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WELCOME

Dear Participant

It is with great pleasure that we welcome each and everyone of you to this 4th Edition
of the International Conference on Direct Digital Manufacturing and Polymers which will take
place online.
The intervening two years since the 3rd Edition took place in 2019 in Dharwad India
have been very challenging for the whole world and last year we took the difficult decision to
move the conference from presential to online in order to safeguard all involved and to provide
certainity to authors who would otherwise travel considerable distances in uncertain times.
For the 4th edition we have been able to provide a strong programme with top class
Plenary and Keynote speakers and we thank all who have accepted our invitation to lecture at
ICDDMAP2021. The three days encompass a broad slice through direct digital manufacturing
and polymers. The first day opens with a plenary lecture from Professor Seeram Ramkrishna
from the National University of Singapore who performed the same task at the 1st edition way
back in 2015.
The rest of the day is almost entirely made up of keynote lectures giving a broad overview
to the theme of the conference. In the later afternoon, all participants will be invited to join a
live tour of the laboratories of the Centre for Rapid and Sustainable Product Development cohost of the conference. There will be an opportunity to hear some authentic Portuguese music
from the Polytechnic of Leiria Student Tuna Group and to see the facilities at CDRSP and ask
questions of the researchers.
The second day is busy with two parallel session, the first focusing on Mathematics
and Industry in the morning and Biomanufacturing in the afternoon. The second parallel
session contains a mixture of topics all connected with digital manufacturing. There will also
be some commercial presentations made by selected sponsors in a third parallel session.
The third day returns to a single track with the morning centred on Materials and Digital
Manufacturing and the afternoon concluding the conference with a session on technology for
digital manufacturing. The poster session will be held in the evening of the 2nd day. All of this
from the comfort of your computer.
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WELCOME
As the conference is being held online, this removes the possibility of the delight of
travelling to Portugal and absorbing some of the sights, culture, food and wine. To compensate
for this we will show at the intervals in the programme a selection of videos about the region.
These will also be available to view via the ICDDMAP2021 website.
We have been fortunate to gain sponsors for this event and we thank all of them for
their generosity. We are also indebted to the organising committee for their hard work over the
two years preceeding the conference – many thanks to all. Another new venture for 2021 is the
hosting of an exhibition on “Direct Digital Manufacturing” in the Resinagem Building in Marinha
Grande. We thank Liliana Gouveia and her team for developing this and for the Municipality of
Marinha Grande in providing the venue and support for the exhibition.
Finally, if you are a presenter, we wish you good luck with the prize for the best presentation
of €500 sponsored by the Journal for Manufacturing and Manufacturing Processes. For all
presenters there will be an opportunity to publish your paper in this international indexed
journal with a 40% discount on the Article Processing Charge.
We wish you a safe enjoyable time at the conference, there will be much to listen to
and to contribute to the discussions. We hope that at the end of the conference you will have
absorbed something valuable for your own activities and made a new connection or two.

With best wishes

On behalf of the Co-Chairs of ICDDMAP2021
Professors Geoffrey Mitchell, Artur Mateus, Paula Faria, A.B.Vedamurthy and Ravindra Kambl
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SERIES PREFACE

The CDRSP Knowledge Series is designed to provide short books which can inform
those not specialist in the area on that area. Each book is related to a specific area of interest, it
may be a technology, a method, an event or a material system. Each book contains a glossary
of terms, a subject index, a bibliography and appendices with helpful materials for those new
to particular topics.
The authors have taken care to use clear and concise English to make the text readable
to the widest possible audience. Where it is appropriate, we have used the latest technology to
provide augmented reality tools, particularly to visualise 3d data and working systems.
We are proud of what the members of the Centre for Rapid and Sustainable Product
Development of the Institute Polytechnic of Leiria have achieved and which is recorded in
each of the small books. It is a principle of the series that at least one of the authors of each
book is a member of CDRSP-IPLeiria. We are an open facing research centre and welcome
collaboration with industry and with academe.
It has been a pleasure working with many of our colleagues to produce the books in this
series and we thank them for their cooperation.
We welcome your feedback on the CDRSP Knowledge Series and suggestions for
new books. The work of CDRSP-IPLeiria would not be possible without the financial support of
many including FCT, Portuguese Innovation Agency, EU, Centro region and our many partners
Industry and Academe both in Marinha Grande, Portugal, the wider Europe and across the
world. Enjoy the books, Happy Reading!
Geoffrey Mitchell and Paula Pascoal-Faria CDRSP Knowledge Series Editors.
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VOLUME PREFACE
This volume related to the International Conference on Direct Digital Manufacturing and
Polymers 2021 which will be held on-line 20-22nd May 2021.
This is the 4th Edition of an international conference series which was launched in 2015.
The conference arises from the partnership between the Polytechnic of Leiria, in Leiria, Portugal
and the University of Karnatak in Dharwad, India.
The conference was first held in 2015 in Dharwad and since then has been held
biennially, alternately in India and Portugal. We would like to record the continued support of
the President of the Polytechnic of Leiria, Professor Rui Pedrosa and the Vice-Chancellor of
Karnatak University, initial Professor Pramod Gai and now Professor K.B.Kudsai.
The success of these conferences owes much to the hard work of colleagues in the
Department of Chemistry in Dharwad and at the Centre for Rapid and Sustainable Product
Development in Marinha Grande and the Presidents, Convenors, Conference Chairs, Sponsors
and of course the authors.
We know that the success in 2021 builds on the succeses in 2015,2017 and 2019. A
new venture for 2021 is the Exhibition on “Direct Digital Manufacturing” which will be held in
the historic zone of Marinha Grande and will be available for presential visits as well as online
access.
This book contains details of the scientific programme and this exhibition, we hope you
enjoy the experience.
Professors Geoffrey Mitchell, Artur Mateus, Paula Faria, A.B.Vedamurthy and
R.R.Kamble Conference Co-Chairs for ICDDMAP2021
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PRESENTATION

The conference provides an innovative environment for the discussion of the emerging
technologies associated with direct digital manufacturing, its wide-based applications and
the new materials associated with this exciting technology including polymers, ceramics and
metals. Direct Digital Manufacturing lies at the heart of Industry 4.0, the so/called 4th Industrial
Revolution.This revolution in manufacturing will impact on design on new materials and on new
ideas such as a Digital Twin for each object ever manufactured so as to provide a complete
description of its life cycle and disposal.
Direct Digital Manufacturing enables new designs to be manufactured, shapes which are
impossible to manufacture using conventional moulding or subtractive machining. Of course
with so many possibilities we will need to identify how to make progress with for example
design by function rather than form and as such this international conference is wide-ranging
and particularly multi-disciplinary.
Papers on any area introduced above will be most welcome.

The three day meeting is sub-divided in to 6 themed half/day sessions. We emphasise that all
topics which are connected with above overview are welcome.
Day 1 | Day 1 will start with the Opening & Welcome Ceremony. Direct Digital Manufacturing,
with its different approaches, applications and perspectives, will be the main topic of the first
day.
Day 2 | Day 2 will start with a session dedicated to Mathematics and Manufacturing, which
is a strongly growing topic around the world, especially in Europe, and includes simulation
and numerical modelling. The afternoon session will focus on Direct Digital Manufacturing for
Medical Applications.
Day 3 | The third day will draw together work on new materials, processing techniques and
technologies in the context of Direct Digital Manufacturing.
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ICCDMAP 2021 Summary

The International Conference on Direct Digital Manufacturing and Polymers
(ICDDMAP) is a biannual event that has been held, since 2015, alternately in Portugal
and India. The first edition was hosted by the University of Karnatak, Dharwad with
the support of the Government of India and the Government of Portugal, uniting the
Department of Chemistry, University of Karnatak, Dharwad and the Center for Rapid and
Sustained Product Development of the Polytechnic of Leiria (PL), in a memorable event.
This year, with the same spirit of success and integrated in our commitment to Open
Science, we will carry out together, the 4th edition of the International Conference on Direct
Digital Manufacturing and Polymers (ICDDMAP2021) that will be held, from the city of Marinha
Grande, between May 20 and 22, 2021 and, in a profile adjusted to the current pandemic context.
As part of our policy of transferring knowledge from Academia to Society in general,
an exhibition will take place at in Marinha Grande held with the support of the City Council
and where visitors will be presented with the wide range of products and devices that can
be produced by Direct Digital Manufacturing from raw materials based on polymers,
metals, ceramics and cement. It will be possible to access this exhibition in virtual or inperson mode, observing in this last register, all the current security measures. It is a free
event aimed at the general public and the region's business community in particular.
The main goal of this exhibition is to demonstrate all the potential that the Center for
Rapid and Sustained Product Development (CDRSP) of the Polytechnic of Leiria (PL) has been
developing since the beginning of its activity, through demonstrations of the main Direct Digital
Manufacturing techniques such as new concepts in polymer science, including biopolymers
and other polymers prepared from sustainable resources, new materials for additive
manufacturing, new polymers for biomedical applications, nanoscience, nanostructures,
nanofillers, stereolithography, 3D printing, selective laser fusion and all related techniques with
metals, ceramics and polymers, such as DDM applications in medicine, including regenerative
medicine, prostheses, reconstructive surgery, drug delivery systems and cancer therapies.

More information and details of this event are available on the website
http://icddmap.ipleiria.pt/
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VIDREIRO’S BOTTLE

reinterpretation of the glass bottle, Design Artur Mateus
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GLASSMAKER’S BOTTLE

Glassmaker's
Bottle
Garrafa de Vidreiro

This glass jar is one of the most emblematic
objects among the glass community of Marinha Grande.
All glassmakers had one and took it everywhere. Its
characteristic shape has been improved to make it
more functional.
It is tapered and flattened so that it can be more
easily placed in the wide pockets of the trousers and
can remain there and be transported without becoming
uncomfortable.
During the long hours working by the oven and
in very hot environments, the glassmaker used the
bottle to quench his thirst.
The protruding neck (hand-made marisa) in
the bottle allowed the glassmaker to hold the bottle
suspended between two fingers of the hand that also
held the lunch box, while the other held the cutlery,
since he usually ate at the workplace, next to the oven.
The reinterpretation of this emblematic object
, performed by the Design and Manufacturing Group
of CDRSP- Polytechnic of Leiria, represents the whole
glass history of Marinha Grande connected to the local
industry, which continues to mainly produce glass, but
also metal and polymer, and the meshes used in this
object portray the spirit of new technologies applied
today, such as Direct Digital Manufacturing.

More information and details of this event are available on the website
http://icddmap.ipleiria.pt/
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CONFERENCE PATRONS

Prof. Dr. Rui Pedrosa
President of the Polytechnic Institute of Leiria
(IPLeiria)

Prof. Dr. K. B. Gudasi
Vice-Chancellor, Karnatak University,
Dharwad
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CONFERENCE PRESIDENTS

Prof. Dr. Nuno Alves
Director Centre for Rapid and Sustainable
Product Development
Polytechnic Institute of Leiria (IPLeiria)

Professor Mahadevappa Y.
Kariduraganavar
Department of Studies in Chemistry, Faculty
of Science,
Karnatak University, Dharwad
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CONFERENCE CHAIRS
Prof. Geoffrey Mitchell
Centre for Rapid and Sustainable Product
Development Polytechnic Institute of Leiria
(IPLeiria)

Prof. Artur Mateus
Centre for Rapid and Sustainable Product
Development Polytechnic Institute of Leiria
(IPLeiria)

Prof. Paula Pascoal-Faria
Centre for Rapid and Sustainable Product
Development Polytechnic Institute of Leiria
(IPLeiria)

Prof. Ravindra R. Kamble
Department of Chemistry
Karnatak University, Dharwad

Prof. A. B. Vedamurthy
Department of Biotechnology and
Microbiology,Karnatak University, Dharwad
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ORGANIZATION

Organizing Commitee
Anabela Massano CDRSP-PLeiria
Artur Mateus CDRSP-PLeiria
Daniel Silva CDRSP-PLeiria
Diana Abrantes da Cruz CDRSP-PLeiria
Geoffrey Mitchell CDRSP-PLeiria
João David Índio Pinheiro CDRSP-PLeiria
João Mateus CDRSP-PLeiria
Liliana Andreia Gouveia CDRSP-PLeiria
Melinda Sofia Ramani CDRSP-PLeiria
Nuno Alves CDRSP-PLeiria
Renato Batista CDRSP-PLeiria
Paula Faria CDRSP-PLeiria
Sara Silva CDRSP-PLeiria
Tomás de Carvalho CDRSP-PLeiria
Luis Barreiros CM Marinha Grande
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SUPPORTED BY

find out more about our sponsors
https://cdrsp.ipleiria.pt/icddmap/icddmap-sponsors/
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Polytechnic Institute of Leiria
The Polytechnic of Leiria (www.ipleiria.pt) is a modern HEI that supports its activities in
four main interconnected activities, namely, education, research, innovative services to society
(added value and sharing knowledge) and internationalization.
Polytechnic of Leiria has 5 faculties, accommodating more than 13000 students and
more than 1600 staff. Polytechnic of Leiria is the leading HEI of the RUN-EU European University
(www.run-eu.eu), which has a strong focus on societal development through education,
research and innovation in a multicultural campus environment. Polytechnic of Leiria is the
only public HEI in Leiria and Western region in Portugal and it is at the core of a Research and
Innovation Regional and Global Ecosystem which includes:
a)
15 research centres supported by the national science and technology foundation;
b)
A unique start-up ecosystem composed by four incubators and one start-up
accelerator; Polytechnic of Leiria is the Vice-President of the regional Entrepreneurial Association
(1200 SME’s);
c)
A regional ecosystem that promotes societal engagement, including two scientific
infrastructures located at the “heart” of two industrial parks, as well the occurrence of more than
2500 internships/year with SME’s and other regional stakeholders;
d)
The Portuguese HEI that lead in the last 10 years the co-creation projects with
SME supported by the Portuguese National Innovation;
e)
National and international R&D experience in financed projects, including FP7
and H2020 projects.

