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Welcome

Ceramics, and particularly technical ceramics, have enormous potential in aero-
space, medical and industrial applications (among others). Known for their
exceptional strength-to-weight ratio as well as their resistance to temperatures,
chemicals, and corrosion, these materials have however been largely untapped due
to the challenges in manufacturing them using traditional methods. Enter additive
manufacturing.

Additive technologies have emerged as a viable production method for processing
technical ceramics. This is because certain additive processes can form parts by
binding ceramic particles and then sintering them, rather than having to cut or shape
the hard materials. In this eBook, we are covering the ever-evolving segment of
ceramic AM, which not only has incredible promise but is already achieving remark-
able feats. Keep reading for insights related to the state of the technical ceramic AM
market from VoxelMatters Research; an exclusive deep dive into Prodways latest line
of industrial ceramic CERAM PRO systems; a look at a new material jetting technol-
ogy for ceramics developed by Durst Group; an exploration of Desktop Metal’s binder
jetting technology for technical ceramics; and an overview of all the leading ceramic
AM companies from around the world today.
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Research

Data and
Insights that
matter

By harnessing insights directly from our industry partners,
we’'ve built a database that includes 100,000+ data points

for 2023 alone. With deep analysis covering 1,500+ additive
manufacturing companies worldwide, our reports are designed
to provide industry leaders with the data-driven support they
need to make informed decisions.

Learn more -
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< Quick Take

VoxelMatters’ market analysis
looking at trends In ceramic
AM hardware and materials as
well as revenue projections
based on different market
outlooks for future of ceramic
additive manufacturing.

Technical ceramics are a key family of mate-
rials for humanity’s future. They are used

in some of the most advanced applications in
fields ranging from healthcare (including
dental and medical implants) to aerospace,
energy and industrial machinery.

Ceramic additive manufacturing is one of
the very first segments to present a real
industrial revenue opportunity, and it is also
adriver for binder jetting AM technologies
entering the market today. However, the
number of clearly identified viable applica-
tions for 3D printed technical ceramic final
parts remains very limited. This limitation is
primarily due to a lack of awareness among

the largest operators in the ceramics market
and the ongoing challenge of recognizing and
identifying value-added AM applications for
ceramics.

Trends in ceramic AM hardware

All ceramic additive manufacturing (AM)
hardware technologies are based on pro-
cesses that bind ceramic particles to shape
three-dimensional objects before sinter-

ing them in a furnace as a post-processing
step. Unlike in metal AM, where bound metal
is a relatively new and standalone family of
technologies, all ceramic AM hardware tech-
nologies belong to the bound material family.



Due to this reason, the evolution of the
ceramic segment is more limited; however,
it has simultaneously opened opportuni-
ties for emerging metal AM technologies
such as bound filament and production
metal binder jetting which work in a simi-
lar way. Furthermore, most bound material
technologies, despite requiring sintering in
a furnace, are considered production-ready
processes. Therefore, ceramic AM was orig-
inally developed and continues to evolve as
a production method that can also be used
for prototyping, rather than a prototyping
method that is evolving into production, as

is the case with many polymer and metal AM
technologies.

Another surprising fact is that there are cur-
rently no commercially available powder bed
fusion processes for ceramics. The chal-
lenges associated with direct laser sintering
of ceramics, primarily due to the extremely
high temperatures required to sinter or melt
ceramic powders, have prevented these pro-
cesses from becoming a viable commercial
opportunity. Hybrid processes, which involve
lasers operating on materials that bind
ceramic powders in a single process, have

Forecast of technical ceramic AM market revenues (USD) by segment 2022-2032

$1,200

$1,000

$800

$600

J.I.l-llll||l\l

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

M Hardware

2032

B Materials Services



been experimented with but have had limited
commercial success so far.

Nevertheless, as the metal AM industry real-
izes that binder jetting may ultimately offer
some of the fastest production rates,
ceramic AM has already made significant
strides in this area. Similarly, as the metal
AM industry acknowledges that bound metal
filament technologies can provide the most
cost-effective and office-friendly solu-
tions, these same technologies can easily
be applied to ceramics and are indeed being
utilized. Finally, as the metal AM industry

discovers the high-resolution capabilities of
bound metal slurry stereolithography, it is
worth noting that this technology is already
well established in, and is in fact leading the
evolution of ceramic AM.

Trends in ceramic AM materials

In technical ceramics, a diverse array of
material categories require consideration,
with oxide ceramics holding particular sig-
nificance. Within additive manufacturing,
primary emphasis is placed on alumina
(@aluminum oxide) and zirconia (zirconium
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oxide) among these oxide ceramics. These
materials, commonly available in slurry
forms tailored for stereolithographic pro-
cesses, dominate the market. Additionally,
silicate ceramics like silicon oxide can also
be included within this category.The supply
of ceramic slurries for 3D printing primarily
stems from prominent ceramic stereoli-
thography hardware manufacturers such as
3DCeram, Lithoz and Admatec.These indus-
try leaders offer a wide spectrum of standard
technical ceramic materials,including alu-
mina, zirconia, silicon nitride, and TCP/HA,
alongside materials specifically developed for
industrial core production. ExOne, a leading
manufacturer of binder jetting hardware sys-
tems, now part of the Desktop Metal group,
emerges as the primary supplier of technical
ceramic powder materials for binder jetting.

Within the evolving landscape of ceramic
additive manufacturing, bound ceramic
filaments emerge as a dynamic sub-seg-
ment. While still relatively nascent compared
to other ceramic AM materials, they hold
potential for significant commercial oppor-
tunities, both for materials manufacturers
and adopters.Oxide ceramics are composi-
tions of metallic (Al, Zr, Ti, Mg) or metalloid
(Si) elements combined with oxygen, while
non-oxide ceramics encompass a wide vari-
ety of materials, including carbides, nitrides,
borides, and silicides.

Alumina (AI203, aluminum oxide) is a cor-
nerstone in both traditional and additive
manufacturing, leading in revenue genera-
tion. In 2022, top technical ceramic materials
by revenue included Alumina, Zirconia, Silicon
carbide, TCP, Silicon nitride, HA, Silicate,
Silica, Boron carbide, and ATZ. Calcium-
based ceramics like TCP and HA/HAP, though

voxeljet’'s VX200 and VX1000 binder jetting can
process both sand and technical ceramic materials

oxide ceramics, form a distinct category due
to their specialized applications, predomi-
nantly in biomedicine for implants and bone
grafts, given their similarity in composition to
human bone. WZR, a German-based special-
ist technical ceramic additive manufacturing
company, leads the volume-driven market
for technical ceramic materials. Their focus
on the production and distribution of large
guantities of alumina powders, particularly
for binder jetting, places them at the fore-
front, even surpassing industry giants like
voxeljet and ExOne.

