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In the additive manufacturing industry, advanced materials are really at the core of opening up new 

high-performance applications and increasing the value proposition of AM. Of course, AM tech-

nologies themselves are critical, but there is consensus in the industry and amongst adopters that 

materials—particularly advanced polymers—are instrumental to driving the adoption of 3D printing for 

production use cases.

In this eBook we are zooming on this highly influential segment of the AM sector. Specifically, we are 

focusing on high-performance materials like PEEK and PEI (ULTEM) as well as composite materials, such 

as fiber reinforced thermoplastics and photopolymers. In our analysis chapter, we provide a compre-

hensive look at the different groups of advanced 3D printing polymers on the market, including PAEKs, 

ULTEM and Polysulfones (PPS). This piece looks at the different material suppliers for these high-perfor-

mance materials as well as their key properties and the applications they are most used for. 

This publication also includes two features. The first is a fascinating interview with executives from 

composite manufacturing specialist Anisoprint and AM optimization software company Additive Flow, 

which looks at a new integrated software solution that is unlocking greater performance potential for 

composite 3D printed parts. The second feature dives into Fortify’s unique DLP-based 3D printing solu-

tion, Digital Composite Manufacturing (DCM), looking at how the company’s innovative technology is 

enabling the creation of filled photopolymers with superior properties.

Tess Boissonneault 
Editor in Chief, 3dpbm
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From ULTEM to PAEKs, now PPS. Some of 
the best high performance polymers are 
finally gaining adoption in 3D printing, 
with more systems now able to process 
them. Will they become a major business 
opportunity?

Advanced polymers 
are coming to a 
printer near you

ANALYSIS



In the beginning it was ULTEM (a polymer developed 

by SABIC and based on the polyetherimide mole-

cule), exclusively available for industrial-class Stratasys 

FDM systems. The Fortus systems were the only ones 

with the sealed chamber to ensure the heated and 

controlled temperature necessary to produce large 

parts without deformation. Then PEEK became the 

new buzzword, as a new generation of generalist fil-

ament extrusion systems, developed by new entry 

companies such as Roboze, Apium and Intamsys, 

entered the market with the promise of printing one 

of the most high-performance polymers in existence 

today. Other efforts, both in filament extrusion and 

powder bed fusion, have focused on PEKK, a material 

in the same PAEK family. Now, a new family of more 

affordable high-performance materials is starting to 

gain wider adoption: polysulfones (PPS, PPSU, etc.). 

Which materials offer the best combination of price, 

performance and printability? And which ones offer 

the best value proposition and the most applications? 

Let’s take a look.

Polyaryletherketone (PAEK)

The term PAEK is the family name which describes 

the general family of polymers comprising aryl, ether 

and ketone building blocks. There have been over 

340 different PAEKs reported to date but most of 

these are amorphous and of little industrial interest. 

Semi-crystalline PAEK materials ensure good chemi-

cal resistance, fatigue, creep and wear properties.

The best-known PAEK used in 3D printing, poly-

etheretherketone (PEEK) is a semi-crystalline, 

high-performance engineering thermoplastic. This 

rigid, opaque material offers a unique combination 

of mechanical properties, including resistance to 

chemicals, wear, fatigue and creep as well as a high 

temperature resistance of up to 260°C. PEEK belongs 

to the polyketone sub-family (PEK, PEEK, PEEKK, 

PEKK, PEKEKK); it is the most widely used and manu-

factured among them.

There are many producers and compounders of mod-

ified PEEK polymers in the word: the most relevant 

companies and products include Lehmann & Voss 

(LUVOCOM), RTP Company (RTP 2200 Series), Victrex 

(VICTREX, PEEK VICOTE), SABIC (LNP THERMO-

COMP, LNP LUBRICOMP, LNP STAT-KON), Solvay 

(KetaSpire, Solviva Zeniva, Tribocomp) and Evonik 

(VESTAKEEP). Most of these companies also have 

made investments and hold significant stakes in the 

additive manufacturing industry.

R&D into PAEK materials has its origins in the 1960s 

but it wasn’t until 1978 that ICI (Imperial Chemical 

Industries) filed their patent on PEEK, which was first 

commercialised as Victrex PEEK polymer in 1981. 

PEEK is a largely linear, semi-crystalline polymer: 

the Ether Ether Ketone or EEK “repeat unit” is repli-

cated many times—on average somewhere between 

200-300 times—to make a single PEEK polymer 

chain. The aryl and ketone groups are fairly rigid 

and provide stiffness which means good mechanical 

performance combined with a high melting point. 

The ether groups provide some degree of flexibility, 

for toughness, and are unreactive like the aryl and 

ketone groups, providing chemical resistance.  The 

A duct for the aerospace industry 3D printed 
from PEEK filament using a Roboze system
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regular structure of the repeat unit means that PEEK 

molecules can partially crystallize, and crystallinity 

provides a combination of wear, creep, fatigue and 

chemical resistance.

The resulting polymer is widely regarded as one 

of the highest performing thermoplastics in the 

world. Compared to metals, PEEK-based materi-

als are very lightweight, easily shaped, resistant to 

corrosion and can have considerably higher spe-

cific strength (strength per unit weight). Tests have 

shown that the VICTREX PEEK polymer has a con-

tinuous use temperature of 260°C (500°F). This can 

make it suitable for use in a wide range of thermally 

aggressive environments, such as those found in 

the process industries, in the oil and gas sector and 

inside the engines and transmissions of millions of 

vehicles. PEEK is also able to tolerate friction and 

resist wear in dynamic applications like thrust washers 

and seal rings.

Additionally, PEEK is able to resist the damage that 

can be inflicted in chemically aggressive operational 

environments, such as downhole in wells in the oil 

& gas industry, in gears in machinery and automo-

tive applications. It can resist jet fuel, hydraulic fluids, 

de-icers and insecticides used in the aerospace 

industry. This holds true over wide ranges of pressure, 

temperature and time. 

