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Environmentally sound production: 
Improvement options for the metal industry 

Introduction 
The metal industry consists of many different process steps and these steps are mostly divided 
in different companies. There are not many companies doing the whole process of producing 
the metal objects. One company is extracting raw materials, another is doing the foundry, the 
next is a machining company, and then there are assembling and finishing companies and 
more. It often occurs that a company is only one part of a process step, for instance only 
phosphating and chromating and no other finishing processes. This means that a metal object 
is transported a lot before it is a complete product. Another division in the metal industry is 
by-metals. The biggest part is the iron and steel industry, and even within these metals there 
are many different kinds of alloys and ways of treatment. Then there are the non-ferrous 
metals, which is also a very wide group. 

Environmental impacts 
The use of coolants and lubricants has by far the greatest environmental impact on the 
environment. These substances may contain all kinds of chemical additives and mineral or 
synthetic oils, for instance VOCs (Volatile Organic Compounds), and are considered to be 
hazardous to the environment. Between 85 and 90% of the metal-treatment liquids is emitted 
to the environment. The major part, 25 to 60%, evaporates. A part is emitted together with 
the industrial water through spilling, spattering or leaking and, finally, a part is released into 
the soil if the working floor leaks and as a consequence of rinsing scrap. A possibility for 
decreasing the consumption of coolants and lubricants is to avoid them in the first place. Dry 
metal removal can be an option in turning, milling and drilling bronze, aluminium, steel, 
carbon steel and stainless steel. Unfortunately, the use of cooling lubricants can usually not be 
avoided. Environmentally sound compounds though, such as vegetable oils, can be easily 
obtained in many countries at relatively low cost. Other important environmental impacts are 
the extraction of raw materials, which can harm the landscape, and the energy that is used 
during the melting of metals. 

Environmentally sound production 

Complex environmental issues demand a comprehensive integrated approach to tackle the 
problems of pollution. Reductions in the use of energy, water and other raw materials along 
with waste minimisation and elimination, whenever and wherever possible, should be highest 
priority. Environmentally sound production sometimes involves the application of high-tech 
installations, but most of the time it is a matter of introducing improvements at all points in 
the process. The economic advantages gained by these measures are twofold: they reduce 
both the costs of production and the need for costly waste and pollution control facilities. And, 
at the same time, negative health effects for workers and environmental impacts in the 
surrounding community are reduced. Environmentally sound production implies that all types 
of resources, along the entire product life cycle, should be used optimally to reduce 
environmental impacts. 
 
It is advisable to make a matrix containing the following data: name of the material, name of 
manufacturer, date of input/output, (in case of input:) expiry date, quantity remaining in 
stock, harmful to health and environment (yes or no?). 
 
Although a large reduction in the pollution from industrial plants can be achieved by source-
oriented measures, waste treatment will often still be necessary. This type of measure is called 
the ‘end-of-pipe’ treatment. These measures usually concern air-stream filtering, waste-water 
treatment and waste management. These end-of-pipe measures are described more 
extensively in specific documents on this issue in the database. 
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MET matrix 

The following matrix identifies the environmental effects, subdivided into materials, energy and 
(toxic) emissions, during the life cycle of metal products. 
 
 (raw) Materials Energy (Toxic) emissions 
extraction (scarce) metal 

ores 
landscape 

extraction 
machines 
(digging) 

dust 
soil (heaps) 

foundry raw metals 
casting sand, 
charcoal, cement, 
cores, binding 
agents 

high energy-use 
for melting 

IPA, metal-oxides, 
burning gases 
slag, dust, sand, metal 
scrap 

rolling, 
extruding, etc. 

raw metals 
coolants and 
lubricants 

heating for hot 
temperature 
rolling 
forming machines 

VOCs, nitrite, chlorine, 
sulphur, amino, phosphor 
remaining oil 

blasting formed metal blasting machines dust 
machining formed metal or 

raw metal 
coolants and 
lubricants 

energy for 
machining 

coolants and lubricants 
dust, metal scrap 

cleaning and 
degreasing 

metal (semi) 
products 
cleaning and 
degreasing agents 

 VOCs and other harmful 
emissions to water and air 

assembly electrodes, solder, 
glue 
2 or more metal 
products 

heat for welding, 
soldering, 
shrinking 

dust, smoke, metal-oxides 
gases (F2, CO, NOx, O3, 
Ar) 

heat treatment metal product 
cooling oil 

heat VOCs from the oil 

galvanising metal layer 
metal product 

 gases from electrodes, 
NOx, heavy metals 
phosphates, brighteners 
solid waste 

thermal zinc 
plating 

metal product 
zinc 

 ammonium, zinc-chloride 
hydrogen, hydrochloric 
acid 
exhausted bath, ooze, 
dust 
cadmium 

chromatising 
and 
phosphatising 

metal product 
phosphoric acid, 
nitric acid 
zinc, iron, 
manganese, 
phosphates 
cadmium 

 NOx (low) 
to water: zinc, nickel, 
fluoride, chromium, 
phosphor 
exhausted baths 
(containing heavy metals) 

varnishing and 
enamelling 

metal product 
(powder)paint, 
lacquer, enamel 

automatic spray 
pressure 
electrostatic 
charge 

volatile hydrocarbons 
paint 
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The production process 
 
 

b) forming  

d) cleaning 

e) machining 

c) blasting 

f) assembly  

g) finishing  

h) use  

i) waste  

a) extraction  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For most of the above-named process steps there are different options: 
• storage of raw and auxiliary materials 
• forming 

o forge, mould, cast 
o extrude 
o draw wire or bar 
o remodel hydro-mechanically  

• blasting 
• cleaning and degreasing 

o machining 
o punch, bend, cut 
o place, square, bead, seam 
o turn, mill 
o force, flow-turn 
o saw, plane, drill 
o grind, polish 

• assembly 
o screw, rivet, bead 
o shrink, solder, weld 
o glue 

• finishing 
o temper, anneal (heat treatment) 
o galvanise, zinc thermally 
o deactivate, chromatise, phosphatise 
o paint, varnish 

a) Extraction of raw materials 

Description 

Metals are extracted from ores that are dug out of rock or the soil.  
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Environmental impacts 

The extraction of raw material can harm the landscape and some metals are becoming scarce, 
like copper, tin, zinc and lead.  

Improvement options 

Avoid erosion and pollution. When necessary take part in reforestation programmes. Especially 
with iron and steel, but also with other metals, it is a very sound possibility to re-use scrap 
metal. 

b) Forming 

Forming are the processes in which no metal scrap is removed from the parts, such as forging, 
moulding, casting, extruding and drawing.  

Foundry 

Description 

Foundry is the making of ready-for-use forms, or of relative simple forms, such as blocks and 
cylinders, which are processed thereafter by heat-treatment or machining. Iron is often 
moulded in sand casts. For the production of light serial foundry work, clay-casting sand is 
used. This consists of sand, clay (for instance bentonite), water and charcoal powder. The 
latter is added in order to obtain a smooth surface on the object. Self-hardening sand is used 
for the production of heavier hand-shaped work. To make self-hardening sand, sand is mixed 
with cement or a binding agent, such as furan acid-based resins, which harden after 
polymerisation. After the casting the object has to be separated from the sand. This is usually 
done with the help of shaking grids.  
 
Casting can also be done in long lasting castings made from iron or steel. This is necessary for, 
e.g. injection moulding. 
 