The revenue potential for ceramic AM mate-
rials predominantly lies within the slurry
ceramics segment, with Lithoz and 3DCeram
emerging as dominant players in revenue
generation from material sales. Alumina
maintains its prominence as the most uti-
lized technical ceramic material in additive
manufacturing, projected to maintain this
position to 2032. Zirconia and technical silica
for foundry cores closely follow. With VPP
technology increasingly transitioning to final
part production, a substantial surge in the
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The supply of ceramic slurries for 3D printing primarily
stems from prominent ceramic stereolithography
hardware manufacturers such as Lithoz.

volume of slurry technical ceramic materials
is anticipated.

As anticipated, we expect the techni-

cal ceramic AM market to continue being
driven by hardware, with hardware reve-
nues representing by far the largest revenue
opportunity among core AM segments
(hardware, materials, and parts). By the

end of the forecast period in 2032, hard-
ware is projected to grow into a billion-dollar
global revenue opportunity. However, it will
still require significant investment in hard-
ware development and market expansion (in
terms of increasing the global installed base)
before the core technical ceramic AM market
becomes purely driven by applications.

The chart on page 9 illustrates total revenues
from hardware and materials in the technical
ceramic AM segment, covering all industrial
end-users. Services, however, only include
revenues from parts made by AM service
providers, excluding parts produced internally
by end-users in sectors like aerospace, med-
ical, dental, energy, research, etc. In end-user
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segments, only AM services’ part values can
be accurately assessed. Other segments
don’t assign monetary values to parts made
internally, requiring direct surveys to deter-
mine values. This report aims to accurately
describe the value of technical ceramic AM
parts produced by industrial end-users, but
hard data focuses on the core AM market:
hardware, materials, and services.

In 2022, the Industrial vertical was the
leading revenue generator in the technical
ceramics AM market, generating $20.49
million and accounting for 18.2% of the
total technical ceramic revenues. Following
this, Dental generated significant reve-
nues of $14 million, representing 12.4% of
the total. Medical also showed strong reve-
nue generation, contributing $11.6 million,
which made up 10.3% of the total technical
ceramic revenues. Meanwhile, Aerospace
generated $8.4 million, accounting for 7.4%
of the total market revenues.

Looking forward, we project strong growth
in these verticals by 2032. We expect the
Industrial vertical to grow to $378.84 mil-
lion, increasing its market share to 18.7%.
Dental is projected to grow to $250 mil-
lion, maintaining its market share at 12.4%.
Meanwhile, Medical is expected to reach
$186 million, with its market share slightly
decreasing to 9.2%. This indicates a positive
outlook for the technical ceramics market
in these sectors.

In the following section, we provide an
overview of the geographic distribution of
revenues within the core technical ceram-
ics AM market, which includes hardware,
materials, and services. Notably, the EMEA
region emerges as the largest area by a
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significant margin. The chart above displays
the distribution of revenues based on the
location of the companies responsible for
producing and marketing the equipment,
materials, and parts.

Currently, many of the leading companies in
the overall technical ceramic AM market
originate from EMEA, influencing both the
assessment of current geographic distri-
bution and the regional growth forecast.
However, we recognize the substantial
growth potential in both the NA and APAC
regions. Our projections are currently based
on a smaller number of active companies in
these regions.
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In the full report, we go into a detailed
analysis of each of these critical market
indicators—core AM, vertical adopters, and
geographic distribution—with an unprece-
dented level of granularity. With the aid of
the comprehensive VoxelMatters technical
ceramic AM database, which encompasses
108 companies (+14% from the previous
edition), over 200 products, and a total of
over 15,000 data points, combined with our
advanced forecast model, we will provide an
assessment of the current market value and
forecasts for all technical ceramic AM market
indicators. m
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< Quick Take

An In-depth look at Prodways
Machines’ latest and

most advanced ceramic

3D printing solution: the
CERAM PRO. Based on the its
MOVINGLIght DLP technology,
the industrial solution was
unveiled in May 2024.

At its facility in Montigny-le-Bretonneux,
France, Prodways Machines has developed its
most advanced ceramic additive manufac-
turing system to date, the CERAM PRO. The
platform, first unveiled in May 2024, is based
on the company’s patented MOVINGLight DLP
technology and was engineered to meet the
requirements of industries like aerospace,
automotive and investment casting.

As we'll see in more detail throughout this
feature, the CERAM PRO is the result of years
of experience in ceramic additive man-
ufacturing and is a key step in Prodways
Machines’ strategy to focus increasingly on
the ceramic market. As Prodways Machines

16

Marketing Manager Sébastien Jacoberger,
told us: “While we had in the past wax and
SLS 3D printers, we have decided to deepen
our focus in specific markets like ceramic
and dental and to focus on one technology:
MOVINGLight.”

Honing in on MOVINGLight

Prodways’ MOVINGLight is a proprietary dig-
ital light processing (DLP) technology that is
based on a top-down approach. This method
allows for greater precision and accelerates
printing times by positioning the projector
above the vat of resin and eliminating the
need to detach each layer from the print



window—as is necessary in a bottom-up
approach. The process is also characterized
by its mobile projector (aka the moving light),
which enables greater print speeds and con-
sistent print accuracy and high detail across
the build, regardless of whether the printis
at the center of the projection or the edge of
it. Prodways Machines has adapted different
versions of its MOVINGLight technology: it
has a series of MOVINGLight dental 3D print-
ers, including the ProMaker LD10 and LD20,
as well as a series optimized for processing
ceramic resins. This series includes various
versions of the CERAM PRO, like the CERAM
PRO 365, CERAM PRO 385, CERAM PRO 385+
and CERAM PRO 405+,

The CERAM PRO series does bear a number
of similarities to the ProMaker MOVINGLight
platforms, however it also has some key dif-
ferences. The ceramic-specific machines
have a higher end projector than the dental
systems, with specific wavelengths and opti-
cal quality optimized for processing technical
ceramic resins like silica and alumina. For
example, the CERAM PRO 365 has a wave-
length of 365nm, while the CERAM PRO 405
has a wavelength of 405. In terms of resolu-
tion, the CERAM PRO 365 is equipped with a
single high-power DLP unit and is capable of
achieving a very high native resolution of 31
pgm per pixel. On the larger CERAM PRO 385
and 405 systems, it is possible to have dual
projector capability and achieve tolerances of
42 um.

Prodways’ latest platform is also notable for
its build capacity: the CERAM PRO 365 mea-
sures up to 264 x 328 x 350 mm, while the
405 has a maximum build capacity of up to
300 x 445 x 350 mm. As Jacoberger says: “We
have one of the biggest ceramic AM platforms

and the Z-height is one of the highest exist-
ing on the market, which gives an advantage
for printing a lot of parts in a single build. But
we also have a modular platform, so the build
envelope can be more compact for smaller
production runs.”

