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On behalf of the organizing committee, I am truly honored and pleased to welcome you to the 
International Meet & Expo on 3D Printing and Additive Manufacturing, which is to be held on 
October 11–13, 2021 in Valencia, Spain.

Additive manufacturing has undergone tremendous development over the years. Through the 
advent of innovative solutions and novel technologies, the scope of additive manufacturing 
has expanded beyond rapid prototyping, and it is now being widely adopted in a multitude of 
industrial sectors. The aim of this conference is to facilitate discussion regarding the recent 
developments, updates, and state-of-the-art technologies in the field of additive manufacturing. 
We are very fortunate to have invited over 50 speakers from various disciplines to present 
their exciting research findings on a number of related topics. I would like to express my 
deepest appreciation to the plenary speakers, keynote speakers, invited speakers, and all the 
participants for your excellent submissions to this conference. Indubitably, your passion for 
research is the driving force behind the rapid advancement of additive manufacturing.

This three-day conference is packed with informative and insightful presentations by speakers 
from renowned institutions all over the world. Short breaks are planned between the sessions 
for the participants to not only refresh themselves, but also communicate their knowledge and 
actively engage in fruitful discussions with experts of different fields. On the first day of the 
conference, we shall commence with a brief introduction, which is followed by a series of 
presentations from our plenary and keynote speakers. Meanwhile, the sessions on the second 
and third day of the conference will feature our invited speakers and participants.

While you are in Spain, I would encourage you to take some time to explore the sights and 
attractions in Valencia. Valencia is a vibrant and culturally rich city, and many interesting 
recreational activities are available. Please be reminded to adhere to the safety guidelines 
pertaining to the present pandemic situation.

Thank you for your interest in this conference, and we look forward to your participation.

Sincerely yours,
Kun Zhou
Singapore Centre for 3D Printing
Nanyang Technological University
Singapore
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Formation and Structure of 3D Printed Fiber-Reinforced 
Composites
Abdel-Fattah M Seyam*, S M Fijul Kabir and Kavita Mathur
Wilson College of Textiles, North Carolina State University, Raleigh, North Carolina, USA

Abstract
The ability of 3D printing (3DP) technology of forming complex/intricate shapes from newly 
developed continuous filament composite provided numerous opportunities to manufacture 
products for high performance applications such as aerospace, automotive, marine, building 
structures, defence, wind turbine blades, and leisure. Several research gaps have been 
identified that need to be addressed in order to advance 3DP technology to compete with 3D 
traditional fiber-reinforced formation technologies (3D knitting and weaving). These include: 
(1) accurate characterization and limitation of current printing materials, (2) identification 
of 3DP technology limitations, (3) development and performance assessment of 3D printed 
structures with unique architectures, and (4) demonstrate 3DP technology in formation of a 
complex shape part.

Characterization of printing materials using thermal and microstructural analysis was 
conducted to unveil their construction parameters (diameters of composite filaments, number 
of fibers in the composite filaments, diameter and density of the fiber, fiber volume fraction, 
and fiber–matrix distribution in the composite filaments). This would allow researchers to 
relate the performance characteristics of a final product in terms of the constituents’ structural 
parameters.

Several parametric studies were undertaken, including fabrication of composites with 
sandwiched cellular structures (triangular, hexagonal, rectangular and solid) at varying fiber 
orientations (unidirectional, cross-lay and quasi-isotropic) and maximum fiber content at 
varying fiber orientations (unidirectional, cross-lay, angle-lay and quasi-isotropic). Previously 
unexplored mechanical properties such as impact (Drop-weight, Charpy and Izod) in addition 
to the most widely explored properties such as tensile and microstructures of the developed 
composites were investigated. Comparison between 3DP, unidirectional and 3D orthogonal 
plain-woven composites manufactured by Vacuum Assisted Resin Transfer Moulding 
(VARTM) technology was conducted.

To demonstrate the usefulness of 3DP technology, ring travellers (extremely small and 
lightweight parts that are used to impart twist onto yarns) were formed from fiber-reinforced 
filaments and assessed against travellers produced using injection moulding technology. The 
number of ring travellers consumed worldwide is multibillion annually. The new trend in this 
area is producing the ring travellers from Nylon and Nylon reinforced composites since these 
require less lubrication and can run at higher speed (production) compared to the traditional 
steel ring travellers. It was demonstrated that fiber-reinforced 3DP is a promising technology 
with myriad flexibilities regarding reinforcement pattern and material selection for ring 
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travellers.

Keywords
3D Printed Fiber-reinforced Composites; 3D Woven Fiber-reinforced Composites; Ring 
Spinning Traveller
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On Processes, Materials and Mechanical Properties for 
Non-Load-Bearing and Load-Bearing Applications

X. Wu*, M.Lam, X. Tian, D. Bayoumy, Q. Jia and A. Huang
Monash Centre for Additive Manufacturing (MCAM), Monash University, Melbourne, 
Australia

Abstract 
Selective Laser Melting (SLM) can deliver high strength metallic alloys having outstanding 
tensile properties. When subjected to optimised processing parameters and post heat treatment 
conditions. Further, SLM’d components are suited for a wide range of applications, in particular 
where fatigue life is not a limiting property.  Today, components as large as 800mm can be 
easily built using several SLM machines. This presentation will report the recent research 
on microstructure and mechanical properties of an SLM’d high strength Al alloy and a Ni 
superalloy. It will show that optimized processing conditions, minor change of composition 
and post heat treatment have significant influence onthe occurrence of cracking, microstructure 
and mechanical properties. SLM’d Ni or high strength Al alloys, regardless of weldable or 
unweldable, can lead to cracking during the SLM process. In comparison to the post heat 
treatment condition used for the conventionally processed material, SLM’d Ni alloy requires 
a totally different heat treatment to achieve adequate creep properties for a given composition.  
For components >800mm, whether SLM is a suitable process or not dependeds on the cost 
effectiveness of individual applications. For large structural components, they are often load-
bearing and their fatigue properties are critical. The microstructure with a good fatigue life needs 
to be uniform fine (or recrystallized) microstructure with minimal defects as are obtained from 
the forgings. This presentation will also introduce a hybrid additive manufacturing process 
which combines direct laser despotion with in situ micro-rolling. This process, designated as 
HYAM, can provide deformation for the deposited material up to 200%, and results in uniform 
refined microstructures. The size and the number of defects also are significantly reduced 
resulting in outstanding fatigue and tensile properties. Since the build rate is 10-20x faster than 
SLM, the cost effectiveness for manufacturing large components is markedly improved. 
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Recent Progress in Additive Manufacturing of Polymer 
Composites Based on Powder Bed Fusion 
Kun Zhou
Singapore Centre for 3D Printing, School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, 50 Nanyang Avenue, 639798, Singapore 

Abstract
Selective laser sintering (SLS) and multi jet fusion (MJF) are two leading polymeric powder 
bed fusion (PBF) techniques in additive manufacturing. With their excellent printing 
resolution, high printing speed, and efficient use of build space, SLS and MJF cater to a variety 
of applications in the aerospace, automotive and biomedical industries. The development of 
polymer composites via SLS and MJF is the next step in the advancement of PBF techniques 
due to its potential in improving and modifying the inherent properties of currently available 
polymer materials. This talk highlights and discusses the recent work that we have undertaken 
to further advance the development of PBF-printed polymer composites. Numerical modelling 
studies have been conducted to simulate the powder spreading process and the sintering or fusion 
process. These numerical models grant a deeper understanding of the intricate mechanisms 
occurring within each individual process, which are essential for an accurate optimization of 
process parameters for the polymer composites. The optimization of the powder preparation 
and post-processing methods have further enhanced the mechanical properties of polymer 
composites. Additionally, the versatility of material customization and structure design in PBF 
techniques has enabled the development of novel composite material systems with specifically 
tuned properties such as high electrical conductivity and energy absorption, which potentially 
broadens the PBF applications.