IP-LEIRIA Building
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Karnatak University

The establishment of Karnatak University during the post-British rule in India resulted
from the organized leadership of those who were in favour of educating the masses in North
Karnataka, especially since it was a part of Bombay province. The pressure exerted on the
then British Government helped in realizing the establishment of this University on 5th April
1949, in Bombay. Mr. Justice V. K. Jahagirdar was appointed as the first Vice-Chancellor of this
University in October 1949. Before the state re-organization, this Institution became the ‘Pride’
of Education in North Karnataka, becoming independent from the clutches of the Mumbai
Government.
Padmabushan Wrangler Dr. D. C. Pavate was solely responsible for bringing this University
as a glittering star on the map of the Universities in India by bringing the best of the brains from
around the world to teach in this University. Today with around 72 years of its existence, it
has been consistently contributing to the growth of North Kannadigas and the Kannadigas in
general. It has also been responsible for establishing the Gulbarga University, which was earlier
a Post-Graduate Center of this University.
Karnatak University is the second oldest University in the State of Karnataka, having been
established at Dharwad in 1949. Dharwad, the seat of the University, was a great intellectual
and cultural centre even in pre-independent India, and in fact, it was in the vanguard of the
national struggle for freedom. It has continued to retain its heritage even now and next to
Bangalore, the capital of the State. It is the nerve centre of all intellectual, social, cultural and
political activity. In addition to this,
Dharwad is also known for its remarkable contribution to the field of literature and music.
In literature, the highest Jnanapeeth award was conferred to two giants of literature, Dr. D. R.
Bendre and Dr. V. K. Gokak, who belonged to Dharwad. It has the honour of producing great
musicians like Pandit Basavaraj Rajguru, Mallikarjun Mansur, Gangubhai Hangal and Pandit
Bhimsen Joshi, who is the recent Bharat Ratna awardee.
The University has contributed stupendously to the promotion of higher education in
North Karnataka, a backward region. The people in this region not only esteem the University
but also identify its role in promoting quality higher education. Its alumni are occupying very
important positions like scientists, technocrats, bureaucrats, entrepreneurs, social workers,
political leaders, etc., not only in the country but also abroad. The University’s mission is not
only to help the region in its overall socio-economic development but also to foster the level of
living of the people in the region.
In the last several years, the University has attained a high status and respectable image.
Karnatak University was one of the Universities that was accredited by the NAAC very early,
and the University was awarded the highest ‘ five-star’ status. Recently, it was reaccredited and
got the highest ‘A’ grade. Looking at the outstanding contribution in research, the University
is selected as University with Potential for Excellence (UPE) by University Grants Commission,
New Delhi.
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Karnatak University
In addition to around 50 Departments, its six constituent colleges not only admit students
from the seven districts of the jurisdiction of this University but also from other districts like
Gulbarga, Bidar, Koppal, Bellary, Hospet, Raichur, etc. It has made sincere efforts to introduce
vocational and professional courses not only in its post-graduate departments but also in its
constituent as well as affiliated colleges in addition to the traditional courses. Encouragement
of the University to different affiliated colleges to open add-on courses is another step that
has been taken by the University in this direction. The courses on Paper and Pulp Sciences,
Tourism, 		
Food Processing, Catering, Applied Genetics are a few glimpses of the University’s effort
to promote such vocational and professional courses. The University is respected nationally and
internationally for its academic standards, for the blending of values with intellectual pursuits
of excellence and its disciplined students and distinguished faculty. Life in the University is
most exhilarating. The academic pursuits are not only confined to classrooms, laboratories and
seminars but are supplemented by foundation lectures, special lectures, cultural, sports and
allied activities that extend and enlarge the intellectual horizons.
Thus, studying at Karnataka University has become a privilege and pride. It will strive to
achieve its targets in the coming years through the continuous and sustained efforts under the
able and efficient leadership of our present Vice-Chancellor, Prof. K. B. Gudasi, who himself is a
renowned scientist and a teacher of par excellence.

“The University stands for Humanism, Tolerance, Reason, Progress, the adventure
of Ideas and search for the Truth.”

Karnatak University
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About the Department of
Chemistry
The Department of Chemistry was one of the earliest Centers of Post-graduate teaching
and research under Bombay University. Later, the Post-graduate courses in Chemistry in the
Karnatak University started functioning in 1951, even before the establishment of the University,
with the utilization of the personnel and talent available in its affiliated colleges in Dharwad and
Belgaum. The real beginning as a separate entity, however, was made with the establishment
of a separate University Department in the year 1953, under the Chairmanship of late Prof. K. S.
Naragund.
The Department of Chemistry since then has trodden the path of more than six and half
decades. The Department offered Organic Chemistry as the only field of specialization to start
with and was housed in the Training College Building for Men in the Center of Dharwad town.
The Department consisted of only one professor, but teaching work was shared by the staff of
the Karnatak College for several years. In the beginning, only sixteen students were admitted
for the M. Sc. Course, ten of them by papers and six by research. Prof. Naragund initiated
research programmes also, even in those modest beginnings.
In 1958-59, the University started a new area of specialization in Inorganic Chemistry and
appointed Dr. Ramachand Paul as Professor in place of Prof. K. S. Naragund, who had retired.
The credit of planning the laboratory facilities in Inorganic Chemistry in the Main Educational
Building of the University, which had come upon the present campus, goes to Prof. R. C. Paul.
The Organic Chemistry division continued to function in the Training College Buildings, under
the leadership of late. Dr. S. Rajagopal, Reader in Organic Chemistry. The following year, i.e.
1959, the third area of specialization in Physical Chemistry was introduced, and recruitment of
new staff members made for all the three divisions.
Prof. Paul did not stay with Karnatak University for more than a year, returned to
Punjab University in 1959. Following his departure, the Organic Chemistry section, which was
functioning at the Training College Building, was also brought over to the Main Campus, and
the three divisions were placed under the charge of Prof. S. Siddappa, who was appointed as
Professor of Chemistry in 1960, in place of Prof. Paul.

Department of Chemistry Department of Chemistry, Prof. Geoffrey Mitchell and Prof. Paul

23

About the Department of
Chemistry
Taking the reigns of this Department in the 1960s, Prof. S. Siddappa provided a new fillip to
this Department, creating new infrastructure, setting up the facilities for research and grooming
Organic, Inorganic and Physical branches. Prof. Siddappa, who had served with distinction in
the well known Central College of the then the University of Mysore, was mainly responsible
for the rapid growth and development of the research activities and the organization of the
Department as an excellent seat of advanced learning in Chemistry.
The expansion of facilities and the growing needs of the Department made the existing
space very inadequate for the three divisions, and so a building for Chemistry became a
necessity.
This was made possible through the assistance of the UGC in the year 1963-64
when the Department moved into its present location. The UGC Fourth Plan Commission
also recommended the appointment of a Professor of Physical Chemistry, and thus Dr. E. S.
Jayadevappa was appointed to this post in 1967.
The growth and activities of the Department continued unabated until 1970-71; on
account of the heavy demand for Chemistry in this region, a subsidiary department of Chemistry
was set up in newly started P. G. Center at Gulbarga with Analytical Chemistry as a new area of
specialization, and Dr. N. S. Biradar was appointed there as Professor of Inorganic and Analytical
Chemistry. Further, Biochemistry was started as a new area of discipline on the main campus
at Dharwad in the same year. Subsequently, the facilities in the P.G. Centre at Gulbarga were
extended to include specialization in Organic Chemistry and Physical Chemistry also.
In 1973, Prof. Siddappa, who guided the destinies of the Department attained
superannuation. He had the satisfaction of developing the Department during its most
formative years, and it was in his time that the Department came to be recognized as an
excellent place for studies and research in Chemistry. He also conducted one of the Summer
Institutes in Chemistry for College teachers in this region in 1971 under the assistance of the
UGC. In recognition of the services rendered by him, the Department of Chemistry celebrated
his 60th birthday in December 1972 and set up several scholarships and medals in his name
for the excellence of achievements in Chemistry. A commemorative lecture has also been
arranged in his name from the proceeds of the fundraised on the occasion of his 60th birthday.
Distinguished scientists have been invited once every year to deliver these lectures.
On the retirement of Prof. Siddappa in 1973, Dr. R. C. Badami was appointed as Professor
of Organic Chemistry, and the mantle of leadership fell on Prof. E. S. Jayadevappa, who was at
the helm of the affairs from March 1973 till July 1983, as Head of the Department.
The Department has been actively pursuing the modernization of the courses and
curriculum development during all these years. A Second Summer Institute for College
teachers was held in 1973 under his guidance, and several curriculum changes were effected
in graduate and undergraduate studies.
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About the Department of
Chemistry
The Department also accorded recognition when UGC granted the University Leadership
Project (ULP) in Chemistry (COSIP) in 1976-77. Under this Project, instruction material for the use
of teachers as well as students was produced in a very novel and imaginative manner with the
participation of University staff as well as the staff of all the participating colleges. The UGC
Review Committee made very laudatory remarks regarding the material produced and the
imaginative concepts employed in its production.
They also recommended the extension of the ULP (COSIP) for a further period of two
years for its second phase activities of developing the Question Banks etc. This second phase
activity has resulted in the completion of the Question Bank Project, and all the instruction and
evaluation, and material has now reached all the affiliated College Libraries and the teaching
staff of these Colleges.
The Department was also recognized as a Centre for Faculty Improvement Programme
(FIP) in Chemistry and ran the Programme very successfully during 1977-81. Nine faculty
members in the affiliated colleges of the University benefited from the FIP and secured their
Ph.D. degrees under this Programme.
The Department lost the services of Prof. Biradar in 1978 and Prof. Badami in 1979 to attain
the age of superannuation. They, however, continued to be associated with the Department
in the Retired Professor Scheme of the UGC and the Emeritus Professor Scheme of the CSIR,
respectively, for a further period of three years. In the year 1980, Prof. V. V. Badiger was appointed
as Professor of Organic Chemistry. Later in the same year, Dr. A. S. R. Murthy was appointed as
Professor of Inorganic Chemistry. In the year 1981, the Biochemistry Division also got a new Prof.
M. Madaiah.
In the year 1980, the P. G. Centre at Gulbarga became a separate University, and
the subsidiary Department of Chemistry became a full and independent Department of
Chemistry. With the introduction of the rotation of headships by the University in 1983, Prof. E. S.
Jayadevappa handed over the Headship of the Department to Prof. V. V. Badiger (1983-85). The
former Chairman of the Department were Prof. A. S. R. Murthy (1985-87), Prof. M. Madaiah (198789), Prof. G. S. Puranik (1989-91), Prof. C. S. Mahajanshetti (1991-92), Prof. B. R. Havinale (1992-93),
Prof. L. D. Basanagoudar (1993-95), and Prof. B. G. Pujar (1995-97).
The research activities in the Department were recognized by the UGC and selected
our Department for the DRS programme under SAP. The UGC sanctioned Rs. 45 lakhs during
1992-97.
The Department was bifurcated into Chemistry and Biochemistry Departments in June
1997. Prof. A. H. M. Siddalingaiah took over as the Chairman of the Department of Studies in
Chemistry and Prof. S. B. Hinchigeri as the Chairman of the Department of Studies in Biochemistry.
In the year 1999-2001, Prof. V. B. Mahale headed as the Chairman. This was followed by
Prof. C. D. Daulatabad (2001-2002), Prof. V. B. Mahale (2002-2003), Prof. M. L. Budni (2003-2005),
Prof. M. I. Aralaguppi (2005-2007), Prof. S. T. Nandibewoor (2007-2011), Prof. S. A. Patil (2011-2013)
Prof. S. A. Chimatadar (2013-2015), Prof. M. V. Kulkarni (2015-2016), Prof. V. K. Revankar (20162018), Prof. K. M. Hosamani (2018). Currently, the Department is leading under the Chairmanship
of Prof. M. Y. Kariduraganavar since September 22nd 2018. Under Prof. M. Y. Kariduraganavar’s
Chairmanship, Department has started Analytical Chemistry as one of the specializations
considering its demand in the industry.
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About the Department of
Chemistry
The Department has been continuously funded by the UGC and DST in the form of
COSIST, SAP-I, SAP-II and SAP-III, and DST-FIST Phase-I and Phase-II, UPE-FAR and PURSE
Programs. This has resulted in enhanced instrumentation and molecular modelling facilities in
the Department. In addition, many of the faculties have received funds from various funding
agencies like DST, UGC, AICTE, CSIR, BRNS and private Industries. At present, the following
instrumentation facilities are available: UV-Vis Spectrophotometers, FT-IR, Spectro-Fluorimeter,
GC-MS, 300 MHz NMR Spectrometer, GLC, Potentiostat-Galvanostat, TG-Analyzer, CHN
Analyzer, Freeze Drier, Abbe’s Refractometer, XT-Recorder, Gouy and Faraday Balances, Rapid
Kinetics Stopped Flow Instrument, Fuel Cell work station, etc. Thus, the Department provides
an excellent environment for research and teaching. In recent years, the research activity of the
Department has grown more robust than ever.
Though the staff strength has been reduced to half, the faculty members have been
working hard, which is reflected by their publications and projects. Four of the staff members
have been selected for the award of Commonwealth Fellowships Programmes continuously
for the last three years (2006-2009) to undertake the Post-Doctoral Research at the U.K.
Universities. Many of the faculty members have also been awarded prestigious fellowships to
pursue Post-Doctoral Studies in the USA, UK, Germany, Greece, South Korea, Taiwan and so
on. The Department is very proud that several Ph. D. graduates of our Department are pursuing
Post-Doctoral Studies in Canada, the USA, U.K., Belgium, France, Taiwan, South Korea, Spain,
etc. Some of the faculty members have also been awarded two U.S. Patents, and recently
one of them has got the first rank among the U.S. Patent rankings. Some of the staff members
collaborated with various Universities, Research Institutes and Industries in India and abroad.
The research areas of interests of the present staff include Coordination Chemistry,
Ion-exchange Chromatography, Chemical Biology, Analytical Chemistry, Inorganic Polymers,
Kinetic, Mechanistic and Catalysis Studies of Bioactive Compounds, Ion-exchange Membranes
for Electrodialysis and Fuel Cell Applications, Hybrid, Homogeneous and Composite
Membranes for Pervaporation Applications, Polymeric Nonlinear Optical (NLO) Materials for
Optronic Devices, Nanofibers for Tissue Engineering and Optical Device Applications, Liquid
Mixture Studies, Chemistry of Oils and Fats, and Heterocyclic Chemistry.
The Department has the distinction of having produced more than 460 Ph.Ds, and more
than 4,400 students have got Master degrees since the inception of the Department. The total
number of research publications of the Department exceeds 3500. The Department is proud of
its alumni. Several of them have been serving in various capacities in different fields of Science
and Technology, Industries, Universities, Research Organizations in India and abroad.
Currently, the Department has 20 members, over 200 M. Sc. students and over 65 Ph. D.
students. Campus interviews are regularly held in the Department as our students are getting
placement more than 50% even before they complete their M. Sc. Course. In line with the
University, the Department has adopted a new syllabus as Choice Based Credit System (CBCS)
for post-graduates since 2008. Under Prof. M. Y. Kariduraganavar, the present Chairman, the
Department is progressing on all fronts.
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MANUFACTURING A BETTER FUTURE