The material demonstrates excellent strength and 

stiffness over a wide temperature range. PEEK-based 

carbon fiber composites have specific strength many 

times that of metals and alloys. PEEK also shows excel-

lent flammability performance, resisting combustion 

up to almost 600°C.  When it can be made to burn at 

very high temperatures, it emits little smoke, which is 

one reason why PEEK is widely used in commercial air-

craft. In addition, the PEEK molecule is very stable, so 

the polymer can be re-melted and reprocessed again 

and again with minimal change to its properties.  This 

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

Image: EOS
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helps its environmental footprint and can ensure that 

waste material from manufacturing processes can be 

re-used economically.

In the same PAEK family is PEKK, a (generally) 

semi-crystalline thermoplastic with high heat, chem-

ical and mechanical load resistance. Arkema is the 

leading provider of polyetherketoneketone (PEKK) 

polymers, producing three Kepstan PEKK co-poly-

mer types: Kepstan 6000, 7000 and 8000, targeting 

both filament extrusion and laser sintering (SLS). 

The three PEKK grades—all characterized by high 

strength and stiffness as well as high temperature, 

chemical, fire and wear resistance—differ slightly in 

terms of crystallization rate, melt temperature, glass 

transition temperature and processing tempera-

ture (up to 385°C).

PEEK and PEKK filaments for 3D printing

PEEK and PEKK are considered key enablers for both 

industrial AM adoption and the AM industry itself. 

Because they are very difficult to mold into complex 

shapes by traditional formative technologies, 3D 

printing is expected to enable a much more wide-

spread use of these plastics. They are especially 

interesting for metal replacement and lightweighting 

activities in aerospace, energy (due to high chem-

ical resistance), medical (for orthopedic implants) 

and, eventually, the automotive and consumer elec-

tronics industries.

While raw material cost somewhat limits experi-

mental use of PAEK polymers, adoption in AM has 

been steadily growing over the past three years, 

A selection of engineering-grade Luvosint and Luvocom 
3D printing materials developed by LEHVOSS.
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especially as new material grades and new AM 

systems have fine-tuned ways to process them to pro-

duce larger parts. 

In 2018, in response to growing competition 

for high-performance polymer materials extru-

sion, Stratasys introduced Antero 800NA, the first 

commercial product in a planned new family of PEKK-

based materials. The material was offered with an 

initial layer thickness of 0.010 in (0.25mm) and addi-

tional layer-thickness options planned for future 

release. The material is compatible with Stratasys’ 

Fortus 450mc Production 3D Printer and for the F900 

(formerly Fortus 900mc Production 3D Printer). In 

2020 Stratasys also introduced the Antero 840CN03, 

filled 3% by weight with carbon nanotubes for elec-

trostatic dissipative (ESD) properties.

Arkema’s Kepstan 6000 and 7000 are used in the 

production of 3D printing filaments (and powders). 

Kepstan 6000 is also available with CF and GF rein-

forcements and Kepstan 7000 available with CF 

reinforcement. Besides Stratasys, companies offering 

filaments based on Arkema Kepstan PEKK include 

extrusion specialists Ensinger (Germany), 3DXTECH 

(USA) and Kimya (France).

The largest polymer feedstock manufacturer involved 

in PEEK filament manufacturing today is Belgian 

company Solvay, with a line-up of products based on 

the KetaSpire PEEK polymer. Like most PEEK prod-

ucts, these materials are engineered to combine high 

fatigue and chemical resistance at continuous use 

temperatures up to 240°C (464°F), allowing for metal 

replacement in severe end-use environments. The 

Solvay line-up includes glass-fiber-reinforced and 

carbon-fiber-reinforced grades, with two healthcare 

optimized (ISO 10993) products. All PEEK filament 

materials are available on Solvay’s e-commerce plat-

form, launched in 2018 to provide a better customer 

experience to AM users with direct access to Solvay’s 

material solutions as well as transparent pricing.

UK-based PAEK-specialist Victrex offers a wide range 

of unfilled and composite VICTREX PEEK polymers 

for all conventional thermoplastic equipment in the 

form of granules, powder or ultra-fine powder. The 

company recently introduced VICTREX AM 200, 

a filament based on a PAEK polymer developed 

specifically for extrusion 3D printing. The new mate-

rial has been optimized to achieve improved part 

strength and printability compared to PEEK polymer 

on most machines.

German company Evonik offers three different 

PEEK filament products. One is a standard industrial 

PEEK grade, and is part of the company’s INFINAM 

brand of polymer materials for extrusion AM. The 

others, under the VESTAKEEP i4 brand, include the 

first polymer 3D printing filament based on implant-

grade PEEK for orthopedic implants. The filament is 

produced under cleanroom conditions and then sub-

jected to stringent quality management standards for 

medical materials to meet the requirements of ASTM 

F2026 (the standard specification for PEEK polymers 

for surgical implant applications). Another German 

company, Lehmann & Voss (aka LEHVOSS) was the 

first to aggressively market PEEK and PEKK products 

for 3D printing. While LEHVOSS’ offer includes mainly 

PEEK 3D printing pellets by Victrex

Image: Victrex
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a selection of PEEK and PEKK pellet materials (see 

next section) the company also offers two PEEK fila-

ments (neat and CFR) and one neat PEKK filament.