Keywords
Powder Bed Fusion; Polymer Composites; Selective Laser Sintering; Multi Jet Fusion

Biography
Dr. Kun Zhou is an associate professor in the School of Mechanical and Aerospace Engineering 
at Nanyang Technological University (NTU), Singapore. He received his B.Eng. and M. Eng. 
degrees from Tsinghua University in 1998 and 2001, respectively, China and his Ph.D. from 
NTU in 2006. His research interests include additive manufacturing, mechanics of materials, 
and modelling and design for sustainable materials. He is Programme Director of Marine and 
Offshore in Singapore Centre for 3D Printing. He has published over 360 papers in refereed 
journals and over 20 book chapters. He serves as Editor-in-Chief of Smart Manufacturing, 
Co-Editor-in-Chief of Journal of Micromechanics and Molecular Physics, and an associate 
editor or editorial board member of eight international journals including Virtual and Physical 
Prototyping and International Journal of Fatigue.
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Effects of In-Situ Rolling on the Microstructure and 
Mechanical Properties of Additively-Manufactured Ti-
6Al-4V
Aijun Huang
Monash University, Australia

Abstract
One of the main issues of direct energy deposition (DED), which is an additive manufacturing 
(AM) technique, is the growth of coarse columnar grains caused by heat transfer along the 
building direction. This results in highly anisotropic mechanical properties that can detrimentally 
affect the performance and qualification of DED-built components. To address this, a novel 
rolling device was built and integrated into a DED system so that mechanical rolling can 
be conducted in-situ as a component is being built. In this study, the integrated system was 
used to fabricate Ti-6Al-4V and its effects on microstructure and mechanical properties were 
investigated. Due to in-situ rolling, the prior-β grains that formed were equiaxed and also 
significantly refined. While the resulting α laths were also less textured, in-situ rolling was 
found to have a negligible effect on the α lath thickness. The yield and tensile strengths of the 
rolled alloy were not only found to be isotropic, but also improved as compared to the unrolled 
equivalent. In terms of ductility, in-situ rolling had a minimal effect on vertically-built samples 
but total elongation was significantly improved for horizontally-built samples. Lastly, a face-
centred cubic (FCC, a = 0.43 nm)phase was observed between the α and β phases in all samples 
but was found to be coarser in the rolled samples. While the presence of an FCC phase has 
been reported several times in Ti alloys, the question of whether such a phase is an allotrope 
of Ti or simply a hydride remains highly controversial.   
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Additive Manufacturing of Nickel-Based Superalloys

Feng Liu*, Liming Tan, Xiangyou Xiao, Guowei Wang, Lan Huang, 
Yong Liu
Central South University, China

Abstract
With excellent resistant to creep, fatigue, corrosion and oxidation at high temperatures, nickel-
based superalloys are widely applied in the aerospace and power generation industries. These 
considerable properties are mainly derived from the combination of alloying elements and 
careful processing. The additive manufacturing (AM) or 3D printing becomes an attractive 
method for producing superalloys, since it reduces the manufacturing steps, minimums 
processing waste, and yields components with arbitrary configuration. However, superalloys 
designed for traditional routes, including casting and forging, barely accommodate to 3D 
printing, because of the rapid and repeated thermal cycling. This presentation will introduce 
the design of nickel-based superalloys with sound printability and mechanical properties 
aimed for AM, by means of computational methods and data-driven approaches. Moreover, 
the effects of thermal history on the formation and evolution of second phase and defects are 
described, giving hints to tailor the microstructure and properties of superalloys processed by 
this unique technique.  

Keywords
Additive Manufacturing; Nickel-based Superalloys; Design; Printability

Biography
Feng Liu is an associate professor in the State Key Laboratory of Powder Metallurgy at 
Central South University (CSU), China. He received his B.Eng. and Ph.D. degrees from CSU 
in 2006 and 2011, respectively. His research interests include powder metallurgy, additive 
manufacturing, modelling and design for superalloys. He has published over 60 papers in 
peer-reviewed international journals and holds over 30 patents. He is an associate editor of 
Computer Modeling in Engineering & Sciences, and he has also served as a guest editor of 
Virtual and Physical Prototyping.
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Three-Dimensional Technology Applications in 
Maxillofacial Reconstructive Surgery: Current Surgical 
Implication

Imad Abu El  Naaj
Bar-Ilan University, Israel

Abstract
Defects in the oral and maxillofacial (OMF) complex may lead to functional and esthetic 
impairment, aspiration, speech difficulty, and reduced quality of life. Reconstruction of 
such defectsis considered one of the most challenging procedures in head and neck surgery. 
Transfer of differentauto-grafts is still considered as the “gold standard” of regenerative and 
reconstructive proceduresfor OMF defects. However, harvesting of these grafts can lead to many 
complications includingdonor-site morbidity, extending of surgical time, incomplete healing 
of the donor site and others. Three-dimensional (3D) printing technology is an innovative 
technique that allows the fabricationof personalized implants and scaffolds that fit the precise 
anatomy of an individual’s defect and,therefore, has attracted significant attention during the 
last few decades, especially among head andneck surgeons. Here we discuss the most relevant 
applications of the 3D printing technology in the oral and maxillofacial surgery field. We 
further show different clinical examples of patients who were treated at our institute using the 
3D technology and discuss the indications, different technologies, complications, and their 
clinical outcomes. We demonstrate that 3D technology may provide a powerful tool used for 
reconstruction of various OMF defects, enabling optimal clinical results in the suitable cases.
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A New Wire Based Direct Energy Deposition Process - 
Higher Deposition Rate with Accurate Bead Geometry 
Control

J Ding*, S W Williams, W Suder, G Pardal and S Meco
School of Aerospace Transport and Manufacturing, Cranfield University, Cranfield, United 
Kingdom 

Abstract
Wire based Directed Energy Deposition (DED) Additive Manufacture (AM) features high 
build rates, low cost and capability for the manufacture of large engineering parts. This is all 
combined with excellent material properties. This has led to a very high level of interest from 
many industry sectors including aerospace, energy and construction. In this presentation, the 
latest development of the next generation of metal DED AM process in Cranfield University 
will be introduced. Rather than using standard off the shelf heat sources such as arcs or lasers 
we are researching into bespoke multi-energy sources (MES) designed to enable complete 
control of the layer height and width. Using the MES approach we expect to be able to increase 
the build rates towards 10 kg/hr whilst maintaining high fidelity, leading to a net shape finish. 
The latest results using plasma arc and laser beam(s) have shown great advantages of the MES 
process over the processes based on single arc and single laser, with can achieve a higher 
deposition rate with better control on bead geometry. Specially shaped filler wire can achieve 
much higher deposition rate comparing to the normal round wire. By shaping the energy profile 
using a scanning laser, the bead width and height can be independently controlled with high 
accuracy.

Keywords
Wire Based Direct Energy Deposition; High Deposition Rate; Multi-energy Source

Biography
Dr. Jialuo Ding is a Principal Research Fellow in Additive Manufacturing, in Cranfield 
University. Dr. Ding received her PhD in process modelling of AM process from Cranfield 
University, UK in 2012. Her main research activities include automation and software 
development for Wire + Arc Additive Manufacture (WAAM) process, large scale metallic 
AM process, new wire-based direct energy deposition (w-DED) process, as well as process 
modelling and simulation. Dr Ding has published more than 50 peer reviewed journal papers 
and received an h-index of 29. She is the Lead Researcher of the WAAMM at Programme, 
which is a rolling research programme with more than 30 industrial and academic partners 
and aiming at providing industrial solutions based on the WAAM process. She has led and 
delivered more than 40 industrial and research projects in the last 5 years. In addition, she is the 
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co-founder and CTO of WAAM3D Ltd which is a spin-off company of Cranfield University 
that provides WAAM solutions to industry.
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Production Routes for Specialized, Spherical Powders
Karin Ratschbacher*, Volker Güther
GfE Metals and Materials, Höfenerstrasse 45, 90431 Nuremberg, Germany. 

Abstract
Advances in Additive Manufacturing by powder bed fusion technologies or blown powder 
technologies based on EBM (Electron Beam Melting), SLM (Selective Laser Melting) and 
LMD (Laser Metal Deposition) have led to an increase of demand on spherical powders [1]. 
However, most applications are realized through a handful of commercially available powders. 
Customized alloys and new materials are needed toenlarge the field of possible applications 
and enhance the performance of additive manufactured parts. This presentation introduces 
production routes for customized Titanium-alloy powders, high-temperature alloy powders as 
well as refractory metal based High Entropy Powders, which represent a new class of materials 
for additive manufacturing, commercially unavailable until now.

For titanium alloys, the alloying elements are compacted into consumable electrodes, which 
are molten into an ingot via Vacuum Arc Melting (VAR) or Electron Beam Melting (EBM), 
depending on the alloying elements. To obtain homogeneous feedstock for the Electrode 
Induction Melting Inert Gas Atomization (EIGA), the ingot is remolten in an Induction Skull 
Melter (ISM) and gravity cast into a steel mould. This high purity feedstock is then atomized 
and classified under Argon atmosphere.

Through the adjustment of process parameters, the particle size distribution (PSD) can be 
shifted from very fine to coarse, resulting in tailored PSD for different additive manufacturing 
processes. [2]

A novel processing route invented by GfE allows the production of feedstock for the EIGA of 
alloys with very high melting points. This includes brittle, high temperature intermetallics, such 
as MoSiB and VSiB as well as refractory based High Entropy Alloys which cannot be processed 
by conventional meltmetallurgical technologies to stable EIGA electrodes. The availability of 
such powders represents a breakthrough, allowing results from fundamental research to be 
transferred into products and widening the application field of additive manufacturing.

