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Abstract

A Risk Assessment of Common Material Groups
with Regards to their Content of Conflict Metals

Andreas Röckert, Anders Holmberg, Axel Nyberg, Jakob Holm Ovrén, Rebecka
Lindberg and Viktor Djurberg

Trade involving tantalum, tin, tungsten and gold, summarized as "3TG", has during the
last 15 years, contributed to the armed conflict in the Democratic republic of the
Congo (DRC) and surrounding countries. These metals are also referred to as
conflict metals or as conflict minerals.

In 2012 the United states congress passed section 1502 of the Dodd-Frank act.
According to the Dodd-Frank act, companies listed on the U.S stock markets,
including ABB, must declare the use of functional amounts of any of the 3TG-metals in
their products or production.

The purpose of this project was to ease the work of locating functional amounts of
conflict metals in ABB's products. The aim was to find, compress and compile
information about common industrial materials in a structured way. This was done by
creating a manual that presents the investigated materials and their risk of containing
3TG.

The scope of the manual was to look at solid materials with a starting point in metals,
ceramics and polymers. Groups of materials such as wood, paper and bioceramics
have been excluded from the search due to lacking relevance for ABB.

The resulting manual covers a large variety of materials, especially materials used in
power products. The scope of this manual can, in the future, be expanded as well as
the investigation of the researched materials. The base structure for this manual
supports further expansion and adaptation since the information gathered is stored in
a database.
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1 Introduction
Trade involving tantalum, tin, tungsten and gold, summarized by the industry
as 3TG, has during the last 15 years, contributed to the funding of armed con-
flicts in the Democratic republic of the Congo (DRC) and surrounding countries.
It is estimated that this conflict has, during the last 15 years, claimed around
5 million human lives [1]. Due to this, these metals are referred to as conflict
metals.

In 2012 the United states congress passed section 1502 of the Dodd-Frank act.
According to the Dodd-Frank act, companies listed on the U.S stock market,
including ABB, need to comply by the rules stated by this act. The companies
need to oversee their products and if a presence of functional amounts of any
of the metals, listed under the Dodd-Frank Act, are found, their supply chains
need to be investigated. ABB is, since 2001 listed on the New York Stock
Exchange in the United States, which means that they need to comply with the
Dodd-Frank Act. ABB produces a wide range of products, and some of these
may contain one or more of the metals covered by the Dodd-Frank Act.

1.1 The purpose of the project
The purpose of this project was to simplify the work of locating potential func-
tional amounts of conflict metals in ABB’s products. Though, according to the
Dodd-Frank act, the process of production also need to be investigated. How-
ever, in agreement with ABB, the resulting work did not consider the process of
production but only focused on functional amounts in the final product. Except
for plastics where catalysts were also examined.

The aim was to find, compress and compile information about common indus-
trial materials in a structured way. The goal was to create a manual of the
investigated materials that presents their risk of containing conflict metals. The
manual aims to be easy to use for engineers with no extensive material knowl-
edge.

1.2 Background
Rival groups fight for the control over the mines where the ore of the conflict
metals are sourced. By controlling a mine, a group can export the minerals,
and make a profit from the trade. This profit can then finance the purchase
of weapons and supplies to the group. The mineral concentrates are smuggled
out of the country and shipped to different parts of the world where the metals
are extracted [1]. For a brief overview of the mined minerals, and the met-
als that are later extracted from these minerals, see section 1.2.2. The metals
extracted from the minerals are used in a wide range of products, as for ex-
ample mobile phones and computers [2]. Tantalum, tin, tungsten and gold are
important for the modern industry but does at the same time potentially con-
tribute to the conflict in DRC and surrounding countries. They are therefore
infamously known as conflict metals (also referred to as conflict minerals). The
main victims of the conflict are the locals, partly because of the plundering of
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villages and also because they have to work in the localities where the minerals
are mined, see figure 1. The work is performed under primitive and sometimes,
slave-like conditions with minimal wages and sometimes even at gun point. [3] [1]

Figure 1: A child is at work at a militia-run mine in the region of Watsa. (With
permission from Marcus Bleasdale, marcusbleasdale.com)

Africa is, after a history of violence and armed conflicts, the worlds poorest
continent. The economic situation in Africa is slowly changing since many of
the conflicts that have progressed during the 20th century are coming to an
end. The economic rebirth of Africa is a slow process and it demands that
other, more privileged parts of the world starts to invest in the continent. If
this investment is not made, the economic recovery in Africa will be slowed
down. The Dodd-Frank act has therefore been introduced to solve the problem
with conflict minerals in a way that has a negative effect on mines where the
economic profit falls in the hands of armed groups. This will hopefully have a
positive effect on the Congo, the surrounding countries and the people who lives
there by redistributing the income to the mines not controlled by armed groups.
The final goal is to phase out all mines controlled by armed groups. [1] [4]

1.2.1 The Dodd-Frank Act

In 2010, the United States Congress passed the Dodd-Frank act and in 2012,
section 1502 of the act was passed. This section states that a company, which is
registered at a US stock exchange, must declare the use of functional amounts
of any of the 3TG-metals in their product or production. [1]

The Dodd-Frank Act defines a functional amount as presence of a metal nec-
essary to the functionality or production of a product [1]. Consequently, this
act does not consider impurities and traces of potential conflict metals in the
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material since the act only regards functional amounts.

If the presence of a functional amount of any of the 3TG-metals is noticed in a
product, an investigation must be launched. The purpose of this investigation
is to declare whether or not the conflict metal used in the final product can
be traced back to mines involved in the conflict. A report that describes the
inquiry and the results derived from it, then needs to be posted on the company’s
webpage.

1.2.2 Quick overview of the metals involved

The metals described below can be used in the creation process of materials. In
some cases the metals are present as functional amounts in the final products,
for example as alloying elements, to alter the materials properties. The metals
are also sometimes used as catalysts in the creation process of plastics. In all of
these cases they are considered as functional amounts by the Dodd-Frank act.

1.2.2.1 Tantalum

Figure 2: Coarse crystals of tantalite. (Rob
Lavinsky, iRocks.com - CC-BY-SA-3.0)

Tantalum is a hard, blue-greyish
metal.The major ore minerals for tan-
talum are those of the columbite-
tantalite group, see figure 2. Tan-
talum is most often used in electric
components such as resistors and ca-
pacitors. It is also used in differ-
ent heat and wear-resistant materials
such as different cutting tools, and
jet-engines. Substitution of applica-
tions that involve tantalum with oth-
ers, that contain elements that are
not entered under the Dodd-Frank
Act are possible. For example, a tan-
talum capacitor can be changed to
an electrolytic aluminum capacitor.
This however, requires the aluminium capacitors to be mounted in parallel with
other of the same kind. At the moment, tantalum is not recycled since its rather
hard to extract from circuit boards and other modern electronic devices. There
is also an economic aspect to the recycling of tantalum, namely that it is an
expensive process. [5] [6]
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1.2.2.2 Tin

Figure 3: Coarse crystals of cassiterite.
(Rob Lavinsky, iRocks.com - CC-BY-SA-
3.0)

Tin is a silvery, grey, (silvery white
when unoxidized), metal. The major
ore mineral for tin is the oxide mineral
cassiterite, see figure 3. Tin is used
in a wide range of products, such as
soldering metal, and for packages of
different kinds. There are substitutes
for tin. Packages can, of course, be
made out of other materials and glue
is often used these days when it comes
to fixing components to circuit boards
and similar products. It is, however, due to its low cost and the fact that it
is non-toxic to humans, used widely to this date. A lot of tin used today is
recycled in different ways. [5] [6]

1.2.2.3 Tungsten

Figure 4: Coarse crystals of wolframite.
(Rob Lavinsky, iRocks.com - CC-BY-SA-
3.0)

Tungsten is a greyish white, lustrous
metal. It has the highest melting
point of all metals. The major min-
eral group for tungsten is wolframite,
see figure 4, and scheelite. Because
of its high melting point, tungsten
is often used in situations that re-
quire high temperature resistance. It
is commonly used in high-end indus-
trial cutting tools and also as filament
in ordinary light bulbs. Substitution
for tungsten can be found in for ex-
ample cutting tools. However, tools
made with substitutes show significantly impoverished properties and as a con-
sequence of that a shorter life span. About 30 percent of tungsten used by the
industry today is recycled. [5] [6]

1.2.2.4 Gold

Figure 5: An aggregate of subhedral crystals
of gold. (Rob Lavinsky, iRocks.com - CC-
BY-SA-3.0)

Gold is a yellowish-red, lustrous
metal with good conduction proper-
ties. It is ductile and therefore mal-
leable. Gold is inert to reactions with
its surroundings. This means that
gold is most commonly found in its
elemental form in mines, see figure 5.
It is mainly used in jewellery and as
a plating on contacts. Only about
twelve percent of all gold produced
is used by the industry. There are
substitutes for gold for industrial use.
These often contain nickel or nickel alloys. [5] [6]
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2 Method

2.1 Scope
The amount of materials that could be investigated, for 3TG, are virtually end-
less and the investigated materials are a selection based upon the mentioned
materials in the sources used. Therefore an unknown amount of materials are
not examined.