To make internal hollow spaces, cores are used, which are removed after foundry. The cores 
are made with binding agents that are relatively strong, such as artificial resins or water-glass, 
in order to make them solid. 
Cast and cores are covered with fireproof components. Currently, the application of these 
covers is performed by means of immersion in isopropyl alcohol (IPA). 
 
The figure below provides a flow chart of the foundry process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

founding 

separation from sand 

regeneration of sand post-treatment 

metal pre-treatment 

melting (treatment) 

sand preparation 

sand casting 
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For melting, the three most important furnaces used are the cupola furnace, the electrical 
furnace and the tumble-melting furnace. The cupola furnace is a continuously operating 
melting aggregate, into which cokes and iron are fed constantly. The electrical furnace is a 
discontinuous melting aggregate and is, for that reason, often used in small and medium-sized 
metal foundries. The tumbling furnace is also a discontinuous melting aggregate. The contents 
are heated in a tumbler that is heated by the flame of a gasoline or an oil-fed burner. 

Environmental impacts 

An important environmental impact is the very high use of energy during the melting of the 
metals. 
 
The use of charcoal in casting sand is a major cause of emissions. Another major emission is 
IPA, which is completely emitted into the air. IPA is a volatile organic compound (VOC). The 
most important emissions during the foundry of non-ferrous metals are metal-oxides of zinc, 
lead, copper, aluminium and tin, burning gases, such as nitrogen oxide, carbon monoxide and 
sulphur dioxide, hydrocarbons and dust. The most important sources of emissions are melting, 
draining, transporting, foundry of the melt and the preparation of the casts. The largest 
emission of metal oxides occurs during the foundry of zinc. 
 
The most important solid wastes are slag, filter-dust, casting sand and metal scrap. 
Furthermore dust is generated during the shake out, which is the separation of the object from 
the sand. 
 
In the cupola furnace, dust originates from cokes, limestone, fireproof covers and metallurgical 
material. Gaseous emissions are mostly CO and SO2. In the electrical furnace the emissions 
depend on the raw material that is used. When virgin steel is used only some dust and CO will 
come free and when scrap steel is used there will be more emissions. The SO2 emission 
released in the tumble-melting furnace depends on the sulphur content of the oil. 

Improvement options 

Good housekeeping is the most suitable method to decrease the use of energy. 
 
A decrease in the emissions of the use of charcoal can be obtained by replacing charcoal by 
other carbonaceous substances, such as bitumen, pitch and petrol resin. A good alternative to 
IPA may be water-based covers. The drawback of this alternative is that it necessitates a 
forced drying process.  
 
The use of an electrical furnace instead of a cupola furnace reduces hazardous emissions, such 
as carbon monoxide (CO), carbon dioxide (CO2) and nitrogen oxides (NOx). Since electrical 
furnaces are relatively expensive, this may only be a realistic option if the company is about to 
order a new furnace. A necessary condition for application is obviously a proper power 
generation, free of interference. 
 
The use of sand can be decreased by automation and mechanisation. This can easily be applied 
at clay-casting sand. Furthermore, it is possible to re-use metal scrap and sand, although used 
sand has to be regenerated before it can be used again. Clay-casting sand can be regenerated 
and recycled within the process. For clay-casting sand in particular, this can be accomplished 
without many difficulties. Usually the casting process emits large quantities of casting sand 
that are contaminated with Poly Aromatic Hydrocarbons (PAHs). This sand can be regenerated 
in a sand regeneration plant. Blending with fresh sand is required for the re-use of this sand. 
Regeneration is generally done by removing metal, breaking down the sand and removing the 
dust particles. New technology enables shaving the clay layer off the sand, which increases the 
output of recycled sand. In the case of sand bound by a chemical process, the resinous layer 
can be removed thermally in a fluid bed. This also increases the quantity of recycled sand. 
Sand regeneration is a technique that can recycle a considerable quantity. By means of the 
most modern technology, about 90% of the sand may be recycled. Nevertheless, this requires 
large investments, which are particularly difficult for smaller companies. It is possible for these 
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small companies to let their sand regenerate by another company, which is regenerating for 
more small companies. This is much less expensive, could be an alternative. It is not sure, 
however, whether the regenerated sand would be of a sufficiently continuous quality.  
 
Re-use of the sand for other products is also an option. Possibilities are processing into cement 
bricks, synthetic granulates or embankment materials. 
 
The generation of dust during the shakeout can be controlled by moistening the sand and by 
filtering the extracted air, for instance by using a cloth filter. After the shakeout, the metal 
objects may still be covered with traces of sand. Machinery concerning the removal of this 
sand may also generate dust and should, therefore, be provided with a filtering system. 
Several reduction options consist of installing filtering systems. In particular, cloth filters may 
be widely applied. However, the introduction of such requires high investments, which can be 
too expensive for small companies.  
 
A new technology is the lost foam technology. The advantages of this technology are mainly 
that there is much less waste and that there is much less treatment and machining necessary 
afterwards. The process is described more extensively in another document that can be found 
in the database. 

Production of pipes 

Description 

(Steel) pipes can be divided in welded and weldless pipes. To make welded pipes, first the 
steel band is cut and coupled in order to make an endless band. After that the band is rolled 
and welded. Weldless steel pipes are drawn cold after they are glowed. 

Environmental impacts 

When making weldless pipes, VOCs are emitted, due to the use of oils for cooling and 
lubricating. Solid waste consists of scrap, such as sawdust and grindings and of used oil. 

Improvement options 

There are pure vegetable oils that can be used as lubrication. Substances such as sulphur, 
chlorine, nitrite and phosphor are not necessary anymore. Other advantages of vegetable oil 
are:  
• When using the exact dosage, there is no remaining oil; 
• Only a few litres per tool per year are necessary instead of hundreds of litres of 

conventional oil; 
• Because there is no remaining oil, the work floor stays clean and the metal chips will be dry 

and fat-free, which makes it easier to re-use them; 
• The life-time of the tools is longer; 
• The surface has a higher quality.  
In spite of the investment costs and the higher price of vegetable oils, savings can be up to 
95%. 
 
Using a closed water-cooling system can decrease emissions of oils and fats through waste 
water. 
 
Scrap can be re-used in the iron and steel industry. Used oil can be processed. The processing 
can be divided in three steps: separation of oil and water, breaking of remaining emulsions 
with chemicals, and heating. The recycled oil can be used as fuel. 

Rolling 

Description 

Rolling is the processing from blocks or cylinders (a few centimetres thick) to band (thickness 
only one tenth or one hundredth of a millimetre). Rolling can be done in a hot temperature 
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(about 500 degrees Celsius) or cold (room temperature). Cooling and lubricating during hot 
rolling is done with an emulsion consisting of 95% water and 5% mineral oil with additives. 
Cold rolling is lubricated with an oil, which is not thinned with water. Due to this, more VOCs 
are released during cold rolling. Moreover, during hot rolling the evaporation mostly consists of 
water. 

Environmental impacts 

The most important emissions are the VOCs that release due to the use of cooling and 
lubricating oil. These oils are complex compounds and can contain chlorine, sulphur, phosphor, 
amino and nitrite. The remains of the oil are hazardous solid waste. The source of most of 
these emissions is the outer oxidised surface of the steel that is released during the rolling 
process. 

Improvement options 

The VOCs can be suctioned and filtered. A better option is to use alternative coolants and 
lubricants with fewer solvents.  
 
