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BASICS OF METAL CASTING



By melting selected metal or 
alloys and solidifying them by 

pouring into cavities called 
«molds» in order to obtain a 

desired part.

One of the deep-rooted
manufacturing methods 
used in shaping metals 
and alloys.

Metal Casting

How?

Getting familiar with the metal casting process



Eco-friendly & Sustainable

Enabler of the Circular Economy

Cavity structure, complex design,

All sizes, Production from all metals & alloys at once

Flexible & low cost

production

The foundry industry is a major player in the recycling of metals.

Steel, cast iron and aluminium scrap (being in the 

first place) can all be remelted into new products.



Foundry types

• It may depend on type of metal, 
melting furnace used, moulding
material and series size

Type of metal

•Ferrous foundry (Iron & Steel)

•Non Ferrous foundry (Aluminium, 
Zinc, Magnesium..)

Melting furnace

•Cupola furnace

• Induction furnace

•…

Moulding type

•Sand (lost)

•Die (permanent)

•…

Series size

•Jobbing foundry

•High series foundry (very large
volume production)

Getting familiar with the metal casting process



PROCESS INFORMATION



Lost moulds

•Foundries casting in lost moulds, use
wooden, metal or plastic patterns.

•Often provide patterns from external
resources and operate an in-house 
mould repair and maintenance shop.

•Moulds, cores and lost models are 
generally produced as part of the
foundry process.

Permanent moulds

•Foundries casting in permanent
moulds use metal moulds (dies).

•Generally provide patterns from
external resources and operate an 
in-house mould repair and 
maintenance shop.

On the moulding side, a basic distinction is made between 
lost and permanent moulds



Ferrous foundries

•Generally apply the lost mould techniques.

•Due to their greater stiffness and strength, 
ferrous alloys are used in various
applications.

•The size of the products that can be 
produced is almost unlimited.

•Ferrous metals have a higher melting point.

Non Ferrous foundries

•Often apply permanent mould (die
casting) techniques.

•Provides better surface finish, and
high mechanical properties due to high
cooling rate.

•Production of massive or large pieces 
requires sand casting techniques.

Traditionally in the foundry sector the main distinction
made is between ferrous and non-ferrous foundries

This is mainly because the applied processes in both areas differ.



Pattern

production
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Metal Casting Process Flow



Sand casting

Gravity die casting

Permanent

Lost

High pressure die casting

Low pressure die casting Centrifugal casting Continuous casting

Shell mould casting

Ceramic mould casting Lost foam casting

Investment casting

Refers to any casting process in which the mold can not be reused

Refers to any casting process in which the mold can be reused 

(Molds made of metal can be reused multiple times, applied

mainly in aluminum, magnesium, zinc, and copper alloys)

Moulding Type



Lost Moulds

In the sand mold
casting method, 
after the liquid

metal is filled into
the mold and

solidified, the raw
product is removed
by shake-out step, 
and the resulting
mold material is 

normally circulated
and re-used several

times.

But for technical 
reasons, a certain 

amount of new sand 
is added at each 

production cycle and 
this means that the 

same amount of 
sand added at each 
cycle also needs be 
sent away from the 

foundry.

Foundries aim to 
minimize the 

addition of new 
sand as possible for 

cost optimization, 
efficiency and waste 
minimization, while 

avoiding to 
compromise any 
quality aspects of 

the products.

Secondary use of 
the moulding sand 
is very important 

from an 
environmental point 

of view, as it 
contributes to 

implementation of 
circular economy 
and protection of 

the natural 
resources.

In investment 
casting method, that 

wax models used, 
the wax is melted 

and flowed out 
before pouring and 
used in forming a 

new model, which is 
a perfect example of 

circularity.



Permanent Moulds

Permanent moulds are made from 
metallic materials based on the shape 
of the product, and covers steps 
moulding, pouring and stripping of the 
casting.

These metal moulds are often called 
as "dies" and used for gravity die 
casting, high pressure die-casting, 
centrifugal casting, continuous 
casting and for low pressure die 
casting.

Unlike sand moulds, they can be re-
used many times and for this reason, 
they are called permanent moulds.

If the shape of the casting cannot be 
easily made by the use of metallic 
cores (pins), sand cores may be used.



Permanent Moulds

Gravity die casting is used for non-ferrous
materials, typically aluminium, zinc and 
copper alloys. Gravity is used to fill the die
(mould) with the molten metal.