The mission of the Centre for Rapid and Sustainable Product Development (Centro para
o Desenvolvimento Rápido e Sustentado de Produto – CDRSP) of the Polytechnic Institute
of Leiria (IPLeiria) is to contribute to scientific and technological development, leading to new
products, materials and processes that are more fitted, more effective and more efficient,
contributing to a generation of added value to the industry and promoting the conscience of
the importance and of the role of the rapid and sustainable product development in the society.
In order to accomplish this mission, the CDRSP-IPLeiria leads scientific and technological
research and promotes dissemination, training and consultancy actions in strategic areas of
product development.
The aim of the strategic research programme is to consolidate and reinforce the national
and international position of the CDRSP-IPLeiria as a leading research group in the field of
Multiscale Direct Digital Manufacturing based on Additive Manufacturing, moving towards the
fully integrated concept of added-value manufacturing.
This is possible due to the multidisciplinary nature of the CDRSP Research Team,
comprising researchers from different scientific backgrounds. The main Scientific Research
Areas of CDRSP-IPLeiria lays on Additive Manufacturing, having a focus on 60% of applied
research and 40% of basic research. To do so, the development of Additive Manufacturing is
supported by 3 core interconnected scientific pillars: (i) Geometry and topology/Computer
simulation (ii) Advanced materials; and (iii) Novel manufacturing processes.
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The Directors of CDRSP
Left to Right

Professor Artur Mateus – Vice-Director
Professor Nuno Alves – Director
Professor Geoffrey Mitchell Vice-Director

Acheivements since 2015
We were evaluated to be excellent in the most recent FCT evaluation using international
panels. The International panel which evaluated units focused on “Mechanical Engineering
and Systems Engineering gave CDRSP full marks in there quantitative indicators and this
place CDRSP as the leading research unit in the field of Mechanical Engineering and Systems
Engineering in Portugal.
We are located in a purpose designed and built Research Centre located in the heart of
the Industrial zone in Marinha Grande which is the 3rd largest mould making region in the world
We are a 78 membered multidisciplinary team with over 40% women. ~10% of the CDRSP
Team are International Members and ~60% of the members of the team have International
work experience.
Collectively we published 16Books, 36 Book Chapters, 4 Special Issues of International
Journals and 239 International Journal Papers.
We have been awarded over €100Million for more than 100 projects.
We are the lead institute for the Portuguese Additive Manufacturing Initative a FCT
funded national programme which is part of the economic road map of Portugal.

visit the website
https://cdrsp.ipleiria.pt/
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Seeram Ramakrishna
National University of Singapore

He is a Professor of Mechanical Engineering. He is a co-director of NUS Nanoscience and
Nanotechnology Initiative (NUSNNI). He heads the Centre for Nanofibers and Nanotechnology.
He is Chair of the Circular Economy Taskforce.

Sanjeeva Murthy
New Jersey Centre for Biomaterials, Rutgers
University, USA

Dr. Murthy is a Materials Scientist interested in polymers and biomaterials. His current projects
include fabrication of tissue scaffolds for use as biomedical implants, studying cell-substrate
interactions, surface modification, and understanding the influence of hydration in polymers
on mechanical behavior and biological activity. He investigates structure at molecular to
macroscopic length scales to tailor polymers for biomedical applications. He utilizes x-ray and
neutron scattering, thermal analysis, microscopy and related techniques for studying their
properties, characterize polymer surfaces, thin films, and interfaces. Currently, he is a Research
Associate Professor at the New Jersey Center for Biomaterials, Rutgers University.
He has published more than 230 papers and book chapters, ~ 170 in refereed journals.
Dr. Murthy is a Fellow of the American Physical Society and International Center for Diffraction
Data. He is member of the American Chemical Society and Society for Biomaterials.
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Dan Luo
School of Architecture, Faculty of
Engineering,
Architecture
and
Information Technology Queensland
University,
Australia
Developing smart material system with AI and computer vision… Robotic automatic generation
of performance model for non-uniform linear material via deep learning. Artificial Intellegence
and Material Computation… intelligence, material computation to human centric collaborative
fabrication with VR/AR. It is her… performance model that computes and customizes properties
of non-uniform linear materials to accommodate…

Marco Domingos
Department of Mechanical, Aerospace,
and Civil Engineering at the University
of Manchester, UK

Marco Domingos is a senior lecturer in the Department of Mechanical, Aerospace, and Civil
Engineering at the University of Manchester (UK). He graduated in Mechanical Engineering
(2006) from the Polytechnic Institute of Leiria (Portugal) and holds a Ph.D. (2013) cum laude
in Mechanical Engineering from the University of Girona (Spain). He was elected fellow of the
Institution of Mechanical Engineers (FIMechE, UK) in 2017 and fellow of the Higher Education
Academy (UK) in 2016. He is also visiting Professor at the Center for Rapid and Sustainable
Product Development (CDRSP, Portugal) and at The University of Naples, Federico II (Naples,
Italy). Since 2019, he is a principal investigator at the Henry Royce Institute (Manchester) with
research interests in advanced biomaterials and biofabrication for regenerative medicine. He
has authored or co-authored more than 50 scientific publications, including articles in peerreviewed international journals, books and book chapters.

31

KEYNOTE SPEAKERS

Artur Mateus
Professor of Mechanical Engineering
Department, IPLeiria; Vice-Director of
the CDRSP-IPLeiria, Portugal

Artur Mateus is an Adjunct Professor of Mechanical Engineering Department, on Rapid Tooling
and Manufacturing, at the Polytechnic Institute of Leiria (IPLeiria), since 1997. Also is Vice-Director
of the Centre for Rapid and Sustainable Product Development at the Polytechnic Institute of
Leiria (IPLeiria). He is member of the scientific and technological council of the Incubator for
startups, OPEN (Marinha Grande – Portugal). Artur Mateus has a PhD in Polymer Physics from
the University of Reading (UK), a MSc from the Technical University of Lisbon (Portugal) and a
first degree in Mechanical Engineering from the University of Coimbra.

Mahadevappa
Karidiraganavar
Department of Chemistry, Karnataka
University, India

Dr. Mahadevappa Y. Kariduraganavar obtained his Master Degree in 1988 and Doctoral Degree
in 1993 from Karnatak University, Dharwad. He joined Flora International Ltd., Bangalore as
Manager (Operation). Prior to this, he also working as Research Assistant Grade-I In the Institute of
Wood Science & Technology, Bangalore. In 1997, he joined Department of Chemistry, Karnatak
University, Dharwad as Lecturer and was subsequently appointed as Professor of Physical
Chemistry in 2007. He did his Post-Doctoral study during 2007-2008 under the prestigious
Commonwealth Fellowship Program at J.J. Thomson Physical Laboratory, University of Reading,
UK. He also established a Collaborative Research Program with the University of Reading,
UK. Dr. Kariduraganavar was participated as a Panel Expert at the International Conference
held at Bangkok, Thailand in 2011. In 2002, he attended and presented paper in International
Euromembrane Conference held in London, UK. During this period, he gave a lecture on IonExchange Membranes for Electrodialysis Applications at Imperial College, London. In 2013, he
presented a paper in International Conference held at Dubai. During 2015, he visited Centre
for Rapid and Sustainable Product Development (CDRSP), Portugal along with 3 of his Ph.D
students as Visiting Professor and worked on Tissue Engineering for Bone Regeneration and
Shape Memory Polymers.
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Mihai Adrian Ionescu
Swiss Federal Institute of Technology;
Switzerland

Adrian M. Ionescu is a Full Professor at the Swiss Federal Institute of Technology, Lausanne,
Switzerland. He received the B.S./M.S. and Ph.D. degrees from the Polytechnic Institute of
Bucharest, Romania and the National Polytechnic Institute of Grenoble, France, in 1989 and
1997, respectively. He has held staff and/or visiting positions at LETI-CEA, Grenoble, France
and INP Grenoble, France and Stanford University, USA, in 1998 and 1999.
Dr. Ionescu has published more than 600 articles in international journals and conferences.
He received many Best Paper Awards in international conferences, the Annual Award of the
Technical Section of the Romanian Academy of Sciences in 1994 and the Blondel Medal in
2009 for contributions to the progress in engineering sciences in the domain of electronics.
He is the 2013 recipient of the IBM Faculty Award in Engineering. He served the IEDM and
VLSI conference technical committees and was the Technical Program Committee (Co)Chair of
ESSDERC in 2006 and 2013. He is a member of the SATW. He is the director of the Laboratory
of Micro/Nanoelectronic Devices (NANOLAB).

