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Dear Readers,
Corona – everyone has been affected. The markets for the producing
companies in the capital goods sector – for the suppliers of raw materials
and consumables, too – have been badly shaken up. Trade fair organ
isers and their partners have suffered considerable losses and undergone
major restructuring as a result of the cancellation of events since March
this year. Everyone is faced with huge challenges. The only differences are
in the way they are getting through this crisis.
As well as there being different approaches in politics, these can be found
in industry, too.
Many companies in ceramics are established internationally – especially
the suppliers. For example, supply chain management is faced with challenges on a new dimension in this context. New practices are demanded
in respect of flexibility to cope with fluctuations in the supply chains and
to adapt accordingly.
When it comes to such topics, trade fairs provide the ideal marketplace.
We do a lot online and digitally. But this isn’t a substitute for personal
contact and real meetings, which all the players are now missing.
With the POWTECH Special Edition (30.09.–01.10.2020), Messe NürnRemark from the editor:
berg/DE has sought a way to realise a live meeting point for experts in
The print version refers to press releases pubpowder and bulk solids technologylished
that can
also comply with the strict
for POWTECH in July 2020. On 3 August
regulations imposed by Bavaria’s State
So it’s not“Nürnberg
a classical Messe has de2020Government.
we were informed:
POWTECH, but the bulk solids community
is meeting
– just
in a smaller,
cided not
to held the
POWTECH
2020 Special Edifiner and more concentrated way tion
(onlythat
twowas
instead
of three
trade fair this year. With
planned
for September
days). The hall plans will look different
than theythe
usually
plat- are addressthis decision
trade do.
fair Four
organisers
ingexhibition
the reservations
of many exhibitors
and indusforms will be placed centrally in the
halls. A generously
sized
try
players
about
having
an
on-site
event.
Recently,
catering area in Hall 2 will work with a takeaway concept, but provide
exhibitors
have
been
particularly
hesitant
in
view of
lots of space for live communication, wide visitor aisles, hygiene islands
the
partly
unforeseeable
effects
of
the
coronavirus
and discussion bays for customer discussions are being prepared. Digital
on the ability to travel and the economic
offerings will complement this real pandemic
show.
situation of the various sectors involved. The next
It will be exciting in every respect. At last, personal contacts again. But
POWTECH will therefore take place in Nuremberg
new approaches to designing tradeonfairs
and market communication in
the usual scale from 26–28 April 2022”.
general, too (www.powtech.de/en/special-edition).
The different communication channels have so far often been perceived
as competing with each other. We are learning that they complement
each other and create synergies.
We have also realised this at cfi and, as part of redesigning our homepage, we have created the cfi Hot Topics Newsletter (see E 36), which
digitally provides information in text, images and video clips to ceramics
professionals worldwide. So besides print, we are expanding the communications possibilities with experts.
We invite you to register at www.cfi.de.

Your

Karin Scharrer
k.scharrer@goeller-verlag.de
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TZ ZIRCONIA POWDER FROM TOSOH
THE

ZIRCONIA

If you are looking for the best in purity, homogeneity,
reproducibility, and ease in sintering, come to TOSOH.
With our line of yttria stabilized “TZ” zirconia powders, you
will find the ultimate in your processing and sintering
properties. As the world leader in high purity zirconia
powder for advanced engineering ceramic applications, our
powders have set the standards that have come to be
accepted worldwide, including various regulatory
approvals on sintered bodies. Whether it is for injection
molding, pressing, slipcasting or extrusion, our zirconia
will provide you with outstanding properties, so that you
can take the lead. With the largest capacity in the world,
and worldwide technical support through offices in Europe,
USA and Japan, you can depend on TOSOH for the
ULTIMATE in zirconia!

TOSOHZIRCONIA
ZIRCONIA
TOSOH
Powder
Series
Powder Series

PartiallyStabilized
Stabilized
Partially
Zirconia
Zirconia

Binder"Plus"
”Plus“
Binder
Grade
Grade

3YE
3Y

3YSE
3YS

3YBE
3YSBE
3YB
3YSB

33
(94.8)
(94.8)
≤0.1
0.250.1
≤0.02
0.02
16±3
163

3
3
(94.8)
(94.8)
≤0.1
0.250.1
≤0.02
0.02
7±2
72

Sintered Density
3)
Sintered
Density
(g/cm

6.05
6.05

6.05
6.05

6.05
6.05

Bending Strength
Bending Strength
R.T.
R.T. (MPa)
(MPa)*

1200
1200

1200
1200

1200
1200

FullyStabilized
Stabilized
Fully
Zirconia
Zirconia

8Y
8Y

8YS
8YS

8
8
(86.7)
(86.7)
≤0.1
0.1
≤0.02
0.02
16±3
163

8
8
(86.7)
(86.7)
≤0.1
0.1
≤0.02
0.02
7±2
72

6.05
6.05

5.90
5.90

5.90
5.90

1200
1200

300
300

300
300

Specification
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Y O (mol%)

Y22O33 (mol%)
ZrO2 (wt%)

ZrO2 (wt%)
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Specific Surface
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Surface
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Area (m2/g)

3
3
(94.8)
(94.8)
≤0.1
0.250.1
≤0.02
0.02
(16±3)
(163)

3
3
(94.8)
(94.8)
≤0.1
0.250.1
≤0.02
0.02
(7±2)
(72)

Typical Properties

Typical Properties
(g/cm3)

★ 3 point Bending Test

* 3 point Bending Test

TOSOH CORPORATION

Some of the many applications where TOSOH
Zirconia is used.

Visit us at www.tosoh.com

Head Office: Tosoh Corporation, Advanced Ceramics Dept., 3-8-2 Shiba. Minato-ku, Tokyo 105-8623, Japan Tel:+81 03-5427-5170 Fax: + 81 03-5427-5217
North American Office: Tosoh USA, Inc. 3600 Gantz Road, Grove City, OH 43123 Toll free tel: 866-844-6953 Fax: 614-875-8066
European Office: Tosoh Europe B.V., Rembrandt Tower, Amstelplein 1, 1096 HA Amsterdam, The Netherlands Tel:+31 020-565-0014 Fax: + 31 020-691-5458
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Company News
Italy
SACMI Secured its Position in 2019
and is Looking to a Digital Future
Over EUR 1,25 billion, growing employment (4650 people), and a net equity of
EUR 676 million is the picture that emerges
from the SACMI Group’s 2019 Annual Report, presented at the SACMI Imola Shareholder’s Meeting.
“2019 saw SACMI maintain its market
shares, despite a sharp slowdown in global
demand which penalised, above all, ceramic
orders”, said Paolo Mongardi, President of
SACMI Imola. That slowdown has, more
specifically, impacted not only more mature
markets (Italy, Europe), which have trad
itionally rewarded the inherent high quality
of SACMI products, but also China and the
Far East, with growth falling short of expectations in almost every sector.
2019 was also a year during which SACMI
accelerated its implementation of new
governance strategies and introduced innovative customer services, especially on
the assistance front. “However, the situ
ation of uncertainty, manifested itself well
before the current health emergency. On
the one hand, this has heightened our commitment to improving the product range in
the core ceramic and packaging sectors. On
the other, it has forced us to re-think our
organisation and provide customers with
even closer support via high-added-value
products and services. Upgrading skills, processes and facilities, guiding digital transformation in terms of products, processes
and business models is the strategy with
which SACMI looks to the future”, pointed
out President Paolo Mongardi.
Within the ceramic sector, the Sanitaryware
and Tableware Division bucked the trend
with stable volumes and revenues while
strengthening the Group’s technological
leadership and its partnerships with key
international players. Likewise for Advanced
Materials, a new Division encompassing all
SACMI activities concerning the manufacture of Technical Ceramic, carbon items and
lithium-ion battery components.
Metal powder solutions were impacted by
the slump in the global automotive industry, although this was partially offset by the
excellent performance of the refractory secE 4

tor. The Quality & Process Control Division
continued to be pivotal to SACMI’s overall
portfolio, with vision systems that draw on
new AI algorithms playing a central role.
“2019 was a very special year for the
SACMI Group. We celebrated our centenary
and pushed ahead with company training
designed to prepare our people for the
changes that will come with the digitization of processes and services. We remain
confident that digital transformation will
bear fruit in the coming years despite this
first part of 2020 being heavily impacted
by the global pandemic. ”, concluded Paolo
Mongardi.
Germany
Nabaltec Started off 2020 with a
Modest 1st Quarter
Nabaltec AG published its quarterly report
for the 1st quarter of 2020 and confirmed
the preliminary data. The company earned
EUR 45,4 million in revenues in the 1st quarter of 2020, compared to EUR 48,5 million
in the same period of last year. Operating
profit (EBIT) amounted to EUR 2,5 million
in the first three months of the year, compared to EUR 5,8 million in the 1st quarter
of 2019, for an EBIT margin of 5,9 %.
Johannes Heckmann, CEO of Nabaltec AG,
stated: “Results in the 1st quarter of 2020
lagged behind our expectations relative to
the same quarter of last year, but we did
very well in terms of revenues in light of
the fact that the environment has become
significantly more challenging and complex.
We are currently seeing a certain amount of
price pressure on the sales side, and orders
from our customers have been significantly
more volatile and short-term in nature. In
addition, the Covid-19 pandemic began to
have a noticeable impact on our business
in the first quarter, particularly in Asia and,
since March, in Southern Europe as well.”
Revenues in the functional fillers product segment amounted to EUR 31,7 million, compared to EUR 32,5 million in
the same quarter of last year. Revenues
in the specialty alumina product segment
came to EUR 13,7 million, compared to
EUR 15,9 million in the same period of last
year.
The boehmite product range continues to
perform well, with e-mobility as the key
driver, posting growth of more than 40 %
over the first quarter of last year. This strong

growth is all the more remarkable considering the fact that sales were generated
almost entirely in Asia, and that sales per
formance was very difficult to predict following the shutdown in China and other
key Asian countries over the course of the
first quarter. The mid- and long-term outlook for e-mobility, and by extension for
lithium-ion batteries, is still excellent.
Furthermore, Nabaltec once again received
the Axia Best Managed Companies Award.
Great Britain
Lucideon and PCL Ceramics
Joined Forces
Lucideon is a Development and Commercialisation Organisation (DCO), specialising
in materials technologies and processes.
Its application of cross-industry insight,
materials science expertise and innovative
thinking allows industry to develop and
implement disruptive technology platforms,
providing cost and/or product performance
benefits and enabling real market differentiation. In addition to a multi-disciplinary
team of scientists, engineers and commercial analysts, Lucideon has world-leading
testing and characterisation laboratories,
a combination of pilot and feasibility plant
and equipment and a management and certification division.
PCL Ceramics Ltd established in 1991, is
one of the market leaders in developing
resin moulds, materials, handling equipment and high-pressure casting technology
for the sanitaryware, tableware and Tech
nical Ceramics industry worldwide. PCL con
tinues to expand its profile with new mater
ials, introduction of PCL service and casting
systems whilst continuously improving their
product range.
Lucideon and PCL Ceramics have joined
forces. The two companies will be working together: PCL’s Technical Ceramics
processing in the defence, healthcare and
aerospace sectors, along with knowledge of
the sanitaryware industry, will be combined
with Lucideon’s expertise in materials selection, development and characterisation.
Israel/Switzerland
XJet Announced Global Partnership
with Straumann
XJet Ltd./IL announced that it is working with global dentistry leader Straumann
Group/CH to boost the Carmel 1400 AM
cfi/Ber. DKG 97 (2020) No. 7-8

+++ GLOBAL NEWS +++
System at its Basel headquarters from
concept to production. Straumann Group
develops, manufactures, and supplies
dental implants, instruments, biomaterials,
CADCAM prosthetics, digital equipment,
software, and clear aligners for applications
in replacement, restorative, orthodontic and
preventive dentistry.
“We’ve been working with XJet NanoPar
ticle jetting technology for some time, up to
now it has been used for developing product iterations and providing proof of concept. Now we’re scoring the first product
development project to reach the next level
of bringing this technology to production of
ceramic end-use parts. We believe this technology can scale-up for production effect
ively," said Straumann VP Stephan Oehler.
Straumann was an early adopter of ceramic
Additive Manufacturing as one of the first
companies to invest in XJet NPJ technology.
Germany
NETZSCH Analyzing & Testing
Enhanced Product Portfolio
with Rheometers
NETZSCH Analyzing & Testing extended
its product portfolio with the Kinexus rotational rheometers and Rosand capillary
rheometers formerly manufactured and
distributed by Malvern Panalytical Limited
(Malvern Panalytical). NETZSCH and Malvern Panalytical look back on many years of
close collaboration, making the acquisition
of the Malvern Panalytical’s rheology business a natural step in this journey.
For NETZSCH Analyzing & Testing, the acquisition of the two rheometer product
families is an extension to the existing
product portfolio and an excellent addition
to the established thermal analysis instruments. Rotational rheometers help maintain
parameters such as consistency and fluidity,
which in turn allow predictions to be made
about stability, texture, and shelf life. Capillary rheometers enable the optimisation of
process conditions and material properties
for critical product functionality.
NETZSCH Analyzing & Testing will continue
the manufacturing of all instruments as well
as worldwide sales and support of the two
rheometer product families. Of course, the
company is committed to fulfil all existing
contracts with Kinexus and Rosand rheometer users, including the full service range,
applications, existing contract offerings and
cfi/Ber. DKG 97 (2020) No. 7-8

spare parts availability as expected from Malvern Panalytical. During the transition period,
Malvern Panalytical Ltd. will provide support
to NETZSCH so that the transition will be as
smooth as possible for our customers.
Germany/India
Energy Efficiency from Day One
Keramischer OFENBAU/DE built a new
tunnel kiln plant for the Jaquar Group, one
of the leading producers in India in the premium segment of the sanitaryware sector.
The supplied tunnel kiln, 120 m long and
3,6 m wide for firing high-quality sanitaryware, was built at the Bhachau plant in India.
Jaquar is placing the kiln including dryer,
kiln cars, kiln cars transport system and
modern process visualisation as well as kiln
construction and commissioning completely
in the hands of the German company. For
the assembly, the proven cooperation with
Keramischer OFENBAU India was chosen.
From day one, saleable sanitaryware was
produced in this tunnel kiln. Even heavy and
geometrically complex parts could be sold
immediately after firing without any rejects.
The kiln also stands out for its particularly
low energy consumption: for a nominal output of approx 3745 kg/h, energy consumption is about 650 kcal/kg ware.
Jaquar is convinced of the state-of-the kiln
technology of the German kiln manufacturer and decided, still during the project
phase directly on the energy-saving conversion of an existing kiln system (third-party
brand).
Germany
Messe München Celebrates
Record Year of 2019
Messe München closed the year 2019
with a new record sales volume of
EUR 474,2 million. The EBITDA amounts to
EUR 138,4 million. Klaus Dittrich, Chairman
and CEO of Messe München, took a thoroughly positive look back at the year gone
by: “2019 was the most successful financial
year in the history of Messe München. The
coronavirus pandemic shows how vulnerable the global economy is despite record
results. As a company, we must therefore
continue to develop innovative formats in
order to stay competitive in future too.”
With over 32 000 exhibitors and around
2,5 million visitors at the Riem, Munich lo-

+++ GLOBAL NEWS +++ GLOBAL NEWS +++
cation, Messe München registered a record
year in 2019, 15 of the company’s own
events and 163 guest events took place at
the Exhibition Center of Messe München
last year.
As an organiser of trade fairs and congresses, Messe München has been directly
and severely affected by the coronavirus
pandemic. Since March 2020, no more
events have taken place. “In the worst
case, we reckon with a loss in sales of up
to EUR 240 million in the present year. We
have been economical in recent years and
have currently adopted a strict cost-saving
policy. We are doing everything to protect
the health of our exhibitors, visitors and
staff and to be in a position to carry out
the upcoming events successfully in the
autumn”, summarised Klaus Dittrich the
present situation.
As a replacement for cancelled events,
Messe München has developed digital
conferences and platforms to at least offer its customers the possibility of making
presentations and contacts and conducting
business online.

research centre. genIbet and Cerpotech
joined the consortium bringing their expert
ise on manufacturing of biopharmaceuticals and innovative materials, respectively.
The project aims to increase the efficiency
with which vaccines are produced and is
already contributing to the development
of novel methods to purify viruses, such as
adenovirus. Adenoviruses are excellent vectors for delivering genes or vaccine antigens
to humans. Many of the successful vaccines
actually use viruses to deliver the necessary elements to get immune. Such viruses
are expensive to produce. Furthermore like
many substances used for humans, there is
extra caution with the purity and purification of these viruses is very expensive. Using
ultra-high resolution ceramic 3D-printing
and applying a novel design for the manufacture of chromatographic columns (the
most advanced purification technology), the
project will improve separation and reduce
production costs. NESSIE succeeded in the
production of the first chromatographic
supports and will soon test them for adenovirus purification.

