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Greeting
Dear exhibitors and visitors of ceramitec,
In the meantime, four years have passed since the last ceramitec, due to the COVID-19 postponement.
But the pandemic has not stopped the innovative power of the ceramics industry. On the contrary – and
that is a good thing. More than ever, the world needs more resource-efficient processes and products.
Without personal contact, their path into practice is often much longer or even impossible in the first
place.
In the sheer diversity of our industry, many an idea is born by chance of encounter. An industry that
is so closely linked through processes, products and users thrives on personal exchange. Suppliers,
experts for plants and processes, manufacturers of ceramic products have to understand side by side
what exactly is at stake.
We want to be the platform on which new ideas and thus successful business emerge. This is precisely
why we, as the ceramitec team, bring together suitable exhibitors and, together with renowned partners such as cfi – ceramic forum international, give the smartest minds in our industry space for discussion on the stages of our forums. Joint
stands such as Ceramic Applications reflect what is currently state-of-the-art.
The result is a program that has never before been so colourful and diverse. The choice was not exactly easy, especially because our material
shows so much potential, particularly in future technologies from mobility to energy generation. Together with our partners, we were easily
able to fill the double space provided by two forums with topics. In addition to new applications for our high-performance material, visitors
to the fair will find ideas for making manufacturing processes and the products themselves even better.
Four days of three halls and two stages bring ceramitec 2022 down to a single denominator, fulfilling a wish that has drawn us to Munich.
We finally meet in person again.
The entire ceramitec team is looking forward to a successful trade fair and many good discussions with you.
Welcome to Munich!
Yours

Collin Davis
Executive Director of Capital Goods Shows
Messe München GmbH
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Grußwort
Sehr geehrte Aussteller und Besucher der ceramitec,
mittlerweile sind, bedingt durch die COVID-19-Verschiebung, vier Jahre seit der letzten ceramitec vergangen. Die Pandemie hat die Innovationskraft der Keramikindustrie aber nicht gestoppt. Im Gegenteil
– und das ist gut so. Die Welt braucht mehr als je zuvor ressourceneffizientere Prozesse und Produkte.
Ohne den persönlichen Kontakt ist ihr Weg in die Praxis oft um einiges länger oder erst gar nicht
möglich.
In der schieren Vielfalt unserer Branche entsteht manche Idee im Zufall der Begegnung. Eine Industrie,
die über Prozesse, Produkte und Anwender so eng verbunden ist, lebt vom persönlichen Austausch.
Lieferanten, Experten für Anlagen und Verfahren, Hersteller von keramischen Produkten müssen Seite
an Seite begreifen, worum es genau geht.
Wir wollen die Plattform sein, auf der neue Ideen und damit erfolgreiche Geschäfte entstehen. Genau
dafür bringen wir als Team der ceramitec passende Aussteller zusammen und geben gemeinsam mit renommierten Partnern wie der cfi – ceramic forum international den schlauesten Köpfen unserer Branche auf den Bühnen unserer Foren Raum für die Diskussion. Gemeinschaftsstände wie Ceramic Applications spiegeln dazu, was gerade State-of-the-Art ist.
So ist ein Programm entstanden, das noch nie vorher so bunt und vielfältig war. Die Auswahl fiel uns nicht gerade leicht, vor allem weil unser
Werkstoff insbesondere bei Zukunftstechnologien von der Mobilität bis zur Energieerzeugung so viel Potential zeigt. Die doppelte Fläche
durch zwei Foren konnten wir gemeinsam mit unseren Partnern spielend leicht mit Themen besetzen. Neben neuen Anwendungen für unseren leistungsfähigen Werkstoff finden Messebesucher dort Ideen, die Herstellungsprozesse und die Produkte selbst noch besser machen.
Vier Tage lang bringen drei Hallen und zwei Bühnen auf einen Nenner: ceramitec 2022. Damit erfüllt sich ein Wunsch, der uns nach München
zieht. Wir treffen uns endlich wieder persönlich, ganz sicher mit doppeltem AHA-Effekt. Lassen Sie sich mit Abstand, Hygienemaßnahmen
und Alltagsmasken von der Vielfalt der Innovationen überraschen.
Das gesamte Team der ceramitec freut sich mit Ihnen gemeinsam auf eine erfolgreiche Messe und viele gute Gespräche.
Herzlich willkommen in München!
Ihr

Collin Davis
Geschäftsbereichsleiter Investitionsgütermessen
Messe München GmbH

www.ceramic-applications.com
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ceramitec 2022: Keramik-Industrie ermöglicht
künftige nachhaltige Entwicklungen
Karin Scharrer

ceramitec 2022: Ceramics Industry Enabling
Future Sustainable Developments
Karin Scharrer

The fair ceramitec will take place
ceramitec wird vom 21.–
at the trade fair grounds in Mu24.06.2022 im etwas kleineren Rahnich from 21.–24.06.2022, on a
men als in den Vorjahren auf dem Messomewhat smaller scale than in
segelände in München stattfinden, da
past years as international travel
das internationale Reisen noch nicht in
is still not possible to the full exgewohntem Umfang praktiziert wertent. When it comes to content,
den kann.
how
ever, the trade fair will be
Inhaltlich wird die Messe aber besonparticularly exciting as, with the
ders spannend, da mit den auf interenvironmental and climate goals
nationaler Ebene definierten Umweltdefined on international level to
und Klimazielen zum Einstieg in eine Karin Scharrer
enter into a post-fossil-fuel era, our
nicht-fossile Ära umfangreiche Aufgaben auf unsere Branche zukommen, die bereits von industry will face extensive tasks, which companies
Firmen – Zulieferanten wie Produzenten – und Ins- – suppliers as well as manufacturers, institutes and
universities are already taking on.
tituten bzw. Universitäten bearbeitet werden.
Die

Damit haben wir einen außergewöhnlich hohen Kommunikationsbedarf, für den eine Präsenzmesse, die eigentlich schon vor einem
Jahr geplant war, jetzt die idealen Rahmenbedingungen bietet. Wir
müssen auch Themen der Materialeffizienz weiter vertiefen, stärker
in die Kreislaufwirtschaft einsteigen und die Digitalisierung zur zügigen Weiterentwicklung der Keramikindustrie nutzen. Technische
Keramikkomponenten sind wichtig für die Gewinnung nicht-fossiler
Energie für Industrie und Mobilität, Fortschritte in der Halbleiter
industrie, Analytik u. v. m.

That being so, we have an exceptionally high need for communication, for which an in-person trade fair, which was actually planned
one year ago, now offers the ideal framework and conditions. We
have to go deeper into aspects of material efficiency, go further into
a recycling economy and use digitalization for rapid further development of the ceramics industry. Technical ceramic components are
important for the generation of non-fossil energy for industry and
mobility, advances in the semi-conductor industry, analytics, and
much more.

Energieeffizienz

Energy efficiency

Die Energieeffizienz ist seit Jahren ein Schwerpunktthema der Anbieter von Thermoprozesstechnikanlagen. Das Thema hat aber inzwischen eine neue Dimension erreicht, weil wir uns von etablierten
fossilen Brennstoffen verabschieden müssen. In Deutschland soll
eine Senkung der Emissionen gegenüber 1990 um mindestens
65 % bis 2030, sowie um 88 % bis 2040 erreicht werden. Die EU

Energy efficiency has been a focus topic of the suppliers of thermal
process engineering for years. The topic has, however, now reached
a new dimension because we have to say goodbye to established
fossil fuels. In Germany, emissions are to be lowered compared to
1990 by at least 65 % by 2030, and by 88 % by 2040. The EU
wants to become the first climate-neutral continent by 2050 – Ger-
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You call it efficiency

We call it Eirich

Eirich is the worldwide standard in the ceramics
industry since decades. The highly efficient and
resource-saving Eirich technology makes you and
your product better and better.
eirich.de


will bis 2050 der erste klimaneutrale Kontinent werden – Deutschland will das Ziel schon 2045 erreicht haben.
Für Szenarien mit sinkenden CO2-Emissionen steigt die Stromnachfrage, die mit neuen Quellen befriedigt werden muss (Wind,
Photovoltaik, Biomasse, Solar). Sorge machen den Unternehmen
die schon jetzt die hohen Energiepreise, die aufgrund aktueller
Entwicklungen für Gas noch kritischer werden (Nord Stream 2).
Es geht konkret um die Reduzierung des CO2-Footprints in der
keramischen Verfahrenstechnik, wo natürlich thermische Prozesse
den signifikanten Anteil haben. Wo möglich, steht relativ schnell
die elektrische Beheizung als Alternative für Trockner bzw. Industrieöfen zur Verfügung. Es steht aber auch die Frage im Raum, wie
Wasserstoff die bislang eingesetzten fossile Energieträger ablösen
kann.
Heute wird Wasserstoff als Prozessgas zur Verarbeitung von Rohöl,
zumeist aus Dampfreformierung gewonnen. Wasserstoff wird nicht
nur als Energieträger, sondern auch als Synthesegrundstoff in der
Chemie verwendet. Die Chemieindustrie und die Raffinerien verbrauchen ca. 80 % des heute verfügbaren Wasserstoffs.
Er soll aber vermehrt als Brennstoff eingesetzt werden und als
„grüner“ Wasserstoff zur Verfügung stehen. Dafür braucht es auch
gezielte Investitionen in die bestehende Gasinfrastruktur in Verbindung mit neuen Wasserstoffpipelines und Kompressor-Stationen
sowie eine vernetzte Wasserstofftransportinfrastruktur, die sich
bis 2040 auf alle Teile Europas erstrecken soll. Diese Infrastruktur
muss auch Wasserstoffimporte von außerhalb Europas ermöglichen
(Quelle: European Hydrogen Backbone Report).
Keramikproduzenten müssen sich übergreifend mit dem Thema für
die Gebäude- und Prozessbeheizung befassen. Ein Schlüsselmoment
ist sicher die Kooperation von Anlagenbauern und Produzenten zur
Weiterentwicklung der Industrieöfen im Hinblick auf die technologische Entwicklung von Erdgas zu Wasserstoff (oder Strom) unter Berücksichtigung der produktionsrelevanten Charakteristiken. Neben
der technologischen steht auch die ökonomische Bewertung der
Varianten und die Entwicklung eines Gesamtversorgungskonzepts
der Unternehmen auf der Agenda. Es gibt schon heute wasserstoffgerechte Entwicklungen bei Industriebrennern und Dank 3D-Druck
energieeffizientere Ofenwagenaufbauten, die bereits der ceramitec
2022 gezeigt werden. Feuerfesthersteller entwickeln Konzepte für
die Keramik und natürlich auch die Zement- bzw. Stahlindustrie, um
den CO2-Footprint der Hochtemperaturprozesse zu minimieren.
Die Anlagenbauer arbeiten an den Themen (u. a. wird am
21.06.2022 im ceramitec FORUM Halle C1 ein Vortrag dem Thema
„Minimizing Carbon Footprint in Ceramic Kilns: Is Hydrogen Fuel
a Feasible Alternative?“ von CREMER Thermoprozesstechnik/DE
präsentiert, siehe E 24–E 30).Wir werden nicht nur lernen müssen,
wie Wasserstoff den thermischen Prozess beeinflusst, sondern auch,
wie sich seine Verwendung auf das Sinterverhalten der keramischen
Massen auswirkt.
Generell stellt sich die Frage, ab wann Wasserstoff der Keramischen
Industrie zuverlässig zur Verfügung steht. Neue Verbraucher wie die
Stahlindustrie mit der Kampagne „Green Steel“ haben ihre Bedarfe
für grünen Wasserstoff schon signalisiert. Braucht die Keramikindustrie nicht auch diesbezüglich mehr Sichtbarkeit und Lobbyarbeit?
Zumindest kann sich die Keramik auch bei dem Thema Produktion
von grünem Wasserstoff einbringen. Die Herstellung durch Wascfi/Ber. DKG 99 (2022) No. 3

many wants to reach that target already by 2045. For scenarios
with falling CO2 emissions, the demand for electricity grows, and
this demand must be satisfied with new sources (wind, photovoltaics, biomass, solar). A worry for the companies are the already high energy prices, which will become even more critical
in the case of gas on account of recent developments (Nord
Stream 2).
In concrete terms, it is about reducing the CO2 footprint in ceramic
process engineering, where, of course, thermal processes play the
significant role.
Where possible, electric heating is available relatively quickly as
an alternative for dryers, industrial kilns and furnaces. However,
one question is how hydrogen can take over from the fossil fuels
used up to now.
Today, hydrogen is obtained as a process gas for refining crude
oil, mostly from steam reformation. Hydrogen is not only used
as a fuel, but as a basic material for synthesis in chemistry. The
chemicals industry and the refineries consume around 80 % of
the hydrogen available today.
However, it is now to be used increasingly as fuel and be available as “green” hydrogen. To this end, targeted investment is
needed in the existing gas infrastructure in combination with new
hydrogen pipelines and compressor stations as well as an interconnected hydrogen transport infrastructure, which should extend
over all parts of Europe by 2040. This infrastructure must also
enable hydrogen imports from outside Europe (Source: European
Hydrogen Backbone Report).
Ceramics manufacturers must address the topic of building and
process heating in general. One pivotal factor is certainly cooperation between plant engineering companies and producers for the
further development of industrial kilns and furnaces with regard
to the technological progression from natural gas to hydrogen
(or electricity) with adequate provision for production-relevant
characteristics. Besides assessment of the technological aspects,
economic evaluation of the different variants and the development of an integrated supply concept for the companies are on
the agenda.
Today, there are already hydrogen-compatible developments
for industrial burners and, thanks to 3D printing, more energyefficient kiln car superstructures, which will already be on show
at ceramitec 2022. Refractory manufacturers are developing
concepts for the ceramics, and naturally the cement and steel industry, too, to minimize the CO2 footprint of high-temperature p
rocesses.
Plant engineering companies are working on these topics (e.g.
at the ceramitec FORUM in Hall C1, a paper on the subject of
“Minimizing Carbon Footprint in Ceramic Kilns: Is Hydrogen Fuel
a Feasible Alternative?” will be presented by CREMER Thermoprozesstechnik/DE, see also E 24–E 30). We shall not only have to
learn how hydrogen influences the thermal process but also how
using it affects the sintering behaviour of ceramic bodies. And the
general question is when hydrogen will be reliably available to the
ceramics industry. New consumers like the steel industry with the
“Green Steel” campaign they have already signalised their need
for green hydrogen. Doesn’t the ceramics industry, too, need more
visibility and lobbying in this respect?
cfi/Ber. DKG 99 (2022) No. 3
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Visit us at:
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E-Mail: ceramics@akw-kaolin.com, www.quarzwerke.com

serelektrolyse unter Einsatz von Strom aus erneuerbaren Energien
(Wind und Sonne) ist ein Weg vom „grauen“ zum „grünen“ Wasserstoff. Prädestiniert wäre dafür auch die Feststoffelektrolyse (SOEC).
Die dabei anliegenden hohen Temperaturen (bis 1000 °C) erfordern
einen festen Elektrolyten aus dichten Ionenleitern. Dafür kommen
Oxidkeramiken (z. B. Yttrium-stabilisiertes Zirkonoxid) in Frage.
Keramikkomponenten sind auch bei der Weiterentwicklung im Bereich der Photovoltaik und Solarthermie wichtig. Bei Themen wie
E-Mobilität (Lithiumionenbatterien) oder Natrium-NickelchloridBatterien als stationäre Energiespeicher ist die Keramik bei der Prozesstechnik für die Herstellung der Pulver sowie der Komponenten
involviert.

Materialeffizienz
Die Verbesserung der Materialeffizienz wird von unterschiedlichen
Ansätzen getragen. Es beginnt mit der selektiven Auswahl von
aufbereiteten natürlichen Rohstoffen bzw. synthetisierten Pulvern.
Die Qualitäten der Ausgangsstoffe werden immer spezifischer den
Anwendungen angepasst, um optimale Qualitäten nachhaltig mit
möglichst keinem Ausschuss herzustellen. Wo möglich wird auch an
den Rezepturen gearbeitet, um Brenntemperaturen weiter absenken
zu können und somit Energie zu sparen.
Immer wichtiger wird auch das Recycling von Materialien, um ressourcenschonender zu arbeiten. Lieferengpässe – ausgelöst durch
die Pandemie – und damit steigende Transport- und Energiekosten,
geben Recyclingprozessen mehr Raum wirtschaftlich, qualitativ
hochwertige Recyklate herstellen zu können. Am 21.06.2022 im
ceramitec FORUM Halle C1 wird ESK-SiC einen Vortrag dem Thema
„Recycled High-Quality SiC to Reduce the Carbon Footprint“ halten.
Wir sollten auch an das an das Cradle-to-Cradle®-Designprinzip
(„Von der Wiege zur Wiege“), dass in den 1990er Jahren von Prof.
Dr. Michael Braungart, William McDonough und EPEA Hamburg
entwickelt wurde, denken. Dies bedeutet, dass Produkte bereits im
Design- und im Herstellungsprozess als Ressourcen für die nächste
Nutzungsphase optimiert werden. Materialien können dann nach
ihrer Nutzung in sortenreine Ausgangsstoffe zerlegt und einem
technischen Kreislauf zugeführt werden. Dabei bleibt ihre stoffliche
Güte erhalten, ein Downcycling mit Qualitätsverlust wird vermieden.
Nicht zu vergessen ist bei den keramischen Prozessen auch die Ressource Wasser, wo keramische Membranen bei der Aufbereitung
von Prozess- wie Kommunalwässern oder auch der Gewinnung
von Trinkwasserqualitäten wirtschaftlich eingesetzt werden. Am
Beispiel der Fertigung von Keramikmembranen bei Nanostone Water (D 10–D 11) wird auch aufgezeigt, wie die Digitalisierung eine
Keramikfertigung helfen kann, nachhaltig die Produktqualitäten
konstant- und hochzuhalten, da die Prozessfenster systematsisch
durch Auswertung und Steuerung von umfangreiche Prozessdaten
definiert werden. Im folgenden ceramitec-Showcase (C 21–C 62)
werden noch weitere interessante Anregungen zur Vorbereitung
Ihres Messebesuchs gegeben. Im Rahmenprogramm, wo erste Informationen auf C 10–C 19 zu finden sind, wird aufgezeigt werden,
welche Themen die Branche bewegen.
Vielleicht etwas früh über eine Vision ceramitec 2022 plus zu sprechen. Aber es ist klar, dass die keramische Prozesstechnik mit ihren
Hochtemperaturprozessen die Zeichen der Zeit aufgenommen hat
und intensiv daran arbeitet. Diese Technologie kann auf verwandte
C 8

At least, ceramics can make a contribution to the production of
green hydrogen. The production based on water electrolysis using
power from renewable energies (wind and sun) is one way from
“grey” to “green” hydrogen.
Predestined for this would also be Solid Oxide Electrolysis (SOEC).
The high temperatures applied (up to 1000 °C) require a solid electrolyte made of dense ion conductors. One possibility for this are
oxide ceramics (e.g. yttrium-stabilized zirconia).
Ceramic components are also important in the further development
of photovoltaics and solar thermal energy. For topics like E-mobility
(lithium ion batteries) or sodium-nickel chloride batteries as stationary energy storage, ceramics are involved in the process engineering
for the synthesis of the powders and manufacture of the components.

Materials efficiency
The improvement of the material efficiency is supported by a range
of approaches. This starts with the targeted selection of prepared
natural raw materials or synthesized powders. The qualities of the
starting materials are increasingly modified specifically to the applications, to manufacture optimum qualities with minimized waste.
Where possible, recipes are modified to further lower firing temperatures and therefore save energy.
Increasingly important is the recycling of materials for more resource-saving operations. Supply bottlenecks – triggered by the
pandemic – and consequently rising transport and energy costs give
recycling processes greater scope to produce high-quality recyclates.
On 21.06.2022, at the ceramitec FORUM in Hall C1, ESK-SiC/DE will
hold a talk on the topic “Recycled High-Quality SiC to Reduce the
Carbon Footprint”.
We should also think about the Cradle-to-Cradle® design principle
developed in the 1990s by Prof. Dr Michael Braungart, William
McDonough and EPEA Hamburg/DE. This proposes that, already
during their design and manufacturing process, products are optimized as resources for their next phase of use. At the end of their
use, they can be broken down into mono-material streams and recycled. In this way, their material quality is preserved, downcycling
with quality loss is avoided.
Not to be forgotten with regard to ceramic processes is water as a
resource, with ceramic membranes being cost efficiently used in the
treatment of process and municipal water or also in the preparation
of potable water grades.
With reference to the manufacturing of ceramic membranes at
Nanostone Water/DE (E 11–E 12), a report shows how digitalization
can sustainably help to maintain consistently high product qualities,
as the process windows are systematically defined based on assessment and control of extensive process data.
In the following ceramitec Showcase (C 21–C 62), there are other
interesting ideas to aid you in preparing for your trade fair visit.
In the support programme, about which initial information can be
found on C 10–C 19, those topics that affect the industry are highlighted. It is perhaps somewhat early to talk about a ceramitec 2022
plus vision. But it is clear that those involved in ceramic process
engineering with its high-temperature processes have recognized
the signs of the time and are working intensively on these trends.
This technology can also be applied to related industries (non-metallic materials, powder metallurgy).
cfi/Ber. DKG 99 (2022) No. 3

Branchen (nicht-metallische Materialien, Pulvermetallurgie) übertragen werden.
Neue Themen wie die Additive Fertigung auch für Multi-MaterialKomponenten erreichen Industriereife (Panel am 21.06.2022 im
ceramitec FORUM Halle C1).
Die Bedeutung von Keramik-Komponenten (insbesondere Sensoren) bei den wichtigen Themen wie Energieerzeugung, Mobilität,
Medizin und Medizintechnik steigt. Keramik ist in vielen Bereichen
mit innovativen Hightech-Lösungen „Technology-Enabler“. Für den
Kundenservice hat im Keramik-Maschinenbau, ausgelöst von den
Problemen bei internationalen Reisen, auch die Augmented Reality
inzwischen Anwendung gefunden
Die Digitalisierung von Prozessen und Analytik wird immer wichtiger. Der Einsatz von Simulation und Modellierung von Prozessen
bzw. bei der Ermittlung von Werkstoffdaten in der Materialentwicklung, hilft zudem aus virtuellen Fehlern schnell lernen zu können.
Time-to-Market ist ein wichtiger Wettbewerbsfaktor geworden!
Mit all den zukunftsweisenden Entwicklungen ist die Keramik auch
eine sehr interessante Branche für den Nachwuchs!

New topics, like additive manufacturing also for multi-material components, are reaching industrial maturity (Panel on 21.06.2022 in
ceramitec FORUM Hall C1).
The importance of ceramic components (especially sensors) is growing in the key fields of energy generation, mobility, medicine and
medical engineering. In many sectors, ceramics with innovative
high-tech solutions is a “technology enabler”.
For customer service, triggered by problems with international travel,
augmented reality is now applied in ceramics machine engineering.
The digitalization of processes and analysis is becoming increasingly
important. The use of simulation and modelling of processes or in
the determination of material data in material development is also
helping to learn fast from virtual errors.
Time-to-market has become a make-or-break competitive factor!
With all these forward-looking developments, ceramics is also a very
attractive industry for newcomers!

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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Aluminium Oxides

ceramitec FORUM 2022
in Halle / Hall C1+C3
„First Look“ Konferenzprogramm

Ceramic Bodies

... Specialty Alumina
Nabaltec‘s expertise in Alumina processing
guarantees consistently high ceramic raw
materials applied in the refractory industry, in
technical ceramics and abrasive industry.
Highly specialized ceramic raw materials for:
• Ballistics
• Microelectronics
• Ceramic filters
• Refractories
• Monolithics
• Thermal management

ceramitec 2022
Die ceramitec wird seit Jahren von einem hochrangigen technischen Rahmenprogramm im FORUM begleitet. Dieses Jahr wird
es erstmals 2 FOREN geben (Halle C1 und Halle C3), die vom
21.–24.06.2022 von Partnern der Messe München gestaltet
werden.
In Halle C1 sind die Schwerpunktthemen Technische Keramik
(Pulver, Verfahrenstechnik und Applikation von Komponenten
der Technischen Keramik) sowie Pulvermetallurgie. Das FORUM
in Halle C3 ist der Grobkeramik und anderen Baustoffen gewidmet. Die Konferenzsprache ist Englisch.
Der Göller Verlag/DE gestaltet mit cfi – ceramic forum international und CERAMIC APPLICATIONS am 21.06.2022 und am
23.06.2022 zahlreiche Sessions und zwei Diskussionsrunden, die
unser umfangreiches Programm der ceramitec conference 2021
konsequent inhaltlich weiterführen.
Analoges gilt für die AM Ceramics Shortcut Sessions, die von Lithoz/AT organisiert werden.
Da vor Drucklegung weitere Details noch nicht feststanden, bitten wir Sie, Ergänzungen auf www.ceramitec.de zu verfolgen.
Up-dates finden Sie auf www.ceramitec.de

„First Look“ Conference
Programme ceramitec 2022
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Nabaltec AG | Alustraße 50-52 | 92421 Schwandorf | Germany
Phone +49 9431 53-0 | sales@nabaltec.de | www.nabaltec.com

Since a couple of years, ceramitec has a high-calibre framework
programme in the FORUM. For the first time we will have this
year two FORUMS (Hall C1 and Hall C3), which will be operated
21.–24.06.2022 by partners of Messe München.
Central themes in Hall C1 are Technical Ceramics (Powders,
Process Engineering and Application of Components) as well
as Powder Metallurgy. The 2nd FORUM in Hall 3 is dedicated to
Heavy Clay Ceramics and other Building Materials. The conference language is English.
Göller Verlag/DE is active with its publications cfi – ceramic forum
international and CERAMIC APPLICATIONS on 21.06.2022 and on
23.06.2022 with various sessions and two panel debates, which
are consequently continuing our comprehensive programme of the
ceramitec conference 2021.
The same applies for the AM Ceramics Shortcut Sessions organized by Lithoz/AT.
Please follow on www.ceramitec.de up-dates, which were not
available before the print-run of this issue.
Further up-dates on ww.ceramitec.de
cfi/Ber. DKG 99 (2022) No. 3

FORUM Hall C1
Tuesday, 21 June 2022
10:00–11:00			 Opening Ceremony
				Organized by Messe München

11:30–12:30			 Powders / Mixes to Enhance Performance of Ceramic
				
Moderator: Karin Scharrer, cfi – ceramic forum international/DE

Components

				Ultra-high Fracture Toughness of Yttria-Stabilized Zirconia
				Kouhei Hosoi, Tosoh/JP
				Almatis Expands its Calcined Aluminas into a Higher Purity Range
				Tobias Früh, Almatis/DE
				Boron Nitride – the Ceramic Booster for Thermal Conductivity
				
Michaela Schopp, Henze Boron Nitride Products/DE
				Innovative Zirconia-Based Material Shaped by SLA 3D Printing
				Maxence Bourjol, 3DCERAM Sinto/FR

REALIZE YOUR
VISION

CLEVER SOLUTIONS ALONG THE
ENTIRE POWDER PROCESSING CHAIN

Do you need a sparring partner and motivator for your project?
We create scope for creativity, inspire with new perspectives and
transcend borders in order to make the impossible possible.

GET IN TOUCH WITH US!

Ceramic Powders

Binder Systems

Process Additives

Customized Compounds

Surface Finishing

Individual Services

KRAHN Ceramics GmbH
Grimm 10
20457 Hamburg
Germany
info@krahn-ceramics.com
www.krahn-ceramics.com

13:00–14:00			 Innovations in Process Technology to Improve Material and Energy Efficency
				
Moderator: Karin Scharrer, cfi – ceramic forum international/DE
				Minimizing Carbon Footprint in Ceramic Kilns:
				
Is Hydrogen Fuel a Feasible Alternative?
				
Dr Narayana K. Karthik, CREMER Thermoprozessanlagen/DE
				IntrinSiC – Advancing Efficiency with 3D-Printed Technical Ceramics
				
Dr Lars Schnetter, Schunk Ingenieurkeramik/DE
				RECOSIC: Recycled High-Quality SiC to Reduce Carbon Footprint
				
Matthias Hausmann, ESK-SiC/DE; Dr Jörg Adler/FraunhoferIKTS/DE
				Multi Material Jetting – Complex Requirements and the Manufacturing
				of Multi-Functional Components
				
Dr Steven Weingarten, Dr Uwe Scheithauer, Fraunhofer IKTS/DE

14:30–15:30			 Panel: Additive Manufacturing
				Moderator: Karin Scharrer, CERAMIC APPLICATIONS/DE

				AM Towards Series Production – the Path to Industrial Performance
				
Dr Lars Schnetter, Schunk Ingenieurkeramik/DE; Dr Holger Wampers, Alumina Systems/DE;
				
Iris Heibel, BOSCH Advanced Ceramics; Dr Christophe Chaput, 3DCERAM Sinto/FR;
				Dr Johannes Homa, Lithoz/AT

16:00–17:00			

				

Focus on Powder Metallurgy
Binder-Based Additive Manufacturing (AM) of Metals

				
organized by the Institute of Applied Powder Metallurgy and Ceramics at RWTH Aachen e. V./DE
				(IAPK)

Wednesday, 22 June 2022
		
10:00–11:00			 Time to Market Redefined: 3D Printing in Ceramics
				organized by AM Ceramics
				
				Ceramic Resonators Made in Additive Manufacturing for New Generation
				Microwave Filters
				
Luca Pelliccia, Umberto Anselmi-Tamburini, RF Microtech/IT
				Powder Bed 3D Printing for the Production of Reaction-Bonded Silicon Carbid
				
Dr Clara Minas-Payamyar, Schunk Ingenieurkeramik/DE
				n.n., Niels Benson, AirCode/DE

11:30–12:30			 Rewrite the Rules: Inspiring
				organized by AM Ceramics

Innovations in Ceramics

				New Standards of Slurry-Based 3D-Printing of Ceramics
				Thomas Mühler, QEP3D/DE
				
				Process Design for Lithography-Based Ceramic Manufacturing of Multi-Materials
				
Prof. Dr Serkan Nohut, Piri Reis University/TR
					
				High Resolution 3D Printing of Transparent Fused Silica Glass
				Dr Frederick Kotz-Helmer, Glassomer/DE
			
13:00–14:00			 The Innovation Hub of the European Cluster of Ceramics #1:

				

The Future of Ceramics in Limoges

				organized by Pôle Européen/FR

14:30–15:30			

				

The Innovation Hub of the European Cluster of Ceramics #2:
A Powerful Network to Get High-Performance Products

				organized by Pôle Européen/FR

16:00–17:00			

				

Focus on Powder Metallurgy
Digital Twins in the Powder Metallurgical Process Chain

				organized by the Institute of Applied Powder Metallurgy and Ceramics at RWTH Aachen e. V./DE (IAPK)

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

Service +

Thursday, 23 June 2022
		
10:00–11:00			

				

Ceramic Components for Analytics
Innovative Use in Agriculture, Eectronics and Medical

				Moderator: Karin Scharrer, CERAMIC APPLICATIONS/DE
				Porous Ceramics and Agriculture:
				
A Natural Alliance for a New Generation of Smart Sensors
				
Fernando Sarría, Fernando Sarria Agrotechnologies, s.l./ES;
				Ulrich Werr, Rauschert Heinersdorf-Pressig GmbH//DE
				Silicon Nitride and Silicon Carbide Special Qualities – Recent Developments
				
and Potential for Analytics and Electronics
				
Dr Ulrich Degenhardt, QSIL Ingenieurkeramik/DE
				Ceramic Components for Analytics Based on 3D Printing
				Joachim Vogt, Fraunhofer HTL/DE
				High-Dynamic Thermal Cycler for Technical and Medical Applications
				
Dr Lars Rebenklau, Dr Uwe Scheithauer, Fraunhofer IKTS/DE

Perfect Structures

Visit

CERA

MITE

Inspired by Nature – Made by Schunk

Are you looking for technical solutions, that take
you further?
Like nature developing perfect structures within in the course of evolution, Schunk
sets new industrial standards by its outstanding innovation power. As a technological
leader in material and processes for multiple markets and applications we know your
requirements and develop solutions, that get you ahead.
For example IntrinSiC®: With the world’s class-leading 3D-printed RBSiC, we even
realize complex structures as otherwise only nature can create.
Challenge us.
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Schunk Ingenieurkeramik GmbH
 Hanns-Martin-Schleyer-Str. 5
47877 Willich ¬ Germany
 +49 2154 497-0
At ceramics@schunk-group.com
 schunk-technical-ceramics.com

Join us on

11:30–12:30			 Ceramic Components for Power Supply:
				Ceramics Supports the Non-Fossil Approach
				Moderator: Karin Scharrer, CERAMIC APPLICATIONS/DE
				Wear- and Corrosion Resistant High-Temperature Coatings
				Applied via Wet-Chemical Coating Technology
				Joachim Vogt, Fraunhofer HTL/DE
				3D-Printed Cores Dedicated to Single Crystal Casting
				Maxence Bourjol, 3DCERAM Sinto/FR
				Industrial Applications Enabled by Additive Manufacturing
				
Dr Malte Hartmann, BOSCH Advanced Ceramics/DE
				Active Metal Brazed Cu–Si3N4 Composites for Power Electronics
				Dr Axel Rost, Fraunhofer IKTS/DE

13:00–14:00			 Ceramic Component for Mobility: Ceramics
				Moderator: Karin Scharrer, CERAMIC APPLICATIONS/DE

Moves People

				Additional Benefit of Silicon Nitride / Silicon Carbide Ceramics for Renewable Energy
				and Mobility Applications
				Toni Steiner, QSIL Ingenieurkeramik/DE
				Breakthrough Innovations in the World of Ultra-Fine Grinding Applied
				to Batteries Materials
				Zoé Buniazet, Saint-Gobain/FR
				An Overview of Possible CMC Applications in Gasturbines for Aviation
				Dr Peter Vierhaus, Fraunhofer HTL/DE
				Functionalized Transparent Ceramics – Tough and Intelligent Solutions
				
Dr Sabine Begand, Dr Michael Zins, Fraunhofer IKTS/DE

14:30–15:30			 Panel Ceramic Injection Molding
				
Moderator: Dr Moritz von Witzleben, Inmatec/DE
				Expert Group CIM-Partner/DE, CERAMIC APPLICATIONS/DE
				CIM Towards New Dimensions
				
Dr Karin Hajek, Inmatec/DE; Dr Axel Müller-Köhn, Fraunhofer IKTS;
				
Jens Graf, Kläger Spritzguss/DE; Marko Mätzig, Arburg/DE

16:00–17:00			

				

Focus on Powder Metallurgy –
Additive Manufacturing (AM) of Tool Materials

				
organized by the Institute of Applied Powder Metallurgy and Ceramics at RWTH Aachen e. V./DE
				(IAPK)

Friday, 24 June 2022
				CareerDay
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FORUM Hall C3
Tuesday, 21 June 2022
11:30–12:30			

				
				

Prospects for a Climate-Neutral Brick and Tile Industry:
Transition of the German Brick and Roof Tile Industry
to Greenhouse Gas Neutrality by 2050

				

organized by ZI Brick and Tile Industry International/DE

13:00–14:00			 Decarbonizing the Brick Industry: Technological Approaches
				organized by VDMA/DE
				CO2 emissions are currently the biggest challenge for the brick industry. The Paris Climate
				
Agreement and its implementation are putting pressure on the industry and demand significant
				reductions in CO2 emissions. On the technological side, this means above all that thermal pro				
cesses must change and adapt to the new requirements. This series of lectures by the European
				
Ceramic Technology Suppliers (ECTS) will highlight various approaches to solutions, such as how
				
thermal efficiency in the kiln can be increased or alternative fuels can be used.

Prospects for a Climate-Neutral Brick and Tile Industry:
				Support Programme “Decarbonising in Industry”
14:30–15:30			

				

organized by ZI Brick and Tile Industry International/DE

				

16:00–17:00			

The Carbon Challenge – Steps and Leaps to Master the Future
Latest Developments with Refractories in Products and Applications

				

organized by Deutsche Feuerfest Industrie e. V./DE

Wednesday, 22 June 2022
		
10:00–11:00			

New Ways of Extrusion Construction: Technology, Textile Reinforced
				Concrete and High Temperature Ceramics
				

organized by Institut für Baustoffforschung/DE

				

11:30–12:30			

Prospects for a Climate-Neutral Brick and Tile Industry:
Hydrogen as an Alternative Fuel for Decarbonisation

				

organized by ZI Brick and Tile Industry International/DE

13:00–14:00			 Efficiency and Productivity in Brick and Roof Tile Making:
				State-of-the-Art Technology
				organized by VDMA/DE
				
				
				
				
				
				

In the strong competition to alternative building materials, the brick industry can only survive if
its products are convincing and the manufacturing processes are economical. The key to this is
the appropriate technology. ECTS (European Ceramic Technology Suppliers) is the association
of leading European technology suppliers for the international brick industry. This workshop will
present the latest state-of-the-art, from clay preparation and shaping to thermal processes and
possibilities to automate production lines.

14:30–15:30			 Innovation in Ceramics: Research and Application
				
organized by Springer Fachmedien Wiesbaden GmbH/DE

16:00–17:00			 Prospects for a Climate-Neutral Brick and Tile Industry:
				
Optimisation of the Tunnel Kiln Process through Internal
				Hot Gas Circulation
				

organized by ZI Brick and Tile Industry International/DE

			

Thursday, 23 June 2022
		
10:00–11:00			

Southeast Asia as a Growth Market for the Ceramics Industry –
				Opportunities and Challenges
				

organized by MMI Asia Pte Ltd/SG

11:30–12:30			 Prospects for a Climate-Neutral Brick and Tile Industry:
				
Optimisation of the Tunnel Kiln Process through Internal
				Hot Gas Circulation
				

organized by ZI Brick and Tile Industry International/DE

www.cfi.de
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13:00–14:00			 From the Mechanizing to Automatizing:
				Global Applications of ECTS Technology
				organized by VDMA/DE
				
				
				
				
				
				
				

Many brick factories around the world have taken the step of mechanising their production.
Nevertheless, brick manufacturers in Asia, Africa and Latin America in particular face strong
competition from other, often cheaper, building materials. The next step, to partially or completely automate production, is necessary to become more productive and to survive in the market.
This lecture series will present best practice examples from different plants around the world
where ECTS members have implemented step-by-step technical solutions and operators have
significantly increased productivity through small investments.

14:30–15:30			 Innovation in Ceramics: Research and Application
				
organized by Springer Fachmedien Wiesbaden GmbH/DE

				

16:00–17:00			

Prospects for a Climate-Neutral Brick and Tile Industry:
Hydrogen as an Alternative Fuel for Decarbonisation

				

organized by ZI Brick and Tile Industry International/DE

Friday, 24 June 2022
				CareerDay

Technische Keramik
Technical ceramics

Forum

Additive Fertigung
Additive
manufacturing

Pulvermetallurgie
Powder metallurgy

Stand / As of: 11/2021

ICM

Roh- und Zusatzstoffe,
Pulver, Betriebs- und
Hilfsmittel
Raw materials and
additives, powders,
production materials
and aids

21.–24. Juni 2022
June 21–24, 2022
Messe München

Feuerfeste Werkstoffe,
Brennhilfsmittel, Öfen und
Ausrüstungen / Forschung
Refractory materials, firing
aids, kilns and equipment /
research

Maschinen, Anlagen
und Geräte für die Feinund Feuerfestkeramik
Machinery, plants and
equipment for fine and
refractory ceramics

Maschinen, Anlagen
und Geräte für die
Grobkeramik
Machinery, plants
and equipment for
heavy clay ceramics

(June 21–24, 2022)

(June 21–24, 2022)

Halle C1 / Hall C1 Technical Ceramics, Powder Metallurgy, Additive Manufacturing, Plants and Equipment for Fine and Refractory Ceramics

CERAMIC APPLICATIONS

Halle C1.319/420

CERAMIC APPLICATIONS

Hall C1.319/420

CERAMIC APPLICATIONS: Internationale Platform für
Technische Keramik!

CERAMIC APPLICATIONS: International Platform for
Technical Ceramics!

Seit 2015 präsentiert der Göller Verlag unter dem Dach
CERAMIC APPLICATIONS (vormals: TASK) Experten, die Komponenten aus Technischer Keramik herstellen und zudem Anlagenhersteller sowie Lieferanten von Pulvern/Additiven bzw. Institute, die auf
diesem Gebiet arbeiten auf der ceramitec.
Die Technische Keramik ist ein Wachstumsmarkt mit vielen Anwendungsgebieten (Mobilität, Medizin, Energie, Elektronik….).
Zahlen, die Global Industry Analytics Inc. für den globalen Markt
der Hochleistungskeramik publiziert hat sind: EUR 13 Mrd. (2009),
EUR 62 Mrd. (2019) und geschätzt EUR 93 Mrd. (2025).
Unser Service für Marketing und Öffentlichkeitsarbeit wird von der
Gemeinschaft der Technischer Keramik geschätzt, was folgende Zahlen belegen: 73 Partner Firmen, plus 10 Institute und Vereinigungen
unter einem Dach. Die Internationalisierung dieser Expertengruppe
belegen folgende Zahlen der Partnerschaften: Deutschland (48),
Schweiz (8), Frankreich(4), Österreich (3), Großbritannien (3), Japan (3), Niederlande (2), Norwegen (2), Singapore (1), Schweden
(1), Slovenien (1), Belgien (1), Brasilien (1), Bulgarien (1), Ungarn (1), Spainien (1), Indien (1) und USA (1).
Information und Exponaten gibt es am Stand. Zudem sind folgende
Firmen permanent während der Messe mit Experten am Stand: QSIL
Ingenieurkeramik/DE, Elkem/NO, Arburg/DE, MUT Advanced Heating/DE, Zircoa /US, ECT-Kema/DE, Alumina Systems/DE, J Rettenmaier & Söhne/DE, Kuraray/Europe, Kerafol/DE, Fraunhofer Institute
HTL und IKTS/DE, Oechsler/DE, Loomis Products/DE, FGK/DE, QSIL
Ceramics/DE, BCE/DE, Hasler Group/FR, INMATEC Technologies/DE,
IAPK/DE, Kläger Spritzguß/DE.
Diese Partner geben auch Technische Präsentationen am 21. bzw.
23 Juni im FORUM in der Halle C1 (siehe Seiten C 10–C 16)

Since 2015, Göller Verlag presents under the roof of CERAMIC
APPLICATIONS (previously named: TASK) experts, who manufacture
technical ceramic components, as well equipment and powder/additive suppliers and institutes working in this field at ceramitec.
Technical Ceramics is a growing market in many applications (mobility, medical, energy, electronics….). Figures for the global Advanced Ceramic market published by Global Industry Analytics Inc state:
EUR 13 billion (2009), EUR 62 billion (2019) and forcast EUR 93 billion (2025).
Our marketing and public relation services are appreciated by the
Technical Ceramics community, which is confirmed by the following
figures: 73 partner companies, plus 10 institutes and associations
under one roof. The internationalisation of this expert group is
confirmed by the figures on partnerships: Germany (48), Switzerland (8), France (4), Austria (3), Great Britain (3), Japan (3), the
Netherlands (2), Norway (2), Singapore (1), Sweden (1), Slovenia
(1), Belgium (1), Brazil (1), Bulgaria (1), Hungary (1), Spain (1), India (1) and USA (1).
Information and exhibits are available at the stand. Furthermore, following companies are at the stand with experts permanently during
the fair: QSIL Ingenieurkeramik/DE, Elkem/NO, Arburg/DE, MUT Advanced Heating/DE, Zircoa/US, ECT-Kema/DE, Alumina Systems/DE,
J Rettenmaier & Söhne/DE, Kuraray/Europe, Kerafol/DE, Fraunhofer
Institutes HTL and IKTS/DE, Oechsler/DE, Loomis Products/DE, FGK/
DE, QSIL Ceramics/DE, BCE/DE, Hasler Group/FR, INMATEC Technologies/DE, IAPK/DE, Kläger Spritzguß/DE.
Technical presentations are given by the partners in the FORUM in
Hall C1 on 21 June and 23 June (see pages C 10–C 16).