The investigation and the resulting manual covers ceramic, metallic and plastic
materials. A selection of materials requested by ABB Power Products were in-
vestigated along with materials that are potentially useful in the power product
industry. The scope of the manual is narrowed down to solid materials, ex-
cluding liquids and gasses, for example oils. Groups of materials such as wood,
board, paper and bioceramics have also been excluded due to the lack of rel-
evance to ABB. The coverage is therefore focused mainly on large groups of
materials in power products.

2.2 Classifying materials
In order to structure the information gathered classifications of the main mate-
rial groups were made. The way the information was structured was to make the
manual easy to navigate trough. For the classification pre-existing classifications
were used as much as possible.

2.2.1 Classifying metals

In an attempt to make the manual user-friendly, already existing material stan-
dard systems were used, see appendix A.1. Many of these standards were ap-
plicable for metals. For some groups of metals, within our classification, none
of the material standard systems covered all the metals within the group. The
classification systems for these metal groups were therefore not as useful. Other
classifications within the groups were made based on conventional classification,
application and production as in the example of steel, nickel and zinc respec-
tively.

2.2.2 Classifying ceramics

The classification of ceramics was made from an application point of view, due to
the lack of well defined standards for ceramics. For example electrical ceramics,
which are used for their electrical properties in different electrical applications,
are categorized as one section. The classification is shown in figure 6.
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Figure 6: The classification used for ceramics. [7]

It should be noted that some of the classes in figure 6 is not documented in the
manual. Automotive ceramics, bioceramics, and brick and tile were not inves-
tigated.

The classification system made by Color Pigments Manufacturers Association
(CPMA) were used for the ceramic pigments, see appendix A.1.5.

2.2.3 Classifying plastics

The plastics investigated were categorized individually by chemical composition
of commonly occurring plastics. The additives were investigated separately from
the plastics from an application point of view. These classifications were made
in order to make the manual easier to use since all plastics can be combined with
all additives. The classification of additives were done by using a categorization
already made by Michel Biron [8]. The classification used is shown in figure 7.
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Figure 7: The classification used for additives. [8]

Two changes were done to the classification. One more section named Conduc-
tive Fillers was added under Specific characteristics and all Cost Cutters were
regarded as one group.

2.3 Finding information about conflict metals in different
materials

Finding the necessary information about the materials was done in different
ways, mostly by searching through published literature as material handbooks,
peer review articles and company data sheets. The information that was sought
after was the extent of usage and function of the conflict metals in the material
groups and the main application of the material group. From this information
a risk assessment was made, see section 2.4.

The information compiled in the manual is derived from credible sources and
they are all referred to in the manual to increase the transparency of the state-
ments. The process of how the information was found is described below for the
three major material classes.

2.3.1 Metals

The most common way the information about metals was found was by searching
through tables of their composition in the American Society for Metals (ASM)
Handbooks [9], [10], [11], [12], [13], [14], [15], [16]. If the necessary information
was not found in ASM, or if complementary information was needed, other
reliable sources were used, for example public data sheets from manufacturing
companies and peer-reviewed scientific articles.
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2.3.2 Ceramics

Throughout the investigation, publications and handbooks provided by the
American Society for Metals (ASM) were used to examine the use of ceram-
ics in given applications. Ceramics are not as well covered by standards as
metals, but their chemical compositions are often easily found. The use of dif-
ferent pigments in ceramics are also covered and a few high-risk pigments, listed
by colour, are referred to in the manual, as well as in this report. The infor-
mation about pigments were found in tables provided by the Color Pigments
Manufacturers Association (CPMA).

2.3.3 Plastics

The study on the potential of some plastics containing 3TG was divided into
two parts.

The first part was to investigate the additives in plastics and polymers. The in-
formation about the different additives were primarily found in the Additives for
plastics handbook [17], Applied plastics engineering handbook: Processing and
materials [18], Handbook of fillers for plastics [19] and Plastics additives [20].
Sometimes peer-reviewed scientific articles and manufacturer websites were used
as sources.

The second part was to investigate common plastics and what they contain.
The plastics studied were primarily those which ABB indicated as important to
them. The investigated plastics were epoxy, Polytetrafluoroethylene (PTFE),
rubber and thermosets. The information sought after was whether any 3TG
remained in the plastics from their catalysts and which additives were commonly
used in each plastic. The information about the catalysts was found primarily
in Tin chemsitry: fundamentals, frontiers and applications [21] and through the
British plastics federation website.

2.4 Risk assessment
The risk, for a material group to contain conflict metals, was set for the material
group as a whole. The risk is always stated for groups of materials and not for
individual materials.

Three risk levels were used; Low, Medium and High. The definition of the risk
levels are explained below.

• "Low" corresponds to that no functional amounts of 3TG were found
within the material group in the used sources.

• "Medium" corresponds to that functional amounts of 3TG exists in less
than 25% of the materials within the material group in the used sources.

• "High" corresponds to that functional amounts of 3TG exists in more than
25% of the materials within the material group in the used sources.

This system was used when assessing the risk category for most of the materials
in the manual. For some materials, not enough information about 3TG was
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found to make a risk assessment corresponding to the definitions above. In ma-
terials where there were functional amounts of 3TG, but to an unknown extent,
a subjective risk estimation was made. The subjective risk assessment was on
the 3TG’s function and to what extent it could be used.

We cannot with absolute certainty state that a material group does not contain
any conflict metals. We can only assess the risk that a material group contains
3TG from the sources that have been used.

2.5 The manual - presenting information
2.5.1 Design

The primary focus for the design of the manual was usability, making the man-
ual useful for a person with an elementary knowledge in technology and material
science.

All the material groups with their corresponding subgroups were categorized in
the same tree structure that was made for categorization of the materials, in
section 2.2. The tree structure was presented in the manual as material groups
with a series of sections and subsections. Alongside each material group was the
risk assessment and the found conflict metal. For the majority of the materials,
information about main usages of the material groups and functional importance
of the conflict metals in the material group were included. References and links
are also presented. The risk levels were coloured to make the manual easier to
use.

2.5.2 Creating the manual

The information gathered, with the methods mentioned above, was put into an
Excel spreadsheet. In this spreadsheet, name of the material, information about
the material, risk assessment and the used references were imported. This was
the first step in the process of creating the manual, see figure 8.

Figure 8: Simple schematic of the creation of the manual.

To create the tree structure the connected material groups were specified through
a numbering system. This was done by assigning each material group with a
number. By referencing that number with an underlying material group, it
connected as a branch to the referenced material, see an example of the tree
structure in figure 9.

A python script converted the information from the spreadsheet to a SQL-
database, step two in figure 8. The SQL-database structured the information
through a series of logical questions. This created the tree structure in the
database.
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Figure 9: Example of the tree structure used
in the manual.

Another python script then exported
the arranged information from the
database to a LaTeX document that
was used to create a PDF, step
three in figure 8. The LaTeX
file was used to link the refer-
ences with the information in the
manual. The design of the man-
ual was created with LaTeX tem-
plates and functions such as web-
links and clickable texts were set
up.

A PDF with the final product
was finally created from the La-
TeX document, see step four in
figure 8. The PDF was at
this point clickable and search-
able.

To make the aforementioned steps au-
tomatic, two modules were created.
The first one generates the correct
SQL database from the excel spread
sheet. The second one does the fol-
lowing steps to generate the PDF doc-
ument.

To assure that the manual would be
able to be generated without knowledge about python, SQL and LaTeX, the
programming was packeted into executable files that creates the manual auto-
matically.

3 Results and discussion
All the information gathered about the materials was categorized and put into
the manual. The resulting manual of this project can be seen in appendix B.

The classifications of the investigated material groups were made in different
ways. The classifications focused either on the chemical composition or on the
application of the material group. Metals and plastics were classified by chemi-
cal composition and the ceramics and the additives for plastics were classified by
application. For metals and plastics the chemical composition is often defined
by standards and is well known. Therefore this classification made the informa-
tion easy to find and easy to process. For Ceramics and additives for plastics
classifying by chemical composition is not as well documented. The application
based classification was used because of its relevance to people working with
materials with known properties but not exact chemical composition. A consis-
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tent classification system could have been applied to the whole manual. This
could have made the manual more uniform. On the other hand, it would have
been more time consuming and therefore a smaller amount of material groups
would have been investigated within the time span of the project.

The scope of the manual is also narrowed down to metals, ceramics and plas-
tics. This scope could also be expanded to include more materials in the future,
for example wooden materials and composites. With these aspects in mind the
manual was therefore made to be expandable with further information to an
unlimited degree by the way it was created.

