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TIM PROTZMANN is a development engineer with Heraeus. He began focusing on the field of
additive manufacturing while studying mechanical engineering. At Heraeus, he can delve even
deeper into the material – because here, he and his colleagues are the crucial link between an
idea and its implementation. The opportunity to research cutting-edge topics is highly motivating for the young professional. Tim Protzmann is hardly an exception to the rule: Heraeus both
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Survey and Professional Survey.
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ABOUT HERAEUS
Heraeus, the technology group headquartered in
Hanau, Germany, is a leading international family-owned company formed in 1851. With expertise,
a focus on innovations, operational excellence and
an entrepreneurial leadership, we strive to continuously improve the businesses of our customers
around the world.
We create high-quality solutions for our customers
and strengthen their long-term competitiveness by
combining material expertise with technological
know-how. Our ideas are focused on important
issues such as the environment, energy, health,

heraeus.com

DEAR READERS,
welcome to the Heraeus technology report. Offering
a mixture of popular science and scholarly articles, the fifth issue of our technology magazine
once more invites readers interested in Heraeus’
technology on a journey through its innovative and
varied line of products and applications.
Above all, the spotlight is on innovations that
caused a sensation in recent months – and not just
for customers. How Heraeus is contributing to a
breakthrough in electromobility with new products
for fuel cells and batteries, how UV LEDs can be
used to combat air pollution in China’s metropolises, and why additive manufacturing (3D printing) is
not for beginners – you can learn all this and more
in our latest issue.
The technology report reflects the wide range of
possibilities that Heraeus offers with its innovative products and ideas. Innovation has been the
foundation of Heraeus’ success since 1851, as
well as a key element of our strategy for growth.
With high-quality products and solutions that
ensure a clear competitive advantage, we contribute substantially to our customers’ long-term value
creation.
Our culture of innovation is distinguished by its
international focus, creative employees and strong
customer orientation. In many of our business
units, experts are permanently assigned to our
customers, so that they can understand the work
processes in detail and help to improve them with
2

Heraeus expertise. Global networking fosters new
ideas, as does an informed outlook that extends
beyond our own projects, allowing us to realize our
markets’ opportunities in a targeted way. More than
5,700 patents and patent applications underscore
our creative potential. In 2017, we will invest
nearly €150 million in research and development.
About 700 developers at 28 locations around the
world are working on new products and material
and system solutions.
The topics in the technology report also show that
we do not hesitate to engage with new trends and
technologies. We view new business as opportunities to develop solutions for the future, in exciting
areas of application and growth markets such as
amorphous metals, electromobility, the complex
and widely interlinked world of renewable energies,
or the miniaturization of medical implants. And we
do not do this alone. Rather, we rely on the power
of collaboration, on partnerships with other companies, and on networking, because this creates the
fertile ground for innovations.
You will find several examples of these activities on
the following pages.
We hope you enjoy reading this technology report.

Dr. André Kobelt
Member of the Heraeus Holding GmbH
Board of Management,
Chief Commercial & Technology Officer
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mobility and industrial applications. Our portfolio
ranges from components to coordinated material systems which are used in a wide variety of industries,
including the steel, electronics, chemical, automotive and telecommunications industries.
With approximately 12,500 employees worldwide in
more than 100 subsidiaries in 38 countries, Heraeus
holds a leading position in its global markets. In
2016, the Foundation for Family Businesses named
Heraeus as one of the “Top 10 Family Businesses”
in Germany.

twitter.com/heraeus

youtube.com/user/heraeus
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Everything for research: Heraeus is
developing materials and material
systems at its application center.

Do you have questions or comments about this article?
Please contact: electronics@heraeus.com

A CHANGE OF PERSPECTIVE
FOR SATISFIED CUSTOMERS
Ever-smaller, increasingly powerful, ever-new areas of application: the demands on the
materials used in power electronics are continually increasing. In its application center,
Heraeus can carry out the latest test processes to meet individual customer requirements.
Power electronics are essential for electric vehicles
and wind energy. In order to meet rapidly growing
customer requirements – such as longer lifespan,
reliability, optimal heat management, and high
performance – Heraeus is changing its perspective
and moving in a new direction, together with its
customers. The focus is not only on optimizing the
individual components or materials, but on looking
at the entire system as a whole. This is a step forward in the electronics packaging process chain.
The market for electronic power modules grows by
about 10% annually. Use of electrical energy in
industrial facilities can already be cut by one third
thanks to the consistent use of power electronics.
The modules are tasked with controlling the current
for many technologically challenging applications,
meaning that they optimize power performance to
meet requirements. Semiconductor chips within
the electronic assembly account for this. They are
installed in power modules using various electronics packaging materials and components.
4

“Electronic power modules play an important role
in many future technologies such as electric vehicles and wind energy,” explains Dr. Muriel Thomas,
head of Material Systems at Heraeus Electronics.
As these technologies develop and advance, so do
the requirements: Chip sizes need to shrink while
handling growing power loads, and new areas of
application are cropping up all the time within
increasingly complex overall systems – all while
maintaining a high degree of reliability. For example, automotive manufacturers expect the supplier
industry to provide products with a lifespan of at
least 15 years or 250,000 km.

NEW AND BROADER PERSPECTIVES

Muriel Thomas and her team are working on meeting these requirements and delivering the proper
electronics packaging: “After all, this technology
also needs to keep pace with developments. This
applies not only to the performance parameters,
but also to processing costs.”
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To achieve this objective, the material system developers consider the entire system and understand
the interaction of all the materials in electronics
packaging technology. “We need to reintroduce the
knowledge of how the end product is used as well
as the customer’s production processes,” reports
the graduated materials scientist. The developer
team is gathering experience in this area at an inhouse application center where customer processes
can be simulated. Thus, the Heraeus Electronics
business group is transforming from a sheer materials supplier to a system and solution provider.

INNOVATIONS PROVIDE THE ANSWER

The approach is showing results. In 2016, Heraeus
launched the Die Top System, a material system for
electronics packaging, which was developed as a
joint project with the technology company Danfoss
and is based on their bond buffer technology. By
introducing an additional copper foil, they succeeded for the first time in using significantly more
conductive copper bonding wires. Moreover, the foil

FROM MATERIAL PROVIDER
TO SOLUTION PROVIDER
Both Heraeus Electronics and its customers benefit from
the business group’s transformation into a solutions
provider. From a production-technology perspective,
this is a forward integration, meaning that Heraeus is
pulling parts of production steps in-house that were
once performed by customers. This increases the technology company’s added value. In turn, customers benefit
from outsourcing these steps, either by easing their entry
into advanced technologies with greater reliability or by
reducing their costs.

distributes the current evenly across the semiconductor chip, reducing heat and better balancing
hot spots in the semiconductor. These changes
boost its power cycling capability and therefore the
lifespan of the power module by a factor of ten or
more.

Small system with big results: The power
module controls the electricity in technically
challenging applications.
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Two new varieties of the metal-ceramic substrate
that serves as the base for chips in the power
modules are market-ready. The foundation is a DCB
substrate, a 1 mm-thick ceramic foil with an area
approximately the size of a page in a book that
has a layer of copper on the front and back. The
copper layers are structured, meaning that they are
given a topology to conduct the electricity and heat
generated by the chip in a targeted way.

REDUCE COMPLEXITY

In the first variation, the substrate is delivered
to the customer with the sintered layer already
applied. A paste is applied to the substrate via
a printing process and sintered, condensing the
extremely conductive material. However, “Sintering
has not really gained acceptance yet as a technology in high-performance electronics modules,”
explains Dr. Michael Jörger, Head of Innovation
at Heraeus Electronics, who is working with his
team to research the individual materials that will

also later be offered in combination as a material
system. Despite the excellent current and heat
conductivity of sintered layers, which ensures a
longer lifespan for the module in high-performance
electronics in particular, many producers shy away
from utilizing the technology. “There are plenty of
reasons,” states Jörger. “Converting production to
the sintering process is costly, because companies
need to invest in new production machinery. And
you have to master the technology.”
The challenge is that the DCB substrate has a copper surface that does not sinter with the silver contained in the sinter pastes. “We have succeeded in
adding additional ingredients to the sinter pastes
so that the copper oxide is reduced to copper
during the sintering process and optimally diffusing
in the sintered layer, thereby generating a firm
bond,” reports the innovation manager. Customers
then receive a customized substrate specifically for
their chip layout. The chip just needs to be placed

Streetcars are a typical part of urban centers around the world. Power electronics
make it possible for streetcars to accelerate and decelerate gradually and smoothly;
without them, passengers would be tossed about in their seats.
6
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+++ RESEARCH NEWS +++

CONDUCTIVE POLYMERS ENABLE ROLLABLE
AND FOLDABLE TOUCHSCREENS
Casually reading the latest news on a rollable
and foldable touchscreen will be possible in the
next five years. Then these flexible, three-dimensional displays will be an essential part of our
everyday lives. With its innovative conductive
polymers (Clevios), Heraeus is accelerating the
development of these touchscreens and has joined
forces with the Industrial Technology Research
Institute (ITRI Taiwan) to develop a flexible, fully

rigid

2010

bendable

2015

functional 7 inch touch panel on a polyimide film
substrate only 12 micrometers thick. The research
project also improved the mass production of
Clevios™-coated films. With these conductive coatings, manufacturers can produce touchscreens with
improved functionality on an industrial scale – for
flexible, curved, three-dimensional touchscreens as
well as wearable functional apparel.

foldable

rollable

2020

Roadmap for flexible displays and touchscreens. Conductive polymers from Heraeus accelerate the development.

and attached. “With this product, we are enabling
many producers to enter the high-performance
market,” states Dr. Jörger, summarizing the new
development.

splatter.” This happens with between 0.5 and 1%
of all substrates in the production process. These
are either scrapped immediately or need to be
cleaned – a significant cost factor.