Göller Verlag GmbH
76532 Baden-Baden, Deutschland
www.ceramic-applications.com

Göller Verlag GmbH
76532 Baden-Baden, Germany
www.ceramic-applications.com
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Halle C1 / Hall C1 Technical Ceramics, Powder Metallurgy, Additive Manufacturing, Plants and Equipment for Fine and Refractory Ceramics

CREMER Thermoprozessanlagen  Halle C1.412

CREMER Thermoprozessanlagen 

CREMER Thermoprozessanlagen auf der
ceramitec 2022

CREMER Thermoprozessanlagen at
ceramitec 2022

CREMER Thermoprozessanlagen GmbH ist ein 1968 gegründetes Familienunternehmen und gehört zu den Weltmarktführern im
Bereich Wärmebehandlungsanlagen für die Pulvermetallurgie. Wir bedienen mit
modernsten
Spitzentechnologien, entstanden aus
Innovationsbereitschaft und
kundenorientiertem Management, seit über 50 Jahren
den Weltmarkt mit effizienten
kontinuierlichen und diskontinuierlichen HochtemperaturIndustrieofenanlagen unter
kontrollierten Atmosphären.
• Ein kurzer Einblick in unsere
Kernkompetenzen: Hochtemperatur-lndustrieofenanlagen für die Bereiche
Pulvermetallurgie und Me- Bild / Fig. MlM-MASTER Neo
tal Injection Molding ausgelegt als: Hubbalken-, Band-, Trommel-, Drehrohr-, Mehrrohr- und
Stossofensysteme
• Anwendungsbereiche: Sintern, Entbindern, Löten, Härten, Kalzinieren, Reduzieren, Dampfbehandeln, Anlassen, u.v.m.
• Schutzgasgeneratoren
• HIP/ClP-Pressensysteme
• Weltweites Servicenetz (Online-Service und Remote-Control, Instandhaltung, Reparaturen, Modifikationen, usw.)
• Support vor Ort durch weltweite Vertretungen.
Unser Lieferprogramm hat sich durch die steigenden Produktionsanforderungen unserer Kunden stetig erweitert und verbessert, so
dass wir nicht nur unsere bewährten Standardlösungen präsentieren, sondern auch produktionsreife Neuentwicklungen anbieten.
Eine hohe Fertigungstiefe, tiefgreifende metallurgische Kompetenzen und ein ln-house-Engineering gewähren eine kompetente und
schnelle Umsetzung Ihrer Wünsche und Anforderungen an einen
Anlagenbau für alle Temperaturbereiche bis 2500 °C. Mit heute nahezu 150 Mitarbeitern finden Sie in uns einen verlässlichen
und kompetenten Partner in Sachen Industrieofenbau. Wir würden
uns freuen, Sie auf der ceramitec 2022 an unserem Stand (Halle
C1, Stand 412) begrüßen zu dürfen, um Ihnen unsere innovativen
Produkte vorzustellen. Profitieren Sie von unserem umfangreichen
Know-how und fordern Sie von uns Ihr maßgeschneidertes Equipment – Made in Germany! Zur Sicherung Ihres Marktvorsprungs!

CREMER Thermoprozessanlagen GmbH was founded in 1968
and, as a family-run enterprise, is a global leader in the sector of
heat treatment plants for
powder metallurgy. For
more than 50 years, we
supply the international
market with efficient continuous and discontinuous
high temperature industrial furnace systems under
controlled atmospheres
based on state-of-theart technology, resulting
from innovativeness and
customer-orientated management.
Our core skills at a glance:
• High-temperature industrial furnace systems for
the sectors of powder
metallurgy and metal
	injection molding in various designs: lifting beam, belt, rotary,
multi tube, and pusher furnace systems
• Applications: sintering, debinding, soldering, hardening, calcination, reduction, steam treatment, tempering, etc.
• Protective gas generators
• HIP/CIP press systems
• Global service network (online support, remote control, maintenance, repairs, modifications, etc.)
• On-site support by worldwide agencies.
Our supply range is in constant further expansion and improvement
to meet our customers’ ever changing production requirements.
Thus, we are able to offer not only our reliable standard solutions
but also ready-for-production new developments. High production
depth, profound metallurgical proficiency, and our in-house engineering grant expert realization of your requests and specifications
for plant engineering in all temperature ranges up to 2500 °C. With
at present almost 150 employees, we are your proficient partner
concerning industrial furnace construction. We would be happy to
welcome you at our stand (Hall C1, Stand 412) during ceramitec
2022 in order to present our innovative products. Benefit from our
comprehensive knowledge and call for your customized equipment
– Made in Germany! To secure your competitive edge!

CREMER Thermoprozessanlegen GmbH
52355 Düren-Konzendorf, Deutschland
E-Mail: info@cremer-ofenbau.de
www.cremer-polyfour.de

CREMER Thermoprozessanlegen GmbH
52355 Düren-Konzendorf, Germany
E-mail: info@cremer-ofenbau.de
www.cremer-polyfour.de
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DORST Technologies

Halle C1.401/502

DORST IoT Solutions – DORST Digital Services
Digitalisierung als Schlüssel für mehr Transparenz
und Sicherheit im Produktionsprozess

DORST Technologies

Hall C1.401/502

DORST IoT Solutions – DORST Digital Services
Digitalization as the Key to more Transparency and
Safety in the Production Process

DORST TECHNOLOGIES ist mit einem eigenen IoT-Bereich führend
With its own IoT division, DORST TECHNOLOGIES is a pioneer in
bei Lösungen zur Erfassung, Bereitstellung und Analyse von Anlasolutions for the acquisition, provision and analysis of machine and
gen- und Prozessdaten in der Pulverformgebung. Mit digitalen Serprocess data in powder shaping. With digital service offerings and
viceprodukten und Dienstleistungen unterstützt DORST TECHNOLOproducts, DORST TECHNOLOGIES supports its customers throughGIES seine Kunden über den gesamten Lebenszyklus der Anlagen.
out the entire life cycle of their equipment.
Unter dem Markenname
Under the brand name
DORST IoT Solutions entwiDORST IoT Solutions,
ckelt DORST TECHNOLOGIES
DORST TECHNOLOGIES
kontinuierlich
innovative
continuously develops inSoftwaretools für die digitanovative software tools
le, datengeführte Produktion
for the digital, data-driven
von Pressteilen aus Metallproduction of pressed
pulver, Technischer Keramik,
parts made of metal powHartmetall und Keramik.
der, technical ceramics,
Herzstück ist der sogenannte
hard metal and ceramics.
IoT Fieldmanager mit HardThe core is the so-called
ware und mächtiger SoftIoT Fieldmanager with
ware-Suite, die modular nach
hardware and a powerful
Kundenwunsch und Bedarf Bild Digitalisierung als Schlüssel für mehr Transparenz und Sicherheit im
software suite, which can
zu einem umfassenden Ge- Produktionsprozess
be expanded modularly
samtsystem für DORST Anla- Fig. Digitalization as the key to more transparency and safety in the produc- according to customer
gen ausgebaut werden kann. tion process
requirements and needs
Zu diesem Gesamtpaket
into a comprehensive
gehören neben eigener Hardware auch optionale, maschinenspeend-to-end system for DORST machines. In addition to its own hardzifische Sensorpakete zur erweiterten Erfassung von Zustandsdaten.
ware, this full package also includes optional, machine-specific senMit diesem Ansatz wird jede Presse im Produktionsumfeld als wertsor bundles for the extended acquisition of condition data.
volle Datenquelle für das intelligente Data Mining begriffen.
With this approach, every press in the production environment is
Der IoT Fieldmanager ermöglicht es, alle relevanten Daten der
understood as a valuable data source for the intelligent data mining.
Produktion, der Maschine und des Prozesses sowohl teil- als auch
The IoT Fieldmanager enables all relevant data of the production,
zyklusgenau in Echtzeit zu erfassen, aufzubereiten und für die zielthe machine and the process to be acquired, processed and refined
gerichtete Analyse zu veredeln. Dies gelingt durch speziell für den
for purposeful analysis in real time, both on a part-by-part and cycleMaschinentyp und den Prozess entwickelte Algorithmen und angeby-cycle basis. This is achieved by algorithms developed specifically
wandte Methoden des Machine Learnings, die aus dem kontinuierlifor the machine type and the process as well as applied machine
chen Datenstrom typische Muster und Gesetzmäßigkeiten herausfillearning methods, which filter out typical patterns and regularities
tern und diese anschließend in einen ganzheitlichen Kontext setzen.
from the continuous data stream and then put them into a holistic
Die so aus den veredelten Daten gewonnenen Informationen bilden
context. The information thus obtained from the refined data forms
die wertvolle Basis für die praktische, anwenderfreundliche Überwathe valuable basis for practical, user-friendly monitoring of producchung der Produktion und das lückenlose Zustands-Monitoring des
tion and seamless condition monitoring of the operating equipment.
Betriebsmittels.
The measurable added value for the customer comes from incorDer messbare Kundennutzen entsteht dabei durch eine unbestechliruptible process documentation, process comparability and 100%
che Prozessdokumentation, der Vergleichbarkeit von Prozessen und
quality tracking down to the level of the individual press part. The
der 100 %igen Nachverfolgung der Qualität bis auf die Ebene des
additional recording of specific machine data provides a completely
einzelnen Pressteils. Durch die zusätzlich begleitende Erfassung von
new view of production and machine availability.
spezifischen Maschinendaten entsteht ein völlig neuartiger Blick auf
Several machines and plants in the production field can be digitally
die Produktion und die Verfügbarkeit der Maschine. Mehrere Maconnected via an IoT Fieldmanager and can be monitored centrally
schinen und Anlagen im Produktionsfeld lassen sich über einen IoT
via the intuitive dashboard. Standardized interfaces for data export
Fieldmanager digital vernetzten und können zentral über das into higher-level MES systems and databases are also a matter of
tuitive Dashboard überwacht werden. Selbstverständlich sind auch
course.
standardisierte Schnittstellen für den Datenexport zu übergeordneThe optional Smart Maintenance module also offers DORST equipten MES Systemen und Datenbanken. Der optionale Baustein Smart
ment operators a unique service for preventive maintenance and
Maintenance bietet den Betreibern von DORST Anlagen darüber
servicing of the machines. With the sophisticated monitoring funcC 24
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hinaus einen einmaligen Service für die vorbeugende Instandhaltung und Wartung der Maschinen. Mit den ausgefeilten MonitoringFunktionen des IoT Fieldmanagers ist unser 1st Level Support in der
Lage, die Wartungsmannschaft vor Ort proaktiv auf mögliche, drohende Maschinenstillstände hinzuweisen. In Abstimmung mit den
Spezialisten vor Ort können dann alle notwendigen Maßnahmen
ergriffen werden, um die DORST Pressen stets in einem hochverfügbaren Zustand zu halten.
Sollte dann der Servicefall eintreten, stehen zur unmittelbaren Unterstützung der DORST Servicerouter und Augmented Reality Systeme, z. B. Headset-AR Brillen, zur Verfügung, mit denen der Mann vor
Ort direkt mit dem DORST Spezialisten live kommunizieren kann.
Besuchen Sie uns auf der CERAMITEC 2022 und entdecken Sie die
digitale Welt von DORST TECHNOLOGIES.

tions of the IoT Fieldmanager, our 1st level support is able to proactively alert the on-site maintenance team to potential, imminent
machine downtime. In coordination with the specialists on site, all
necessary measures can then be taken to keep the DORST presses in
a highly available condition at all times.
Should the service case then occur, DORST Service Routers and Augmented Reality Systems, e.g., headset AR glasses, are available for
immediate support, allowing the man on site to communicate live
directly with the DORST specialist.
Visit us at CERAMITEC 2022 and discover the digital world of
DORST TECHNOLOGIES.

DORST TECHNOLOGIES GMBH & Co. KG
82431 Kochel am See, Deutschland
E-Mail: info@dorst.de
www.dorst-technologies.com

DORST TECHNOLOGIES GMBH & Co. KG
82431 Kochel am See, Germany
E-mail: info@dorst.de
www.dorst-technologies.com
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EP32M

CNC-Multi-Platen-Press for highest ﬂexibility:
Cross-pressing, Internal thread, Helical gear
Multi Level

Special applications

Large installation space

Highest precision & productivity

High-resolution force control

Encapsulated working area

DORST Technologies GmbH & Co. KG
Mittenwalder Straße 61 · 82431 Kochel am See · +49 8851 188-0 · www.dorst-technologies.com
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FCT Anlagenbau GmbH
FCT Systeme GmbH

FCT Anlagenbau GmbH
Halle C1.211/310

FCT Anlagenbau GmbH und FCT Systeme GmbH
präsentieren sich im Firmenverbund der
Systec-Gruppe

FCT Systeme GmbH

Hall C1.211/310

FCT Anlagenbau GmbH und FCT Systeme GmbH
Present themselves in the Systec Company Group

Competence expansion in the field of high-temperature
plants for the manufacture of modern high-performance
Kompetenzerweiterung bei Hochtemperaturanlagen zur
materials
Herstellung moderner Hochleistungswerkstoffe
Following the successful integration of the long-established FCT
Nach der erfolgreichen Einbindung der traditionsreichen FCT SysSysteme GmbH into the internationally operating Systec Group, loteme GmbH, Frankenblick, in die international operierende Systeccated in Karlstadt, in 2021,
Gruppe, Karlstadt, im
the company is presenting
Jahr 2021 präsentiert
itself at this year’s Ceramsich das Unternehmen
itec together with its sister
auf der diesjährigen Cecompany FCT Anlagenbau
ramitec gemeinsam mit
GmbH.
der
SchwestergesellFCT Anlagenbau GmbH is
schaft FCT Anlagenbau
part of the Systec Group
GmbH, Sonneberg. Die
since 2002. Both FCT comFCT Anlagenbau GmbH
panies emerged from KCE
gehört bereits seit 2002
Sondermaschinen GmbH
dem Firmenverbund der
and combine 40 years of
Systec-Gruppe an. Beiexperience in the field of
de
FCT-Unternehmen
planning and manufacturentstanden aus der KCE
ing plants for the developSondermaschinen GmbH
ment and production of
und vereinen 40 Jahre
high-performance materiErfahrung im Bereich
als. Customer orientation
Planung und Fertigung
von Anlagen für die Ent- Bild Widerstandsbeheizte Hybrid-Vakuum-Heißpresse, 600 t Presskraft, bis zu plays a central role.
At the production sites
wicklung und Produktion 10 bar Gasdruck, Typ KCE®-FCT H-HP W 600 SP/TS zur Herstellung von
in Sonneberg and Frankvon Hochleistungswerk- Spezialkeramik und pulvermetallurgischen Produkten
enblick FCT Anlagenbau
stoffen. Dabei nimmt die Fig. Multiple-zone resistance-heated vacuum hot press, 600 t pressing force,
Kundenorientierung eine up to 10 bar gas pressure, type KCE®-FCT H-HP W 600 SP/TS for production of GmbH and FCT Systeme
GmbH design and manuzentrale Rolle ein. An den special ceramics and powder metallurgical products
facture high-temperature
Standorten
Sonneberg
plants for the production of modern high-performance materials
und Frankenblick konzipieren und fertigen die FCT Anlagenbau und
from non-oxide ceramics, powder metallurgical materials or comdie FCT Systeme Hochtemperaturanlagen zur Herstellung moderner
posite materials. Individual customer requirements are implemented
Hochleistungswerkstoffe aus Nichtoxidkeramiken, pulvermetallurgiin a targeted manner by highly qualified teams of technicians, engische Materialien oder Kompositwerkstoffen. Individuelle Kundenanneers, and scientists in process-optimised solutions.
forderungen werden zielgerichtet durch hoch qualifizierte Teams aus
The product range includes spark plasma sintering systems (also
Technikern, Ingenieuren und Wissenschaftlern in prozessoptimierte
known as Field Assisted Sintering), hot presses, hybrid plants (FAST/
Lösungen umgesetzt.
SPS-hot presses), plants for gas-pressure sintering (Sinter HIP),
Die Produktpalette umfasst Spark Plasma Sinteranlagen (Field Asvacuum sintering furnaces and pyrolysis furnaces. The entire specsisted Sintering), Heißpressen, Hybrid-Anlagen (FAST/SPS-Heißprestrum from laboratory plants to highly specialised industrial plants
sen), Anlagen zum Gasdrucksintern (Sinter-HIP), Vakuumsintern und
is covered.
Pyrolyseöfen. Dabei wird das gesamte Spektrum von Laboranlagen
In addition, the portfolio was expanded in the field of coating/inbis zu hoch spezialisierten Industrieanlagen abgedeckt.
filtration from the gas phase (CVD/CVI), especially in the area of
Darüber hinaus wurde das Portfolio im Bereich der Beschichtung/
non-oxide materials (SiC, BN, boron carbides, Si3N4, AlN, C, etc.).
Infiltration aus der Gasphase (CVC/CVI), speziell im Bereich der
nicht-oxidischen Werkstoffe (SiC, BN, Borcarbide, Si3N4, AlN, C,
Both companies undertake extensive investments in research and
development: The in-house technical centre contributes constantly
usw.), erweitert.
to improving and developing innovative plant concepts and sinterBeide Unternehmen investieren umfassend in Forschung und Enting processes. In addition, customers are offered the opportunity
wicklung: Im betriebseigenen Technikum wird permanent an der
to carry out different test runs on several plant types ranging from
Verbesserung und Neuentwicklung innovativer Anlagenkonzepte
single tests for process optimisation to the manufacture of small
und Sintertechnologien gearbeitet. Kunden haben hier die MöglichC 26
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keit, unterschiedlichste Testläufe nach eigenen Vorgaben auf verschiedenen Anlagentypen durchzuführen – von Einzeltests bis zur
Kleinserienfertigung. Bei der modernen Anlagentechnologie stehen
vor allem Prozessoptimierung, Energieeffizienz und Ökonomie im
Fokus.
Die ceramitec 2022 wollen die FCT Anlagenbau und die FCT Systeme nutzen, um sich gemeinsam mit ihrer richtungsweisenden Kompetenz und technologischen Leistungsfähigkeit dem internationalen
Fachpublikum zu präsentieren.

batches according to customer specifications. The focus of modern
plant technology is primarily on process optimisation, energy efficiency and economy.
At the ceramitec 2022 FCT Anlagenbau and FCT Systeme like to
seize the opportunity to present their trend-setting expertise and
technological performance to an international trade audience.

FCT Anlagenbau GmbH
96515 Sonneberg, Deutschland
E-Mail: info@fct-anlagenbau.de
www.fct-anlagenbau.com

FCT Anlagenbau GmbH
96515 Sonneberg, Germany
E-mail: info@fct-anlagenbau.de
www.fct-anlagenbau.com

FCT Systeme GmbH
96528 Frankenblick, Deutschland
E-Mail: sales@fct-systeme.de
www.fct-systeme.de

FCT Systeme GmbH
96528 Frankenblick, Germany
E-mail: sales@fct-systeme.de
www.fct-systeme.de
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Herding GmbH Filtertechnik

Halle C1.520

Reine Produktivität bei der Filtration von
keramischen Stäuben

Herding GmbH Filtertechnik

Hall C1.520

Pure Productivity in Filtering Ceramic Dusts

In der Fliesenherstellung, der Geschirrkeramik, der Sanitärkeramik
In the manufacture of ceramic tiles, tableware and sanitaryware,
bis hin zur Technischen Keramik und der Grobkeramik – der geltechnical ceramics and heavy clay ceramics – the currently applicatende und sich stetig weiterentwickelnde Arbeitsschutz legt insbeble and constantly evolving regulations on workplace health and
sondere in den Bereichen mit emittiertem cancerogenen Quarzfeinsafety stipulate the efficient capture and filtration of dust particles,
staub eine effiziente Erfassung und Filtration der Partikelfraktionen
particularly in those areas where cancerogenic quartz dust is emitfest. Gerade die Feinheit der
ted. Because of the fineabzuscheidenden mineraliness of the mineral dusts,
schen Stäube stellt in Komin combination with their
bination mit ihren abrasiven
abrasive properties, the filEigenschaften hohe Ansprüter systems used to remove
che an die Filtertechnik. Die
them have to meet high
reine Oberflächenfiltration
requirements. For such apdes Herding® Sinterlamellenplications, the pure surface
filtration of the Herding®
filters gewährleistet hierbei
mit nachgewiesen hohem
sinter-plate filter guaranAbscheidegrad und einzigtees, with its proven high
artiger Verschleißfestigkeit
separation performance
die erforderliche Wirksamkeit Bild 1 Herding Sinterlamellenfilter gewährleisten einzigartige Verschleißand unique wear resistund Prozesssicherheit.
ance, the necessary process
festigkeit

efficiency and reliability.
Fig. 1 Herding sinter-plate filters are highly resistant to abrasive dusts
Zuverlässige
Oberflächenfiltration
Reliable surface filtraEntgegen konventionellen
tion
Filtersystemen auf Basis von
Unlike conventional filter
Tiefenfiltration ermöglicht
systems on the basis of
der patentierte Herding®
depth filtration, the patented Herding® sinter-plate
Sinterlamellenfilter
reine
Oberflächenfiltration. Das
filter provides pure surface
Filtermedium weist keinerlei
filtration. The filter medium
Affinität zur irreversiblen Einhas no affinity whatsoever
lagerung von Feinpartikeln
to irreversible deposition of
auf, resultierend in beispielfine particles, resulting in
haften Eigenschaften, welexceptional properties that
che dem Betreiber direkte
enable operators to directly
Produktivitätssteigerung geincrease their productivity.
statten. Nahezu konstantes Bild 2 Sichere Abscheidung von Quarzfeinstaub
Experience has shown that
Differenzdruckverhalten und Fig. 2 Safe separation of fine quartz dust
almost constant differential
auf ein Minimum reduzierter
pressure and minimized
filtrationsbedingter Verschleiß münden in Standzeiten von erfahfiltration-related wear lead to service lifetimes well in excess of 15
rungsgemäß weit mehr als 15 Jahren.
years.
Zur Luftrückführung geeignet
Der im Reingas enthaltene alveolengängige Anteil – auch A-Staubanteil genannt – wurde mittels unabhängiger Messungen an
Herding Filteranlagen nach DIN EN 481 nachgewiesen. Demnach
weisen die Filtersysteme des Herstellers mit dem starren Sinterlamellenfilter Reingaskonzentrationen für Quarzfeinstaub von unter
0,005 mg/m³ auf. Damit wurde bestätigt, dass Herding Filtersysteme
mit dem integrierten Herding® Sinterlamellenfilter auch in Bereichen
mit Quarzfeinstaubexpositionen zur Luftrückführung eingesetzt
werden können. Der mögliche Umluftbetrieb und die damit verbundene Wärmerückgewinnung durch Rezirkulation der gefilterten
C 28

Suitable for air recirculation
The alveolar dust contained in the clean gas – also referred to as Adust content – was determined on Herding filters by means of independent measurements in compliance with DIN EN 481. According
to these measurements, the filter systems of the manufacturer with
the rigid sinter-plate filter demonstrate pure gas concentrations for
quartz dust below 0,005 mg/m³.
This confirms that Herding filter systems with the integrated Herding® sinter-plate filters can also be used for air recirculation in areas
with quartz dust exposure. The possible air recirculation and the
associated heat recuperation based on recirculation of the filtered
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Abluft leistet einen wichtigen Beitrag zur Effizienzsteigerung und
zur Energieeinsparung.

exhaust air make an important contribution to improving efficiency
and saving energy.

Alles aus einer Hand
Die Leitidee „Alles aus einer Hand“ wird durch die eigene Fertigung
von Anlagentechnik, Filterelementen und Peripherie-Komponenten
sichergestellt. Hoher Eigenfertigungsanteil „Made in Germany“, solides Qualitätsdenken und kontinuierliche Innovation sind wichtige
Grundpfeiler des Unternehmens. Prämisse der Herding GmbH Filtertechnik ist, mit permanenter Weiterentwicklung alle Anforderungen
an sicherste Filtrationstechnologie zu erfüllen und immer wieder
neue Maßstäbe zu setzen.

Everything from one source
The central idea of “Everything from One Source” is ensured by the
inhouse manufacturing of the systems, filter elements and peripheral components. A high level of inhouse manufacturing “Made in
Germany”, sound quality awareness and continuous innovation are
important mainstays for the company. The Herding GmbH Filtertechnik mission is to channel ongoing development into meeting every
requirement for the most reliable filtration technology, thereby constantly setting new standards.

Herding GmbH Filtertechnik
92224 Amberg, Deutschland
E-Mail: info@herding.de
www.herding.de

Herding GmbH Filtertechnik
92224 Amberg, Germany
E-mail: info@herding.de
www.herding.de
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Sika® ViscoCrete®-520 P

HIGH PERFORMANCE
SUPERPLASTICIZER:
 Excellent flow
 Highly efficient solution
CONTACT
gzm.refractories@de.sika.com
www.sika.de
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INMATEC Technologies

Halle C1.319/420

INMATEC Technologies

Hall C1.319/420

ceramitec 2022: INMATEC freut sich auf
intensiven Austausch

ceramitec 2022: INMATEC is Looking Forward to
Intensive Exchange

Bei der INMATEC Technologies GmbH laufen die Planungen für
die ceramitec 2022 auf Hochtouren. Das Team des führenden Produktions- und Entwicklungsunternehmen für keramische Feedstocks
freut sich darauf, wieder in persönlichen Kontakt mit Kunden, Geschäftspartnern und anderen Keramikexperten zu treten. Enge Beziehungen zu den Unternehmen, die ihre Produkte einsetzen, haben
für INMATEC einen hohen Stellenwert. In der Pandemie war der
Austausch über zwei Jahre lang meistens nur digital möglich, weshalb die Vorfreude auf die diesjährige ceramitec besonders groß ist.
Neben hohen Qualitätsmaßstäben und langjähriger Erfahrung hat
für INMATEC eine intensive Zusammenarbeit mit den Kunden größte Bedeutung. Als Partner für keramische Feedstocks und den Spritzgießprozess sind enger Austausch, vertrauensvolle Zusammenarbeit
und lebendige Kooperation mit den Abnehmern unabdingbar. Das
bringt die CIM-Technologie mit sich: Zum einen müssen die keramischen Feedstocks auf die Anforderungen des daraus gefertigten
Bauteils abgestimmt sein. Zudem müssen auch die Produktionsabläufe des Anwenders an die Verarbeitungseigenschaften des eingesetzten Granulats angepasst werden. INMATEC pflegt deshalb seit
vielen Jahren enge Beziehungen zu den verarbeitenden Unternehmen. Im vertrauensvollen Austausch mit ihren Kunden optimieren
die Feedstock-Fachleute aus Rheinbach (Deutschland) ihre Produkte stetig. In den maßangefertigten INMATEC-Granulaten vereinen
sich nicht nur keramisches Pulver und Binderkomponenten, sondern
auch die Erfahrung aus über 20 Jahren Feedstock-Entwicklung und
die individuellen Einsatzerfahrungen der Anwender.
In den über zwei Jahren der Pandemie konnte die so wichtige Zusammenarbeit mit den Feedstock verarbeitenden Unternehmen
häufig nur auf digitalem Wege stattfinden – ein guter, jedoch kein
vollständiger Ersatz für den direkten persönlichen Austausch. Umso
mehr freut sich das INMATEC-Team, deshalb auf der ceramitec
2022 vertreten zu sein. Auf der bedeutendsten Ausstellung der
Keramik-Industrie trifft INMATEC auf andere Fachleute für KeramikWerkstoffe, ihre Fertigung und Anwendungen. Da die ceramitec in
diesem Jahr ganz im Zeichen der Ressourceneffizienz steht, rückt
das keramische Spritzgießen in den Fokus. Die Technologie ermöglicht es, hochpräzise geformte Bauteile in hohen Stückzahlen zu fertigen. Das ist nicht nur hinsichtlich der Ressourcen, sondern auch
wirtschaftlich effizient, da aufwändige Nachbearbeitungsschritte
entfallen. Auf dieser Bühne kann die INMATEC Technologies GmbH
zeigen, welche immensen Potenziale in ihren keramischen Feedstocks stecken.
Das INMATEC-Team freut sich auf den Austausch mit Ihnen:
• Dienstag, 21. Juni, bis Freitag, 24. Juni, Messe München –
Halle C1 / Stand 319/420
Weitere Informationen zu Messebesuchen und Events finden Sie auf
der INMATEC-Website. Dort finden Sie auch Details zum Unternehmen, zu den unterschiedlichen Produkten und dazu, wie Sie Kontakt
aufnehmen können.
INMATEC Technologies GmbH
53359 Rheinbach, Deutschland
www.inmatec-gmbh.com

INMATEC Technologies GmbH is planning at full throttle for this
year’s ceramitec. The team of the leading production and development company for ceramic feedstocks is looking forward to getting
in personal contact with customers, business partners and other
ceramic experts again. Close relationships with the companies that
use its products are very important to INMATEC. During the pandemic, this exchange was only possible digitally for long stretches
of the two-plus years. That’s why the excitement for ceramitec 2022
is exceptionally high.
In addition to high quality standards and many years of experience,
an intensive cooperation with its customers is highly important to
INMATEC. As a partner for ceramic feedstocks and the injection
moulding process, close exchange, trusting partnership and lively
cooperation with customers are crucial. This is what CIM technology
implies: on the one hand, the ceramic feedstocks must be matched
to the requirements of the component moulded from them. On
the other hand, the manufacturer’s production steps must also be
adapted to the processing properties of the granulate.
INMATEC has therefore established close relationships with processing industries for many years. In a trusting exchange with their
customers, the feedstock experts from Rheinbach/DE are continuously improving their products. The tailor-made INMATEC granulates
combine not only ceramic powder and binder components, but also
the experience of over 20 years of feedstock development and the
specific application experiences of the customers.
In the two-plus years of the pandemic, the crucial cooperation with
the feedstock moulding companies could often only take place
digitally – a good, but not a full substitute for a direct face-to-face
exchange. The INMATEC team is therefore even more excited to be
at ceramitec 2022. At the major exhibition of the ceramics industry,
INMATEC meets other experts in ceramic materials, their production
and applications.
As this year’s ceramitec is all about resource efficiency, one of the
main focuses is on ceramic injection moulding. The technology enables high-precision components to be produced in large series. This
is not only efficient in terms of resources, but also from an economic
point of view, as complex post-processing steps can be omitted. On
this stage, the INMATEC Technologies GmbH will be able to show
the enormous potential of its ceramic feedstocks.
The INMATEC team looks forward to exchanging ideas with you:
• Tuesday, 21 June to Friday, 24 June, Messe München –
Hall C1 / Stand 319/420
For further information on trade fair visits and events, please visit
the INMATEC website. There you will also find details about the
company, the different products and how to get in touch.
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FINE OXIDES FOR CERAMICS
HigH Purity AluminA

nAnoDisPersions

ZirconiA

sPinel

PhosPhors
cmA-I400

20 µm

CUSTOMIZED SOLUTIONS
POWDER

SLURRY

SPRAY-DRY

READY-TO-PRESS

1. Chemical composition & purity
Stoichiometry - Dopants - Pure from 99.9% to 99.99%
and beyond

2. Physical characteristics
Specific Surface Area - Mean Diameter - Size
Distribution - Sinterability - Flowability...

3. Shape & formulation
Powder: agglomerated,
deagglomerated
» Jet Mill
» Ball Mill
» Wet Mill

200 µm

Our approach guarantees a product
adapted to our customer’s process
while keeping quality consistency.

France | Poisy | 📞📞+33 4 50 22 69 02

Baikowski® Malakoff Inc.

to

20 µm
particles

Slurry in various solvents
Spray dried powder
Spray dried powder with binder
system, Ready-To-Press

sales@baikowski.com
Baikowski® SA

2 nm

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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J. Rettenmaier & Söhne GmbH Halle C1.319/420

J. Rettenmaier & Söhne GmbH Hall C1.319/420

Level up your Ceramics! Design your Pores!

Level up your Ceramics! Design your Pores!

JRS bietet eine große Bandbreite an funktionalen, pflanzlichen
Cellulose- und Lignocellulosepartikeln an. Unsere Produkte sind in
verschiedenen Größen (von wenigen Mikrometern bis zu einigen
Millimetern) und Strukturen (Fasern, Partikel, Kugeln, Granulate,
Gele) verfügbar. Nutzen Sie die Gelegenheit um Poren-Volumen,
-struktur und -größe zu kontrollieren. Zusätzliche Vorteile sind kurze
Trocknungszeiten, geringe Ausschussraten, weniger Risse und Brüche und eine hohe Flexibilität
der keramischen Masse.
Auf der diesjährigen ceramitec wollen wir den Fokus
auf unsere pflanzlichen Hydrokolloide und Biopolymere
richten. Diese können besonders interessant für die additive Fertigung von keramischen Teilen sein. Folgende
Typen sind im industriellen
Maßstab verfügbar.

JRS offers a wide range of functional, plant-based cellulose and
lignocellulose particles. Our products are available in various sizes
(from a few micrometers to several millimeters) and structures (fibers, particles, spheres, granules, gels).
Take the opportunity to control your pore volume, structure and size.
Additional advantages are short drying times, low reject rates, less
cracks and fissures and a high flexibility of your ceramic masses.
At this year’s ceramitec we
want to put our plant-based
hydrocolloids and biopolymers into focus. They could
be especially interesting for
additive manufacturing of
ceramic parts. The following
types are available in industrial quantities.

Hydroxypropylmethylcellulose (HPMC): Wässrige Systeme des Cellulose-Ethers können
unter Erwärmung Ihre Viskosität erhöhen und Gele bilden. Die besondere Eigenschaft besteht darin, dass diese thermische Gelierung
reversibel ist. HPMC Varianten sind überwiegend durch die Substitutionsgrade und die Viskosität definiert. Dadurch kann die Verdickung
von Mischungen gesteuert und unterschiedliche Gelpunkte erzielt
werden.
Alginate: Ein natürliches Hydrokolloid, das aus Braunalgen extrahiert wird mit exzellenten rheologischen Eigenschaften. Von anderen Hydrokolloiden unterscheiden sich die Alginate durch die Eigenschaft, mit Calcium-Ionen und anderen 2- und 3-wertigen Ionen
zu reagieren. Durch diese Reaktion ändert sich die Rheologie, und
der Aggregatzustand ändert sich von flüssig zu fest. Dadurch können wasserunlösliche, temperaturstabile Gele und Filme produziert
werden. Es lassen sich z. B. Folien mit Barriere-Eigenschaften oder
Schutzüberzüge herstellen. Denkbar ist auch das schlagartige Umwandeln in ein schnittfestes Gel, um einen Zustand „einzufrieren“.
Dies wird zum Beispiel für die Formgebung von Keramikkugeln oder
zum Verkapseln von aktiven Substanzen genutzt. Die Verarbeitung
erfolgt im Tauch-, Sprüh- oder Coextrusionsverfahren sowie Mikroverkapselung.
Mikrokristalline Cellulose Gele (MCG): MCGs sind gelbildende
Mittel, die aus MCC und einem wasserlöslichem Verdicker, wie z. B.
CMC oder Xanthan, hergestellt werden. Der Verdicker in Kombination mit der MCC stellt eine einfache Dispergierbarkeit sicher und
verhindert die Aggregation der MCC Partikel in Wasser. Hohe Scherkräfte sind für die Aktivierung (Gelbildung) der MCG nötig. Nach der
Aktivierung in Wasser formt die MCG ein elastisches 3D-Netzwerk
aus unlöslichen Cellulosefibrillen.
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Hydroxypropyl Methylcellulose (HPMC): Aqueous systems of this cellulose
ether can increase the viscosity and form gels upon heating. A special property is the reversibility
of this thermal gelation. HPMC is mainly defined by the degree of
substitutions (DS) and the viscosity. Thereby thickening of mixtures
can be regulated and different gelling points can be achieved.
Alginates: A natural hydrocolloid extracted from brown algae with
excellent rheological properties. Among other hydrocolloids, alginates differ in their capacity to react with calcium ions and other
di- or trivalent ions. By this reaction the rheology changes and the
state of aggregation changes from liquid to solid. Therefore water
insoluble, temperature stable gels and films can be produced. For
example, foils with barrier properties or protective coatings can be
prepared. The sudden conversion into a cut-resistant gel, to a frozen
condition is also conceivable. This is used, for example, to shape
ceramic spheres or to encapsulate active substances. The processing
is carried out by immersion, spray or co-extrusion method as well as
microencapsulation.
Microcrystalline Cellulose Gel (MCG): MCG is a gel forming
agent which is co-processed from MCC and a water soluble thickener such as e.g. CMC or xanthan. The thickener in combination
with the MCC ensures an easy dispersibility and prevents the aggregation of the MCC particles in water. To activate the MCG and
form a gel, high shear mixing is necessary. After activation in water,
MCG forms a 3-D elastic gel-network of insoluble cellulose fibrils.
Pectins: Pectins are versatile biopolymers which are found in the
cell walls of fruits, especially citrus fruits and apples. Pectins are
complex polysaccharides that chemically consists of partial methyl
esters of polygalacturonic acid and their salts (sodium, potassium,
calcium and ammonia).
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Pektine: Pektine sind vielseitige Biopolymere, welche in den Zellwänden von Früchten, insbesondere in Zitrusfrüchten und Äpfeln, vorkommen. Es handelt sich außerdem um komplexe Polysaccharide, die im Wesentlichen aus Teilen von Methylestern der Galacturonsäure und deren
Salze (Natrium, Kalium, Calcium und Ammonium) bestehen.
Das Unternehmen JRS: Als inhabergeführte, unabhängige Familienunternehmensgruppe stehen wir seit mehr als 140 Jahren für Innovation, langfristige Perspektive, Verlässlichkeit und
Sicherheit – das bereits in 5. Generation. Weltweit engagieren sich mehr als 3500 Mitarbeiter an
über 90 Produktions- und Vertriebsstandorten für die innovative JRS Pflanzenfaser-Technologie.
Besser – grün – intelligent. Die Natur bietet ein fast unerschöpfliches Reservoir an nutzbaren
Funktionen, die in der Pflanzenwelt von je her angelegt sind. Die innovative JRS Zukunftstechnologie erschließt diese wertvollen Funktionen und Eigenschaften allen Bereichen der modernen
Industrie. Dem ökologischen Kreislauf gerecht zu werden, ist uns dabei stets ein Selbstverständnis. Gemäß dieser Devise werden auch in Zukunft ständig nachwachsende, pflanzliche Rohstoffe
die Ausgangsbasis unserer Produktphilosophie sein.
J. Rettenmaier & Söhne GmbH + CO KG
73494 Rosenberg, Deutschland
E-Mail: ceramics@jrs.de
www.jrs.de

JRS the company: As an owner-managed, independent family business group, we have stood
for innovation, long-term perspectives, reliability and security for more than 140 years. Successful since 5 generations. More than 3500 employees at over 90 production and sales locations
worldwide are committed to the innovative JRS plant fiber technology.
Better – green – intelligent. Nature offers an almost inexhaustible reservoir of usable functions
that have always been part of the plant world.
J. Rettenmaier & Söhne GmbH + CO KG
73494 Rosenberg, Germany
E-mail: ceramics@jrs.de
www.jrs.de
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KERAFOL

Halle C1.319/420

KERAFOL Keramische Folien auf der ceramitec 2022

KERAFOL

Hall C1.319/420

KERAFOL Keramische Folien at ceramitec 2022

Die Firma KERAFOL – Keramische Folien GmbH & Co. KG – ist der
The company KERAFOL® – Keramische Folien GmbH & Co. KG – is
Spezialist für keramische Folien & Substrate und bedeutender Herthe specialist for ceramic tapes & substrates and a major manufacsteller von technischer Keramik. Mit ca. 250 Mitarbeitern und einem
turer of technical ceramics. With approx. 250 employees and our
engmaschigen Netz hochqualifizierter, erfahrener Vertriebspartner
dense network of highly qualified, experienced sales partners, we
bedienen wir Kunden in vielen Ländern der Welt.
serve customers in many countries around the world.
An unserem ProduktionssAt our production site in
tandort in Eschenbach i. d.
Eschenbach i. d. Opf. we sucOpf. entwickeln und produziecessfully develop and produce
ren wir erfolgreich keramische
ceramic
high-performance
High-Performance Produkte
products for the electronics,
für die Elektronikbranche, Auautomotive, energy and protomotive, Energie- und Vercess engineering industries.
fahrenstechnik. Mit unserem
With our specially developed
speziell entwickelten Prozess
process of tape casting and
des Foliengießens und unseour sintering technology, we
rer Sintertechnik stellen wir
produce ceramic dense and pokeramische dichte und poröse
rous substrate materials, tape
Substratmaterialien, Folie und
and dispensing materials for
Dispensmassen für Thermal
thermal management applicaManagement Anwendungen,
tions, porous discs made of
poröse Scheiben aus Filterkefilter ceramics, as well as materamik sowie Materialien für
rials for fuel cells and hydrogen
Brennstoffzellen und die Was- Bild / Fig Keramik mit glatter Oberfläche / Smooth surface ceramics
electrolysis.
serstoffelektrolyse her.
Our ceramics experts develop
Unsere
Keramikexperten
the right material in close conentwickeln im engen Kuntact with the customer and endenkontakt den richtigen
sure that the technical ceramics
Werkstoff und sorgen für
are optimally adapted to the
eine optimale Anpassung der
respective. requirements of the
Technischen Keramik an die
application. Modern products
jeweiligen
Anforderungen
and a high level of customer
des Einsatzgebietes. Moderne
satisfaction have thus formed
Produkte und eine hohe Kunthe basis of our success for
denzufriedenheit bilden somit
decades.
seit Jahrzehnten die GrundlaOur services and portfolio inge für unseren Erfolg. Unseclude: dense and porous cere Leistungen und Portfolio
ramic substrates based on aluumfassen: Dichte und poröse Bild / Fig. Werk in Eschenbach i. d. Opf. / Plant in Eschenbach i. d. Opf.
minium oxide ceramics and/or
keramische Substrate basiezirconium oxide ceramics; laser
rend auf Aluminiumoxidkeramik und/oder Zirkonoxidkeramik; Laser
cutting to your desired format with the highest precision and qualZuschnitte auf Ihr Wunschformat in höchster Präzision und Güte;
ity; foil and substrate development to meet your requirements; the
Folien und Substratentwicklung, die Ihren Anforderungen gerecht
production of your ceramic tapes from development to large-scale
werden; die Herstellung Ihrer keramischen Folie von der Entwicklung
production.
bis zur Großserie.
®

KERAFOL Keramische Folien GmbH & Co. KG
92676 Eschenbach i. d. Opf, Deutschland
www.kerafol.com
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KERAFOL Keramische Folien GmbH & Co. KG
92676 Eschenbach i. d. Opf., Germany
www.kerafol.com
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Kuraray Europe GmbH

Halle C1.319/420

Mowital® – das PVB für High-Tech-Ceramics

Kuraray Europe GmbH

Hall C1.319/420

Mowital® – the PVB für High-Tech-Ceramics

Mit Mowital® ist Kuraray der europäische Marktführer für Polyvinylbutyral-Harze (PVB) und setzt in diesem Bereich globale Standards. Dank ihrer sehr guten Haftung und Filmbildung, ihrer hohen
Bindekraft sowie idealen optischen Transparenz ermöglichen die
hochwertigen PVB-Materialien
von Kuraray anspruchsvollste
Anwendungen. Erfahren Sie auf
der ceramitec 2022, wie Sie mit
Mowital® bei der Entwicklung
von
Hochleistungskeramiken
wie etwa Mikroelektronik bis
an die physikalischen Grenzen
gelangen – und welche Möglichkeiten die Polymere etwa
für additive Fertigungsverfahren
bieten.