Since 2016, a third German company, Ensinger, has 

been increasing its activities in high-performance 

plastics by offering filaments for 3D printing. Ensinger 

is a specialist in the development, manufacture and 

sale of compounds, semi-finished materials, compos-

ites, technical parts and profiles made of engineering 

and high-performance plastics. Working with several 

generalist FFF hardware manufacturers that sup-

port PEEK thermoplastic filament extrusion (Apium, 

Roboze, miniFactory, GEWO 3D, Kumovis), Ensinger 

offers the TECAFIL line of 3D printing filaments based 

on Evonik and Victrex PEEK filament (available in sev-

eral colors and with carbon fiber reinforcement) and 

one natural PEKK filament.

PEEK and PEKK pellets for 3D printing

PEEK and PEKK are also available for 3D printing in 

pellet form. Among the largest polymer suppliers is 

American company Techmer, which has a range of 

14 materials that can be used for extrusion via Large 

Format Additive Manufacturing (LFAM) technology. 

These include neat grades as well as GFR and CFR 

grades with up to 40% fiber reinforcement. Neat 

grades are optimized for characteristics such as low 

viscosity and high flow.

 

German LEHVOSS has also established leadership in 

this subsegment with its LUVOCOM PEEK and PEKK 

pellets (including CFR and GFR PEEK) for 3D print-

ing. According to LEHVOSS, the LUVOCOM PEEK 

and PEKK materials do not require a heated build 

chamber and exhibit enhanced layer bonding, thus 

reducing the anisotropy of the final part and making 

them ideal for LFAM applications.

PEEK and PEKK powders for 3D printing

It has been argued that high-performance thermo-

plastics such as PEEK and PEKK can potentially grow 

to represent one of the most profitable segments of 

AM and of polymer PBF. However, that potential has 

not been fully exploited yet by any major adopting (or 

supplying) company.

“ It has been argued that high-perfor-
mance thermo-plastics such as PEEK 
and PEKK can potentially grow to 
represent one of the most profita-
ble segments of AM and polymer 
PBF. However, that potential has not 
been fully exploited yet.”



New efforts are made regularly, including EOS 

now offering full support for the HT-23 PEKK com-

posite powder (also offered by ALM and based on 

Arkema Kepstan PEKK polymers) with a dedicated 

AM system, the EOS P810. This is now offered by at 

least three confirmed service providers in Europe, 

however it remains a niche product. EOS previ-

ously offered the HP3 PEEK powder materials for 

P800 series 3D printers. Applications of PAEK family 

polymers in SLS represent the fringe of polymer 

AM industry development, although some of the 

most notable applications were introduced by spe-

cialized company Oxford Performance Materials 

over a decade ago, in both medical and aerospace 

(with the latter now owned by Hexcel). The Hexcel 

HexAM service supplies advanced aerospace parts. 

It uses the proprietary HexPEKK formulation and the 

modified SLS process developed by OPM on modi-

fied EOS machines. 

Polyetherimide (ULTEM)

ULTEM is the trade name for a family of polyether-

imide (PEI) polymers produced by Saudi Arabian 

oleochemical giant SABIC, since acquiring the 

GE Plastics Division in 2007 that developed it in 

the early 1980s.

Introduced by GE in 1982, the ULTEM amorphous PEI 

polymer offers attributes such as high heat resistance, 

Automotive oil pump printed with SABIC’s ULTEM AM9085F 
filament after the AMS31F support filament is removed

Image: SABIC
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stiffness, good impact strength, transparency, high 

mechanical strength, good electrical properties, high 

flame resistance, low smoke generation and broad 

chemical resistance. In addition to its unique combi-

nation of properties matching those of high-priced 

specialty plastics, PEI exhibits the processability of 

traditional engineering thermoplastics, although 

higher melt temperatures are required. ULTEM is 

amorphous while PEEK is semi-crystalline (and con-

tains both amorphous and crystalline regions).

 

ULTEM filaments for 3D printing

Several 3D printing filaments and pellets are based 

on SABIC’s ULTEM resins. The Saudi Arabian com-

pany offers 131 different ULTEM grades of which 

only two, ULTEM 1010 and ULTEM 9085 are currently 

used for 3D printing. In general, the ULTEM resins 

ensure excellent stability of physical and mechanical 

properties at elevated temperatures thanks to a high 

glass transition temperature of 217 °C. ULTEM resins 

offer predictable stiffness and strength up to 200 °C 

and are among the most dimensionally stable ther-

moplastics available. Unlike most other amorphous 

thermoplastics, ULTEM resins retain strength and 

resist stress cracking when exposed to automotive 

and aircraft fluids, aliphatic hydrocarbons, alcohols, 

acids and weak aqueous solutions. Inherent flame 

resistance and low smoke without additives in most 

grades makes them ideal for use in aerospace. 

Among the ULTEM resins used in 3D printing, ULTEM 

9085 is designed for FDM/FFF, for aerospace cabin 

interiors, rail and energy segment applications. 

ULTEM 1010 Resin is an unreinforced amorphous PEI 

resin with a high glass transition temperature (Tg) 

of 217°C and improved flow. It features advanced 

mechanical, electrical and dimensional properties up 

to high temperatures, with very good chemical resis-

tance for an amorphous material. Stratasys has been 

offering ULTEM 9085 for its industrial FDM extru-

sion 3D printing systems (F900 and Fortus 450mc) 

since 2008, targeting aerospace (in-cabin) produc-

tion applications. Because ULTEM 9085 was already 

An ULTEM 9085 CG resin environmental control 
duct used on a space launch vehicle.

Image: Stratasys



certified for use on commercial aircrafts, additive 

manufacturers were able to bypass a lengthy certifi-

cation process. In 2014 Stratasys added ULTEM 1010 

to its offer of FDM materials.

Along with filament products for generic FFF 3D 

printers, based on the same two grades as Strata-

sys’ materials, SABIC also offers a material based on 

the ULTEM HU1010 resin. The ULTEM AMHU1010F 

filament is biocompatible (ISO 10993 or USP Class VI) 

and printed parts can be sterilized. It can be used for 

food and drug packaging and medical device man-

ufacturing, from conceptual modeling to functional 

prototyping and end-use parts.