An open parameter solution

An important thing to know about Prodways’
ceramic AM systems is that they have open
parameters, enabling customers to work with
their own materials or their ceramic resins

of choice. This is the case with Prodways
Machine customer Renaissance Services,
which has been using the company’s ceramic
resin 3D printing technology for over six years
Now.

Back in 2017, the Fairborn, Ohio company—an
enterprise systems integration company pri-
marily working with aerospace and defense
companies—adopted Prodways’ ProMaker
L5000 system to produce ceramic parts for
the investment casting industry. This included
the production of ceramic cores, molds and
filters that would be used by foundries in the
production of aircraft, engine and support
equipment for aerospace and defense clients.
At the time, a particularly valuable applica-
tion for ceramic AM was making castings for
legacy military systems, which would facil-
itate the production of otherwise obsolete
parts like gearboxes and housings dating as
far back as the 1950s.

“For many of these castings there is scant
technical data and the tooling no longer
exists,” Renaissance Services co-founder
Robert Morris said at the time. “New tooling
typically costs six figures and takes months
to produce. We pursue a concept of ‘CAD as

17



The CERAM PRO 365 has a build envelope
of up to 264 x 328 x 350 mm.

CERAM
Fro ses I

PRODWAY S

tooling’ to produce a ceramic mold using our
own patent-pending process. We then work
with the foundry to produce a casting just like
the original, filling a critical cost and lead time
gap. We recently used our capability, working
with a production foundry, to go from CAD
model to a finished legacy engine gearbox
casting in 26 days. This is a marked contrast
from the two year lead times that we have
heard about from the military sustainment
community.”

The open nature of Prodways’ ceramic AM
platforms—even prior to the CERAM PRO—
has enabled Renaissance to work with its
own technical ceramic-filled photopolymer
resins that meet the requirements of the
company’s casting specific applications.

18

Qualified SINTX resins

In addition to being able to use their own
materials, Prodways clients can also rely

on technical ceramic resins that have been
qualified for the company’s hardware. These
qualified materials are developed and sup-
plied by advanced ceramics company SINTX,
which has been working with 3D print-

ing since 1998 and has been a key player

in advancing ceramic AM, and its subsidi-
ary Technology Assessment and Transfer,
Inc., which has been a long-time partner of
Prodways. The company, which has been
using Prodways ceramic 3D printing technol-
ogy since 2018, recently entered into a formal
technical partnership to supply ceramic slur-
ries for Prodways’ latest hardware solutions.

So far, SINTX’s silica and alumina slurries have
been qualified for use on the CERAM PRO
365. “Prodways has had a very early exposure
to ceramics 3D printing,” explained Vincent
Icart, CTO and COO of Prodways. “Before this
partnership, we were only supplying custom-
ers with internal capabilities development.
We are thrilled to bolster our specifically
developed MovingLight machineries with
SINTX slurries, as our joint expertise will allow
us to be an end-to-end solution provider

for the most demanding ceramic printing
applications.”

The silica-based slurry, available under the
product name SILICA SiCast 1200, was engi-
neered for investment casting applications
and in particular the investment casting of
super alloys. The ceramic slurry is character-
ized by its high hardness, and corrosion and
temperature resistance.

It also demonstrates good green strength and
minimal densification after sintering. Specific



applications for the technical ceramic
include casting cores, ceramic shell cast-
ing, aerospace brakes, engine components,
investment casting patterns, electrical insu-
lation coatings and more. SILICA SiCast 1200
is qualified for use on the CERAM PRO 365.

SINTX's alumina resin, for its part, ALUMINA
PHOTX A100, is a versatile and fast-curing
material that meets the needs of many dif-
ferent applications. The high-purity alumina
(99%) is available in different viscosities
(high and low), has excellent mechanical
properties and resistance to extreme tem-
peratures and corrosion. Prodways highlights

All systems in the CERAM PRO series are open to
qualified and third-party ceramic materials.

a number of applications for the alumina
ceramic, including but not limited to elec-
tronics, electrical insulation components,
RF antenna windows, high-speed missile
radomes, wear-resistant coatings, ceramic
substrates, LED phosphors and more.

Transforming turbine blade
production at Honeywell

Investment casting is one of the key appli-
cation areas Prodways is targeting with its
ceramic AM technology and its solutions
are already in use at many industrial com-
panies. Multinational Honeywell is one of

Image: Prodways
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these adopters, as it is leveraging Prodways
ceramic 3D printing to directly print ceramic
molds for first-stage high pressure tur-

bine blades for next-generation turbofan jet
engines. (While the company has been work-
ing with Prodways ceramic AM for years, it
recently integrated the CERAM PRO 365 in
2023 at its facility in Phoenix, Arizona.)

Honeywell may very well be one of the

first jet engine manufacturers to employ
ceramic AM in the production of turbine
blades. As Brian Baughman, Honeywell Chief
Manufacturing Engineer, explained: “Turbine
blades are made through an investment
casting process that only a few foundries in
the world can handle. It involves machining
extremely complex metal dies and tooling

to create ceramic molds, which are then cast
with a molten superalloy to form the blades.”
Ceramic AM offers a more efficient alterna-
tive to this complex method, enabling faster
production times and significantly lower
costs.

To put the difference between conventional
investment casting and ceramic 3D printed
molds into perspective, it can take up to two
years to produce turbine blades required for
developing next-gen turbofan engines using
more traditional methods. With 3D print-
ing, Honeywell has been able to design and
print the mold, cast the turbine blade, then
test and validate it within just seven to eight
weeks. Furthermore, if any design changes
are needed, it is possible to iterate a new
blade design in just six weeks thanks to the
agility and on-demand nature of 3D printing.

“Additive manufacturing enables rapid pro-

totyping and gives us greater flexibility to
accelerate development, manage costs and
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To date, SINTX's silica and alumina slurries have
been qualified for use on the CERAM PRO 365.

create the best possible product for our cus-
tomers,” added Mike Baldwin, Principal R&D
Scientist at Honeywell. “Reducing develop-
ment cycle time is our primary objective, but
we also anticipate saving several million dol-
lars in development costs compared to using
the traditional blade casting process.”

In addition to ceramic additive manufac-
turing, Honeywell also uses metal AM at its
Phoenix facility. The company, which sup-
plies turbine propulsion engines for business
aircraft, military trainers and helicopters,
produces hundreds of aircraft parts using 3D
printing.

Of course, Renaissance Services and
Honeywell are just the tip of the iceberg
when it comes to Prodways ceramic AM
adoption: the company reportedly has
numerous ceramic AM machines installed at
foundries, aerospace customers and more.
The release of the CERAM PRO 365 and
extended series marks the next step forward
for DLP-based ceramic 3D printing and a new
era for ceramics AM more broadly. =
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< Quick Take

As part of the EU-funded INKplant
project, Lithoz successfully
Implanted the first-ever 3D

orinted ceramic jaw implantin a
patient with atrophic jaws, using
piocompatible zirconia to avoid

traditional bone grafting, showing
positive results after 60 days.

