
Advanced Materials
How cutting edge materials are shaping 
the future of additive manufacturing

Insights



About
3dpbm is a leading AM industry media company. 3dpbm 
publishes 3D Printing Media Network, a global editorial website 
that has grown to become a trusted and influential resource for 
professional additive manufacturing.

Contact
info@3dpbm.com
www.3dpbm.com

Cover image: © Lithoz GmbH
Other image credits on Page 52

© 2020 3D Printing Business Media Ltd. All Rights Reserved.

We at 3dpbm are proud to present the fourth edition of our AM 
Focus eBook. This month, our publication will spotlight a far-reaching 
and fascinating topic within the additive manufacturing industry: 
Advanced Materials.

Though the spectrum of advanced materials is broad, for the 
purpose of this publication we have narrowed the scope to look at 
what we consider to be the leading groups of advanced materials 
today: ceramics, fiber-filled composite polymers, refractory metals 
and PAEK family polymers. These groups of materials represent the 
cutting edge of additive manufacturing and are creating numerous 
opportunities across the aerospace, automotive, defense, medical, 
electronics and dental industries, among others. 

In the following pages, you will find an in-depth analysis of the 
advanced materials landscape as well as a glimpse into the work 
of some of the leading companies in ceramics and advanced 
composites. These companies, like most that work in advanced 
materials for AM, are driven by innovation and have a unique vision 
for the future of AM. Our AM Focus eBook will also map out a number 
of materials and AM companies that are pushing the boundaries of 
advanced materials and their production.

Tess Boissonneault 

Editor in Chief, 3dpbm
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At the fringe of the 
fringe of manufacturing

How technical ceramics, continuous fibre composites, 
refractory metals and high-performance polymers are 
shaping the future of additive manufacturing

We could argue that polymer and metal 
additive manufacturing are not just the 
future of manufacturing but also the 
present for many segments of advanced 
manufacturing. There is, however, a 
segment of additive manufacturing that 
can be considered its future: advanced 
materials. There is no clear cut definition 
of advanced materials and there are many 
types of compounds that can be considered 
advanced. At 3dpbm, we consider advanced 
materials those that have shown potential 
for use in AM technologies and which—for 
their complexity and performances, and for 
the skills that processing them requires—
represent the outer fringe of what’s 
commercially possible.

At 3dpbm, we have identified five types 
of advanced materials used in additive 
manufacturing. In terms of mechanical 
performances and potential for adoption, 
technical ceramics (such as alumina and 
zirconia) are the most important advanced 
material segment. Second is composites, 
especially continuous fiber composites. 
These materials are highly desirable for a 
large number of reasons, however they are 
farther away from becoming a widespread 
commercial segment when compared to 
technical ceramics. 

The next two segments are made up of 
materials that represent the fringe of AM 
material science within the traditional 

Source: 3dpbm elaboration of SmarTech Analysis data
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Automotive oil pump printed with SABIC’s ULTEM AM9085F 
filament after the AMS31F support filament has been removed.1

polymer and metal material segments. The 
most advanced materials being studied 
(and implemented) for metal AM today are 
refractory metals such as tungsten and 
molybdenum. While these materials are very 
hard to shape with any technology, they 
are  very desirable in terms of mechanical 
properties and 3D printing can open new 
opportunities for complex parts in this area. 
The most advanced materials in the polymer 
segment are the PAEK family polymers such 
as PEEK and PEKK, as well as some other 
materials that are considered advanced as 
far as additive manufacturing is concerned, 
such as TEFLON.

The fifth and final category pertains to 
bioprinting and will be only touched upon 
marginally in this eBook. This category, 

commonly referred to as “4D materials”, 
consists of materials that continue to evolve 
or change even after they have been formed 
into parts (for example, cellular-based 
materials or shape-memory materials).

Combined, all these materials can grow into 
a significant $1.8 billion business opportunity 
over the next decade. This figure includes 
the materials used, however the overall 
business in segments such as ceramics and 
composites can also be extended to include 
dedicated AM hardware. In all cases, an even 
greater revenue figure can be assigned 
to high-value 3D printed parts built using 
advanced materials. Perhaps even more 
importantly, advanced materials are going to 
make it possible to build things that have not 
yet even been imagined. Let’s discover them.

process using any AM technology and nearly 
all current applications are based on reaction 
bonded silicon carbide (RBSiC). Processes 
that do not require light or direct heat as an 
energy source during the printing process—
like binder jetting and bound powder 
extrusion— are better suited as SiC is a dark, 
heat resistant material that does not easily 
let light through.

Another carbide ceramic used in binder 
jetting additive manufacturing is boron 
carbide. This is an extremely hard boron–
carbon ceramic and covalent material used 
in tank armour, bulletproof vests, engine 
sabotage powders, as well as numerous 
industrial applications.

Leading Technical Ceramics AM 
Technologies

Ceramics today can be 3D printed 
commercially using four of the five major 3D 
printing process families: stereolithography, 
binder jetting, material extrusion and—
to a limited extent—material jetting. No 
significant commercial applications exist 
today for laser or thermal-based powder bed 
fusion (PBF) of ceramic materials. Research—
especially focusing on hybrid processes and 
materials (ceramic-metal alloys, ceramics 
with a high metal content, binder jetting—
PBF hybridization) is ongoing.

The primary technology for processing 
technical ceramics is stereolithography. 
Ceramic stereolithographic processes use 
slurries made from ceramic powders and a 
polymeric matrix to produce green parts. The 
ceramic powder is homogeneously dispersed 
in a photocurable monomer system and 
selectively polymerized using mask exposure. 

AM of technical ceramics

Technical ceramics are highly specialized 
materials with superior mechanical, 
electrical, thermal, biological and chemical 
properties with respect to both metals 
and plastics. Depending on the level of 
optimization, these materials can include 
compounds based on—as well as pure forms 
of—zirconia, alumina and silica.

Technical ceramic materials

Based on zirconium, a strong, malleable and 
costly metallic element, zirconia (zirconium 
dioxide) is a strong substrate that offers 
unique properties such as high resistance 
to fractures, abrasion and temperature, as 
well as a low friction coefficient and high 
refractory properties. Zirconia is used in the 
aerospace and nuclear industries and, in 
particular, in the dental industry.

Alumina (aluminium oxide) is the most 
widely used and cost-effective oxide ceramic 
material. Properties include high mechanical 
strength (flexural strength) and hardness, 
high wear and chemical resistance, high 
stiffness, excellent insulating properties, 
a low coefficient of thermal expansion as 
well as good fracture toughness, thermal 
conductivity and biocompatibility.

Technical silicon-based ceramics primarily 
include non-oxide ceramics such as nitrides 
and carbides. Silicon Carbide (SiC, SSiC, 
SiSiC) behaves almost like a diamond. It is 
not only the lightest, but also the hardest 
ceramic material and has excellent thermal 
conductivity, low thermal expansion and is 
very resistant to chemical agents. In general, 
silicon carbide materials are very difficult to 
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The leaders in ceramic stereolithography 
today are Austrian company Lithoz and 
French company 3DCeram, who have 
adopted different approaches: 3DCeram has 
focused on laser stereolithography and offers 
the largest build platform on the market with 
its production system, the C3600 ULTIMATE. 
Lithoz uses a DLP stereolithography approach 
and has developed a system based on 
multiple networked CeraFab 65 machines for 
high productivity.

Binder jetting can also be used in some 
cases and generally provides a faster and 
more scalable solution when compared 
with other 3D printing technologies. Binder 
jetting is used primarily to process traditional 

ceramics such as sand and cement, but 
more recent approaches have seen the 
technology used for technical ceramics 
such as alumina, as well as non-oxide 
ceramics that cannot be processed using 
stereolithography, such as silicon carbide 
and boron carbide. Other processes that 
have emerged include NanoParticle Jetting 
(a type of material jetting) and extrusion of 
bound ceramic filaments in a thermoplastic 
matrix. Today, both sand binder jetting 
leaders, ExOne and voxeljet, offer technical 
ceramic processing capabilities.