Products and
Processes

Persons

Norway/Austria/Portugal
Ceramic 3D-Printing for Fast, Safe
and Cheaper Production of Vaccines
The NESSIE research project makes it possible, for the first time, to produce highly
complex vaccines in large quantities at low
cost using ceramic 3D-printing. The novel
process makes vaccines available to countries that previously could not afford the
high cost of essential vaccines such as measles or rubella. The recent pandemic caused
by the Covid-19 virus shows the world the
importance and the great need of vaccines
that can effectively combat such diseases.
However, the development of an effective
vaccine involves a lot of effort and the highest safety standards.
Production is therefore often slow and very
expensive. The project NESSIE addresses
precisely these weaknesses. NESSIE was
initiated by SINTEF, a Norwegian research
organisation, Lithoz/AT, one of the world
market leaders in 3D-printing of ceramics,
and IBET, a Portuguese biopharmaceutical
E 6

Italy
ACIMAC Elected New Management
ACIMAC – the Italian Ceramic Machinery
and Equipment Manufacturers’ Association,
elected during its Annual Members’ Meeting in July a new management. New Chairman of ACIMAC is SACMI Chairman Paolo
Mongardi, who will passed the baton to
Paolo Lamberti in two years’ time as part
of an alternating chairmanship that reflects
the interests of both small and large member companies. ACIMAC’s outgoing Chairman was Paolo Sassi, Chairman of BMR.
New Vice Chairmen are Paolo Lamberti,
Chairman of Tecnografica S.p.A.; Luca Bazzani, CEO of System Ceramics S.p.A.; and
Bruno Bettelli, Chairman and CEO of I-TECH
S.r.l.As result of a long period of consultation it was decided to divide up the 4-year
term of the 2020–2024 chairmanship
between two candidates who both enjoy
strong support among members. Paolo
Mongardi will serve as Chairman for the
first two years, after which he will hand
over the baton to Paolo Lamberti, currently
re-elected Vice Chairman.

Paolo Mongardi, born in Imola in 1964, began working at SACMI in 1985 as Designer.
In 2001, he joined the Board of Directors,
and was appointed Chairman in 2013.
The Netherlands
Malvern Panalytical Welcomed
New Company President
Malvern Panalytical, a world-leading
analytical instrumentation and automation solutions provider, and part of Spectris plc, welcomed Mark Fleiner as its new
President. Mark Fleiner, who was previously
Business Group Director of the Industrial
Solutions Division of Spectris plc, moved
into his new role at Malvern Panalytical on
1 May 2020. The outgoing President Paolo
Carmassi has left the company to take up
an external role.
As Business Group Director of the Industrial
Solutions Division of Spectris plc, M. Fleiner
was responsible for seven operating companies while supporting them to plan and
execute strategies to deliver their financial
and operational performance. It is through
this work, coupled with his close working relationships with Spectris plc, that he
brings an immediate connection with Malvern Panalytical.

Events
Germany
POWTECH Launches as
Special Edition in 2020
In the light of the global impacts of
the COVID-19 crisis and following close
consultation with exhibitors and visitors,
POWTECH has set the stage for the leading event for the powder, bulk solids and
mechanical engineering sector.
The concept for the POWTECH Special Edition that will now take place in Nuremberg/
DE from 30.09.–01.10.2020 provides a
compact, yet attractive, alternative event
format adapted to the current circumstances. The organiser NürnbergMesse is
resolutely implementing the outcomes of its
exhibitor and visitor survey by enabling the
industry to access a dialogue and business
platform before the end of the year.
“POWTECH visitors and exhibitors wanted
to have a platform for dialogue this year,
despite or precisely because of all the upheavals. At the same time, it was clear that
cfi/Ber. DKG 97 (2020) No. 7-8
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the basis for conducting POWTECH as a
major international trade fair this year was
lacking. Our concept for the POWTECH Special Edition takes both these aspects into
account. We are creating a compact event
with a distinct focus on technical presentations and targeted dialogue. The POWTECH
Special Edition will bring the necessary
safety and required utility value under one
roof, said Beate Fischer, Director of POWTECH at NürnbergMesse, summing up the
results of a survey of all registered exhibit
ors and visitors from POWTECH 2019.
The centrepiece of the POWTECH Special
Edition will be the Expert Forums that will
take place in two exhibition halls in compliance with all safety regulations. Four main
topics give a first outlook for the Special
Expert Forums:
• Additive Manufacturing Requires the Expertise of Powder Specialists
• Digital Transformation in Powder and Bulk
Solids Processes
• Circular Economy 4.0 – Megatrend for
Mechanical Engineering and Plant Construction
• How Particle Simulation will Change Process Engineering for the Long Term.
The presentations will be recorded for an
online audience and international speakers can be live-streamed into the exhibition
halls.
The accompanying exhibition gives all
exhibitors the chance to present their innovations efficiently and attractively. For
exhibitors who want to do this, the organiser NürnbergMesse has a standard fixed
exhibition stand concept that already takes
account of all the necessary and hygiene
and safety standards and can be booked
“ready-to-use” at attractive rates. In add
ition, the POWTECH Special Edition provides sufficient space and meeting points
for professional discussions under ideal
safety conditions.
To also build a bridge to its expert international audience in these times of travel
restrictions, the POWTECH organisers are
increasing the online content of the exhib
ition alongside their preparations for the
event in Nuremberg. The webinar series
POWTECH Virtual Talks has already been
running since April and some of the supporting programme for POWTECH Special
Edition will also be available online. “With
the POWTECH Special Edition, our online
cfi/Ber. DKG 97 (2020) No. 7-8

content on www.powtech.de and last but
not least, our international POWTECH
World Events, we are providing a service
as the ‘No. 1 dialogue platform’ for the
powder and bulk solids community even
in these difficult times, as we continue to
bring together knowledge, technology and
experts worldwide,” said Beate Fischer.
Interested exhibitors can register immediately for the POWTECH Special Edition at
www.powtech.de/en/special-edition.
The next POWTECH in combination with
the Particle Technology Congress PARTEC
2022 will take place as scheduled, at the
Exhibition Centre Nuremberg, from 26–28
April 2022.
Italy
CERSAIE 2020 Cancelled
Despite their best efforts in recent weeks,
the organisers of CERSAIE announced the
cancellation of the 2020 show and the date
of next year’s event, which will be held in
Bologna from 27 September – 1 October
2021.With one 3rd of CERSAIE’s exhibitors

Batch

coming from 40 foreign countries and over
50 000 international visitors (47 % of the
total), the organisers accepted the requests
and concerns of numerous international
exhibitors and buyers, who were seriously
worried that holding an event this year
would simply be too early to justify the necessary levels of investment and planning,
despite the progressive reopening of activities in many countries.
CERSAIE continues to look to the future,
and already has a packed programme of
events that will accompany its community
during the 15 months between now and
the next edition in 2021.
Among the various physical initiatives, the
Press Cafés will be presented on Monday
28 September in Sassuolo, then on 9 November the Palazzo dei Congressi in Bologna will host a conference dedicated to
the healthiness of ceramics in the design of
residential and architectural spaces. These
events will be accompanied by online activ
ities focusing on topical issues for the world
of ceramics and bathroom furnishings.

Hot Press

Continuous

All types of High Temperature Ceramics
Processing Vacuum Furnaces
PRODUCTION AND LABORATORY

All non-oxides: SiC, AlN, BN, TiB2, B4C & Si3N4
Hot Presses from 0.5 to 1500 tons

Over 6,500 lab and production furnaces built since 1954
•Max Possible Temperature: 3,500°C (6,332°F)
•Hot Zones: 10 cc to 28 cu meters (0.6 cu in to 990 cu ft)
•Debind, Sinter, Anneal, Hot Press, Diffusion Bond, CVD, CVI, MIM, AM
•CVI testing in our lab to 2,800°C (5,072°F)
•Worldwide Field Service, rebuilds and parts for all makes

Centorr Vacuum Industries

55 Northeastern Blvd., Nashua NH 03062 USA • 603-595-7233
sales@centorr.com •www.centorr.com
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Digitization in Ceramics and Powder Metallurgy
Industry 4.0 has already been an issue at the ceramitec 2018 and has been indicating the beginning of

a structural change in the entire industry. The restrictions caused by Covid-19 have moved issues such as
digitization, the significance of internal data, developments in the workflow and changes in the entire
working life even more into the center of attention. DORST Technologies/DE has given this issue priority
[1]. Hans-Christian Schmidt (HCS), Director Sales-Markets-Servcies, was ready to inform us about the current state of developments in the company DORST.

Fig. 1 In-house specialists offering remote support for customers and serviceman on-site

cfi: The chains of production in the cer
amics and powder metallurgy sector are
complex and delicate and full of significant
peculiarities that result from the special
processes and materials. This calls for individual solutions. Which criteria did you take
as your basis on which you decided which
project in the field of digitization should be
given priority?
HCS: Naturally, we focused first of all on
the industries that have already been dealing with digitized processes or have even
started using them in parts. Thus, our first
target groups were the automotive industry
but also the carbide industry and certain
high-quality sectors of technical ceramics.
For that reason, this was the first place for
us to look for contacts and ask them about
their needs and objectives regarding the
digitization of production processes. We
repeatedly talked to customers, presented
our ideas and solutions, then reflected them
E 8

with our customers and tried to match them
with what they had in mind.
As for the situation at our company, those
press series that have high-quality real-time
industrial control systems seemed quite
suited to the task to us. These hydraulic
and servo-motorized presses are all closedloop controlled machines and thus provide
an excellent basis for data acquisition by
means of the existing sensor technology.
Basically, you can say that there are three
categories of data that are relevant when
it comes to a press. First of all, there is the
machine data, then we have the process
data and finally the job data.
We had to define meaningful discrete
measured values, data and parameters for
each category and machine type that we
are able to measure and acquire with appropriate technologies.
Moreover, we wanted to be able to derive
further statements and conditions from the

basic data that cannot really be measured
discretely.
So this was the basis for our IoT packages
with their centerpiece, the IoT Field Manager. This software is responsible for the
important pre-processing of the data and
creates transparency for all pieces of information that are gathered at a press. The
specific interlinking of the collected data
by means of algorithms that were specifically developed for that purpose and that
are, in the end, one of the unique features
of our IoT modules is the key element
that creates the high added value of this
feature.
This IoT Field Manager I mentioned before
is the platform for all further digitization
concepts for machines and business sectors. Our aim is to make the entire DORST
machine portfolio capable for IoT and to
enable retrofitting of older machines, too.
For it is only the holistic view of a heteroge
neous production that will make sense for
the customer.
cfi: Which are the processes that your customers have already installed and that you
can use as a basis (such as digital quality
data, digital data from machines etc.) to
optimise the processes?
HCS: Some of our customers already have
their own data basis that is quite outstanding. PPS or MES systems for the processing
of shop floor jobs have been in use for years
and the same is true for the digital management of tools and raw materials. It is a
similar situation when it comes to quality
data that is nowadays being collected and
saved on the basis of computerized measuring devices and inspection material.
cfi/Ber. DKG 97 (2020) No. 7-8
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There is one gap that remains to be closed
when it comes to production machines and
the specific processes that take place on
these machines. Only if qualified information – also information that has already
been edited – is provided at each step and
at any time, can we have a fully digitized
process chain with its corresponding added
value for the customer in the future.
In this respect, we are currently already able
to provide, by means of standard interfaces,
higher-level systems at the customer’s site
with the data collected by our presses and
prepared to be “ready to use” by the IoT
Field Manger.
cfi: Apart from the optimisation of processes, which advantages will there be for
the service sector (remote online services,
spare parts service, services such as trainings)? And what is the so-called Augmented
Reality Assistance you developed?
HCS: The global travel restrictions caused
by the Corona pandemic have provided an
unexpected push for the development and
general acceptance of digital services. By
necessity, digital solutions became the only
possible way for a reasonable customer service in the service sector.
Digital services make it possible for us today
to act more quickly, more directly and with a
high degree of sustainability.
DORST Augmented Reality Assistance is a
remote service solution for establishing a
safe VPN video connection between mobile
devices of our customers and the Service
Centers of DORST Technologies. So in case
our customers need assistance or support,
they can consult a DORST expert from just
anywhere in the world. It is also possible to
add additional information and contents to
the live video image, by this expanding the
visible reality.
Acceptance of online trainings has grown
quite considerably, which is why people
have started demanding them more often
by now. Digital tools help us for example
to hold a training at a real machine in the
Technology Center in Kochel am See and at
the same time let a customer or even our
own employees overseas participate directly
and with the possibility to speak and comment.
In complicated cases, this makes it possible
for us to have a specialist team prepare a
service job just perfectly in advance here at
our company at short notice and to familcfi/Ber. DKG 97 (2020) No. 7-8

Fig. 2 DORST Augmented Reality Services work in field trials also with commercial smart
devices as tablets or smartphones

iarize our employees in our branch office
or even the customer at his company with
the necessary measures. Both customer and
serviceman will enjoy higher security and
more self-confidence. We have experienced
that such preparation makes the actual job
at the customer’s premises quicker and
more efficient.
Another positive aspect is that the availability of our specialists and their know-how
has increased considerably for our customers all over the world.
cfi: What are the functions of the so-called
Augmented Reality Assistance you developed?
HCS: We combine classic remote mainten
ance through access to the control system
of the machine with audiovisual transmission and direct approach on the part of the
employee. This creates an actual relationship between the man at the customer’s
premises and our servicemen at the other
end of the line for a start.
It is now possible to guide the man at the
customer’s premises from afar and to bring
in your own experiences directly into the
service process. The employee guided in
such a way will respond right away and
according to the situation which will lead
to much higher efficiency. And in the end,
we will also learn from the behaviour of the
employee that is being guided where there
is still room for improvement.
These digital tools are ideal for trainings,
the preparation of service jobs, immediate
assistance in case of failures and trouble-

shooting. It is also possible to supervise,
document and assist in the commissioning
of tools or the running-in of new compon
ents. In addition, it is possible to access
documents, drawings and manuals stored
in digital form directly and at any time.
We have observed that Augmented Reality Assistance has raised customer support
to an entirely new level compared to what
had been possible before when using only
telephone and email. Live images and audio
transmission speed up the understanding of
complex issues and spare the people involved the trouble of searching for the right
terminology first, perhaps even in a foreign
language.
Due to the fact that we can at the same
time have the control system and the programming of the press on our screen and
are able to intervene, it is possible for us
to guide the customer’s hand from afar
and to give him confidence when he carries out the required measures. This new
confidence creates trust and will stay in his
mind.
In other words, this means that we indir
ectly induce a technology transfer that will
enable our customers to work with increasing success with our machines, which can
sometimes be very complex.
cfi: As with every new development, one
central question is its economic efficiency.
Which cost-benefit ratio do you generate
for your customers by using this system?
HCS: The benefit is clearly the aspect of
saving time and costs. Both we and the cusE9
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Fig. 3 The data eye-wear enables interactive, visual communication between
the technician on site and the connected specialist
(Figs.: DORST Technology)

tomer can save time by making long journeys across several time zones and waiting
for an expert, who is currently working elsewhere, to be available unnecessary.
The Direct Response feature avoids idle
times caused by questions asked in writing or misunderstandings that may happen
for example in email communication. You
quickly get the impression that with these
media tools both sides are more attentive and working more efficiently and with
greater focus on the target.
In the end, saving of time and higher efficiency also means fewer costs for the customer since this helps lowering additional
costs such as travel costs and machines
will be able to restart manufacturing much
sooner after a service incidence. Downtimes
will decrease, start-up times will go down
and as a result, the availability of the machine will increase.
cfi: Which further developments can the
users expect in the future?
HCS: The issue Augmented Reality Assist
ance is still far from having reached its end
and not every customer is already familiar
with its possibilities or open to this issue.
So there is still room for development, especially if the customers’ acceptance and
readiness to use such digital systems increases.
What we can say today is that we can note
in general a higher quality in the service in
terms of faster service that goes with an
increased focus on the problem. We have
seen that the technology transfer between
us, being the machine manufacturer, towards the customer but also from the cus-

E 10

tomer to DORST has improved in terms of
practicability and everyday suitability.
In fact, these digital tools help our customers to learn in a quicker and more lasting
way how to get the most out of their machines.
cfi: Are there already any field trials with
customers?
HCS: Field trials would be the wrong word.
DORST Augmented Reality Assistance has
already become part of our everyday life
and the same is true for our customers.
Our employees constantly bring in improvements and applications. Progress in
the field of mobile devices, smart devices,
software and faster data networks make it
increasingly easier to resort to digital solutions and thus increase the acceptance.
Not long ago, we carried out for the first
time an entire machine acceptance test in
our branch location in Bad Kötzting/DE by
means of Augmented Reality Assistance
without the customer being physically pres
ent.
By the way, what is remarkable in this context: the time required for the acceptance
test was reduced to mere hours while we
would usually have planned one or two
days for this. Everybody was more than
happy with this new experience.
We were even able to carry out the acceptance test for two large hydraulic powder
presses in China by means of our Augmented Reality Assistance tools in collaboration
with our specialists here in Germany and at
our Chinese location DORST Shanghai.
cfi: What are the benefits of the system for
your customers’ staff?

