

continuous sampling filters. The detailed experimental 

set-up for sampling and measurement of particulate and 

gaseous emissions from laser processes is described else-

where [12]. Sampling was performed corresponding to the 

German guideline VDI 2066 [13] at isokinetic air flow con-

ditions [14]. Depending on the location of the laser process, 

a stationary (on-site LZH) or a mobile (on-site industry) 

sampling system was used. Each experiment was repeated 

three times in order to account for statistical deviations. 

Pressure, temperature and humidity were measured on-

line in order to allow for relating the emission values to a 

normalized volume. Both gaseous and particulate emis-

sions in the exhaust air were investigated. 

2.1 Gaseous emissions 
Carbon monoxide was measured online for all joining 

combinations. Furthermore, the total gaseous hydrocarbon 

concentration was measured on-line using a flame ioniza-

tion detector (FID) in case of metals having an organic 

coating. For a more specific analysis of organic compounds, 

small parts of the gas stream were directed through sam-

pling filters with appropriate adsorption materials. These 

samples were analyzed with regard to non-polar and polar 

hydrocarbons using GC-MS as well as aldehydes and ke-

tones using HPLC. The GC-MS samples were analyzed 

quantitatively with respect to the main components ben-

zene, toluene, ethylbenzene and xylene. In addition, the 

GC-MS spectrum was analyzed qualitatively with regard to 

other components (assignment of retention time peaks). 

 

 

Fig. 1  Metering box (including probes), tube diameter 100 mm. 

2.2 Particulate emissions 

Size distributions of particulate emissions were mea-

sured online using an electrical online 12-stage low pres-

sure cascade-impactor (ELPI) of Dekati Inc. (Tampere, 

Finland) [15]. Amount and chemical nature of solid and 

liquid particulate emissions (aerosols) were determined in a 

discontinuous way. Aerosols were collected and concen-

trated on a sampling filter. The total amount of aerosol was 

determined gravimetrically, including inorganic and organ-

ic components. 

The chemical composition of particulate emissions with 

respect to inorganic elements was determined using SEM-

EDX (energy-dispersive X-ray spectroscopy of a scanning 

electron microscope). SEM-EDX provides the relative por-

tion of each inorganic element with respect to the other 

elements within the sample, however, it does not provide 

an absolute value with respect to the concentration in the 

air stream. Thus, quantitative chemical analysis was perfor-

med only, if a hazardous inorganic compound was found in 

the SEM-EDX analysis (e.g. Cr in case of stainless steel). 

Furthermore, quantitative chemical analyses were perfor-

med for low volatile hazardous organic compounds (regar-

ding 16 polycyclic aromatic hydrocarbons, PAH, according 

to the US Environmental Protection Agency, EPA). 

Knowing i) the air volume pumped through the exhaust 

system (which was different for different processes), ii) the 

fraction of gas directed to the sampling filter or online mea-

surement system, and iii) the concentration of the respec-

tive emission component, characteristic emission values 

have been calculated such as emitted mass per unit time 

[mg/s]. Alternatively, the amount of emission could be  

related to the joining length [mg/m] or to the number of 

pieces produced. 

The characteristic emission values have been assessed 

with respect to threshold limit values (TLVs) listed in [9]. 

For each joining process, the extent of air cleaning mea-

sures has been evaluated, and the processes have been  

classified into four categories. Finally, the characteristic
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Table 1  Process parameters for the different metallic laser joining combinations regarded in this work. 

no. materials 
thickness 

[mm] 

coating /  

treatment 

laser type /  

output power 
geometry 

focal 

length 

[mm] 

protective 

gas 

feed 

rate 

[m/min] 

spot size / 

weld seam  

 [mm] 

joining 

process 

1 
a) DC06 ZE 50/50  

b) DC06 ZE 50/50 

a) 0.75  

b) 0.75 

a + b:  

zinc-coated 

Nd:YAG  

2,700 W (cw) 
butt joint 165 without 2.3 3.2 – 3.4 soldering 

2 
a) DC 05/06  

b) HLAD340 

a) 0.7  

b) 1.5 

a + b:  

zinc-coated 

Nd:YAG  

4,000 W (cw) 
lap joint 200 cross jet 

3.6 

1.5 – 2.0 
heat cond. 