A 3D printed ceramic subperiosteal jaw
implant — developed and built by Austrian
ceramic 3D printing specialist Lithoz — has
been successfully placed in a patient for the
first time. Fabricated in Austria, this inno-
vation marks a significant advancement

in medicine and is part of the EU-funded
INKplant project — consisting of 19 interdis-
ciplinary partners, led by Profactor GmbH.
The project aims to create 3D printed
patient-specific implants to treat various
pathologies affecting the elderly.

Patient receives first-ever 3D printed ceramic
jaw implant. The implant was produced by
Lithoz and is part of the EU-funded INKplant
project. Lithoz has been researching the
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optimal fusion of various biomaterials with
the advantages of 3D printing since 2021. The
implant was developed to address the issue
of atrophic jaws, a common problem in older
patients. After the loss of teeth, the jawbone
disappears as well, resulting in atrophic jaws
and rendering the use of dentures impossi-
ble. With severe atrophy, conventional dental
implants require lengthy operations to graft
new bone to anchor the implants. Such oper-
ations are difficult for elderly patients who
cannot undergo bone grafting due to health
issues.

A patient at Kepler University Hospital, who
had lost multiple dental implants and bone
grafts in the past due to his compromised



health, was unable to receive further con-
ventional surgical strategies as a result of
significant scarring and thus received the
new implant as a compassionate use case.
Made of biocompatible high-strength zirco-
nia using Lithoz LCM technology, the implant
did not require any bone augmentation and
only needed one procedure — reducing heal-
ing time by an estimated 75% and avoiding
excess trauma for the patient. Thanks to this
synergetic innovation in design and material,
all the necessary surgical procedures were
completed in a single operation.

Patient receives first-ever 3D printed ceramic
jaw implant. The implant was produced by
Lithoz and is part of the EU-funded INKplant
project.

The surgery, led by DDr. Christoph Staudig|,
was a successful world-first use of a ceramic
subperiosteal jaw implant in a compassionate
use case on a patient. Despite some expected
wound healing issues after surgery, the supe-
rior soft tissue compatibility of zirconia,
compared to titanium, was spectacular. The
implant showed clinical stability after 60 days

The 3D printed ceramic jaw implant, developed by Lithoz using high-strength
biocompatible zirconia, offers a custom solution for patients with atrophic jaws.

Image: Lithoz
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—representing a decisive breakthrough for the
treatment of severely atrophic jaws.

The design of the customized implant was
pioneered by the Centre for Medical Physics
and Biomedical Engineering at the Medical
University of Vienna in collaboration with
DDr. Staudigl. During the design process, BTI
Biotechnology Institute (Vitoria-Gasteiz,
Spain) and BioMed Centre Innovation GmbH
(Bayreuth, Germany) also contributed signifi-
cantly with their expertise. The implant will
be patented and adopted as a medical device
by BioMed Centre spin-off Agensmed GmbH

and will be manufactured using Lithoz 3D
printers. A clinical trial is being prepared to
systematically validate its efficacy.

Patient receives first-ever 3D printed
ceramic jaw implant. The implant was pro-
duced by Lithoz and is part of the EU-funded
INKplant project.

The project INKplant has received funding
from the European Union’s Horizon 2020
research and innovation program under
grant agreement No 953134. m

The zirconia ceramic jaw implant fitted precisely on a model of the patient’s jaw,

showing the huge opportunities 3D printing offers for custom implant applications
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% Quick Take

Binder jetting technologies are Iin
a unigue position to accelerate
the adoption of technical ceramic

AM, and

Desktop Metal is one of

the companies leading the way
with its Triple ACT technology.

Additive manufacturing has emerged as one
of the most beneficial methods for manufac-
turing technical ceramic parts. As a material
group, technical ceramics are characterized
by their exceptional hardness as well as high
temperature resistance, and excellent resis-
tance to corrosion and wear. However these
same properties have also been the source
of challenges for conventional production
processes, since the materials are hard to cut
and shape subtractively and can require tem-
peratures superior to those of even titanium
to melt.

Additive manufacturing—and binder jetting
in particular—have therefore presented new
opportunities for those seeking to exploit the
beneficial properties of technical ceramics,
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from R&D to industries like aerospace, gen-
eral manufacturing and more, while still
maintaining efficient production timelines
and budgets.

Desktop Metal’s binder jetting solutions,
featuring its patented Triple ACT technol-
ogy, are capable of processing a wide range
of materials, from composites and metals to
the toughest technical ceramics, like silicon
carbide (SiC) and tungsten carbide cobalt
(WC-Co). The technology is also known for
its rapid print speeds (capable of producing
parts at rates as much as 100 times faster
than LPBF systems) and for printing com-
plex geometries with tight tolerances (with
dimensional tolerances under 1% for opti-
mized production runs).



In this article, we'll be diving further into

the benefits of binder jetting for technical
ceramic production and illustrating Desktop
Metal's advanced ceramic binder jetting
capabilities through a case study in the aero-
space industry carried out in partnership with
TECNALIA and SENER Aerospacial, as well as
other use cases that are relying on the com-
pany’s ceramic binder jetting solutions.

Silicon carbide (Si-SiC) for
in-space applications

TECNALIA, a benchmark European research
and technological development center

based in Spain, has become a key partner to
Desktop Metal in the advancement of techni-
cal ceramic binder jetting. The center, which
Is operated by a team with in-depth knowl-
edge of advanced materials like ceramics,
was enlisted to support engineering company
SENER Aerospacial and the European Space
Agency (ESA) in the development of an opti-
mized satellite optical support.

The aim of the collaboration was to find a
production process that would enable the
creation of a component that could with-
stand the harsh conditions of space, offer
high dimensional accuracy as well as a high
coefficient of thermal expansion (CTE) and
overall robust mechanical properties. To top
it off, the aerospace partners were looking

to minimize the weight of the component in
order to lower the cost of the payload. Silicon
carbide (SiC), a hard and lightweight technical
ceramic made from a compound of silicon
and carbon, was thus a clear choice for the
application.

That said, traditional manufacturing pro-
cesses present challenges when attempting

to shape SiC due to the material’s exceptional
hardness. “The degree of shape complex-
ity is limited when using more traditional
production processes like cold forming

and sintering,” said Dr. Ifiigo Agote, Project
Manager and Group Leader at TECNALIA.
“Parts require final machining if the geome-
try is complex and machining ceramics like
SiC is a tough and expensive process.”
Additive manufacturing was therefore
explored as an option for forming SiC com-
ponents and ultimately binder jetting was
found to be the most viable process. This is
because binder jetting was not faced with
the same issues as other AM processes when
processing SiC. For example, technologies
that require curing, such as SLA, are not a
good fit for SiC because the powder’s dark
color won't UV cure, and laser-based pro-
cesses are not viable because of the high
temperatures required to melt the material.