Dietmar Homberg
Weierstrass Institute, Germany

Dietmar Homberg, Past President and Board member of European Consortium for
Mathematics in Industry (ECMI). Researcher at the Weierstrass Institute Berlin, Germany.
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Carlos Mota
Maastrich University, The Netherlands

Carlos Mota is an assistant professor in the Department of Complex Tissue Regeneration at
MERLN Institute for Technology-inspired Regenerative Medicine, Maastricht University. In
2013, he was a postdoc at the department of Tissue Regeneration, University of Twente, the
Netherlands where he developed, in partnership with Screvo B.V., a multiwell array platform
for high content screening, targeting the effect of small molecules and biopharmaceutical in
cancer therapeutics in vitro and in vivo.
Carlos received his PhD in Biomaterials from the BIOS research doctorate school in Biomolecular
Sciences at the University of Pisa, in March 2012. His doctoral studies were focused on the
development of new approaches for the fabrication of polymeric scaffolds for Tissue Engineering
applications. Furthermore, he was a researcher at the department of Neurosciences, University
of Pisa, where he developed scaffolds for otology surgery applications.
Currently, his main research interests are focused on biofabrication, bioprinting and additive
manufacturing techniques for the development of tissue engineered constructs

Adérito Araújo
University of Coimbra, Portugal

Adérito Araújo received his PhD at the University of Coimbra, in 1998, with the thesis entitled
“Additive Symplectic Integrators”, prepared under the supervision of J.M. Sanz-Serna, from the
University of Valladolid, Spain, and M.F. Patrício, from the University of Coimbra, Portugal. Since
that date, he is an Assistant Professor of the Department of Mathematics of the University of
Coimbra. He is an active member of the Numerical Analysis and Optimization group of the Centre
of Mathematics of the University of Coimbra and, since 2011, is the director of its Laboratory for
Computational Mathematics.
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Alexis Maurel
University of Texas, USA

Originally from South of France, Dr. Alexis Maurel first began his studies at the University Paul
Sabatier of Toulouse III (2-years diploma in Chemical Engineering – and Bachelor degree in
Chemistry). After a first end-of-studies internship in León Guanajuato, Mexico, his taste for
materials chemistry, research and human exchanges, has continued to grow. Alongside 20
students from all over the world (16 different nationalities), he pursued his Erasmus Mundus
Master studies (Materials for Energy Storage and Conversion - 2015/2017) between France,
Poland and Spain. In September 2020, he obtained the title of Doctor in Materials Chemistry
and Electrochemistry of Solids after defending his thesis on “Lithium-Ion Battery 3D Printing”
at the Laboratoire de Réactivité et Chimie des Solides and the Laboratoire des Technologies
Innovantes (UPJV Amiens, Hauts-de-France region, France). Laureate of the prestigious 2021
Fulbright “French Researcher” Prize, Dr. Alexis Maurel is visiting the University of Texas at El
Paso as a postdoctoral researcher (until the end of the year) to continue his research on 3D
printing of lithiumion batteries. He will work closely with the team of Prof. Eric MacDonald.

Xuebin Yang
University of Leeds, UK

Xuebin Yang was appointed to a prestigious University Research Fellowship at the University of
Leeds School of Dentistry in 2004, became Head of Tissue Engineering in 2005 and a Principal
Research Fellow in 2006 before transferring to a new system with a title of Associate Professor
in 2013. He holds honorary/visiting professor positions in Nanjing University, Henan University
of Science and Technilogy (HUST), Polytechnic Institute of Leiria, and Invited
Professor at Tokyo Women’s Medical University.
He received his first degree in medicine (Luoyang University) in 1984 and an MSc degree in
hand surgery (Fudan University) in 1992. He was appointed as a Clinical Lecturer in 1992 and
then a Vice-Professor and Associate Chief Orthopaedic Surgeon in clinical orthopaedics in
1995 at Henan University of Science and Technology. From 1998 to 1999, he was an Honorary
Hand Fellow in Derbyshire Royal Infirmary. He was a Postdoctoral Fellow at the University of
Southampton after obtaining a PhD in tissue engineering in 2002.
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After moving to Leeds in 2004, he set up a tissue engineering initiative at the School of Dentistry.
Since then, he has supervised 13 Masters, 22 PhD students (which includes co-supervising
students based in King’s College London, Imperial College London and University of York), 14
Postdoctoral or visiting Fellows in stem cell therapy and skeletal tissue engineering in vitro and
in vivo. He has strong collaborations with top players in UK, Japan, China, USA, India, Australia
and New Zealand.
Xuebin Yang is actively involved in some large research programmes (WELMEC, DTC,
Regener8, IKC, DenTCRU). He has published 82 papers, 16 book/book chapters with over
200 presentations, 40 keynote/invited talks and 4 patents. He was the Treasurer/Trustee of
British Orthopaedic Research Society, a Committee Member of regional/national/international
panels, organizing committees and editorial boards.
He had six-years teaching experience in clinical orthopaedics and is the lead for some
undergraduate and postgraduate taught modules at Leeds.

A. B. Vedamurthy
Karnatak University, Dharwad

Prof. Vedamurthy completed his M.Sc., M.B.Tech and Ph.D from Gulbarga He has 16 years of
teaching and administrative experience has held many positions as Reader, Professor,
Director and Principal at The Oxford College of Science, Bangalore from 2000 to 2013.
Presently he is the Professor and Chairman, at the Department of Biotechnology and
Microbiology, Karnatak University, Dharwad. He is also the Coordinator of new established
Innovation and Incubation Centre at Karatak University, Dharwad. Currently he is guiding 8 Ph.D.
students at the Department of Biotechnology and Microbiology, Karnatak University, Dharwad.
He has vast research experience in the field of Plant Biotechnology,
Nanotechnology, Phytochemistry, Pharmacology, Secondary Metabolites form Fungi etc.
He has published more than 60 research articles in reputed national and international
journals and he also has published a book for under graduate students- Biotechnology IV.
He is recipient of Best Research paper Award instituted by Karnatak University, Dharwad for
the year 2015. He is the recipient of many prestigious awards such as Elected Fellow Member
of National Environmentalists Association (FNEA), Fellow Member of International Society of
Biotechnology (FISBT) and as a co-author in many oral presentations at national and
international conferences. He is also reviewer of several scientific Journals such as
Elsevier, Springer, Willey etc. He visited several oversees counties for scientific meetings such
as Austria, Germanay, Czek Repulic, Malasia, Srilanka, Thailand and Omen. He is the main
source behind getting research funding of Rs. 1.8 Crores at the Department of Biotechnology
to BT finishing School from Govt. of Karnataka at The Oxford College of Science,
Bangalore. Presently he is investigator in DST and VGST funded projects at the Department
of Biotechnology and Microbiology, Karnatak University, Dharwad. He also a member of many
scientific communities such as Life Member, Indian Science Congress Association,
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Kolkata . Life Member, National Environmentalists Association , Life Member, International
Society of Biotechnology, Life Member, Association of Biotechnology and Pharmacy ,
Treasurer (Elected), Indian Science Congress Association, Bangalore Chapter, Member,
Society of Cytologists and Geneticists, India (founded in 1965). He is also contributing as
research consultant at various institutions such as Reva Institute for Science & Technology
Studies, Bangalore, Bio-nymph Life Sciences Pvt. Ltd., Bangalore, Institute of Bioscience &
Molecular Biology, , Bangalore, Narayana Hrudayalaya College of Science, Bangalore.

Jules A.W. Harings
Maastrich University, The Netherlands

Jules Harings is associate professor and group leader Macromolecular Physics & Technology
at the Aachen Maastricht Institute for Biobased Materials at Maastricht University. He received
his PhD in Polymer Technology from Eindhoven Technical University under supervision of Prof.
S. Rastogi and Prof. P.J. Lemstra (2009). After a four year’s period as research Scientist and
project leader fiber physics and new product development at Teijin Aramid, where he received
the Teijin global best R&D award in 2011, he returned to academics at Maastricht University in
2013. Currently he chairs the board of examiners of the Masters Systems Biology and BioBased
Materials and coordinates several BioBased Master courses. His focus as principle investigator
in the Aachen Maastricht Institute for Biobased Materials is studying, understanding and
technically exploiting the intrinsic functionality of biobased (macro)molecules like polarity
and chirality in steering bio-inspired processing-structure-function relationships in (i) additive
manufacturing and fiber spinning in e.g. regenerative medicine, and (ii) water actuated structural
refinement, functionalization and biodegradability for timed polyamide performance.

Steffen Sickinger
Regional Sales Manager Additive Manufacturing Western Europe and Americas,
TRUMPF

2014-2018 study program Business Administration and Engineering – international Management,
at Pforzheim University. In 2018 started bachelor thesis at TRUMPF in the sales department
of Additive Manufacturing and started as an Regional Sales Manager at TRUMPF Additive
Manufacturing, in Ditzingen. Currently doing a Master study program in the field of Business
Consulting & Digital Management.
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SESSION A
Plenary Manufacturing
Circularity and Sustainability of Plastics
Seeram Ramakrishna, National University of Singapore
Worldwide consensus is building up in recent years for greater sustainability while there is
no clear strategy on how sustainability friendly public policy goals are to be achieved. On this
backdrop, plastics are seen as both a hero and a villain. They have played an integral role in
shaping our modern society. The global primary plastic production reached 368 Mt in 2018,
and it is projected to reach 900 Mt by 2050. On the other hand, plastic wastes are accumulating
around the world. Evidences are being piled up on their environmental as well as health hazards
associated with the end of life management. This lecture seeks to address questions such as
why only a tiny fraction of plastics is recycled sustainably; what are the end of life plastic waste
management practices; what are the emerging market mechanisms & incentives, regulations &
penalties, international agreements & standards aimed at facilitating circularity & sustainability of
plastics; role of Industry 4.0 technologies including 3D Printing and Nanotechnology on plastics
sustainability; and what more needs to be done in reducing the sustainability gap.

Large scale additive manufacture for construction
Dan Luo, Queensland University, Australia
Current additive manufacturing (AM) technologies has already been commercially adopted in
fields such as medicine and manufacturing. However, scaling up had been a major challenge
during the application. Construction and building industries post a set of different challenges
compare to manufacture at a smaller scales. This talk discusses the current progress and
challenges in developing large scale AM systems for construction, and how the concept of AM
could be compatible with established construction systems. With a re-adaptation of methods
and conventional materials, the flexibility of AM transforms the perception of complexity and
efficiency for the designers and engineers. Three the large scale additive manufacture systems
developed based on commercial projects will be introduced to address the opportunities and
challenges ahead.