With Mowital®, Kuraray is the European market leader for polyvinyl butyral (PVB) resins and it sets global standards in this field.
The high-quality PVB materials from Kuraray make even the most
demanding applications possible, thanks to their excellent adhesion
and film-forming properties,
high binding power as well as
outstanding optical transparency. At ceramitec 2022, you
can discover how Mowital®
can help to reach the physical
limits in the development of
high-performance ceramics, like
microelectronics. You will also
be able to find out about the
new possibilities these polymers
offer for additive manufacturing
Bild Das Technology Scouting Team von Mowital® erforscht neue
processes.

Einsatzfelder für PVB und unterstützt Anwender bei der Entwick-

PVB für die nächste Generalung
tion leistungsfähiger MLCC
PVB for the next generation
Fig. The Technology Scouting Team of Mowital® researches new
Mit seinen besonderen chemi- fields of application for PVB and supports users in the development of high-performance MLCC
schen und mechanischen Eigen- (Copyright Bild / photo: Kuraray/KETF)
With its special chemical and
schaften eignet sich Mowital®
mechanical properties, Mowital® is ideal as a temporary binder for the production of high-perideal als temporäres Bindemittel für die Herstellung hochleistungsfähiger Mehrschicht-Keramikkondensatoren (engl. MLCC). Mit seiformance multilayer ceramic capacitors (MLCC). Mowital® has both
nen polaren und nichtpolaren chemischen Strukturen verleiht Mopolar and non-polar chemical structures. This gives ceramic green
wital® keramischen Grünfolien eine ausgezeichnete Flexibilität und
films extra flexibility and tensile strength, enabling the production of
significantly thinner layers.
Reißfestigkeit und ermöglicht so wesentlich dünnere Folienstärken.
This is an important requirement for the production of smaller and
Eine wichtige Voraussetzung für die Herstellung kleinerer und leismore powerful components for 5G, autonomous driving and new
tungsfähigerer Komponenten für 5G, autonomes Fahren und neue
communication technologies.
Kommunikationstechnologien.
Starkes Bindemittel für keramische 3D-Drucke
Ein weiteres Innovationsfeld, in dem Mowital® überzeugt, ist die
additive Fertigung. Als Bindemittel gibt es keramischen Feedstocks
eine hervorragende Verarbeitbarkeit und Fließfähigkeit im Druckprozess. So lassen sich mechanisch hochbelastbare Ersatzteile im Fused
Deposition Modelling(FDM)-Verfahren herstellen. Beim keramischen
Drucken im Composite Extrusion Modelling (CEM) sorgt das Bindemittel für eine stabile Form während des Druckvorgangs und trägt
damit zu einer wesentlich höheren Qualität der gedruckten Objekte
bei. Zusätzlich bieten sich mit Mowital® zwei alternative Möglichkeiten der Entbinderung an.
Nur einige der Anwendungen, in denen Mowital® neue Möglichkeiten schafft. Das Technology Scouting Team der PVB-Experten von
Kuraray erforscht stetig neue Einsatzfelder und unterstützt Anwender bei der Entwicklung. Nehmen auch Sie Kontakt mit uns auf oder
besuchen Sie uns auf der ceramitec 2022 in München, am Stand
319/420 in Halle C1. Wir freuen uns auf Sie!

Strong binder for ceramic 3D prints
Another field of innovation in which Mowital® offers significant
advantages is additive manufacturing. As a binder, it gives ceramic
feedstocks excellent processability and flowability during the printing process, making the production of durable spare parts in the
Fused Deposition Modelling (FDM) process possible. In ceramic
printing in Composite Extrusion Modelling (CEM), the binder ensures a stable form during the printing process, thus contributing to
a much higher quality of the printed objects. What’s more, Mowital®
offers two alternative options for debinding.
These are just some examples of how Mowital® enables innovation.
The Technology Scouting of Kuraray’s PVB Tech Resin Team is constantly researching new fields of applications and supporting users
in the development of new technologies.
Please feel free to get in touch with us or visit us at ceramitec 2022
in Munich, Stand 319/420 in Hall C1. We look forward to seeing
you there!

Kuraray Europe GmbH
65795 Hattersheim, Deutschland
E-Mail: Gurshranjit.Singh@kuraray.com
www.mowital.com

Kuraray Europe GmbH
65795 Hattersheim, Germany
E-mail: Gurshranjit.Singh@kuraray.com
www.mowital.com
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LIPPERT

Halle C1.411/512

LIPPERT

Hall C1.411/512

LIPPERT auf der ceramitec 2022

LIPPERT at ceramitec 2022

Die LIPPERT GmbH & Co. KG ist mit nahezu 400 Mitarbeitern einer
der führenden Produzenten auf dem Gebiet des Anlagenbaus für die
keramische Industrie und überzeugt seine Kunden durch innovative
Technik sowie mehr als 70 Jahre Branchen-Know-how. Durch diese
Expertise, kombiniert mit der eigenen Kompetenz aus dem Bereich
Logistik und Automatisierungstechnik, entstehen technologisch
führende, effiziente Systemlösungen, die auf Kundenbedürfnisse
maßgeschneidert sind. Mehr als 2000 Anlagen sind bereits in über
40 Ländern realisiert worden und überzeugen durch Qualität und
akkurates Handwerk.

With almost 400 employees, LIPPERT GmbH & Co. KG is one of
the leading manufacturers of production systems for the ceramics
industry, delighting its customers with innovative technology and
more than 70 years industry know-how.
This expertise, combined with the company’s solid experience in the
worlds of logistics and automation technology, results in technologically leading, efficient system solutions tailored to customers’
requirements. LIPPERT has already realised more than 2000 systems
in over 40 countries, which delight thanks to their high quality and
accurate workmanship.

Innovative Hochdruck-Schlickergießanlage für
Tassen Typ BTDG
Mit mehr als 18 Jahren Erfahrung im Druckguss arbeitet die
LIPPERT GmbH & Co. KG stets an neuen Verfahren und maschinellen Anlagen. Mittels eines eigenen Innovationsteams bestehend aus
Experten aus den Bereichen Keramik, Technik, Konstruktion und
Fertigung, wurde eine Weiterentwicklung der sehr erfolgreichen
Tassendruckgussmaschine TDG-500-20 konzipiert. Diese Maschine
wurde für die Herstellung von Tassen einschließlich Henkeln mit einer hohen Produktionsleistung entwickelt.

Innovative Type BTDG high-pressure slip casting system for
cups
With more than 18 years pressure casting experience, LIPPERT
GmbH & Co. KG is continuously working on new processes and
machine systems. Thanks to an in-house innovation team comprising experts in the fields of ceramics, technology, design and manufacturing, the company has designed an advancement of the very
successful TDG-500-20 cup pressure casting machine. This machine
has been developed for producing cups including handles and offers
high production output.

Bild Hoher Output durch 4 Arbeitsformen mit je 4 Artikeln / Fig. High output thanks to 4 production moulds, each containing 4 articles

Auf der ceramitec 2022 stellt LIPPERT die innovative Weiterentwicklung – die neue Hochdruck-Schlickergießanlage für Tassen Typ BTDG
– zum ersten Mal vor. Im Vergleich zum Standardmodell TDG-50020 mit einer Leistung von ca. 100 St./h konnte die Anlage um das
Vierfache in der Produktionsleistung optimiert werden. Auch wenn
die technischen Prinzipien bei beiden Modellen nahezu identisch
sind, überzeugt die BTDG mit einer Leistung von bis zu 400 St./h
(25 Zyklen x 16 St. = 400) bei einer gesamten Zykluszeit von 144 s,
4 Artikeln pro Form und insgesamt 4 Formen. Eine weitere Innovation ist die automatische Putzmaschine, die direkt an die Anlage
(BTDG) angegliedert ist und somit das Verputzen der Druckgussnähte automatisch ermöglicht.
Ihre Vorteile:
• deutlich höhere Stückzahlen in der Produktion
• kostengünstige Artikelherstellung
• geringer Platzbedarf durch kompakte Bauweise
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At ceramitec 2022, LIPPERT presents this innovative development –
the new type BTDG high-pressure slip casting system for cups – for
the very first time. Compared to the standard model TDG-500-20,
with its output of around 100 pieces/h, this new system’s production
output has been quadrupled. Even though the technical principles
behind both models are virtually identical, the BTDG delights thanks
to its output of up to 400 pieces/h (25 cycles x 16 pieces = 400),
with a total cycle time of 144 s, 4 articles per mould and 4 moulds in
total. An automatic fettling machine represents a further innovation.
This is directly attached to the BTDG system, enabling the pressure
casting seam to be automatically fettled.
Your benefits:
• Significantly higher production quantities
• Cost-effective article production
• Saves space thanks to its compact design
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• prädestiniert für Serienfertigung (seltene Artikelwechsel, hoher
Output)
• exzellenter Service durch das LIPPERT-Kompetenz-Team

• Predestined for series production (seldom article changes, high
output)
• Excellent service from the LIPPERT expertise team

Weitere Informationen und Neuheiten erhalten Sie auf unserem
Messestand in Halle C1, Stand 411/512 auf der ceramitec 2022 in
München.
Wir freuen uns auf Ihren Besuch!

For further information and other innovations, visit us in Hall C1,
Stand 411/512 at the ceramitec 2022 trade fair in Munich.
We look forward to meeting you!

LIPPERT GmbH & Co. KG
92690 Pressath, Deutschland
E-Mail: lippert@lippert.de
www.lippert.de

LIPPERT GmbH & Co. KG
92690 Pressath, Germany
E-mail: lippert@lippert.de
www.lippert.de

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
cfi/Ber. DKG 99 (2022) No. 3
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Lithoz 

Halle C1.234

Weltpremiere auf der ceramitec – Lithoz präsentiert
eine vollkommen neue 3D-Drucktechnologie für
technische Keramik

Lithoz

Hall C1.234

World Premiere at ceramitec – Lithoz Presents
an Entirely New 3D Printing Technology for
Technical Ceramics

Auf der diesjährigen ceramitec feiert bei Lithoz eine vollkommen
At this year’s ceramitec, Lithoz will unveil a true developmental
neue Technologie im Bereich des keramischen 3D-Druckes ihre
breakthrough in a world premiere – new Laser-Induced Slip castWeltpremiere – Laser-Induced Slip Casting (LIS). Diese exklusive
ing (LIS) technology. Thanks to a completely different focus, this
Innovation bildet aufgrund eiexclusive innovation functions
nes gänzlich anderen Fokus auf
as an ideal complement to
ideale Weise eine komplementhe already well-established
täre Technologie zu dem bereits
Lithography-based Ceramic
etablierten Lithography-based
Manufacturing (LCM) techCeramic Manufacturing (LCM)
nology Lithoz is known for
Verfahren, mit dem Lithoz weltworldwide.
weit Bekanntheit erlangte.
The use of LIS in ceramic adDer Einsatz der LIS Technologie
ditive manufacturing stays
in der keramischen additiven
very close to the conventional
Fertigung kommt den bekannsteps of ceramic processing
ten Produktionsschritten der
whilst retaining the advanklassischen Keramikverarbeitage of full design freedom
tung sehr viel näher, wobei der
offered by digitalised 3D
wesentliche Vorteil der Designprinting technology. LIS is
freiheit der digitalisierten 3Dable to build components
Drucktechnologie vollständig
which are far larger and with
erhalten bleibt. Mit LIS lassen Bild / Fig Lithoz bei formnext 2021 / Lithoz at formnext 2021
considerably thicker walls, as
sich größere und gleichzeitig
well as enabling dark ceramic
sehr dickwandige Bauteile
materials, such as silicon
herstellen und auch dunkle
carbide or silicon nitride, to
keramische Materialien wie
be processed with ease. AnSiliciumkarbid oder Siliciumnitother advantage is the rapid
rid problemlos verarbeiten. Ein
build-up in height, which is
weiterer Vorteil ist der rasche
made possible by the swift
Aufbau in die Höhe, was durch
application of the individual
zügiges Auftragen der einzellayers.
nen Schichten möglich wird.
As with conventional processWie bei konventionellen Proes, LIS-printed parts can also
zessen können LIS-gedruckte
be worked upon when still in
Teile auch als Grünkörper bea green body state, while the
arbeitet werden, und durch den
considerably smaller amount
deutlich geringeren Anteil an
of binder in the suspension
Binder in der Suspension sind
means that the materials are
die Werkstoffe nahezu frei von Bild / Fig. Das CeraFab System / The CeraFab system
almost entirely free of organorganischen Bestandteilen. Die
ics. Known base materials
bekannten Grundmaterialien können für das LIS-Verfahren aufbereican be used for LIS, therefore requiring less effort when impletet und verwendet werden, sodass bei der Implementierung des LISmenting LIS-based 3D printing into established ceramic production
basierten 3D-Drucks in etablierte keramische Produktionsprozesse
processes.
ein sehr geringer Umstellungsaufwand entsteht.
LIS will perfectly complement the Lithoz portfolio
Mit LIS ergänzt Lithoz somit optimal sein Portfolio
For the manufacturing of ultra-precise, fine parts with complex inner
Für die Herstellung ultrapräziser, feiner und komplexer innerer Strukstructures, the LCM system with its pinpoint dosage and pixel-exact
turen bleibt das LCM-System durch seine exakte Dosierbarkeit die
exposure remains the clear choice.
klare Wahl bei Hochleistungskeramik. Stehen Größe und DickwanIn the case that size, wall thickness and ease of implementation
digkeit der Teile und einfache Integrierbarkeit im Vordergrund, wird
are the focus, LIS technology will from now on be able to perfectly
die LIS-Technologie ab sofort diese zentralen Kundenbedürfnisse
meet this customer demand. Some first glimpses into this fasciabdecken. Erste Einblicke in diese faszinierend innovative Technolonating innovation have already been shared by Lithoz’s pre-launch
C 38
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The next level – die LCM-Technologie in der industriellen
Massenproduktion
Lithoz wird ein umfassendes Display über das „Empowerment zur
industriellen Massenproduktion“ präsentieren, nachdem es seine
hochpräzise LCM-Technologie für die Produktion großer Mengen
erfolgreich hochskalierte. Zur besseren Veranschaulichung der
LCM-Technologie wird Lithoz neben der geplanten Live-Demonstration des CeraFab Lab L30 auch ein neues Animationsvideo
zeigen, das jeden Aspekt des LCM-Ablaufes zeigt. Lithoz hat mit
LCM die keramische additive Fertigung als gewinnorientierte, leistungsstarke Produktionsform etabliert, mit dem geografisch unabhängige, jedoch digital vernetzte Produktionsstätten weltweit
synchronisiert idente Teile herstellen können.
Das Lithoz Expertenteam beantwortet vor Ort alle Fragen und gibt
anregende Einblicke in die LCM Serienproduktion, die erklären,
wie diese Technologie den Standard der digitalen Dimension industrieller keramischer Serienfertigung setzen konnte.

herding.com

gie gibt seit kurzem die Pre-Launch-Kampagne „The Lithoz Way
of Big“.

SAFE SEPARATION OF FINE QUARTZ DUST
A-/PM4-Fraction

21.-24.6.2022

visit us Stand C1-520

Lithoz GmbH
1060 Wien, Österreich
www.lithoz.com

pure productivity
durable. effective. filter.

campaign “The Lithoz Way of Big”, which has been running since
late February.
The next level – LCM technology in industrial
mass production
Lithoz will show an extensive display about “empowering industrial mass production” after their success in upscaling their ultraprecise LCM technology for the production of large quantities. To
better illustrate LCM technology, Lithoz will present a brand new
animated video that shows every aspect of their LCM process,
alongside a live demonstration of their CeraFab Lab L30.
Lithoz has established ceramic additive manufacturing as a
profit-oriented, powerful production technique that will create
geographically independent, yet digitally connected, production
plants to globally synchronize the production of identical parts.
At ceramitec, Lithoz’s expert team of experienced material, machine and application engineers will answer all questions and
share stimulating insights into the use of LCM in mass production, with real-use cases explaining how and why LCM technology
defines the standard in the digital dimension of industrial serial
production of ceramics.
Lithoz GmbH
1060 Vienna, Austria
www.lithoz.com
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Black Forest precision
Plant and mechanical engineering
- Processing machines
- Automation technology
- Robotics
- Control and programming
- Services
D-79423 Heitersheim

+49 7634-51130

C3 121/122

www.wassmer.de
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„Für die Zukunft
seh´ ich schwarz.“

MUT Advanced Heating

Halle C1.319/420

MUT Advanced Heating auf der ceramitec 2022
Die Firma MUT Advanced Heating GmbH präsentiert verschiedene Wärmebehandlungssysteme für technische Keramiken sowie
für Anwendungen im Bereich der Pulvermetallurgie vor. Dazu zählt
die kontinuierliche Wärmebehandlung von Pulvern in besonderen
Atmosphären (Wasserstoff, Inertgas, Vakuum sowie weiteren
brennbaren Gasen), wie z. B. die Herstellung von Anoden-Graphit
oder auch das Recycling von Seltenen Erden.
Für die binderbasierte additive Fertigung können im kombinierten
Entbinderungs- und Sinterofen der Baureihe ISO besonders reine
Atmosphären erzeugt werden. Diese Ofentechnologie ermöglicht
branchenführende Atmosphären-Qualitäten; so lassen sich herausragende Materialeigenschaften erzielen. Für CIM und den
Schnellbrand von Keramiken bieten sich besonders Haubenöfen
des Typs IHO an. Produktionsabläufe können verkürzt werden und
Herstellungskosten somit gesenkt werden.
Ob für den Betrieb im Technikum oder im großindustriellen Einsatz, wir haben die für Sie passende Ofengröße parat!
MUT Advanced Heating GmbH
07749 Jena, Deutschland
E-Mail: mut@ mut-jena.de
www.mut-jena.de

Bilder: shutterstock, Creaton

Schwarz glänzend.
von Wendel.

Qualität
Versorgungssicherheit
Partnerschaft

MUT Advanced Heating

Hall C1.319/420

MUT Advanced Heating at ceramitec 2022
MUT Advanced Heating GmbH is presenting various heat treatment systems for technical ceramics as well as applications in
powder metallurgy. These include the continuous heat treatment
of powders in special atmospheres (hydrogen, inert gas, vacuum
and other combustible gases) like, for example, the production of
anode graphite or the recycling of rare earths.
For binder-based additive manufacturing, exceptionally pure atmospheres can be generated in the ISO line of combined debinding and sintering furnaces. This furnace technology enables
best-in-class atmosphere quality, to ensure outstanding material
properties. For CIM and ceramic fast-firing, the IHO hood furnaces
have proven particularly effective. Production processes can be
shortened and production costs lowered as a result.
Whether for operation in test centres or on industrial scale, we
have the right size of oven and furnace for you!

MUT Advanced Heating GmbH
07749 Jena, Germany
E-mail: mut@ mut-jena.de
www.mut-jena.de
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ONEJOON

Halle C1.122

Wie Keramikhersteller mit den geprüften Ofenkonzepten von ONEJOON und dem L2P-Programm
von ONEJOON zur Überbrückung der Lücke von der
Chargen- zur kontinuierlichen Produktion Effizienz
und Durchsatz steigern können

ONEJOON 

Hall C1.122

How Ceramic Producers Can Increase Efficiency and
Throughput with ONEJOON´s Verified Kiln Concepts
and ONEJOON’s L2P-Program, Designed for Bridging
the Gap from Batch to Continuous Production

Mit dem Ziel, die bestmögliche Produktionsanlage zu konzipieren,
With the objective of designing the best possible production plant,
bietet ONEJOON solide Bausteine aus dem erprobten ONEJOONONEJOON offers sound building blocks from the well-tested ONEBaukasten. Im Rahmen des L2P-Programms erhalten Ihre Ingenieure
JOON construction kit. During the L2P-Program, your engineers and
und andere Beteiligte ein tiefes Verständnis für die kontinuierliche
other interested parties will have a profound understanding of the
Fertigungstechnologie, eicontinuous manufacturing
nen optimierten Wärmetechnology, an optimised
behandlungsprozess
im
heat treatment process in
Durchlaufofen und den
the continuous kiln and the
entsprechenden Anlagencorresponding machinery.
aufbau.
The main focus of our L2PDer Schwerpunkt unserer
service is on the one hand
L2P-Dienstleistung
liegt
the optimisation of your
zum einen in der Optimieexisting kiln and process
rung Ihrer bestehenden
curves (this includes, for
Ofen- und Prozesskurven
example, an exact deter(dies beinhaltet z. B. eine
mination of temperature
exakte Bestimmung der
homogeneities in the entire
Temperaturhomogenitäten
product charge as well as
in der gesamten Produktthe derivation of optimum
charge sowie die Ableitung Bild / Fig. Das L2P-Programm von ONEJOON / ONEJOON´s L2P-Program
gradients and heating
optimaler Gradienten und
times) and on the other
Durchwärmungszeiten) und zum anderen in einer exakt auf die
hand on a kiln and machine design that is precisely adapted to the
Produkt- und Produktionsanforderungen abgestimmten Ofen- und
product and production requirements. Specific design of kiln furniMaschinenauslegung. Auch die spezifische Gestaltung von Brennture and material flow and automation concepts are also customhilfsmitteln sowie Materialfluss- und Automatisierungskonzepte
ized by ONEJOON engineers and our vast partner network.
werden von ONEJOON-Ingenieuren und unserem umfangreichen
You can find more information at www.onejoon.de/sofc-soec.
Partnernetzwerk maßgeschneidert.
Visit us at ceramitec in Hall C1, Stand 122.
Mehr Informationen finden Sie unter www.onejoon.de/sofc-soec.
Besuchen Sie uns auf der ceramitec in Halle C1, Stand 122.
ONEJOON GmbH
37120 Bovenden, Deutschland
E-Mail: info@onejoon.de
www.onejoon.de

ONEJOON GmbH
37120 Bovenden, Germany
E-mail: info@onejoon.de
www.onejoon.de
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Main target industries: automotive, aviation, space travel, electronics and sensors, energy technology,
power generation, environmental technology, fluid technology, friction, wear protection and corrosion,
armour, heat treatment, high temperature applications, household and luxury goods, medical
technology, metal industry, optics, textile, food and beverage applications.

CERAMIC APPLICATIONS
Components for high performance
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Adolf Gottfried Tonwerke GmbH
Gottfried Feldspat GmbH

Adolf Gottfried Tonwerke GmbH
Halle C2.503

100 Jahre Qualität nach Maß bei Ton, Schamotte,
Speckstein und Feldspat

Gottfried Feldspat GmbH

Hall C2.503

100 Years of Made-to-Measure Quality for Clay,
Chamotte, Soapstone and Feldspar

Seit der Gründung des Unternehmens 1921, entwickelt sich GottSince the founding of the company in 1921, Gottfried continues
fried laufend weiter als kompetenter Rohstoffpartner für die keramito develop as a competent raw materials partner for the ceramics
sche Industrie. Die Palette an Roh- und Mahltonen reicht im Bereich
industry. The array of raw and ground clays ranges from 20–43 %
20–43 % Al2O3 und Brennfarben von cremeweiß über gelb bis rot.
Al2O3 and fired colours from creamy white through yellow to red.
Hauptabnehemr sind hier Hersteller von Baukeramik und FeuerfestMain buyers are the manufacturers of building ceramics and refracprodukten.
tory products.
Mit ARGOLITEC bietet Gottfried
With ARGOLITEC, Gottfried is
neu eine tonmineralische Pronow offering a clay mineral
duktreihe auf Basis hochreiner
product line on the basis of
und extrem feinkörniger Illite an.
high-purity and extremely fineDie nicht quellfähigen Schichtgrained illites. The non-swelling
silikate sind zum Plastifizieren
phyllosilicates are predestined
sowie als Binder und Sinterhilfsfor plasticizing as well as binder
stoff prädestiniert für High-Perand sintering aids for high-performance-Anwendungen.
formance applications.
The product range includes a
Angeboten wird ein breites
wide assortment of chamottes
Sortiment an Schamotten, die
that are optimized for specific
anwendungsbezogen optimiert
applications. They have proven
sind. Sie haben sich vor allem
effective primarily for refractory
für feuerfeste Produkte, Sanitärproducts, fine fireclay sanitaryFeinfeuerton, Fliesen und andere
ware, tiles and other building
Baukeramik bewährt. Speckstein
ceramics. Soapstone raw and
roh und kalziniert für Steatit- und
calcined for steatite and cordierCordieritmassen sowie Krümelite bodies as well as crumbly
massen und Lohnaufbereitung
bodies and contract processing
ergänzen das Programm.Pegmacomplete the range. Pegmatite
tit wird von Gottfried Feldspat
is extracted by Gottfried Feldspat
gefördert und eisenfrei gemahand ground iron-free. The whitelen. Der weißbrennende Kalifeldfiring potash feldspar sand is
spatsand dient als Basisrohstoff
used as a basic raw material
für Porzellan, Sanitärkeramik
for porcelain, sanitaryware and
und Fliesen. Spezielle Körnuntiles. Special grades are used in
gen finden Anwendung in hellen
light-coloured clinker bodies and
Klinkermassen und als Mageas shortening material in roofrungsmittel bei Dachziegeln. Im
ing tiles. In the mineral grinding
Mineralmahlwerk können auch
facility, combinations of other
Kombinationen aus anderen Bild ARGOLITEC, Tonpulver aus hochreinem und extrem
feldspars or mineral products,
Feldspäten oder Mineralproduk- feinkörnigem Illit
such as chamottes, quartz and
ten, wie Schamotten, Quarz und Fig. ARGOLITEC, clay powder prepared from high-purity and
wollastonite, can also be ground.
Wollastonit vermahlen werden.
extremely fine-grained illite
Adolf Gottfried Tonwerke GmbH
Gottfried Feldspat GmbH
96269 Großheirath, Germany
www.gottfried.de

Adolf Gottfried Tonwerke GmbH
Gottfried Feldspat GmbH
96269 Großheirath, Deutschland
www.gottfried.de
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Almatis

Halle C2.335

Almatis

Hall C2.335

Almatis – Save your Energy

Almatis – Save your Energy

Hervorrangende Qualität, Innovation und Leidenschaft – das ist
Almatis. Wir führen unser Unternehmen mit einem klaren Fokus auf
Sicherheit, Qualität, Nachhaltigkeit, Innovation, zuverlässige Lieferung und Kundenorientierung.
In einer Zeit, in der Bauteile immer kleiner werden und zu Hause
gedruckt werden können, wo Energien umweltfreundlich werden
und die Echtzeit-Vernetzung weniger ein Trend als vielmehr gelebte
Realität ist, ermöglichen Tonerden von Almatis die Entwicklung von
Technologien der kommenden Generationen.
Über 100 Jahre Forschung
und Entwicklung von Aluminiumoxiden
zeichnen
Almatis aus und mit weltweit 1000 Mitarbeitern an
9 Produktionsstandorten
verfügt Almatis über das
größte Produktionsnetzwerk in der Branche.
Mit Standort- und Kapazitätserweiterungen bieten
wir unseren Kunden regionale Lieferketten und kurze
Lieferwege.
Zu unserem Produktangebot gehören Tabular-Tonerden, Spinelle und BSA-96;
Zemente, Bindemittel und Additive; gemahlene und ungemahlene,
kalzinierte und reaktive Tonerden und viele weitere Spezialprodukte,
z. B. unsere neuen extra- und ultra-natriumarmen Aluminiumoxide.
Almatis bietet seinen Kunden das umfassendste Portfolio der Branche. Unsere Produkte sind für ihre Leistungsfähigkeit und konstante
Qualität bekannt, überall und zu jeder Zeit.

Excellence and Innovation, driven by Passion – Almatis leads by
focusing on safety, quality, sustainability, innovation, reliable supply
and customer-centric support and services. As devices continually
become smaller and soon may be printed at home, energy becomes
environmental friendly and full-time – real-time connectivity is less
a trend than a reality, Almatis aluminas enable the development of
next-generation technologies.
The Almatis legacy and leading position in the industry is distinguished by more than 100 years of research and development into
alumina. With 1000 employees in
9 production locations around the
world, Almatis has the largest operational network in the industry.
We are focused on regional supply
chain solutions and increasing our
production capabilities for regional
markets and customers.
Our broad product offerings include calcined aluminas, low soda
aluminas, extra and ultra-low soda
aluminas, continuous and batch
ground aluminas, tabular alumina
and spinels; high alumina calcium
aluminate cements and binders;
and many other specialty products.

Wir freuen uns, Sie auf der CERAMITEC 2022 an unserem Stand 335
in der Halle C2 begrüßen zu dürfen, um Ihnen unsere Produkte und
optimale Lösungen für Ihre Anwendungen vorzustellen.

Across our core and emerging markets, Almatis offers the most comprehensive portfolio in the industry, with products that are known to
perform consistently, anywhere, anytime, every time.
We look forward to meeting with you at CERAMITEC 2022 to discuss how our products may offer new solutions for your business.
You can find us in Hall C2, Stand 335.
Think alumina, think Almatis.

Think alumina, think Almatis.
Almatis GmbH
60439 Frankfurt am Main, Deutschland
E-Mail: info@almatis.com
www.almatis.com
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Almatis GmbH
60439 Frankfurt am Main, Germany
E-mail: info@almatis.com
www.almatis.com
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ALTEO

Halle C2.203/304

ALTEO

Hall C2.203/304

ALTEO, führender Hersteller von Spezialtonerden, ist
auf der ceramitec dabei

ALTEO, Specialty Alumina Leader, will be at
ceramitec

Die Anfänge des Unternehmens reichen 120 Jahre zurück – damals war es der erste Hersteller von Tonerden. Heute ist ALTEO ein
führender Anbieter von Spezialtonerden, der weltweit tätig ist. Versorgt werden unterschiedliche Märkte, wie die Technische Keramik
und Fliesenindustrie sowie die Feuerfestindustrie, die Spezialglasund Flammschutzmittelhersteller und der Markt von leistungsstarken Füllstoffen und Beschichtungen für Batterieseparatoren. ALTEO
ist ein weltweit führender Herstellerer mit Produktionsstätten in
Europa und Asien.
Unsere umfassende Produktpalette enthält Hydrate, kalzinierte
Tonerden, alkaliarme und hochreine Tonerden (3N5) sowie weitere
hochwertige Spezialitäten. Um die besten Produktqualitäten und
Serviceleistungen bieten zu können, investiert ALTEO ständig in Produktionsanlagen, die dem neuesten Stand der Technik entsprechen,
und in gleicher Weise in Lager und Logistik sowie angewandte Forschung und technische Kompetenz.
Das ALTEO-Team freut sich auf Ihren Besuch auf der ceramitec,
Halle C2, Stand 203/304. Bis dahin bietet Ihnen die Webseite www.
alteo-alumina.com viele Informationen.

From being the first producer of alumina 120 years ago, ALTEO
has evolved into one of the leading, integrated, global suppliers of
specialty aluminas for various markets such as ceramics (technical
and tiles), refractories, special glass, flame retardant, performant fillers and batterie separator coatings. ALTEO is a worldwide leader
with a production in Europe and Asia.
Our comprehensive product range incorporates hydrates, calcined
aluminas, very low soda, high purity alumina (3N5) as well as other
high performance specialities.
To ensure the best quality of products and services, ALTEO continuously invests in the latest production equipment, local storage and
logistics, applied research and technical expertise.
To know more, meet ALTEO’s team at ceramitec – Hall C2, Stand
203/304 and visit www.alteo-alumina.com

ALTEO
13541 Gardanne Cedex, Frankreich
www.alteo-alumina.com

ALTEO
13541 Gardanne Cedex, France
www.alteo-alumina.com
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Baikowski 

Halle C2.513

Baikowski

Hall C2.513

Baikowski® – Hochwertige Oxide für die
Hochleistungskeramik

Baikowski® – Fine Oxides for Advanced Ceramics

Seit über 115 Jahren ist Baikowski ein führender, industrieller
Hersteller von hochreinem Aluminiumoxid (HPA), Spinell, Phosphor (YAG, LuAG) und Zirkondioxid. Baikowskis Rohstoffe sind der
Grundpfeiler für Entwicklungen von hochwertiger Technischer Keramik und photonischer Kristalle. Zudem sind sie die Hauptkomponenten für hochwertige Polierpasten, Additive und Coatings. Die Firma
hat ihre Produktionsstätten und F+E-Labore in Frankreich, USA und
Japan. Baikowski hat seine weltweite Präsenz mit Verkaufsbüros
und Vertretungen in Korea und China komplettiert. Mathym® entwickelt hochleistungsfähige Nano-Dispersionen und wurde kürzlich
in die Baikowski Group integriert.
Baikowskis hochreine Rohstoffe
sind für verschiedene Anwendungen in der Hochleistungskeramik
zugeschnitten:

For over 115 years, Baikowski has been a leading industrial
manufacturer of High Purity Alumina (HPA), Spinel, Phosphors (YAG,
LuAG), and Zirconia. Baikowski’s raw materials are the keystone
to the development of high-end technical ceramics and photonic
crystals as well as the core component for precision polishing slurries, additives, and coatings. The company has its production and
R&D units in France, United-States, and Japan. Baikowski completes
its worldwide presence with offices and sales agents in Korea and
China. Mathym®, newly integrated to Baikowski group, develops
high-performing nano-dispersions. Baikowski’s high purity raw materials are customized for several
advanced ceramic applications:

Ceramic Matrix Composites –
CMC
Baikowski develops specialized
Ceramic Matrix Composites –
HPA and mullite ceramic matrix
CMC
aggregates for oxide-oxide CMCs.
Baikowski entwickelt spezielle
Fine oxides enhance the CMC
HPA- und Mullit-basierte Keraproperties including interlaminar
mikmatrixaggregate für Oxidstrength, thermal shock resistance,
Oxid- CMCs. Hochwertige Oxide
lightweight, fracture toughness,
verstärken die Eigenschaften von
tensile creep, electrical insulation,
CMCs, wie die interlaminare Fesand chemical stability.
tigkeit, Thermoschockbeständig- Bild Baikowski, Partner für Lösungen mit hochwertigen
These properties are strengthkeit, ein niedriges Gewicht, die Mineralien, entwickelt maßgeschneiderte, hochwertige Oxide
ened by Baikowski’s tight control
für Anwendungen in der Hochleistungskeramik
Bruchzähigkeit, Kriechfestigkeit,
of particle size distribution in the
Fig. Baikowski, solution partner for fine minerals, develops
elektrische Isolierung und die
delivered products (d50<0,2 µm),
tailor-made fine oxides for advanced ceramic applications
chemische Stabilität. Diese Eigenphase purity (100 % α-alumina),
schaften werden verstärkt durch
high sinterability, high solid loadBaikowskis strenge Produktionskontrollen erreicht. Dazu gehören
ing content with only moderate increase in viscosity. Their particle
die Kornverteilung der gelieferten Produkte (d50<0,2 µm), Phacontrol allows for easy processability, intimate mixing, lower sintering temperatures, and stronger mechanical properties. Their customsenreinheit (100 % α-Aluminiumoxid), hohe Sinteraktivität sowie
ized solutions for CMC include powders, powder suspensions, and
hoher Feststoffgehalt bei nur moderatem Anstieg der Viskosität. Ihre
material composition and repairable CMCs.
Partikelkontrolle steht für einfaches Verarbeitungsverhalten, intensives Vermischen, niedrige Sintertemperaturen und hohe mechanische
Transparent ceramics
Festigkeiten. Die maßgeschneiderten Angebote für CMCs reichen
Baikowski provides dedicated raw material such as spinel, HPA, or
vom Pulvern zu Suspensionen und Versätzen sowie ausbesserungsYAG for transparent ceramics. On the one hand, Baikowski has been
fähigen CMCs.
optimizing its powders for optical functions in the final ceramics. Indeed, they control the purity, formulation for sintering process, and
Transparente Keramik
the size of particles. Thus, it ensures the best density for ceramic
Baikowski hat spezielle Rohstoffqualitäten von Spinell, HPA oder
parts while keeping good optical properties.
YAG für die transparente Keramik. Zum einen hat Baikowski diese
On the other, their spinel products have a constant crystallographic
Pulver für optische Eigenschaften der keramischen Endprodukte opcomposition with low sulfur content and low metallic impurities. It
timiert. Das geschieht durch die Kontrolle der Reinheit, Anpassung
ensures the best transparency and mechanical properties for cean den Sinterprozess und Optimierung der Partikelgrößen. So werramic parts.
den die höchsten Dichten der Keramikkomponenten unter BeibehalThose properties are strengthened by Baikowski’s control of particle
tung guter optischer Eigenschaften erreicht.
size and size distribution in the delivered products. Moreover, their
Zum anderen haben die Spinell-Produkte konstante kristallograproducts adapt easily to the customer process, either traditional CIP
phische Zusammensetzungen mit niedrigem Schwefelgehalt und
(Cold Isostatic Pressing) and sinter, hot pressing, HIP (Hot Isostatic
geringen metallischen Verunreinigungen. Das sichert die beste
Pressing) or single crystal growth.
Transparenz sowie gute mechanische Eigenschaften bei den KeraC 46
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Ultrafiltration ceramics
Their fine oxides allow to develop hierarchical porosity in ultrafiltration ceramics. This functionality implies that the customer will use specific processes to manage such a high level of control
of the porosity of the final ceramic membrane. They adapt the product according to the process
of each customer to tune macro-, meso-, and microporosity. For example, they design HPA for
mesoporous membranes such as plate and frame ceramic membranes. Furthermore, nanoparticles with controlled morphology and surface activity can be used to tune the microstructure
of ceramics and composites, obtaining smaller grain sizes at lower sintering temperatures, and
allowing the design of novel microstructures in nanoporous materials. Main applications include
nanoporous layers in ultrafiltration/nanofiltration ceramic membranes for gas separation, water
decontamination, food processing, chemical and pharmaceutical manufacturing.
Ceramic cutting tools
Ceramic cutting tools are requiring strong wear resistance. Only high-density pieces with great
intrinsic hardness and no porosity can provide a very good resistance to wear. Baikowski provides HPA and zirconia with controlled agglomerates (which tend to zero for no porosity) and
controlled particle size distribution.
Furthermore, the finer the microstructure, the tougher the cutting tool. Baikowski provides fine
oxides guaranteeing controlled size of the final ceramic grains and hardness due to the finest
microstructure. The ceramic obtained by sintering their powders is highly dense at a low temperature. They also develop ready-to-press powders dedicated to injection moulding. They add various
dopants upon request, to foster the densification of the ceramic. Some additives like zirconia can
also reinforce the mechanical properties.

Keralpor
Your choice when it comes to state
of the art economical sinter plates

Keralpor 99
Homogenous shrinkage
debinding Good heat dissipation
for MIM CIM & 3D-Printing

Medical ceramics
Medical ceramics (or bioceramics) shall be long-lasting, as implants in the body must last longer
than a human life. Baikowski provides zirconia-based material, like BSZ (Baikowski’s Yttria-Stabilized Zirconia) and ATZ (Alumina-Toughened Zirconia) as well as alumina-based material like
ZTA (Zirconia-Toughened Alumina) to create durable ceramic parts. BSZ8Y particularly fits dental
implant application, insofar as it is combining 8 % of yttria (bringing the transparency) with the
mechanical properties of zirconia.
Moreover, a colored dopant can add the final touch to the appearance of the ceramic, while a
3rd phase dopant for ATZ or ZTA will improve its mechanical properties. Mathym also developed
zirconia nanoparticles in suspension, allowing to combine radiopacity and enhanced mechanical
properties of the dental composite.

automation sintering

Thermal management ceramics
Baikowski provides HPA enabling to control the final porosity of the ceramic. Indeed, they control the particle size, particle size distribution and agglomerates of HPA. It participates in the
efficiency of the heat dissipation or insulation. With a HPA-based paste, the customer obtains
a controlled viscosity thanks to the control of the physical parameters of the product. The CMA
(Controlled Morphology Alumina) was particularly designed for thermal management purpose.

Good thermal shock resistance

Specialty coatings
The thickness of the coating layer is optimized by controlling the particle size of fine oxide powders. In addition, Baikowski controls the surface chemistry of the particles to enhance chemical
resistance. The sintering temperature must be below the coated material’s operating capabilities.
That’s why they produce highly reactive particles, by controlling the chemical purity. Moreover,
the control of the shrinkage of the material maximizes the compatibility of the coating slurry and
the coated material.
Want to know more? Visit the website www.baikowski.com

Keralpor S Good flatness
High reliability laser cutting
charging smooth surface

no discolouration
Fine-grained texture
no discolouration

no irritations
robot handling
no sticking
tape casted
Meet us on the 21.-24. Juni
at the Ceramitec 2022 Hall 1
Booth 319/420 in Munich

Baikowski S.A.
74330 Poisy, France
E-mail: sales@baikowski.com
www.baikowski.com
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mikkomponenten. Diese Eigenschaften werden von Baikowski durch strenge Kontrolle der Korngröße und -verteilung bei den zu lieferenden
Produkten abgesichert. Zudem passen sich die Produkte leicht der Prozesstechnik beim Kunden an: entweder traditionelles kaltisostatisches
Pressen (CIP), Sintern, Heißpressen, HIP (Heißisostisches Pressen) oder Einzelkristallwachstum.
Keramik für Ultrafiltration
Diese feinkörnige Oxide erlauben es, hierarchische Porositäten für die Ultrafiltration zu entwickeln. Diese Funktionalität impliziert, dass
der Kunde spezielle Prozesse einsetzt, um ein derart hohes Level bei der Kontrolle von Porositäten an der hergestellten Keramikmembran
zu beherrschen. Diese Produkte werden gemäß der einzelnen Kundenanforderung eingestellt, um die Makro-, Meso-, und Mikroporosität
dazustellen. Zum Beispiel geschieht das mit speziell eingestelltem HPA für mesoporöse Membranen in Form von Platten- und Rahmenmembranen. Zudem können Nanopartikel mit kontrollierter Morphologie und Oberflächenaktivität verwendet werden, um das Gefüge von Keramiken und Kompositen einzustellen. Es können feinere Strukturen bei niedrigeren Sintertemperaturen erreicht und neue Gefügeparameter
in nanoporösen Materialien eingestellt werden. Die hauptsächlichen Anwendungen sind nanoporöse Schichten auf Keramikmembranen für
die Ultrafiltration/Nanofiltration in der Gasseparation, Wasseraufbereitung, Lebensmittelverarbeitung, Chemischen und Pharmazeutischen
Verfahrenstechnik.
Schneidkeramik
Schneidkeramiken fordern eine hohe Abriebfestigkeit. Nur hoch-dichte Teile mit hoher spezifischer Festigkeit, ohne Porosität, können wirklich
gute Abriebfestigkeiten realisieren. Baikowski liefert HPA und Zirkondioxid mit kontrollierter Agglomeration (die quasi eine Porosität Null
ermöglichen) und zudem kontrollierten Kornverteilungen. Außerdem je feiner das Gefüge ist, desto fester ist das Schneidwerkzeug. Baikowski
liefert feinkörnige Oxide, die eine kontrollierte Korngröße im Keramikgefüge garantieren und entsprechend die Festigkeit aufgrund eines
feinkörnigen Gefüges. Die Keramik, die mit diesen Pulvern hergestellt wird, erreicht eine hohe Dichte bei niedrigen Temperaturen. Es wurden
auch Feedstocks für den Spritzguss entwickelt. Auf Anfrage können unterschiedlich Zuschlagstoffe zugegeben werden, um die Dichte der
Keramik zu erhöhen. Einige Additive – wie Zirkonoxid – können zudem die mechanischen Eigenschaften verbessern.
Keramik in der Medizin
Keramik in der Medizin (oder Biokeramik) soll langlebig sein, da Implantate im Körper lebenslang funktionieren müssen. Baikowski liefert
Zirkonoxid-basierte Materialien, wie BSZ (Baikowskis Yttria-Stabilized Zirconia) und ATZ (Alumina-Toughened Zirconia) sowie Aluminiumoxid-basierte Materialien wie ZTA (Zirconia-Toughened Alumina), um langlebige Keramiken herstellen zu können. BSZ8Y ist speziell für
Zahnimplantate geeignet, insofern als es 8 % Yttrium (verantwortlich für die Transparenz) mit den guten mechanischen Eigenschaften des
Zirkonoxids verbindet.
Zudem kann ein Zuschlag von Farbkörpern das finale Erscheinungsbild anpassen, während eine 3. Phase bei ATZ oder ZTA die mechanischen
Eigenschaften verbessert. Mathym entwickelt auch Zirkonoxidsuspensionen auf Basis von Nanopartikeln, die es erlauben bei Dentalkompositen die mechanische Festigkeit und Strahlungsundurchlässigkeit zu erhöhen.
Keramik für Thermal Management
Baikowski liefert HPA, um die Endporosität der Keramik kontrollieren zu können. Es werden die Korngröße, Korngrößenverteilung und Agglomeration der HPA-Qualitäten kontrolliert. Das hat einen Anteil an der Wirksamkeit von Wärmeableitung bzw. Isolation. Mit HPA-basierten
Pasten erreicht der Kunde eine kontrollierte Viskosität, dank der Kontrolle der physikalischen Eigenschaften des Produkts. Die CMA-Reihe
(Controlled Morphology Alumina) wurde speziell für dieses Anwendungsgebiet entwickelt.
Spezielle Coatings
Die Stärke der Coating-Schichten wird durch die Kontrolle der Korngrößen der feinen Oxidpulver optimiert. Zudem kontrolliert Baikowski die
Oberflächenchemie der Partikel, um die chemische Beständigkeit zu verbessern. Die Sintertemperatur muss unter der von Betriebsbedingungen des gecoateten Materials sein. Deshalb stellt die Firma hoch-reaktive Partikel her, deren chemische Reinheit kontrolliert wird. Weiterhin
wird die Schwindung des Materials geprüft, um die Anpassung der Coatingsuspension auf das gecoatete Material zu gewährleisten.
Mehr Informationen auf: www.baikowski.com
Baikowski S.A.
74330 Poisy, Frankreich
E-Mail: sales@baikowski.com
www.baikowski.com
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Industriekeramik Hochrhein

Halle C2.504

Industriekeramik Hochrhein

Hall C2.504

We have the Powder

We have the Powder

Seit 1995 entwickelt und produziert IKH technische Keramikmaterialien. Mit unseren modernen Produktionsanlagen für feine und
ultrafeine oxidische sowie nichtoxidische keramische Pulver sind wir
in der Lage, Ihnen flexibel und schnell spezifische Pulver aus unserem umfangreichen Portfolio, das von SiC, B4C und Si3N4 über Al2O3,
YSZ und MgPSZ bis zu Kompositpulvern reicht, zu liefern.
Für die keramische Formgebung bieten wir Vormischungen z. B. zum
Einsatz beim Trockenpressen (RTP – Ready-to-Press Powder), Pulverspritzgießen (Hochdruck und Niederdruck), Schlickergießen, Präzisionsguss und Extrudieren an. Für das thermische Spritzen haben
wir eine Vielzahl von keramischen Pulvern aus Verbundwerkstoffen
entwickelt.
Ob Automobilindustrie, Maschinenbau, Luftfahrt, Stahlverarbeitung, Gießerei, Papier- und Textilindustrie, Glasindustrie, Medizin,
Umwelt- und Energietechnik oder Ballistischer Schutz – unsere
Kunden schätzen unsere Erfahrung, Kompetenz und Know-how.