HCS: First of all safety and the tailor-made
direct support that we as a machine sup
plier provide in case of problems. Establishing a cooperative relationship with our
customers and our customers’ employees
is part of our corporate philosophy. In this
context, our digital solutions in the service
sector open up new ways for both sides.
cfi: What are your customers’ thoughts regarding data protection when it comes to
sharing data in order to develop together
highly integrated digitized processes (integration of production and resource planning, optimisation of machine availability
and quality standards)?
HCS: Data protection is our top priority
here at DORST and our customers must be
able to rely on the fact that any information and potentially sensitive data they have
shared are safe from unauthorised access.
This is the most essential basis for mutual
trust, which is necessary to develop digital
processes further.
It is not without reason that we have by
now our own data center at one of our German locations and do not rely on public provider platforms that have their server just
somewhere out there in the world.
We clearly differentiate between data that
will remain with the customer and data that
will be made available to us. A special data
use agreement that is part of the purchase
contract defines clearly for all parties involved who will get access to which data.
Of course, it still takes a lot of convincing and not everyone of our customer’s IT
people will immediately be happy if you
want to use their digital infrastructure for
digital services.
However, we can see that they are becoming more open to this since the technical
possibilities to protect sensible data keep
improving and the advantages of digital
services outweigh possible concerns.
cfi: Thank you for your detailed explan
ations
KS
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AZO Contributes to the Professionalization of
Additive Manufacturing
70 years, AZO GmbH + Co. KG/DE has specialised in the handling

of bulk goods. Its highly automated conveying, screening and dosing
technology is in demand, particularly in the food, pharmaceutical,
chemical and plastics industries. In an interview, Development Manager Frank Pahl (FP) explains the advantages of professional powder
handling, the expectations of the Osterburken-based company in the
young Additive Manufacturing (AM) market and his ideas about AM
process chains in 2030.

Fig. 1 Frank Pahl, Development Manager
AZO GmbH + Co. KG

cfi: Could you please briefly introduce the
AZO Group to us?
FP: Gladly. We are a globally active, ownermanaged group of companies with over
1000 employees. Our head office is in
Osterburken, where our founders Adolf and
Marianne Zimmermann developed the forerunners of today’s cyclone screener for flour,
which were in demand in mills and bakeries
from 1949 onwards.
Since then, we have developed into a leading specialist for the automated handling of
raw materials of all kinds – from powdered
milk, baby food or spices to chemicals,
pharma
ceuticals and plastics. The latest
field of application is Additive Manufacturing (AM).
E 12

cfi: Which area of the AM process chain do
you cover?
FP: Here, too, it is about automated powder
handling. We offer solutions to feed the AM
systems with fresh powder and to prepare
powder not exposed in the construction
process, to recycle it or to discharge it at the
end of the process …
cfi: Is it about the metal or the plastic sector?
FP: What initially started with the demand
for individual screening machines for metal
and plastic powder quickly led to a development partnership with an AM machine
manufacturer. This resulted in a complete
system that includes processes in the per
iph
ery – i.e. material supply, screening,
dosing and safe feeding into the printers.
In addition, our solution collects the unprocessed powder in a buffer container, then
screens it in a cyclone screener and returns
it to the process with the aid of our pneumatic conveying technology.
cfi: Is this powder handling automated?
FP: Yes. We have built up the necessary
know-how for the automated handling of
powders including screening, dosing and
measuring technology in the food, chemical
and pharmaceutical industries over the last
70 years. We also master the task of combining new material and processed powder.
cfi: Can the unexposed powder be completely reused?
FP: In principle, this is possible, but it depends on the thermal history of the mater

ial, which proportion of the prepared ma
terial can be added to the “fresh powder”.
It is desirable to continue using as much
material as possible for several reasons. In
addition to the economic advantages, resource conservation and ecological aspects
are also important. Especially the fine plastic powders should be kept in closed cycles
if possible.
cfi: How do you ensure consistent powder
and process quality?
FP: Screening is central in order to remove
splashes and lumpy material. In addition,
metal powder is consistently fed in an inert
gas atmosphere – which is guaranteed by
appropriate airlocks. Our system solutions
ensure that the powder does not come into
contact with ambient oxygen. The applic
able ATEX and health protection standards
are also complied with.
cfi: Are there other advantages and added
values for users of your systems?
FP: Professional powder handling ensures
a reliable and fully automated material
supply in the AM process. The environment
also remains as far as possible dust-free
thanks to proven filter technology, which
is particularly important with regard to the
integration of AM processes in an existing
production environment. In addition, inert
gas consumption is reduced thanks to the
closed gas circuit required for handling
metal powders.
cfi: What potential do you believe additive
manufacturing has at AZO?
FP: Compared to our existing markets, it’s
still at the beginning, but it’s certainly an
interesting field of technology for the future.
We assume that it will continue to develop
– and would like to contribute to professionalization and industrial maturity with
our solutions.
cfi: How do you envisage the typical AM
process chain in 2030?
FP: Extensively automated and with tighter
quality control than before. In our sector it
will then certainly be possible to measure
powder quality inline. This is because it will
cfi/Ber. DKG 97 (2020) No. 7-8

Fig. 2 AZO® glovebox with inert system: raw material
feeding with guaranteed operator safety, product protection and explosion prevention
(Figs.: AZO)

be necessary to analyse the powder conditions more precisely in order to optimise the mixing ratios of fresh and
processed material.
For this purpose, measuring methods for the analysis of the
thermal pre-damage of the material will certainly establish
themselves on the market.
cfi: What were your goals when you joined the VDMA’s
Additive Manufacturing Working Group/DE?
FP: We would like to contribute our accumulated experience in bulk material handling in other industries to the
AM sector. The Working Group offers the opportunity to
talk to relevant players and to share our know-how with
them through targeted networking.
After 70 years of practice in the now largely automated
powder handling sector, we know that the wheel certainly
does not need to be reinvented here.
cfi: Thank you for talking to us.
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Zschimmer & Schwarz
Partners for the Ceramics Industry for 60 Years

Otto Zschimmer and Max Schwarz founded the company Zschimmer & Schwarz (Z&S) in 1894. Today,
the Zschimmer & Schwarz Group is represented worldwide, in 16 countries, and is a leading supplier of
high-grade speciality chemicals and auxiliaries for a wide range of industries. In time for the 125 year
anniversary in 2019, the new company headquarters was completed in Lahnstein near Koblenz, Germany.
In 1960, the Ceramic Auxiliaries Division was founded. Since then, the Division has been steadily expanding and new areas of application developed. We took this 60-year anniversary as an opportunity to speak
to Director of Division Michael Hölzgen (MH) and analyse together with him the product innovations
of recent years with regard to the further development of environmentally friendly chemical processing
auxiliaries. Aspects of the further development of additives for applications in ceramics and related areas
were also discussed.

Fig. 1 The new company headquarters in Lahnstein near Koblenz, Germany

Fig. 2 Michael Hölzgen,
Director of Division Ceramic Auxiliaries
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cfi: The use of chemical additives has en
abled a large number of process developments to reach a level that has made new
production processes efficient (e.g. pressing technology, glazing, pressure casting).
Where have the most important developments been driven forward in the last few
years?
MH: One of the most significant developments is certainly digitalization in the tile
industry with the developments of digital
printing and, in the meantime, first positive approaches for digital glazing. The tile
industry, which accounts for around two
thirds of our sales, is our most important
buyer market. Here, with our additives

from raw materials (dispersants) to finished
products (surface protection), we accompany all process steps (pressing, glazing
and decorating). The new digital technol
ogies have thrown up previously unknown
requirements.
For instance, we are pioneers in the sector
for the conversion of solvent-based digital
printing inks to water-based ones and establishing these on production scale. One
strength of Z&S is certainly that with our
chemical process auxiliaries we serve every
range of ceramic applications (tableware,
sanitaryware, heavy clay ceramics, technical
ceramics, refractories, abrasives and silicate
ceramics). That is our unique selling point
worldwide.
In addition, as soon as we’re dealing with
quantities that we can produce economic
ally, we develop, on request, customer-specific products and serve applications in the
glass industry, too.
Through the Z&S group of companies, we
have a worldwide network. The international expansion of the group is steadily driven
forward – for example with the recently
completed investments in Italy, the USA or
Indonesia.
cfi: With the aim of steadily improving sustainability in production, besides cost efficiency, other requirements have been added
cfi/Ber. DKG 97 (2020) No. 7-8
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Fig. 4 Ink setting optimisation

Fig. 3 Laboratory rheological studies

in recent years. Saving resources (material
efficiency, minimisation of process water
consumption, energy efficiency) and, where
not yet in use, water-based systems are important topics. How can Z&S already offer
improvements in this respect?
MH: We have already mentioned the waterbased systems for the tile industry, on which
we continue to work full steam ahead. This
aspect is becoming important in other user
segments, too.
Especially as a company in the chemicals
industry, saving resources and the use of renewable raw materials play a central role for
us. Already in the selection of raw materials
for product developments, attention is paid
to the later marketability of the additives.
The country-specific compilation of chem
icals registers worldwide makes it necessary
to check the listing status of a raw material
before including it in any development work
in order to avoid later restrictions in export.

In ceramics, energy efficiency is not only in
focus with regard to the firing processes.
On account of the available raw materials,
rising energy prices and new possibilities in
shaping, chemical auxiliaries are becoming
increasingly interesting for building ceramics, too. With the selective use of our products, it is possible, for example, to reduce
the mixing water requirement for shaping
to save on drying energy.
The digital decoration technology that has
become established in the tile industry is
now finding its way into heavy clay ceramics, e.g. for the design of surfaces on roofing
tiles or facing bricks. With this technology,
the manufacturer of such finished products can achieve interesting new effects
and looks and tap into new markets. The
development of digital printing inks and
additives can, however, only be advanced
parallel to further optimisation work on
digital printers by the machine engineering
companies. Today, for example, we are able
not only to print on surfaces horizontally
but vertically, too.

Fig. 5 Facing bricks showing interesting new effects and looks obtained by means of
digital decoration technology
(Figs.: Zschimmer & Schwarz)
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Even if it is more difficult in the tableware
industry, especially with regard to application on hollowware, intensive work is in
progress on the use of digital printing for
decoration.
In the heavy clay ceramics industry, the use
of digital technology can also lead to standard batches being used as ceramic bodies
because design and surface structure are
achieved by means of decoration and the
application of effects. Under these new
conditions, the possibility also results to
homogenize the firing curves and to work
more energy efficiently compared to changing kiln settings.
The process logistics of tile production has
been improved and cost-intensive cleaning
intervals shortened considerably. The associated reduction in reject products is, of
course, a very important criterion in respect
of material and cost efficiency. Here we can
generally make a contribution with tailormade additives in the process chain.
cfi: Environmentally friendly and sustainable digital system solutions for the decor
ation and glazing of ceramic surfaces are
developed by you as a priority. Have these
developments of water-based digital printing inks and digitally applied glazes been
completed?
MH: Particularly with a view to the Italian
tile manufacturers, we have noticed that
there we find the greatest interest in the
use of water-based digital printing inks. This
not only with a view to improved environmental compatibility, but also with regard
to higher print definition, enhanced compatibility with the glaze and easier cleaning
of equipment.
In other European countries, too, and in
Asian economic area, there is great interest in the introduction of water-based systems on the market. However, efforts are
required from the printhead manufacturers
to design their piezoelectric products to be
water-compatible to meet the requirements
of aqueous ceramic printing inks and in this
connection of the production process.
For digital aqueous glazing we cooperate
with the Ferro Group/US and are pursuing
on the development side glaze application
via piezoelectric printheads as well as valve
technology, which allows the end user to
work with conventional glazes, too. In this,
as well as in development projects, close
cooperation with the machine engineers,
cfi/Ber. DKG 97 (2020) No. 7-8
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printhead manufacturers and naturally the
suppliers of pigments and glazes is essential.
Customer support in digital printing has
become much more intensive for us as it
is part of the system. In the meantime, we
have many colleagues in the team who are
engaged especially with issues concerning
colour management and design transfer
to the digital printing systems. Besides the
digital printing inks on solvent basis successfully established for many years, it is our
aim to meet environmental aspects with
the further development of water-based
systems and to create with the change of
the fluid phase in the recipes the preconditions for a full digitalization of production
lines in future.
cfi: What new concepts from Z&S are there
for technical ceramics and the refractories
industry?
MH: In technical ceramics, alkali-free additives have becoming increasingly important.
In refractories, we work country-specific, for
example, on environmentally friendly tap
hole compounds. Moreover, we have been
in the business for decades and our customers know that they can rely on us also for
the new developments in this field, too. Parallel to this we have got more strongly involved in powder metallurgy, too. Together

with DORST Technologies/DE we have already been working successfully for years
on replacing solvents with aqueous systems
and supporting interested customers with
their implementation.
cfi: What importance does the glass user
segment have for Z&S?
MH: In tile manufacturing, we print ceramic
substrates predominantly with digital printing technology today. Similarly, this is increasingly the case in the glass industry, As
we are not dealing with absorbent surfaces
here, we have to adapt the digital printing
inks with completely different recipes, to fix
the applied printing inks on the glass and
achieve the required print definition.
We were able to realise an exciting project with the acquisition and integration
of Gevartis AG/CH in the Zschimmer &
Schwarz Group. Gevartis AG evolved from
the idea of enabling qualified, mediumsized glass companies access to modern
nano-technology for the production and
marketing of high-performance fire protection safety glass to meet the European
and worldwide standards and construction
regulations. With the experience of almost
four decades in the field of transparent fire
protection elements, in Gevartis AG mater
ials, products and manufacturing processes
are developed and patented which offer

licensed partners worldwide the possibility
to realise, besides their own core competences, fire protection products and systems
as part of a competitive process. Gevartis
AG is, therefore, a worldwide specialised
technology provider for qualified licensees
for production of products used in transparent fire protection and safety elements in
building construction and shipbuilding.
cfi: Which special efforts have you had to
make in these times of the corona pandemic?
MH: On account of the coronavirus we are
currently going through a difficult phase
worldwide that is not only presenting new
challenges for the health systems and industry on a daily basis, but demands from
each and every one of us a departure from
our familiar everyday rhythm. It is only with
community effort that we shall overcome
this crisis and we also need support from
our suppliers and customers. In this difficult
situation, Zschimmer & Schwarz would like
to continue to be a reliable partner and
actively support customers with its product
portfolio, in accordance with Zschimmer &
Schwarz’s understanding of itself as a problem solver with expertise in both chemicals
and ceramics. Get in touch with us.
cfi: Thank you for talking to us.
KS
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16th FAST/SPS Expert Group Meeting
at IEK-1 – Forschungszentrum Jülich GmbH
The 16