The categorization was done with regards to usability. The goal was to catego-
rize and summarize the data in a way so that it would be easy to find the risk of
the material group containing conflict metals. The chosen classification differs
among metals, ceramics and polymers because of their inherent differences in
contents of 3TG. The different classifications result in three parts of the manual
that can be viewed separately. In the case of ceramics and polymers the focus
of the classifications have been the end application which differs from the classi-
fication of metals that are based upon its chemical composition. This may lead
to some confusion for the user, although this subdivision was deemed better in
each of the cases due to the use of standards for the metals (which are largely
based upon the chemical compositions of the metals). For the ceramics and
plastics the end application is more important as a basis for the classification.

Since the manual was created with a focus on usability there is only a narrow
column for additional information in addition to whether the material contains
functional amounts of conflict metals and the materials standard codes. This
information is represented in a column next to the names of the material groups.
In this column some information about the material is posted, such as its area
of use and the reason for using the conflict metal in the product. The infor-
mation in this field differs between material groups depending on how much
relevant information there was to mention. The strips of texts were kept short
and complementary information can be found through the links and references
that accompany the text. To make the manual quick to skim through a colour
coding was used to define the risks of the materials.

The search for material information was conducted mainly through books com-
plemented with publicly available data sheets. The choice of this literature was
made to ensure validity of the sources. The researched literature is quite exten-
sive and thorough in explaining material compositions. Some of the literature
was created in the late 1990:s which means that the information might not be
up to date and some materials might have appeared after the publication of
the literature. This posed one of the biggest issues with the information search
and therefore several sources were used, for many of the materials, to give more
credibility to the risk assessments in the manual. Many of the sources, mainly
the books and publications, are not available without payment or a subscription.
This may be a limiting factor for someone, without subscription, who wants to
verify the sources or further expand the manual.

The choice of programming languages for the project were based on usability. By
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using common programming languages, the programs used to create the manual
can be edited and expanded by many people in the programming community.
SQL and python are widely used languages which promotes continuation of the
work at a later stage. By compiling all the gathered information in a SQL-
database, the data can be used in a wide variety of applications. For example,
the data can be presented in form of a mobile application or webpage instead
of a clickable PDF.

4 Conclusions
A manual was created with the purpose to aid ABB in complying with the
Dodd-Frank act. The project resulted in a manual containing a risk assessment
of functional amounts of conflict minerals in commonly used materials. The
manual was created from information gathered through literature and classifi-
cations of materials. The scope of this manual can, in the future, be expanded
as well as the investigation of the researched materials as the base structure for
the manual supports further expansion.
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A Material standards

A.1 Standards
The different material-standards that were used are described below.

A.1.1 UNS

Unified Numbering System (UNS) for Metals and Alloys is widely used in North
America. The UNS-system was developed by American Society for Testing and
Materials (ASTM) and Society of Automotive Engineers (SAE) to correlate dif-
ferent identification systems that were earlier used for commercial alloys and
steels. For clarification, this system is not a specification system but a identi-
fication system. If detailed specifications is needed for some alloy or metal it
can be traced by this number and be found elsewhere. The system consists of a
prefix letter followed by a five digit number, for example (Axxxxx). Below is a
list of the most common ones used prefix letters in the manual that accompanies
this report.

• A - Aluminium and aluminium alloys

• C - Copper and copper alloys

• F - Cast iron

• G - Carbon and alloy steels

• J - Cast steels

• K - Ferritic alloys

• M - Non-ferritic alloys

• N - Nickel and nickel alloys

• R - Refractory metals and alloys

• S - Stainless steel and alloys

• T - Tool steels

• Z - Zinc and zinc alloys

A.1.2 Aluminium association

The Aluminium association (AA) designation system is, since 1957, the stan-
dard designation system used for aluminium and aluminium alloys in the united
states. Though it is not an official international standard, it is widely used in-
ternationally as well. The system is divided in two groups, one which designates
wrought aluminium and one which designates aluminium castings.
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A.1.2.1 Wrought aluminium and aluminium alloys

The system consists of a prefix number followed by three digits. Ex. 2xxx

Pure aluminium (≥ 99% aluminium) is designated to the 1xxx group. The 10xx
is used to designate unalloyed compositions with natural impurities. The last
two digits in the 1xxx group is used to determine the minimum amount of alu-
minium.

For the groups 2xxx-8xxx the first digit indicates the main alloying element.

• 2 - Copper

• 3 - Manganese

• 4 - Silicon

• 5 - Magnesium

• 6 - Silicon

• 7 - Zinc

• 8 - Other elements

For the groups 2xxx-8xxx the second digit indicates the alloy modification. The
two last digits is used to identify the different aluminium alloys.

A.1.2.2 Cast aluminium and aluminium alloys

The system consists of a prefix number followed by three digits with a decimal
point between the third and the fourth digit. Ex. 2xx.x. The digit after the
decimal point is used to determine the product form which can either be a cast-
ing or a ingot.

Pure aluminium (≥ 99% aluminium) is designated to the 1xx.x group. The
10x.x is used to designate unalloyed compositions with natural impurities.

For the groups 2xx.x-8xx.x the first digit indicates the main alloying element.
The second and third digits are used to identify different aluminium alloys.

• 2 - Copper

• 3 - Silicon with added copper or magnesium

• 4 - Silicon

• 5 - Magnesium

• 6 - Unused group

• 7 - Zinc

• 8 - Tin

• 9 - Other elements
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A.1.3 ASTM

ASTM stands for American Society for Testing and Materials. It is an inter-
national standard organisation which develops and publishes standards. The
system consists of a letter (A-H), followed by a serial number ranging from one
to four digits. Ex. Axxxx. For this report and the following manual, the letters
A-C, listed below, are of importance.

• A - Ferritic metals

• B - Non-ferritic metals

• C - Ceramics

A.1.4 SAE-AISI

Society of Automotive Engineers (SAE) is an American standard organisation
with emphasis on the transport industry, such as automotive, aerospace and
commercial vehicles.

The designation system used by SAE consists of a four digit system, ex. xxxx,
that identify different compositions of carbon and alloy steels. The first digit
indicates the type of steel. The second digit indicates the major alloying com-
ponent in percent. The two last digits in the system indicates how much carbon
is present in the alloy as a hundred of a percent. Below is a list consisting of
the different types of elements designated by this system.

• 1 - Carbon steel

• 2 - Nickel steel

• 3 - Nickel-chromium steel

• 4 - Molybdenum steel

• 5 - Chromium steel

• 6 - Chromium-vanadium steel

• 7 - Tungsten-chromium steel

• 8 - Silicon-manganese steel

A.1.5 CPMA

Color Pigments Manufacturers Association (CPMA) provides classifications for
pigments used for different applications. The designation system provided by
CPMA consists of three sets of digits where each set is separated by a hyphen.
Ex. x-xx-x. The first set of digits indicates the typical crystal structure of the
pigment. The numbers are listed below.

• 1 - Baddeleyite
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• 2 - Borate

• 3 - Corundum-Hematite

• 4 - Garnet

• 5 - Olivine

• 6 - Periclase

• 7 - Phenacite

• 8 - Phosphate

• 9 - Priderite

• 10 - Pyrochlore

• 11 - Rutile-Cassiterite

• 12 - Sphene

• 13 - Spinel

• 14 - Zircon

The second set of digits indicates the crystal class and the third set of digits,
listed below, indicates the colour of the pigment.

• 1 - Violet & red-blue

• 2 - Blue & blue-green

• 3 - Green

• 4 - Yellow & primrose

• 5 - Pink, orchid, coral & peach

• 6 - Buff

• 7 - Brown

• 8 - Gray

• 9 - Black

A CAS-number may be presented after the three sets of digits to indicate that
the composition of the pigment is variable.

B The Manual
Below is the manual at the time this report was written.
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Uppsala University

Compiled on June 15, 2015

Conflict Minerals in Common
Material Groups
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1 Introduction

This manual focuses on the occurrence of functional amounts of conflict minerals, 3TG (Tin, Tungsten,
Tantalum and Gold), in commonly used material groups. It states the risk for a material group to contain
the conflict metals based on a precautionary principle. The risk levels in the manual is set for groups of
materials, such as metals, steels and stainless steels, and not for individual materials such as specific prod-
ucts. The risk levels are defined as following:

• L - Low corresponds to that no functional amounts of 3TG were found within the material group
among the used sources.

• M - Medium corresponds to that functional amounts of 3TG exists in less than 25% of the materials
within the material group among the used sources.

• H - High corresponds to that functional amounts of 3TG exists in more than 25% of the materials
within the material group among the used sources.

The manual cannot with absolute certainty state that a material group does not contain any conflict met-
als. It can only assess the risk that a material group contains 3TG from the sources that have been used.

The materials investigated were divided into the following main categories:

• Commonly used materials in ABB Power Products

• Ceramics

• Metals

• Plastics

1.1 Features

The following features can be used:

• [Link] is clickable links in the PDF version which, if clicked, will open a webpage in the browser.

• Many material names are clickable in the PDF version which, if clicked, will be redirected to the ma-
terial information.

IMPORTANT: Many products consists of both a bulk material and a coating. Therefore, there is often a
need to at least check two materials when using the manual.