Triple ACT binder jetting

With binder jetting established as the clear
path forward, TECNALIA got to work to iden-
tify the best SiC powder and process controls
using Desktop Metal’s InnoventX system,

a compact system which has been on the
market since 2016. The InnoventX is part of
Desktop Metal’s X-Series and is based on the
company’s patented Triple ACT binder jetting
technology.

Triple ACT (which stands for Advanced
Compaction Technology) is an approach to
binder jetting that enables the processing of
many premium material types, from alumi-
num and copper, to cermets, to technical
ceramics like SiC. This versatility is achieved
by facilitating the deposition of thin and uni-
form powder layers using a combination of
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technologies to address powder dispensing,
spreading and compaction.

The first step in the Triple ACT technology

is a unique dispensing process that uses a
hopper design with an ultrasonic vibrating
dispensing screen that ensures a controlled
dose of powder across the print bed. The
screen can also be adjusted for powders

of variable flowability levels (i.e. finer pow-
ders have poorer flowability, while coarser
powders have good flowability but are more
challenging to sinter). The second step,
spreading, is carried out by a roller with

a unique knurl design, which spreads the
powder evenly across the print bed with-
out compacting it. Finally, Desktop Metal has
developed a compaction roller that presses
the powder particles together without

Conformal cooling channels that cannot be manufactured any
other way are easily integrated into binder jet 3D printed WC-Co

tooling like this drill produced on the InnoventX by TECNALIA.
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affecting underlying layers and without
moving the evenly spread powder.

While the InnoventX is ideal for material
development and product development,
once an application is ready to scale, Desktop
Metal has other systems in the X-Series

that can meet higher production demands.
Specifically, the X25 Pro, a mid-sized binder
jet system with a build envelope of 400 x 250
x 250 mm, and the larger X160 Pro, which
has a build volume of up to 800 x 500 x 400
mm.

Weight and cost savings
In developing the SiC satellite optical sup-

port, TECNALIA first evaluated a range of SiC
powder grades, comparing their rheological
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The satellite optical support design optimized

for additive manufacturing provided a 15% mass
reduction while optimized production with binder
jetting reduced final polishing time by 359%.

Image: Tecnalia

properties, as well as Hausner ratios and
cohesive index. The results from these var-
ious tests allowed TECNALIA to determine
the optimal powder grade for the techni-
cal ceramic, which was both printable and
demonstrated minimal shrinkage post sin-
tering. Critical to this exploration was the
InnoventX’'s customizable print parameters,
which enabled the TECNALIA team to find
the right print settings for the application in
question. In the end, a near-net shape of the
satellite optical support could be printed in
just three hours.

TECNALIA also took advantage of the many
post-processing options for the binder jetted
ceramic component, employing a polymer
impregnation and pyrolysis (PIP) cycle and
capillary liquid silicon infiltration (CLSI) to
improve the final part’s densification. For

other types of applications, Desktop Metal
SiC parts can also be processed in a number
of other ways, including SiC, reaction bonded
(RBSIC); SiC, vapor deposition (PVD or CVI);
SiC, liquid metal infiltrated (SiSiC or AISIC);
SiC, bonded (with materials such as nitride
or mullite, usually for enhancement of prop-
erties); and SiC, fully sintered. After PIP and
CLSI, TECNALIA employed final steps like
polishing, which took 35% less time than
traditional SiC components due to the good
surface quality of the print.

In the end, TECNALIA was able to deliver a
Si-SiC part that met CTE specifications as
well as demonstrated isotropic properties
and had no residual stresses. In terms of
lightweighting, the 3D printed design resulted
in mass savings of 15%, which will have an
impact on the payload cost for space mis-
sions. Dr. Agote concluded of the case study:
“The binder jetting process allowed us to
obtain parts close to the final component
specifications for geometry and surface
quality, and this significantly reduced the
cost associated with final operations.”

Currently, TECNALIA is continuing to work on
developing SiC materials for binder jetting
using the InnoventX platform as well as other
technical ceramics like tungsten carbide
cobalt (WC-Co) and alumina.

New applications, materials and more
Desktop Metal, for its part, is also work-

ing with other customers and partners

on developing technical ceramic binder
jetting applications. For instance, the com-
pany recently revealed a project led by
France-based Norimat, which is behind

the innovative FAST/SPS process (Field
Assisted Sintering Technology / Spark Plasma
Sintering). Norimat has been using Desktop
Metal’s InnoventX system and silicon carbide
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powder to produce a number of high-re-
guirement components including a turbine
blade, lattice gear and cutting tool. Norimat
is then employing its SPS technology to den-
sify the printed components in an efficient
way without the need for any post-process
infiltration.

Another notable application for 3D printed
silicon carbide is being developed by Ultra
Safe Nuclear (USNC) and involves designing
custom parts made from a nuclear-grade
SiC powder to surround nuclear fuel
particles.

Tungsten carbide cobalt (WC-Co), a cermet
made from a combination of a hard ceramic
(tungsten carbide) and cobalt metal, can
also be processed using Desktop Metal’s
binder jet technology. The material has
applications in machining and manufactur-
ing due to its hard nature and is particularly
interesting for the production of cutting

or drilling tools. Alongside its SiC activi-

ties, TECNALIA is working with WC-Co and
developing drill tools with built-in cool-

ing channels and tailored geometries.
Fraunhofer IKTS is also studying binder
jetting and WC-Co with a particular focus
on the “correlation between varying mor-
phologies of WC-Co starting powders, their
processability using [binder jetting] and the
resultant mechanical properties of sintered
components.” Specifically, researchers have
found that AM-specific WC-Co powders and
commercial WC-Co starting materials are
both viable for binder jetting.

Desktop Metal is itself also advancing
ceramic AM applications at its European
headquarters in Gersthofen, Germany.
There, a broad range of binder jet printing
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High-Requirement SiC Components, including a turbine
blade, lattice gear, cutting tool and more, produced on
an InnoventX by customer Norimat, which uses Spark

Plasma Sintering (SPS) technique to densify parts.

systems makes it possible to scale up
ceramic applications.

Other ceramic-based materials, including
Alumina (AL,0,), Aluminum Nitride (AIN),
Al-Infitrated Boron Carbide (B4C), enriched
Boron Carbide (10B4C), Boron Nitride (BN),
Carbon (C), Glass (Si02) and Sands (both nat-
ural and synthetic), can also be 3D printed
using Desktop Metal binder jetting and R&D
customers can qualify further ceramic
powders.