Meeting of the FAST/SPS Expert Group Field Assisted Sintering Technique/Spark P lasma Sintering took place in Jülich/DE on 10 December 2019. This time, IEK-1 – The Institute of Energy and Climate
Research Materials Synthesis and Processing of the Forschungszentrum Jülich/DE acted as host. Numerous national and international participants from industry, research institutes and universities accepted the
invitation of the Expert Group.
th

Fig. Participants of the 16th Meeting of the FAST/SPS Expert Group

The 16th Meeting of the FAST/SPS Expert
Group was opened with words of welcome
from its initiator, and Head of IEK-1, Prof. Dr
Olivier Guillon, who welcomed the guests
to his home institution.
The first lecture session dealt with fundamental studies on the influence of electric
fields and currents on the sintering behaviour of ceramic materials. First, Chen Cao
showed a direct influence of alternating
current fields on the sintering parameters
during the densification of ceria. Immedi-

ately following, the lecture of Tarini Prasad
Mishra highlighted the defect chemical
behaviour of ceria during flash sintering
by in situ measurements. The first block of
lectures was completed by Dr Joao Gustavo
Pereira da Silva, who presented the modelling of processing maps for flash sintering
processes.
The second session was dedicated to
application-oriented questions tackled at
IEK-1. The session was opened by Moritz
Kindelmann, who presented a study dealing

with the influence of different tool configur
ations on the FAST/SPS sintering process for
large-scale oxide ceramic parts. Following,
Martin Ihrig gave an insight into the production and electrochemical performance of
lithium composite electrodes for solid state
batteries. The session was concluded by a
presentation of Apurv Dash, who presented
novel MAX-phase composites for high-temperature applications, which were densified
using FAST/SPS.
During the third and last session, inter
national guests presented their activities in
the FAST/SPS field. First, D. Dariusz Garbiec
from Lukasiewicz Research Network, Metal
Forming Institute presented the FAST/SPS
activities of different institutions in Poland.
Afterwards, Prof. Andrey Ragulya from the
National Academy of Science of Ukraine
discussed the question whether nanostructured ceramics are feasible and which
requirements during FAST/SPS are necessary.
The meeting was concluded by a laboratory
tour through the IEK-1 facilities with a special focus on FAST/SPS technology.
The next Expert Committee Meeting will
take place at the company Dr. Fritsch GmbH
& Co. KG in Fellbach/DE on 09.12.2020.
More information at www.fast-sps.de

www.cfi.de
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Roadmap for Battery Research in Europe
The European Research Initiative BATTERY 2030+ Presents its Goals –
KIT, Ulm University, and ZSW via the CELEST Research Platform as Participants

To develop tomorrow’s batteries, partners from science and indus-

try all over Europe have launched the research initiatve BATTERY
2030+. Now, a roadmap defines the milestones in more detail: a
joint platform for the development of materials with the help of Artificial Intelligence (AI), networked sensors and self-healing technology for batteries, and sustainable production and recycling processes.
Via the CELEST platform, Karlsruhe Institute of Technology (KIT), Ulm
University, and the Baden-Württemberg Center for Solar Energy and
Hydrogen Research (ZSW) participate in the consortium.

Transition to a climate-neutral society requires fundamental changes in the way
we produce, use, and store energy. Highperformance battery storage systems that
are sustainable, safe, and inexpensive are
the goal of European research initiative
BATTERY 2030+. The research institutions
and companies involved have published
a roadmap that defines the properties of
future batteries and lists measures to accelerate development.
Three main research lines are identified:
“We want to accelerate our search for new
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materials and the right material mix, develop novel functions, and establish production and recycling concepts. With BATTERY
2030+, we are now pooling the expertise in
the respective areas existing in Europe and
work in a coordinated way. This opens up
the chance to keep up with the frontrunners
in battery development, also in the USA and
Asia,“ says Prof. Maximilian Fichtner, Head
of the Energy Storage Systems Group of
KIT’s Institute of Nanotechnology, Deputy
Director of the Helmholtz Institute Ulm,
and Scientific Spokesperson of the Center
for Electrochemical Energy Storage Ulm and
Karlsruhe, CELEST, for short.

Accelerated development of
materials with AI

Fig. Within the BATTERY 2030+ project, robots aren’t solely used to produce new
batteries; they also plan and evaluate their own experiments autonomously using AI

(Source: Daniel Messling, KIT)

To learn how certain materials behave
and how they have to be applied to possess certain properties, BATTERY 2030+
is initially aimed at establishing the only

high-throughput platform worldwide (MAP,
Materials Acceleration Platform). Combination of automatic synthesis, characterisa-

tion, and modeling of materials with data
mining techniques and AI in experiment
evaluation and planning is to decisively ac-
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celerate the development of new battery
materials.
Based on this joint platform, BATTERY
2030+ will start to analyse the properties
of material interfaces, such as the interface
between the electrode and the electrolyte
or between the active material and various
additives. This Battery Interface Genome
(BIG) is to help researchers develop promising approaches to new, high-performance
batteries.

Intelligent functionality
and sustainable
development processes
External factors, such as extreme temperatures, mechanical loading, excessive output
during operation or just aging in the course
of time adversely affect the performance
of a battery. The researchers involved in
BATTERY 2030+ therefore plan to jointly
develop intelligent and networked sensor
concepts to directly monitor chemical and
electrochemical reactions in the battery cell.
In this way, they might detect early stages
of battery failure or undesired side reactions
causing battery aging. In addition, the nextgeneration batteries are to be equipped
with “self-healing capacity:” Damage inside
a battery that causes battery failure may be
compensated by a smart use of materials.
The sensors and self-healing function are
to make future batteries more reliable and
persistent. Even spent cells of high quality
might be attractive for second use.
Moreover, BATTERY2030+ is aimed at
reaching maximum sustainability during the
development phase already. Parameters,
such as production with a minimum of resources, recyclability, critical resources, and
toxicity, will be taken into account by the al-

gorithms used for MAP-based development
of new battery concepts.
First projects proposed in the roadmap for
BATTERY 2030+ have already been approved by the EU and are now ready to
start. CELEST is an important actor in the
project for accelerated development of materials, modeling, and data evaluation by
AI as well as the associated autonomous
robotics.

About the BATTERY 2030+
Consortium
Apart from KIT and Ulm University, five universities are consortium members of BATTERY 2030+: The University of Uppsala/SE
(coordinator), the Polytechnic Institute of
Torino/IT, the Technical University of Denmark/DK, the Free University of Amsterdam/
NL, and the University of Münster/DE.
In addition, several research centers have
joined the consortium: The French Research
Center for Alternative Energies and Nuclear Energy CEA/FR, the French National
Center for Scientific Research CNRS/FR, For
schungszentrum Jülich/DE, Fraunhofer Society/DE, Fundación Cidetec/ES, the National
Institute for Chemistry of Slovenia/SI, and
the Organisation for Applied and Technical
Research of Norway/NO.
Other members of the consortium are the
industry associations EMIRI, EASE, RECHARGE, and the Absiskey company. The
consortium is supported by official European and national bodies, including ALISTORE ERI, EERA, EIT Inno-Energy, EIT RawMaterials, EARPA, EUROBAT, EGVI, CLEPA,
EUCAR, KLIB, RS2E, by the Swedish Center
for Electromobility, by PolStorEn, ENEA, CIC
energigune, IMEC, and the Tyndall National
Institute.

About the CELEST
Research Platform
The CELEST (Center for Electrochemical En
ergy Storage Ulm and Karlsruhe) Research
Platform for Strategic Collaboration was
established in 2018 by KIT, Ulm University,
and the Center for Solar Energy and Hydrogen Research Baden-Württemberg (ZSW). It
is one of the biggest battery research activ
ities in international comparison.
45 Working Groups from 29 institutes of
KIT, Ulm University, and ZSW contribute
their complementary expertise to CELEST
– from fundamental research to close-topractice development to technology transfer. CELEST focuses on three research fields:
lithium-ion technology, energy storage beyond lithium, and alternative technologies
for electrochemical energy storage and
conversion.
Being “The Research University in the Helmholtz Association”, KIT creates and imparts
knowledge for the society and the environment. It is the objective to make significant
contributions to the global challenges in
the fields of energy, mobility, and information. For this, about 9300 employees
cooperate in a broad range of disciplines
in natural sciences, engineering sciences,
economics, and the humanities and social
sciences. KIT prepares its 24 400 students
for responsible tasks in society, industry,
and science by offering research-based
study programs. Innovation efforts at KIT
build a bridge between important scientific findings and their application for the
benefit of society, economic prosperity, and
the preservation of our natural basis of life.
KIT is one of the German universities of
excellence.
www.battery2030.eu

www.cfi.de
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Proven Grinding System with Modified Agitator Shaft
Geometry – a Quantum Jump for the Development of
Agitator Bead Mills with Disk Agitators
St. Mende, A. Sandner

Through the development of grinding media separation systems, grinding disks, geometries for the grinding disks spacers or through the usage of ceramic materials even for larger production machines, NETZSCH
has been a technology pioneer for decades when it comes to commercially available agitator bead mills
with disk agitators. One such mill is the DISCUS agitator bead mill, frequently still referred to as the LME
Horizontal Disk Mill. Now, a new standard has been set with a new grinding media separation system and
a new geometry for the spacers between the disks.
Introduction
With the introduction of the new TETRANEX
grinding disk geometry and the usage of
wear-resistant NETZSCH CERAM C ceramic
materials with the highest thermal conduct
ivities, a substantial increase in production output averaging around 30 %, was
achieved for these agitator bead mills in
2012. Now the grinding system has been
modified once again. For this enhancement,
the main focus was on the grinding media
separation system and the homogeneity of
the flow.

Description of the
grinding system
A grinding system is essentially made up of
the grinding container or grinding chamber,
which is often double-walled for cooling
purposes, and an agitator shaft. The grinding chamber consists of the so-called outer
container, the grinding chamber inner liner,
a cooling water supply and a lid. There is a
variety of options for the grinding chamber
lining materials such as chilled cast iron,
steel, ceramic or polyurethane. The agitator
shaft is fitted with grinding disks, grinding
disk spacers and a separating rotor as part
of the grinding media separation system.
The grinding media separation system is
completed by a stationary screen in the lid
of the grinding container (Fig. 1).
cfi/Ber. DKG 97 (2020) No. 7-8

Fig. 1 DISCUS PLUS Grinding System with Dynamic Classifying Cartridge System (DCC) (l.)
and DISCUS INTENSIVE Grinding System with Intensive Classifying Cartridge System (ICC)
and modified geometry of the grinding disk spacers (r.)

While in the proven Dynamic Classifying
Cartridge System (DCC) the entire process chamber is divided into a separation
zone and a grinding zone, in the new Intensive Classifying Cartridge (ICC) media
sep
aration system the complete grinding
chamber is now filled with grinding media.
This quite logically results in an increase
in grinding capacity corresponding to the
grinding media fill volume.
In addition, the homogeneity of the flow
and the flow capacity were significantly
improved. This will be demonstrated by
the test results presented below. These im-

Stefan Mende, Andreas Sandner
NETZSCH-Feinmahltechnik GmbH
95100 Selb
Germany
Corresponding author: St. Mende
E-mail: stefan.mende@netzsch.com
www.netzsch.com
Keywords: agitator bead mill,
increase of production capacity,
residence time distribution
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Tab. 1 Grinding media fill masses using NETZSCH CERABEADS with a bulk density of 3,8 kg/l for different theoretical grinding media fill
levels for the DISCUS PLUS grinding system with Dynamic Classifying Cartridge System (DCC) and the DISCUS INTENSIVE grinding system
with the Intensive Classifying Cartridge System (ICC) and modified geometry of the grinding disk spacers
Theoretical Grinding Media Fill Level
[%]

Grinding Media Mass for the
DISCUS PLUS (DCC) Grinding System
[kg]

Grinding Media Mass
for the DISCUS INTENSIVE (ICC) Grinding
System [kg]

60

47,4

61,3

70

55,3

71,5

80

63,2

81,7

85

67,2

86,8

90

71,1

92,0

100

79,0

102,2

Fig. 2 Dynamic viscosity of the glycerol as a function of temperature

provements are due to the modification of
the grinding media separation system and
the modified geometry of the grinding disk
spacers.
Fig. 1 compares 3-dimensional illustrations
of the two grinding systems. The grinding
disk geometry is identical in both. The main
differences are the diameter of the grinding
media separation system and the additional
pegs near the mill outlet. Because a slight
pumping action of the separating rotor is
expected across the transport motion of
the suspension with the use of this mod
ified geometry, but at the same time the
entire grinding chamber is to be used as the
processing area, it first had to be clarified
whether such a modified grinding media
separation system could withstand higher
flow loads.
E 24

Investigation of flow capacity
and power input
In order to guarantee reliable production
and the most flexible use of an agitator
bead mill possible, first of all it must be
ensured that the grinding media separation
system functions at different suspension
throughput rates with no compression of
the grinding media in the inlet or at the
outlet of the mill.
Investigations were carried out with an
ALPHA DISCUS 30. Here ALPHA designates
the model of the machine stand. DISCUS provides information about the general technology of the grinding system (in this case a
disk agitator). The number 30 indicates that
the gross grinding chamber volume for this
machine is approximately 30 l. The installed
motor power is 30 kW.

The modification of the agitator shaft geometry initially resulted in different quan
tities of grinding media for the same theor
etical grinding media fill levels (Tab. 1).
The reason for this is that with the Dynamic
Classifying Cartridge System (DCC), the entire process space is divided into a separ
ation zone and a grinding zone, while with
the new Intensive Classifying Cartridge
(ICC) grinding system the complete grinding
chamber can be filled with grinding m
 edia.
This results in about 30 % more grinding
media at the same theoretical grinding
media fill level.
The theoretical grinding media fill level is
calculated differently depending on the
definition of the manufacturer. Here a volume was determined based on the design
drawings that can be used for the process
chamber. This volume is given as 100 %
of the grinding media volume. To ensure
that the grinding media can move during
operation of the mill freely, the grinding
media fill level should usually be between
70–95 % of the calculated theoretical
grinding media fill level, depending on the
application. However, a direct comparison
of different grinding systems remains difficult, which is why only grinding media fill
masses or quantities are to be considered in
the remainder of this article.
The flow capacity tests were performed with
glycerol. The glycerol used is a Newtonian
fluid with shear-rate-independent viscosity.
For the tests, the process chambers were
filled with different amounts of grinding
media. The mill was then operated with
both grinding systems with peripheral
grinding disk speeds of 8, 10 and 12 m/s respectively, and fluid flow rates of 500, 1000,
2000 and 3000 kg/h respectively, unless
cfi/Ber. DKG 97 (2020) No. 7-8
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Fig. 3 Grinding chamber pressure during operation of an ALPHA DISCUS 30 agitator bead mill with DISCUS INTENSIVE grinding system
with different grinding media fill masses and a grinding agitator tip speed of 8 m/s (l.) and 12 m/s (r.)

there was a safety shutdown due to excessive pressure in the grinding chamber. The
limiting pressure was set here to 2,5 bar.
For all tests, the double-walled grinding
chamber of the machine was cooled with
the cooling water at a constant temperature of about 10 °C. Proportional to the
power input into the mill, the temperature
changed over a range from about 29–43 °C
and consequently the viscosity of the glycerol as well. The change in dynamic viscosity
as a function of temperature is plotted in
Fig. 2.
Fig. 3 shows the grinding chamber pressure
during operation of the agitator bead mill
with the DISCUS INTENSIVE grinding system
with different grinding media fill masses
and a grinding agitator tip speed of 8 and
12 m/s respectively.
It was shown that the DISCUS INTENSIVE
grinding system could be operated over
very wide ranges with fluid flow rates above
3000 kg/h without critical grinding chamber pressures occurring. Only with a grinding media fill mass of more than 85 kg and
fluid flow rates >2000 kg/h did the grinding chamber pressure increase suddenly
and erratically with increasing flow rates,
resulting in a safety shutdown.
In contrast, when using the proven DISCUS
PLUS grinding system with the Dynamic
Classifying Cartridge Systems (DCC), the
conditions for a safety shutdown were
reached at much lower grinding media fill
masses and fluid flow rates (Fig. 4). At a
grinding agitator tip speed of 8 m/s, the
grinding system could only be operated
with a maximum fluid flow rate of about
cfi/Ber. DKG 97 (2020) No. 7-8

Fig. 4 Conditions for a safety shutdown due to overpressure during operation of an
ALPHA DISCUS 30 agitator bead mill using the DISCUS PLUS grinding system with different
grinding media fill masses and grinding agitator tip speeds as a function of fluid flow
(glycerol)

1400 kg/h and, even with a grinding agitator tip speed of 12 m/s, the maximum fluid
flow rate was well below 3000 kg/h.
However, as the fluid flow rate increases in
this grinding system, there is an initial moderate pressure increase before a pressure
shutdown occurs.
Unusual was the fact that in both grinding
systems there was no continuous increase
in grinding chamber pressure with increasing grinding media fill mass. In both grinding systems, the grinding chamber pressure
initially increased with growing grinding
media fill mass.