1.2 Authors
Andreas Röckert
Anders Holmberg
Axel Nyberg
Jakob Holm Ovrén
Rebecka Lindberg
Viktor Djurberg

andreas.rockert.7205@student.uu.se
anders.holmberg.8184@student.uu.se
axel.nyberg.7461@student.uu.se
jakob.holm-ovren.2251@student.uu.se
rebecka.lindberg.0493@student.uu.se
viktor.djurberg.8294@student.uu.se
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1.3 Example of how to read the manual

1. States the beginning of a material group.
2. Shows the first level subsection of the material group.
3. Shows the second level subsection of the material group.
4. Shows the third level subsection of the material group.
5. Represents the risk of containing 3TG for a material group. H - High, M - medium, L - Low.
6. The conflict metal found in the material group.
7. A short information text about the material group with references and links.
8. Standards used for the material group. This is only applicable for metals and commonly used products
for ABB.

1.4 Disclaimer

The authors of this manual does in no way take any responsibility to what information is posted in this
manual. The information gathered is intended to be used as an advice for indication for further studies.

2
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2 Commonly used materials in ABB Power
Products

Aluminium M p.4

Aluminium wire L p.4

Aluzinc L p.4

Copper wire H p.4

Copper-tungsten composites H p.4

Cromate (CrIII) metals L p.4

Epoxy/PUR M p.4

Hot dip galvanized Steels M p.4

Porcelain L p.4

PTFE L p.5

Rubber (SiR, EPDM) M p.5

Silver based composites H p.5

Silver plated aluminium L p.5

Silver plated copper L p.5

Silver tin alloys (Electrical fuses) H p.5

Solder H p.6

Steels M p.6

Thermosets M p.6

Tungsten carbides H p.6

3
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Aluminium M Sn See aluminium alloys under metals for further in-
formation [1]

Aluminium wire L - Aluminium is sometimes used as a substitute for
copper because of its high conductivity to weight
ratio. None of the investigated AA standards used
for aluminum wire contain any of the 3TG metals.
See aluminium alloys for further information. [2]

AA 1350,
5005, 6201,
8017, 8030,
8176, 8177

Aluzinc L - Aluzinc is composed of 55% aluminium 43,4%
Zinc and 1,6% Silicon. It is for example used in
switchgear walls. During research, no functional
amounts of 3TG were found. [3]

Copper wire H Sn Pure copper has the highest conductivity/price
ratio of all elements. This makes is suitable for
most electronic applications. Copper is, however,
rather ductile and soft and therefore alloys of cop-
per and other elements is sometimes used when
conditions require so. One of the alloying ele-
ments used is tin. See copper alloys for further
information [4]

Copper-tungsten
composites

H W These composites are primarily used as arcing
contacts in SF6 circuit breakers. Tungsten has a
high temperature resistance which is needed in
these contacts. [5] [Link]

Cromate (CrIII)
metals

L - Chromate conversion coatings are mainly used to
increase the corrosion resistance of a metal, but it
can also be used as a adhesive layer. The coating
can be produced in a wide range of colours. [6]

Epoxy/PUR M Sn Epoxy is often used as a adhesiv material that
joins two surfaces together. It can also be used
as a coating on surfaces. When the epoxy is to
be used in elevated room temperatures, for exam-
ple in direct sunlight, the curing agent can some-
times be composed out of Lewis-acid which in
theory can be any cationic atom or molecule. The
most common Lewis-acid used is boron-trifluoride,
however, tin compounds are sometimes used as a
Lewis-acid. [7]

Hot dip galva-
nized Steels

M W, Sn For bulk material, see steel, for coating, see zinc.
3TG are never used in the coting and rarely in
the steel. [4] [8]

Porcelain L - During research, no functional amounts of 3TG
were found. [9]

4
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PTFE L - Polytetrafluoroethylene (PTFE) is a flourpolymer
with high thermal and chemical resistance. It is
also a good electric insulator. Because of this it
is used in a wide variety of applications including
electrical applications. During research, no traces
of any of the 3TG metals were found. [10]

Rubber (SiR,
EPDM)

M Sn Rubber can be used as electrically insulating ma-
terials and joints among other things. Tin can
be used as fire retardants for all kinds of rubber.
Tin-catalysts exist for rubbers but are most com-
mon in silicone rubbers. [11] [12]

Silver based
composites

H W, Sn Silver based composites are used in applications
where electrical conductivity as well as resistance
to wear is important. The main advantage sil-
ver composites has over silver alloys is that the
hardness can be increased without severe loss of
electrical conductivity. A typical application is
sliding contacts. Tungsten carbides and tin oxides
are used as a second phase material in the com-
posite. [4]

Silver plated
aluminium

L - During research, no functional amounts of 3TG
were found. [2]

Silver plated
copper

L - During research, no functional amounts of 3TG
were found. [13]

Silver tin alloys
(Electrical fuses)

H Sn The purpose of a fuse is to protect a system from
excess current. Fuses are composed out of a in-
sulating material with a conducting wire running
through it. When the current gets to high, the
conducting wire melts and thereby cuts the cir-
cuit. The metal wire in the fuse needs to have a
low melting point. The most commonly used met-
als for this applications are lead, tin, copper, zinc
and silver. For high voltage applications, silver
and copper are the commonly used. Tin is often
used as an alloy with silver and copper to prevent
oxidation. [14]

5
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Solder H Sn,
Au

Used for soldering together metal pieces. Tin is
used for its low melting point. Gold is used for its
appropriate colour and its nobility. [15]

>Glass solder M W, Ta A few investigated glass solders may contain 3TG.
Often used for sealing together glass pieces. [16]

>Hard Solder H Sn,
Au

Used for soldering together metal pieces at tem-
peratures above 550 ◦C. Some tin may be used
to lower the melting temperature. Gold is used
when soldering gold objects. Also called Braz-
ing. [15] [17] [18]

>Soft solder H Sn Used for soldering together metal pieces at tem-
peratures below 450 ◦C. Tin is used because of its
low melting temperature. [15] [17] [18]

Steels M W,
Ta,
Sn

See steel under metals for further information

>Electrical Steels
or Silicon Steels

M Sn Used in transformers, generators and electrical
motors to reduce loss of eddie currents. Ask your
supplier about chemical composition. Bulk ma-
terial and surface coating might contain tin. Tin
can be used to improve the magnetic properties
of the electrical steel, although rarely used. Main
alloying elements are Si, P, Al, Mn. [19] [20] [21]
[22] [23] [Link]

ASTM A664

>Stainless Steels M W, Ta See stainless steel under metals for further infor-
mation [8]

>Tinned Steels H Sn The coating contains tin and is often applied to
prevent rust. See steel under metals for informa-
tion about the material under the tin coating. [7]

Thermosets M Sn Thermosets are plastics with polymers that are
cross-link with irreversible chemical bond. [24]

Tungsten car-
bides

H W Often reffered to as hard metals where tungsten
carbides are fused together with a metal. [25]

6
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3 Ceramics

Advanced ceramics M p.8

Ceramic pigments M p.9

Porcelain L p.9

Traditional ceramics M p.10

7
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3.1 Advanced ceramics M
Info: Advanced ceramics are used for their electrical and structural properties. [26] [27] [28] [29] [30] [31]
[32] [33] [28] [34] [35]

Advanced Struc-
tural ceramics

M W Advanced structural ceramics are used in applications where
the structure of the material enhances a certain mechanical
property. [30] [31] [34] [35]

>Nuclear ceramics L - Nuclear ceramics are used in two major applications, as nu-
clear fuel and as a protection for long term disposal of nuclear
waste. During research, no functional amounts of 3TG were
found. [34]

>Substrate and
package ceramics

L - Electronic substrate and package ceramics serve two purposes
when applied to circuit boards. They are used as a substrate
to build components on as well as protective layer to seal the
components from the environment. The main materials used
for these applications are oxides of varying kind where alu-
minum oxide is the most common type. During research, no
functional amounts of 3TG were found. [35]

>Tribological wear
resistant ceramics

M W Tribological wear resistant ceramics exhibit high compression
strength as well as good tribological properties. Tungsten car-
bide are sometimes applied to bulk materials via arc plasma
spraying. It is also used in cutting tools, often as a composite
with cobolt. [30] [31]

8

30



Electroceramics M W,
Ta,
Sn

Electroceramics are used for electronic applications. [26] [27]
[28] [29] [32]

>Conductive ce-
ramics

M Sn During research tin oxides were found to play an important
role as a furnace for melting other materials, as well as a im-
portant material in carbon monoxide sensors. Conductive ce-
ramics includes semiconductors as a subgroup. Semiconduc-
tors are doped with elements which can tribute to the con-
ductivity of the material. This could in theory include any of
the 3TG metals. During research no specific composition of
semiconductors that consists of any of the 3TG metals were
found. [33] [28]

