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Hello

Ceramics additive manufacturing represents a subsegment of AM technologies that while still relatively niche has huge potential. For these reasons, it is
one of the areas of the industry we have followed most eagerly over the years.
With traditional ceramics like clay and sand as well as technical ceramics such
as alumina and silica falling into the category of ceramics AM, there are practically limitless applications. Today, we are seeing the most interest in technical
ceramics AM from the aerospace, energy and medical/dental segments, while
traditional ceramics like sand and clay-based slurries are unlocking opportunities in metal forging (through sand casting) and art and construction.
In this eBook, we provide a comprehensive overview of existing ceramic AM
technologies and materials, from SLA to pneumatic extrusion. Next, we take
you along for an exclusive visit to 3DCeram’s new facility for ceramic 3D printing in Limoges, France. Then we head over to Austria for an in depth look at
Lithoz’s latest ceramic system, the CeraFab Lab L30. And finally, we zoom out
once again to look at a selection of prominent and up-and-coming players in
the emerging ceramic AM field.

Tess Boissonneault
Editor in Chief, 3dpbm
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Newsletter
Join over 10,000 professionals and get AM industry
insights sent directly to your inbox every week.
Carefully curated by our editors, our weekly newsletter
keeps executives, engineers and end-users updated on
the AM developments that really matter.
Check out an example or sign up to join them.

ANALYSIS

The ceramic additive
manufacturing opportunity
Understanding the technologies and materials of ceramic AM

Image: Spyros Panopoulos Automotive

Ceramics are both humanity’s oldest materials and the

processes for traditional ceramics (which mainly use

materials of the future. That’s because they encom-

binder jetting technology).

pass a very wide range of individual materials, from
traditional ceramics like clay and silica sand to technical

Applications of technical and traditional ceramics

ceramics like alumina and silicon carbide.

differ greatly: the first are used to produce advanced,
high-performance parts that usually weigh just a few

Engineers resort to ceramics when they’ve exhausted

grams, while the latter are mainly used to produce very

all other possibilities. Why? Because some of the most

large molds and foundry cores that weigh several kilo-

advanced ceramics can be nearly as hard as diamonds

grams. There are many other applications—of both

and are extremely difficult to process using traditional

technical and traditional ceramics—which sometimes

manufacturing methods. On the other hand, they can

blur the lines between technologies and materials (for

offer performance superior to any metal, polymer or

example in the case of glass); however, there are funda-

composite when it comes to temperature or chemical

mentally two very distinct ceramic AM markets.

resistance and strength-to-weight ratio.
The 3D Printing Business Directory, which is the largest
Interestingly, ceramics AM is one of the very first seg-

global directory of verified AM companies, lists 96 firms

ments to present a real industrial revenue opportunity,

that have invested in ceramics AM, representing nearly

and it is also a driver for metal binder jetting AM tech-

the entirety of the ceramics AM market and its key seg-

nologies entering the market today. Yet the segment

ments: ceramic AM hardware, ceramic AM materials

remains limited in terms of viable applications for final

and ceramic AM services.

parts. This is primarily due to a lack of awareness among
the largest operators in the ceramics market as well as

Of these, 29.8% of these are AM hardware manufac-

the ongoing challenges presented by recognizing and

turers. Ceramic AM materials manufacturers represent

identifying value-added AM applications for ceramics.

the smallest group, at 18% and, at 52.2%, ceramic AM
service providers are the largest group.

While it remains a niche market, ceramics AM is garnering more and more interest. In the sand molds and

The market for ceramic AM

foundry cores market, more companies are understanding the benefits of directly 3D printing tools and are

Until today ceramic AM hardware has been the key

implementing sand 3D printers as internal production

segment driving both traditional and technical ceramic

systems. Some of the leading operators in technical

AM growth. Although only a few relevant global opera-

ceramics—large companies such Kyocera, Bosch, Alu-

tors have emerged in ceramic AM hardware, they have

mina Systems, Zipro, AGC, Imerys and CeramTec—have

been pushing the development of technology either

now joined ceramic AM specialists in offering ceramic

through their own growth across other segments of AM

AM materials or 3D printing services.

or through investments and support from other major

Technical and traditional

ceramic or AM market operators.

CERAMIC AM TECHNOLOGIES

When discussing additive manufacturing of ceramics,
it is important to differentiate between AM processes

All ceramic AM hardware Is based on processes that

for technical ceramics (which leverage high-resolu-

bind ceramic particles in order to shape three dimen-

tion technologies such as stereolithography) and AM

sional objects and then sinter them in a furnace as a
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10-year forecast of the overall market for ceramic AM revenues ($US M) 2020–2030
Source: 3dpbm Research
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post-processing step. In other words, unlike in metals,

• Stereolithography (SLA, DLP)

where bound metal is a relatively new and stand-alone

• Binder jetting

family of technologies among other AM technologies

• Bound filament extrusion

(DED, consolidation), ceramic AM hardware technolo-

• Pneumatic extrusion

gies all emerge and develop within the bound material

• Material jetting

family. For this reason, the segment is more limited in
its evolution, and, at the same time, it helped set the