IKH has been developing and producing technical ceramic materials since 1995. With our modern production plants for fine and
ultra-fine oxide as well as non-oxide ceramic powders we can provide you very flexibly and quickly with specific powders from our
large portfolio, ranging from SiC, B4C and Si3N4 over Al2O3, YSZ and
MgPSZ to composite powders.
For ceramic shaping, we have created premixes to be used with dry
pressing technique (RTP – Ready-to-Press Powder), powder injection molding (high-pressure and low-pressure), slip casting, precision casting and extrusion. For thermal spray applications we have
developed a great variety of ceramic powders made of composite
materials.
Whether in the automobile industry, mechanical engineering, aviation, steel processing, founding, the paper and textile industry, the
glass industry, healthcare, environmental and energy technology or
ballistic protection – our customers appreciate our experience, ex-

Customized fine Ceramic Powder and
Ready to Press for technical Application.

– Silicon Nitride (Si3N4)
– Silicon Carbide (SiC)
– Boron Carbide (B4C)
– Alumina (Al2O3)
– Zirconia (ZrO2)
– Yttria (Y2O3)
– Material Compounds

WE HAVE THE POWDER
Industriekeramik Hochrhein GmbH
Industriestraße 4
D-79793 Wutöschingen

fon: + 49 77 46 - 92 10 0
fax: + 49 77 46 - 92 10 99
mail: info@ik-hochrhein.com

Industriekeramik Hochrhein GmbH
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Unsere hohe Flexibilität ermöglicht uns, maßgeschneiderte Pulver
in kostengünstige Mengen für Test- und Versuchszwecke oder Rapid
Prototyping herzustellen.
Für uns ist die Qualitätskontrolle von entscheidender Bedeutung,
um Ihnen konstant qualitativ hochwertige Produkte, die auf allen
Ebenen der Produktion geprüft wurden, zu liefern. Jedes unserer
Produkte ist mit einem eigenen Qualitätszertifikat versehen. Unser
Unternehmen ist nach DIN ISO 9001:2015 vom DQS zertifiziert.
Wir freuen uns, Sie auf der ceramitec 2022 an unserem Stand in
Halle C2, Stand 504, zu begrüßen!

pertise and know-how. Our high flexibility enables us to produce
cost-efficient quantities for test and trial purposes or rapid prototyping.
For us, quality control is vital to consistently provide you with high
quality products that have been checked at all levels of production.
Hence, each of our products comes with its own certificate of quality. Our company is certified according to DIN ISO 9001:2015 by the
DQS (German Registrar for Management Systems).
We look forward to welcoming you at our Stand at ceramitec 2022
– Hall C2, Stand 504!

Industriekeramik Hochrhein GmbH
79793 Wutöschingen Deutschland
E-Mail: info@ik-hochrhein.com
www.ik-hochrhein.com

Industriekeramik Hochrhein GmbH
79793 Wutöschingen, Germany
E-mail: info@ik-hochrhein.com
www.ik-hochrhein.com

Mowital® – technology
scouting in ceramics
• Support in external
projects using own
R&D plus application
laboratories
• Cooperation with
institutes and
universities

Joint Booth
C1 319/420

• Strong performance
as a binder
• Use in microelectronics e.g. MLCCs

• Broad portfolio
of different molecular
weights (PVB)

• Wide range of
processing possibilities
e.g. tape casting,
FDM, CEM etc.

www.mowital.com
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Keramischer OFENBAU 

Halle C2.322

Keramischer OFENBAU GmbH: Kompetenz – Effizienz –
Innovation

Keramischer OFENBAU 

Hall C2.322

Keramischer OFENBAU GmbH: Competence – Efficiency
– Innovation

Notwendige, tiefgreifende Veränderungen in globalen Energiesystemen
Current profound changes in global energy systems, security of supply
der Versorgungssicherheit und somit steigender Bepreisung fossiler Enerand subsequent rising prices for fossil fuels pose challenges for many
gieträger stellen viele Unternehmen weltweit vor Herausforderungen. Kecompanies worldwide. Keramischer OFENBAU is not merely a bystander,
ramischer OFENBAU ist hier nicht nur Beobachter, sondern nimmt vielmehr
but rather takes a proactive role in developing visionary solution coneine proaktive Rolle in der Entwicklung zukunftsweisender Konzepte ein.
cepts.
Dank der langjährigen Erfahrung und Expertise des breit aufgestellten
Thanks to many years of experience and expertise in the diversified team,
Teams konnten in einer Vielzahl von Ofenanlagen durch den Einsatz der insavings of up to 40 % in specific gas consumption have been achieved
novativen Brückentechnologie EnerViT nachweislich bis zu 40 % Einsparunin a large number of kiln plants, especially through implementing the
gen im spezifischen Gasverbrauch erreicht werden. Durch die Verbindung
innovative EnerViT firing technology: by combining increased outputs
aus Leistungssteigerung und Verbrauchsreduktion kann ein hocheffizienter
with reduced energy consumption, one new highly efficient kiln can
Ofen bis zu drei Bestandsanlagen
replace up to three existersetzen. Diese Effizienzsteigeing plants. Such efficiency
rung lässt sich nicht nur in neuen
improvement can not only
Durchlauföfen, sondern vor allem
be achieved in new continuauch durch die Modernisierung
ous kilns, but especially by
und Optimierung bestehender
modernising and optimising
Anlagen erreichen. Eine Kombiexisting plants: the interplay
nation aus wartungsfreundlichen
of maintenance-friendly firBrennertechnologien und ZrOing technologies and ZrO
Lambda-Messtechnik ermöglicht
Lambda measuring technolhier Leistungssteigerungen bei
ogy enables performance
gleichzeitiger Verbrauchs- und
increases while reducing
Emissionsreduktion. Der Erfolg
consumption and emissions.
des Brennsystems EnerViT moEnerViT‘s success motivates
tiviert Keramischer OFENBAU
Keramischer OFENBAU to
dazu, sich weiterhin zur Innovati- Bild Neue automatisierte hocheffizienter Tunnelofen für Glühbrand
strengthen its commitment
on zu verpflichten und stets neue Fig. New automated, highly efficient tunnel kiln for biscuit firing
to innovation and to conMaßstäbe zu setzen.
stantly set new benchmarks.
Consequently,
the
company
contributes
to
shaping
the future sustainably
So gestaltet das Unternehmen die Zukunft nachhaltig mit und ist zukünftigen
and is always one step ahead of upcoming challenges.
Herausforderungen stets einen Schritt voraus. Immer dem Ziel des Ofen 4.0
With the kiln 4.0 in focus, in optimal balance of energy and economic
mit einem optimalen Verhältnis aus Effizienz, Wirtschaftlichkeit und Zukunftsefficiency as well as sustainability, Keramischer OFENBAU defines new
fähigkeit im Fokus definiert Keramischer OFENBAU neue Energiestandards bei
energy standards while simultaneously increasing the yield rate in ceeiner gleichzeitigen Erhöhung der Ertragsrate keramischer Produkte. Verschieramic production. Diverse research projects with various partners focus
dene Forschungsprojekte mit diversen Partnern fokussieren auf die Transforon transforming classic gas-heated processes towards heating with altermation klassisch gasbeheizter Prozesse auf Beheizung mit alternativen Enernative energy – from biogases to pure hydrogen – and electrical heating.
gien – von Biogasen über reinen Wasserstoff bis zu elektrischer Beheizung.
Thus, by making intelligent use of innovative technology and weightSomit kann Keramischer OFENBAU durch den intelligenten Einsatz innovaoptimised materials in the most efficient kiln systems, Keramischer OFENtiver Technik und gewichtsoptimierter Materialien in effizientesten OfenBAU can reduce fossil fuel consumption to a minimum and, in addition
anlagen den Einsatz fossiler Brennstoffe auf ein Minimum reduzieren und
to increased added value and energy security for customers, contribute
neben der erhöhten Wertschöpfung und Energiesicherheit für Kunden eiconsiderably to climate protection. Efficiency and innovation are just as
nen Beitrag zum Klimaschutz leisten. Effizienz und Innovation sind hierbei
important as the company’s service orientation: with expertise, reliability
ebenso wichtig wie die Serviceorientierung des Unternehmens. Mit Fachand transparency, Keramischer OFENBAU offers high-quality, future-proof
kompetenz, Zuverlässigkeit und Transparenz bietet das Unternehmen nach
implementation after intensive, individual consultation and planning.
intensiver, individueller Beratung und Planung eine qualitativ hochwertige
und zukunftsfähige Umsetzung.
Visit us during ceramitec, in Hall C2, Stand 322. We will gladly discuss the
Besuchen Sie uns während der ceramitec in Halle C2, Stand 322. Gerne
kiln of the future with you.
sprechen wir mit Ihnen über den Ofen der Zukunft.
Keramischer OFENBAU GmbH
31135 Hildesheim, Germany
E-mail: info@KeramischerOFENBAU.de
www.KeramischerOFENBAU.de

Keramischer OFENBAU GmbH
31135 Hildesheim, Deutschland
E-Mail: info@KeramischerOFENBAU.de
www.KeramischerOFENBAU.de
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Nabaltec

Halle C2.414

Hochspezialisierte Produkte für den Einsatz in der
Technischen Keramik, der Feuerfestindustrie und der
Polierindustrie

Nabaltec

Hall C2.414

Highly Specialized Products for Use in Technical
Ceramics, the Refractory and Polishing Industries

Nabaltec produziert, entwickelt und vertreibt Spezialoxide und
Nabaltec manufactures, develops and distributes special oxides
umweltfreundliche, flammhemmende Füllstoffe.
and environmentally friendly, flame-retardant fillers.
Diese beiden hochspezialisierten
These two highly specialized
Produktsegmente werden auf
product segments have been
Basis von Aluminiumoxid und
developed based on aluminum
Aluminiumhydroxid entwickelt.
oxide and aluminum hydroxide.
Die Produktpalette SpezialoxiThe company´s product range
de umfasst Aluminiumoxid für
specialty alumina includes aluAnwendungen in der Feuerminum oxide for applications
festindustrie, der Technischen
in refractory industry, technical
Keramik, als Poliermittel und im
ceramics, polishing agents and
Wärmemanagement.
thermal management.
Nabaltec bietet SprühgranulaNabaltec offers spray dried
te als gebrauchsfertige Lösung
granulates as a ready-to-use
u. a. für die Anwendungen versolution for applications such as
schleißfeste Keramik und balliswear-resistant ceramics and baltischer Schutz für Personen und
listic protection for people and
Fahrzeuge an. Unser technisches
vehicles.
Service- und Verkaufsteam ist
Our technical service and sales
ständig auf der Suche nach neuteam is permanently identifying
en Möglichkeiten und versucht,
new opportunities and seeks
diese durch die ständige Verto address them with steadily
Bild Nabaltec AG – Anwendungsbeispiele für Spezialoxide
besserung bestehender und die
improved existing, and the deFig. Nabaltec AG – Applications for specialty alumina
Entwicklung neuer Produkte zu
velopment of new products. This
nutzen. Dies geschieht in enger Zusammenarbeit mit unseren Kunis done in close co-operation with our customers and with a clear
den und mit einem klaren Fokus auf neue Technologien, die zu einer
focus on new technologies contributing to lower carbon footprint,
geringeren CO2-Bilanz beitragen, wobei wir immer die Sicherheit der
always bearing the safety of people in mind.
Headquartered in Schwandorf / Germany, Nabaltec manufactures in
Menschen im Auge behalten.
two further locations in the USA: Nashtec in Corpus Christi / Texas
Nabaltec hat seinen Hauptsitz in Schwandorf / Deutschland und
and Naprotec in Chattanooga / Tennessee.
produziert an zwei weiteren Standorten in den USA: Nashtec in Corpus Christi / Texas und Naprotec in Chattanooga / Tennessee.
Nabaltec AG
92421 Schwandorf, Germany
E-mail: sales@nabaltec.de
www.nabaltec.de

Nabaltec AG
92421 Schwandorf, Deutschland
E-Mail: sales@nabaltec.de
www.nabaltec.de

www.ceramic-applications.com
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Schunk Ingenieurkeramik

Halle C2.211/312

Schunk Ingenieurkeramik

Hall C2.211/312

Perfect Structures Inspired by Nature –
Made by Schunk

Perfect Structures Inspired by Nature –
Made by Schunk

Die Schunk Group ist ein globaler Technologiekonzern. Das Unternehmen ist ein führender Anbieter von Produkten aus HightechWerkstoffen – wie Kohlenstoff, Technischer Keramik und Sintermetall
– sowie von Maschinen und Anlagen – von der Umweltsimulation
über die Klimatechnik und Ultraschallschweißen bis hin zu Optikmaschinen. Die Schunk Group hat rund 9000 Beschäftigte in 29 Ländern und hat 2020 einen Umsatz von EUR 1,2 Mrd. erwirtschaftet.
Die Schunk Ingenieurkeramik GmbH ist Teil der
Schunk Group. Das Unternehmen gehört zu den
weltweit führenden Herstellern von Technischer
Keramik für die Bereiche
Keramische Industrie, Brennertechnik, Ballistikschutz,
Metallurgie und Mechanical
Engineering. IntrinSiC®, die einzigartige Innovation zur Herstellung
komplexer monolithischer Strukturen, macht Schunk zum Pionier für
3D-gedrucktes RBSiC.
So wie die Natur im Laufe der Evolution perfekte Strukturen entwickelt, setzt Schunk mit seiner Innovationskraft neue industrielle
Maßstäbe. Als Technologieführer bei Werkstoffen und Verfahren für
vielfältige Märkte und Anwendungen kennen wir Ihre Anforderungen und entwickeln Lösungen, die Sie weiterbringen. Wenn es um
die Herausforderungen von morgen geht, reicht es nicht aus, die
Produkte von heute zu verbessern. Echte Innovationen sind gefragt.
Schunk findet immer wieder die richtigen Antworten auf die Fragen
von morgen und ist bereit, Ihr perfekter Entwicklungspartner zu sein.
Wir freuen uns auf Ihren Besuch auf der ceramitec in Halle C2, Stand
211/312.

The Schunk Group is a global technology company. The company
is a leading supplier of products made of high-tech materials – such
as carbon, technical ceramics and sintered metal – as well as machines and systems – from environmental simulation and air conditioning to ultrasonic welding and optical machines. The Schunk
Group has around 9000 employees in 29 countries and achieved
sales of EUR 1,2 billion in 2020.
Schunk Ingenieurkeramik
GmbH is part of the Schunk
Group and belongs to the
worldwide leading manufacturers of technical ceramics for the areas ceramic
industry, burner technology,
ballistic protection, metallurgy and mechanical engineering. IntrinSiC®, the
unique innovation for manufacturing complex monolithic structures,
makes Schunk the pioneer for 3D-printed RBSiC.
Like nature developing perfect structures within the course of evolution, Schunk sets new industrial standards by its innovation power.
As a technological leader in material and processes for multiple
markets and applications, we know your requirements and develop
solutions, that get you ahead. When it comes to the challenges of
tomorrow, it is not enough to improve today`s products. Genuine
innovations are needed. Schunk continues to find the right answers
to tomorrows questions and is prepared to be your perfect development partner.
We are looking forward to your visit at ceramitec in Hall C2, Stand
211/312.

Schunk Ingeníeurkeramik GmbH
47877 Willich, Deutschland
E-Mail: detlef.brands@schunk-group.com
www.schunk-ceramics.com

Schunk Ingeníeurkeramik GmbH
47877 Willich, Germany
E-mail: detlef.brands@schunk-group.com
www.schunk-ceramics.com

www.cfi.de
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Stephan Schmidt

Halle C2.101/202

Stephan Schmidt

Hall C2.101/202

75 Jahre Kompetenz in Ton –
Stephan Schmidt Gruppe

75 Years of Expertise in Clay –
Stephan Schmidt Group

Die Stephan Schmidt Gruppe ist eine inhabergeführte, mittelständische Unternehmensgruppe und gehört zu den weltweit führenden
Produzenten von Spezialtonen und Industriemineralen. 20 eigene
Gruben mit Vorräten für die nächsten Generationen, modernste
Gewinnungs- und Aufbereitungsanlagen und ein engagiertes Team
von ca. 200 Mitarbeitern ermöglichen die Herstellung von jährlich
mehr als 1,5 Mt Rohstoffen, die mit einer Exportquote von über
60 % an Kunden weltweit in mehr als 40 Ländern geliefert werden.
Ganz im Sinne des Slogans „Kompetenz in Ton“ kann das Unternehmen auf jahrzehntelange Erfahrung in der Forschung und Entwicklung verweisen und ist durch mit modernster Technologie ausgestattete Betriebe und Laboratorien immer einen Schritt voraus, wenn es
um Innovationen geht.
Die Stephan Schmidt Gruppe verkauft ihre Produkte in alle Bereiche
der klassischen Keramik sowie in Spezialanwendungen unter dem
Markennamen ACM® – Advanced Clay Minerals – angefangen beim
klassischen Hausbau mit Dachziegeln, Klinkern und Mauersteinen
über Fliesen und Sanitärkeramik, wie Waschbecken und Toiletten,
bis hin zu Blumentöpfen und Elektroporzellan. Dabei legt das Unternehmen größten Wert auf qualitätsstabile Rohstoffkonzepte in
großen Mengen zur zuverlässigen Versorgung seiner Kunden. Die
wichtigsten Absatzmärkte befinden sich in Italien, Deutschland und
den Niederlanden.
2022 feiert die Stephan Schmidt Gruppe ihr 75-jähriges Bestehen,
das Familienunternehmen wird inzwischen in der 3. Generation
von Stephan Schmidt, dem Enkel des Gründers, weitergeführt. Die
Stephan Schmidt Gruppe steht für Verlässlichkeit und Kontinuität
gegenüber Kunden, Geschäftspartnern und Mitarbeitern. Der Rohstoffproduzent ist stolz auf sein Wachstum und möchte auch dieses
besondere Jubiläumsjahr ganz in das Zeichen einer nachhaltigen
Zukunftsgestaltung stellen.
Als Tonbergbauunternehmen ist sich die Stephan Schmidt Gruppe
der Tatsache bewusst, dass sie durch ihre bergbaulichen Aktivitäten in erheblichem Maße in die Natur eingreift. Das Unternehmen
fühlt sich daher in besonderem Maße der Umwelt verpflichtet. Die
Erhaltung der natürlichen Lebensgrundlagen ist fester Bestandteil
der Unternehmenspolitik, um einen schonenden und nachhaltigen
Umgang mit Rohstoffen und der Umwelt zu gewährleisten. Deshalb
wird die Stephan Schmidt Gruppe in diesem Jahr erstmalig einen
Nachhaltigkeitsbericht erstellen und der Öffentlichkeit zugänglich
machen.
Gleichzeitig plant das Unternehmen, im Rahmen des Jubiläumsprogrammes als spezielle Aktion über das ganze Jahr hinweg, 75 000
heimische Bäume zu pflanzen und so einen ganz besonderen Beitrag zum Umwelt- und Naturschutz in seiner Heimat zu leisten.

Stephan Schmidt Group, a family-owned medium-sized group of
companies, is one of the world’s leading producers of special clay
and industrial minerals. 20 company-owned clay pits with resources
for the generations to come, state-of-the art extraction and processing facilities and a dedicated team of 200 employees allow the production of more than 1,5 Mt of raw materials every year, which are
delivered to customers in more than 40 countries worldwide with an
export rate of over 60 %.
Fully in line with the slogan „Expertise in Clay“, the company can
draw on decades of experience in research and development and
is always one step ahead in terms of innovation thanks to its production sites and laboratories which are equipped with the latest
technology.
Stephan Schmidt Group sells its products to all sectors of ceramic
industries as well as for special applications under the trade name
of ACM® – Advanced Clay Minerals: ranging from traditional house
building with roofing tiles, clinkers and bricks, wall and floor tiles
and sanitaryware, such as washbasins and toilets, through to flowerpots and electroporcelain. The company attaches the greatest importance to reliably supplying its customers with large quantities
of raw material concepts in consistent quality. The most important
sales markets are Italy, Germany and the Netherlands.
In 2022, Stephan Schmidt Group celebrates its 75th anniversary, the
family business is now being run in the 3rd generation by Stephan
Schmidt, grandson of the founder. Stephan Schmidt Group stands
for reliability and continuity towards customers, business partners
and employees. The raw material producer is proud of its growth,
and thus this special anniversary year will reflect the company’s
commitment to shaping a sustainable future, too.
As a clay-mining company, Stephan Schmidt Group is well aware
that its mining activities have a significant impact on nature. Therefore, the company feels particularly committed to the protection of
the environment. The preservation of natural resources is an integral
part of its corporate policy to ensure a careful and sustainable handling of raw materials and environment. This year, Stephan Schmidt
Group will issue its first sustainability report and make it available
to the public.
At the same time, as a special campaign throughout the whole year
within its anniversary program, the company will plant 75 000 indigenous trees, thus making a particular contribution to the protection of the environment and nature in its home region.

Stephan Schmidt KG
65599 Dornburg, Deutschland
www.schmidt-tone.de

Stephan Schmidt KG
65599 Dornburg, Germany
www.schmidt-tone.de
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Wendel

Halle C2.305/406

Glänzende Aussichten – schwarz ist das neue Bunt

Wendel

Hall C2.305/406

Bright Prospects – Black is the New Colourful

Der deutsche Engoben- und Glasurenhersteller Wendel präsenWendel, the German engobe and glaze manufacturer, will again
tiert sich im Juni erneut auf der ceramitec und bietet glänzende Ausbe showcasing its products at ceramitec in June and opening up
sichten auf den Glasurenmarkt…
bright prospects for the glaze
Die Besucher aus der keramimarket... Visitors from the
schen Industrie dürfen auch auf
ceramics industry can look
die wachsmatten Edelengoben,
forward to seeing the waxdie Wendel präsentiert, gespannt
matt precious engobes that
sein.
Wendel will be presenting.
Ob für Tondachziegel, Klinker,
Whether for clay roofing tiles,
Fliesen oder andere keramische
clinker bricks, tiles or other
Erzeugnisse – der Vorteil von
ceramic products, Wendel‘s
Wendel liegt in der eigenen Entadvantage is its inhouse dewicklung und Schmelze der Glasvelopment and smelting of
fritten als Grundstein für stabile
glass frits as a foundation
Systeme.
for stable systems. “With
„Im Rahmen der Versorgungssiregard to supply reliability
cherheit und zeitnaher Lieferunand prompt delivery, it pays
gen macht es sich bezahlt, die
to have the entire value creagesamte Wertschöpfung von der
tion from frit to glaze powder
Fritte bis zum Glasurpulver im
in house,” said Sales Maneigenen Haus zu haben“, zeigte
ager Jan-Martin Schröder
sich Vertriebsleiter Jan-Martin
convinced. Dr Kerstin Minner,
Schröder überzeugt.
Development Manager for
Dr. Kerstin Minner, EntwicklungsGlazes and Engobes, sumed
leiterin für Glasuren und Engoit up from a technical perben, brachte es auch technisch
spective: “Our own smelting
auf den Punkt: „Unsere eigene Bild Schmelzablass Keramik-Fritte
operations ensure that we
Schmelze sorgt dafür, dass wir Fig. Run-off of the melt for ceramic frits
can develop frits precisely in
unsere Fritten genau nach Kunline with customer requiredenwunsch entwickeln. Dies macht uns zum idealen Partner für exments. This makes us the ideal partner for precisely adapted engobe
akt angepasste Engobe- und Glasurlösungen. Denn jede Masse ist
and glaze solutions. Every ceramic body is unique, but it doesn’t
einzig, aber nicht immer artig.“
always behave like you’d like it to.“
Das Schmelz- und Mahlwerk im mittelhessischen Dillenburg mit
The smelting and grinding facility in Dillenburg, in the German State
seinen Rotationsöfen sorgt mit blasenfreien und rückstandslos ausof Hesse, with its rotary furnaces ensures bubble- and residue-free
geschmolzenen Keramik-Fritten für die Grundlage der Endprodukte.
smelting of ceramic frits as the basis for the final products. For surFür Oberflächen mit besonderem Glanz oder auch wachsmatt. Ganz
faces with a particular glossy or even wax-matt finish. Anything the
nach Belieben, aber immer getreu dem Motto „Qualität ist unser
customer wants, but always true to our motto “Quality is our ForRezept – Engoben und Glasuren unsere Leidenschaft.“
mula – Engobes and Glazes our Passion.”
Wendel GmbH
Email- und Glasurenfabrik
35683 Dillenburg, Deutschland
E-Mail: jms@wendel-email.de
www.wendel-email.de
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Zschimmer & Schwarz

Halle C2.401/502

Zschimmer & Schwarz auf der ceramitec 2022

Zschimmer & Schwarz

Hall C2.401/502

Zschimmer & Schwarz at ceramitec 2022

Das global agierende Chemieunternehmen Zschimmer & Schwarz
The globally active chemical company Zschimmer & Schwarz will
präsentiert auf der ceramitec 2022 seine breite Palette an maßgebe presenting its wide range of customised products and services
schneiderten Produkten und Serviceleistungen für die keramische
for the ceramics industry at ceramitec 2022. In addition to process
Industrie. Das umfangreiche
additives for classic ceramics segPortfolio des Unternehmens
ments such as tiles, tableware,
umfasst neben den Prozesssanitaryware and refractories,
additiven für die klassischen
the company’s extensive portfolio
Keramiksparten wie Fliesen,
also includes technical ceramics,
Geschirr, Sanitär und Feuerfest
silicate ceramics and abrasives as
auch die Bereiche Technische
well as glass and powder metalKeramik, Silikatkeramik und
lurgy.
keramisch gebundene SchleifFor decades, customers all over
körper sowie Glas und Pulverthe world have been appreciatmetallurgie.
ing the traditional company for
Kunden auf der ganzen Welt
its high service orientation, many
schätzen das Traditionsunteryears of experience and broad
Bild Unternehmenszentrale von Zschimmer & Schwarz in Lahnstein
nehmen seit Jahrzehnten für
know-how in terms of applicaFig. Company headquarters of Zschimmer & Schwarz in Lahnstein,
seine hohe Serviceorientierung,
tion technology. As a competent
Germany
langjährige Erfahrung sowie
and reliable partner, Zschimmer
ein breites anwendungstechnisches Know-how. Als kompetenter
& Schwarz develops specific, individual and tailor-made solutions
und zuverlässiger Partner werden für Auftraggeber spezifische, infor its customers. The international presence of the company group
dividuelle und passgenaue Lösungen entwickelt. Die internationale
guarantees close proximity to markets and customers. At the same
Präsenz der Zschimmer & Schwarz-Gruppe garantiert eine große
time, the bundling of competencies in the international application
Markt- und Kundennähe. Gleichzeitig sichert die Bündelung der
technology laboratories in the fields of chemistry and ceramics enKompetenzen in den internationalen anwendungstechnischen Lasures consistently high product quality.
boren in den Bereichen Chemie und Keramik eine gleichbleibend
In addition to innovation, research, reliability and quality, Zschimmer
hohe Produktqualität.
& Schwarz also pays significant attention to the issue of sustainNeben Innovation, Forschung, Zuverlässigkeit und Qualität richtet
ability. The company works consistently to optimise production in
Zschimmer & Schwarz auch ein wesentliches Augenmerk auf das
all steps and to conserve precious resources by means of material
Thema Nachhaltigkeit. Das Unternehmen arbeitet konsequent daefficiency, minimisation of process water requirements, energy efran, die Produktion in allen Schritten zu optimieren und kostbare
ficiency and the use of renewable raw materials.
Ressourcen mit Materialeffizienz, Minimierung von ProzesswasserAt ceramitec 2022, Zschimmer & Schwarz invites all customers and
bedarf, Energieeffizienz und dem Einsatz nachwachsender Rohstoffe
interested parties to consult the company’s team of application
zu schonen.
technology experts on the use of its additives. Thus, new solutions
Auf der ceramitec 2022 lädt Zschimmer & Schwarz alle Kunden und
and alternatives for existing processes can be worked out quickly
Interessenten ein, sich vom anwendungstechnischen Expertenteam
and individually.
des Unternehmens zum Einsatz seiner Additive beraten zu lassen. So
können ganz persönlich und auf kurzem Weg neue Lösungen und
Alternativen für bestehende Prozesse erarbeitet werden.
Zschimmer & Schwarz
56112 Lahnstein, Deutschland
E-Mail: ceramics@zschimmer-schwarz.com
www.zschimmer-schwarz.com
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Bongioanni Macchine

Halle C3.101/202

Bongioanni Macchine

Hall C3.101/202

Reduktion des Energieverbrauchs und der
CO2-Emissionen mit der „Micrometric Plate Moulds
Wear Recovery“

Reduction of Energy Consumption and of
CO2-Emissions with the “Micrometric Plate Moulds
Recovery”

Der internationale Markt fordert vermehrt die Firmen auf, innovative und nachhaltige Lösungen zu entwickeln, die das Ziel haben,
maximale Energie- und Rohstoffeinsparungen zu erreichen. Das
muss in exakter Abstimmung mit
den derzeitigen Vorschriften des
Umweltschutzes geschehen. Vor
diesem Hintergrund hat Bongioanni Macchine ein Mikrometer-präzises System für Formen von Pressen
entwickelt, wo dann bei der Produktion von Dachziegel unterschiedliche Wandstärken vermieden werden. Grundsätzlich wird
eine Anzahl von höheren Formen
auf den Pressen in einem Verhältnis
1 : 6 verwendet, im Unterschied zu niedrigeren Formen, wo der Formenwechsel folgendermaßen gemacht wird:
• Austausch der oberen Formen und parallel der unteren Formen der
Trommel der Pressen;
• dieser Vorgang wird für jeweils 2 obere Formen wiederholt (= 4 h
nach dem vorherigen Vorgang).
So wird praktisch in 24 h die komplette Trommel neu bestückt. Das
impliziert eine reduzierte Anzahl von unteren Formen (50 für 2 Pressen mit 3 Formaten). Die Folge ist aber, dass man mit dem Risiko
von bemerkenswerten Unterschieden im Gewicht der hergestellten
Dachziegel rechnen muss (z. B. unter den Dachziegeln, die mit den
Formen der Oberfläche Nr. 1, die eben erst getauscht wurden, zu
den Artikeln der Formen mit Oberfläche Nr. 6, die bereits 20 h im
Betrieb sind und somit “alt”).
Eine Alternative, die andere Dachziegelhersteller anwenden, ist
einmal täglich die Anlagen anzuhalten und dann alle Oberformen
auszutauschen. Das ermöglicht eine bessere Kontrolle der Linearität
der Produkte, ihres Gewichts und der Wandstärke. Dabei werden
die Unterstützungen der Oberformen gegebenfalls der Gipswiederaufbereitung zugeführt. Die Formen sind mit einem stabilen Doppelmantelsystem, das von einem SEW-Getriebemotor bewegt wird,
ausgestattet. Das betreibt ein präzises, kontinuierliches Schraubensystem. Auf der Gegenseite des Antriebmotors gibt es einen Absolutwertgeber, der für die Präzision der Mikrobewegungen sorgt. Somit
kann die vertikale Position der Oberform auf Dezimalniveau fixiert
werden. Die Bediener der Pressen können Anpassungen auf dem
Operationspanel sowohl im manuellen als auch im automatischen
Mode machen und die gewünschten Korrekturen (in 1/10 Millimeterschritten) festlegen. Die Software führt die Korrekturen gemäß
des Hubbereichs, der im Bedienerpanel gesetzt wurde, aus. So wird
es möglich, die Artikelgewichte mit Variationen von ±100–150 g
(somit 200–300 g für jeden Dachziegel), die üblicherweise akzeptiert werden, auf ±50–60 g (entsprechend 100–120 g maximaler
Differenz) zu reduzieren.
Natürlich können diese Ergebnisse erreicht werden, wenn man parallel mit konstanten Gewichtskontrollen durch das Bedienpersonal

The international market is increasingly asking companies to
develop innovative and sustainable solutions aimed to maximum
energy and raw material savings, in strict compliance with the current regulations on environmental
protection. In this scope, Bongioanni
Macchine developed a plate for the
recovery of the wear of the moulds, to
be applied on the presses, to avoid the
production of roofing tiles with different thickness.
Generally, a number of higher moulds
are used on the presses in a 1: 6 ratio compared to the lower moulds, in
which the replacement procedure is as
follows:
• Replacement of the top moulds and parallelly of the bottom
moulds of a drum face of each press;
• This operation is repeated each 2 top moulds replacements (= 4 h
after the previous face).
Within 24 h you practically renew the complete drum. This implies a
reduced bottom mould quantity (50 for two presses with 3 moulds),
but the consequence is the risk to obtain a remarkable weight difference among the produced roofing tiles (for instance, among the
roofing tiles made from the moulds of face nr. 1, which have just
been replaced, compared with the roofing tiles produced with the
moulds of face nr. 6, which are 20 h “old” in their functioning).
An alternative used in other roofing tile factories consists in making
one stop a day only, and during this stop all bottom moulds of the
drum are replaced. This allows a bigger control linearity of the products’ weight and thickness, exploiting all features of the top mould
support plates for gypsum recovery.
These tools are equipped with a strong wedge system, moved by a
SEW gear motor, which operates a precise endless screw system. On
the opposite side of the gear motor there is an absolute encoder,
granting a micrometric movement precision, giving the opportunity
to check the vertical position of the top mould at a decimal level.
The quote adjustments can be made by the press operating staff, by
acting on the press operation panel in both manual and automatic
modes, setting the desired correction (expressed in tenths of millimeter). The software will carry out this correction after the stroke
range that was set on the operation panel.
This way, it is possible to reduce the weight difference among the
products, where ±100–150 g variations (= from 200–300 g for
each roofing tile) are usually accepted, reducing this to ±50–60 g
(= 100–120 g maximum difference).
Obviously, these results can be achieved working in parallel on
constant weight checks by the press operators and in the gypsum
department as well, where it is necessary to pay a particular attention to the realization of the bottom mould-tools (conditions of the
matrices and of their coupling trays, wear and tear conditions of the
moulds, etc.).
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bei den Pressen und der Gipsformenherstellung arbeitet. Man muss
insbesondere auf die Herstellung der Formwerkzeuge für die unteren Formen achten (sowie Zustand der Mutterformen und Schließvorrichtungen, Verschleißzustand der Formen, etc.).
Mit diesem System ist es möglich, bei der Trocknung der Dachziegel
bemerkenswerte Energieeinsparungen zu erreichen, da die Trockenzeit reduziert wird (jeder Dachziegel hat die gleiche Stärke) und zudem einen gewissen Abfall von Ton auszuschalten.

Thanks to this system, it is possible to achieve a considerable energy
saving during the drying process of the roofing tiles, since the timing
will be reduced (the roofing tiles will all have the same thickness),
eliminating the waste of raw material (clay).

Bongioanni Macchine S.p.A.
12045 Fossano (CN), Italien
E-Mail: edp@bongioannimacchine.com
www.bongioannimacchine.com

Bongioanni Macchine S.p.A.
12045 Fossano (CN), Italy
E-mail: edp@bongioannimacchine.com
www.bongioannimacchine.com
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Capaccioli

Halle C3.210

Easymud: Effiziente und kostensparende
Produktion aus weichen Massen
Eine in den 90er Jahren entwickelte, spezielle Produktionslinie wurde vom F+E-Team von Capaccioli in den letzten zwei
Jahren grundlegend überarbeitet. Basierend auf dem Prinzip
der Verschlankung der Fertigungslinien wird eine Reduktion des
Materialverbrauchs, aber auch von Zeit und Energie, bei einem
hohen Produktionsstandard, erreicht. Easymud heißt die vollautomatische Produktionslinie von Capaccioli für die Ausformung
von Ziegeln, Dachziegeln, Spaltplatten und Sonderformaten aus
weichen Massen. Dabei handelt es sich sowohl um eine Produktionslinie, als auch um eine patentierte Methode, die von Capaccioli seit 1997 mit grundlegenden Innovationen vorangebracht
wird, um im industriellen Maßstab Produkte aus weichen Massen
verarbeiten und den Wechsel von einem auf das andere Produkt in
kurzer Zeit umsetzen zu können.

QUALITY
STARTS HERE

by STEPHAN SCHMIDT

In den letzten zwei Jahren wurde Easymud durch die Überarbeitung zu einer einzigartigen Performance in diesem Anwendungsgebiet gebracht. Der intensive Einsatz von Roboter-basierter
Technologie hat zu neuen, wichtigen Ergebnissen geführt. Die jetzigen Maschinen erlauben die Ausformung von Spaltplatten und
anderen dekorativen Materialien in kleinen Formaten mit einer
Rauigkeit, die der von Ziegeln entspricht. Diese Art der Spaltplatten sind gefragte Produkte, die normalerweise durch Aufschlagen
der gebrannten Ziegel erzeugt werden. Dann muss das Innere
entsorgt werden, was mit einem großen Materialverlust sowie entsprechender ineffizienter Produktionsweise verbunden ist. Wenn
man die Teile mit Easymud produziert, heißt das auch, dass Abfall
vermieden und so auch eine beachtliche Energieeinsparung erreicht wird.
Das neue Easymud-Produktionssystem garantiert auch eine
präzise Oberflächenqualität auf der Seite, wo Mörtel oder Kleber
aufgebracht wird. So ist es auch möglich, Kleber aufzutragen, die
Tole-ranzen nur im Bereich von Zehntel Millimeter erlauben.
Ein anderer interessanter Aspekt von Easymud ist die Ausformung
von Eckstücken bzw. Spezialteilen, die für die Ecken von Wänden
gebraucht werden. Diese werden normalerweise aus ganzen gebrannten Ziegeln herausgeschnitten. Eine solche Herangehensweise erzeugt viel Abfall. Das Easymud-System erlaubt die Herstellung von Eckstücken in verschiedenen Größen, ohne dass Abfall
entsteht. Der Roboter-gesteuerte Prozess sichert die gewünschte

customised clay solutions
excellent deflocculation
characteristics
minimal deformation
high purity
outstanding quality
consistency

Stephan Schmidt KG
DE-65599 Langendernbach · Fon +49 6436 609-0 · www.schmidt-tone.de
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Oberflächenqualität. Das Trimmen ist im Arbeitsablauf integriert. Die
breite Anwendung von Robotertechnologie hat nach dem Konzept
des Lean Manufacturing entscheidende Fortschritte gebracht. Der
Einsatz mobiler Teile sowie Spezialmaschinen wurde auf ein Minimum reduziert und so die Zuverlässigkeit, das Zeitmanagement
der Anlage und Wartungszeiten verbessert. Durch die neuesten
Veränderungen wurde auch erreicht, dass der Produktwechsel beschleunigt wird und dabei im Maschinenkonzept das Management
der Formensets integriert ist.
Das Easymud-System führt zu vereinfachten und reduzierten Wartungsarbeiten und Produktionskosten, die auf eine enorme Einsparung von Rohstoffverbrauch ausgerichtet sind und demzufolge zu
geringerem Gesamtenergieverbrauch führen. Das gilt für den Vergleich zu den Vorläufermodellen für die derzeitige Technologie und
auch für die spezielle Technologie für weiche Massen.
Capaccioli s.r.l.
53048 Sinalunga (SI), Italien
www.capaccioli.com

Capaccioli

Hall C3.210

The Easymud: Efficiency and Cost Saving Production
of Soft-Mud Products
An unique production line, born in the 90s, was deeply renewed in
the last two years by the Capaccioli R&D team resulting in a strong
reduction of raw material, time and energy combined with a high
production standard according to the principles of lean manufacturing. Easymud, Capaccioli’s fully automated production line for shaping bricks, floor tiles, roofing tiles, brick slisps and special pieces of
soft mud, is a line production and technology patented by Capaccioli
since 1997 with substantial innovations to manufacture soft-mud
products on an industrial level in order to ensure the transition from
one product to another in a short time.
Over the past two years, Easymud has been the subject of a thorough renovation that led it to unique performance in its sector. The
extensive use of robot-based technology has led to new important
results. The current machine allows shaping of brick slips and other
decorative materials of small dimensions with a roughness similar
to those of bricks. This type of brick slips, a high demanding product,
is commonly produced by cutting two external sides of fired bricks,
discarding the central part with a great material waste and consequent production inefficiency.
Producing strips with Easymud means to have no more product
waste as well as considerable energy savings. The new Easymud
production system also guarantees an accurate surface finish of the
mortar or glue application face, allowing to be applied with glues
requiring tolerances in the order of tenths of millimetres. Another interesting feature of Easymud is shaping of corners or special pieces,
to be applied on the wall corners. These are usually made by shaping
whole bricks, firing and then cutting them. This procedure involves a
large amount of waste.
The Easymud system allows the production of corners of various
sizes, shaped without waste. The robotic shaving process ensures
the desired surface accuracy. The shaving trimming is reintroduced
into the working cycle. The wide use of robotic technology has led
to a significant progress in the principles of lean manufacturing. The
use of mobile parts as well as special machines has been reduced
to a minimum, with benefits on reliability, time management of the
plant and maintenance times.
The latest changes have also made it possible to reduce format
change times even more, integrating every aspect of this function,
including the management of mould sets, into the machine design.
The Easymud system enables to simplify and reduce maintenance
and production costs, to drastically reduce the consumption of raw
material and consequently also the general consumption of energy,
both compared to previous machines and compared to the current
technology on the soft-mud production.
Capaccioli s.r.l.
53048 Sinalunga (SI), Italy
www.capaccioli.com
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Lingl Anlagenbau

Halle C3.401/502

Lingl Anlagenbau

Hall C3.401/502

LINGL 2.022 – More Know-How – As Ever

LINGL 2.022 – More Know-How – As Ever

Als einer der international führenden Maschinen- und Anlagenbauer bietet die Lingl Anlagenbau GmbH Lösungen und hochentwickeltes Know-how entlang der gesamten Wertschöpfungskette der
keramischen Produktion sowie im Bereich von Automatisierungen.
Als Member of Schug Group versteht sich Lingl als Komplettanbieter
für die Baustoffindustrie!
Das Unternehmen plant und fertigt innovative Einzelkomponenten,
computergesteuerte Komplettanlagenlösungen sowie richtungsweisende Modernisierungen mit neuester Anlagen- und Verfahrenstechnik für die Herstellung grobkeramischer Produkte, Technische
Keramik, Sanitärkeramik und Feuerfestprodukte. Durch Ingenieursdienstleistungen rund um Rohstoffe und Verfahren, individuelle
Anlagenoptimierungen sowie neuartige Produktionskonzepte verschafft Lingl seinen Kunden entscheidende Wettbewerbsvorteile.
Ein breit gefächertes Serviceangebot mit erfahrenem und speziell
geschultem Personal sichert eine effiziente Produktion der weltweit
installierten Anlagen. Dieses umfasst unter anderem Remoteservice,
Seminare und Trainings, sowohl hausintern als auch vor Ort. Ersatz-

As one of the global leaders in systems and plant engineering,
Lingl Anlagenbau GmbH offers solutions and advanced know-how
along the entire value creation chain of the ceramic production as
well as in the automation sector. As a member of the Schug Group,
Lingl sees itself as a full-range supplier for the building materials
industry!
The company plans and manufactures innovative individual components as well as computer-controlled complete production facilities
and realizes trend-setting upgrades using the latest systems and
plant engineering for the production of heavy clay products, technical ceramics and sanitaryware as well as refractory products. The
engineering services for raw material and processes, the optimization of individual plants and the innovative production concepts provided by Lingl enable its customers to gain significant advantages
over their competitors. The excellent customer service realized by
our experienced and specially trained staff ensures a trouble-free
production of the worldwide installed plants. This service comprises
amongst other things in-house and on-site seminars and trainings.