ULTEM pellets for 3D printing

Because they are significantly more cost effective 

than PEEK and PEKK, PEI resins are the preferred 

high-performance thermoplastic for LFAM appli-

cations. SABIC is also the primary supplier of PEI 

pellets for LFAM 3D printing, having established 

long-standing partnerships with leading LFAM 

companies such as Cincinnati Inc, Thermwood and 

Ingersoll. SABIC offers four PEI compounds for 3D 

printing under the LNP THERMOCOMP brand. The 

product lineup includes two PEI grades with 20% 

carbon fiber reinforcement (one of which is specifi-

cally designed for a wider process window and easier 

flow in LFAM), one PEI with 20% glass fiber reinforce-

ment and one PEI with 30% milled glass fiber content, 

designed for better dimensional stability and low 

thermal expansion.

LEHVOSS also offers PEI resin pellets optimized for 

printability, which does not require a heated build 

chamber. It comes with UL94 V0 classification and 

fulfills requirements in accordance with EN 45545 

(materials for applications in trains). Another rap-

idly growing supplier of pellets for LFAM 3D printing 

is AirTech. Via the PrinTech division, the US com-

pany offers two CFR PEI resins. Airtech’s Dahltram 

I-350CF material has a maximum use temperature of 

204°C and is suitable for hot forming tools, autoclave 

moulds, oven moulds and self-heated moulds, while 

the Dahltram U-360CF can be used to produce the 

same types of parts and has a maximum use tem-

perature of 204°C with low CTE.

Also notable are the HiFill PEI compounds from Tech-

mer. The company offers compounded versions of 

every major polymer material. Most compounds are 

used for injection molding however several of them 

are suitable for LFAM 3D printing. These include the 

unfilled HiFill PEI BK and several glass fiber reinforced 

materials ranging from 10% to 20% GFR.

Polysulfones (PPS)

Polysulfones are a family of high-performance ther-

moplastics that in some applications can be used 

as an alternative to PAEK polymers or as a superior 

replacement for polycarbonates. These polymers 

are known for their toughness and stability at high 

temperatures. Due to the high cost of raw materials 

and processing, polysulfones are used in specialty 

applications and often are a superior replacement for 

polycarbonates.

PPS CF filament by Treed reinforced 
with 15% carbon fiber

Image: TreeD
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Three polysulfones are used industrially, these are 

polysulfone (PSU), polyethersulfone (PES or PESU) 

and polyphenylene sulfone (PPSU). They can be used 

in the temperature range from -100 to +200 °C and 

are used for electrical equipment, in vehicle construc-

tion and medical technology. They are composed 

of para-linked aromatics, sulfonyl groups and ether 

groups and partly also alkyl groups. Polysulfones have 

outstanding resistance to heat and oxidation, hydro-

lysis resistance to aqueous and alkaline media and 

good electrical properties.

PPS, PESU, PPSU filaments 
for 3D printing

Polysulfones filaments represent the latest evolution 

of top performance engineering materials in AM now 

broadly available for generic, industrial-grade fila-

ment extrusion 3D printers. Only FDM market leader 

Stratasys offered a PPSU filament material (available 

since 2011) until Solvay became the first major third-

party supplier to offer them as part of the KetaSpire 

filament product range in 2018. While their use in 3D 

printing remains niche, they have been progressively 

growing in popularity.

Stratasys’ PPSF/PPSU (polyphenylsulfone) material 

has the greatest heat and chemical resistance of all 

FDM materials. It can be used in aerospace, auto-

motive and medical applications, or any application 

where prototypes are exposed to extreme condi-

tions. Solvay’s Radel PPSU Filament offer includes 

two products: a standard one for industrial applica-

tions, offering better impact resistance and chemical 

resistance than polysulfone (PSU) and polyetherimide 

(PEI), and one specifically for healthcare applica-

tions, which passed ISO 10993 limited contact testing 

(having less than 24 hours contact with bodily fluids 

and tissue). It can be used in high-performance 

healthcare applications that may need translucency, 

chemical resistance, high-temperature capabilities, 

impact strength, and toughness.

BASF’s Ultrafuse PPSU also targets FFF printing 

and it is based on BASF’s own Ultrason materi-

als, which are amorphous thermoplastics derived 

from polyethersulfone (PESU), polysulfone (PSU) 

and poly-phenylsulfone (PPSU). German company 

Ensinger is the only company offering all three poly-

sulfones (PPSU, PSU and PES/PESU) as individual 

filament products.

PPS, PESU, PPSU pellets for 3D printing

SABIC and Techmer are the leading companies 

offering polysulfone polymers as pellet materials 

optimized for LFAM applications and 3D printing fila-

ment manufacturing.

As part of SABIC’s AM materials offering, the LNP 

THERMOCOMP AM JC004XXAR1 compound is 

based on PESU (polyethersulfone) containing 20% 

carbon fiber and is used in LFAM applications need-

ing an inherent FR, reinforcement and a high heat 

amorphous solution. Techmer’s offer is very wide, 

including both PPSU and PES/PESU materials with 

various percentages of glass fiber reinforcement

Polymer AM Market Study

This is a short extract from 3dpbm 

Research’s upcoming 350-page market 

report on Polymer AM, surveying and 

analyzing over 1,000 companies (AM 

hardware manufacturers, material suppliers 

and service providers), covering all AM 

products and services available on the 

market today.

Learn more →

mailto:research%403dpbm.com?subject=3dpbm%20Research%20Polymer%20AM%202022%20Report
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Anisoprint is a company operating at the forefront 

of composite materials and additive manufactur-

ing. Founded in 2015, the company has brought to 

market a series of turnkey solutions for continuous 

fiber 3D printing for the production of industrial 

end-use parts. These solutions, along with Aniso-

print’s in-depth material and engineering expertise, 

are unlocking new opportunities for higher 

performing and more efficient parts with aniso-

tropic properties.