An option is to install a dissolved air flotation (DAF) unit that treats the effluent with chemicals 
and compressed air to isolate the contaminants, which can then be skimmed off. Recovered 
material can be recycled off-site and the clean water can be recycled back into the hot rolling 
mill. 

c) Blasting 

Description 

Blasting removes the impurities on the metal surface, such as metal flash, oxides, paint 
residues or pollutants. For instance, cast objects are blasted after shake out. In this process, 
the blasting material is blown or cast against the surface with great force. These techniques 
are called pneumatic and cast blasting respectively. In the blasting material, a distinction can 
be made between single-use and re-use blasting agents. Single-use blasting agents are often 
used in ‘outdoor’ treatments, such as in shipbuilding yards. Re-use material is applied in closed 
compartments. Steel shot, steel grit, cast-iron grit, aluminium oxide or glass pearls are mainly 
used as blasting agents.  

Environmental impacts 

The impact on the environment is limited to emissions to air and the generation of waste. The 
blasting process produces a lot of dust, particularly when a multiple-use steel grit is used. 
Blasting waste may be polluted with hazardous heavy metals or paint residues. 

Improvement options 

Re-use of blasting agent is preferred to single-use agents. Although these agents are more 
expensive than single-use material, they may become profitable in the long run, because of 
the possibility of re-use.  
 
Air emissions can be reduced considerably by using a closed blasting compartment that also 
facilitates the re-use of the blasting material. A cloth filter can be used to decrease the 
emission of dust. Since it requires a relatively small investment, the use of a blasting 
compartment is a realistic option. In vacuum blasting or brush blasting, the blasting agent is 
extracted together with the dust and separated by a cyclone. This technique demands a larger 
investment, which might be too expensive for small companies. 
The generation of waste is difficult to reduce. However, a careful use of the blasting equipment 
may have some effect. Smaller objects are easily missed during blasting, which requires more 
blasting material than necessary. Hence, the blasting beam should be aimed properly. Another 
option may be to group small objects and blast them together.  
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d) Cleaning and degreasing 

Description 

Besides mechanical cleaning (like blasting), metal objects are also cleaned with chemicals. 
Chemical cleaning is widely used in the metal industry, particularly in degreasing processes.  
 
This section discusses a specific group of chemicals, namely those used for cleaning and 
degreasing purposes, particularly for the removal of pollutants such as oils, greases, salts or 
dirt. Chemical cleaning is applied for the cleaning of new materials (which cannot be cleaned 
mechanically), after several metal processes in which coolants and lubricants are used, and 
before surface treatment of the objects. In addition to (organic) solvents, water-based 
degreasers can be used. Solvent degreasing can be divided into cold and vapour degreasing. 
In cold degreasing, the object is cleaned through immersion in liquid (halogenated) 
hydrocarbons, such as petroleum, white spirit, petrol, or 1,1,1-trichloroethane. The cleaning 
agents in vapour degreasing are evaporated solvents. Usually, halogenated hydrocarbons, 
such as perchloroethylene (Per), trichloroethylene (Tri), or CFCs are applied. Both liquid and 
vapour degreasing are accompanied by large, hazardous emissions to the air. Water-based 
degreasing is mostly performed in alkaline or pH-neutral solutions through the following 
techniques: 

• Immersion (in a heated and stirred immersion bath); 
• Spraying (in a spraying tunnel); 
• Vapour cleaning (without halogenated hydrocarbons); 
• Electrolytic degreasing; 
• Ultrasonic degreasing (using sound waves). 

Environmental impacts 

Although some chemicals are more toxic or hazardous than others, all chemicals should be 
treated with great concern. After all, almost all chemicals are toxic when their exposure is high 
enough, and all chemicals will cause environmental problems when emitted in large amounts. 
Chemical pollutants may be released during rinse operations, through spilling or through 
disposal. 
 
Emission of (halogenated) hydrocarbons in cleaning and degreasing processes have significant 
environmental impacts. The reduction of these emissions, therefore, should receive high 
priority. 

Improvement options 

The environmental impact of cleaning and degreasing can be reduced as follows, with 
decreasing priority: 
• No cleaning; 
• Cleaning with air; 
• Replacing vapour degreasing and cold degreasing by degreasing with water-based cleaning 

agents, possibly combined with mechanical treatment such as immersion, spraying or 
ultrasonic treatment; 

• Using aliphatic hydrocarbons in vapour degreasing; 
• Using closed systems, which enables the recycling of solvents. 
 
Because of the introduction of new technologies, such as inert gas soldering, it is sometimes 
not necessary to use cleaning and degreasing agents. 
 
The use of cleaning agents in metal processing can be reduced considerably by limiting the 
necessity of cleaning. There are two possibilities. First, the required degree of cleaning should 
be determined before processing can be continued. In some cases, it may be possible to clean 
less thoroughly or clean only part of the piece of work. Second, when it is clear how the 
pollution is caused and it might be reduced or prevented. Third, the finishing of products 
should be agreed upon with the customers, in order to avoid that cleaning and degreasing is 
done twice, because often customers are also practising cleaning and degreasing. 
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Next to not cleaning at all, comes water-based degreasing. Often, water-based degreasing 
yields even better results than degreasing with solvents. Water-based degreasing produces 
fewer air emissions compared to solvent-based techniques, but requires more time (or energy) 
to dry. This kind of degreasing is a very good alternative to the use of solvents, especially 
when the consecutive process step is also water-based (for instance galvanising). In many 
countries, water-based cleaners are available to replace organic solvents. A drawback of 
water-based cleaners is that they often dissolve only a specific grease. This means a wide 
diversity of degreasers may be required. Moreover, specific measures have to be taken to 
protect the product against corrosion. Applications for water-based degreasers are: 
 
Surface properties Degreasers 
Steel, strongly polluted Strong alkaline 
Aluminium, copper, zinc, polluted Diluted alkaline 
Sensitive surfaces, little pollution Neutral 
Steel, sensitive surfaces, phosphating, removing of oxides Diluted acid 
Mordanting, removing of corrosion Strong acid 
 
If it is impossible to use water-based solvents, hydrocarbons, such as alcohol or gasoline with 
a high boiling point, should be used.  
 
Other alternatives are (partly water-based) alternatives instead of halogenated hydrocarbons, 
such as iso-paraffins and terpenes. 
 
Most of the alternatives require financial and human investments. Stainless, water-based 
drying requires rinsing with demineralised water and, consecutively, drying with hot air. When 
solvents with a low boiling point are used, the installation should be protected against 
explosions. 
 
The use of halogenated hydrocarbons such as chlorofluorocarbons (CFCs), 
chlorofluorohydrocarbons (HCFCs), 1,1,1-trichloroethane, carbon tetrachloride, 
perchloroethane and methylene chloride is strongly discouraged. Halogenated hydrocarbons 
such as 1,1,1-trichloroethane and CFCs (especially CFC-113) have been banned by the 
Montreal Protocol. 
 
It is possible to use less strong chemicals in lower concentrations at lower temperatures, when 
the mechanical cleaning is done more intensively (e.g. at a higher pressure). 
 
Furthermore it is possible to further minimise the use of cleaning and degreasing agents by 
improving the used technologies. The application period of the bath can be increased by means 
of: 
• Preventive maintenance of equipment and reservoir tanks; 
• Limiting the loss by evaporation by working with a (partially) closed system or a covering 

layer such as a polystyrene foam or little (table tennis) balls; 
• Applying a cooler; 
• Applying counter current rinsing (also an important option for the reduction of water 

consumption); 
• Adjusting the bath to the size of the objects to be cleaned; 
• Applying temperature control or bath insulation 
• Removing the oil layer, for instance with an oil skimmer, centrifuge or membrane filtration; 
• Removing of the sludge by using a filter pump, a centrifuge or by ultra filtration. 
 