Publication Schedule 2022
Issue Central Themes

4

Additional Circulation /
Presence at Following Events

NEWSLETTER HOT TOPICS 2

All Products / Categories – Special ceramitec

ceramitec 2022 – Main Issue
Topics concerning all steps of
ceramic technology including raw
materials

ceramitec, Munich/DE; 21.-24.06.2022
POWTECH, Nuremberg/DE; 27.-29.09.2022
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Date
June 22
04.04.22
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Halle C3 / Hall C3 Machinery, Plants and Equipment for Heavy Clay Ceramics

und Verschleißteile, Wartungen und Instandhaltungen, Prozessanalysen, Modernisierungen und Optimierungen sowie Maschinen- und
Anlagenchecks runden das Serviceangebot ab.
Im Firmenverbund der Schug Group sowie mit Niederlassungen,
Tochtergesellschaften, Vertriebspartnern und Lizenznehmern ist
Lingl weltweit vertreten. Unter dem Motto „LINGL 2.022 MORE
KNOW-HOW – AS EVER“ präsentiert der deutsche Anlagenbauer
auf der diesjährigen ceramitec sein umfassendes Produktportfolio. Lingl informiert dabei über seine bewährten Maschinen und
Anlagen und stellt schonende und energiesparende Technik sowie
innovative Lösungen für die Grob- und Sanitärkeramik, Technische
Keramik und Feuerfestindustrie vor.
Das gesamte internationale Lingl-Team freut sich, Sie endlich wieder
persönlich auf einer Messe begrüßen zu dürfen – kommen Sie vorbei: Halle C3, Stand 401/502.

Both spare parts and wear and tear parts supply, maintenance services, process analysis, modernizations, optimizations and machine
as well as equipment checks complete our service range.
As member of the Schug Group, Lingl is represented worldwide with
branch offices, subsidiary companies, foreign distributors and licensees. With the theme „LINGL 2.022 MORE KNOW-HOW – AS EVER“
the German plant manufacturer will present its extended product
portfolio at this year’s ceramitec. At this occasion, Lingl will inform
about its well-known machines and plants and will also present
smooth and energy-saving processes as well as innovative solutions
for heavy clay ceramics, technical ceramics and sanitaryware as well
as refractory products.
The entire international Lingl-team is looking forward to finally welcoming you in person again at a trade fair – come and join us:
Hall C3, Stand 401/502.

Lingl Anlagenbau GmbH
86381 Krumbach, Deutschland
E-Mail: lingl@lingl.com
www.lingl.com

Lingl Anlagenbau GmbH
86381 Krumbach, Germany
E-mail: lingl@lingl.com
www.lingl.com

www.cfi.de
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Because of the pandemic, ceramitec was cancelled last year. Unlike back
in 2018 – when we weren’t subject to any international travel restrictions whatsoever, we can’t really look forward with complete certainty to
this much-missed event. But, in a total of three halls at Munich’s Trade
Fair Centre/DE, ceramitec 2022 will be hosting the key exhibitors (raw
materials, additives, plant and machine engineering, thermal process
engineering) for the individual segments of the ceramics industry (tech
nical ceramics, heavy clay ceramics, ceramic tableware and sanitaryware,
refractories, tiles and powder metallurgy) from 21.–24.06.2022. Besides
the supplier industry, component manufacturers from technical ceramics
and representatives of science, research as well as relevant associations
will also be represented (see Showcase pages C 21–C 62).
The support programme will for the first time be arranged in two thematically structured forums (provisional information on C 10–C 19), which
will address current topics for process engineering and powder suppliers,
but also the application of ceramic components for sophisticated system
solutions.
Global resources are dwindling – energy and material efficiency are the
answer. We have to herald in the non-fossil era and the the effects caused
be the war in the Ukraine are pushing us to go ahead fast. Production
chains should no longer emit CO2 and therefore require completely new
technical solutions. The path to climate neutrality calls for concerted interplay between digitalization, artificial intelligence, automation and sustainable energy concepts.
It has been a long time since there have been so many innovative, exciting
technological topics motivating the ceramics industry at the same time
(see pages C 4–C 9).
It is consequently all the more important, after months and months of the
pandemic and virtual meetings often determining our day-to-day business, to talk face-to-face again and develop ideas together. It will also be
exciting to see how trade fair formats are developing.
Working in interdisciplinary high-expertise networks is becoming increasingly important. Not only in cross-material networks among material
scientists, but increasingly cooperation between experts – and not just
those in process engineering – to advance attractive software solutions,
simulation, modelling and digitalization in general.
So, it is certainly a good thing that parallel to ceramitec, both automatica,
the leading trade fair for smart automation and robotics, and analytica,
international trade fair for laboratory technology, analysis, and biotechnology, are taking place at the Munich trade fair grounds. There are obvious overlaps where synergies can be utilised across the trade fairs.
The cfi-team is looking forward to ceramitec 2022.
See you soon in Munich!

Yours

Karin Scharrer
k.scharrer@goeller-verlag.de
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Austria/China
Joint Venture between AICHELIN and
KILNPARTNER
AICHELIN Ges.m.b.H./AT signed a Joint
Venture (JV) with KILNPARTNER Mechan
ical Technology Ltd./CN to meet growing
demands from the downstream lithium-ion
battery sector mainly in Europe and other
rising market areas worldwide.
The European pioneer in furnace manufacturing, AICHELIN, joins forces with KILN
PARTNER, whose experience in manufacturing kilns for the lithium-ion battery and the
ceramic industry will help provide premium
equipment and auxiliaries for the heat
treatment systems as well as the automated
handling systems of active materials of batteries. The active materials of batteries are
key materials for driving the desired properties of a lithium-ion battery. IMO Engineering Technology Co. will join the cooperation
as a 3rd partner.
The headquarters of the JV will be in
Mödling, Austria. It aims to develop, manufacture, and deliver advanced and sustainable equipment for the lithium-ion battery
industry. The JV will also provide after-sales
services out of the Business Division AICHELIN Services Europe. In short, AICHELIN
und KILNPARTNER will collaborate on the
shared goal of joining resources, knowhow, and networks to customers in the
battery market. As one of the global manufacturing leaders of heat treatment systems,
AICHELIN has ample experience in incorp
orating different technologies. The Austrian
furnace manufacturer is among the major
global leaders in manufacturing heat treatment equipment for all types of atmospheric processes with outstanding temperature
uniformity.
Italy
Bedeschi Took over the Bulk
Activities of Berga Golfetto Sangati
Bedeschi S.p.A. took over the Berga
Golfetto Sangati bulk handling activities
from Golfetto Sangati s.r.l. Golfetto, Sangati
and Berga represent an Italian excellence
in the grain material handling with a long
success history and strong presence in the
market. Together with Bedeschi’s actual
capability, customers will be supplied with

new and enhanced possibility to grow their
business effectively with the highest consideration of environmental protection and
new standards in automation.
Effective 1 January 2022, Bedeschi was in
charge of all activities of engineering, production and after-sales support for bulk
handling equipment previously sold and
operated under the brand names of Berga,
Sangati as well as Golfetto, and acquired
the brand Berga. Due to this acquisition,
Bedeschi completes its capability to provide turnkey systems for grains and oilseeds
high-capacity bulk handling.
Great Brirain
Mantec Technical Ceramics and
Carbon Neutrality
Mantec Technical Ceramics announced
that three of its energy saving ranges have
now been officially classified as Carbon
Neutral Products as certified by the leading
international validation body ClimatePartner. The refractory products involved are
Ultralite free-flowing loose fill media –
non-hazardous, inert, thermally efficient
insulation materials most commonly used
in cars in tunnel kilns. Ultralite is produced
at Mantec’s facility in Stoke-on-Trent using
a special, proprietary process. Sales Director
Mark Berrisford said: “Ultralite ULF 10, 12
and 14 are now classified as Carbon Neutral Products. To the best of my knowledge,
we are the first GB precision ceramics/refractories manufacturer to attain Carbon
Neutral certification.”
ClimatePartner operates with a multinational team and explains that carbon
neutrality means that the carbon footprint
of a company’s product has been calculated
on the basis of internationally recognised
standards and fully offset by supporting
global climate action projects. The certification that is issued after thorough analysis
relies on what are referred to as “system
boundaries”. System boundaries indicate
which life cycle stages of a product have
been made carbon neutral. The following sections were taken into account for
Ultralite: material acquisition and pre-processing, production, distribution (to the initial customer) and end-of-life. Each carbon
offset has its own unique ID number. This,
together with associated web links, now
features on Ultralite packaging, meaning
users can read about CO2 emissions associcfi/Ber. DKG 99 (2022) No. 3

+++ GLOBAL NEWS +++
ated with the products, the reduction initiatives in place, and the carbon offset projects
supported. In Mantec’s case this involves
investment in an afforestation programme
in Rio Kama in eastern Nicaragua. Already,
a million plants of a native species of giant
clumping bamboo have been planted. In
contrast to cutting trees, harvesting this
bamboo does not kill the plant. Once fully
mature, selective poles are harvested from
each clump, leaving enough time for other
poles to regenerate. Thus the carbon stored
within the bamboo becomes a permanent
sink, with the clumps having a lifetime of
80 years. The bamboo from the plantations
forms the base for a broad range of sustainable, deforestation-free products such as
fibres or building materials.
The Ultralite material contains no Refractory Ceramic Fibres (RCFs) and so is safe
and easy to handle. It is also stable at high
temperatures (up to 1450 °C in the case of
ULF 14) and does not degrade in use, therefore meaning that it can be reused time
and again, for instance after kiln car repairs
and maintenance have taken place. When it
does reach the end of its useful life – this
can be as long as 10 years in certain circumstances – because Ultralite is not classified as a hazardous waste, it can be safely
disposed of to landfill.
“Additionally, Ultralite itself can bring energy savings of up to 40 % in kiln car bases,
further contributing to the ceramic industry’s reduced carbon footprint,” added Mark
Berrisford.
Bangladesh/Italy
Akij Invests in Pressure Casting for
Sanitaryware Production
The Bangladesh-based company Akij/
BD and market leader in Bangladesh is
focusing on export of high-quality ceramic
sanitaryware for the European and Middle
Eastern markets. To reach the new productivity and quality standards (the former set
at approx 1,2 million pieces per year), Akij
has upscaled its investment plan in SACMI/
IT technology with the purchase of a first
set of two multi-mould BMP pressure casting machines, equipped with a suitable slip
feeding and heating tank (RBS) as well as
resin moulds. Included in the supply are
also two modelling developments for water
tanks, two for lids and two for pedestals.
13 double-cavity moulds are provided for
cfi/Ber. DKG 99 (2022) No. 3


the manufacture of pedestals along the
first casting line which are added to the
14 moulds (two- or three-cavity) for the
production of lids and water tanks on the
second BMP line. The cycle time lasts a pprox
1 h with the reduction of manual oper
ations, which are limited, with this set-up,
to piece de-moulding.
There is a plan to integrate two further
SACMI BMP solutions to reach the full quality and performance targets of the plant.
Germany
Nabaltec: Record in the Financial Year
According to preliminary data, Nabaltec
AG had a record year in 2021, with revenues of EUR 187,0 million, up 17,2 %
from the previous year (EUR 159,6 million),
and operating profit (EBIT) at EUR 24,6 million. This was up from an EBIT figure of
EUR 9,4 million in the previous year, after
adjusting for non-recurring effects. Nabaltec posted an EBIT margin of 13,1 % in
2021 according to preliminary data. With
this performance, the company once again
exceeded its forecast, which had been
raised in October 2021, and which called
for revenue growth in a range of 13–15 %
and an EBIT margin of 11–12 %.
“Both our product segments, Functional
Fillers and Specialty Alumina, performed
very well last year relative to Financial Year
2020, which was shaped by COVID-19, and
demand in the markets was very strong, especially in the second half of the year. This
end-of-year growth spurt could not have
been anticipated at mid-year, which is why
we were deliberately cautious in setting
our estimates, and we have now exceeded
our forecast even after raising it twice over
the course of the year,” reported Johannes
Heckmann, the CEO of Nabaltec AG.
In the Functional Fillers product segment, Nabaltec posted revenues of
EUR 130,6 million in Financial Year 2021
according to preliminary data, compared
to EUR 114,2 million in the previous year
(up 14,4 %). This growth is attributable to
volume growth in all product ranges, and
to the continuing excellent performance of
the boehmite product range. According to
preliminary data, boehmite revenues were
up 51,3 %, to EUR 24,2 million, up from
EUR 16,0 million in the previous year. Boeh
mite now accounts for around 13 % of the
company’s revenues (previous year: 10 %).

Secure your ticket now!
ceramitec.com/tickets

June 21– 24, 2022 . Messe München
ceramitec.com

+++ GLOBAL NEWS +++ GLOBAL NEWS +++
Anticipating further growth in this product
range, Nabaltec AG is planning to expand
annual boehmite production capacity at the
Schwandorf site from 10 000 t to 25 000 t.
Revenues in the Specialty Alumina product
segment came to EUR 56,4 million in 2021
according to preliminary data, up from
EUR 45,4 million in the previous year (up
24,2 %). The boost in demand was due in
particular to higher growth in the steel and
refractory industry.
Based on the environment in its sector and
in the economy as a whole, as well as the
price increases which were implemented
at the start of the year, Nabaltec expects
revenue growth to fall in a range of 10 %
to 12 % in 2022 and an EBIT margin of
10–12 %.
India/Italy
Kajaria Goes for PCR2120 for
Tiles Production
India’s number one and 7th globally in
terms of output volumes regarding ceramic
tiles, Kajaria, selected PCR2120, the latest
addition to the SACMI/IT Continua+ family,
in order to become a key player in the highend slabs and tiles segment. This purchase
is running since spring at the South Plant, in
Tirupati, one of ten Kajaria Group production plants located across the country with
the head office in the capital New Delhi.
Specifically designed for the most popular
formats – from 60 cm × 120 cm to 120 cm
× 240 cm and relative sub-sizes – the machine is outstandingly compact and offers,
with such sizes, an alternative to even to the
highest-performing traditional presses.
Compared to a discontinuous press, Continua+ provides versatility as regards settings,
thanks also to the in-line TPV on-the-fly
cutting solution supplied by BMR. Equipped
with upstream APB0 and DMS feeders, the
machine is designed to provide, once fully
operational, an output of 3,5 Mm2 per year
in various sizes and thicknesses. Moreover,
it features the lowest scrap levels in the
category (always <3 %) and fully recycled,
thanks to the integrated suction and recovery system. Additionally, PCR has the lowest
specific consumption on the market, just
0,06 kWh/m2 against 80 kW of installed
power. Another key aspect of this purchase
is the 5-tier SACMI dryer, which has an effective width of 2850 mm and a length of
47,6 m. Next come the 25,3-m pre-kiln
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and the new 210-m HTE295 kiln with a full
complement of systems that retrieve hot air
from the kiln and send it to the burner preheat area or to the dryer.
Great Britain/Italy
Forterra Chose Bedeschi once again
With the Desford project for the British
leading bricks manufacturer Forterra, Bedeschi/IT supplied as a turnkey concept a fully
integrated in-house solution, covering clay
preparation, storage, extrusion, cutting, drying and firing, as well as the whole necessary
handling and packaging equipment. For the
refurbishment of its brick factory at Wilnecote, Forterra has chosen the Italian supplier
once again and is now set to invest around
EUR 31,8 million in its brick factory in Staffordshire. The investment will modernise the
facility, which has been in operation for 30
years, bringing it up to best in class standards of efficiency and sustainability.
With an expected production output boost
of 20 %, Bedeschi will supply again a
turnkey plant, including clay preparation,
extrusion, drying, firing, handling and packaging machinery, enabling the factory to
manufacture a wider range of high-quality
bricks, and also to increase production of
the famous Staffordshire Blue Brick, paying particular attention to its environmental
impact.
With this new contract Bedeschi confirms
its leading position in the market, strengthened by the new subsidiary, Bedeschi UK
founded at the end of 2020, guaranteeing
after-sales, technical and commercial support to the British market. Environmental
impact is the fundamental of Bedeschi long
term vision, and, at the same, to make available to customers, efficient and innovative
solutions for optimizing energy consumption. Bedeschi has developed high technologies to meet strict capacity and quality
standards, compatible with Industry 4.0.

Products and
Processes
Italy
SACMI RobotLoad: Latest Milestone
in Sanitaryware Automation
Developed at SACMI’s R&D Centre in
Imola, RobotLoad is the automatic solution

for loading and unloading sanitaryware in
and out of kiln cars. Still today these oper
ations are usually performed manually by
workers who have to handle heavy pieces at
high temperatures with all the consequent
risks for the health and safety of the oper
ator and for the quality of the product, that
can be damaged due to frequent manual
handling.
RobotLoad therefore introduces smart auto
mation of all kiln car loading and unloading
operations using newly designed technol
ogies and tools. Thanks to special vision
systems, RobotLoad is able to recognize the
positions and models of the sanitaryware
pieces to be handled, thus optimizing oper
ations. The actual piece handling operation
is then carried out by a universal “suction”
tool, installed on the side of the robot,
which is extremely versatile and suitable for
handling many different piece models and
sizes.
A further activity developed by SACMI’s
R&D Centre involves the handling of supports (ceramic plates and expanded polystyrene sheets). Automatic control has been
applied to these operations too, whilst
maintaining versatility according to the type
of kiln (tunnel, shuttle, roller) to be loaded/
unloaded and with personalized solutions
based on the specific set-up of the customer’s production plant.
In addition to the mechanical parts and
tools, RobotLoad is also provided with innovative software, the result of years of
research by the SACMI Sanitaryware team,
such as Smart Positioning Software and
the Smart Vision System. The first of these
serves to optimize the positioning of pieces
on board the car, which was previously carried out only by hand and was reliant on
operator experience. The second system is
used for on-board control of the position
of the sanitaryware pieces and their model
so as to optimize the robot missions for unloading and pick-up under different conditions.
Italy
ArtTooling Bathroom Fixtures and
Fittings Technology
In the bathroom fixture and fittings sector, the continuous improvement of digital
modelling techniques and the production
of porous resin moulds “by tooling” has
greatly expanded the opportunities avail-
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able. SACMI has developed specific expertise in resin mould milling thanks to which
digital graphic patterns (natural stones,
abstract patterns etc.) are embedded in the
surfaces of the moulds, memorised in the
project file and then “sculpted” into the
resin mould using CNC machines. This new
flow is called ArtTooling, a technique that
has already been industrialised with successful pilot projects finalised in 2021 with
top customers.
The concept of ArtTooling provides for the
possibility of creating different items by replacing some parts of the mould, in practice
the opportunity to create different products-textures starting from a single model,
thus expanding both the potential and the
versatility of application. Hence SACMI’s decision to propose a number of scholarships
to ISIA in Faenza (Istituto Superiore per le
Industrie Artistiche) to research new textured surfaces to be integrated into digital
modelling for the production of washbasins,
tiles and coordinated furnishing accessories.
The students involved in the project will be
called upon to produce textured surfaces
that will then be evaluated by SACMI’s
technicians and experts at the Whiteware
and Tiles Laboratories.
Students of the two-year specialisation in
product design have explored in four work
areas crafting creative colours and textures
for the design of integrated collections of
bathroom fixtures. The path has led to the
development of three-dimensional decorative languages and colour palettes interpreted with a global vision for the industrial
ceramic processes proposed by SACMI. The
winning projects will receive a contribution
to be shared with the Institute’s research
fund. The texture-structures will be used for
the production of bathroom fixtures, slabs
and tiles.

Persons
M. E. SCHUPP Industriekeramik:
Complement of the Management
A complement of the management of the
company M. E. SCHUPP Industriekeramik
GmbH/DE occured from 2 February 2022.
The Shareholder and Managing Director
Michael E. Schupp has decided to appoint
Dr Katarzyna Linn as the 2nd Managing Dir
ector.
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Dr Katarzyna Linn holds a PhD in Applied
Mineralogy, and is specialist in Glass,
Ceramics and Refractory Materials. Add
itionally, she has a Masters of Business
Administration (MBA) degree. Dr Linn is an
experienced expert for more than 14 years
in the operating business and the technical
areas, R&D, project management, quality, marketing, innovation and technology,
as well as sales worldwide. She has been
working for SCHUPP® for seven years.
The 2nd Managing Director will continue
to successfully position SCHUPP® in hightemperature technology for customers and
their decision-makers as well as all business
partners. Moreover, the close cooperation
with the company’s customers, suppliers
and production partners will continue to be
intensively maintained.
In addition, Frederik Arning (Quality Manager) received power of attorney (ppa.) from
1 February 2022. The authorized officers
(ppa.) of the company SCHUPP® remain
unchanged: Andrei Loscutov, Commercial Manager; and Dipl.-Ing. (FH) Manfred
Herweg, Technical Manager R&D. Michael
E. Schupp continues to support the crew
strategically as a founder, entrepreneur, and
owner.

Events
CEVISAMA Postpones the Upcoming
Edition for 2023
The crisis in the ceramic industry has
led Feria Valencia/ES to cancel the international ceramic and bathroom event
CEVISAMA, which had been due to run
from 13–17 June 2022, and re-schedule it
to take place from 27 February–3 March
2023. The decision has been taken by Feria
Valencia after the extraordinary meeting of
the Organising Committee. CEVISAMA had
already had to re-schedule its traditional
February date because of the 6th wave of
the COVID-19 pandemic, and has now cancelled the June date because of the critical
situation currently being experienced by the
mainstay of the fair, the ceramic industry,
which is facing huge uncertainty and unpredictable outcomes following Russia’s invasion of Ukraine.
The war has exacerbated the energy crisis
that ceramic manufacturers have been having to deal with since the middle of last

year. With the outbreak of war, the prices of
gas have spiked sharply and unsustainably
and the industry, which is gas intensive, is
already seeing stoppages in production and
adjustments to the workforce in the form
of furloughs. In addition to the prohibitive
cost of energy, other factors are making the
industry crisis even more complicated: the
supply of clay – most of which comes from
Ukraine – and the general increase in the
costs of other raw materials and logistics.
The sector has also lost the Russian market,
which was the 12th largest export market for
the Spanish ceramic industry last year.
Given the context, and even though there
had been a very positive response to the
fair from the demand side of the business –
25 % more visitors had pre-registered than
for previous editions – exhibitors had been
pulling out of the commercial showcase to
the point that it was no longer sufficiently
attractive to warrant the fair taking place.
“We are very sorry for the problems the
cancellation may cause, but we have an
emergency situation that has arisen and
that is preventing us from going ahead with
the industry’s grand re-grouping we were
so looking forward to. We do not want to
let down the trade visitors who come every
year from all over the world,” CEVISAMA
Director Carmen Álvarez said.
With the support of the Ministry of Econ
omy, Feria Valencia has committed to make
a significant investment in the next edition,
with a dual objective: on the one hand, to
make a qualitative leap in terms of the offering and content on show and, on the
other, to ensure that all the leading Spanish and international businesses that have
purchasing and specifying power attend
CEVISAMA 2023.
Qualicer 2022 Goes Ahead
Despite the fact that CEVISAMA has been
forced to cancel its 2022 edition due to the
serious energy crisis and shortages in the
ceramic sector, Qualicer will keep its appointment on 20–21 June as planned.
The world congress will continue to be the
stage in which international ceramic technicians present their latest innovations and
leading international figures share the latest trends and perspectives in the sector.
The Organising Committee confirmed the
last featured sessions and participations to
close its programme. Confirmed featured
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We are a global leading manufacturer of electric ceramic heating
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• permanent & full-time employment contract
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• short, internal lines of communication between small and
motivated teams
• a stable industrial company that has existed for decades and
has a broad and global reach customer base
• solid products with worldwide unique technical features and
future potential, Made in Germany
Contact
Elstein-Werk M. Steinmetz GmbH & Co. KG
HR Department
Stettiner Strasse 14
37154 Northeim

Tel +49 5551 983 0
Fax +49 5551 983 61
www.elstein.com
jobs@elstein.com
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sessions are: The Electric Factory; The Ceramic Industry in the
Challenge of Sustainability through Resource Efficiency; New
Economic Model – Value Chain; and The Globalization of the
Ceramic Tile Quality.
www.qualicer.org/en/
Messe Düsseldorf and VDMA: decarbXpo to Become
Leading Trade Fair for Power-to-X Applications
The Expo for Decarbonized 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 agreement. 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 Metals, 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 Power-to-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, Managing Director 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.
“The cooperation with VDMA is an excellent addition to our
existing partnerships in the industry, as it strengthens the trade
fair’s hydrogen and Power-to-X segment quite decisively,” added Bernd Jablonowski, Executive Director at Messe Düsseldorf.
“The machine and plant construction sector is developing
necessary and sustainable technologies to counteract climate
change. Converting green electricity into other energy carriers
via Power-to-X is a key technology that will help the industry
and the traffic sector become climate neutral, which is a significant contribution. In their function as energy storage systems,
hydrogen and other Power-to-X solutions furthermore contribute to securing the energy sector’s supply,” explained Peter
Müller-Baum.
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BÜROMEDAU – Successor for IKEMA and HF ABSORB

Following the unexpected death of Dipl.-Ing Karl Hinrich Medau in January

2021, the business activities of IKEMA Service GmbH and HF ABSORB AG
were gradually transferred to BÜROMEDAU, the new company founded by
his son, Jan Hinrich Medau, in summer 2021. So, Jan Hinrich Medau (JHM)
has continued the long-standing industry representation for Ceramic Instruments/IT (laboratory instruments and standardized testing instruments
for the ceramics industry) and Officine SMAC/IT (glazing and engobing
machines for tile and brick production) as well as his father’s own firm HF
ABSORB AG in the spirit of Karl Hinrich Medau and his partners. He gave
us some details on the new situation.
Fig. 1 Jan Hinrich Medau

cfi: Were you already actively working together with your father in the companies he
founded?
JHM: During the last few years, I was working with KraussMaffei (the market leader for
processing machines for plastic and rubber)
in the strategic corporate communications,
there responsible for the corporate design
and allowed the merger of three traditional
companies (KraussMaffei, Berstorff, Netstal). That was my first intensive contact
with complex machines and corresponding
industrial applications.
When it came to public relations, in my free
time I did, of course, support my father with
design aspects, and, when it was possible
timewise, I accompanied him to a trade fair.
There was never any plan for me to take
over my father’s company. Accordingly, he
had made no preparations for this, and following his sudden death, there was a string
of formal difficulties in following up on the
contacts and activities he had built up over
many years.
I am very happy that his long-standing assistant, Ms Gargano, has actively supported
me with this and is also working in the
newly founded BÜROMEDAU. In January
2022, we were able to finish setting up our
office in Siegsdorf, but already in the fourth
quarter of 2021 we were able to start working on projects and received our first orders.
cfi/Ber. DKG 99 (2022) No. 3

cfi: What motivated you last year to take
over as your father’s successor?
JHM: To be honest, the company SMAC
was the driving force here. The owners of
Officine SMAC made it clear to me what
“brand“ my father had created with IKEMA
Service for SMAC in the German-speaking
countries, but also in the Benelux countries
and Scandinavia thanks to his many years
of activities in the field.

They offered me the opportunity to learn
the ropes during a comprehensive training
programme in Italy and agreed to provide
support with technical aspects long-term. In
Italy, we also visited a number of customers together, where I could see machines in
operation.
Fortunately, I speak fluent Italian, and accordingly not only can I understand the
information from Italy myself, but also com-

Fig. 2 SMAC’s Versatile system
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Fig. 3 Products developed by Ceramic Instruments

municate it in German and English to our
customers.
In summer 2021, there followed the training sessions in Italy. I sensed that the diverse tasks in international business would
be fun for me and founded the new company BÜROMEDAU as, on account of the
lack of relevant documentation, it was not
possible for me to directly take over my father’s companies in the short term.
I was bolstered in my decision when, a fter
preceding company visits to STROJER in
Denmark and to Wienerberger in Germany as well as discussions with SMAC in
Italy, two lovely orders arrived even before
Christmas. The remits these customers gave
us were very different.
STROJER wanted to modernise its engobe
preparation to improve working conditions
for its employees with regard to cleanness
as well as ensure sustainable product quality.
At Wienerberger, the structural conditions
were very complicated. The issue here was
the special dimensions for the machines
and ascending conveyors.
And here, too, improving quality was another key criterion – specifically reducing
rejects in general and avoiding B-ware

thanks to the early detection of clogged
nozzles. This is guaranteed with dedicated
sensors.
Our business activity, of course, is also very
important for SMAC’s replacement part service.
cfi: You are also continuing representation
of Ceramic Instruments. Is there good news
on this front, too?
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Fig. 4 Open reactor developed by HF ABSORB

JHM: This business hasn’t really lost any
of its continuity as here demand is mostly
for products direct from the laboratory
catalogues, so we are mainly responsible
for processing orders and communication
in the local language. In this business, it is
not about complex technical questions, as
in the design of production lines for the
tiles and brick industry. The products from
Ceramic Instruments are tried and tested
and already well-positioned on the market.
Especially with regard to test instruments,
the customers know exactly what’s right for
their applications.
cfi: What considerations do you have in respect of the activities started by your father
at HF ABSORB?
JHM: The process is based on the dry sorption of HF-containing flue gases, which are
cleaned in the installed absorber modules,
where the hydrogen fluorides (HF) are removed. It is based on a process patented
by Steuler-Industriewerke. This cooperation
is still going. It is necessary to adapt the
modules to the specific applications. Here,
like my father, I am working with Rittmann/
DE, an engineering firm. We shall continue
assembling the individually adapted modules. The decentralized absorption alongside industrial furnaces enabled by this has
real advantages for certain applications
with regard to complying with the stricter
requirements of TA-Luft (German Clean Air
Act). I can easily imagine stepping up the
introduction of this system on an inter
national level, and I shall be looking to find
partners who can represent us abroad. As
ceramic production must become increas-

ingly sustainable and climate-friendly, I can
see a good basis for this.
cfi: What are your work focuses for the next
few months?
JHM: Besides day-to-day business, it is important to me to meet as many customers
as possible personally. A trust-based working relationship was one of the factors for
my father’s success.
That is one thing that I have already taken
away from the personal talks I have already
held. It touched me to learn what high esteem customers held him in and how they
have expressed their pleasure that con
tinuity is being preserved. That’s great mo
tivation for me. It really wasn’t easy, while
maintaining data protection, to get hold of
all vital information. Ongoing liaising with
the partners will still be necessary.
I shall try to visit as many customers as
possible prior to the next trade fairs ceramitec, TECNA and Cevisama, and naturally
to deepen and widen contacts. I am really
looking forward to that.
In addition, I want to bring in my specific
expertise in documentation and presentation of our company and those that we
represent. I can already sense that I have
made the right decision as communication
with partners and customers is going well
and I am enjoying it.
ceramitec 2022 will, of course, be an im
port
ant trade fair for BÜROMEDAU. We
shall be represented the entire time on
the Officine SMAC stand. Visits to other
trade fairs in summer and autumn are
planned.
cfi: Thank you for talking to us. KS
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Nanostone Water: First Fully Digitalized Manufacture of
Ceramic Components in Europe
Nanostone Water GmbH in Halberstadt, Germany – a subsidiary of Nanostone Inc. headquartered in the

USA – specializes in the development and manufacture of ceramic filtration modules for municipal and
industrial treatment of water and wastewater. Here, precision values down to the nanometre range are
achieved. Dr Christian Göbbert (CG) – Managing Director, CSO and Vice President R & D – gave us an
insight into manufacturing.

Fig. 1 Dr Christan Göbbert

Fig. 2 Headquarters in Halberstadt

cfi: Nanostone Water GmbH has one of the
most modern manufacturing facilities for
ceramic filter substrates and wet-chemical
production of nanoparticles for filter membrane coating. How are your products different from those of the competition?
CG: The flat membranes manufactured by
us are installed on site in a housing made of
glass-fibre-reinforced plastic and undergo
100 % quality testing. The CM-151 ceramic
filter consists of an a-alumina material with
24 m2 filter area and a nominal pore size
of 30 nm. In comparison with conventional
polymer water filters, our ceramic filter modules boast up to five times higher efficiency
as well as enhanced chemical and mechanical resistance. Its structure made up of in-

dividual segments has the advantage that
during the production process any defective
segments can be replaced if necessary, so
high quality of the complete module can be
cost-efficiently ensured for the customer application. For the customer, that means very
high product reliability, which we guarantee
up to 20 years.
cfi: You have installed real-time and inprocess data logging of the production parameters across all process steps. How was
this developed?
CG: In Halberstadt, manufacture of conventional-type ceramic membranes was
started back in 2004. In 2012, the company was bought by True Venture Partners/
US, and a management team in Minnesota

was brought in. As part of this, the company was named Nanostone Water. The
mission was defined to produce improved
membranes with higher filtration efficiency
under more cost-efficient conditions and to
realize the complete logging and tracking
of production data during the manufacture
of ceramic membranes. In 2017, more than
EUR 10 mill. were invested to install a production capacity up to 150 000 m2/a filter
area. Today, we have over 2200 m2 production space and 1300 m2 office and laboratory space. We currently employ 120 people,
including 14 process engineers and 16 people in R&D and quality management.
Today’s data management system was set
up iteratively, certainly with learning loops,

Fig. 3 View into the lab
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Fig. 4 Ceramic filter CM-151

as we had to work out every step individually. This process has not yet been concluded;
today we can log, monitor and control the
process data from the individual manufacturing phases (such as weighing, mixing,
extrusion, drying, sintering, coating), but we
want to achieve more. External influences
like room temperature and humidity or operating errors also need to be “defanged”.
That means we have to further optimize the
processes by protecting the process windows and making them more stable against
such influences. For these things, it is not
possible to draw on final empirical values.
But there is always the chance that a new
thing may turn out successful, that is become an innovation. We are pushing ahead
with innovation management, and we continue to work actively in the test planning
and further development of existing products and product lines. Innovations are the
motor driving our corporate culture.
cfi: Is it possible to explain on the basis of
an example how detailed data logging is?

CG: The MES structure is based on process,
product and machine data. For this, we had
to individually develop specific data logging
systems together with the suppliers of the
equipment, also for installed systems, as
often additional measurement points were
needed on the machines, to be able to
meaningfully document the measurement
data that are relevant from our view. Only
then will it possible, for example, to determine varying influences during extrusion,
such as wall friction, advance of the body
in the deairing chamber, etc., on product
properties or shrinkage during sintering and
adjust these to maintain a stable process in
accordance with the required standards.
cfi: All the years, you have been involved
in these developments in a position of responsibility. How do you assess the status
already achieved?
CG: Real-time and in-process data logging
enables us not only to steadily optimize process control, it also helps us meet the highest quality requirements. We can respond
rapidly when irregularities occur during production or at the customer’s facility as all
necessary data are archived. But you have
to be aware of the enormous quantities of
data that are generated and stored. That
has to be competently assessed by specialists. For this reason we have statisticians in
the team who are able to read this data and
identify correlations that are significant for
the further development of processes. The
high requirement for planning in respect
of time and costs should not be underesti-

mated. But the complex logging of the data
is essential for the creation of fully automated processes. Then the optimization of
individual process steps or the adaption of
new findings from the R&D department in
production can be quickly realized.
cfi: How are your sales organized?
CG: Through our parent company, we have
a strong presence in the USA, and we are
also represented in China with an engineering office with affiliated laboratory. In
Asia, Europe and, of course, in the USA, we
have a competent network of representatives. We have installed our filters in mobile
stations and can therefore offer interested
customers tests over several months.
For mobile plants, besides stationary installation in waterworks, there is a demand in
civil protection or in arid regions.
Potable water is a valuable asset and the
basis for all life. Only 3 % of the global water resources is freshwater. Water treatment
is essential. It must be selectively considered what level of treatment is expedient
for which application. One big issue is desalination of seawater.
We are expecting strong growth in demand
and are currently planning a new facility in
Europe that will have four times the capacity of the site in Halberstadt. We haven’t
reached a final decision on the location as
yet. We shall, however, channel all the experience we have gained over the last ten
years in Halberstadt and develop further
together with new colleagues.
cfi: Thank you for talking to us.KS

Fig. 5 Extruder
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Keeping a Close Eye on Everything Thanks to Digitalization
– EIRICH Presents Digital Solutions for Increased Efficiency
in Service and Production Plants

With the onset of the era of Industry 4.0, digitalization is rapidly gaining momentum in the industry

with intelligent networking of machines and lines. This digital transformation is enabling companies to
open up new ways to control and organise the entire value chain. The long-established German company
Maschinenfabrik Gustav Eirich has developed a range of digital solutions for Lifecycle Services and Process Analytics to boost efficiency and streamline production processes.

Fig. 1 Augmented reality maintenance service

Many companies see digitalization as a key
step for future success, and as a result they
are attempting to optimize their processes
in order to strengthen their own market
position.
For the family-run company Maschinenfabrik Gustav Eirich, the optimization of
production processes and intelligent networking of production lines is a step toward
more efficiency and greater sustainability.
This creates flexible manufacturing structures, which play an incredibly important
role in such a dynamic market. With its
digital product portfolio, EIRICH has also
taken the topic of closeness to the customer to the next level: from fast ordering of
spare parts to technical support provided by
EIRICH personnel, the company is aiming to
offer customers even better service and barrier-free accessibility via its digital offerings.
Stephan Eirich runs the company now as
CEO in the fifth generation of family ownership, and his focus is now on digitalization.
cfi/Ber. DKG 99 (2022) No. 3 


Fig. 2 ProView process visualisation

He believes that digital transformation is
a natural evolution for the industry: “How
can we ensure that a preparation system we
deliver to a customer today will continue to
operate in the optimum range, without the
customer needing to rely on the input and
experience of experts – who are becoming
increasingly more difficult to find? It is up
to the machine supplier to implement this
knowledge in the system right from the
start. We see this as a great opportunity
and believe we owe it to our customers.
With Lifecycle Services and Process Analytics we offer our core industries genuine
added value to help make production processes more reliable and more sustainable
in the long run.”
Lifecycle Services enable transparent servicing – from real-time monitoring of lines to
maintenance services based on augmented
reality. The solutions focus on optimizing
machine downtime and minimizing line
outages.

MyEirich
With the aid of the electronic spare parts
catalogue from EIRICH, customers can access visual models that enable them to
intuitively identify installed components
themselves. The shopping basket is the fi nal
link in the ServiceExpert ECD software –
machine and line components that are re-

Maschinenfabrik Gustav Eirich
GmbH & Co. KG
74736 Hardheim
Germany
www.eirich.com
Keywords: Industry 4.0, digitalization,
lifecycle service, augmented reality main
tenance service, condition monitoring,
teleservice, QualiMaster systems

E 13

TECHNOLOGY NEWS
quired are simply added to the basket, and
the order is placed directly by e-mail. In the
MyEirich application, customers can track
the progress of a service order in real time
and monitor its dispatch status live.

Condition Monitoring
With this system, physical parameters are
measured and analysed to determine the
current status and condition of a machine.
Sensors supply data in real time. Continuous data analysis highlights trends and
identifies possible damage to components
before failure actually occurs. Crashes,
bearing damage, imbalance, gearing
faults, and wear are all detected early on
and displayed. This allows the customer to
order replacement parts in good time or
contact the Service Department before the
machine fails – without having to allow for
waiting times before service engineers can
visit.

Teleservice
Online service without service technicians
present on-site – with remote servicing and
remote diagnostics. The automatic collec-

tion and analysis of machine and process
data means that faults can be isolated and
located remotely. Once approved by the
customer, measures can be put in place
immediately to remedy faults, and customised software updates can be implemented
without a presence on site.

EIRICH-AR Services
With the aid of augmented reality, specialists can gain an overview of the current
status and condition of the system using
a smartphone camera and smart glasses.
Thanks to advanced 3D object tracking,
arrows, notes, and markings can be superimposed on the display to make it easier
for the user to follow the instructions of
the expert. This maximises productivity,
reduces downtime and – more than anything – saves time and money. With digital
tools for Process Analytics, EIRICH offers
optimization solutions that safely and reliably improve production processes.

QualiMaster with EIRICH ProView
The individual QualiMaster systems are a
guarantee of quality in their relevant fields

of application. The system continuously and
automatically takes samples from the material being mixed, measuring the properties of the material in a range of ways. The
ProView software visualizes and analyses
the measured data.
With exceptional user friendliness, an incredibly clear visual presentation of the
information and an array of adjustment
options, this system offers users a wide

range of options for monitoring and controlling engineering processes.
The results can be analysed by experts or
with the aid of artificial intelligence so that
subsequent batches can be successively improved.
This boosts quality and hugely reduces
waste, making your production more stable
and more efficient.
QualiMaster systems are already available
for optimizing moulding material properties, moisture content, consistency, and
flow properties as well as for optimizing the
production of granulates.
More information at:
www.eirich.de/de/digitale-loesungen/
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TECHNOLOGY NEWS
No Chance for Viruses – Special Glass Makes Disinfection
Superfluous

The last industry working group of the Glass Technology Forum dealt exclusively with glass surfaces and

their specific properties. These are permanently under the influence of their environment and not only
through weather and air pollution. Wherever people come into contact with glass surfaces, they leave
traces and thus also viruses and bacteria. A special coating can prevent them from surviving on the surface. Glass surfaces can be pre-treated so that they do not offer bacteria and viruses a chance to survive
and do not aggregate layers of dirt.