Another element that may seem surprising and some-

stage for many metal AM technologies (bound filament,

what discouraging is that no commercially available

metal binder jetting) that are emerging today. In addi-

powder bed fusion process exists today for ceramics.

tion, although they require sintering in a furnace, most

Attempts have been made in the past, and dozens of

bound material technologies are considered produc-

published studies have tried and continue to try to

tion-ready processes. As such, ceramic was born and

demonstrate the viability of direct laser sintering of

continues to evolve as a production method that can

ceramics as a production method. However, the chal-

also be used for prototyping rather than a prototyping

lenges associated with direct laser sintering of ceramic,

method that is evolving into production (as is the case

due primarily to the extremely high temperatures

for many polymer and metal AM technologies).

required to sinter or melt ceramic powders, have kept

these processes from becoming a viable commercial
opportunity. Hybrid processes, where lasers operate on
materials that bind ceramic powders in a single process,

ExOne specializes in binder jetting AM
for materials such as ceramics
Image: ExOne

have been experimented with but only with limited
commercial success to date.
Nevertheless, as the metal AM industry comes to the
realization that binder jetting may ultimately provide
the fastest production rates, ceramics can already
count on extensive experience in this segment. Likewise, as the metal AM industry comes to the realization
that bound metal filament technologies can offer the
most cost effective and office friendly solutions, the
same technologies can easily be (and are easily being)
applied to ceramics as well. In addition, as the metal AM
industry discovers the high-resolution capabilities possible via bound metal slurry stereolithography, these
technologies are already well established in ceramics

Binder Jetting

additive manufacturing.

Stereolithography

Binder jetting uses the selective application of binding
fluids to bond powdered materials in layers. It is similar to inkjet printing, but instead of applying ink to a

While stereolithography is most known for its use of 3D

sheet of paper to create a two-dimensional product,

printing polymer materials, the process is also suitable

binder jetting printers bond individual layers of powder

for the production of ceramic parts. Today, stereolithog-

together to create a three-dimensional product. Advan-

raphy is the most recognized and reliable technique for

tages include part support from surrounding powder,

3D printing technical ceramic materials.

relatively easy debinding, and suitability for large and
medical-grade parts.

In the ceramic stereolithography process, layers of a
ceramic slurry, made from monomer resins with a high

Common materials include sand and cement, in addi-

ceramic content, are cured using a light source. This

tion to technical ceramics like silicon carbide and boron

light source varies depending on the technology. For

carbide and, to a lesser extent, oxide ceramics such

instance, an SLA-based system will use a laser to cure

as alumina and zirconia. Binder jetting is arguably

the slurry, while a DLP-based printer relies on digital

the most efficient process for ceramic sand foundry

light. The monomer resin hardens when exposed to the

cores and molds.

light source (the process of photopolymerization), which
in turn binds the ceramic particles inside the polymer

Bound filament material extrusion

matrix. Because the ceramic stereolithography process
results in a green printed part, it is typically accompa-

The fused filament extrusion (FFF) 3D printing method

nied by post-processing, including heat treatments

is the most common 3D printing method, due to its

to remove the binder and sintering to create a fully

inexpensive printers wand the wide range of materi-

dense, ceramic part.

als available. Several companies have developed very
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“Ceramics additive manufacturing
comprises two very different areas, which
are defined by the different use of the 3D
printed applications: technical ceramics
and traditional ceramics”

highly-ﬁlled ceramic ﬁlament material in a thermoplas-

CERAMIC AM MATERIALS

tic matrix and introduced a complete process chain to
print ceramic components via FFF. In general, materials

Materials are the primary element differentiating the

with a ceramic content of 50% are very printable with

various areas of additive manufacturing. The ceramic

nozzle sizes down to 150 µm.

AM segment is defined first and foremost by the mate-

Pneumatic extrusion/paste deposition

rials it uses. It may thus seem counter-intuitive that
materials are also the single smallest revenue opportunity in the ceramic AM market. The reason for this is

Pneumatic extrusion processes use air pressure to

that the value proposition of AM is based on the added

extrude material in layers, with printhead mechanisms

value of the applications that are enabled by additive

otherwise similar to thermoplastic extrusion processes.

processes, and this is often even more so in technical

Compatible materials include ceramics — typically clay

ceramics, where very small quantities of materials are

and earthenware. In ceramics AM, pneumatic extrusion

used to produce very high value parts. However, this is

may be favored for arts and design applications. The

also true for traditional ceramics, where even very large

process uses pressure, often supplied by a compressed

tools, molds and foundry cores generate a very high

air system or a syringe, to extrude and selectively

value when used in production.

deposit ceramic paste.

Material Jetting

As previously mentioned, ceramics additive manufacturing comprises two very different areas, which are
defined by the different use of the 3D printed applica-

Material jetting processes are based on inkjet heads
that jet material through thousands and even millions
of digitally controlled nozzles. In ceramics, material

tions: technical ceramics and traditional ceramics.