The most common method High Pressure 
Die Casting (HPDC) refers high speed 
injection of the molten metal into the die that 
provides complete filling of even very thin 
sections and complicated geometries in 
aluminium, zinc and magnesium alloys.

Low Pressure Die Casting (LPDC) is a method 
used for metals as aluminium and brass,
where the melt is pressed from below into 
the die, making use of the less turbulence 
and smooth filling.



Fueled
systems

Cupola
furnace

Crucible/ 
Ladle

furnace

Shaft
furnace

Electric
systems

Electric arc
furnace

Induction 
furnace

Melting Temperature
Iron (Fe): 1538°C

Aluminium (Al): 660°C 

Melting Technology

The selection of melting technology is an 
important aspect in the metal casting 
process, as fulfilling the function of 
melting the metal and bringing it to the
casting temperature.

While each furnace type has its 
own requirements, each one has 
different environmental impacts.



Melting Technology - Ferrous

Induction
furnace

•The most common furnace for melting iron and steel, the metal charge 
material is melted or heated by current generated by an electromagnetic 
field.

Cupola 
furnace

•The charge consists of alternate layers of the metal, coke and additivies, 
used for melting iron.

•Advantages: high melting capacity, easy operation

Electric
arc

furnace

•Contains carbon electrodes operating on a high tension three-phase power 
supply, used for melting steel, serious advantages. 

Iron and steel foundries require metal of a controlled composition and temperature, supplied at 
a rate sufficient to match the varying demand of the moulding line.

Disadvantage:

Larger emissions than 

from induction furnace

Disadvantage:

Larger emissions than 

from induction furnace



Melting Technology – Non Ferrous

Crucible
furnace

• Ideal for small volume production, heated using fuel-fired 
burners or electrical resistors.

Shaft
furnace

•Non-ferrous foundries with a higher capacity often use shaft
furnacess.

Melting technologies used in non-ferrous foundries depends on the foundry size.

Non-ferrous foundries often use a variety of different alloys and have different capacities.

Advantage:

Simple and flexible technology

Disadvantage:

low efficiency and capacity

Advantage:

low investment and operating 

costs, low metal loss

Disadvantage:

low flexibility

*Additionally, there may be no need for a centralised melting

equipment, then the melting furnace can be integrated into 

the casting machine.



The main flows of raw materials entering the foundry are metal ingots, foundry 

scrap, sand, binders, oil products, refractories and other consumables.

For the melting, there is a distinction between ferrous and
non-ferrous foundries.

•Non-ferrous foundries generally melt only internal return material and alloy ingots.

•Ferrous foundries use pig iron and selected iron and steel scrap as starting materials, 
besides internal return material.

•The various qualities of metal feeds are stored in separate areas in order to allow the 
controlled feeding of the melting furnace.

•The metal charged in the melting furnace is carefully selected and weighed in order to
reach ideal melt conditions.

Handling of Raw Materials



Examples of 

Circularity

1

Internal Return Materials

The resulting product from the casting 
process is generally a larger product than 

intended.

Because, due to production necessities, 
the gating system is added to the metal 

component which solidifies together with 
the product and needs to be removed as 

excessive parts.

Since they are pure metal, they can be 
removed and melted again.

Also, after removal of gating system, the 
product is subjected to mechanical 

processing (e.g. grinding, blasting, machining) 
in order to obtain the intended surface and 

features.

These processes result in metal chips that will 
be melted again in the process as well.

2



The main flows of raw materials entering the foundry are metal ingots, foundry 

scrap, sand, binders, oil products, refractories and other consumables.

Sand

•Sand is normally delivered in bulk and discharged directly to a silo via a 
pneumatic conveyor, conveyor belt or grab.

•Used sands are stored in silos for regeneration and in silos or heaps for
transport for external re-use or disposal.

Handling of Raw Materials



The main flows of raw materials entering the foundry are metal ingots, foundry scrap, 

sand, binders, oil products, refractories and other consumables.

Handling of Raw Materials

Refractories, release agents
and other consumables

•Stored indoors

•Powdered materials may be stored
in sealed silos and conveyed
pneumatically or kept and handled
in sealed bags

Binders & oil products

•Delivered in drums, by bulk
container or by road tanker.

•They are stored in their delivery
containers or, in the case of rail
tankers, discharged direct into a 
dedicated storage.