Glasses like these from the NSG Group
are used in the medical sector or are part
of interior design. Furniture surfaces lend
themselves to this, especially in places with
much public traffic. The glass type SaniTise™ from Pilkington contains a coating
based on titanium dioxide, TiO2. This is applied in a CVD process at 600 °C during
float glass production. The photocatalytic
effect is triggered by UV light. Sunlight des
troys 90 % of the viruses on the surface
after about 15 min. An “accumulator effect” means that about 80 % of the viruses
are still devastated after 60 min. Additional
UV light sources are necessary indoors. The
layer is active for the glass’s life and does
not restrict further processing steps in the
manufacturing process. Since it is very thin,
the glass can be recycled.
With laminated glass, the film used must
be UV-permeable. If the active surface gets
a print afterward, the effect is reduced because the printed area can no longer reduce
the virus load. Special cleaning agents are
not necessary.
Another possibility for creating an anti
bacterial function is offered by the process of HEGLA Boraident GmbH & Co KG.
A laser does heat the glass surface and
initiates the transfer of silver ions from a
transfer medium on the glass surface into
the glass surface. Silver ions are known to
kill bacteria that get onto the glass surface through skin contact. The process can
be used, for instance, to treat glass in the
area of h andles or other surfaces that are
frequently touched.
cfi/Ber. DKG 99 (2022) No. 3

Fig. 1 The action mechanism of SaniTiseTM

Reactions of glass surfaces to the
environment
In general, glasses react to external influences. 95 % of the glasses that are used
are silicate glasses. Due to the hybridization state, the SiO2 ensures that a threedimensionally linked silicate network with
four bonding arms is created. This is hard
to dissolve. Nevertheless, the surface reacts
impressively – if new surfaces form, loose
and thus reactive bonds are present. This is
also reflected in the strength: the smallest
defective spots in the surface cause brittle
fractures when tensile stress occurs. Con
sequently, it is helpful to introduce compressive stresses into the surface. This is
done, for example, via chemical or thermal
pre-stressing.

(Source: ©Pilkington Deutschland AG)

The glass surfaces change over time. In particular, the reaction with moisture damages
the surface (“deficient water attack”). A gel
layer forms in which, on the one hand, crystallization takes place, but which, on the other
hand, can act as a protective layer depending on time. Why these gel layer bumps form
has not yet been explained. The TU Ilmenau is
VDMA e.V. Glass Technology Forum
60528 Frankfurt
Germany
https://glass.vdma.org
Keywords: specific glass properties, glass
surfaces, disinfection, special glass
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Fig. 2 Reaction model for intrinsic alteration at the glass surface
(Source: Edda Rädlein, TU Ilmenau)

also researching this. Sodium hydrogen carbonates are often found there. The weathered
and dried gel layer can flake off over a large
area and reveal a new glass surface. In the
daily environment, one encounters glass surface reactions, especially in the dishwasher,
but external environmental conditions such
as dust or sand also show great effects.

Coatings require better adhesion
properties
The gel layer that develops during the aging
and corrosion process requires glass to be
pretreated before printing or coating. This
is a core competency of SURA Instruments
GmbH. One possibility is to silicatise the
surface using pyrosil technology.
This involves burning a gas mixture with a
precursor containing silicon. A silicate network with a high number of OH groups is
formed. The result is a hydrophilic layer on
which the water contact angle is reduced to
values between 0–5°. This is important for
the application of lacquers or adhesives, but
it also affects the reflectance of the surface.
Digital printing, especially with organic,

E 16

Fig. 3 Using pyrosil technology is one possibility to
silicatise the surface with a thin hydrophilic layer
(Source: INNOVENT e.V., Jena)

fast-curing inks, is becoming increasingly
important. This process enables the smallest
batch sizes and the highest degree of individualization. Unfortunately, organic inks
are very sensitive and do not contain an
adhesion promoter. A mechanical bond by
clinging to the surface is usually not pres
ent in glasses. Physical bonds are always
present (dipole forces, hydrogen bonding)
but are not sufficient to ensure long-term
adhesion. Chemical bonds, however, (covalent bonds) can arise when impurities and
absorption layers are removed.
The best basis for coatings is the juvenile
glass surface. Older glass must be pre-treated. Flaming is one possibility; it can clean the
surface and, depending on the process, remove the cold end coating at the same time.
The adhesion strength increases significantly
with adhesion promoters, and the fracture
pattern no longer shows adhesion failure.

Better not to touch – mechanical
stress on displays
Touch, swipe, and zoom not only generate
abrasion but also leave skin grease, cosmet-

ics, or disinfectants on displays. The Institute
for Surface and Product Analysis (ISPA) investigates and tests the effects. Humans
cannot see changes on the surface that are
smaller than 40 μm.
The fingertip, however, can feel changes up
to 1 μm in size. The speed of the movement
is decisive for the magnitude of the damage. Mechanical stress tests often do not
reflect reality because they are performed
too slowly.
An established standard test is the ABREX®
Abrasion Test. It simulates the contact of
a viscoelastic, rough, and inhomogeneous
finger surface and can take into account
various solids and liquids as well as temperature ranges.
The contact angle of 45° is particularly important. Depending on the requirements in
the end application, different load levels
and speeds are used. These and other test
methods have been tested and further developed by the German Flat Panel Display
Forum. An evaluation of the test result
is carried out by measuring the contact
angle.
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New Fully Automatic Setting, Unloading and Packaging
Plant for Leier at Turcin, Croatia
The Leier International Group is a family-owned Austrian group of companies in the building materials

industry, with its headquarters at Horitschon in Burgenland. Leier was founded in 1965. Since 2006, Leier
has also been present on the Croatian market.

Fig. 1 Setting plant

At the Turcin plant, the existing Keller setting machine was replaced by a new machine concept. Starting with the pallet unloading equipment, the new setting plant
(Fig. 1) places common bricks and ceiling
bricks on kiln cars for firing. Depending on
the cutting length, packs of 4 or 5 brick
rows are formed.
The existing pack unloading system was replaced by a new system (Fig. 2) for the unloading of bricks in layers; here the proven
Keller concept could be successfully imple-

Fig. 2 Unloading equipment

mented. A Keller grinding machine can be
easily installed subsequently in front of the
packaging plant (Fig. 3).
This project, which is important for Leier
and Keller, combined with the professional
cooperation of all partners, was a complete

success. The requested plant capacity could
be exceeded. With this engineering performance, Keller has once again proven its
innovative competence as manufacturer of
machines in the heavy clay industry and in
innovative technologies.

Keller HCW GmbH
Intelligent Clay Solutions ICS
49479 Ibbenbüren
Germany
E-mail: ics@keller.de
www.keller.de
Keywords: bricks, ceiling bricks, automatic
setting, unloading and packaging plant
Fig. 3 Packaging plant
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SACMI-SAMA’s PCM Line – a Success for 20 Years
More than 200 pressure casting machines from the PCM range for tableware items have been sold

around the world by SACMI-SAMA. Of these, over 50 solutions are part of the new “GREEN series”, with
which the SACMI Group has remade its mark on the market over the last five years, leading the way with its
focus on efficiency and energy savings. Top performance, together with optimum cell flexibility, are the key
features explaining the 20 year-long success that these solutions have found in the Tableware sector during
the switch from mainly manual work processes to totally automated lines from piece casting and demoulding to drying and finishing operations. Thanks to their capacity to combine full automation with a high
level of customization these solutions have been purchased by numerous leading customers on the market
where demand is still strong for these modular machines suitable for handling a wide range of production.

Together with their special SAMApor
macroporous resin moulds, the PCM line
brings together top quality and process repeatability with optimum durability of the
machine and moulds. As with other SAMA
solutions in the tableware sector, this proposal both meets the requirements of the
largest manufacturing Groups – with the
ability to position the level of innovation at
different levels according to geographical
area, products, markets – as well as those
of a smaller size who are nevertheless focused on product excellence and state-ofthe-art technology.
Every casting cell – made up of one or more
machines, robots and auxiliary equipment –
can in fact be set up according to customer
requirements depending on the product,

SACMI IMOLA S. C.
40026 Imola (BO)
Italy
www.sacmi.com

E 18

degree of flexibility and level of automation
needed. Among the various possibil
ities
there is, for example, the installation of a
pair of machines served by a single demoulding robot – equipped with dedicated
pick-up suction cups – provided with a r apid
mould change-over unit to better control
wide production ranges in small lots, carried
out with the same production process. Even
finishing operations can be fully automated
thanks to the use of a robot.
The special PCM NH 25 is equipped with
a horizontal mould clamping system and it
is possible to install 2-part, or even 4-part
moulds, thanks to the optional vertical
cross-bar, which has two hydraulic cylinders
for vertical mould clamping allowing for
production of complex pieces such as cups
with handles. Furthermore, it is possible to
install multi-cavity or single-cavity moulds
on this machine, according to production
requirements and piece dimensions.
The main advantages of the PCM “GREEN
series” include; energy savings of up to
85 %, eliminating the use of cooling water

and significantly reducing noise levels to
safeguard operator health and safety.
A further opportunity, in addition to the
vast choice of configurations and tonnage
(in the range 100–150 t), is provided by the
possibility to install machines with double
head and/or double plate to increase the
number of moulds installed and therefore
the production output with the same space
occupied. A further contribution to achieve
efficiency, quality and process repeatability
is provided by the innovative 3D simulation
software which allows the user to check the
cell overall dimensions and work cycles during the design stage. Carried out together
with SACMI-Gaiotto, these feasibility studies are becoming more and more important
in order to optimize and integrate manmachine-robot resources.
In the same way, the SAMA pilot plant and
R&D Centre are available to the customer
in order to carry out preliminary trials any
tests required on new products to ensure
the best guarantee of the expected results
even before industrialization.
cfi/Ber. DKG 99 (2022) No. 3
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Pre-Drying in the Production of Sanitaryware –
KOHLER’s Experience
Drying is an important process in the production of sanitaryware, due to the critical issues related to

the process itself and to the importance of the physical time spent in the entire production cycle. Space,
manpower for loading and unloading and handling of the ware trucks, parking buffers, time and energy
required, all are critical and with the increasing need to reduce in process times are required. Low consumption of power, with optimization of the available thermal energy and recovery, and near zero losses
in drying are what every factory tries to achieve. However, there are limits related to the types of pieces,
their shapes, their complexity with even the same model of piece from the same manufacturer, behaving
differently if made in different factories, this can have different effects on the pieces drying behaviour. It
is true that drying takes place mainly in the drying room, but it should be remembered that it begins as
soon as it is removed from the mould. It then continues in the parking areas in the casting room and ends
after final drying at the exit from the dryer. It is right from the start that the most critical phase begins,
the contraction and where the material is most vulnerable to thermal changes, air flows and movements.

Correct management of the
phases prior to drying
There are intermediate stages preceding
the dryer that must be carefully analysed as
they are sensitive and critical to the integrity of the piece throughout the following
processes.
The temperature values of 30–32 °C with
65–60 % humidity maintained in the casting room by an adequate air conditioning
system are correct for the first stage of the
pieces production, along with an appropriate choice of air diffusers directing air flow
of on the pieces surfaces. This first phase is
often crucial in more complex shapes where
the piece still needs its own settling time.
Once conditioned to move from the cast
shop which is prepared for drying, there
are normally two types of dryers: those that
have a low-speed but constant and uniform
flow of air, and those with a high-speed, but
a more turbulent air flow.
The low-speed air constant uniform flow
helps with the initial drying of the piece
when the pieces are still very humid (where
the piece contraction can occur in the dryer), but the second stage with higher speed
and more turbulent air flow is suitable at
the end of the piece contraction where the
dryer can deliver controlled maximum air
speed without problems.
cfi/Ber. DKG 99 (2022) No. 3

Fig. 1 Entrance view

In other cases, the pieces, initially demoulded onto a polyurethane support, have
to be removed from the support only after a
pre-drying phase.
This type of piece also includes supports
which act as a support to the piece in this
critical time allowing the most fragile items
to be moved only after reaching a certain
degree of hardening.
For all these situations, the pre-dryer comes
into play. The pre-dryer it is a chamber with
controlled temperature and humidity, with
low impact, uniform flow (one- or two-way)
of the air speed onto the pieces. This manages the critical shrinkage phase of the material accurately.

Marcheluzzo’s pre-dryers
developed for KOHLER in China
These pre-dryers are based on a series of
rooms with controlled temperature and humidity, with low impact of air velocity on the
pieces, uniform unidirectional flow.
Marcheluzzo S.p.A.
36030 Caldogno (VI), Italy
E-mail: ceramics@marcheluzzo.it
www.marcheluzzo.it
Keywords: sanitaryware, drying, pre-drying,
pre-dryers, laminar air flow
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Fig. 2 Doors opening

The pieces enter the pre-drying chamber
after de-moulding, with all their initial humidity, and the pre-dryer is used for the
initial drying in a controlled manner so that
the pieces can be moved onto the dryer. This
process reduces the parking time, frees up
production space, reduces potential loss
and increases productivity.
The pre-dryer air flow is laminar, from one
side to the opposite side of the chamber, the
working temperature usually ranges from
32–42 °C, while the relative humidity varies from 80–70 %. The cycle can have a flat
profile (same values for the entire parking
time) or with a curve in which the temperature rises over time and the humidity drops.
Marcheluzzo’s experience can design the
process curve to accurately fit the production requirements of the customer.
The temperature of the pre-dryer can be
controlled by an air handling unit (single
for several cells) or by single hot-water heat
exchanger coils. The humidity, on the other
hand, is maintained by a fog pump or a
steam generator system. The production
cycle is usually calculated to fit the produc-

Fig. 3 Internal view 

tion flows of the dryer and further processing
of the pieces, with the pre-dryers positioned
in front of the entry doors to the main dryers.
This leads to a seamless flow of products.

The benefits using pre-dryers
• The pre-dryer avoids parking of the pieces
in areas not managed thermo-hygrometrically (humidity and temperature), which
would expose the ware on the trucks to
harmful air currents. Varying temperatures
and too low humidity values are a possible cause of cracks and loss. The movement of ware trucks inside the factory
is also reduced further reducing the risk
of damage to the pieces. Parking of the
ware trucks in the cast shop would occupy space. The loss of humidity (from the
pieces) would be an issue. An Air Conditioning System (AHU) would be needed to
avoid the formation of colder and wetter
areas in the cast shop, which could lead
to lower production and increase loss of
ware.
• Pre-dryers control the initial stabilisation
and contraction phases of the piece with

(Figs.: Marcheluzzo)

an appropriate management of the par
ameters. This is critical in the few hours
after de-moulding of the piece.
• Pre-dryers allow the piece to enter the
main dryer with high-speed air without
incurring problems of breakage due to
different internal contractions or strong
localized air flow. This results in speeding
up the drying time and production output
by reducing overall drying time.
• Pre-dryers allow the pieces to be semifinished halfway through drying, and if
necessary, the removal of any special
substrate which are not suitable for high
temperatures in the main dryer.
A good pre-dryer can compensate for loss
in some critical areas of production which
is not insignificant in production and should
not be overlooked.
Pre-drying is a solution to be taken into
consideration when considering shape complexity, productivity, and lower loss. Along
with complex pieces with higher value, predryers can help manufacturing products
that need a dedicated treatment before
entering the final dryer.
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Almatis Expands its Calcined Aluminas into
a Higher Purity Range
T. Früh, N. Rosenberger, M. Schustereder

In this article, the authors discuss the need for improved purity levels of specialty alumina for emerging

and developing technical applications. They discuss the impact of the overall purity level of alumina on
its properties and how specific impurities or dopants impact specific properties more severe than other
impurities or dopants. The dielectric loss is given as an example property that is significantly influenced by
specific impurities. The awareness that specific impurities and certain combinations thereof have a larger
impact on the properties of alumina than the overall purity opens up the possibility for a more economical
solution to selectively avoid or remove impurities in alumina that are harmful for the targeted properties,
depending on the application.

Higher purity alumina
Alumina is the most extensively used cer
amic material. A major reason for the success of alumina over other technical ceramic
materials is its excellent material properties
in combination with its lower price, which is
based on the use of the Bayer process.
For the vast majority of alumina applications a purity range of 99,6–99,8 % is
sufficient to achieve the desired properties.
Some specialty applications require higher
purities to achieve the desired properties.
The demand for higher purity alumina has
been increasing recently due to new emerging applications such as 5G and Li-ion batteries, as well as due to the advancement of
existing applications, for example semiconductor processing equipment.
An increase in purity to >99,9 % typically
comes at a significantly higher cost, e.g. by
an order of magnitude, caused by either
more expensive feed that has to be used,
or complex processing steps to remove
impurities from the alumina. For example,
purities of 99,99 % or greater are typically
produced by methods that use ammonium
alum, aluminium metal, or aluminium salts
as feed instead of cost effective Bayer feed
from a refinery.
In an effort to address the increasing need
for higher purity alumina of >99,9%, Almatis focused on improving the purity levels
of Bayer based materials to generate cost
cfi/Ber. DKG 99 (2022) No. 3

effective alumina powders with purities
greater 99,9 %. A proprietary process allows us to selectively remove impurities to
reach purity levels of 99,6–99,99 % using
a Bayer-based feedstock, specifically targeting impurities that are most harmful for individual applications.
In previous work is was reported how impur
ities and dopants such as Na2O, SiO2, CaO,
and MgO affect the sintering behaviour and
microstructure evolution in specialty aluminas derived from the Bayer process [1–3].
However, only little work has been done on
how impurities in this concentration range
affect properties of alumina.
For applications in semiconductor processing and 5G the dielectric loss tangent is an
important property, and it is reported that
the impurity concentration in the alumina
has a major impact on it [4–6]. Therefore,
we investigated the dielectric loss tangent
of alumina with different purity levels and
impurities.

Higher purity specialty calcined
aluminas produced at Almatis
Tab. 1 shows the overall purity of five alumina powders and the concentration of their
impurities. The five powders are chosen to
cover the a purity range of 99,78–99,97 %.
Note that MgO is typically not considered
an impurity due to its use as a sintering aid.
MgO was intentionally added to powders 1,

2 and 5 for this reason. The physical par
ameters of the five powders are shown in
Tab. 2.

Microstructures and densities of
higher purity Bayer alumina
Fig. 1 shows microstructures of samples
prepared from Bayer process alumina with
purities of A) 99,78 % (powder 1) and
B) 99,97 % (powder 3). The samples were
prepared by freeze granulation, uniaxial
pressing of freeze granulated powder at
90 MPa and firing at 1600 °C for 1 h.
It can be seen that the impact of the overall
purity on the microstructure of the samples
investigated here is small. The grain size
and shape of samples with a purity level
of 99,78 % A) are similar to samples with

Tobias Früh, Nils Rosenberger,
Marius Schustereder
Almatis GmbH
67065 Ludwigshafen
Germany
Corresponding author: Tobias Früh
E-mail: Tobian.Frueh@Almatis.com
Keywords: alumina, high purity,
dielectric loss, semiconductor
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Tab. 1 Purity levels of five alumina powders used for dielectric measurements

Tab. 2 Particle size values by laser diffraction and specific surface are measured by
the BET method

Na2O

Fe2O3

B2O3

SiO2

MgO

TiO2

CaO

Li2O

Al2O3
[mass-%]

Powder 1

790

184

12

204

761

34

241

2

99,78

Powder 2

80

133

14

214

563

15

105

2

99,89

Powder 3

150

67

11

60

14

4

19

20

99,97

Powder 4

70

193

10

79

16

34

59

2

99,95

Powder 5

80

187

8

83

595

34

63

2

99,89

Powder 5 0,08 0,43 1,93

[ppm]

d10 d50 d90 d100 BET
[µm] [µm] [µm] [µm] [m2/g]
Powder 1 0,12

2,11

10

6,56

Powder 2 0,09 0,45 2,08

0,5

12

7,92

Powder 3 0,1

0,49 1,62

12

4,80

Powder 4 0,08 0,43 1,84

10

8,57

10

8,28

Fig. 1 Microstructures of alumina with a purity of A) 99,78 % and B) 99,97 %

were uniaxially pressed at 90 MPa and sintered at 1600 °C for 1 h in an electric kiln.
The samples made from the powder with a
purity of 99,78 % had an average density
of 3,91 g/cm3 (SD = 0,01 g/cm3), whereas
the samples made from the powder with a
purity of 99,97 % had an average density of
3,93 g/cm3 (SD = 0,01 g/cm3).
The difference in the sintered density can be
attributed to effects of the impurities on the
sintering mechanisms, as described in the
literature [1–3, 7].

Effect of impurities on properties:
example dielectric loss tangent
Fig. 2 Loss tangent and purity of the alumina; the numbers indicate the powders used to
prepare the samples

a higher purity level of 99,97 % B). After
investigating a larger sample area a higher
number of facetted grains similar to the
grain in the center of image A) in Fig. 1, was
observed in the alumina with lower purity.
The formation of a small amount of second
phases, most likely sodium aluminate, calE 22

cium aluminate, and spinel phases [2–3,
7], was observed in samples with the lower
purity (99,78 %). No second phase formation was observed in the sample with a
higher purity of 99,97 %.
To determine the impact of the purity on the
sintered density ten pellets of each powder

Fig. 2 shows the dielectric loss tangent of
samples that were prepared from the five
alumina powders described in Tab. 1 and
Tab. 2. The dielectric loss tangent was determined at 10 GHz using split-cylinder resonator measurements as described by Janezic
and Baker-Jarvis [8|. The authors estimate
the accuracy of this measurement to be
~10 %. It can be seen that the dielectric loss
tangent decreases with increasing purity.
cfi/Ber. DKG 99 (2022) No. 3
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The sample prepared from powder 1
(99,78 % purity) has a dielectric loss
tangent of 3,5 × 10–3, whereas the samples prepared from powders with a purity
of 99,89 % or higher have dielectric loss
values that are one order of magnitude
lower.
However, it can also be seen that the dielectric loss tangent does not solely depend on
the overall purity of the alumina, i.e. it is not
the purest sample (made from powder 3)
that has the lowest dielectric loss tangent.
This indicates that the type of impurities
present is more important for the dielectric
loss than the total amount of impurities.
Powder 3 has the lowest overall impurity
concentration and the lowest impurities for
every individual impurity except for Na2O
and Li2O. This indicates that Na2O and Li2O
have a more severe impact on the dielectric
loss tangent than other impurities.
Powder 1 has the highest Na2O concentration with 790 ppm and also shows the
highest loss tangent, which further supports
the claim that Na2O has a significant impact
on the dielectric loss tangent. It is also apparent that Na2O and Li2O are not the only
impurities that affect the dielectric loss.
Samples from powders 1 and 2 have a
higher SiO2 and CaO concentration than
samples from powders 3, 4 and 5. This indicates that higher SiO2 and CaO concentrations lead to higher dielectric loss tan-

gents as well. Powder 4 and powder 5 have
similar impurity levels except for the MgO
concentration. Powder 5 was intentionally
doped to the reported MgO level, as it is
common practice for reactive aluminas due
to the positive effect of MgO on the sintering behaviour and microstructure development of alumina (Fig. 1A). Powder 4 was
not doped with MgO and the difference
in MgO concentration did not affect the
dielectric loss tangent at 10 GHz for these
samples. This contradicts the observation by
Molla et al. [4] who reported a negative effect of MgO on the dielectric loss tangent
of alumina.
However, further investigations are necessary to understand this discrepancy. The
data analysed in this study shows no indication that Fe2O3, TiO2 or B2O3 have any
impact on the dielectric loss tangent at
10 GHz within the impurity ranges (Tab. 1).

how they influence the dielectric loss tangent over a wider range of frequencies of
alumina.
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Carbon Footprint Reduction in Ceramic Kilns:
Which Role can Hydrogen Play in it?
N. K. Karthik

The ceramics industry finds itself at the crossroads in selecting a path that would lead towards carbon
neutrality within the next 30 years. The energy-intensive firing kilns in each of the ceramic sub-sectors
are inextricably bound to a high level of carbon emissions, as they primarily use natural gas for meeting
their energy requirements. In this article, light has been shed upon the carbon footprint of the ceramics
industry, focussing mainly on the situation in Germany. The direct and indirect sources of carbon emissions concerning kilns and their reduction measures have been outlined. Finally, the role of hydrogen in
minimising the carbon footprint of ceramic kilns has been delineated, by showing both the suitability and
challenges in substituting natural gas with hydrogen in the present ceramic kilns.
Carbon footprint of the ceramics
industry in a nutshell
Ceramics have been a part of human history for at least the last 25 000 years, as
we know from the discovery of the famous
“Venus of Dolni Vestonice” and other
figurines [1]. It is no wonder that ceramics
take a dominant place in every aspect of
modern life. In the year 2021, the EU cer
amics industry boasted a total production
value of EUR 26 billion [2]. A breakdown
of the production value into the respective
ceramics sub-sectors is shown in Fig. 1.
These percentages also closely reflect the
production capacities in the respective
sub-sectors in EU-27 [3]. Italy, Germany
and Spain spearhead the EU-27 ceramics
market with approximate production value
shares of 23 %, 16 % and 15 %, respect
ively [2]. The German ceramics industry, in
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Fig. 1 Production value of different ceramic sub-sectors for the entire EU-27 market [2]

particular, is renowned for its high quality
in traditional ceramics, such as household
wares/ornaments, sanitaryware, tiles and
bricks, as well as in technical ceramics [4,
5]. Total sales of approx EUR 5,4 billion was
reported by the German Ceramics industry
in the year 2020 [6]. The revenue figures for
the separate ceramic sub-sectors for years
2018–2020 are shown in Fig. 2. The bricks
and the refractories ceramics sub-sectors
are in the lead, but the technical ceramics
sub-sector is quickly gaining ground due to
its multifaceted applications and its innov
ation potential. The latter reported a 54 %
increase in revenue in the last decade from

2010–2020 [7, 8] and around 60 % share
of its revenue is due to exports [9].
From an energy point of view, the total energy consumption (as of 2016) of the German ceramics industry is approx 11,4 TWh,
of which approx 1,4 TWh is by electricity
and the remaining 10 TWh thermal energy
use can be attributed to the natural gas, oil
and coal [8]. The natural gas use in the cer
amic industry alone accounts for 8,4 TWh
of thermal energy, which is around 1,28 %
of the total energy used by the entire industrial sector in Germany [9, 10]. In effect, the
energy demand of the ceramics industry is
almost exclusively covered by the use of foscfi/Ber. DKG 99 (2022) No. 3
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sil fuels, with more than 88 % being from
natural gas.
However, the shares of energy sources differ
greatly depending on the ceramic sub-sector. Technical ceramics is the most electrified
sub-sector, in which the source of around
25 % of the required energy is electricity.
In the sub-sectors of refractories, household
wares/ornaments and sanitary ceramics,
about 15 % of the energy required is provided by electricity. The sub-sector of the
manufacture of ceramic building materials,
i.e. the tiles and bricks, use predominantly
natural gas as only about 10 % of the energy required can be provided by electricity. Consequently, the production of bricks
and tiles is linked to a heavier cost burden
(about 10,2 %) compared to that of technical ceramics and of refractories (approx
3,3 % and 3,1 %, respectively) [8].
The heavy cost burdens on the companies in
the ceramic industries is directly associated
with the high energy consumption involved
in the production process, which in turn
leads to a high level of carbon emissions,
primarily CO2, forming the basis of the carbon footprint.
In 2016, the ceramics industry accounted
for emissions of about 3,36 Mt of CO2eq
[8]. An overview of the emissions, energy
consumption and the production capacities
in different sub-sectors is outlined in Tab. 1.
Only the sub-sectors with high production
volumes (tiles, bricks and refractories) and
with high specific energy requirements
(technical ceramics) are taken into consideration, as they account for 92 % of the
total carbon footprint in Germany.
The CO2 emissions per unit production volume are just as heterogeneously distributed
as the cost burden of the respective subsectors. The emissions per produced unit
– taking emission factors into account – is
highest in the sub-sector of technical cer
amics with 5 t CO2eq/t, followed by the production of refractories with 1 t CO2eq/t, and
the production of bricks (0,7 t CO2eq/t) and
tiles (0,2 t CO2eq/t) [5, 8, 11].
A large part of the total emissions is caused
by the high energy consumption of the
manufacturing process, which is responsible
for 80–90 % of the total carbon footprint,
depending on the sub-sector [12]. A look
into the energy consumption for the various
steps in the manufacturing process reveals
that the heat treatment involving drying,
cfi/Ber. DKG 99 (2022) No. 3

Fig. 2 Revenues for the separate ceramic sub-sectors of Germany for years 2018–2020 [10]
Tab. 1 German ceramic industry in numbers, for the year 2016 [9]
Emissions
[Mt CO2eq]

Production
Volumes
in Germany
[Mt]

Energy
Consumption
[TWh/a]

Technical
ceramics

0,2

0,1

0,73

Tiles

0,3

0,9

2,00

Refractories

1,0

1,4

1,80

Bricks

1,6

8,7

6,00

SubSector

Processes
Considered
Extracting raw
material, preparation,
shaping, drying,
surface treatment,
firing/sintering,
post-treatment

Fig. 3 Energy consumption for the production of extruded ceramics and thin film
ceramics substrates, primarily alumina; units for the graphs [MJ/kg] [13]
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Tab. 2 Firing temperature ranges in
different sub-sector processes [14, 15]
Ceramic Sub-Sector

Firing
Temperatures [°C]

Household ware/
ornaments

850–1400

Bricks and tiles

900–1200

Sanitaryware

1200–1300

Refractories

1250–1800

Technical ceramics

1250–2500

debinding and firing/sintering of ceramic
powders is the highest (Fig. 3). Examples
of manufacturing extruded alumina and
thin film alumina substrates show a share
of 78 % and 56 %, respectively, in energy
consumption for heat treatment operations.
The firing of ceramics plays a major role in
energy consumption, production costs and
related carbon footprint determination, primarily due to their high firing temperature
requirements. Typical temperature ranges
of ceramics firing in continuous furnaces –
such as tunnel kilns, roller hearth furnaces
or pusher furnaces – in different ceramic
sub-sectors are listed in Tab. 2.
The carbon footprint in the ceramic kilns
(alternatively referred to as sintering furnaces here) is clearly dependent on the
primary use of natural gas as part of their
intensive energy needs. The shares of CO2
emission sources for the EU ceramics industry in 2020 is shown in Fig. 4. The indirect
emissions are those, that arise from indirect
sources such as electricity production.
By optimizing processes, making production more energy-efficient and through fuel
substitution the EU ceramics industry has
successfully reduced its total emissions by
33 % since 1990 and 45 % since the emissions peak in early 2000s. Still there is a
long way to go, as the laid-out CO2 reduction pathway indicates for the EU-27 cer
amics industry until 2050, with total abatement costs estimated around EUR 27 billion
(Fig. 5) [2].

Minimizing carbon footprint in
ceramic firing kilns
The sources of carbon emissions pertaining
to the ceramic firing kilns can be categor
ised into direct and indirect or “hidden”
sources, as shown in Fig. 6.
Process emissions include those which
are a direct result of the debinding or the
E 26

Fig. 4 Primary emission sources and their shares in the EU-27 ceramics industry
in 2020 [2]

Fig. 5 Pathway for CO2 emissions reduction in EU-27 ceramic sector to achieve carbon
neutrality by 2050 [2]

Fig. 6 Sources of CO2 emissions in ceramic kilns

firing process. In ceramic continuous kilns,
the process atmospheres in the debinding,
high temperature and cooling zones are
usually oxidizing (such as air) or nonoxidizing (such as nitrogen, argon, helium), with
the former being in predominant use [16,
17]. This stands in contrast to Powder Met-

allurgy (PM) furnaces, e.g. for the sintering
of steels where a wet oxidizing atmosphere
is preferred in the debinding zone, a dry
highly reducing atmosphere in the high
temperature zone and a slightly reducing
or neutral atmosphere in the cooling zone
[18]. Therefore, no CO2 emissions from the
cfi/Ber. DKG 99 (2022) No. 3
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process gas itself is evident in the ceramic
kilns, as opposed to the PM furnaces, where
gases such as Endogas (about 40 % H2,
40 % N2, 20 % CO) are commonly employed. However, the primary source of carbon emissions are the binders and organic
additives, such as lubricants, dispersants,
and plasticisers used in the shaping process
of the green ceramic parts. This is in most
cases usually optimized and the additive/
moisture content can seldom be reduced
further in practice, in order to save drying
and firing times. Other measures such as
addition of calcium carbonate rich additives
to decrease the fluorine emissions, e.g. in
the brick industry, can also lead to increase
of CO2 emissions through its “fixing” reactions [14].
Fuel combustion forms the largest share
of CO2 emissions (approx 64 %) from cer
amic kilns. This is a direct consequence of
primarily using natural gas as the fuel for
combustion, where 1 Nm3 of natural gas is
responsible for producing about 2 kg of CO2
emissions. A reduction of carbon footprint
by substituting natural gas with biomass or
syngas is usually the best available technology suggested [2, 12]. It is demonstrated
that in comparison to natural gas a 45-88%
reduction in CO2 emissions is possible in a
switch to biomass, and an approx 80% to
syngas [19].
However, a prerequisite for these data is
that biogenic CO2 emissions are balanced
by its corresponding carbon sequestration,
in something like a suitably managed forest. In practice, this is difficult to ascertain
to any degree of certainty. Other technol
ogies such as the microwave-assisted drying heating and heat pumps need to be
assessed for scalability.
Another measure not to be ignored is the
heating of ceramic kilns by the use of cer
amic radiant tube burners, which not only
ensures transfer of heat to product through
thermal radiation, with heat fluxes in the
order of 30–120 kW/m2, but also keep the
combustion atmosphere separate from the
kiln atmosphere, which helps to keep the
water content in the kiln low, avoiding problems such as pyrohydrolysis of clay minerals.
The employment of carbon capture and
storage (CCS-CCU) are still prohibitively expensive as the gases that exit the ceramic
kilns are very CO2 dilute, too hot and are
mixed with other substances to make CCScfi/Ber. DKG 99 (2022) No. 3

Fig. 7 Energy consumption shares in the firing of technical ceramics [13]

Fig. 8 Breakdown of gross power production in Germany for 2021 [23]

CCU cost effective [20]. Electrification of
ceramic kilns cannot be considered a purely
green measure, as adumbrated later in this
article.
Energy-efficient operation of ceramic
kilns is essential for reducing its carbon
footprint. Fig. 7 gives a breakdown of the
energy consumption in the firing of technical ceramics. An average of a mere 3 %
of the total energy is required to heat the
product. The heat losses through energy
conversion, radiation exchange, cooling and
exhaust gas take up more than 50 % of the
energy input. The heaters, the kiln furniture
and the furnace insulation require around
8 %, 10 %, and 25 % of energy, respectively. It is sufficiently clear where the measures for energy saving ought to be focussed
on. The best available techniques – such
as the reduction of kiln furniture weight
by using corrugated ceramics, and thereby
reducing its energy consumption by around

40 % –have been extensively listed in [6,
14, 21, 22]. In addition, electrical-heated
exhaust gas burn-offs and thermal postcombustion chambers help to avoid the use
of natural gas, and the thereby bound CO2
emissions.
Electricity production itself entails indirect CO2 emissions and is not a “green”
venture. The share of energy sources in
gross power production in Germany for the
year 2021 is shown in Fig. 8 [23]. Renew
able energy contributes to about 41 %
of the gross energy demand in Germany.
However, upon a closer look only about
33 % is actually coming from renewable
energy sources with zero CO2 emissions.
The remaining approx 8 % from biomass
and incineration of agricultural wastes (under “others”) are at best CO2 neutral, but
not free of its share of emissions. It is the
zero-emission green renewable energy that
ought to be expanded. However, the path of
E 27
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Fig. 9 Total cost of the chosen hydrogen production routes considering externalities [25]
Tab. 3 A comparison of natural gas and hydrogen as fuels [26–30]
Property

Natural Gas

Hydrogen

approx 33–36 cm/s

approx 203–285 cm/s

Ignition temperature

525–620 °C

525 – 725 °C

Ignition ranges for fuel-air mixtures

Laminar flame speeds of stoichiometric fuel-air
mixtures

4–17 % CH4

4–77 % H2

Adiabatic flame temperature (relative)

2012 K

2323 K

Stoichiometric fuel-air volumetric ratio

approx 1 : 10

approx 1 : 2,5

Ultra-low NOx technology emissions (3 vol.-% O2)

10–15 ppm

15–20 ppm

2,2 kg for 1 kg CH4

9 kg for 1 kg H2

Water vapour released upon combustion

transformation to 100 % green energy sector is strenuous, to say the least [24].
Gas production is yet another indirect or
“hidden” source of CO2 emissions, which is
often side-lined. Here we take the example
of hydrogen production, as the remaining
combustible gases in ceramic kilns are already intertwined with CO2 release. Fig. 9
shows the total cost of hydrogen production by means of different routes. In this
“true” cost assessment of hydrogen production, the impact on “externalities”, such
as human health, resource depletion and
ecosystem quality, is taken into account.
Only with help of such life cycle monet
ization studies can the routes increasing
carbon footprint, such as steam methane
reforming, or the coal and biomass gasification be identified, even though the hydrogen production costs in these routes
might be lower than the greener production
routes [25].

What role can hydrogen play in
reducing carbon footprint?
The role that hydrogen can play in reducing CO2 emissions in the ceramic industry is,
undoubtedly, immense. This is especially true
E 28

in its most energy-intensive operation and
emission-heavy step in the production of ceramics, i.e. the firing stage, where predominantly natural gas is being used for providing the energy required. Combining both
direct and indirect emissions, an estimated
70–80 % reduction of carbon footprint in
firing kilns is possible by substituting natural
gas with hydrogen. The important characteristics of gas heating in ceramics kilns are:
• Recuperator or regenerator burners commonly employed;
• Burners of high-velocity impulse type;
• Typical process temperatures for ceramics
firing up to 1900 °C;
•
Low equivalent ratio (Φ < 0,5) burner
setting to provide sufficient excess air for
the careful heating up and elimination of
binding agents in debinding zone;
• Debinding and sintering all in the same
furnace, as a single-stage-process;
• Cooling zones are usually designed sim
ilar to a counter-flow heat exchanger;
• Reutilization of exhaust gas heat for preheating kiln input gases and for atmosphere control, through combinations of
thermal post-combustion and heat exchangers.

Hydrogen is perfectly suited to all of these
characteristics of ceramic kilns. A compar
ison of natural gas and hydrogen as fuel
in Tab. 3 provides a bird-eye’s view on the
suitability. The stoichiometric laminar flame
speeds are larger for H2-air reaction zones
as compared to CH4-air ones by a factor
of 6–8, which suggests a strong stabilisation of the reaction zone, with or without
recirculation. Ignition temperatures for both
natural gas and hydrogen are similar as
well. These make hydrogen suitable for use
in high-velocity burners. The reduction in
volumetric fuel-air ratio, however, needs to
be considered in burner design upon switch
of fuel to hydrogen. The (relative) adiabatic
flame temperatures in pure hydrogen combustion are around 2000 °C, similar to or
more than for natural gas. Therefore, process temperatures up to 1900 °C are possible with direct firing using pure hydrogen.
The ignition range of hydrogen is quite large
compared to natural gas. The possibility of
equivalence ratios in stable combustion as
low as 0,1 make hydrogen a very attract
ive fuel choice, especially for the debinding
zone where moisture plays an important
role in binder/additive removal.
Furthermore, a highly flexible control of
reaction zone (or flame front) location is
possible with pure hydrogen combustion,
mainly by varying the air preheat temperature, flow and momentum rate of fuel-air
and the burner geometry [31]. This feature
helps to precisely control the heat distribution in the kiln.
All is not sunshine in the substitution of
natural gas with hydrogen, as even a report
[21] published by the Umweltbundesamt of
Germany clearly puts the implementation
rate for this switch as “low.” Firstly, the use
of rich H2-air mixtures entails the danger
of flashback for higher equivalent ratios
(Φ > 0,6) [32, 33]. In this regard, it is
to be noted that hydrogen has a lower
volumetric energy density than natural
gas.
Secondly, almost four times more water
vapour is released upon H2-air combustion
compared to CH4-air. This results in higher
water vapour content in the exhaust gas,
and therefore, an increase in exhaust gas
temperatures is necessary to mitigate corrosion. In addition, water vapour corrosion of ceramics like high purity alumina
at temperatures above 1500 °C needs to
cfi/Ber. DKG 99 (2022) No. 3
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be considered [34]. A direct contact of ceramics, containing lesser amounts of alumina such as mullite, with hydrogen gas
at temperatures above 1600 °C is also a
cause of concern regarding corrosion [35].
Thirdly, an increase of adiabatic flame
temperatures for pure H2 combustion may
result in higher thermal NOx emissions via
the Zeldovic mechanisms. Currently, steamdiluted or stage-combusted hydrogen have
shown low NOx emissions, similar to the
various ultra-low NOx burner technologies
available for natural gas [27]. However,
more research needs to be carried out on
the fuel and prompt NOx routes, e.g. the
NNH route [36]. Finally, well-planned production and distribution networks for hydrogen are not available at present. Therefore, the current focus ought to be on slow
substitution of natural gas with available
gas mixes. About 30 vol.-% of hydrogen
can be introduced into the present-day
natural gas network without significant
upgrades [37].
A decrease in carbon emissions up to twothirds is possible by this measure alone, as
can be inferred from Fig. 10. It is important to note that if blue or grey hydrogen
be introduced into the network, the additional CO2 emissions should be taken into
account while assessing the carbon footprint. Moreover, introducing hydrogen into
natural gas network even up to 10 vol.-%
vol. can have an adverse effect on “sensitive compon
ents”, such as CNG steel
tanks or metallic seals, as they might be
part of the current storage and distribution
systems [38].
Ongoing research projects such as AiFproject TTgoesH2 [39] will be immensely
helpful in shedding light on what additional
measures need to be considered to upgrade
the entire distribution and production lines
for complete substitution of natural gas
with hydrogen. The question now of natural
gas substitution with hydrogen in ceramic
kilns is not one of technical feasibility, but
one of economic viability.
Fig. 11 gives an overview of the projected
production costs of grey, blue and green hydrogens, the precise definitions of which is
well elucidated in [40]. Only when the costs
of green hydrogen remain competitive compared to natural gas and other mixes that
do not guarantee zero CO2 emissions, then
will a possibility of a tremendous reduction
cfi/Ber. DKG 99 (2022) No. 3

Fig. 10 CO- and NOx-emissions, based on 0 vol.-% O2, as well as O2 fractions in the dry
exhaust gas, gas volume flow rate and air-ratios as a function of the of the hydrogen
content for a wall mounted burner of 20 kW [37]

Fig. 11 Prices and price trends in the production of grey, blue and green hydrogen;
assumption of 1 EUR/kg H2 = 3 ct/kWh H2 for calculations [40]

in the carbon footprint in ceramic kilns exist, and a more optimistic chance of meeting the climate goals for 2050.