Technical ceramics

jetting is exclusively offered via nanoparticle jetting
by Israeli company XJet. The process leverages metal

Technical ceramics are ceramics that are used for

nanoparticles mixed with water, resulting in a solution

technical applications. Often used as a last resort

that behaves both as a solid and a liquid. This solution

material, they offer solutions to numerous challenges

is jetted onto a heated platform where it solidifies as

in advanced fields such as electronics, electrical engi-

the water evaporates, forming green parts.

neering, medical and dental products, automotive, and
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Bioceramics are calcium-based materials that are ideal for printing implants and
bone grafts thanks to their biocompatibility and bone-like properties.
Image: Lithoz

energy. At 3dpbm we divide technical ceramics for AM

Non-oxide ceramics

between oxides (including silicate) and bioceramics
(calcium-based).

Among non-oxides used in AM, silicon nitride is the
most important representative of nitrogen compounds.

Oxide ceramics

Its behavior is dictated by covalent bonds which results
in low density, high mechanical strength at tempera-

In AM, oxides include primarily aluminum oxide (Al203),

tures above 1000°C and both chemical and thermal

commonly known as alumina, and zircon oxide, zirconia.

stability. Another very popular non-oxide ceramic,

Alumina is the material of choice in 80% of industrial

which is gaining widespread adoption in AM (mostly

applications, either in its pure form or combined with

via binder jetting), is silicon carbide which is surpassed

other oxides such as zirconia or silicates. Silicates are

in hardness only by diamond and exotic ceramic mate-

the oldest material representatives for technical ceram-

rials such as boron carbide and cubic boron nitride.

ics. They are characterized by low thermal conductivity
(which is why they are widely used for industrial molds

Bioceramics

in metal manufacturing) and high electrical insulation.
Zirconia or zirconium dioxide (ZrO2), not to be confused

These are calcium-based materials used primarily for

with zircon, is a white crystalline oxide of zirconium. It

biomedical applications such as implants and bone

is used in additive manufacturing primarily for jewelry,

grafts, since they resemble or mimic the composi-

dental and medical applications.

tion of the human bone. Tricalcium phosphate (TCP)

Ceramic AM Materials

Traditional

Glass
Technical
© 3dpbm 2021
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is a calcium salt of phosphoric acid with the chemi-

hardness as well as a smooth, shiny surface with an

cal formula Ca3(PO4)2. TCP’s medical use leverages

almost translucent quality.

its osteoconductive properties and the fact that it is
biodegradable, however most commercial samples of
tricalcium phosphate are in fact hydroxyapatite.
Hydroxyapatite (HA) is a naturally occurring mineral

TAM FOR CERAMIC AM
APPLICATIONS

form of calcium apatite. It is often used as a bone substitute because of its innate chemical similarities to natural

The general assessment is that the global ceramic

bone. When an implant is coated with HA, it provides

manufacturing sector will reach $400 billion in yearly

an osteophilic surface, which helps the natural bone

generated revenues by 2025. Advancement in 3D

affix to the implant.

printing technology coupled with its rising application
in dental implants is anticipated to contribute signifi-

Up to 50% by volume and 70% by weight of human

cantly to drive the ceramics industry market growth in

bone is a modified form of hydroxyapatite, known

the years to come.

as bone mineral.

Traditional ceramics

The rising use of AM technology in dental implants
is expected to trigger market growth for advanced
ceramic materials such as alumina and zirconia. Alu-

Traditional ceramics used in AM include sand, con-

mina is anticipated to dominate the overall ceramic

crete and clay. Sand (silicon dioxide or SiO2) is the base

marketspace due to its excellent structural properties

material for mold production via binder jetting. Various

and compatibility with human tissues.

types of silica sand are used to directly 3D print large
industrial molds for metal parts manufacturing. Con-

3dpbm expects that ceramics AM applications could

crete is increasingly used via extrusion processes for

grow to represent up to 0.4% of the overall ceramic

direct production of furniture and other large structures

applications market by 2025, rising to between 1% and

(including full size houses).

1.5% by 2030 after a significant inflection point now
expected between 2024 and 2026. This would place the

Clays and traditional ceramics used for pottery are

value of the market for ceramics applications at around

organic materials composed of minerals, plant and

400 million in 2025, growing (at a much faster rate than

animal matter. Clay is the oldest ceramic material to

the reference overall ceramics manufacturing market) to

be used by humankind. There are three main types of

around 5 billion in yearly revenues by 2030. This would

clay-derived pottery ceramics: earthenware, stone-

represent a 26% CAGR.

ware and porcelain.
Earthenware is made by firing clay at relatively low
temperatures, ranging between 1,000 and 1,200 °C.
Stoneware is produced when certain types of clay
are fired at higher temperatures (between 1,200 °C

Further Reading

Finally, porcelain is made when specific clay minerals,

To learn more about this market please see
the following 3dpbm Research report:

such as kaolin and alabaster, are fired at high tem-

Ceramic AM Market Opportunities & Trends

and 1,300 °C), resulting in a denser, stronger material.

peratures up to 1,450°C. Porcelain is characterized by
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new materials and more.
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In our last eBook, we turned to the influential area of
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play a vital role in the industry, bridging gaps to drive
adoption, while also enabling the development of
new applications.
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Post-Processing

In this eBook, we focus on the last stage of the
AM process: post-processing. From cleaning
Insights
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and debinding, to parts handling and materials
recycling, to finishing and coloring. With an eye on
the end-to-end AM workflow.