The extension of additive manufacturing into the refractory based HEA opensthe possibility to 
build high strength parts. The high intrinsic strength of refractory based HEA compensates the 
impossibility to forge additively manufactured partsto enhance the microstructure. [3]
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Keywords
Powder; Atomization; EIGA; Feedstock

Biography
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Tungsten alloys, used in sputter targets. After her postdoctoral assignment at FEM-Research 
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Ma–Wang Material Model for Cold-Spray Additive 
Manufacturing Simulation
Ninshu Ma1*, Qiang Wang1,2*
*1Joining and Welding Research Institute, Osaka University, Mihogaoka 11-1, Ibaraki, Osaka 
567-0047, Japan
*2Graduate School of Engineering, Osaka University, Yamada-oka 2-1, Suita, Osaka 567-0047, 
Japan

Abstract
Cold-spray additive manufacturing (CSAM) is an emerging AM technology which can complete 
metallurgical bonding in solid-state through supersonic accelerated particle impact. It avoids 
melting-related issues such as solidification cracking, grain coarsening, and large thermal strain/
stress. Nevertheless, the impact bonding of each micro-particle is finished within nanoseconds, 
which is impossible to be directly observed by experimental devices. The inevitable choice for 
CS-AM in-depth research is to reproduce dynamic phenomena by computational modeling. 
Using computational approaches, the first issue to be solved is to ensure that the established 
numerical model can accurately predict the supersonic impact behavior of particles, which 
is beyond the capabilities of most material models. In this study, a new material model 
considering extremely large strain, ultra-high strain rate, thermal softening, and dynamic 
recrystallization, named by Ma–Wang model or MW model, is developed. The accuracy of 
the M–W model in predicting the large plastic deformation is validated by comparing it with 
the actual morphology of the deformed Cu micro-particle. The predicted grain size evolution 
by MW model is proved by comparing with the actual grain size distribution obtained by 
Electron Back-Scattered Diffraction (EBSD). On this basis, the impact behavior of a single 
Cu micro-particle is discussed in detail by combining numerical simulations and experimental 
validations, revealing the formation mechanism of extreme plastic deformation and its effect 
on the dynamic recrystallization and interfacial bonding.

Keywords 
Material Model; Cold Spray; Extreme Deformation; Grain Refinement
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mechanical phenomena in solid-state and fusion-based additive manufacturing, dissimilar 
materials (including CFRP/Metals) joining using various heat sources induced in electric 
resistance welding, friction stirring welding and laser assisted welding. (2) R&D of materials 
fracture criteria occurred in metal forming, welding/joining and performance. (3) Application 
of basic research achievements to the improvement of performance of welded joints and 
structures such as extension of fatigue life.
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Directly 3D-Printed Connectors for Micro-fluidic 
Interconnections
S. W. Ricky Lee1,2,3*, Qianwen Xu1,3, Jeffery C. C. Lo2,3
1Smart Manufacturing Thrust, Systems Hub, The Hong Kong University of Science and 
Technology, Guangzhou, China 
2HKUST Foshan Research Institute for Smart Manufacturing, The Hong Kong University of 
Science and Technology, Hong Kong, China
3Electronic Packaging Laboratory, The Hong Kong University of Science and Technology,
Hong Kong, China

Abstract
Microfluidic technology refers to the science and technology of systems to manipulate small 
amounts of fluids with microchannels. It makes systems like “lab-on-a-chip (LOC) systems” 
possible and is nominated as a game player in the chemical or life science area. Nevertheless, 
efficient and reliable packaging and interfacing strategy for microfluidic chips is still a challenge 
for continuing development and commercialization. Due to the diversity of microfluidic 
types, various interconnect strategies specific to the target microfluidic applications have 
been developed. They can be categorized into permanent gluing and sealing connections and 
reversible and fixing interconnections. Permanent gluing and sealing connections represent 
advantages of easy fabrication, excellent non-leaking performance and low-cost but face 
clogging issues or poor alignments and are challenging to repair and remove. Alternatively, 
reversible and fixing interconnections are adhesive-free, reusable but with cumbersome 
interfaces sometimes. 

3D printing has been nominated as a promising approach to ease the fabrication of 
microfluidic interconnections. However, current 3D-printed connectors still have issues 
with the compatibility of existing microfluidic types or high-density integration. This study 
implemented UV-assisted coaxial 3D printing to provide a general interconnection solution 
with directly 3D-printed connectors for microfluidic devices. Water served as the sacrificial 
layer to form a microchannel inside and was drained out from substrate openings. UV-curable 
adhesives were in-situ cured for shell formation with excellent adherence on microfluidic 
substrates.

The UV-assisted coaxial printing platform consisted of an assembled coaxial nozzle, a 
converged UV-LED light source, a 3D movement stage and fluid feeding systems. Material 
characterizations involving the FTIR spectrum, UV rheology and photo-DSC measurement 
were performed to study the UV curing behaviors of adhesives used in the study and thereby 
master the printing process. Subsequently, the process window with an operable combination 
of printing parameters was identified, and the influence of process parameters was also 
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investigated. The achieved smallest inner channel diameter was around 120 µm.

Besides, the mechanical reliability of 3D-printed connectors was evaluated by mechanical 
testing, including the pull test, shear test and pressure test. Directly 3D-printed connectors 
represented mechanical robustness for their operations. Furthermore, a test vehicle was 
manufactured to integrate the printed connectors to a typical PDMS-Glass microfluidic device, 
which successfully demonstrated directly 3D-printed connectors’ functionality and integration 
feasibility for microfluidic interconnections.

Keywords
3D Printing; Microfluidic; Interconnection
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Stereolithographic Additive Manufacturing of Practical 
Structures
Soshu Kirihara
JWRI, Osaka University, 11-1 Mihogaoka Ibaraki, 567-0047 Osaka Japan

Abstract
In stereolithographic additive manufacturing (STL-AM), 2-D cross sections were created 
through photo polymerization by UV laser drawing on spread resin paste including 
nanoparticles, and 3-D models were sterically printed by layer lamination. The lithography 
system has been developed to obtain bulky ceramic components with functional geometries. 
An automatic collimeter was newly equipped with the laser scanner to adjust beam diameter. 
Fine or coarse beams could realize high resolution or wide area drawings, respectively. As the 
row material of the 3-D printing, nanometer sized metal and ceramic particles were dispersed 
in to acrylic liquid resins at about 60 % in volume fraction. These materials were mixed and 
deformed to obtained thixotropic slurry. The resin paste was spread on a glass substrate at 50 
μm in layer thickness by a mechanically moved knife edge. An ultraviolet laser beam of 355 
nm in wavelength was adjusted at 50 μm in variable diameter and scanned on the spread resin 
surface. Irradiation power was changed automatically for enough solidification depth for layer 
bonding. The composite precursors including nanoparticles were dewaxed and sintered in the 
air atmosphere. In recent investigations, ultraviolet laser lithographic additive manufacturing 
(UVL-AM) was newly developed as a direct forming process of fine metal or ceramic 
components. As an additive manufacturing technique, 2-D cross sections were created through 
dewaxing and sintering by UV laser drawing, and 3-D components were sterically printed by 
layer laminations with interlayer joining. Though the computer aided smart manufacturing, 
design and evaluation (Smart MADE), practical materials components were fabricated to 
modulate energy and material transfers in potential fields between human societies and natural 
environments as active contributions to Sustainable Development to Goals (SDGs).

Keywords
Additive Manufacturing; Stereolithography; Functionally Geometric Modification; 
Dimensional Control; Environmental Materials
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successfully fabricated to modulate energy and materials flows effectively. Ceramic and metal 
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systems were developed and new start-up company “SK-Fine” was established through 
academic-industrial collaboration.
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(Bio) Digital Manufacturing our Future
Alberto T. Estévez1*, Yomna K. Abdallah2
*1,2iBAG-UIC Barcelona, Institute for Biodigital Architecture & Genetics (Universitat 
Internacional de Catalunya, Immaculada 22, Barcelona, Spain

Abstract
The parallelism between the biological and the digital is verified. Genetic similarities between 
DNA, chains of biological information (as if it were a kind of a natural software), and software, 
chains of digital information (as if it were a kind of an artificial DNA). Between the power of 
natural intelligence and artificial intelligence. Between the power of conception, design, and 
manufacture of Nature and of Computation: biological architecture and digital architecture. 
An understanding that would reach its maximum degree of possibilities in its biodigital fusion. 
Being able to think that the future of cities will be 50% biological and 50% digital, or there will 
be no future. In this sense, this paper will present the biological and the digital manufacturing 
that its authors are developing during the last 20 years of research, teaching and practice in 
Architecture and Design. Knowing that their projects couldn’t be thought, or therefore be 
created before its own time and its technology, that allows its conception. Thus, literally, they 
remain as sons of their time, debtors of their respective Zeitgeist. Our time, the Zeitgeist of 
the time in which we live, deserves that we give it feedback, and it is about time we give it to 
it! The Modern Movement of the 20th century worked to design “from the spoon to the city.” 
We, the inhabitants of the 21st century, have had to transcend working only on the surface of 
things, as has been done for millennia. Now it is time to design “from DNA to the planet”. 
From the cell and the bit beyond, to the entire Solar System. Thus, is shown here “from DNA 
to the planet”, some of the multi scalar and transdisciplinary work of Alberto T. Estévez. And 
of course, in the background of all this is the understanding that it is of the utmost importance, 
crucial, and urgent that we achieve planetary sustainability before it is too late. This is already 
commonly agreed. Therefore, each one, from their own field of action and life, must strive to 
achieve it. All of our individual acts make a difference, whether to facilitate sustainability or 
hinder it.