Technical ceramics 3D printing is one of the 
most rapidly growing segments, not just 
within the 3D printing industry, but also 

within the overall ceramics industry. It is 
expected to continue to grow very rapidly 
especially in terms of system capabilities for 
serial production and materials availability. 
Much like metal and advanced polymers, 
technical ceramics have undergone a period 
of intense experimentation and validation 
for actual part production. We now see 
these processes being integrated into the 
production capabilities of adopters for a 
broad range of industrial applications.

Based on SmarTech’s 2020 analysis and 
forecast of the Ceramics AM market, the 
overall industrial sector for AM of technical 
ceramics (not including biomedical materials 
and applications) – including hardware, 
materials and application revenues or 
revenue equivalent – will grow into a $3.1 
billion yearly revenue opportunity by 2030. 

Seen below, final parts value for technical 
ceramic parts will continue to represent 
the most significant opportunities, driving 
the market for the medium to long-term 
future. Compared to relatively small revenues 
generated by technical ceramic materials, this 
trend indicated that—in ceramics AM more 
than in any other material family—the value is 
in the applications. This means that additively 
manufacturing a ceramic part increases the 
value of the material by several times.

AM of continuous fiber composites

In general, composite materials used in 
AM incorporate a structural fiber and a 
thermoplastic material matrix. These materials 
are generally known as Fiber Reinforced 
Plastics (FRP). The fiber is used to provide 

Dutch ceramics manufacturing company FORMATEC  
offers in-house ceramic 3D printing services.2
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Continuous Fiber Composite AM Revenues ($USM) by Segment
COVID-19 Impact Coefficient: LOW
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increased strength to the composite, while the 
plastic polymer matrix holds it together. The 
plastic matrix can be either a thermoset resin 
material (a material that hardens with heat) 
or a thermoplastic (which hardens as it cools 
down). Traditional composite manufacturing—
especially with carbon fiber—is based on 
thermosets (i.e., epoxy resins), however, 
materials scientists discovered increased 
benefits from using high-performance 
thermoplastic matrices made of materials 
such as PEEK and other PAEK family materials 
like ULTEM (PEI) and PEKK. This plays 
favourably toward direct 3D printing processes 
for composite materials manufacturing.

Although significantly harder to achieve, 
fibers used in AM can be continuous. Because 
these materials have the most desirable 
properties, they will be the main focus 
for composites in this eBook. Continuous 
fibers can be unidirectional (linear) for 
easier processing, or woven (interlaced) 
to maximize mechanical properties. They 
can also be covered by a plastic matrix 
(either a thermoset or a thermoplastic) 
before processing. In this case they are 
referred to as “prepregs” (pre-impregnated). 
Processing continuous fibers by AM requires 
advanced extrusion capabilities. Fibers can 
also be discontinuous. These are generally 
referred to as “chopped fiber” and are 
separated between long and short (milled) 
fiber, depending on the length of the fiber 
segment. Chopped fibers can be used in a 
much larger range of AM processes, including 
filament- and pellet-based thermoplastic 
extrusion or selective laser sintering.
 
The composites market is very fragmented. 
According to various estimates, it is 
expected to be worth around $120 billion 

in 2023 (growing from $70 billion in 2015), 
thus making it a very significant segment 
of advanced manufacturing. Composite 
materials consumption, including CFRP 
(Carbon fiber Reinforced Plastics), GFRP 
(Glass fiber Reinforced Plastics) and AFRP 
(Aramid fiber Reinforced Plastics), is 
expected to grow at rates above 10% YoY. The 
same is true for additive manufacturing. The 
implementation of highly automated AM 
processes in the production of composite 
parts could lead to a potentially exponential 
growth opportunity.

The overall market for continuous fiber 
composite 3D printing will evolve into a 
$1.8 billion global business by the end of 
this decade with an overall composite 3D 
printing market, (including all chopped fiber 
3D printing by large format extrusion and 
powder bed fusion) that could evolve into 
an over $10 billion opportunity according 
to SmarTech’s forecasts. The figure for 

Anisoprint has brought to market a cartesian extrusion 3D 
printing technology for pre-preg carbon fiber composites.3

the continuous fiber composites includes 
hardware, materials (both matrix and 
reinforcements) and parts, which are expected 
to be the primary added value segment.

Continuous fiber AM Market Leaders

The hardware and materials market for 3D 
printed continuous fiber composites, once 
entirely represented by a single company, 
Markforged, has recently seen a number 
of new players entering the segment with 
commercially available solutions.

Markforged, a Somerville, Massachusetts-
based company, was the first to develop 
a method of 3D printing composite parts 
containing continuous fibers. This approach 

is not intended to compete with traditional 
woven continuous fiber composite part 
manufacturing but is intended as a metal-
replacement technology. Markforged’s 
technology is referred to by the acronym 
CFF (Continuous Fiber Fabrication), and 
it combines materials extruded through 
a thermal extruder with fibers extruded 
through a second device in the machine. 
The company developed a thermoplastic 
(nylon) blend specifically formulated for 
good adhesion to carbon fiber, which does 
not require autoclave post curing. The 
Markforged cartesian extrusion deposits 
layers of unidirectional composite in a user-
defined orientation that can be specified by 
layer. This process is based on assumption 
that, in general, unidirectional composites 
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have a higher strength-to-weight ratio in the 
preferred fiber orientation than composites 
made with woven fabrics. Its limit is that 
Z-direction part strength is limited to the 
polymer matrix layer adhesion.

The first company to challenge Markforged 
was Russia-based Anisoprint, which 
developed a similar cartesian extrusion 
approach. Anisoprint’s systems operate with 
a large variety of different thermoplastics, 
including PC, PLA, TPU and PETG, along with 
more traditional nylon. The carbon fiber used 
by Anisoprint is pre-preg in a thermoset 
matrix, which is heated up just enough (by a 
heating system placed near the carbon fiber 
extruder) to be shaped as it is deposited. This 
means that the final parts produced on an 
Anisoprint system are an ideal mix of fiber, a 
thermoset and a thermoplastic. 

More recently, another challenger, 
Switzerland based 9T, entered the market 
with the Red Series, an all-in-one solution 
for composite series production based 
on its Additive Fusion Technology (AFT). 
Focusing on the mass-production of high-
performance composites, the Red Series 
automates the production workflow using 
fibrify, a software as a service (SaaS) suite 
powered by integrated FEA simulation. The 
software runs the Build Module, a cartesian 
extrusion system that supports high 

temperature matrix materials such as PEEK, 
and the Fusion Module, which consolidates 
the parts for end-use structural applications. 

Other companies such as Desktop Metal and 
Arevo Labs have also entered the continuous 
composite 3D printing market with 
commercial products. Desktop Metal’s fiber 
3D printer is based on a technology called 
micro automated fiber placement (μAFP). 
The process enables users to print parts from 
a broad range of plastics with high strength 
and stiffness by automating the application 
of woven fibers to 3D printed parts. 

AREVO Labs was one of the first companies 
to ever develop a continuous fiber 3D printing 
system based on a patented laser-based 
directed energy deposition (DED) in-situ 
consolidation process. The closed loop process 
combines robotics and software to produce 
composite parts rapidly and affordably. 
AREVO’s Aqua 3D printer is now available 
through a MaaS subscription program, using 
carbon fiber supplied by Hexcel.

AM of refractory metals

Additive manufacturing is now being 
investigated as a potential process to 
innovate and expand the capabilities of a 
family of exotic materials which are grouped 
under the name refractory metals. The 

“The hardware and materials market for 
3D printed continuous fiber composites 

has recently seen a number of new players”

term refers to a class of metals that is of 
significant importance across the globe’s 
industrial market, and includes elements 
such as tantalum, tungsten, molybdenum 
and niobium. 

Refractory metals are extraordinarily 
resistant to heat and wear. The most 
common definition includes five elements: 
two of the fifth period (niobium and 
molybdenum) and three of the sixth period 
(tantalum, tungsten, and rhenium). They all 
share some properties, including a melting 
point above 2000 °C and high hardness at 
room temperature. They are chemically inert 
and have a relatively high density. Their high 

melting points make powder metallurgy – 
of which powder bed-based AM processes 
and MIM are segments - the method of 
choice for fabricating components. Common 
applications include tools to work metals at 
high temperatures, wire filaments, casting 
molds and chemical reaction vessels in 
corrosive environments. Partly due to the 
high melting point, refractory metals are 
stable against creep deformation even in 
very high temperatures.

