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At ceramitec 2022 from 21.–24.06.2022, key suppliers (raw materials,
additives, machine and plant engineering, thermal process engineering)
for the different segments (technical ceramics, heavy clay ceramics, ceramic tableware and sanitaryware, refractories, tiles as well as powder
metallurgy) will be exhibiting at Munich’s trade fair centre. Besides the
supplier industry, component manufacturers in technical ceramics and
representatives from science and the relevant associations will also be
represented (see Showcase on E 9 ff.).
At last, after four years, exhibitors and visitors alike are looking forward to
coming together again in person for professional discussions.
Not only COVID-19, but since the end of February 2022, the war in
Ukraine, too, have changed the framework conditions for the individual
segments of the ceramics industry and its suppliers.
More than ever before, everybody is talking about energy efficiency. The
manufacturers of thermal processing plants have new concepts to enable the use of hydrogen at a later time. High-performance ceramics is
especially significant in the development of systems for hydrogen management. Ceramic materials are, for example, suitable for use in the harsh
environmental conditions and corrosive milieus and high temperatures
that prevail in the electrolytic generation of green hydrogen.
Moreover the ceramics‘ functional properties, like, for example, electronic
and ionic conductivity play a prominent part in the development of innovative electrolysis processes like SOE (Solid Oxide Electrolysis).
Supply chains for raw materials have been interrupted. There is currently
a shortage of raw materials from the Ukraine for the building ceramics
industry. German clay suppliers would help, but rail transport capacities
are limited.
There are many aspects that should train our resource awareness at
present. Recycling and reuse must become more widespread, because
it must be clear to us that all the materials that make the energy transition possible are only available to a limited extent. Thought must also be
given to the development of networks for hydrogen distribution and a
considerable increase of capacities for the generation and distribution of
electricity. In this context, there are many new and very topical issues that
directly impact the ceramics industry.
We are expecting many interesting discussions in Munich and looking
forward to the papers presented as part of the framework programme as
well as all the face-to-face talks.
See you soon at ceramitec 2022!!

Yours

Karin Scharrer
k.scharrer@goeller-verlag.de
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MOTA Ceramic Solutions (MCS) is a Portuguese-based multi-mineral, ceramic raw material mining and processing company with a clear export focus. However, it offers more than
ceramic raw materials and ceramic bodies, it is committed to providing its customers,
worldwide, „fit for purpose“ solutions and technical support services. Our success is built
on the principles of experience, innovation and collaborative partnerships to overcome
industry challenges.
For further details, please contact us through:
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Italy/Germany/China
SACMI: Extending the Partnership
with Duravit China
SACMI/IT pressure casting technology is
taking a leading role in the ultramodern
production plant at Chongqing thanks to
Duravit China/CN, which has recently purchased and successfully started up two
new AVI casting cells, together with four
resin moulds and two new modelling developments. SACMI’s projects with Duravit
China started a few years ago with the supply of solutions for automatic glazing and
handling and continued with the installation of the first solutions for the pressure
casting of water tanks.
Most recently Duravit/DE has invested in
AVI, SACMI’s single-mould casting machine
and leading technology on the international
market for the production of complex WCs
and bidets, featuring maximum production
flexibility and fast mould change-over. Both
cells are served by a robot, which automat
ically handles mould movements, rim stickon operations, demoulding and deposit in
a SACMI pre-dryer; the benchmark solution designed to reduce and optimize piece
ageing times thus facilitating subsequent
handling operations.
This supply confirms SACMI’s role as partner for product development, thanks to its
leadership in the production of porous resin
moulds and its ability to carry out complete
modelling developments with advanced
functionality tests to guarantee the best result during manufacture and optimum quality and functionality of the finished product.
In addition to consolidating the long-standing relationship between the two com
panies, this project has also strengthened
the role, within the Duravit Group, of the
Chinese production base, for several years
now one of the most modern and highlyautomated plants in the country. The factory is equipped with SACMI machines and
systems for all the production departments,
from body preparation to the kilns, from the
glazing lines to the LGV and including, with
a wider and more central role, the SACMI
RobotCasting solutions. Duravit China’s
objectives do not end here however. A new
project is already in progress to double
production output with a further four AVI

machines already being shipped and more
investments are planned for 2022.
Another SACMI supply for Duravit China is
a new RobotGlaze in order to be for installation at its China Sanitaryware Co. Ltd. in
Chongqing. Already tested and started-up
with success, the robot was installed in existing lines set up in 2016 in order to replace
manual operations and achieve improved
quality of the glazed piece plus process optimization and sustainability. In particular,
Duravit chose to integrate into the cell the
much-in-demand solution for applying antibacterial glaze, an added value feature of
SACMI robotized glazing which is especially
popular on the market at the moment.
In this way the number of SACMI RobotGlaze solutions installed at the plant reaches four, following the three robots supplied
for the new glazing lines set up in 2019.
Even with existing lines, Duravit can so obtain all the benefits of SACMI’s robotized
glazing, starting from off-line programming
of the glazing recipes (the robot supplied is
Gaiotto’s GA-OL) up to the Mass Control
system for control of the quantity of glaze
applied.
In the Chongqing production unit, SACMI’s
technology is installed throughout all areas
of the factory, from pressure casting to glazing and right up to handling systems and
kilns.
Germany
SGL Carbon Continues Dynamic
Business Development in Q1 2022
SGL Carbon generated consolidated sales
of EUR 270,9 million in Q1 2022 (Q1 2021:
EUR 241,5 million). This corresponds to an
increase of EUR 29,4 million or 12,2 %
compared to the same period of the prior
year. All four business units contributed to
the pleasing increase in sales. In parallel,
adjusted EBITDA improved by 11,5 % to
EUR 36,8 million in the reporting period.
In the first three months of fiscal 2022,
the sales increase of EUR 29,4 million was
driven by all four operating business units:
Graphite Solutions (+EUR 11,3 million),
Carbon Fibers (+EUR 6,6 million), Composite Solutions (+EUR 7,2 million) and Process Technology (+EUR 6,0 million).
In particular, sales to customers in the auto
motive and semiconductor industries and
a significant recovery in the industrial applications segment were key factors in the
cfi/Ber. DKG 99 (2022) No. 4
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increase in sales. Sales of the Process Technology business unit to customers in the
chemical industry also developed pleasingly.
The effects of the war in Ukraine, which has
been ongoing since the end of February
2022, had only a little impact on SGL Carbon's sales performance in the 1st quarter.
Despite the increasingly difficult market environment in the course of Q1 2022, associated with temporary supply and production
bottlenecks at the company’s customers,
temporarily interrupted transport routes,
and significantly higher energy prices, SGL
Carbon was able to keep the adjusted
EBITDA margin almost stable year-on-year
at 13,6 %.
Adjusted EBITDA increased by 11,5 % to
EUR 36,8 million in the reporting period.
Higher capacity utilisation in the business
units and product mix effects contributed
to the improvement in earnings, together
with the cost savings achieved as a result
of the transformation. By contrast, higher
raw material, energy and logistics costs as
of end of February 2022 had a negative
impact on earnings. The Carbon Fibres business unit was particularly affected by the
energy price increases. One-time expenses
of EUR 9,2 million in conjunction with energy transactions burdened the Carbon
Fibres business unit in the 1st quarter of
2022. To secure the production and delivery capabilities, around 85 % of the energy
requirements of the entire SGL Carbon for
2022 are price-hedged.
Adjusted EBITDA and EBIT do not include
in total positive one-time effects and special items of EUR 8,5 million, among other
things from the termination of a heritable
building right to a site no longer in use. Taking into account the one-time effects and
special items presented as well as depreciation and amortisation of EUR 14,1 million, reported EBIT increased by 83,5 % to
EUR 31,2 million (Q1 2021: EUR 17,0 million). The net profit for the period developed
correspondingly and more than tripled from
EUR 6,1 million to EUR 21,4 million in a
quarter-on-quarter comparison. The sales
and earnings figures for the 1st quarter 2022
confirm the stable demand from the market
segments. Price increases and volatility in
the availability of raw materials, transportation services and energy were largely offset
by savings from the transformation program
and pricing initiatives at SGL’s customers.
cfi/Ber. DKG 99 (2022) No. 4


For 2022, the company continues to expect
volatile raw material and energy prices,
which were included in the company’s
forecast for 2022 at the time of planning.
However, there are uncertainties about the
extent and duration to which SGL and its
customers will be affected by the impact
of the war in Ukraine or temporary supply
chain disruptions due to the lockdowns in
China. Therefore, the outlook for fiscal 2022
does not include supply and/or production
interruptions at the customers or the impact
of a possible energy embargo that cannot
be estimated at this time. The forecast also
implies that factor cost increases can be at
least partially passed on to the customers
through pricing initiatives. There was also
included the revenue and earnings impact
from the expiry of a supply contract with a
major automobile manufacturer at the end
of June 2022 in SGL’s forecast.
“Thanks to the success of our transform
ation with leaner structures, clear responsibility for sales and earnings of the business
units, an increased customer and market
focus, and the sustainable cost savings
achieved, we are now significantly more
resilient and better prepared to master the
current challenges”, emphasized Dr Torsten
Derr, CEO of SGL Carbon SE.
In line with the comments made above, SGL
confirms the sales and earnings guidance.
For fiscal year 2022, consolidated sales
are expected to be at the prior year’s level
and adjusted EBITDA between EUR 110–
130 million. Taking into account depreci
ation and amortisation, adjusted EBIT is
forecast to be between EUR 50–70 million.
Furthermore, free cash flow at the end of
fiscal 2022 is expected to be significantly
below the prior-year level and Return On
Capital Employed (ROCE) between 5–7 %.
Italy
Bongioanni’s Goal to Automate
most of the Machining Cycles
The mechanical workshops of the small
medium industry have always been a driving force of the Italian economy. The mix of
tradition and innovation characterising the
all-Italian approach to the products manufacture have determined its global recog
nition.
Today, the greatest difficulties in Europe
are to find specialised staff: workshop and
construction mechanics have become rare
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goods, more than engineers. Keeping most
of the production cycle in-house is becoming increasingly difficult. Bongioanni has
always considered itself a producer, not a
mere “assembler” of machine parts built by
third parties and wants to remain a producer. It is with these assumptions that Bongioanni in Fossano has embarked on a renewal
path that passes through the revamping of
the major machining centres in the scope
of 4.0.
The advantages deriving from the use
of this technology allow to benefit from
technologically updated personnel suitably
supported by the expert staff for the development of the work cycles, thus achieving
a substantial reduction in production time
and business planning. Bongioanni’s goal is
to automate most of the machining cycles
by the end of 2024.
For this reason, Bongioanni has launched a
restructuring program that is not limited to
the revamping of the present work centres
and the implementation of management
systems, but to a change into a production
philosophy. This change allows Bongioanni
to maintain the leadership position as a
manufacturer of machines for the heavy
clay industry, being now rare in the sector
of companies able to produce internally a
machine, without outsourcing most of the
production processes, which is essential for
correct quality.
Germany
Nabaltec Achieves Record Figures in
Financial Year 2021
In its published audited consolidated financial statements for Financial Year 2021,
Nabaltec AG confirms the preliminary figures from March. Accordingly, the company
achieved record revenues of EUR 187,0 million in the past Financial Year, compared
to EUR 159,6 million in the previous year.
Operating profit (EBIT) was EUR 24,6 million, also a record figure. The EBIT margin
increased to 13,1 %.
“We can be highly satisfied with the results
for 2021, as we surpassed both the previous year and our previous record year of
2019. We thus succeeded earlier than expected in returning to our long-term growth
path after the temporary slump caused by
the coronavirus pandemic. Especially encouraging in 2021 is the development of
the boehmite product range, where we


were able to increase revenues by more
than 50 %”, reported Johannes Heckmann,
CEO of Nabaltec AG.
In the Functional Fillers product segment, Nabaltec’s revenues amounted
to EUR 130,6 million in Financial Year
2021, compared to EUR 114,2 million in
the previous year (up 14,4 %). Volume
growth was achieved across all product
ranges. Boehmite revenues increased by
51,3 % to EUR 24,2 million, compared to
EUR 16.0 million in the previous year. The
product range's share in consolidated revenues is therefore around 13 % (previous
year: 10 %).
Revenues in the Specialty Alumina product segment came to EUR 56,4 million in
2021, up 24,2 % from the previous year
(EUR 45,4 million). In particular, the stronger momentum in the steel and refractory
industries favoured the surge in demand.
Nabaltec started 2022 with solid demand
and sales development and necessary price
increases at the start of the year. According
to preliminary figures, Nabaltec AG earned
EUR 54,8 million in revenues in the first
quarter, compared to EUR 46,0 million in
the same period from the previous year (up
19,1 %). In the Functional Fillers product
segment, revenues were EUR 36,9 million
according to preliminary figures, compared
to EUR 32,3 million in the same quarter from the previous year. The Specialty
Alumina product segment generated revenues of EUR 17,9 million, compared to
EUR 13,7 million in the previous year.
According to preliminary figures, operating
profit (EBIT) was EUR 7,1 million in the first
quarter of 2022, compared to EUR 3,9 million in the first quarter of 2021. The EBIT
margin (EBIT as a percentage of total performance) was 12,9 %.
“Despite the current geopolitical uncertainties brought on by the Russia-Ukraine conflict, the associated current massive increases in material and energy prices, and the
COVID-19 pandemic, which is still not completely over, we are sticking to our annual
forecast issued at the start of March, with
revenue growth in the range from 10–12 %
and an EBIT margin in the same range. We
continue to see Nabaltec as being in a very
good position, even in the current volatile
environment”, said Johannes Heckmann.
Based on the future prospects of the
boehmite product range, Nabaltec decided
cfi/Ber. DKG 99 (2022) No. 4
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at the start of April 2022 to restructure the
Asian business. Nabaltec will restructure its
business activities in the growing market
for separator films in lithium ion batteries
in order to further sharpen its profile in the
market and to strengthen ties with customers and distribution partners.
“We have observed and accompanied
the business development in the product
segments Functional Fillers and Specialty
Alumina in the Southeast Asia region with
the greatest interest and commitment and
have always supplied our local customers
in close cooperation. With the establishment of a direct communication channel to
our headquarters in Schwandorf, which co
ordinates all relevant issues with regard to
expansion plans in the battery business and
markets, we can provide maximum support
for our customers’ global growth plans and
thus generate greater added value”, said
Johannes Heckmann.
With the direct connection to Nabaltec in
Schwandorf, the company is thus implementing its announced expansion plans
and strengthening its commitment to the
growth market for boehmite in the range of
battery applications.
The subsidiary Nabaltec Asia Pacific K.K.
will no longer be able to play its originally
strong role in this restructuring process.
Therefore, the management has decided
not to continue the company and to dissolve it. Due to the small business volume
of the sales and marketing company, the
subsidiary was previously classified as immaterial for accounting purposes and thus
not consolidated.

Events
Germany
Messe Düsseldorf and VDMA:
decarbXpo to Become Leading Trade
Fair for Power-to-X Applications
The Expo for Decarbonised Industries
2022 > ENERGY STORAGE (decarbXpo, to
take place 20–22 September 2022 in Dusseldorf/DE) is evolving to become the leading trade fair for Power-to-X technologies
and products.
To achieve this goal, the VDMA (Mechanical
Engineering Industry Association) Powerto-X for Applications Work Group/DE and
Messe Düsseldorf/DE have signed an agreecfi/Ber. DKG 99 (2022) No. 4


ment. The trade fair is aimed specifically
at industry and commerce; GIFA, METEC,
THERMPROCESS and NEWCAST support
the event.
VDMA will contribute its expertise and contacts within the industry to strengthen the
trade fair’s green hydrogen and Power-to-X
offer. Power-to-X for Applications will be involved in a number of ways, including shaping the decarbXpo trade fair’s programme
and forums, and will also be present at the
fair with its own stand. VDMA has been a
partner of numerous industrial goods fairs
at the Dusseldorf location for years. These
include the world’s leading trade fairs for
energy-intensive industries such as glasstec
and The Bright World of M
 etals, which results in interesting synergies for companies
in the glass, foundry and metalworking industries by visiting decarbXpo. But other key
players in the industries, such as wire, Tube
and VALVE WORLD EXPO, also belong to the
energy-intensive industries.
“The new partnership shows that the machine and plant construction sector takes its
responsibility for ensuring the industry becomes climate neutral seriously. The Powerto-X technologies presented at decarbXpo are
a decisive element in reducing CO2-emissions
in energy-intensive fields of application in the
industry. The trade fair thus contributes significantly to implementing the greenhouse gas reduction targets,” said Peter Müller-Baum, MD
of Power-to-X for Applications, confidently. The
decarbXpo cooperates with various trade fairs
and thus brings storage providers and experts
for energy efficiency together with industrial
and commercial storage technology users.
www.decarbxpo.de
Spain
Qualicer 2022:
Slip Resistance Flash Session
Qualicer 2022 will count on a flash session
on slip resistance in its XVII edition. This
slip resistance masterclass is for executives
who want to fulfil consumer expectations
of sustainable slip resistance and enduring aesthetics with simple maintenance. Do
you know your tiles slip resistance life cycle
performance? During this session, some
live scientific demonstrations will be carried
out and the key pointers for gaining a responsible competitive advantage based on
EN 16165 will be provided.
www.qualicer.org
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Funktionen haben, welche ihren Kunden als Anwendern einen
have the functions that offer added value to their customers as the
Mehrwert bieten. Die wertstiftenden Produkteigenschaften resulproduct users. Product properties providing these functions result
tieren aus zwei wesentlichen
from two essential factors
Faktoren – der geometrischen
– the geometric design and
Gestaltung und den eingesetzthe materials used. The more
ten Werkstoffen.
complex a product applicaMit zunehmender Komplexität
tion area is or becomes, the
des
Produkteinsatzgebietes
more multifunctional respecmüssen auch Produkte multive products must be. As a
tifunktionaler sein und umso
result, the complexity of prokomplexer sind die Geometrie
duct geometry is increasing,
und umso anspruchsvoller werand the materials used in the
den die eingesetzten Werkstofmanufacturing process are
fe im Herstellungsprozess. Mulbecoming more demanding
Bild / Fig. MMJ Anlagentechnik Fraunhofer IKTS / MMJ 3D-printing
tifunktionale Produkte, welche
in their processing. Multifuncdevices at Fraunhofer IKTS
die Anforderungen in einer imtional products designed to
mer komplexer werdenden Welt erfüllen, benötigen Fertigungsvermeet the demands of an increasingly complex world require manufahren, welche die Realisierung hoher geometrische Freiheitsgrade,
facturing processes that allow a high degree of freedom in geometric
als auch die gezielte Verwendung der jeweilig optimalen Werkstoffe
shaping as well as the selective and targeted use of the optimum
erlauben. Additive Fertigungsverfahren (AM) sind geeignet, da sie
materials for the respective application. Additive Manufacturing
mehr Freiheitsgrade bei der geometrischen Gestaltung von Produk(AM) is ideally suited for the production of multifunctional products,
ten in der Fertigung von realen Produkten und Bauteilen umsetzen
as it can translate higher degrees of freedom in the geometric design
können. Bisherige AM-Technologien können jedoch entweder nur
of products into actual products and components. However, previous
eine einzige Materialklasse – wie Metall, Kunststoff oder Keramik
AM technologies can either only process a single class of materials
– auf einmal verarbeiten oder können bestimmte Materialklassen
– such as metal, plastic, or ceramics – at once or cannot process cerintegrated
überhaupt nicht verarbeiten, da sie auf Verfahren basieren, die von
tain classes of materials at all, as they are based on processes that
sintering furnace
den zu verarbeitenden Werkstoffeigenschaften abhängig sind.
are dependent on the to be processed material properties.

sinterbased additive
manufacturing

for high volume production
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hard metals
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Am Fraunhofer IKTS wurde zur Lösung dieses Problems das Multi
Material Jetting (MMJ) 3D-Druckverfahren entwickelt, welches mit
Unterstützung des EXIST Forschungstransferprogramms kommerzialisiert wird. MMJ ermöglicht die nachhaltige Fertigung von funktionalen Mono- sowie funktionalisierten Multi Material Bauteilen in
einem Druckvorgang. Der Vorteil liegt in der Unabhängigkeit von den
Werkstoffklassen. Speziell bei multifunktionalen Bauteilen können
verschiedenste Werkstoffklassen frei gewählt und kombiniert werden, sofern eine Co-Prozessierbarkeit gegeben ist. Das zukünftige
Startup plant ab 2023 die Lieferung von industriellen 3D-Druckern,
Materialien und begleitet Sie mit langjähriger Expertise und dem speziellen Werkstoff-Know-how entlang der AM-Wertschöpfungskette.
Um Ihre innovativen Produkte für eine immer mehr komplexer werdende Welt Wirklichkeit werden lassen zu können, suchen wir Sie als
Pilotkunden. Lernen Sie uns auf der ceramitec-Sonderschau kennen
und besuchen Sie uns am Messestand 319/420, Halle C1!. Wir freuen uns auf Sie!

Multi Material Jetting (MMJ), a 3D printing process technology developed at Fraunhofer IKTS, addresses these challenges. A startup
will commercialize the MMJ technology with support from the EXIST
Research Transfer Program of the German Federal Ministry for Economic Affairs and Climate Action. MMJ enables the sustainable production of functional single- as well as functionalized multi-material
components in a single printing process. The great advantage of
MMJ is the independence of the manufacturing process from the
material used. Especially in the case of multifunctional components,
a wide variety of material classes can be freely selected and combined if co-processability is given. From 2023 the startup plans to
supply industrial 3D printers and materials and accompanies you
with many years of expertise and special materials know-how along
the AM value chain. To make your innovative products for an increasingly complex world a reality, we are looking for you as our pilot
customer. Get to know us at the ceramitec Special Show and visit us
at Stand 319/420, Hall C1! We are looking forward to meeting you!

Fraunhofer-Institut für Keramische Technologien und Systeme IKTS
EXIST Forschungstransfer CerAM MMJ
01277 Dresden, Deutschland
E-Mail: steven.weingarten@ikts.fraunhofer.de
www.ikts.fraunhofer.de

Fraunhofer-Institut für Keramische Technologien und Systeme IKTS
EXIST Forschungstransfer CerAM MMJ
01277 Dresden, Germany
E-mail: steven.weingarten@ikts.fraunhofer.de
www.ikts.fraunhofer.de
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Visit us at ceramitec 2022:
Hall C1.111/212, from June 21 to 24

The Future of Powder
Compacting is ELECTRIC
Electrical powder presses from your solution partner

Eco-friendly
Low operational costs
High precision
Maximum productivity

www.osterwalder.com
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Frey & Co GmbH

Halle C1.313/414

Frey bei der ceramitec 2022

Frey & Co GmbH

Hall C1.313/414

Frey at ceramitec 2022

Frey & Co GmbH wurde 1989 durch den Maschinenbauingenieur
Frey & Co GmbH was founded in 1989 by the mechanical enDieter Frey in Lenggries gegründet und binnen kurzer Zeit zu einem
gineer Dieter Frey in Lenggries, Germany, and quickly grew into a
international tätigen und erfolgreichen Unternehmen aufgebaut.
successful company doing business internationally.
War es zunächst die Herstellung kundenspezifischer Werkzeuge und
After starting out with the fabrication of customer-specific tools and
Adaptoren, konstruierte
adapters, high-quality
FREY nur wenige Jahre
and durable isostatic
später hochwertige und
and uniaxial powder
langlebige isostatische
presses were constructMit Hochdruck in Form
With high pressure in shape
und uniaxiale Pulvered just a few years later.
Uniaxial Presses
pressen.
Thanks to specializaIsostatic Presses
Automation
Aufgrund der ab 1991
tion in special purpose
Service
eingeschlagenen Spezimachine and plant
alisierung innerhalb des
construction beginning
Sondermaschinen- und
in 1991, our machines
Anlagenbaus, haben
continued to develop
sich die FREY-Maschiover the years into innen über die Jahre
dividual systems with a
hinweg zu individuellen Anlagen mit hohem Automatisierungsgrad
high degree of automation. To meet the mounting challenges, we
weiterentwickelt. Um den wachsenden Herausforderungen gerecht
have been researching and developing new and innovative produczu werden, wird gemeinsam mit Universitäten und Forschungsinstition methods in cooperation with universities and research instituFREY & Co. GmbH
Papyrerstraße 12
D-83661 Lenggries-Fleck
info@frey-systeme.de
www.frey-systeme.de
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FUTURE.
TOGETHER.
NOW.
Your refractory technology partner
for the processes of tomorrow.
VISIT US
June 21–24, 2022
Hall C2 - Booth 121/220

STEULER-KCH GmbH | 56427 Siershahn | GERMANY
Phone: +49 2623 600-216 | E-Mail: info@steuler-kch.de
www.steuler-linings.com
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tuten seit mehreren Jahren an neuen und innovativen Herstellungsmethoden geforscht, damit die FREY-Produkte noch leistungsfähiger
und wirtschaftlicher werden.
Das Produktportfolio der Frey & Co GmbH beinhaltet axiale Pulverund Kalibrierpressen, isostatische Pulverpressen, Automatisierungslösungen sowie Service- und Wartungsverträge.
Einsatzgebiete der Pulverpressen:
• Dentalindustrie: zur Herstellung von Implantaten und Zahnbrücken aus Zirkonoxid
• Medizintechnik: zur Herstellung von Knie- und Hüftgelenken aus
Keramik
• Automobilindustrie: zur Herstellung von Zahnrädern, Ölpumpenrädern oder Kupplungsteilen aus Eisenpulver
•
Hartmetall- und Wolframkarbidindustrie: zur Herstellung von
Halbzeugen für Zerspanungswerkzeuge
• Technische Keramik: zur Herstellung von Wälzkörper, Buchsen, Isolatoren und vieles mehr
• PTFE: zur Herstellung von Düsen, Dichtungen
• und Vieles mehr.
Frey & Co GmbH
83661 Lenggries-Fleck, Deutschland
E-Mail: info@frey-systeme.de
www.frey-systeme.de

tions for several years, further improving the performance and efficiency of our products.
The portfolio of Frey & Co GmbH includes axial powder and calibration presses, isostatic powder presses, automation solutions, as well
as service and maintenance contracts.
Fields of application for our powder presses:
• Dental industry: production of implants and dental bridges made
of zirconium oxide
• Medical technology: production of knee and ankle joints made of
zirconium oxide or aluminium oxide
• Automobile industry: production of gear wheels, oil pump gears
and clutch members made of iron powder
• Hard metal and tungsten carbide industry: production of semifinished products for machining tools
•Technical ceramics: production of rolling elements, bushings, isolators
• PTFE:

Production of nozzles, seals
• and much more!
Frey & Co GmbH
83661 Lenggries-Fleck, Germany
E-mail: info@frey-systeme.de
www.frey-systeme.de
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We make your processes faster.

INNOVATIVE.
EFFICIENT.
BAVARIAN.
Uniaxial Presses

Isostatic Presses

Automation

Frey & Co. GmbH · Papyrerstraße 12 · 83661 Lenggries · info@frey-systeme.de · www.frey-systeme.de
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Komage

Halle C1.102

Komage

Hall C1.102

Komage Gellner Maschinenfabrik auf der ceramitec

Komage Gellner Maschinenfabrik at ceramitec

Derzeit stehen Energieverbrauch und die daraus resultierenden
Energiekosten im Fokus der Industrie. Die „Transformation der Industrie“ wird gefordert: Mit nachhaltigem Wirtschaften und ressourcenschonendem Produzieren soll dem Klimawandel entgegengewirkt werden.
Auch beim Pulverpressen mit anschließendem Sintern wird weiter
an Systemen und Prozessen gearbeitet, die den Energieverbrauch
senken und somit den CO2-Ausstoß reduzieren.
Dieser Herausforderung stellte sich auch die Firma Komage Gellner
Maschinenfabrik KG aus Kell am See mit ihrer 114 jährigen Erfahrung im Pulverpressenbau. Neben den besonders energiesparenden
Pressen der servoelektrischen E-Serie und der hybriden KE-Serie wurde nun zusätzlich eine neue Pressenserie SE entwickelt. Sie wird Teil
der neuen KOMAGE-Linie Green Line, unter der alle Pressensysteme
zusammengefasst werden, die über ein besonders energieeffizientes
Antriebssystem verfügen und bei denen Nachhaltigkeit im Focus steht.
Ziel der Entwicklung der neuen Pressenserie SE war die Herstellung eines Pressensystems auch für höhere Tonnagen, das den
Energieverbrauch signifikant reduzieren würde, ohne dabei die für
KOMAGE übliche Flexibilität einzuschränken. Daneben sollte das
System platzsparend und wartungsarm sein, so dass die laufenden
Betriebskosten möglichst gering gehalten werden.
Um die Flexibilität zu gewährleisten, müssen alle Achsen beim Pressen durch den Antrieb in Position gehalten werden und somit ohne
Festanschläge arbeiten. Alle Achsbewegungen, wie etwa die Füll-,
Transfer-, Press- und Entspannungsbewegungen müssen weiterhin
frei programmierbar sein. Durch die Kombination der freien Programmierung mit dem Verzicht auf Festanschläge wird eine Entlastung
des Presslings in axialer Richtung ermöglicht. Stempelstauchung
und Rückfederung können hiermit kompensiert werden, sodass bei
der Entlastung des Presslings eine Rissbildung vermieden wird. Um
die Flexibilität der Presse zu erhalten, war eine weitere Anforderung,
auch unter hoher Last lange Haltezeiten programmieren zu können.
Dies ist bei bestimmten Pulvern zwingend erforderlich, um Risse
und Aufschieferungen durch Lufteinschlüsse zu vermeiden.
Neben den Energie- und Betriebskosten der Presse ist auch die Produktionsfläche ein steigender Kostentreiber. Vor diesem Hintergrund
war es ein weiteres Ziel der Entwicklung, durch den Einsatz eines
Antriebssystems mit hoher Leistungsdichte den Platzbedarf gering
zu halten.
Niedrige Wartungskosten im Produktionsprozess als weitere Systemanforderungen werden unter anderem durch den Einsatz hochwertiger und langlebiger Komponenten erreicht.
Condition Monitoring und Predictive Maintenance gehörten ebenfalls zu den fundamentalen Eigenschaften, über die das neue Pressensystem verfügen sollte.
Auch die Anschaffungskosten des Antriebssystems sollten eine bestimmte Zielgröße nicht überschreiten. Ein High-End System, das
über modernste energieeffiziente Technologie verfügt, liegt erfahrungsgemäß in den Anschaffungskosten höher als konventionelle
Systeme, aber dennoch sollte die SE-Presse sich für den Anwender
in einem vertretbaren Zeitraum durch Energie- und Betriebskosteneinsparung amortisieren.