With a further increase in the grinding
media fill mass, the grinding chamber pressure fell with the same grinding agitator tip
speed and the same fluid flow rate before
drastically rising as the grinding media fill
mass increased, triggering a safety shutdown due to overpressure.
The cause of this phenomenon is not yet
completely understood and requires further
study for clarification.
Also surprising were the net power inputs
observed during the flow tests with pure
dispersion medium, thus without solid
particles. Fig. 5, Fig. 6 and Fig. 7 each comE 25
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Fig. 5 Comparison of the net power input during operation of an ALPHA DISCUS 30 agitator bead mill with the DISCUS PLUS grinding system (l.) and with the DISCUS INTENSIVE grinding system (r.) with different grinding media fill masses and a grinding agitator tip speed of
8 m/s

Fig. 6 Comparison of the net power input during operation of an ALPHA DISCUS 30 agitator bead mill with the DISCUS PLUS grinding
system (l.) and with the DISCUS INTENSIVE grinding system (r.) with different grinding media fill masses and a grinding agitator tip
speed of 10 m/s

Fig. 7 Comparison of the net power input during operation of an ALPHA DISCUS 30 agitator bead mill with the DISCUS PLUS grinding
system (l.) and with the DISCUS INTENSIVE grinding system (r.) with different grinding media fill masses and a grinding agitator tip
speed of 12 m/s

E 26
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Fig. 8 Comparison of the comminution results for calcium carbonate using an ALPHA DISCUS 30 agitator bead mill with a DISCUS PLUS
grinding system and a DISCUS INTENSIVE grinding system with different grinding media fill masses and a grinding agitator tip speed of
10 m/s relative to the specific energy (l.) and the suspension flow rate (r.)

pare the DISCUS PLUS grinding system with
the Dynamic Classifying Cartridge System
(DCC) to the new DISCUS INTENSIVE grinding
system with the Intensive Classifying Cart
ridge (ICC) grinding system run with different grinding media masses and fluid flow
rates for grinding agitator tip speeds of 8,
10 and 12 m/s, respectively.
Despite an approx 30 % higher grinding
media fill mass with the same theoretical
grinding media fill level, only marginally
higher power inputs were observed with the
DISCUS INTENSIVE grinding system at identical
grinding agitator tip speeds and comparable
fluid throughput when running pure fluid.

Whenever the mills where operated with a
suspension the power input correlates with
the mass of grinding media used in the mill.
It was striking that in the DISCUS INTENSIVE
grinding system the power input initially
showed a steady increase as the grinding
media fill mass and peripheral speed of
the grinding disks increased. At a grinding
agitator tip speed of 12 m/s, the net power
input decreased if the grinding media fill
mass was increased to more than 81,7 kg.
This result was reproducible. To clarify this
phenomenon, further investigations into
the distribution and movement of the grinding media within the mill are also necessary.

Investigations into the
energy efficiency and
production performance
during true comminution of a
calcium carbonate suspension
For these studies, a model suspension of a
natural calcium carbonate with a bulk solids
concentration of 20 % in deionized water
was used. In order to prevent re-agglomeration and a significant increase in viscosity
of the product suspension, 3 % Dispex N 40
based on the solids mass was added to the
suspension. Both the initial particle size and
the comminution results for the calcium carbonate were determined with the Malvern

Fig. 9 Comparison of the comminution results for calcium carbonate using an ALPHA DISCUS 30 agitator bead mill with a DISCUS PLUS
grinding system and a DISCUS INTENSIVE grinding system with different grinding media fill masses and a grinding agitator tip speed of
12 m/s relative to the specific energy (l.) and the suspension flow rate (r.)

cfi/Ber. DKG 97 (2020) No. 7-8
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Fig. 10 Comparison of the comminution results for calcium carbonate using a
DISCUS PLUS grinding system and a DISCUS INTENSIVE grinding system with the same
theoretical grinding media fill level and different grinding agitator tip speeds

Fig. 11 Comparison of the comminution results for calcium carbonate using a
DISCUS PLUS and a DISCUS INTENSIVE agitator bead mill with different
grinding media fill masses and a grinding agitator tip speed of 12 m/s

Mastersizer 3000. The initial particle size
was measured to be d50,3 = 7,6 μm and one
of d90,3 = 26,3 μm.
The comminution results for calcium carbonate using the DISCUS PLUS and DISCUS
INTENSIVE grinding systems with different
grinding media fill masses relative to the
E 28

specific energy and suspension throughput
are shown in Fig. 8 for a grinding agitator
tip speed of 10 m/s and in Fig. 9 for a grinding agitator tip speed of 12 m/s.
The comminution tests were carried out in
fully continuous single-pass operation. For
each of the grinding systems tested, two

grinding media fill masses were tested.
First, it was found that significant differences in the power input resulted when
operating at the same grinding agitator tip
speed with a suspension as opposed to the
flow with a pure fluid.
This increase in the power input is due to
the higher grinding media fill mass. Furthermore, it could be shown that no significant increase in production output is to be
expected for the DISCUS INTENSIVE grinding
system by increasing the grinding media
mass/quantity above 81,7 kg. According to
the definition of the theoretical grinding
media fill level, this corresponds to a value
of 80 % and, from the standpoint of energy
efficiency, should be set as the optimum
grinding media fill level for this grinding
system. Although a further increase in the
amount of grinding media fill does lead to
slightly increased production capacities, this
comes at the cost of higher specific energy
needs.
Figs. 10–11 depict the results of the comminution as a particle size distribution.
Here, for a mean suspension throughput
of 220 kg/h, the peripheral speed of the
grinding disks is varied from 8–12 m/s in
Fig. 10, while two different grinding m
 edia
fill masses are compared at a constant
grinding agitator tip speed in both grinding
systems in Fig. 11.
While in single-pass operation with the DISCUS PLUS grinding system with the Dynamic
Classifying Cartridge System (DCC) and the
conventional distance between the grinding
discs, a small amount of coarse particles was
detected in all results, which can be attributed to possible short-circuit currents, DISCUS INTENSIVE short-circuit flows were used
in the grinding system completely avoided.
Both results show very clearly that a significantly better dwell time distribution of the
product particles in the mill is achieved with
the new DISCUS INTENSIVE grinding system.
This is reflected in the narrower particle
size distribution in the comminution result.
Small amounts of coarse particles were
detected in all results for the DISCUS PLUS
grinding system with the Dynamic Classifying Cartridge System (DCC) and the conventional grinding disk spacers, which can
be attributed to possible short-circuit flows.
However, short-circuit flows were completely avoided in the DISCUS INTENSIVE grinding
system.The resulting impact on the produccfi/Ber. DKG 97 (2020) No. 7-8
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tion performance is clearly shown with this
example. For most of the existing processes
with two necessary passes to prevent small
amounts of oversized particles, because of
short cuts, with the new agitator geometry
just one passage is required. That means an
increase of the production capacity as well
as energy savings of 100 % is possible. A
further increase of the production capacity
results by the fact, that higher grinding
media filling masses are used with new
agitator geometry leading to up to 30 %
higher power inputs, additionally.

Summary
The further development of DISCUS disk agitator bead mill clearly shows that, even for
a technology such as the agitator bead mill,
whose first patent was granted in 1928, it
is possible to achieve tremendous improvements in production capacity with more
efficient energy utilisation through targeted
modification of the grinding system and optimised selection of the grinding media and
adjustment of operating parameters. It was
also demonstrated that the flow behaviour
and homogeneity of the load on the prod-

uct particles was substantially improved
through the combination of a new grinding
media separation system and geometrically
modified spacers between the grinding
disks. These results in potentially increases
of the production capacity as well as energy
savings of more than 100 %. The new agitator bead mill can be used with great flexibility for a wide variety of grinding tasks.
The flow capacity demonstrated for the
grinding system facilitates the operation
of the mill in both passage and circulation
modes.
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Trends in Electrodes Coating Technology for
Lithium-Ion Batteries
W. Bauer, A. Müller, A. Gyulai, R. Diehm, J. Kumberg, Ph. Scharfer, W. Schabel

In recent years, the demand for high performance and affordable batteries has increased significantly,
especially in the field of electromobility. In particular, the cost pressure in the production of large battery
packs has led to a significant increase in the productivity of electrode manufacturing. Although tape casting has been established as a standard process for manufacturing electrodes for lithium-ion batteries for
30 years, the potential for further improvements in this field has not yet been exhausted. New developments in plant technology and in the materials used offer the possibility of increasing production speed or
reducing operating costs, thus creating the conditions for further increases in productivity in the coming
years.
1 Introduction
Lithium-Ion Batteries (LIB) are indispens
able energy storage devices used in nearly
all cordless electronic and electrical devices
such as mobile phones and power tools.
However, the high energy and power dens
ity, as well as the excellent longevity of the
cells make LIB also interesting for applications that have a larger storage demand,
e.g. in battery-powered vehicles or stationary household storage solutions.
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Current electric vehicles can have battery
capacities of up to 100 kWh. To achieve
this, electrodes with an area of more than
1000 m2 must be mounted in a single
battery pack. Since the production of the
electrodes makes a significant contribution
to the total costs of a battery, various approaches are currently being investigated
to make electrode production more costeffective.

2 Electrode manufacturing
The electrodes of LIB consist of 50–100 µm
thick, porous layers with only a few components: the active material, additives that
improve the electrical conductivity and a
binder that holds all the components together [1]. Compounds with a generic composition Li(NixMnyCoz)O2 (“NMC”) are the
most common active materials for cathodes,
while the standard material for the anode
is graphite. Fine carbon black particles,
sometimes in combination with graphite
platelets, are usually mixed with the active
material to improve the electrical conduct
ivity. Polyvinylidene Difluoride (PVDF) is the
traditional binder for cathodes, and a mixture of Carboxymethyl Cellulose (CMC) and
Styrene-Butadiene Rubber (SBR) is used for
the anodes.
Since LIB were introduced to the market as
a commercial product about 30 years ago,
little has changed in the processing of the

electrodes. A process similar to the casting
of ceramic tapes is used. All solid compon
ents are first dispersed or solved in a solv
ent. The slurry is then applied as a coating
to a thin metal foil substrate and dried in a
continuous oven.
In the case of the cathode, the substrate
consists of an aluminium foil, while a copper foil is used for the anode. In contrast to
ceramic tape casting, the coating remains
on the substrate after drying, because the
metal foil is required as mechanical support, as an electrical conductor and for heat
transport (Fig. 1). A sufficient open porosity of 20–40 vol-% must be retained in the
electrode since the ions are transported
exclusively via the electrolyte that fills the
pores in the finished cell. The coating is
therefore not sintered, but only mechanic
ally compressed by a calender. In the words
of a ceramist, the electrodes are still green
bodies.

3 New approaches
Cost reductions in electrode production
can be achieved in several ways. In the
past, progress has been achieved mainly
through economies of scale resulting from
improved throughput due to higher coating
speeds. Although improvements can still be
expected in this area, further measures are
needed to maintain a sufficiently high pace
of cost reduction.
cfi/Ber. DKG 97 (2020) No. 7-8
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3.1 High speed coating
On an industrial scale, slot-die coating is
mostly used as coating method nowadays.
The pre-dosed process is advantageous, as
an exact adjustment of the coating weight
is possible independent of the slurry parameters. Further advantages are the closed
system, which prevents the material from
premature drying in the coating station, the
wide scalability, and the high edge quality
[2].
The typical coating speeds range of
1–10 m/min in laboratory scale and
30–50 m/min in an industrial production.
The trend is towards higher web speeds,
as economies of scale and cost savings
can be achieved. A coating speed of up to
80 m/min is occasionally used in industrial production. The next generation with
coating speeds of 100 m/min [3] and even
150 m/min [4] are already reported as
being under development.
In the industrial production of electrodes,
the metal foil substrate is not fully coated,
but in the shape of stripes or patches. Stripe
coating is used especially for large prismat
ically automotive cells, where the electrodes
stripes are wound to circular or prismatic
rolls. Uncoated areas must be left at the
sides where the contact sheet, leading to
the outside, are welded on. Coater width
dimension of more than one meter allow
the slot-die coating of many strips coated
continuously side by side. With intermittent coating, defined patches are produced
by interrupting the slurry flow in the slot
die (Fig. 2). This design is advantageous
for high quality battery cells, since a more
homogeneous density can be achieved
during calendering than with continuous
coating [5]. The discontinuity usually limits
the application speed of intermittent coating to the lower range of industrial coating
speeds. However, there are approaches to
significantly increase the achievable speed
by new types of slot-dies with integrated
high-speed valves. A precise control of the
slurry application improves the edge quality
of the patches too. Edge contour lengths of
less than 5 mm can be produced in coating
direction without unfavourable edge elevations even at a coating speed of 50 m/min
[6].
Air bubbles in the slurry or large particle agglomerates lead to coating defects, which
cfi/Ber. DKG 97 (2020) No. 7-8

Fig. 1 Cross-section of an NMC cathode for a lithium-ion battery; the grey area at the
bottom is the aluminium substrate (Source: KIT)

often render large parts of the electrode
unusable. During the deposition process,
defects also occur due to instabilities of the
slurry meniscus, when either the wet film
thickness is too low for the process parameters and slurry properties, or the coating
speed is too high. This in particular becomes
a problem for very thin coatings of less than
50 µm wet film thickness, which are required for high power cells and for primer
interlayers [7, 8]. In that case, a vacuum box
on the slot-die can be used to stabilise the
liquid menisci during coating allowing significantly thinner layers to be produced at
high coating speeds.
It should be mentioned that at high coating speeds, it is not the deposition step that
is limiting, but above all the time the electrode subsequently needs for drying. Limi
tations of the drying time are not caused

by the capabilities of the dryers, but by the
development of the microstructure during
the drying process. At high drying rates,
the inherent distribution of the additives is
negatively influenced by migration effects.
Along with the solvent, the binder and the
carbon black are dragged to the surface
where they accumulate as the solvent evaporates [9–11].
Additive migration leads to an inhomogeneous distribution of binder and carbon
black, which is the origin of cell perform
ance and durability problems [12]. Low
drying rates presumably allow for sufficient
time to compensate the developing additive
gradient by back-diffusion [5, 6]. Currently,
the drying time in industry is controlled
between 1–2 min, which determines the
maximum coating speed for a given dryer
length. Further investigations for a better

Fig. 2 Intermittent coated graphite anode (black) layer on copper current collector with
line profile sensors for measuring the edge quality (Source: KIT)
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Fig. 3 Investigation of the flow behaviour in a multilayer slot die (l.) by slurries containing UV tracer particles. Images of a stable multilayer coating (middle) with the UV active
slurry in the bottom layer and a multilayer coating with intermixing defects (r.) [18]

understanding of the migration effects are
therefore necessary to increase the coating
speed.