Keywords
Biodigital; Biodigital Architecture; Biodigital Design; Digital Organicism
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more than one hundred lectures around the world, presenting his ideas, research, projects and 
works of architecture and design.
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3D Printed Metamaterial Units for Microwave 
Applications
Anna C. Tasolamprou*, Zacharias Viskadourakis, and George 
Kenanakis
Institute of Electronic Structure and Laser, Foundation for Research and Technology Hellas, 
Heraklion 70013, Greece

Abstract 
In this work we present an ensemble of metamaterials units fabricated using an additive 3D 
printing technique, such as Fused Deposition Modeling (FDM). FDM 3D printing is a cost-
effective, eco friendly and accessible method which provides three-dimensional, ultralight and 
flexible millimeterscale metasurfaces using a household 3D printer. In particular, we fabricated 
a number of conductive Spilt Ring Resonators (SRRs) in a free-standing form. We used two 
different types of filaments, one consists of polylactic acid (PLA) and the other consists of a 
Polyvinylidene chloride (PVDC) matrix, in which copper (Cu) nanoparticles were included. 
Since PLA is insulating, the constructed SRR pieces, were painted over with conductive silver 
epoxy, while the copper particles in PVDC induced enhanced electrical transport properties. 
We characterized experimentally the samples through transmission measurements conducted in 
standard rectangular waveguide configurations. The structures exhibited well defined resonant 
features dependent on the geometrical parameters and the infiltrating dielectric materials. We 
present evidence that the 3D printed components are suitable for practical real-life applications, 
while the method holds an additional advantage of an ecological approach, low cost, flexibility, 
and small weight of the components. Thus, the flexible and light metasurfaces may serve as 
electromagnetic components and fabrics for coating a plethora of devices and infrastructure 
units of different shapes and size; for example in sensing configurations, microwave antennas, 
waveguides, couplers, absorbers, filters, harvesters.

Keywords 
Metamaterials; 3D Printing; Sensing; Microwave
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Possibilities of Plasma Techniques Application for 
Modification of Titanium Alloy Surface on the Example 
of the Ti6al7nb Alloy

Anna Jedrzejczak
Lodz University of Technology, Poland
 
Abstract
Titanium alloys are one of the most promising materials in many areas in industry. They are 
characterized by many beneficial properties, among others: excellent mechanical features, 
biocompatibility and high corrosion resistance. Therefore they are considered the most suitable 
materials in medical applications. 
 
Additive manufacturing processes give the possibility for production of complex lightweight 
structures (eg. custom-made implants) that cannot be produced using conventional processes, 
what additionally broaden application areas of these materials. Since the topography and 
chemical composition of the biomaterials surface are the properties that directly influence the 
interaction with cells, the possibility of shaping them will further increase their attractiveness. 
Plasma techniques seem to be a very promising tool for this purpose. 
 
In plasma etching processes, various physical and chemical mechanisms affect the profile of 
the etched surface. Therefore, depending on the chemical composition of gases and applied 
process parameters there is a possibility to modify the surface of titanium alloy adequately to 
the required applications.

The possibilities of application of plasma treatment will be presented on the example of 
Ti6Al7Nb surface alloy. 
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Development and Implementation by Micro-Extrusion 
of Innovative Alumina Pastes, Based on Eco-friendly 
Additives

D. Gourdonnaud*, J. Bourret, V. Pateloup, T. Chartier, P.-M. Geffroy
Institute of Research for Ceramics (IRCER), CNRS UMR 7315, 12 rue Atlantis, 87068 
Limoges Cedex, France
 

Abstract 
Additive manufacturing refers to a set of shaping processes enabling to build three-dimensional 
ceramic parts with a layer-by-layer approach, by combining material and computer sciences. 
Among them, the micro-extrusion process makes it possible to build a wide variety of 
complex architectures from a CAD model, without the need to machine the printed parts after 
sintering. This process relies on forcing a paste through a nozzle whose inner diameter is 
at the submillimeter scale. The final quality of micro-extruded parts mainly depends on the 
rheological behavior of the paste, strongly related to the nature of organic additives. However, 
the most common organic additives come from the petrochemical industry and are potentially 
harmful to the environment and operators' health. 
 
Hence, this project aims to make the micro-extrusion process more respectful of the environment 
by developingeco-friendly ceramic pastes, in accordance with the green chemistry requirements.

The paste formulation was performed using alumina powder as a reference material. In order to 
satisfy the environmental needs, the alumina pastes have been prepared in an aqueous medium 
with a dispersing agent and a binder that are both natural. The use of organic additives of natural 
origin requires a reflection on the storage method of the paste, as well as a study on the evolution 
of its rheological behavior over a long period. Furthermore, a particular attention is paidto the 
chemical interactions between additives, their influence on paste properties and printability. 
For instance, the ceramic pastes are characterized by determining their viscoelastic behavior 
with oscillatory rheology and their drying behavior. The main goal would be to highlight the 
data to be quantified, as well as the associated limits, in order to predict the ability of a paste 
to extrude properly. 

Porous scaffolds were printed by digitally controlling the movement of a homemade extrusion 
head, with an internal nozzle diameter of 400µm. After heat treatment, the sintered parts show 
a density up to 98%. Moreover, a study on the mechanical properties of sintered parts will be 
investigated by analyzing their microstructure and performing mechanical tests, such as four-
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point-bending tests.

The first promising results show the feasibility of three-dimensional parts by micro-extrusion 
with a ceramic paste composed of eco-friendly additives. Process parameters and printing 
paths can be further optimized in order to reach more complex geometries, which are usually 
not achievable by conventional processes.

Keywords
Micro-extrusion; Eco-friendly Additives; Rheology; Mechanical Properties 
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In-Process Monitoring and Operator Feedback during 
the Additive Manufacturing of Tial6v4 Components
Denis P. Dowling1*, Aoife Doyle1, Darragh S. Egan1, Caitríona M. 
Ryan2 and Andrew C. Parnell2,
*1I-Form Advanced Manufacturing Research Centre, University College Dublin, Belfield, 
Dublin. 4, Ireland
2Hamilton Institute, I-Form Centre for Advanced Manufacturing, Maynooth University, 
Kildare, Ireland 
 
Abstract
The in-situ monitoring of part printing by additive manufacturing (AM), is critically 
important for process reproducibility. This study details the results of an in-situ process 
monitoring study, carried out during the printing of Ti6Al4V alloy parts, by selective 
laser melting. The printing studies were carried out using a production scale Renishaw 
RenAM500M AM system. This equipment incorporates the use of an in-situ optical 
emission monitoring system (InfiniAM detection system) for the monitoring of the melt 
pool. Part printing studies were carried out, during which the laser energy was 
systematically reduced for a number of print layers, and the impact on both the in 
process monitoring data along with printed part mechanical properties was evaluated. 
Computed tomography (CT) scans were also used to identify the location and size of 
voids and pores in the printed alloy parts. This evaluation of the in-process data was 
carried out using two data analytics approaches, the first approach, called the GESD, is 
a generalization of the Grubbs’ statistical test method, which tests the null hypothesis 
that the dataset has no outliers vs. the alternative hypothesis that there are at most ‘k’ 
outliers. An unsupervised machine learning approach called the Search and TRace 
AnomalY (STRAY) algorithm for anomaly detection was also investigated. This study 
successfully demonstrated the ability of both the GESD and the STRAY algorithm to 
identify both reduced laser energy along with porosity defects in real time, during the 
printing of the metal alloy parts. Both approaches have demonstrated potential for use 
as an alert for equipment operators in real time to anomalies associated with part defects 
during printing.
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3D Printing of Cellulose-Based Materials for Electrical 
Insulation, Automotive and Marine Applications
Heli Kangas*, Kirsi Immonen, Jarmo Ropponen, Sini Metsä-Kortelainen
VTT Technical Research Centre of Finland Ltd, P.O. Box 1000, FI-02044 VTT, Finland 
 
Abstract
As the awareness on resource sufficiency, climate change mitigation and circularity of materials
increases globally, many industrial sectors are currently looking for novel solutions in replacing
fossil-based materials. Cellulose as a nature-based, sustainable and versatile material is a 
potential replacement for many synthetic materials. In addition, cellulose has many unique 
inherent properties that make it interesting for novel type of applications, beyond the obvious 
ones, such as paper and board. However, when considering the combination of cellulose and 
3D printing, one challenge is obvious: cellulose is not thermoplastic by nature. 

This challenge is currently being addressed in an EU funded project NOVUM, eventually 
targeting at building a pilot line suitable for producing components from cellulose-based 
materials by 3D printing for versatile applications. During the project lifetime, the process 
will be demonstrated for electrical insulation, marine and automotive industries. For electrical 
insulation components, cellulose is a common raw material but the state-of-the art production 
method needs improvement in terms of labor, time, energy and waste generation. 3D printing 
presents an appealing technology for boosting the process. For marine industry, the use case 
would be something completely new - on-demand printing of outdoor decorative elements 
for cruise ships. For automotive industry, the key motivation is the increase in sustainability, 
which the replacement of fossil-based materials with bio-based ones will bring about.