Currently, energy consumption and the resulting energy costs
are the focus of industry .The “transformation of industry” is being
demanded: sustainable management and resource-efficient production are to be used to counteract climate change: This change is also
demanded in powder pressing with subsequent sintering, where
systems and processes are being further developed to reduce energy
consumption and CO2 emissions.
Komage Gellner Maschinenfabrik KG from Kell am See, with its
114 years of experience in powder press manufacturing has also
taken up this challenge. In addition to the especially energy-saving
presses of the servo-electric E-series and the hybrid KE-series, a new
press series SE has now been developed. It will be part of the new
KOMAGE Green Line, which includes all press systems that have a
particularly energy-efficient drive system and focus on sustainability.
The aim of the development of the new press series SE was the
production of a press system also for higher tonnages, which would
significantly reduce the energy consumption without limiting the
flexibility, which is characteristic for Komage pressing systems In
addition, the system should be space-saving and minimize maintenance, so that ongoing operating costs are kept as low as possible.
To ensure flexibility, all axes must be held in position by the drive
during pressing and must therefore operate without fixed stops. All
axis movements, such as the filling, transfer, pressing and relieving movements, must still be freely programmable. The combination
of free programmability and the fact that there are no fixed stops
enables the pressed part to be relieved in the axial direction. Punch
compression and spring back can be thereby compensated, so that
cracking is avoided when the compact is relieved. In order to maintain the flexibility of the press, another requirement was to be able
to program long dwell times even under high load. This is absolutely
necessary with certain powders in order to avoid cracking and delamination due to air inclusions.
In addition to the energy and operating costs of the press, the cost
of square meter of production area is also an increasing cost driver.
Against this background, a further objective of the development was
to keep the space requirement low by using a drive system with high
power density.
Low maintenance costs in the production process as another system
requirement are achieved, among other things, by using high-quality
and durable components.
Condition monitoring and predictive maintenance were also among
the fundamental features that the new press system should offer
A further objective for the development was that the acquisition
costs of the drive system should not exceed a certain target value.
Experience has shown that a high-end system equipped with the
latest energy-efficient technology is more expensive to purchase
than conventional systems, but the SE press should nevertheless be
amortized for the user within a reasonable period of time through
energy and operating cost savings.
To realize the above-mentioned requirements in the development of
the new press system, various drive concepts were evaluated. This
results of this evaluation show that purely electromechanical direct
drives, although particularly energy-efficient, are not cost-effective
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Zur Realisierung der obengenannten Zielsetzungen bei der Entwicklung
des neuen Pressensystems wurden verschiedene Antriebskonzepte analysiert. Rein elektrische Direktantriebe, die zwar besonders energieeffizient arbeiten, sind gemäß unserer Analyse ab einer Presskraft von ca.
700 kN nicht mehr rentabel. Die Vorteile der Energieeinsparung gehen
zu Lasten der Flexibilität und der Anschaffungskosten. Lange Haltezeiten unter hoher Presskraft sind aufgrund thermischer Probleme nur
sehr aufwendig und damit kostenintensiv zu realisieren. Die Flexibilität
bei der Auslegung optimaler Achshübe zur Reduzierung der Bauhöhe ist
bei elektromechanischen Direktantreiben stark eingeschränkt. Auch der
Footprint der Presse, erhöht sich bei Anlagen mit mehr als zwei Pressebenen, die ohne mechanische Festanschläge arbeiten, beim Einsatz
elektrischer Direktantriebe signifikant.
Vor diesem Hintergrund haben sich die Ingenieure/innen von Komage
für den Einsatz eines verdrängergesteuerten Antriebskonzeptes entschieden. Diese Systeme bilden durch den Verbund von Servomotor,
Pumpeneinheit und Zylinder ein hydrostatisches Getriebe. Hierdurch
werden die Vorteile von hydraulischen und elektrischen Antrieben in
einem System vereint. Durch dieses Konzept kann ein dezentrales Antriebssystem realisiert werden, bei dem jede Achse über eine eigene
Antriebseinheit verfügt. Die Achspositionierung wird ausschließlich über
die Motor-Pumpenkombination realisiert. Hierdurch kann fast vollständig auf aufwändige und verlustbehaftete Ventiltechnik, sowie auf signifikante Mengen Hydrauliköl verzichtet werden. Konkret wurde hier bei

above a press force of approx. 700 kN. Their advantages of energy
savings come at an expense of flexibility and acquisition costs. Due
to thermal problems, long dwell times under high press force can
only be achieved with great effort and thus at high cost when using
an electromechanical direct drive. Flexibility in designing optimum
axis strokes to reduce the overall height is strongly limited with
this type of drives. The footprint of the press also increases significantly when using electromechanical direct drives in systems with
more than two press levels that operate without mechanical fixed s
tops ,
Against this background, the Komage engineers decided to use a
displacement controlled drive concept. These systems form a hydrostatic transmission through the combination of servo motor, pump
unit and cylinder. Through this, the advantages of hydraulic and
electric drives are combined in one system. This concept makes it
possible to implement a decentralized drive system in which each
axis has its own drive unit. The positioning of the axis is realized
exclusively via the motor-pump combination. This makes it possible to avoid almost completely complex and lossy valve technology
and significant quantities of hydraulic oil. Specifically, the amount
of oil used in comparable presses has been reduced from 1200 l to
around 200 l.
Thanks to the higher energy efficiency of the drive concept, less
power loss has to be dissipated and the cooling system can there-
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Vergleichspressen die Ölmenge von 1200 l auf etwa 200 l reduziert.
Durch höhere Energieeffizienz des Antriesbskonzept muss weniger
Verlustleistung abgeführt werden und das Kühlsystem kann dadurch
kleiner dimensioniert werden. So führt ein kleineres Kühlsystem in
Kombination mit der dezentralen Antriebslösung zu einer deutlich geringeren Aufstellfläche der Anlage.
Der größte Anteil an der Reduzierung des Energieverbrauchs bei der
SE-Serie der Firma Komage ist jedoch der Tatsache geschuldet, dass
diese Antriebe nur dann Energie verbrauchen, wenn sie tatsächlich benötigt wird. Konventionelle Hydrauliksysteme erzeugen zu jeder Zeit
Druck, auch wenn keine Arbeit von der Maschine verrichtet wird. Transferbewegungen der Pressachsen, z. B. das Füllen oder das Abdecken
werden unter hohem Druck ausgeführt. Anders verhält es sich bei Systemen mit verdrängergesteuerten Antrieben. Hier wird nur Druck und
Volumenstrom erzeugt, wenn er benötigt wird. Transferbewegungen
werden lediglich unter dem für Eigengewicht und Reibung benötigten
Druck und dem für die Geschwindigkeit notwendigem Volumenstrom
ausgeführt. Ein hoher Druck wird nur generiert, wenn er tatsächlich
benötigt wird, d. h. beim Pressen wird nur so viel Druck bereitgestellt,
wie es zum jeweiligen Zeitpunkt der Verdichtung des Pulvers erforderlich ist. Wird eine Achse nicht bewegt, werden nur der zur Lageregelung notwendige Druck und der zur Leckagekompensation benötigte
Volumenstrom erzeugt. Da keine Stellventile zur Positionierung der
Achse benötigt werden, entstehen auch hier keine Verluste. Durch
diese Systemeigenschaften verdrängergesteuerter Antriebe wird der
Energieverbrauch signifikant reduziert.
Der Einsatz modernster Leistungselektronik beim gewählten Antriebssystem erlaubt die Möglichkeit der Rekuperation, d. h. Energie
durch generatorischen Betrieb (z. B. Bremsvorgänge, Dekompression
des Fluids) im Zwischenkreis zu speichern. Dieser kann durch zusätzliche Kapazitäten erweitert werden. Durch intelligente Nutzung des
Zwischenkreises kann darin gespeicherte Energie bei Lastspitzen des
Pressensystems genutzt werden, wodurch das speisende Netz vor
Lastspitzen geschützt wird (peak shaving) und die elektrischen Versorgungseinheiten des Pressensystems kleiner dimensioniert werden
können. Hierdurch lässt sich auch eine Rückspeisung von Energie ins
Netz vermeiden.
Komage ist mit dem SE Pressensystem in der Lage bis zu 65 % der
Energie im Vergleich zu einer Presse mit konventioneller Hydraulik
einzusparen. So wird durch die SE-Pressenserie mit hydrostatischem
Antrieb die KOMAGE GreenLine komplettiert. Auch das Pressen mit
hohen Presskräften bei mehrachsigen Presssystemen ist nun mit einem geringen Energieverbrauch möglich. Gleichzeitig wird sowohl der
Wartungsaufwand als auch der Platzbedarf verringert, während die
Flexibilität der Presse erhalten bleibt.
Komage bietet somit weiterhin maßgeschneiderte Pressensysteme die
zusätzlich und energieeffizient und nachhaltig sind.
Klimawandel und Ressourcenknappheit machen eine Transformation
der Industrie notwendig. Die KOMAGE GreenLine trägt mit Ihren Systemen KE, E und jetzt auch SE zu dieser Transformation bei. Sie bietet
daher eine intelligente richtungsweisende Lösung, die zeigt, dass Klimaschutz und erfolgreiches Wirtschaften in Einklang zu bringen sind.
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The EROWA PM
Tooling System is
the standard interface of the press
tools between the
toolshop and the
powder press
machine.
Its unrivalled resetting time also
enables you to
produce small
series profitably.
www.erowa.com
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fore be dimensioned smaller. As a result a smaller cooling system
in combination with the decentralized drive solution leads to a
significantly smaller footprint of the system.
However, the major contribution of the reduction in energy consumption with the SE series from Komage is due to the fact that
SE systems only consume energy when it is actually needed. Conventional hydraulic systems generate pressure at all times, even
when no work is being performed by the machine. So transfer
movements of the press axes, e.g. filling or covering, are carried
out under high pressure. The situation is different for systems with
displacement-controlled drives. Here, pressure and volume flow
are only generated when they are needed. Transfer movements
are only carried out under the pressure necessary for their own
weight and friction and the volume flow needed for the speed.
High pressure is generated only when it is actually needed, i.e.
during pressing, only as much pressure is provided as it is required
at the particular time when the powder is compacted. If an axis is
not moved, only the pressure required for position control and the
volume flow required for leakage compensation are generated.
Since no control valves are necessary to position the axis, there
are no losses here either. These system characteristics of displacement-controlled drives significantly reduce energy consumption.
The use of state-of-the-art power electronics in the selected drive
system allows the possibility of recuperation, i.e. storing energy
through regenerative operation (e.g. braking processes, decompression of the fluid) in the DC bus. This can be expanded by additional capacities. By intelligent use of the DC bus, the energy
stored in it can be used during peak loads of the press system,
thus protecting the feeding network from peak loads (peak shaving) and allowing the electrical supply units of the press system
to be dimensioned smaller. This also prevents energy from being
regenerated into the grid.
With the SE press system, Komage is able to save up to 65 %
of the energy compared to a press with conventional hydraulics.
Therefore, the SE press series with hydrostatic drive completes the
KOMAGE GreenLine. Even pressing with high pressing forces in
multi-axis press systems is now possible with low energy consumption. At the same time, both the maintenance effort and the
space requirement are reduced, while the flexibility of the press
is kept.
Resulting of the above described development Komage is able to
offer customized press systems that are at the same time energy
efficient and sustainable.
Climate change and limited resources make a transformation of
the industry necessary. The KOMAGE GreenLine contributes to this
transformation with its systems KE, E and now also SE. Therefore,
it offers an intelligent and trend-setting solution, which shows
that climate protection and successful economic activity can be
harmonized.

Komage Gellner Maschinenfabrik KG
54427 Kell am See, Germany
www.komage.de
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LAEIS

Halle C1.101/302B

LAEIS & SACMI: Die neuen Elektropressen von
10 bis 80 Tonnen Presskraft – Plug & Press!

LAEIS

Hall C1.101/302B

LAEIS & SACMI: The New Electric Presses from
10 to 80 Tons Pressing Force – Plug & Press!

Die Namen LAEIS und SACMI stehen weltweit für effiziente,
The companies LAEIS and SACMI stand for efficient, highly develhochentwickelte Spitzentechnologie auf dem Gebiet des Pressens.
oped cutting-edge technology in the field of pressing worldwide. At
Auf der ceramitec 2022 in München präsentieren die Unternehmen
ceramitec 2022 in Munich, the companies will present for the first
erstmals ihre brandneue Familie der Elektropressen für die hartumtime their brand-new family of electric presses for the highly comkämpften Bereiche der Technischen Keramik, der
petitive fields of technical ceramics,
Hartmetalle und Eisenpulver. Diese komplett neue
hard metals and iron powder. This
Linie von Elektropressen mit 100–80 t Presskraft
completely new line of electric presswurde in Rekordzeit entwickelt und erfolgreich im
es with 10–80 t of pressing force
Markt eingeführt.
was developed in record time and
Das Markenzeichen dieser Pressen ist die
successfully launched on the market.
hohe Präzision, gepaart mit Schnelligkeit und
The characteristic of these presses is
Effizienz. Das wird garantiert durch die festhigh precision coupled with speed
stehende Matrize sowie extrem steifen Presand efficiency. This is guaranteed
senrahmen und Führungen – für eine dauby the fixed die as well as extremely
erhafte Positioniergenauigkeit von bis zu
rigid press frames and guides – for
±0,001 mm.
a permanent positioning accuracy of
Der Name dieser neuen Baureihe e-MP, wobei
up to ± 0,001 mm.
das e steht für:
The name of this new series is e-MP,
• 100 % e-LECTRIC: alle Hauptachsen, inklusive
in which the e stands for:
des Dorns sind servo-elektrisch angetrieben.
• 100 % e-LECTRIC: all main axes,
• e-JECTION PRINCIPLE: Einsatz des Ausstoßprinincluding the pin, are servo-electrizips (ausser bei e-MP80). Dieses bietet zahlreically driven.
che Vorteile: bei maximaler Präzision werden
• e-JECTION PRINCIPLE: use of
hohe Hubzahlen erreicht, der Pressling kann Bild / Fig. E-Presse e-MP10 mit
the ejection principle (except for
einfach und kontrolliert entspannt werden. Und Pick & Place-Einheit / E-press e-MP10 with
e-MP80). This offers numerous
das nicht nur nach oben, sondern auch nach Pick & Place unit
advantages: high cycle times are
unten! Die Füllung sowie die Entnahme erfolachieved with maximum precgen auf konstanter Höhe, alles Vorteile für Qualität, Genauigkeit
	sion, the product can be released easily and in a controlled manund Geschwindigkeit, bei gleichzeitig vereinfachtem Handling.
ner. And this not only upwards, but also downwards! Filling and
• e-NERGY SAVING: Energieeinsparung und Umweltverträglichkeit,
removal take place at a constant height, all advantages for high
z. B. durch exklusive Servoantriebe mit Energierückgewinnung.
quality, accuracy and speed, with simplified handling at the same
• e-ASILY OPERATED: Konzentration auf die Benutzerfreundlichkeit
time.
aus Kundensicht. Assistierte Programmierung API einschl. kom• e-NERGY SAVING: energy saving and environmental compatibilpletter Press-Simulation mit automatischer Programm-Generieity, e.g. through exclusive servo-drives with energy recovery.
rung und Feinabstimmung.
• e -ASILY OPERATED: Focus on user-friendliness from the custom• e-FFICIENT: höchste Verfügbarkeit gepaart mit der sprichwörtlier’s point of view. Assisted programming API incl. complete press
chen Geschwindigkeit der LAEIS- und SACMI-Pressen. Einfacher
simulation with automatic program-generation and fine tuning.
Zugang mit Türen an allen Seiten für schnellen Werkzeugwechsel
• e -FFICIENT: highest availability paired with the proverbial speed of
bei kompletter Einhausung. Ein Extra: das höhenverfahrbare Silo
LAEIS and SACMI presses. Easy access with doors on all sides for
zur schnellen Massebefüllung.
fast mould changes with complete enclosure. An extra: the heightadjustable silo for fast filling.
Herausragendes Merkmal bei Elektropressen: die vollkommen integrierte Automation – alles aus einer Hand
Outstanding feature of e-MP electric presses: fully inteEin Gesamtsystem aus Presse und Automatisierungseinheit bietet
grated automation – everything from a single source
alles aus einer Hand und mit einer durchgängigen Logik. Die ProA complete system, consisting of press and automation unit, ofgrammierung ist vollständig in die Pressenautomatisierung integfers everything from a single source and with a consistent logic.
riert: P&P-Operationen werden über das Pressen-HMI Touch-Panel
The programming is fully integrated into the press automation: P&P
gesteuert und das Advanced-Programming-Interface (API) ist angeoperations are controlled via the press HMI touch panel and the
bunden. Der Roboterarm nimmt den kundenspezifischen Teilegreifer
Advanced Programming Interface (API) is connected. The robot arm
(Schnellwechselsystem) auf; eine Werkzeugbürsten-Einheit für die
accommodates the customised part gripper (quick-change system).
automatische Reinigung des oberen und unteren Stempels ist inA tool brush unit for automatic cleaning of the upper and lower dies
tegriert.
is integrated.
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Der Transport der Trays zur Aufnahme der Teile erfolgt über Förderbänder und Elevator (mit mehreren Pufferstellen vor und nach
der Setzposition). Die Software sorgt für ein optimales Teilemuster
auf dem Tablett. Natürlich sind Abbürsten und Abblasen der Teile
ebenso möglich wie ein Wiegen zur Kontrolle des Teilegewichts (auf
separatem Ständer). Auf Anforderung des Bedieners kann ohne
Unterbrechung mit dem Einzelteil-Inspektionssystem ein Abruf der
Teile erfolgen. Für zu verwerfende Teile ist ein separater Auswurf
vorgesehen.
Weitere Optionen sind unter anderem:
• Lasersensor zur Messung der Ebenheit der Trays und Ablagehöhenkorrektur
• Greifer-Drehsystem
• Großer Tray-Speicher mit bis zu 15 Trays
• Ausführung mit 2 Teile-Waagen
• Implementierung von multi-axialem Pressen, dadurch können zum
Beispiel geteilte Matrizen realisiert werden.
Nicht zu vergessen: Press- und Setzeinheit können auf kleinstmöglichem Raum und ohne Grube kurzfristig aufgebaut werden.
Kurzgefasst: PLUG & PRESS.
INDUSTRIE 4.0
Die neuen Anlagen sind zukunftsweisend mit den für den Industriestandard 4.0 entwickelten Sensoren ausgestattet, die Installation
weiterer Elemente ist vorgerüstet. Das vereinfacht die Integration
neuer Funktionen auf Maschinen, bei der Überwachung und in der
Hardware, ohne dass das Steuerungssystem ersetzt werden muss.
Schon heute können die Pressen mit Geräten für eine eindeutige
Kennzeichnung der Pressteile ausgestattet werden, um eine komplette Rückverfolgbarkeit in der Zukunft zu gewährleisten. Integrationsschnittstellen für den Datenaustausch mit Kundensystemen
(einschl. RFID-Anbindung) sind selbstverständlich vorgerüstet.
LAEIS wurde 1860 gegründet und ist seit Jahrzehnten führender
Hersteller von Hochleistungs-Hydraulikpressen für die Produktion
von Feuerfestmaterialien, seit 2004 gehört das Unternehmen zur
SACMI Unternehmensgruppe. LAEIS-Pressen werden zudem erfolgreich in anderen Industrien angewendet, z. B. für die Formgebung
von Technischer Keramik, Salzblöcken, speziellen Baustoffen, Anoden für Aluminiumwerke und weiteren Produkten auf Kohlenstoffbasis sowie vielfältige andere Anwendungen.

The transport of the trays for collecting the parts is realised via
conveyors and elevator (with several buffer points before and after
the setting position). The software ensures an optimal part pattern
on the tray. Of course, brushing and cleaning of the pressed parts
is possible as well as weighing to check the product wight (on a
separate rack). At request of the operator, the parts can be retrieved
without interruption with the single-part inspection system. A separate ejector is provided for products to be discarded.
Other available options are among others:
• Laser sensor for measuring the flatness of the trays and depositing
height correction
• Gripper rotation system
• Large tray storage with up to 15 trays
• Version with 2 parts scales
• Implementation of multi-axial pressing which allows, for example,
divided dies.
Not to forget: The pressing and setting units can be assembled at
short notice in the smallest possible space and without a pit.
In short: PLUG & PRESS.
INDUSTRY 4.0
The new systems are equipped in a future-oriented manner with
sensors developed for the industry standard 4.0, the installation of
further elements is pre-equipped. This simplifies the integration of
new functions on machines, in monitoring and in hardware, without
having to replace the control system. Already today, the presses can
be equipped with devices for a clear identification of the pressed
parts to ensure complete traceability in the future. Integration interfaces for data exchange with customer systems (including RFID
connection) are of course pre-equipped.
LAEIS was founded in 1860 and has been a leading manufacturer
of high-performance hydraulic presses for the production of refractories for decades. Since 2004, the company has been part of the
SACMI group of companies. LAEIS presses are also successfully used
in other industries, e.g. for shaping technical ceramics, salt blocks,
special building materials, anodes for aluminium plants and other
carbon-based products, as well as a wide range of other applications.

LAEIS GmbH
6868 Wecker, Luxembourg
www.laeis.eu

LAEIS GmbH
6868 Wecker, Luxemburg
www.laeis.eu
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COMPACTINGF OSOLUTIONS
R E V E RY N E E D

As a result of many years in the Powder Metal field and over a century of experience in designing machinery
for many industries, SACMI presses are technologically advanced yet simple, safe, and highly reliable.
MPH fully CNC hydraulic presses, suitable for high-speed cycles and continuous work shifts, grant extreme
flexibility during the tooling and set-up stages; they offer outstanding energy efficiency and are the right
choice for the compaction of multi-level parts of whatever powder.
The last-born e-MP full electric presses, besides their outstanding precision and productivity, find their
perfect application in the hard metal market for the production of cutting tools and inserts, but also in the
field of Technical Ceramics, thanks to their appreciated flexibility of operation. They can also be equipped
with an integrated automation for part extraction and palletization, allowing a very easy and efficient control
of the whole productive cell.
Thanks to the competences available within the Group, SACMI also supplies state-of-art furnaces for
the Powder Metal Industry and versatile solutions for automation aiming at increasing output rates while
ensuring maximum simplicity of operation.

www.sacmi.com
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Maschinenfabrik Gustav Eirich

Halle C1.301

Maschinenfabrik Gustav Eirich

Hall C1.301

Einsparungen von Rohstoffen und Emissionen mit
Innovationen aus dem Hause Eirich

Saving Resources and Cutting Emissions with
Innovations from Eirich

Die Eirich Gruppe ist eine familiengeführte Unternehmensgruppe des Spezialmaschinenbaus mit Hauptsitz in Hardheim. Als ein
weltweit führender Hersteller von Maschinen und Anlagen für die
Aufbereitung von Rohstoffen, entwickelt, plant und fertigt Eirich seit
1863 fortschrittliche Technologien zum Mischen, Granulieren, Dispergieren, Kneten, Reagieren, Temperieren und Feinmahlen. Lösungen für die Prozesstechnik und Automatisierung runden das Portfolio ab. Eirich hat Kompetenzen in verschiedensten Branchen von der
Batteriezellproduktion, über die Metallurgie und Umwelttechnik bis
hin zur Lebensmittelbranche. Eirich hat sich zum Ziel gesetzt, der
Keramischen Industrie Aufbereitungswege aufzuzeigen, mit denen
Anwender Energie sparen und wirtschaftlicher produzieren können,
um sich so im internationalen Wettbewerb Vorteile zu verschaffen.
Ein Einblick in Eirichs Maschinen- und Anlagen sowie Kompetenzen
rund um die Keramik und Metallurgie:
•
Energieeffizienz und Ressourcenschonung mit dem EirichEcoPrep®-Verfahren, das ein hochwertiges und wirtschaftliches
Pressgranulat für Fliesen erzeugt und gegenüber der Nassaufbereitung bis zu 60 % Energie sowie Rohstoffe und Additive spart.
Eirich bietet damit eine umweltfreundliche Alternative für die Aufbereitungstechnik.
• Die Dispergier- und Lösetechnik Eirich-MixSolver® reduziert die
Aufbereitungszeiten deutlich und kann aufbereitete Schlicker unmittelbar verarbeiten.
• Kompetente Beratung für alle Arten von Massen und Konsistenzen, wie Mischen, Pelletieren, Granulieren, Kneten, Trocknen sowie Feinmahlen, ebenso wie für die Aufbereitung von Massen für
Trockenpressen, Feuchtpressen, isostatisches Pressen, Extrudieren,
Spritzgießen, Schlickerguss und Foliengießen.
• Für anspruchsvolle Anwendungen: EvacMix®, Ex-Schutz, Heißmischen & Co., die es erlauben wasser- oder lösungsmittelhaltige
Mischungen im Mischer/Kneter zurückzutrocknen, auch unter ExSchutz.
• Die digitalen Lösungen von Eirich ermöglichen Unternehmen neue
Steuerungs- sowie Organisationsmöglichkeiten für die gesamte
Wertschöpfungskette. In Zeiten von Industrie 4.0 schaffen Automatisierung, das Optimieren von Produktionsprozessen und das intelligente Vernetzen von Anlagen mehr Effizienz und Nachhaltigkeit.
Damit bietet Eirich seinen Kunden noch mehr Service und schwellenlose Erreichbarkeit mit neuesten Technologien aus einer Hand.
Mit den steigenden Energiekosten bieten die Technologien von Eirich eine wichtige Möglichkeit wirtschaftlicher zu produzieren. Mit
den Lösungen lassen sich Aufbereitungszeiten drastisch reduzieren
und bis zu 60 % Energie einsparen. Eirich beschäftigt rund 625 Mitarbeiterin und Mitarbeiter und ist seit über 150 Jahren der Experte
für Verfahren und Prozesse zur Aufbereitung von schüttfähigen Stoffen, Schlicker und Schlämmen mit Qualität „Made in Germany“!

The Eirich Group is a family-run group of companies, headquartered in Hardheim, Germany, that engineers speciality machinery.
As a worldwide-leading manufacturer of machinery and plants for
processing raw materials, Eirich has been developing, designing and
engineering advanced technologies for mixing, granulating, dispersion, kneading, reacting, tempering and fine grinding since 1863.
Solutions for process engineering and automation round off the
company portfolio. Eirich has expertise in a wide range of sectors,
from battery cell production, through metallurgy and environmental
engineering to the foodstuffs branch. Eirich has set itself the mission of showing the ceramics industry ways with which users can
save energy and manufacture their products more cost efficiently,
to secure an advantage in international competition. An insight into
Eirich‘s machines and equipment as well as ceramics- and metallurgy-focussed expertise:
• Energy efficiency and saving of resources with the Eirich-EcoPrep®
process, which produces a high-grade and cost-efficient granulate
for pressing tiles, and saves 60 % energy as well as raw materials and additives compared to wet preparation. With this process,
Eirich is offering an environmentally friendly alternative for preparation systems.
• The Eirich-MixSolver® dispersion and dissolving system reduces
preparation times substantially and can directly process prepared
slip.
• Competent consulting for all types of bodies and consistencies,
like mixing, pelletizing, granulation, kneading, drying and fine
grinding, as well as for preparing bodies for dry pressing, wet
pressing, isostatic pressing, extrusion, injection moulding, slip
casting and tape casting.
• For demanding applications: EvacMix®, explosion protection, hot
mixing & Co., which allow redrying of water- or solvent-containing
mixtures in mixers/kneaders, with explosion protection, too, if required.
• Eirich’s digital solutions open up new control and organization options for companies, covering the entire value creation chain. With
the advent of Industry 4.0, automation, the optimization of production processes and intelligent interconnection of plants bring
greater efficiency and sustainability. With these solutions, Eirich
offers its customers even greater service and barrier-free accessibility with the latest technologies from a single source.
With the rising energy costs, Eirich technologies offer a gamechanging opportunity to manufacture cost efficiently. With the company’s solutions, preparation times can be drastically reduced and
up to 60 % energy saved. Eirich employs around 625 people, and for
over 150 years has been the expert for processes for preparation of
bulk materials, slips and slurries with “Made in Germany” quality!

Maschinenfabrik Gustav Eirich GmbH & Co. KG
74736 Hardheim, Deutschland
E-Mail: eirich@eirich.de
www.eirich.de

Maschinenfabrik Gustav Eirich GmbH & Co. KG
74736 Hardheim, Germany
E-mail: eirich@eirich.de
www.eirich.de
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NETZSCH-Gerätebau 

Halle C1.400/500

NETZSCH-Gerätebau auf der ceramitec 2022

NETZSCH-Gerätebau

Hall C1.400/500

NETZSCH-Gerätebau at ceramitec 2022

NETZSCH-Technologie ist weltweit führend im Bereich der thermiNETZSCH is a provider of leading-edge technology in the field
schen Charakterisierung von annähernd allen Werkstoffen. Der Geof thermal characterization of almost all materials. The Analyzing &
schäftsbereich Analysieren & Prüfen der NETZSCH-Gruppe umfasst
Testing Business Unit of the NETZSCH Group comprises the comdas komplette Programm thermoanalytischer Geräte für Forschung,
plete range of thermoanalytical instruments for research, quality
Qualitätskontrolle, Prozesssicherheit und Schadensanalyse in der
control, process safety and failure analysis in ceramics, the plastics
Keramik, im Kunststoffsektor, der
sector, the chemical industry, in
chemischen Industrie, im Bereich der
the field of inorganic materials
anorganischen Werk- und Baustoffe
and construction materials as well
sowie der Umweltanalytik und Geas environmental analysis and inräte zur Bestimmung thermophysistruments for the determination
kalischer Eigenschaften an Feststofof thermophysical properties on
fen, Schmelzen und Flüssigkeiten.
solids, melts and liquids.
Seit 1962 bietet die NETZSCH-GeräAs part of the Analyzing & Testing
tebau GmbH als Teil des GeschäftsBusiness Unit, NETZSCH-Gerätebereiches Analysieren & Prüfen
bau GmbH has been offering stateihren Kunden modernste thermoaof-the-art thermoanalytical technalytische Techniken, zuverlässigen
niques, reliable service, technical
Service, technische Unterstützung
support and individual solutions in
und individuelle Lösungen in diesen
these fields since 1962. Our instruBild 1 / Fig. 1 Luftaufnahme NETZSCH-Gerätebau / Aerial view
Bereichen. Unsere Geräte erlauben of NETZSCH-Gerätebau
ments allow for material characeine Materialcharakterisierung soterization as well as determination
wie die Bestimmung der spezifischen Wärmekapazität, Enthalpie,
of the specific heat capacity, enthalpy, mass change, elastic moduMassenänderung, des Elastizitätsmoduls, der thermischen Ausdehlus, thermal expansion or sintering behavior, thermal diffusivity and
nung oder des Sinterverhaltens, Temperatur- und Wärmeleitfähigthermal conductivity, viscosity along with analysis of evolved gases,
keit, Viskosität sowie die Analyse der freigesetzten Gase z. B. wähe.g,. during thermal decomposition. This allows for conclusions to
rend der thermischen Zersetzung. So lassen sich Schlussfolgerungen
be drawn about the purity and composition of materials, polymorüber Reinheit und Zusammensetzung von Materialien, Polymorphie,
phism, thermal stability and temperature limits of the application,
thermische Stabilität und Temperaturgrenzen der Anaging processes, thermomechanical behavior,
wendung, Alterungsprozesse, thermomechanisches
viscoelastic properties, processing conditions
Verhalten, viskoelastische Eigenschaften, Verarbeiand fire behavior.
tungsbedingungen sowie das Brandverhalten ziehen.
In 2015, NETZSCH introduced the revolution2015 stellte NETZSCH die revolutionäre Neukonzepary new concept of the measuring system in
tion des Messsystems in der Dilatometrie mit der
dilatometry by means of the DIL Expedis® seDIL Expedis®-Reihe vor. Das damalig neu integrierte
ries. The NanoEye measuring system that was
newly integrated at that time was based on
Messsystem NanoEye basiert auf dem Zusammenspiel
the interaction of an optoelectronic measureines optoelektronischen Messsensors und der genau
ing sensor and the application of force, which
regelbaren Krafteinwirkung mit Hilfe eines Aktuators Bild 2 / Fig. 2 Schema der Nanound revolutioniert die Dilatometrie. Dies ermöglichte Eye Messzelle / Schematic of the was precisely controlled with the help of an
actuator. From then on, it was possible to
von da an das Aufbringen einer konstanten Kraft un- NanoEye measuring cell
apply a constant force, irrespective of the sample’s expansion or
abhängig von der Ausdehnung oder Schrumpfung der Probe zwishrinkage between 10 mN and 3 N. Until then, it was also imposschen 10 mN und 3 N. Bis dato schlossen sich auch eine Vergrösible to increase the measuring range while maintaining the same
ßerung des Messbereichs bei gleichbleibender Auflösung aus. Das
resolution. NanoEye offers a so far unachievable resolution of up
patentierte Messsystem NanoEye bietet eine bisher nicht realisierbar
to 0,1 nm over the entire measuring range of up to 50 mm – with
hohe Auflösung von bis zu 0,1 nm über den gesamten Messbereich
perfect linearity. On the occasion of ceramitec 2022, we will be prevon bis zu 50 mm, und das mit perfekter Linearität. Auf der cerasenting this system featuring all new scopes of functions along with
mitec 2022 stellen wir dieses System in allen neuen Ausbaustufen
other methods for thermal analysis and optimization of raw material
zusammen mit anderen Methoden zur thermischen Charakterisiecompositions, manufacturing processes and finished products.
rung und Optimierung von Rohstoffzusammensetzungen, Herstellprozessen und finalen Bauteilen vor.
NETZSCH-Gerätebau GmbH
NETZSCH-Gerätebau GmbH
95100 Selb/Bayern, Deutschland
95100 Selb/Bayern, Germany
E-Mail: at@NETZSCH.com
E-mail: at@NETZSCH.com
www.analyzing-testing.netzsch.com
www.analyzing-testing.netzsch.com
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THE WORLD’S LEADING PROVIDER OF
MINERAL-BASED SPECIALTIES FOR
CERAMICS
Imerys offers a unique one-stop-shop of
value-added solutions.
We deliver innovative and quality products
to meet our customers’ needs
We respect the world in which we operate
We serve globally our customers through
multiple long-term deposits and operations
www.imerys.com
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OSTERWALDER

Halle C1.111/212

OSTERWALDER auf der ceramitec 2022

OSTERWALDER

Hall C1.111/212

OSTERWALDER at ceramitec 2022

OSTERWALDER AG ist ein Schweizer Unternehmen mit über
OSTERWALDER AG is a Swiss company with over 100 years of
100-jähriger Tradition im Pressenbau und ist dadurch heute bei
tradition in press construction. Today, we are the market and techelektrischen Pressen für einfache und komplexe Anwendungen
nology leader in electric presses for simple and complex applicaMarkt- und Technologieführer.
tions. We have concentrated
Bereits seit 1965 konzentour activities on powder techrieren wir unser Handeln auf
nology since 1965. Due to
die Pulverpresstechnologie.
this profound experience, we
Aufgrund dieser profunden
have comprehensive knowErfahrung verfügen wir über
how in all areas of powder
ein umfassendes Know-how
technology and can flexibly
in allen Gebieten der Pulverand quickly meet almost any
presstechnologie und sind in
customer requirement. We
der Lage, flexibel und rasch
are proud to manufacture
beinahe jegliche Kundenanour presses with passion and
forderungen zu bedienen. Wir
in the highest quality and to
sind stolz, unsere Pressen mit
provide excellent service on
Leidenschaft und in höchster
top of that.
Qualität herzustellen und darAs a technology leader and
über hinaus einen exzellenten
customer-focused solutions
Service zu bieten.
provider, we offer powder
Als Technologieführer und
metallurgy
manufacturers
kundenorientierter Lösungsthe most productive products
Bild Presse und Automation aus einer Hand – die smarte
anbieter offerieren wir den
and services. As the global
Press-Produktionszelle SC 80
Herstellern von Pulvermetall- Fig. Press and automation as turnkey solution – the smart
market leader in electric presurgieteilen die produktivsten production press cell SC 80
ses with a compacting force
Produkte und Dienstleistunfrom 80 to 5000 kN, single
gen. Als weltweiter Marktführer bei elektrischen Pressen im Pressand multi-plate for the tungsten carbide and PM industries, and for
bereich von 80 bis 5000 kN, Single- und Multi-Plate für die Hartspecial materials, we are the innovator for the industry. Osterwalder
metall- und PM-Industrie sowie Sondermaterialien sind wir für die
presses are often the center of attention when it comes to optimized
Industrie der Innovator.
customer results. Ergonomics, compactness, production capability,
Wenn es um optimierte Kundenergebnisse geht, dann stehen vielprecision, reliability as well as durability. These are not empty words
mals Osterwalder-Pressen im Mittelpunkt. Ergonomie, Kompaktheit,
for us, but the characteristics are distinguishing each and every one
Produktionstauglichkeit, Präzision, Zuverlässigkeit sowie Langlebigof our presses.
keit. Dies sind für uns keine leeren Worte, sondern die EigenschafFor the sake of the environment, we will spare no effort to build our
ten, die jede einzelne unserer Pressen auszeichnet.
presses eco-friendly and set the preconditions for our customers to
Der Umwelt zuliebe setzen wir alles daran, unsere Pressen ökolooperate them as such. With our electric presses, we reduce the CO2
gisch zu bauen und die Voraussetzungen dafür zu schaffen, dass
emissions annually over the entire life cycle of the press by 70 %
unsere Kunden diese auch ökologisch betreiben. Mit unseren elektcompared to equivalent presses with hydraulic drives.
rischen Pressen reduzieren wir den CO2 Ausstoss jährlich bzw. über
Our presses stand out due to their precision and qualitative results.
The process stability and repeatability achieved are unmatched.
den gesamten Lebenszyklus der Presse, um 70 % des CO2 AusstosOsterwalder supplies more than just a press. We support our custoses vergleichbarer Pressen mit Hydraulikantrieben.
mers in coping with their challenges – such as costs, performance,
Unsere Anlagen zeichnen sich durch ihre Präzision und qualitativen
productivity, quality, connectivity around the compacting process –
Ergebnisse aus. Die erreichte Prozessstabilität und Wiederholgenaubetter every day. Our Customer Solution Center offers tailor-made
igkeit ist ansonsten unerreicht.
solutions connected with the production process in cooperation
Osterwalder liefert mehr als eine Presse. Wir unterstützen unsere
with our future-oriented customers and the innovative spirit of our
Kunden dabei, ihre Herausforderungen, wie z. B. Kosten, Perforprocess specialists.
mance, Produktivität, Qualität, Connectivity rund um den PressproThe performance of a press should exceed the function of running
zess, jeden Tag besser zu meistern. Unser Customer Solution Center
up and down in a controlled manner. The daily challenges of our
bietet in Zusammenarbeit mit unseren zukunftsorientierten Kunden
customers are more than enough. For this reason, we have develound dem Innovationsgeist unserer Prozess-Spezialisten massgeped an HMI supporting our customers in the best possible way to
schneiderte Lösungen rund um den Produktionsprozess.
control the compacting process easily and stably and to get more
Eine Presse sollte mehr leisten als nur kontrolliert rauf- und runpotential out of the machine. Based on this HMI, we continue to
terzufahren. Die täglichen Herausforderungen unserer Kunden sind
E 24
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mehr als genug und deshalb haben wir ein HMI entwickelt, das
unsere Kunden bestmöglich dabei unterstützt, den Pressprozess
einfach und stabil zu beherrschen und mehr aus der Maschine zu
holen. Auf der Basis dieses HMI entwickeln wir unsere Produkte und
Services weiter, um mittelfristig die Vorteile einer Smart Factory zu
erreichen.
Wir unterstützen unsere bestehenden Kunden mit installierten Pressen auf der ganzen Welt sowie neue Kunden mit eigenen Niederlassungen in China und den USA sowie vielen Vertretungen vor Ort mit
dem besten Service jederzeit, lokal und weltweit.
Pioneer.Partnership.Performance.
Als Pionier in der Pulvermetallurgie verwirklichen wir Ihre Visionen
und machen das Unmögliche möglich. Als Partner erarbeiten wir mit
Ihnen flexible Lösungen, die auf Ihre individuellen Bedürfnisse zugeschnitten sind. Wir schaffen das beste Preis-Leistungs-Verhältnis
und unterstützen Sie stets bei der Optimierung Ihres Geschäftes.

develop our products and services to achieve the benefits of a Smart
Factory in the medium term.
We serve our existing customers with installed presses all over the
world as well as new customers by our subsidiaries in China and
the USA and many local representatives, with the best service at all
times, locally and worldwide.
Pioneer.Partnership.Performance.
As pioneers in powder metallurgy, we realize your visions and make
the impossible possible. As your partner, we work with you to develop flexible solutions tailored to your individual needs. We provide
the best price-performance ratio and always support you in optimizing your business.