COMPANY VISIT

Industrializing ceramic AM in
the French countryside
3DCeram-Sinto invited 3dpbm to visit the new facility
in Limoges, on the company’s 20th anniversary
Image: 3dpbm

Limoges is the heart of France’s ceramic industry and,

models, from the entry level C100 EASYFAB to the extra

although it is a relatively small and hard to reach city,

large C3600 ULTIMATE. These diverse systems meet

it also is the capital of the Haute-Vienne department

the specifications of customers from industry, research

and was the administrative capital of the former Lim-

centers and laboratories, whether they are focused on

ousin region in west-central France (where the famous

product development, full serial production or both.

Limousin cattle comes from). For this reason, the city’s
economy has thrived on leather, ceramics and even

As we tour the factory and application testing areas,

on wood (for firing the ceramics). While the cattle and

3DCeram CEO Richard Gaignon explains that both

wood may have experienced ups and downs, ceram-

the C100 range of systems and the C3600 implement

ics has just continued to grow, from the discovery of

the same stereolithography approach, which is based

kaolinite in 1768 to the establishment in 2015 of the

on a pressurized tank feeding a denser ceramic paste

IRCER, which is today one of Europe’s most advanced

material to provide only the quantity required for an

research centers focusing exclusively on advanced

optimized run. This means that the need for supports

ceramic materials.

is almost completely eliminated, opening up many
new possibilities in terms of part geometry, which,

The IRCER, the Institute for Research for CERamics,

ultimately, is the main driver for ceramic parts manu-

brought together years of research on advanced ceram-

facturers to implement AM.

ics with the structuring of academic research activity
into a single institute. Notably, it is where 3DCeram

Scalable AM production

originated 20 years ago. We visited the company’s all
new and expanded HQ on the occasion of its 20-year

During our visit to the new 3DCeram facility, we had

celebration and learned how it has evolved into an

the opportunity to see these systems up close and per-

industrial ceramic additive manufacturing powerhouse

sonal. After the company was acquired by the Sinto

since its beginnings at IRCER.

Group, it implemented a drastic redesign of its cur-

History in the (ceramic) making

rent and new systems and the results are clearly visible.
These machines look as high-tech as they are.

3DCeram is a proudly local hi-tech company, supported
by regional, national and European public funding

3DCeram opened a new HQ to mark its 20th anniversary.

since it was founded in 2002, and a member of the

Image: 3dpbm

PEC Aerospace Valley cluster and the France Additive
organization. Today, the company counts on a diverse
team made up of 30 top talents from all over France
and has the ability to generate as much as 90% revenue
from exports through its presence in over 30 countries.
The company began by producing and selling the
CERAMAKER brand of laser stereolithography 3D printers for technical ceramic materials as well as associated
consumables. Since 2017, after its integration into the
Japanese Sinto group, 3DCeram has further developed
its range of 3D printers for technical ceramics, with four
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After 3DCeram was acquired by the Sinto
Group, it implemennted a drastic redesign
of its current and new systems and the
results are clear. These machines look as
high-tech as they are.
The C100 range actually includes three very different

Industrializing ceramic AM

systems. The C100 EASYFAB is the entry level model,
which is intended for application development so that

The only note that you could make to a company like

serial production can easily be scaled up to the C3600.

3DCeram is that—with support from the large Sinto

The C100 EASYLAB is intended for R&D use, including

Group and a core nucleus of consolidated clients includ-

to develop materials using low quantities of denser

ing Safran, Zeiss, Thales, Swatch and Apple, to name

ceramic materials, to qualify designs and print parts

a few—it is not making a huge effort to adequately

to showcase. The C100 HYBRID is actually a highly

convey the incredible potential of its ceramic AM tech-

advanced system which integrates additional technol-

nology. This, incidentally, is true of several French

ogy to enable deposition of a second material.
While the C100 and C3600 implement the same pro-

3DCeram is a leading company in SLA ceramic AM.

cess, the C900 FLEX has been 3DCeram’s workhorse for

Image: 3dpbm

nearly 15 years. This makes it the most optimized and
flexible system in the company’s portfolio, although it
uses traditional and more fluid ceramic slurry, meaning
it requires some supports to produce more intricate
parts. It can easily be used to scale, with three sizes
of available build platform (100 x 300 mm, 200 x 300
mm and 300 x 300 mm) and the SAM (Small Amount
of Material) option lets users launch a fast printing run
with only 100 ml of slurry.
The C3600 ULTIMATE, now 3DCeram’s top of the line
system, is a powerful tool for additive mass production
with advanced ceramic materials. Its 600 x 600 x 300
mm build platform can be used to produce single very
large parts or many smaller, intricate parts. Applications
today are mainly targeted at the space and aerospace
segment but its potential is clearly enormous.