Pouring is the central activity in casting production.

Pouring

The mould is filled with the 
liquid metal under the effects 
of gravitational or centrifugal 
forces or pressure.

After pouring the casting is 
cooled to allow solidification 
and is then removed from the 
mould for further cooling and 
treatment.

Clay or chemically bonded sand moulds can 
usually be destroyed by vibration and then
reprocessed.

Relatively little waste is generated in the actual 
HPDC process compared to other metal casting 
processes. Emissions to water may occur from 
any leakage or spillage of hydraulic oil or heating 
oil and from cooling water.



Finishing & Post Casting Operations

Removal of the running
system

• Beating, pressing, grinding, 
cutting

Removal of residual
moulding-sand from the
surface and core remains
in the casting cavities

• Shot blasting

Removal of pouring burrs

• Grinding, tumbling

Repair of casting errors

•Rework operations

•Welding

Preparation of the casting
for mechanical post-

treatment (machining), 
assembly, thermal

treatment, coating etc.



Quality Control

During quality control the finished
casting is checked for compliance with
the product requirements concerning
e.g. dimensions, metal structure
defects, surface structure.

Depending on the type of casting and 
the size of the series, quality control 
can be achieved by visual inspection, 
with the use of measurement tools, or 
automatically.

The quality control procedure informs
the final decision to reject a casting or
to allow its further shipment to the
market.

Rejected castings are brought back to
the raw material input to be remelted.



ENVIRONMENTAL 
MANAGEMENT SYSTEMS



Foundries comply with environmental, 

occupational health and safety, and 

energy conditions of national (partly or

fully covering EU Industrial Emissions

Directive) legislations and regulations, 

as in all industry branches.

Each facility form own Environment, 

OSHA and Energy policies, includes in 

their strategic plans and follows road 

maps in order to minimize 

environmental impacts.

The continuation of industrial 

activities is ensured by 

environmental permits and regular 

inspections including environmental 

impact assessments and waste 

management plans.

Environmental Management Systems



Industrial Emissions Directive (IED)

Directive 2010/75/EU of the 
European Parliament and the 

Council on industrial emissions 
is the main EU instrument 

regulating pollutant emissions 
from industrial installations.

Around 50,000 installations 
undertaking the industrial 

activities listed in Annex I of 
the IED are required to operate 

in accordance with a permit 
(granted by the authorities in 

the Member States).

The permits must take into 
account the whole 

environmental performance of 
the plant, based on conditions 

and emission limit values in 
the Best Available Techniques 

(BAT).

BATs are defined through the 
process coordinated by 

European IPPC Bureau at the 
EU Joint Research Centre in 

Seville (Spain).

The process results in BAT 
Reference Documents 
(BREFs); including BAT 

conclusions which are adopted 
by the European Commission 
as Implementing Decisions.

BREFs are reference reports to 
describe industrial processes, 

emission and consumption 
levels of applied techniques, 

and best available techniques 
for integrated prevention and 

control of pollution from 
industrial activities.

The IED requires that 

these BAT conclusions 

are the reference for 

setting permit 

conditions.

Environmental Management Systems

Environmental regulations are

constantly developing with

concepts such as resource

efficiency, greenhouse gas

emissions, sustainable

production, circular economy, 

zero waste and life cycle

approaches.

https://ec.europa.eu/environment/industry/stationary/ied/legislation.htm
https://ec.europa.eu/environment/industry/stationary/ied/legislation.htm
https://eippcb.jrc.ec.europa.eu/


Objective:
Sustainable Production

Ensuring the use of 
ecofriendly 

techniques and
increasing yield

Maximizing energy 
efficiency

Regarding the
needs of society

Moreover, foundries adopt "Continuous 

Improvement" philosophy of within the 

scope of the management systems 

implemented (ISO 9001, ISO 14001, ISO 

45001 etc. and integrated management 

systems).

Annual targets and key performance indicators 

are defined. These targets are numerically 

measured and evaluated regularly.

Therefore, environmental management 

systems (standardised* or non-standardised) 

and metrics are developed to define a set of 

processes and practices to minimize 

environmental impacts and increase operating

efficiency in foundries.