OSTERWALDER AG
3250 Lyss, Schweiz
E-Mail: info@osterwalder.com
www.osterwalder.com

OSTERWALDER AG
3250 Lyss, Switzerland
E-mail: info@osterwalder.com
www.osterwalder.com
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Riedhammer GmbH

Halle C1.101/302A

Riedhammer GmbH

Hall C1.101/302A

Riedhammer: Nahezu 100 Jahre Erfahrung
in innovativer und energieeffizienter
Wärmebehandlungstechnologie für Ihre Produkte

Riedhammer: Nearly 100 Years of Experience
in Innovative, Energy-Efficient Heat Treatment
Technology for Your Products

Die 1924 gegründete Firma Riedhammer GmbH präsentiert auf
der ceramitec 2022 ihre innovative, effiziente und energiesparende Wärmebehandlungstechnologie mit Schwerpunkt auf den
aktuellsten Marktanforderungen, wie Technische Keramik, Automobilbatterien, Brennstoffzellenfertigung, H2-Brenntechnologie
und Recycling-Prozesse. Die Firma verfolgt ganz klar die Strategie,
individuelle Lösungen für immer anspruchsvollere Prozesse und
eine ständig steigende Anzahl verschiedenster Anwendungen anzubieten, einschließlich vor- und nachgeschalteter Fertigungsschritte, und all dies stets im Einklang mit den aktuellsten Normen und
Vorgaben.
Ein besonderes Augenmerk liegt seit vielen Jahren auf den maßgeschneiderten energieeffizienten Öfen, inklusive zugehöriger Handling- und Automatisierungssysteme, für jegliche Prozesse in der
Wärmebehandlung von Hochleistungskeramik. Hier hat Riedhammer vor allem mit den mehrbahnigen Tunnelöfen mit Plattenschubförderung ein technologisch hochwertiges und anspruchsvolles
Produkt im Portfolio, welches Kunden sehr gerne für die Produktion

Riedhammer GmbH, founded in 1924, will be at ceramitec 2022
to present its innovative, efficient, energy-saving heat treatment
technology. This technology focuses on current market requirements
with regard to technical ceramics, automotive batteries, fuel cell production, H2 firing technology and recycling processes. The company’s
strategy is to provide specific solutions for ever-more demanding
processes and an ever-expanding number of applications, upstream
and downstream operations included, all in compliance with the latest standards and regulations.
For many years now, Riedhammer’s customized energy-efficient
kilns for technical ceramics, including the required handling systems
and automation, have been winning market acclaim. With the advent of multi-lane pusher-type tunnel kilns, the Riedhammer portfolio includes a sophisticated, technologically advanced product that
customers successfully use to manufacture complex parts under difficult process control conditions at temperatures of up to 1750 °C.
The focus is currently on the Advanced Materials Business Unit,
which works with the Lithium-ion Battery (LiB) plants that supply

Flue gas purification
Customized solutions and service
We design, plan, build, commission
and maintain your plant to reduce:

VOC
SOx
HF, HCl
NOx
Furanes, Dioxines
etc.
Energy and Environmental Technology
Head office:

Aeussere Hut 2
95490 Mistelgau
+49 (0) 9279 977 41 - 0
www.eitec-gmbh.de info@eitec-gmbh.de
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SLA - BAIKALOX® SLURRIES OF ALUMINA

Looking for a customized
high purity alumina slurry?
Challenge us to co-develop tailor-made slurries
controlled in:
> Chemical compatibility
(pH...)
> Particle size distribution
> Viscosity
> Solid loading

Contact us:
sales@baikowski.com

sales@baikowski.com
Baikowski® SA

France | Poisy | 📞📞+33 4 50 22 69 02

Baikowski® Malakoff Inc.

www.baikowski.com
Mathym® SAS

France | Lyon | 📞📞+33 4 78 83 72 93

USA | Malakoff (TX) | 📞📞+1 903-489-1910

Sales Representative in China

China | Shanghai | 📞📞+86 21.6289.2883

Baikowski® International Corp.

USA | Charlotte (NC) | 📞📞+1 704-587-7100

Baikowski® Korea Co, Ltd.

Korea | Seoul | 📞📞+82 255.281.97

Baikowski® Japan Co, Ltd.

Japan | Chiba | 📞📞+81 474.73.8150
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komplizierter Teile mit schwieriger Prozessführung bei Temperaturen
bis 1750 °C einsetzen.
Im Fokus liegt aktuell der Geschäftsbereich Advanced Materials, in
dem unsere Anlagen für Lithium-Ionen Batterien (LiB) für die globale Batterieindustrie eine besondere Stellung einnehmen. Riedhammer bietet spezielle Lösungen für die thermische Behandlung aller
gängigen Lithium-Batteriematerialien an. Mit den eigens hierfür
konzipierten Batterieöfen ist die Firma spezialisiert auf die Wärmebehandlung von Aktivmaterial im Cathodenbereich (CAM, pCAM)
sowie von aktuellen Anodenmaterialien auf Graphit-/Siliziumbasis.
Mit den gasdichten Rollenöfen (RHK) und Drehrohröfen (RK) können die spezifischen Prozessbedingungen realisiert werden, wie
z. B. Anwendungen unter kontrollierter Atmosphäre mit N2, O2, H2
und speziellen Prozessgasen. Durch die Zugehörigkeit zur SACMIGruppe umfasst das Riedhammer/Sacmi Portfolio selbstverständlich
auch zugehörige Handling-Systeme sowie weitere Anlagen für die
vor- und nachgeschalteten Prozesse entlang der LiB-Wertschöpfungskette und Engineeringleistungen.
Zusätzlich werden Komplettlösungen für LiB-Recyclingprozesse
angeboten, die sich im Wesentlichen aus Zerkleinerung, Pyrolyse,
mechanischer Separation sowie Abgasnachbehandlung zusammensetzen.
Außerdem liefert Riedhammer im Bereich Recycling komplette
kundenspezifische Anlagen mit geringem Energieverbrauch für die
Produktion von Schaumglasschotter im Nass- und Trockenverfahren.
Darüber hinaus steht bei Riedhammer auch auf die jeweiligen
Kundenbedürfnisse angepasste Anlagentechnologie zur Fertigung
der Brennstoffzelle zur Verfügung, die als Effizienz-Technologie
der Zukunft gilt. Innerhalb der SACMI-Gruppe kann Riedhammer
ebenfalls vorgeschaltete Prozesse, wie z. B. Press- und Automatisierungstechnologie, dazu anbieten. Dabei ist die Idee, die sich hinter der Brennstoffzellen-Technologie verbirgt, schon mehr als 180
Jahre alt: Wasserstoff plus Sauerstoff erzeugen Strom und Wärme.
Schon vor vielen Jahren kam diese Technologie im Weltall zum
Einsatz.
Heutzutage zeichnet sich mit dem „Grünen Wasserstoff“ die Brennstoffzelle als eine der umweltpolitischen Lösungen für die Antriebstechnologie bei Flugzeugen, Zügen und dem Schwerlastverkehr ab.
Zusammen mit unseren Kunden sind wir in diesem Bereich mit unserem ambitionierten und engagierten Team am Puls der Zeit und
können durch unsere Erfahrungen eine Vielzahl an Technologien für
jeglichen thermischen Prozess realisieren bzw. für unsere Kunden
mitentwickeln.
Das neu entwickelte Riedhammer Energiesparsystem EMS Neo garantiert die präziseste Atmosphärenkontrolle im Ofen, einhergehend
mit optimiertem Wärmeübergang, um den geringsten Energieverbrauch für Tunnelöfen in der Produktion von Sanitärkeramik zu erzielen.
Im Bereich Geschirrkeramik kann Riedhammer durch weitere Innovationen in der Konzipierung und Ausstattung von Biskuit- und
Glasurbrandöfen sowie Öfen für Steinzeug für die Geschirrindustrie
hocheffiziente Anlagen mit deutlich größeren Ofenabmessungen
und sehr geringem Energieverbrauch bei bester Produktqualität im
Bereich der Tunnel- als auch Rollenöfen umsetzen.
Im Feuerfestbereich hat Riedhammer neben dem klassischen Hochtemperatur-Tunnelofen für Brenntemperaturen bis 1850 °C in den
E 28

the global battery industry. Riedhammer offers special solutions for
the heat treatment of all common lithium battery materials. Its battery kilns, specifically designed for this sector, make the company a
specialist in the heat treatment of cathode active materials (CAM,
pCAM) and graphite/silicon-based current anode materials. Riedhammer’s gastight roller hearth kilns (RHK) and rotary kilns (RK)
provide perfect process conditions for numerous applications (e.g.
controlled-atmosphere processes with N2, O2, H2 and special gases).
As a SACMI Group member, the Riedhammer/Sacmi portfolio also
includes the relative handling systems and additional equipment
for upstream/downstream processes along the LiB value chain, plus
engineering services.
Additionally, Riedhammer offers complete solutions for LiB recycling
processes; these consist mainly of crushing, pyrolysis, mechanical
separation and exhaust gas post-treatment.
Riedhammer also supplies complete customer-specific lines with low
energy consumption for the manufacture of foam glass gravel using
wet or dry technology.
Alongside the above-mentioned processes, Riedhammer supplies
plant engineering technology for fuel cell production, seen as the
efficiency technology of the future, and implements it according to
specific customer needs.
As part of the SACMI Group, Riedhammer can also offer corresponding upstream processes, such as pressing and automation technology. Remarkably, the idea behind fuel cell technology is more than
180 years old: hydrogen plus oxygen generates electricity and heat.
Many years ago, this technology was already being used in space.
Nowadays, with ‘green hydrogen’, fuel cells look set to play a key
role in environmental policy by providing drive technology for airplanes, trains and heavy vehicles. Working closely with our customers, the ambitious Riedhammer team is keeping pace with the
advances in this sector and can provide and/or develop multiple
technologies, whatever the required thermal process.
On the sanitaryware manufacturing front, Riedhammer’s newly developed EMS Neo energy-saving system ensures precision kiln atmosphere control; this is combined with optimized heat transfer to
minimize energy consumption on sanitaryware tunnel kilns.
Moving on to tableware, further innovations in the design of biscuitfiring and glost-firing kilns, as well as stoneware kilns for the tableware industry, allow Riedhammer to provide highly efficient units
with significantly augmented kiln dimensions, extremely low energy
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letzten Jahren mehrere spezielle Hochtemperatur-Tunnelöfen mit Leichtbau-Auskleidung und
besonderen Deckensystemen für Temperaturen bis 1650 °C gebaut, die sich durch modernste
Technologie und hohe Effizienz auszeichnen. Das Portfolio umfasst außerdem Temperöfen für
Magnesia-Carbon und Dolomit-Feuerfestprodukte bis 650 °C Einsatztemperatur, die eine umweltschonende Produktion mit sehr geringem Energieverbrauch aufgrund eines hocheffizienten
Wärmerückgewinnungssystems ermöglichen.
Die für Riedhammer Ofenanlagen eingesetzte H2-Brenntechnologie ist vollständig entwickelt und
erprobt. Sie ist somit voll verfügbar und wurde bereits bei einigen Projekten erfolgreich umgesetzt. In diesem Bereich kann Riedhammer auf Anfrage auch in Bezug auf Modernisierung und
Umstellung von bestehenden Anlagen von Erdgas auf Wasserstoff beratend zur Seite stehen und
entsprechende Maßnahmen durchführen.
Für die generelle Modernisierung vorhandener Anlagen erarbeitet das speziell ausgebildete
Riedhammer-Team, bestehend aus erfahrenen Konstruktions- und Inbetriebnahmeingenieuren,
mit den Kunden maßgeschneiderte Lösungen und Maßnahmen, die eine Minimierung des Energieverbrauches sowie Leistungssteigerung und Qualitätsverbesserung der Anlagen, unter anderem auch durch die Installation, Optimierung und Modernisierung von Automatisierungs- und
Handlingkonzepten bis hin zu komplexen Kontroll- und Visualisierungssystemen, ermöglichen.
Als Teil der weltweit agierenden SACMI-Gruppe kann Riedhammer auf ein globales Netzwerk
von Vertretungen zurückgreifen und jederzeit weltweit besten Kundenservice und professionelle
Betreuung vor Ort gewährleisten.
Riedhammer GmbH
90411 Nürnberg, Deutschland
E-Mail: mail@riedhammer.de
www.riedhammer.de

consumption and outstanding product quality. This comes in the wake of similar results with
tunnel and roller kilns.
In the refractory firing sector, Riedhammer has, in recent years, supplied – in addition to classic
high-temperature tunnel kilns for temperatures up to 1850 °C – several high-temperature tunnel
kilns with lightweight linings and special roof systems for temperatures up to 1650 °C; needless
to say, these feature cutting-edge technology and excellent efficiency.
Note also that the Riedhammer portfolio comprises eco-friendly tempering kilns for magnesia
carbon and dolomite bricks that can operate at up to 650 °C, with a highly efficient heat recovery
system ensuring ultra-low energy consumption.
The H2 firing technology used on Riedhammer kilns is fully developed and tested. It is therefore
fully available and has already been implemented successfully on multiple projects. On request,
Riedhammer also provides an in-depth assessment service for the modernization and conversion
of existing plants from natural gas to hydrogen, followed by the necessary practical measures.
For general modernization of existing plants the highly trained Riedhammer team of senior engineers and experienced commissioning engineers work out a tailor-made ‘revamping’ strategy
together with the customers; this aims to reduce energy consumption, boost output, improve
quality and make plants safer, also by installing, optimizing and modernizing automation/handling systems and sophisticated control/display systems.
As part of the SACMI Group, which has a global network of agencies and representatives, Riedhammer guarantees effective customer service anytime, anywhere worldwide, plus professional
on-site support.
Riedhammer GmbH
90411 Nürnberg, Germany
E-mail: mail@riedhammer.de
www.riedhammer.de
cfi/Ber. DKG 99 (2022) No. 4
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SACMI

Halle C1.101/302

SACMI

Hall C1.101/302

ceramitec 2022 –
die technologische R-Evolution von SACMI

ceramitec 2022
– Technological R-Evolution by SACMI

Es werden eine Vielzahl von Lösungen gezeigt, die in Bezug auf
Vielseitigkeit, Qualität und Bedienerfreundlichkeit sowie Automatisierung und reduziertem Verbrauch einzigartig auf dem Markt
sind. Das Firmennetzwerk von SACMI bietet eine übergreifende
Technologieführerschaft von der Pulvermetallurgie zur Technischen
Keramik, aber auch Feuerfest, Geschirr und Elektromobilität. Es wird
auch die Möglichkeit gegeben, bei SAMA
Maschinenbau die Pilotanlagen und das
F+E-Zentrum zu besuchen. SACMI tritt als
führendes Unternehmen bei der ceramitec
2022 auf und präsentiert seine richtungsweisenden Technologien für Pulver- und
Hartmetall, Feuerfest, Technische Keramik,
Geschirr und Industrieofenbau. Die in einer Vielzahl von Bereichen anerkannte
Technologieführerschaft ist das Prädikat
des SACMI Produktportfolios, dass im Jahr
2022 um eine Vielzahl von Innovationen
reicher geworden ist und die neusten
Markttrends reflektiert.

A variety of solutions are on show, with proposals that are unique
on the market in terms of versatility, quality and ease of use, automation and reduced consumption. From powder metal to technical
ceramics, refractories, tableware and electric mobility, a wide range
of sectors in which SACMI’s network of companies offers consolidated technological leadership. Opportunities include a visit to the
nearby SAMA Maschinenbau site with its
pilot plant and Research Centre SACMI
will be a key player at ceramitec 2022 with
its benchmark technologies in the Powder
Metal, Hard Metal, Refractories, technical
ceramics, Tableware and industrial kilns
sectors. Recognised technological leadership in a number of areas is the hallmark
of SACMI’s product range, which in 2022
will be enriched with a number of new
innovations that reflect the latest market
trends.

Das neue “Helical Gear”
Pressenkonzept
Im Vordergrund stehen Lösungen des
SACMI Geschäftsfeldes Advanced Technologies – ein Segment, das alle Gebiete
mit hohem Potential für Entwicklung und
Wachstum vereint, speziell das Wissen, das in den vergangenen 15
Jahren im Metallsektor aufgebaut wurde. Eine der neuesten und
auch wichtigsten Entwicklungen war die Konstruktion einer revolutionären Lösung für das Pressen von Schrägverzahnungen und
komplexen Komponenten, die neben anderen Sektoren vor allem
für die Elektromobilität gebraucht werden.
Mit Rücksicht darauf werden Besucher
der ceramitec Gelegenheit haben, sich die
bewährte 200 t-MPH-Ausführung anzuschauen. Sie ist in diesem Fall mit einer
neuen Vorrichtung, mit der Schrägverzahnungen mit eingezogen Zähnen hergestellt werden können, bestückt. Dank
zweier rotierender Vorrichtungen ist es
möglich, die Entformung in einem Schritt
auszuführen. Das wird durch vereinfachte
Einrichtungsvorgänge für jedes spezifische, zu produzierende Teil erreicht. Das
ist im Vergleich zu existierenden Lösungen
eine Revolution in Bezug auf den Artikelwechsel (auch wenn offensichtlich einige geringfügige Anpassungen wie die unterschiedliche Neigung der Verzahnung nötig sind),
wo bislang zeitraubende und komplexe Anpassungen erforderlich
sind. Mit der Lösung von SACMI auf der einen Seite können mit
einer Software alle Parameter direkt eingestellt werden. Es müssen
E 30

New “Helical Gear” press concept
In the foreground are the solutions of
SACMI’s Advanced Technologies Business
Unit, an area that brings together sectors
with high potential for development and
growth and, in particular, the skills acquired over the last 15 years in the metal
sector. One of the most recent and important developments was the development of a revolutionary solution
for the pressing of helical gears, complex components that are particularly in demand in the electric mobility sector, among others. In
this respect, visitors to ceramitec will have the opportunity to get a
closer look at the proven 200 t MPH solution, in this case equipped
with the new device for the production of
helical gears with inclined teeth. Thanks to
two rotating devices, the solution allows
the moulding of the component in one
step and through simple set-up operations
based on the specific type of component
to be manufactured.
This is the revolution compared to the
state-of-the-art which, in the case of article changes (even apparently minor differences such as the different inclination of
the gear teeth required), requires lengthy
and complex mechanical adjustments.
With the SACMI solution, on the other
hand, all parameters can be managed directly by software, replacing only the die parts, a solution that is currently unique on the market. In other words, with SACMI the Helical
gear becomes an object that can be managed, in technological and
production terms, with the same simplicity as a cylindrical gear. The
new press concept also significantly improves both energy perfor-
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nur die Werkzeugteile ausgetauscht werden – das ist ein derzeit
einzigartiger Lösungsansatz auf dem Markt. In anderen Worten
werden mit SACMI Schrägverzahnungen unter technologischen
wie Produktionsaspekten so einfach wie eine zylindrische Geometrie herzustellen sein. Das neue Pressenkonzept verbessert auch
entscheidend die Energieeffizienz sowie die Möglichkeiten einer
vorausschauenden Wartung unter Einsatz eines neuartigen Sensorsets zur Speicherung von Betriebsdaten in Echtzeit (Ölstand,
Vibrationen, Druck, etc.).
Von Feuerfest zu e-MP
LAEIS hat sein Angebot von Elektropressen für die Technische
Keramik und Hartmetallkomponenten diversifiziert und zeigt die
neue 20 t-Elektropresse e-MP auf der ceramitec (siehe E 17 ff.).
Wir SIND Geschirr
Das SACMI Firmennetzwerk – SAMA, RIEDHAMMER, GAIOTTO,
SACMI IMOLA – entwickelt für die Geschirrproduktion einen umfassenden Vorschlag, der auf Automatisierung, Nachhaltigkeit und
Effizienz fokusiert ist. Bei der ceramitec steht im Vordergrund der
Vorschlag von SAMA, der die Lösung “PHO 700 Green Isostatic
Pressing“ auf den Markt bringt. Die Marktführer in diesem Sektor
setzen auf Lösungen, die die größte Vielseitigkeit in Bezug auf unterschiedlichen Produktionsmix (einschließlich von Spezialformaten bis zu 480 mm Durchmesser und 150 mm Höhe), die vermehrt
vom Verbrauchermarkt gefragt werden, bieten – wie z. B. ofenfeste
Artikel und große Mugs. Mit der PHO 700 ist das Entformen von
schwersten, breitesten und tiefsten Teilen mit einer optionalen,
angepassten Entformvorrichtung möglich. Die besonderen Eigenschaften dieser Lösung und ihr Alleinstellungmerkmal im Markt
ermöglichen eine Rückwärtsintegration, auch für den erweiterten
Bereich. Das sind Lösungen für Automatisierung und Robotik beim
Finishing, die in Partnerschaft mit GAIOTTO entwickelt wurden. Begleitend gibt es Einrichtungen, um den Energieverbrauch um bis zu
30 % zu senken, was charkteristisch für die SAMA “Green Series”
ist. Der Vorschlag inkludiert auch das DHD-D 908, ein neues Konzept für digitale Dekormaschinen, das das umfangreiche Knowhow und die Erfahrung von SACMI im Bereich der Dekoration von
Keramikgeschirr zeigt. Neben der Möglichkeit bei SAMA Maschinenbau aus erster Hand die Pilotanlagen, das F+E-Zentrum und
die Produktion zu sehen, können Kunden dort alle Tests zur Produktentwicklung im Vorfeld zur Produktion durchführen. Zu den
neuesten Initiativen gehört auch die Entscheidung im Jahr 2021,
das erste, vollständige Buch über die Geschirrtechnologie zu publizieren. Das ist eine einzigartige Initiative im Rahmen von Industriepublikationen, die SACMI kostenlos seinen Kunden anbietet, um
die Entwicklung von Know-how und Innovation zu begleiten, mit
Fokus auf das Training von Personal und das Prinzip der Partnerschaft für die Entwicklung neuer Ideen und Projekte.
Industrieöfen
SACMI-RIEDHAMMER ist für Geschirr, Lithium u.v.m. kompetent.
(siehe E 26 ff.).
SACMI IMOLA S. C.
40026 Imola (BO), Italien

Sense of perfection.
Raw materials
for ceramics
KAOLIN – FELDSPAR – QUARTZ – CHAMOTTE

Visit us at:
• CERAMITEC 2022
Messe München, Munich, Germany
Hall/Booth C2.201/302
• TECNA 2022
Rimini, Italy
Pav. B7 / Booth: 116

www.sacmi.com
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mance and opportunities for proactive maintenance management,
with the new advanced sensor kit for real-time collection of operating status data (oil status, vibrations, pressure, etc.).
From refractories to e-MP
LAEIS has diversified its offering to the electric pressing of technical ceramics and hard metal components – on show at the ceramitec fair is the new 20 t e-MP electric press (see E 17 ff.)

You call it efficiency
We call it Eirich
Eirich is the worldwide standard in the ceramics

We ARE Tableware
The SACMI network of companies – SAMA, RIEDHAMMER,
GAIOTTO, SACMI IMOLA – is developing an all-round proposal for
tableware production that focuses on automation, sustainability
and efficiency. In the foreground at ceramitec is the SAMA proposal, which has consolidated the PHO 700 Green isostatic pressing solution on the market. Preferred by the main players in the
sector, the solution offers maximum versatility in the management
of different production mixes, including “special” formats (up to
480 mm in diameter and 150 mm in height) which are increasingly
in demand and appreciated by the market, such as oven-proof
dishes, large mugs, etc.
With PHO 700, demoulding of the heaviest, widest and deepest
items can be facilitated with the optional demoulding device. The
distinctive features of the solution and its uniqueness in the market make it possible to integrate downstream, even for the widest items, solutions for automatic and robotic finishing, developed
in partnership with GAIOTTO. Alongside this are the devices for
reducing consumption by up to 30% that characterise SAMA’s
“Green Series”.
The proposal also includes DHD-D 908, a new concept digital decorating machine that extends SACMI’s extensive know-how and
experience in ceramic decoration to the tableware sector.
Among the opportunities for ceramitec visitors is a visit to the
nearby SAMA headquarters to see first-hand the pilot plant and
Research Centre, state-of-the-art facilities where customers can
carry out all product development tests prior to industrialisation.
Among the most recent initiatives is the decision in 2021 to publish the first complete book on tableware technology, a unique
initiative in the panorama of industry publications that SACMI has
offered free of charge to its customers to accompany the development of know-how and innovation, focusing on people training
and the principle of partnership for the development of new ideas
and projects.
Industrial kilns:
SACMI-RIEDHAMMER is competent for tableware, lithium, and so
on (see E 26 ff.).

industry since decades. The highly efficient and
resource-saving Eirich technology makes you and

SACMI IMOLA S. C.
40026 Imola (BO), Italy

your product better and better while at the same

www.sacmi.com

time you relieve our environment.
eirich.de
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Steinbach

Halle C1.236

Steinbach

Hall C1.236

Die Steinbach AG – Partner der Industrie. Konstant
und erfolgreich.

Steinbach AG – Partner for Industry. Constant and
Successful.

Innovativen Den Grundstein für die erfolgreiche Geschichte der
Steinbach AG legte im Jahr 1923 Fritz Steinbach in Konstanz. Der
Umzug zum heutigen Standort Detmold erfolgte in den 30iger Jahren des 20igsten Jahrhunderts.
Ab dem Jahr 1951 erfolgte der
Neustart unter seinem Sohn
Heinz und dessen Ehefrau Hildegard. 1980 trat Volker Steinbach in dritter Generation in das
Unternehmen ein. Anfang 1981
gründete die Familie Steinbach
die Steinbach GmbH und entwickelte sich mit der notwendigen Portion Pioniergeist und
unternehmerischem Weitblick
zu einem weltweit erfolgreichen mittelständigen Partner der Industrie. Im Jahr 2002 erfolgte dann der Formwechsel zur Steinbach AG.
Im Laufe der knapp 100-jährigen Firmengeschichte sind und bleiben
die kontinuierliche Produktentwicklung sowie die Ausweitung auf
verschiedene Geschäftsfelder die tragenden Säulen des Erfolges der
Steinbach AG.
Die Steinbach AG mit Hauptsitz in Detmold (Nordrheinwestfalen)
und einer nationalen Vertretung in Ulm, sowie internationaler Vertretungen in Shanghai/China, Charlotte/USA, Taipei/Taiwan und
Brisbane/Australien, gewährleisten wir unseren Kunden eine globale Marktnähe, um Zuverlässigkeit, anspruchsvolle Anwendungen
und Prozesssicherheit zu ermöglichen. Eine dieser Säulen ist der
Bereich der technischen Keramik. Aufgrund unserer langjährigen
Firmenerfahrung auf diesem Gebiet ist für uns die Herstellung feinster Bauteile in höchster Qualität bis ins kleinste Detail möglich. So
können und werden unsere Produkte mit komplexe Geometrien,
sowie hoher Festigkeit und Präzision für die Luft- und Raumfahrt,
Medizintechnik oder den Maschinenbau eingesetzt.
Wo herkömmliche Fertigungsmethoden an ihre Grenzen stoßen,
zeigt die additive Fertigung unserer 3D-Druck-Keramik ihre Stärken.
Dank des auf LCM-Technologie basierenden Verfahrens können
wir Kleinstbauteile in perfekter Präzision herstellen, die konventionell nicht herstellbar sind. Darüber hinaus waren die bisherigen
generativen Fertigungsmethoden nur eingeschränkt für Prototyping
geeignet. Mit dem LCM-Verfahren ist es uns als Dienstleister möglich, Prototyping in Serienqualität sowie kleine und mittlere Serien
herzustellen
Gerne informieren wir Sie über unsere Produkte und Fertigungsverfahren auf der ceramitec 2022. Überzeugen Sie sich vor Ort von
unseren Produkten, ihrer Qualität und den verschiedensten Anwendungsmöglichkeiten. Können Sie nicht vor Ort sein, dann laden wir
Sie dennoch recht herzlich ein, sich auf unserer Internetseite umzuschauen oder sich mit uns per E-mail (info-tc@steinbach-ag.de)
oder per Telefon in Verbindung zu setzen (+49 5231 9607-0).
Steinbach AG
32758 Detmold, Deutschland
www.steinbach-ag.de

The foundation stone for Steinbach AG’s success story was laid
in 1923 by Fritz Steinbach in Constance. The move to today’s headquarters in Detmold was made in the 1930s. In 1951 came the restart under his son Heinz with
daughter-in-law Hildegard.
In 1980, Volker Steinbach
became the third generation
to join the company. At the
beginning of 1981, the Steinbach family founded Steinbach GmbH and developed it
with the necessary portion of
pioneering spirit and entrepreneurial vision to a globally
successful
medium-sized
partner for the industry. In 2002, the company was changed in its
legal form to Steinbach AG.
In the course of the just under 100 years of the company’s history,
continuous product development and expansion into various business fields are and will remain the main pillars of Steinbach AG’s
success.
Steinbach AG, with its headquarters in Detmold (North-Rhine Westphalia) and a national representative office in Ulm, as well as international representatives in Shanghai/China, Charlotte/USA, Taipei/
Taiwan and Brisbane/Australia, guarantees its customers global
market proximity to enable dependability, complex applications and
process reliability.
One of these pillars is technical ceramics. Thanks to our many years
of company experience in this field, we are able to manufacture extremely fine components in exceptional quality, down to the tiniest
detail. Our products with complex geometries as well as maximized
strength and precision are used in aerospace, medical engineering
or mechanical engineering.
Where conventional manufacturing methods reach their limits,
additive manufacturing of our 3D-printed ceramics plays out its
strengths. Thanks to the process based on LCM technology, we can
precision-manufacture the extremely small components that cannot
be manufactured conventionally. Moreover, the generative manufacturing methods that have been available so far have only limited
suitability for prototyping. With the LCM process, it is possible for
us as a service provider to manufacture prototypes in large-series
quality as well as small to medium series.
We should like to inform you about our products and manufacturing processes at ceramitec 2022. There you can convince yourself
of our products, their quality and the wide range of applications.
If you can’t get there, we invite you to look at our internet page
or to contact us by e-mail (info-tc@steinbach-ag.de) or telephone
(+49 5231 9607-0).
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Steinbach AG
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Glatt Ingenieurtechnik

Halle C2.409

Glatt Partikeldesign von Nano bis Makro auf der
ceramitec 2022

Glatt Ingenieurtechnik

Hall C2.409

Glatt Particle Design from Nano to Macro at
ceramitec 2022

Ob Glatt Ingenieurtechnik zeigt auf der ceramitec sein TechnoloGlatt Ingenieurtechnik will be showcasing its technology for powgiepotential für Pulver und Granulate mit speziellen Eigenschaften
ders and granules with special properties for bioceramics, industrial
für Biokeramiken, Industrieceramics, LED applications
keramiken, LED-Anwendunand batteries for electrogen und Batterien für Elekmobility at ceramitec. From
tromobilität. Ob Nanometer
nanometers to millimeters,
oder Millimeter – auf seinem
Glatt Ingenieurtechnik will be
Stand stellt Glatt Ingenieurdemonstrating its expertise in
technik sein Können im Parparticle design for grain sizes
tikeldesign für Korngrößen
from nano to macro at this
von Nano bis Makro unter
year’s ceramitec. At the leadBild Glatt bietet Partikeldesign für verschiedene Korngrößen von 200 nm
Beweis. Auf der internatio- bis zu 4 mm
ing international trade fair
nalen Leitmesse der kerami- Fig. For grain sizes from 200 nm to 4 mm, Glatt offers a wide range of
for the ceramics industry, the
schen Industrie informiert der particle design services
fluid bed and spouted bed
Pionier von Wirbelschicht und
pioneer will present these
Strahlschicht über diese Technologien sowie über Prozesse im pultechnologies as well as its processes in the pulsating gas stream of
sierenden Gasstrom der Glatt Pulversynthese.
powder synthesis.
Trocknen, Granulieren, Beschichten und Kalzinieren in einem ProBy combining drying, granulating, coating and calcining in a sinzessschritt – die Technologien des Prozessexperten und Anlagengle step, the process expert and plant manufacturer facilitates the
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CONTINUOUS KILNS & FURNACES OPTIMIZED FOR
SOLID OXIDE ELECTROLYSER CELL PRODUCTION
ONEJOON is your development partner from
your current batch processes to high
efficiency large scale production

Seamless Turn-Key supply of kilns & furnaces,
cell handling and material flow automation.
ONEJOON GmbH | www.onejoon.de
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bauers erlauben die effiziente Verarbeitung von festen und flüssigen Ausgangsstoffen bei Prozesstemperaturen von 40–1300 °C.
Darüber hinaus begleitet Glatt Ingenieurtechnik seine Kunden von
der Produktidee bis zur Produktion und bietet sowohl TechnologieTransfer als auch Anlagenbau, Lohnfertigung und Fabrikplanung für
funktionale Pulver, Granulate und Pellets.
Die Glatt Technologien eröffnen mit ihren vielfältigen Prozessoptionen fast unbegrenzte Möglichkeiten für optimales Partikeldesign
und geeignete Funktionalisierungen von Schüttgutpartikeln. Der
Schlüssel zum idealen Produkt liegt dabei in der richtigen Auswahl
der Prozessparameter und deren passende Kombination.
Im pulsierenden Gasstrom der Glatt Pulversynthese erzeugte ultrafeine Pulver weisen dank der besonders homogenen thermischen
Behandlung bei bis zu 1300 °C keine unerwünschten Hotspots oder
harte Aggregate auf und sind leicht dispergierbar. Vorteilhaft sind
die sehr hohen Wärme- und Stofftransferraten im Reaktor und die
Möglichkeit, Schichtdicke, Porosität und Aktivitätsprofile von Pulverpartikeln spezifisch bestimmen zu können.
Wirbelschicht- und Strahlschichtprozesse verwandeln Pulver und
Flüssigkeiten in staubfreie, freifließende Granulate und Pellets,
die sich genau dosieren und sicher handhaben lassen. Partikelbeschichtungen und Mikroverkapselungen garantieren den Schutz von
Schüttgut und Umgebung und sorgen so für mehr Lagerstabilität.
Zudem verbesseren sie die sensorische Attraktivität und ermöglichen
Retardierungen sowie kontrollierte Freisetzung von Aktivstoffen.
Dabei profitieren die Kunden von Glatt jederzeit vom Zugang zu
innovativen Technologien, sehr kurzen Entwicklungszeiten für neue
Partikelformen und einem nahtlosen Scale-up auf Basis von Laborund Pilotversuchen im eigenen Technologiezentrum in Weimar.

efficient handling of solid and liquid starting materials at process
temperatures from 40–1300 °C. In addition, Glatt Ingenieurtechnik
partners with its customers from product idea to production and
also offers technology transfer, and services for process and plant
engineering, contract manufacturing and factory planning for functional powders, granules and pellets.
With their wide range of process options, Glatt technologies provide almost unlimited possibilities for optimum particle design and
the functionalization of bulk material particles. The key to the ideal
product lies in the optimized selection and combination of the most
appropriate process parameters.
Thanks to the particularly homogenous thermal treatment at up
to 1300 °C, ultrafine powders produced using the pulsating gas
stream of Glatt’s powder synthesis technology have no undesirable
hotspots or hard aggregates and are easy to disperse. Further advantages include the very high heat and mass transfer rates in the
reactor and the ability to specifically determine the layer thickness,
porosity and activity profiles of powder particles.
Fluid bed and spouted bed processes transform powders and liquids
into dust-free, free-flowing granules and pellets that can be precisely dosed and safely handled. Particle coatings and microencapsulation guarantee the protection of bulk solids and the environment,
thus ensuring greater storage stability. They also improve sensory
appeal and enable the retardation and controlled release of active
ingredients.
Glatt’s customers benefit from access to innovative technologies,
very short development times for new particle shapes and seamless
scale-up based on laboratory and pilot trials conducted in the company’s own technology center in Weimar, Germany.