Additive manufacturing’s ability to increase 
the efficiency of material use in direct 
manufacturing of metal parts, while also 
enabling the cost-effective production of 

SGL Group produces carbon and graphite components using ExOne 
binder jetting technology under the brand name CARBOPRINT.4
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a wider variety of parts in low to medium 
volumes, is of particular significance in 
refractory metal processing. The metal 
additive market has notably developed in 
areas where the high-performance nature of 
refractory materials is welcomed, including 
aerospace, defense, orthopedics and 
nuclear energy, thus creating a synergy in 
development efforts for AM of these metals.

Additive solution providers operating in 
the industry remain eager to expand the 
applications for which their machines 
are used, and as a result have become 
increasingly proactive in exploring 
opportunities in processing refractory 
metals. Expansion into new classes of 
high-performance materials appears 
to be a logical progression, enabled 
by collaborations between machine 
manufacturers, metal materials producers 
and part manufacturing companies. 

How refractory metals are used in AM

One of the most widely appreciated 
refractory metals now used in AM is 
molybdenum – or “Molly”– which is used in 
laser-based powder bed fusion processes. 
Spherical molybdenum powder is available 
for PBF 3D printing from firms such as 
Tekna, H.C. Starck, Global Tungsten & 
Powders Corp. and Heraeus. Molybdenum 
has also been qualified for metal binder 
jetting at an R&D level by ExOne.

Additive manufacturing of tungsten 
and tungsten alloys is already offered 
through laser-based powder bed fusion 
manufacturing services by a number of firms 
including Wolfmet Tungsten Alloys, Plansee, 
Smit Röntgen and MTI. In 2019, ExOne 

Company and Global Tungsten & Powders 
Corp. (GTP) entered into a collaboration to 
qualify tungsten-based metal 3D printing 
using binder jetting for AM services.

Tantalum has potential for use in the 
orthopedic implant industry because 
of its superior cyto-compatibility and 
biocompatibility compared to Ti-64. Sciaky’s 
EBAM wire-based directed energy deposition 
technology supports tantalum. Tantalum 
AM powder suppliers include H.C. Starck 
Tantalum & Niobium GmbH, Metalysis, Tekna, 
Pyrogenesis and LPW Technology. Notably, 
LPW Technology, now part of Carpenter 
Technology, and Global Advanced Metals 
Pty Ltd (GAM) are cooperating to further 
demonstrate the suitability of spheroidized 
tantalum metal powder for 3D metal printing.

Niobium additive manufacturing has 
demonstrated potential for exotic 
applications in space, energy and research. 
AM is a sought-after manufacturing method 
in these application segments largely 
because of increased geometric freedom in 
part design. Both H.C. Starck and Heraeus 
have been proficiently producing niobium 
AM powders using various forms of gas 
atomization technology.  Recently, ATI 
Specialty Materials developed a proof-of-
concept niobium rocket engine nozzle.
AM exploration is also ongoing for other 
metals that are sometimes included along 
with the four primary refractory metals 
studied in this report, including vanadium. 

As seen above, total revenues today from 
refractory metal powder sales in the AM 
segment are a very small niche of powder 
metallurgy, which has been estimated to 
be worth nearly $8 billion worldwide in 

2018, generating an estimated $35 million 
worldwide in 2020, up from $26 million in 
2014. Several material manufacturers now 
offer a variety of refractory metal powders 
which require a greater level of suitability 
for AM processes, especially as commercial 
production of components takes off . 
The segment is expected to be impacted by 
COVID-19, causing a flattening of the growth 
curve through the end of 2021. This will be 
followed by faster adoption starting in 2022, 
as research projects come to fruition and 
refractory metals become increasingly used 
in high throughput, next-generation bound 
metal additive processes. 

By 2030, around $600 million in revenues 
from the sale of refractory metal powders 

will be generated. We expect that refractory 
metal AM will grow significantly within this 
timeframe, but will remain a very high value 
and protected subsegment of the market 
where material costs remain relatively high as 
most engagements are based around lower 
volume, high value specialty components.

AM of high performance polymers

The most advanced materials in polymer 
3D printing, sometimes also referred to as 
high performance polymers, are represented 
primarily by a family of materials known 
as polyaryletherketones, or PAEK. These 
high performance thermoplastics, which 
can be processed in AM today using 
thermoplastic extrusion or laser powder 
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bed fusion processes,  are gaining in many 
areas classically reserved for metals and are 
competing with other polymers by helping 
improve yields and efficiency, enhance 
performance and reliability in safety critical 
applications, enable miniaturization, save 
weight and energy and reduce costs. 

With increasingly demanding requirements, 
applications in the aerospace, automotive, 
semiconductor, electronics, oil and gas and 
medical sectors predominate this trend.

The most common PAEK material used in 
AM today is polyetheretherketone (PEEK), 

an engineering thermoplastic characterized 
by an unusual combination of properties, 
including high-temperature performance, 
high mechanical strength and excellent 
chemical resistance. PEEK materials are 
likely to be a key driver for the use of AM 
technologies in mass production, and can 
be 3D printed by a large variety of filament 
extrusion systems as well as EOS powder bed 
fusion 3D printers. 

The first high performance plastic to be 3D 
printed was PEKK, polyetherketoneketone, 
which is a semi-crystalline thermoplastic in 
the PAEK family with high heat resistance, 

PAEK Polymer AM Revenues ($USM) by Form Factor
COVID-19 Impact Coefficient: HIGH
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chemical resistance and the ability to 
withstand high mechanical loads. PEKK 
was initially only 3D printable by powder 
bed fusion, through a proprietary process 
developed by Oxford Performance Materials. 
Today, it is also available as a standard 
filament for Stratasys machines as well as 
an industrial-grade generic filament for 
extrusion 3D printers.

Another semi-crystalline material to consider 
is PVDF, which Solvay offers as Solef PVDF 
Filament. Polyvinylidene fluoride is a semi-
crystalline, high purity thermoplastic 
fluoropolymer. With service temperatures 
up to 150°C, it displays a good combination 
of properties including high chemical 
resistance and mechanical strength, 
piezoelectric and pyroelectric properties, as 
well as good processability and long-term 
performance up to 120°C.

There are many producers and compounders 
of modified PEEK polymers in the world 
including Lehmann & Voss (LUVOCOM), 
RTP Company (RTP 2200 Series), Victrex 
(VICTREX, PEEK VICOTE), SABIC (LNP 
THERMOCOMP, LNP LUBRICOMP, LNP 
STAT-KON), Solvay (KetaSpire, Solviva Zeniva, 
Tribocomp) and Evonik (VESTAKEEP). Most of 
these companies also hold significant stakes 
in the additive manufacturing industry.
In terms of generated revenues, PAEK 
materials for all 3D printing technologies 
– including materials in filament and 
pellet form for extrusion, or powders for 
PBF processes – can evolve into a highly 
significant, opportunity worth nearly $500 
million in yearly revenue, from just under 
$80 million in global turnover. COVID-19 
related economic challenges are expected to 
significantly affect growth in the short term 

through 2022. Filaments are expected to 
remain the most common form factor.

A peek at PAEK material extrusion

Filament extrusion methods are the 
most commonly used for 3D printing 
with PEEK. Despite this, Stratasys, 
the leading thermoplastic extrusion 
system manufacturer, does not offer 
this material. Instead, the company has 
recently introduced PEKK filament for its 
industrial system under the brand name 
Antero 800. The Stratasys PEKK material is 
recommended for components exposed to 
hydrocarbons, such as fuels and lubricants, 
as well as many acids. Additionally, low 
outgassing allows PEKK to be used in 
confined spaces and sensitive environments, 
for applications like satellites where 
materials may not outgas under vacuum. A 
high operating temperature makes it viable 
for production of components under the 
hood or in engine compartments.