HELPING CUSTOMERS ACHIEVE
MORE EFFICIENT PROCESSES

Now, Heraeus has created a process that prevents
this from happening. Researchers have developed a solder deposit that is applied directly to
the substrate without involving organic materials.
This means that customers no longer need to use
solder paste for soldering chips – they just need
to position the chip and melt the solder deposit.
As a result, the splatters that led to chips being
scrapped cannot occur, and no organic residues
need to be washed off. This reduces complexity in
the customer’s processes.

Another approach uses a pre-soldered substrate,
the other new variation of the DCB substrate. “For
the mass market, it’s often sufficient to work with
conventional silver-containing solder pastes,” notes
Dr. Muriel Thomas. But module manufacturers
sometimes experience problems when joining the
substrate, solder paste, and chips. Dr. Thomas
says, “The solder paste needs to be heated when
applied to the chip. It contains organic materials
that can escape and cause the solder paste to

technology report 2017
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Do you have questions or comments about this article?
Please contact: semray@heraeus.com

HARD, HARDER, SEMRAY

EFFORTLESS UV CURING FOR HIGH-QUALITY
PRINTING APPLICATIONS
For the first time, Heraeus offers a Plug & Play system with Semray®, which cures
surfaces with ultraviolet (UV) radiation from high-power LED.
Wherever we are – at home, on the move, or in the
office – we encounter surfaces. In order to make
tables scratch resistant and more durable, varnishes
are applied to the surface to harden it. A further established application is the curing of inks in graphic
printing of, for example, magazines and packaging.
The UV curing (polymerization) starts instantaneously and is easily controllable.

“We have accepted the challenges presented to us
by our customers and developed Semray®, a functional and multifaceted designed system, which is
easy to handle and integrate,” explains Dr. Michael
Peil, one of the “UV LED pioneers” at Heraeus
who is responsible for the global sales of UV LED
solutions.

Corresponding curing processes are highly complex
and require considerable experience. In addition,
it is essential for companies to supply products on
time and keep maintenance periods to a minimum.
UV specialist Heraeus Noblelight has developed an
innovative UV LED solution that ensures precise and
efficient curing for industrial printing applications.

The formula is very simple: more UV LED chips
built into the unit means more power. However,
what sounds easy on paper is difficult to put into
practice because space is limited. So, the challenge is to generate as much UV output as possible
in the smallest possible area while, at the same
time, keeping heat build-up low. Semray® fea-

8
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ONE
CONCEPT
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REPLACEMENT
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JUST TAKES

1 UV LED SEGMENT

1 BACKPLANE
1 DATA CABLE
1 POWER CABLE

s

%

FASTER
INSTALLATION

tures what are known as micro-optics that bundle
radiation and reduce stray light to a minimum. In
this way, substantially more UV energy reaches the
product, resulting in extremely high and constant
UV output which optimizes the curing process and
delivers the same excellent quality even at large
distances. It is also possible to dim and adjust the
UV LEDs to the required setting.

STATE-OF-THE-ART MATERIALS IN ONE SYSTEM

ONE-CONCEPT MAKES COMPLEXITY SIMPLE

High performance is guaranteed by the custom-developed micro-optics, the chip-on-board production, and the proprietary system development
and manufacture at Heraeus. The self-regulating
cooling also contributes to the boost in performance. The more homogeneous and more stable
heat management of the SFC (Self-regulating Fan
Control) is based on CAE simulations (Computer-Aided Engineering). Combined with the best
heat-conductive pastes from the Heraeus Group
and other packaging materials, the system provides
an optimal temperature. Additionally, it improves
the results of the curing process and extends the
service life of the UV LED system. The easy-to-operate and intelligent monitoring of temperature and
influencing variables makes the UV LED robust,
stable, and durable – and hence ideally suited to
industrial as well as individual applications.

Curing systems must be able to cope with the
heavy strains of everyday production. The performance and service life of UV LED systems are
influenced by cooling and the connection of the
chips to the heat sink. Semray® is extremely powerful, thanks to the combination of highly advanced
materials and expert technology.

Conventional UV LED systems are permanently
installed in production processes. For servicing or
in the event of a malfunction, the entire system
needs to be dismantled. This costs time and
money. Semray® solves this problem with its Plug &
Play technology. Its backplane concept allows the
easy installation and removal of UV LED segments.
The UV LED segments can be replaced without the
use of tools; no data or power supply cables need
to be disconnected, because each backplane has
just one data and power supply cable. This significantly minimizes downtimes, thereby saving time
and money, increasing productivity, and making
integration of the system into the plant considerably easier.

Higher UV dose leads to higher productivity

30 30 30
%

HIGHER

UV DOSE
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A NEW TYPE OF BLACK QUARTZ GLASS
The innovative composite material HBQ®100 combines the extremely high purity of quartz
glass with the optical properties of a black emitter.

Do you have questions or comments about this article?
Please contact: quarzglas@heraeus.com

Not all quartz glass is the same, as the term describes a class of materials. Natural and synthetic
quartz glass – silicon dioxide (SiO2) – ordinarily
occurs in a transparent or opaque form.
Heraeus has succeeded in augmenting this class
of materials with the black quartz glass known
as HBQ®100. “Like transparent and white quartz
glass, black HBQ®100 consists only of the
elements silicon and oxygen. Thus, it offers the
purity required for the semiconductor industry in
combination but now with the optical properties of
a black body. This opens new market sectors and
fields of application for Heraeus Quarzglas,” says
Dr. Frank Wessely, who is responsible for technical
marketing.

WHY IS QUARTZ GLASS BLACK?

In the technical sense, HBQ®100 represents a
composite in which elementary silicon is embedded in the quartz glass structure. The silicon gives
the material its black color, which results in high
absorption or emission in the visible and infrared
spectral range. The quartz glass matrix is responsible for the fundamental material properties of the
composite.

PARTICULARLY INTERESTING
FOR THE SEMICONDUCTOR INDUSTRY

Because of its extremely high chemical purity,
quartz glass is used in thermal processes in semi

INDUSTRIE 4.0 /
AUTONOMOUS DRIVING

Number of transistors on microchips:
1971:
2,300
2016:
10,000,000,000

MOBILE INTERNET

Microchip performance:
3,500 times better today than in 1971
Energy efficiency:
90,000 times better today than in 1971

WIRED INTERNET

PC

MINICOMPUTER
MAINFRAME

1960

1970

Clear quartz glass made from natural
raw materials meets the purity and
process specifications
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1980

1990

Synthetic quartz glass
for microlithography

2000

2010

Opaque quartz glass optimizes heat control
and improves energy efficiency in microchip
manufacturing process

2020

QUARTZ
GLASS AND
MICROCHIPS
Demand for
microchips will
also continue to
increase in the
future, driven
by megatrends
like Industry 4.0
and autonomous
driving. Quartz
glass is used in
a variety of ways
in microchip
production.

Heraeus Black Quartz homogenizes the processing environment (Thermal Management 2.0) thanks to its high purity,
high emissivity, and conservation of energy
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SILICON AND
OXYGEN, THREE
WAYS:
Transparent,
reflecting and emitting high-purity
quartz glass (SiO2)

HSQ® – transparent

OM® – white opaque

HBQ® – black opaque

Room temperature

1000°C

Entering electromagnetic
radiation (EMR) passes the
material.

conductor process technology, including in the
manufacture of microchips for smartphones. It is
important in this process to avoid both chemical
impurities in the microchips and particles from
entering into the process chamber. Even the tiniest
traces of impurities during manufacture will result
in a defective microchip, which is then unusable.
“A globally leading manufacturer of semiconductor
process technology was immediately convinced by
our solution. Machines with HBQ®100 components
are now being used around the world in the most
advanced semiconductor factories,” Dr. Wessely
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EMR entering the material
is scattered, reflected and
diffracted multiple times on
the very small pores and in
addition on grain boundaries
inside the material. Depending
on material thickness only a
small part of the light is able
to pass through the material.

EMR entering the material
is either scattered, reflected
and diffracted multiple times
on the very small pores, on
grain boundaries and silicon
particles inside the material.
Depending on the wavelength
of the EMR silicon is absorbing the radiation.

adds. HBQ®100 is offered in various forms, such
as blocks, plates and rings. These address a wide
range of applications within and beyond semiconductor technology.

PROPERTIES OF HBQ®100
–
–
–
–
–

high temperature resistance, up to 1,150°C
high chemical purity and resistance
low coefficient of thermal expansion
low thermal conductivity
high absorption / emission in the visible
and infrared spectrum
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Additive manufacturing
via electron beam melting

Do you have questions or comments about this article?
Please contact: Additive-Manufacturing@heraeus.com

NEW FREEDOM IN APPLICATIONS AND DESIGN
Heraeus now makes it possible to create complex shapes from amorphous metals
using additive manufacturing.
3D printing is everywhere: in fashion, in medicine,
in the aerospace industry and the food industry.
Heraeus is helping to shape this disruptive technology. One core area is additive manufacturing with
high-melting-point powders and amorphous metals.
But that is just the beginning, according to Tobias
Caspari, head of Heraeus Additive Manufacturing
GmbH: “In the year 2020, precisely tailored applications will determine the spread of this technology. Even now, users are increasingly prepared to
free themselves from the requirements of traditional manufacturing. Meaning, they intentionally
take advantage of the design freedom that additive
manufacturing offers, rather than simply recreating
a previously used form.” At the Hanau Application
Center, users have access to experts in design and
process simulation, several production facilities,
and the recycling of used metal powder.
Meanwhile, business in the area of additive manufacturing has gained momentum, and printable
metal powder alloys are continually being added to
the product portfolio. These include intermetallic
alloys (TiAl), bioresorbable materials and gradient
materials. In particular, the focus is on amorphous
12

metals. These metallic glasses are suitable for an
unusually high number of high-tech applications.
They are shock-absorbent and scratch-resistant,
and they also have very good spring characteristics
– interesting for injection nozzle diaphragms or as
casings in consumer electronics (see infographic).
“Additive manufacturing is making bulk metallic
glasses with new design possibilities accessible
to a mass market for the first time – not only for
their long-awaited use as a structural material, but
equally for the near-net-shape production of highstrength components with complex geometries and
demanding designs,” explains Tobias Caspari.