The company’s portfolio includes everything from entry-level and R&D
systems to large-scale industrial systems for mass production.
Image: 3dpbm

companies that can either leverage the large internal

Current production applications focus primarily on

market or mainly rely on their advanced capabilities

the aerospace industry, with demand for serially man-

to work with consolidated high profile clients, without

ufactured complex antenna components growing

making huge efforts in terms of raising international

exponentially as satellite constellations continue to

awareness to a potentially broader target audience.

build and expand Earth’s—and beyond—communi-

In the ceramics segment this is often even more exac-

cation infrastructure in space. Applications for ceramic

erbated by the unique characteristics of this family of

implants with augmented bone regrowth capabilities

materials and the many associated challenges of man-

are also very much on the rise.

ufacturing parts with them.
One of the most important and immediately relevant
Once you have the opportunity to see it up close, it is

applications is the use of silica-based materials for

clear that 3DCeram and the team behind it, led by CEO

foundry cores, which are also used in aerospace, energy

Richard Gaignon and Christophe Chaput since 2009,

and a wide range of industrial applications. However the

are truly at the forefront of innovation and industrial-

possibilities are endless. During the visit I saw sample

ization in ceramic additive manufacturing.

parts produced for luxury brands such as Cartier,

19

Chanel and Dior, where the exceptional beauty—in

clear about the fact that these machines are intended

particular of the black and white zirconia materials—

to be—as much as possible—turnkey systems for indus-

and the quality of the printed surfaces clearly shined.

trial users that just want to produce parts without any
necessary tuning of the printing process other than

Innovation is always ongoing at 3DCeram. During the

selecting the required materials.

travel restrictions caused by the COVID-19 pandemic,
the team developed an advanced remote installations

The company is also very proud of its internally devel-

and support procedure which implements remote VR to

oped Build-It machine software, which lets users edit

enable 3DCeram’s support team to help local engineers

STL files and implement CAD file preparation specifi-

apply the needed fixes. Not that 3DCeram machines

cally for 3D printing on Ceramaker printers. ◆

would need particular support. Mr. Gaignon is very

3DCeram has not slowed its pace of innovation during the pandemic: it now offers
remote installation and support services that utilize remote VR.
Image: 3dpbm
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SPOTLIGHT

Back to the basics: the Lithoz
CeraFab Lab L30
Lithoz targets entry into high-performance ceramic 3D printing

Image: Lithoz

Founded in 2011 as a spin-off from the Vienna Univer-

manufacture of advanced parts. Together, the CeraFab

sity of Technology, Lithoz has successfully established

Lab L30 and CeraFab System series offer a complete

itself as a leading global provider of ceramic additive

solution for entering into ceramic AM, developing appli-

manufacturing. The Austrian company has not achieved

cations and materials for the technology and, ultimately,

this degree of success by resting on its laurels; Lithoz

scaling up to serial production.

continually strives to innovate in the ceramic AM space,
bridging gaps in its portfolio and the broader market.

CeraFab Lab L30 specifications

Recently, the company set out to tackle a hurdle in
ceramic AM: the lack of affordable entry-level systems

Like all of Lithoz’s 3D printers, the CeraFab Lab L30 is

for research labs and material and application devel-

based on the company’s Lithography-based Ceramic

opers. Lithoz’s answer to this market blind spot is the

Manufacturing (LCM) technology. This process uses

CeraFab Lab L30 3D printer.

a combination of ceramic-loaded slurry and digital
projection to produce green ceramic parts, which

“Three years ago, we started a new product line: the

undergo debinding and sintering to produce fully

CeraFab System,” explains Dr. Johannes Benedikt,

dense ceramic parts. These parts show the same and

Lithoz Co-Founder and Chief Technology Officer.

often superior material properties as in traditional man-

“This whole series was developed for serial produc-

ufacturing methods.

tion and we put all the technologies we had into it:
including security features and top-quality parts. In

In the LCM printing process, the slurry is dosed and

the last two years, however, we found that we needed

coated on top of a transparent vat. A moveable build

another type of machine, one that would be tailor made

platform is then dipped into the ceramic slurry. The

for academia, researchers, material and application

layer of material on the build platform is then selectively

developers. In other words, people who want to 3D

exposed to an LED light from below the transparent

print ceramics but do not need to start with produc-

vat, generated by a digital micromirror device (DMD)

tion machines. This is where the idea for the CeraFab

and projection system. This cures the layer of slurry,

Lab came from.”

and the process is repeated layer by layer until a green

Back to the basics
Lithoz’s inspiration for its CeraFab Lab L30 system can
actually be traced back to the company’s origins and

part is produced.

The CeraFab Lab L30.
Image: Lithoz

one of its first product releases. That is, the recently
launched entry-level system is based on the CeraFab
7500, Lithoz’s first industrial ceramic 3D printer. This
reliable system is characterized by its compact size,
user friendliness and freedom for manual adjustments.
Notably, it was also the printer that Lithoz used for its
initial material development work.
Of course, the CeraFab Lab L30 also draws many
benefits from Lithoz’s newer systems, including the CeraFab System series, built for mass production and the
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“At the end of the day, every
customer can achieve the
quality they would expect from
a Lithoz machine.”
As an entry-level ceramic 3D printing solution, the Cer-

Lab L30 3D printer does not only fit much better into

aFab Lab L30 strikes a balance between affordable

limited budgets—it will easily fit onto a shop floor or

cost and the high quality Lithoz customers can expect

into a research lab that may not have the space for an

from each product. In other words, this 3D printer has

industrial, mass production system.