Pollution of rinse can be minimised by controlling the drainage procedure and the dripping 
time: 
• Allow the objects to drip sufficiently. The dripping time depends on the speed of 

withdrawal, the shape of the objects, and the viscosity and temperature of the bath; 
• In the case that barrels are use, the dripping time depends also on the perforations of the 

barrel. In the case of racks, the position of the objects on the racks is an important factor; 
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• The dripping time can be reduced by placing the objects in an air stream to facilitate 
dripping; 

• Sometimes the drops can be removed more swiftly by vibrations or ultrasonic treatment; 
• Place leakage reservoirs at an optimal position. 
 
Reduction in the consumption of rinsing water can be obtained by: 
• An optimal arrangement of the rinsing tanks (counter current); 
• Agitation of the rinse water, by use of (oil-free) air or hydraulic, mechanical or ultrasonic 

methods; 
• Agitation of the objects during rinsing; 
• Raising of the temperature of the rinse water; 
• Placing the fresh-water inlet at the bottom and the water outlet at the top of the rinse 

tank. 
 
Other options for prevention of emissions and waste are: 
• Using mechanical support during immersion such as brushing, spraying, ultrasonic and 

hydro-sonic vibrations; 
• Applying closed vapour degreasers and recycling the solvents; 
• Taking precautions against accidents. 
 
Although improved technology has become available in many countries, both for small and 
large-scale processes, the costs involved can be a barrier, particularly for smaller companies. 
 
Of course, careful use of chemicals and proper instructions in handling can prevent a lot of 
problems. For example, the implementation of a management system can reduce the use of 
cleaning and degreasing agents. This system should consist of the following elements: 
• One person should be responsible for managing cleaning and degreasing agents; 
• The use, the terms of replacement and the scale of loss or economising of materials should 

be registered; 
• The use of coolants and lubrication agents should be standardised; 
• The quality and pH of the baths should be regularly checked, at least before any 

replacement or addition. 
• The implementation of special cleaning schedules to regulate ‘when, how, and how often’; 
• The implementation of operational regulations, which should be set up together with the 

employees involved; 
• Emphasising that careful immersion may prevent spattering, spilling and leaking.  
• Application of screens against spattering and reservoirs against leaking may also be useful; 
• Careful inspection of each item. Very dirty pieces should be cleaned separately, for instance 

by using rags; 
• Allowing the piece to drip sufficiently and placing the leakage reservoirs at an optimum 

position; 
• Limiting loss by evaporation by working with a (semi) closed system or a covering layer 

such as Ping-Pong balls, polystyrene foam or water; 
• Taking precautions against calamities. 

Recycling of cleaning and degreasing agents 

In addition to a well-considered use of cleaning and degreasing agents, the recycling of these 
agents may also decrease the environmental impact. The following measures can increase the 
recycling of these products: 
• Applying a closed degreasing system. The spray of the solvents should be condensed and 

recovered, for instance by a cyclone; 
• Extension of usage may be reached by removing pollution, for instance by means of 

distillation or filtration; 
• Extension of usage of water-based agents, for instance by applying oil/water separators, 

membrane filters or a centrifuge. 
 
Obviously, the waste flows should be defined exactly. Keeping the used cleaning can do this 
and degreasing agents separate from other waste flows and by clear labelling. 
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e) Machining 

Description 

Machining is the collective description for all metal-removing operations, such as milling, 
planing, turning, sanding, grinding, polishing and drilling. In these techniques, the use of 
coolants and lubricants is unavoidable to, respectively, cool and lubricate both machines and 
working pieces. Cooling/lubricating emulsions (cooling lubricants) are widely applied. Since 
water is the best coolant and oil is the best lubricant, both water-based (emulsions) and oil-
bearing liquids are used to carry off heat and to reduce friction.  

Environmental impacts 

Coolants and lubricants may contain all kinds of chemical additives and mineral or synthetic 
oils, and are considered to be hazardous to the environment. Although all kinds of emissions 
occur during machining, the use of cooling and lubricating liquids is considered to cause the 
main environmental impact. The figure below shows the loss of these compounds. Between 85 
and 90% of the metal-treatment liquids is emitted to the environment. The major part, 25 to 
60%, evaporates. A part is emitted together with the industrial water through spilling, 
spattering or leaking and, finally, a part is released into the soil if the working floor leaks and 
as a consequence of rinsing scrap. 
 

chemical waste 
5-20% 

drainage from waste 
5-20% 

leaking, splattering, spilling 
20-25% 

evaporation and spray 
25-60% 

drainage from objects 
15-20% 

Machining 
 

 
 
 
 
coolant/lubricant 
100% 

 
 
 
 
 
 
 
 
As for all metal-treatment techniques, machining produces noise and vibrations. A high-
powered machine does not necessarily cause more noise and vibrations than a low-powered 
one. Two possibilities in the reduction of noise and vibrations are investing in low-noise 
emitting machines and noise insulation. The former is applicable when the machinery has to be 
renewed. The latter can be divided into insulation of the room or building and the insulation of 
the machines themselves. 
 
Dust is formed during the dry grinding of metal or other treatments of raw and auxiliary 
materials. Exposure to dust may be hazardous to employee health, as it may cause respiratory 
problems and may cause irritation on contact with the skin and the eyes. 

Improvement options 

A possibility for decreasing the consumption of coolants and lubricants is to avoid them in the 
first place. Dry metal removal can be an option in turning, milling and drilling bronze, 
aluminium, steel, carbon steel and stainless steel. Generally, a cooling lubricant is not 
necessary if: 

• The applied measure tolerance is large 
• The speed of turning is lowered in the production of small series or single items 
• A high quality of the surface is not required 
• The heated scrap cannot cause any damage 

Nevertheless, the feasibility of this option will have to be tested in practical circumstances. As 
dust particles are emitted in most dry metal removing operations it is advisable to extract and 
filter the air above the machine. 
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Unfortunately, the use of cooling lubricants can usually not be avoided. Environmentally sound 
compounds though, such as vegetable oils, can be easily obtained in many countries at 
relatively low cost. From an environmental point of view, cooling lubricants, which do not 
contain bactericides, should be used. Otherwise, bio-static cooling lubricants that last for a 
long time are prevalent. These can also be easily obtained in many countries at relatively low 
cost. The use of cooling lubricants containing chlorine, nitrite, or diethanolamine should be 
avoided at all times. Easily removable oils and greases are preferred. Since resins are difficult 
to dissolve and can only be removed by powerful cleaning agents, the use of agents that can 
resinate should be avoided. 
 
Examples of lubricants which are less harmful to the environment are: 
• Lubricants based on fatty alcohols. These compounds should be applied on the chisel’s 

cutting edge, or, when spraying or greasing, on the piece of work. Precision equipment is 
required for dosage. This option can be applied in specific circumstances, but requires a 
large investment. This will pay itself back because due to the precise dosage less lubricant 
is spilled. 

• In many countries, chlorine-free cutting oil can easily be obtained. As a result, even for 
heavy processing, the use of cutting oil containing chlorine can be avoided. 

• Guide-way oil lubricates the moving parts of machines. Guide-way oil that does not 
emulsify with the cooling lubricant rinses off less easily and, consequently, affects the 
cooling lubricant less. Since the non-emulsifying guide-way oil surfaces, it can be skimmed. 
Non-emulsifying guide-way oil is available in many countries. 