3.2 Multilayer coating
The manufacturing of electrode layers with
high thickness is another strategy to reduce the costs of LIB without changing the
electrode composition using high-energy
materials and thereby generating new challenges. Since the inactive components, such
as metal foil and separator, make up about
35 vol.-% of one state-of-the-art-cell, the
volumetric energy density can be increased

from 65–79 % by doubling the thickness of
each electrode [13]. With thick electrodes,
however, several problems occur: extended
pathways within the microstructure lead
to ion transport limitations resulting in
significant capacity losses especially at
high charging and discharging rates [14].
A further problem arises during the drying
process due to the binder and carbon black
migration effects, already mentioned in the
previous chapter.
To prevent the dryer length from becoming
too long, the drying rate must be increased
for thick electrodes, which means that more

additives are transported to the electrode
surface, where they accumulate near the
surface [15]. The lithium ion transport is
therefore made more difficult not only by
the extended diffusion pathways, but also
by the clogged surface pores. One approach
to overcome these problems is the processing of multilayer coatings with individual
additive content. There are two processing
routes to achieve this. The first is a sequential coating and drying step, in which a
liquid layer is coated on top of a dry layer.
This has the advantage that the additives
are fixed within the bottom layer but requires two coating and drying cycles. Furthermore, simulations show the occurrence
of electrochemical limitations at the interface due to microstructural effects [16]. A
more advantageous interface is formed in
a setup with a semi-dry bottom layer, but
challenges still arise regarding to the coating of the second layer.
Well-formed separate layers without a
pronounced interface can be realised with
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a multilayer slot die. It enables the simultaneous coating of different slurries on top
of each other, e.g. with different amounts
of binder, to counteract the binder gradient developing during drying. Double-layer
cathodes for LIB even showed an improvement of the cell capacity [17]. The coating
stability of double-layered anodes, prepared
from aqueous slurries, was investigated
with UV light and UV tracer particles in
one layer as shown in Fig. 3 [18]. The experiments revealed that disruptive intermixing takes place only at low coating speeds
of less than 1 m/min. At higher coating
speeds, air entrainment becomes the dom
inant failure mechanism.
Another limitation in the processing of sim
ultaneous multilayers results from the surface energy and viscosity of the two fluids,
since defect free coatings can only be realised if the surface energy of the top layer
matches that of the bottom layer.
Put simply, the surface energy of the bottom
layer should exceed that of the top layer,

although polarity and colloidal properties
play an important role as well. Suitable
viscosities can suppress dewetting effects.
High viscosities that are as similar as possible are advantageous in this case. Even
with double-layered anodes with standard
overall thickness, a better electrode capacity
was found for higher binder concentration
in the bottom layer compared to a layer setup without a binder difference. In addition,
thick electrodes showed a massive increase
of the adhesive strength compared to the
single layer setup when most of the binder
was added to the bottom layer.

3.3 Aqueous processing
Commercial electrodes of LIB contain only
small amounts of additional additives. This
is mainly because the energy density of the
cell is reduced by the inactive components.
In addition, with each additional com
ponent the probability of undesired side
reactions increases, which can affect the
safety and lifetime of the cell. The binder,

as the only organic component, plays an
important role here. It must provide suitable
flow properties and colloidal stability in the
slurry. In the electrode, it is responsible for
good drying behaviour and for sufficient
mechanical stability, but also for supporting
favourable transport conditions for electrons and lithium ions [19].
As a binder, PVDF meets these requirements quite well. The polymer has excellent chemical, electrochemical and thermal
stability. It was therefore established as a
standard binder for LIB. However, due to
the high chemical stability of PVDF, only a
few solvents are suitable for slurry production. Usually N-methyl-2-pyrrolidone (NMP)
is used for this purpose. The use of organic
solvents, however, has severe limitations.
The increased requirements for explosion
protection and occupational safety lead to
additional investment and operating costs.
In addition, the drying process requires a
costly after-treatment of the exhaust air
to meet the strict requirements of TA Luft
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Fig. 4 Cathode layer with gas bubbles generated from corrosion of the aluminium foil by
an aqueous slurry at high pH (Source: KIT)

(German Clean Air Act). The replacement by
a water-based process therefore offers the
opportunity for a significant reduction of
the electrode production costs [13].
Due to its insolubility in water, PVDF is replaced by other binders in aqueous slurries.
A mixture of a water-soluble polymer and
a latex binder is typically used for this purpose. The most common additives CMC, and
SBR or a fluorine-acrylic copolymer, which
are admixed as a latex [20].
In the production of graphite anodes,
water-based processing has now almost
completely replaced the organic route. For
cathodes, the conversion is made more difficult above all because, unlike graphite,
the active materials react with water, which
impairs electrode and cell properties. Due
to their indispensable high mobility in active materials, lithium ions can easily be replaced by hydrogen ions when the materials
are in contact with water. Leached lithium
ions react rapidly with oxygen or moisture
to Li2O and LiOH, which are subsequently
transferred to Li2CO3 by dissolved CO2 [21].
As a result, there is a loss of accessible

lithium ions. In addition, the pH value of
the slurry rises to the strongly basic range
due to the produced hydroxide. With NMC
materials, pH values of 11–12 are usually
achieved. Under these conditions, the aluminium foil used as a substrate is already
exposed to severe corrosion phenomena
[22]. This leads to the formation of lithium
aluminates, which further increase the
lithium loss, and to the formation of gas
bubbles in the electrode layer (Fig. 4). Various measures have been proposed to avoid
these problems, e.g. lowering the pH value
by adding acid, a protection layer around
the particles or a protecting primer film on
the aluminium foil.
This can improve individual effects, but
often leads to further problems [23]. For example, the subsequent lowering of the pH
value by acidic additives increases the cat
ion solubility of the active materials. In add
ition, the adhesive capability of the binders
can be massively reduced. The effectiveness
of coatings is impaired by the fact that they
are usually not free of defects. Coatings on
the particles can also impede the transport

Fig. 5 Schematic description of dry coating methods: roller coating (l.)
and spray coating (r.)
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of lithium. The additional volume required
by coatings leads to a reduction in the en
ergy density of the cell, which in turn negates the gain in electrode capacity.
The most promising approach seems to be
a combination of various measures. Even a
slight lowering of the pH value can maintain
the oxide layer on the aluminium foil for a
longer period. If the exposure time of the
wet electrode layer is sufficiently limited,
corrosion will be avoided or occurs only
weakly. A thin primer layer of carbon on the
aluminium foil has only a negligible effect
on the energy density. It will prevent corrosion, and it can reduce adhesion problems
caused by acid additives as well.
Current trends in the development of cathode materials lead to compounds with
higher nickel content, which are more sen
sitive to water [24]. Nevertheless, it can
be assumed that with an improved under
standing of the interactions in aqueous
environments, the negative effects can be
reduced to such an extent that the financial
benefit of avoiding NMP outweighs them.
It is therefore likely that water will increasingly be used as a solvent in cathode production.

3.4 Dry coating
The slurry-based coating process is industrially established and has been used worldwide for three decades to produce the
electrodes of LIB. As described earlier, the
method has disadvantages, which make the
development of alternative coating methods advisable. Possible reactions between
the electrode components and the solvent
are a concern.
Water in particular is a critical solvent, which
limits the applicability of many materials
due to an undesired solubility of compon
ents. Alternative organic solvents require
high expenses for the installation of occupational safety and explosion protection.
The energy-intensive removal of any solvent
by a drying step at enhanced temperature
or the installation of solvent recovery systems represent significant cost factors in the
production of the electrodes. Finally, migration of additives during the drying process
is a property deteriorating effect that makes
it difficult to implement high-speed coating
processes. The development of alternative
coating methods, which work without the
use of solvents suppresses these problems,
cfi/Ber. DKG 97 (2020) No. 7-8
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and therefore promises a performance and
economic gain.
Dry electrode manufacturing can be
achieved by a variety of methods such as
sputtering or laser deposition. However,
these methods suffer from very slow depos
ition rates and high temperature needs for
annealing and are therefore not suited as
alternatives for the industrial production of
electrode layers. More promising methods
for the dry processing of electrodes are the
pressing (rolling) process of a free-standing
electrode sheet and nozzle-based powder
spray coating processes (Fig. 5).
The “dry electrode” technology was ori
ginally developed by Maxwell Technology
for super capacitors. In the pressing/rolling
process, all electrode components are first
hot mixed with a PTFE binder. At high shear
forces, the PTFE forms fibrils that enable a
particle bonding. The resulting compound
can be cold-pressed or hot-rolled to form
a free-standing electrode sheet. For the
electrode setup, the sheet is laminated with
the metallic current collector foil by a thin
primer layer. The process allows a reduction
of the binder content to an absolute min
imum as low as 0,1 mass-% [25].
The spray coating process uses a spray system to deposit the dry electrode particles on
the collector. It consists of a powder pickup/dispensing unit and a spraying gun. The
process works with [26] or without electrostatic assistance [27]. In the electrostatic
spraying gun, the fluidized dry particles are
additionally charged and subsequently deposited on the ground current collector. Hot
rollers are used to control the thickness and
the density of the electrode.
The hot roller system is also required to
thermally activate the thermoplastic binder
particles that have previously been dry
mixed with the other electrode particles.
This activation step increases the adhesive
and cohesive properties of the electrode
significantly. Cost savings of approx 15 %
are expected in electrode manufacturing by
the dry spraying process [26].

4 Outlook
New developments in coating technology
offer the opportunity of significantly reducing costs in electrode production. However,
the processes still must prove their suitability for large-volume production. In particular, the quality of the electrodes must
cfi/Ber. DKG 97 (2020) No. 7-8

always be kept in mind since defects and
inhomogeneities in the electrode layer will
result in unacceptable safety and service
life problems. This leads to a reduction in
production yield, which in turn eliminates
the advantages of the new production processes described in this article.
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PROCESS ENGINEERING
Monitoring and Assessment of
the Effect of Defects in Ceramics
G. Seifert, J. M. Hausherr

As even small single defects in ceramic components can initiate their failure during operation, with po-

tentially dramatic consequences for the user, researchers worldwide seek to safely detect critical defects
and assess their relevance for failure under load before a component goes into application. In this paper,
we introduce an experimental technique for observing the initiation and growth of cracks under mechan
ical loading in situ by help of X-Ray Computed Tomography (CT) and describe timely concepts to assess
the criticality of voids and other defects in the volume or at the surface of ceramic components by help of
finite element analysis.
1 Introduction
Typical requirements for high-performance
ceramics are high mechanical strength
in connection with very good reliability
against fracture below the specified load
limit, or excellent resistivity against thermal
shocks and/or large temperature gradients.
All these parameters are more or less dir
ectly related to the presence of defects in
the components.
While it is of course the goal of any producer to minimise the number of defects in
their components or bring them ideally to
zero, the reality of ceramic production comprises a lot of possible sources for inhomogeneity or voids. Even if the raw material is
perfectly processed and does not have any
agglomerates or inclusions, the following
typical steps like forming, debinding and

G. Seifert, J. M. Hausherr
Fraunhofer Institute for Silicate Research,
Center for High Temperature Materials
and Design HTL
95448 Bayreuth, Germany
Corresponding author: G. Seifert
E-mail: gerhard.seifert@isc.fraunhofer.de
Keywords: finite element analysis,
computed tomography, non-destructive
testing, effect of defects
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Fig. 1 Image of an in-situ setup with tensile module

sintering can easily generate or enlarge
small defects. Thus, particularly for critical
applications like aviation or space flight,
it is necessary to guarantee that any component for use in aircrafts or spacecrafts is
either defect-free or alternatively has been
secured to resist the expected load for the
anticipated operation time.
An established way to get this security is
to perform proof tests for each individual

component. As, however, these proof test
procedures are very expensive and timeconsuming, any experimental technique
or simulation method which provides the
same information with less effort is highly
desirable.
In this paper, we discuss timely examples for
monitoring defects in ceramic components
by imaging methods and assessing their
effects on component performance. First,
E 37
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Fig. 2 Failure pattern of a GFRP sample under tensile load: measured force-displacement curve (left-hand side); and section images in
the component at individual load levels (right-hand side)

a novel tool for observing initiation and
growth of defects/cracks under mechanical
loading in situ by help of X-ray Computed
Tomography (CT) is introduced. Then, procedures to extract relevant volume or surface defects from CT, LSM (Laser Scanning
Microscopy) or other imaging techniques
into an FE (Finite Element) analysis for assessment of their criticality with respect
to fracture under mechanical or thermo
mechanical load is described.

2 Computed tomography
for in-situ analysis
of local defect growth
Fraunhofer HTL, in cooperation with
diondo, has developed a test frame for gen
eric computer tomography systems. Using
this test frame, components made of various
materials including ceramics, can be examined volumetrically while they experience
an additional thermomechanical or thermochemical load. The system is modular and
can be mounted in basically any type of CT,
complementing existing systems.
A special feature of the system is the possibility of a modular extension with various
components. For example, in addition to a
mechanical load (tension/bending/torsion
and compression test), testing structures
can also be simultaneously thermally loaded by integrating a climatic chamber for the
range of –40 °C to +200 °C, or by implementing an oven for higher temperatures
E 38

up to 1400 °C. Additional modules allow
the controlled use of special atmospheric
conditions including the simulation of (wet)
chemical environments.
The CT measurements are performed at
high resolution allowing to record volumetric images with a resolution up to 2 µm. Depending on the design, mechanical loads up
to 150 kN are possible. Fig. 1 shows a test
frame mounted in an existing tomography
system for mechanical tensile testing up to
50 kN.
As an example of a simple tensile exam
ination, Fig. 2 shows the measured forcedisplacement diagram of a glass fibrereinforced polymer sample. The increase in
tensile force causes elongation in the ma
terial, which, starting at around 2 kN, leads
to a distortion of the fibre bundles in the
matrix. Matrix failure begins around a tensile force of 3 kN, where first cracks are visible. With further increasing force, filament
failure of individual glass fibres and, ultim
ately, component failure occurs at 3,7 kN.

3 Assessment of the criticality of
defects by FE analysis

3.1 Volume defects
monitored by CT
The in situ CT method described above is
a very useful tool to observe the behaviour
(potential growth) of individual defects in a
ceramic component under a well-defined

loading situation. While it appears wellsuited to identify critical positions in components during their development as well
as to deepen the insight about which kind
of defects (considering shape, size, and pos
ition) are most dangerous for component
failure, it is much less suited for a standard
quality control of high-performance ceramic
products. Main reason is that the critical inspection and evaluation of a time series of
3D-images currently has to be done by an
experienced human operator, making the
analysis time-consuming and costly.
Even without the in situ equipment, CT
monitoring of volume defects in ceramics
faces the basic challenge of balancing the
total volume which can be scanned in one
run against the spatial resolution achievable. As, depending on the material system,
voids and other defects of 20–50 µm typ
ical size and above can be relevant for the
failure of even large components, the resolution of a CT scan has to be sufficient to
safely detect such small voids or inclusions.
This limits the maximum volume which
can be accessed within the same scan to a
typical dimension of several centimetres. For
larger components, an intelligent strategy is
required to find out the risk of component
failure without the need to scan the whole
component with high CT resolution.
A promising approach to identify securityrelevant defects with strongly reduced effort
and time is previous Finite Element Analycfi/Ber. DKG 97 (2020) No. 7-8
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sis (FEA). When the maximum thermal or
mechanical load of a component during its
application is known, the local distribution
of stresses within a ceramic component can
be determined precisely using current FEA
software.
The often quite inhomogeneous distribution of stresses then allows restricting the
CT scans to only few limited regions, where
defects could cause the local strength limit
to be exceeded. In the ideal case, i.e. when
these regions are defect-free, the respect
ive component can be released to application without further tests necessary. If the
strongly stressed regions are not limited
to a few critical positions, but cover larger
parts of a component volume, several defects may be found requiring an individual
assessment of their effects on the fracture
limit.
Again, FE methods can be very helpful for
this task: the typical procedure, as used by
the Fraunhofer HTL, starts with the local
isation of a defect and the definition of
the void’s 3D-surface, usually in form of a
triangular representation. As visualised in
Fig. 3, the defect shape is then transferred
in digital form to an FE software package
(here ANSYS), where it is used to generate
a volume element (cube) containing the defect. The volume element is then being computationally exposed to external load, e.g.
tensile strain like in Fig. 3, yielding the local
stress distribution around the void. An example for such a volume-weighted distribution, normalised to the stress without void,
is shown in Fig. 3 in form of a histogram.
Clearly the presence of the defect in the
volume causes stress concentration extending to approximately a factor of 2 above the
constant stress level expected in a perfect
bulk material (represented by stress concentration factor of 1).
A reasonable estimate for the decrease of
the local fracture strength can be obtained
from the 95 % percentile of the stress distribution. In the example shown in Fig. 3,
the 95 % percentile is located at a stress
concentration of ≈1,45 (red vertical line); if
the defect happens to be located within a
region of maximum stress under load, one
expects a decrease of the failure stress of
the component by the same factor.
After a statistically relevant number of experiments for the verification of these numbers, the FE-based evaluation of the effects
cfi/Ber. DKG 97 (2020) No. 7-8

Fig. 3 Schematic overview of FE assessment of volume defects detected in CT scans of
ceramic components

of defects is well-suited to qualify ceramic
components for application. A further step
towards automatized assessment could be
achieved by including Artificial Intelligence
(AI) algorithms into the procedure, both for
the identification of defects in 3D-CT data
and for the assessment of their severity for
increasing the risk of component failure.
This approach is a topic of current research
at the Fraunhofer HTL.