welding 

3 
a) HLAD340   

b) HLAD380 (Z 100 MB) 

a) 1.5  

b) 2.5 

a + b: zinc-

coated 
1.8 

4 

a) DC06  

b) HLAD340  

c) HLAD340 

a) 0.7  

b) 1.5  

c) 1.5 

a + b + c: 

zinc-coated 
1.9 

5 

a) DC06  

b) Usibor  

c) HLAD340 

a) 0.7  

b) 2.0  

c) 1.5 

a + c:  

zinc-coated 
1.6 

6 
a) stainless steel 1.4404  

b) stainless steel 1.4404 

a) 3.0  

b) 5.0 
none 

Nd:YAG  

3,000 W (cw) 
butt joint 200 argon 3.5 0.2 

deep pen. 

welding 

7 
a) stainless steel 1.4301  

b) stainless steel 1.4301 

a) 2.0  

b) 3.0 
none 

CO2  

3,400 W (pulse max.) 
butt joint 200 without 0.3 

1.2 
deep pen. 

welding 

8 
a) brass  

b) brass 

a) 1.5  

b) 1.5 
none 

CO2  

1,700 W (pulse max.) 
1.5 

heat cond. 

welding 

9 
a) electrical sheet  

b) mild steel 

a) 0.1  

b) 1.5 

a: insulating 

pol. coating 

CO2  

500 W (cw) 

lap joint 200 nitrogen 1.0 0.15 
deep pen. 

welding 

10 
a) baking tray  

b) mild steel 

a) 0.5  

b) 1.5 

a: PTFE 

coating 

CO2  

750 W (cw) 

11 
a) mild steel  

b) mild steel a) 1.5  

b) 1.5 

cold cleaner 
CO2  

1,000 W (cw) 
12 

a) mild steel  

b) mild steel 
forming oil 

 

emission values have been related to relative costs for envi-

ronmental measures (i.e. divided by the total production 

costs of the laser process, respectively). 

 

3. Results 

Gaseous compounds in the exhaust air including carbon 

monoxide and organic compounds have been found to be 

irrelevant with respect to the TLVs listed in [9] for all joi-

ning processes. In contrast, the total amount of aerosols and 

inorganic elements in the fume exceeded the TLVs in some 

cases. Table 2 gives an overview on the emission com-

pounds which are relevant to air cleaning measures. 

3.1 Total amount of aerosol 

The lowest and highest emission rates and concentra-

tions measured in the exhaust air (see Table 2) varied by 

more than one order of magnitude, respectively. In most ca-

ses, the concentrations stayed below the TLV for total aero-

sol emissions (150 mg/m
3 
for a mass flow < 200 g/h [9]). In 

two welding processes, however (highest laser power, glo-

bal cabin capturing off, see Table 2), the aerosol concentra-

tion exceeded the TLV. Nevertheless, additional measures 

for waste-gas cleaning are not required for the processes 

regarded, if the global cabin capturing is running. In any 

case, the total aerosol mass flow was smaller than 200 g/h. 

3.2 Inorganic aerosol compounds 

Fig. 2a shows the inorganic composition of the exhaust 

fumes during laser soldering (Table 1 no. 1) and laser wel-

ding (Table 1 no. 5) of zinc-coated steel as determined by 

SEM-EDX. 

During soldering (no. 1), the major inorganic emission 

compound in the exhaust air is zinc (93 %). The reason is 

that soldering is performed at temperatures far below the 

melting temperature of steel. However, zinc evaporates at 

soldering conditions due to the relatively low evaporation 

temperature (907°C). Furthermore, the joint geometry (butt 

joint) may have an influence. In lap joint geometry, the area 

of zinc exposed to the laser beam would be much lower. 

During laser welding of zinc-coated steel (see Fig. 2a, 

no. 5), the main component is also zinc (54 %). However, 

there is also a high amount of iron (44 %) in the fume. The 

reason is that much higher process temperatures are needed 

for welding than for soldering. Thus, a small part of the 

molten steel may evaporate, even at temperatures below the 

evaporation temperature, due to the vapour pressure of liq-

uid steel. Taking into account that there is much more steel 

than zinc in the melt, it is not surprising that the welding 

fume contains such a high percentage of iron. 