Ultimately, the ability to print technical
ceramics—even traditionally challenging
ones—using Desktop Metal’s binder jet-

ting is creating a new frontier in ceramic

AM that could open up many exciting new
applications in the world of advanced manu-
facturing. m
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< Quick Take

Mapping the AM hardware
companies that are enabling
the growth of technical ceramic
additive manufacturing

In various industries.
Companies include specialists
In photopolymerization,

binder jetting and more.

The ceramic additive manufacturing market
spans multiple technologies and applications.
The most dominant technological category

is vat photopolymerization, in which several
companies have developed resin printing
technologies based on SLA or DLP architec-
ture. Suitable ceramic materials for these
processes are monomer resins with high
ceramic content. Other important technolog-
ical categories include binder jetting, material
jetting, and various extrusion technologies
such as bound filament extrusion and paste
deposition.

The companies below represent some of the
major players in technical ceramics additive
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manufacturing in 2024. The list generally
focuses on companies prioritizing ceramics
AM over other technologies.

Photopolymerization
Lithoz

The overall market leader in additive man-
ufacturing of technical ceramics, Austrian
company Lithoz was founded in 2011

as a spinoff of the Vienna University of
Technology (TU Wien). It has developed a
number of DLP-style AM systems (includ-
ing industry-specific machines) under
the CeraFab name, though in 2022 it



demonstrated a new laser drying technology
on the CeraMax Vario V900 system, offering
the ability to print large 3D printed ceramic
components and dark ceramics like silicon
carbide with full density. Lithoz also provides
ceramic AM materials and some AM services.

Lithoz has partnered with numerous orga-
nizations including the US Department of
Energy’s Oak Ridge National Laboratory
(ORNL) and Colorado-based additive man-
ufacturing and medical device startup
SINAPTIC. In 2022, Lithoz acquired German
company CerAMing, the patent holder of the
Layer-wise Slurry Disposition (LSD)-Print

One of the current market leaders in additive manufacturing
of technical ceramics is Austrian company Lithoz.

ceramic 3D printing process. In 2024, the
company partnered with Himed, a lead-

ing US-based manufacturer of bioceramic
materials, to open a Bioceramics Center of
Excellence (BCoE) at Himed's headquarters
in New York.

Lithoz refers to the photopolymerization
technology behind its CeraFab systems as
Lithography-based Ceramic Manufacturing
(LCM). In the DLP-adjacent process, a
ceramic-loaded slurry is dispensed into a
transparent vat. A movable build platform
is dipped into the slurry from above, then
selectively exposed to visible blue light
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from below the vat. Layers are formed by photopolymerization of technical ceramics,

a digital micromirror device and projection 3DCeram uses a SLA-adjacent technology
system. After photopolymerization, the green it calls Fast Ceramics Production (FCP). The
parts are subject to debinding and sintering. company has developed several industri-
The larger CeraMax system uses a laser- al-grade ceramic AM systems designed for
based selective drying technology known as use in fields like aerospace, industrial, and
Laser-Induced Slipcasting (LIS). medical, as well as for the production of
foundry cores. 3DCeram also develops its
3DCeram own ceramics for AM.
Another major player in technical ceram- In 2017, Japan’s Sinto Group, the world’s larg-
ics is 3DCeram, based in Limoges, France. est provider of foundry equipment, acquired
Whereas Lithoz dominates the DLP-style a majority stake in 3DCeram. 3DCeram’s

Another leader, French company 3DCeram, uses a SLA-adjacent technology
for producing ceramic parts called Fast Ceramics Production (FCP).

Vd R
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AM partnerships include collaborative proj-
ects with SINTX Technologies, a Utah-based
manufacturer of advanced ceramics for
biomedical and technical markets, and aero-
space investment casting company Avignon
Ceramic, with which 3DCeram launched
United 3D Cores (U3DC) service, offering an
end-to-end investing casting service using
additively manufactured foundry cores. The
service is targeted at manufacturers of avi-
ation components, gas turbines, and other
industrial parts.

3DCeram printers use a top-down stereoli-
thography technology that can print without
supports. The tray moves down as the part
is built from the bottom up, enabling the
production of consistent parts with fine
details. The ceramic printing material is fed
into a cartridge at the beginning of the print-
ing cycle, with re-filling during the printing
cycle also possible. One machine equipped
with this technology is the C3601 ULTIMATE,
designed for serial printing, which offers a
build volume of 600 x 600 x 300 mm and
compatibility with oxide and non-oxide
ceramics.

Tethon 3D

Headquartered in Nebraska, Tethon 3D has
positioned itself as the leader in ceramic
material production for AM. Its offering
includes powder and binder for use with 3D
Systems Z Corp printers, as well as a large
number of photopolymerizable resins. Its
ceramic material brands include Tethonite
and Porcelite. Tethon 3D also offers a custom
material development service and sells its
own DLP-style 3D printers, including the
Gazelle and large-scale Mammoth, featuring
a build volume of 420 x 380 x 400 mm.

Tethon3D has DLP-style 3D printers like the
Gazelle and large-scale Mammoth, which has
a build volume of 420 x 380 x 400 mm.

TETHON 3D

M,

Tethon 3D holds a number of patents related
to ceramic printing and has worked with sev-
eral partners. In 2022, the company teamed
up with Japanese chemical company Showa
Denko to develop a high-purity alumina
material for photopolymerization AM. Other
Tethon 3D collaborators include Boston-
based 3D printing startup Fortify, for which
Tethon developed two ceramic materials,
Fortify High Purity Alumina (99.8%) (HP-A
99.8) and Low Shrink Aluminum Silicate (LS-
AS), using a Fortify FLUX CORE printer.

Admatec (Nano Dimension)

Netherlands-based Admatec was formed in
2012 by ceramic injection molding company
Formatec in association with the Energy
Research Center of the Netherlands (ECN),
one of Europe’s largest energy research
institutes. The company’s offering includes
several ceramic DLP printers under the
Admaflex name, as well as ceramic furnaces
and materials. The Admatec Admaflex 300
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Prodways provides on-demand ceramic AM manufacturing
services, custom material development, and silica and
alumina slurries for its MOVINGIight systems.

was built for applications such as silica shells
and cores for high-precision casting. Other
Admaflex machines can print parts contain-
ing a combination of polymers, ceramics,
and metals. Admatec's services include
on-demand printing and custom material
development.

In 2022, both Admatec and Formatec were
acquired by Israeli electronics 3D printing
company Nano Dimension. Since that take-
over, Admatec systems have been deployed
by organizations such as the Karlsruhe
Institute of Technology and Swiss technical
ceramics company Ceramaret. In early 2024,
Admatec joined PRoSPER0S-II, a research
project led by Maastricht UMC+ in the field
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of smart 3D printed implants for orthopedic
applications.