 
The application period of cooling lubricants can be extended by removing contaminants from 
the emulsion periodically, or even continuously. Options for the regeneration of cooling 
lubricants are the following: 
• Use an oil wheel or metal strip to remove guide-way oil. However, this is only possible 

when non-emulsifying guide-way oil is applied; 
• Use a filter to remove scrap and other large particles; 
• Use a paper band filter or a hydro-cyclone to remove, respectively, small and very small 

particles; 
• Collect the steel particles on a magnetic strip, after which they are scraped of; 
• Use a centrifuge to remove heavy particles (metal and bacteria) and light substances (oil). 
The first four options are generally applicable at limited cost. The introduction of a centrifuge 
requires investment. All options can be applied for a general reservoir of used cooling 
lubricants, as well as for each individual machine. The advantages are that not only the 
lubricants can be re-used, but that also the metal scrap is separated, which can be re-used. 
 
When the occupancy of the machinery is low, the use of a transportable reservoir of cooling 
lubricant is feasible in specific circumstances. In this way, it may not be necessary to keep all 
machines filled with emulsion and deterioration will be avoided. 
 
The use of a scrap-extractor is essential to empty the emulsion reservoir thoroughly. An 
additional advantage herewith is the possibility to use the extractor as a mobile reservoir, 
whereas its strainer can be used to drain scrap. This option is fairly easily applicable. 
 
When closed and automated CNC machines are applied, the emulsion spray can be extracted 
and recycled to the reservoir by using a cyclone. 
 
The implementation of a management system for coolants and lubricants can decrease the 
consumption of these products. It is advisable that such a system consists of the following 
elements: 
• One person should be responsible for the management of the cooling and lubrication 

agents; 
• The consumption, the terms of replacement and the scale of loss or economising of 

materials should be registered for each machine; 
• The mixing, replenishing or replacing of coolants and lubrication agents should be 

performed according to standard procedures; 
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• The concentration and the pH of the bath should be checked periodically. These checks 
should at least be made before replenishing or replacing the fluids.  

 
As always, careful operations can also reduce the consumption of these compounds and their 
emissions: 
• Spattering during (re)filling can be avoided when the emulsion tap is well-directed and is 

not opened wider than necessary; 
• Operating at a lower speed may prevent the generation of spray. A low speed of production 

does not necessarily have to result in a longer production time; 
• All working pieces should be placed on the machine in such a way that the emulsion drains 

into the reservoir; 
• The emulsion can be collected more easily when spattering screens or larger and 

transportable strainers are applied; 
• All working pieces, as well as scrap, should be allowed to drip sufficiently. A longer dripping 

time may increase the production time. If necessary, a separate container with a grate can 
be used. 

 
These changes in the applied production process are generally applicable. In many cases 
financial gain can be obtained. In other cases, the costs are limited. 

f) Assembly 

Description 

General techniques for linking metal objects are gluing (with synthetic resins), riveting, 
beading and screwing, shrinking, soldering and welding. Some of these techniques are 
described below. 
 
• Shrinking 
Shrinking is applied to connect two objects, of which one possesses a hole. Usually a ring is set 
around a bar. Shrinking can be divided into hot and cold treatment. In hot treatment, the ring 
is heated, for instance with a gas burner, in a furnace, in an oil bath or with an inductive 
current. In cold treatment, the bar is cooled with liquefied gases, such as liquid carbon dioxide, 
oxygen, air or nitrogen. In most cases, hot shrinking is used. 
 
• Soldering 
In soldering, the objects are linked with liquid metal, usually tin or lead. Fluxes are used in 
order to prevent corrosion and to lower the surface tension of the solder. Fluxes can be divided 
into acid-based and non-acid-based material. Acid-based fluxes, such as diluted hydrochloric 
acid or zinc chloride, may react with the object and should, therefore, be removed after 
soldering. Usually olive oil, candle grease or resins are used as non-acid-based fluxes. 
 
• Welding 
Welding is a technique in which the objects are partially heated and connected within the 
melting stage. The heat is supplied by an electric current (resistance welding), an electrode 
(arc welding) or a gas burner (autogenous welding). Well-known examples of arc welding are 
Metal Inert Gas (MIG), Metal Active Gas (MAG) and Tungsten Inert Gas (TIG) welding. MIG 
and MAG can be used for the welding of steel, steel alloys, aluminium and copper alloys. TIG 
can be used for almost all kinds of metals. Auxiliary materials (for instance fluxes) are required 
for autogenous and arc welding. 

Environmental impacts 

Air emissions, which are released during the heat treatment assembly techniques (such as 
shrinking, soldering and welding), can be divided into dust particles and gases. The fraction of 
dust particles mainly consists of smoke and many metal oxides, such as those of iron (Fe2O3), 
potassium (K2O), silicon (SiO2), calcium (CaO), manganese (MnO), copper (CuO) and 
chromium (CrO3 and Cr2O3). The composition of the smoke is strongly related to the 
technique applied and the materials used.  
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The most important emissions of gases consist of fluoride (F2), carbon oxide (CO), nitric 
oxides (NOx), ozone (O3) and Argon (Ar). Arc welding causes, compared to other welding 
techniques, the largest emissions. 
 
Solid waste consists of unused electrodes, remains of electrodes, welding powder, wires and 
remains of wires, filter dust, grinding dust from TIG electrodes, packagings and empty reels. 
 
Furthermore, welding is highly dangerous to the human eye. Protection is absolutely 
necessary. Welding fumes may also induce nausea. Breathing these vapours may lead to 
respiratory problems. 

Glues 

Traditional glues are based on organic solvents. The use of these glues will cause an emission 
of volatile hydrocarbons into the air. 

Improvement options 

Electrodes can be made smaller. This makes that welding smoke emissions and slag decrease. 
These also decrease when solid or filled wires are used instead of electrodes. 
 
If possible, (solid) waste should be recycled. Therefore, waste should be collected separately. 
When metal reels are used instead of plastic reels, they can be recycled together with unused 
electrodes, remains of electrodes and wires and remains of wires. Emissions from waste to the 
groundwater can be prevented by using liquid-resistant floors. Used solder should be disposed 
of as chemical waste. 
 
In order to protect the human eye and the respiratory system, the following options are 
available: 
• Welding masks should be amply available. 
• Adequate ventilation and local exhaust systems should be installed. These systems should 

be inspected and maintained regularly, which includes frequent replacement of filters. 
• The workplace air quality should be checked regularly. 

Glues 

In many cases, water-based glues are accurate alternatives for VOC glues. Organic solvent-
based alternatives contain polyurethane or polychloroprene (poly 2-chloro-1,3-butadiene) as a 
solvent instead of toluene or xylene. 

g) Finishing 

Description 

There are several ways to finish a metal object. Finishing is done, for example, to improve the 
properties of the metal or to make the product more resistant to corrosion. The finishing 
techniques that are dealt with in this paragraph are: heat treatment, galvanising, thermal zinc 
plating, chromating and phosphating and varnishing and enamelling. From each technique a 
description is given, the environmental impacts are described and improvement options are 
provided.  

Improvement options 

Two improvement options; changing the production process management and the lengthening 
of the application period of the baths are suitable for all finishing techniques (except heat 
treatment) and thus they are provided in this introduction. 