>Dielectric ceram-
ics for capacitors

M Ta, W Dielectric ceramics are used in capacitors because they can be
polarized by an applied electric field. Tungsten oxide and tan-
talum oxide is sometimes used in this kind of materials because
of their high dielectric constant. [26]

>Magnetic ceram-
ics

M Ta Magnetic ceramics are mainly used in recording apparatus and
transformer applications. They are made out of ferrite, which
can be described by the general formula M(FexOy) where M
is a metal. Tantalum is sometimes used to improve magnetic
properties. [28]

>Optical ceramics
and glasses

M Sn,
Ta

Optical ceramics are used in many applications such as, bar-
code readers, lasers, optical fibers and glass windows for build-
ings. Optical ceramics and glasses include many different
chemical structures where some of them could contain 3TG
metals. Tantalum is sometimes used in glasses to increase op-
tical properties and tin is used in the process of creating float
glass as normal window panes. [29] [32]

>Piezoelectric ce-
ramics

M Ta, W Piezoelectric ceramics are used for ex. small motors in micro-
scopes and other applications where small movement is neces-
sary. The main group of piezoelectric ceramics are perovskites.
They have a general formula of ABO3 where A and B can be a
number of elements including tungsten and tantalum [27]

3.2 Ceramic pigments M
Info: All the colours listed below may contain 3TG. However, there are many other pigments that are not
listed. They have a low chance of containing 3TG. [36]

Blue H Sn [36]

Blue-green H Sn [36]

Coral H Sn [36]

Gray H Sn [36]

Orange H Sn [36]

Pink H Sn [36]

Primrose H Sn [36]

Yellow H Sn, W [36]

Yellow-brown H Sn, W [36]

3.3 Porcelain L

9
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Info: During research, no functional amounts of 3TG were found. [9]

3.4 Traditional ceramics M
Info: Traditional ceramics are extracted from naturally occurring raw materials such as clay and quartz.
They are mainly used for building blocks, structural purposes and decorative products. [37] [38] [39]

Abrasives H W Abrasives are used to polish and cut other materials. There
are two subgroups of abrasives, namely super abrasives and
traditional abrasives. Super abrasives mainly consists of either
diamond or cubic boron nitride but may contain tungsten in
some cases to increase its hardness. [38]

>Conventional
abrasives

L - During research, no functional amounts of 3TG were found.
[38]

>Super abrasives H W Super abrasives mainly consists of either diamond, cubic boron
nitride and in some cases tungsten to increase its hardness. [38]

Cement M Sn Cements is a subgroup of traditional ceramics. It is a binder,
meaning that it sets and bind other materials together. There
may be a presence of tin in cements to reduce hexavalent
chrome which, if not reduced, can cause severe eczema. [9] [40]

Refractories L - Refractory ceramics is a subgroup of traditional ceramics.
They are used in environments where there is a presence of
high temperature. During research, no functional amounts of
3TG were found. [39]

Structural clay
products

L - Structural clay products are used for ex. building blocks. The
composition of these clay products does not differ from white-
wares, but the exhibited mechanical properties is different due
to coarser particle. During research, no functional amounts of
3TG were found. [37]

Whitewares L - Whitewares is a subgroup of traditional ceramics composed
of clay, quartz and feldspar. It is mainly used for clinic envi-
ronments such as bathrooms. During research, no functional
amounts of 3TG were found. [37]

10
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4 Metals

Aluminium and aluminium alloys M p.12

Copper and copper alloys H p.13

Gold and gold alloys H p.15

Lead and lead alloys H p.15

Magnesium alloys L p.16

Nickel and Nickel alloys M p.16

Refractory alloys H p.19

Silver alloys L p.20

Steels M p.21

Zinc alloys L p.22

11
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4.1 Aluminium and
aluminium alloys M

Info: Aluminium is used as the base metal. It is used in a wide range of applications. For further infor-
mation, see wrought and cast aluminium. [1]

Cast Aluminium
alloy

M Sn Casted aluminium are in some cases alloyed with
up to 7% tin to increase machinibility and anti-
friction characteristicts. It is used in a wide range
of applications, for example in bearings. [1]

>Aluminium-
Silicon with Mag-
nesium and/or
Copper alloyed

M Sn Aluminium-silicon with magnesium and/or cop-
per. [1]

AA 3xx,x

>Binary
Aluminium-silicon
alloys

M Sn Binary aluminium-silicon alloys. [1] AA 4xx,x

>Copper alloyed M Sn Copper is the major alloying element. [1] AA 2xx,x
>Magnesium al-
loyed

M Sn Magnesium is the major alloying element. [1] AA 5xx,x

>Tin alloyed H Sn Tin is the major alloying element. [1] AA 8xx,x
>Unalloyed alu-
minium

L - Pure Aluminium. [1] AA 1xx,x

>Zinc alloyed L - Zinc is the major alloying element. During re-
search, no functional amounts of 3TG were found.
[1]

AA 7xx,x

>>Aluzinc L - Aluzinc is composed of 55% aluminium 43,4%
Zinc and 1,6% Silicon. It is for example used in
switchgear walls. [3]

Wrought Alu-
minium alloy

M Sn Wrought aluminium are in some cases alloyed
with up to 15% tin to increase the machinibility
and to influence precipitation hardening of the al-
loy. It is used in a wide range of applications, for
example in bearings. [41]

>Alloyed with
other element

H Sn Alloyed with other elements, including tin. [41] AA 8xxx

>Copper-alloyed L - Copper is the main alloying element. During re-
search, no functional amounts of 3TG were found.
[41]

AA 2xxx

>Magnesium and
Silicon-alloyed

L - Magnesium and silicone are the main alloying ele-
ments. During research, no functional amounts of
3TG were found. [41]

AA 6xxx

>Magnesium-
alloyed

L - Magnesium is the main alloying element. Dur-
ing research, no functional amounts of 3TG were
found. [41]

AA 5xxx

>Manganese-
alloyed

L - Manganese is the main alloying element. Dur-
ing research, no functional amounts of 3TG were
found. [41]

AA 3xxx

>Pure Aluminium L - Pure Aluminium [41] AA 1xxx
>Zinc-alloyed L - Zinc is the main alloying element. During re-

search, no functional amounts of 3TG were found.
[41]

AA 7xxx
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4.2 Copper and copper alloys H
Info: Copper and copper alloys are widely used by the industry. When alloyed with tin it increases the
strength and corrosion resistance and decreases the thermal and electrical conductivity. [42] [Link]

Brasses H Sn Brass is usually used for applications where low
friction is required such as locks, gears, valves,
plumbing and electrical applications. Tin can be
added to brass to increase the corrosion resistance
and strength. [42] [Link]

>Cast Brasses H Sn Many of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS C83300
- C89999

>>Cast - Silicon
Bronzes and Sili-
con Brasses

M Sn A few of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C87000-
C87999

>>Copper-
Bismuth and
Copper-Bismuth-
Selenium Alloys

H Sn Many of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C88000-
C89999

>>High Strength
Yellow Brasses

M Sn A few of the listed alloys contains functional
amounts of tin [42] [Link]

UNS
C86000-
C86999

>>Red and
Leaded Red Brasses

H Sn Many of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C83300-
C83999

>>Semi-Red and
Leaded Semi-Red
Brasses

H Sn All of the listed alloys contains functional
amounts of tin [42] [Link]

UNS
C84000-
C84999

>>Yellow Brasses H Sn Many of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C85000-
C85999

>Wrought Brasses M Sn All listed alloys between (C40000-C49999) con-
taines tin. [42] [Link]

UNS
C20000-
C49999

>>Leaded
Brasses

L - During research, no functional amounts of 3TG
were found. [42] [Link]

UNS
C30000-
C39999

>>Tin Brasses H Sn All listed alloys contains tin. [42] [Link] UNS
C40000-
C49999

>>Yellow Brasses M Sn A few of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C20000-
C29999
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Bronzes H Sn Bronzes are a versatile class of bearing materials
with a broad range of properties. Bronze is of-
ten copper alloyed with tin to increase strength
and corrosion resistance. Though, there are some
types of bronzes that do not contain any tin, and
therefore no 3TG. [42] [Link]

>Cast Bronzes H Sn [42] [Link] UNS C90000
- C95999

>>Cast Alu-
minium Bronzes

L - During research, no functional amounts of 3TG
were found. [42] [Link]

UNS
C95000-
C95999

>>High-Leaded
Tin Bronzes

H Sn All of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C93000-
C94500

>>Leaded Tin
Bronzes

H Sn All of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C92000-
C92900

>>Nickel-Tin
Bronzes

H Sn All of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C94600-
C94999

>>Tin Bronzes H Sn All of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C90000-
C91999

>Wrought Bronzes H Sn [42] [Link] UNS
C50000-
C69999

>>Brazing Alloys L - During research, no functional amounts of 3TG
were found. [42] [Link]

UNS
C55000-
C55299

>>Copper-Silver-
Zinc-Alloys

M Sn Some of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C55300-
C60799

>>Leaded Phos-
phor Bronzes

H Sn All listed alloys contains tin. [42] [Link] UNS
C53000-
C54999

>>Other Copper-
Zinc Alloys

M Sn Some of the listed alloys contains functional
amounts of tin. This includes manganese bronze,
Aluminium brass etc. [42] [Link]