Prodways

Prodways Group, the French industrial AM
specialist, develops and sells ceramic DLP
printers under the MOVINGIlight brand name
via its Prodways Machines arm, also sell-

ing other types of AM hardware for dental
applications. As of 2024, the MOVINGlight
portfolio includes five different CERAM PRO
DLP systems. Prodways provides on-demand
manufacturing services, custom material
development, and silica and alumina slur-
ries for the MOVINGlIight systems developed
and qualified by technical ceramics company



SINTX Technologies. The partnership
between Prodways and SINTX began in May
2024, with SINTX supplying ceramic-filled
printable slurries to Prodways and assist-
ing in process development and customer
support. One high-profile user of Prodways
MOVINGIlight technology is California’s
Honeywell Aerospace, which is using a
CERAM PRO 365 top-down DLP machine
to print molds for turbine blades. Prodways
partners include Materialise, Arkema, and
BASF.

iLaser

Founded in 2016, Chinese company iLaser
develops and sells ceramic SLA 3D printing
equipment and materials, working across its
R&D and production bases in Suzhou, Wuhan,
Shenzhen, and Xianning. Its professional

and industrial-grade photopolymerization
printers are marketed under the CeraBuilder
name, and the company also offers ser-
vices such as material and application
development.

Machines in the iLaser portfolio such as the
CeraBuilder 3000P are capable of printing
high-viscosity ceramic materials that have
no fluidity at room temperature, therefore
exhibiting low shrinkage during sintering.
Material types include alumina, zirconia,
hydroxyapatite, tricalcium phosphate, silica,
and silicon nitride.

AON

Chinese company AON (not to be con-
fused with Canadian high-temperature
AM company AON3D) develops DLP sys-
tems for bio-ceramic AM under the ZIPRO
brand name, targeting dental, medical, and

industrial users. The company also offers
ceramic materials (zirconia powders and
binder coloring materials), software, train-
ing, and consultancy. AON specializes in the
direct printing of bio-ceramic artificial teeth
made from zirconia.

In 2021, the Korea Institute of Ceramic
Engineering and Technology validated AON
zirconia slurries for dental prostheses as
having a flexural strength up to 999MPa
(average 814MPa).

This surpasses the ISO 6872:2008 require-
ments, which specify a minimum strength of
300MPa.

Binder Jetting
ExOne / Desktop Metal

Tracing its roots back to 1995, binder jetting
specialist ExOne offers both sand and metal
printers, a range of materials and binders, and
on-demand parts and services. ExOne can be
considered the leader in sand AM, supporting
sand casting applications across industries.
Its S-Max and Exerial systems suit prototyp-
ing or serial production, enabling mold and
core production without patterns. One nota-
ble user of ExOne sand printing systems is
automotive company BMW.

In 2021, ExOne was acquired by
Massachusetts AM innovator Desktop Metal.
In July 2024, Desktop Metal was purchased
by electronics 3D printing company Nano
Dimension. Desktop Metal is increasing its
focus on the printing of technical ceram-

ics, with its X-Series system compatible
with materials like alumina and silicon car-
bide. Featuring a piezoelectric printhead, the
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X160Pro is the world’s largest binder jet-
ting 3D printer for the production of metal,
ceramic, and composite parts.

voxeljet

German company voxeljet is a leader in
industrial AM, providing machinery, material
validation services, and an on-demand pro-
duction service for the printing of sand molds
for metal casting. Industrial series produc-
tion systems from voxeljet can process sand,
while its VX200 and VX1000 binder jetting

In addition to silica sand, Desktop Metal is increasing its focus
on the printing of technical ceramics with its X-Series system
compatible with materials like alumina and silicon carbide.
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systems can process both sand and techni-
cal ceramic materials. The company offers
a material qualification service for materials
such as aluminum oxide, zirconium oxide,
mixed oxides, and also non-oxide ceramics
such as silicon nitride.

The German AM giant has worked with a
number of AM companies and adopters,
among them BMW, General Motors, and
Covestro. In 2023, voxeljet and GE Research
received $14.9M from the United States
Department of Energy (DoE) to develop the
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VX9000 system, a sand binder jetting 3D
printer capable of manufacturing massive
sand casting molds. In March 2024, voxeljet
voluntarily delisted from Nasdag.

Material Jetting

Xlet

Founded in 2005, Israeli company XJet is the
leader in ceramic material jetting, using its
proprietary NanoParticle Jetting technology
(NPJ) to simultaneously jet liquid suspensions
containing ceramic nanoparticles and soluble
support material nanoparticles. The pro-

cess is used in the XJet Carmel 1400C series,
which supports alumina and zirconia print-
ing. The company also markets an automated
water-based solution for post-processing
ceramic parts through support removal called
SMART.

In 2018, XJet opened a $10 million facility at
Rehovot Science Park in Israel spanning 8,000
square feet and housing one of the largest
collections of metal and ceramic AM sys-
tems. Users of its Carmel systems include
Italian high-tech company XOLUTIONS, Swiss
technical ceramics company Ceramaret,

and German technical ceramics company
CeramTec. In May 2023, XJet announced its
intention to list on Nasdag, but withdrew its
planned IPO the following month.

D3-AM

The other significant player in ceramic MJP
is D3-AM, a corporate startup of the Durst
Group, an Italian digital printing company.
D3-AM has developed a technology it calls
Micro Particle Jetting (MPJ) to offer complex,

D3-AM has developed a technology called Micro Particle
Jetting (MPJ) for large-format printing of technical ceramics.

large-format printing of technical ceramics
like sintered silicon carbide (SSiC). The tech-
nology is commercialized through the LABII
system, which uses intelligent droplet genera-
tion to build complex, dense components that
can be sintered conventionally.

Applications of the LABII include serial produc-
tion of heat exchangers and sintered silicon
carbide impellers. When stacked, 280 units

of a 35 mm impeller can be printed during

a single print job. Target applications for the
company include parts with densities above
99%, parts with wall thicknesses of 20 mm or
more, and complex freeform parts with fea-
tures like deep internal channels.

Extrusion
Nanoe

French company Nanoe, founded in 2008,
specializes in developing and producing
cutting-edge materials, including ceramic
nanopowders for nanotechnology and bound
ceramic (alumina and zirconia) 3D printing fil-
aments. These filaments, launched under the
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Tritone’s MoldJet process uses inkjet heads that deposit
ultra-thin layers of a proprietary mold material to form
a mold, which is then filled with a ceramic paste.

Zetamix brand, were introduced in 2018 and
are compatible with most material extru-
sion 3D printing platforms, though Nanoe
sells modified printers from California com-
pany Raise3D that are configured specially
for Zetamix filaments. Printed parts require
debinding and sintering.

In 2021, Nanoe announced the opening of a
€2M 3D printing facility to double its material
production capacity. In 2022, the company
announced a partnership with fellow French
AM company KIMYA to bring Zetamix to
North America and a separate deal with the
Royal Netherlands Navy to explore the pos-
sibilities of equipping ships with Zetamix
systems.