The first company to introduce PEEK in a 
generic filament extrusion 3D printer was 
Apium. Today, the company that is expected 
to have the largest number of installed 
filament extrusion 3D printers for PEEK is 

Montreal-based AON3D’s 3D printing platform is 
compatible with high performance materials, such as 
PEEK, Carbon Fiber PEEK and ULTEM 9085.5
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Roboze. Recently, the Italian industrial 3D 
printer manufacturer introduced the large 
format Argo system,  which specifically 
targets PEEK and other advanced 
thermoplastics with its HVP Extruder 
that can reach temperatures up to 550°C 
and can process high viscosity polymers 
like PEEK, Carbon PEEK composites 
and ULTEM AM9085F. The Argo has a 
thermostatic, dehumidified and controlled 
printing environment capable of reaching 
180°C, which offsets the deformation of 
thermoplastic materials, particularly for 
larger parts.

While many were initially skeptical regarding 
the possibility for generic FFF system 
manufacturers to effectively print PEEK 
parts, several material manufacturers began 
producing and offering PEEK filaments. 
Major plastic manufacturers such as 
SABIC, Solvay and Victrex have made some 

significant investments in this area. Smaller 
companies specializing in 3D printing – such 
as 3DXTECH in the US, 3D4Makers in the 
Netherlands and TreeD Filaments in Italy 
– have either offered PEEK and composite 
PEEK filaments to their clients or provided it 
to 3D printer manufacturers.

Today, plastics giant Solvay is considered to 
be the market leader for PEEK filaments, 
as the company launched two filaments 
leveraging Solvay’s high-performance 
KetaSpire polyetheretherketone (PEEK) 
polymer: a neat PEEK product and a 
10-percent carbon-fiber-reinforced grade. 
Both PEEK filaments are designed to allow 
excellent fusion of printed layers, enable 
high part density and deliver exceptional 
part strength – even along the z-axis. In 2019, 
Solvay announced that it would be working 
with Roboze (along with Stratasys) to further 
develop its PEEK and PEKK offer.

Lehmann & Voss (Lehvoss) also introduced 
the LUVOCOM 3F brand for filaments 
based on LUVOCOM PEEK. The product line 
includes two materials: the LUVOCOM 3F 
PEEK 9581 NT, an unfilled PEEK grade used 
by Roboze, and the LUVOCOM 3F PEEK 9710 
BK, a carbon-fiber reinforced PEEK grade. 
Lehvoss produces and supplies the pellets, 
while filaments are available from partners 
and the company is looking to work to meet 
specific market demands. 

A PEEK and a PEKK at laser sintering

PAEK polymers are stable at high 
temperatures. Their heat tolerance 
necessitates hotter material beds and energy 
sources in order to effectively 3D print. This 
increases the energy consumption levels 

An acoustic liner component for the aerospace industry 
3D printed by Roboze using EXTEM AMHH811F filament.6

Oxford Performance Materials (OPM) is a leader in PEKK applications and uses a modified version of 
EOS machines and a proprietary process called high-performance additive manufacturing (HPAM).7

of the laser sintering equipment, driving 
the total cost of production for high-grade 
thermoplastic laser sintered parts. In general, 
the market for PAEK printing is tied to “high 
temperature” systems which are developed 
and sold as specialized printers due to the 
engineering requirements of creating a 
system that can reliably print materials 
with very high melt temperatures. Printing 
of PAEK polymers is also much slower 
than printing more standard materials like 
polyamides because of the melting and 
temperature control requirements.

A pivotal factor in the market for all 
thermoplastic powder materials outside of 
non-standard polyamides is whether or not 
they will be able to be reliably processed by 
the incoming generation of thermal-based 

PBF systems, such as those from HP. With 
laser sintering properties of materials such 
as PEKK having spent over five years in 
development through various commercial 
entities, it may be some time before 
advanced thermoplastic powders become 
usable for alternate powder bed fusion 
approaches (if at all). 

In the short term, PBF processes will likely be 
used for the most advanced and critical uses 
of polymers in AM, while material extrusion 
may offer value in creating less critical 
components but at a lower cost per part for 
one-offs or very small volumes of parts.
Leading laser sintering system supplier EOS 
offers its own certified EOS PEEK HP3 material, 
making it the only current provider of a readily 
approved advanced thermoplastic powder for 
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its polymer powder bed fusion technology. 
German company RAUCH has developed 
significant expertise in PEEK 3D printing both 
by laser sintering and filament extrusion.

Among the larger polymer manufacturers, 
Evonik has been developing new 3D printing 
materials for polymer powder bed fusion since 
at least 2014 and has also been active in the 
development of PEEK 3D printing materials 
for laser sintering. Arkema is also working to 
develop a range of Kepstan PEKK powders 
that can be used in laser sintering processes to 
make parts with extreme toughness.

Oxford Performance Materials (OPM), a 
US-based AM service operating in both the 
medical and aerospace segments, is one of 
the leaders in PEKK applications and uses 
a modified version of EOS machines and a 
proprietary process called high-performance 
additive manufacturing (HPAM). 

Its OXPEKK products are composed of OPM’s 
family of proprietary PEKK formulations. 
With the commercial launch of OXPEKK 
Custom Compounds, OPM moved on 
to address critical unmet needs in key 
markets including the medical, aerospace, 
automotive, electronics, energy and 
semiconductor industries.

In 2019, French advanced polymer materials 
specialists Dedienne Multiplasturgy Group, 
became the first firm to adopt the EOS P 810 
machine to produce parts from EOS HT- 23, 
a powder made from Kepstan PEKK and 
chopped carbon fiber, supplied by Arkem. 

With a construction volume of 700 x 380 
x 380 mm, the EOS P 810 is the first laser 
sintering solution for mass producing high-
temperature PEKK polymer functional parts. 
EOS HT-23 parts have a good strength-to-
weight ratio and can withstand temperatures 
well above 200°C. They can also be metalized 
to provide electrical continuity or serve as 
electromagnetic shielding. ◆

“EOS HT-23 parts have a good 
strength-to-weight ratio and can 

withstand temperatures well above 200°C”

Further Reading 

To learn more about this market please see the 
following SmarTech Analysis reports below: 

Ceramics AM: 2019-2030

AM Refractory Metals: 2018-2027

Polymer AM: 2019-2029

AM Composite Materials: 2018
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In collaboration with

The world of ceramic additive manufacturing 
is still evolving, and a handful of industry 
players have risen to the fore of the niche 
segment. Among them is 3DCERAM 
SINTO, a ceramics AM specialist based in 
Limoges, France, a historic hub for ceramics 
production. The company, which was 
founded in 2001, is a pioneer of 3D printed 
ceramics, having created some the first 3D 
printed ceramics parts back in 2005. Since 
then, the company has refined its additive 
manufacturing technology—specifically its 
SLA-based CERAMAKER platform—and has 
developed many types of ceramic materials 
suitable for AM. The company now offers a 
complete range of products for ceramic 3D 
printing in the aerospace, biomedical and 
defense areas, among others.

As a leading player in the ceramics AM 
segment, 3DCERAM understands the 
industry’s landscape and knows better than 
most about the extraordinary properties 
of ceramic materials. Typically, technical 
ceramics are used in applications where all 
other materials—polymers and metals—
have failed. 

This is because, though the exact properties 
depend on the type of ceramic, technical 
ceramics demonstrate exceptionally high 
strength and resistances. One of the hurdles 
to the broader implementation of technical 
ceramics has been that they are challenging 
to process. With additive manufacturing, 
however, processing the materials is 
becoming easier and more accessible.

3DCERAM is a pioneer of 3D printed ceramics, having created some the first 3D printed ceramics parts back in 2005.8

A guide to 3DCERAM’s versatile portfolio 
of materials and their applications

The state of technical 
ceramics for laser 
stereolithography
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Like with all additive manufacturing, one of 
the key factors in increasing the accessibility 
and adoption of ceramic AM is in offering a 
broad portfolio of material options. This is 
where 3DCERAM has particularly excelled: the 
company has been developing ceramic 3DMIX 
slurries for its CERAMAKER technology for 
nearly 20 years and now offers a diverse range 
of suspensions for aerospace, biomedical, 
electronic and foundry core applications.

The company’s success on this front has 
been driven by its team of expert ceramic 
engineers, who are developing slurries that 
are printable and are equal in quality to 
traditionally manufactured ceramics. The 
team also pays close attention to the high 

loading content of its ceramics to reduce 
shrinkage in final parts. 