The thermoplastic cellulose-based composite materials developed in the project contain 
cellulose

derivatives, such as cellulose acetate propionate, microcellulose and bio-based plasticizers. 
They have higher cellulose content (up to 60%) compared to commercial references but the 
material strength properties are at the same level or even better. The material properties can be 
tuned according to the requirements of the end use. The materials have excellent printability 
using commonly available printing technologies such as Fused Deposition Modelling (FDM), 
and are light and have a smooth surface. One key advantage is that the cellulose-based materials 
can be printed as granules without the need to produce filaments. They are also recyclable-
ready: recycling and reuse of the material is possible by crushing and granulating, without the 
need of compounding prior to printing, thus contributing to the circularity of the materials.
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A Novel Method to Calculate the Inherent Strain 
for Predicting the Part Distortion in Additive 
Manufacturing
Hong Seok Park1*, Saurabh Kumar1, Seon Shin Hwa2
*1Department of Mechanical Engineering, University of Ulsan, Ulsan, South Korea
2Intelligent Image Processing Research Center, Korea Electronics Technology Institute, 
Gyeonggi, South Korea

Abstract
Additive manufacturing (AM) of metallic parts is widely applied for industrial applications. 
However, the printed part quality such as part distortion and crack caused by the high 
temperature in heating and fast cooling during the printing process results in the large residual 
stress is the big challenge that prevents the acceptance of industry with AM. To overcome this 
challenge, a numerical modeling method to predict the part distortion at the design stage plays 
an important role which enables to remove the fails before carrying out the real printing as well 
as determine the optimal printing process parameters to minimize the part deformation. This 
research proposes the inherent strain-based part deformation prediction. To have the inherent 
strain (IS) value, the micro-scale model for analyzing the temperature distribution is carried 
out. The IS value is calculated from the temperature gradient. Then, this IS value is used 
for determining the part deformation. The proposed methodology has been developed and 
evaluated using the 316L stainless steel cantilever beam not only for simulations but also for 
experimental results.  
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than 76 prestigious awards like the Prime Minister’s award, ministry of Education award, and 
Lifetime Achievement award. Prof. Park is also serving various International and Domestic 
academic societies as well as conferences at different committee members, and Vice-Chairman 
positions. Contributed to many National Govt. Organizations like MOTIE, KITECH, KOAMI, 
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KEIT, and IITP in Korea.
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Challenges in the Fabrication of Ceramic Feedstock 
Materials for 3D Printing

Dmitry Isakov*, Asish Malas, Greg Gibbons
WMG, University of Warwick, Coventry CV4 7AL, UK

Abstract
The development and use of composite materials with a wide range of electromagnetic 
properties for three-dimensional printing (3DP) will open up new possibilities for novel 
functional structures utilising the principles of transformation optics, smart microwave devices, 
and systems possessing meta-material features. Recently it was shown that bespoke feedstock 
filaments for Material Extrusion (ME), a.k.a. Fused Deposition Modelling, are successfully 
used for 3DP of RF devices. However, due to the limitation of the resolution of ME 3DP, 
the use of this method for the manufacturing of devices operating in the terahertz range is 
extremely difficult. At the same time, Vat Polymerisation (VP), e.g. Stereolithography (SLA), 
makes it possible to manufacture three-dimensional structures with characteristic elements of 
less than 20 micrometres, making this method attractive for the fabrication of functional THz 
devices.

In our work, we will discuss the approaches and problems of making composite feedstock 
materials for 3DP through both ME and VP 3DP approaches. Particular attention will be given 
to bespoke photo-curable composite resins with high refractive index and manufacturing 
devices using VP for high-frequency applications.

Keywords
Ceramic Composites; FDM; SLA; Microwave Applications

Biography
Dr Isakov graduated in 2003 from the Institute of Crystallography (Russia) with a PhD 
dissertation on switching processes in ferroelectrics. After his PhD, he studies semi-organic 
crystals with the scope of developing applications for electro-optical and piezoelectric devices. 
Since 2008 Dr Isakov developed an independent research effort for studying nanomaterials with 
the potential to be used as functional elements in molecular electronics and integrated optics. 
He implemented a state-of-the-art setup for the fabrication of low-dimensional structures 
and several advanced experimental techniques to perform a variety of nonlinear optical 
measurements and systems to characterise and evaluate the piezoelectric and pyroelectric 
properties in the fabricated 1D structures. Since 2014 he was a research fellow at the University 
of Oxford interested in graded permittivity materials for novel electromagnetic applications 
and exploring challenges emerging in spatial transformations and electromagnetism. He is 
currently an Assistant Professor at WMG, the University of Warwick, with research interests 
in multi-material 3D printing, active materials and sensing technologies, dielectrics oxides, 
polymers, functional composites and their applications.
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Clinical Applications of 3D printing Technique in 
Medical Fields and Open-Source COVID-19 Medical 
Supplies in Taiwan
 
Jia-En Danny Chen
National Taiwan University of Science and Technology, Taipei, Taiwan
Medical 3D Printing Center, National Defense Medical Center Tri-Service General Hospital, 
Taipei, Taiwan 

Abstract 
The inception of 3D printing technologies will enable the provision of customized or patient-
specific healthcare, accelerate medical digitalization, and kick-start revolutionary medical 
science advancement. In 2012 The Economist boldly predicted that 3D Printing would be 
the critical technology to usher in the 3rd wave of the industrial revolution. Via 3D printing 
technologies, not only can we significantly improve surgical qualities and patient outcomes, but 
we may also be able to print implantable organs in the future when coupled with breakthrough 
advancements of regenerative medicine.

3D printing medical applications development can generally be divided into four distinct layers 
or stages of non-invasive materials (pre-operative simulation & teaching), customized metal 
implants, absorbable temporary medical implants, and bio print. From basic medical research 
to clinical application, 3D printing technologies will soon lead medical research and clinical 
application to a whole new horizon.

Clarifying clinicians’ requirements and then importing 3D printing technologies to identify the 
most suitable and innovative clinical application models remain keys to 3D printing clinical 
applications. Thorough communications and discussions among clinicians and technicians 
are indispensable in brainstorming for innovative application models. Standard medical 3D 
printing processes cover four stages: 1) medical imaging & scanning, 2) computer-assisted 
design, 3) 3D printing, and 4) 3D printing physical model processing & clinical applications. 
Via the introduction of 3D printing technologies, technicians can assist clinicians in pre-
operative computerized analyses and surgical plans when faced with complex and challenging 
clinical cases.

In this session, we will share the clinical experience of over 500 surgery cases with 3D Printing 
assisted in Tri-Service General Hospital from the Medical 3D printing Center research team.

As the COVID-19 heats up, medical personnel urgently need all kinds of protective equipment 
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(PPE) to fight. Still, factories in various places have ceased work due to the epidemic situation, 
resulting in supply and demand substitution. The 3D printing center team and the Nursing 
Department of the General Hospital of the Tri-Services jointly developed a 3D printing protective 
mask for medical staff in colleges and hospitals. They completed the research and development 
and the in-hospital 3D printing trace generation test within one week. The protective face-
shield was carried out through 3D printing technology. With growth and study, protective 
masks can be manufactured locally for the first time for first-line quarantine personnel and 
medical colleagues to use, and immediately solve the shortage of face-shield in hospitals. As 
far as possible, through the use of feedback by clinical staff, 3D printing technology can be 
used to improve the design and development of the fast mask number, replace the design and 
development time of the best version, and further mass production can be used by medical 
institutions at home and abroad.

On May 14, 2020, when National Defense Medicine participated in the international NGO 
Open Source Medical Supplies International Conference, the Afghan representative requested 
international support to assist Afghan hospitals providing medical supplies and assistance. The 
international team contacted International Open Source Medical Supplies Taiwan District (open 
source medical supplies-Taiwan), an online conference discussion and demand understanding. 
A few days ago, we worked with the International Medical Center of Tri-Service General 
Hospital team, sending 1,040 3D printing protective masks and 2,000 transparent films to 
Afghanistan on July 10 (Friday), continuously producing relevant 3D printing medical support 
for international Medical institutions in need.

According to the international non-governmental organization OSMS (Open Source Medical 
Supplies) statistics on the production of 3D Printing and open-source medical supplies 
worldwide, the current global use of 3D Printing to make protective masks is the primary 
trend. The global 3D printing anti-epidemic materials statistics are for two months. A total of 
10 million pieces have been produced, of which 3D printed anti-epidemic masks are the main 
bulk. The National Defense Medical Center will continue to carry out international medical 
assistance and exchanges in the future. It is closer to Taiwan that it can help, and Taiwan is 
helping!
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Bi-directional Machine Learning (ML) Modelling for 
Direct Energy Deposition Additive Manufacturing 
(DED-AM) Processing Design 

Jian Qin*, Yongle Sun, Jialuo Ding
Welding Engineering and Laser Processing Centre, Cranfield University, University Way, 
Cranfield, UK, MK43 0AL, UK