UNS
C66200-
C69999

>>Phosphor
Bronzes

H Sn All listed alloys contains tin. [42] [Link] UNS
C50000-
C52999

>>Wrought - Sil-
icon Bronzes and
Silicon Brasses

H Sn The listed Silicon brasses contains functional
amounts of tin, but none of the listed silicon
bronzes contains tin. [42] [Link]

UNS
C64700-
C66199

>>Wrought Alu-
minium Bronzes

M Sn Some of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C60800-
C64699

Cast Copper-
Lead Alloys

H Sn Many of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C98000-
C98999
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Cast Special Al-
loys

H Sn Many of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C99000-
C99999

Copper L - [42] [Link]
>Cast Coppers L - During research, no functional amounts of 3TG

were found. [42] [Link]
UNS C80000
- C81399

>Wrought Coppers L - During research, no functional amounts of 3TG
were found. [42] [Link]

UNS
C10100-
C15999

Copper Nickels H Sn Copper Nickels are mainly used in heat exchang-
ers and condensers. Tin can be added to increase
corrosion resistance and strength. [42] [Link]

>Cast Copper-
Nickels

M Sn Some of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C96000-
C96999

>Wrought Copper
Nickels

H Sn >25% of the of the listed alloys contains func-
tional amounts of tin. [42] [Link]

UNS C70000
- C73499

Copper-tungsten
composites

H W These composites are primarily used as arcing
contacts in SF6 circuit breakers. Tungsten has a
high temperature resistance which is needed in
these contacts. [5] [Link]

High Copper
Alloys

H Sn [42] [Link]

>Cast High Cop-
per Alloys

L - During research, no functional amounts of 3TG
were found. [42] [Link]

UNS C81400
- C83299

>Wrought High
Copper Alloys

H Sn >25% of the listed alloys contained functional
amounts of tin. [42] [Link]

UNS
C16000-
C19999

Nickel Silvers H Sn Nickel Silvers industrial and technical uses in-
cludes marine fittings, plumbing fixtures and
heating coils for its high electrical resistance. Tin
can be added to increase corrosion resistance and
strength. [42] [Link]

>Cast Nickel Sil-
vers

H Sn All of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS
C97000-
C97999

>Wrought Nickel
Silvers

M Sn A few of the listed alloys contains functional
amounts of tin. [42] [Link]

UNS C73500
- C79999

4.3 Gold and gold alloys H
Info: Gold and most gold alloys have a high conductivity and corrosion resistance. They are therefore
used in most electronic devices, for example cell phones. Gold is also often used as plating on connectors
and relay contacts to keep them free from corrosion. [4]

4.4 Lead and lead alloys H
Info: Lead is mainly used in lead-acid batteries as connectors and battery grids. Other applications are
bearings, soldering wire, protective platings, ammunitions, cable sheatings and constructive materials. Tin
is used in a lot of alloys to increase hardness, strength and ability to wet and bond metals as steel and
coppers. [4]
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Lead-antimony
alloys

H Sn Used in battery grids and other battery alloys.
Some of the listed alloys contains functional
amounts of tin. [4]

UNS
L52500-
L53799

Lead-arsenic al-
loys

H Sn Used in cable sheatings. Many of the listed alloys
contains functional amounts of tin. [4]

UNS
L50300-
L50399

Lead-barium al-
loys

M Sn Tin found in most alloys. Some of the listed alloys
contains functional amounts of tin. [4]

UNS
L50500-
L50599

Lead-cadmium
alloys

L - Lead-cadmium autetic alloy. During research, no
functional amounts of 3TG were found. [4]

UNS
L50900-
L50999

Lead-calcium
alloys

H Sn Used in battery grids, cable-sheating and elec-
trowinning. Many of the listed alloys contains
functional amounts of tin. [4]

UNS
L50700-
L50899

Lead-copper al-
loys

M Sn Used in bearings, soft lead etc. Some of the listed
alloys contains functional amounts of tin. [4]

UNS
L51100-
L51199

Lead-indium al-
loys

M Sn Used in solders. Some of the listed alloys contains
functional amounts of tin. [4]

UNS
L51500-
L51599

Lead-lithium al-
loys

H Sn Many of the listed alloys contains functional
amounts of tin. [4]

UNS
L51700-
L51799

Lead-Silver al-
loys

H Sn Mainly used in solder, electronics and cable sheat-
ings. Many of the listed alloys contains functional
amounts of tin. [4]

UNS
L50100-
L50199

Lead-strontium
alloys

M Sn Used as battery alloys. Some of the listed alloys
contains functional amounts of tin. [4]

UNS
L55200-
L5299

Lead-tin alloys H Sn Many of the listed alloys contains functional
amounts of tin. [4]

UNS
L54000-
L55099

Micelanios Lead
alloys (ASTM
and SAE)

H Sn Many of the listed alloys contains functional
amounts of tin. [4]

Unspecified

Pure leads L - Pure lead with >99.94% lead. During research, no
functional amounts of 3TG were found. [4]

UNS
L50000-
L50099

4.5 Magnesium alloys L
Info: During research, no functional amounts of 3TG were found. [43] [Link]

4.6 Nickel and Nickel alloys M
Info: Nickel is often used in applications where resistance to heat, corrosion and mechanical stress are
necessary. Tungsten and tantalum carbides are often used to harden the alloys. [25] [44] [45] [46] [4]
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Cast heat resis-
tant nickel alloys

L - Heat and corrosion resistant alloys consisting of
Ni-Cr, Ni-Fe-Cr or Ni-Cr-Fe. During research, no
functional amounts of 3TG were found. [25] [45]

Corrosion resis-
tant nickel alloys

M W,
Ta,
Sn

Alloys used for corrosion resistance where me-
chanical and heat resistance it not as important.
Tungsten, tantalum and tin are used to harden
the alloys. [25] [46]

>Commercially
pure nickels

L - Wrought and cast pure nickel. During research,
no functional amounts of 3TG were found. [25]
[46]

UNS
N022xx,
N02100

>Low-alloy nickels L - Wrought alloys. During research, no functional
amounts of 3TG were found. [25]

UNS
N0(2,3)xxx

>Nickel-chromium
alloys

H W,
Ta,
Sn

Alloys wih excellent resistance to corrosion. Con-
tains tin, tantalum and tungsten to a high de-
gree. [25]

>>Iron-Nickel-
chromium alloys

L - Wrought. During research, no functional amounts
of 3TG were found. [25]

UNS
N088xx

>>Nickel-
chromium-iron-
molybdenum alloys

H W, Ta Wrought [25] UNS
N0(6,8)xxx,
N1xxxx,
R2xxxx

>>Nickel-
chromium-
molybdenum alloys

H W, Sn Wrought and cast [25] [46] UNS
N06xxx,
N(1,2)xxxx

>>Nickel-
chromium-tungsten
alloys

H W Wrought [25] UNS
N0(6,8)xxx,
N1xxxx

>Nickel-copper
alloys

L - Wrought and cast alloys. During research, no
functional amounts of 3TG were found. [25] [46]

UNS
N0(4,5)xxx,
N230xx

>Nickel-
molybdenum alloys

L - Wrought and cast alloys. During research, no
functional amounts of 3TG were found. [25] [46]

UNS
N(1,3)0xxx

>Precipitation
hardened alloys

L - During research, no functional amounts of 3TG
were found. [25]

UNS
N0(6,7,8)xxx

>Wrought cor-
rosion resistant
nickel alloys

M W, Ta Wrought and sometimes alloyed with tungsten
and tantalum for increased mechanical properties.
[25]
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Nickel base su-
peralloys

H W, Ta Alloys designed to withstand 540◦C and still
maintain good mechanical properties. The base
metal is often alloyed with tungsten and tantalum
to harden the alloy. [25] [44] [4] [Link]

>Cast direction-
ally solidified su-
peralloys

H W, Ta [25] [44]

>Cast polycrys-
taline superalloys

H W, Ta [25] [44]

>Cast single crys-
tal superalloys

H W, Ta [25] [44]

>Wrought precip-
itation hardened
suepralloys

M W, Ta Based on Fe-Ni or Ni. [25] [44] UNS
N0(6,7,9)xxx,
N13xxx,
N199xx,
S66xxx

>Wrought solid
solition superalloys

H W, Ta [25] [44] UNS
N1xxxx,
N0(6,7,8)xxx,
R30xxx

Nickel coatings M W, Sn Nickel or nickel alloys added to surfaces through
electrochemistry, thermal spraying, weld surfacing
or solid surface cladding. Tungsten and tin are
used in some coatings. [25]

Special purpose
nickel alloys

L - Alloys designed for a multitude of specific tasks.
During research, no functional amounts of 3TG
were found. [4] [25]