an accessible price point for entry-level users — such
as research labs and material developers — without

In favor of an even more accessible entry into ceramic

compromising on quality. Where does it manage to

3D printing, the CeraFab Lab L30 does without some

cut back on cost? Size of build parts and level of auto-

automation features of the CeraFab System, such as

mation, primarily.

automatic calibration and an automatic central database for process data. Following customer feedback,

Concerning the maximal build envelope, the CeraFab

it became clear to Lithoz that in their entry model for

Lab L30 offers 76 x 43 x 170 mm. The CeraFab System,

research and development purposes, these types of

by contrast, has build volumes reaching up to 192 x 120

features are not typically necessary, because research-

x 320 mm. This compromise in building size not only

ers and material developers usually adjust process

results in a much more accessible entry price but also

parameters and print settings manually. For the same

in a more compact size. Consequently, the CeraFab

reason, the entry-level system also cuts back on serial
production features, such as remote control and a
computer vision module. “At the end of the day, every

Lithoz founders Johannes Homa
and Dr. Johannes Benedikt.
Image: Lithoz

customer can achieve the quality they would expect
from a Lithoz machine. The idea is to have a machine
with which researchers can work not only on materials but also on applications. When the application is
developed, it can be easily scaled using the production system because the optical system, parameters
and materials are the same.” - Dr. Johannes Benedikt, CTO, Lithoz

An R&D solution for ceramic AM
The CeraFab Lab L30 was developed specifically for
research and development applications, including
material and application development. For this reason,

The CeraFab Lab L30 complements Lithoz’s existing portfolio of production-ready systems.
Image: Lithoz

the entry-level industrial system is completely open,

can more quickly and efficiently iterate ceramic AM

meaning users can print with any of Lithoz’s existing

parts using the CeraFab Lab L30. When a given part

materials or experiment with any type of ceramic slurry.

or application is finalized and validated, its production

The idea, as Dr. Benedikt explains, is to give material

can be scaled using one of Lithoz’s industrial pro-

developers and researchers a low price point access to

duction systems.

high-quality technology so they can develop their own
materials or applications.

Lithoz demonstrated the CeraFab Lab’s capability
with the production of an alumina aerospike nozzle

The machine also has the added benefit of low material

for the aerospace industry. The part design was opti-

consumption—a critical feature for material develop-

mized for ceramic additive manufacturing and was 3D

ers. This is enabled by the printer’s upside-down build

printed using the CeraFab Lab L30 and LithaLox 350,

process which requires as little as 15 ml of slurry to print.

a high-purity aluminum oxide with excellent corrosion

Any leftover slurry in the vat can also be easily reused.

and temperature resistance. The sample part, measur-

It’s not only material developers that can benefit from

ing 4 cm in height and 2 cm in diameter, showcases the

this: application developers across several industries

high degree of precision and geometric complexity
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that the CeraFab Lab L30 is capable of, all without the

In addition to R&D and prototyping, the CeraFab Lab

need for extensive post-processing. Lithoz also spec-

L30 is also suitable for small-scale series production.

ifies that its 3D printer is capable of producing both

This is thanks to the high-quality printing capability of

smaller and larger components, while maintaining the

the 3D printer, which has a variable slice thickness rang-

same degree of quality.

ing between 25 µm to 100 µm and a lateral resolution
as fine as 50 µm—comparable to Lithoz’s produc-

While this case study illustrates an application in the

tion-grade systems.

aerospace industry, there are many other application
areas for the CeraFab Lab L30. Today, Lithoz’s ceramic

Overall, by making high-quality ceramic additive man-

3D printing is used for a variety of industrial applica-

ufacturing as accessible as possible, Lithoz expects

tions, from semiconductors to machinery, as well as

greater development of materials and applications,

medical and dental applications. The CeraFab Lab

which will in turn lead to greater adoption and use of

can ultimately give application developers the tools

ceramic 3D printing technologies. ◆

to explore applications beyond the traditional limits.

Lithoz’ technology is capable of making complex parts, such as this aerospace nozzle.
Image: Lithoz

Upcoming Editions

DEC 2 0 2 1

AM Trends

In our upcoming eBook, we look ahead to 2022, taking stock
of emerging trends and new developments on the horizon,
as well as collecting insights and predictions from leaders in
the additive manufacturing world.
Analysis
Insights

AM Trends
Lendem quatatur asserovit omnia quo

Interviews
Case Studies
Mapping

December 2021

J AN 22

Automotive

FEB 2 2

Bioprinting

HAVE AN INTERESTING STORY TO SHARE?