3.2 Surface defects monitored by
LSM (Laser Scanning Microscopy)
As failure of ceramic components under
mechanical loading (in particular tension or
bending) is often initiated at the compon
ent surface rather than in the bulk volume,
similar techniques to assess the impact of
surface defects have been developed. In

principle any imaging technique providing
the surface topology of a ceramic sample
can be used as experimental basis. There is,
however, a tradeoff between spatial resolution and total area which can be scanned in
one experiment.
For the purpose of evaluating defects on
ceramic surfaces, modern optical techniques
like LSM offer a very good compromise having submicron resolution on the one hand,
and actually no limitation in the total area
which can be scanned contactless on the
other hand.
At Fraunhofer HTL, a combination of inhouse and commercial software is used
to assess ceramic surfaces for potentially
fracture-initiating defects. The in-house algorithm was programmed to automatically
select representative small sub-areas from
E 39
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appear in dark blue, while local stress concentration is indicated by cyan via yellow
to red colour. As tensile stress was applied,
the largest stress concentration is observed
within the grooves of the exemplary surface
shown in Fig. 4.
For demonstration purposes the surfaces
of alumina samples have been evaluated
in two different states: (A) as-fired and (B)
grinded and polished. For each case, five
sub-areas have been selected, and their
95 % percentiles of stress in the volume
elements close to the surface have been
determined.
The mean values, as shown in Fig. 4, show
clearly that the surface treatment reduces
stress concentration in the surface grooves
considerably (from ≈2,0 to ≈1,6, i.e. by approximately 20 %). The measured fracture
strength of samples of type (B) increased by
the same order of magnitude compared to
samples of type (A).

4 Conclusions and outlook

Fig. 4 Example for FE assessment of surface defects based on LSM measurements on
alumina ceramics surfaces

LSM surface topology data for further ana
lysis. In particular, a parameter for estimating the surface-specific stress concentration
[1] is used to identify those sub-areas containing the potentially most “dangerous”
defects with respect to limiting the fracture
strength of a sample.
Several such areas are then converted into
an FE mesh forming the surface of a volume element, which is subjected to an FE

E 40

stress analysis under mechanical load –
fully analogous to the technique for volume
defects described above.
Figure 4 shows an example for a volume
element generated from a 10 µm × 10 µm
surface area measured with LSM on a polished alumina sample. The coloration of the
surface represents the results of the FEA: regions with locally reduced stress (compared
to the value for a perfectly flat surface)

The experimental and numerical techniques
described in this paper are a promising
collection of tools which can be used to
identify and study locally the initiation
and growth of defects in ceramic materials
under load, as well as to assess their crit
icality with respect to component failure by
computer simulations.
As the finite element analyses of individual defects can, with reasonable effort,
only be done for a few locations within a
larger component, an efficient selection of
the relevant positions and, in particular, experimental validation of the numerical predictions is crucial, before this concept can
prospectively replace proof testing.
Further work in this field will also include
the use of AI algorithms for automatizing
the analyses as far as possible and increasing their precision.

Reference
[1] Medina, H.; Hinderlitter, B.: The stress concentration factor for slightly roughened random
surfaces: Analytical solution. Int. J. Solids Struct.
51 (2014) 2012–2018

cfi/Ber. DKG 97 (2020) No. 7-8

-241
issn 2196

3

www.ceramic-applications.com
e 5270

issn 2196-2413

e 5270
www.cer

amic-app

lications

APPLICACERAMIC
CERAMIC
ATIONS APPLICATIONS
APPLIC
CERAMIC APPLIC

www.cer

amic-app

lications

Compon

.com

.com

issn 2196
-241

3

e 5270

ATIONS

Com
p o n e n et s f o r h i g h p e r f o r m a n c e
formanc
Compon
high per
ents for
ents for
high per
formanc

e

IntrinSiC®
ing RBSiC,
The world‘s lead
nology
3-D printing tech

“Proven Technolo
.com
rbontechnology
www.schunk-ca

gy” from CeramTe
c:
BIOLOX® delta
– Know-How in
Large Scale Prod
uction see pag
e 23

MARKET TRENDS High-Temperature Materials
and Design in Energy, Drive and Thermal Techerial
INTE
amic Mat
RVIEWS
ss-CerMesse
CoorsTE
CE Gla
Hannover
2017, Ceramics Expo 2017
nology
EVENTS
MARKET
PLACE
Ceramic
K/US,Replaces
RKET PLA
Loomis/DE, CUM
Reviews:
JAPANJ
ustrial Scale MADLC, kFirstEVE
I/IN EVENTS Han
Micronoraof, Natural
Ceramics Taking
NTSConversion
Ceramic
Direct
Gas to Liquids without
CO2P,Emissions,
Expo/US
Printing for Ind
nover Messe/DE,
tsin
, AM Meeting/DE
TECHNOLo
Aco
amic Hea3D-Printing
INTERVIEW 3DExp
usti
Cer
,
CERAMICS
cs
MARKET PLACE
ope
TECHNO
ami
Eur
Cer
TECHNOLOGY
INSIGHTS Hot cs
Alone
won´t
theGHT
Trick
LOGDo
Y INSI
rsTek in
Piezo Elements in
PMT-SMT, to Another Level
AM
of
J-E
S Material- and
EPH
ure
Cer
Fut
AN,
ami
Plattform, Coo
Vibration
c Components,
Process Hybridiz
t Ceramics,
CERAMICS JAP
cen
SE,
ines
High
MES
ation for Multifun
Lum
Tem
ER
perature Cerami
HANNOV
Optical and
ctio
ion,
trat
cs
ofil
for
Ligh
Nan
t-Weight Kiln Furn nal
OGY INSIGHTS
iture

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

www.ceramic-applications.com

Focused information on technical
ceramics for innovative engineers

PROCESS ENGINEERING
Safe Separation of Abrasive Quartz Fine Dust
Herding® Filter Technology Reliably in Operation
at the Porzellanmanufaktur FÜRSTENBERG

For more than 270 years, fine porcelain has been manufactured with passion and precision in Fürsten-

berg in southern Lower Saxony, Germany. A large part of the porcelain production is based on handcrafted
pieces. The company not only combines tradition and modernity in its products but has also long relied on
the sustainable and energy-efficient dedusting technologies from Herding® Filtertechnik. Throughout the
entire ceramic industry the sensitivity to quartz fine dust has grown continuously in recent years. Based on
the increasingly restrictive relevant standards and limit values, the highest demands are being placed on
the separation efficiency and safety of filtration technology.

Quartz fine dust
… is usually referred to as
“quartz fine dust content” and
is the PM4 fraction of the total
dust particle distribution or the
A fraction of the total spectrum.
Quartz fine dust is listed in the
EU Cancer Directive, as the airborne, alveolar fraction represents a significant risk of silicosis and cancer. The size of these
alveolar particles is described
with an aerodynamic diameter
of <10 µm.
Fig. 1 Reliable and highly efficient dust collector or dust filtration systems are becoming increasingly important, especially in the course of the quartz fine dust discussion
(Source: Herding Filtertechnik)

Fürstenberg laid the essential foundation in
1990 and merged and optimised production in the old kiln hall. In 1996, a Herding®
Herding GmbH Filtertechnik
92224 Amberg, Germany
www.herding.de
Corresponding author: Bertram Pischke
E-mail: Bertram.Pischke@herding.de
Keywords: porcelain manufacturing, quartz
fine dust, filtering technology, surface
filtration, Herding® sinter-plate filter
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filter system was installed for the extraction of dust from all dust polluted production a reas in the white production. To this
day, the original filter elements continue to
operate continuously without any change.
The use of Herding® Sinter-Plate Filters
combines incomparably high separation efficiencies with exemplary wear resistance.
In order to further increase energy efficiency
a Variable Frequency Drive (VFD) was retro
fitted in 2018 to optimise the volume flow
control of the Herding filter system. Therefore, a suitable fan with a new motor was
installed and additionally a new control
panel with a VFD for the filter system was
implemented. These optimisation measures

will reduce the annual energy consumption
by 32 %.
This combination of highly efficient dedusting and filtration technology and state-ofthe-art control technology is the approach
and preparation for Industry 4.0.

Herding® sinter-plate filter –
pure surface filtration
For decades, surface filtration with the
patented Herding® Sinter-Plate Filters has
proven its worth for effective and reliable
separation of abrasive and ultra-fine quartz
dust.
The sintered PE rigid body offers maximum
resistance to mechanical stresses such as
pressure forces or alternating loads which
occur in filter systems as a result of suction
operation and the jet pulse cleaning system
which works in the opposite direction.
Fine particles cannot irreversible penetration through the filter-active coating into
the rigid body. Problems typical for conventional filter media, such as clogging
of the filter medium by particles being
deposited in deeper filter layers, are thus
excluded.
Abrasive mineral materials such as quartz
dust are separated highly effectively without damaging the filter-active coating.
Where other filter media bear the risk of
damaging resulting from the permanent
flexing, the rigid sinter matrix keeps the
Herding® Sinter-Plate Filters stiff. Thus, the
homogeneously embedded filter-active surface coating remains intact over the entire
cfi/Ber. DKG 97 (2020) No. 7-8
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Features of the Herding® Sinter-Plate Filter
• Pure surface filtration
• Constant operating conditions and air flows
• Low maintenance costs due to the rigid filter medium
• Wear-resistant filter element with a service life of >15 years even with
abrasive dust
• Low space requirement due to compact, customer-specific system design
• Highest availability and fast return of invest
• Energy-efficient air re-circulation also for processes with respirable fine
quartz fine dust
• Extremely low guaranteed clean gas values <0,1 mg/m³
Fig. 2 Herding® Sinter-Plate Filter operate reliable over the whole lifecycle (Source: Herding Filtertechnik)

life cycle and, as experience has shown, also
undamaged.
This results in the very long service lives of
more than 15 years, for which Herding®
Sinter-Plate are known. Constant operating
conditions guarantee the required safety at
the working place over the entire life cycle.
Because only if the extraction provides
the required vacuum intensity reliably at
all time, the all necessary safety measures
are taken by the operator according to the
state-of-the-art.
The described properties of pure surface
filtration in conjunction with energy-
op
ti
mised automatic compressed air pulse
cleaning result in an almost constant differential pressure performance of the filter
elements over the entire service life of the
filter systems. The extraction system thus
remains stable and safe.

Exposure limits for
fine quartz dust
Now that national and international standardisation committees have harmonized the
exposure limits for fine quartz dust with the
aim of minimising potential personal exposure to respirable crystalline silica at the
workplace, expected occupational health
and safety regulations will recommend the
effective capturing, extraction and filtering
of dust emissions, especially of fine quartz
dust, in a new ways.
The fineness of the dust particles to be
separated in combination with their abra
sive properties place high demands on the
used filter technology. Conventional dedusting technologies using cartridge or bag
filter media base on deep bed filtration and
therefore could show inefficiency. Fine parcfi/Ber. DKG 97 (2020) No. 7-8

Fig. 3 Casting carrousel in the porcelain production
(Source: Porzellanmanufaktur FÜRSTENBERG)

ticles are capable of quickly clogging flexible, woven or needle felt filter materials to
such an extent that the required air flow becomes unstable and thus insufficient. Such
flexible filter media also wear out extremely
fast due to the abrasive mineral particles.

Acknowledgment of the
special suitability
Current measurements done by independent institutes on Herding® filter systems
have measured the A-dust fraction in accordance with DIN EN 481. These measurements show that clean gas concentrations for quartz fine dust of less than
0,005 mg/m³.
This confirms that the Herding Flex filter
system with the Herding® Sinter-Plate Filters can also be used for air recirculation
when handling fine quartz dust.
This reuse of the filtered heated or cooled
air makes an important contribution to in-

crease the efficiency and energy saving in
the dust extraction system.
Another attractive way to maintain a high
work standard and process safety is offered by Herding’s retrofit solutions by upgrading existing systems to an up-to-date
standard.

Fig. 4 OMNIA tableware
(Source: Porzellanmanufaktur
FÜRSTENBERG)
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PROCESS ENGINEERING
Fabrication of Short-Fibre Reinforced SiCN by
Injection Moulding of Pre-Ceramic Polymers
A. Müller-Köhn, M. Ahlhelm, A. Neubrand, H. Klemm, T. Moritz, A. Michaelis

Pre-ceramic polymers were used as organic vehicle in this study forming a ceramic matrix after pyrolysis.
Carbon short-fibres were chosen as fibre materials. Because of inadequate processing properties of the
used pre-ceramic polymer, blending with thermoplastic waxes and process additives was necessary. An
amorphous Si–C–N network was obtained as the matrix of the short-fibre composite after pyrolysis of the
polysilazane precursor. In this study, the influence of different fibre types, fractions and lengths on compounding and moulding has been analysed. Torque measurements were used for characterising the flow
ability and the thermal stability of the feedstock. Simulation of injection moulding processes was used as
tool for predicting the form filling of test moulds as well as for supporting future development and moulds
construction. In fibre-reinforced parts, the fibre distribution and alignment affect the mechanical properties. With injection moulding simulation, the fibre alignment can be predicted and arranged. This offers the
chance for smart comprehensive design of parts and moulds to match the mechanical requirements. The
resulting composite parts have been analysed regarding their microstructure and mechanical properties.