But the hardware is only part of the equation. Like 

any additive manufacturing technology, Anisoprint’s 

composite 3D printing solutions consist of many 

products, like materials and, crucially, software. 

From part design, optimization and simulation to 

slicing and printing, software unveils the potential of 

continuous fiber 3D printing. In recognition of this, 

Anisoprint and UK-based simulation software com-

pany Additive Flow have come up with a solution 

that combines Formflow, Additive Flow’s integrated 

optimization tool with Anisoprint’s Aura slicer.

To better understand what benefits the com-

bined software solution brings to users, we spoke 

to Anisoprint CEO Fedor Antonov and Additive 

Flow CEO Alexander Pluke. What follows is a highly 

insightful conversation that not only illustrates the 

complexity of modeling for advanced composite 

materials but also introduces a new framework for 

reliable and reasonable design for additive manu-

facturing (DfAM).

Anisoprint’s Aura slicer has been integrated with Additive Flow’s Formflow 
software for optimized anisotropic composite 3D printing.

Image: Anisoprint



Building the foundation 
for composite DfAM

“20 years ago, 3D printing was mostly used for 

prototyping, so there was no demand or need 

for DfAM,” Antonov begins by explaining. “Now 

that 3D printing has evolved for the production of 

end-use parts, design is critical as the possibili-

ties of AM are only revealed with the right design 

approach. And every technology requires a certain 

design approach.”

From another perspective, 3D printing and 

advanced CAD tools can be seen as having existed 

in parallel. (The former limited by its use as a pro-

totyping technology and the latter held back by 

the difficulty of translating its complex designs to 

existing manufacturing methods.) Today, the two 

sides are coming together, with 3D printing posi-

tioned as the most viable way to produce complex, 

optimized geometries. “Now the machine and 

manufacturer and designers speak the same digital 

language,” Antonov adds.

With more traditional 3D printing materials, like 

polymers and metals, design for AM is complex but 

fairly straightforward since geometries are gener-

ated based on the materials’ isotropic properties. 

Composite anisotropic materials, however, bring 

with them greater complexity and greater optimi-

zation potential.

“When we talk about composites, we are talking 

about anisotropic materials,” Antonov continues. 

“This is another level of both complexity and free-

dom of design. Metals and polymers have just a 

few property values which describe their behav-

ior; for anisotropic materials, there are many more 

parameters that describe the material’s behavior 

in all directions. In other words, when we do gen-

erative design for isotropic materials, we are only 

talking about geometry and shape optimization. 

With anisotropic materials, we are also talking about 

material directionality. That’s another optimization 

space that will allow for superior results compared 

to isotropic materials. This is the biggest benefit 

of composites.”

In practice, composite additive manufacturing relies 

on the ability to not only set part geometries and 

internal structures like lattices but also to control 

local fiber alignment within the part. This capability 

enables manufacturers to produce high-perfor-

mance parts that are optimized for their specific 

loading conditions and stress fields. 

Optimizing material properties efficiently

In order to achieve this level of control for com-

posite 3D printed materials, however, we need the 

software tools to back it up. “We need an optimi-

zation tool that can create optimal structures with 

anisotropic composite materials by actually optimiz-

ing the geometry and the fiber direction at every 

point,” Antonov says. “It is possible, but nobody 

has ever done it to the full extent because not only 

is it difficult in terms of design but also extremely 

challenging in terms of translating the design to 

machine language. 

“How do you go from a 3D model with all this direc-

tionality of materials to the actual tool path of the 

machine? This is a very complex problem which 

hasn’t been solved so far. But there is a very ele-

gant solution that we’ve developed together with 

Additive Flow and which we are now implementing 

through the joint workflow of Formflow and Aura.”

Specifically, the two companies have overcome the 

complex problem of controlling the directionality 

of fibers at every point by simplifying the process. 

“Instead of optimizing material directionality at 

every point—what we call continuously—you can 

optimize materials discretely,” he says. “Not in every 
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point, but in every domain or subdomain. So you 

have your design space where your 3D model sits 

and within this space you can have different domains 

with different material properties.”

“For example, if you have a beam structure that 

will work in bending, the optimal design will have a 

sparse structure in the middle and two stiff parts on 

the top and bottom, like a sandwich. These will be 

the different domains with different material prop-

erties,” Antonov adds. Additive Flow’s Formflow 

software therefore enables the automated genera-

tion of anisotropic models, which can then be sliced 

in Aura and 3D printed using Anisoprint’s 3D printers. 

Aura, for its part, translates the variable directionality 

of the composite materials into a toolpath using its 

unique mask function.

There are three overarching interactions between 
Formflow and Aura: 

—Full extent of the Composite Fiber Co-Extru-

sion (CFC) technology. The combination of Additive 

Flow’s optimization and the Aura slicer reveals the full 

potential in Anisoprint’s CFC technology. It enables 

Anisoprint’s Composer 3D printer to produce aniso-

tropic components with highly complex multimaterial 

internal structures designed by algorithms.

—Seamless integration. Aura and Formflow share the 

file format and the slicer imports the model without 

any change in format, data loss or corruption. No 

time is wasted between exporting the model from 

the Formflow solution and slicing it by Aura.

—Masks in Aura allow the processing of different 

internal structures for the best material properties 

that meet specific local needs. Customizing internal 

structures, or dividing the space inside into a finite 

number of areas and setting parameters individually 

for each that best meet requirements, is the key to 

Anisoprinting models optimized by Formflow. 