Abstract
Direct energy deposition additive manufacturing (DED-AM) has been recently increasingly 
attached to a large number of researchers’ attentions as an efficient metal additive manufacturing 
technology [1]. In order to achieve the desire processing requirement, such as part geometry 
and thermal variables, and understand the processing knowledge, discovering relationships 
between processing requirements and parameters have been always focused on as a crucial 
research topic. There have been many researchers who aim to build the processing requirement 
model, such as part geometry prediction, based on processing parameters. However, not enough 
previous study has investigated the reverse model, which the processing parameters are treated 
as the predicting targets. It is mainly because of the imbalanced dimension between input 
and output data [2]. Both directions of the modelling have important research significance. 
By using the forward model, predicting processing required performances, by processing 
parameters, the process modellers can find an affordable alternative to various research 
methods. The reverse model is able to assist processing researchers or operators to obtain a 
desire process result by applying the predicted parameters. Additionally, integrating an efficient 
reverse model can control the system in real-time in order to adapt to more comprehensive 
and complex processing requirements. This study proposes a bi-directional modelling method 
based on machine learning algorithms aiming to exhaustively discover and understand the 
hidden patterns and knowledge of DED-AM processes.  Two case studies are revealed to 
evaluate the proposed approach, which target the part geometry and thermal variables. For 
the case study of part geometry, the data was collected from the experimental of the plasma 
arc welding (PAW) based wire and arc additive manufacturing (WAAM) process. The data 
of the thermal variable case study was collected from Finite element analysis (FEA) models. 
The correlation analysis was used to identify the strength of the relationship between each 
feature before building models. Three validation methods were applied to show the accuracy 
of the model, root mean square error, accuracy, and coefficient of determination. Four different 
machine learning algorithms are applied for the comparison, including decision tree, support 
vector machine (SVM), k-nearest neighbours (k-NN), and neural network.  
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Keywords
Direct Energy Deposition Additive Manufacturing (DED-AM); Deep Learning; Bi-Directional 
Machine Learning Model; Wire and Arc Additive Manufacturing (WAAM)
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New Trends in High Strength Al Alloys Design with 
Additive Manufacturing

Jianglong Gu*, Yuhao Zhang, Yongchao Xu, Sen Liu
Key Laboratory of Metastable Materials Science and Technology, Yanshan University, 
Qinhuangdao066004, P.R. China 

Abstract
Due to its advantages in considerable cost and lead time saving, wire arc additive manufacturing 
(WAAM) has been applied in fabricating large-scale metallic components for industries. 
However, mechanical properties of general WAAM Al alloys with traditional compositions can 
hardly meet the industry needs. Various ternary WAAM Al-Cu-Mg alloys could be designed 
and additively manufactured by using double wires and arcs simultaneously. Latest findings 
demonstrated that the ternary alloy with high Cu content and proper Cu/Mg ratio could achieve 
excellent mechanical properties like micro hardness and strength. These values are notably 
increased compared with that of the general WAAM Al alloys with traditional composition. 
Although eutectic structures along grain boundaries dominate the microstructure of the as-
deposited alloy, a considerable metastable strengthening phases precipitate homogeneously in 
the Al matrix. High degree of atomic supersaturation and intrinsic heat treatment (IHT) yield 
precipitation and nano-crystallization of second phases, which lead to on-line strengthening 
during WAAM. This study provides a promising guidance and basis for the development of 
high strength WAAM metallic components.

Keywords
Wire Arc Additive Manufacturing (WAAM); Al Alloy; Mechanical Property; Metastable Phase
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3D Printing of Conformal Load-Bearing Antenna 
Systems 
Jin Huang
School of Electro-mechanical Engineering, Xidian University, Xi’an, China, 710071

Abstract
The Conformal Load-bearing phased array Antenna Structure (CLAS) is a type of novel multi-
functional antenna structure which combines structural bearing, heat dispersion, electromagnetic 
radiation and beam scanning functions to one structural component, in which the structure 
parts and the electromagnetic parts are closely integrated. Thus traditional electro-mechanical 
dissociated manufacturing methods can hardly to be effective. Integrated printing method, 
i.e. printing and sintering the structure, heat sink, microwave circuit and radiating element 
synchronously, is one of the most promising technologies for CLAS fabrication. This talk 
presents a novel 3D printing technique for fabricating CLAS. Firstly, a five-axis CLAS ink-
jet printing system is proposed for fabricating a conductive pattern on undevelopable surface. 
Secondly, an equivalent circuit model for piezoelectric print-head (PPH) is built for analyzing 
the printing process. Based on that, an adaptive printing control is put forwarded, with the 
pressure wave self-sensing technique of a PPH, to improve printing accuracy and expand the 
applicability of materials. Secondly, photon sintering with power control is proposed to improve 
the electrical conductivity of conductive patterns. Experimental results show the effectiveness 
of those proposed methods. Finally, a 3D printing equipment for CLAS fabricating with 
adaptive printing and sintering control was developed and tested. 
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Additive Manufacturing of HA/PEEK Composites for 
Implantation
Krzysztof Rodzeń1*, Preetam K. Sharma1, Alistair McIlhagger1, 
Mozaffar Mokhtari1, Foram Dave2, David Tormey2, Richard Sherlock2, 
Brian Meenan1 and Adrian Boyd1
*1Ulster University, School of Engineering, Shore Rd, Newtownabbey BT37 0QB, UK
2Institute of Technology Sligo, Ash Lane, Sligo F91 YW50, Ireland

Abstract
Purpose/Objective
Polyetheretherketone (PEEK) due to remarkable properties has found increasing application in 
orthopaedic implant devices and has shown a lot of promise for ‘made-to-measure’ implants 
produced through additive manufacturing (AM). The PEEK is hydrophobic due to aromatic 
ring and polyester functional groups backbone structure. That can lead to poor cell attachment 
and separation of the implant from the bone. One approach to solving this issue is to modify 
PEEK with bioactive calcium phosphate (CaP) materials, such as hydroxyapatite (HA).

Materials/Methods
The CAPITAL®R Hydroxyapatite powder (HA) was mixed with VESTAKEEP® 2000P and 
processed by twin-screw extrusion to obtain continuous filaments with five HA contents: 0, 5, 
10, 20, 30 wt% PEEK/HA and diameter of 1.75 ± 0.10 mm.

After FFF 3D printing materials were characterised by TGA, µCT, XRD, TEM, SEM, EDX, 
DSC, DMTA, tensile and flexural mechanical analyses.

Results and Conclusions
The tensile yield strain of between 1.6-2.8% and ultimate tensile strength in range 79.5 – 
94.2 MPa of 3D printed samples are in close relation to the human femoral cortical bone 
performance. HA particles are evenly distributed throughout the bulk and across the surface, 
which is critical for both enhancing the mechanical properties and providing enhanced osseo 
integration to ensure more rapid and stable fixation with bone tissue.
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Table 1: Summary of Mechanical and Microstructure Properties for 3DP Specimens

PEEK 5 [wt%] 10 [wt%] 20 [wt%] 30 [wt%]
Tensile Modulus 4241 ± 189 4379 ± 138 4716 ± 304 5400 ± 302 6110 ± 386

Ultimate Tensile Strength 83.1 ± 6.6 79.5 ± 5.9 94.2 ± 6.1 87.6 ± 12.9 84.9 ± 7.5
Tensile Yield Strain 2.3 ± 0.2 2.1 ± 0.3 2.8 ± 0.1 2.3 ± 0.2 1.6 ± 0.1
Flexural Modulus 4274 ± 506 4827 ± 301 4663 ± 399 5100 ± 505 5686 ± 312

Ultimate Flexural Strength 131 ± 8.9 171 ± 8.4 141 ± 23.0 141 ± 22.3 112 ± 5.69
ΔHc 47.618 44.515 41.791 37.556 30.547

Xc
*DSC 36.63 35.95 35.37 34.67 30.55

Xc
*XRD 44.59 48.57 49.24 49.91 46.18

Grain size (nm) 15.58 15.55 15.65 14.59 13.10
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Biodegradable Materials in 3D Printing
Simona-Nicoleta Mazurchevici*, Dumitru Nedelcu, Constantin 
Carausu
Department of Machine Manufacturing Technology, “Gheorghe Asachi” Technical 
University of Iasi, Str. Prof. Dr. Doc. Dumitru Mangeron, No. 59A, 700050, Iasi, Romania

Abstract 
Taking into account the industrial needs and demands it can be assumed that the most 
promising production technology is 3D printing. The technology has high growth potential 
as well as high-quality manufacturing, which corresponds to the current smart technology 
performance. Additive manufacturing allows the use of a wide range of materials from metals 
to biocompatible plastic, and even allows the use of reinforcing materials, so, also the materials 
field is in continuous development. But, with development come some negative consequences, 
such as environmental pollution due to excessive and uncontrolled use of materials based 
on exhaustive resources. In this sense, the development of biodegradable materials that can 
be used as an alternative has begun. The main challenge is to create printable materials that 
physically and functionally answer to the needs of companies and the environment at the same 
time. Another goal is to identify parts from different industrial branches that can be successfully 
replaced. In this respect, the present manuscript highlights the behavior of some biodegradable 
materials such as PLA-based and lignin-based polymers (PLA, Impact PLA Grey, HD PLA 
Green, Fiber Wood, Biofila Linen, Extrudr BDP Pearl, Extrudr BDP Flax, Arbofill, Arboblend 
V2 Nature as base material and reinforced) to different tests. The used technology in order 
to obtain the tested samples was the 3D printing one, more precisely the FDM method. The 
characterization was realized from a mechanical, thermal, dynamo-mechanical, tribological, 
structural, and morphological point of view. After a detailed analysis of the results and an in-
depth current state study focused on the giant-plastic market spread in all industries, could 
be concluded that the prototyped and studied biodegradable materials have superior quality 
and strength that meet the technological and functional demands, and can gradually substitute 
some petroleum-based plastics from numerous activity fields.