MANY ADVANTAGES, MANY CHALLENGES

Additive manufacturing offers many advantages,
but it is particularly important in the processing
of metallic powders. The challenges are already
evident in the powder production phase. Homogeneity, purity, fluidity and powder density determine
the quality of the laser- or electron-beam-molded
components. Only powders with precisely defined
particle size distribution, which are also absolutely
round, make it possible to use the appropriate processes for the additive manufacturing of complex
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An 8 to 10 centimeters long thruster unit
for satellites from the 3D printer.

“3D printing is a market with great potential, but the process is far from plug-and-play. The challenges in 3D printing start
in the powder production phase. Materials and process expertise are crucial, because the metal powders and the printing
process must be individually designed for the desired component.”
Tobias Caspari, head of Heraeus Additive Manufacturing GmbH

components without issues stemming from porosity
or other structural defects.

LARGE APPLICATION DIVERSITY

Materials and process expertise are crucial for 3D
printing, because the metal powders and the printing process must be individually designed for the
desired component. The diversity of applications
is already quite large. Components for race cars in
the Formula Student provide one example, as they
are additively manufactured with aluminum alloys
and have the same mechanical strength at up to
60% less weight. Another prestigious project is the
resource-conserving production of platinum-alloy
thruster units for satellites. But that’s just the
beginning.

HOW ADDITIVE MANUFACTURING WORKS
The word “additive” is used to describe manufacturing
processes that create components by building up layer
after layer of metal, polymers or special materials. In 3D
printers, computers are used to gradually build up customized three-dimensional objects from liquid or solid
materials. For high-melting-point metal powders, laser
or electron beam melting (EBM) equipment is used. In
the laser method, a metal powder is heated to above its
melting point. The fine particles liquefy and form a solid
layer that bonds with the layer below. The scanner head
controls the laser beam with a computer and travels over
the powder layer, thereby creating complex components
layer by layer.

Amorphous Metals
CONSUMER
ELECTRONICS

AUTOMOTIVE INDUSTRY

Extremely strong, thermoplastic –
Stable suspension systems, wearresistant gears and drive components

Shock-absorbent, scratchand wear-resistant –
Shatterproof and lighter casings
for smartphones

WATCHMAKING AND
JEWELRY INDUSTRY

MEDICAL TECHNOLOGY

Harder and more corrosionresistant than conventional metals –
Sharp, durable scalpels and
minimally invasive instruments
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SPORTS AND
LEISURE

High surface quality –
Jewelry and abrasion-resistant
clockwork components

High storage capacity of
elastic energy –
Golf clubs, skis and snowboards
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Maximally sustainable use of
resources – precious metals
recycling with chemical processes.

Do you have questions or comments about this article?
Please contact: recycling@heraeus.com

“We want to achieve 100%”

SUSTAINABLE RECOVERY OF PALLADIUM
IN PRECIOUS METAL RECYCLING
Heraeus utilizes resources and recycles precious metals following the
“Cradle to cradle” model – New processes make possible a nearly perfect
recycling rate for palladium catalysts.
“Cradle to cradle” is becoming an increasingly
hot topic with the public. The idea is that all
goods should become part of a technological or
biological material cycle, theoretically producing
no waste. The “cradle to cradle” concept means
utilizing resources in the most sustainable manner
possible. While this goal is still a long way off for
many material flows in our society, Heraeus has
long implemented a sustainable precious-metals
cycle for recycling valuable and scarce precious
metals such as platinum and palladium. It takes
up to 100 times less energy to extract platinum
through recycling, as compared with extracting the
same amount through mining, and carbon dioxide
emissions are 200 – 300 times less.
Studies by the International Platinum Association
(IPA) show that some 25 to 30% of the global
demand for platinum group metals (platinum, palladium, rhodium, iridium, ruthenium) is already being met through recycling. In its recycling, Heraeus
14

concentrates primarily on the precious metals in
industrial catalysts, such as bulk-material catalysts
for industrial chemical processes. The recovery rate
for precious metals extracted by recycling these
materials can far exceed 90%, depending on the
material.

SOPHISTICATED RECYCLING CYCLE

A new recycling process from Heraeus allows
catalysts containing palladium to be almost
entirely recovered. These catalysts are needed to
manufacture the basic chemical monoethylene
glycol (MEG), which is the basic component for
polyester and PET bottles. More than 20 million
tons of MEG are used each year around the world.
In China alone, demand is rising by 7% annually.
One source of raw materials for MEG is the coal
deposits there. The conversion of coal to MEG
involves using catalysts containing palladium. The
introduction of this process in China has generated
large quantities of spent catalysts, which can be
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Clean sweep: Dr. Christoph Röhlich with recycled catalyst spheres

recycled. Dr. Christoph Röhlich and his team have
developed an innovative recycling method that
involves a series of processing steps to separate
the palladium from the catalyst support, attaining
almost complete recovery of the precious metal.
There is also an important side benefit: In the
standard process, the catalyst is melted at more
than 1200°C, which destroys the catalyst support.
Not so in the innovative recycling method. The
spherical catalyst support is retained intact, freed
of all foreign substances, and can be dried and
then reused for the production of new catalysts,

says Christoph Röhlich, describing the nearly complete “recycling” of the spent catalyst.
This process is very nearly a closed cycle of
materials, where almost everything that goes into
a product in the first place finds its way back into
the precious-metals or material cycle. Only a small
quantity of valuable resources is lost, in keeping
with the principle of “Cradle to cradle,” and entirely in-line with the environment.

THE RECYCLING RATE DEPENDS LARGELY ON THE PRODUCT

Precious metals are very rare and valuable. Mines produce more than 25,000
tons of silver and about 3,000 tons of gold annually. Platinum group metals
are even more rare: The amount of platinum obtained each year – around 200
tons – would easily fit in a garage, and palladium is on a similar scale. Since
mines have not produced enough precious metals to meet the growing demand
from the automobile, jewelry, glass and chemical industries for years now, it
is very important to recycle these metals from a wide variety of industrial
applications.
Heraeus has gained a strong market position in the recycling of platinum group metals (PGMs) – not only platinum, but also palladium, rhodium, ruthenium and iridium. Precious Metals Trading plays an important role
in this cycle, providing comprehensive precious metals
management for the customer. By closely integrating trading, recycling and production, Heraeus offers its customers
an uninterrupted material cycle. Only a few companies in the
world have mastered this complex cycle in its entirety, as Heraeus has.
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THE HEART
OF FUEL CELLS
Heraeus Fuel Cells is developing new
materials and electrode systems for
the electric drives of the future – the
CATALYST COATED MEMBRANE known as
AnkaloN® – 30% increases in lifespan
and energy density are possible.
The high-technology ﬁeld of fuel cells for the
automotive industry is a huge market of the future.
Heraeus Fuel Cells is working hard to improve the
lifespan and performance of these components,
contributing signiﬁcantly to the breakthrough of
this environmentally friendly technology.
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Members of the Fuel Cell team examine the Catalyst-Coated
Membrane, the heart of the fuel cell, which is made by Heraeus.

Concerning fuel cells, 2019 is the magic year for
Heraeus. This is when innovative electrodes will
be put to use for the next generation of automotive fuel cells, with the goal of increasing their
lifespan and energy density by as much as 30%.
Heraeus produces the element at the heart of fuel
cells: the Catalyst-Coated Membrane (CCM) known
as AnkaloN®, a membrane coated with catalysts
containing platinum.
These catalysts allow for the controlled chemical
reaction of hydrogen with atmospheric oxygen.
The resulting electrical energy is used as electricity in automotive and stationary applications.
The conversion of the reactant gases is highly
efficient and emission-free, with water as the only
byproduct. Heraeus Fuel Cells is focusing on the
development of new, more powerful electrodes and
applying them to a thinner membrane. Based on
the inhouse Heraeus Catalysts Support (HCS) and
unique platinum precursors, new catalyst materials
containing precious metals are being designed for
the micrometer-thin electrode layers. The better
these highly active catalysts are connected and
supplied in the electrode, the more efficiently the
electrode will function. This makes it possible to
18

Do you have questions or comments about this article?
Please contact: Fuelcells@heraeus.com

build more compact and more cost-efficient fuel
cell systems.
Particularly in automotive applications, the developers of fuel cell components face demanding
requirements. They must improve long-term stability as well as performance – and do so under high
cost pressure. At Heraeus Fuel Cells, all of these
aspects flow into the planning and implementation
of development projects.