The emission of iron is uncritical as far as the TLV for 

total dust is not exceeded (200 g/h [9]). The same holds for 

zinc, because there is no specific TLV for zinc in [9]. How-

ever, it has to be noted that inorganic fumes may be critical 

in the air at the workplace due to the corresponding small 

TLV [11], which is 10 mg/m
3
, referred to the inhalable 

fraction, and 3 mg/m
3
, referred to the alveolar fraction. 

Thus, effective emission capturing is required, but special 

cleaning of the waste gas is not mandatory for the pro-

cesses regarded in this work. 

Fig. 2b shows the inorganic elemental composition of 

dust samples for two welding processes of uncoated stain-

less steel. The composition is similar for both processes. 

The content of volatile elements is larger than in the base 

material. The major part of the emissions is still iron. How-

ever, there is a significant amount of critical elements listed 

in [9] (Cr, Mn, Cu, Ni). For these elements, the characte-

ristic emission values have been calculated with respect to 

the following threshold values for the waste gas:  

• ∑dm/dt(Cr,Cu,Ni,Mn) < 5 g/h 

• dm/dt(Ni) < 2.5 g/h 
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Cr amounts to 22 – 23 % of the total aerosol emissions. 

In case of chromium, the amount of Cr(VI) is of special 

interest, as this species has a specific TLV (0.1 g/h), much 

lower than the TLV for total Cr (5 g/h). The reason is that 

Cr(VI) is considered as carcinogenic. The chemical analy-

sis shows that the Cr(VI) concentration is uncritical for all 

joining processes regarded (3 % of the TLV given in [9]).  

 

 

 
Fig. 2a  Comparison of the exhaust fumes composition  

for soldering (no. 1) and welding (no. 5) processes 

 

 

 
Fig. 2b  Comparison of the exhaust fumes composition during 

welding of two stainless steel types (no. 6: 1.4404, no. 7: 1.4301). 

 

The elemental analysis of the brass fume particles 

showed that the copper content in the particles is lower 

than in the base material. This can be explained by the 

higher volatility of zinc in comparison to copper. However, 

sedimentation was observed in the process zone which con-

sists mainly of copper. The reason is that a part of the cop-

per vaporises from the process zone and condenses to large 

particles before it enters the fume capturing device. 

3.3 Particle Size Distribution 

Fig. 3 exemplarily shows the particle size distribution 

for the laser welding process of PTFE-coated baking tray 

and mild steel. Obviously, the distribution function is bi-

modal which is typical for the laser processing of coated 

metals. The major part of the particulate emissions arises in 

the nanometer range, which is characteristic for all laser 

welding processes. Nanoparticles are assumed to have a 

much higher hazardous potential than usual dust particles 

which have been taken into account for the regulation of 

the threshold limit values according to [9]. The smaller the 

particles are, the higher is the total surface area of all par-

ticles. Several medical investigations show that the inflam-

matory response does not correlate to the particulate mass 

inhaled, but to the particulate surface dose of the lung 

above a certain threshold value [16-18]. From this point of 

view, laser processes have high hazardous potential, even if 

the aerosol concentrations are below the mass-specific 

threshold limit value for dust according to [9]. Compared to 

other welding processes, the specific surface of the par-

ticles emitted in laser processes is high, although the emit-

ted mass flow is rather small [19]. 

 

 
Fig. 3  Particle size distribution during laser welding of  

PTFE-coated baking tray and mild steel, no. 10 according  

to Table 1 (aerodynamic diameter: logarithmic scale). 

 

On the other hand, the particle filtration efficiency is 

dependent on the particle size as well. According to [14], 

there is a relative minimum of the filtration efficiency at a 

particle diameter of about 0.2 to 0.3 µm. For larger parti-

cles, the filtration efficiency is increasing due to enhanced 

interception, inertial impaction or (for large particles) gra-

vitational settling. Particles with diameters below 0.2 µm 

show an increased tendency to be captured due to diffusion 

processes or electrostatic attraction. Thus, the danger of the 

nanoparticles emitted from the processes regarded in this 

work is relativized, because very small particles with diam-

eters below 200 nm can be efficiently removed from the 

exhaust air using conventional filtering systems. 

 

3.4 Evaluation of results 
For all processes investigated, table 2 summarises the 

emission values which are relevant according to the Ger-

man regulations for waste gas. As the content of volatile 

organic compounds and inorganic elements in the aerosol is 

always below the corresponding TLV according to [9], they 

are not listed in Table 2. Only the characteristic values for 

total aerosol emission are given. 