*EU Eco-Management and Audit Scheme (EMAS)

& ISO 14001 Environmental Management System

Environmental Management Systems



In brief, an environmental 

management system (EMS) 

for an IPPC installation can 

contain the following 

components:

Definition of an environmental policy

Planning and establishing objectives and targets

Implementation and operation of procedures

Checking and corrective action

Management review

Preparation of a regular environmental statement

Validation by certification body or external EMS verifier

Design considerations for end-of-life plant decommissioning

Development of cleaner technologies

Benchmarking

Environmental Management Systems



Preventing waste from 
arising in the first place 

and reducing 
unavoidable effects*

Reusing products and 
materials, e.g. 

checking, cleaning, 
repairing, refurbishing

Turning waste into a 
new substance or 

product, to reduce the 
amount of raw 

materials required

Recovering energy with 
incineration or several 

(bio) chemical 
processes, also 

composting

Landfill and 
incineration without 

energy recovery, least 
sustainable option

Waste Hierarchy
Key Objectives

*Smitheries and Foundries Industry BREF document

Environmental Management Systems

https://eippcb.jrc.ec.europa.eu/reference/smitheries-and-foundries-industry
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Detailed mass 

stream overview 

for the foundry 

process

*Smitheries and Foundries Industry BREF document

Mass Stream Overview

https://eippcb.jrc.ec.europa.eu/reference/smitheries-and-foundries-industry


It is essential to consider there are many byproducts of 

the casting, finishing and machining processes which 

have value when beneficially re-used onsite, or when 

evaluated in offsite use.

Waste disposal can be minimized by finding ways to reuse 

each waste generated and by finding paths to reuse or 

recycle byproducts onsite or finding off site markets 

interested in these products.

Sand

Slag

Metals

Dust

Pallets or skids

Used oil, oil filters, oil contaminated sorbents, or oil
contaminated rags

Universal wastes such as batteries, fluorescent light
bulbs, and mercury-containing devices.

Heat

General recyclables such as paper, glass, plastics, 
aluminum cans, and other metals

Environmental Management Approach



BEST PRACTICES & 
SUSTAINABILITY



Metal casting involves the use, consumption, 

combination and mixing of various material types.

It is essential to minimize raw materials

consumption, recover from residues and recycle.

Therefore, first step is to optimise the management 

and control of internal flows:

Separate storages for various incoming materials to 
prevent deterioration and hazards

Scrapyard of an impermeable surface with a drainage 
collection and treatment system

(*or a roof can reduce or eliminate the need for such a 
system)

Internal recycling of scrap metal from processes

Separate storages of various residue and waste types 
to allow re-use, recycling or disposal

Use bulk or recyclable containers

Use simulation tools and related technology to improve 
metal yield and to optimise raw material needs

Implement good practice measures for molten metal 
transfer and ladle handling

Material Flows Management



The possible negative 
environmental effects of 
foundries result from the 
presence of a thermal 
process and the use of 
mineral additives. 

The environmental 
effects therefore mainly 
relate to the exhaust 
and off-gases and to the 
re-use or disposal of 
mineral residues.

As there are various emission 
sources (e.g. hot castings, 
sand, hot metal), emissions to 
air are not limited to one or 
several point(s).

Dust and particles’ 
releases are a general 
issue in all stages of the 
foundry process, and for 
all processes used.

It is essential to collect 
emissions in certain points or 
encapsulate processes where 
possible. Then various methods 
are applied to treat the exhaust 
and off-gas flows.

Control of air emissions



Control of Air Emissions

Common technique applied in foundries:

Designing and using a 
ventilation system

Using hoods and fans 
to collect emissions or 

encapsulate
processes 

Which may cause air 
emissions, such as 

dust, particles, gases 
or odours

So that the open air 
can be effectively 

cleaned from 
pollutions.

For dust and particle removal, 
both wet and dry systems are
used.

The main advantage with
using dry systems is that the
dust is captured dry, which
allows its subsequent re-use.



Control of Waste Water Emission

Foundries using sand 
rarely have significant 

amounts of 
contaminated process 

water.

Waste water is generated mainly in 
dust removal and waste gas 

treatment systems, which are 
applied in the melting, moulding

material preparation, sand 
regeneration and in finishing units.

HPDC foundries use a release agent 
that is sprayed on the tools between 
each shot. Today usually the release 
agent is composed of water with a 

small amount of oil or wax.

Much of this evaporates 
but there will still be some 
oily water that flows down 
from the machines and 
have to be taken care of.