SUCCESS FACTOR: BUNDLING STRENGTHS

Heraeus Fuel Cells, which began as a start-up, now
has more than two dozen fuel cell experts working
on innovative components in its own laboratories
and test centers. “Our focus on innovation, new
materials and customer-specific solutions is leading to products with enhanced performance and
optimized platinum loading” explains Dr. Thorsten
Dörr, head of Heraeus Fuel Cells. “We benefit considerably from the complete backward integration
of the Heraeus Group, which allows us to monitor
all performance-critical products and processes.”
And, Dörr says, “We use these competencies to cooperate with our customers even at an early stage
of development.” This close cooperation leads to
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New materials are being developed in the laboratory.

best-fit products, which optimally meet customer
requirements and can be integrated into the customer’s processes with considerably less effort.
Heraeus Fuel Cells is focusing on CCMs for polymer electrolyte membrane (PEM) fuel cells, which
are used predominantly in automobiles but also in
stationary and transport applications. The fuel cell
is a strategically important topic for the automotive

industry. So far, only a few series-production fuel
cell vehicles are available on the market, but – in
part because of international policy requirements
(see info box) – an increase in their market share
is only a matter of time. Quality standards that
meet the requirements of the automobile industry
are an important precondition for rapid integration
into the automobile production process. This gives
Heraeus Fuel Cells an opportunity to position itself
early on as a reliable components manufacturer.

ELECTROMOBILITY WITH BATTERIES AND FUEL CELLS

Electromobility has been gaining strong momentum worldwide in recent years: China intends to introduce
a steadily rising vehicle registration quota for electric cars starting in 2018, and Norway plans to ban
gas and diesel vehicles from its streets starting in 2025. Even in Germany, a ban on combustion engines
starting in 2030 is under consideration.
This presents a challenge not only for automobile manufacturers. To make the final breakthrough, electromobility particularly needs more efficient drive components. A car equipped with an electric motor draws
its energy either from a battery or from a fuel cell. Both the battery and the fuel-cell drive systems will
take hold, because each has its own strengths: Battery-driven electric vehicles are best for urban mobility,
while fuel-cell-driven electric vehicles are used for medium- and long-distance travel. The storage of
renewable energy from the wind and sun in the form of hydrogen creates a link between green energy
production and completely emission-free mobility with fuel cells.
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Do you have questions or comments about this article?
Please contact: chemicals@heraeus.com

HE WHO LAUGHS LAST …
Good news for the climate: Highly efficient catalysts from Heraeus reduce
dangerous nitrous oxide greenhouse gas emissions by 95%.
The deed is done: With Europe, the US, and China
ratifying the Paris climate accord (COP21), the
historic agreement went into effect in November
2016. The agreement aims to help keep the earth’s
temperature from rising more than 2°C. The Nitric
Acid Climate Action Group, formed in December
2015 at the global climate summit, is working hard
to meet these climate targets. As part of its efforts,
the Group will focus on reducing climate-altering
nitrous oxide emissions from fertilizer production
around the world by 2020. Now, highly efficient
catalysts from Heraeus can reduce nitrous oxide
emissions by up to 95%. Heraeus is installing this
reduction technology in existing nitric acid plants
around the world. “Each retrofitted plant brings
us one step closer to sustainable climate and
environmental protection and will help us reach the
climate targets agreed on at the 2015 Paris summit,” says Jörg Eckert, sales manager for Process
Catalysts.
When basic chemicals for fertilizers, such as nitric
acid, are produced, the process releases nitrous ox20

ide into the atmosphere as a byproduct. This greenhouse gas has roughly 310 times the global warming potential of carbon dioxide (according to the
Kyoto Protocol, based on 100 years) and is thereby
a major factor in global warming. More than 60
million tons of nitric acid are produced around the
world annually, with an estimated 500,000 tons of
nitrous oxide generated as a byproduct – equivalent to the carbon dioxide emissions from over 60
million mid-sized cars.

CLIMATE PROTECTION FROM THE BEGINNING

Nitric acid is produced as a basic component in
nitrate fertilizers using a process called ammonia
oxidation (Ostwald process). Ammonia and air are
routed over platinum gauzes heated to 900°C, producing nitrogen oxide that bonds with water to create nitric acid. This chemical reaction requires up
to six meters of round gauzes made from platinum
alloys. Heraeus has been a leading producer of
these precious metal catalysts worldwide for more
than 100 years. During the ammonia oxidation
process, nitrous oxide emerges in a secondary retechnology report 2017
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action. Patented FTC gauze
systems (FTC = Functional
Total Control) are already
reducing nitrous oxide emissions by up to 50%. However, a special catalyst system
installed downstream can
further reduce emissions
Nitric acid production
by up to 95%. Heraeus
requires up to six meters offers these precious and
of round gauzes made
non-precious metal catalysts
from platinum alloys.
to achieve these reductions.
These secondary catalysts
are installed directly in
the nitric acid reactors, right below the existing
catalyst gauzes. The nitrous oxide molecules pass
through the granulate-like catalyst and are, with a
few exceptions, destroyed – turning into nitrogen
and oxygen.

CUSTOMIZED FULL SERVICE RETROFITTING
WORLDWIDE BY HERAEUS

The system can be adapted to specific customer
requirements and allows existing reactors to be
retrofitted at a reasonable cost. “Plant operators

benefit from our full service as a solution provider.
Technical service teams for customers in America,
Europe, Africa, and Asia are available to customize
this gauze and catalyst system solution, install it
on site and check the process parameters while in
operation,” explains Jörg Eckert.
By 2020, the target year set by the Nitric Acid
Climate Action Group, all nitric acid plants should
be equipped with nitrous oxide reduction technology. Developing countries, in which the relevant
technologies are often
not yet available, will
benefit particularly
from this initiative.
The Heraeus catalyst
system thus offers a
suitable, well-established system solution
for reducing nitrous
Small balls coated with
oxide emissions to
precious metal destroy
under emission limits.
the nitrous oxide that reThis means the world
sults in reactors during
may soon be able to
nitric acid production.
breathe a bit easier.

Ammonia and air (ammonia oxidation)
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Dr. Dominik Samuelis (left) and his
team are improving the performance
of batteries.

Do you have questions or comments about this article?
Please contact: porocarb@heraeus.com

ELECTROMOBILITY:
REVOLUTION IN BATTERY STORAGE
With its innovative carbon powder, Heraeus improves battery technology and boosts the
energy storage density of batteries by 20%.
In tests, Heraeus has demonstrated that when used
as a battery additive, the porous carbon powder
Porocarb® increases the storage density and performance of lithium-ion batteries for electromobility
applications by 20%. “In particular, this improve-

ment in volumetric energy density compared to
well-established, industrial lithium-ion batteries is
a major milestone for potential uses of Porocarb
in batteries,” says Dr. Dominik Samuelis, head of
Innovation for Porocarb at Heraeus.

BACKGROUND: WHAT IS POROCARB?

Porocarb is a new product family of conductive, porous carbon powders for
electrochemical applications, such as battery additives. The carbon particles
with open and interconnected pores ranging in size from 10 to 1,000
nanometers and a pore volume of up to 2.5 cubic centimeters per gram
represent an innovative solution for improving the performance and lifespan
of lithium ion batteries without increasing size.
A battery storage system involves four fundamental factors: energy (storage
capacity), performance (current stability), lifespan (cycle stability) and safety.
These determine the price of the battery. In particular, the factors energy and performance still offer much potential for development and optimization, especially when it comes to electromobile energy storage. The conductive carbon Porocarb® used as a battery additive plays an important role in
this endeavor.
More information about the Porocarb product line of battery additives: www.heraeus.com
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BATTERY INDUSTRY IS FACED
WITH DECISIVE CHANGE

The research results based on pilot projects with
customers confirm the unique properties of Porocarb as a catalyst to improve battery capacity and
performance, especially in the market for electric
and hybrid vehicles. Whether in lead-acid batteries,
lithium-ion batteries or supercapacitors, Porocarb
additives can make batteries more durable, more
efficient in performance and less expensive to
manufacture.
According to Thomas Hucke, head of the Heraeus
Battery start-up, global demand for clean, affordable and sustainable energy will require a major
transformation across the battery industry to find
ways to lower costs and improve battery capacity
and capabilities. “In the electric/hybrid car market,
everything is completely dependent on the battery.
If battery innovation lags, market growth and consumer demand will stagnate.”
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Hucke identifies three critical areas the industry
must address: “Charging times need to be faster,
capacity has to increase and costs need to come
down to remove barriers to adoption. That’s why we
are so excited about the latest achievements we've
seen with Porocarb.”
Two current examples – the commitment of the
G-20 energy ministers to increase the share of renewable energies worldwide and the annual growth
rates of electric/hybrid vehicles – underscore the
absolute necessity for innovations in the field of
battery technology. This is another reason why
Heraeus is expanding its research with Porocarb
for supercapacitor and lead-acid applications.
“Porocarb can significantly improve capacity even
in supercapacitors, which are already quite powerful,” says Dominik Samuelis with conviction.
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INVESTING IN THE FUTURE
Innovation Center
in Hanau, Germany

15,000 m2
200
Mid-2017
Expanding site in
Hartland, USA

8,800 m2
196
June 2015
The latest generation of automated production facilities for sensors and measurement systems
are being used on-site.

There will be communication
areas and relaxation rooms on
every floor to facilitate interdisciplinary exchange.

Expanding site
in Wehrheim, Germany

1,650 m2 clean room
2,800 m2 production
Fall 2018
Production will be expanded to
manufacture new and innovative
medical products.