From design to decision-making

There is also another dimension to the Formflow 

optimization solution that Additive Flow CEO Alex-

ander Pluke highlights. It is centered on the workflow 

of creating optimized parts and processes for 3D 

printing and streamlining the parameters users must 

input. To better understand the role Additive Flow’s 

software has, he proposes thinking not only about 

“design” but instead about “decision making”.

“I think when we focus just on the word design we 

can actually inhibit the development of AM because 

when people think design, they stop thinking about 

manufacturing,” he elaborates. “This kind of deni-

grates what is happening in the workflow, because 

we’re not just optimizing design, we’re making deci-

sions across every matrix that can be changed and 

building relationships between decisions at every 

scale and the impact that decisions will make on 

your key objectives.”

The key objectives he references encompass many 

things, from engineering goals (including weight, 

mechanical and thermal requirements, among 

others), to cost goals and sustainability goals. “You 

have this constant battle in the head of a decision 

maker, because they have to understand the impact 

of every choice and decision they make,” he says. 

“‘What’s the shape? What’s the orientation of the 

fiber? What lattice structure am I going to use? If I 

use a lattice, what orientation is the whole lattice 

structure on?’ These are the decisions one has to 

make, all while balancing it against their key goals.”

And that’s only one aspect of the decisions that 

go into producing an optimized anisotropic com-

ponent. You also have manufacturing decisions, 

including machine parameters, toolpaths, layer 

height, etc. As Pluke says, “You don’t just have dif-

ferent scales of decision, you also have different 

stages of decision. And one of the big frictions in 



this process is different software tools, different 

workflows, like CAD design, optimization tools, like 

topology optimization and generative design, and 

eventually the slicer software.”

In other words, what we traditionally call the 

“design” process in AM is far more complex because 

it encompasses so many different elements and 

each requires many decisions. What Formflow does 

is compress many of these decisions to streamline 

the design-to-production workflow. 

Meeting multiple objectives 
in one workflow

“We’ve built three key features. First is the ability to 

have multi-objective optimization,” Pluke explains. 

“For example, you can input your engineering goals, 

as well as your target cost and target sustainabil-

ity goals. The second feature is called volumetric 

optimization. This is where different regions of the 

design space are assigned different properties. And 

it’s not just one property, you have whether a lattice 

exists or not, how dense the lattice is, what is the ori-

entation of the lattice, etc.”

With Anisoprint’s technology, even more prop-

erties come into play that aren’t relevant to other 

non-composite 3D printing technologies. The soft-

ware accounts for things like fiber direction and the 

material chemistry. In the future, Pluke reveals the 

software could even have properties for things like 

solidification rate and the temperature used to melt 

the material, because they also have an impact on 

part outcomes and production speeds. “Our tech-

nology can look at all these scales simultaneously 

and then volumetrically allocate and tune these 

variables spatially based on the multi-objective func-

tion,” Pluke says. 

“And the third key feature is the digital thread. This 

is where we not only look at one stage (ie. design, 

or manufacturing), but at how all the stages link 

up. In order to create these links, our software 

Image: Anisoprint

The internal structure of the optimized 3D model for an 
aircraft seat support in Aura slicer software.
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communicates and connects to the full workflow. For 

example, we integrate with Anisoprint’s Aura slicing 

technology. Ultimately, instead of making 1000 dif-

ferent decisions, you just have to make two: what are 

my goals and what freedom do I have?”

From there, users can scale easily to optimize many 

different 3D printed parts based on the same 

objectives. “Once you’ve set up the multi-objec-

tive function, you can repeat that function again and 

again in a geometry agnostic way. For example, if 

a client in the aerospace industry is optimizing an 

airplane bracket, they can take that same workflow 

and objective and apply it to a radio frequency com-

ponent.” This saves engineers significant time and 

unlocks scalability for the whole process.

“The decision maker doesn’t need to get bogged 

down in the details,” Pluke continues. Instead, they 

just need to choose from a set of solutions that are 

evaluated based on their cost, sustainability and 

engineering goals. From there, the file can be seam-

lessly sent to Aura and 3D printed. With Anisoprint 

specifically, the complexity of the continuous fiber 

3D printing process and the additional properties it 

introduces—like fiber direction—creates more room 

for optimization. “Additive Flow offers a seamless, 

straightforward way of harnessing that complex-

ity,” he states.

“Continuous fiber 3D printing technology is actu-

ally one of the most demanding when it comes to 

making these decisions,” Antonov concludes. “It can 

perform very badly if you don’t know how to design 

for the technology. But if you do optimize parts 

properly, it has real benefits and outperforms almost 

any other materials. We need tools like Additive 

Flow’s software to achieve those optimal results.”

3D printed seat support for aircraft, optimized using Formflow and Aura 
software and 3D printed using Anisoprint’s CFC technology.

Image: Anisoprint
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The history of composite materials dates back thou-

sands of years, with the pioneering addition of straw 

into mud to make stronger building materials. Fast 

forward to today and the basic principle of com-

posites is the same: to reinforce and strengthen 

material using particles or fibers. Instead of straw 

and mud, however, most composites are based on 

polymers, including thermoplastics and photopoly-

mers that are reinforced with carbon or glass fibers 

or other particles. 

These materials have been game-changing in the 

manufacturing industry, enabling high-performance 

engineering applications at a fraction of the weight 

and cost of metals. 3D printing, for its part, is now 

unlocking even more opportunities for advanced 

composite polymers, combining the geometric free-

dom and agility of AM with the superior strength of 

filled materials. 

Even so, most of the 3D printing applications we see 

for reinforced plastics are for thermoplastic-based 

technologies like FFF and SLS. That is, until recently. 

Fortify, a 3D printing company, is expanding our 

understanding of 3D printed composites with 

its unique Digital Composite ManufacturingTM 

(DCM) process that combines DLP 3D printing with 

magnetically aligned filled photopolymers. Its tech-

nology overcomes the challenges of 3D printing 

filled resins—such as sedimentation—and allows 

for greater alignment control of fibers for opti-

mal performance.