Finally, many of the materials are tuned to to 
meet the requirements of various industries. 
In the aerospace sector, for instance, one of 
the most critical properties is a low thermal 
expansion coefficient. In the biomedical 
segment, on the other hand, biocompatibility 
is a must. In manufacturing electronics, 
several material properties come into play, 
including high thermal conductivity, electrical 
insulation and ionic conduction.

As of April 2020, 3DCERAM SINTO has a 
ceramic materials portfolio consisting of the 
following ten materials:

3DCERAM has a ceramic materials portfolio consisting of several 
materials, including alumina, zirconia, aluminum nitride and more.9

Cordierite

AEROSPACE

Cordierite is a magnesium alumina 
silicate with the chemical formula 
2MgO.2Al2O3.5SiO2. The aerospace 
industry is especially interested in 
this ceramic slurry because of its low 
thermal conductivity, low expansion 
coefficient, low dielectric loss and 
good heat resistance.

Zirconia (ZrO2)

BIOMEDICAL, DENTAL, ENERGY

3DCERAM currently offers two grades 
of zirconia, a material with good 
temperature and wear resistance, 
as well as excellent hardness and 
chemical stability. The first grade, 
3% Yttria, is ideal for the production 
of surgical instrumentation and 
odontology prosthetics (crowns and 
bridges) because of its excellent 
mechanical properties at room 
temperature and other properties. The 
second grade of zirconia is 8%Yttria, 
which is used in fuel cell applications 
because of its ionic conductivity.

Alumina Silica (Al203-SiO2)

INDUSTRIAL

3DCERAM’s aluminum silica material 
is typically used for the production of 
cores for Equiax casting. The presence 
of alumina in the silica material slows 
down the rate of crystallization and 
reduces the mechanical resistance of 
the core.

Alumina (AI203) 

AEROSPACE, BIOMEDICAL

Alumina is one of the fundamental 
technical ceramic materials, and it 
demonstrates a number of beneficial 
properties, such as good mechanical 
behavior in high temperatures, 
good thermal conductivity, electrical 
resistance, excellent hardness and 
good wear and chemical resistance. 
3DCERAM SINTO’s Alumina material 
has a purity of 99.8% and is commonly 
used in the aerospace and biomedical 
industries. Alumina demonstrates 
better stiffness and less density 
compared to titanium alloys and has a 
similar CTE.

10

11
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Hidroxyapatite (HAP)

BIOMEDICAL

HAP is a mineral form of calcium 
apatite with a chemical composition 
that is similar to bone. Because of its 
bone-like properties, the material is 
ideal for biomedical applications and 
especially the production of osseous 
substitutes such as skull implants. 
HAP is a non-resorbable material.

Fused Silica (SiO2)

ENERGY, INDUSTRIAL

Also known as quartz glass, fused 
silica is a glass-based material with 
several sought after properties, like 
high chemical resistance and thermal 
resistance, high thermal expansion 
coefficient and thermal shock 
resistance, high radiation resistance 
and good transparency. The material 
is used for a range of applications, 
including for the production of 
crucibles for solar applications and 
cores in turbine blades. Fused silica 
can be used in combination with 
nickel and aluminum complex cores.

Silicon Nitride

AEROSPACE, INDUSTRIAL

Silicon nitride is a recent addition to 
the portfolio. The ceramic is one of the 
hardest and most resistant technical 
ceramics on the market. It also 
boasts a number of other properties, 
including low density, thermal shock 
resistance, wear resistance, high 
mechanical properties at elevated 
temperatures and a low thermal 
expansion coefficient. The material 
has applications in the aerospace 
sector and is particularly well suited 
to the production of pump and valve 
components and semiconductors.

Tri Calcium Phosphate (TCP)

BIOMEDICAL

Tri Calcium Phosphate (TCP) is a 
calcium salt of phosphoric acid whose 
chemical composition is also similar 
to bone. Unlike HAP, however, TCP is 
resorbable in vivo. 3DCERAM says TCP 
and HAP can be used in combination 
to 3D print parts with improved 
osseointegration properties.

12

13

Alumina Toughened Zirconia (ATZ)

BIOMEDICAL, INDUSTRIAL

As the name suggests, ATZ is a 
material consisting of a combination 
of alumina and zirconia, the latter of 
which has the highest mechanical 
resistance at room temperature of 
any technical ceramic. By mixing 
both technical ceramics, the fracture 
resistance of the material is improved. 
The biocompatible ceramic material is 
well suited for biomedical applications 
like orthopedic prosthetics, as well as 
industrial applications.

Aluminum Nitride (AIN)

ELECTRONICS

One of 3DCERAM SINTO’s newest 
materials is aluminum nitride (AIN), a 
ceramic material that boasts excellent 
thermal conductivity and electrical 
insulation properties. The material, 
which also has high mechanical 
properties across the board, was 
developed for use in the electronics 
industry and is well suited for 
producing parts such as heat sinks.

Custom Materials

Part of 3DCERAM SINTO’s mission is 
to continually develop new slurries 
for ceramic 3D printing. The company 
approaches this on several fronts. 
For one, it works independently to 
development ceramic materials for 
its portfolio (as seen here). Second, 
it works closely with customers, 
including universities and ceramic 
manufacturers to adapt their qualified 
ceramic materials for AM.

The company has even established 
an on-demand formulation service 
which enables customers to adopt 
ceramic 3D printing while using 
materials based on ceramic powders 
that have already been qualified for a 
specific application. In line with this, 
the CERAMAKER platform is an open 
system, which means that customers 
can also develop materials and 
printing parameters in house.

Having a greater offering of 
materials for printing ceramics is a 
vital part of sustaining the growth 
of technical ceramic 3D printing 
more broadly. Because of this, the 
company continues to invest in the 
development of new and cutting edge 
ceramic AM materials. ◆

14

15
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Redefining hypercars with 
generative 3D printed 
ceramics and composites

Greek drag sportscar tuner Spyros Panopoulos set out 
to redefine the very idea of hyper-car, with Project 
Chaos and some very extreme 3D printing

The very definition of hypercar, which has 
come to be used to describe custom sports 
cars that are one step beyond “factory-
line” standard supercars, like Ferraris and 
Lamborghinis, is questioned through 
the use of next generation materials and 
manufacturing.  3D printing has played 
a major role in transforming more and 
more hypercar projects into realities. As 
more advanced materials such as ceramics 
and composites become available for 3D 
printing, the level of performance that can 
be attained moves a few notches higher, to 
what Panopoulos calls an “ultracar”.

Panopolulos believes that either the term 
hypercar is abused or that a new term needs 
to be created to describe his Project Chaos. 

And judging by some of the specs—such as 
3000hp - 12.000rpm redline version (with 
“anadiaplasi” ceramics 3D printed pistons 
& carbon fiber rods) —he may be right. The 
only issue is that some could argue that 
thermal engines may soon become a thing 
of the past—then again, with oil prices 
collapsing lately, they might not: electric 
engines may generate power more easily, 
but a fine-tuned, ultra-high-performance 
combustion engine has a unique appeal.

Made in Greece

“Project Chaos,” will come in two versions. 
Both use a 4-liter V10 engine, designed and 
milled in-house from billet aluminum, and 
feature 20 injectors, 40 valves, titanium 

Project Chaos uses a proprietary brand of generative design the company calls the “anadiaplasi” 
process, in which a component “forms its own form according to the forces exerted on it.” 16
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“In anadiaplasi, the better-performing 
designs are allowed to multiply and evolve 

while the worse ones die off”

camshafts, titanium/Inconel valves and 
massive twin turbochargers made from 
carbon and titanium, with ceramic 
compound turbine wheels.

Panopulos shows off some incredible 
looking generative parts, 3D printed using 
composites (chopped fiber and continuous 
fiber ones) and technical ceramics. People 
may not generally associate Greece with 
high-end car manufacturing, but all this has 
been produced locally at Panopoulos’ factory 
or by local 3D printing service providers. 
Nothing could be easier: with an investment 
of a few hundred thousand euro (which is 

very little for advanced industrial machinery), 
any 3D printing service or ceramic part 
manufacturer can now install and operate 
the most advanced ceramic 3D printers on 
the market. Composite 3D printing is even 
more affordable. And metal 3D printing is 
consolidated and widespread, with new 
challenges emerging mostly in part design.