43

PRESENTATIONS
Bioprinting strategies for regenerative medicine and disease modelling applications
Marcos Domingos. Department of Mechanical, Aerospace and Civil Engineering,
School of Engineering, Faculty of Science and Engineering & Henry Royce Institute, The
University of Manchester, Manchester, UK
Nature in general, and lower vertebrates in particular, have evolved to grow and regenerate
tissues and organs through complex self-assembling mechanisms using cells and other
biomolecules as building blocks. Unfortunately, our bodies do not display this capacity, and
although some organs (e.g. liver) can regenerate to a reasonable extent, most of human
tissues resort to fibrosis and scar tissue formation upon trauma or disease. The emergence
of 3D Bioprinting technologies has enabled us to overcome some of these limitations and
develop artificial implants suitable for clinical restoration of human tissue and organ function.
Operating in a layer-by-layer form, 3D Bioprinting allows for the automated fabrication of 3D
tissue analogues with complex functional and structural organization through the precise
spatial positioning of multiple materials and cells. Although our ability to create biological
constructs with increasing complexity has been significantly improved with the introduction of
these additive manufacturing technologies in the field of tissue engineering and regenerative
medicine, the reality is that many of the cellular and molecular mechanisms underpinning
human tissue regeneration and disease remain unclear. In this talk I will describe some of the
most recent work done in our group to emulate human tissues and organs using advanced
biofabrication systems in combination with polymeric hydrogels and stem cell technology.
In particular, I will attempt to demonstrate how different fabrication strategies (i.e. top-down,
bottom-up and hybrid) can be used to build 3D models with tuneable properties (i.e. physical,
chemical, biological) and effectively employed in interrogating biological processes associated
with (1) skeletal tissue regeneration, (2) cancer and (3) dementia. Finally, I will discuss some of
the major challenges and opportunities in the field of biofabrication towards the development
of personalized therapies.
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SESSION B
Plenary Manufacturing
Mathematics as a driving force for innovation in industry
Adérito Araújo, CMUC, University of Coimbra, Portugal
Mathematics underpins all of modern science and technology. In recent years, ECMI (European
Consortium for Mathematics in Industry) and EU-MATHS-IN (European Service Network of
Mathematics for Industry and Innovation) have been involved in numerous studies and forums
that have been carried out at the international level demonstrating that Modelling, Simulation
and Optimisation are tools for research and innovation, and are keys for achieving a competitive
edge and a catalyst for innovation processes in companies. This contribution of mathematics
is far from having reached its peak and it is expected that the new paradigms related to
the 4th industrial revolution will continue to bring new and challenging opportunities. In this
presentation we will emphasise the unique strength of mathematics as a technology transfer
tool and discuss the European strategy for the coming years. In particular we focus on the role
of the so-called European Study Groups with Industry in that strategy and will present case
studies related with manufacturing.
PRINTbig laboratory
A. Mateusa
a
Center for Rapid and Sustainable Product Development of Polythecnic of Leiria
3D printing technologies appeared commercially in 1987 by the introduction of the stereolithography process by the company 3D Systems. At that time, 3D systems’ 3D printing equipment, also called rapid prototyping, was called SLA (StereoLithography Aparatus). The first
ones came with a medium dimension of manufacturing volume of 250 x 250 x 250 mm. After
3D Systems, many other companies came up with 3D printing machines based on powder
bed (selective laser sintering, 3d printing with inkjet: DTM and ZCorporation), extrusion of
thermoplastics (Stratasys), layer object manufacturing (LOM), among others . The 1990s were
a decade for the implementation and consolidation of basic technologies. From the end of
the 90s until the end of the first decade of 2000 (2010), the first 3D metal printing technologies were established. From 2010 and until today, 3D metal printing technologies have been
consolidated, as well as technologies for the manufacture of ceramics and other pastes. All
of them, in general, incorporated as standard the average dimensions of 250 mm already
established at the end of the 80’s. Today, 3D printing technologies are enabled to manufacture components, parts and products of any size, from nanometre’s up to dozens of meters.
We describe the printing technologies enabled today in large-scale printing (scale of meters),
making an analysis of the challenges that large scale presents compared to manufacturing technologies in the medium scale (~ 250mm). In this context, we describe those that are
oriented to metal, pastes (cementitious, ceramic, among others), plastics and composites,
with a view to applications and future developments, in particular at the PrintBig Laboratory of
CDRSP.
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Benefits of higher preheatinng temperatures and the green laser for metal AM applications
Steffen Sickinger, TRUMPF
We present advances of pure copper, copper alloys and precious metal additive manufacturing with green, frequency doubled disk lasers, achieved by the exploration of process parameters to specifically address the unique laser processing challenges of this class of highly
reflective, highly conductive materials. Results are presented for the analysis of samples
made from pure copper, and from the CuCr1Zr alloy. The material properties density, electrical conductivity, and sample properties as well as geometrical resolution and surface roughness are presented. Part performance in application is discussed.