>Electronic appli-
cations

L - Corrosion resistant conductor. Commercially pure
nickel. During research, no functional amounts of
3TG were found. [25]

UNS
N022xx

>Low expansion
alloys, INVAR

M W, Ta Alloy with low thermal expansion often with a
Ni-Fe base. Some of the investigated alloys coin-
tained tungsten and tantalum. [4] [25]

UNS
N199xx,
K93601

>Ni-Fe soft mag-
netic alloys

L - Soft magnetic. During research, no functional
amounts of 3TG were found. [25]

>Nickel alumide L - Ni3Al. Used anti oxidizer. During research, no
functional amounts of 3TG were found. [25]

>Nickel-beryllium
alloys

L - Easily casted material with excellent hardness
to ductility ratio. During research, no functional
amounts of 3TG were found. [25]

UNS
N03360,
N03220

>Nickel-titanium
alloys

L - Ni-45Ti. Fix composition of nickel and titanium
used for memorymetals. During research, no func-
tional amounts of 3TG were found. [4] [25] [Link]

>Resistance heat-
ing alloys

L - Alloys designed to induce heat from electric cur-
rent. Commoly composed of Ni-Cr or Ni-Cr-Fe.
During research, no functional amounts of 3TG
were found. [25]

>Thermocouples L - Material with varying electromotive force depend-
ing on the temperature. During research, no func-
tional amounts of 3TG were found. [4] [25]
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4.7 Refractory alloys H
Info: Refractory alloys are used in applications where high temperature resistance is needed. They are of-
ten alloyed with tantalum and tungsten which both have a high melting point and high mechanical strength.

Cobalt alloys H W, Ta Alloys with a high resistance to wear, heat and
corrosion. [25]

UNS
R3xxxx

>Cemented car-
bides, ”Hard met-
als”

H W, Ta Tungsten carbides are often used as a reinforce-
ment in a cobalt matrix. It is often used for cut-
ting applications. [25]

>Cobalt coatings M W, Sn Coatings for other materials that is applied
through electrochemistry, thermal spraying etc.
Found containing Tungsten and tin. [25]

>Cobalt commer-
cial purity

L - No functional amounts of 3TG are used in pure
cobalt. [4]

UNS
R3xxxx

>Cobalt magnetic
materials

L - During research, no functional amounts of 3TG
were found. [25]

>Cobalt-base Su-
peralloys

H W, Ta Material with excellent resistance to heat and
creep and with good mechanical properies. Tung-
sten and tantalum are used to harden the mate-
rial. [44] [25]

UNS
R3xxxx

>General cobalt
alloys

H W, Ta Often used for its heat resistance or corrosion re-
sistance. Tungsten and tantalum are used to im-
prove the hardness of the material. [25]

UNS
R3xxxx

Molybdenum
alloys

H Ta, W Molybdenum alloys are used in a wide variety of
products such as cutting-edge electronic devices,
touch-screens, LED lighting and high-efficiency
thin-film solar cells. They are usually alloyed with
tantalum or tungsten to increase the corrosion re-
sistance and strength at high temperatures. No
3TG found in alloys covered by UNS but many
specialized alloyes contains tantalum and tung-
sten. [47] [Link]

R03xxx

Niobium alloys H W, Ta Alloys with a high resistance to heat and mechan-
ical stress. Tungsten and tantalum are used to
improve the hardness of the material. [4]

UNS
R04xxx

Rhenium alloys H W High resistance to heat and mechanical stress.
Tungten is used to improve abilities. [4]

Tantalum alloys H Ta, W Common applications for tantalum alloys are as
heat exchangers and heating elements. Many tan-
talum alloys also contains tungsten to increase the
hardness of the alloy. [47] [Link]

UNS
R05xxx
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Titanium alloys H Sn Titanium alloys are corrosion resistant and have
a high strength to weight ratio. They are widely
used, one example is in military aircrafts. The al-
loy is called alpha when it has the hexagonal close
packing structure (HCP) and beta when it has
base centered cubic structure (BCC). Tin in tita-
nium alloys is an alpha stabilizer while tantalum
in titanium alloys is a beta stabilizer. [48] [49]

UNS
R5xxxx

>Alpha alloy H Sn,
Ta

Alpha stabilizing elements are aluminum, oxygen
and nitrogen. Tantalum is Medium risk. [48] [49]

>Alpha-beta alloy H Sn,
Ta

Tantalum is Medium risk [48] [49]

>Beta alloy H Sn,
Ta

Beta stabilizing elements are molybdenum, iron,
vanadium, chromium and manganese.Tantalum is
Medium risk [48] [49]

>Near-alpha alloy H Sn,
Ta

Tantalum is Medium risk [48] [49]

>Near-beta alloy H Sn,
Ta

Tantalum is Medium risk [48] [49]

>Three phase alloy H Sn,
Ta

Tantalum is Medium risk [48] [49]

>Unalloyed tita-
nium

L - >99% Ti [48] [49]

Zirconium alloys H Sn Zirconium alloys are mainly used to clad nuclear
waste. Small functional amounts of tin is usually
added for corrosion resistance. [47] [Link]

UNS
R6xxxx

4.8 Silver alloys L
Info: Silver in its pure form is a soft and ductile metal. It has the highest conductivity of all metals. For
industry purposes it is mainly used as coating material on contacts. During research, no functional amounts
of 3TG were found. [4]

Dental amalgam H Sn Dental amalgam is often referred to as silver fill-
ing. It is mainly used for dental applications, like
tooth repairs. Dental amalgam typically contains
15% tin. [4]

Silver brazing
alloys

L - Silver brazing alloys are, as the name implies,
used for silver brazing. The composition is typ-
ically made out of Silver, copper, zinc and cad-
mium. During research, no functional amounts of
3TG were found. [4]

Silver copper
alloys

L - Silver alloyed with copper is often referred to as
Sterling silver. Composition wise, Sterling silver
must be composed of at least 92.5% silver. The
other 7.5% can be made out of any other element.
The main purpose of the alloying element is to
make the alloy harder and copper has been proven
to be the most well suited element for this appli-
cation. During research, no functional amounts of
3TG were found. [4]
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Silver magne-
sium nickel al-
loys

L - Silver magnesium nickel alloys are mainly used
in products where high conductivity is essential.
As the name states, these alloys are mainly com-
posed out of silver, magnesium and nickel. Dur-
ing research, no functional amounts of 3TG were
found. [4]

Silver tin alloys
(Electrical fuses)

H Sn The purpose of a fuse is to protect a system from
excess current. Fuses are composed out of a in-
sulating material with a conducting wire running
through it. When the current gets to high, the
conducting wire melts and thereby cuts the cir-
cuit. The metal wire in the fuse needs to have a
low melting point. The most commonly used met-
als for this applications are lead, tin, copper, zinc
and silver. For high voltage applications, silver
and copper are the commonly used. Tin is often
used as an alloy with silver and copper to prevent
oxidation. [14]

4.9 Steels M

Alloy Steels H W Alloy steel is a wide group of steels. Alloying ele-
ments include Mn, S, P, Si, Ni, Cr, Mo, V and W.
Since it is a wide group of steels its also used in a
wide range of products. [8]

>Electrical Steels
or Silicon Steels

M Sn Used in transformers, generators and electrical
motors to reduce loss of eddie currents. Ask your
supplier about chemical composition. Bulk ma-
terial and surface coating might contain tin. Tin
can be used to improve the magnetic properties
of the electrical steel, although rarely used. Main
alloying elements are Si, P, Al, Mn. [19] [20] [21]
[22] [23] [Link]

ASTM A664

>High alloy Steels H W [8]
>Low alloy Steels L - [8] ASTM

(1,2,3,4,5,6,7,9)xxx

Carbon Steels L - Carbon steels are in this manual defined as steel
containing only carbon and iron. By this defini-
tion, no 3TG are present. Carbon steel is, because
of its versatility, used in a wide range of prod-
ucts. [8]

>High carbon con-
tent

L - [8] ASTM 10xx

>Low carbon con-
tent

L - [8] ASTM 10xx

>Medium carbon
content

L - [8] ASTM 10xx

Maraging Steels L - Maraging steel differs from conventional steel by
the fact that it does not contain any carbon. It
has a high fracture toughness and good mechan-
ical properties in general. During research, no
functional amount of 3TG were found. [8]
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Spring Steels L - Materials used for springs. During research, no
functional amounts of 3TG were found. [8]

ASTM Axxx

Stainless Steels M W, Ta Stainless steels are used as corrosion resistant ma-
terials. Some of the subgroups contain 3TG met-
als as a alloying element to increase the overall
mechanical properties of the material. [8]

>Austenitic stain-
less Steels

M Ta, W [8] UNS
(S,N)xxxxx

>Duplex stainless
Steels

M W A few of the listed alloys contains tungsten [8] UNS Sxxxxx

>Ferritic stainless
Steels

L - During research, no functional amounts of 3TG
were found. [8]