Based on the results of emissions measurements in rela-

tion to the TLV values listed in [9], the laser processes can 

be classified into the following emission categories which 

require different measures of exhaust air cleaning: 

Cat. 1: No filtering measures for the exhaust air are neces-

sary, since all emissions comply with the TLVs. 

Cat. 2: Particle filters according to the state-of-the-art are 

required if specific aerosol TLVs are exceeded. 

Cat. 3: Filtration of gases according to the state-of-the-art 

is mandatory if TLVs for specific gaseous compo-

nents are exceeded. 

average laser power 4000 W
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Ti 
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1.2% 
Fe 

1.6% 

Cu 

2.9% 

Zn 

93.4%  

 

average laser power 3000 W

Cu

1,6%Cr

 22,0%

Ni

 6,2%

Mn

 9,2%

Fe

 61,1%
 

average laser power 3400 W

Fe 

59.7%

Ni 

4.5%

Cu 

2.0%

Cr 

22.8%

Mn 

11.1%

 

no. 1: 

no. 7: 

no. 5: 

no. 6: 
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Table 2  Results for aerosol emission rate and concentration measured in the exhaust air. 

process no. 

acc. to Table 1 

process /  

thickness [mm] 
remarks 

laser power 

[W] 

total aerosol  

emission rate [g/h]  

(TLV = 200 g/h) 

total aerosol conc. [mg/m³]  

(TLV = 150 mg/m³ at  

emission rate < 200 g/h) 

environmental 

effort category 

1 
soldering  

thickness 0.75 

cabin capturing off 
2,700 (cw) 

11.8 59 
1 

cabin capturing on 7.1 36 

2 
heat cond welding  

thickness 0.7 & 1.5 

cabin capturing off 

4,000 (cw) 

 

23.6 118 
1 

cabin capturing on 20.0 100 

3 
heat cond. welding  

thickness 1.5 & 2.5  

cabin capturing off 33.2 166 
2 

cabin capturing on 18.6 93 

4 
heat cond. welding  

thickn. 0.7 & 1.5 &1.5  

cabin capturing off 25.5 128 
1 

cabin capturing on 18.9 95 

5 
heat cond. welding  

thickn. 0.7 & 2.0 & 1.5 

cabin capturing off 38.3 191 
2 

cabin capturing on 23.0 115 

6 deep pen. welding circular seam 3,000 (cw) 2.3 17 1 

7 deep pen. welding circular seam 
3,400  

(pulse max.) 
1.4 6 1 

8 heat cond. welding longitudinal seam   
1,700  

(pulse max.) 
3.1 16 1 

9 
deep pen. welding  

thickness 0.5 & 1.5 

lap joint 

500 (cw) 15.4 13 1 

10 
deep pen. welding  

thickness 1.0 & 1.5 
750 (cw) 9.6 8 1 

11 deep pen. welding  

thickness 1.5 & 1.5 
1,000 (cw) 

18.1 15 1 

12 19.2 16 1 

 

Cat. 4: Additional measures are required, because e.g. aci-

dic gases are emitted from the process zone, which 

must be neutralized according to the state of the art 

(usually not relevant to laser joining of metals). 

It has to be noted that the hazardous potential of nano-

particles has not been taken into account in the above clas-

sification. It cannot be excluded that classification will 

change if the nanoparticulate character of process emis-

sions is taken into account in future emission regulations. 

 

4. Calculation of costs for environmental measures  

in relation to total processing costs 

The total processing costs for the joining processes re-

garded in this work were calculated by the industrial part-

ners (see acknowledgements). The cost values have been 

reported to the authors as total sums, whereas the calcula-

tion details have not been revealed. The costs caused by 

installation and operation of efficient capturing and filter-

ing systems for the exhaust air (costs for environmental 

measures) have been calculated by the authors. Here, linear 

depreciation of filter investment costs over 5 years, costs 

for filter operation, consumption of electric energy, and 

costs for service actions have been considered, respectively. 

The costs for environmental measures depend on the 

emission category into which the laser process is classified. 