Improving the mechanical properties of lattice structures manufactured using Multijet
fusion additive manufacturing technology
Aamer Nazira,b,*, Ahmad Bin Arshad b, Jeng-Ywan Jeng a,b, aDepartment of Mechanical
Engineering, National Taiwan University of Science and Technology, 43 Keelung Road,
Section 4, Taipei, 10607, Taiwan, R.O.C
bHigh Speed 3D Printing Research Center, National Taiwan University of Science and
Technology, No. 43, Section 4, Keelung Road, Taipei 106, Taiwan, ROC
The mechanical properties of lattice structures depend on the relative density (density of the
lattice structure compared to the density of the parent material), topology of the unit cell,
stacking method, and unit cell size. Unit Cell size plays a relatively minor role, whereas relative
density plays a major role in determining the mechanical properties of the lattice structure such
as stiffness, and energy absorption. For the same relative density, topology of the unit cell can
play a very important role. Lattice structures with same relative density but different unit cell
topology have significant difference in the stiffness and energy absorption. Topology of the
unit cell can be made complex to improve the mechanical properties of the lattice structure.
Additive manufacturing technologies such as Multi-Jet Fusion can be used to create complex
topologies without any increase in cost or time. For these technologies, mass is a factor of cost
of the structure as compared to traditional manufacturing technologies where shape also plays
an important role in determining the cost of the part. Topology of the unit cell can be altered
by taking mass away from the center of beams and adding it to the edges in form of fillets, or
adding more beams to the structure. Experimental and FEA results show a significant increase
in stiffness and energy absorption efficiency by tailoring the topology of the unit cell.
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Hybrid Membranes are the Novel Materials for Pervaporation Separation
Mahadevappa Y. Kariduraganavar
Department of Studies in Chemistry, Karnatak University, Dharwad 580 003, INDIA
Pervaporation (PV) is an energy-intensive membrane-based separation process in which
industrially important azeotropic mixtures, close-boiling liquids and isomers are selectively
separated. In this PV process, the liquid mixture is maintained at the atmospheric pressure on
the feed side of the membrane, and permeate is collected on the other side. The low vapour
pressure can be achieved by employing a carrier gas or using a vacuum pump.
In this work, an emphasis is made to cover the principles of PV, including advantages and
disadvantages, industrially applications and the types of membranes employed. Since membrane plays a vital role in the separation process of PV, an emphasis is given to describe the
preparation of membranes with special attention to hybrid membranes. For instance, preparation of different hybrid membranes using poly(vinyl alcohol) and tetraethyl orthosilicate, chitosan wrapped multiwalled carbon nanotubes incorporated sodium alginate, and polystyrene
sulphonic acid-co-maleic acid crosslinked sodium alginate.
After ascertaining the physicochemical properties of the prepared membranes using different techniques, the performance of the PV membranes is evaluated by determining the flux
and separation factor. By correlating the structures of the membranes, their performance is
systematically described. A trade-off phenomenon which generally exists between flux and
separation factor in PV is judiciously overcome by suitably modifying the membranes. From
the temperature dependence of permeation flux and diffusion coefficients, the Arrhenius activation parameters are estimated. These values are discussed in terms of the PV separation
efficiency of the membranes.
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SESSION C
Mathematics and Industry
Industry 4.0 — mathematical concepts and new challenges
Dietmar Homberg, Weierstrass Institute
Industry 4.0 or the 4th industrial revolution represents a network of digital models and methods
of simulation and 3D visualisation for the holistic planning, realisation, control and ongoing
improvement of all factory processes related to a specific product.
In the last five or ten years all industrialised countries have launched initiatives to realise this
vision, sometimes also referred to as “Smart Manufacturing”, especially in the US.
In my presentation I will use this example to highlight chances for the collaboration between
mathematics, engineering, and industry. I will present case studies showing how mathematics
can contribute to meet the challenges in digital manufacturing and close with some remarks
about the perspective of collaboration between math and industry in Europe in the area of
Industry 4.0.
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Optimization of manufacturing parameters to maximize the flexural properties of 3D
printed ABS
S. Valvez * P.N.B. Reis a, H. Boumediri b, A. Bezazi b
a CEMMPRE, Department of Mechanical Engineering, University of Coimbra, Coimbra,
Portugal, b Laboratoire de Mécanique Appliquée des Nouveaux Matériaux (LMANM),
Université 8 Mai 1945, BP 401 Guelma 24000, Algérie C-MAST, Department of
Electromechanical Engineering, University of Beira Interior, Covilhã, Portugal
According to the technical committee of the American Society for Testing and Materials, additive
manufacturing (AM) is described as material joining for manufacturing of three-dimensional (3D)
part, deposited layer by layer. Fused fabrication filament (FFF) is a popular additive manufacturing
method that can allow manufacturers to rapidly fabricate highly complex three-dimensional parts
through thermoplastics with a minimal material waste. Acrylonitrile–butadiene–styrene (ABS) is
one of the most used materials in 3D printing technology, because it offers good balance of
impact, heat, chemical and abrasion resistance, dimensional stability, tensile strength, surface
hardness and electrical characteristics [2]. However, the mechanical properties are significantly
influenced by various parameters like workpiece depositing parameters, FDM machine settingup parameters, environmental factors, material properties, etc. [2]. Nevertheless, according
to Ning et al. [2] the raster angle, infill speed, nozzle temperature and layer thickness were
selected as the major FFF process parameters. Therefore, these parameters were analyzed
in this study to maximize the flexural properties and, for this purpose, the Taguchi method
was used for the experimental procedure design. The specimens were produced according
to the L16 orthogonal array and the analysis of variance (ANOVA) was performed, with a 95%
confidence interval, to analyze the effect of the different printing parameters on the bending
properties. From this study it was possible to conclude that the best bending properties were
obtained for an extrusion temperature of 225 ºC, printing speed of 40 mm/s, overlap of 40%
and layer height of 0.15 mm. In addition, the temperature showed a decisive influence on the
bending properties.
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Bioscaffolds show a promising future in the field of Tissue Engineering. These 3D, porous,
biodegradable, and biocompatible structures are implanted in the region of defect and
allow tissue-regeneration whilst degrading so as not to remain in the patient’s body after the
regenerative process is complete. During this period of degradation, it is of great importance
that the structure can withstand outer stresses in a similar manner to its surrounding tissue,
while having adequate porosity to allow cell differentiation. Topology Optimization (TO), a
modern field in structural optimization, is concerned with allocating material where structural
compliance dominates and removing it where it is less needed. For TO problems, where the
number of design variables is extremely large, global compliance is often used as a single
measure of structural performance. This allows the development of efficient algorithms and
cheap computation of derivatives for approximation schemes. In this work TO is used to
generate new bone scaffold designs. A differential thickness of a scaffold was optimized using
the solid isotropic material with penalization (SIMP) method [1]. The optimization problem is
first formulated, which includes a volume constraint (maximum material to be used), and a
perimeter constraint (measure of porosity of the structure). A sequential convex approximation
scheme (MMA, the method of the moving asymptotes [2]) is then used to solve the problem.
Results allow to manufacture scaffolds where both cortical and trabecular porosities are clearly
identified. Constraints related to trabecular porosity and diameter are also included. In addition,
worst-case optimization (min-max) is employed to consider multi-load situations. A comparison
of bone scaffold internal geometry obtained using TO algorithms and microCT bone sheep
femur analysis is also presented.
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Bioreactor technology is of paramount importance in Tissue Engineering (TE), as it allows to
establish the environmental conditions adequate for cellular growth, proliferation, differentiation
and ultimately maturation into an organ tissue. Multiple strategies have been combined to reach
adequate tissue maturation, for example, nanofeatures patterning resembling extracellular
matrix (ECM), growth factors addition, electromagnetic and mechanical stimulation, multiple
customized bioreactor technologies (perfusion, rotating vessel, spinner flash, stirred) [1]. But
there remain several challenges to be addressed when transposing from 2D cell culture to 3D
cell culture applications [2]. Additionally, other challenges arise from the difficulty in reproducing
experimental setups previously studied by other research groups using the same experimental
conditions. Direct digital manufacturing (DDM) technologies can help overcome this issue.
Allied with design decisions based on robust numerical models, DDM technologies allow the
construction of highly modular and reproducible bioreactors that can 1) continuously evolve
and adapt to new requirements on-the-fly, and 2) precisely reproduce previous invitro study
conditions. A modular bioreactor design for multimodal stimulation (electromagnetic and
mechanic) interconnected with numerical model studies developed by work group [3] will be
presented, along with its electromagnetic and fluid flow model. Results obtained using our
bioreactor model and other strategies for bone regeneration used by other research groups will
be discussed to pave the way for future developments and possibilities.
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Assessing sustainability is a complex and multidisciplinary process, essential for decision
making and strategic planning. In the mid-1990s, companies and organizations began to
publish their sustainability reports to ensure transparency for stakeholders and their customers.
Sustainability today represents the key to development, especially in the agribusiness sector.
Cork is a sustainable material, renewable and biodegradable. Consequently, the cork industry
is generally considered sustainable and eco-friendly. The authors aim to verify this assumption
by comparing sustainability and annual reports and analyse the evolution of the sustainable
performance of a cork industry case study, “Corticeira Amorim”, between 2014 and 2019.
Economic, environmental and social indicators are essential to measure the level of sustainability
in the report.
The “Corticeira Amorim” industry bases its activity on the transformation of cork for various
applications.
It is one of the largest Portuguese companies and takes the world leadership in the sector.
It bases its activity in a premise of sustainable growth. In this context, “Corticeira Amorim”
develops and publishes sustainability reports and annual reports. In this study, a standardization
methodology was carried out to underline the evolution of indicators over the years, allowing an
understanding of the relationship to be developed between the indicators and sustainability. All
the indicators selected were positively related and sustainability was measured in a favourable
way. It was possible to verify the evolution over the last 6 years of the company, in relation to the
sustainability indicators chosen, emphasizing the importance of maintaining environmental,
economic and social resources. The “Corticeira Amorim” can be considered a sustainable
company, with an effort observed, in the last 6 years analysed, to improve its performance
in terms of sustainability. Nevertheless, any company can evaluate itself in a completely
discretionary way, which would be controversial and reflect the lack of a standard method and
rules to complete a sustainability report.
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Additive manufacturing is a technology that allows the manufacture of complex structures
through Materials with Functional Gradients at the voxel level. The material jetting process
makes it possible to manufacture Digital Polymer Composites by controlling the deposition of
micro-voxels of base materials in pre-established standards. This controlled deposition at the
microscale can be applied to program the desired response of the materials to the macroscale.
This fact offers the possibility to design and manufacture new complex mechanical structures with
behaviours programmed by materials distribution in their microstructure. This study presents a
literature review of different design approaches and applications of Digital Polymer Composites
produced by the PolyJetTM. The main results show that this process allows the production of
the digital materials from mixtures of two base materials, the mechanical properties defined by
the percentage of mixing of the materials. Also, exhibit a high resolution of spatial deposition
of materials compared to other processes. Despite these differentiating characteristics, there
still has limitations in terms of the process and materials. Two design approaches stand out: (i)
based on empirical knowledge and (ii) mathematical formulation (e.g., topology optimisation). As
Digital Polymer Composites application areas can be highlight: (i) Functional Graded Materials
[1]; (ii) Cellular Solids Materials and (iii) Flexible Kinematic Mechanisms [2]. The main conclusions
are Polyjet process, in addition to enabling the materialization of pieces with high geometric
complexity, allows the adoption of new approaches and methods in the design of innovative
materials with high added value.
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The regeneration process of bone tissue is mediated by biomineralisation process. At nanoscale
level, non-stoichiometric carbonate hydroxyapatite nanocrystals are heterogeneously
nucleated onto type I collagen fibrils [1]. The available strategies for the treatment of complex
bone defects, including the use of autografts and allografts, have limited effectiveness and do
not successfully promote bone tissue regeneration and vascularization when treating critical
size defects [2]. Here we show the potentiality of using bioinspired biomineralization process
for the development of bone-like substitutes with superparamagnetic features. Collagen type
I-like peptide (RCP) was mineralised with Fe2+/Fe3+ doping hydroxyapatite (RCPFeHA) and,
then engineered into microspheres. RCPFeHA microspheres presented bone-like composition,
superparamagnetic properties, cytocompatibility and osteogenic ability in the presence of
MC3T3-E1 mouse cell line and human mesenchymal stem cells (hMSCs). A tailored release
of rhBMP-2 from RCPFeHA microspheres under low-frequency pulsed electromagnetic field
(PEMF) was obtained [3-5]. The results encourage further investigation with the purpose to
develop novel therapeutic platforms in customised manner for regenerative medicine. A robotic
system will be developed with the aim to synthesise novel biomaterials and particles (i.e. nano,
micro or macro). In the system will be possible to use several reactants and specific synthesis
conditions (e.g. temperature, pH) that altogether will guarantee the obtention of biomaterials
with biomimetic properties, comprising biochemical, mechanical, and electromechanical
stimulating factors, all enrolled in the regulation of bone regenerative cascade. The successful
validation will contribute to speed up the translation of the proposed technology from the
bench-to-bedside, as well as to optimise time and resources required for development of
more effective therapies against bone related diseases.
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Plastics are synthetic polymers, mainly derived from fossil fuels and which requires up to 1,000
years to reach full degradation [1]. In 2019, 368 million metric tons of plastic were produced
worldwide and in 2015, global plastic waste volume reached approximately 6.3 billion metric
tons [2,3]. One of the plastic wastes studied by our group is the flagging tapes found on
running/walking tracks. These tapes are developed from Polyvinyl chloride (PVC), causing
environmental pollution, since they are not removed after the end of the races. Cellulosebased solutions already exist. However, the only commercially available solution is based on
wood cellulose [4]. Since this resource is intensively exploited by industries and deforestation
increases exponentially over the years, other more ecofriendly alternatives must be found.
Thus, and continuing the work already done by our group, signalling tapes made from bacterial
cellulose (BC) are being developed [5]. . Thus, BC and chitosan tapes, in different percentages
of chitosan (1 and 2 (v/v)%), were developed. Mechanical results demonstrated that Young’s
Modulus was 6.06 ± 1.12 MPa and 13.47 ± 0.59 MPa in 1% and 2% of chitosan, respectively. With
the results obtained, the proposed tape with more chitosan could be used as a substitute
for PVC tapes, being more environmentally friendly, since its degradation does not cause so
much pollution to the surrounding ecosystems.
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Just as words shape the way we communicate or mathematical concepts expand what we can
think about, Computer-Assisted Design isn’t just convenient – it is essential in empowering
designers to explore. In the area of mould design, the concept of conformal channels for
heating or cooling has been widely demonstrated to be beneficial, and the maturity of additive
fabrication of metals made them technically feasible, but better design tools are needed.
Optimization of conformal cooling channels may be considered from many different
perspectives and goals.
In any case, the inclusion of this type of structures in an optimization
workflow requires an appropriate parametrization and model of the channel design,
incorporating the geometric, topological, and physical mechanisms and constraints.
We present the current state of affairs in the area of computer-aided design of conformal
channels, and justify the need for new tools to be developed.
Then, we present an outline of the necessary mathematical and algorithmic developments
required to this development, and our plan to achieve it.
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Polymer nanocomposite films of polypyrrole (PPy)/zinc oxide (ZnO) and polypyrrole/cadmium
oxide (CdO) are synthesized using pyrrole monomer and ammonium per sulfate (APS) as a
precursor. SEM images reveal that the films possess uniform and porous morphology. XRD
results indicate the amorphous nature of PPy and addition of metal oxides increases crystallinity
of the composites. FTIR graphs reveal a good interaction between metal oxides and PPy. The
nanocomposites were used for gas sensing of NO2, NH3 and H2S gases at room temperature.
The results showed that PPy/ZnO and PPy/CdO with different weight ratios of metal oxides
could detect NO2 gas with higher selectivity and sensitivity when compared to pure polypyrrole.
PPy/ZnO and PPy/CdO nanocomposites detected NO2 gas even at very low concentration of
5 ppm. The sensing ability of these composites was presumed to be the result of p-n junction
formation.
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The growth of global fossil energy consumption and environmental pollution has become
an urgent problem to be resolved, compelling the development of green renewable energy
and efficient energy storage technologies [1]. Supercapacitors attract considerable research
interest as high-performance energy storage devices [2]. Poly(vinyl alcohol)-tetraethyl
orthosilicate-polyaniline derivatives (PVA-TEOS-PANI derivative) nanocomposite membranes
were developed by incorporating the aniline derivatives and their in-situ polymerization
in the crosslinked PVA matrix. The resulting PVA-TEOS-PANI derivatives’ membranes
were characterized to ascertain their physicochemical properties by various techniques.
The electrochemical properties were investigated by cyclic voltammetry, galvanostatic
charge-discharge and electrochemical impedance measurements in 1M H2SO4 aqueous
electrolyte. Among the developed nanocomposite membranes, PVA-TEOS-Poly(o-anisidine)
nanocomposite membrane exhibited the highest specific capacitance of 401.9 Fg-1 with high
energy density and power density of 281.98 Wh kg-1 and 836.25 kW kg-1, respectively. In addition,
the developed electrode material showed the capacitance retention of 82.1% even after 2500
cycles. Based on the superior electrochemical performance, the developed nanocomposite
membrane could be a promising electrode material for flexible supercapacitor devices.
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Carlos Mota, Maastrich University, the Netherlands
Scaffolds with continuous gradients of physico-chemical properties and controlled 3D
architectures are crucial for engineering complex tissues. These can be produced using multimaterial additive manufacturing (AM) techniques. However, they typically only achieve discrete
gradients using separate printheads to vary compositions. Achieving continuous composition
gradients, to better mimic tissues, requires material dosing and mixing controls. No such AM
solution exists for most biomaterials. Existing AM techniques also cannot selectively modify
scaffold surfaces to locally stimulate cell adhesion. A hybrid AM solution was developed to
allow continuous gradient scaffolds.1 A dosing- and mixing-enabled, dual-material printhead
and an atmospheric pressure plasma jet to selectively activate/coat scaffold filaments during
manufacturing were combined on one platform. A library of biomaterial composite formulations
with a broad range of melt viscosities used for bone regeneration were processed with the new
printhead. 3D scaffolds with continuous gradients were produced and presented improved
mechanical properties in comparison with discrete gradients counterparts. Furthermore,
surface gradients allowed a selective cell patterning without specific regions of interest. Two
continuous gradient scaffolds, i.e. osteoconductive and osteoinductive, were investigated in
vitro, and in vivo in a critical-size bone defect. Results show that continuous gradients induce
bone regeneration triggered by the gradient type.
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Current development in nanotechnology has contributed to a broad horizon of metal
nanoparticles in several applications in research and industry. Amongst all metal nanoparticles,
copper nanoparticles have drawn attention due to their distinct properties and their unique
applications in wastewater treatment, food preservation, photovoltaic devices, and many more.
Present study reports a sustainable approach in which green synthesis is used to obtain copper
nanoparticles. Metabolites present in the plants, aid in the synthesis of nanoparticles which act
as reducing as well as stabilizing/capping agents. The synthesis is much cheaper, eco-friendly,
and convenient. Copper nanoparticles are synthesized by using an aqueous leaf extract of
Ricinus communis Linn by the cementation process. The obtained copper nanoparticles
were characterized using UV-Vis Spectroscopy which showed absorbance at 630nm and
Fourier transform-infrared spectroscopy (FTIR). The morphological examination was carried
out by scanning electron microscope (SEM) and the result showed presence of spherical
and some irregular shaped nanoparticles. The elemental analysis by energy-dispersive x-ray
spectroscopy (EDX) showed 73.67% of copper and 15.59% of oxygen respectively. Biological
applications like antioxidant property, antifungal and antibacterial properties were evaluated.
The sample was tested for antioxidant property using a method based on 2, 2-diphenyl-1picrylhydrazyl (DPPH). The copper nanoparticles showed good antibacterial activity against
bacterial pathogens (Escherichia coli, Salmonella typhi, Staphylococcus aureus and Bacillus
cereus) and fungal pathogens (Aspergillus niger and Candida albicans). Effective antibacterial
activity was demonstrated against both gram-positive and gram-negative bacteria as evaluated