Glatt Ingenieurtechnik GmbH
99427 Weimar, Deutschland
www.glatt.com

Glatt Ingenieurtechnik GmbH
99427 Weimar, Germany
www.glatt.com
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Enhancing and functionalizing
cEramic powdErs and granulatEs
For particle sizes from nano to macro.
Particularly homogeneous powders and free-flowing, dust-free granules
with defined properties from solid and liquid starting materials with:
» Glatt fluid bed and spouted bed technology
» Glatt powder synthesis

Meet the Glatt experts @ ceramitec 2022
booth c2.409
Glatt. Integrated Process Solutions.
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Grothe

Halle C2.301/402

Grothe

Hall C2.301/402

Qualität von Anfang an für Perfektion in
keramischen Oberflächen

Quality from the Start – Perfection in Ceramic
Surfaces

Grothe Rohstoffe ist seit 70 Jahren Europas führender Lieferant
keramischer Farben und Ihr verlässlicher Partner. Als Handelsunternehmen gegründet, führen wir das Familien-Unternehmen mittlerweile in der dritten Generation. Wir entwickeln und produzieren
Spezial-Engoben (ENGOSYN®), Glasuren (GRONAT®) und SpezialAnlauffarben (REDOX®) für die grobkeramische Industrie.
Als Experten liefern wir für jeden Bereich individuelle Lösungen.
Speziell auf die Bedürfnisse unserer Kunden abgestimmt, entwickelt
und produziert das Unternehmen maßgeschneiderte Produkte von
höchster Wertigkeit.
Der Erfolg von Grothe Rohstoffe beruht auf außergewöhnlichen Serviceleistungen und höchstem Qualitätsanspruch. Kundenwünsche
setzt unser Expertenteam aus Keramikingenieuren und Keramiktechnikern optimal, schnell und innovativ um. Bei den keramischen
Prüfprozessen werden modernste Geräte eingesetzt. Die Qualitätssicherungsabteilung gewährleistet, dass unsere Produkte dauerhaft
qualitätsstabil die Kunden erreichen und unsere Mitarbeiter in Forschung und Entwicklung sind ständig auf der Suche nach neuen,
innovative Optimierungsansätze für Qualität und Preis. Denn Ihre
Zufriedenheit ist unsere Motivation.
Wir beraten Sie gern persönlich. Besuchen Sie uns auf der ceramitec
2022 in Halle C2, Stand 301/402. Weitere Infos über uns finden Sie
unter www.grothe.net

For 70 years, Grothe Rohstoffe is Europe’s leading supplier of ceramic colours, and your reliable partner. Founded as a trading company, the family-run business is now in its 3rd generation. We develop and produce special engobes (ENGOSYN®), glazes (GRONAT®)
and special tarnishing colours (REDOX®) for the heavy clay industry.
As experts we offer solutions for every sector. Specifically adapted
for the needs of our customers, the company develops and produces
tailor-made products of the highest value.
The success of Grothe Rohstoffe is based on outstanding services
and the highest quality standards. Our team of experts, including
ceramic engineers and ceramic technicians, implements customer
requests in an optimal, fast and highly innovative manner. For
the ceramic testing process we make use of the most up-to-date
equipment. Our Quality Assurance Department guarantees that our
products reach our customers in a lasting uniform quality and our
employees in research and development are constantly looking for
new, innovative optimization approaches for quality and price. Because your satisfaction is our motivation.
We will be happy to advise you personally. Visit us at ceramitec 2022
in Hall C2, Stand 301/402. More information is available on our
website www.grothe.net

Grothe Rohstoffe GmbH & Co. KG
31675 Bückeburg, Deutschland
E-Mail: info@grothe.net
www.grothe.net

Grothe Rohstoffe GmbH & Co. KG
31675 Bückeburg, Germany
E-mail: info@grothe.net
www.grothe.net
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It’s your choice!
Let‘s create your own product.
Please contact us!

• ENGOSYN® special engobes
• GRONAT® glazes
• GRONAT® melting colours
• REDOX® tarnishing colours
• Ceramic raw materials
• Customer service at its best

Grothe – Colours for the heavy clay industry | Grothe Rohstoffe GmbH & Co. KG | www.grothe.net
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Nutec

Halle C2.105/206

Nutec

Hall C2.105/206

Nutec auf der ceramitec 2022

Nutec at ceramitec 2022

Nutec Bickley kommt zur ceramitec in einer ihrer aktivsten Perioden in Bezug auf Produktion und Kommissionierung mit seinem
größten jemals gebauten
Stand.
In den letzten neun Monaten florierte der weltweite
Auftragseingang für eine
Vielzahl von Ofentypen für
sehr spezielle Produkte.
Diese Periode begann mit
der Kommisionierung eines
Hochleistungs-Herdwagenofen für Sanitärkeramik in
Indonesien, und Schritt für
Schritt wurden im gleichen
Bereich vier Herdwagenöfen in Mexiko (für den
ersten Brand und den Reparaturbrand) in Auftrag
genommen. Die Firma arbeitet auch in Europa an zwei 15 m3 Herdwagenöfen und einem 20 m3 gasbeheizten Nachbehandlungsofen

Nutec Bickley comes to ceramitec with its largest ever stand and
one of its busiest periods of manufacturing and commissioning.
The past nine months
have seen a flow of orders for a variety of kilns,
for quite distinct ceramic
products, right across the
world. The period began
with the commissioning
in Indonesia of a highperformance shuttle kiln
for ceramic sanitaryware,
and in this same sector
an order has subsequently been taken for four
shuttle kilns in Mexico
(first fire and refire).
The company is also working on a European order for two downdraft 15 m3 shuttle kilns plus one 20 m3 gas-fired
forced recirculation curing oven for steel refractories. Another of this

Advertisement

VISIT US AT
Munich - Germany
June 21 - 24 - 2022
PAVILLON C3 n.210

COMPLETE PLANTS
FOR THE BRICK INDUSTRY
AND INNOVATIVE SOLUTIONS
IN THE FIELD OF
INDUSTRIAL AUTOMATION

CAPACCIOLI s.r.l. Via Piave, 51

53048 Sinalunga (SI) Italy

+39 0577 679296

capaccioli.com
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für feuerfeste Produkte mit geführter Rezirkulation zur Anwendung in der Stahlindustrie. Ein
anderes Werk von diesem Kunden, diesmal in Asien, hat ebenfalls einen Auftrag für einen Herdwagen gegeben – hier zum Brennen von speziellen Produkten aus Alumina/Graphite.
In den USA wird Nutec Bickley einen Elektroofen für die Herstellung von Keramikfarben in Kassetten liefern, des Weiteren ist ein 38 m-Tunnelofen für Keramikkern in Konstruktion – ein weiterer geht an einen zufriedenen internationalen Kunden, der diese Bauform diesmal für sein Werk
in Mexiko nachordert.
Nutec hat zum wiederholten Male seine Vielseitigkeit in der Konstruktion unter Beweis gestellt,
und zudem die herausragende Performance in einem sehr dem Wettbewerb ausgesetzten Gebiet
und somit erfolgreich einen Vertrag für einen Hochtemperatur-Herdwagenofen zum Brennen von
hochreinen Aluminiumoxidrohren, -ziegeln und -mahlkörpern von einem führenden Hersteller
aus Taiwan gewonnen.
Zur ceramitec wird Nutec Bickley die Gelegenheit geben, mehr im Detail über die ECOmbustion Ofenüberwachungsplattform zu sprechen. Dieses ausgereifte, intelligente System, das die
Brennbedingungen optimiert, garantiert das hohe Niveau der benötigten homogenen Temperaturverteilung.
Es passt automatisch die Betriebsparameter an, um die Geschwindigkeit, Effizienz und Qualität
zu maximieren und schafft die Basis für die Anwendung einer neuen Rekuperationstechnologie.
ECOmbustion arbeitet Hand in Hand mit dem Nutec Bickley urheberrechtlich geschützten IMPS®
(integrierten Mehr-Zonen-Pulsationssystem). Die Vorteile sind ein geringerer Brennstoffbedarf
(25–30 % als die von Öfen der Mitbewerber) und großer Temperaturhomogenität. IMPS® bietet
über sein Menü Heiz-/Kühlraten eine enorme Flexibilität.
Die Experten vom technischen Vertrieb werden auch zur Verfügung stehen, um über die breitere
Einführung der Elektroofentechnik, in geeigneten Anwendungsgebieten, zu sprechen und zudem
über Technologien, die in Zusammenhang mit Wasserstoff in Brennstoffgemischen für zukünftige
Ofenkonstruktionen stehen.
Nutec Bickley
Santa Catarina, N.L. 66359, Mexico
www.nutecbickley.com

client’s plants, this time in Asia, has also placed an order for a shuttle kiln for firing specialist
alumina graphite products.
In the USA, Nutec Bickley will be supplying an electric tunnel kiln for the processing of ceramic
colours in saggars, while a 38 m-long tunnel kiln for ceramic cores is also under construction –
another repeat order from a satisfied international customer, on this occasion for a Mexican plant.
Proving once again its design versatility, as well as outstanding performance in a competitive
field, Nutec Bickley was also successful in gaining the contract for a high temperature shuttle kiln
to be used for firing high purity alumina tubes, bricks and balls for an advanced manufacturer
in Taiwan.
ceramitec will see Nutec Bickley given the opportunity to talk in more detail about its ECOmbustion kiln control platform. This is a sophisticated, intelligent system that optimises kiln firing conditions, guarantees the required levels of temperature uniformity, automatically adjusts operating
parameters to maximise speed, efficiency and quality, and allows for the introduction of internal
recuperation technology. ECOmbustion works hand in hand with Nutec Bickley’s proprietary
IMPS® (Integrated Multi-Zone Pulsing system), the benefits of which are lower fuel consumption
(25–30 % less than competitors’ kilns) and great temperature uniformity. IMPS® also offers a
great deal of flexibility via its menu of heat/cool modes.
Technical sales experts will also be available to talk about the company’s wider introduction of
electric firing technology, in sectors where this is appropriate, and also technologies associated
with bringing hydrogen into the fuel mix for future system design.
Nutec Bickley
Santa Catarina, N.L. 66359, Mexico
www.nutecbickley.com
cfi/Ber. DKG 99 (2022) No. 4
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Wassmer

Halle C3.121/122

Wassmer

Hall C3.121/122

Neuheiten von der Wassmer Gruppe

News from the Wassmer Group

Wassmer Maschinen im Trend
Die hohe und nach wie vor steigende Nachfrage nach Riemchen
und Winkelriemchen hat zu einem steilen Anstieg der Bestellungen
von Wassmer Riemchen und Winkelriemchensägen geführt. Die
Wassmer Riemchensägen zeichnen sich durch ihre einzigartige doppelwellige Sägetechnik und der Führung der Steine während dem
Sägevorgang aus. Dadurch sind sie auch für sehr harte Klinkersorten
geeignet. Die Vorteile sind hoher Durchsatz, kleine Schnitttoleranzen, keine Ausbrüche an der Rückseite der Riemchen, längere Werkzeugstandzeiten. Diese Eigenschaften sind vor allem bei Herstellern
von Isolierpanelen beliebt.
Im Bereich der Feuerfestmaterialien werden von den Endabnehmern
immer kleinere Bearbeitungstoleranzen bei Keilsteinen und Quadersteinen gefordert. Wassmer Schleifmaschinen schleifen je nach Material trocken oder wassergekühlt. Die robuste Bauweise, spezielle
Führungen und Lagerungen und die selbst entwickelte Software garantieren gleichbleibend hohe Bearbeitungsqualität bei konstanter
Einhaltung der geforderten Toleranzen, und lange Lebensdauer der
Maschinen.

Wassmer machines on trend
The high and still increasing demand for brick slips and angles
has led to a rapid increase in orders for Wassmer brick slip and angles saws. The Wassmer brick slip saws distinguish by their unique
double-arbour sawing technology and the guidance of the bricks
during the sawing process. This makes them suitable even for very
hard clinker types. The advantages are high output, tight cutting tolerances, no chipping on the back of the brick slips, longer tool life.
These properties are particularly valued by manufacturers of insulating panels.
In the field of refractory materials, end users are demanding ever
smaller machining tolerances for wedge bricks and squared blocks.
Wassmer grinding machines grind dry or water-cooled, depending
on the material. The robust design, special guides and bearings and
the in-house developed software guarantee consistently high machining quality with constant compliance with the required tolerances and a long service life for the machines.

Automatisierung
Bei den Kunden der Wassmer Gruppe spielt die Automatisierung
des gesamten Prozesses der Bearbeitung der Produkte eine immer
größere Rolle. Nicht nur aus Gründen der Kostenersparnis, sondern
auch zur Erhöhung der Produktivität der Anlage und der Sicherheit
der Mitarbeiter, zur schonenden Behandlung der Werkstücke, sowie
zur Qualitätssicherung und Nachverfolgung bietet die Wassmer
Gruppe daher Greifer Systeme, Roboter , Systeme zur Erkennung
der Roh- und Fertigware und Sortierung sowie Kennzeichnung bis
hin zur Verpackung an. Fehler wie Risse, Aufplatzungen, Bruch
werden vollautomatisch erkannt und die entsprechenden Stücke
werden automatisch aussortiert. Gespeicherte Rezepte können zur
produktgerechten Bearbeitung und Sortierung abgerufen werden.
Bei fehlerhaften Eingaben durch die Anlagenbediener schützen Kontrollfunktionen und Messungen die Werkstücke und die Anlage vor
Schäden.
Die eigene Wassmer Steuerungstechnik sorgt als Teil der Wassmer
Gruppe für Prozesssicherheit und Einbindung aller Elemente von der
Zuführung der Rohteile bis zur Implementierung der gewünschten
und normgerechten Sicherheitssysteme. Je nach Anwendungsfall
beinhalten die Sicherheitseinrichtungen zum Beispiel Schallschutzkabinen, Zäune, Sicherheitstüren, Lichtschranken und Lichtvorhänge, sowie bei großen Linien und Anlagen die Einteilung in verschiedene Sicherheitszonen.
Die genannten Elemente können auch als nachträgliche Verbesserungen für bestehende Anlagen verwirklicht werden.
Neues Geschäftsfeld Kaschiermaschinen – Walzen- oder
Flachbettkaschieranlagen
Auf Wunsch eines großen Unternehmens in der Converter Branche
hat die Wassmer Gruppe ein weiteres Geschäftsfeld erschlossen. Die
bereits auf den Markt vorhandenen Kaschiermaschinen konnten
den Vorgaben des Kunden in punkto Produktivität und Qualität in
E 40

Automation
For the customers of the Wassmer Group, automation of the entire process of machining the products is playing an increasingly
important role. Not only for reasons of cost savings, but also to increase the productivity of the line and the safety of the operators, for
gentle handling of the workpieces, as well as for quality assurance
and tracking. The Wassmer Group therefore offers gripper systems,
robots , systems for recognising the raw and finished goods and
sorting as well as labelling through to packaging. Defects such as
cracks, chipping and breakage are detected completely automatically and the corresponding pieces are automatically sorted out.
Stored recipes can be called up for product-specific processing and
sorting. In the event of incorrect entries by the system operators,
control functions and measurements protect the workpieces and the
system from damage.
Wassmer’s own control engineering department, as part of the Wassmer Group, ensures process reliability and integration of all elements
from the feeding of the raw pieces to the implementation of the
desired and standard-compliant safety systems. Depending on the
application, the safety equipment includes, for example, soundproof
booths, fences, safety doors, light barriers and light curtains, as well
as the division into different safety zones for large lines and plants.
The above-mentioned elements can also be implemented as retrofit
improvements to existing lines.
New business field laminating machines – roller or flatbed
laminating machines
Upon request of a large company in the converter industry, the Wassmer Group has opened up a further business field. The laminating machines already available on the market could not meet the
customer’s requirements in terms of productivity and quality in the
processing of difficult insulating and acoustic materials. Wassmer
therefore developed a new laminating machine in close cooperation
with the customer, which met the higher and new requirements of
the market.
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der Bearbeitung von schwierigen Isolier- und Akustikmaterialien
nicht entsprechen. Wassmer entwickelte daher in enger Zusammenarbeit mit dem Kunden eine neue Kaschieranlage, die den
höheren und neuen Anforderungen des Marktes gerecht wurde.
Das erworbene Know-how findet Anwendung beim einseitigen
oder beidseitigen Kaschieren verschiedener Materialien wie
z. B. Schäumen, Filzen, Vliesen einseitig mit einem doppelseitigen Klebeband und/oder beidseitig mit einer Aluminiumfolie als
Hitzeschutz. Diese Materialien können in Form von Rollen- oder
als Plattenware verarbeitet werden. Welche Kaschiertechnik zur
Ausführung kommt, Bearbeitungsbreite, Anzahl der Auf- und Abwickelrollen und weitere Details werden auf die kundenspezifischen Wünsche und Produkte ausgelegt. Schneidevorrichtungen
wie z .B. Längs- und Querschneider werden je nach Bedarf und
Anforderungen in die Anlage integriert. Sprechen Sie uns an.
Wassmer Spezialmaschinen GmbH
79423 Heitersheim, Deutschland
E-Mail: wassmer@wassmer.de
www.wassmer.de

The know-how acquired finds application in the single-sided or
double-sided lamination of various materials such as foams, felts,
non-wovens on one side with a double-sided adhesive tape and/
or on both sides with an aluminium foil as heat protection. These
materials can be processed in roll or sheet form. The lamination
technique, processing width, number of winding and unwinding
rolls etc. are designed to meet the customer’s specific requirements and products. Cutting devices such as longitudinal and
cross cutters are integrated into the system according to needs
and requirements. Please contact us.
Wassmer Spezialmaschinen GmbH
79423 Heitersheim, Germany
E-mail: wassmer@wassmer.de
www.wassmer.de
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KRAHN Ceramics: Technology Partner on a Broad Footing
Project partner and accelerator for everything concerning the processing of ceramic powders, this is how

KRAHN Ceramics GmbH has positioned itself. The company headquartered in Hamburg operates not
only as a supplier and producer of powders, binders, process additives and custom-made feedstocks for
ceramic injection moulding, it also offers its customers consulting and product development along the
ceramic process chain. KRAHN Ceramics can draw on more than 30 years of experience in the market: As
part of a strategic reorientation, the technical ceramics division of KRAHN Chemie GmbH 2020 was spun
off together with the binder business acquired from eMBe in 2019 into a separate company – KRAHN Ceramics was born. We spoke to Dr Stefan Stolz (StS), Managing Director of KRAHN Ceramics, about project
partnerships, the role of a creative laboratory and plans for the forthcoming years.

Fig. 1 Dr Stefan Stolz, Managing Director,
KRAHN Ceramics GmbH

cfi: Since 2020, KRAHN Ceramics GmbH
has been operating as an independent
company. What has the establishment of
this division accelerated? How do you stand
out from your competitors?
StS: As a distributor, KRAHN has been oper
ating in ceramics for more than 30 years. I,
myself, after becoming fascinated in the
topic of ceramics at the Friedrich-Alexander-University of Erlangen under Prof. Greil
and later gaining first industrial experience
at CeramTec, joined “Team Ceramic” in the
Krahn Group in 2008. The business model
that has now been established has been
steadily matured in recent years because
we haven’t just partnered our customers as
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a sales organisation, but have always provided them with very technology-oriented
advice.
In the marketplace, we stand out very
clearly thank to our broad approach: We
support our customers as a technology
partner with our own portfolio of products
and services along the entire value creation
chain. We have continuously widened our
product range for ceramics in recent years
and now, besides the ceramic powders from
renowned producers, we offer a solid portfolio of our own in-house products, consisting of selected process additives, an extensive array of binders for ceramic injection
moulding and a range of ceramic injection
moulding feedstocks modified to cater for
specific customer requirements. Moreover,
we advise and support customers in the development of individually tailored technical
solutions along the entire ceramic process
chain. In contrast, our competitors are gen
erally specialists in one of the value creation
steps.
As part of the Otto Krahn Group, we can
also draw on the international network of
a family-owned company with a long-term
strategy: Worldwide, the group is represented at 39 locations, with around 1600 employees, its turnover totalled around
EUR 1,5 billion in 2021. And we have a lot
of technology expertise in polymer chemistry, compounds and injection moulding
in-house. As a young division in an internationally established group, naturally, we
have the advantage of being able to use

its international network and thus to have
a strong partner in the background when
investments are needed.
cfi: What are the most important business
segments of KRAHN Ceramics today and
what news is there on this front?
StS: Over the years, we have successfully
developed the ceramic powder business
into a mainstay. Here, for standard ceramic
materials, we offer suitable raw materials.
Besides straight raw materials, we also
focus on ready-to-press products, that is
prepared granulates that customers can
process immediately. Here we can build
on years of trust-based cooperation with
our international production partners. For
alumina powders, for example, we cover a
range from 96 % to 99,99 % purity.
For decades now, our innovative partner
and world market leader in zirconia powders for high-performance ceramics has
been Tosoh Corporation, headquartered in
Tokyo. Our close cooperation enables us to
respond to market needs and to continuously supply our customers with innovative
products. Latest example is the new development ZgaiaTM: With a very high fracture
toughness of 10 MPa-m1/2 in combination
with high strength reaching 1200 MPa,
obtained at low sintering temperatures of
1250 °C, the powder is optimally suited for
making components for heavy-duty applications.
Against the background of increasingly
complex customer requirements and the
long-term availability of raw materials,
cfi/Ber. DKG 99 (2022) No. 4
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Fig. 2 Process additives

Fig. 3 Binder system

Fig. 4 CIM-process

we are also developing our own production of binders and process additives with
new products, which are then used, for
example, as the basis for our own readyto-use products like, for example, customised feedstocks. For instance, the kcmix®
product line now includes dispersants, defoamers, binders, surface-active substances,
softeners and rheology additives. Examples
of such new developments are kcmix®1.
CE64 and kcmix®3.K85. In response to
numerous customer enquiries, we have
decided to invest short-term in developing
and increasing capacities for process additives. The result is kcmix®1.CE64, which
today we can supply to our customers as
a universal dispersant additive for aqueous
systems with very short lead times and in
sufficient quantities. For aqueous debinding
of CIM injection moulding compounds, the
established Embemould® series of binders
has been further developed: kcmix®3.K8X.
The CIM compounds produced with these
systems impress with their improved performance. The binder systems can be used
universally, but were designed specifically
for the realisation of complex component
geometries.

This year, KRAHN Ceramics is concentrating on setting up additional capacities for
kcmold® CIM feedstocks at its Hamburg
site. Parallel to this, we can rely on our
technical centre in Dinslaken to cover current production requirements and all new
feedstock developments.
cfi: What possibilities does the technical
centre in Dinslaken offer specifically?
StS: We should like to invite our customers
to use the KRAHN Ceramics technical centre
to further develop their products with us. This
includes powders, binders and process addi
tives, preparation and shaping processes,
debinding and sintering as well as surface
finishing. With many of our customers, we already have joint projects up and running successfully in the technical centre: KRAHN Cer
amics works as an extended workbench and
creative laboratory for trying out new things.
For developments of new binder systems for
powder injection moulding, but also for 3D
printing (ceramic filaments and granulates),
since 2021 a pilot-scale binder line has
been available in the technical centre. The
range comprises binder systems, that can be
debinded aqueously, with solvents, catalyt
ically or purely thermally.

For production of ceramic injection moulding compounds, there are already two compound lines on the basis of proven shear
roller technology. Here CIM feedstocks are
individually developed and produced for
customers.
The test centre gives KRAHN Ceramics
the possibility to develop new products
very quickly and then to upscale these
into production. We did this very successfully, for example, for process additives last
year.
cfi: How do you make sure that the customers’ know-how does not find its way into
the market?
StS: We work long-term with our customers
on the basis of trust, individual confidentiality agreements go without saying. And, of
course, the customers decide at which point
and in how much detail they want to tell us
about their projects.
cfi: Where are you presenting the KRAHN
Ceramics portfolio?
StS: Being present at the key trade fairs and
congresses is a must: in June 2022, KRAHN
Ceramics will debut at ceramitec in Munich,
the leading international trade fair for the
ceramics industry. Here, we shall give very

Fig. 5 CIM-Feedstock
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Fig. 6 Feedstock characterisation with a component
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practical insights in to our understanding
of product partnership, e.g. concerning
customised compounds. For October this

year, the World PM2022 in Lyon and K 2022
in Düsseldorf are also noted in our diary. In
the plastics field, too, we want to actively
promote the use of ceramics. On LinkedIn,
we shall publish a series of information
articles on this subject.
cfi: What are your plans for the next few
years?
StS: KRAHN Ceramics is working together
with customers on making the ceramics
market grow overall. Another goal is to generate new customers who have not yet got
involved with ceramics. The plastics business in the Otto Krahn Group, for instance,
offers great potential for opening up new
applications.

Of course, it is not about replacing applications in the plastics business, but gener
ating on-top projects, giving customers in
the plastics business options to open up
new markets.
Today, ceramics can be used in numerous
sectors – we want to show potential customers this wide range of opportunities and
how to utilise these. Here an example from
design: in high-end, luxury watches, a large
number of watch cases and link chains are
now designed as ceramic elements. Going
on from this, there is great potential for
other applications for exquisite, aesthetic
products.
The installation of the state-of-the-art production line for CIM feedstock this year is
also aimed at widening the distribution of
injection moulding technology for ceramics

and opening up new applications for cer
amics. The installation of further capacities
is planned.
A next important goal for KRAHN Ceramics is extending the network of selected
technology partners. We are always on the
lookout for companies with which we can
cooperate. For partners that can join us in
working intensively on projects, from samples, through test runs and corresponding
modifications, in line with the requirements
of customer applications, for example for a
“tailormade feedstock”, so that it fits perfectly to a particular application. Using our
injection moulding systems, we can perform
such tests ourselves and optimize the material at the same time – fully in line with
customer requirements.
cfi: Thank you for talking to us.KS

OUR KNOW-HOW
IS YOUR FORMULA
FOR SUCCESS
When it comes to ceramic auxiliaries, you can rely
on our comprehensive expertise and our many years
of experience.
Ask us for more information:
ceramics@zschimmer-schwarz.com
Please visit us:
ceramitec, Munich
21 – 24 June 2022
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RECOSIC:
Environment-Friendly, High-Grade SiC by Recycling
For more than 100 years, the raw material SiC has been synthesized for industrial applications by means

of the very energy-intensive Acheson process. For the synthesis of 1 t material, around 7,15 MWh of
electric energy is needed. At the same time, around 4,2 t CO2 are emitted. 2,4 t of these CO2 emissions
are caused purely by reactions, the remaining 1,8 t CO2 are emitted during the generation of the energy
needed to produce 1 t SiC. This CO2 balance publicized by ESK-SiC is very conservative as the energyrelated emissions reflect a European power mix. In other regions of the world (e.g. China, USA, Russia),
the emissions produced during energy generation are much higher.
During the pandemic, another problem for many market partners was the interrupted supply chains,
which meant that SiC could no longer be reliably imported from countries like China or South America. It
is therefore all the more important to create an alternative with recycled material that ensures the highest qualities in Europe. Since 2016, ESK-SiC has been working together with Fraunhofer IKTS (Fraunhofer
Institute for Ceramic Technologies and Systems) on the now patented process for the production of RECOSIC. With Matthias Hausmann (MH), at ESK-SiC GmbH responsible for R&D/Technology, and Jörg Adler
(JA), who heads the Non-Oxide Ceramics Department at Fraunhofer IKTS, we were able to talk about this
resource-saving alternative.

Fig. 1 Mathias Hausmann (l.) and Jörg Adler

cfi: What starting materials are needed for
RECOSIC?
MH: We use various by-products and waste
materials that are produced during Acheson
synthesis, powder preparation and subsequent processing to make SiC powders with
a purity of > 98 % SiC from this. After maE 46

terial conversion to technically high-grade
SiC, the products of the recycling process
then undergo the established powder
preparation processes. After recycling, all
material characteristics are identical or improved compared to the products available
on the market. Only the CO2 balance for

the synthesis of the material is significantly
improved. For the material recycling of 1 t
SiC, less than 1 t CO2 is emitted. In addition,
the raw materials balance is much better as
it is possible to manage almost completely
without the use of primary raw materials.
cfi: From which process stages can you use
material? What thermal processes are you
using?
MH: We can start anywhere really. Material from the Acheson process satisfies
only around 55 % of the requirements of
our customers from technical ceramics and
refractories. Lower qualities can be used
in metallurgy. We can, however, feed any
material with > 50 % SiC content to the
RECOSIC process.
In our production, during preparation of the
material with regard to adjusting defined
grain size ranges or morphologies, around
10 % material is produced (e.g. from air
classification) that doesn’t correspond the
specifications. So far, attempts have been
made, at great expense, to use this material
to less demanding applications. It is, however, ideal for the recycling process.
cfi/Ber. DKG 99 (2022) No. 4
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JA: That applies similarly for the material
produced in the customers’ operations during processing (shaping, green and hard
machining) as well as reject parts or components that available after the end of their
use.
For the second part of your question, we
can only say that in the process we have
developed together we use controlled atmosphere furnaces to increase the process
yield compared to the Acheson process. The
RECOSIC process therefore has a yield of almost 100 %, also thanks to homogeneous
process parameters in the entire reaction
chamber.
cfi: What measures do you have to take in
the recycling of components?
JA: Certainly, it is essentially a matter of
contamination. It is not a critical issue for
components that have been used, for example, in protector vests or mechanical seals
and are virtually free of contamination.
It is necessary to set up sophisticated analysis to assess these contaminated materials
with regard to their behaviour during recycling, especially in the thermal process. As
such components have only been disposed
of so far, we have not been able to build on
any empirical values. But we have already attained a good level of knowledge so that we
can and must gain more in-depth know-how
with industry partners. We are meeting interest here because no costs will be incurred for
disposal in future and recycling is assured.
cfi: How do the materials that are fed to
the recycling process influence the quality
of the recycled product?
JA: With the targeted selection of materials for the RECOSIC process, we can already
customize the recyclate to meet specific parameters and modify the downstream processes, like grinding and air classification,
accordingly.
cfi: How do you introduce the RECOSIC
products into your customers’ operations:
e.g. certain applications, phased replacement?
MH: That isn’t so complicated because it
really is possible to obtain the individually
required parameters with the RECOSIC process at an equivalent level. Accordingly, at
the customer’s operations, only comparative
tests are necessary.
In a second step, we can even go one better
as we can produce extremely high purities
> 99 %. Another advantage of our pro-
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cess is that we can offer both “green” and
“black” SiC.
cfi: When will RECOSIC be available in
larger quantities?
JA: From Q2/2022, we can supply from
Dresden, where we have installed a cofinanced test production facility with a capacity of several tonnes per year.
This facility should not only provide material for introduction on the market, but also
verify production parameters for the construction of a plant at ESK-SiC in Frechen.
Later it will be used for the scale-up of developments.
MH: In Frechen, we are already in planning
for 12.000 t/a capacity and want to start
with the RECOSIC deliveries in late 2023,
that is the latest project status.
cfi: Where do interested customers see the
crucial advantages for RECOSIC?
MH: We have already been contacted by really big, and even listed companies, which
see the approach not only as a way to
achieve sustainable product qualities, but
also as a way into a recycling economy and
therefore to lower the specific carbon footprint of their products.

In this context, a project is underway that
uses software to compare the lifecycle analyses of a classical Acheson-SiC with those
of RECOSIC. This brings added value for
companies that are prioritizing the reduction of their carbon footprint.
Another aspect is that, because of the
pandemic, the supply from China or South
America is currently very problematic on account of the enormous increases in freight
costs and time delays.
In the longer term, one relevant focus is the
“carbon border adjustment mechanism” as
this means tax levies for CO2 are planned at
the European border in future.
Interest in SiC is growing in general, especially in the market segments technical
ceramics and refractories. Applications in
the chemicals or the automotive sector are
increasing on account of the favourable
thermal properties of SiC.
Applications in semi-conductor technology
– especially for very pure SiC – or in additive
manufacturing (binder jetting), with often
specific requirements for particle morphology, are already showing a higher demand
today.
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Generally, the market values the fact
that we are investing here in Germany
in this new sustainable technology for
Europe.
cfi: Can you already say something about
the costs of RECOSIC products?
MH: The actual production costs for the
RECOSIC products will be comparable with
those of the Acheson process in the long
term. The analysis and pre-treatment of
the RECOSIC are more complex than in the
Acheson process, on the other hand the energy costs are much lower.
Currently, however, we do have to refinance
the several years of development costs, the
investment for the pilot facility in Dresden
as well as the large facility in Frechen.
cfi: How big are the RECOSIC development
teams today?

JA: Six years ago we began the project in
teams of two at each partner. Today, in my
team there are five scientists, while at ESK,
six full-time employees are working in R&D
in this area. I can say that we are making
good progress and are getting more and
more positive feedback from project partners and potential customers of ESK. Of
course, that boosts our teams’ enthusiasm. Moreover, in the future we still see
potential for the technology that we have
not yet been able to address in the first
step.
cfi: Is ceramitec 2022 the start for the
launch of RECOSIC products?
MH: For us, postponing of this trade fair
from 2021 to 2022 was really ideal because
we have a sounder basis for everything we
put on show and can supply samples.

Another nice side-effect is that the company
is celebrating its 100-year anniversary this
year. ESK-SiC used to be part of the Wacker
Group and became independent as part of
a management buyout. In this context, we
are delighted that we can present ourselves
as a powder supplier that with innovative
technology development and a sustainable
recycling process for high-grade SiC can
offer customers solutions with reduced carbon footprint for their production.
cfi: How do you see the distribution of RECOSIC outside Europe?
MH: We shall be closely consulting with our
partner Fraunhofer IKTS on this. We hold the
relevant patents together. It is certainly possible to think about licensing the process at
an appropriate point in time.
cfi: Thank you for talking to us.KS
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Alteo:
Investment in New High-Performance Products
In January 2021, Alteo became a member of the United Mining Supply Group (UMS). Since then, various

investments have been made. One result of these is a new product range for refractory producers and an
increased grinding capacity for super-ground products in Gardanne/FR and also Korea (Busan) for various
applications.
As part of the France Relance plan, Alteo received nearly EUR 5,7 million from the French government and
the Southern Region to support the development of advanced alumina products.
Gildas Fontaine (GF), Marketing, Business development and Communication Director, gave us some insights on the company’s development and plans.