Changing the production process management 

• A management system should be introduced. This system should consist of  the following 
elements: 

• One person should be responsible for managing all materials; 
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• The consumption, the terms of replacement and the scale of loss or economising of 
materials should be registered; 

• Application of the materials, such as replenishing the baths should be performed according 
to standard procedures; 

• The quality of the baths should be checked periodically; 
• The implementation of cleaning schedules, which regulates ‘when, how, and how often’; 
• The implementation of operational instructions, which should be set up together with the 

employees involved; 
• Careful immersion of pieces of work may prevent spattering, spilling and draining. 

The lengthening of the application period of the baths  

This can be done by means of: 
• Preventive maintenance of equipment and reservoir tanks; 
• Allowing the objects to drip sufficiently; 
• Adjusting the bath to the size of the objects; 
• Applying temperature control or bath insulation; 
• Regenerating the bath by application of ion exchange techniques. 

Heat treatment 

Description 

The structure of metal can be altered by heat treatment. These processes can be distinguished 
by the following criteria: the applied temperature, the heating period, the cooling-off period, 
and the eventual elements to be absorbed.  
Annealing and hardening can be part of the post-treatment of cast-iron. Annealing reduces the 
tension that occurs during the foundry or mechanical processing. The material becomes more 
ductile. During the hardening process, the heated metal is cooled off rapidly in oil or water. 
After hardening, the metal should be treated in order to reduce the tension of the material.  
 
Carbonation, cementation or nitration are options for the hardening of steel. In these cases, 
certain elements penetrate the surface of the steel. Hardening oils or hardening salts can also 
be used in heat treatments. 

Environmental impacts 

Heat treatments, which use oil to cool off the metal, generate substantial emissions to the air, 
for instance the volatile compounds in the oil. 

Improvement options 

When a polymeric quenching oil is used instead of mineral oils, the emissions to the air are 
lower.  

Galvanising 

Description 

Galvanising is the electrolytic application of a metal layer on objects. The surface of the object 
has to be cleaned and degreased before the metal layer can be applied. The cleaning can be 
done with a solvent based or a water based agent.  
Several galvanising processes exist. The main metals used for galvanising are zinc (Zn), nickel 
(Ni), copper (Cu) and chromium (Cr). Less frequent are cadmium (Cd), gold (Au), silver (Ag) 
and tin (Sn). Post treatment consists of deactivation, in order to protect the metal layer 
against corrosion. The figure below gives a schematic representation of the galvanising 
process. 
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Environmental impacts 

The environmental impact of this process consists of hazardous air and water emissions and 
the generation of (hazardous) waste. Examples of air emissions are the evaporation of 
(halogenated) hydrocarbons used in the degreasing baths, sprays and the generation of gases 
at the electrodes, which , for instance, takes place at chromium baths, or the release of NOx at 
mordanting baths with nitric acid. During the actual plating heavy metals are emitted to air 
and water. Also substances as phosphates, brighteners and tensides are emitted. Emissions to 
air mostly occur at baths with a relative low power efficiency. 
 
Rinsing water can be contaminated with drainage from the objects. Another source of water 
pollution may be the disposal of process liquids, such as degreasing solvents and acid or 
(heavy) metals containing solutions. Major waste streams are the bath filters and metal-ooze. 

Improvement options 

In recent years, alternative techniques for galvanising have been developed. In particular, 
cadmium plating is now used less frequently. A good alternative is zinc plating. Cyanide-free 
and acid zinc plating are less harmful than cadmium plating. 
 
Unfortunately, some more environmentally sound alternatives give less quality. For instance, 
the replacement of chromium (VI) by chromium (III) in the deactivation still has some 
disadvantages, as chromium (III) corrodes faster than chromium (VI). 
 
Pollution of waste water can be decreased by reducing the pollution of rinse water. This can be 
obtained, for instance, by applying a closed vapour degreasing system, combined with 
recycling of the solvents instead of liquid degreasing agents, and allowing the pieces of work to 
drain before rinsing. It is also possible to win heavy metals back. In order to succeed, the 
waste streams should be separated. However, the financial feasibility of these options strongly 
depends on the production size of the company. 
 
Furthermore there are some energy saving options: 
• Isolation of hot process baths 
• Equipment to optimise lighting 
• Well working suction out 
• Adaptation of building (more glass domes and windows) 
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Thermal zinc-plating 

Description 

Zinc plating was discussed in the previous section as galvanising with zinc. However, in the 
case of steel, thermal zinc plating is a technique that is used much more often. With this 
technique, a thin layer of zinc is applied on steel by means of immersion. A schematic 
interpretation of this process is shown in the figure below. The main advantage of thermal zinc 
plating as compared to galvanising, is that, in the former, even the inside of the product can 
be plated. Zinc plating can be done continuously or discontinuously. 
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rinsing 

mordanting 
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drying  
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drying  
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Usually, degreasing takes place in a hot basic solution. Sometimes cold degreasers or diluted 
acid solutions are used. In some cases, however, degreasing is not necessary. Mordanting is 
performed in acidic solutions.  
 
The next step in the process is fluxing, in which the pieces of work are immersed in a solution 
of zinc chloride and ammonium chloride at room temperature, or sometimes at 70ºC. Fluxing 
is a post-treatment of mordanting in order to create good attachment between the steel 
surface and the zinc. After fluxing, the items are dried thoroughly in a furnace. 
 
Two techniques are used in the actual zinc plating. In dry plating, the pieces of work are 
immersed in liquid zinc (at 450ºC) and dried. In wet plating, the objects are fluxed and plated 
at the same time. Therefore a mixture of liquid zinc and a solution of ammonium chloride is 
applied. The reaction of these compounds results in the generation of zinc chloride, which is 
necessary for the fluxing. The wet-plated objects are very difficult to dry, and this technique is, 
therefore, rarely applied.  
 
Due to the reaction with zinc or oxygen from the air, the following solid products originate in or 
on the zinc bath: 
• Dross: a compound of zinc (94-97%) and iron. 
• Zinc-ash: oxidic zinc-compounds (80-90% zinc), originating from the oxidation of the zinc-

surface to the air. 
• Sal-ammoniac slag: zinc-compounds (about 50% zinc), originating from the reaction 

between ammonium chloride and zinc, at the wet zinc-plating process. 

Environmental impacts 

Immersion in liquid zinc induces a violent reaction, from which ammonium chloride and zinc 
chloride are emitted to air. Mordanting may generate hazardous gases, such as hydrogen and 
hydrochloric acid. Exhausted baths and ooze from the water-treatment installation are also 
hazardous waste. 
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Dust is also released , which may be contaminated by heavy metals, and should be considered 
as hazardous waste; 
 
As zinc may contain a certain amount of cadmium, the emission of cadmium depends on the 
quality of the zinc used. Cadmium has some serious negative health effects. A detailed 
description of these effects can be found in the document ‘The production of non-ferrous 
metals’. 
 
During the use of a zinc-plated product, the layer of zinc on the steel objects gets thinner, due 
to corrosion and zinc will diffuse into the environment. 

Improvement options 

First of all, it is possible to plate in such a way that there is no waste water stream. It is 
advisable to place the zinc bath in a special compartment, which enables a proper extraction 
and filtering of the air. 
 
Specific quality demands on low-cadmium zinc can reduce the emission of this heavy metal 
considerably. 
 
Zinc can be recycled from baths. For instance, zinc-oxide and zinc can be formed from zinc-
ash. Another option is to use zinc oxide for the production of tyres. 