There are two types of 
wastewater in 

foundries, industrial 
and domestic.



Control of Waste Water Emission

Generally, industrial 
wastewater is sent to the 

wastewater treatment plant 
through closed channels.

The water treated in the 
industrial wastewater 

treatment plant is sent back 
to the process water 

preparation pool and used 
again in production.

Or, it is discharged to 
external systems within the 

scope of the discharge 
permit within the chemical 
composition range allowed 

by legal regulations.

Some types of waste waters
directly transferred to other

processing facilities



Increasing Energy Efficiency

Since foundries deal with a thermal
process, energy efficiency and
management of the generated heat
are important environmental
aspects.

However, due to the high amount of 
transport and handling of the heat
carrier (i.e. the metal) and due to
its slow cooling, the recovery of 
heat is not always straightforward.

In order to increase the energy
efficiency, which is getting more
and more essential for the energy
intesive industries also in terms of 
carbon footprint and sustainability, 
foundries needs to implement
certain policies.



Increasing Energy Efficiency

Use of clean scrap and 
charging material

Increasing the 
efficiency of the 
melting furnace

Ensuring energy saving
by managing

compressors with 
automation system

Replacing old or worn 
out electric motors 
with high efficiency 
motors and pumps

Establishing an energy 
management team, conducting 
energy audits and monitoring 

energy consumption with 
regular measurements

Identifying and realizing 
efficiency-enhancing projects



Residues

Especially sand moulding involves the
use of large sand volumes.

At the end of the moulding process the
used sand can be regenerated, re-used
or disposed off.

Additional mineral residues such as slag
and dross are generated in the melting
stage when removing impurities from
the melt.

These should also be considered for
either re-use or disposal.



Residues

As reprocessed moulding sand becomes 
technically unusable in production after a 
certain cycle, it could be evaluated in other 
areas within the circular economy concept.

There are projects funded within the 
European Union LIFE program as well, such 
as using it as a filling material in road 
construction or other construction 
applications, using it as agricultural material 
after composting and evaluating the in 
cement production.

Regeneration and recycling by mechanical treatment of all sept 
fons foundry sand (EU LIFE96 ENV/F/000373)

The processing of current waste foundry sand and sand 
previously discarded to landfill sand (EU LIFE98 
ENV/UK/000588)

Recycling of polluted foundry sand in a collective 
treatment centre using a thermomecanical process (EU 
LIFE94 ENV/F/000684)

Re-use of surplus foundry sand by composting (EU LIFE13 
ENV/FI/000285)

Inorganic binder system to minimize emissions, improve indoor 
air quality, purify and reuse of contaminated foundry sand (EU 
LIFE17 ENV/FI/000173)

https://webgate.ec.europa.eu/life/publicWebsite/project/details/647
https://webgate.ec.europa.eu/life/publicWebsite/project/details/1217
https://webgate.ec.europa.eu/life/publicWebsite/project/details/1427
https://webgate.ec.europa.eu/life/publicWebsite/project/details/4065
https://webgate.ec.europa.eu/life/publicWebsite/project/details/4895


Increasing Efficiency & Performance

Lean Production

Total Productive
Maintenance

Kaizen Approach

5S Applications

There are different approaches
and systems applied in 

foundries in order to increase
efficiency, product quality and
organizational performance. 



Adaptation of the Metal Casting Industry To New Challenges

In addition to the methods and 
R&D studies mentioned here, it is 

very important to raise the 
awareness of the employees and to 

develop the corporate culture at 
the point of reducing

environmental impacts of metal 
foundries further and ensuring 

sustainable production.

One of the building blocks of 
companies' future strategies will be 
to provide the human resource with

required skill set and social
sustainability of organization.

It is essential that employees 
receive theoretical and applied 

training, both inside and outside 
the company, at the point of 

disseminating environmental, 
occupational safety, health, 

sustainability and circular economy 
awareness and developing skills.

In addition to developing the skills 
of the existing workforce and 

adding new ones, new approaches 
should be adopted in order to gain 

and retain the current and
potential workforce in the sector.

In the next presentation, the future 
and transition of the sector will be 

discussed in detail in terms of 
adopting new circular principles 

and ensuring social sustainability 
in human resources management
in accordance with the new age.
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Appendix A.
Further Information on Processes

Environmental Impacts on Air
Control of Air Emissions

System Boundaries



1. Pattern

production

A pattern is a replica of the object to be cast, used 

to create the cavity into which molten material will 

be poured during the process.