Fig. 1 Gildas Fontaine

rwf: At the end of January 2022, it was announced that Alteo could take advantage
of regional financial support and would be
part of the France Relance plan. What were
the key issues behind Alteo becoming part
of these programmes?
GF: We had already launched very ambitious plans for the transition of Alteo to a
premium alumina supplier for advanced
ceramics, refractories and also new applications. Our new owner family is thinking
strategically in the long term. They have
clear ambitious investment plans for upgrading our production site (environmental
issues – water, energy; technical upgrades
– quality enhancement, new product lines/
technologies and increased capacities). This
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external support means that we can be even
more dynamic timewise and develop faster,
also in new applications for our products.
rwf: In September 2021, you presented the
range REal ® at ICR ® Aachen. What guided
the development of this series?
GF: Alteo’s new range of aluminas, REal®,
has been developed to offer manufacturers of refractory materials an improved
customer experience. In more detail, this
means simplify the choice of alumina for
specific refractory products (for self-flow
castable, for gunning, for precast flowability …) and help our customers to find the
right alumina combination for improvement
of their products’ performance levels thanks
to Alteo’s expertise and support. Another
aim was to simplify management of refractory mat
rix preparation by implementing
fewer but more precise alumina reference
products.
Of course, an important key to success is a
stable and high quality of alumina powders
as well as tight specifications to guarantee
the manufacturing of high-performance refractories. We understand customer needs
but their know-how ensures the actual performance.
rwf: Is it possible to give us some initial information on how the market has responded to REal ®?
GF: In general, Alteo teams have entered
into many very detailed technical discussions on our new approach. Our clients see
in it a big opportunity to either improve

their performance level and/or add value to
their products.
With REal®, we deeply analysed several
industrial refractory applications and we
extracted their most important parameters
of performance. Then, we have decided to
align our product portfolio of calcined and
reactive aluminas to the performance levels
of the applications. In more detail, we have
tried different alumina combination in specific refractory formulations. Thanks to these
trials we highlighted three different alumina
combinations that bring different level of
performances in application. An “essential
matrix” level (1st level of performances),
which is an alumina combination that suits
the requirement of the application. A “Superior matrix” level (2nd level of perform
ances) that provides a higher quality in the
application and “supreme matrix” (3rd level
of performances) stands for outstanding
performance in satisfying all criteria.
This approach helps to optimize both cost
and material efficiency.
The backbone of our service is the application laboratory, which we installed back in
2012. Over the last decade, it has made
a great contribution to setting up REal®.
This team has continuously improved its
expertise by working with customers and
a network of institutes and universities on
international level. In future, we also want
to focus more in-depth on requirements,
which are dependent on regional issues in
our international markets.
cfi/Ber. DKG 99 (2022) No. 4
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rwf: Investments have been made in grinding capacities in France and Korea, resulting
in Alteo tripling its grinding capacities since
2016. What are the main user segments?
GF: With additional grinding capacities in
Korea by the end of 2021 and increased by
5 % in France by the end of the first quarter
of 2022, we have been able to respond to
the very dynamic market since beginning of
2021, resulting in strong demand for very
fine alumina.
We have done this to strengthen the development of speciality aluminas and to
support customers in refractory and tech
nical ceramics applications, but also in very
strong growth markets such as lithium-ion
batteries and thermal management applications.
Korea and Taiwan are our industrial work
bases for the region where we see a growth
market for batteries, thermal management,
semiconductors and electronics in general.
These are business segments in which we
grow quickly.

rwf: During the pandemic, raw material
costs have risen and reliable delivery has
become an issue. What is Alteo’s response
to this new situation?
GF: It is no secret that, like all our competitors, we have already had to inform our
customers of price increases. Energy costs
are steadily rising, and accordingly logistic
costs, too. In fact, we can now only give
prices for a period of three months, which
is a new thing for us.
We have decided to leave the commodity business, which has lower margins and
therefore not much headroom to compensate for dynamic price increases.
Of course, we have even higher energy
costs for the production of very fine or
low-soda products, but the high-perform
ance components made have really added
value, securing much better market prices
and margins. The progress made in advanced quality control is an important
element in achieving the target of premium
products.

rwf: What are Alteo’s plans for improving
its sustainability (energy and material efficiency) within the framework of the decarbonisation of the industry and the circular
economy?
GF: Of course, the huge investment programme mentioned earlier not only covers
new processes and new technologies but
also all aspects where we can contribute to
energy saving, avoiding emissions and protecting the environment. We have redesigned
the Alteo logo to visualise this approach.
rwf: Will you be launching other new products at ceramitec 2022?
GF: In Munich, we shall meet our customers
both in refractories and advanced ceramics.
For refractories, we are following up what
we launched in autumn last year in Aachen.
In advanced ceramics, we have lots of information on higher-value powders and new
features. We look forward to discussing
these with our established and potential
new customers at Ceramitec.
rwf: Thank you for talking to us.KS
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TECHNOLOGY NEWS
Eirich Group Acquires Stake in Start-up for
Process Digitalization
The 4

industrial revolution is well under way, driving the intelligent networking of machines and processes in factories. Self-learning production systems and machinery are opening up innovative development opportunities for the German mechanical engineering sector that will strengthen its competitive
ability even further. Against this background, Eirich is setting a new milestone for the worldwide Eirich
Group/DE: a joint venture with the name Prosio Vision offers intelligent control technology for the bulk
material industry and will serve as the AI Center of the Eirich Group.
th

Figs. 1–2 Der Qualimaster VC1 for the optical quality assessment of granules

The Eirich Group, with Maschinenfabrik
Gustav Eirich as its strategic centre in Hardheim, has been a world leader in mixing and
processing technology for more than 100
years. Under the Qualimaster name, Eirich
has been offering in-line process monitoring
for supplied systems and operations across
many industries and processes for decades
already.
Working together with Nuremberg start-up
Prosio Engineering/DE, Eirich has now developed a new camera-based system, the

Maschinenfabrik Gustav Eirich
GmbH & Co. KG
74736 Hardheim, Germany
www.eirich.de
Keywords: in-line process monitoring,
optical quality assessment, granules
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Qualimaster VC1, for the optical quality
assessment of granules. The new measuring system combines cutting-edge camera technology with AI-based intelligent
analysis software. This allows key variables
of granular materials, such as particle size
distribution, grain shape and grain surface,
to be measured.
The data obtained open up many different possibilities in the control of complex
production systems for the optimization
of product quality and line efficiency. The
Qualimaster VC1 is to be developed and
marketed in the joint venture which Eirich
and Prosio Engineering have just established.
Eirich’s plans, however, go much further:
Within the Eirich Group the start-up is to
serve as a center for digitalization in the
bulk material industry. Both parties have
significant contributions to make – on the
one side the expertise of young process engineers who have specialised in intelligent

(Figs.: Eirich)

analysis systems and AI applications, and on
the other the decades of mechanical engin
eering experience and process know-how
of Eirich. The joint venture seeks to drive the
intelligent networking of machines and processes in bulk material factories and offer
suitable, self-learning solutions.
“Digitalization offers huge potential for
boosting the efficiency of many industrial
systems and thereby protecting our environment and resources. We are convinced that
mechanical and plant engineering must
also make an important contribution on the
road to the Smart Factory, or Industry 4.0.
The Eirich Group will continue to develop
globally from a supplier of stand-alone systems and machine-based service all the way
to a smart and steady systems partner for
plant operators,” said Stephan Eirich, CEO.
In taking this step, Eirich hopes to further
consolidate its technology leadership in line
with the company’s slogan: “The Pioneer in
Material Processing”.
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2000 Bar Beyond the Lithium Dilemma
Frey & Co GmbH, Bavarian manufacturer of special purpose industrial equipment, introduces new iso-

static press, enabling the efficient production of environmentally friendly NaNiCl-battery storage units.
Undoubtedly, domestic solar panels are a crucial step towards individually becoming more independent
from the energy markets in terms of price and security of supply – and to further moving away from fossil
fuels. Once the panels are mounted on the roof, however, homeowners unfortunately still face an immanent problem: during daytime, sun is converted into electrical energy, but it is not necessarily consumed in
the house. Instead, it is fed into the public power grid for just a few cents. In the evenings, when energy is
needed for cooking, heating or lighting, the solar cells do not produce any electricity – which in turn has
to be bought from the local energy supplier at rather high cost, and possibly from non-renewable sources.
And: the less sunlight per day, the worse this ratio is!

The dilemma of storage
For becoming truly independent, there is no way around being
able to store the sun’s energy and use it when it is needed.
With conventional lithium-ion batteries as electricity storage,
the market offers a solution that undoubtedly raises questions
in terms of safety, cost-effectiveness and sustainability. A massive dilemma for homeowners with a sincere interest in a sustainable energy concept.
Having in mind their increased demand for electric vehicles,
lithium-ion batteries have faced heavy criticism: lithium and
cobalt are highly toxic, deposits are limited, and mining is suspected to take place under questionable conditions and significant environmental impacts.
Moreover, also in domestic energy storage, lithium-ion technology reveals weaknesses: the performance is strongly dependent on the outside temperature, and any battery fire would only
be extinguishable with complex halon systems, since lithium is
known to burn without oxygen. Not to mention the fact that
lithium-ion batteries are not recyclable – and thus anything but
environmentally friendly.

Batch

Hot Press

Continuous

All types of High Temperature Thermal
Processing Vacuum Furnaces

NaNiCl storage – a green alternative?
Good news is now coming from the very south of Germany,
where the developers at Frey & Co GmbH are currently arousing

PRODUCTION AND LABORATORY
Process Metals and Ceramics

Over 6,500 lab and production furnaces built since 1954
Frey & Co GmbH
83661 Lenggries-Fleck, Germany
www.frey-systeme.de
Keywords: lithium-ion batteries,
isostatic press, EasyIso/U special press, battery sleeves
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•Max Possible Temperature: 3,500°C (6,332°F)
•Hot Zones: 10 cc to 28 cu meters (0.6 cu in to 990 cu ft)
•Debind, Sinter, Anneal, Hot Press, Diffusion Bond, CVD, CVI, MIM, AM
•CVI testing in our lab to 2,800°C (5,072°F)
•Worldwide Field Service, rebuilds and parts for all makes

Centorr Vacuum Industries

55 Northeastern Blvd., Nashua NH 03062 USA • 603-595-7233
sales@centorr.com •www.centorr.com
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supplied 51,4 TWh (1 TWh = 109 kWh) or
about 10 % of the entire energy produced
in Germany in 2020. Nearly 30 Mt of CO2
have been saved with this.
“With our dedicated isostatic press, we are
now supporting the industry to complement
renewable solar energy with a truly green
battery”, as Dieter Lauber summed it up.

Fig. 1 Test production

the interest of the industry with a special
pressing process for sodium nickel chloride
battery cells – and possibly showing a way
out of the lithium-ion dilemma.
“Sodium nickel chloride cells are the ideal
technology for storing energy in a safe, inexpensive and environmentally friendly way.
Neither weight nor size play a decisive role
in stationary use. For a single-family home,
the “green” alternative to lithium-ion storage would have a capacity of 10 kWh,
roughly the volume of a washing machine,”
illustrated Frey’s Managing Director Dieter
Lauber.
This green battery contains a ceramic cell
as its core, which is to be connected with
various metal parts and further ceramics at
high temperature. As further chemical components, the NaNiCl battery contains only
salt and nickel.

Sustainable and safe
Whereas damage to a conventional lithiumion battery can be fatal and a fire hazard,
a short circuit in a NaNiCl battery merely
causes the affected battery cell to heat up
and, after cooling, to become so low-resistant that continued operation is possible,
even with the loss of one cell’s capacity. As
a result, it is not necessary to replace the
entire battery, as is the case with the lithium-ion system, but only that very one cell.
The NaNiCl battery runs at a temperature
of around 280 °C and can therefore safely
handle the short-term temperature increase
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Frey’s EasyIso/U special press

Fig. 2 Key component for “green” NaNiCl
battery storage: high-pressure manufactured battery sleeves
(Figs.: Frey)

caused by an overheated cell. The technology is considered “intrinsically” safe – and
reveals its advantages particularly wherever lithium-ion systems would have to be
cooled.

With 2000 bar ahead
Dieter Lauber emphasized the relevance
of the process for salt battery technology
as a solar energy storage system: “We’ve
engineered a press for the industry that
forms solid sleeves from the beta-alumina
granules, which are installed in the battery
housings. They are produced under a very
high pressure of 2000 bar. For this, we are
globally renowned specialists.”
Dieter Lauber and his team consider this
to show a significant market potential: in
Germany alone, they say, 25 % more solar
roofs have been installed during the last
year. Nearly 2 million solar installations

The battery housing pressing process is
made possible by a special press for the
production of aluminium oxide tubes
closed on one side: The EasyIso/U is the
latest evolutionary stage of a system designed and continuously refined since
1996. Now, it is proven to be capable of
producing sophisticated components in
high volumes, ensuring very tight tolerances. Designed as a stand-alone production system, the EasyIso/U’s unit’s compact
design is ready to be lined up next to each
other – for multiplying the short production
cycle times even further. The two-column
design in open construction allows quick
and safe access at all times. The removal
of press parts and their onward transport
are handled by robots – just as the cleaning of the press tools or the upper die’s
handling.
The EasyIso/U comes with the in-house
engineered hydraulic servo-pump system,
which operates significantly more spacesaving and quietly than conventional hydraulic systems – and requires up to 60 %
less energy.
The press is optionally equipped with the
corresponding sensor technology for modern data management – and thus ready for
“sustainability 4.0”.
https://freysysteme.de/en/products/
isostatic-presses/
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FiberPlast 1800PRO from SCHUPP® Ceramics –
Permanent Adhesion at Highest Temperatures
SCHUPP

Ceramics/DE has been supplying metallic-ceramic solutions for laboratory and industrial furnaces up to 1800 °C application temperature since 1996. Its range comprises products, components
and systems for sintering and firing, heat treatment and melting for a wide range of high-temperature
applications.
®

Conventional adhesives for gluing of every
day objects, household articles or industrial
items do not require high demands on temperature resistance. However, the high-temperature applications generate a new kind
of challenge for the adhesion. This type of
bonding requires a lot of other necessary
properties to ensure the proper function
at extreme conditions. FiberPlast 1800PRO
from SCHUPP® Ceramics is a new gener
ation of the high temperature adhesive up
to 1750 °C (3182 °F) application temperature. This improved plastic deformable compound made of Polycrystalline Mullite/Alumina Wool (PCW) and an inorganic binder
is delivered to the end-user premixed and
ready to use.
Insulation materials made of PCW offer generally three major benefits: process reliability at high-temperature, higher productivity
of furnace and reduction of operation costs.
On the one hand, the material contributes
to energy savings thanks to its insulation
properties. Because of their technical performance, PCW products minimise downtimes of a furnace and therefore unnecessary maintenance, assembly, and repair
work. PCW material has excellent, almost
unlimited Thermal Shock Resistance (TSR).

Therefore, the productivity of a furnace can
be increased by faster heating-up and cooling-down rates. PCW products can make a
significant contribution to process reliability,
especially in critical application areas of a
high temperature process, where specific
requirements on durability and downtime
are needed. In summary, PCW products are
beneficial wherever very specific thermal
and chemical stability are essential.
Thus, to take advantage of this excellent
property of PCW, FiberPlast 1800PRO contains mullite-fibres and binders. In comparison to products of other suppliers, FiberPlast 1800PRO has 50 % better bending
strength (1,65 N/mm2). Even when exposed
to temperatures up to 1750 °C (3182 °F)
the new adhesive from SCHUPP® Ceramics keeps an excellent dimensional stability.
This good performance at elevated temperature makes it suitable for a wide range
of applications. Due to this higher flexural
strength, lower shrinkage and higher solid
content compared to the competitors, it can
be used as an excellent fibre-to-fibre-adhesive for high temperature insulation boards,
as well as a surface coating and filler for

Tab. 1 Technical properties of
FiberPlast 1800PRO

Fig. 1 Example how to apply
the FiberPlast 1800PRO

Fig. 2 FiberPlast 1800PRO glues reliably
and permanently

Colour

White

Max. service temperature

1750 °C
(3182 °F)

Chemical composition
[mass-%]

84% Al2O3,
16 % SiO2

Bulk density (wet)

1650 kg/m3

Solid content

57 %

cracks and holes. It has an outstanding adhesion to porous ceramic insulation mater
ials. Adhesion to metals, glass, or plastics is
not covered. The main technical properties
are shown in Tab. 1.
The product offers high thermal and mechanical stability and thermal shock resistance. This solvent-free and water-based
paste is already at room temperature quite
tacky but can be easily spread on the bond
surface. Therefore, the material can be easily
applied to a surface by spatula or a paint
roller (Fig. 1). FiberPlast 1800PRO is particularly easy to process. The application starts
with an appropriate pre-treatment of the
adherent surfaces e.g. cleaning the surfaces

M. E. SCHUPP Industriekeramik GmbH
52078 Aachen, Germany
www.schupp-ceramics.com
Keywords: high temperature adhesive,
high temperature glue, polycrystalline
mullite/alumina wool, PCW,
furnace insulation, maintenance
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Fig. 3 Typical picture of thermal stress in high-temperature insulation

from dust if necessary. The treated area can
be also slightly sprayed with water. After
that both surfaces are to be coated with a
thin layer of FiberPlast 1800PRO. After compression the surfaces to their final positions,
the parts should be dried under pressure
and room temperature for 24 h. Alternatively, the glued blocks could also be dried
in a dryer. In case some cracks or grooves
should occur during the drying or pre-sintering process, they can be glued or filled with
FiberPlast 1800PRO again. In such a case,
the strength and other physical properties
will not change. If required, adding some
water or silica-sol to FiberPlast 1800PRO
leads to reduction of material stiffness. During the handling, personal protective equipment, like dust mask, protective glasses, and
rubber gloves are strongly recommended. It
should be also reminded to keep the work
environment clean and to avoid the generation of fibrous dust in the workplace.
FiberPlast 1800PRO has a smooth creamy
consistency. Owing to this property, the distribution of the high-temperature adhesive
is speedy and very efficient. As a result, both
concerned surfaces can be glued over its
entire (Fig. 2). It is non-flammable, hardens
irreversible and can be used up to 1750 °C
constant load. Once cured, provides an
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extremely reliable, strong, and permanent
bond, even at such high temperature.
FiberPlast 1800PRO also offers a chance
to extend the lifetime of high-temperature
insulation.
Nowadays furnaces can be used up to
1800 °C (3272 °F) and higher, thanks to
modern insulation materials. The evap
or
ations from the fired materials, the atmo
sphere and the frequency of use can stress
the insulation. Cracks, spalling, and discolouration are typical appearances (Fig. 3).
As a result, a repair or a new furnace lining
is necessary to prevent further damages to
the furnace and to ensure an optimal function of the furnace. FiberPlast 1800PRO
can be used during maintenance as a repair putty. Basically, it is applicable for all
fiber-based isolation which are exposed to
difficult thermal conditions.
Moreover, as a coating FiberPlast 1800PRO
prevents further destruction caused by
rapidly varying temperature. This adhesive
minimises abrasion and dust generation
caused by thermal and/or corrosive load.
The surface to which an adhesive adheres
is protected for some period. Normally, a
thin layer of the paste is sufficient. Excess of
FiberPlast 1800PRO can be easily removed,
and if necessary, grounded, polished, even

Fig. 4 FiberPlast 1800PRO (Figs.: SCHUPP)

drilled or cut. Typical advantages of FiberPlast 1800PRO are:
• Application temperature up to 1750 °C
(3182 °F)
• Excellent bending strength of the adherent surfaces
• High thermal and mechanical stability, as
well as very good thermal shock resistance
• Suitable for gluing of high-temperature
fibre-based insulation materials
• Single-component adhesive ready for use
and easy to process
• For permanently strong adhesion
• Emergency solution for cracks or spalling
in high-temperature insulation.
FiberPlast 1800PRO is available in 1 kg
pails (Fig. 4); for bigger packaging please
contact the company. Each pail is labelled
with a lot number and production date. The
use-by date is normally six months after
production. This product is supplied premixed and ready for use.
SCHUPP® Ceramics gladly develops special
high-temperature masses, such as adhesives or coatings, together with customers
to suit their requirements.
SCHUPP® Ceramics is looking forward to
welcoming visitors in Munich at ceramitec
2022 in Hall C2 at its Booth 227.
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Enter Prefabrication by Investing Smart –
Redblocsystems and SABO have the Solution
SABO has commissioned for Redblocsystems a new line for the production of prefabricated wall elements
in Büchenbeuren/DE. The line is semiautomatic which means that the assembly of every single layer is
done by people with the use of assisted mean – weight-compensating manipulators with vacuum grippers –, and the rest of the operations is done automatically by machines, i.e. building, gluing, and drilling
the layers together with the handling of the finished wall.
The system that has been developed by Redblocsystems is unique in the market g iven
the fact that the wall is ready for transport
in just 40 min after its construction and
no reinforcement is needed in the finished
wall. This modern manufacturing approach
significantly enhances the efficiency, ease
of use and responsiveness of the plant. Together with other important developments
like the reusable wall lifting system and the
efficient and cost-effective application of
the bonding mean are enough to give an
important competitive advantage to the investors that are selecting Redblocsystems.
As in the fully automatic version, the cre
ation of the construction drawings of the
walls from the architectural ones is done
seamlessly with a combination of special
software and the information is reaching
the people that are building the layer via
a screen.
This very important feature essentially
means that all kinds of different drawings
can be implemented through a made-toorder system. In addition, the use of a special glue as a bonding mean ensures further
the simplicity and efficiency of the line. Such
a system, even though not fully automatic

SABO S. A.
34002 Vassiliko – Chalkida
Greece
E-mail: sb_sales@sabo.gr
www.sabo.gr
Keywords: prefabricated wall elements,
semiautomatic production of wall elements
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Fig. 1 Schematic line for the production of prefabricated wall elements

Fig. 2 Production of prefabricated wall elements

ensures high productivity and quality since
it involves operations in a controlled industrial environment and process.
The line is designed in such a way that it can
be easily upgraded to a fully automatic one.
Redblocsystems and SABO have developed
for their prospective customers a phased

investment that can be applied by scaling
up not only the level of automation but
also the functionality of the plant in various steps.
Such an introductory line gives the ability to
companies from the building sector to enter
prefabrication with the minimum amount
cfi/Ber. DKG 99 (2022) No. 4
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of necessary investment and proceed more
cautious according to the market outlook.
This has already created big interest to
many sector participants that are considering introducing prefabrication solutions in
the market.
This was the 3rd project delivered after the
installation of a fully automatic plant in
Saint-Georgen/AT, and a line in Italy which,
in fact, processes AAC blocks instead of cer
amic bricks. A fourth one – also fully automatic – is currently installed in West Austria.
This 4th one together with the one delivered
in Saint-Georgen are incorporating a very
high level of functionality and wall building
options that can meet high standards and
special wall requirements.
The close cooperation between SABO and
Redblocsystems ensures that each new
plant encompasses new optimizations

Fig. 3 Prefabricated wall element

and improvements built on the experience
gained from the previous plants. Finally,
through such lines and solutions a traditional product like the ceramic block with long

(Figs.: SABO)

history, big evolution and superior properties can continue to thrive in a world that is
trying to embrace the many real benefits of
the prefabrication.

MACHINERY AND TURN KEY SOLUTIONS FOR
SANITARY WARE AND TABLEWARE INDUSTRY
Visit us at Ceramitec from 21 to 24 June Hall C1 Stand 522

www.setecsrl.it
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DORST FlexCell16 – Fully Integrated Production System as the
Key to Greater Efficiency and Higher Production Output
When it comes to the preparation and forming of technical ceramics, hard metals, iron powders and

special materials, DORST Technologies/DE has always enjoyed an excellent reputation as a reliable and
highly competent partner. Production systems made in Kochel am See and Bad Kötzting have been setting
standards in terms of performance and quality for decades. Combined solutions consisting of press and
automation, too, have been part of DORST’s portfolio for many years. The fully integrated FlexCell series
combination of a servo-motorised CNC press and CNC press part will now raise them to a new level.

2 Main features

Fig. 1 FlexCell16 press and automated part handling – fully integrated

1 Introduction
In close cooperation with their customers, DORST has designed an innovative
and uncompromising new combination of
precision powder press and part handling.

DORST Technologies GmbH & Co. KG
82431 Kochel am See, Germany
E-mail: info@dorst.de
www.dorst-technologies.com
Keywords: press, automation, technical
ceramics, hard metal, metal powder,
production system
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The fully integrated CNC axis developed
by DORST and used for the removal of the
compacts will meet the toughest demands
while being easy to use and yet more effect
ive than other systems of its kind.
With its so-called FlexCell, DORST will provide their customers with a system that will
enable them to increase their productivity
even further without changing the pressing
cycle.
The FlexCell16 will be available for a pressing force range of 16–200 t. All types will be
available in die withdrawal version with the
16 t machine additionally being available in
ejection version. The first time to see the first
model of this new series, the FlexCell16, live
will be at the ceramitec 2022 trade fair.

The FlexCell16 is characterised by an extremely rigid lower part. The upper part of
the frame, placed on top, is free of force and
only serves to guide the upper crosshead
of the press. Backlash-free guides enable
a maximum of precision and concentricity.
High-precision position sensors guarantee
a positioning accuracy of ±0,001 mm of
the pressing axes. The high-resolution force
measurement covers a wide range, thus
creating the perfect basis for the production of even very small compacts and enabling their gentle removal without cracking or destroying them. Both pressing to
constant height and to constant density is
possible.
The pairs of gears located off-centre and
used for the movements of the axes guarantee perfect track accuracy. Being completely encapsulated, the press drives are
well-protected against dirt accumulation
and premature wear. DORST’s customers
confirm: the press module of FlexCell16
stands out due to its unique long-term
stability and a tool wear lower than anything that has yet been achieved in the
market.
The CNC automation axis is equipped with
an absolute measuring system that does not
require a reference movement after startup, which makes it less prone to failures.
The moving masses have been minimised to
guarantee a perfect transient response and
thus enable short access times. Its positioning accuracy is ±0,01 mm. The automation
module can be attached either at the rear or
at the side of the press.
cfi/Ber. DKG 99 (2022) No. 4
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2.1 Maximum productivity
Once pressed, the CNC automation axis
will place the compact very gently onto a
sintering tray with several intermediate
steps such as deburring, cleaning by air jet,
weighing etc. being possible in between.
If necessary, it is also possible to carry out
an automatic punch cleaning. Due to its
uniquely high dynamics, the access times of
the removal axis are kept so low that a productivity that is hardly less than the productivity of a press without automation system
is achieved. The optional second removal
device allows to compensate the stabilisation time of a balance.
The FlexCell16 is also well prepared for
frequent product changes. Optional quickaction clamping systems for punch and die
and the standard quick-change system at
the gripper arm allow for a rapid product
change within a very short time, thus increasing the production times even further.

2.2 Ultra flexible
The flexible use of vacuum suction grippers,
grippers with expandable membrane and
gripper jaws, both in single and multi design, makes it possible to produce a large
range of different parts. Sample parts can
be taken by means of a special belt without interrupting the production process.
Appropriate kinematics such as rotating,
tilting or turning enable to handle even
complex parts perfectly. Owing to the referencing carried out, a created pressing/
removal program is transferred seamlessly
to another FlexCell16 where it can be used
immediately.

2.3 Perfect parts quality at any
time
To ensure a consistent quality of the pressed
parts, the FlexCell16 is also equipped with
the optional function of automatic punch
cleaning. Unlike other systems already
available in the market, the punch cleaning
unit will not always be taken along as an
additional weight on the gripper arm but
will be fetched from its waiting position
when needed.
During cleaning of the punches by means of
a rotating brush, the cleaning dusts of the
FlexCell16 will be vacuumed off right at the
brushes. In addition to that, spray nozzles
make it possible to use cleaning agents to
remove persistent residues from the tool.
cfi/Ber. DKG 99 (2022) No. 4 


Fig. 2 FlexCell16 – Insight into the fully integrated part handling system

2.4 Modular and suitable for
every requirement
The FlexCell16 is available in two automation versions. The most uncomplicated and
cost-effective variant comes with a pos
itionable deposit table the size of 900 mm
× 600 mm, which can be equipped individually with sintering trays from the customer’s existing stock. The alternative is a
double belt system, which can also handle
customer sintering trays, yet in that case of
a maximum size of 310 mm × 500 mm. The
sintering trays will be changed without interrupting the process. The system can also
be expanded by a storage trolley, which will
grant autonomy for up to 10 h, depending
on the size of the parts. The second removal
device, too, can be added at a later time.

2.5 Easy operation, quick success
The Intelligent Program Generator – IPG®
makes creating a new pressing program a
matter of minutes. An optimization function
(weight, density or height of the pressed
part) helps the operator to obtain good
parts after no more than a couple of press
ings. The program for removal and depositing on sintering trays will be created at the
same time.
To operate the system, the user can choose
between keyboard, mouse and a 21‘‘ touch
visualisation monitor whose swivel range
makes it possible to work either at the front

(Figs.: DORST)

of the press or at the side of the automation
system without requiring any additional
handhelds. In addition to that, a wireless
hand-held controller is available as an
option, which can be used to operate other
existing machines as well in a safe manner.

2.6 Safe and convenient
programming
The complete integration of the axes guarantees maximum process safety. Optimized
sequences of movements can be created
very conveniently and the integrated Virtual Stroke will carry out a plausibility check
once programming has been completed. An
electronic handwheel enables to move both
the pressing and the removal axis step by
step forwards and backwards through the
programmed pressing and removal cycle,
thus allowing safe optimization of the cycle
time and preventing damages to the tools.

2.7 Minimised tying of employees
In automatic mode, the system will readjust
itself autonomously, either through force,
position or weight as required, which leaves
the employee largely free for other tasks
and guarantees the production of good
parts within the smallest tolerances possible.
The safety device has been designed in a
way that makes it easy to clean. Vacuuming off the dusts right during punch cleanE 61

ing minimises dirt accumulation in the press interior and thus
reduces the frequency of cleaning.

2.8 Minimised maintenance
Owing to the high track accuracy and by using preferably lowwear and low-maintenance components, DORST was able to
reduce the time spent on maintenance to a minimum.

2.9 Ergonomic, tried-and-tested safety device,
Plug & Play
The system’s protective device complies with the statutory provisions regarding dust-proofness, has been ergonomically optimized and meets CE conformity. Its design is reduced, straight
and simple. Due to the compact arrangement of all modules of
the FlexCell16, the entire space required incl. switch cabinet is
only about 5 m². The entire unit will be delivered on one plate,
thus enabling a Plug & Play installation and making it possible
to relocate the system easily at a later time.

2.10 IoT Solutions
The large number of data produced during the operation of the
FlexCell16 can be collected in real-time, prepared and made
available for use down to single-part level by means of additional optional hardware and the software suite IoT-Fieldmanager.
The data facilitates the improvement of parts quality and productivity and enables monitoring of the machine state while
corresponding interfaces make it possible to transfer the data
to a higher-level MES or database system. The interlinkage of
existing machines and systems in the IoT-Fieldmanager dashboard provides the operator with the possibility to monitor all
of them jointly.
The optional module SMART MAINTENANCE helps to detect
impending machine failures derived from the machine data at
an early stage. In case service or assistance is required, DORST
will be able to provide support by means of Augmented Reality
at any time. If not yet available, the necessary equipment can
also be purchased from DORST.

3 Conclusion
With little personnel expenditures, the FlexCell16 will allow
DORST’s customers to produce complex high-precision compacts of the highest quality in a more efficient manner than
ever.
The operator will enjoy a convenient and ergonomic environment while the times spent on product changes, programming,
adjustments and maintenance have been reduced to a minimum. The high track accuracy finally made it possible to achieve
unmatched tool wear and uniquely high long-term stability.
To sum up, DORST FlexCell16 is the perfect integral solution
for discerning customers, who strive to optimize their business
while at the same time wishing to remain flexible.
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PROCESS ENGINEERING
The Lithoz CeraMax Vario V900 with LIS Technology –
Ceramic 3D Printing for Fully Dense Large Parts with Thick Walls
Established 3D printing processes for technical high-performance

ceramics – first and foremost, stereolithography and binder jetting –
have each made an important contribution to the growth of ceramic
Additive Manufacturing (AM) thanks to their different strengths.
However, none of the known 3D printing processes for oxide ceramics have yet been able to produce large, fully dense parts with thick
walls. With the CeraMax Vario V900 from Lithoz/AT, this challenge
has been successfully overcome for the first time, opening up entirely
new horizons for the ceramics industry.
1 Introduction
During the last ten years, the development
of various ceramic 3D printing technologies
has seen some impressive waves of innov
ation. Along with the continuous development of printers, materials and software,
the additive manufacturing of technical cer
amics has gradually found its way into production processes. While it was initially universities and research institutes that were
involved with this new technology, ceramic
3D printing has since grown to industrial
dimensions due to increasingly seamless
networking between digitalized production
ecosystems. With the knowledge gained
from building prototypes and large series,
specialised service providers such as Bosch,
Steinbach, Alumina Systems and Ceramco
have now been able to scale their technol
ogies up to the level of industrial mass production [1].
At this threshold of the Industry 4.0 era, all
additive methods of ceramics processing
will be able to play to their strengths more
and more as fully digital workflows – all the
way from designing to printing a compon
ent [2].
Lithography-based 3D printing is nowadays
the standard in the ceramic industry, but
has also certain limitations. Until now, the
main challenge concerning known ceramic
3D printing processes has been the low wall
thicknesses achievable for large-volume
structures, which is due to the high proportion of organic binder and the associated
cfi/Ber. DKG 99 (2022) No. 4

restrictions on the diffusion of gas during
the debinding process.
This article presents the CeraMax Vario
V900 (Fig. 1) developed by Lithoz as the
world’s first 3D printer capable of producing fully dense large-volume ceramic components with thick walls. In addition to an
explanation of the underlying LIS (LaserInduced Slip Casting) technology, the economic capabilities in comparison with the
classic ceramic processing method are discussed in particular.

2 Development and process of
the LIS method
The development of the LIS process began
in 2017. The responsible research team
around Prof. Günster at the Division for
Advanced Multi-Materials Processing at
the BAM (Federal Institute for Materials Research and Testing/DE) was at the time intensively involved in further developing the
LSD method (Layer-wise Slurry Disposition).
LSD is a powder-based method in which the
components are consolidated by means of
selective laser sintering. Instead of dry powder, LSD already uses ceramic slurries as a
basis in favour of deposition density [3].
LSD proved to be problematic with ceramics in that the printed green bodies reacted
extremely sensitively to heat due to the high
proportion of moisture. During drying, the
water therefore often evaporated too quickly, in some cases causing the green bodies
to burst. By dispensing with the additional

Fig. 1 The CeraMax Vario V900: the
ceramic 3D printer for combining size and
thick walls with fully dense large parts
and dark ceramics
(Source: Lithoz)

application of the powder layer and directing the laser at the suspension, not only
was the process shortened, but the green
bodies also underwent heating without
any problems. This was the birth of LaserInduced Slip Casting – an entirely new, independent form of Additive Manufacturing
(AM) for technical ceramics.
To explain the LIS process in more detail,
the following six steps can be identified [3]:
• A layer of slurry is applied in the vat.
• A CO2 laser with a wavelength of 10,6 µm
dries the slurry locally according to the
layer pattern.

Alice Elt, Norbert Gall
Lithoz GmbH
1060 Vienna, Austria
E-mail: aelt@lithoz.com
E-mail: ngall@lithoz.com
www.lithoz.com

E 63

PROCESS ENGINEERING

Fig. 2 Illustration of the LIS process (Courtesy BAM, Prof. J. Günster)

• Another layer of slurry is spread.
• The laser dries the slurry again.
•
This process is repeated layer-by-layer
until the complete green body with the
desired geometry has been created. The
body is still in suspension at this point.
• After the last pass, the building platform
is lifted, the excess slurry flows off and the
free-standing green body remains.
Fig. 2 illustrates the individual steps of the
LIS process [4]. In their article introducing
this ground-breaking technology [3], the
BAM team describe it as “a new additive
manufacturing method that generates cer
amic green bodies with high particle packing density and with virtually no restriction
in the particle size of the feedstock, especially in terms of small particles” [3]. This
enables the straightforward processing of

all known materials used in industrial cer
amics production, such as alumina and zirconia, as well as dark ceramics like silicon
nitride and silicon carbide.
At the moment, two build platforms with
the dimensions 100 mm × 100 mm or
250 mm × 250 mm (x/y/z) are available for
the sales launch (Fig. 3 a–b). Even before
the official market launch, four units of the
CeraMax Vario V900 have been ordered
(Fig. 4). In its current version for the model
launch, the printer has the technical features presented in Tab. 1.