Conclusion
Natural gas forms the backbone in fulfilling
the energy requirements of the ceramics
industry in present-day Germany and rest
of EU-27 countries. Even though the cer
amic sub-sectors are heterogenous when
it comes to production volumes, specific
energy requirements and cost burdens and
revenues, they are homogenous in their
high firing temperature requirements, which
in turn is linked to high energy consumption, and thereby high CO2 emissions. This
puts the ceramic kilns at the centre of attention. A 70–80 % reduction in carbon foot-

print is possible by completely substituting
the use of natural gas with pure hydrogen
in the ceramic kilns.
However, the forecasted implementation
rate is low for this switch. An introduction of
up to 30 % hydrogen in the current natural
gas grid in Germany is realizable in shortterm and ought to be implemented. This
measure is to be understood as an inter
mediary step before full-scale hydrogen
production and distribution networks are
established.
Furthermore, the use of pure hydrogen
burners for gas-firing is technically feasible.
At present, the question of economic feasibility is the crucial issue. In addition to the
substitution possibility with pure hydrogen,
the other direct CO2 sources in ceramic kilns
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need to be phased out by individually considering each drying, debinding and firing
process in the respective ceramic sub-sector
operations. Indirect or hidden CO2 sources
and related externalities also ought not to
be ignored. This holistic approach is necessary to achieve climate neutrality in the year
2050.
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The Transition from Manufacture to Smart Production
W. Heining

Businesses and their processes should always be seen in the context of their environment, as they influ-

ence one another. Successful business management therefore requires on the one hand knowledge of this
environment and on the other hand a reaction to it and its constant changes that is adapted to the company‘s goals. But what do we mean by environment? A business’s environment comprises, for example,
laws, suppliers, ecological aspects and technological trends, plus customers and their requirements. The
individual components not only directly influence the business – they also mutually influence one another.
As an example: new environmental regulations change customer demand, and therefore also technical
development. Similarly, new technical possibilities can have an effect on customer requirements, and
therefore demand patterns. Product requirements are constantly changing. In the days of manufacture, it
was still sufficient that products were of high quality and unique, whereas during industrialisation, quality, price and availability were the decisive factors. Lots of people wanted products which had previously
been unavailable to them. But today, these aspects are no longer enough. Smartification is the topic of
the moment. Terms such as smartphone, smart watch and similar have become part of everyday life – now
smart production also follows. Everything’s becoming smart. But why?
The aim of this article is to provide insights into the background behind this development, and to point
out the resulting effects on production and the related challenges for businesses.

1 Reasons for the transformation
of manufacturing
Without looking at the term smart production in more depth at this point, the question that immediately occurs is why manufacturing processes have to change? When
answering this question, we need to consider this correlation between the dynamic
business environment and the business
with its processes, as explained at the beginning. Successful business management
means ensuring this is properly considered.

Wolfgang Heining
Lippert GmbH & Co. KG
92690 Pressath, Germany
E-mail: lippert@lippert.de
www.lippert.de
Keywords: smart production, smart factory,
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For instance, if society becomes increasingly
conscious that sustainability is becoming
ever more important, this can have an effect
on environmental legislation. This can lead
to certain products being banned, which
in turn affects technological development.
On the other hand, new technologies can
arouse previously unknown customer needs
and create new markets.
Essentially, two drivers of change exist in
industrial environments:
• Market pull
• Technology push.
The term market pull can also be understood as demand-led pressure on production. In this case, innovations in manufacturing are driven from the customer side. In
contrast, the term technology push means
that the impulse comes primarily from the
technology itself [1]. To illustrate this, here
are a few examples.
In the days of manufactories, these manufactured products by means of manual work
using basic tools. The products were often
produced in batches of one, made accord-

ing to customer requirements, which was
complex and expensive. Large batch sizes
were only possible if lots of workers were
deployed. Long delivery times and simultaneous high demand were the rule, and
many people were simply unable to afford
the products. But quality was always paramount. Technological advances in the form
of water power, steam power and electrical
power resulted in the era of mass production. Long delivery times and high prices
were now largely a thing of the past. By
changing manufacturing processes and systems, it was now possible to satisfy the demands of the market. Many products were
now affordable even for the less well-to-do.
The situation was similar in the mid-20th
century with the advent of the first TV sets.
Even though not everyone could afford one,
demand was high and at the same time, the
quantity being produced was low. This pressure on the part of consumers led to new
technologies and manufacturing processes,
which made TV sets available and affordable for everyone.
E 31
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Fig. 1 Transition to smart production

Technology pushes can be felt in two ways.
On the one hand, they can make market
pulls easier to realise (everyone can afford a
TV), and on the other, they can make it possible to offer consumers things they had not
previously thought about or known would
be useful to them.
A simple example of this is the development of sensors. Greater precision, as sizes
became smaller and prices became lower,
led to them being proactively built into
products. Their benefits now became noticeable, changing the level of demand, and so
triggering a market pull. Products not containing sensors gradually disappeared from
the market, making manufacturing without
sensor technology unthinkable today.
Consumption and demand (market pulls)
are constantly changing, and therefore
making new demands of businesses and
their production systems, which then have
to be met. In recent years, the following
three market pulls in particular have appeared:
• True Individualisation of demand
•
New customer benefits from existing
products
• Trend towards service provision.

2 New requirements of
manufacturing

2.1 True individualisation of
demand
One possibility for individualisation is
“mass customisation”, where different defined options can be combined according to
the customer’s requirements (for instance
configuration of a car). Another possibility is true individualisation, in the sense
of manufacturing unique items for which
E 32

(Source: Adobe Stock)

either standardised products are individually customised, making them unique items,
or the entire product itself is made as a
unique item. Simple examples of these are
customer-specific pictures on packaging,
or the ability to install/delete smartphone
apps, adapting the phone to your own requirements, turning a standard product into
a truly unique item.

2.2 New customer benefits from
existing products
Implementing new customer benefits into
existing products is a form of product differentiation. An everyday example of this is
Tesla’s dog mode. This ensures that, despite
blazing sun, dogs can still remain in the car,
as the air-conditioning continues to work.

2.3 Trend towards service
provision
Services, for example maintenance and pay
to use are becoming increasingly popular,
achieving an ever greater share of overall
turnover. Probably the best-known example
of pay to use is the office printer. Whereas
printers were once bought, and the oper
ator had to take care of toner and similar
things, nowadays the manufacturer or seller
usually takes responsibility for this – the
operator merely pays to use the printer.
What are the resulting demands being
made of manufacturing? Let’s take an illustrative look at this trend towards true
individualisation of demand. True individualisation of products leads to significantly
more product variants, and in the extreme,
to customers designing their own products,
whose batch size is one. Customers want
their requirements to be satisfied as fully as
possible.

What are the available options for meeting these demands? Let’s say the customer
wants to customise a product with their
own custom picture. In classic manufacturing, the customer would first of all upload the image, which would be linked to
the order. If the print job required special
inks that were not in stock, the purchasing department would have to take care
of ordering them. Once all the required
materials are in stock, the picture has to be
brought to the machine at the right time.
All this can be more or less elaborate, but
in any case people will play a role. What’s
more, production would have to be stopped
for a short time, in order to load the new
image and get the special inks in place
etc. This all requires effort, downtime and
therefore costs, which have to be borne by
someone.
The problem becomes even more pronounced if the product’s shape also has
to be customizable. Purely in terms of the
special tools required, notwithstanding the
other factors. In classic, traditional manufacturing, it is extremely complicated, and
sometimes impossible, to meet the desire
for true individualisation. To fulfil this desire, something in the manufacturing process needs to change – flexibility is the key.
Flexible production systems are required
(for example 3D printers), which do not
require order-specific tools, or which are
quick and economical to retool. A requirement for this is that all systems and partners
involved in the manufacturing process are
interlinked. Supplier orders are made by the
manufacturer’s software system communicating with that of the supplier, and not by
a telephone call. Many of the requirements
are already in place today. The technological
cfi/Ber. DKG 99 (2022) No. 3
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Fig. 2 Solutions for new requirements to the production

possibilities (technology push) help fulfil the
requirements (market pull).
Even this simple example clearly illustrates
how great the effects on production processes are, and how high the number of
challenges is which have to be met if a
manufacturer is to react to all market pulls.

3 Smart production – What is
that, exactly?
The requirements for production and the
production systems that must be fulfilled
in order to meet the market pulls is subject
of smart production. Innovative technol
ogies are used to fulfil those requirements
for production which are the result of new
customer demands.
In smart factories, all involved in the value
chain are linked together. Everything organises itself. Customers configure their custom
products, which then find their own way
through the production systems. Services
such as processing or transport are “offered” by participants in the value chain,
and are “booked” by the products. Value
streams are optimised or created. Everything is extremely flexible.
What does this mean in concrete terms?
Let’s say a workpiece requires three work
steps. In classic manufacturing, a processing
sequence would be determined, in which
the part would be brought to station 1 and
work would begin. If, after this step, the machine for step 2 is in use for something else,
the part would have to wait until the station
becomes free. The rigid connecting routes
alone make detours impossible. In smart
production, on the other hand, the intelligent workpiece checks whether it would be
possible to carry out step 3 before step 2.
If this is the case, it would allow itself to
cfi/Ber. DKG 99 (2022) No. 3

be moved to this station 3 instead, before
undergoing step 2 afterwards. Intelligent
workpiece? More about these later.
At the moment, a fully implemented smart
factory is still a vision, although parts are
already realisable.

4 Concrete solutions to the
challenges
Up until now, this has all been pure theory.
But what would manufacturing solutions
able to meet market pulls look like right in
the here and now? This can be exemplified
again by the desire for true individualisation.
As already mentioned, greater individualisation means greater flexibility. Not only
in terms of the machines, but also of the
people who work with them. They now
have to be able to deal with many more
variants than previously. It is conceivable
this would bring people to their limits, or
may even be impossible. Of course, you
could help people by providing printed work
instructions for every variant at the workstations.
But this would be overload. For simple processes, digitalization of the work instructions can help. When a workpiece arrives
at the workstation, it is recognised and the
associated data is called up. Based on this
data, the work steps are shown on a display. However, in the case of complex procedures, reading these instructions takes a
certain amount of time. In such cases, augmented reality can help. For example, the
intended state or required work processes
are shown on the real image, so the worker
only needs to implement them. If an error
occurs, this is similarly immediately shown
on screen, so the worker can react. This is

(Source: Adobe Stock)

a very efficient way of providing work instructions.
As implied already, in smart production,
systems make decisions autonomously. An
example of such smart systems are the socalled Cyber-Physical Systems (CPS). This
term means a combination of informatics
and software-based components and mechanical and electronic parts, which communicate with one another by means of a
data structure such as for example the internet [2]. This perhaps sounds complicated,
but the following example will make things
much clearer. But first of all, an explanation
of the term digital twin.
A digital twin is a digital representation of
a specific product (a real object, a service
or an intangible good) which captures its
properties, status and behaviour on the
basis of models, information and data [3].
Thanks to the use of artificial intelligence, it
is now not only possible for the digital twin
to simulate this product’s geometrically correct appearance, but also its actual behaviour [4]. If this digital twin is continuously
supplied with current operating data, the
digital representation always closely represents reality. It is therefore possible to make
sound decisions on this basis, even during
operation.
Using the example of a machine which
mechanically processes workpieces, we
can demonstrate one of the many possible applications of a digital twin. Behind
this machine is a camera, which inspects
the quality of the parts. If this camera now
determines that the parts’ quality is increasingly approaching the tolerance limits, and
therefore risks exceeding them, the digital
twin can simulate what measures would
improve the quality. These can be undertakE 33
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en during operation, for example, adjusting
the speeds.
This interplay between the camera (sensor
technology), digital twin (software) and the
machine motors (mechanics and electronics), via a network, represents a Cyber-Physical System. But such a complicated piece of
software as a digital twin is not always ne
cessary. It depends on the individual application. For instance, a camera which detects
bottles that haven’t been sealed properly, or
cracks in an object, and then reports them
via a network, so they can be rejected, also
represents a Cyber-Physical System. In turn,
this can also be part of a larger CPS.
Another intelligent system is the previously
mentioned intelligent workpiece. What does
this mean? The idea is this: the workpiece is
fitted with electronic tags which have communication and geolocation functionality.
These make the workpiece “intelligent”.
At the start of production, order data and
process data are stored in these tag [5]. For
instance, this could be particular data which
makes the standard product a unique item
(keyword true individualisation). A simple
application would be if a customer requires
a larger hole, in a different place, for special screws. The workpiece can now communicate with the production system, and
tell the intelligent screwdriver that it needs
different screws and a special torque. Or it
can show the worker, by means of a pick by
local light system, which parts the customer
requires, as the parts lists are stored in the
tag. It can also choose work steps if workstations are occupied, among other uses.
The possibilities are limitless, and just as
individual as customers’ requirements. But
implementation is always as part of a group.
An intelligent workpiece alone, without an
intelligent screwdriver, doesn’t provide any
added value.

5 Challenges implementing smart
production
Smart production requires a high degree
of interconnectedness. Data flies between
machines, platforms and suppliers etc. The
challenge here is to create uniform standards, so that all participants can make
themselves understood to the others. This
understanding must not be dependent on a
particular participant. In other words, each
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participant must be able to be swapped or
replaced whenever necessary. Agreement
on such a standard should not be expected
in the short term, but visible progress is being made. Another challenge lies in being
able to make the necessary data available
in a cost-effective manner.
This sentence alone contains two connected
problems. When deploying artificial intelligence, at the beginning it is often unclear
what data the system really needs in order
to make decisions. If you decide to feed it
all available data, this often causes high
costs, as lots of sensor technology has to
be installed. These costs bear absolutely no
relation to the benefits. At the same time, it
is important to ensure that the components
used in smart production also create bene
fits in other areas. You need to consider the
overall benefits of the investment. There is
no standard procedure for this. Rather, it is
a learning process.
One challenge that mustn’t be underestimated is acceptance on the part of the
workforce. Up until now, people have
made the important decisions. However, in
a smart factory, systems largely make decisions autonomously. The result is that workers often fear losing their jobs and a loss
of control. Workers’ fears must therefore be
allayed, for example by communicating to
them the benefits smart production brings.
Because although it’s true that some jobs
will be lost, also new ones will be created.
Qualification requirements will also change.
Training the workforce means workers can
keep their jobs and at the same time lose
their fear of the technology. There were
similar fears when the wave of automation
occurred. But these fears too did not come
to pass. A factory devoid of people is still a
long way off.

6 Conclusion
As far as the topic of smart production is
concerned, there are still one or two challenges to be overcome. But to a large extent, the technology already exists. The
start has been made, and there’s no more
stopping this transformation. Implementing
these new requirements in a business’s production systems can however only occur on
a step-by-step basis, and in each industry
it will have different effects. There will still

always be “off the shelf” products. Smart
production is still a vision.
As explained at the beginning, companies
and their businesses’ processes, including their manufacturing processes, always
correlate with their business environment.
Knowing this and reacting to it is a fundamental requirement of successful business
management. The topic of smart production
can no longer be ignored.
For decades, Lippert GmbH & Co. KG, with
nearly 400 employees, has been a dependable partner for conveying technology, auto
mation technology and plant engineering
and construction for the ceramic industry.
Over more than 70 years of activity, the company has built up an enormous wealth of
experience and well-founded industry know
how. The company is extremely familiar with
the environment in which business customers are active, as well as the problems facing
them, and help Lippert find solutions. But
not everything which is possible makes sense
to implement. And not everything which it
would make sense to implement is possible.
Success depends on being able to know the
limits of the technology. Lippert has set out
down this path. Digital twins and augmented reality are already being used, among
other things. But that’s not the end of the
matter. Lippert is constantly driving forwards
modernisation of its own manufacturing. The
expertise the company has built up flows
into its own advice and products.
It’s an exciting path and the company is
continuing along, step by step, always keeping customer benefits in focus, in order to
satisfy its customers and their customers, so
they are fit for the future and can ultimately
satisfy consumers.
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Analysis and Optimization of the Binder Burnout of
3D-Printed Ceramic Components
J. Blumm, Ch. Strunz

The production of sophisticated ceramic components by means of 3D printing is becoming increas-

ingly important in modern industry. Thanks to this method, prototype production or the manufacture
of small series can be realised much faster and more efficiently compared to alternative or traditional
ceramic manufacturing processes. Customer specific mass production of complex ceramic components
was already realised, as well. The worldwide technology and market leader in the field of lithographic
3D-printers of ceramic components is Lithoz GmbH/AT. Through interdisciplinary collaboration between
specialists from the fields of mechanical engineering, process engineering and chemistry, Lithoz has succeeded in developing a manufacturing system with which ceramics for industrial and medical applications
can be generatively manufactured.

Introduction
In Lithography-based Ceramic 3D Manufacturing (LCM), a dispersion is manufactured by mixing a ceramic powder with a
light-curing liquid binder. This dispersion is
then exposed to light layer by layer so that
a three-dimensional ceramic green body
is obtained over time. The green body is
then heat-treated in a furnace, where the
organic binder is burned out. Subsequently,
the debinded green body is sintered at a
higher temperature and the final ceramic
component is obtained. Examples for 3Dprinted ceramic parts are shown in Fig. 1
[1]. The heat treatment has decisive influence on the structure and properties of the
final product. Too fast debinding can lead
to cracks in the structure, which will not anneal during sintering. In this work; a nearly
pure alumina green body was investigated
using thermal analysis techniques to gain
deeper insight into the binder burnout. The
results obtained can be used to optimize
temperature control, avoid structural damage during heat treatment and thus design
efficient manufacturing processes.
Ceramic 3D printing is becoming increasingly important in various applications
today. For example in the production of
ceramic implants in medical technology
or special applications in aerospace. Comcfi/Ber. DKG 99 (2022) No. 3

Fig. 1 Components, manufactured by means of a Lithoz 3D printer 

plex ceramic parts need to be produced
in low quantities. However, highly specific
components with low volume cannot be
manufactured efficiently using conventional
ceramic mass production processes such as
slip casting, injection moulding or dry pressing. This is where 3D printing delivers clear
advantages. CAD drawings or other threedimensional data models can be transferred
directly to the printer and the ceramic green
body is produced in just a few hours. Beside
the printer, no special tools or moulds are
required. In addition, prototypes and modifications can quickly and easily be produced
to check whether the part fits optically or is
suitable for future applications.
One of the world’s leading manufacturers of
corresponding printers is Lithoz GmbH from
Austria [1]. Designed for industrial manufacturing, the Lithoz 3D printer, applying

(Source: Lithoz) [1]

LCM technology, allows for reliable production of additively manufactured ceramics.
The mechanical performance, dimensional
accuracy, and reproducibility of ceramic
components meet or even excess those of
conventionally manufactured components.
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Fig. 2 Lithoz CeraFab multi 2M30 3D printer  (Source: Lithoz) [1]

Powered by LCM technology, Lithoz’s industry-oriented 3D printers are the answer to
the reliable serial production of additively
manufactured ceramics. An example of a
Lithoz printer is shown in Fig. 2. The CeraFab printer systems fulfil even the toughest
requirements of high-performance ceramics. Mechanical performance, dimensional
accuracy and the reproducibility of ceramic
parts have proven to meet and exceed conventional ceramic methods.
Starting with a CAD model, the first step
of the process is the job preparation and
optimization. The information for the job
is digitally transferred to the 3D printer dir
ectly from the computer. The ceramic-loaded liquid (or slurry) is automatically dosed
and coated on top of a transparent vat. The
movable building platform is dipped into
the slurry, which is then selectively exposed
to light from below the vat. The layer image
is generated via a Digital Micromirror Device (DMD) coupled with a state-of-the-art
projection system. By repeating this process,
a three-dimensional green part can be generated layer-by-layer.
The LCM technology leverages decades
of ceramic powder processing experience.
By using the same powders and furnaces
as injection moulding, ceramic parts with
outstanding mechanical properties and
surface quality can be produced. Following
thermal post-processing steps, the binder is
removed and the green parts are sintered,
resulting in fully dense ceramic parts [2].
E 36

Fig. 3 Netzsch STA 449 F3 Jupiter model with mass spectrometer
coupling

Netzsch-Gerätebau GmbH from Selb/DE,
develops, manufactures and distributes
measuring instruments for thermal analysis and measurement of thermophysical
properties. Especially in the field of hightem
pera
ture applications and ceramics, Netzsch is the global technology and
market leader. By means of Netzsch thermobalances and STAs (Simultaneous Thermal Analysers), mass losses during burnout
of organic binders and/or the release of
energy during combustion of the binder
can, for example, be exactly characterised.
In connection with a mass spectrometer
coupling, the composition of the gases released can be also be investigated. By varying the size and shape of the green body,
the heating rate during debinding and by
changing the gas composition, details of
the binder decomposition/ and combustion process can be determined. An example of a thermobalance, coupled to a mass
spectrometer, is presented in Fig. 3. By using mathematical post-processing of the
measurement data, the kinetic parameters
of the debinding process can be evaluated
and simulations are possible to determine
the material behaviour in a real production
kiln.
Within the scope of this work, 3D-printed green bodies of nearly pure alumina
were investigated. During the tests in the
thermobalance, the influences of the sample shape (crushed or solid test specimen)
on the binder burnout were examined.

Additionally, decomposition/burning of the
binder was measured at different heating
rates. Those results were analysed using a
Thermokinetics Software package.
Based on this, temperature profiles allowing for efficient and damage-free removal
of the binder from the green body can be
determined. For more information on the
measuring techniques employed, see, for
example, [3, 4].

Results and discussion
First, thermogravimetric studies on the
samples were performed between room
temperature and 800 °C under air. The
measurements were carried out at a heating rate of 5 K/min in a dynamic air atmosphere at a flow rate of 40 ml/min. Fig. 4
shows the results on a printed rectangular
block (solid sample) with an edge length of
about 5 mm.
Initially, small amounts of surface water are
released up to ~100 °C, followed by further
evaporation effects (humidity, low molecular hydrocarbons) up to 180 °C. The mass
fraction here is approximately 0,5 %. This
means that a large part of the water pres
ent during printing has already evaporated
due to the subsequent storage at room temperature. Right after this, the multiple-step
decomposition of the organic binder can be
seen between approximately 180 °C and
550 °C.
Three clear mass loss steps of 8,33, 10,56
and 1,74 % respectively, could be evalu
cfi/Ber. DKG 99 (2022) No. 3
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ated. Anyhow, the structure of the steps
indicate that the binder decomposition and
oxidation might be even more complex.
Above 550 °C, evaporation and decom
position of the binder is completed and
the mass of the green body remains stable.
Compared to conventionally manufactured
ceramic green bodies, the binder content of
approximately 21,2 % is very high.
Fig. 5 shows the comparison of two measurements on the same alumina material,
once as the formerly shown solid material
and once as a crushed powder. The first step
again corresponds to the dehydration of
slight amounts of water. In both cases, decomposition starts at approximately 180 °C
and occurs in multiple steps. However, the
decomposition reactions, particularly in
the second step, run much faster for the
crushed material. The larger surface area of
the powder allows for faster evaporation of
the binder components and decomposition
products. Additionally, oxygen accessibility
is increased and oxidation reactions take
place faster. This means for industrial manufacturing that oxygen restrictions and wall
thicknesses of the components can shift
binder degradation to higher temperatures.
In both cases, however, the binder is entirely
removed from the component at 550 °C,
resulting in approximately the same mass
losses.
In further investigations, the powder samples, where the decomposition reactions
occurred earlier, were examined at different heating rates between 2,5–20 K/min
(Fig. 6). As expected, all decomposition and
oxidation reactions are shifted to higher
temperatures with increasing heating rate.
However, neither the course nor height of
the steps reveal significant differences.
Thus, the heating rate has no relevant influence on the reaction flow. For all tests, nearly the same final mass loss was achieved.
Of course, this is expected as in no case residual binder should remain in the ceramic
green body.
Using the measurement data at different
heating rates, the kinetic parameters of
the decomposition reaction can then also
be determined by means of the Netzsch
Kinetics Neo Thermokinetics Software Package [6]. The results of the kinetic model are
depicted in Fig. 7, together with the measurement results. As can clearly be seen, the
test results (symbols) can be described accfi/Ber. DKG 99 (2022) No. 3

Fig. 4 Mass change of a 3D-printed, solid rectangular alumina green body (approximately 5 mm
edge length) between room temperature and 800 °C

Fig. 5 Mass change of a 3D-printed alumina green body, 5 mm, between room temperature and
800 °C (comparison of a solid and a crushed sample)

Fig. 6 Mass change of a 3D-printed alumina green body at different heating rates between room
temperature and 800 °C (powderized sample)

curately by means of a five-step reaction
(solid lines). Applying less reaction steps
did not allow for accurate description of the
measurement results.

This data is in line with the mass loss results
and the results of the simultaneous thermal
analyser shown later. The reaction types
used to describe the measurements consist
E 37
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Fig. 7 Description of the binder burnout by means of thermogravimetry and thermokinetic analysis

Fig. 8 Simulation of debinding at different isothermal steps between 40–500 °C, calculated with the
Netzsch Kinetics Neo software package

Fig. 9 Mass change and energetic effects (DSC signal) of a solid alumina green body, measured with
an STA
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of nth order and autocatalytic reactions.
This reaction types are typical for decomposition or oxidation reactions of organics.
Based on this data, optimum firing profiles
can be established in order to remove the
binder from the green body as effectively
and gently as possible.
It is feasible, for example, to simulate how
debinding proceeds at a step-wise isothermal temperature profile or a complex temperature program with various heating and
isothermal steps. Examples for this can be
found in [6].
Fig. 8 depicts a simple example for a simulation of debinding at different isothermal
temperatures. The mass loss was simulated
between 40–500 °C in steps of 20 K for a
period of 2 h. As expected, only the water
release is visible up to 100 °C, which is
related only to a small mass loss. With increasing isothermal temperature, the mass
loss increases significantly. At high temperatures, the mass loss happens nearly immediately. From such simulation, a tempera
ture profile, where debinding occurs slowly
enough at each step in o rder to avoid structural damage (cracks in the component),
can be estimated. For example, isothermal
temperatures at 160, 260, 300 and 400 °C
respectively, would allow smooth debinding of the material in a production furnace.
Of course, depending on the production
furnace type and control, estimated temperature regimes can be pre-checked in the
software and optimum heating steps and
isothermal temperatures can be calculated.
Fig. 9 illustrates a measurement on a solid
sample by means of Simultaneous Thermal
Analysis (STA) [4]. Along with the mass
change, also the DSC signals on the same
sample and under the same conditions are
obtained. The measurement was carried out
at 10 K/min in a dynamic air atmosphere
between room temperature and 700 °C.
A higher gas flow rate of 100 ml/min was
applied for the measurement to compensate differences in the inner size of the
measurement system and thereby achieve
comparable conditions as for the former
thermogravimetry tests. The contribution of
the specific heat capacity to the DSC signal
was removed from the curve by subtracting a second measurement on an already
debinded sample.
The mass changes (red line) correspond to
the results of the thermogravimetry meascfi/Ber. DKG 99 (2022) No. 3
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urements, shown earlier (Fig. 1). The blue
curve shows the DSC results, in which energy absorption and release can be seen. At
180 °C, the exothermal combustion of the
binder component starts. The decom
pos
ition and oxidation takes place in several
steps, which can clearly be seen from the
overlapping DSC peaks. Maxima in energy
release are shown at 198, 216, 375 and
463 °C respectively. The peak at 375 °C
is preceded by a shoulder in the range of
320 °C.
This is an indicator that two decomposition effects are overlapping here, which, in
turn, is in good agreement with the results
achieved by the kinetic analysis.
These, as stated above, already verified
that the description of the binder burnout
required more than four steps. In total and
related to the original weight, an amount of
heat of 970 J/g is released during combustion. This value must also be taken into consideration in the industrial process since this
can possibly (if sufficient oxygen is available) lead to local hotspots, which could
cause structural damage to the green body.
Fig. 10 depicts a measurement carried
out with an STA coupled mass spectrometer (only mass changes and the most
important mass spectrometer signals are
depicted here). This measurement delivers a deeper insight into the nature of
the gases released during binder burnout.
The measurement was carried out up to
800 °C at 10 K/min under synthetic air. It
vividly shows that mainly carbon dioxide
and water are released during combustion.
Water (mass number 18) can primarily be
seen during the first decomposition steps up
to 420 °C. Carbon dioxide (CO2, mass number 44) is visible during each step. However,
the release of organic molecular fragments

cfi/Ber. DKG 99 (2022) No. 3

Fig. 10 Mass change and mass numbers from a mass spectrometer

(mass number 38, 39 or 56–60 respectively)
is also evident in the temperature range between 180–400 °C. Associated fragments
or trace gases are, of course, visible, as well,
but not shown in this picture. The fact that
some organic volatiles are not completely
oxidized and simply evaporate is important
in practice when larger amounts of such
ceramic parts are fired simultaneously.

Summary
By means of thermal analysis (Thermogravimetry, Simultaneous Thermal Analysis, Evolved Gas Analysis), the burnout of
organic binder from 3D-printed alumina
components, can be comprehensively investigated. The results obtained deliver deep
insight into the exact course and temperature range of the binder decomposition and
oxidation.
With extended analysis methods such as a
thermokinetic analysis software, it is also
possible to determine the decomposition
kinetics, which, in turn, allows for simulations and predictions on the alternative
temperature traces or simulation of decom-

position/combustion in the production furnace. Along with the investigation of mass
changes, simultaneous thermal analysis allows for determination of the heat release
during binder burnout. Using evolved gas
analysis, the gases released during binder
burnout were characterised.
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Rheological Properties Optimization of Ceramic
Compositions: Effect of Plasticizer and Water Content
A. Coulon, M. Cohen, G. Pillet

The rheological properties control of ceramic compositions shaped by extrusion is of major interest for the

manufacturers to ensure the final products quality and the profitability of the process. In this context, the
French Ceramic Society (SFC) and ICAR-CM2T have initiated a research study to characterise the rheolo
gical behaviour characterisations of two plastic ceramic bodies: stoneware and terracotta. The plasticizers
effectiveness is evaluated from the rheological measurements, the drying monitoring and the mechanical
resistance of the dry bodies and the final products. The results have demonstrated the possibility of characterising the viscoelastic behaviour of two plastic ceramic bodies. The flow point variations are linked to
the water content and the plasticizers characteristics (nature, insertion rate). The use of an efficient plasticizer significantly improves the mechanical strength and the porosity reduction of the green bodies and
fired specimens because of the significant reduction of the shaping water content. This study has provided
new characterisation solutions for several sectors and their products developments.
1 Introduction
For many years, ceramic industry stakeholders have intensified innovations to offer a wide variety of increasingly technical
products. Thus, the control of the materials
features at each step of the manufacturing
process is necessary to obtain the expected final properties. The products quality is
strongly impacted by the rheological properties, especially by the water content [1–4]
and the particle size [5–7].
During the ceramics manufacturing by casting, the solid load is optimized in order to be
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as high as possible to obtain parts having
the highest bulk density before firing while
maintaining a low viscosity [8, 9]. The challenge for manufacturers is to increase the
productivity of the process while reducing
the energy consumption induced by drying.
The use of additives such as dispersing
agent in ceramic suspensions has been
studied for the manufacturing of transparent technical YAG ceramics [10] or barium
zirconate refractory ceramics [1], and also
for the fabrication of ceramics for domestic
use [2, 11–13]. The rheological properties
of compositions of hard porcelain powders shaped by injection moulding are investigated by Agote, et al. [11] in order to
confirm the fitness for purpose of recycled
porcelain powders with this process. This
works underline the relationship between
different rheological parameters (powder volume concentration, viscosity, yield
stress) and the injection behaviour has
been established to evaluate the quality of
formulations. The effect of various dispersants (sodium phosphonate, sodium tripolyphosphonate and sodium polyacrylate)
has been characterised to increase the solid
load of the slip used in a process of floor
tiles production [2]. The use of different dispersants (sodium acrylate/sodium silicate

copolymer) in porcelain gres suspension
has also been studied by Marco and Llorens
[12]. Other parameters such as the mineralogical composition of water [13] can
induce a slight variation in the rheological
properties of slurries used in the ceramics
industry.
Wet-shaped ceramic products (extrusion,
stretching, etc.) are particularly sensitive
to the rheological issues. For these manufacturing processes, the water introduced
into the mixture allows to obtain a suitable
consistency to shape the parts; this water
is then removed by drying. Plasticizers are
added [3, 14] to reduce the quantity of
water while enhancing the final product
quality without modifying the pastes rheology. Plasticizers are chemical additives used
to improve the workability of pastes and
to ensure a high solid load and low viscosity. Plasticizers are also added to provide
enough flexibility to the raw shard allowing
its handling and storage [15].
Additionally, plasticizers can reduce water
requirements by 5–15 % while superplasticizers can reduce water requirements by
30 %. The effect of plasticizer on the rheological properties of alumina [14, 16] and
cordierite [17, 18] ceramic pastes is studied
by different authors.
cfi/Ber. DKG 99 (2022) No. 3
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Tab. 1 Additives characteristics

Tab. 2 Additive ratio added in the ceramic bodies for
rheological tests (formulations selected for preparing prism-shaped test specimens are underlined)

Name

Main Use

Recommended
Dosage

pH

Fatty acid

A

Lubricant

0,2–1,5 %

≈5

Silicate-phosphate

B

Reduction of 
mixing water

0,1–1,0 %

≈ 12

Silicate-polycarbonate

C

Reduction of
mixing water

0,1–1,0 %

≈13

Organic polymers

D

Plasticizer, binder
and lubricant

0,2–2,0 %

>11

Polyethylene glycol
(PEG)

E

Plasticizer

20–100 % on
the binder %

4,5–8

Ethylene oxide
derivatives

F

Plasticizer and
lubricant

20–100 % on
the binder %

5–8

Chemical Basis

Porcelain Stoneware
Additive

Porcelain Stoneware

A

0,5 and 1,0

B

0,5 and 1,0

B

0,5 and 1,0

C

0,5 and 1,0

C

0,5 and 1,0

D

0,5 and 1,0

D

0,5 and 1,0

E

0,5 and 1,0

E

0,5 and 1,0

F

0,5 and 1,0

F

0,5 and 1,0

2 Experimental

2.1 Materials

Terracotta
Identification

Water Content [%]

S1

33,1

T1

38,3

S2

31,2

T2

36,6

S3

30,1

T3

34,3

S4

29,2

T4

32,4

S5

27,6

T5

30,9

S6

25,5

T6

29,2

S7

24,1

T7

27,1

cfi/Ber. DKG 99 (2022) No. 3

Ratio
[%]

0,5 and 1,0

Water Content [%]

Capillary rheometers have been used to
measure the extrusion behaviour of ceramic
plastic pastes [17–19]. In these studies, the
data are analysed using the Benbow-Bridg
water approach [20] or other models as in
the study by Martin, et al. [19] in which the
data are correlated using the Jastrzebski
wall slip condition [21].
The other main method for characterising
the rheology of ceramic plastic pastes is
an oscillatory rheometer. The viscoelastic
behaviour of alumina pastes developed
for micro-extrusion shaping process was
thus characterised by Bourret, et al. [16]
to determine the oscillation strain limit for
a transition from an elastic solid to liquidviscous state was observed.
The characterisation of the rheological
properties was also applied for the development of a formulation with a high rate of
solid load (80 mass-%) for 3D printing by
extrusion [22].
Oscillatory rheological measurements have
been used for the rheological behaviour of
aging boehmite gels used for 3D printing
[23] and for monitoring the gelation of an

Additive

A

Tab. 3 Water content of ceramics bodies for rheological studies (the underlined values
were the water content for the plasticizer rheological effect characterisation)

Identification

Ratio
[%]

Terracotta

aqueous mullite-starch suspension to determine the best experimental conditions
(temperature, nature and concentration of
starches) [24].
Nevertheless, there is no study in the literature dealing with the use of oscillatory rheometers in the field of ceramics for
domestic use in order to qualify the effect of
plasticizers. In this context, the French Cer
amic Society (SFC) and ICAR-CM2T have
initiated a research study to characterise the
rheological properties of plastic pastes used
in the domestic ceramics sector in order to
optimize the properties of finish products.
The rheological behaviour of the masses
as a function of the water content and the
action of plasticizers are evaluated. This
work is based on the use of new oscillatory
rheometers allowing the characterisation of
materials having a high viscosity to avoid
their destruction. The aim is also to link possible rheological variations with modifications of products quality (drying and firing
shrinkage, porosity and thermomechanical
properties) caused by microstructural modifications.

2.1.1 Plasticizers
Six different plasticizers have been selected
for this study on the basis of the conclusion
of a customers and plasticizer suppliers’
survey. The characteristics of these different
additives are summarised in Tab. 1. The addi
tive was incorporated to the ceramic paste
at 0,5 mass-% and 1,0 mass-% of the dried
powders (Tab. 2). The additive was mixed
with water before incorporation into powders mixture. 24 formulations with plasticizers have been prepared from two different
ceramic bodies: porcelain stoneware and
terracotta (Tab. 2). Rheological tests were
performed on all the formulations. To test
the effect of the plasticizers, the water content was fixed at 25,5 mass-% of the dried
powder for the porcelain stoneware and
29,2 mass-% for the terracotta. After rheological analyses, seven formulations per cer
amic mass (reference and one formulation
per each plasticizer) were used for preparing prism-shaped test specimens (Tab. 2).

2.1.2 Porcelain stoneware samples
An industrial porcelain stoneware powder
used in the tableware production was chosen. The body was prepared in an industrial
plant by filter pressing of a raw materials
mixture slip. The water content was calculated from the dry powder weight basis. The
Tab. 3 summarises the different water content tested. The mixture was extruded into
25 prism-shaped test specimens (120 mm
× 10 mm × 10 mm). The water content of
E 41
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a)

b)

Fig. 1 Evolution of storage modulus G’ and loss modulus G’’ of reference porcelain stoneware (a) and reference terracotta (b) pastes
(without plasticizer)

a)

b)

Fig. 2 Photos of a porcelain stoneware sample at the crossover point (a) and at the end
of the test (b)

the ceramic body during the extrusion was
minimised so that the shaped specimens
were easy to extrude and without surface
cracking defects. Thus, the water content
could be different depending on the effect of the additive. Then, the samples were
dried during a week at room temperature
and at 70 °C during 24 h and then at
110 °C during 12 h. After drying, the samples were fired in an electric laboratory kiln
at 1250 °C during 20 min with a heating
rate of 250 °C/h.

2.1.3 Terracotta samples
A plastic terracotta body used in the production of outdoor ceramic roof tiles by
extrusion process was chosen. The samples
were made from a natural clays mixture
prepared in an industrial plant and sieved
at 700 µm. The water contents tested is recorded on Tab. 3. Then, the plastic body was
extruded into 25 prism-shaped test specimens (120 mm × 10 mm × 10 mm) and the
water content of the ceramic bodies during
the extrusion was minimised. Then, the
samples were dried during a week at room
temperature and at 70 °C during 24 h and
then at 110 °C during 12 h. Then, samples
were fired in an electric laboratory kiln at
E 42

1100 °C during 20 min with a heating rate
of 250 °C/h.

2.2 Methods
The rheological data of the samples were
determined from oscillation method with
a rheometer MCR 302 (Anton-Paar) oper
ating at 20 °C (controlled with a Peltier
system).
25 mm diameter serrated Parallel-Plates
PP geometry was used. The shear gap was
12 mm for the porcelain stoneware pellets and 15 mm for the terracotta pellets.
The evolution of storage modulus G’ and
the loss modulus G’’ was monitored from
0,01–500 % strain amplitudes ΥA at the
frequency of 1 Hz.
During the test, a moisture trap was used
to avoid pellets drying during the test. The
complex shear modulus G* and the shearstress amplitude at the crossover point
(G’ = G”) are calculated with the following
equation:

τf = shear-stress amplitude, corresponding
to the flow stress [Pa];
γf = shear deformation at the crossover
point [%].
The drying shrinkage as a function of drying weight loss of the green ceramic samples was determined with a Bigot device.
The test was performed with two samples
(1,5 cm × 1,5 cm × 4 cm) during 24 h at
40 °C with a humidity level of 20 % RH.
The linear shrinkage of all fired samples
was measured for each heat treatment. The
flexural strength of fired samples was carried out by the three-point bending test at
room-temperature with a GABRIELLI CRAB
424.
Seven samples per batch were characterised. A loading rate of 0,6 MPa/s was applied to test fired samples and 0,1 MPa/s
for the green samples. Bulk density (ρ) and
water absorption (Ev) were assessed using
the Archimedes principle with the method
of triple beam balance. The microstructure
and the chemical composition of samples
are determined by Scanning Electron Micro
scopy (SEM) coupled with Wavelength Dispersive X-ray spectroscopy (WDX) with an
EPMA CAMECA SX50. The samples were
prepared by epoxy-resin coating, polishing
and carbon metallizing. The total porosity of
the samples are determined by a post-processing analyses by thresholding method of
six SEM pictures (three taken from the sample surface and three in the sample center).

3 Results and discussion

3.1 Rheological analyses
with G’ = storage (elastic) modulus [Pa];
G” = loss (viscous) modulus [Pa];

The general rheological behaviours of the
both ceramic bodies without plasticizer
are shown in Fig. 1 a and Fig. 1 b. For low
cfi/Ber. DKG 99 (2022) No. 3
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a)

b)

Fig. 3 Values of the complex shear modulus G* at the crossover point depending on the shear deformation (a) and the flow stress (b)
a)

b)

Fig. 4 Evolution of porcelain stoneware (a) and terracotta (b) storage modulus G’ depending on the water content
Tab. 4 Rheological properties of the reference bodies
Water
Content
[%]

G* at the
Crossover
Point
[Pa]

Experimental
Deviation
[Pa]

Shear
Deformation at
the Crossover
Point
[%]

Experimental
Deviation
[%]

Flow Stress τf
[Pa]

Experimental
Deviation
[Pa]

Porcelain
stoneware

25,5

36 269

5688
(16 relative %)

81,9

10,7
(13 relative %)

29 073

2769
(10 relative %)

Terracotta

29,2

36 655

3448
(10 relative %)

55,4

8,9
(16 relative %)

20 114

2293
(11 relative %)

shear deformation, the storage modulus G’
is higher than the loss modulus G”, corres
ponding to an elastic-viscous behaviour of
the different specimens. G’ and G” are constant for a shear deformation lower than
0,1 %, which is corresponding to the linear
viscoelastic region. For a shear deformation
higher than 0,1 %, the G’ and G” moduli
decrease.
From a critical shear deformation, the loss
modulus G” becomes higher than the storage modulus G’. The cross-over point is corresponding to the transition of the sample
from a solid like behaviour to a liquid like
behaviour when the storage modulus is
equal to the loss modulus (Fig. 2 a). At this
point, the sample has a liquid-like behavcfi/Ber. DKG 99 (2022) No. 3

iour and the extrusion of the sample occurs
(Fig. 2 b). The rheological properties of the
different compositions at this point are used
to characterise the complex shear modulus
G*, the shear-stress amplitude (corresponding to the flow stress) and the shear de
formation at cross-over point.
Five tests were performed on the two reference specimens to estimate the experimental deviation measurements of the complex
shear modulus G* at the cross-over point
(Fig. 3 a), the deformation (Tab. 4) and also
the flow stress τf (Fig. 3 b). The experimental deviation of the G* at the crossover
point is about 16 % (Tab. 4) for the porcel
ain stoneware samples and 10 % for the
terracotta samples.

These values are used to evaluate the efficiency of the plasticizers (nature and ratio) and the impact of the water content
variation on rheological properties at the
crossover point. It is worth noted that the
complex shear modulus G* at the crossover
point is lower when the shear deformation
at the crossover point is higher (Fig. 3 a).
According to this observation, the evolution
of the complex shear modulus G* and of
the flow stress τf are discussed in this article to characterise the rheological behaviour of the two ceramic masses depending
on the water content or on the plasticizer
additions.
As a comparison, the rheological parameters are accurate to ±20 % in the study by
E 43
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a)

b)

Fig. 5 Evolution of the complex shear modulus G* (a) and flow stress (b) depending on the water content

Fig. 6 Effect of the addition of plasticizer B on the rheological behaviour of the porcelain
stoneware body

Martin, et al. [19], which is the same magnitude than the deviation measured in this
study. The storage modulus G’ (Fig. 4 a and
Fig. 4 b) and the loss modulus G” decrease
with the increase of the water content for
the two specimens. The variation of the G’
and G” moduli is more important in the
case of the porcelain stoneware samples
(Fig. 4 a).
Considering a linear variation of the complex shear modulus G* at the crossover
point following the water content (Fig. 5 a),
the complex shear modulus G* increases
per decrease of 1 % water content is estimated at 3,9 kPa (R2 = 0,97) for porcelain
stoneware paste and at 2,9 kPa (R2 = 0,98)
per decrease of 1 % water content for terra
cotta paste. According to this hypothesis, a
variation of 1,5 % of the water content can
induce a variation of the complex shear
modulus higher than the G* experimental
deviation.
E 44

The flow stress calculated from the G*
modulus decreases with the increase of the
water content until a limit shear stress value
in which the increase of water content does
not decrease the flow stress (Fig. 5 b). This
limit is approximately 30 % of water content for porcelain stoneware body (with a
flow stress of 5 kPa) and between 34–36 %
for terracotta body (with a flow stress of
10 kPa). The water content can significantly
affect the rheological properties of the two
ceramic pastes. The plasticizer in these cer
amic bodies could be used to decrease the
water content without a significant flow
stress increase.