Keywords
Biodegradable Polymers; 3D Printing; Material Characterisation; Substitution
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3D-Printed Ceramic Microreactors for Catalytic 
Applications 

Oscar H. Laguna1*, Pablo F. Lietor1, Cristian Lerma Villar1, Luis F. 
Bobadilla2, Miguel A.Centeno2, José A. Odriozola2, Francisco A. Corpas 
Iglesias1

*1Higher Polytechnic School of Linares, University of Jaén, Av. De la Universidad s/n 23700, 
Linares, Spain 
2Materials Science Institute of Seville (CSIC) and Inorganic Chemistry Department, 
University of Seville, Av. Américo Vespucio 49 41092, Seville, Spain 

Abstract
One of the fields of work where the advantages of additive manufacturing can be exploited is 
that of chemical reactor technology for catalytic applications. The design of catalytic reactors 
can play a crucial role in enhancing the properties of a catalyst in real operating conditions. 
Therefore, structured catalysts have been studied extensively, given their advantages over 
unstructured catalysts. One of the most attractive advantages is the process intensification, 
a key concept in chemical engineering that seeks not only to improve the performance of 
a process, but also to miniaturize it as much as possible to make it more efficient. For this 
reason, catalytic devices called microreactors have emerged, with which a series of advantages 
widely discussed and proven in literature are obtained. However, the room for improvement 
in this type of device remains great, especially in terms of designs and geometries that can 
be manufactured. In fact, it could be said that the future of microreactors is to find devices 
with more complex designs that are at the same time easier to produce. Taking this into 
account, additive manufacturing could be the tool that allows to make the leap towards new 
microreactors due to the possibility of applying CAD tools and because it can become a fast 
and cheap manufacturing method.

One of the challenges that could be overcome with more advanced microstructured designs 
is the lack of contact between the reactants and the catalytic phase, using geometries that 
increase the tortuosity of the reagent flow. In addition, the dimensions of the devices and their 
densities of void fraction and occupied fraction can be controlled, to also manage heat transfer 
during the catalytic reactions. Among the materials for manufacturing structured systems, 
those of the ceramic type offer a series of very interesting advantages, such as high thermal 
and chemical resistance that allow a wide range of operating temperatures and applicability in 
various chemical environments.

In this sense, the present work shows different examples of ceramic microreactors printed by 
means of stereolithography (SLA), and designed from periodic open cell structures (POCS). 
These devices have been used as catalytic supports in reactions such as CO oxidation, CO2 
methanation and methanol carbonylation to produce acetic acid. These examples show the 
advantages of this type of device compared to unstructured catalysts and variables with wide 



INTERNATIONAL MEET & EXPO ON 3D PRINTING AND ADDITIVE MANUFACTURING

OCTOBER 11-12, 2021

3DPRINTINGMEET2021

Page- 49

albedo
...let's reflect knowledge

room for improvement are proposed.
 
Keywords
3D Printing; Additive Manufacturing; Microreactor; Ceramic Reactors 
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3D Printing of Polymeric Periodic Open Cell Structures 
(POCS) as Micro-reactors for Catalytic Applications
Pablo F. Liétor1*, Oscar H. Laguna2, Francisco A. Corpas-Iglesias3
*1,2,3Chemical, Environmental and Materials Engineering, Higher Polytechnic School / 
University of Jaén, Ronda Sur s/n SG-318, Linares, Spain

Abstract

Structured catalysts can improve the performance of powdered catalysts used in many chemical 
reactions thanks to the intensification of the catalytic process, which is seen in an improvement 
in the heat and mass transfer phenomena. These devices also allow pressure drops reduction 
as well as improved reaction safety conditions. However, the architecture of the systems 
commonly used up to now to structure catalysts (monoliths with channels or foams) is relatively 
limited by the characteristics of traditional manufacturing methods and there is considerable 
possibility for improvement over design. For this reason, 3D Printing is a very attractive tool 
to make the design factor enhance the performance of structured catalysts. The key is that 
the versatility of CAD designs allows the generation of structures previously impossible for 
traditional manufacturing methods. Nevertheless, with 3D Printing, miniaturized devices can 
be produced as for instance, foam-like structures, but with a fully controlled and adjustable 
porous configuration. This is the case of Periodic Open Cell Structures (POCS), which are 
structures designed from a unit cell that is projected in three dimensions. The great variety of 
unit cells that can   be   included   in   the   designs represents a great option to generate devices 
that, from the control of their geometry, can improve catalytic processes. This work presents 
the development of POCS from different unit cells to obtain monolithic structures that are 
subsequently coated with a catalyst, which is used in an interesting chemistry field reaction. 
This is a crucial process for the achieving of compact and portable processes. The obtained 
results show the advantages offered by the controlled design of POCS over channel monoliths 
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and the powdered catalyst itself. 
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Mechanical Behavior of 3D AISI 316L Structures 
Manufactured by Laser Metal Deposition

M.A. Montealegre1*, P. Alvarez2 , F. Cordovilla3, J.L. Ocaña3

*1Talens Systems, Inzu Group, PolígonoAlbitxuri, 20, 20870 Elgoibar, Guipúzcoa, Spain
2Ikergune A.I.E., Inzu Group, San Antolín, 3, 20870 Elgoibar, Guipúzcoa, Spain
3UPM Laser Centre. ETSI Industrial. Polytechnical University of Madrid. C. José Gutiérrez 
Abascal, 2, 28006 Madrid, Spain

Abstract
Within Additive Manufacturing technologies, Laser Metal Deposition (LMD) is one of the 
leading processes to build 3D free geometries. 
 
Working with AISI 316L stainless steel powders as a coating material and substrate 
material, the current study summarizes the influence of the most relevant process 
parameters of the LMD of single clads: laser power, process speed and powder flow. 
These process parameters have been studied and optimized to fabricated solid 3D pieces 
from which samples for tensile test (according to ASTM E-8M-04) have been machined. 
 
The effect of the process parameters and the orientation of the cladding layer on the mechanical 
properties of AISI 316L stainless steel components manufactured by Laser Metal Deposition 
(LMD) has been investigated.Cross sections of the LMD samples have been analyzed by 
optical and scanning electron Microscopy (SEM). Orientation growing of the grain has also 
been observed.
 
Uniaxial tension tests were performed on samples extracted from the 3D solid piece in 
perpendicular and parallel direction. Results for UTS are similar in both cases, and with the 
wrought material. As a conclusion, for the LMD configuration used in this study, the optimal 
process parameters to maximize productivity of pieces with good mechanical properties have 
been determined.
 
Keywords
Laser Metal Deposition (LMD); Additive Manufacturing; Mechanical Properties; Tensile 
Strength; 316L Stainless Steel
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Characterization Method for the Processing and 
Mechanical Properties Potential of Fiber Reinforced 
Print Filaments
Rolf Walter* , Van Dat Nguyen, Martin Gurka 

IVW, Leibniz-Institut für Verbundwerkstoffe GmbH, Erwin Schrödinger Str. 58, 67663 
Kaiserslautern, Germany. 

Abstract
Purpose/Objectives 
The rapidly advancing development of high-performance filaments for heavy-duty technical 
applications is leading to increasing acceptance in various industries. For technical 
components, in addition to performance, a complete description of the quality and process 
properties along the entire process chain is a basic requirement for reproducible, quality-
assured products. The present work presents a concise and meaningful evaluation method for 
the properties of fiber-reinforced filaments.
  
Materials/Methods 
Based on a large number of characterizations of a wide variety of carbon fiber reinforced 
filaments (PC, PET, PEEK, PA6, PA12), a weighted quality index is developed. Criteria of 
the ISO/ASTM DIS 52903-1 standard are extended by special properties of fibre-reinforced 
filaments, e.g. fiber content, fiber length distribution, fiber homogeneity, porosity. The most 
important extension describes the 3D printability, which is determined with a specially 
developed test rig. The test rig consists of a instrumented extruder and hot end that allows the 
measurement of temperatures and forces.

Results and Conclusions 
The variation of hot end temperature and filament feed rate results in application-specific 
characteristic values and limitations of the process ability in filament printers. The presented 
characterization of the extrusion properties of carbon fibre-reinforced PEEK shows the 
dependencies of the forces acting in the printing filament on the metering speed, the melt 
temperature, the contact forces of the drive wheels and the nozzle diameter thus show maximum 
printing speeds. A determination of occuring deviations could be useful for improved controlling 
algorithms of printers.

The suggested quality index for fibre-reinforced thermoplastic filaments summarizes normalized 
properties from the categories of geometry, mechanics, composites and processing criteria. 
This allows comparisons of the potential of various filaments and estimations of differences to 
properties of competing processing methods, e.g. injection molding.

Keywords
Fiber-reinforced Filaments; PEEK CF; Process-ability; Quality Index
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Tissue Engineering and Three-Dimensional Printing in        
Periodontal Regeneration: A Literature Review
Simon Raveau1 and Fabienne Jordana2*
1Dental Faculty, University of Nantes, Nantes, France; Dentistry Department, University 
Health Centre, Nantes, France; simon.raveau@hotmail.fr
*2Dental Faculty, University of Nantes, Nantes, France; Dentistry Department, University 
Health Centre, Nantes, France; fabienne.jordana@univ-nantes.fr
Correspondence: fabienne.jordana@univ-nantes.fr; Tel.: +33-24041-2928 (F.J.)