Nozzles 3D printed using Fortify’s DCM 
technology and ESD-HT Resin material.

Image: Fortify



The sedimentation challenge

One of the reasons thermoplastic 3D printing 

technologies have been dominant in the sphere of 

3D printed composites is that because the print-

ing materials are solid at room temperature, the 

fibers in the polymer matrix are locked in place until 

they are printed, which ensures even dispersion. 

Resin-based processes, such as DLP and SLA, on 

the other hand, use viscous photopolymer resins. 

Without intervention, fibers or particles in the resin 

would therefore begin to settle at the bottom of the 

vat—a process known as sedimentation. 

As a consequence, most DLP 3D printing materials 

are what are known as “neat photopolymers”, which 

do not contain any fillers and are limited in terms 

of their engineering applications. (It should be 

noted that there are nanoparticle filled materials on 

the market for DLP and SLA technologies, such as 

ceramic-filled resins—but these are limited in terms 

of their benefits. As Fortify explains, nanoparticle 

filled resins offer greater stiffness, but little in the 

way of improved strength or other properties.)

Fortunately, Fortify is pushing the boundaries of DLP 

3D printing materials and applications by overcom-

ing the sedimentation challenge. The company’s 

patented Continuous Kinetic Mixing (CKMTM) tech-

nology works by continuously heating and mixing 

the resin with functional additives to ensure that 

reinforcing fibers in the resin matrix are evenly sus-

pended throughout the printing process. The CKM 

process also enables Fortify to print materials that 

have higher viscosity than more traditional pho-

topolymers. In other words, CKM has opened the 

DLP 3D printing process to a slew of different resin 

materials that would otherwise be challenging if not 

impossible to print using a standard DLP system.

The question of alignment

More than making its DLP 3D printing technology 

compatible with filled photopolymers, Fortify has 

also developed a technology to optimize the ori-

entation of the fibers within a print to achieve the 

optimal properties and performance. This is the 

FluxprintTM technology, which applies a magnetic 

field to the printer’s build volume at every layer of 

the print to align the fibers in a particular direction. 

The resin layer is then selectively cured using UV 

light, locking the aligned fibers in place. This process 

enables users to control the alignment in every layer 

of the printed object for highly tunable properties.

By contrast, in most extrusion-based composite 3D 

printing technologies and injection molding, fiber 

alignment is the result of shear. In other words, the 

direction of the fibers is determined by the direction 

of material flow through the print nozzle or into the 

mold. This means that the fibers are typically aligned 

in a single direction. While this provides benefits 

Fortify has brought to market a series of 
DLP-based 3D printing systems.

Image: Fortify
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over non-filled polymers, the ability to control the 

direction of the fibers at every layer unlocks superior 

properties. For example, a part with fibers aligned 

based on load direction can achieve four times 

greater tensile strength than the same part with 

improperly aligned fibers.

You might ask yourself how Fortify’s Fluxprint tech-

nology uses magnetics and still works with fibers 

that are not magnetic by nature, like carbon and 

glass fibers. The answer is simple. By treating the 

fibers with trace amounts of magnetic material, Flux-

print technology can control the alignment of each 

fiber within a fraction of a second. 

Fluxprint is integrated into Fortify’s Flux One and 

Flux 3D systems: the Flux One comes with lim-

ited orientation (z-direction alignment for isotropic 

materials) while the Flux 3D allows for full alignment 

control. This means that the direction of fibers can 

be controlled not only in every layer, but different 

directions can be achieved within the same layer 

through the use of selective curing. Ultimately, the 

combination of Fortify’s CKM and Fluxprint technol-

ogies take DLP 3D printing beyond the production 

of neat photopolymer parts and into high-perfor-

mance engineering applications, like heat sinks, 

impellers and more.

“The additive manufacturing market is continuing to 

drive towards high-performance, production appli-

cations as opposed to displacing the manufacturing 

of commodities,” says Josh Martin, CEO of For-

tify. “When you map the landscape of best-in-class 

materials for strength, wear resistance or electrical 

performance the winners are composites. At Fortify, 

we’re opening doors to scalable applications that 

were previously blocked due to demands on materi-

als performance.”

Photopolymers with fillers 
and high viscosity

Of course, the technologies that enable the produc-

tion of filled photopolymer parts are only half the 

story. The advanced 3D printing materials them-

selves are vital to unlocking new applications and 

new levels of performance. 

Currently, Fortify offers a range of advanced pho-

topolymers, including Fortify DT (Digital Tooling), 

Radix™ Printable Dielectric, High Purity Alumina, 

Low Shrink Aluminum Silicate, ESD High Tempera-

ture Resin and the brand new High Temperature 

and Strength (HTS) resin. The company also offers 

a pathway for customers to develop and qualify 

their own filled photopolymers for its 3D printing 

“ When you map the landscape of best-
in-class materials for strength, wear 
resistance or electrical performance 
the winners are composites.”
JOSH MARTIN, CEO FORTIFY



platform: Flux Developer. You can read more 

about the Flux Developer platform in a recent fea-

ture we published.

Each of Fortify’s materials has been engineered to 

meet certain specifications for different types of 

application. For example, Radix™ Printable Dielec-

trics was developed in cooperation with Rogers 

Corporation and is the first low-loss resin for DLP 

and SLA 3D printing. The resin was engineered 

specifically for the development and production of 

dielectric components for applications like SAT-

Comm antenna lenses and volumetric circuits. In 

combination with the design freedom associated 

with DLP—including the integration of lattices with 

tunable densities—the material can even be used 

to create parts with a graded dielectric constant in 

all three dimensions, resulting in a lower dissipation 

factor and lighter weight than counterparts with a 

solid geometry.