MA R 2 2

Consumer

Let’s talk

MAPPING

The evangelists of ceramic
additive manufacturing
Some of the dominant and up-and-coming players of ceramic AM
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THE LEADERS

Austrian company Lithoz is among the leaders of the

Based in Limoges, France—one of Europe’s historic

global ceramics subsegment of additive manufactur-

ceramics hubs—3DCeram is an important leader in

ing. Founded in 2011 as a spin-out from TU Vienna, the

ceramics AM. The company specializes in SLA-based

company has developed and commercialized Lithogra-

ceramic AM (a subsegment in which it dominates) and

phy-based Ceramic Manufacturing (LCM), a technology

works with partners in many industries, including bio-

that uses a combination of digital light projection and

medical, aerospace, manufacturing and industrial

ceramic-loaded slurries to produce high-resolution

manufacturing (where it specializes in foundry cores).

green ceramic parts. These printed parts can then
undergo debinding and sintering processes, resulting

3DCeram was founded in 2001 and in 2015 it first com-

in dense ceramic components.

mercialized its SLA-based technology with the launch of
the CERAMAKER 3D printer. At the time, the company

Today, Lithoz works with research groups and cus-

also introduced an end-to-end 3D printing service for

tomers in a range of industries—including medical,

ceramic parts. In 2017, 3DCeram was acquired by Jap-

dental and aerospace—and has a versatile portfolio of

anese industrial firm Sinto Group. Since the majority

products to support their needs. Its LCM technology

share acquisition, the French ceramics company has

is commercialized through its CeraFab portfolio, which

evolved significantly, shifting its focus towards increas-

covers everything from research and R&D applications

ing its production capacity and unlocking high-value

(the CeraFab Lab), to serial production applications (the

applications for its technology. 3DCeram also develops

CeraFab System series), to multi-material 3D printing

technical ceramics for its 3D printers, especially zirconia,

for ceramics, metals and polymers (the CeraFab Multi).

alumina and HAP-based ceramics.

In terms of materials, Lithoz’s LCM process is designed
to process ceramic powders already used in traditional
ceramic manufacturing. This means that the printed
parts can also be post-processed using injection molding sintering furnaces.

Lithoz’s LCM technology is suitable for industrial
applications in aerospace and beyond.
Image: Lithoz

As a leader in ceramics additive manufacturing, Lithoz is
very much focused on showcasing the industrial capabilities of technical ceramic additive manufacturing. It
is also dedicated to making its process as accessible as
possible—notably with the recent launch of the entry
CeraFab Lab L30 system—to drive application development and adoption of ceramic additive manufacturing.
In the past year, Lithoz’s business has grown considerably: not only did the company open a subsidiary in
Shanghai, China to support its growing customer base,
it also opened a second facility in Austria to increase
machine and material production.
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3DCeram’s portfolio is broad, including the C100 EASY

In the context of Formnext 2021, XJet expanded its

LAB, with manual parameters for process and applica-

distribution network, partnering with Tri-Tech 3D to

tion development, the C100 EASY FAB for development

focus on the British and Irish markets and Emetrês, a

and prototyping, the C900 FLEX for prototyping and

Portugese distributor. The company also expanded its

small series production, the C900 HYBRID capable of

footprint in the Asian market with the appointment of

multi-material printing and, last but not least, the C3600

a dedicated distributor in China, Pentatech, which has

ULTIMATE, an industrial platform for series production

installed the first two Carmel systems in Asia.

and currently the largest technical ceramic AM system
on the market. Today, 3DCeram counts Safran, Air
Liquide, Zeiss, Thales, Apple, Swatch Group, CHU de
Limoges and Maxon amongst its clients. The company
continues to offer services and support for applica-

German company voxeljet was founded in 1999 and is

tion and material development as well as ceramic

today a leading company in the subsegment of sand

part production.

binder 3D printing. The company has also brought to
market the High Speed Sintering (HSS) technology
for polymer parts.
While the preceding companies focus on technical

XJet is an Israel-based company founded in 2005 that

ceramics, voxeljet specializes in traditional ceramics,

specializes in ceramic and metal additive manufactur-

specifically sand. Its large-scale hybrid technology is

ing. At the heart of the company’s capabilities is its

tailored to the production of sand molds and cores

proprietary NanoParticle Jetting technology (NPJ),

for metal casting. Notably, the company is also a

which works by simultaneously jetting liquid suspen-

major service provider in this segment through its

sions containing ceramic (or metal) nanoparticles and

3D Parts On-Demand division. In 2020, the company

soluble support material nanoparticles onto a build
tray. The process, commercialized through XJet’s
Carmel series, is scalable and safe, relying on manually
loaded material cartridges instead of powders or liquid
baths. Recently, the company introduced SMART, an
automated water-based solution for post-processing
ceramic parts through support removal.
XJet currently offers ceramic AM services through its
$10 million facility at Rehovot Science Park in Israel.
This facility, which was opened in 2018, spans 8,000
square feet and houses one of the largest collections
of metal and ceramic AM systems. Looking at ceramics
specifically, the company offers the XJet Carmel 1400C
with a 500 x 500 x 140 mm build space. To date, the
company has developed and qualified two technical
ceramic materials for its plattorm: zirconia and, more
recently, alumina.

XJet’s NPJ platform uses a material jetting
approach for ceramic and metal AM.
Image: XJet

Voxeljet is a leading company in the subsegment of sand binder 3D printing.
Image: voxeljet

demonstrated the scale of its services by revealing it

THE UP-AND-COMERS

had delivered 131,000 3D printed parts, two-thirds
of which were parts printed from sand with furan resin-based (FDB) binders. (The other third was split
between polymer parts and sand parts made with phenolic resin-based binders.)