It could be made of wood, metal, plastic, or 

composite materials.

Patterns are the objects used to create lost

molds. A single pattern can make up to 

thousands of molds.

Further Information on Processes



A core is a sand (mostly) insert used to shape any 

part of a casting that cannot be shaped by the 

pattern. The mold provides a space for the molten 

metal to go, while the core keeps the metal from 

filling the entire space.

Core making involves coating the sand with special

binders (resins), different from the ones used for

moulds, compacting the coated sand into the desired 

shape, and then curing (hardening) the compacted 

mass so that it can be handled.

The sand and binder mix is placed in a core-box

where it hardens into the desired shape and is

removed. Hardening, or curing, is accomplished with

a chemical or catalytic reaction or by heat.

Resin systems

No Bake Resin Systems (Furan, 
Phenolic etc.)

Heat Cured Resin Systems (Hot 
box, Croning etc.)

Gas Cured Resin Systems (CO2, 
Amine (cold box) etc.)

Core Making



Green sand moulds

Majority of iron castings (in medium and high
series) are made in green sand moulds with resin-
bonded cores

Green sand is a very common way to make moulds
including mixing sand with water, bentonite clay (as 
binder) and a carbonaceous material (usually coal
dust)

For core production in green sand, cold-box amine 
and hot-box techniques are most widely used.

Chemically bonded-sand moulds

It is preferred usually in small series in cast iron
production

Divides into two groups according to type of 
materials they contain, which are called as organic
and inorganic compounds.

Inorganic binders are good from an environmental 
perspective as they do not create emissions to air, 
but not suitable for all applications.

There are several ways to hold the sand in the mould and core together and most sand foundries use some 

kind of binder. There are advantages and disadvantages of each type of the material.

Binders



Coatings
Due to technical requirements, it would be necessary to apply coatings to 

moulds and cores to avoid any defects in the final product.

There are alcohol and water based types of coatings.

It is important to consider 

that when alcohol is used, 

the emissions to air need 

to be minimized.

On the other hand, for water

based coatings, a certain amount 

of energy is needed to drying the 

water on the other hand.

This choice depends on technical reasons.



The selection of the appropriate casting method is made according to the technical requirements of the 

product to be casted and, to a certain extent, the material of the product. Within each method there are good 

or less good features from an environmental point of view.

Lost Moulds

Sand casting is the main method in iron and steel

castings and to a certain extent in non ferrous

castings.
Generally, cores are produced by the same techniques 

as moulds,with wooden, plastic or metallic core-boxes.

These are specially made for each casting and are

destroyed after pouring. The moulds are generally 

made of (silica) sand, and are clay-bonded,

chemically-bonded, or even unbonded.

The choice of binder technology used depends on 

factors such as the size of the casting, the production 

rate, the metal poured, the shake-out properties, etc.

After sand preparation, the mould may be produced by 

manual or mechanical ramming actions, such as by jolt, 

squeeze, air impact, vibration, etc.

Cavities of the design are created by placing sand cores

in the mould.

When the mould has sufficient strength it is released 

from the model (pattern), which can then be used to 

produce a new mould.



Permanent Moulds

Gravity and low-pressure 
die-casting make use of a
permanent steel die into 
which the melt is poured 

under the influence of 
gravity or a low-pressure 

gas.

Sand cores can be used to 
form undercuts and 

complex interior shapes in 
the casting.

High pressure die casting
process utilises a

permanent die (metal 
mould) into which molten 
metal is forced under high 

pressure.

Due to the high metal 
pressures, only metal 

cores can be used.

Two basic types of high
pressure die-casting 
(HPDC) machines are 

used: hot-chamber or cold-
chamber



Due to various technical reasons, additional treatments are often applied to the molten metal both in ferrous

and non ferrous foundries, with special additives.

There are methods applicable right in the melting furnace or in separate crucibles or ladles.

Melt Treatment

Iron

Alloying

Nodularization

Inoculation

Steel

Argon Oxygen Decarburisation
(AOD) converter process

Vacuum Oxygen
Decarburisation (VOD) converter
process

Deoxidation

Aluminium

Degassing

Modification and grain refining

Fluxing *Al



Pouring – Lost mould

The poured moulds are 
transported along the 
moulding line onto the 

cooling lines.