Expansion
of production
in Cartago, Costa Rica

5,400 m² by 2019
250 by 2019
June 2017
An important production site for
interventional medical products
– with a planned production
volume of over 10 million medical
guidewires per year.
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Opening of UV manufacturing facility
in Alzenau, Germany

4,100 m2
12 km of wires
February 2015
Merging two locations (Hanau,
Germany, and Banbury, UK), with
space savings of over 40%.
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Precious metals plant
in Nanjing, China

HERAEUS WORLDWIDE

84,000 m²
200
2018
The plant is being built to meet
the latest production and environmental standards in order to
satisfy the requirements of the
precious metal recycling market.

Taoyouan, Republic
of China (Taiwan)

360 m²
23
End of 2015
Shorter delivery times for metallization pastes through a strong
local presence on the Taiwanese
market.

Plant in Timisoara,
Romania

11,200 m2
300
October 2015
Production of metal ceramic substrates for the automotive industry, as well as power electronics
and soldering powder manufacturing, has been completely
automated at this site, the only
one in the world to do so.

Opening of application
center in Shanghai, China

New Heraeus company
in Seoul, South Korea

1,700 m²
26
July 2016

600 m²
13 testing machines
End of 2015
First application center in the
world to introduce customers to
all specialty light technologies,
from infrared to ultraviolet.

Bundling the marketing and sales
activities in the areas of automotive supply and the electronics
industry.
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Time and again, smog alarms sound
the warning in Chinese cities.
Wearing a mask filters the air only
to a limited extent.

Do you have questions or comments about this article?
Please contact: info.hns@heraeus.com

SOLVING THE PROBLEM OF SMOG
Ultraviolet (UV) radiation offers a green solution to China’s smog problem and a way
to reduce environmental risks.
During the first week of December 2016, a thick
layer of smog settled over many of China’s cities.
The Ministry of Environmental Protection announced that for the first time, heavy smog had
forced more than 60 cities in northern China to
issue an emergency alert. In Beijing, a school for
foreign children had to cancel its Christmas festivities because of poor air quality. An editorial in
the newspaper Beijing Youth Daily pointed out that
environmental protection authorities in the affected
26

cities in the seven provinces, local administrations
in cities like Beijing and Tianjin, as well as Hebei
and Shandong provinces had a great deal of work
to do, particularly in cooperating to combat air
pollution. Even after smog had become a serious
problem, a number of companies were still trying
to avoid complying with emergency restrictions on
production and failing to take the necessary steps
to control their pollutant emissions.
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POSITIVE CUSTOMER FEEDBACK

Now that China is developing an effective environmental policy, VOC treatment is playing an increasingly important role. The market for this method is
likely to reach a volume of several hundred million
dollars within the next five years. The central
government and local authorities have imposed
strict requirements on industrial customers with
respect to VOC emissions. Companies are required
to pay cleanup fees and additional fines geared
to their pollutant emissions. If they fail to reduce
VOC emissions to a specified level, they may even
be forced to shut down production. Using a global
technology, the Heraeus Noblelight China team has
developed an air purification process known as UV
oxidation, a good example of the company’s transformation from a supplier of specialty light sources
into a provider of system solutions.
This system is being used, for example, by an
automotive supplier in Shanghai that produces
water-based coatings for vehicle components, as
well as by a company in Jiaxing in its injection
molding facility for producing vehicle floor mats.
Topro Technology Co. in Shanghai – an industrial enterprise that develops, manufactures, and
distributes display products – is another example
of a company that is using Heraeus’ UV technology.
“Heraeus’ UV system is an outstanding and exclusive high-performance product. We have worked
with Heraeus for many years, and are very satisfied
with the results of our cooperation,” says Xuebin
Hao, vice president of Topro Technology Co., Ltd.

USING UV LIGHT TO COMBAT POLLUTANTS

The photocatalytic oxidation process commonly
referred to as UV oxidation was developed over the
past few decades. A very popular photochemical
technology, it is being used today in more and more
applications, and particularly for purifying and deodorizing exhaust emissions, for sterilization, and for
wastewater treatment.
The country’s notorious smog is only one of the
environmental challenges facing China as a result
of rapid economic growth and a rising standard of
living, and it needs to address them more vigorously. For a technology company like Heraeus,
which has been active in China for 40 years and
develops products to protect the environment,
these challenges offer opportunities for business
and applications technology. Among Heraeus’ many
technologies and products in this area is a new
initiative that takes advantage of the company’s
experience using ultraviolet (UV) light to neutralize
anthropogenic volatile organic compounds (VOCs) –
one of the causes of air pollution.
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During the UV oxidation process, short-wave ultraviolet light alters the molecular structure of organic
pollutants, such as VOCs, gradually oxidizing and
decomposing them into carbon dioxide (CO2) and
water (H2O).
Since the energy of short-wave (185 nm) ultraviolet
light exceeds that of the internal chemical binding
energy of pollutant molecules, the molecular
bonds are broken down by the direct impact of UV
photons. Based on the same principle, UV light
transforms the oxygen and water vapor in the air
into atomic oxygen and active hydroxyl (OH). These
27
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ADVANTAGES OF HERAEUS UV SYSTEM
EXCELLENT UV LAMP PERFORMANCE
UV system mainly consumes electricity energy and
the electro-optic conversion efficiency of Heraeus‘
ultraviolet lamp is up to 35% (for UVC), that is much
higher than ordinary domestic products, which guarantee the processing performance and greatly reduce the
operation cost of customers. Heraeus‘ ultraviolet lamp
was produced by high quality quartz glass as tube
material. Heraeus has a worldwide patent of special
long life coating on inner tube surface, which ensures
the higher ultraviolet output efficiency, especially 185
nm wavelength.

28

HIGHLY EFFICIENT CATALYST
The light catalyst in the Heraeus‘ UV system goes through
the rigorous testing and screening. It has the characteristics of stability and high efficiency, which normally can
be used for 3 to 5 years.
CUSTOMIZED UV SYSTEM DESIGN AND VALIDATION
The customized UV system based on different application and industries. Each UV system will pass strict air
dynamics simulation and testing, which ensures the best
air treatment performance.
SMART CONTROL SYSTEM DESIGN
Heraeus’ UV systems designed with smart control system,
which guarantee the safety and stability during the service life. The system supported external interface and can
be flexible to cooperate with customer‘s existing devices.
technology report 2017
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two highly reactive products
react with pollutant molecules, reducing the concentration of exhaust gas and
improving air quality. The
photochemical reaction can
be improved with the help of
an appropriate catalyst.

LESS ENERGY
CONSUMPTION

The mechanism of the
photochemical
oxidation reaction

VOC + hv –> CO2 + H2O

UV systems provide numerous advantages for the user.
In many cases this approach
involves substantially lower
ongoing costs – compared
with water jet cleaning in conjunction with activated carbon
adsorption, for example – and
UV systems consume less
electrical energy. Since the
pressure drop of a light catalyst panel is much
lower than that of activated carbon (only about
one-tenth as large), operating frequency can be reduced, which increases energy efficiency by up to

”

25–30% after the frequency inverter is installed in
the draft fan. UV systems require no moving parts
or supplementary fluid-circuit systems, and they
are extremely reliable.

POSITIVE FEEDBACK FROM CUSTOMERS

“Heraeus’ UV system is an
outstanding and exclusive
high-performance product.
We have worked with Heraeus
for many years, and are very
satisfied with the results
of our cooperation.”
Xuebin Hao, Vice President
of Topro Technology (Shanghai) Co., Ltd.
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A closer look at the thickness
of the applied silver paste lines.

Do you have questions or comments about this article?
Please contact: pv.hde@heraeus.com

SMALL CELLS – BIG GOALS
World record holder: Silver metallization pastes from Heraeus contribute to improved
performance of solar cells in the photovoltaics industry.
The perpetual motion machine is a long-cherished
dream of humanity, and one that still remains unrealized. But because we can now use solar energy
much more efficiently, in practice we are very close
to surpassing this physical limit. After all, the Sun
floods us with energy; every day, it delivers 10,000
times what we need. Therefore, the goal is to maximize the amount of usable energy we can obtain.
One key to success is to steadily increase the
efficiency of solar cells in photovoltaic modules.
Significant improvements have been made in this
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field in recent years, thanks in part to silver-based
metallization pastes from Heraeus.
Heraeus does not produce finished silicon solar
cells, but its silver-based metallization pastes are
one of their most important components: They
are used to manufacture the very delicate, highly
conductive contact paths on the solar cells. These
paths form the electrical contacts that enable the
wafer to collect and transport the current produced
from sunlight. Therefore, they decisively influence
the overall efficiency of solar cells.
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SOL9621M
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CONTINUOUS DEVELOPMENT
Since 2009, the thickness of
the silver paste lines on solar
cells has continually been
decreasing, meaning that the
amount of material required
is also decreasing.
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BOOSTING EFFICIENCY BY 0.1%
MAKES A BIG DIFFERENCE

At Heraeus, Dr. Weiming Zhang ranks among the
fathers of silver pastes. Together with his colleagues, in 2006 he conceived and developed
the first conductive silver pastes for photovoltaic
applications, made the new product market-ready,
and thereby laid the cornerstone for the Heraeus
Photovoltaics business group. “Enhancing efficiency is the crucial driver in the photovoltaics market.
At present, standard solar cells convert about 18%
of sunlight into electrical energy. The world record
for prototypes now stands at 22%, thanks to solar
pastes from Heraeus. In five to ten years, we will
be able to make solar cells with a standard efficiency of 23 to 25%,” Dr. Zhang declares.
The traditional solar cell technology based on
silicon wafers still determines more than 80% of
the market. However, new cell architectures are
gaining ground that further increase the efficiency
of silicon solar cells (PERC cells, where PERC
stands for passivated emitter rear cell, a solar cell
with a reflective passivation layer added to the
back of the cell). Experts expect these cells to gain
a market share of approximately 45% by 2025.
In either case, the solar pastes used to create the
fine contact finger lines on the solar cells to further
transport the energy produced play a major role.
The finer and thinner these lines are, the more
surface area per cell or module is available for
energy production. With the help of solar pastes
from Heraeus, over the past seven years the width
of these fine lines has been reduced by more than
60%, from 130 micrometers to a mere 45 mi-
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SOLAR PASTE DEVELOPMENT Heraeus does not produce
finished solar cells, but rather one of the most important
components: silver-based metallization pastes. These
pastes are used to manufacture the very delicate, highly
conductive contact paths on solar cells. In the picture on
the right: Dr. Weiming Zhang
crometers. This makes them thinner than a human
hair. Each new generation of pastes increases the
efficiency of a solar cell by 0.1%. “At first, this
doesn't sound like much. But given the photovoltaic capacity of more than 60 peak gigawatts (GWp)
installed worldwide in 2016 alone, improving
performance by 0.1% over a period of four years,
for example, represents savings equivalent to the
capacity of a 1 GW nuclear power plant,” explains
Weiming Zhang.