UNS S4xxxx

>Martensitic
stainless Steels

M W A few of the listed alloys contains tungsten [8] UNS Sxxxxx

>Precipitation
hardened stainless
Steels

M W A few of the listed alloys contains tungsten [8] UNS Sxxxxx

Tool Steels H W In general, tool steels are used in environments
where resistance to heat as well as wear are im-
portant. Hard materials that can keep a cutting
edge is preferable for these situations, and there-
fore carbides are often used in this type of materi-
als. Tungsten carbides are widely used to achieve
hardness and durability. [8]

>Cold work group H W [8] AISI
(A,D,O)x
UNS
T3xxxx

>High speed group H W [8] AISI
(M,T)xx
UNS
T1xxxx

>Hot work group H W [8] AISI Hxx
UNS
T2xxxx

>Powder Metal H W Products made from powder. There is almost all-
ways a presence of tungsten. [8]

AISI
(M,T)xx

>Shock resisting
group

H W [8] AISI Sx
UNS T419xx

4.10 Zinc alloys L
Info: During research, no functional amounts of 3TG were found. [4]

Wrought zinc
alloys

L - During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx

>Flat-Rolled prod-
ucts

L - During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx

>Wire-Drawn
products

L - During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx
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Zinc alloy cast-
ings

L - During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx

>Gravity castings L - During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx

>Pressure die cast-
ings

L - During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx

Zinc coatings L - Zinc coatings are used to prevent corrosion. Dur-
ing research, no functional amounts of 3TG were
found. [4]

UNS Zxxxxx

>Electrogalvanizing L - The coating is often pure zinc, zinc-nickel or zinc-
iron. During research, no functional amounts of
3TG were found. [4]

UNS Zxxxxx

>Hot dip galvaniz-
ing

L - Bulk material dipped in zinc or zinc alloy with a
small amount of aluminium. During research, no
functional amounts of 3TG were found. [4]

UNS Zxxxxx

>Mechanical gal-
vanizing

L - Is youst when the bulkmaterial is badly affected
by the heat in the hot dip galvanizing. During
research, no functional amounts of 3TG were
found. [4]

UNS Zxxxxx

>Metallizing L - Also known as thermal spraying. Zinc or zinc-
aluminium is often used as a coating material.
During research, no functional amounts of 3TG
were found. [4]

UNS Zxxxxx
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5 Plastics

Additives M p.25

Rubber M p.25

Thermoplastics M p.26

Thermosets M p.27
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5.1 Additives M [50]

[51]

Aesthetics M Sn Additives concerning aesthetics include colours, brighteners,
gloss and mat modifiers and mar resistance. Some pigments
used to colour polymers contain tin or tungsten. Colours that
may contain tin or tungsten are especially yellow, bronze, blue-
gray, pearlescent and orange. [52] [36]

Conductive
fillers

M Sn Plastics that are used to conduct electricity or for shielding
from electromagnetic interference. It can contain stainless steel
or copper alloys. [53]

Cost cutters L - Cost cutters are used for lowering the material cost of the
polymer/plastic. 3TG are relatively expensive materials not
suited for this application. During research, no functional
amounts of 3TG were found. [54]

Durability M Sn Some materials make use of organotin compounds. Studies
pointing to a health hazard connected to organotin compounds
has made the materials less common. In Europe these mate-
rials are being phased out so they are more common in North
America and Asia. [55]

>Anti-hydrolysis M Sn There are some cases where organotin compounds are used.
Organotin is most commonly used in asia and north america.
[56] [57] [58]

>Anti-UV M Sn The most common anti-UV additive is carbon black. There
may be some cases were organotin are used but mostly in asia
and north america. [59] [60] [56]

>Antioxidants L - Consists of large inorganic compounds. During research, no
3TG were found. [61] [59]

>Stabilizers M Sn Some heat stabilizers contain organotin compounds. These are
foremost connected to PVC. [55]

Fibers L - Fibers are used to increase the mechanical properties of plas-
tics. This section does not include metallic fibers, for metallic
fibers, see conductiv fillers. [6] [53]

Fire Retardants M Sn Tin as fire retardants is most common in PVC but can also
be used in other plastic. The usuall tin based fire retardants
is zinc hydroxystannat (ZHS) and zinc stannate (ZS). [62] [63]
[64] [65]

Impact modifers L - Impact modifers are used to make plastics less brittle. [66]

Magnetic filler L - Magnetic particles that are added to the plastics. The common
magnetic fillers are ferrite, barium ferrite, alnico, samarium
cobalt (SmCo). [53] [67] [68]

Mineral fillers or
glass beads

L - During research, no functional amounts of 3TG were found.
[69]

Nanoclays L - During research, no functional amounts of 3TG were found.
[69]

Plasiticizers L - Plasiticizers are used to make the plastic more flexible. [70]

5.2 Rubber M
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Info: Rubber can be used as electrically insulating materials and joints among other things. Tin can be
used as a fire retardants for all kinds of rubber. Tin-catalyst exist for rubbers but is most common in sili-
cone rubbers. [11] [12]

5.3 Thermoplastics M
Info: Thermoplastics are plastics with polymers that do not have irreversible chemical bond between the
polymers. [24]

Ethylene ethyl
acetate

M Sn Ethylene ethyl acetate (EEA) is, among other things, used in
halogen-free cables. Tin containing fire retardants, zinc hy-
droxystannate (ZHS) and zinc stannate (ZS), is known to be
added. [24] [65]

Ethylene vinyl
acetate

M Sn Ethylene vinyl acetate (EVA) is, among other things, used in
halogen-free cables. Tin containing fire retardants, zinc hy-
droxystannate (ZHS) and zinc stannate (ZS), is known to be
added. [24] [65]

Poly(methyl
methacrylate)
(PMMA)

L - PMMA is used in glazing of buildings and other application
translucent hard material. During research, no functional
amounts of 3TG were found as stabilizers, fire retardants or
catalyst. [71]

Polyamid M Sn Polyamide, also known as nylon, can be use as insulators, in
switch housings and the cable ties. Tin containing fire retar-
dants, zinc hydroxystannate (ZHS) and zinc stannate (ZS), is
known to be added. [72] [24] [65]

Polycarbonate
(PC)

M Sn Polycarbonate is used among other things in electrical compo-
nents. No tin containing fire retardants was found except in
a PC/ABS blend. Tin catalyst can also be use to synthesize
PC [72] [24]

Polyester M Sn Polyester can, among other things, be used in circuit break-
ers and connectors. Tin containing fire retardants, as zinc
stannate and some tin(II) compounds is known to be added
to polyester. Organotin compounds can be found as cata-
lysts. [24] [65] [72]

Polyethylene M Sn Polyethylene (PE) is a very common polymer and is used in a
wide variety of products. The fire retardants zinc hydroxystan-
nate (ZHS) and zinc stannate (ZS) can be used in PE for cable
insulation. [24] [65]

Polypropylene M Sn Polypropylene (PP) is a very common polymer and is used in a
wide variety of products. The fire retardants zinc hydroxystan-
nate (ZHS) and zinc stannate (ZS) can be used in PP for cable
insulation. [24] [65]

Polystyren M Sn Polystyrene has many uses, for example in rigid packaging
and instrument control knobs. The fire retardants zinc hy-
droxystannate (ZHS) and zinc stannate (ZS) can be used in
polystyrene. [72] [24] [65]

>Acrylonitrile-
butadienestyrene
(ABS)

M Sn ABS is used in a large variety of products and is commonly
used by the electrical and eletronics industry. No cases were
found where only ABS contained tin. Although some ABS-
blends did contain tin. [72] [24]
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Polyvinylidene
chloride

M Sn Polyvinylidene chloride have very low permeability to water
and gases and can be used as a film to cover other plastics or
as food wrap. Tin stabilizers can be used. [73]

PTFE L - Polytetrafluoroethylene (PTFE) is a flourpolymer with high
thermal and chemical resistance. It is also a good electric in-
sulator. Because of this, it is used in a wide variety of appli-
cations including electrical applications. During research, no
traces of any of the 3TG metals were found. [10]

PVC
(Polyvinylchlo-
ride)

M Sn Polyvinylchloride (PVC) is used in pipes, wires and cables to
mention a few application. It is quite common to use organotin
as stabilizers and zinc hydroxystannate (ZHS) (see fire retar-
dants) as a fire retardant. [74] [75] [72] [65]

5.4 Thermosets M
Info: Thermosets are plastics with polymers that are cross-link with irreversible chemical bond. [24]

Epoxy/PUR M Sn Epoxy is often used as a adhesive material that joins two sur-
faces together. It can also be used as a coating on surfaces.
When the epoxy is to be used in elevated room temperatures,
for example in direct sunlight, the curing agent can sometimes
be composed out of Lewis-acid which in theory can be any
cationic atom or molecule. The most common Lewis-acid used
is boron-trifluoride, however, tin compounds are sometimes
used as a Lewis-acid. [7]

Polyurethane M Sn Polyurethane is mostly used as rigid or flexible foams. Organ-
otin compounds is commondly used as catalysts. [72] [24]
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