Abstract
The three-dimensional printing of scaffolds is an interesting alternative to the traditional 
techniques of periodontal regeneration. This technique uses computer assisted design and 
manufacturing after CT scan. After 3D modelling, individualized scaffolds are printed by 
extrusion, selective laser sintering, stereolithography, or powder bed inkjet printing. These 
scaffolds can be made of one or several materials such as natural polymers, synthetic polymers, 
or bioceramics. They can be monophasic or multiphasic and tend to recreate the architectural 
structure of the periodontal tissue. In order to enhance the bioactivity and have a higher 
regeneration, the scaffolds can be embedded with stem cells and/or growth factors. This new 
technique could enhance a complete periodontal regeneration. This review summarizes the 
application of 3D printed scaffolds in periodontal regeneration. The process, the materials and 
designs, the key advantages and prospects of 3D bioprinting are highlighted, providing new 
ideas for tissue regeneration.

Biography
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High Resolution Additive Manufacturing of Functional 
Materials 
Valentina Bertana*, Matteo Manachino, Luciano Scaltrito, Matteo 
Cocuzza, Fabrizio Pirri, Sergio Ferrero 

Politecnico di Torino,Department of Applied Science and Technology, Corso Duca degli 
Abruzzi 24, 10129, Turin, Italy
 
Abstract
The field of additive manufacturing, which in the last years has gained a lot of interest both 
from the commercial and the academic world, needs now a boost from the materials side. If 
materials with special properties as biocompatibility, high mechanical resistance or temperature 
resistance are already present on the market, materials with special functionalities are still 
waiting for first release. Especially as regards materials with electrically conductive properties, 
which would represent a breakthrough for 3D printed electronics. In this perspective, our 
research group at the Department of Applied Science and Technology at Politecnico di Torino 
is studying novel materials to allow the additive manufacturing of electrical and electronic 
components. The properties of PEDOT, the well-known intrinsic conductive polymer, were 
deepened to integrate such material in a 3D printable resin. It demonstrated to be beneficial for 
different applications, even if additional research still needs to be performed. An overview of 
laser-based technologies is reported, as well as future perspectives.
 
Keywords
Additive Manufacturing; Integrated Systems; Functional Materials 
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Modelling and Simulation of the Photo Polymerization 
Process during Printing of Ceramic Green Parts during 
a Stereolithography Process
Vincent Pateloup*, Philippe Michaud, Thierry Chartier
IRCER- UMR CNRS 7315, Centre Européen de la Céramique, 12 Rue Atlantis,87068 
Limoges, France

Abstract
Stereolithography is an additive manufacturing process based on the photopolymerization of 
a UV-reactive paste composed of a ceramic particles dispersion in a curable resin. It makes 
it possible the manufacturing of complex 3D ceramic parts integrating complex geometrical 
shapes or technological functions like electrical tracks. 

In order to print ceramic parts with a correct mechanical behavior after heat treatments, the 
polymerization process must lead to a suitable and homogeneous degree of polymerization 
within the green part. The printing step is then very important to ensure correct mechanical 
properties after sintering because it must avoid the creation of residual stresses, deformation or 
cracking and confer sufficient mechanical properties in the green state to support mechanical 
solicitations due to the scraping of the paste during printing. Thus, a key issue is tocheck the 
rigidity of the green part, which is directly linked to UV laser exposure. The elastic effective 
properties of green part are then essential to modelling the parts holding during the scraping 
operation. 

The presented work is so focused on the numerical prediction of ceramic green parts 
stiffness according to stereolithography printing parameters (hatching space, laser power 
and scanning speed). A first macroscopic approach, based on a global modeling of ceramic 
suspension polymerization, propose a relationship between the exposure received during the 
stereolithography process given during printing and the green part elasticity modulus. A second 
microscopic approach, based on a periodic homogenization technique, is applied to a 2D finite 
element model of a representative elementary volume of composite to simulate their effective 
elastic properties and is compared with analytical models. 

Numerical results show that the proposed macroscopic model is able to provide theelasticity 
modulus with a good level of accuracy when compared to experimental data obtained by 
coupling tensile tests and digital image correlation technique. The modeling results from the 
microscopic model prove an acceptable convergence with the experimental Young’s modulus 
for a random distribution of ceramic inclusions dispersed in the unit cell.
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Modelling and Understanding the Rolling-Enabled 
Mitigation of Residual Stress and Distortion in Wire 
Arc Additive Manufacturing 
Yongle Sun*, Valeriy Gornyakov, Jialuo Ding, Stewart Williams
Welding Engineering and Laser Processing Centre, School of Aerospace, Transport and 
Manufacturing, Cranfield University, Cranfield, MK43 0AL, UK

Abstract
Wire arc additive manufacturing (WAAM) is an emerging variant of directed energy deposition 
technology and it is particularly suited to build large components with high deposition rate and 
low cost. WAAM has huge potential for applications in many industries such as aerospace, 
energy and automotive. However, WAAM-built components are susceptible to residual stress 
and distortion, which can cause process failure and inferior build quality. High pressure rolling 
can be used to mitigate the WAAM residual stress and distortion, but the mitigation mechanisms 
are complicated, and the phenomena observed in the experiments of hybrid processes of 
WAAM and rolling are difficult to explain. To gain insights into the underlying mechanisms, 
modelling of both WAAM and rolling, as well as their combination, is needed. The challenges 
of the modelling are the formidable computational cost and the complex coupling between 
WAAM and rolling.

In this study, an efficient modelling approach for WAAM and rolling is developed, which 
uses a reduced-length component in a short model to efficiently determine the thermal-
mechanical variables in the steady-state region under clamped condition, and then the steady-
state solution is mapped to the full-length component for analysis of the mechanical response 
to the removal of clamps. Sequential coupling is implemented for the post-build rolling after 
WAAM deposition, while full coupling is considered for the in-process rolling during WAAM 
deposition. The proposed modelling approach is validated using previous experimental data. 
Through simulations of the post-build rolling and in-process rolling, it was found that rolling 
can introduce tensile plastic strain to counteract the compressive plastic strain induced by 
WAAM deposition, thereby mitigating the tensile residual stress in a WAAM-built steel 
wall. For the WAAM without rolling, bending distortion occurred after removal of clamps, 
due to the relaxation of the tensile residual stress in the wall. By contrast, the distortion was 
mitigated by the rolling, which reduced the tensile residual stress before removal of clamps. 
The effectiveness of the rolling to mitigate the residual stress and distortion is influenced by the 
roller geometry, rolling load and roller-to-component friction. The cyclic interaction between 
the WAAM deposition and in-process rolling also plays an important role in determination of 
the residual stress and distortion in the WAAM component. Finally, a strategy to optimise the 
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rolling process is suggested based on the understanding gained from the simulations.

This study demonstrates an efficient approach for modelling of WAAM and rolling, which 
could be also applied as a general method to model other large-scale manufacturing, as long as 
steady state exists. The findings from this study could underpin the development of an optimal 
rolling process for efficient mitigation of residual stress and distortion in wire arc additively 
manufactured components. Such a mitigation technique would enhance WAAM process 
reliability and improve build quality control, thereby paving the way for wider applications of 
WAAM in industries.  

Keywords 
Directed Energy Deposition; Cold Working; Residual Stress; Distortion
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Compressive Load Influence on the Behaviour of 
3D Printed Original Design Polymeric Heels for 
Orthopaedic Footwear

Edita Gelažienė*, Daiva Milašienė 
Department of Production Engineering, Kaunas University of Technology Studentu st. 69, LT-
51424, Kaunas, Lithuania 

Abstract
In the footwear industry, increasing attention is paid to the design shape of the soles and heels. 
Is no exception and medical orthopedic footwear’s new design development.

The increasing use of 3D printing technologies in production expands the possibility of 
manufacturers not only to accelerate new product development processes but also to personalize 
products with more sophisticated designs. Using orthopedic footwear is the most popular 
solution in correcting deformed foot and reducing movement disorders. Orthopedic footwear 
heels design includes not only complex geometries but also must correct the irregular position 
of the deformed foot and reduce movement disorders. Usually, heel design has many limitations 
involves the production of complicated geometry for personalized orthopedic footwear. For this 
reason, is increasing attention to individualizing product design and new modern technologies 
of additive manufacturing using for products with sophisticated geometry development.

3D printing technologies allow for custom heel designs to the individual foot pathology, speed 
up manufacturing processes, and reduce waste.

The aim of this study is to investigate the possibility of quickly and accurately predicting the 
impact of compressive loads on the construction of individualized orthopedic footwear heels. 

In this work the 3D printed heels with a special openwork design were investigated. Different 
thermoplastic materials, as PA12, ABS and PLA were used. Polyamide was printed using SLS 
technology, other materials – using FDM technology. Experimental results of compression 
tests were compared with results of theoretical modeling tasks. Theoretical calculations of the 
influence of compressive loads were performed using SolidWorks software.
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