Chromating and phosphating 

Description 

Chromating and phosphating are chemical pre-treatment techniques. These techniques are 
used to achieve attachment from paint to the metal surface. Furthermore, they make the 
object more resistant to corrosion. Chromating and phosphating are based on the principal of 
the reaction of the metal surface with the liquids and additives in a bath. The figure below 
shows the different process steps. 
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drying  
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The first step in the process is degreasing. Generally, the objects are cleaned with a basic 
solution, such as sodium hydroxide. After rinsing, the products are immersed in a mordant 
bath. Mordanting is applied in an acidic solution, for instance phosphoric acid or hydrochloric 
acid. In the case of chromating, the products are usually mordanted in nitric acid and fluoride 
compounds. The objective of mordanting is to remove all irregularities on the surface such as 
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metal flash, metal oxides and basic residues (from degreasing). Once the objects have been 
thoroughly cleaned, they can be phosphated (or chromated).  
 
Several phosphating techniques exist, such as zinc, iron or manganese phosphating. The latter 
is applied much less than the former two, but it is widely used in the production of sliding 
machine parts. The main difference between zinc and iron phosphatising lies in their 
application. Whereas zinc phosphatising is applied to steel products used in outdoor activities 
(especially in moister surroundings) and for electrical insulation, iron phosphating is usually 
applied for indoor steel products. Other products, such as those made of aluminium, are 
mainly chromated. 
 
Generally, iron phosphating is applied in spraying tunnels with a solution of mono basic sodium 
phosphate (NaH2PO4), but, generating a thin iron phosphate layer is also possible by means of 
immersion. Deactivation is not always necessary, as products may also be varnished or coated 
directly after drying. Sometimes, though, post-treatment is required to make sure that the 
whole surface is deactivated. Zinc phosphating is performed by immersion as well as by 
spraying. In both techniques, a mixture of water, phosphoric acid, nitric acid, zinc oxide and 
several additives is used in order to create a thin layer of crystallised zinc phosphate on the 
surface of the product.  
 
A distinction can be made between yellow and green chromating of aluminium (or zinc) 
products. The use of the word ‘green’ in ‘green phosphatising’ is not an environmental 
statement, but simply refers to the colour of the product after the treatment. In yellow 
chromating, the products are sprayed with (or immersed in) a solution of chromic acid and 
several substances containing chromates, fluorides, cyanides and molybdenum. The only 
difference between yellow and green phosphation is that green phosphation is applied with 
chromium (III) compound and phosphoric acid instead of chromium (VI) compounds. 
Deactivation of chromated products is not necessary. 

Environmental impacts 

Both phosphating and chromating processes have low air emissions. Nevertheless, the 
generation of NOx in zinc phosphating (due to the use of nitric acid) may cause health and 
environmental problems. Proper extraction and filtration of the air is required. 
 
Water emissions have a much larger impact on the environment. The main emissions are zinc, 
nickel, chromium, phosphates and fluorine. Water treatment, such as filtration and ONO-
purification, may be necessary to decrease the pollution of waste water. 
As the loss of raw phosphating material is severe, prevention should be focused on this 
problem. 
 
An iron phosphating bath is disposed of after its application period of 1 to 3 weeks. During this 
period, almost 80% of the raw material (mono basic sodium phosphate) is lost because of 
drainage and such. Zinc phosphating baths can be used forever, if they are frequently 
replenished. Still, the loss of zinc oxide is almost 65%. In chromating, the loss of chromium 
compound is also 65% and the baths should be renewed every four years. Note that bath 
fluids containing heavy metals should be considered as hazardous waste. 

Improvement options 

Generally, deactivation is preceded by mechanical cleaning, such as blasting. However, the two 
steps before deactivation, degreasing and mordanting, have a similar result. Consequently, it 
is not always necessary for blasted products to be immersed in the first two baths. In the case 
of non-blasted products, it is advisable to check whether both steps should be performed, or if 
degreasing only is sufficient.  
 
Also, deactivation is not always necessary and, since it usually consists of treatment with the 
harmful chromium compounds, it is advisable to consult the customer whether deactivation is 
really required. After all, chromium compounds, especially chromium (VI), must be considered 
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hazardous substances. In recent years, chromium-free alternatives in deactivation have been 
developed. More information on chromium-free applications can be obtained from suppliers. 
 
Even replacements of chromium in the chromating process have been found, for instance 
titanium and/or zirconium. For some products though, the use of chromium (VI) is dictated, 
because of its long lasting preservation abilities. 
 
The consumption of water may be reduced by means of: 
• A water-free phosphating process; 
• The implementation of an additional rinse spraying ring, which should be applied directly 

behind the phosphating unit. Depending on the product and the process applied, a fivefold 
reduction of the water usage is possible. However, production time will increase. 

• However, these two options may be difficult to implement, because of the large capital 
investments. 

Varnishing and enamelling 

Description 

The reasons for applying coatings are either aesthetic or for the protection of the material 
against external influences. The coating can be applied by means of varnishing, enamelling, 
powder coating, tarring, etc. Enamelling means hardening the coating in a furnace. Due to the 
relatively high temperature, a more solid coating is obtained compared to conventional paints. 
Powder coating is a mechanical process in which the coating is applied in powder form. The 
powder is drawn to the metal object due to electrostatic interaction. In this way, excess 
spraying can be minimised. After spraying, the product should be heated in a furnace, in order 
to attach the paint to the item. There are several types of coatings, for instance, solvent based 
paint, water based paint, paint with reduced solvent content, enamel and bitumen. 
 
The quality of the coating is of importance for the life span of the metal. Clearly, the better the 
coating, the better the protection against corrosion and the longer the life span. Therefore, 
environmentally sound and strong coating may well reduce the environmental impact of tools 
considerably. 
 
The figure below shows a schematic interpretation of the varnishing and enamelling process: 
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The most important application techniques for conventional paint are the following: 
• Manually with a brush 
• Air-spraying under pressure 
• Airless spraying 
• High-volume, low-pressure spraying (HVLP-spraying 
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• Dipping 
• Steamrollering 
The application depends on the kind of work. 

Environmental impacts 

Many inks, paints and lacquers contain volatile hydrocarbons. Their use will cause an emission 
of volatile compounds to the air. In manual painting and air spraying, a relatively high amount 
of solvent is emitted. Inks and solvents can produce adverse health effects. Overexposure to 
solvents (and especially their vapours) may cause headaches, fatigue, drowsiness, lack of co-
ordination, unconsciousness and possibly death. Prolonged contact with liquids, for instance 
during mixing or pouring, may cause skin irritation (dermatitis), sore eyes and irritate the 
respiratory tract. Long-term exposure to low levels of solvent may cause liver and kidney 
damage. Contact with hot liquid may result in skin burns. Especially volatile hydrocarbon 
emissions from paints have been connected to damage in the human central nervous system 
('organic-psycho syndrome'). Most solvents also present fire and explosion hazards. 

Improvement options 

Water-based paints or low-VOC-content alternatives for metal are available. Also, new painting 
processes are under development, for instance powder coating of MDF and the application of 
electrostatic water-based coating techniques. Bitumen and enamel are also less harmful 
alternatives. The feasibility of applying the above-mentioned alternatives ought to be tested in 
every specific situation. Application depends, for instance, on the price, the technical yield and 
the customer's demand. Alternatives can entail high investments. 
 
Airless spraying, HVLP-spraying, dipping and steamrollering have an advantage in that the 
paint requires less solvent than conventional paint. Moreover, the output of these techniques is 
higher, as less excess spraying occurs. Another possibility is electrostatic spraying, in which 
the paint is drawn to the working piece due to electrostatic interaction. Moreover, this 
technique shows a better output. Examples of the successful use of electrostatic spraying can 
be found in the document ‘Environmentally sound production examples in the metal industry’. 
 