3 From wall thickness to dark
ceramics – a new technology
bringing many advantages
If 900 with its LIS technology in the existing ceramic printer systems such as binder

Tab. 1 Technical specifications of the Lithoz CeraMax Vario V900
Lithoz CeraMax Vario V900 – Technical Specifications
Layer thickness

200–1000 µm

Building envelope (x/y/z)

100 mm × 100 mm × 290 mm or
250 mm × 250 mm × 290 mm

Data format

.stl (binary)

Cooling options

Water-cooled chiller (stand-alone device)

Laser spot diameter (1/E²)

approx 0,5 mm

Light source

CO2 Laser, 120 W

Size (L × W × H, incl. signal tower and handles)

1,85 m × 0,95 m × 2,20 m

High precision optics

F-Theta-lense; high speed scanner

Scan speed

up to 8 m/s

Weight

450 kg

Power options

120 W
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jetting or stereolithography, one finds that,
due to the defined process steps, it is a
completely new method of additively manu
facturing high-performance ceramic com
ponents, which opens up numerous new
possibilities in the 3D printing of ceramics
[3]. The process-related advantages that result from the use of water-based materials
in combination with local heat irradiation
by the CO2 laser are listed and described in
more detail below [3]:
• Process uses water-based slurry with content of organic binder of 2–3 %
• No additional debinding necessary due to
low binder content
• Straightforward usage and easy implementation of own materials (e.g. alumina,
zirconia, silicon nitride, silicon carbide)
•G
 reen bodies easily machinable
• Identical wall thicknesses as with conventional processes
• S hrinkage precisely calculable in advance
• Dark ceramics processable without any
limitation
• R ealisation of complex 3D structures.
The LIS process uses water-based slurries
that have a very low organic binder content
of 2–3 %. This is possible because the CO2
laser prints the structure solely using the
local impact of heat.
In LIS, heat causes a similar densification as
in slip casting, where water is drained from
the suspension and particles therefore move
closer to each other, ultimately being glued
together by the surrounding binder. Photoreactive polymers are not contained in the
cfi/Ber. DKG 99 (2022) No. 4
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material, so it is sufficient to simply transfer
the commonly used base materials known
from conventional ceramic shaping processes into the suspension. In order to achieve
the viscosity or surface tension required for
LIS-based 3D printing, only a small amount
of preparation of the base material is required.
In addition to the low preparation effort for
common materials, the use of water-based,
practically organic-free suspensions also
brings some substantial advantages for the
final printed parts: LIS-printed green parts
have an open porosity. If the green part is
heated evenly at about 2–3 K/min, the few
contained organics diffuse perfectly out of
the printed body. They volatilise completely,
meaning an extra debinding firing is not
necessary afterwards. With LIS 3D printing,
it is easily possible to produce wall thicknesses that are otherwise only achievable
with conventional processes such as slip
casting. The achievable wall thickness of
LIS-printed components is currently ex
trapolated at around 40 mm, with the end
products exhibiting optimal material properties in terms of density, regardless of their
size – a true technological milestone in cer
amic 3D printing (Fig. 5).
Another strength of the LIS process is the
possibility of machining near-net-shape
components in their green states, identical
to conventional ceramic processes. Green
machining such as milling, grinding or drilling is therefore possible just as with conventionally manufactured components, yet
with the added bonus of highly complex 3D
structures being producible thanks to the
design freedom offered by 3D printing.
a

A significant consequence of exclusively
using thermal radiation is also the unproblematic processing of black or dark ceramics
[5]. The CO2 laser perfectly couples to the
water in the slurry and is thus completely
absorbed by dark ceramic material without
any restrictions. For example, the CeraMax
Vario V900 makes it possible to process
silicon carbide with an optimally achievable
density using an AM process for the first
time (Fig. 6 a–b).
As an easy-to-integrate 3D shaping process
for existing process chains, laser-induced
slip casting adds a new dimension to the
spectrum of innovative AM technologies
used today. The CeraMax Vario V900 goes
so far as to close a decisive technological
gap between traditional ceramic manufacturing and the stereolithographic 3D printing processes already in use.
LCM technologies will continue to establish
themselves as alternative serial production systems for ceramic high-performance
components due to their incomparably high
resolutions and the ultra-fine and complex
structures that can be achieved.

4 Great commercial potential
thanks to reduced tooling and
sampling cost
The istics of the LIS technology subsequently define some very concrete potentials for
cost reduction.
Especially during the shaping phase, the
CeraMax Vario V900 printer from Lithoz can
make the existing process chains in classic
slip casting much more efficient and thus
fully exploit its economic potential. In detail,
significant savings can be realised in the fol-

Fig. 3 For printing large, fully dense and
dark parts the CeraMax Vario V900 offers
vast build space and a product finish in
the typical Lithoz quality (Source: Lithoz)

lowing areas with the use of laser-induced
slip casting:
• Material costs: due to the use of proven
basic industrial materials which only have
to be slightly adapted for the LIS process,
the material procurement costs per unit
barely differ from those of the conventional
processes.
• Conversion costs: once the green part has
been processed, the 3D-printed part can
easily be returned to the classic post-processing steps such as drying, finishing and

b

Fig. 4 a–b Views of the CeraMax Vario V900’s build platform, offering a building envelope up to 250 mm × 250 mm × 290 mm, showing
a finished green part after being elevated from the vat 
(Source: Lithoz)
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Fig. 5 A new layer of slurry being deposited with a height of 300 µm

sintering. Consequently, the conversion
costs related to switching to LIS technology are low thanks to only a few changes
being needed in the production workflow.
• Time factor: a clear economic advantage
results from the rapid build-up speed to
height. The CeraMax Vario V900 only
needs around 30–40 s to apply a complete layer.
• Tooling costs: to have a customised pressing tool built for a specific component via
conventional pressing – regardless of the
number of pieces to be built – an investment of around EUR 5000 – 20 000 can
be expected. The elimination of these
costs in the LIS process is a significant relief, especially for smaller series or proto
type construction.
•
Tooling lead time: in addition to the
manufacturing costs for the press tools,
about three to six weeks of lead time are
also eliminated.
a

(Source: Lithoz)

• Initial sampling costs: probably the biggest cost saving potential derives from
the substantial streamlining of the whole
sampling process usually applicable in
conventional processes. The fine-tuning
of various sampling parameters, such
as the right amount of filling or the exact pressing pressure is independent of
the quantity to be produced. The exact
predictability of material behaviour connected to the fully digitalized forming
process eliminates the need for multiple
sampling trials.
•
Energy costs: thanks to the shrinkage
being precisely calculable, only one

sample firing is required after printing a
part with LIS technology. In view of the
currently rapidly rising energy prices, this
results in a considerable reduction in
energy costs compared to the multiple
firings required in conventional process
chains.

•
Machine downtime costs: during sampling, downtimes regularly occur due to
the press being occupied and retooled.
Due to the omission of time-relevant factors in conventional moulding, this waiting time plays no role.
When employing a CeraMax Vario V900, a
production order – from receipt of the order
to the finished component – can be entirely
processed in approximately one week [1].
Thanks to its quick and easy fit into the established ceramic value chain, the CeraMax
Vario V900 offers excellent support in making the shaping process far more efficient.
Most of the time and resource-intensive aspects of classic pressing processes are elim
inated, with components being produced
much faster and more efficiently.
Parts can then easily be reintroduced into
the familiar post-processing steps. 3D-printed parts produced via LIS exhibit guaranteed
full density, ensuring all desired ceramic
properties are also present in the compon
ent.
These components open the door to a wide
range of possible applications – not only
those more suited for industry, such as
radomes, satellite mirrors for aerospace and
defence, or rings and nozzles for semiconductor and machinery, but also for sanitary
applications.
With its wealth of experience in ceramic AM,
materials and software, Lithoz is an import
ant partner to many industrial manufacturers as well as research-based institutions. To
learn more about the technical details and
the commercial capabilities of the CeraMax
Vario V900, visit the technology’s world
premiere at the Lithoz stand (Booth 234) at
this year’s ceramitec.

b

Fig. 6 a–b SEM image of sintered alumina sample (l.) and silicon carbide sample (r.) manufactured on the CeraMax Vario V900
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Rapid Dry: the New Dryers Generation
A. Fortuna, D. M. Fortuna

The recent and uncontrolled increases in the price of methane have made the need to drastically reduce

the consumption of thermal machines even more urgent. SE.TE.C.-Group/IT, which has always been at the
forefront of innovation in the ceramic sector, in recent years has focused its attention on various solutions
saving
energy; in particular, thanks to the European co-financing of the Life Program, both new
he diffusion speed of water intoaimed
the capillaryat
canals
depends on:
) the temperature of the piece: diffusion
speed grows with
this; low-firing sanitaryware (Life Sanitser Project) and a new generation of low-consumption
formulations
for
) body composition: the richer in plastic and very fine materials, the slower the diffusion. A more plastic
body is also prone to greater shrinkage and therefore the water passage canals are obstructed to a
intermittent and tunnel kilns (Life Economick Project) have been developed.
greater extent with a consequent reduction in diffusion speed.
The latest Life Project, called Rapid Dry, started in June 2020 and is dedicated to energy saving in the dryhe water evaporation speed rises with the increase in:
ing process of sanitaryware and tableware. In particular, the project has two main topics: the construction
) the difference between its vapour tension in the piece and the vapour pressure in the drying air, therefore
with its temperature;
of a low consumption dryer and the optimization of sanitary mixtures through the introduction of recycled
) the drying air speed;
) the surface/volume ratio, or the specific surface of the product.
materials. In this article, the authors focus their attention on the dryer. Before going into the details, it is
y carrying out drying tests on a sanitaryware body and by maintaining the temperature and air humidity
onstant, the drying curve shown in Fig.1 is obtained.
useful to give a brief explanation on how the drying process takes place and what are the criticalities of
current dryers.
Drying of sanitaryware bodies

Humid air temperature
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Figure 1:
drying test
Fig. 1 Drying
test

Antonio Fortuna,
Domenico Massimo Fortuna
SE.TE.C. s.l.r.
01033 Civita Castellana (VT), Italy
Corresponding author: A. Fortuna
E-mail: afortuna@setecsrl.it
Keywords: sanitaryware production, drying,
conventional dryers, Rapid Dry

E 68

Drying is an extremely important production
phase for the elimination of non-chemically
bond water from the body, which may be
broken down as follows:
• interstitial water contained in the voids
between the body particles;
• water deposited superficially around the
various particles.
During drying, water is evaporated and air
is used as a heating fluid that acts as the
means for vapour evacuation. It is therefore
fundamentally important to control the following air characteristics in order to regulate
the drying process:
• temperature;
• relative humidity;
• speed.
For a better understanding of the drying phenomena, a close analysis will be made of the
related mechanism and controlling elements.
As soon as the body particles are extracted
from the mould, they are surrounded by a
capillary lattice of water that during drying
has to migrate to the surface of the piece
in order to evaporate, without damaging
the integrity of the semi-processed product.
Therefore the two fundamental factors controlling drying are the water diffusion speed
through the thickness of the piece and the
evaporation speed.

Optimal drying conditions require an evaporation speed that is equal to or slightly
slower than the diffusion speed. In this case,
evaporation is superficial and the creation
of evaporation phenomena inside the body
thickness is avoided. These conditions are
rarely respected in the industry.
The diffusion speed of water into the capillary canals depends on:
1) the temperature of the piece: diffusion
speed grows with this;
2) body composition: the richer in plastic and
very fine materials, the slower the diffusion. A more plastic body is also prone to
greater shrinkage and therefore the water
passage canals are obstructed to a greater extent with a consequent reduction in
diffusion speed.
The water evaporation speed rises with the
increase in:
1) the difference between its vapour tension
in the piece and the vapour pressure in
the drying air, therefore with its temperature;
2) the drying air speed;
3) the surface/volume ratio, or the specific
surface of the product.
By carrying out drying tests on a sanitaryware body and by maintaining the temperature and air humidity constant, the drying
curve shown in Fig. 1 is obtained.
cfi/Ber. DKG 99 (2022) No. 4

Non-homogenous drying translates into shrinkage rates that differ from one surface area of a pie
other, causing tensions in the ceramic mass. When this stress exceeds the mechanical resistanc
body, cracks or fissures are formed.
It is therefore necessary to conduct drying in such a way that the humidity gradients, although in
maintained within acceptable limits. This however means that with traditional forced convection d
cycle times are extended. In fact, with traditional dryers it is necessary to heat the pieces with ho
humid air, in order to make the temperature uniform in all the ceramic mass before the evaporati
begins. The relative air humidity is decreased gradually to activate evaporation; the result is a dr
as shown in Fig.3.
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Temperature °C

Relative humidity %

Weight loss (%)

Absolute humidity gr/mc
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provoke sudden rises of the internal water vapour pressure because if this exceeds the mechanical resistance of the material the piece
could break violently. These are the “explosions” that occur when pieces that are still
too damp are introduced into the firing kiln.
Therefore, even the best drying treatment,
and as far as conditions and hot air distribution are controlled, they cannot guarantee
homogenous drying of a sanitaryware appliance. This applies to a greater extent to
pieces such as basins, bidets or WCs as large
parts of their surface are “in the shadows”
with respect to the hot air flow.
Non-homogenous drying translates into
shrinkage rates that differ from one surface
area of a piece to the other, causing tensions
Fig. 4 Rapid Dry – the new dryer developed by SE.TE.C.
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Fig. 5 Rapid Dry in operation

tor, optimized dryer heat flows and designed
a new to software to manage all drying par
ameters. In particular, now it’s possible:
• To strongly reduce methane consumption
by mean a fully automatic heat generator
that limits by itself thermal power.
• To strongly reduce electrical consumption
by means of a fully automatic air flow
management that limits by itself electrical
power.
• To set a real drying curve: in every step
it is possible to control air temperature,
humidity and turbulences. During the first
part of drying, this is possible thanks to an
improved water spray injection.
• To optimize humidity extraction and heat
recovery.
Fig. 6 Dried sanitaryware products

fans and heat generator increasing energy
consumptions.
In the new dryer Rapid Dry (Fig. 4–5), the
aim of SE.TE.C. was to overcome old limits
improving energy saving and reducing the
drying cycle. How was it possible?
The SE.TE.C. team, thanks to its experience
since more than 30 years in the ceramic sec-

Rapid Dry installation: final
results
At the beginning of the year, Rapid Dry was
finally installed at the company FA CERAM-

ICA sanitaryware factory located in Civita
Castellana/IT. Final results not only respect
the Life Project aims, but are even better
(Fig. 6). The authors can resume them as follows:
• Drying cycle lower than 8 h
• Thermal consumption is only 98 kcal/kg in
respect to 288 kcal/kg of old dryers
• Electrical consumption only 0,003 kWh/kg
in respect to 0,019 kWh/kg of old dryers.
These incredible energy savings are explained by the new technologies joined with
a very fast drying cycle. Obviously, this means
not only money saving, but also an impor
tant reduction of CO2-emissions.
The SE.TE.C.-Group, thanks to the kind collaboration with FA CERAMICA, is able to
show its new Rapid Dry all interested sanitaryware/tableware producers.
www.setecsrl.it
www.rapid-dry.eu/

www.cfi.de
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The Eirich Intensive Mixer – a Multifunctional Processor
Along the Process Chain for the Production
of Electrical Energy Storage Devices
S. Gerl

Over the past 12 years, the Eirich mixer has found its place at many positions along the process chain

for the production of electrical energy storage devices, especially lithium-ion batteries. The special oper
ating principle makes it possible to fulfil a wide variety of often very challenging tasks simply by adapting
the operating mode and parameters. The extended functionality with double jacket now enables an even
wider range of applications. Improved cleanability to avoid product contamination is implemented in
exemplary fashion by the new CleanLine series.

1 Mixing tasks along the process
chain for the production of
Lithium-Ion Batteries (LIB)
The Eirich mixer, which was first patented
almost 100 years ago, has contributed
significantly to innovative manufacturing
processes and exceptional end product
properties in the ceramic industry since the
middle of the last century, in the carbon industry for more than 40 years and in the
production of lead-acid batteries since the
1990s thanks to its unique capabilities.
Since 2010, when it was first used in the
production of lithium-ion batteries, it has
also conquered more and more areas of
application along the manufacturing chain
of lithium- and sodium-ion batteries, but
also fuel cells. After initially being used
mainly in the laboratory for development
purposes, it is now increasingly finding its

Stefan Gerl
Maschinenfabrik Gustav Eirich
GmbH & Co. KG
74736 Hardheim, Germany
E-mail: stefan.gerl@eirich.de
Keywords: lithium-ion battery,
suspension, powder coating,
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way into pilot production and Gigafactories
or production plants for battery raw mater
ials, primarily because of its extremely low
energy consumption and high flexibility in
combination with low space requirements
[1]. The areas of application and process
engineering tasks are extremely diverse –
what is surprising for most first-time u sers
is that the same mixer is always used for
this and essentially only the mode of
operation or occasionally the mixing tool
geometry is adapted. The particular mixing
challenge that all sub-applications in the
electrical energy storage device sector have
is the use of ultrafine particles in the range
<50 µm down to nanoparticles. Something
that also poses great challenges to users in
the production of high-tech ceramics and
in powder metallurgy, whether by classical
methods or 3D printing.
Along the manufacturing chain of modern
electrical energy storage devices, the main
areas of application of the Eirich mixer in
the production of anode and cathode ma
terials as well as electrode production are
the following:
•
Dry dispersion and homogenization of
ultrafine powder metal oxide precursor
with lithium carbonate or hydroxide for
subsequent synthesis into cathode mater
ial such as NCM
• Dry functionalization or doping and coating of active material particles with nano-

particulate Al2O3, ZrO2, or TiO2 to optimize
cycling stability [2] or with conductive
carbon black as an intermediate for dry
electrode fabrication
• Liquid coating of active material with solutions or suspensions, sometimes with
superimposed or subsequent drying dir
ectly in the mixer to improve handling
properties
• Mixing and kneading of coke and pitch
at mix temperatures of up to 250 °C for
subsequent graphitization to synthetic
graphite
• Coating of graphite particles with microscale powdered pitch to optimize particle
sphericity and electrochemical properties
of the anode
• Granulating and/or coating graphite with
silicon-containing powders or suspensions
to produce silicon graphite composites
• Suspension of powdered, binder-containing electrode mixtures for the production
of coating slurries
• Melt granulation with subsequent granulate cooling of e.g. ethylene carbonatecontaining electrode mixtures for subsequent extrusion of electrode foils
•
Fibrillation and structuring of PTFEcontaining electrode mixtures for the
production of dry electrode films by e.g.
calendering
• Preparation of ceramic separators for allsolid state batteries
cfi/Ber. DKG 99 (2022) No. 4
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• Suspension of ceramic coating slurries for
polymer-based separator films
• Granulation of electrode mixtures for the
production of pressed electrode plates for
sodium ion batteries.

2 The Eirich mixing principle with
extended functionality
At the heart of all the processes listed
above is the Eirich intensive mixer, which in
its latest version as the CleanLine C5 mixer
can meet all the requirement profiles that
a developer may have for the above tasks
(Fig. 1). The larger pilot and production machines are then adapted, as in the past, to
special customer requirements such as ironfree design.
Like all Eirich mixers, the CleanLine C5 has
a rotating, now continuously inclinable mixing vessel with an eccentrically arranged,
slow to fast rotating mixing tool of different geom
etry with variable running dir
ection and easy to exchange functionality.
Depending on the task at hand, the wall
scraper can now also be fitted with plastic cutting edges and positioned directly
against the wall, thus keeping the mixing
vessel wall free of adhering material. This
ensures, for example, that desired solids
concentrations are maintained, and product
loss is minimised. In the development of
the CleanLine series, the “Hygienic Design”
idea was consistently pursued with a screwfree mixer interior, avoidance of undercuts
and gaps, easily removable seals and tools.
This facilitates and expands its use in applications with a focus on excellent cleanability but also hygiene-sensitive applications.
A 180° continuously hinged mixing vessel
cover enables easy mixing vessel removal,
as well as cleaning and visual inspection
of non-moving machine parts. The mixing
vessel, which can now also be temperaturecontrolled with a double jacket for mixing
temperatures in the range 5–95 °C, can be
removed via a bayonet lock or emptied via
the swivel frame by tipping it into containers or packs. By replacing the cylindrical
protection made of Plexiglas by a vacuumproof stainless-steel protection, the prep
aration under vacuum can be realised for
e.g. the degassing of slurries or the drying
of moist powder mixtures. The optional design as ATEX mixer for zone 1/21 allows the
use of powder or powder-solvent mixtures,
which can generate explosive atmospheres.
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Fig. 1 CleanLine C5 laboratory mixer with tablet control

3 Central basic operations
suspending and coating
In the following, the basic operations used,
such as suspending for the production of
coating slurries and coating of particle systems, will be discussed in more detail using
the example of LIB, since they can be easily
transferred to other applications in the cer
amics industry.

3.1 Example: coating slurries
The standard manufacturing process for
battery electrodes is the coating process
using shear thinning slurries with wet film
thicknesses in the range 50–200 µm. In
order to exclude any defects in the coating
due to the formation of stripes, craters due
to collapsing air bubbles or agglomerates
protruding from the coating surface, the
slurries to be produced must be perfectly
prepared.
Since the powders used are always agglomerated due to their extreme fineness, the
main requirement for the mixing process
is to break down the particle agglomerates so that they are completely dispersed
as individual particles or, in the case of the
conductive carbon blacks used, as a finely
distributed network structure.
A second requirement is to dissolve the
binder necessary for the internal cohesion
of the coating as well as its adhesion to the
electrode foil in an optimum manner and
to allow it to be adsorbed into the particle

structure in such a way that the best possible adhesion is achieved with as little binder
as possible. Both can be achieved particularly advantageously with the Eirich mixer
in the MixSolver® version, as shown by la
boratory-scale studies and also reported by
many customers operating pilot and Giga
factories. The EvacMix® vacuum version also
allows complete degassing in parallel with
the preparation process.
The standard preparation machine in this
industry since the late 1990s has been the
planetary mixer. The planetary mixer, invented and patented by Eirich in 1907 [3],
is usually used in this application as a planetary dissolver mixer, and is equipped with
two or more mixing tools. A slow-running
planetary agitator provides for the transport
of the material. The dissolver impeller, which
operates at a much higher peripheral speed,
is introduced into the mixing vessel areas
that are not swept by the planetary agitator
during the rotational movement. The active
volume in which the dissolver impeller operates is therefore spatially very limited. With
increasing machine size, it becomes smaller
and smaller in proportion, so that increasingly longer mixing times are necessary to
compensate for the scale-up effect. Due to
long mixing times with high motor power
consumption, the mixer dissipates enormous amounts of heat, which must be removed from the mixture again via a doublejacket system during long mixing processes,
E 73

PROCESS ENGINEERING

Fig. 2 Raw materials anode mixture and final coating slurry

as is essential for the fine particle systems.
Energy consumption of several 100 Wh/kg
is common.
Gustav Eirich recognised the problems that
the planetary mixer has functionally due to
its design principle early on and invented
the Eirich mixer with rotating mixing vessel and eccentrically arranged mixing tool in
the mid-1920s to eliminate these deficits. It
has remained unchanged in its basic configuration to this day [4].
Due to its ability to process all consistencies without any problems, whether completely dry, highly plastic or low-viscosity,
the preparation principle known from the
production of clay slurries from pit-moist
clays or the slurrying of green scrap from
the production of ceramic components with
digestion/dispersion in the highly plastic
phase with subsequent dilution to the clay
slurry was transferred to the production of
coating slurries for electrical energy storage
devices and further refined.
Eirich has combined this with his experience in the preparation of ceramic extrusion
compounds for honeycomb bodies, for ex-

ample, where large proportions of cellulose
are added to the mixture as powder to improve the extrusion properties [5].
From the very beginning, Eirich has focused
on a solution that requires as little plant
technology as possible and thus significantly reduces investment requirements. Within
15–20 min, the Eirich mixer produces excellent electrode slurries with energy consumption in the range of 10–20 Wh/kg, even on
a production scale – more than 90 % less
than with a planetary mixer (Fig. 2).
The binder, such as the CMC in the aqueous anodes, no longer needs to be pre-dissolved, but is added directly as a powder to
the powdered active material and the conductive carbon black. Whether the formulation consists of the classic three or even ten
powdered raw materials and/or no or several liquid additives or binders is irrelevant
here. The process basically runs as follows:
1. metering of the powdered active mater
ials, conductive carbon blacks and powdered binders,
2. 1–2 min joint dry mixing of all compon
ents,

Fig. 3 Slurry viscosity as a function of different operating parameters in the kneading
phase measured with a viscometer
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3. 
5–15 min intensive kneading at high
shear rates in highly plastic, bread dough
phase after initial liquid addition,
4. 2–3 min dilution to the desired solids
concentration and adjustment of viscosity,
5. 
1–2 min optional addition of a liquid
binder such as SBR.
Dry mixing at the beginning fulfils two
main functions. The deagglomeration of the
coarse conductive carbon black agglomerates into fine structures for complete homogenization of the mixture. In addition,
the powdered binder, usually contained in
the mixture in proportions of 1–3 %, is homogenized so well and the binder particles
are spaced so, that during the subsequent
addition of liquid, they quickly wet as individual particles and, without forming lumpy
or fish-eye structures with a gel-like shell
and dry core, dissolve completely within
seconds.
During the kneading process in a highly
plastic phase, the essential quality characteristics of the finished slurry and thus
also of the electrode are then defined. The
binder adsorbs on the particle surface of
the active material. By adjusting the tool
speeds or shear rates and the processing
time, it is possible to exert a very precise
influence on the coating structure in order
to achieve optimum electrode properties.
The very large influence of the operating
parameters on the viscosity curves of aqueous cellulose-containing anodes with identical formulation (Fig. 3) is also astonishing,
as is the extent to which the processability
of the shear-thinning suspensions can be
influenced by the machine technology and
operating mode [6].
The mixing process can be adapted to any
cell chemistry simply by changing the oper
ating parameters in the machine control
system so that anodes and cathode slurries
can basically be prepared in the same way.
Due to the drastically reduced mixing
time, the total energy input is so low that
the electrode mixture hardly heats up, unlike in a planetary mixer. Even in production machines, it hardly gets warmer than
35–40 °C without cooling. Nevertheless, in
response to customer requests, Eirich now
also offers its mixer with double-jacket
cooling for a wide range of machine sizes,
so that temperature-sensitive products can
be processed without any problems.
cfi/Ber. DKG 99 (2022) No. 4
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Fig. 4 SEM image of NCM cathode active m
 aterial
with conductive carbon black coating
(courtesy IPAT, Brunswick University/DE)

3.2 Example: coating and
functionalization of particles
As listed at the beginning, the coating and
thus functionalization of active material
particles with various nano-structured par-

Fig. 5 Powder density curve versus mixing time for different mixing tool speeds

ticles such as aerosils or conductive carbon
blacks is a common intermediate step in
the production or use of active materials. If
this is to be done completely dry, without
the detour via suspensions and spraying

processes, mixers that can generate high
shear rates in the powder bulk are essential. Optimized tool geometries, such as the
microgranulation tool patented by Eirich
– actually developed for the production of
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spray-grain-like microgranules – also show excellent performance
in this task.
The optimized shear field at the outer edges of the tool breaks
up the agglomerated nanoparticles so well at an appropriately selected tool speed that they can dock onto the surface of the active
material particle due to the interparticle interaction forces and coat
it in the best possible way. For aerosils, such as AEROXIDE, medium
circumferential speeds and 1–2 min mixing time are completely
sufficient to achieve complete coating. Conductive carbon blacks
require significantly higher tool speeds and also longer mixing
times in order to be sufficiently dispersed and applied to the active
material surfaces (Fig. 4).
Macroscopically, this is manifested by changes in the bulk properties, such as bulk density and tapped density, but also in the flow
properties of the powders when measured in the ring shear tester.
The desired state can be achieved at different speeds by selecting
the tool speed. Higher tool speeds, however, also lead to a different
structure/density, as shown in the diagram in Fig. 5.
Machines for coating with aerosils have been used in production
for many years with throughputs of several tons per hour. Active
materials coated with conductive carbon black form the basis for
dry electrode production, which is currently under development.
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CIM Blocks Ensure Fast Production of Prototypes
The ever-growing ceramic injection moulding market is demanding the production of a continuous flow

of new sample parts small quantities of prototypes from green compacts. Meeting this challenge by
constructing completely new and hence costly prototype moulds time and time again is anything but
economical. It made sense, then, to find and implement an alternative to this conventional method of
producing sample parts to allow CIM samples to be created without the use of special prototype moulds.

Consequently, the CIM – Ceramic Injection
Moulding Group of Experts from Deutsche
Keramische Gesellschaft – DKG e. V. (German Ceramic Society), ARBURG being a
member, initiated and financed a Bachelor
thesis entitled “Devising Injection Process
Parameters for CIM Parts Constructed in a
Layer Arrangement”. The thesis was written
by DHBW student Chris Kollmann (BadenWuerttemberg Cooperative State University [DHBW] Stuttgart/DE) and supervised
by Hartmut Walcher (Graduate Minerologist)
from the Arburg PIM team, which also came
up with the idea for the process and the thesis. ARBURG also provided funding for the
Bachelor thesis.

The problem and task definition
The prototype construction of injected
moulded CIM sample parts would appear to
be quite a complex process. This is due to the
cost of prototype tools. In the classic sample
part production, an injection mould is built
for each part, with which only this one part
can then be produced as a prototype and
later, after optimizations, produced in series.
If we want to make sample part production
more economical, it is important that, ideally,
only one mould is produced and subsequently used to quickly make different prototypes.
This is precisely what the new process does.
The aim of the Bachelor thesis, then, was
to create thick-walled moulded parts with
a layered structure in a reproducible manner and with the most homogenous micro
structure possible. Multi-component injection moulding technology is used for this
purpose. Afterwards, sample parts can then
be machined from these components. Cer
amic injection moulding makes it possible to
produce components with complex geomcfi/Ber. DKG 99 (2022) No. 4
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Fig. 1 Process steps of powder injection moulding

etries and narrow tolerances in a reliable,
cost-effective and repeatable process. However, the process is equally suitable for high
quantities.

Just one prototype mould cuts
costs
In terms of cost, the key is to use just one
mould rather than several to produce prototypes by the new process for the layered
structure of thick-walled CIM prototype
parts. This eliminates the need to build test
moulds for new sample part. The compon
ent geometry of the original prototype therefore needs to be chosen to enable different
parts to be produced from this geometry.
The mould cavity is easy to make, since it is
used to produce only one block with eight
corners (octagon) between 1,5 cm (as described in the thesis) and a maximum of
7,5 cm thick, as well as 8 cm in inscribed
circle diameter, which can then be machined to create the finished green compact
prototype.

Sintering

(Source: ARBURG)

The production process: the
layered structure of the parts
The octagon is constructed by injecting several layers in sequence. The bond between
these layers is very important, since it has to
create a uniform seal. It is also imperative
that the individual layers bond with one another to perfection in order to produce a homogenous microstructure – also in sintered
CIM – Ceramic Injection Moulding Group
of Experts / DKG e. V.
51145 Köln, Germany
ARBURG GmbH + Co KG
72290 Loßburg, Germany
Corresponding author: Chris Kollmann
E-mail: Chris_Kollmann@arburg.com
Keywords: CIM, fast production of
prototypes, thick-walled moulded parts,
additive manufacturing
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Fig. 2 The part is constructed by injecting several layers in sequence  (Source: ARBURG)

condition – across the entire cross-section
of the part. Otherwise, undesirable imperfections and separating layers develop in
the block and hence also afterwards in the
prototype part.
The first step in producing a homogenous
octagon is to mould octagonal CIM plates
with a thickness of 5 mm. Next, 5 mm plates
are placed on both the stationary and moving sides of the prototype mould. These two
plates are joined together when a further
layer is then injected. To produce even thicker parts, the now 15 mm thick components
are returned to the stationary and moving
sides and injection moulded together. The
result of this process step is blocks as thick
as 35 mm. Blocks with an even greater thickness are feasible if a larger mould is used.
The advantages of the new process are clear
to see:
• The parts are easy to machine in the green
state
• The surfaces of these parts are of a high
quality, as is the norm for injection moulding, and match the series parts produced
later on in terms of their properties
• Consequently, no further machining steps
are usually required after debinding and
sintering
• With injection moulding, the feedstocks
are identical to the materials also used
later in series production.
This is not possible with the 3D printing option often cited as an alternative. Here, the
surface structures of the parts are usually not
the same high quality because of their layered structure, and also the usable materials
do not fully match those used in ceramic injection moulding. In particular, in many cases
and depending on the material, it can prove
E 78

impossible, or at least very difficult, to produce big wall thicknesses using an Additive
Manufacturing (AM) process. Furthermore,
the feedstocks used for 3D printing are often
much more expensive than those involved in
the injection moulding process.

Quality characteristics and
measurement
These advantages and hence the merits of
the new prototype injection moulding process were able to be clearly demonstrated by
taking quality measurements. Four measurands were selected for this purpose:
• green compact weight
• bending stress vertical to the layers
• measurement of the bonded length
• microstructure examination.
The green compact weight was selected
because it’s easy to measure using a scale.
The bending test was the chosen measuring
method, since it can provide information on
the bonding between the layers of the thickwalled components with a layered structure.
The bonded length between the layers was
the next quality characteristic to be selected.
Both green compacts and sintered parts
were tested.
This process is able to provide reliable statements on the bonding between the layers.
For the microstructure examination, two
non-destructive test methods are available
in the form of radiography and CT analysis.
These methods involve analysing the boundary layers in the components constructed
layer-by-layer.
An ARBURG-Allrounder 370 S 700-70 was
employed as the test machine. Logically, the
production process has to be configured to
ensure a homogenous microstructure at the

thick-walled components constructed layerby-layer, since only homogenous parts can
be further processed.
The following parameters, resulting from the
preliminary tests, were examined:
• injection speed
• h olding pressure level
•
pre-heating temperature of the inserts
melt temperature.
These parameters were varied in different
combinations and steps by means of DoE
(Design of Experiment, a method of the Six
Sigma quality management system which
aims to reduce effort for the tests employed
to determine the interactions between examined parameters). Ultimately, the variables of bending stress and bonded length
produce different reactions to the variations.
These reactions were used to determine the
parameters and interactions that have an
impact on the variables. It appeared that the
preheating temperature of the inserts is the
only significant factor for bending stress and
bonded length. These results can be used
to configure the process to ensure that a
homogenous microstructure is achieved on
the thick-walled components with a layered
structure.

Radiography examination on
preselected samples
To obtain more precise information about
the microstructure of the components, preselected samples (green compacts) were
characterised by means of radiography and
Computer Tomography (CT) once the tests
described had been completed. These exam
inations were carried out at the Fraunhofer
Institute for Ceramic Technologies and Systems (IKTS/DE) by Anne Mannschatz (Graduate Engineer). Further examinations were
carried out at the Institute for Applied Materials – Materials Science and Engineering
(IAM-WK) in Karlsruhe/DE.
Preliminary tests were run to verify whether
this non-destructive material analysis is
able to reveal microstructure imperfections
and boundary layers. Samples measuring
5 mm × 5 mm × 15 mm were analysed. It
transpired that the computer tomography
method was unable to reveal differences in
the microstructure.
Boundary layers were evident only from the
radiographic images of tilted samples, where
the X-rays did not hit the samples parallel
to the boundary layers. After the prelimicfi/Ber. DKG 99 (2022) No. 4
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Fig. 3 Radiographic images of samples with the best measurement results 
(Source: ARBURG)

nary tests, samples were selected from two
series of tests for creating radiographic images. The samples were selected using the
“bending stress” and “bonded length”
measurands. The idea was to create radiographic images from one sample having the
best measurement results and from another
sample with the worst measurement results.

Fig. 4 Radiographic images of samples with the worst measurement results
(Source: ARBURG)

All images were created with the samples
tilted.
Fig. 3 shows that there is no difference in
microstructure over the sample cross-section
as well as the boundary layers. In Fig. 4, the
boundary layers are evident. This result confirms the results from the tests carried out
beforehand.