Generating order from Chaos

Panopoulos has been developing a 
proprietary brand of generative, or 
evolutionary design, which he refers to as an 
“anadiaplasi” process, in which a component 

Zylon, a thermoset composite stronger than Kevlar and 
used for F1 cockpits and SpaceX parachutes.18

“forms its own form according to the forces 
exerted on it.” Basically, it is a form of FEA 
and simulation-based design, such as the 
ones we are increasingly seeing in most 
major CAD and CAE software.

In generative design, a component’s fixed 
points, stress loadings, materials and desired 
performance characteristics are analyzed 
and placed into a CAD model, and then sent 
to a cloud processing service where they are 

randomly mutated over thousands or even 
millions of generations to identify the best 
fit. In anadiaplasi, the better-performing 
designs are allowed to multiply and evolve 
while the worse ones die off, and eventually, 
complex but effective shapes emerge that 
could never have been designed by hand. 
They typically offer extreme strength, 
lightweighting and minimal use of materials 
in a manufacturing process that can only 
be achieved with 3D printing due to their 
strange, organic-looking forms. 

Panopolulos produced pistons, valves, brake 
calipers and exhausts using this method, 
to an extent that not even Bugatti—the 
automotive firm that has possibly done the 
most work with additively manufactured, 
generatively designed parts—has yet been 
able to achieve. Project Chaos, which will 
be aerodynamically ready for speeds above 
500 km/h (310 mph), is also using non-3D 
printed prepreg woven composites. These 
include the monocoque chassis made from 
Zylon, a thermoset composite stronger 
than Kevlar and used for F1 cockpits and 
SpaceX parachutes (among other things). 
This undoubtedly makes it a timeless piece, 
and an example to follow for many future 
applications of AM and advanced materials 
in automotive. ◆

Generatively-designed and 3D printed carbon conrods and ceramic pistons 
will allow Project Chaos to rev to 12,000 rpm and develop 3,000 bhp.17 
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9 T  L A B S

It’s time for composites 
AM to move into serial 
production

Exclusive interview with 9T Labs’ Martin Eichenhofer 
on the future of automation and optimization in the 
world of fiber composites

In collaboration with

A relative newcomer in the additive 
manufacturing industry, Switzerland-
based 9T Labs has ambitious goals. The 
company, which was founded in 2018 by 
ETH Zurich alums Martin Eichenhofer, 
Chester Houwink and Giovanni Cavolina, 
has developed a comprehensive solution for 
composite additive manufacturing and aims 
to make industrial carbon fiber composite 
manufacturing for serial part production 
more accessible.

Though today 9T Labs has an industrial 
solution available to enable carbon fiber 
composite AM, the company has more 
humble beginnings. As Eichenhofer told us, 
“Two years ago, we started by developing a 

retrofit kit for existing desktop 3D printers, 
like a Prusa or Ultimaker. Initially, we thought 
this was a good product which could be 
scaled, but we ran into limitations on the 
business and the technological side. That’s 
when we accelerated our plans to develop a 
complete solution, the Red Series, which is 
our first industrial product.”

The Red Series

The Red Series is 9T Labs’ recently 
launched carbon fiber composite additive 
manufacturing solution. Eichenhofer 
emphasizes that, unlike other composite 
3D printing systems on the market, the 
Red Series is built for serial production 

Switzerland-based 9T Labs has developed an end-to-end solution for composite additive manufacturing, the Red Series.19
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“We realized that if you want to go into serious 
production of end-use and load carrying 

parts, the market requirements are different.”

of structural fiber composite parts, not 
prototyping or one-off parts.

The Red Series solution consists of three 
key elements: the fibrify software platform, 
the Build Module and the Fusion Module. 
The highly integrated solution gives users 
the tools to produce high quality composite 
parts with optimized fiber orientation and 
cost competitive pricing. Let’s take a closer 
look at each step.

First is the fibrify software platform, which 
itself consists of two parts: the Design 
Suite, which enables users to control fiber 
design and conduct simulations; and fibrify 
Production, which contains useful workflow 

and data management tools. The fibrify 
Design Suite allows users to “define optimal 
fiber designs” and benefit from integrated 
FEA simulation tools, resulting in part 
designs that are extremely lightweight and 
digitally validated.

“The way our software is designed gives 
the user a higher degree of freedom to 
position individual fibers—you really have 
the ability to get the most out of this 
high performance material,” Eichenhofer 
explains. “In combination with commercial 
FEA simulation software, it enables fully 
digital prototyping. You no longer have to 
do trial and error and produce the physical 
prototype parts.”

9T Labs was founded in 2018 by ETH Zurich alums Martin Eichenhofer, Chester Houwink and Giovanni Cavolin.20

The Build Module enables the 
manufacturing of the designed part and 
is used in combination with the Fusion 
Module, a post-processing system that 
uses a combination of heat and pressure 
to enhance part quality and performance. 
The Build Module uses a proprietary 
omnidirectional filament placement (OFP) 
technology that can be likened to tape laying 
technologies with the resolution of extrusion 
based systems. A more detailed description 
of how it works is still under wraps.

In terms of materials, the Red Series is 
currently compatible with PA12 and PEKK 
matrix materials with AS4 continuous carbon 
fiber (up to a 60% fiber volume content). “We 
will gradually add materials to the portfolio,” 
adds Eichenhofer. “Most clients require 
carbon fiber, but it’s really not limited. We 
are also in a unique position in that we can 
develop new materials with our customers.”

Production focused

One of the key factors that sets 9T Labs 
apart from its competition in the composite 
market is that it has intentionally overlooked 
prototyping applications; its technology is 
intended purely for end-use production of 
structural parts. In fact, the company sees 
itself more as a composite company than an 
additive manufacturing company. 

“We realized that if you want to go into 
serious production of end-use and load 
carrying parts, the market requirements are 
different,” Eichenhofer elaborates. “We are 
serving a different market than Markforged 
and Desktop Metal. Material choice, final part 
quality and part costs are in focus.”

According to the company, its Red Series 
is capable of series production between 
100 and 10,000 parts a year. Parts that are 
designed, manufactured and post-processed 
using the composite platform can reportedly 
achieve an average of 20% cost and  50% 
weight reduction compared to conventional 
processes. In fact, 9T Labs emphasizes 
that its technology stands out not only 

9T Labs demonstrates its additive solution by 3D printing 
a door hinge for the aerospace industry.21
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in comparison to traditional carbon fiber 
composite manufacturing processes but also 
enables metal substitution. 

“I think it’s important to understand that 
many technologies in conventional composite 
production try to mimic isotropic properties,” 
Eichenhofer explains. “For that purpose they 
use fabrics a lot, imposing extreme restrictions 
on the fiber orientations. That is not ideal 
because you won’t have the fibers aligned 
along load directions and therefore lack the 
ability to fully exploit the performance of 
the fibers. That’s one of the main drawbacks 
of conventional composite manufacturing 
technologies. The root of this approach is 
partially because isotropic properties are easier 
to manage in the design phase, however, 
similarly important, it is essentially also the 
only way to manually handle millions of fibers 
in manufacturing efficiently.”

The level of automation we see in the Red 
Series Build Module, on the other hand, 

enables users to accurately control the fiber 
layup. Every fiber in a printed part can thus 
be oriented according to load directions, 
resulting in optimized parts. 

Composite subscription

9T Labs’ Red Series solution is available as 
part of a manufacturing-as-a-service (MaaS) 
subscription model. This approach, the 
company explains, is conducive to achieving 
series production, as the 9T team can provide 
support across the design, printing and post-
processing stages. 

“Customers going into series production 
need guidance from us. Close relationships 
are needed and we are working hand-
in-hand with our customers to develop 
production applications,” says Eichenhofer. 
“That’s why we offer the entire solution as a 
subscription service, including engineering 
support. This model enables us to move with 
our customers together from idea to series 
production in a matter of months instead 
of years. In addition, customers do not have 
to make +10 year investment decisions or 
eventually be stuck with old technology.”