Notably, Fortify has a series of materials devel-

oped for electronics applications, including low-loss 

dielectrics, high-temperature electrostatic-dis-

charge safe, thermally conductive and electrically 

resistive polymers and technical ceramics. This 

unique portfolio along with the company’s DCM 

technology have attracted the interest of In-Q-

Tel, Inc., a not-for-profit investor that specializes 

in cutting-edge technologies to support the mis-

sion of the U.S. intelligence and defense agencies. 

Fortify’s solution is of particular interest in the 

development of RF devices and wireless infrastruc-

ture, such as 5G.

A 3D printed printed circuit board assembly 
organizer made from ESD-HT material.

Image: Fortify
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One of Fortify’s newest products in its mate-

rial portfolio is ESD-HT Resin, a static-dissipative, 

high-temperature photoresin engineered to prevent 

static electricity buildup in 3D printed components. 

The material is also effective at high temperatures, 

dissipating static in environments as hot as 284 

degrees Celsius. This combination of properties 

makes ESD-HT Resin suitable for applications that 

require protection from electrostatics and reduced 

fire and explosion risks, including parts in automo-

tive painting facilities and oil refineries. The material 

can also be used for ESD-safe applications such as 

parts used in electronics manufacturing.

Looking at more conventional manufacturing pro-

cesses, like injection molding, the transformative 

potential of polymer matrix composites is evident. 

While injection molding was initially dominated by 

Fortify’s CKM and Fluxprint technologies enable the 3D printing of 
more advanced materials than traditional DLP processes.

Image: Fortify

neat plastic materials, the introduction of composite 

polymers opened the possibility of manufacturing 

high-performance, engineering-grade products. 

Fortify points to the aerospace industry as an exam-

ple, where carbon fiber composite usage eventually 

overtook metal usage for commercial and mil-

itary aircraft. 

We are now seeing this shift happen in the additive 

manufacturing industry, where there is increasing 

interest in advanced, filled materials. Neat photo-

polymers will always have their place in the industry, 

but the growing ability to process fiber reinforced 

materials will only help to create new opportunities 

and drive adoption of AM. Fortify, with its CKM and 

Fluxprint technologies, is playing an important role 

to introduce new advanced materials and applica-

tions for scalable DLP 3D printing.
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Competing with traditional carbon fiber 
composites in terms of mechanical proper-
ties is no easy task. That’s why many com-
posites AM companies leverage advanced 
polymer matrices to offer composite parts 
with geometries that could be made in no 
other way. JEC World offered us many in-
sights into some of the advanced polymers 
driving the composites AM transition.

Advanced materials 
that mattered at 
JEC World 2022
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On this page:
A close up of an HexAM part produced by Hexcel. 

The company’s unique process, developed by and 

acquired from OPM, uses SLS technology (polymer 

PBF) to produce composite parts using materials 

such as HexPEKK EM – an electrically conductive, 

high-performance, PEKK-based thermoplastic 

carbon fiber composite material.

On previous page (L):
A typical 3D printed tool produced by LFAM using 

a thermoplastic composite matrix and a chopped 

fiber reinforcement in pellet (granulate) form. The 

matrix materials can range from nylon all the way to 

advanced polymers such as ULTEM (PEI), PEEK and 

PEKK. Companies like Anisoprint and Markforged 

are leading in this segment.

On previous page (R):
A sample part made by 9T Labs. The Swiss compa-

ny’s unique technology uses its own software and 3D 

printing to rapidly produce elements of parts with 

intricate geometries and topologically optimized 

fiber distribution. These parts are later assembled 

into a single, more complex part, that is completed 

in a mold and can thus be cost-effectively produced 

in larger numbers.
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On this page:
A tool produced in the new Massivit 10000, the first 

Massivit 3D printer developed specific to produce 

composite tooling that can be used in autoclave 

(currently at around 170° but with the goal to go well 

beyond 200°). The unique Massivit process enables 

production of these 3D printed tools using pure 

epoxy resin. During the Gel Dispensing Printing 

(GDP) process, the Epoxy is actually poured into a 

shell that can be washed away with water.



Image: Apium Additive Technologies GmbH41
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On this page:
A close up of LFAM optimized materials from 

Airtech. The specialist in composite granulates is 

a leading supplier to many of the companies now 

developing very large LFAM systems, leveraging 

the Dahltram range of products. Most of these are 

based on advanced polymer matrices made of PEEK 

and ULTEM (PEI) materials. The goal of these mate-

rials is to withstand temperatures high enough for 

autoclave manufacturing.

On previous page (L):
A sample tool produced by MVP (Magnum Venus 

Products) a US-based company that developed a 

new LFAM system to produce molds using reac-

tive, exothermic, thermoset resins. The company’s 

unique RAM (Reactive Additive Manufacturing) pro-

cess enables the cost effective printing of thermoset 

materials to produce large scale parts in various res-

olutions using novel pumping technology of reactive 

deposition materials.

On previous page (R):
Some “standard” 3D printed thermoplastic com-

posite parts reinforced with either chopped or 

continuous (or both) carbon fiber. The matrix mate-

rials can range from nylon all the way to advanced 

polymers such as ULTEM (PEI), PEEK and PEKK. 

Companies like Anisoprint and Markforged are lead-

ing in this segment.
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On this page:
An intricate shape-optimized bracket produced by 

Hexcel using the HexAM process.

On following page:
A 3D printed chair made by CEAD’s robotic extru-

sion system using MCPP recycled PET-G materials.

While PET-G cannot be considered an advanced

polymer, it does offer many interesting possibilities 

for low-cost and sustainable LFAM 3D printing due 

to its very recyclability. MCPP is now a leader in

offering this material to many emerging LFAM com-

panies around the world.
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