by well diffusion method. Minimum Inhibitory Concentration (MIC) values were also determined
against test organisms by using the micro-titre plate technique. Thus, the synthesized copper
nanoparticles can be good candidate for biomedical applications.
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Wounds are formed when the skin barrier is damaged by physical-chemical, thermal, or
pathological conditions. The body can self-generate the skin, although, in some cases, the
lesions are more severe and require more time to heal, and consequently, other conditions,
such as infections, may arise and lead to hospitalization. Nowadays wound infections are a
worldwide health concern because of the resistance to most antibiotics and inadequate
dressings. Thus, in last year’s functional dressings have been developed to prevent infection
and enhancing the healing process. Electrospinning emerges as a potential option, since its
mimic extracellular matrix (ECM), maintains the wound environment and most importantly,
allows the incorporation of bioactive substances, such as seaweed extracts [1]. Phlorotannins,
already shown to have biological potential to be applied in wound care, as a result of their
antimicrobial activity, anti-inflammatory activity, and antioxidant activity [2]. In this study, the
phlorotannins-enrich extract was incorporated in gelatin/chitosan meshes after the processing
parameters optimization. The structures were physio-chemical and biologically characterized.
Results showed that meshes containing phlorotannins-enriched extract presents fibers
diameters such as those of the ECM. The porosity, density, as well water uptake shows to be
advantageous to promote cellular infiltration and proliferation. The mechanical properties were
enhanced owing to the phlorotannins compounds interactions, and the enzymatic degradation
was delayed. Additionally, the incorporation of the extract did not cause cytotoxic effects and
present antimicrobial activity against wound pathogens. Thus, gelatin/chitosan electrospun
meshes containing phlorotannins-enrich extract are promising bioactive structures for skin
tissue regeneration.
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The wound healing is a dynamic and complex process mediated through a coordinated
cascade of biological events that ensure an effective skin regeneration. However, this cascade
of events can be impaired by several factors [1]. Wound infections remain as a main cause of
delayed wound healing, and subsequently their incidence and prevalence tend to increase
significantly due to a rise in the elderly population and the higher rates of obesity and chronic
diseases [1,2].
In order to minimize and prevent the risk of infection, numerous wound dressing materials
displaying antimicrobial activity have been fabricated with different materials and physical
forms using several manufacturing techniques [1-3]. Among them, electrospinning has become
one of the most desirable and attractive methods due to its simplicity, cost-effectiveness, and
functional versatility to produce nanofibrous membranes able to provide an effective barrier
against microorganisms and promote the healing process at the same time [1-4]. In addition,
electrospun nanofibrous membranes have showed amazing properties, such as a 3D-structure
which resemble the native skin’s extracellular matrix (ECM), ability to promote cell adhesion and
proliferation, gaseous exchanges, and exudates absorption, as well as capability to incorporate
therapeutic and/or bioactive compounds [1-4]. Among the different therapeutic and/or bioactive
compounds, natural bioactive molecules, like medicinal plants have been regarded since
the ancient times as a powerful natural supplement for the management and treatment of
wounds [3-5]. Mainly, crude plant extracts which are a widely available, affordable, inexpensive,
versatile, and ecologically sustainable mixture rich in interesting bioactive phytochemicals that
may provide multiple healing benefits [3-5].
Herein, electrospun nanofibrous membranes containing different crude plant extracts were
produced from emulsion electrospinning and multi-layered assembly. Overall, the produced
materials displayed suitable morphological, chemical, physical, mechanical, and biological
properties for enhancing the healing process. Hence, these findings support their potential
application as functional antimicrobial wound dressings.
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The ability to generate bone tissue is a major clinical challenge. To date, the development
of ‘functional’ biomaterials is the key to bone tissue engineering. Since bone formation is a
dynamic process, it may require different properties of the scaffolds during the entire period
of bone regeneration. Over the last few years, 3D bioprinting has become one of the most
advanced technologies for biomaterials design and fabrications. The 3D printed poly-lactic
acid (PLA) scaffolds have great potential to tailor different geometrical designs for improving
cellular attachment and growth.
In collaboration with Dr Liu at University College London, we have investigated the effect of
fibre angle in 3D printed PLA scaffolds on human dental pulp stem cells (hDPSC) attachment,
growth and osteogenic differentiation. PLA scaffolds containing fibres angled at either 45º or
90º were prepared via 3D printing (UCL). hDPSCs were pre-labelled with Cell Tracker Green
prior to being seeded on the 3D printed scaffolds for 4 hours. Fluorescence microscopic images
showed that 45º angled PLA scaffolds significantly enhanced the cell attachment compared to
that on the 90º angled PLA group (p<0.0001). After 3 weeks of osteogenic culture in vitro, SEM
confirmed that almost all macro-pores were fully covered with cell sheets in the 45º angled
PLA group. In contrast, only a limited amount of cellular bridging was present in the 90º angled
PLA group. The majority of cells on the 3D printed scaffolds in both groups are viable, with
only a few dead cells at weeks 4. After 5 weeks, histology showed marked cellular growth and
new collagen matrix formation, with positive immunohistochemical staining to bone-specific
markers in both groups.
In a separated study, a novel histone deacetylases inhibitor (HDACi) - MI192 was used to pretreat human bone marrow stromal cells (hBMSCs) for two days prior to being cultured as pellets
and assembled in a 3D printed PEGT/PBT scaffold to form the Micro-Tissue (In collaboration
with Dr Woodfield in Otago University). Then the Micro-Tissues were cultured in an osteogenic
medium for 6 weeks. Results showed that MI192 pre-treatment extensively enhanced hBMSCs
ALP, OCN and Col1 protein expression and extracellular matrix mineralisation within the in
Micro-Tissues, which indicate the potential of using MI192 pre-treated cells and 3D printed
scaffolds for bone tissue regeneration.
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The development and growth of biopharmaceutical therapies lead to a demand for efficient
chromatographic methods to purify desired biomolecules (e.g. nucleic acids, enzymes or
monoclonal antibodies) which are presently under consideration or approved by the Food
and Drug Administration (USA). These molecules have distinct chemical and size properties
which are critical cues for the development and production of chromatographic supports. The
most common chromatographic supports are based on micro-particulate materials that have
a randomly compacted configuration. Also, in the case of monolithic supports, it is not possible
to fully control its internal structure.
Accordingly, this slightly different internal morphology and porous structure presented leads
to be difficult to predict their chromatographic behaviour which requires careful testing and
validation of the quality of the packed chromatographic supports before use. Moreover, bed
consolidation is typically evaluated by empirical characterisation methods. For these reasons,
column packing is often treated as an inexact science, whilst the limited scope to control
morphology and porosity with traditionally made monolithic materials can result in low levels
of column-to-column reproducibility and often the need arises to individually prepare and
validate each monolithic column [1].
Meanwhile, Additive manufacturing technology is starting to be used in this field since it could
provide full control of the geometry of the produced pieces. Therefore, on the chromatographic
field, this technology allows a more defined and uniform convective flow path than the
randomly interconnected pores observed on the conventional chromatographic support [2].
This is an extraordinary improvement since it will allow modulating the flow, the pressure and
consequently the path of the molecules within the chromatographic support. Overall, it is
expected that using Additive manufacturing will lead to an increase in the economic viability
of the chromatographic process applied in the recovery, purification and quantification of the
molecules of interest.
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Additive manufacturing (AM) techniques have been widely used in tissue engineering (TE),
exploring their ability to fabricate scaffolds and devices with controlled shape and architecture
to meet patient’s specific requirements (e.g., defect size and geometry) while assuring a high
degree of automation, versatility and reproducibility. Due to the high structural complexity of
the osteochondral (OC) tissue, which is an interface between 2 distinct tissues (cartilage and
bone), AM methods received particular interest in OCTE. OCTE strategies rely on the proper
combination of cells, scaffolds and biochemical/physical cues to recapitulate the zone-specific
gradient properties and microenvironment of native OC tissue. Accordingly, our group has
been using AM methods (e.g., 3D melt-extrusion) to produce biodegradable porous poly(εcaprolactone) (PCL) scaffolds, providing structural support in different integrated bone, cartilage
and OC TE settings, namely: i) 3D porous PCL scaffolds in situ decorated with decellularized
extracellular matrix (dECM) to enhance the osteogenic potential of human mesenchymal stem/
stromal cells (hMSCs) for bone TE[1]; PCL scaffolds were combined with glycosaminoglycan
(GAG) supplementation[2,3] or integrated with AM-based perfusion bioreactors[4] to promote
the chondrogenic differentiation of hMSCs; and iii) PCL scaffolds were used as building blocks
of a new hierarchical multilayer scaffold for OCTE with the aim of reproducing in vitro the
complex architecture and zone-dependent properties of OC tissue. Overall, our biomimetic
hierarchical scaffold concept represents a promising approach for the repair of full-thickness
OC defects (grade IV) and to be used as a more reliable in vitro model for disease modeling
(e.g., osteoarthritis) and drug screening.
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Production of nanofibrous materials from biopolymers and bacterial pigments
L.F.A. Amorima*, I.C. Gouveiaa
a
FibEnTech Research Unit, Faculty of Engineering University of Beira Interior, Covilhã,
Portugal
* FibEnTech Research Unit, Faculty of Engineering University of Beira Interior, Covilhã,
Portugal
Microorganisms are able to produce a wide range of bioproducts of industrial interest, which
include microbial pigments, as an alternative to chemically produced dyes [1], and biopolymers,
such as Bacterial Cellulose (BC) and Kefiran (KF), for synthetic polymers replacement [2, 3].
The development of novel materials from biopolymers using electrospinning technology
has gained considerable attention owing to the production of continuous nanofibers with a
larger surface to volume ratio, interconnectivity, variable morphology, and enhanced stability
[4]. The combination of the biopolymers properties with the nanofibers features, allows the
development of biodegradable, biocompatible and non-toxic materials, suitable for a wide
range of applications.
Herein, bacterial pigments prodigiosin and flexirubin-type pigment were combined with BC
and KF biopolymers to produced double-layered structures by needless electrospinning. The
materials obtained, besides colour, presented bioactive properties, namely antibacterial and
antioxidant activity. These multifunctional double layered materials open up several possibilities
of technological innovations and commercial or scientific applications, for example in food
packaging applications. The use of pigments with antimicrobial and/or antioxidant properties
can improve the shelf life of packed perishable products and ensure a greater product safety.
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Direct Digital Manufacturing
Aligning molecular and structural dynamics in additive manufacturing by molecular
engineering; towards enhanced thermoplastic weld mechanics and geometrical stability
Jules A.W. Harings, Aachen Maastricht Institute for Biobased Materials, Maastricht
University, P.O. Box 616, 6200 MD Maastricht, The Netherlands
Additive manufacturing is a technology that develops rapidly as a niche within the field of
discrete manufacturing. Unique products of high added value rely on customisation and
nearly endless design flexibility and are progressively introduced in automotive, aerospace,
art and medical industries. Nevertheless, despite successes with metals and “living”/reactive
materials, a mismatch in product quality and expectations has been the Achilles’ heel in the
mass adoption of thermoplastics in 3D printing, especially in fused deposition modelling
(FDM). In comparison to other, successful construction materials such as metals, the long
nature of polymer molecules and the consequential entanglements are on one hand the
origin of the praised mechanical properties accessible via melt shaping under relatively mild
conditions, but tremendously reduce the time-scales of filament fusion, molecular mixing and
crystallization on the other hand. Inadequate alignment of these chemically controlled timescales with printing parameters are the cause of internal stresses, inferior (durable) mechanical
properties in especially the build direction, and short- and longterm distortion in geometry
(warping). By means of controlled chemistry, going from polylactides as model to poly(ethylene
terephthalate) and polypropylenes, and complementary analytical techniques such as DSC,
DMA, rheometry, and FTIR- and synchrotron WAXD imaging, I will (i) highlight the alignment
of timescales from molecular, structural as well as processing perspective, and (ii) its technical
implications on enhancing ultimate thermoplastic performance in Fused Deposition Modelling/
Fused Filament Fusion and Selective Laser Sinterin
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5D printing and its expected applications
S. Valvez * P.N.B. Reis a, A.M. Pereira b
a
CEMMPRE, Department of Mechanical Engineering, University of Coimbra, Coimbra,
Portugal b ESTG/CDRsp, Polytechnic Institute of Leiria, Leiria, Portugal
* C-MAST, Department of Electromechanical Engineering, University of Beira Interior,
Covilhã, Portugal
Additive manufacturing, also called 3D printing, is the name given to the process of adding
materials, layer-by-layer, to produce objects. 3D printing is a technology increasingly used
in the most diverse industrial fields, whether in engineering, medicine, military or aerospace
[1]. Based on this technique and on smart materials as input filament material, 4D printing is
defined as “3D printing+time”, where the characteristics/properties of the printed objects can
change over time. For example, printed structures have the ability to change shape, properties
or functionality when subjected to external stimuli such as temperature, different pH, UV
light. In addition, the use of 4D-printing can reduce the time and effort required for logistics,
transportation expenses and the volume of parts that can be transported [2]. However, a new
idea for the additive manufacturing process has emerged, and the 5D printing concept was
created by American University by Mitsubishi Electric Research Laboratories (MERL). This type
of additive manufacturing is characterized by the five degrees of freedom presented in the
printing head and printing plate. However, because 3D printing involves the deposition of flat
layers on the printing plate to obtain the desired profile of the object, some weak points are
created in the structure. This weakness can be overcome with 5D printing, where curved layers
are produced capable of generating stronger and complex spares. Furthermore, 5D printing
uses 25% less material than 3D printing [3]. Therefore, 5D printing nature is a combination of
additive and subtractive techniques suitable for very specific medical and structural applications
[4]. In this context, this study intends to review the advances in additive printing technology from
1D to 5D printing.
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Enhancement of fuel cell performance of poly(arylene ether ketone) membrane using
polystyrene sulphonic acid-co-maleic acid and sulfothalic acid
Balappa B. Munavalli, Sachin N. Hegde, Mahadevappa Y. Kariduraganavar*
*Department of Chemistry, Karnatak University, Dharwad 580 003, India
Currently, fuel cells are the most promising energy-producing devices to meet the global
energy demand. The commercial feasibility of the fuel cell device mainly depends on the
physicochemical properties of the proton exchange membranes. Thus, the present study
mainly emphasizes the enhancement of fuel cell performance by incorporating the polystyrene
sulphonic acid-co-maleic acid and sulfothalic acid as crosslinkers to poly(arylene ether ketone).
The properties of the developed membranes were studied using different techniques. The
surface morphology of the membranes was examined by scanning electron microscopy and
atomic force microscopy. The oxidative stability was performed in Fenton’s solution at 80 °C,
and it indicated that more than 92% of the membrane residues remained with a minimum loss of
ion exchange capacity (IEC). The proton conductivity was investigated using an AC impedance
analyzer in a fully hydrated state, which showed that the proton conductivity of both the series
of crosslinked membranes was increased with increasing the content of crosslinkers up to
20 mass%. Among the series, 20 mass% of polystyrene sulphonic acid-co-maleic acid and
sulfothalic acid incorporated crosslinked membranes exhibited the highest IEC values of 2.569
and 2.342 meq g-1, respectively. Similarly, proton conductivities of the membranes were found
to be 0.134 and 0.117 S cm-1 at 80 °C with 100% relative humidity. The performance of the fuel
cell study revealed that 20 mass% of polystyrene sulphonic acid-co-maleic acid and sulfothalic
acid crosslinked membranes demonstrated an excellent power density of 0.45 W cm-2 at 0.82
A cm-2 and 0.42 W cm-2 at 0.71 A cm-2, respectively. Thus, these two crosslinked poly(arylene
ether ketone) membranes developed here could be employed as a promising material for fuel
cell applications.
Small scale 3D scanning: an assessment of capabilities and limitations of photogrammetry
technique
Belbut Gaspar, Miguela aCentre for Rapid and Sustainable Product Development/
Polytechnic Institute of Leiria
The development and characterization of new materials and printing techniques often requires
the study of the geometric distortions, surface relief or even deformation under dynamic
conditions. This typically involves samples with dimensions in the range of 1 to 5 cm, and requires
resolutions in the order of tens of micrometer. To support this, we envisioned to develop a fast
3D scanner, based on a single-shot technique such as photogrammetry. We briefly present
the concept, the design process, and the expected benefits of this system. For this system to
be useful, it has to provide accuracy and resolution above or comparable to other available
techniques or equipments. We present the provisional results of a quantitative evaluation of the
capabilities of the photogrammetry technique for the application in small scale 3D scanning,
performed using both synthetic and real image data. We conclude with an overview of the
challenges identified, both in the computational aspects of the 3D reconstruction and in the
hardware design, and possible future developments.
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ELithium-ion Battery 3D Printing
Alexis Maurel, University of Texas, USA
Current world population being estimated to have reached 7.8 billion people, the supply of clean
and sustainable energy sources and storage systems, to meet the endless energy demand,
is more than ever a major contemporary concern. Besides the expansion of renewable energy
sources such as solar, wind or also hydro-electricity to replace traditional fossil fuels raising
environmental concerns, energy storage devices have lately appeared as a decisive obstacle
to address.
Capable of capturing the energy produced at one time to deliver it at a later time when it
is needed, the most widespread technology among the current various energy storage
options is the lithium-ion battery. Nowadays, due to its promising performances regarding
energy density, power and cycle life, it is a component found at the heart of all modern-day
electronics: smartphones, laptops, electric scooters and electric vehicles. As they undeniably
became imperative in our everyday life, these small devices have done the headlines recently
as the Nobel Prize in Chemistry 2019 was awarded on October 9, 2019 to three researchers
(Goodenough-Whittingham-Yoshino) for their pioneering work on this particular technology of
batteries.
While current commercial lithium-ion batteries consist of stacked leaflets (2D planar
design), innovative approaches are now required to enable the development of 3D complex
architectures reported to significantly improve the electrochemical performances in term of
power. Furthermore, the request to build flexible, wearable and customizable batteries of any
shape while maximizing the energy storage as well as diminishing volume and weight must
be addressed. Additive manufacturing, also called 3D-printing, appears as a cutting-edge
revolutionary discipline based on the 3D items preparation by addition of material layer-uponlayer. This innovative technology precisely enables to implement topological optimization
of energy-storage devices. Indeed, battery components such as electrodes, separator,
electrolyte, current collectors and casing can be tailored with any shape, therefore allowing
the future direct incorporation of batteries and all electronics within the final three-dimensional
object. Moreover, the ability of this technique to build promising complex three-dimensional
(3D) electrode architectures reported to theoretically enhance significantly the lithium-ion
battery performances in terms of power and capacity makes it appealing.
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SpinningTNT: development of bioactive TNT by electrospinning
Sara F.C. Guerreiro +a, Carolina A.M. Ferreira + a, Joana F.A. Valente a, Nuno Alves a, Artur
Mateus a, Juliana R. Diasa*
a
* Centre for Rapid and Sustainable Product Development (CDRsp), Polytechnic Institute
of Leiria, Leiria, Portugal
Since 2020, the humanity faces a worldwide pandemic that expose all citizens health. To control
the pandemic expansion the use of personal protective equipment (PPE) (eg. Surgical masks,
filters for community masks, protective clothing) make them the most in-demand equipment
due to their protective and disposable characteristics [1]. These PPE are characterized by being
made of tissue-non-tissue (TNT) that can be produce by spunbond, wet laid, air laid or melt
blow techniques that resulted from the adaptation of technologies from the textile and plastic
industry [2]. Despite the fibers density can be controlled the fiber dimensions are in the micron
scale resulting in a TNT with high pores limiting its use and making it less effective for a wide
spectrum of microorganisms. On the other hand, electrospinning is a well-known technique
characterized by the use of electromagnetic fields that allow produce fibers with low diameters
(from nano to microns). Therefore, specific control of the pore size is allowed increasing the
efficiency of filters and protective material even for small microorganisms, such as viruses [3]. To
improve the protection against SARS-CoV-2 were added MgO and CuO nanoparticles to the
electrospun fibers due to their antimicrobial activity described elsewhere [4,5]. PCL electrospun
fibers were dopped with MgO and CuO nanoparticles containing different incorporation (10
wt%, 20wt% and 30 wt%) their processing was optimized and the antimicrobial activity evaluated.
From the results, it is possible to produce stable electrospun meshes containing nanoparticles
well distributed all over the structure with fiber diameters in the nanoscale. Regarding the
antimicrobial assays, two bacteria were used (gram positive and gram negative) and the results
demonstrated that electrospun meshes dopped with 20wt% of nanoparticles present the best
performance against bacteria activity.