LESS IS MORE

Reducing the silver content of the contact paths is
an additional challenge in developing new pastes,
because silver, a precious metal, represents a cost
factor for the manufacturer. Here too, significant
improvements have been achieved in recent years.
Whereas in 2010 each standard silicon wafer contained up to 300 milligrams of pure silver, in 2016
just 100 milligrams was required, and the goal is
to reduce the silver content to a mere 30 milligrams by 2024. Technically speaking, however,
this is very challenging. The silver content essentially determines the properties of the paste, such
as its electrical conductivity and its adhesion to
the silicon surface. The latter is a significant factor
in terms of long-term stability, since solar cell and
module manufacturers guarantee customers that
their products will perform for more than 30 years.
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A GLIMPSE OF THE FUTURE
Join us on a short journey into the future! We’ll take a look at sustainable superheroes
and see how technologies can help to protect the environment.
In the world’s major cities, people don’t need to
wear face masks, because smog and particulate
pollution are no longer a problem. Electric vehicles
hum through the streets. An optimized, sustainable energy supply brings electricity to end users.
Intelligent heating and cooling systems keep it
comfortable inside buildings. The energy source
is nature: sun, wind and water. Is this a fictional
world, or a reality that is not all that far away?

RENEWABLE ENERGIES –
SUSTAINABLE SUPERHEROES

The elements sun, wind and water represent the future of our energy supply.
Renewable energies are sustainable superheroes when it comes to escaping our
dependence on fossil fuels, such as petroleum. We must reduce global emissions
of carbon dioxide (CO2). Carbon dioxide
is one of the greenhouse gases that result
from the burning of fossil fuels. The heavy
concentration of greenhouse gases in
Earth’s atmosphere contributes to global
warming.

32

Renewable energies generate electricity and heat
from resources that are continually produced in
nature. Neither sunlight nor wind can be used up.
The power of water is not depleted as the tides
and rivers flow. None of these release any carbon
dioxide.
In 2008, about 13% of our energy supply was
based on renewable energies. At the end of 2014,
they already contributed just over 28% of the
energy from power plants – enough to cover an estimated 23% of the world’s requirement.
The World Climate Conference in Paris at the
end of 2015 defined global climate goals, with
the aim of keeping a global temperature rise this
century well below 2°C above pre-industrial levels.
Even before the subsequent Climate Conference
in Marrakech, Morocco, the number of countries
ratifying the Paris Agreement reached the required
threshold and the agreement entered into force.
The Marrakech Action Proclamation confirms the
Paris Agreement.
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The solar superheroes of Heraeus
Photovoltaics battle against “Coal”.
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This goal means almost
completely abandoning
the use of fossil fuels to
generate energy. Renewable
energies are the solution to
the search for technologies that do not
emit CO2.

WHAT IS HERAEUS CONTRIBUTING?

The path ahead is clear. Which Heraeus technologies support the journey? Heraeus has long focused
on renewable energies. Experts from various areas
have joined forces to develop intelligent solutions
in the renewable energies and environmental
technology sector. Together, they are working to
develop current topics and discuss innovative ideas
and approaches. Their combined expertise and
accumulated experience are resulting in projects
that develop new technologies.
The future clearly depends on renewable energies
– and on storing and distributing them intelligently.
Demand for efficient PV systems continues to rise,
and silver pastes are a key component for their
efficiency. Over the last few decades, Heraeus has
steadily improved these materials. Additional goals
include continuing to boost efficiency and develop
a lead-free, truly “green” solar cell. Heraeus is also
working to develop organic solar cells (made up of
hydrocarbon compounds) and is testing the use of
conductive polymers.

ENVIRONMENTAL
TECHNOLOGIES
The term “environmental technologies” encompasses a broad array of
processes that protect the environment, minimize the use of resources
and restore already damaged ecosystems. This field overlaps with other
economic sectors such as machine
production and plant manufacturing,
electronics, auto manufacturing and
the chemical industry.
It also includes concepts for
environmentally friendly production,
involving measures to conserve
energy and to prevent and reduce air
pollution and waste.
Six leading markets offer solutions
for preserving ecosystems while
meeting basic human needs.

It seems that generating
energy will not be a problem
in the world of tomorrow. But
what happens when excess energy
is generated? For short-term storage,
high-capacity batteries or electric cars can
be used. Options that facilitate long-term energy
storage include electrolysis, which converts energy
into hydrogen, and fuel cells, which convert hydrogen into energy. Here too, Heraeus is exploring new
environmental technology solutions.

THE WORLD OF TOMORROW

Much is happening in the area of research, and
most of the world’s political leaders are also on
board. Globally, we are living in a time of environmental awareness. This is clear from international
sustainability projects that are already thinking
about future living conditions on Earth. For example, China has emerged as a true pioneer in the
reduction of CO2 emissions, abandoning coal in
favor of solar and wind energy. The country plans to
invest € 343 billion in this area by 2020. A current
EU-sponsored project has set the goal of doubling
the number of hydrogen-powered fuel cell buses in
European cities. Plans are also underway in the US,
where the Better Buildings Alliance aims to achieve
20% energy savings in commercial and industrial
buildings by 2020. The world is getting greener.

RESOURCE
AND MATERIAL
EFFICIENCY
conscious use of
resources and
goods

SUSTAINABLE WATER
MANAGEMENT
water extraction and
preparation

ENERGY
EFFICIENCY
less use of energy for
production, buildings
and equipment

6

LEADING
MARKETS

ENVIRONMENTALLY FRIENDLY
PRODUCTION, STORAGE AND
DISTRIBUTION OF ENERGY

renewable energies and
storage technologies

SUSTAINABLE
MOBILITY
reduced use of CO2
and energy

RECYCLING
SECTOR
recycling and waste
management
Source: Umwelttechnologie-Atlas 4.0, bmud
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3

“China has developed
into a global driver for
renewable energy.”

QUESTIONS FOR
ANDREAS LIEBHEIT
President of Heraeus Photovoltaics and head of the interdivisional
Renewable Energies Cluster at Heraeus.

1

WHAT ROLE WILL RENEWABLE ENERGIES
PLAY IN THE FUTURE?

Global energy demand will dramatically rise in
the coming years, estimated to rise by over 60%
by 2050. The 2015 World Climate Conference in
Paris underscored the fact that renewable energies must play a central role if we are to meet the
world’s growing energy demand in a sustainable
and environmentally-friendly way. Limiting global

warming to between 1.5 and 2°C will be impossible without the near-total decarbonization of energy
production, meaning transitioning to zero emission
and carbon-neutral technologies. I see good prospects for Europe in precisely these areas. Despite
intense competition from Asia, the industry in
Europe has opportunities in the area of innovation.
These new technologies can be tested and scaled
up in Europe, rather than just in China.

A lot of potential
in renewable
energies: Heraeus
bundles competencies.
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WHAT ROLE WILL CHINA PLAY IN THE ONGOING
DEVELOPMENT OF RENEWABLE ENERGIES?

China has developed into a global driver for renewable energy. From technology to education, China
is perfectly positioned to profit from the most
important energy trends that will power the region
in the coming decades. These include the current
boom in new electric vehicle registrations, charging
stations, decentralized solar plants, intelligent
power management and storage solutions, and
systems that will make renewable energy usable in
cities around the globe. In light of these trends and
further developments, Heraeus is convinced that
the costs of renewable energy systems, or “micro
grids,” will fall by nearly half in the next five to ten
years.

3
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WILL SMART ENERGY LEAD TO A PARADIGM SHIFT
IN THE ENERGY INDUSTRY?

Yes, I am certain of it. The entire renewable energy
cycle – production, conversion, storage, and
distribution – will change, as highly efficient solar
and wind farms push and expand energy production worldwide, furthered by electromobility. In the
future, even the way we build houses will change.
Solar facades that produce electricity will become
commonplace, and renewable energy systems will
be required for all new construction. Challenges
include integrating new applications and technologies into the overall value creation chain of renewable energies, making education at universities and
in the construction sector obligatory and satisfying
the new requirements. Big data and the Internet of
Things will also have a revolutionary influence on
the efficiency of renewable energies.