Xerion

Berlin-based Xerion, formerly best known for
its furnaces and other industrial equipment,
made its entry into metal and ceramic 3D
printing in 2018 with the launch of the Fusion
Factory platform for bound ceramic fila-
ments. This open, modular system comprises
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an extrusion 3D printer, a debinding unit, and
a sintering furnace, with one notable advan-
tage being the ability to make multi-material
parts. The company offers the Fusion Factory
in Compact, Extended, and XS versions.

InJuly 2021, Xerion announced a partnership
with Listermann Technology, a Liechtenstein-
based industrial services provider
specializing in material and process optimiza-
tion. In May 2024, a Xerion Fusion Factory XS
system was successfully commissioned at
the US Naval Surface Warfare Center Carde-
rock Division (NSWC-CD) in Maryland.

Tritone

Israeli company Tritone has developed

a ceramic extrusion technology it calls
MoldJet, designed to bridge the gap between
prototyping and mass production using
metals and technical ceramics such as alu-
mina. The unique technology uses inkjet
heads that deposit ultra-thin layers of a pro-
prietary mold material to formm a mold, which
is then filled with a ceramic paste, of which
any excess is scraped away to ensure a flat
layer. Heat is then applied to harden the
paste. The technology is demonstrated in
two systems, the flagship Dominant system
and the mid-range Dim, which can make
high-density alumina and zirconia parts.

Tritone opened a North American subsidiary
in 2022, following up that move with several
global distribution partnerships. As of 2024,
users of the Tritone MoldJet platform include
Israeli hardware company Impact Labs,
Italian binder jetting specialist Cor.Sa 3D, and
on-demand manufacturers such as INVOSYS
(France) and FreeFORM Technologies
(Pennsylvania). m
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< Quick Take

Italy’s Durst Group has (co)
founded a corporate startup,
D3-AM, which has developed
a material jetting technology
called Micro Particle

Jetting that Is specifically
engineered for processing
technical ceramics.

Large, thick-walled, and ultra-dense parts
made from technical ceramics are all diffi-
cult to realize with vat photopolymerization
AM technologies, and current systems using
other technologies come with high pro-
duction prices. That's why D3-AM GmbH,

a corporate startup of Italy’s Durst Group,
has developed a material jetting technology
called Micro Particle Jetting (MP)) to offer
larger, complex ceramic printing in a more
economically attractive package.

The Durst Group, headquartered in the Italian
town of Brixen, South Tyrol, made its name
as an inkjet printing specialist. With the
establishment of corporate startup D3-AM,
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the company is focusing its expertise and
experience on the 3D printing of technical
ceramics like sintered silicon carbide (SSiC).
Just as the Durst Group contributed notable
innovations to 2D inkjet printing—introduc-
ing a process for digital printing on tiles, for
example—it believes D3's unique MPJ tech-
nology can disrupt ceramic AM.

This eye-catching ceramic printing tech-
nology has been installed in the LABII
printing system, which was demonstrated at
Formnext 2023 and offers a serious alterna-
tive to systems from other material jetting
hardware vendors.



Micro Particle Jetting explained

D3 developed its Micro Particle Jetting
technology, a kind of material jetting, for
the printing of highly concentrated, water-
based ceramic suspensions. At present, D3
Is focusing on the development of alumina
and silicon carbide (SSiC and RBSIiC) ceram-
ics, though it plans to significantly expand its
material portfolio by working with research-
ers and businesses. These materials all
offer outstanding heat, abrasion, and chem-
ical resistance, making them suitable for
high-performance applications.

The unique selling point of MPJ compared

to other material jetting technologies is a
specially developed printhead that allows a
drop-by-drop and layer-by-layer application
using water-based, highly abrasive ceramic
slurries. These slurries are filled in a liquid
state, removing the costly and labor-intensive
process of powder handling. The printhead,
the concept for which was developed by the
Durst Group over more than a decade and
which has now been specially adapted by D3
for additive manufacturing, can process par-
ticle sizes up to D99 of 60 ym and is robust
against sedimentation-prone fluids.

o1



“MPJ technology enables our customers to
manufacture highly complex ceramic parts
with material properties as known from con-
ventional manufacturing and demanded by
the industry,” explains Stefan Waldner, Chief
Product Officer at D3.

The LABII system

As of 2024, D3 offers a single ceramic AM
system carrying its MPJ technology. That is
the LABII, a robust printing system with a
platform size of 240 x 400 mm and a build
height of up to 140 mm. The machine uses

LABII has been used to print components such as heat
exchangers and sintered silicon carbide impellers.

intelligent droplet generation to build com-
plex, dense components that can be sintered
conventionally.

The printing platform is designed for the
printing of technical ceramics like alumi-
num oxide and silicon carbide ceramics

that can be turned into high-performance
parts like heat exchangers, impeller pumps
for chemically aggressive liquids, and avia-
tion components. Notably, feedstock for the
LABII can include raw materials used in con-
ventional manufacturing, which makes the
technology economically attractive whether

Image: D3
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the user plans to fabricate conventional parts
or highly complex designs that would have
previously been impossible to manufacture.

The LABII also boasts a handful of special
features that improve ceramic printing per-
formance. These include a camera system
for monitoring in-progress builds, intelligent
maintenance units that ensure smooth and
continuous production, a second printhead
for support material, and dedicated software.
The printer is currently going through beta
testing along with select partners.

Oliver Ungerer, Head of Machine
Development, adds: “Our extensive exper-
tise in developing complex industrial inkjet
systems, gained within the Durst Group,
will ensure that the LABII system becomes
a high-performance and stable production
system in the future.”

Potential applications

The ceramic 3D printing hardware market

is far from saturated, and D3 believes it has
carved out a niche in affordable material
jetting of technical ceramics, with a focus
on larger and highly dense parts. Some suc-
cessful prints made on the LABII include
heat exchangers and sintered silicon carbide
impellers. Thanks to the large build volume
of the LABII, up to 40 of these impellers can
be arranged on the bed, with the potential to
stack the parts and print 280 units per print
job.

Target applications for MPJ include parts with
densities above 99%, parts with wall thick-
nesses of 20 mm or more, and complex

freeform parts with features like deep internal
channels. Other potential use cases include
parts made from dark materials like silicon
carbide and silicon nitride. However, D3 thinks
its AM system offers the performance and
flexibility to allow a broad range of end-us-
ers to elevate their industrial manufacturing
performance.

“With D3, we are setting new standards in the
additive manufacturing of technical ceram-
ics,” says Christoph Gamper, CEO of the Durst
Group and D3-AM. “Our goal is to constantly
push the boundaries of what is possible and
offer our customers innovative and custom-
ized solutions that not only provide added
value to them but also to their customers. We
aim to understand and meet our customers’
needs to optimize the value chain and ensure
sustainable success.” m
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