Clay or chemically bonded 
moulds can usually be 
destroyed by vibration.

In most cases this is 
accomplished by placing 
the moulding box on a 
vibrating grate, using a 

crane to do this.

As a result of the 
vibration, the sand is 
separated from the 

casting and the moulding
box.

The casting and moulding
box remain on the grate 
rods, whereas the sand 

falls through and is 
subsequently 
reprocessed.

The casting is usually 
transported to a cooling 

area for further cooling in 
ambient air (second 

cooling).



Pouring – Permanent mould

Relatively little waste is 
generated in the actual HPDC 

process compared to other 
metal casting processes.

Emissions to water may occur 
from any leakage or spillage of 
hydraulic oil or heating oil and 

from cooling water.

However, some gaseous and 
fume emissions occur during 
metal injection. Metal oxide 

fumes are generated as some 
of the metal vaporises and 

condenses.

Gaseous emissions can 
originate from: the molten 

metal itself; the evolution of 
chemicals from the lubricant 
as it is sprayed onto the hot 
metal die and as it contacts 

the molten metal.



Permanent Moulds – Release Agent

Permanent moulds are generally 
coated with between each shot 
with a release agent, normally 
water with a small amount of oil 
or wax in it. 

Their function is to provide 
protection of the die, to regulate 
die cooling by water evaporation, 
and to provide lubrication. They 
also act as parting compounds.

The lubricant coating facilitates 
the form filling and it acts as an 
insulator between the casting 
alloy and the tool surface. 



Environmental Impacts – (Air) Dust & Fumes

Processes for the production, treatment or handling of liquid metals can generate dust and fumes

Melting

• The melt causes emissions of dust that contain metal oxides

• The melt may also be treated with various additives that results in a rather heavy momentary 
fume of small particles

Pouring

• Fume associated with casting process

Shake-out

• Dust from the shake-out when the sand moulds are opened

Mechanical processes

• Metal-containing dust from cleaning when inlet and gating system and sharp edges are removed

• Dust from the final blasting of the components, that contains a mixture of metal and sand



Environmental Impacts – (Air) Volatile organic compounds
VOC

Foundries have some emissions of volatile organic 

compounds VOC. Some of these may be harmful and some 

may merely cause annoying odours for local residents.

Sand casting

•Mainly originating from the organic binders used to manufacture moulds and cores

•Released during pouring and shake-out, due to chemical reactions

•Types and amounts of the released substances depend on type of binder used

•Common air emissions resulting from organic binders are benzene and formaldehyde

•For green sand there is carbonaceous material added and this can react and give rise of 

emissions

•The exception is the inorganic binder with sodium silicate hardened with carbon dioxide 

that from an environmental viewpoint is a very good binder and does not give rise to 

emissions of VOCs.

•Other air emissions from sand foundries are associated with coating, alcohol or water

based

*VOCs are chemicals that are used in paints, 

pharmaceuticals, and refrigerants. They are emitted as 

gases from certain solids or liquids and some of which 

may have short- and long-term adverse health effects.



Environmental Impacts – (Air) Volatile organic compounds
VOC

High pressure die
casting HPDC

•High pressure die casting use release agents which normally consists of some 

percent oil or wax and the rest water, leading to an emission of oil mist. Sometimes 

there is a diffuse leakage of the oil mist leaving via the general ventilation.

Low pressure die
casting LPDC

•Low pressure die casting use mould coating which normally consists of some percent 

graphite or silicate and the rest water, leading to a small emission. When use of sand 

core there is a diffuse leakage of phenol mist leaving via the general ventilation.



Environmental Impacts – (Air) Odour

During casting and mould cooling

Curing of sand resin mixtures by air, heat or gas

Sand resin mixing and moulding

Grinding and metallic smells

Melting of contaminated scrap

Generated by all processes, major sources being:



Control of Air Emissions

For dust and
particle removal, 
both wet and dry

systems are used.

The main 
advantage with

using dry systems
is that the dust is 

captured dry, 
which allows its
subsequent re-

use.

Furthermore, no 
pollution is 

transferred to 
another medium, 
as is the case for 

wet systems.

However, for
gaseous

compounds, such
as SO2 and

chlorides, bag
filters are

inefficient, since 
they are not 

adsorbed onto
the filter surface.