They increase significantly from cat. 1 to cat. 4. The calcu-

lated costs for environmental measures have been related to 

the total processing costs. Depending on this ratio, the laser 

processes investigated are classified into one of three cost 

ranges for exhaust air cleaning: 

range A: low costs ≤ 15 % 

range B: 15 % < medium costs < 30 % 

range C: high costs ≥ 30 % 

These cost ranges have been defined in agreement with 

the industrial partners. As can be seen in Table 3, the costs 

for emission cleaning measures stay below 15 % (cost 

range A) for all investigated material combinations and 

laser joining methods (emission categories 1-3). 

Table 3  Costs for environmental measures related  

to the total manufacturing costs. 

no. laser type process 

total manufac-

turing  

costs 

costs for 

environm. 

measures 

percent. 

of total 

costs 

1 
Nd:YAG 

(cw) 
soldering 115 €/h 8.30 €/h 7.2% 

2 

Nd:YAG 

(cw) 

heat cond. 

welding 
100 €/h 8.30 €/h 8.3% 

3 

4 

5 

6 
Nd:YAG 

(cw) 

deep pen. 

welding 
90 €/h 4.70 €/h 5.0% 

7 CO2 (pulsed) 
deep pen. 

welding 
85 €/h 4.70 €/h 5.5% 

8 CO2 (pulsed) 
heat cond. 

welding 
60 €/h 4.70 €/h 7.8% 

9 CO2 (cw) 

deep pen. 

welding 
75 €/h 10.75 €/h 14.3% 

10 CO2 (cw) 

11 
CO2 (cw) 

12 

 

In the 4
th

 emission category, the costs for waste-gas 

cleaning are expected to exceed 15 % of the total proces-

sing costs. This may happen if complex additional tech-

niques have to be applied to meet the legal requirements. 

The results are summarised in an interactive internet da-

tabase which is made permanently available [10]. The da-

tabase will be expanded in future using newly measured 

emission data. 

 

5. Conclusions and outlook 

In this work, the emission rates (mass per time) and 

concentrations (mass per exhaust air volume) during laser 

material processing, i.e. welding and soldering, were deter-

mined by characterizing emitted fumes. For the analyses, 

standard methods were used which are well known from 

literature. It was shown that the evaluated data can be cor-

related to costs for environmental measures (exhaust air 

cleaning) in relation to the total processing expenses. Thus, 



 

JLMN-Journal of Laser Micro/Nanoengineering Vol. 6, No. 2, 2011 

143 

specific emission rates, given here as costs per time [€/h], 

were calculated. 

For a systematic classification of laser processes in the 

field of welding and soldering, four categories were de-

fined according to the environmental efforts which are  

required to comply with the threshold limit values (TLVs) 

for particulate and gaseous emissions according to [9]. All 

laser joining processes which were investigated in this 

work can be allocated to the lower emission categories 1 to 

3. In addition, three environmental cost ranges were de-

fined in order to rate the laser processes with regard to the 

costs for environmental measures. 

The evaluation of the data which were collected in in-

dustrial environments shows that all processes investigated 

are related to costs for environmental measures below 15 % 

of the total processing expenses. In many cases, waste gas 

cleaning even requires less than 8 % of the total expenses. 

This clearly indicates that an adequate design of the envi-

ronmental protection measures for laser joining processes 

can be done in an economic way. 

An interactive laser-safety internet database with regard 

to laser process emissions, which has been available since 

several years [10], is revised so that information about the 

environmental cost ranges, which are related to the joining 

processes regarded in this work, can be extracted as well. 

In future, this database may be updated and extended by 

additional data deduced from further emission investiga-

tions of various laser processes. 

The results obtained for the joining of metals show that 

the availability of characteristic emission values will be 

helpful with regard to economic planning and evaluation of 

industrial laser-based production processes. Consequently, 

it is planned for the near future to expand the investigations 

to the laser processing of polymers, taking into account 

theoretical modelling of the dependence on the process 

parameters. In this context, the formation of organic partic-

ulate and gaseous emissions, which typically have high 

hazardous potential, is of special relevance. An internet 

database, which provides characteristic emission values as 

well as cost-related information via environmental cost 

ranges, will help to reduce the number of necessary exper-

imental investigations significantly. This is of particular 

importance e.g. for laser job shops, where comprehensive 

measurements of the emissions are not feasible due to the 

large variety of potential materials and processes. 
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