Among the up-and-coming ceramic AM companies is Nanoe, a France-based company founded in

That being said, voxeljet has also optimized two of its

2008 that specializes in developing and producing

binder 3D printers for printing technical ceramics, the

cutting-edge materials, including ceramic powders

VX200 and VX1000. It offers two technical ceramic

and metal and ceramic 3D printing filaments. These

processes—a phenolic resin-based process (PDB) and

filaments, launched under the Zetamix brand, were

water-based process (CBD)—which are suited for the

introduced in 2018 and are compatible with most FFF/

production of complex ceramic cores and molds. Com-

FDM 3D printing platforms. Nanoe’s goal in developing

patible materials include silicate-based ceramics (SiC)

the filaments was simple: to make ceramic 3D printing

and oxide-based ceramics such as AlO2, TiO2 and ZrO2.

more accessible.
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Nanoe was founded in 2008 and specializes in ceramic powders and ceramic 3D printing filaments.
Image: Nanoe

The process for using the Zetamix materials is fairly

3D printing. The facility will enable Nanoe to double

straightforward: it involves loading the ceramic

its production capacity for materials as well as house a

filaments in a 3D printer, printing a part and then sub-

demonstration center and printing farm.

jecting the part to debinding and sintering processes.
To date, the Zetamix portfolio consists of three ceramics and two metals. In the ceramics category, Nanoe
has developed a white zirconia, a black zirconia and an

Berlin-based Xerion is another promising up-and-

alumina filament. (The metals are 316L and H13 steels.)

comer in the field of ceramic AM. The company, which
was best known for its advanced heating solutions,

While the ceramic filaments can be used with many 3D

decided to make its entry into metal and ceramic 3D

printer models, Nanoe has also introduced a ceramic 3D

printing with the development of the Fusion Factory.

printing package that includes a 3D printer, a debinding

The platform is a modular system that comprises a fila-

kit and an oven. The 3D printer included is the indus-

ment-based 3D printer, a debinding unit and a sintering

trial PRO2 by Raise3D. Nanoe markets its ceramic 3D

furnace. The platform, which also includes material stor-

printing solution to research labs, artists, designers and

age, is an open system, meaning that end users can use

industrial end-users seeking an accessible ceramic AM

third party metal or ceramic filaments. The company

solution. Recently, the company invested €2 million

offers two ceramic AM filaments, Al2O3 and ZrO3, as

into the development of a new facility dedicated to

well as others on request.

In July 2021, Xerion announced a partnership with

powered by MoldJet technology. The new system is

Listermann Technology, a Liechtenstein-based indus-

targeted at the consumer goods and consumer elec-

trial services provider specializing in material and

tronics markets as well as service bureaus, R&D labs and

process optimization. Listermann acquired a Xerion AM

educational institutions.

production line through the agreement and will work
with the German company to further develop its bound
metal AM process. One of the most notable aspects
about the integrated Fusion Factory is the high level
of automation. Modules can also be added to increase

Last but certainly not least is CERAMING, a startup

production output of complex ceramic components.

based out of Germany that has developed a technical
ceramic 3D printing technology. The process, called
Layerwise Slurry Deposition (LSD), is fairly straightforward. First a thin layer of ceramic slurry is deposited
onto a build platform. Next, a binder is precisely jetted

Though its main market focus is metal AM, Israeli com-

onto the layer in the form of a part cross section. These

pany Tritone’s AM process is also compatible with

steps are repeated layer by layer until the final part

technical ceramics such as alumina. The company’s

geometry is complete. From there the green compo-

patented MoldJet Technology is designed to bridge

nent can be removed from the bed of ceramic powder

the gap between prototyping and mass production for

and can undergo sintering to produce a dense final

metal and ceramic parts.

part. CERAMING specifies that its LSD process is
compatible with all common ceramics, including alu-

MoldJet technology is unique amongst ceramic AM

minum oxide, zirconium oxide, silicon carbide and

providers in a few ways. For starters, the process relies

porcelain, and is more cost-effective than competing

on a multi-station approach. In the first station, inkjet

ceramic AM processes.

heads deposit ultra-thin layers of a material to form a
layer mold in a build tray. The tray is then moved to the

The promising young company, which envisions a bright

next station, where a special metal or ceramic paste is

future for ceramic AM with broad adoption across many

applied in the mold. A blade then scrapes off the excess

industries, has received several awards for its budding

paste resulting in a flat layer. Next, the tray is moved

technology, including first place in the Berlin-Branden-

into the thermal phase, which hardens the paste layer.

burg business plan competition in 2020 in the BPW

From there, the build tray undergoes visual inspection

Canvas category.

to ensure all the parts are accurate. This process repeats
until all layers are complete. The build tray can then be
removed and submerged in a solvent, which removes
the soluble mold material.
Tritone’s flagship system, DOMINANT, is built for industrial manufacturing with a throughput of 1,600 cc/hour.

Further Reading

pendent trays which enable parallel workflows for part

To learn more about all 96 key players in
this segment, please see the following
3dpbm Research report:

processing. At Formnext 2021, it also introduced the

Ceramic AM Market Opportunities & Trends

The system features a carousel design with six inde-

Tritone DIM, a mid-range metal 3D printing platform
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