3.2 Effect of the plasticizer on
rheological properties
The general rheological behaviours of the
bodies with plasticizer correspond to an
elastic-viscous behaviour, as described
previously. The plasticizer additions allow

the decrease of G’ and G” moduli for the
two ceramic bodies whatever the shear de
formation (Fig. 6). As a consequence, the
G* modulus at the crossover point and the
flow stress decreased. The addition of three
plasticizers (B, C and F) induces an import
ant decrease of the G* modulus at the
crossover point (Fig. 7 a) and of the flow
stress (Fig. 7 b).
Additive B is the more efficient plasticizer
according to the rheological results. The
use of this additive induces a decrease of
about 60 % of the complex modulus G*
(from 36,8 kPa to 15 kPa) and of the flow
stress (29,0–10,3 kPa). According to the
calculus made to estimate the evolution of
the complex shear modulus G* depending
on the water content variation, an increase
of 5,5 mass-% of the water content in the
porcelain stoneware body would be ne
cessary to obtain the complex modulus G*
value induced by the use of the additive B.
The comments and conclusion based on
the flow stress analyses are the same than
the previous one (Fig. 7 b). The lower flow
stress is 10,3 kPa for the composition with
1 % of additive B. This flow stress value is
higher than the threshold flow stress calculated from the impact study of water content.
It is worth noted that the nature of the
additives has a stronger impact on the rheo
logical properties of the porcelain stoneware body than the additive ratio (Fig. 7 a).
For the terracotta body, an important variation of the G* modulus (Fig. 8 a) and of
the flow stress (Fig. 8 b) is observed only
for three compositions: specimen with the
additive B and with 1 mass-% of additive C.
The impact of the plasticizer addition in this
terracotta body is weak overall. The use of
cfi/Ber. DKG 99 (2022) No. 3

PROCESS ENGINEERING
a)

b)

Fig. 7 Decrease of the complex shear modulus G* at the crossover point (a) and the flow stress (b) of the porcelain stoneware samples

a)

b)

Fig. 8 Decrease of the complex shear modulus G* at the crossover point (a) and the flow stress (b) of the terracotta samples

additive A induces a decrease of the complex shear modulus G* by an increase of the
flow strain without modification of the flow
stress. These results underline the necessity
to carry out rheological analyses with different nature of plasticizers in order to determine the more efficient one depending on
the ceramic mass characteristics.

3.3 Impact of the plasticizer
addition on the green body and
the final product properties
The water content of the extruded dried
green body samples has been controlled.
It is worth noted that the water content
of the ceramic bodies during the extrusion
was minimised. The water content of the
porcelain stoneware samples prepared with
plasticizers B and C is 4 % lower than the
others specimens and 1,5 % lower for the
terracotta samples prepared with additives
B and C. This result is consistent with the
rheological study and the additive characteristics (Tab. 1).
cfi/Ber. DKG 99 (2022) No. 3

In the case of the porcelain stoneware
body, the sample prepared with 1 mass-%
of additive F has been extruded with water
content similar to the one of reference composition whereas an important decrease
of the G* modulus and flow stress was
measured during the rheological analysis.
This result highlights that a decrease of the
rheological properties caused by the use of
additives is not always linked to a decrease
of the ceramic green body water ratio.
In the case of the porcelain stoneware
green samples, the modulus of rupture is
doubled with the addition of 0,5 mass-% of
the additives B and C (Fig. 9 a). Moreover,
an important decrease of the firing shrinkage is also measured for these samples
(Tab. 5). The mechanical strength of the
fired samples prepared with these additives
is about 10 MPa higher than the one of the
other specimens and the porosity is lower
for a same sample density (Tab. 6).
These results are explained by the increase
of the solid load and a decrease of the por

osity induced by the lower water ratio, and
especially by the decrease of the interposed
water content (Tab. 5). This result highlights
the benefit of the water content decrease
for maximising the dried green ceramics
mechanical resistances.
The use of the others additives does not
modify significantly the properties of the
green bodies and the fired samples. It is
worth noted that the plasticizers B and F
were the more efficient additives to reduce
the G* modulus and the flow stress. The
characterisation of the green bodies and of
the fired samples confirms the benefit of the
plasticizer B use but not the use of the additive F. Thus, the rheological analysis should
be compared with the characterisation of
the green body and fired samples properties to conclude on the additive effect on a
ceramic body.
For terracotta samples, the mechanical
strength of the dried green bodies samples
prepared with the C additive is higher than
the one of the reference (more than three
E 45
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Tab. 5 Water distribution and comparison with the drying shrinkage and firing shrinkage
Ceramic
Body

Additive

Porcelain
stoneware

Terracotta

Water Content
[± 0,5 %]

Colloidal Water
[± 0,5 %]

Interposed Water
[± 0,5 %]

Porcelain
stoneware

Terracotta

a)

Firing Shrinkage
[± 0,5 %]

Reference

26,9

8,0

18,9

4,6

9,1

A

26,1

6,1

20,1

3,4

10,3

B

24,0

7,6

16,4

3,9

7,9

C

23,6

7,7

15,9

3,8

7,8

D

27,7

8,3

19,4

4,2

9,6

E

26,7

7,9

18,8

3,9

9,2

F

26,3

8,1

18,2

3,9

9,3

Reference

26,6

12,8

13,8

5,5

3,1

A

26,7

11,5

15,2

5,7

3,5

B

25,2

12,7

12,5

5,5

3,0

C

24,7

13,5

11,2

5,1

2,4

D

27,5

12,4

15,1

5,9

3,1

E

26,2

12,0

14,2

5,0

3,0

F

26,0

11,6

14,4

5,3

3,0

Tab. 6 Characteristics of the fired samples
Ceramic
Body

Drying Shrinkage
[± 0,5 %]

Modulus of
Rupture
[MPa]

Additive

Density
[g/cm3]

Open Porosity
[%]

Reference

2,38

0,26

60,7

A

2,38

0,44

59,5
72,2

B

2,37

0,07

C

2,37

0,14

72,1

D

2,37

0,43

59,2

E

2,39

0,26

61,4

F

2,39

0,32

60,9
21,2

Reference

1,99

10,50

A

1,96

11,64

20,5

B

2,02

9,52

21,9

C

2,02

9,51

23,4

D

1,99

10,42

20,6

E

2,01

9,94

21,4

F

1,99

9,52

21,5

standard deviations according Fig. 9 b),
because of a lower water content, and especially a lower interposed water content
(Tab. 5). The firing shrinkage of these samples and their open porosity are lower, leading to an increase of the modulus of rupture
(Tab. 6). These results are also explained by
the increase of the solid load induced by the
use of this plasticizer.
The microstructure of the reference porcel
ain stoneware samples without additive
(Fig. 10 a) is similar to the reference samples with additive B (Fig. 10 b). The porcel
ain stoneware samples were composed of
two different types of grains (quartz and
mullite) incorporated into a matrix composed of SiO2 and Al2O3 with Na2O and K2O.
The total porosity estimation from SEM pictures post-treatment is 14 ± 3 vol.-%. for
the sample with 0,5 mass-% of additive B

b)

Fig. 9 Mechanical strength of the porcelain stoneware (a) and the terracotta (b) dried green body samples
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b)

c)

d)

Fig. 10 Microstructure of the porcelain stoneware samples reference one (a) and sample with 0,5 mass-% of additive B, respectively (b)
and of the terracotta samples reference one (c) and sample with 0,5 mass-% of additive B, respectively (d)

and 12 ± 3 vol.-% for the sample without
additive.
This results explain why the density of the
both samples are equal despite the decrease
of open porosity with 0,5 mass‑% addition
of component B. In a case of terracotta samples, quartz, iron oxide and alumina-silicate
grains incorporated into a matrix composed
of SiO2 and Al2O3 with Na2O, K2O and MgO.
The total porosity estimation from SEM
pictures post-treatment is 42 ± 3 vol.-%
for the sample without additive (Fig. 10 c)
and 39 ± 3 vol.-% for the sample with
0,5 mass-% of additive B (Fig. 10 d), that
tend to confirm the decrease of open porosity and the increase of density of the sample
with additive B.

4 Conclusions
The rheological behaviour of different cer
amic bodies as a function of the water
content added and the action of plasticizers
was evaluated with an oscillatory rheom
eter. Variations in rheological properties
were then related to changes in product
cfi/Ber. DKG 99 (2022) No. 3

quality (variation in drying and firing shrinkage, porosity and mechanical properties).
These works highlighted the possibility of
characterising the viscoelastic behaviour
of plastic bodies used for shaping by extrusion or drawing. The precise determ
ination of the flow stress as a function of
the water content and of the characteristics
of the plasticizers (nature, insertion rate) is
particularly reported. This method makes
it possible to evaluate the effectiveness of
plasticizers and thus to choose the most
suitable additives for a ceramic body. The
use of an efficient plasticizer significantly
improves the quality of the green bodies
due to the significant reduction of the shaping water content, with an increase of the
mechanical strength and a reduction of the
open porosity.
By combining the oscillatory rheology tests
and the green bodies’ flexural tests, it is
possible to determine the optimum amount
of shaping water that maximises the green
bodies’ strength, depending on the nature
and quantities of the additive.

This study provides solutions for the development of new products. The rheological
analysis could be used to optimize a plastic
body formulation with an impact assessment of the water content and the use of
additives or to characterise the impact of
a raw material substitution. This point can
be very important in the context of valorisation of by-products to validate the insertion
rates without disturbing the rheological
properties of the pastes.
The advantages of using by-products to improve the rheological properties and final
characteristics of new ceramic products can
be highlighted.
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formnext 2021: with Strong 2G-Rules Back
to a Successful Face-to-Face Fair
formnext 2021 saw impressive exhibitor numbers, with more than 600 exhibitors from 36 countries.
17 859 specialists and executives from 76 nations had the opportunity to experience formnext in the
ultra-modern exhibition halls 11+12 of the Frankfurt Exhibition Grounds covering a total floor space of
30 000 m2. The event was held under the highest 2G safety conditions, meaning that only those fully vaccinated against or recovered from COVID-19 were allowed to attend.

Fig. 1 Rauschert at the combined CERAMIC APPLICATIONS booth

The formnext exhibitors and a extensive
supporting program demonstrated the wide
range of possibilities offered by industrial
3D-printing for numerous user industries.
Visitors were able to discover innovative
solutions that they could use to make their
own production more efficient and sustainable. Above all, attendees clearly relished
the opportunity to finally meet one another
and interact in person once again. Established companies as well as a large number
of innovative start-ups presented a series
of world premieres throughout the entire
process chain; from manufacturing technol
ogies through to materials, software, and
post-processing solutions.
Ceramics is getting also more importance
at the fair. For the first time, CERAMIC
APPLICATIONS showed up with a combined booth (QSIL/DE, Alumina Systems/DE,
Rauschert/DE and the Expert Group CIM/DE
cfi/Ber. DKG 99 (2022) No. 3

Fig. 2 3DCERAM Sinto

were presented). Furthermore, Bosch Advanced Ceramics/DE, Steinbach/DE, XJet/IL,
3DCERAM Sinto/FR, Nanoe/FR and Lithoz/
AT exhibited as in the previous events. With
innovative additive technologies advanced
solutions for the future of industrial manufacturing are becoming reality now. This
was also confirmed by the participation
of suppliers of post processing equipment
(e.g. CREMER Thermprozessanlagen, MUT
Advanced Heating).
On the first day, the Scene Additive Expert
Group of the German Ceramic Society – a
service, technical, and lobbying point for
the Additive Manufacturing (AM) of ceramics – met. The group supports the needs of
the industrial use of the technology in the
ceramic industry.
“formnext has once again shown itself to
be the highlight of the year for the AM industry. After the significant challenges we

faced last year, this year both the number
of exhibitors and visitors in attendance surpassed our expectations. It has shown once
again just how important formnext and
face-to-face meetings are for this innovative industry, which develops technologies
at a rapid pace and is keen to share these
with investors, partners, and customers. It
was clear that formnext had been eagerly
awaited by the entire industry,” commented
Sascha F. Wenzler, formnext Vice President at organiser Mesago Messe Frankfurt
GmbH.

Launch of the
formnext USA Chicago Prepared
Since 2015, formnext has grown to become
the premier AM trade show in the world,
nearly quadrupling exhibitor and visitor
numbers in just five years from 2015–2019
in Frankfurt. In its drive to improve, grow
E 49
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Fig. 3 Lithoz

and explore opportunities in the global
marketplace, Mesago Messe Frankfurt announced that it has found the ideal partners
in Gardner Business Media Inc (GBM) and
AMT – The Association for Manufacturing
Technology, to launch the formnext USA
Chicago event which will be held 14–16
March 2025 at McCormick Place, Chicago.
As it is meanwhile proven that the United
States of America are beside Europe (mainly
the D–A–CH countries) the “hot spots” for
industrialization of AM it is a logical consequence to bring formnext to Chicago.
A series of events with the formnext brand
to build their presence in USA is fixed already. The initial showing of formnext

Fig. 4 Bosch Advanced Ceramics

in the USA market will be at IMTS – The
International Manufacturing Technology
Show, which runs 12–17 September 2022
in Chicago at McCormick Place, the premi
ere business trade show venue in North
America.
The AM4U Area presented by formnext
2021 will launch in the IMTS 2022 Additive
Manufacturing Pavilion. The AM4U Area is
a multi-use area on the show floor where
industry experts present on topics such as
seminars for the adoption of industrial AM,
as well as, entrepreneurship and business
models for start-ups and young enterprises.
In 2023, the AM4U Area presented by
formnext will be co-located with the Additive Manufacturing Conference in Austin,
Texas. formnext Forum Austin will launch as
a standalone conference with exhibition in
partnership with Gardner Business Media
and AMT; co-located at IMTS 2024 will be
AM4U Area presented by formnext and the
Additive Manufacturing Conference 2024.
Afterwards, formnext is ready in 2025 for its
official launch of the formnext USA Chicago
and will fit in the global network of formnext. formnext + PM South China is jointly
organised by Guangzhou Guangya Messe
Frankfurt Co Ltd and Uniris Ex
hib
ition
Shanghai Co Ltd. As well formnext Forum
Tokyo and rosmould Forum in Moscow are
important pillars in this network.

ASTM Standards Forum
Fig. 5 Nanoe
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On the day prior to formnext 2021, more
than 120 participants attended the premi

ere of the first ASTM Standards Forum, supported by the USCS, ISO and formnext.
This successful launch underlines the im
portance of transatlantic efforts to create
joint standards.
The global standards organisation ASTM
International announced the acquisition of
Wohlers Associates, a global intelligence
leader in the AM and 3D-printing industry. The announcement coincided with the
Standards Forum at formnext 2021. As
part of the acquisition, ASTM International
acquires the Wohlers Report, the premier
publication for the AM industry, along with
intelligence briefs, specialized reports, training in design for AM, and consulting services.
Wohlers has been a trusted source of intelligence and analysis for the AM community
for more than 30 years. The acquisition
supports ASTM’s growth vision and investment to expand its footprint in the AM industry with robust AM programs, services,
and product offerings. These offerings now
include market intelligence and technical
and strategic advisory services on the latest
developments and trends in AM. They complement existing ASTM programs and services to support the industrialization of AM
technologies. Future editions of the Wohlers
Report are expected to be integrated into
ASTM’s flagship product Compass, an online subscription platform.
formnext will be back on 15–18 November
2022 in Frankfurt including a next edition of
the standards forum.
cfi/Ber. DKG 99 (2022) No. 3
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ceramitec conference:
AM CERAMICS Making Innovation Happen
After a year and a half of purely virtual events, the AM Ceramics 2021 team was very eager to once again
finally meet experts from the ceramic industry face-to-face in Munich (15.–16.09.2021). Despite the
ongoing uncertainty surrounding the pandemic, the event – held in cooperation with the ceramitec conference – was able to go ahead, with the well-prepared Messe München team hosting an engaging and
informative mixed format of online and in-person lectures and discussions. With over 300 people attending the event, it was clear that in-person events and face-to-face contact are simply irreplaceable and the
AM Ceramics team was truly motivated to making this year’s event the best and most informational yet.
As one of three tracks at the ceramitec
conference, one main focus of AM Ceramics 2021 was the medical and dental applications of Additive Manufacturing (AM)
and ceramics. In view of the discussions,
whether or not events and congresses with
physical presence and networking oppor
tunities will be driven out by virtual platforms, the aim of the team was nothing less
than both, to reaffirm the global reputation
of AM Ceramics as the place where the future of ceramics happens and to prove that
no other format can replace a trade show.
Through its excellent international network
of speakers on the stage, even with some
talks being online, the smoothly working
connections and a well-equipped venue
ensured a successful merge of the online
and real world. At the end, the feedback received from visitors and speakers was excellent and thus proved that the AM Ceramics
indeed could meet both goals.
With highlight talks often sharing content
not yet released, the range of gripping insights covered everything from the newest
lithium disilicate achievements in the dental
field, research on specific industrial applications, test results from comparing complex
structures, the evolution of application
stability or the latest findings in process improvements to business related topics such
as IP issues and the sharing of an in-depth
market overview of technical ceramics. The
information available was fresh and sure to
be of great interest to visitors from every
industry. The depth of knowledge available thanks to the wide range of speakers
meant that every lecture was, without excfi/Ber. DKG 99 (2022) No. 3

Fig. 1 Dr Johannes Homa, CEO Lithoz, hold the welcoming speech

ception, packed full of useful and inspiring
news. Adding to the vivid discussions and
general excited atmosphere of once again
taking part in a face-to-face event was the
10 Year Anniversary of AM Ceramics organiser Lithoz/AT. The Happy Birthday Hour at
the end of the first day gave participants
the perfect opportunity to chat, network
and get to know other experts in the field
of ceramics and 3D printing.

Market insights and
innovative strategies
Davide Sher (3D pbm/GB) held a paper entitled Market Potential for Technical
Ceramics AM Part Production. When
AM of ceramics is discussed, one needs to
always differentiate between AM processes
for technical ceramics, which leverage certain high resolution technologies such as
stereolithography in particular, and AM pro-

cesses for traditional ceramics, which mainly
use binder jetting processes.
Applications of technical and traditional
ceramics differ greatly: the first are used to
produce advanced, high performance parts
that usually weigh just a few grams while
the latter are mainly used to produce very
large moulds and foundry cores that weight
several kilograms. There are many other applications for AM of both technical and trad
itional ceramics, which sometimes blur the
lines between technologies and materials
(for example in the case of glass), however
there are generally two very distinguished
ceramics AM markets that need to be described and analysed.
In a niche market such as ceramics AM, the
challenges in accurately estimating and
mapping the market that 3D pbm identified
in its metal market study are more evident.
In particular, large data and market analysis
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firms are not able to understand the complexities and the diversification among market operators in a market segment that they
cannot and do not consider large enough to
invest significant resources on.
As a leading media and market research
firm entirely focused on AM, 3D pbm Research is uniquely positioned to address
these issues. By leveraging its proprietary
index – the 3D Printing Business Directory –
which is the largest global directory of valid
ated and verified AM companies around the
world, 3D pbm was able to identify 80 firms
that have an invested in ceramics AM, representing nearly the entirety of ceramics AM
market segments, intended as metal AM
hardware, metal AM materials and metal
AM services companies.
Patents in AM and Why they Matter
was the topic of the presentation made by
Judy Ceulemans (European Patent Office).
AM is still developing at a high speed. This
is also reflected in the increasing number of
patent applications filed at the European
Patent Office (EPO) and worldwide on the
topic. A landscaping study on AM by the
EPO published in 2020 provided some clear
insights on the geographical origins as well
as on the sectors and applicants. Patents
but also IP rights in general have proven to
be an essential factor for success, not only
for large companies but also for SME’s. Especially in a technology-driven business environment, having the right IP strategy can
pave the way for high growth.

Industrial applications and
production
AM of Novel Piezocomposite Structures were introduced by Barry Robinson
(MSI Transducers Corp/US). Lithoz-America,
LLC has applied a patented method of AM,
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called Lithography-Based Ceramic Manufacturing (LCM), to repeatably create PZT-5H
(DoD Type VI) structures. The LCM method
utilizes a Digital Micromirror Device (DMD)
to quickly create piezoelectric ceramic parts
with customizable geometry and high feature resolution of 100 µm or less. Compared
with conventional manufacturing practices,
LCM utilises a photopolymerization process
that imparts little stress on the green part
and allow for the creation of highly resolute,
periodic structures.
MSI Transducers Corp. has pioneered material preparation and post-processing
methods unique to the AM material to yield
sintered piezoelectric parts with properties
comparable to conventionally manufactured piezoelectric ceramic. Early studies
indicate that AM test geometries compliant
with ANSI/IEEE Std 176-1987 possess material density, dielectric constant values and
piezoelectric charge coefficient values consistent with those measured from traditionally manufactured material.
An AM 1-3 piezocomposite resonant
at 88 kHz was fabricated into a simple
transducer and was compared to a bulk
transducer of the same specification. The
MITRE Corporation has been engaged with
modeling and simulation efforts to predict
acoustic performance of the AM material,
using Finite Element Analysis (FEA), as well
as the design of novel structures previously
not accessible through traditional manufacturing methods. The LCM process has
shown feasibility in the creation of spatial
apertures, periodic 3-3 piezocomposite and
auxetic structures that demonstrate AM’s
ability to not only streamline manufacturing
processes of piezoelectric ceramics but also
augment the piezoelectric performance in
acoustic transducers.

AM and Material Considerations for
Medical Devices were made in his paper
by Mark Mirigian (Boston Scientific Clonmel
Ireland/IE). The medical devices industry has
been a relatively slow adopter of additive
technology compared to aerospace and
automotive. In the author’s experience, there
are significant advantages with respect to
component prototyping, rapid iteration, and
novel designs when the technology is util
ised to its full potential. Additive has a wide
range of applications for all of Boston Scientific’s Divisions: endoscopy, interventional
cardiology, neuromodulation, peripheral
interventions, rhythm management, and ur
ology and pelvic health. The main challenges
and considerations include resolution and
tolerances, capacity and throughput, technology cost, and biocompatibility.
The smallest commercial machines available are suitable for small tooling and large
components; and more customized technology is required for printing smaller compon
ents, which are most common in minimally
invasive devices. The current standard for
the company’s applications is metal powder bed fusion. However, there are some
drawbacks and challenges associated with
metal powder for certain applications. These
applications could benefit from resin-based
raw materials, such as ceramics, that have a
variety of biocompatible properties. Finding
applications that have “market pull” represent the fastest way to develop a technology and achieve commercialisation. This
requires a confluence of factors including
an unmet clinical need, a committed technology partner, and medical device supplier
that believes in additive technology.
Dr Clara Minas-Payamyar (Schunk Ingenieur
keramik/DE) spoke about Powder
Bed 3D-Printing for the Production
of Reaction-Bonded Silicon Carbide.
Binder jetting, classically also known as
three-dimensional printing, is one of the
most efficient AM technologies to create
large and complex shaped ceramic parts.
It enables the production of prototypes as
well as fi nal products, which may not be
realised by established shaping techniques.
One main drawback of the technology is the
immanent porosity of printed green bodies,
due to dry powder deposition methods. This
usually prevents the creation of parts with
material properties which are technically
sufficient.
cfi/Ber. DKG 99 (2022) No. 3
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Fig. 3 Happy Birthday Hour – the 10th Anniversary of AM Ceramics organiser Lithoz

In contrast to the vast majority of technical
ceramics, powder bed porosity is not an
obstacle for the production of components
made of Reaction Bonded Silicon Carbide
(RBSiC). Instead a porous network is a prerequisite for the Liquid Silicon Infiltration
(LSI) process which follows the creation of
green bodies. However, green part porosity
as well as microstructural inhomogeneity
have to be kept on a very low level to be
able to produce technical components by
binder jetting.
The presentation gave some insights into
material and process development, which
was key to enable the production of three
dimensional printed RBSiC with excellent
properties. Today, process-related advantages of AM can be exploited providing a
new dimension of constructive design potentials and address demanding market
segments of lithography, metrology and
thermal process technology.
The topic 3D-Printing of Ceramics:
Binder Jetting vs. Material Extrusion
was analysed by Dr Wolfgang Kollenberg
(WZR ceramic solutions/DE). The techno
logical fundamentals of binder jetting go
back to developments at MIT at the end of
the 1980s. In this process, a binder is applied locally to a powder bed by means of a
print head, which bonds individual powder
particles together. Particles can also be added to the binder liquid. The printed powder
layer is lowered by a defined amount and
covered with a new layer of powder. The
cfi/Ber. DKG 99 (2022) No. 3

printed binder also ensures that the layers
are bonded together. In this way, layer by
layer, the three-dimensional body is created,
which must be made free of loose powder
after the binder has cured.
In material extrusion, a viscous material is
forced through a nozzle, which is moved
along a predefined path. The basic requirement for the material to be processed is
that it solidifies after being deposited as a
strand. Two basic mechanisms are possible
for this purpose:
• Analogous to Ceramic Injection Moulding
(CIM), a mixture of the ceramic powder
with thermoplastics or wax is converted
into a viscous liquid by increasing the
temperature near the nozzle. If the material cools down, the viscosity increases
rapidly and solidification occurs. This approach is followed with filaments or granules.
• Pastes based on either clay or powder
mixtures with organic plasticizers, for example cellulose, can be processed in the
cold state. The paste solidifies by drying
and/or chemical processes.
During the presentation, the possibilities
and limitations of binder jetting and mater
ial extrusion were presented comparatively
and discussed in the context of industrial
applications.
Design, AM and Testing of a
500 000 rpm Rotor for Micro-Turbine
Applications was the title of the presentation made by Lukas Badum (Technion

Israel Institute of Technology/IL). Owing
to the high energy density of hydrocarbon
fuels, ultra-micro gas turbines with power
outputs below 1 kW have clear potential
as battery replacement in drones. However, previous works on gas turbines of
this scale revealed severe challenges due
to air bearing failures, heat transfer from
turbine to compressor, rotordynamic instability and manufacturing limitations.
To overcome these obstacles, a novel gas
turbine architecture was proposed based
on conventional roller bearing technology
that operates at up to 500 000 rpm and an
additively manufactured monolithic rotor
in canti
levered configuration, equipped
with internal cooling blades. A preliminary
rotor has been designed based on an interdisciplinary approach considering thermodynamic analysis, compressor and turbine
design, structural design, heat transfer
management, generator design and rotordynamic constraints.
In this scope, clear advantages of ceramic
AM could be highlighted. Subsequently,
monolithic rotor prototypes containing
shaft, turbine and compressor have been
manufactured using lithographic ceramic
manufacturing technology and subsequent
precision grinding. The same geometries
were manufactured from Inconel 718 using
more conventional selective laser sintering
technology. Following high-precision rotor
balancing, high-speed tests were on-going
reaching up to 500 000 rpm and yielding
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valuable performance data of compressor
and turbine.
Dale Cillessen of Sandia National Labora
tories – SNL/US made the presentation
Lithoz CeraFab 8500 at Sandia National Laboratories – a Year in Review. The presentation covered SNL and
Lithoz America teaming together to develop
custom slurries, mechanical characterisation, sintering, shrinkage, and the impacts
of having access to ceramic AM.
Samad Firdosy (NASA Jet Propulsion/
California Institute of Technology/US) hold
online the last presentation titled AM at
JPL: Research and Applications. Additive processes allow for the possibility of
fabricating complex geometries with functional and structural materials that have
been traditionally difficult to manufacture
by traditional means. Selected research and
applications being developed at JPL for enabling critical applications in support of robotic space exploration missions were discussed for additively manufactured metals,
ceramic and polymers. Fabrication, post process and testing of laser powder bed fusion
additively manufactured heat exchangers
for the MOXIE technology demonstrator on
NASA’s Perseverance rover were presented.

Dental applications and implants
Dr Francesco Moscato (MedUni Vienna/AT)
made a short survey about Multi-Material
Ceramic AM for Medical Applications
followed by a presentation of current R&D
activities performed within the research pro
ject INKplant (ink-based hybrid multi-mater
ial fabrication of next generation implants).
In this project, multi-material ceramics are
used for manufacturing subperiosteal implants. The medical background as well as
the challenges of implant design and 3Dprinting were presented together with some
remarks about what will be needed to move
towards clinical trials and approval.
Dr Jens Tartsch (European Society of Ceramic Implantology/CH) introduced Ceramic
Dental Implants – 3D-Printed Applications. Dental implants made of ZrO2 have
become a serious addition to the treatment
spectrum to implants made of titanium. In
addition to increased health awareness on
the part of patients, the clinical advantages
of the material ZrO2 have also led to this
development. For dental implants, not only
aesthetics, comfort and biocompatible maE 54

terials are of great importance – above all,
they must also grow well into the bone and
withstand the high daily loads in the long
term. In this context, in addition to implant
geometry and material selection, it is the
manufacturing processes that play an important role in this stability and the longterm clinical success of the implants.
Recently, new manufacturing methods such
as 3D-printing for the production of dental
implants from ZrO2 have increasingly become the focus of interest and research. The
advantage of AM is that three-dimensional
objects can be designed on the computer in
an almost unlimited variety of shapes and
complexity, and can thus be implemented
cost-effectively with reduced material input.
However, AM is currently still in competition
with conventional manufacturing methods
such as CIM or hard machining and must
be measured against these.
In this context, two-piece implants, for example, also entail different clinical manufacturing requirements than one-piece implants. Furthermore, although a microrough
surface design of a ceramic implant has an
important influence on long-term clinical
success, inadequate surface finishing can
lead to loss of stability and implants. From
a clinical point of view, does the advantage
of AM “customised design” also apply to
implants or does standardised manufacturing offer advantages after all? Why should
we deal with ceramic implants at all? With
answers to these questions and with further clinical background on AM in connection with ceramic implants, the lecture addressed in particular developers and experts
from the field of biomaterials and technology, as well as manufacturers of ceramic
implants and research institutions. This is
because knowledge of the background and
actual clinical requirements for ceramic implants is an important prerequisite for the
further development and establishment of
AM. Only through intensive cooperation between research, technology and clinical application can successful products be created
for the benefit of patients.
Prof. Dr Annelie-Martina Weinberg (MedUni
Vienna) spoke about Bone Regeneration
with 3D-Printed Biodegradable Cer
amic Scaffold. Availability and regener
ation of bone are crucial topics in surgic
al field concerning the skeleton. Age and
pathologies are major challenges in these

fields. Therefore, there is a major effort to
maximise healing and reduce complications
by guiding scaffolds. 3D-printed customised
scaffolds are among the most advantageous artificial materials for bone regener
ation. They can provide increased time
efficiency, decreased complication risks, enhanced healing capabilities, and allow for
complex scaffold architecture and patient
specific geometry. To evaluate a novel biodegradable 3D-printed β-TCP (LithaBone
TCP 380 D, Lithoz GmbH) scaffold in regard
to biocompatibility and osteoconductivity
proximal tibiae and calvariae of rats were
chosen. Goal was a possible use in guided
bone regeneration in oral surgery and orthopaedics.
Bilateral calvaria critical size defects
(Ø 5 mm) together with mono cortical proximal tibia defects (Ø 1,5 mm, depth: 6 mm)
were applied in 36 (12/group) adult male
Sprague Dawley rats. Left side defects were
sham control, were experimental. Experimental side was filled with one of the following bone substitutes: 1) a novel biodegradable 3D-printed β-TCP (LithaBone TCP
380 D) by Lithoz; 2) a proven 3D-printed
β-TCP (LithaBone TCP 300) by Lithoz, and
3) Bio-Oss®Block by Geistlich Pharma AG/
CH. For analysing bone volume in the defect
area and scaffold volume, in-vivo micro-CTs
scans at wek 2 and 4 and ex-vivo scans
were performed. Assessing biocompatibility, newly formed bone area, penetration
depth, vessel number, vessel area and bone
apposition rate were done with histological
undecalcified thin ground sections.
Preliminary qualitative results showed a
high bone regeneration and therefore high
osteoconductivity after four weeks compared to the sham and no adverse effect for
biocompatibility. Biodegradable 3D-printed
β-TCP scaffold could be a candidate for
guided bone regeneration in implant placement, orthopaedics, traumatology, and
neurosurgery to promote bone regeneration
in flat and long bone defects in case of confirmation of the qualitative results.
Ceramic AM in Prosthetic Dentistry
was presented by Dr Ing. Franziska Schmidt
(Charité Universitätsmedizin/DE). Lithium
disilicate (LiSi2) is a unique dental ceramic
due to its great optical characteristics,
especially translucency in combination
with good mechanical properties, such as
strength and fracture toughness. The transcfi/Ber. DKG 99 (2022) No. 3

REPORTS
lucency of LiSi2 is on par with other glass
ceramics such as feldspar, whereas it is exceeding them in mechanical strength. There
it is only rivalled by oxide ceramics, such as
zirconia and alumina, which in turn do not
satisfy aesthetic requirements. Therefor, LiSi2
is favoured for restorations especially in the
anterior region.
Conventional processing of LiSi2 is either by
hot-pressing precrystallized blanks in the
so-called lows wax technique or by milling
of blocks or blanks. The former method is
quite intricate, time and material consuming. Milling as a Computer Aided Manufacturing Method (CAM) is embedded in the
digital workflow, where patient data is acquired by intraoral scanning and the model
and restauration are designed by designated Computer Aided Design (CAD) software.
The milling process however is also material
consuming, as it is a subtractive method,
and furthermore it is limited in the freedom
of design. Especially thin restorations, such
as non-prep veneers with thicknesses below
1 mm cannot be easily produced by milling.
AM technologies are promising approaches
to overcome these limitations of the CADCAM production of LiSi2 restorations. Especially Lithography Based Ceramic Manufacturing (LCM), as developed by Lithoz, is
an AM technology with high resolution and
precision. It was shown a possible clinical
application of LCM produced LiSi2 restor
ations in the anterior region, which to the
best of the author’s knowledge has not
been applied until now.

Multi-material 3D printing
New Possibilities through Multi-Ma
ter
ial Printing in Ceramics was the
topic of the presentation made by Sebastian Geier (Lithoz GmbH). The medical,
electrical and aerospace fields are just some
examples of industries that are using 3D
printing to push past previously established
applications. Multi-material 3D printing is
garnering particularly widespread attention in this way due to the wide range of
possibilities it offers to manufacture parts
with improved functionalities and properties. New applications are just waiting to
be discovered thanks to multi-material 3D
printing and this technology is finding new
uses in different industries every day.
Lithoz’s CeraFab Multi 2M30 is a powerful
multi-material 3D printer which utilises the
cfi/Ber. DKG 99 (2022) No. 3

full capacity of AM to combine ceramics,
metals and polymers in one single component. This innovative machine enables
complete freedom in design, allowing for
the manufacture of parts and structures
with combined material properties and thus
opening the door to 3D printing in entirely
new applications and industries.
Powered by industry-leading Lithographybased Ceramic Manufacturing technology
(LCM), the CeraFab Multi 2M30 creates
multi-functional components for applications ranging from electronics and embedded sensors to biomedical implants and
devices, as well as in the aerospace and
automotive industries.
Prof. Dr Raul Bermejo (Montanuniversität
Leoben/AT) talked about Exploring New
Concepts to Design Damage Tolerant
Ceramics Using AM. The combination of
ceramics with other materials has enabled
the fabrication of hybrid systems with exceptional structural and functional properties. However, a critical issue affecting the
functionality, lifetime and reliability of these
systems is the initiation and uncontrolled
propagation of cracks in the brittle ceramic
parts, yielding in some cases very high rejection rates of component production.
In previous work, design concepts that
combine different approaches used in current ceramics engineering have proved successful in obtaining highly reliable ceramic
materials with enhanced fracture resistance.
For instance, tuning the location of “protective” layers within a ceramic multilayer
architecture can significantly increase its
fracture resistance, while retaining high
strength. The use of tailored residual stresses in embedded layers can act as an effect
ive barrier to the propagation of cracks from
surface flaws, providing the material with a
minimum design strength, below which no
failure occurs. Moreover, by orienting (texturing) the grain structure, similar to the
organised microstructure found in natural
systems such as nacre, crack propagation
can be controlled within the textured cer
am
ic layers. Two examples showing the
potential of employing the LCM process to
design multi-phase layered architectures
were presented.
Regarding the first example, a multi-mater
ial approach was employed to combine alumina-zirconia layers sandwiched between
pure alumina layers, in order to introduce

Fig. 4 Prof. Dr Raul Bermejo during his
online presentation

significant compressive residual stresses in
the latter. A characteristic strength higher
than 1 GPa was measured on the alumina multi-material system, compared to
~650 MPa in monolithic alumina, taken as
a reference. This was the first report of employing AM to tailor the strength of alumina
ceramics, taking advantage of the layer-bylayer printing process.
As a second example, 3D-printed highly
textured alumina was fabricated combining the LCM technology and Templated
Grain Growth (TGG) during sintering. Relative densities of >93 % were reached for
textured alumina, compared to 99 % on
equiaxed reference samples. A high degree
and quality of texture was achieved with
3D printing. A characteristic strength of
640 MPa was measured for textured alumina, comparable to 570 MPa obtained in
equiaxed alumina. The aim was complex
3D ceramic-based multi-material geometries with tailored microstructures, with
outstanding mechanical strength and reliability.
Philip Ninz (IFBK, University of Stuttgart/
DE) reported on AM of Alumina Ceramics for the Selective Laser Induced
Metallization. Laser induced activation
and autocatalytic metallization is a process
enabling the selective and fully additive
metallization of ceramic materials. Hereby a
pulsed laser beam is used to structure and
activate the surface. Subsequently, the parts
are immersed in an electroless metallization
bath in which the deposition of metal takes
place selectively on the activated surface
areas. The process is used for the applicaE 55
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tion of conducting paths, antennas or other
metallic structures on complex shaped three
dimensional ceramic components. Thereby,
a high degree of design freedom is achieved
and structural and electronic functionalities
can be integrated. This enables miniatur
isation and leads to reduced weight and
volume of electronic components.
Recent material related research on ceramic
substrates promises new application fields
for three dimensional mechatronic integrated devices (3D-MID) by exploiting the
beneficial properties of ceramics compared
to state-of-the-art polymers. The substrate
material composition, its microstructure and
surface properties are important factors for
the effectivity of the metallization process
besides the type of laser source and parameters and the composition of metallization
bath. The metallization efficiency of alumina
can by drastically increased by doping with
few percent of oxides such as Cr2O3 or NiO.
For the LCM process, these intransparent
dopant powders propose a challenge. The
LCM process is relying on a certain amount
of transparency of the powder loaded suspensions in order to solidify a suspension
layer with a certain thickness and to reliably interconnect the layers to form a solid,
defect free part.
A different way to incorporate dopants into
the ceramic substrate material is by a subsequent dip infiltration after the shaping process. Hereby a pure alumina part is shaped,
debindered and pre-sintered. The resulting
porous body is infiltrated with a precursor
solution of the respective dopant. During
drying the precursor is decomposed and
the oxide dopant is deposited within the
pore volume and then diffuses into the alumina during sintering. The drawback of this
method is that the dopant concentration is
inhomogeneous over the volume and leads
toto a higher concentration on the surface.
The presentation addressed challenges connected to AM via LCM and showed first
results of the successful selective metallization of doped alumina substrates.

New applications
Dr Uwe Scheithauer (Fraunhofer IKTS/DE)
dealt in his paper with the Characterisation of the Components as a Function
of the Orientation in the Installation
Space. AM components often have steplike surfaces due to the layer-by-layer strucE 56

ture. To be able to characterise their influence on the properties as a function of the
component alignment, a special test method was developed at Fraunhofer IKTS, which
is now being further developed within the
CharAM project. In addition, the method is
being validated by means of a round robin
test with six partners.
Dr Sadaf Sobhani (Cornell University/US)
spoke about AM of Ceramic Porous
Structures for Application to Combustion Systems. In Porous Media Burners
(PMBs), a solid porous matrix embedded
within the combustion chamber accumulates heat from the hot gaseous products
and preheats incoming reactants. PMBs
have been shown to achieve combustion
properties superior to those of free-flame
systems, including higher burning rates,
reduced propensity for flame instabilities,
decreased pollutant emissions, and lower
lean-flammability rates. Furthermore, the
large surface area-to-volume ratio of PMBs
can be applied to facilitate effective adsorption and conversion of impurities.
The local porous structure of PMBs directly
affects the total heat transfer across a por
ous material, reactivity, and flow behaviour.
However, conventional fabrication methods
for the ceramic structures applied in PMBs
produce locally random pore geometries
and sizes within a range of global parameters. Architected porous materials, however, enable tuning of flame stability and
pollutant formation, which can have significant impact on combustors prone to lean
flame blow-out, e.g., gas turbine engines, or
systems that require robust operation for a
wide operating range, e.g., household boilers. In this research, the fabrication of architected porous ceramics with predefined
and reproducible microstructures to enable
advanced PMBs was demonstrated. Using
Digital Light Processing ceramic AM, five
different mullite and alumina burners were
designed, printed, and tested.
Astrid Lang (Bayern Innovativ GmbH/DE)
presented AM – Activities and Success
Stories from the Ceramic Industry. The
Bavarian Coordination Centre for Additive
Manufacturing at Bayern Innovativ is a hub
that links all experts and newcomers and
all activities to 3D printing within Bavaria
but also on an Germany-wide and international level, from and to Bavaria. Practical
examples from partners and stakeholders

provided insights in the successful work
performed by the companies and research
institutions.
The last presentation was made by Wadih
Yared (IMTCCC, University of Stuttgart) and
was titled Uncovering the “Hows” and
the “Whys” of Colloidal Stability in
Ceramic Resins for Stereolithography.
Polymeric dispersants are frequently used
to provide steric and electrostatic stabil
isation of ceramic particles in photocurable
resins intended for Digital Light Processing
(DLP). However, the dispersant’s type, functionality and concentration directly influence its effectiveness. This contribution is
a characterisation study of more than ten
anionic, cationic, nonionic and amphoteric
dispersants, with the goal of identifying the
optimum polymeric dispersant for ceramicfilled photo-curable acrylate formulations.
The compatibility and miscibility of the different dispersants were tested in a typical
photo-curable acrylate monomer (methyl
methacrylate).
Two different ceramic powders, viz. Al2O3
and β-Ca3(PO4)2, were functionalised with
the selected dispersants using shear mixing and an agitator bead mill. Micrographs
revealed that anionic dispersants offer a
promising dispersibility in acrylate formulations, while different types of anionic ammonium polyacrylate dispersants showed
varying levels of effectiveness. The oper
ational pH of the suspensions was monitored for varying concentrations of the dispersants.
This revealed the dissociation mechanism of
the different dispersants. The concentration
of each adsorbed dispersant on the surface
of the ceramic particles was measured using
centrifugation followed by UV/VIS spectroscopy.
Moreover, flow curves generated on a
modular rheometer were used to analyse
the influence of the dispersant type and
concentration on the flow and viscoelastic
behaviour of the resins. The sedimentation
stability was assessed using amplitude
sweeps followed by frequency sweeps.
The highest levels of adsorbed dispersant
induced the lowest viscosity, storage and
loss moduli. High levels of adsorbed dispersant, coupled with the right electrochemical
interaction, offered superior colloidal stability. This resulted in a more reliable feedstock
for stereolithography.
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