Ultimately, 9T Labs believes that its 
composite additive manufacturing 
technology will be able to compete 
with metal manufacturing technologies 
for end-use production. “We want to 
make composites as accessible as metal 
manufacturing. If we achieve this, we can 
really dig deep into a global metal part 
market that is worth anywhere north of $500 
billion. That’s our goal, and obviously there is 
a huge reward for our customers and us if we 
succeed,” Eichenhofer concludes. ◆

9T Labs’ Red Series solution consists of three key 
elements: fibrify software platform, Build Module and 
Fusion Module.22

FEBRUARY   Medical AM

A comprehensive analysis of medical AM applications, as 
well as exclusive interviews and an overview of leaders in 
the medical and bioprinting spheres.

Read now

Read now

JANUARY   Automotive AM

An investigation into the intersecting AM and automotive 
industries, with specific insights into applications, market 
forecasts, expert views and more.

Read now

MARCH   Consumer AM

Consumer businesses are finding new ways 
to adopt 3D printing into their workflows 
and supply chains. This eBook considers the 
rapidly growing market for consumer AM 
products, with an exclusive interview, case 
studies and a comprehensive overview of 
leading AM companies in the sector.

RECENT EDITIONS

https://3dpbiz.direct/2UcAg7f
https://bit.ly/eBookMedical2020
https://3dpbiz.direct/2UcAg7f
https://bit.ly/eBookAutomotive2020
https://3dpbiz.direct/2UcAg7f
https://bit.ly/eBookConsumer2020


Unlock The  
Bigger Picture

Changing the face of  
medical with Lithoz 3D 
printed ceramics

Supporting the development of new ceramic AM 
applications in healthcare

In collaboration with

When discussing 3D printed ceramics, it 
is impossible not to mention Lithoz, one 
of the pioneers of the technology and an 
expert in ceramic AM materials. Based 
in Austria, Lithoz is actively involved in 
the development of ceramic additive 
manufacturing solutions for a range of 
industrial applications. Among the industries 
that Lithoz serves are the medical and dental 
sectors, which have both recognized the 
extensive benefits of ceramic 3D printing.

Ceramic 3D printing—and additive 
manufacturing more broadly—is gaining 
an increasingly relevant foothold in the 
medical and dental areas, and Lithoz says 
that more and more clients are adopting 

the technology not only for prototyping 
but also for series production. That is, 
while many medical device manufacturers 
may have initially started using ceramic 
AM in a prototyping capacity, many are 
now transitioning into production after 
experiencing the performance and workflow 
benefits of the process.

As Lithoz explains: “We see that customers 
are now producing parts in lot sizes of 
up to ten thousand parts, which are not 
economically viable for injection molding.” 
In other words, ceramic AM is filling a void in 
the medical and dental sectors, enabling the 
production of small-to-medium sized runs of 
high quality ceramic products.

3D printed ceramic implant designed by Netherlands-based Xilloc Medical and printed using Lithoz technology.23
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From surgical tools to implantable dental 
devices

In terms of properties, oxide ceramics 
such as alumina offer excellent strength 
and biocompatibility, as well as electrical 
insulation. Compared to traditional ceramic 
processing methods, additive manufacturing 
is enabling a higher degree of complexity, 
which is opening up a number of applications, 
including 3D printed minimally invasive tools, 
endoscopic tips and implantable electronic 
devices. These are often small and detailed 
components, which can benefit greatly from 
the advantages of design for AM (DfAM) as 
well as flexible production volumes and tool-
free manufacturing.

In the dental industry, ceramic materials are 
already well established—in fact, ceramics 
have been used for dental applications for 
the past two centuries. Their prevalence in 
the sector is due primarily to the nature of 

ceramics: they are biocompatible, incredibly 
strong and have a high degree of chemical 
stability. Ceramics are also suitable for dental 
applications from an aesthetic perspective: 
their appearance can be adapted to match 
the color and translucency of teeth.
In recent years, dental manufacturers have 
discovered the benefits of 3D printing 
ceramics, particularly zirconia and silicon 
nitride. Lithoz, which offers 3D printable 
versions of both technical ceramics, has 
supported the development of applications 
in the field with its materials and 3D printing 
technology. Among the applications that 
benefit from 3D printing today are 3D 
printed zirconia veneers and dental implants, 
like endosseous tooth implants which 
function as a foundation for replacing a 
missing tooth. 3D printing offers a particular 
advantage in the latter case, as it allows for 
precise surface structuring (i.e. roughness), 
which can increase the bonding between 
the implant and the bony tissue.

The ‘gold standard’ for artificial bone 
replacement

On the medical side, Lithoz’s 3D printed 
ceramics are proving to be suitable for a 
variety of applications. According to the 
company, as early as 2017 it had already seen 
at least 20 successful cranio-maxillofacial 
surgical procedures performed using implants 
printed by customers on its machines.

Driving these medical applications for 3D 
printed ceramics are a selection of materials 
that Lithoz has developed. For instance, 
the company has developed ceramic 3D 
printed bone substitute materials such as 
hydroxyapatite, tricalcium phosphate and 
mixtures, which can be used as a simpler 
alternative to autologous bone grafts (a 
complex process that entails surgically 
removing bone from the patient and 
grafting it where it is needed). In load-
bearing applications, these materials can 
be used in combination with high-strength 
zirconia, which forms the exterior of the 
implant and provides support throughout 
the healing process. The interior of the 
implant is made from beta-tricalcium 
phosphate (β-TCP), or another bioresorbable 
ceramic, which stimulates bone growth. 

“Bioresorbable ceramics are materials 
which have the most similar chemical 
composition to human bone, making 
them the ‘gold standard’ for artificial 
bone substitutes,” the company says. 
“Thanks to 3D printing and its design 
freedom, the material can be made into 
a structure that permits bone growth 
into the pores and channels. The material 
also undergoes biodegradation after its 
implantation, which allows for a regrowth 
of native tissue to be achieved without 
the need for removal of the implant after 
the healing process.”

Lithoz has also developed a number of 
non-bioresorbable ceramic materials for 
medical applications, including patient-
specific cranial implants, finger implants 
and more. With its wealth of experience 
in ceramic AM and materials, Lithoz is an 
important partner to many medical device 
manufacturers. The company strives to 
work with members of the medical and 
dental fields to drive innovation and come 
up with new and innovative applications 
for its ceramic 3D printing materials and 
solutions. Overall, Lithoz aims to play an 
integral role in the adoption of ceramic 
AM in the medical sphere. ◆

“Bioresorbable ceramics have the most 
similar chemical composition to human 
bone, making them the ‘gold standard’ 

for artificial bone substitutes”
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Lithoz’s 3D printed ceramics are suitable for a variety 
of medical applications, including jaw bone implants.24



A manifold 3D printed using EOS HT-23, a PEKK material filled with 23% carbon fiber reinforcement.25

Ceramics

3DCERAM SINTO
Based in Limoges, France, 3DCeram is a 
leading developer of ceramic slurries for 
3D printing, as well as a provider of laser 
stereolithography-based ceramic AM systems. 
The company was founded in 2001 and has 
been 3D printing ceramic parts since as 
early as 2005. Today, 3DCERAM has a broad 
portfolio of ceramic AM materials and serves a 
range of industries, including the automotive, 
defense, aerospace and biomedical sectors. 
Among the company’s 3DMIX slurries are 
alumina, zirconia, silicon nitride, cordierite 
and others. The company also works with 
customers to develop custom 3D printing 
slurries based on qualified ceramic powders.  

Lithoz
Based in Austria, Lithoz is a key player in the 
ceramic 3D printing sphere. Founded in 2011 
as a spin-off from TU Vienna and, thanks to 
coordinated partnerships across disciplines, 
it has developed an AM platform for ceramic 
materials that is suitable for industrial and 
medical applications. In addition to its 
CeraFab systems, Lithoz has developed a 
versatile range of ceramic materials for its 
Lithography-based Ceramic Manufacturing 
(LCM) process, including alumina, zirconia, 
silicon nitride, beta-tricalcium phosphate and 
a hydroxyapatite-based ceramic. The company 
is now focusing its efforts towards production 
applications for ceramic 3D printing.