1 Introduction
Producing advanced ceramics by injection
moulding allowed the application in areas
of high cost pressure. In powder injection
moulding, the so-called feedstock consists
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of a ceramic powder as filler and a thermoplastic binder system acting as organic
vehicle. So far, in industrial application, the
thermoplastic polymers are completely removed after shaping. The polymer content
in the feedstock reaches 35–50 vol.-%.
Problems, arising with the binder removal,
were found to cause defects during binder
burnout or high shrinkage during further
thermal treatment [1]. In contrast to established powder injection moulding, the application of pre-ceramic polymers allows using
the organic vehicle as ceramic matrix after
pyrolysis. In this way, high solids loading,
almost zero shrinkage and reduced porosity
shall be reached.
The application of pre-ceramic polymers in
injection moulding requires special properties of the polymer. The pre-ceramic polymers have to be meltable with a certain
freezing point, they shall show a low viscosity and limited thermal cross-linking. These
aspects demand compromises in ceramic
yield of the polymer.
Injection moulding process simulation can
provide accurate and detailed predictions
of 3D-fibre orientation, which can be also

visualized and analysed for strength or
damage tolerance improvement. In previous
publications, it was shown that a PIM simulation, in this case with Moldex3D® (SimpaTec Simulation & Technology Consulting
GmbH), is a valuable tool for predicting the
flow behaviour of a ceramic powder-filled
polymer melt and its effects on the final cer
amic part.
After pyrolyzing, a highly porous, amorph
ous ceramic matrix is formed, which could
provide a basis for Ceramic Matrix Composites (CMCs). Previous work used preceramic polymers with ceramic powders in
order to achieve Si–C, Si–C–N or Si–O–
C–N ceramics [2–5]. The ceramic composites showed for example low density, high
strength at high temperatures, high and
stable friction coefficient and relatively high
damage tolerance in comparison with other
ceramics [6]. For injection moulding, only
short fibres are suitable for processing of
CMCs analogical to manufacturing of fibrereinforced plastics [7]. Carbon short-fibres
were also used in warm-pressing of CMCs
in the LPI-route for producing brake discs or
pads for automotive application [8].
cfi/Ber. DKG 97 (2020) No. 7-8
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Tab. 1 Precursor properties
Trade Name

Tab. 2 Fibre properties

Melting Temperature
[°C]

Density
[g/cm³]

Ceramic Yield
[%]

ML 33 S66

75

1,01

73

Ceraset HTT1800

N/A

1,02

86,3

Finish

Length
[mm]

Toho Tenax® HT C124

Water-based
(removed by washing)

6

SGL Sigrafil C 0,5 00B

none

0,5

Toho Tenax® HT M100

none

0,1

Fibre Type

Two different types of polysilazane were
used as pre-ceramic polymers. For shaping
the meltable ML33 S66 (Clariant/DE) and
for infiltration Ceraset HTT1800 resin (KDT
Inc./US) were chosen. The properties of the
meltable precursor concerning viscosity and
wetting behaviour for the filler material
were not adequate. For this reason, application of thermoplastic waxes as plasticizer
and lubricants were necessary.
Characteristic data of pre-ceramic polymers
are summarised in Tab. 1. Ceramic yield was
determined after pyrolysis in argon atmosphere at 1000 °C and 1 K/min heating rate.
Three different commercial types of carbon
short-fibres with diameter of 7 µm, 100 µm
and 500 µm as well as 6 mm in length with
or without water-soluble coating were used
in this study. The influence of different fibre
fractions and lengths was analysed. Before
compounding, the water-soluble coating
had been removed by washing. The different type of fibres are summarised in Tab. 2,
properties of used powders are shown in
Tab. 3.

stability were conducted at production temperature (150 °C). As input data for process
simulation, temperature conductibility (DIN
EN 821), specific heat capacity (DIN 51007)
and thermal expansion coefficient (DIN
51045) were determined, thermal conductivity was calculated (Tab. 4).
The rheological behaviour of the prepared
feedstocks was characterised by high-pressure capillary rheometry (RH10, Malvern
Instruments/DE) at 130, 140 and 150 °C,
respectively, with a 1,5 mm diameter die.
The apparent shear rate was increased
stepwise in the range 50–5000 s−1. The
compound showed typical shear thinning
behaviour without any flow anomalies. The
specific volume in correlation of pressure
and temperature (pVT) was determined
according to ISO 17744 under isobar cooling (6 K/min) in a pressure range between
200–1600 bar from 40–170 °C by PVT100
pVT-measuring-system (SWO Polymertechnik GmbH/DE).
Porosity of pyrolyzed samples was determined by high-pressure mercury porosimetry (Micromeritics AutoPore IV 9500).
Mechanical testing was performed by
the 4-point-bending test (in dependence
on DIN EN 843-3, however with testing
geometry as fired), Young’s modulus was
measured by the sonic resonance method.
For testing, the sample geometry was not
modified. The SEVNB-method was used
for measuring fracture toughness [10]. The
ratio of the notch depth a to the specimen
height W was 0,22 (1,5 mm notch depth for
7 mm specimen height).

2.2 Characterisation methods

2.3 Injection moulding simulation

Feedstock development was started in a
torque rheometer (Plastograph, Brabender/
DE) equipped with a W50 measuring mixer
with a chamber volume of 55 cm³. This assembly allowed compounding of small material amounts under practice-oriented conditions. Measurements of the cross-linking
behaviour, wetting properties and mixture

The injection moulding of fibre-reinforced
composites struggles with fibre-induced
anisotropic mechanical properties strongly
depending on the fibre alignment. In a result, the moulded products may have high
internal stress. The flow-induced fibre orientation and anisotropic shrinkages in injection moulding are complex 3D-behaviours.

In comparison to these materials different
properties are expected since fibre spreading in injection moulded parts will be more
dominant than the pressed fibre bundles.
Nevertheless, advanced properties are expected like high and stable friction coeffi
cient, excellent thermal shock resistance
and damage-tolerant behaviour [6, 8, 9].

2 Experimental

2.1 Materials

cfi/Ber. DKG 97 (2020) No. 7-8

Tab. 3 Powder properties
Powder Type
SiC

Trade Name

d50
[µm]

Sika Unikiln FCP07

3,0

Tab. 4 Simulation data input
Temperature conductibility
(DIN EN 821)

0,61 mm2/s

Specific heat capacity
(DIN 51007)

0,911 J/(g ⋅ K)

Thermal expansion
coefficient (DIN 51045)

2,94 ⋅ 10–5 /K

Thermal conductivity

1,0 W/(m ⋅ K)

Density

1,41 g/cm³

Moldex3D® (Simpatec/DE, CoreTec Inc.TW)
uses an Improved Anisotropic Rotary Diffusion (iARD) technique in contrast to the
conventional Folgar-Tucker-model-based
techniques. The obtained material characteristics were fitted into the Moldex3D®
(Release 10) material models. The meshing
of different test geometries was done by
Moldex 3D Mesh which bases on the Rhinoceros Modeling Tools for Designers v. 4.0
(Robert McNeel & Associates).

2.4 Sample preparation
After heating at 100 °C for removing residual moisture, the fibres and powders
were compounded with the polymers in a
double Z-blade kneader (LKII, Linden/DE)
at 150 °C for 1–2 h. The compound was
granulated on a cutting mill (Pulverisette
19, Fritsch/DE). The fibre content varied
between 17–25 vol.-%, smaller fibre content in feedstock number 3 was selected
because of reduced fibre degradation and
better flowability. The compound compos
itions are described in Tab. 5.
Shaping was carried out on an injection
moulding machine (Allrounder 370C, Arburg/DE) at a feedstock temperature of
150 °C and a mould temperature of 40 °C.
The injection unit was equipped with hardE 47
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Tab. 5 Feedstock composition
Feedstock

Material
Type

Polymer
Content

Solid
Loading

Fibre
Type

Fibre
Content

Powder
Type

Powder
Content

1

Cf–SiCN

29,1 mass-%

50 vol.-%

0,1 mm

25 vol-%
25,5 mass-%

SiC

25 vol.-%
45,4 mass-%

2

Cf–SiCN

29,1 mass-%

50 vol.-%

0,5 mm

25 vol.-%
25,5 mass-%

SiC

25 vol.-%
45,4 mass-%

3

Cf–SiCN

28,3 mass-%

50 vol.-%

6 mm

17 vol.-%
15,3 mass-%

SiC

33 vol.-%
56,4 mass-%

Tab. 6 Injection moulding parameters
Nozzle
Temperature
150 °C

Tool
Temperature

Injection
Flow Rate

Cooling
Time

Injection
Pressure

Cycles
Time

40 °C

9 cm³/s

30 s

560 bar

41 s

Fig. 1 Green dimensions of sample geometry

careful heating up to 950 °C within 270 h.
Reinfiltration process was executed under
vacuum with Ceraset HTT1800. Curing
and following pyrolysis were also done in
oxygen-free argon flow of 5 l/h and heating
up to 950 °C within 72 h.

3 Results and discussion

3.1 Compound development
For processing by conventional injection
moulding machines, a thermoplastic behaviours of the compound is needed. Furthermore, a requirement for mould filling
is a good flowability and for ejection a fast
freezing as well as good warm strength.
Because of noncompliance of pure polysilazane polymer material, it is necessary to (i)
blend the used precursor with thermoplastic polymers to ensure shaping, and (ii) with
additives for filler wetting and dispersion.
In a measuring mixer, blends of precursor with process additives were tested for
80 min under different shear conditions
(Fig. 2). The rotation speed of the blades
in the mixer was set from 10–150 rpm.
As exemplary filler system, a composition
of 25 vol.-% 100 µm carbon fibres and
25 vol.-% SiC was applied. For appointing
processing temperatures, it is necessary not
to excess a cross-linking temperature of
180 °C.
Separations were detected by increasing
torque during the testing procedure. These
separations in pure polysilazane and add
itional plasticizer compounds were caused
by the high aspect ratio of the fibres and
gravity was observed due to slight differences in densities of polymers and filler.
Such separations, detected by increasing
torque over testing time indicate a poor
fibre-polymer-bonding which can be regulated by wetting and lubrication additives.

3.2 Compound preparation

Fig. 2 Compound stability test on a measuring mixer at processing temperature (150 °C)

metal screw and cylinder for wear reduction. Specimen rectangular bars measuring
7 mm × 6 mm × 70 mm were produced in
a quad-cavity mould (Fig. 1). The injection
E 48

moulding parameters are summarised in
Tab. 6.
Pyrolysis of moulded parts was carried out
in an oxygen-free argon flow of 5 l/h and by

In compounding of fibres in polymers, different challenges were met. The biggest
problem was the plasticization of the fibrepolymer-mixture because of the low bulkdensity. This fact resulted in long periods
for mixing which induced to cross-linking
of the precursor. The initial length of used
fibres was 100 µm, 500 µm and 6 mm.
After processing, fibre length was measured
by optical microscopy and by FESEM investigations. During processing, the longer
cfi/Ber. DKG 97 (2020) No. 7-8
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fibres were cut in lengths of 250–350 µm.
The reason for this strong shortening was
the appearance of high shear-forces while
compounding which is necessary for plasticization and homogenization. An alternative compounding route could be the application of specific injection units which are
equipped directly in line with an upstream
compounding extruder for endless fibre
feeding.

3.3 Simulation results
Simulation of a simple bar geometry results
in typical fibre orientation profile which is
well known from injection moulded fibrereinforced plastics (Fig. 3). Central areas
are randomized in their orientation while
outer areas are strongly aligned in flow dir
ection (Fig. 4). The reason of this distribution is the shear and velocity profile during
mould filling. In presence of obstacles, for
example the mould cores for creating the
through-holes (Fig. 5), there is a high orientation around that barrier geometries. After
passing the first hindrance, a diagonal shift
of flow profile occurs because of the asymmetrical position of the inserts, resulting
in different velocity profile. In the broader
partial stream, areas of high randomization
are developed.
In the area of coalescence, a weld line is
generated with highly oriented fibres. At
these locations, injection moulding defects
like entrapped air and cold shuts are expected. Such regions are weak points in
further processing or applications where
cracks may arise.

Fig. 3 Fibre orientation in bars after complete mould filling, orientation grade from low
(blue) to high (red)

3.4 Sample characterisation
In the mould filling period, non-optimised
feedstock compositions have shown instable flowing or even faults like jetting
because of bad filler connection and high
viscosity of compounds. An optimised polymer blend composition provided stable flow
front and consistent processing parameters.
Inconsistent flowing causes defect formation during thermal treatments. Fig. 6
shows injection faults and optimised feedstock flowing.
With increasing fibre content, flowability
and mould filling properties of feedstocks
had been changed to the worse. High injection pressures and distinctive defect
formation after pyrolysis were the results.
The typical fibre distribution caused by
cfi/Ber. DKG 97 (2020) No. 7-8

Fig. 4 Cross section in detail: highly aligned surface layer and randomized core,
asymmetry caused by gate positioning

alignment during injection and mould filling determines the mechanical behaviour.
Pyrolyzed specimens of applied feedstock
compositions show externally no cracks and
only 1–2 % linear shrinkage. In the 4-pointbending-test, a strength level of 49,4–
60 MPa was reached after reinfiltration.
Highest strength obtained compositions

with 6 mm fibre initial length because of
highest solid loading and highest percentage of silicon carbide powder. Properties of
specimen after pyrolysis and infiltration are
summarised in Tab. 7.
Reinfiltration resulted in lower porosity and
also in higher bending strength as well as
better stiffness. In bending test, no typical
E 49
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force-deflection graphs were detected. Material compositions with high fibre amount
show more processing faults which lead
to more sample defects. In this point of
view, differences in mechanical properties
between several material compositions result from these defects and porosity. Fibre
loading itself is mainly not the key fact for
mechanical properties, but defect formation
and controlling.
Fracture toughness was investigated for
non-infiltrated specimen only. The values
increased from 0,68–1,62 MPa√m corres
ponding to increasing fibre initial length.
Also crack deflection rised to the same degree (Fig. 7).

3.5 Microstructure

Fig. 5 Simulation results of bars with through-holes

Fig. 6 Injection faults and optimised flowing in the mould filling period for different
feedstock compositions (17–40 vol.-% fibre content, 6 mm initial fibre length)

Tab. 7 Resulting properties of pyrolized specimen
Porosity
[%]

Density
[g/cm³]

4-Point-Bending-Strength
[MPa]

Young’s
Modulus
[GPa]

25 vol.-% 0,1 mm

24,4

1,81

33,8

24

25 vol.-% 0,1 mm inf.

13,8

1,99

49,4

42

25 vol.-% 0,5 mm

27,0

1,71

37,8

28

25 vol.-% 0,5 mm inf.

20,6

1,85

59,8

41

17 vol.-% 6 mm

18,9

1,94

49,7

48

17 vol.-% 6 mm inf.

10,7

2,17

60,0

59

Feedstock

E 50

Amorphous SiCN is located between the
short fibres and the powder. Because of
the application of pre-ceramic polymers,
ceramic matrix was formed in first pyrolysis (Fig. 8). On this route, the CMC-semifinished products obtain even higher green
densities than conventional ceramic injection moulded or dry pressed parts.
Fibre shortening is significant for long initial length, which depends directly on the
volume content of fibres. Higher contents
have to suffer quite higher shortening than
compositions with lower contents. For feedstock composition with 6 mm initial fibre
length, the volume content decreased to
only 17 vol.-%. Tab. 8 shows results of the
FESEM investigations of the fibre length distribution. The specimens show typical fibre
orientation profile which is well known from
injection moulded fibre-reinforced plastics.
Central areas were randomized in their
orientation while outer areas were strongly
aligned in flow direction. The occurrence of
randomized areas depends on the fibre content. High amounts of fibres result in very
strict divided orientation areas. Between
these differently orientated fibre areas, high
strains appeared in thermal treatment because of the different shrinkage behaviour.
On these boundary layers, defects could be
developed. Fig. 9 shows randomized fibre
orientation areas and resulting defects after
pyrolysis.

4 Conclusions
In this study, the feasibility of injection
moulding of carbon short-fibre filled preceramic polymers was verified. Polymeric
cfi/Ber. DKG 97 (2020) No. 7-8
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Fig. 7 Increasing crack deflection in the SEVNB test

Fig. 8 Microstructure after pyrolysis: after first pyrolysis (l.), and after two times infiltration and pyrolysis (r.)

precursor incorporating carbon short-fibres
and ceramic powders up to 50 vol.-%
loading blended with technical thermoplastic polymers can be compounded and
processed by standard injection moulding
machines.
The fibre orientation can be predicted by
numerical calculations using commercial
with Moldex3D® mould filling simulation
tool. The knowledge about fibre distribution and constructive manipulation of them
is important for technical realisation of
complex-shaped components and optimisation of tool designs. By smart design, weak
areas can be avoided or shifted deliberately
to lower loaded regions. The process simulation data can also be the starting point for
further numerical analysis.
Software like DIGIMAT or even ANSYS may
be used as tool for transforming injection
moulding simulation data to input data for
mechanical simulation. In this way, an improved part design can by developed under
contribution of manufacturing process specialties.
Further pyrolysis of moulded parts was carried out. The carbon short-fibres were shortcfi/Ber. DKG 97 (2020) No. 7-8

Tab. 8 Results of FESEM investigation of fibre length
Average Initial Fibre Length
[mm]
(Manufacturer Information)

Range of Shortened Fibres
[mm]
(Measured)

25 vol.-% 0,1 mm

0,1

0,085–0,125

25 vol.-% 0,5 mm

0,5

0,1–1,175

6

0,175–0,350

Composition

17 vol.-% 6 mm

Fig. 9 Randomized fibre orientation areas and resulting defects after pyrolysis

ened by processing down from 100 µm to
350 µm depending on the initial length. The
reason for this strong shortening effect is
the appearance of high shear forces in the
compounding and injection step. By application of a double screw extruder, fibre

shortening and thermal cross-linking would
be restricted.
Mechanical properties of tested specimen
were disappointing in comparison with the
warm-pressed short-fibre reinforced samples [6]. In injection moulded parts, carbon
E 51
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short-fibres are dispersed in the matrix and
are shortened during the intensive compounding and shaping process. Because of
this, shortening the benefit of effective fibre
length for toughening or damage tolerant
effects is limited. Highly porous material
compositions are an excellent starting point
for infiltration, nitridation or siliconizing processes. By infiltration, mechanical properties
could be significantly improved. Longer fibres introduce better fracture toughening
effects by crack deflection. Defect formation determines in general the mechanical
properties and there is a further challenge
in processing for technical application.
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