Sometimes recycling of the paint is possible. Research in The Netherlands estimates that at 
least 35% of spraying misses the working pieces. For instance air spraying under pressure 
may cause 30-80% over-spray, whereas in powder coating only 1-10% of the paint is lost. 
Several techniques have been developed to recycle over-spray. Paint waste resulting from 
over-spray can be recycled by equipping the spray-cabins with a screen filter, to facilitate 
over-spray reclamation. This calls for small investments in screen filters and increased 
operation costs. Another example is the use of a cyclone to collect the lost powder coating. 
This can be an interesting option, especially for companies that use only a few colours. 
 
Generally speaking, careful operations can reduce emissions and waste production. Possible 
measures for spraying would be: 
• Lowering the pressure consistently 
• Replacing the spray nozzle regularly 
• Adjusting the direction of the nozzle 
• Heating the paint in advance 
 
Other options to decrease emissions and waste generation are the following: 
• Paint packaging should be well-closed at all times, to reduce evaporation of the solvent; 
• The paint should be used to the very last drop. 
In cases where several colours are applied in a short time, it is advisable to start with the 
lighter shades instead of the dark ones. In that case, it may not be necessary to replace the 
paint in the nozzle when another colour is used. As a result, less paint may be lost. When large 
amounts of a certain paint are used, the purchase of large-scale packaging should be 
considered. This may not only be financially attractive, but may also reduce the generation of 
packaging waste. Another possibility to decrease waste is refill packaging. 
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The consumption of energy should also be considered. A few energy-saving options: 
• As a lot of energy is lost due to leaks in linkages and tubes in the compressor, maintenance 

of these pieces of equipment is essential. 
• When an air-extractor is applied in specific places, such as a spraying cabin, the extraction 

should be shut down whenever the cabin is not used. 
• As almost all coated objects are dried in furnaces, the re-use of energy can be considered, 

for instance for the heating of the immersion baths. Especially in the case of enamelling, 
which requires a high temperature, investment in heat exchangers could become 
profitable.  

 
Direct contact with paints and solvents should be avoided, by using protective clothing, 
spectacles and gloves. In case of contamination, remove contaminated clothing immediately. 
 
Use pre-mixed inks and solvents whenever possible. If mixing on site cannot be avoided, 
create adequate storage and mixing facilities. Use proper exhaust ventilation in the pouring 
and mixing areas.  

Practical good housekeeping measures and a checklist 

This paragraph concludes with some practical good housekeeping measures during the 
painting process, which are easy and cheap to apply, but can help protecting the environment 
to a large extent. After the table, a checklist is provided, which can help you to check if you 
have done everything possible to reduce environmental impacts from emissions and waste 
from paint. 
 
Action Emissions, 

waste streams 
Improvement options 

Supply of paint Leaking packaging Control and remedy leakages, collect spilled 
liquids and store them separately in closed 
drums 

Preparation of 
the paint 

  

Opening of the 
drums 

Pollution of the paint 
by dust and spilled 
paint 

Open the drums on a waterproof floor. Clean 
the lids before opening. Clean spilled paint 
directly. 

Mixing of paint Paint-splashes, 
spilled paint 

Mix on a waterproof floor. Mix carefully and 
clean spilled paint directly 

Adjust 
viscosity of the 
spray 

VOCs, spilled thinner 
or paint 

Adjust on a waterproof floor. Clean spilled paint 
and thinner directly. Keep the thinner-drum 
closed as much as possible. 

Cleaning of 
mix equipment 

Dirty thinner, VOCs Use the right kind of thinner. Keep packings 
closed as much as possible. Collect dirty thinner 
and store separate in closed drums and re-use 
if possible. 

Testing of 
spraying 

  

Making pump 
ready-to-use 

Thinner from pumps 
or hoses 

Collect thinner, store separate in closed drums 
and re-use as much as possible. 

Cleaning pump 
with suitable, 
clean thinner 

Thinner from pumps 
or hoses 

Collect thinner, store separate in closed drums 
and re-use as much as possible 

Placing paint-
drum below 
pump 

Spilled paint Do this on a waterproof floor. Clean spilled 
paint directly and store separately. Use a 
dripping tray. 

Completely 
filling of pump 
by circulating 
the paint 

Spilled paint, VOCs Collect remains of thinner separately. Spray 
paint back in drum. 
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Testing Over-spray, VOCs Minimise suction out and over-spray by attitude 
and adjustments. Work as efficient as possible. 

Measuring the 
wet layer 

Dirty WFT meter, 
thinner 

Collect dirty thinner and re-use if possible. 
Collect dirty rags and store separately. 

Making of 
paint 

  

Processing of 
paint 

VOCs, not usable 
paint, polluted 
packings 

Keep packing closed as much as possible. Do 
not make more paint than can be used in one 
time. Empty drums as good as possible. Let 
empty drums drip on the next drum. 

Placing in 
front 

VOCs, spilled paint, 
over-spray, dirty 
brush or sprayer 

Minimise over-spray. Clean spilled paint 
directly. When cleaning used brush or spray 
collect used thinner immediately, store 
separately en re-use if possible. 

Spraying VOCs, over-spray Suction out. Minimise over-spray by choosing 
the right nozzle, distance, pressure, etc.. Use 
means such as spray-lances. 

 Over-thickness Right spray-methods combined with regularly 
control, for instance with a WFT meter. 

 Remains of paint in 
equipment or drums 

Make equipment and last drum empty on 
object. 

Cleaning of 
equipment 

  

Flushing out Dirty thinner Flush out with nozzle without low pressure. Use 
the right thinner. Use solvents economically. 
Collect dirty thinner, store separately in closed 
drums, and re-use if possible. 

 VOCs Flush equipment out in a drum. 
Filling 
equipment 
with thinner 

Spilled thinner, 
VOCs 

Fill on a waterproof floor. Collect spilled thinner 
immediately and store separately. Use a 
dripping tray. Keep packings closed as much as 
possible. 

Cleaning of 
packings 

Dirty packings Clean when possible. Treat as chemical waste. 

 Cleaned packings Well-cleaned drums can be treated as normal 
waste. 

 Dirty thinner Keep separate and treat as chemical waste. 
 Dirty rags Clean as well as possible and use again. 
 Dirty brushes Treat as chemical waste. 

Checklist 

1. Are the health and environmental consequences of the used substances known? 
2. Are drums, which can be closed well, available for used solvents? 
3. Is sludge treated in an environmentally sound way?  
4. Are damming and absorbing materials available? 
5. Are the drums, where hoses are cleaned, large enough to do this cleaning without 

spilling? Are these drums on a waterproof floor? 
6. Is the suction out working well? Control this regularly. Replace filters timely. 
7. Is foil available? 
8. Are the employees informed about personal protection means and are these available? 
9. Are there facilities to drip and clean empty drums? 
10. Is the equipment maintained well? Pumps, hoses, nozzles, etc. should be controlled 

regularly. 
11. Are fire extinguishers and their instructions available? 
12. Are the right waste containers available? Are they marked? Emptied timely? 
13. Control the sludge catcher at least once a week 
14. Follow the criteria for storage: waterproof floor, fire proof, ventilation. 
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15. Are protecting means and means like lances available? 
16. Follow the developments concerning paint, in order to keep informed about alternatives 

for harmful paints.  
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