A look at some of the materials and hardware 
manufacturers we believe are shaping the 
development of advanced materials for AM

Innovators in advanced 
AM materials
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ExOne
A pioneer in binder jetting additive 
manufacturing, ExOne has come to play an 
important role in the ceramics AM segment. 
Unlike Lithoz and 3DCERAM which use 
slurries, ExOne works with ceramic powders 
and a binder material to create green ceramic 
parts. The parts are then sintered, resulting 
in dense ceramic components. Today, the 
company has four beta ceramic materials: 
alumina, zirconia, silicon carbide and boron 
carbide. Notably, ExOne can be seen as the 
frontrunner in RBSiC (reaction bonded silicon 
carbide) 3D printing today using its M-Flex 
system. The size and scale of its binder jetting 
systems make ExOne’s technology a suitable 
option for ceramic AM today.

XJet
Israel-based XJet is another company working 
with ceramic materials. The company’s 
NanoParticle Jetting technology (NPJ) utilizes 
non-polymeric liquid materials with ceramic 
(or metal) nanoparticles, which are jetted in 
combination with a support material to build 
up parts. XJet has brought to market two 
ceramic systems based on its NPJ process: 
the high-productivity Carmel 1400C and the 
cost-effective Carmel 700C. The two-material 
(build and support) approach comes with the 
benefit of freedom of design and produces 
near-net shape parts that require minimal 
post-processing. Today, the company offers 
a limited selection of ceramic-loaded liquid 
materials, including zirconia and alumina.

Carbon rotor 3D printed by SGL Carbon using 
ExOne’s binder jet printing technology.26

Composites

Markforged
Massachusetts-based Markforged was the 
first company to bring to market hardware 
and materials for 3D printed continuous fiber 
composites. The company has pioneered 
a 3D printing method, Continuous Fiber 
Fabrication (CFF), capable of producing parts 
with embedded continuous fibers. Today, 
the company offers a range of composite 
AM systems and materials reinforced with 
carbon fiber, fiberglass, Kevlar or HSHT 
fiberglass fibers. The company has also 
developed a special thermoplastic blend that 
is engineered for optimal adhesion to carbon 
fibers and which does not require autoclave 
post-processing. Markforged’s technology 
and materials are marketed as being able to 
product composite parts that can replace 
machined metal.

9T Labs
Founded in 2018, 9T Labs is a newcomer to 
the composite AM segment. The Switzerland-
based company recently launched the Red 
Series, an end-to-end solution for composite 
series production, consisting of its fibrify 
software, Build Module and Fusion Module. 
The fibrify software platform enables 
reinforcing fibers to be oriented in a precise 
manner for optimal part performance; the 
Build Module then reproduces the part with 
the fiber layup. Finally, the Fusion Module 
consolidates the preform part, resulting 
in a high-quality end-use component. The 
Red Series solution, available through a 
subscription model, is targeted squarely at 
production applications. Today, the system is 
compatible with PA, PEKK, PA/CF and PEKK/
CF filament, though the company plans to 
develop additional materials.

Anisoprint
Based in Russia, Anisoprint has brought 
to market a viable continuous composite 
AM process based on a cartesian extrusion 
approach. The technology is compatible with 
a broad range of thermoplastic polymers, 
such as PLA, PC, TPU, PETG and nylon, which 
can be reinforced with fibers. According 
to the company, its process can actually 
print any plastic that can be reinforced with 
preliminary impregnated continuous fibers 
(pre-preg). The technology itself is based 
on a dual-matrix composite co-extrusion 
technology (CFC), and is available in two 
systems: the Anisoprint Composer and the 
industrial-grade ProM IS 500, which was 
launched last year.

Three versions of a bicycle crank 3D printed by 
Markforged. From top to bottom they are made from 
kevlar, fiberglass and carbon fiber-reinforced materials.27
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Refractory Metals

LPW (Carpenter Technology)
LPW Technology, which was acquired by 
Carpenter Technology in October 2018, is an 
interesting company in relation to refractory 
metals for additive manufacturing. The 
company operates a state-of-the-art powder 
atomization facility in the UK and specializes 
in high-end materials and applications. Of 
particular interest, LPW Technology has 
been working in collaboration with Global 
Advanced Metals Pty Ltd (GAM) to advance 
metal AM for spheroidized tantalum powder. 
For LPW Technology, 3D printing refractory 
metals is interesting because AM could be 
used to realize new and optimized designs for 
the high-performance metals.

Heraeus
Based in Germany, Heraeus is an expert in 
precious and special metals. The company, 
which last year 3D printed the largest ever 
metallic glass part (a gear wheel made of 
amorphous metals), is one of the companies 
pioneering the use of refractory metals in the 
AM sector. The company has been working 
with refractory metals since the 1930s and 

operates a high-temperature EIGA facility 
where it produces refractory metal powders 
with optimized fluidity, purity and density. 
Today, the company has a refractory metal 
portfolio for AM consisting of tungsten, 
molybdenum, niobium and tantalum as well 
as their alloys. The company also produces 
aluminium, steel and copper alloys, nickel and 
cobalt superalloys.

H.C. Starck
H.C. Starck is a powder metallurgy company 
specializing in refractory metals and ceramics. 
The long-established company has nearly a 
century of experience and is now a leading 
supplier of tungsten, molybdenum, tantalum 
and niobium. In 2017, the German company 
launched a range of gas atomized metal 
powders designed for additive manufacturing 
and today it offers a number of spheroidized 
refractory metal powders that have been 
tailored for additive processing, including 
molybdenum, tantalum, niobium, and 
tungsten. In addition to producing the metals 
and their alloys in powder form, the company 
also offers expert additive manufacturing 
services. The company’s core competencies are 
molybdenum and  tungsten.

German company Heraeus has a refractory metal portfolio for AM 
consisting of tungsten, molybdenum, niobium and tantalum.28

High-Performance Polymers

EOS
Leading laser sintering system supplier EOS 
has a strong foothold in high-performance 
polymers. The company offers its own 
certified PEEK material (EOS PEEK HP3), 
which is compatible with its own polymer 
powder bed fusion technology. The company 
also produces EOS HT-23, a PEKK material 
reinforced with 23 percent carbon fibers 
encapsulated in the round powder grains of 
the material. Third-party materials have also 
been successfully utilized on EOS machines 
such as the EOS P 810, which is designed to 
process high-performance polymers.

Roboze
Italian industrial 3D printer manufacturer 
Roboze caters for the high-performance 
market with the Roboze One +400, one of the 
first competitively priced systems to target 
PEEK, and the newer and larger Argo system, 
which is also tailored for PEEK and other 
advanced thermoplastics. The Argo has an 
HVP Extruder which can reach temperatures 
up to 550°C with high-viscosity polymers 
such as Carbon PEEK, PEEK and ULTEM 
AM9085F. The printer also has a thermostatic, 
dehumidified and controlled printing 
environment capable of reaching 180°C to 
offset the deformation of thermoplastic 
materials, particularly for larger parts.

A duct for the aerospace industry 3D printed from PEEK filament using a Roboze system.29
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SABIC
SABIC, a global leader in chemicals 
headquartered in Saudi Arabia, has developed 
a portfolio of high-performance pellets 
and filaments for FFF, as well as reinforced 
compounds for large-format AM. SABIC’s 
AM materials include ULTEM polyetherimide 
(PEI) resin, CYCOLAC ABS resin and LEXAN 
polycarbonate (PC) resin. In November 2019, 
the company brought to market EXTEM, 
a high-temperature 3D printing filament 
for Roboze’s ARGO production 3D printer. 
SABIC says this material is the most heat-
resistant filament on the market: it has a heat 
deflection temperature of up to 230°C and 
a glass transition (Tg) temperature of 247°C, 
making it suitable for motorsport, electronic, 
medical and aerospace applications.

Solvay
Plastics giant Solvay has a large portfolio of 
specialty polymers, with over 35 product lines 
available in more than 1,500 formulations. 
The company launched two PEEK filaments 
in 2018 as part of its plan to offer a broader 
range of specialty polymer filaments and 
powders for high-end AM applications. 
The two filaments — one pure PEEK, the 
other 23 percent carbon fiber — are made 
from Solvay’s high-performance KetaSpire 
polyetheretherketone (PEEK) polymer. Both 
allow excellent fusion of printed layers, enable 
high part density and deliver exceptional part 
strength. In 2019, Solvay announced it would 
be working in collaboration with Roboze and 
Stratasys to further develop its PEEK and 
PEKK offerings. ◆

Bump pump manufactured by Vitality Foodservice using SABIC Innovative Plastics’ ULTEM 1000 Resin.30
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