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Motivation
Functionally Graded Materials (FGMs) with smooth transition of properties were
developed 1,2 in which a continuous, stepped or spatial change in composition and/or
microstructure (e.g., chemical properties, grains size, structure, texturization level,
density, porosity) results in change of features3,4. The spread of use of FGMs was slow in
the past due to limitations in production methods. Parallel to improvements in
manufacturing technologies, research on processing of FGMs has increased
exponentially in the last 20 years.
Special attention is given today to Functionally Graded Ceramics (FGCs) since the
demand on high-complex technical ceramics is increasingly in many field of applications
[5]. Conventional methods (e.g., chemical vapor deposition, thermal spray, centrifugal
casting, spark plasma sintering, powder metallurgy) used for the manufacturing of FGCs
have difficulties in production of cost-efficient, custom and complex-shaped ceramics [6].
Additive Manufacturing (AM) methods offer new possibilities by providing flexibility for
tailored components design of material composition, complicated shapes and functional
complexity.
The techniques based on lithography are suitable for FGC production in terms of shape
complexity however they have low building speed, high cost and poor mechanical
properties. Lithography-based Ceramic Manufacturing (LCM) method was developed by
Lithoz GmbH as an enhancement of Stereolithography (SLA) and Digital Light Processing
(DLP) technology [7].
The main motivation of GraCerLit project is to use LCM for additive manufacturing of
high-quality ceramic-ceramic FGCs.

Project Objectives
• Overall objective of GraCerLit project is to develop a novel LCM printing setup that
allows additive manufacturing of FGCs by simultaneous processing of two
photocurable feedstocks with a control of the architecture, material combinations and
microstructure at different scales (see Fig. 1).

The CeraFab series shown in Fig. 4 are commercially available printers with a high
precise lateral resolution of layer thickness.

Figure 4.
Commercially
available LCM
printers

Figure 5. Samples
produced by LCM

Nowadays, LCM is used for Al2O 3,
YTZ, Si3N 4, β-TCP, HA and silica
(see Fig. 5).

Project Management
In the GraCerLit project, 6 work packages are planned.
•

WP1. Project Management and Training

•

WP2. State-of-art, Specifications and Needs Assessment

•

WP3. Development of a Lithography-based Printing Setup

•

WP4. Production and Characterization of Functionally Graded Ceramic (FGC)
Samples

•

WP5. Development of Process -Structure-Property (PSP) Relations with Machine
Learning

•

WP6. Dissemination, Exploitation and Communication (DEC) of Results
In Fig. 6, the inter-relations between the work
packages is shown. WP3, WP4 and WP5 are
the scientific work packages.

Figure 1. Scheme of
conceivable material
combinations

Additionally, one independent work package
is dedicated for each following activity
namely;

• The performance of the method and the quality of the FGC components will be
evaluated by measurement of physical, mechanical and microstructural properties.
• Supervised Machine Learning (ML) algorithms will be applied in order to obtain
Process-structure-property (PSP) relations so that further combinations of FGCs can
be developed.
Figure 6. Inter-relations between WPs
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•

Project management and training (WP1),

•

State-of-art, specifications
assessment (WP2),

•

DEC of results (WP6).

and

needs

WP1 and WP6 will run parallel to other WPs
for the entire lifecycle of the project.

• In GraCerLit project, the LCM method will be used for the first time for manufacturing of
FGCs.
• Research activities of high-precision multi-components in GraCerLit project will be
realized with the open platform prototype. The printer prototype and draft design of
printing setup is shown in Fig. 2.

Impact
The LCM method will be used for the first time for manufacturing of FGCs. LCM will allow
cost-efficient serial production of highly complex-design FGC components by using
sinterable conventional ceramic powders and will accelerate the use of FGC in almost all
sectors.

Figure 2. Open
platform printer
prototype and draft
design of printing
setup

Lithography-based Ceramic Manufacturing (LCM)
The schematic system of the LCM
technology is shown in Fig. 3. A
photosensitive formulation is cured via a
mask-exposure process using the concept
of DLP in the required areas through
selective light exposure to light [8].
Complementary to SLA, a photoreactive
suspension is the basis of the LCM
technology. As a building speed, up to 100
slices/hour, meaning up to 10 mm/h can be
achieved [9].

Marie Sklodowska-Curie Fellowship will provide the Experienced Researcher (ER)
opportunities to increase his potential to implement further independent and mature
research projects and open new career opportunities.
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Join GraCerLit
To learn more about the project visit our website at:
www.gracerlit.eu

Figure 3.

Schematic representation of LCM

Follow GraCerLit on social media platforms
Twitter: https://twitter.com/LithozAustria
YouTube: https://www.youtube.com/channel/UCKaRbtdkBrgDMZKvGMVqTKA
LinkedIn: https://www.linkedin.com/company/lithoz-gmbh/
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