+++ RESEARCH NEWS +++

HERAEUS TANDEM CELLS WILL SOON PROVIDE
WORLD RECORD EFFICIENCY
Improving efficiency is the key driver in the photovoltaics market. At present, standard solar cells
convert approximately 18% of sunlight into electrical energy. The current world record for prototypes
is around 22%, achieved with silver-based solar
pastes from Heraeus. In five to ten years, there
could be solar cells with a standard efficiency of

23 to 25%. Heraeus is currently bundling its broad
expertise in materials and connecting technologies to develop a multilayer design for a tandem
solar cell. In the Heraeus tandem cell, the various
material systems are optimized for different regions
of the solar spectrum and maximize the electric
energy generated by the sunlight.

Copper wires
Silver paste
Solder pastes

Titanium dioxide
(sputtering targets)

Clevios (conductive polymers)
Silicon wafers
Conductive adhesive
Clevios (conductive polymers)
Copper plate
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SHORT AND SWEET

HERAEUS PRODUCT HIGHLIGHTS
HIGH-PURITY OPTICAL QUARTZ GLASS PROVES EINSTEIN’S THEORY

Source: Caltech/MIT/LIGO Lab

Albert Einstein’s theory of relativity is no longer purely a
theory. By supplying a super-high-tech material of quartz
glass for gravitational wave detectors, Heraeus contributed to
the proof of Einstein’s general theory of relativity. In February
2016, researchers from the Advanced Laser Interferometer
Gravitational Wave Observatory (LIGO) announced sensational
evidence of the waves postulated by the famous physicist.
Gravitational waves – “wrinkles” in the space-time continuum – are emitted by distant astrophysical events such as
supernovas, neutron stars and black holes. LIGO utilizes
highly sensitive optical interferometers with arms that have
a reach of 4 kilometers. They function as a photon reservoir
and contain Suprasil® 3001 quartz glass with extremely
high transmission values and optical homogeneity. Everyday
applications of this optical quartz glass include diode lasers
in the field of medical technology, materials processing and
spectroscopic optics.

AUTOMOTIVE EQUIPMENT SUPPLIER USES INFRARED HEAT FOR 35% ENERGY SAVINGS
Innovative infrared systems are the
backbone of many heating processes
in modern automotive manufacturing. Currently, infrared emitters from
Heraeus are used in the production
of at least 200 car components. For
example, optimized infrared systems
deburr, weld or form plastic parts
in the automotive manufacturing
industry so efficiently that significant
savings in time and energy result.
By using innovative carbon infrared
emitters, British auto parts supplier
Faurecia now requires one third less
time (around 20 seconds) per unit to
form car dashboards. Carbon emitters
transfer large amounts of energy very
quickly. The component pieces are now heated directly in their molds. As a
result, the heat up rate was increased by 16% and the heating stage throughput
time, previously 60 seconds, was reduced by 20 seconds. Since preheating is
no longer necessary, energy savings amount to around 9 kW/hour, or 35%.
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SEEING VIRUSES IN A NEW LIGHT
– WITH NANOHOLE FIBERS

FOR THE FIRST TIME,
DIGITAL PRINTING ON GLASS
WITH REAL GOLD
The world of creative decorations is richer
by one innovation: With Heraeus Inkjet
Gold, substrates such as glass or ceramics
can now be digitally printed with real gold.
Until now, industrial precious metals decoration could be done only with direct screen
printing, by direct thermoplastic printing,
or with decals. Now, the liquid precious
metal preparation can be applied to smooth
surfaces, such as tiles or perfume bottles,
in a digital printing process. Inkjet Gold now
makes it possible to produce high-quality
and sharply contoured ﬁnishes readily and
with almost no odor – and it can be used
with conventional print heads. The printing
temperatures, between 25 and 50°C, are
comparable to those in other methods. After
printing, the products are ﬁred at approximately 800°C, producing a lustrous gold ﬁlm
about 150 nanometers thick.

For the first time, a nanohole fiber made
of quartz glass is enabling the successful nondestructive detection of nearly
invisible viruses that are smaller than 20
nanometers. Heraeus covers the entire
value chain for production of the ﬁbers,
from manufacturing the preforms out of
high-purity quartz glass to drawing the
highly sensitive nanohole fibers. The
core of the fiber contains a nanohole
with a diameter of 200 nanometers that
extends along the entire fiber. Light is
fed into the fiber core, and the fiber conducts light almost perfectly without scattering it. But as soon as light encounters
the virus, some of it is diffracted and the
scattered light can be used to determine
the size and movement of the viruses.
The fiber can be integrated into standard
microscopes, expanding their detection
limit to include nanoparticles. Applications range from medical diagnostics to
analyzing drinking water.

microscope

scattered light
viruses
light guided in fiber
light coupled into fiber

200 nm
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UP AND ABOUT AGAIN: LESS INFECTIONS
AFTER FEMORAL NECK FRACTURES
New study proves the advantage of antibiotic-laden bone cements from Heraeus when
treating femoral neck fractures: 66% fewer infections occur after medical treatment.
Older patients with comorbidities benefit from locally applied antibiotics.
Do you have questions or comments about this article?
Please contact: contact.medical@heraeus.com

Helene Berg didn’t have a good day, to put it
mildly. The spry pensioner just wanted to make a
quick trip to the pharmacy to pick up her blood
pressure tablets. But one unfortunate misstep on
the stairs – and now she is lying in the hospital
with a femoral neck fracture. She needs to have a
hip joint prostheses implanted. And even though
this operation has become a routine procedure, it
is associated with certain risks such as bacterial
infection (see info box).
In the fight against implant-associated infections in
orthopaedics and trauma
surgery, antibiotic-loaded bone cements from
Heraeus act as a
local carrier of active
ingredients to prevent
these infections. The
bone cements are
used to anchor joint
prostheses to bone.
The targeted application of antibiotics
often spares patients
the burden of additional
surgery. This reduces the
risk of further, often lengthy
complications, which in turn
is beneficial in health and socioeconomic aspects.
A current randomized study from the UK entitled
“The use of high-dose dual-impregnated antibiotic-laden cement with hemiarthroplasty for the
treatment of a fracture of the hip – The fractured
hip infection trial” (November 2016) provides
evidence of this. Here the use of dual-impregnated
antibiotic-laden bone cement (COPAL® G+C from
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Heraeus) in primary hemiarthroplasty
to treat a femoral neck fracture significantly reduces the risk of infection by
66% compared to a cement containing only one antibiotic. COPAL® G+C,
the antibiotic loaded bone cement
developed by Heraeus Medical,
contains antibiotics that protect
against a broad spectrum of
pathogens typically associated
with prosthetic infections.
“Now prosthetic infections can be treated
considerably more
effectively,” says
Dr. André Kobelt, president
of Heraeus
Medical
GmbH and
CCO/CTO at
Heraeus. “This
progress is enabled
by fast and targeted
diagnostics, innovative medical products
and biomaterials, and
improved understanding and
knowledge among medical
professionals on how to handle
and treat infections.”

FAST MICROBIAL IDENTIFICATION
INCREASES TREATMENT SUCCESS

First and foremost, antibiotic bone
cement is used in endoprosthetics
to prevent infection. It also plays an
important role as a carrier of active
ingredients in the localized application
of antibiotics to treat infected knee
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and hip implants. A highly effective spectrum of
antibiotics is released via the cement – right at the
site of intervention with minimal systemic exposure
for patients.
To do this, a fast, exact diagnosis and microbial
identification is essential. Only then can the
doctor decide the correct treatment and select
a bone cement that contains suitable antibiotics
in the necessary combination and concentration.
Heraeus has joined with Curetis AG to develop a
special cartridge that can identify a broad spectrum of bacteria, including slow-growing pathogens
and pathogens in biofilms as well as any antimicrobial resistances that are present, within five hours
– compared to traditional microbiological procedures that can take up to 14 days.

TARGETED USE OF ANTIBIOTICS IN ORTHOPAEDICS

The nonspecific use of antibiotics is one of the main reasons behind the spread
of multi-resistant pathogens and antimicrobial resistances. These pathogens,
which are resistant to one or several antibiotics, present a challenge, and not just
to those with acute conditions. In orthopaedics, they cause significant issues with
infections in hip and knee implants. Typical symptoms include pain, loosening of
the prosthesis and inflammation. The majority of acute infections occur within
two years following joint replacement. Chronic infections can also develop after
several years. Treating the infection usually requires further surgery, where the
infected prosthesis is removed and the infection treated with antibiotics before a
new prosthesis can be implanted.
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CerMet technology from Heraeus could make an important
contribution to the miniaturization of medical implants used in the
heart, brain, eye and ear. This will make it possible to develop new
applications for use in minimally invasive surgery to treat medical
conditions, particularly in the area of nerve and brain stimulation.

Do you have questions or comments about this article?
Please contact: info.hmc@heraeus.com

INTERACTIVE MICRO-IMPLANTS IMPROVING AND
ADDING THERAPY OPTIONS
CerMet technology from Heraeus has the potential to move active implants to the next
level in terms of encapsulation and miniaturization, enabling new treatment options for
the blind and patients with neurological diseases.
It sounds like science fiction, but in a few years
CerMet technology from Heraeus could enable an
important step towards miniaturization of medical
implants applied in: ear (hearing aids), eye (retina
prosthesis), brain (brain readers), heart (pacemakers), muscle and nerve stimulation. This will
make it possible to develop new applications for
minimally invasive treatments with active implants
and even interactive micro-implants, particularly in
the area of neuro stimulation. With its innovative
biocompatible material system made of ceramic
and metal (CerMet), Heraeus is helping to increase
the quality of life significantly for patients affected
by any of these health challenges.
Next Generation medical devices for new therapies
require a higher integration level of electronics
while more and more communication channels will

be needed. The Heraeus CerMet technology makes
it possible to significantly miniaturize electrical
feedthrough while allowing for virtually unlimited
amounts of channels.