Economic analysis
For the economic analysis, the costs were
calculated per component for additive manu
facturing, injection moulding with sample
part moulds, injection moulding with mould
inserts and injection moulding using the
mould from the new process. This calculation
was used as a basis for creating a break-
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even diagram and making statements about
the economic efficiency of the new process
for producing sample parts. The calculations
were carried out using empirical values from
ARBURG (injection moulding and milling)
and from the Fraunhofer Institute for Ceram
ic Technologies and Systems IKTS.
As a rule, the sample part moulds are designed only for small quantities. Therefore,
the calculations for both of these processes
were carried out only up to an appropriate
cycle count. The time factor involved in addi
tive manufacturing was excluded from the
cost analysis.
One should reiterate at this juncture that
only one specific sample part geometry can
be produced using the sample part moulds
or the mould inserts. On the other hand, the
new process for the layered structure of CIM
prototype parts requires only one mould,
from which numerous prototype parts with
a range of different geometries can be generated. The economic analysis shows that
the acquisition of such a mould pays off

Sample part mould

Mould thick-walled components

(Source: ARBURG)

particularly for providers that specialise in
producing sample parts and prototypes. Correspondingly high quantities and hence low
component costs can be achieved as a result.
Significant cost advantages are created with
high quantities, especially in AM.

Summary and outlook
It can be concluded that thick-walled com
ponents with a layered structure can be reli
ably produced. A homogenous microstructure was created across almost the entire
cross-section. In addition, the stability of
the thick-walled components with a layered
structure was sufficient to produce demonstrators using a hand miller. No boundary
layers were identified in the sintered sample
parts. This shows that sample part production is simple and reliable using the process
parameters presented. In the preliminary
tests carried out and in the existing process
window, the preheating temperature was
the only significant factor affecting quality. This shows: the higher the temperature

introduced into the process ahead of the
cycle, the better the bonding between the
individual layers. CIM producers could place
such blocks on stock. All they need to do to
produce prototypes for their customers as
quickly and easily as this is make a one-off
investment in an octagon mould.
After that, only the 3D data of the prototype
parts has to be transmitted to a CNC milling
machine that will mill the green compact
geometry out of the block. This is a much
faster and cost-efficient process than constructing a prototype mould for each and
every prototype required. Ultimately, the
feedstock suppliers could also offer blocks
from their feedstocks as a service. It goes
without saying that the process for the
layered structure of CIM prototype parts is
still very much in its infancy. However, there
is already immense interest in this method
within the industry.
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Sustainable Production of Sanitaryware by
Digitalization of the Firing Process
G. Seifert, T. Agné, M. Gebert, M. Nause, Ch. Winter

The sustainability of high temperature processes is a key issue on the way to a decarbonized circular

economy. Digitalization of the processes offers a good opportunity to immediately improve energy and
material efficiency without the need for major investments in new production kilns. In this context, an
ongoing joint project of three companies and one research partner is devoted to the development and
application of digital technologies to make the production of large and complex ceramic products significantly more sustainable. The concept and current status of the project, which is focused on sanitaryware
as a prototypical example, is described.

1 Introduction
The manufacturing of sanitaryware is a
prototypical example for the growing complexity in contemporary ceramic production
and the resulting challenges for producers.
Modern customers have a strong desire for
aesthetic design and innovative functional-
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ity, leading to sometimes very sophisticated
design challenging for both the ma
ter
ial properties and the production process.
Fig. 1 gives two examples for current highlevel sanitary products of Villeroy & Boch
AG. Subway 3.0 boasts a timelessly beauti
ful design combining deep wash basins
and side ledges for maximum comfort and
toilets flushing very thoroughly while saving water with the new TwistFlush technology. Furthermore, excellent shape accuracy
is needed for integrating the products into
modern bathroom furniture. In the course
of understanding sanitaryware as design
elements it is essential that the products
are perfectly free from any visible defects.
With this background, it is an evident challenge to design and maintain a sustain-

able production, when even minuscule deviations from the design geometry or tiny
inclusions visible on the product surface
regularly make products unsalable. As a
consequence of these market requirements,
a certain percentage of products currently
has to be either locally repaired and sent
through a second firing process before sale,
or even be declared as deficient. In both
cases, the strict selection criteria cause a
tremendous waste of energy, in the second
case also of raw material resources. It would
therefore be highly desirable to develop the
current production further into an optimized
process releasing every single product absolutely flawless. At the same time, this would
make production much more sustainable by
minimising energy and raw material conE 81
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sumption. In that sense, one research and
three industry partners (Fraunhofer HTL,
Villeroy & Boch AG, Keramischer OFENBAU
GmbH, Meprovision GmbH) joined forces
in a R&D project funded by BMWK1) to develop and demonstrate innovative digital
technologies for increasing the sustainability of producing large ceramic products.
In the project with the acronym HTPgeox2),
several digital techniques from materialspecific thermal process simulation to individual tracking, monitoring, and evaluation
of the kiln history of every single product
are being developed and applied to the sanitaryware production of Villeroy & Boch as
examples for large and geometrically complex components. This article will present an
overview of the project concepts, current
achievements at halftime of the project
work and perspectives for the project completion and beyond.

2 Concept and goals of HTPgeox
The energy efficiency and sustainability of
a production requiring high-temperature
processes can be tackled from two different sides: firstly, it is an apparent approach
to try to minimise the energy consumption
and carbon footprint of the industrial kiln
used in the production process by optimizing combustion, minimising thermal losses
through kiln walls, or implementing energy
recuperation. While ambitious concepts for
dramatically reducing the energy consumption of, e.g., tunnel kilns have already been
elaborated theoretically [1], their implementation will take decades rather than
years, considering that large industrial kilns
are usually operational for 30 to 40 years.
Therefore, HTPgeox takes a different view
focusing on material- and product-related
digitalization techniques for immediate
increases in sustainability, which can be
implemented in existing kilns without large
investments.
Roughly spoken, the production of sanitaryware (as an example), which in the case of
Villeroy & Boch is already featuring a high
degree of digitalization through many pro1)
German Federal Ministry for Economic Affairs
and Climate Action – Bundesministerium für
Wirtschaft und Klimaschutz
2)
The acronym HTPgeox stands for (optimization
of) High Temperature Processes for large and
geometrically complex ceramics
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duction steps, shall be fully transferred to
the industry 4.0 standards by including firing processes into the digitized production
chain. One obvious obstacle to this goal
are the high temperatures above 1000 °C,
which discourage the use of any active electronic components monitoring the current
position and status of the products within
the kiln. Instead, several techniques for passive or indirect monitoring of each product’s
kiln history are being developed or adapted
in the project. Plus, predictive modeling of
the material and component behaviour depending on the firing curve and specific kiln
situation is a key element of the concept.
The common goal of all digital technologies
under development in HTPgeox is, firstly,
to understand in detail how the individual
thermal treatment of a product on its way
through the tunnel kiln, including its specific setting on the kiln car, affects the final
product properties; then, secondly, the information shall be used to develop and implement an optimized control of the thermal
process – including product positioning on
the kiln car – which enables a waste-free,
energetically optimized production.
The material-specific approach used in
HTPgeox is the well-established, unique

predictive thermal process simulation of
Fraunhofer HTL, which is strictly based on
precise in situ experimental characterisations of the material’s process kinetics such
as debinding, dehydration and sintering
[2, 3]. The technique enables assessing all
potentially deleterious effects of the thermal treatment of products, such as:
• internal pressure buildup due to thermally
activated emanation of gaseous products,
• temperature gradients and resulting internal mechanical stresses due to the complex geometric shape of a product,
• temperature gradients and resulting internal mechanical stresses due to inhomog
eneous heat transfer in dependence of
the concrete kiln situation,
• incomplete and/or inhomogeneous sinter
shrinkage (leading to shape deviations
of the final product) resulting from an
improper heating curve or unfavourable
heat input.
Due to these features, the numerical modeling is being used in the project for (i)
determination of material-specific firing
curves optimized for minimum energy consumption, and (ii) for detailed analysis of

potentially kiln-related product flaws and
development of strategies to remedy them.
A second key element in the concept is a
continuous monitoring of kiln and product
data with the goal of tracing back the kiln
history of every single product. When this
monitoring is set up and tested, the goal
is to register a continuous data flow containing at least the product code, product
position and orientation on the specific kiln
car, characterisation of final product quality and a timeline correlating all available
kiln parameters to the current position of
the kiln car.
Detailed analyses of these data, as explained in more detail below, will then be
performed in the project and thereafter for
identifying and avoiding kiln-related quality
problems.
Development and testing of the data monitoring during the kiln cycle itself is done in
the project in close cooperation of Villeroy &
Boch and Keramischer OFENBAU, since the
latter have constructed and built the tunnel
kiln under consideration in the V&B site at
Mettlach/DE. The company Meprovision is
responsible for developing an automatised
optical registration of product type and
positioning on the kiln car before entrance
into the kiln. Such an automatic, obligatory acquisition of product positioning is of
great importance for the project, because in
the current production product types as well
as materials are mixed on every kiln car, and
human operators are free to distribute the
different components on the kiln car in patterns based on their experience.
This procedure is beneficial for the project,
as it creates a broad variety of setting patterns which in turn should enable identifying and understanding all relevant problems
due to product positioning or deviations of
kiln parameters. Prospectively, however,
the project results will be used to develop
guidelines for preferable patterns on the
kiln car as aid to the operators and, on the
long run, to establish a fully automatised
setting process considering all the knowledge acquired about a firing process optimized with respect to both energy efficiency
and product quality.
To gain full benefit from the acquired data,
it is essential to conduct in-depth analyses
of correlations between kiln situation and
product quality, as well as to look for selflearning algorithms which can prospectively
cfi/Ber. DKG 99 (2022) No. 4
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be integrated in automated kiln control.
Within the project, the first approach to
finding relevant correlations was manually recording relevant data of products
on several randomly selected kiln cars.
Fig. 2 shows an exemplary kiln car loaded
with several wash basins and toilet bowls.
Additionally, identifying product flaws and
looking for plausible technical and physical
reasons was initially attributed to the judgement of experienced personnel.
The second approach, which will be the
preferred choice as soon as the regular
acquisition of product and kiln data during
standard production is fully operational, is
the application of Artificial Intelligence (AI)
algorithms for finding correlations autono
mously. For both approaches, the process
simulation of Fraunhofer HTL will be utilised
to investigate if a quality problem can safely
be attributed to a specific thermal transfer
problem caused by product positioning or
deviations of a kiln parameter from its setpoint value. Once acquired, such an in-depth
insight will be used to develop strategies to
abandon the source of product flaws.
Finally, data safety and company-independent data handling is an important issue as
well. Considering that a kiln provider like
Keramischer OFENBAU usually has delivered many similar or even identical industrial kilns, it will be beneficial if they gather
and evaluate the empirical data from all
“their” kilns. Such a centralised approach
promises to generate a much broader
knowledge base for advanced kiln control
than just the observation and evaluation of
a singular kiln.
Therefore, it is also part of HTPgeox to
develop suitable concepts for such a comprehensive data acquisition, which includes
the reverse way of providing immediate
responses to local operators in case of kiln
irregularities.

Fig. 2 Example for a kiln car loaded with six wash basins and six WC bowls

or sinter shrinkage, as measured by u sing
several different heating rates, is input to
FE process models in form of a so-called
kinetic field [4].
With these predictive models, the shortest and most energy-efficient temperature
cycles to achieve the required final product
density and shape can be identified on the
computer. Fig. 3 shows an example for simulated sintering of a wash basin from the
product program of Villeroy & Boch. Colours
refer to different sinter density achieved due
to the assumed (unfavourable) situation of
thermal transfer.
On the way to monitor and identify kilnrelated quality problems, a set of over 700
products on 46 kiln cars from the regular
production has been manually documented
and analysed. The positioning on the kiln car
was in that case only monitored in a coarse
grid including the product orientation with

respect to the travel direction through the
tunnel kiln (forward, backward, left, right).
A clear finding even from this small number of samples was that toilet bowls set in
backward orientation show a significantly
increased probability for cracks. While in
this case the perception of the problem is as
easy as its remedy is straightforward, several
further tentative findings need, firstly, much
more data to be statistically relevant and,
secondly, an in-depth, simulation-assisted
analysis to derive the optimum strategies to
avoid pertinent product flaws.
For the next iteration of this monitoring and
analysis, an optical detection system will
be installed. Meprovision has meanwhile
tested several technically different commercially available systems with the result
that a time-of-flight detection system using
infrared pulses features the best cost-performance ratio for the required task: iden-

3 Current achievements and
future perspectives
In the ongoing project, after about half of
the scheduled development time of three
years, good progress on the way to the ambitious goals has already been achieved. In
situ characterisation of several ceramic materials for different sanitaryware has been
acquired as a basis for the predictive simulation of component behaviour in the kiln.
The process kinetics of, e.g., dehydration
cfi/Ber. DKG 99 (2022) No. 4

Fig. 3 Example for a 3D sinter simulation of a wash basin
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Fig. 5 Schematic overview of data transfer between the kiln control system and the KOG
servers

tification of the products by means of their
3D shape and defining their position and
orientation on the kiln car with a limited
resolution of about 1 cm. Fig. 4 presents
an example for a Time-of-Flight (ToF) image of a few products arranged stochastically. A software to extract the relevant
E 84

product positioning data is under development.
Looking for the products’ kiln history, it is
essential to know, as a function of time, the
temperature cycle they have experienced on
their way through the kiln. Since in a tunnel
kiln the temperature sensors are mounted

at fixed positions, a method was developed
to generate time-temperature curves for
each kiln car by assigning the appropriate
local sensor value to the current kiln car po
sition based on the exact time of kiln e ntry
and the current velocity of the transport
system.
The resulting curves are in perfect accordance with the data of a special thermocouple car, which so far is sent through the
kiln periodically. Therefore, along with the
temperature, further data like the (local)
amount of gas and air used for the burners
can be assigned to any point of time within
the thermal process cycle of each product,
enabling well-adapted simulations of the
thermal situation of a product in a specific
kiln segment. Such simulations will be used
to analyse thermal transfer problems relevant for product quality in detail.
Finally, a concept for safe data transfer from
the kiln control system to a service provider
(like Keramischer OFENBAU) has been developed, installed, and tested. A schematic
overview of the system is given in Fig. 5. In
the left part of the figure, the company network of the kiln user (green connections) is
shown enabling to locally analyse, visualise
and save the multiple process data from the
Programmable Logic Control (PLC) of the
thermal process system.
The yellow data path realised via a secure
VPN connection enables an external service
provider to perform additional continuous
data analyses as well as giving immediate
feedback to kiln operators in case of unexpected difficulties. If the service provider
is also a kiln manufacturer, he can set up
a broad knowledge base derived from the
performance data of many kilns, enabling
reasonable advice also in case of problems
being new and unexpected to the specific
kiln.
Overall, the results obtained in the project
HTPgeox so far already clearly show that
the methodology of digitizing the kiln process of sanitaryware has a high potential to
immediately improve the sustainability of
production significantly.
First, the material specific process simulation of Fraunhofer HTL, which has been
set up during the first project phase, will
be applied to find the most efficient firing
curve(s). Based on the experience of previous projects using this simulation concept,
the implementation of these optimized fircfi/Ber. DKG 99 (2022) No. 4

ing cycles indicates a reduction of the total energy needed
per final product by at least 10 %. An additional reduction of
similar magnitude can be expected when the continuous monitoring of each product’s kiln history has been evaluated for a
considerably large number of samples, and the insights about
kiln- or positioning-related product faults are implemented to
avoid the majority of such flaws. As far as severe quality problems are concerned necessitating individual products to be
considered as rejects, the implementation of the project results
will also contribute to resource efficiency. With the continuous
monitoring there is also a chance for further improvement of
sustainability in the future and, probably equally important, a
means to quickly and flexibly adapt sustainable firing conditions to new products.

„Für die Zukunft
seh´ ich schwarz.“

4 Summary and outlook

Schwarz glänzend.
von Wendel.
Bilder: shutterstock, Creaton

In this paper, an overview of the technological concepts for
digitalization of the firing process of large and geometrically
complex ceramic products, being developed in the joint project HTPgeox, has been given. The project concept comprises
material-specific process simulation, continuous monitoring
of kiln process and firing results including automatic optical
registration of the product positioning on the kiln car, documentation of the kiln history of each product and AI-based
correlation of product quality and kiln history. It has been demonstrated that the combination of these technologies might
increase the energy efficiency of the production by up to about
20 %, complemented by an increase of material efficiency via
avoiding deficient products. The implementation of these digital technologies will in future also considerably facilitate the
introduction of new products or materials as they enable quick
and widely automatized adaptation of thermal process conditions, thus keeping the production’s sustainability at least at
the achieved level.
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LOFT® Stoneware – Low Firing Temperature Stoneware
The MCS®’s Stoneware Body for 1100 °C Firing Temperature
Characterisation and Properties Evaluation
C. Miranda, G. Oliveira, M. Marques, P. Guedes,
P. Mónica, P. Vigário, S. Batista, A. T. Fonseca

Energy efficiency, sustainability, circular economy, decarbonization are mega trends increasingly impact-

ing all energy intensive industries, including the ceramics industry. This has led MCS® to invest in a new
Research Development and Innovation (RD&I) project focused on the production and supply of significantly lower temperature vitrified ceramic bodies compared to those traditionally used in the production
of stoneware tableware. At MCS®, these innovative bodies are trademarked LOFT® – Low Firing Temperature – and this article presents details on the stoneware market and technical results obtained. Taking as
a starting point the properties of stoneware bodies currently produced in Portugal and the classification
of ceramic products according to the Portuguese norm NP 4555-1 of 2018 [1] the LOFT® Stoneware body
has already met the stoneware classification when fired at 1100ºC and porcelain stoneware if fired between 1120–1140 ºC. After analyzing the pyro-plastic deformation, the LOFT® Stoneware is particularly
resistant, even with water absorption values close to zero.
In view of the results, MCS® believes that it is on the right path to provide the market with stoneware
bodies with a double innovative solution in terms of the economic rationale (lower firing temperature,
lower overall fuel consumption and lower specific thermal consumption) and environmental sustainability
strategy adopted to define, formulate and produce the LOFT® Stoneware. This strategy, which is based
on a logic of circularity, by incorporating ceramic and non-ceramic waste and reducing GHG emissions, is
consistent with the most demanding current vision of the concept of corporate social responsibility, that
must frame any modern industrial production activity and goal MCS® always pursues.
1 Introduction
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The rise in energy prices and GHG emission
licenses is a matter of serious concern for
Portuguese ceramic companies, even brining into question their competitiveness.
Aware of these very challenging circumstances, MCS® started a new RD&I project,
aiming to produce and supply vitrifiable
ceramic bodies at temperatures significantly
lower than those traditionally used. At
MCS®, these bodies will be branded under
a single trade name: LOFT® – Low Firing
Temperature.
The LOFT® stoneware tableware bodies developed to date have already reached a sufficient level of maturity to pass information
to the market. The LOFT® solution meet two
fundamental requirements, it ensures that
the ceramic production activity is sustainable by lowering the firing temperature, to-

tal amount of fuel and thus GHG emissions
and incorporates the principles of circular
economy and industrial symbiosis.
Regarding thermal energy consumption and
the associated GHG emissions, the path allows a reduction in production costs of industrial units and encourages companies to
focus attention on finding the most effective solutions.
In terms of the amount of energy needed for
any given ceramic eco-system to generate
the desired physical and chemical properties, it will be greater the higher the mass
or volume to transform. Not considering the
amount of work involved, the first principle
of thermodynamics states that all the thermal energy absorbed is used to increase the
internal energy of the system. In the ceramic
firing process, this increasing of internal energy represents only part of all the thermal
cfi/Ber. DKG 99 (2022) No. 4
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Fig. 1 a–c Definition of dihedral angle ψ through the equilibrium diagram of the vectors representing the surface energies γss and γsl [2]
(a); schematic representation of the liquid phase distribution at the triple junction of solid phase grains; the shape of these liquidphase pockets depends on the dihedral angle ψ, which changes as the extent of solid-phase dissolution increases [3] (b); and wetting
angle θ of the solid phase by the liquid phase and equilibrium condition (c)

energy supplied, which is divided in two
fractions: that which is absorbed by the fired
products (useful energy) and that which
is lost to its surroundings (lost energy).
Regarding the lost energy, the way to
minimize it are well known: improving the
thermal insulation of the equipment, reducing the sensible enthalpy of the exhaust
gases, reducing the amount of outside
air that enters the kiln in an uncontrolled
way, increasing the ratio of product mass
to be treated/mass of refractory, reducing
firing cycles, increasing the rate of energy
transfer, reducing the number and duration
of the dwell times of the firing curves, or
reducing the thickness of the product(s). In
summary these are the “macro-measures”
that can be adopted to reduce the impact
of heat losses on energy consumption, but
it doesn’t add more to what we all already
know.
One question that may arise is if it will
be possible, in addition to these “macromeasures”, related to the field of ceramic
production itself, to design other measures,
so called “micro-measures” which, if taken
at the level of the formulation and body
process, can reduce the firing temperature,
fuel and GHG emissions. The authors believe that this scenario is possible and that
the LOFT® concept can be one of the answers. Those micro-measures are so called
because they influence the development of
product microstructures.
Examining the morphological changes that
the initial ceramic body (stoneware) undergoes during the heating process, until the
appearance of the first liquid feldspathic
phase, everything happens as if we were
in the presence of a solid phase sintering process, and the main morphological
cfi/Ber. DKG 99 (2022) No. 4

changes are identical to those that occur in
the sintering of solid systems i.e. formation
of solid bonds between particles (neck and
grain boundaries), through known mass
transfer mechanisms, surface diffusion, volume diffusion, grain boundary diffusion and
evaporation-condensation.
These solid bonds explain, for example, that
the mechanical strength of dried plastic
porcelain body increases from 2,0–2,5 MPa
to 8–10 MPa when fired at 950 ºC. This
means that even in the heating phase of
the firing cycle, when there is still no liquid phase in the system, or it is still very
incipient, the formation of strengthened
solid bonds between all the particles of the
body can been verified, including those of
the feldspathic fluxes, which contribute to
increase its mechanical strength [4]. These
solid bonds, although they have no significant contribution to the increase in density,
they reduce the mobility of solid particles,
which form a "solid skeleton" that limits, or
prevent, the free movement of the particles,
reducing the importance of re-arrangement
for increasing the density, when the liquid
phase is formed by feldspar melting.
The goal of the LOFT® Stoneware concept
is to promote the achievement of the re-arrangement phase as quickly as possible, anticipating the formation of bonds between
solid particles through mechanisms characteristic of sintering bonds in solid phase,
or, if these bonds are formed, promote the
formation of a liquid phase capable of dissolving them at as low a temperature as
possible. This can be achieved in two ways:
either by promoting the formation of a liquid phase at temperatures lower than those
that activate the mass transfer mechanisms
that lead to the formation of the solid bonds

mentioned above, or by promoting the formation of a liquid phase that dissolves early
and quickly the solid bonds formed in the
meantime.
In either case, the liquid phase is required
to have special properties – they must have
low melting temperature or low formation
temperature, be able to easily penetrate between solid particles (low dihedral angle),
must wet the particle well (low wetting
angle), able to dissolve solid materials that
bind the particles and have low viscosity at
low temperature (Fig. 1 a–c). These were
the micro-measures present in the creation
of the LOFT® concept and in the development of the LOFT® Stoneware body, and
properties described in this article.

2 Experimental procedure
The LOFT® Stoneware body has been characterized using standards and/or specific
test procedures used in MCS® – MOTA Ceramic Solutions.
From vacuum extruded plastic body, cylindrical specimens approximately 8,5 mm
in diameter and 120 mm length were extruded. The fired color was evaluated on
pressed rectangular plates (plastic body),
with dimensions 40 mm x 80 mm x 6 mm.
For the pyro-plastic deformation, cylindrical extruded specimens with 5,5 mm diameter and 150 mm length were used.
The cylindrical specimens were dried at
110 °C for 24 h and then evaluated for drygreen shrinkage and mechanical strength.
The dried rectangular plates and the
8,5 mm and 5,5 mm diameter cylindrical
specimens were fired in an electric kiln, at
temperatures of 1080 ºC, 1100 ºC, 1140 ºC,
1160 ºC, 1180 ºC and 1200 ºC, respectively
under the following conditions: heating rate
E 87
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Fig. 2 Evolution of the proportion of the mineralogical species in the crystalline fraction of the fired products, as the firing temperature
increases

5 ºC/min, dwell time 60 min, and oxidizing
atmosphere. After the final dwell time, fired
samples were allowed to cool naturally inside the kiln. With these thermal cycles, the
values of the PTCR-LTH (firing ring from Ferro) temperature and the maximum thermocouple temperature are coincident ± 2 ºC.
The following properties were evaluated
on the dried and fired specimens at different temperatures: green-dry shrinkage
Rg-d [%] and dry-fired shrinkage Rd-f
[%], the breaking strength MOR [MPa],
the identification of the crystalline phases
and mineralogical composition [mass-%] of
the crystalline fraction by XRD at different
temperatures, using the Retrieve´s method
aided by the Panalytical's Highscore+ version 4.7 software, the weight loss on ignition (L.o.I. %), Color [CIE L*a*b ], Thermal
Expansion (TE %), Coefficients of Thermal
Expansion (CET K–1), Water Absorption (WA
%), Apparent Density (AD g/cm3), Real Density (RD g/cm3) and Open Porosity (OP %),
Closed Porosity (CP %) and Total Porosity
(TP %). The apparent density was evaluated
by mercury impulsion and the real density by helium pycnometry of powders with
granulometry lesser than 150 µm.
The pyroplastic deformation was determined by measuring the maximum deflection of the specimens at each of the firing
temperatures. In these tests, the specimens
were supported on 2 pieces of alumina
E 88

100 mm apart and the length of support of
the specimen on each of the pieces is equal
to 25 mm on each side.
The body´s fired color was evaluated by colorometry (CIE L*a*b*), being L*(whiteness)
and a* (red-green axe) and b* (yellow-blue
axe). Microstructures of the samples fired
at different temperatures were observed
with a SEM (Phenom ProX) on polished
surfaces and polished surfaces etched with
12,5 % (v/v) hydrofluoric acid solution for
1 min.
X-ray diffraction (XRD) tests and the determination of the real density (helium
pycnometer) were performed at the Department of Materials and Ceramics Engineering of the University of Aveiro (DEMAC-UA).

3 Results and discussion
The characterization of the initial products
showed a dry breaking strength (3-point
bending test) of 4,6 MPa, a green-dry
shrinkage equal of 4,2 % (initial moisture
20 %) and a L.o.I. at 1000 ºC of 5,4 %. The
results of the characterization of products
fired at different temperatures are shown
graphically in Fig. 2–4 and Fig. 6–7.
The microstructural aspects considered
most relevant are shown in the micrographs
of Fig. 5. Fig. 8 shows a set of 4 glazed
pieces produced with the LOFT® Stoneware
body and using specific glazes developed
by MCS®. These plates are fired in the same

electrical kiln used for firing the cylindrical
specimens.

3.1 Nature of the phases present
in fired products
X-ray diffractions, carried out on the products fired at different temperatures, indicates the presence of predictable crystalline
phases in the system initially constituted by
clay-kaolin-quartz-feldspar-auxiliary flux:
quartz (Q), mullite (M) being predominant
and plagioclase (PL) at lower temperatures (1080–1160 ºC), and quartz, mullite
and cordierite (Cd) at higher temperatures
(1180–1200 ºC). Cristobalite (Cr), although
residual (≤1 %), is present in products
fired at temperatures equal to, and above,
1120 ºC and absent at lower temperatures
(1080–1100 ºC).
Despite being a form of silica that is thermodynamically stable at very high temperatures (>1470 ºC), under certain circumstances, it can crystallized at temperatures
as low as those used in the firing of LOFT®
Stoneware body, and remain in a metastable form if it is cooled fast to room temperature.
One can see from the graph of Fig. 2, that
the amount of quartz increases at the same
time the firing temperature increases, reaching a maximum at 1120 ºC and decreasing
at higher temperatures. This variation is accompanied by the decrease in the amount
cfi/Ber. DKG 99 (2022) No. 4
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Fig. 3 An interesting aspect, from this figure, concerns the evolution of the shrinkage of the LOFT® Stoneware body with the firing
temperature: variation of strength (MOR), dried-fired shrinkage (Rs–c), water absorption (WA) and total porosity (TP) with the firing
temperature

of plagioclase present, which is no longer
detected after 1120 ºC.
The increase in the proportion of quartz in
the crystalline phase is related to the elimination through dissolution of plagioclase,
whose decrease overcomes the increase in
mullite formed. It should also be noted that
from 1180 ºC, the presence of a cordierite
crystalline phase can be detected, but formation slows the growth of the proportion of mullite as the firing temperature
increases, due to alumina’s mobilization
available in the liquid phase to form the
cordierite phase [5]. Plagioclases are substitutional solid solutions, with variable
composition between two extreme members albite (sodium feldspar NaAlSi3O8), and
anorthite (calcium feldspar CaAl2Si2O8). In
the quantitative evaluations, the variation
of the crystallographic parameters of these
plagioclases and the overlapping of XRD
peaks with those of other species, with the
cristobalite peaks, sometimes makes it difficult to perform quantitative evaluations
of plagioclase, as is the case in the product fired at 1120 ºC. Therefore, it cannot
be concluded that it doesn’t exist in bodies
fired at 1120 ºC (it is present in the body
fired at 1100 ºC and not at 1120 ºC, but is
present again at 1140 ºC, which oscillations
that only detection and/or quantification
difficulties may explain).
cfi/Ber. DKG 99 (2022) No. 4

3.2 Effect of temperature on the
characteristics of the fired body
Analyzing the evolution of the most important technological parameters with
firing temperature, also in the case of
LOFT® Stoneware body, it is evident that
the maximum breaking strength (86 MPa)
is when the total porosity is at a minimum
(TP = 9,8 %), as one can see in Fig. 3 and
had been previously observed in the MCS´s
VST – Vitreous Stoneware® body, when
fired at 1180 ºC [5]. The figure equally
shows that the “Stoneware” classification
(WA ≤ 3 %) of the LOFT® Stoneware body is
achieved between 1080–1100 ºC. Another
equally interesting aspect, which is can be
taken from Fig. 3, concerns the evolution of
the shrinkage of the LOFT® Stoneware body
with temperature. It can be seen that from

1120 ºC up to 1200 ºC, that the dried-fired
shrinkage (Sd–f) varies in the range 7,30–
7,50 %, which, together with the evolution
of the Total Porosity (TP), highlights the high
dimensional stability of this body, which is
important when opting to manufacture porcelain stoneware (WA ≤ 0,5 %).
Equally important when studying the suitability of a vitrified ceramic body to produce
domestic tableware, is its resistance to thermal deformation evaluated using cylindrical
specimens and firing them at increasing
temperature (pyroplastic deformation).
Fig. 4 shows the evolution of the deformation of the 5,5 mm diameter test specimens
and support span 100 mm. From this figure,
the deformation of the LOFT® Stoneware
body, either as stoneware (≤1120 ºC) or
as porcelain stoneware (1140 ºC), present

Fig. 4 Pyroplastic deformation, expressed by the deflection maximum of the test bar
[mm] of the LOFT® Stoneware fired body at different temperatures, having as a reference
the deformation of a standard stoneware body (STD) from MCS®, fired at 1180 °C
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Fig. 5 Microstructural evolution (etched surfaces with HF 12,5 %, v/v – 1 min) of the
LOFT® Stoneware body fired at temperatures of: 1100 °C (upper), 1140 °C (middle) and
1180 °C (lower); left: ampl. 500 ×; right ampl. 5000 ×; Q = quartz and M = mullite

a pyroplastic deformation much lower than
the deformation of the STD stoneware body
fired at 1180 ºC (porcelain stoneware).
From the point of view of the microstructural evolution with temperature, the micrographs in Fig. 5 are in line with the evolution of the properties shown in Fig. 3 and
with the results obtained when characterizing the MCS´s VST-Vitreous Stoneware®
body [5]. Observing the microstructures,
from the lowest to the highest temperature, pores are still evident. These pores,
with high aspect ratio (length/diameter)
are typical of microstructures which are not
“mature”, closely associated with open po-
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rosity and water absorption (WA) and more
abundant at 1100 ºC than at 1120 ºC (microstructures not shown).
The subsequent evolution, at higher temperatures, is clearly marked by an increase
in a liquid phase and, most likely, a reduction in viscosity. At temperatures equal to,
and above 1140 ºC, water absorption is
practically zero and the total porosity (TP)
varies between 9,0 % and 10,3 %. It is
also in the range 1140–1160 ºC that the
highest values of strength are observed
(85–86 MPa) and its decay, from 1160 ºC,
is most likely be related to the growth in
average pore size, as seen in the respective

microstructures. The mechanical strength
closely follows the morphological evolution
of mullite and porosity (Fig. 3).
The coefficients of thermal expansion
(CETs), between 200–500 ºC of the products fired at different temperatures in the
range 1080–1200 ºC, are represented in
Fig. 6. Analyzing the dilatometric data,
the influence of the presence of cordierite
on the behavior of the LOFT® Stoneware
body: a first group of curves, corresponding
to firing temperatures in the range 1080–
1160 ºC, in which cordierite is absent, and a
second group of curves in the range 1180–
1200 ºC, in which cordierite is present.
Taking as a reference the average CTE
between 30–400 ºC, the first group presents values between 70,9–72,3 x 10–7 K–1
(∆ CET = 1,4 K–1) and the second group
values between 66,4–69,1 x 10–7 K–1
(∆ CET = 2,7 K–1). This behaviour is interesting when it is assumed that the LOFT ®
Stoneware body was developed to be fired
at temperatures below 1180 ºC – those currently used to produce domestic stoneware
tableware. Considering that a second firing of the stoneware body is equivalent, in
terms of the evolution of its properties, to
firing a single time at a temperature 20 ºC
higher [5], then annealing will not significantly alter the CTE of the body, since that
between 1080ºC and 1160ºC it only varies
1,4 x 10–7 K–1 units.
In terms of fired bodies color evolution,
Fig. 7 shows how the L*a*b* parameters
evolve. The fired body has a cream hue (yellow on the yellow-blue axis) at all firing
temperatures, keeping the hue between a
maximum of 15,70 to 1120 ºC and a minimum of 12,60 to 1200 ºC. Likewise, a slight
reddish hue (red on the red-green axis)
varies little in the temperature range. The
parameter that most contribute to the color
variation at different temperatures is clearly
the whiteness L*, which drops from 85,10
at the lowest firing temperature (moderate
vitrification at 1080 ºC) to 76,00 at the
highest temperature (severe vitrification at
1200 ºC). Considering that the human eye
cannot distinguish the color of stoneware
objects that show differences ∆E* of lesser
than 2,5 [5], products fired at temperatures
equal to or higher than 1140 ºC constitute
a single group, from the point of view of
fired color and can be concluded from the
observations in Fig. 5.

cfi/Ber. DKG 99 (2022) No. 4

PROCESS ENGINEERING

Fig. 6 Evolution of the Coefficients of Thermal Expansion (CET) of the LOFT® body fired at different temperatures

Fig. 8 shows a set of four LOFT® Stoneware
body plates, one fired at 1110 ºC, in an
electric kiln with a thickness of 4 mm (bottom), the water absorption, measured in an
unglazed piece was 0,75 % and the bottom
of the glazed pieces maintains its original
curvature.

at least 80 ºC lower than those currently
used and achieve the objective of improved
sustainability and preserving the environment.
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4 Final conclusions
From the previous results, one can conclude
that MCS®’s progress with the LOFT® Stone
ware project shows it is possible to produce
stoneware bodies at temperatures that are
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Fig. 8 Example of glazed dishes
(Ø = 180 mm) all made of LOFT®
Stoneware body, and fired at 1110 °C
(WA = 0,75 %). The applied glazes are
specific to the LOFT® Stoneware body and
were developed by MCS®
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Laser-Induced Direct Metallization of Additively
Manufactured Alumina Substrates for Ceramic
3D Mechatronic Integrated Devices
P. Ninz, A. Schilling

Laser-induced Direct Metallization (LDM), is a 3D capable selective metal plating process. Recent research

on LDM of oxide ceramics now enables plating of fine metallic structures such as conducting paths or
antennas directly on 3D surfaces of alumina components. This allows for the manufacturing of ceramicbased so-called 3D-MID (Three Dimensional Mechatronic Integrated Devices) integrating electronic and
structural functionalities that can withstand extreme thermal, chemical and tribological conditions opening up new fields of applications. Additive Manufacturing (AM) of alumina substrates for 3D-MID could
further increase their application range due to its flexibility in component design and profitability for small
lot sizes or prototypes. Transferring existing results on injection moulded alumina substrates to AM technologies, however, poses some technical challenges. This article presents LDM of alumina ceramics and
different pathways towards substrates for a new generation of ceramic 3D-MID at a glance.