Selection of the

appropriate technique

depends on the

composition, flow and

conditions of the off-gas

stream. The design of the

abatement system is 

critical. Factors such as 

efficiency, suitability of the

method and the input and

output loading of the

material to be collected are

used.



Control of Air Emissions

Dust and particle removal:

• Cyclones

• Fabric or bag filters

• Wet scrubbers

Gas scrubbing systems (SO2, Cl, amine removal):

• Wet scrubbing using scrubber towers, venturi scrubbers
and disintegrators.

Oil-mist separators:

• Wet electrostatic precipitators

CO and organics removal:

• Post combustion

• Biofilter



Control of Air Emissions - Melting
For melting, it is important to use clean scrap, avoiding rusty and dirty inputs and adhering 

sand to minimize emissions and extend the running time of used components

A hood, lip extraction or cover 
extraction can be used on 
induction furnaces to capture the 
furnace off-gas

Afterwards dry flue-gas cleaning 
methods can be applied, fabric 
filters are widely used to dedust
the exhaust gases 

Dust generated for disposal or re-
use.



Control of Air Emissions - VOCs

VOC emissions result from chemically-bonded sand preparation and also, further along the

process, from pouring, cooling and shake-out, they are noxious and generate odour emissions.

The following techniques are applicable for the removal of VOCs:

Adsorption to activated carbon

Post combustion

Biofilter



Control of Air Emissions – Green Sand Preparation

Green sand preparation units can be 
enclosed or connected to a 
centralized dedusting unit 

(considering features of the exhaust 
air and the type of dust)

Wet systems or fabric 
filters can be applied, 
however wet systems 

cause the production of 
a waste water flow.

In core-making, 
emissions during 

mixing, hardening, 
coating and drying can 

be considered for 
capture and treatment.

In case of amine gas cured core making system, the 

gassing of cold-box cores produces off-gases that 

need cleaning before emission into the atmosphere. 

In order to safeguard the working atmosphere, the 

core shooting machines are enclosed and cores are 

flushed with air to remove all the gas residues before 

the machine is opened up to take out the freshly 

made core.

Here the exhausted amine vapor requires 

treatment to prevent an odor nuisance and 

recovery of amine (possible with scrubbing 

solutions).



The emissions during pouring, 
cooling and shake-out are diverse 
and differ broadly in quality and 

quantity from one foundry to 
another. Basically, dust emissions 

are produced, as well as
inorganic and organic gaseous 

compounds.

Wherever possible, pouring
fumes and emissions should be 

captured and cleaned. During this
step, emissions of VOCs and 

partially oxidized hydrocarbons 
arise from the mould.

For new systems, it is common for 
moulds to be moved under the 

pouring station, a method in 
which extraction can be more 

readily applied than when a ladle 
is moved over the moulds.

On the other hand, ventilators 
and housings could be applied to 

capture emissions, and 
afterwards air-treatment carried 

out.

Control of Air Emissions – Pouring & Cooling lines



The technique used for the 
emission collection from 
shake- out depends on the 
degree of mechanisation, 
the emissions to be 
extracted and the size 
range of the castings, in 
particular the smallest and 
largest item cast on the 
same machine.

Where mechanical vibration 
is used, the equipment 
should be enclosed and the 
air extracted and filtered.

In addition, the closed 
cabins reduce the noise 
level.

Control of Air Emissions - Shake Out & Mould Stripping



The work area may be as 
enclosed as much as possible, 

but ensuring the freedom of 
movement and that the
inhaled air supply of the
worker can be assisted.

Emission capture during 
cutting, grinding and similar 

steps is mainly carried out by 
an intensive extraction of the 

arising fume.

Mainly collection of the dust 
takes place via extracting 
walls, roof domes, rigid or

moveable hoods and
extraction work benches.

The practice of shot blasting 
should be undertaken within a 
totally enclosed unit, with the 

dust being collected and 
treated in a suitable filter unit.

Control of Air Emissions – Finishing/Post-Casting Operations



E.g. System 

boundaries and 

materials flow 

of sand casting

*legend:

Input

Vapor waste

Aqueous waste

Solid Waste

PM: Particulate matter

HAP: Hazardous air pollutants

VOC: Volatile organic

compounds

Mass Stream Overview

*Life Cycle Analysis of Conventional

Manufacturing Techniques: Sand Casting

http://web.mit.edu/skd/www/casting/casting-v2.pdf
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