IN FOCUS: INTERACTIVE MICRO-IMPLANTS

“Medical implants that can be manufactured using
the CerMet technology are smaller, more powerful
and capable of integrating more functions – which
is a huge advantage for our customers,” says Jens
Trötzschel, Vice President for Advanced Technologies at Heraeus Medical Components. These new
capabilities are possible because they can now
utilize extremely fine circuit paths that are only
0.15 millimeters thick, as thin as a piece of paper.
More than three million medical devices are already
implanted each year to help manage chronic conditions such as hearing loss, blindness, Parkinson’s or

CERMET HIGH COUNT The innovative Heraeus material system made of ceramic and platinum (CerMet)
makes it possible to produce smaller, more robust and more powerful medical components, because
the size of the electrical connections for the implant to be inserted can be significantly reduced.
40
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cardiac arrhythmia. This new technology can create
new opportunities for medical implant manufacturers and for Heraeus as a solution provider. Creating
smarter, multi-functional devices will enable more
efficient treatment therapies and help control and
reduce healthcare costs.
Heraeus is already working
with research teams on new
interactive micro-implants
for the treatment of tinnitus, functional disorders of
the gastrointestinal tract and multi-locular muscle
stimulation in the field of bionic implants as part of
the INTAKT innovation program, sponsored by Germany’s Federal Ministry of Education and Research
(BMBF). “This program allows us to fine-tune our
technology and the close cooperation with medical
professionals leads to a much deeper understanding of clinical needs. In order to develop next
generation materials, components and solutions
we consider this know-how a fundamental requirement,” explains Jens Trötzschel.

CERMET OPENS UP NEW POSSIBILITIES
FOR THE VISUALLY IMPAIRED

The strong, high-density and extremely robust
CerMet material is a combination of tiny platinum
and aluminum oxide particles, but ceramic and
metal typically do not bond chemically. Until now,
individual wires were inserted manually into the
ceramic and soldered with a high-temperature
process, which is labor intensive and time consuming. However, when many electrical channels
are needed, this process quickly reaches its limit,
which prevents the development of sophisticated

EYES In the case of ocular prostheses
(retina implants), CerMet technology could
in the future enable more connector channels for
conveying impulses from the implant to
the optic nerve, leading to better resolution.
HEART Cardiac pacemakers produced using CerMet
technology are smaller and powerful, and they are
able to integrate additional functions.
ARM CerMets make it possible to stimulate muscles,
for example in bionic arm implants.
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CERMET INTEGRATION With the CerMet technology, the
size of the electrical interface of the implant that will be
inserted can be reduced significantly.
miniaturized devices applied in novel therapies.
With CerMet it is possible to realize a density of
more than 5000 electrical channels per square
inch, which is a substantial improvement compared to current technologies and this is not the
end of the development. As a result, future retina
prosthesis could be equipped with a significantly
increased number of channels, conveying signals
from the implant to the optic nerve, which results
in improved imaging. Currently, implants with
about 60 channels make it possible to recognize
some changes in brightness. With the CerMet technology more than 1,000 channels can be placed on
the same space, considerably increasing resolution.
This results in a significant improvement of optical
perception of a blind patient.
Furthermore, CerMet offers developers and manufacturers of implants greater flexibility in designing
new components because the material system
allows for the production of more complex threedimensional structures. In the area of feedthroughs, it will now be possible to manufacture
angled or branched circuit paths, thereby allowing
unprecedented design flexibility for the medical
implants of the future.

BRAIN Brain readers control prostheses by registering brain waves. CerMets make it possible
to miniaturize the implants and increase their
functionality.
EARS Cochlear implants are hearing
devices that convert sound into electrical impulses. CerMets help improve
the transmission of the signal from the
implant to the auditory nerve.
BACK CerMets allow the nerves
in the back or spine to be stimulated more targeted.

41

INNOVATION

Do you have questions or comments about this article?
Please contact: heraeus-awards@heraeus.com

ADVANCES THROUGH INNOVATION
Every year Heraeus recognizes its cleverest minds
and most talented people with the Heraeus Award.
Last year, the jury had to choose from a wide variety of new technologies and cooperative partnerships that will drive progress in medicine, telecommunications, mobility, and renewable energies. The
best innovation is a spring coil guidewire design
that offers significant improvement in clinical
performance, while the best cooperation reduces
expensive wind park maintenance flights. These
are small changes with
far-reaching effects.

BEST INNOVATION

The award for the Best
Innovation went to
Jason Albers, Dustin
Andrist, Brian Dukart,
Nou Thao, and Ciaran
Hood from Heraeus
Medical Components.
With the new guidewire that is used to facilitate
catheter implantation, Heraeus has developed a
new kind of medical product for minimally invasive
medical procedures. The coil-wound guidewire is
made of a kink-resistant patented nitinol alloy.
Guidewires enable the correct positioning of therapeutic catheter products within blood vessels for
42

the infusion of medications directly into the heart.
One major problem with traditional guidewires
made of stainless steel is their tendency to kink or
bend. The new guidewire technology from Heraeus
eliminates this problem, taking the burden off doctors which accelerates treatments and
reduces costs.

BEST COOPERATION

In the Best Cooperation category,
Andreas Klein,
Anton Z. Miric,
Andreas Hinrich,
Peter Dietrich, and
Michael Schäfer
from Heraeus
Electronics won over the jury with their Die
Top System. The system offers a new electronics packaging for high-performance semiconductors in silicon and silicon carbide technologies.
The innovative system is used in high-performance
electronics modules for renewable energies, in
electro-mobility, and other high-tech industrial
applications. It can boost productivity in wind parks
by such a degree that the number of maintenance
flights can be reduced by up to 90%.
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EDITORIAL

ABOUT HERAEUS
Heraeus, the technology group headquartered in
Hanau, Germany, is a leading international family-owned company formed in 1851. With expertise,
a focus on innovations, operational excellence and
an entrepreneurial leadership, we strive to continuously improve the businesses of our customers
around the world.
We create high-quality solutions for our customers
and strengthen their long-term competitiveness by
combining material expertise with technological
know-how. Our ideas are focused on important
issues such as the environment, energy, health,

heraeus.com

DEAR READERS,
welcome to the Heraeus technology report. Offering
a mixture of popular science and scholarly articles, the fifth issue of our technology magazine
once more invites readers interested in Heraeus’
technology on a journey through its innovative and
varied line of products and applications.
Above all, the spotlight is on innovations that
caused a sensation in recent months – and not just
for customers. How Heraeus is contributing to a
breakthrough in electromobility with new products
for fuel cells and batteries, how UV LEDs can be
used to combat air pollution in China’s metropolises, and why additive manufacturing (3D printing) is
not for beginners – you can learn all this and more
in our latest issue.
The technology report reflects the wide range of
possibilities that Heraeus offers with its innovative products and ideas. Innovation has been the
foundation of Heraeus’ success since 1851, as
well as a key element of our strategy for growth.
With high-quality products and solutions that
ensure a clear competitive advantage, we contribute substantially to our customers’ long-term value
creation.
Our culture of innovation is distinguished by its
international focus, creative employees and strong
customer orientation. In many of our business
units, experts are permanently assigned to our
customers, so that they can understand the work
processes in detail and help to improve them with
2

Heraeus expertise. Global networking fosters new
ideas, as does an informed outlook that extends
beyond our own projects, allowing us to realize our
markets’ opportunities in a targeted way. More than
5,700 patents and patent applications underscore
our creative potential. In 2017, we will invest
nearly €150 million in research and development.
About 700 developers at 28 locations around the
world are working on new products and material
and system solutions.
The topics in the technology report also show that
we do not hesitate to engage with new trends and
technologies. We view new business as opportunities to develop solutions for the future, in exciting
areas of application and growth markets such as
amorphous metals, electromobility, the complex
and widely interlinked world of renewable energies,
or the miniaturization of medical implants. And we
do not do this alone. Rather, we rely on the power
of collaboration, on partnerships with other companies, and on networking, because this creates the
fertile ground for innovations.
You will find several examples of these activities on
the following pages.
We hope you enjoy reading this technology report.

Dr. André Kobelt
Member of the Heraeus Holding GmbH
Board of Management,
Chief Commercial & Technology Officer
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mobility and industrial applications. Our portfolio
ranges from components to coordinated material systems which are used in a wide variety of industries,
including the steel, electronics, chemical, automotive and telecommunications industries.
With approximately 12,500 employees worldwide in
more than 100 subsidiaries in 38 countries, Heraeus
holds a leading position in its global markets. In
2016, the Foundation for Family Businesses named
Heraeus as one of the “Top 10 Family Businesses”
in Germany.

twitter.com/heraeus

youtube.com/user/heraeus
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I AM SHAPING
THE FUTURE. WITH
INTENSIVE RESEARCH.
TIM PROTZMANN is a development engineer with Heraeus. He began focusing on the field of
additive manufacturing while studying mechanical engineering. At Heraeus, he can delve even
deeper into the material – because here, he and his colleagues are the crucial link between an
idea and its implementation. The opportunity to research cutting-edge topics is highly motivating for the young professional. Tim Protzmann is hardly an exception to the rule: Heraeus both
fosters and promotes career starters in equal measure.
Heraeus is one of the top 100 employers in Germany according to the Universum Student
Survey and Professional Survey.
www.heraeus.com/careers
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Background image: Quartz glass rods from Heraeus are important components for the semiconductor industry.
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