Introduction
Alumina has a unique combination of
mechanical, electrical and thermophysical
properties. Therefore, it is a well-established
material for structural components exposed
to extreme thermal, chemical or tribological conditions as well as for substrates and
housings for electronic components. Laserinduced Direct Metallization (LDM) enables
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the selective plating of fine metallic structures directly on 3D surfaces of alumina
components serving as electrical circuits,
antennas, heating elements or sensory
structures.
In contrast to other metallization techniques such as DCB (Direct Copper Bonding), screen printing or Low- and HighTemperature Co-fired Ceramics (LTCC/
HTCC) the LDM process has a fully digitized
process chain making it very flexible and
capable to metallize 3D-structures. LDM is
the industrial standard technology for the
manufacturing of thermoplastic 3D-MID [1].
Recent interdisciplinary material and process related research in close cooperation of
the Institute for Manufacturing Technologies
of Ceramic Components and Composites
(IFKB) and the Institute for Micro Integration (IFM) from the University of Stuttgart
as well as Hahn-Schickard Stuttgart made
the LDM process accessible for alumina cer
amics [2, 3]. In contrast to state-of-the-art
thermoplastic substrates, alumina expands
the application range of 3D-MID to higher
temperatures and extreme conditions.
Furthermore, the properties of alumina such
as the high thermal conductivity can improve the thermal management of 3D-MID

and open up completely new applications
in power electronics, telecommunication,
medical technology or in chemical industry.
Additive Manufacturing (AM) with its freedom of design could even increase the potential of ceramic 3D-MID. In the following
an overview of LDM of alumina ceramics,
the challenges related to additive substrate
manufacturing and first promising results
are presented.

Laser-induced Direct
Metallization – LDM
The LDM process for alumina ceramics was
developed in cooperation of the IFKB and
the IFM of University of Stuttgart and HahnSchickard Stuttgart. Originally, the LDM
technology was developed and patented for
the metallization of thermoplastics by Laser
& Electronics AG (LPKF) [1]. LDM generally incorporates two steps as schematically
shown in Fig. 1:
1. 
Laser-induced activation or laser
activation in which a pulsed laser
beam selectively structures the substrate
surface in the desired layout. Hereby the
surface is ablated and the thermophysic
al impact of the laser beam initiates the
formation of catalytic sites. After acti
cfi/Ber. DKG 99 (2022) No. 4
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vation, the surface may be cleaned from
debris by different techniques.
2. Autocatalytic or electroless metallization: During this second major step
the substrate is immersed in an electroless metallization bath consisting of a
metal salt solution, reducing agents and
additives. The reduction of the metal salt
to metal is initiated at the catalytic sites
of the laser activated substrate areas. The
formed metal seed catalyses an ongoing
metallization and results in deposition
of a metal film restricted to the activated areas alone and characterised by a
geometry independent coating thickness.
A typical coating system for technical applications consists of an initial layer of
copper (thickness ≈10–20 µm) usually
achieved after 2–4 h bath time, followed
by a thin barrier coating of electroless
nickel (≈4 µm) and a thin immersion gold
finish (≈ 0,1 µm).
The effectivity of the laser activation is related to a complex interaction between the
substrate material composition and the
thermophysical impact of the laser beam
influenced for instance by its wavelength,
pulse energy, pulse length and the structuring strategy. The effectivity could be defined
by the quantity of catalytic sites but their
exact nature or the details of their origin are
not fully understood yet. The effectivity of
the activation is therefore mostly evaluated
by comparing the degree of metallization
of different samples after a defined time in
a metallization bath. Since an ablation is
mandatory for an activation the laser source
and the laser parameters need to be experimentally optimised for a specific substrate
material.
Conventional technical grade alumina sintered in air shows poor metallization results
after laser activation with conventional
laser parameters [2, 3]. Efficient and industrially applicable metallization of alumina
demands both the manipulation of the substrate material as well as the use of higher
energetic lasers in order to achieve mater
ial ablation. Up to now two fully functional
routes for the effective conditioning of alumina were developed.
The first alternative is based on reductive
sintering of alumina in hydrogen atmosphere [2]. The second technology is based
on doping of alumina with a few percent of
oxide dopants such as chromium- or nickel
cfi/Ber. DKG 99 (2022) No. 4

Fig. 1 Two major process steps of LDM

Fig. 2 Injection moulded demonstrators made out of hydrogen sintered alumina (l.) and
of Cr2O3-doped alumina (r.) selectively metallized via LDM and assembled with LED with
a resistor that can be powered via USB port

oxide [4]. Both routes have pro and cons
relating the economic efficiency of the process chain and the material properties. Their
common aspect is the necessity to use a
picosecond pulsed laser with a higher pulse
energy compared to standard laser systems
applied in the processing of LDM polymers.
Fig. 2 shows Ceramic Injection Moulded
(CIM) technology demonstrators made from
hydrogen sintered alumina (99,96 % Al2O3,
particle size d50 0,3 µm) and the same
alumina doped with 2 mass-% of Cr2O3
sintered in air. Both are selectively metallized via LDM (Cu/Ni/Au) to form functional
conducting circuits and were assembled
with a LED (yellow) and a resistor. The results achieved here are very promising for
the production of ceramic 3D-MID but they
are not necessarily directly transferable to
other shaping processes or different starting powders because of the sensitivity of
LDM to small variations in the ceramics
microstructure and optical properties.
Two commercially available alumina mater
ials provided by Lithoz/AT based on slurries
optimized for the use in their LCM printers
(Lithography-based Ceramic Manufacturing) were used to evaluate two methods
of material manipulation to achieve AM
substrates for LDM, similar to the injection
moulded ones.

Experimental
The materials used in the investigations
are two grades of Al2O3 offered in the form
of commercially available suspensions by
Lithoz for the use in their 3D printers. The
350D alumina has a purity of 99,8 %, and
a grain size of approximately 1,5 µm, alumina HP500 has a purity of 99,99 % and
a grain size of approximately 400 nm. The
grain size was estimated by visual analysis
of SEM images of porous, pre-sintered parts
(800 °C/1 h). Samples were manufactured
by Lithoz using a CeraFab7500 machine.
For the experiments without dopants samples of 25 mm × 23 mm were sintered in
hydrogen atmosphere (XERION/DE) at a
varying temperatures and 3 h dwell. The
heating rate was 2 K/min. Samples doped
by dip infiltration with chromium salt solution were sintered in ambient air (Therm
Concept HT, Thermconcept Bremen/DE).
Laser activation of all samples was performed with a picosecond pulsed laser with
a wavelength of 532 nm, a pulse duration
of 10 ps (PX100I-A, EdgeWave/DE) and a
laser spot diameter of 10 µm (SCANLAB/
DE). Laser parameters such as the laser
power, the marking velocity and the pulse
frequency were varied and resulted in different pulse energies and pulse overlaps
in laser path direction. For each laser par
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Fig. 3 Copper metallized alumina samples of two grades (350D and HP500) sintered in hydrogen with different holding temperatures;
holding time 3 h, each field represents a different set of laser parameters

Fig. 4 Schematic illustration of the dip infiltration process and the part microstructure at different steps

ameter a 1,5 mm × 2 mm field, a 100 µm
wide conductor path and a single laser lines
were structured.
The samples shown here were only plated
with the a copper base layer in order to
evaluate the influence of the substrate
properties on the plating process. In contrast to industrially used Cu/Ni/Au coating
systems this copper layer is not protected
by Ni and Au which may lead to oxidation
of the copper and discolourations. The electroless plating of copper was performed in
a commercially available electrolyte bath
(Enplate LDS 400 SC, Enthone) with an immersion time of 2 h.

Moreover, the samples become more translucent because of the improved densification in hydrogen atmosphere. Both the
greyish colour as well as the translucency
strongly depend on the starting powders,
the green density and final grain size influenced by the sintering program.
Pictures of 3D printed samples sintered at
different temperatures in Fig. 3 demonstrate these effects on the optical properties of the parts and the correlation with
the LDM. All samples showed quite a strong
influence of the laser parameters on the
metallization except for HP500 at 1450 °C
where all fields are metallized well.

Hydrogen sintered substrates

Doped Substrates via
dip infiltration

As mentioned sintering in hydrogen atmosphere which is creating oxygen vacancies is
one way to enable the metallization of alumina by LDM [2]. Oxygen vacancy formation
is easily recognised by the change of colour
from opaque white to a grey caused by the
absorption of light.
E 94

Instead of blending the slurries beforehand,
the dopant can also be introduced by a
subsequent infiltration of the porous prefired parts with a chromium salt solution.
The chromium salt is decomposed to oxide
in the final sintering process. Fig. 4 sche-

matically shows the process steps and the
corresponding parts microstructure. The AM
green part (pure Al2O3) is debindered and
presintered at 1100 °C to be able to withstand the solution infiltration process. Next
it is immersed in an aqueous chromium
salt solution infiltrating the open porosity
as seen in Fig. 5 C. During drying in air the
salts are deposited primarily at the surface
of the parts and are then oxidised to chromium oxide during the sintering process.
Chromium ions diffuse into the alumina
during sintering forming a solid solution.
Figs. 5 A and 5 B show SEM images of
the porous microstructure of HP350D and
HP500 samples prior to the dip infiltration process. The difference in the particle
size can be clearly seen here. This process
has the benefit that the compounding and
shaping process remains unchanged and
a contamination with dopant powder is
avoided. For the Lithoz machine with its
small slurry reservoir and only few parts in
contact with the slurry this might not seem
cfi/Ber. DKG 99 (2022) No. 4
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a great benefit but for other AM machines
or even CIM this route might be of interest.
Fig. 5 shows two Cr2O3-doped substrates
doped by dip infiltration metallized with
copper after laser activation with different
parameters. The uniform pink colour indicates a homogeneous distribution of the
dopant.
A covering metallization of all the fields,
each representing a different laser activation parameter, as well as of the 100 µm
wide paths and the 10 µm single lines is
achieved for both materials. Only a minor
influence of the laser parameters on the
LDM is observed. The influence of the sintering temperature on LDM was lower and
the optimum shifted to higher temperatures
compared to hydrogen sinters samples
which is believed to be a result of a reduced
densification in air or the influence of the
dopant.

Fig. 5 SEM images of the porous surface structure of debindered and presintered parts
prior to dip infiltration (A, B) and a picture of the dip infiltration process of an alumina
sample plate in a water based chrome salt solution

Summary
Two possible routes for the AM of alumina
substrates for LDM were demonstrated using two commercially available alumina
grades. LDM was obtained for both for
hydrogen sintered and doped samples but
for each route the influence of the alumina
grade, the sintering conditions and the laser
parameters was quite different.
For the lower purity alumina sintering in
hydrogen atmosphere was not sufficient to
enable satisfactory LDM results whilst the
higher purity alumina showed very good
metallization for all laser parameters but
only at the lowest sintering temperature.
Doping with Cr2O3 via dip infiltration was
very effective for both grades and a broader
range of sintering temperatures and was
nearly independent of the laser activation
parameters.
The results are a first step to the implementation of ceramic substrates for ceramic 3DMID using AM technology.
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Material Extrusion-Based Additive Manufacturing for
Ceramics Using Thermoplastic Feedstocks
F. J. Clemens, A. Hadian, M. Fricke

Additive Manufacturing (AM) has been accepted by industry for shaping ceramics with complex struc-

tures or structures where a significant amount of material has to be removed by commercial subtraction
manufacturing processes. Nowadays, AM can also be used for the fabrication of parts with multi ceramic
materials. Material Extrusion-Based AM (MEX-AM) represents a group of shaping methods where a material is pushed through a nozzle by pressure due to its plasticity. In this article, the authors will focus on
ceramic shaping using the plasticity of thermoplastic binders and will explain the differences of existing
MEX-AM methods.
1 Introduction
Thermoplastic shaping of ceramic parts by
injection moulding or extrusion is already
well established in industry. Typically, at the
beginning of the process ceramic powder is
mixed with thermoplastic binder. After the
mixing process, the so-called thermoplastic
feedstock will be used for the shaping of
the ceramic parts, in form of pellets or granulates. In post-shaping steps, the binder has
to be removed before the parts will be sintered. In addition to those existing fabrication methods, it is also possible to use additive manufacturing based on thermoplastic
binder systems [1].
Similar to the two previously mentioned
shaping methods, the thermoplastic Mater
ial Extrusion-Based Additive Manufacturing
(MEX-AM) method was originally developed
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Fig. 1 General effect of ingredients, like the content of ceramic powder, MFI of the backbone polymer, content of plasticizer and surfactant on the feedstock viscosity

for polymers [2]. It is worthwhile to mention
that the required flow behaviour of the cer
amic feedstock has to be adjusted according to the thermoplastic shaping technique
[3]. As shown in Fig. 1, the viscosity can be
adjusted by the content of the ceramic powder, the viscosity of the backbone polymer
(e.g. melt flow index), the plasticizer and
the surfactants.
The naming of AM processes became difficult in the past because several researchers has renamed them in a non-systematic
way. Therefore, terminologies in AM have
been defined in the ASTM F2792 and the
ISO 17296-2 [4, 5]. Due to the defined ter-

minologies, MEx-AM includes all processes
“in which material is selectively dispensed
through a nozzle or orifice”.
In the paper, the authors first look at different printer platforms that are already
used for the MEX-AM, later they will describe the different printing heads that exist
nowadays. Finally, the authors show how
commercial thermoplastic based ceramic
feedstocks can be used for the printing of
ceramics parts.

2 Printing platforms
The 3D printing technology based on extrusion was developed by Stratasys in 1989.
cfi/Ber. DKG 99 (2022) No. 4
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Fig. 2 Different printer platforms that can be used for MEX-AM of ceramic-based feedstocks and pasts

According to them, the device consists of a
feeder, extruder and a hot end with a nozzle. In the years, engineers have been developed different platforms that can be used
for the MEX-AM process in general (Fig. 2).
A Cartesian-based printer platform used
the X-,Y- and Z-axis to define the printing
points. In some printers the printing bed
moves in X-Y direction and the print head
in Z-axis, like Creality Experts Ender or Artillery Slidewinder 3D and other printers.
Alternatively, the printing head moves in
X-Y direction and the print bed in Z-axis, as
often used for more expensive printers, like
CraftUnique CraftBot, Ultimaker or Raise3d
and others.
So-called rectilinear printers can be divided
in H-Bot and Core X-Y types. The two types
differ in the arrangement of the belts. The
belt in a H-bot is mounted in a “H” form,
whereas in a Core X-Y two belts are arranged in “A” form.
Cartesian-based printers with a special type
of print bed, so-called belt type printers,
have been developed too. Here the printing
bed (plate) is replaced by a belt system that
allows to print extra long objectives (e.g.

longer than the size of the printer) or mass
production of parts without stopping the
printing process. Typically, the print head is
fixed in a 45° angle. In these special printers, the print head moves in Y-Z direction
and the belt only moves on X-axis.
In addition to the Cartesian-based printers
described above, so-called SCARA (Selective Compliance Articulated Robot Arm)
and delta printers have been developed.
The difference from other Cartesian 3D
printers is the arrangement and the movement of the print head and print bed. In a
Delta printer, the extruder is fixed at three
points and thus, by triangular movement,
each point in the Cartesian system can be
printed precisely. Delta printers are made by
Whadda Vertex, Opiliones, Delt tower and
others. An interesting ceramic delta printer
has been developed by Pollen AM. In contrast to o thers, the printing bed is moving.
Additionally to Cartesian-based printers,
printers using a polar coordinate system,
so-called Polar 3D printers, have been developed. Those printers use angle and distance to localize the point in-plane. It is
worthwhile to mention that such printers

can be built up with only two motors and
thus the energy consumption is very low.
In research robot arms for the 3D printing
of objects have been already used. Printing
with a robot arm increases the flexibility of
printing complex structures in the future but
the printing quality still needs to improve in
comparison to other types of printers.

2.1 Printing heads
For ceramic feedstocks different printing
heads have been already used so far. A cer
amic feedstock needs to be heated above
the melting temperature of the polymeric
binder to achieve the necessary viscosity and plasticity for the shaping process.
Therefore, all printing heads exhibit a thermistor and thermocouple nearby the nozzle to be able to regulate the processing
temperature and adjust the flow behaviour
of the feedstocks. Independent of the type
of printing head, extrusion is defined as a
process in which the material is pushed
through a nozzle by pressure due to its plasticity. How the pressure is applied can vary
and thus one can distinguish between four
different printing heads (Fig. 3). For thermo-

Fig. 3 a–d Sketch of different kinds of printing heads for the shaping of ceramic feedstocks. Therefore: a) direct printing head,
b) Bowden printing head, c) direct drive printing heads or d) screw extruder printing heads can be used to apply pressure to push the
material through the nozzle
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change is easy and the operation is very
easy to handle. Nevertheless, blocking of
the filament inside the extruder stop the
material output through the nozzle. This
phenomenon is called clogging. To avoid
this problem it is possible to print at higher
temperatures, however, a higher temperature can cause buckling because the
filament lowers the stiffness by heating too
much above the heat sink.

2.4 Pellet extruder
Fig. 4 3D printing of PZT feedstock, based on paraffin and PE binder system, using
modified K8200 3D printer with self-made piston extruder

plastic feedstock, all printing heads exhibit
a heater on top of the nozzle. In this area,
the feedstock is heated above the melting
point of the thermoplastic binder. The main
difference between the printing head setup
is the mechanism to push the melted feedstock through a nozzle by pressure due to
its plasticity.
Some important types of printing heads can
be categorized as follows:
• Pressure extruder
• Filament extruder
• Pellet extruder.
The printing head consists of more than
only the extrusion part. A cooling fan helps
to solidify the extruded thread in a short
time. The heat sink prevents to heat up the
material above the heat block significantly.
The heat block includes the heater cartridge
and the thermistor.

2.2 Pressure extruder
Some extruders use a gas or a mechanical
pressure (piston) to push the melted mater
ial through the nozzle (Fig. 3. a). Scheithauer et al. have developed a print head based
on a heatable cartridge to be able to print
a paraffin/beewax based ceramic paste [6].
The binder composition for this process is
similar to those used for low-pressure injection moulding [7]. The same principle is
used in so-called bioplotters [8]. Typically a
pressure up to 9 bar can be used to push
the melted material through the nozzle. At
Empa a K8200 3D printer (Velleman NV/BE)
was modified with a self-made heatable
piston extruder to be able to apply a higher
pressure for the printing of commercial
ceramic feedstocks, designed for the cer
amic fibre micro extrusion process (Fig. 4).
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Cartridge-based printer can be used to print
wax-based binder systems due to the pressure limitation of the systems. However, the
printing accuracy and resolution still need
to be improved in comparison to other established MEX-AM printing heads.

2.3 Filament extruder
The most famous print head uses the
Bowden and direct-drive technology
(Fig. 3 b and Fig. 3 c). Thereby a so-called
filament is fed into the print head by drive
wheels. The main difference between a
Bowden and a direct-drive print head is
the place of the drive wheels. In a Bowden
extruder the drive wheels are closer to the
filament spool and the filament is guided
through plastic tubes into the print head.
In a direct-drive type extruder, the drive
wheels are placed close to the heat sink to
avoid buckling of the filament.
Both types of printers have been already
used for the 3D printing of ceramic parts
[9, 10]. For both extruder types two diameters, namely 1,75 mm and 2,85 mm, are
commercially available. On one hand, the
2,85 mm filament is more resistant again
buckling and with a large nozzle size, large
parts can be extruded in a very short time.
On the other hand, the 1,75 mm filament
needs less force for the printing process and
higher resolution can be achieved. Companies, namely NANOe/FR, PT+A/DE and
SiCeram GmbH/DE are producing ceramic
filaments, but due to their brittleness, other
companies, like Fabru GmbH/CH, have started to develop ceramic filaments too.
In comparison to other printing heads, the
printing quality and surface finish of filament extruders are very good. The material

Pellet extruders consist of a hopper and
auger screw. The pellets are filled in a hopper and the auger screw transports them
to the entry of the printing nozzle. Inside
the extruder the material is heated before
the heating block and depending on the
length of the screw extruder one can differ
between a transport, melting and compression zone.
However, for small pellet extruders, like the
ones that are used in Trumaker printers, it is
difficult to differentiate between the different zones. Thus, pre-heating of pellets near
the hopper can result in a bridge formation
of the pellets which will result in a lower
material output or can interrupt the printing
process.
Bellini et al. already used 2005 a screw extruder to print ceramic parts and they called
the process Mini Extruder Deposition (MED)
[11]. Screw extruder-based printing heads
become more and more popular because
the materials cost is significantly lower in
comparison to filaments. Depending on the
extruder size printing of large parts will be
very short because of the high output of
material. However, the retraction of material
while the nozzle moves to a new location is
still not solved and this will result in oozing
(molten feedstock forms hairy attachments
between the old and new printing location).
Another problem is the calibration of material output for different printing speeds,
causing under or over extrusion phenomena.

3 Ceramic parts printed
with filament and
pellet extrusion heads
For the AM of ceramic parts, commercial
ceramic filaments with ceramic powder content between 45–50 vol.-% are available.
In this study, the authors investigated a ZrO2
filament from Fabru with a filler content of
cfi/Ber. DKG 99 (2022) No. 4
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Fig. 5 a–c Analytical results of ZrO2ceramic disks printed with commercial filament (Fabru) and pellets based on injection moulding binder Embemould CC with 45 vol.-% TZ-3YS-E powder content: a) apparent viscosity measured with Minilab (Thermo Fisher Scientific/DE),
b) shrinkage and sintered density, c) mechanical strength and Weibull modulus analysed by ring-on-ring test for both feedstocks [12]

45 vol.-% and a diameter of 1,75 mm. To
be able to compare processing behaviour, a
commercial injection moulding binder system Embemould CC (Krahn Chemie GmbH/
DE) was compounded with 45 vol.-% zirconia powder (TZ-3YS-E, TOSOH/JP) using a
high shear mixer (HAAKE Polylab Rheomix
600, Thermo Scientific/DE).
For the MEX-AM process, the filaments of
Fabru were printed with a consumer-grade
printer (Ender 5 pro, Creality/CN) and a
direct-drive extruder update. For the feedstock based on Embemould CC and TZ-3YSE powder, a pellet extruder-based 3D printer
(Tumaker NX pro pellets, IT3D group/ES)
was used. For both printers, the authors selected a nozzle with an orifice diameter of
0,8 mm. Fig. 5 shows a comparison of the
analytic results of the printed parts.
Based on Fig. 5 a the feedstock based on
the Embemould CC shows a lower apparent viscosity. This can be explained by the
lower powder content of the Embemould
feedstock mixed at Empa. A lower powder
content should result in a higher shrinkage which was not the case in this study
(Fig. 5 b). The lower shrinkage results in a
lower density after sintering and thus in
cfi/Ber. DKG 99 (2022) No. 4

Tab. 1 Printing parameters for the Al2O3 and ZrO2 Fabru filaments
Consumer-grade printer
Printed objective

Al2O3 Fabru Filaments

ZrO2 Fabru Filaments

Modified Ender 5 pro

Raise 3D E2

Filament guide

Temporomandibular Joint (TMJ)

Nozzle size

0,4 mm

0,4 mm

Nozzle temperature

190 °C

190 °C

Bed temperature

40 °C

40 °C

Printing speed

60 mm/s

20 mm/s

Layer height

0,1 mm

0,2 mm

no

yes

Printing support material

lower mechanical properties in comparison
to the parts printed with filaments (Fig. 5 c).
Based on the results, the authors assume
that the delamination, that has been already observed during the debinding process, affects the lower shrinkage, lower sintered density and the lower biaxial strength
for the samples fabricated with Embemould
CC injection moulding binder composition.
Due to local stress concentration (point contact between the disk and the metal ring,
due to surface roughness of the ceramic
disks) a low Weibull modulus was observed.
According to the authors’ results, it can be
expected that injection moulding binders

have to be modified to achieve better mechanical strength for samples fabricated by
the pellet based MEX-AM process.
According to those results, the authors further printed two different ceramic structures
using Al2O3 and ZrO2 Fabru filaments and a
Cartesian-based consumer-grade printer
(Ender 5 pro). The printing parameter for
the two different filaments are summarized in Tab. 1. After printing, the Al2O3 and
ZrO2 samples were debound in three steps
(solvent, wicking and thermal step) before
sintering at 1600 and 1400 °C, respectively.
The printed and sintered samples are pres
ented in Fig. 6.
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Ceram. Technology 12 (2015) [1] 26–31
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4 Discussion and outlook
In this report, the authors demonstrated the
MEX-AM of ceramics by using thermoplastic binders. The possibility of printing multimaterial structures makes the MEX-AM so
popular nowadays and different kinds of
printing head have been already used for
the thermoplastic processing of ceramics. To
achieve the printability of ceramics with different printing heads, flow behaviour (viscosity) needs to be adjusted by the binder
composition and the filler content of the
ceramic powder.
Ceramic filaments are already available on
the market and the reseachers have already
started to use ceramic pellets developed for
injection moulding. It is already possible to
print ceramic parts with good quality using
commercial filaments.

Scheithauer, U.; et al.: Thermoplastic 3D printing – an additive manufacturing method for

Fig. 6 Printed and sintered Al2O3 and ZrO2 samples: the samples were printed with a
Cartesian-based consumer-grade printer (Ender 5 pro) and commercial filaments
provided by Fabru

Touri, M.; et al.: Additive manufacturing of
biomaterials − the evolution of rapid proto-

The authors’ knowledge of printing ceramics by using ceramic filaments results in
good resolution and mechanical properties
of macro-sized parts.
The pellet extrusion of ceramics still needs
to be further optimised on the material (better fusion between the printed layers) and
hardware (e.g. retraction, oozing, calibration, etc.) side.

typing. Advanced Engin. Mater. 21 (2019) [2]
1800511
[9]

piezoelectric 3-3 composite structures. In: Int.
Conf. on Additive Manufacturing in Products
and Applications. Cham 2017, 93–103
[10] Clemens, F.J.; et al.: Debinding and sintering
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Energetically Optimized Productivity with Reliable
Separation of Ceramic Dusts
Specifically designed filter systems for the individual process steps in ceramic manufacturing are state of

the art and mandatory. Whether for the manufacture of ceramic sanitaryware, tableware, tiles to technical
ceramics and heavy clay ceramics – the currently valid and but constantly developing health and safety
legislation specifies, especially for segments with emitted carcinogenic fine silica dust, efficient capture and
filtration of particle sizes. Potential recirculation of the filtered exhaust air, and accordingly utilisation and
recovery of the process heat, enables enormous energy savings, making a crucial contribution to improving
economic efficiency of these extraction systems. To this end, however, filtration systems must meet very
high requirements with regard to separation efficiency and safety. Thanks to proven high separation efficiency and unique wear resistance, pure surface filtration with Herding® Sinter-Plate Filters guarantees the
required effectiveness and process reliability.

When we talk about respirable, so-called
alveolar fine dusts, then we are referring to
the percentage of crystalline silica dust that
has an aerodynamic diameter smaller than
10 µm and can be accumulated and irreversibly deposited in pulmonary alveoli. For
emissions of this fine dust, also known as
the A or PM4 fraction, limits have been harmonised nationally and internationally. That
means that with regard to the distribution
of fine silica dust, measures in compliance
with Germany’s Ordinance on Hazardous
Substances for Carcinogenic Substances
must be applied.
Crystalline silica dust is listed in the EU’s
cancer directive, as the airborne, alveolar
part poses a severe silicosis and cancer risk.
Accordingly, in compliance with workplace
health and safety regulations, potential exposure to alveolar silica must be effectively
minimised. Employees must be protected

Herding GmbH Filtertechnik
92224 Amberg
Germany
www.herding.de
Keywords: ceramics production, fine
silica dust, filtration, surface filtration,
Herding® Sinter-Plate Filters
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Fig. 1 Reliable and highly efficient dedusting or dust filtration systems are becoming
increasingly important especially as part of the discussion on fine crystalline silica dust

against contact with dust of this type as
effectively as possible in line with state-ofthe-art technology.
This formulated objective of the legislative
bodies to significantly reduce the potential
personal exposure to alveolar crystalline
silica in the workplace has now been manifested in all pertinent regulations. In add
ition, mandatory examinations are defined

for preventative occupational healthcare
in connection with a large number of process steps in ceramic manufacturing. In the
processing of ceramic materials with highspeed machines, for example, regular preventative check-ups have been mandatory
for a long time. Generally, the regulations
apply to all mechanical working processes
in which particle emissions are released. But
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Fig. 2 Herding® sinter plate filters work
reliably over their entire lifetime

even in processes like spray drying, which
are used, for example, in the manufacture
of traditional ceramics and whitewares in
isostatic dry pressing, as well as in all downstream mechanical work processes, considerable levels of dust are emitted.
Essential to achieve effective capture of the
emissions, and optimum downstream separ

ation, is in any case optimum fluidic design
as well as continuous and reliable operation
of the entire filter system. Corresponding to
the specific application, important in the design is especially the harmonized coordin
ation of the filter properties, dimensioning
of the fan and pipeline design.
Besides sophisticated practical experience,
continuous comparison between measured
values from the field and theoretical calculation models in wide-ranging applications,
specialist operatives with years of training
and experience are needed to guarantee
reliable solutions in hazardous substance
filtration for optimum protection of the
employees and machine technology on
site.

Rigid matrix and homogeneously
embedded coating
For effective and reliable filtration of cer
amic, abrasive and ultrafine silica dust,
surface filtration with patented Herding®
Sinter-Plate Filters has proven exceptionally effective for many years. On account
of its sintered rigid body, it exhibits maxim

ised strength against mechanical loads like
compressive forces or alternating pressure
loads.
A coating of PTFE as a filter-active layer is
firmly embedded in the surface pores of the
homogeneous PE rigid body. This combin
ation of extremely stable and at the same
time homogeneous sintered structure and
the coating embedded in this makes the
sinter plate filter so remarkable. The dust
particles separated from the flow of exhaust
gas at the filter medium are deposited on
the filter surface. Irreversible penetration
through the filter-active coating into the
matrix is not possible. With this pure surface filtration, clogging of the filter by solid
particles settling in deeper filter layers, as
in depth filtration in cloth filters, is prevented. A constant pressure loss behaviour
is guaranteed over the entire lifecycle. The
automatic jet pulse cleaning of the filter
surface by means of compressed air against
the direction of flow is therefore very reliable and effective. The low inlet pressure necessary for cleaning and especially
the very short valve opening time ensure

Fig. 3 Even with the most abrasive dust, Herding filter systems ensure highly efficient and safe separation throughout
the entire process cycle
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low energy consumption for the cleaning
process.
Features of the Herding® Sinter-Plate Filter
are the following:
• Pure surface filtration
•
Constant operating conditions and
volume flows
• Low maintenance costs thanks to rigid
filter medium
• Wear-resistant filter element with a lifetime >15 years even when handling abrasive dust
• Low space requirement thanks to compact customised system design
• Highest availability and fast amortisation
• Energy-efficient recirculation of exhaust
air possible even with alveolar fine silica
dust
•
Extremely low guaranteed clean gas
values <0,1 mg/m³.

Resistant and practical
Highly abrasive particles are separated
without damage to the filter-active layer.
The stable support structure of the sinter
plate filter also prevents flexing of the filter medium and therefore the occurrence of
abrasive shear forces.
As a result, the embedded filter-active coating remains intact over the entire lifetime
of well over 15 years, as experience has
shown. Characteristic for rigid body filtration is a flat sliding of the filter cake in the
direction of sedimentation in contrast to a
fine spray when conventional filter media
are used. This results amongst other things
in a compact design of the filters as the filter elements can be fitted with a very small
space between them.
Removal of particles from deeper cloth
layers is not necessary with pure surface
filtration on the sinter plate filters. Images
captured with a high-velocity camera have
clearly documented the advantages of surface filtration. The filter elements are also
resistant to relative and absolute moistures
and water. If, contrary to expectation, it
does become necessary, the surface of the
sinter plate filter can be rinsed by hand with
water following the manufacturer’s washing instructions.

Reliable separation of extremely
fine particles
Typical for applications in technical ceramics include prosthetics in medical engineercfi/Ber. DKG 99 (2022) No. 4

ing with the production of artificial joints
and, for example, the classical production of
ceramic resistors. For these two examples,
safe and dust-free production of the products is imperative. In addition, steady capture of particle emissions is necessary to
ensure high product quality.
Raw materials like high-sintered alumina
and zirconia, for instance, produce extremely abrasive dust at the green manufacturing
stage, which means that the dedusting systems and especially the filter elements must
meet very high requirements. Moreover, the
suitable selection of wear-resistant pipeline
systems plays an important part in ensuring
high plant availability.
In the production of ceramic electrical resistors, honing or laser finishing is used
to achieve the electrical resistance value
on the coated surface. The extremely fine
dust produced during this process can be
removed with Herding’s high-performance
sinter-plate filters. The robust rigid body
medium is one of the few filter media that
is optimally suited for separation of the very
fine laser dusts.

Proven suitability for air
recirculation
Investigations conducted some time ago by
relevant statutory accident insurance and
prevention institutions in Germany proved
the quality of filtration with the Herding®
Sinter-Plate Filter in operation for silica
dust filtration. In the measurements performed by them, permeability rates of max
0,00068 % were determined, that is much
lower than the limit of 0,005 % valid in the
EN standard for dust class H. In addition,
unlike the EN standard, not only the filter
medium, but the entire filter system with
all sealing points was tested. In contrast
with the EN standard, real existing silica
dust was used in the test rather than a test
aerosol.
With this it was confirmed that the complete filter system with the integrated
Herding® Sinter-Plate Filter can be used
for air recirculation even in hazardous substance applications like those involving fine
silica dust.
Moreover, more recent measurements
conducted by independent institutes have
proven that the A dust content in the clean
gas downstream of Herding filters complies
with DIN EN 481. Here, too, it could be con-

Fig. 4 Finishing cabin in the production of
sanitaryware
(Figs.: Herding Filtertechnik)

firmed that the filter systems of the manufacturer with the rigid sinter plate filter also
show concentrations below 0,005 mg/m³
in the clean gas. This reconfirms that Herding filter systems with integrated Herding®
Sinter-Plate Filters can also be used for air
recirculation in applications involving crystalline silica dust exposure.
The crucial advantage of recirculation oper
ation is obvious and is currently coming into
increasing focus against the background of
the dynamically increasing energy prices as
it enables saving of heating energy throughout the year. The reuse of the actually consumed heat by means of recirculation of
the filtered exhaust air makes an important
contribution to improving efficiency and
saving energy.
The efficient automated cleaning and the
pure surface filtration of the Herding®
Sinter-Plate Filter result in almost constant differential pressure behaviour of
the filter over its lifecycle. In connection
with the described confirmed filtration
performance and the possible air recirculation, dust extraction remains constant and
reliable.
An important precondition for the required
workplace safety in work involving the
emission of hazardous substances. Only if
extraction, capture and filtration is guaranteed at all times to the required extent
and without interruptions has the operator
taken all necessary safety precautions in
line with the state-of-the-art.
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