72

PRESENTATIONS
Solving Supply Chain Issue with New AM Technologies for Volume Production
Yann Rageul, Stratasys, Germany
With current challenges with supply chain due to a combination of the Covid-19 pandemic
and shortage of key components, many companies are looking for alternative and flexible
production solutions.
Stratasys has recently introduced New Additive Manufacturing technologies for thermoplastics
components. Enabling to get injection moulding quality and produce parts in volume in the
10,000s of parts without the need to rely a injection moulding or CNC machining. Lead time for
start of production can be immediate using a digital inventory and in-house 3D printers, while
removing remove the need to wait for weeks to get an injection mould made or parts shipped.
We will be sharing some case studies where Stratasys technologies are used for jigs & fixtures
and volume production in Automotive and Mass transportation.
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coPOLY - Polymers reinforced with copper to promote antimicrobial effect
J.F.A. Valente*, C. Santos, H. Marques, A. Mateus, N. Alves.
CDRsp - IPL - Centre Rapid and Sustainable Product Development, Polytechnic Institute
of Leiria, Leiria, Portugal
Polymers are usually used to provide a physical barrier against pathogens however, they can
also lead to the spread and contamination of the population which is considered a serious
problem. Mixing these materials with copper (an antimicrobial material) have been shown to
promoting viral inactivation.
Recently, the inactivation of the H1N1 influenza virus [1] and human immunodeficiency virus (HIV)
[2] by copper metals and divalent copper ions (Cu II) has been reported. Also, antiviral activity
of copper nanoparticles against the hepatitis C virus have been demonstrated [3]. Human
coronavirus tests have also been carried out, showing rapid inactivation in the presence of a
variety of copper alloys (within a few minutes in some cases)[4].
The Cu (I) and Cu (II) ions were responsible for viral inactivation, which was improved by the
generation of reactive oxygen species on the surfaces of the alloys, irreversibly affecting the
morphology of the virus, including the disintegration of its envelope and the dispersion of the
surface peaks [5].
Concerning all the above mentioned, in this research work is presented several combinations
of polymer/copper as well as its mechanical, physical and antibacterial characterization.
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coPOLY - Polymers reinforced with copper to promote antimicrobial effect
J.F.A. Valente*, C. Santos, H. Marques, A. Mateus, N. Alves.
CDRsp - IPL - Centre Rapid and Sustainable Product Development, Polytechnic Institute
of Leiria, Leiria, Portugal
Polymers are usually used to provide a physical barrier against pathogens however, they can
also lead to the spread and contamination of the population which is considered a serious
problem. Mixing these materials with copper (an antimicrobial material) have been shown to
promoting viral inactivation.
Recently, the inactivation of the H1N1 influenza virus [1] and human immunodeficiency virus (HIV)
[2] by copper metals and divalent copper ions (Cu II) has been reported. Also, antiviral activity
of copper nanoparticles against the hepatitis C virus have been demonstrated [3]. Human
coronavirus tests have also been carried out, showing rapid inactivation in the presence of a
variety of copper alloys (within a few minutes in some cases)[4].
The Cu (I) and Cu (II) ions were responsible for viral inactivation, which was improved by the
generation of reactive oxygen species on the surfaces of the alloys, irreversibly affecting the
morphology of the virus, including the disintegration of its envelope and the dispersion of the
surface peaks [5].
Concerning all the above mentioned, in this research work is presented several combinations
of polymer/copper as well as its mechanical, physical and antibacterial characterization.
Engineering new processes of direct bioprinting for skin regeneration
S. Biscaiaa, A. R. Fonsecaa, O. Gouveia a,b, M. Belbuta, A. Alves a, A. Mateusa, N. Alvesa
a
Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria, Portugal
b
School of Technology and Management, Polytechnic of Leiria, Portugal
The use of robots in the medicine field has been gaining impact in the recent years. Additionally,
the use of 3D bioprinting processes to produce biological substitutes is helping medicine to
take significant step to face new realities. Bioprinting is an actively studied method in tissue
engineering since it shows effective control over biomaterials deposition and cell distribution
to engineer complex 3D structures with properties that can significantly improve the ability for
successfully recapitulating functional tissues [1, 2].
We present a work aiming to bring those technologies from the bench-to-bedside and
comprises the development of a robotic system for the in situ direct bioprinting of hydrogelbased biomaterials with growth factors and cells for skin injuries, in a customized and minimally
invasive way. This will open doors to faster and customized procedures, with reduced recovery
times. Moreover, it will promote a better mimicry of the characteristics and properties of the
native tissue improving skin regeneration.
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Turning ocean plastic waste into 3D printed thermoplastic moulds for boats and for
other green maritime devices
Fonseca A. R.a*, Batista R.a, Mateus A.a*, Mitchell G.R. a
a
Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria,
Portugal
The purpose of this work is to recycle ocean plastic waste and develop through 3D printing
thermoplastic moulds for boats and for other maritime devices.
Usually, boat moulds are produced through several steps, each using processes and materials
that are very harmful to the environment. The process normally uses thermosetting resins that
at the end of life used to go to the landfill.
If thermoplastic materials from the sea, were reused for moulds through additive manufacturing,
we will have realised several advantages: I) optimization of the use of materials, materials will
be reused, recycled materials could be used, materials could be recyclable and the mould
would not be compact, it does not start from a block; II) modernizing technology, through big
3DPrinting, a Near-net shape mould would be made by additive manufacturing, and only the
finish is machined, also, the technologies involved are not standard production and therefore are
perfectly suited to the manufacture of non-standard moulds; III) environmental advantages, we
will create turning a circular economy technology as the moulds can be recycled and moreover
the starting material for the moulds will be obtained by using waste plastics recovered from the
ocean environment while boosting the maritime ecosystem; IV) socio-economic advantages,
beyond the lower costs of the final product, compared to the usual boat moulds, these moulds
prepared with plastic from the ocean is a recovered material that transfers its value to the
coastal communities, while helping to reduce ocean plastic waste and improve lives.
The reuse of ocean plastic waste, beyond the main ambiental reasons, it will allow to reduces
the costs of the final product, modernizing the maritime industries, making them more
competitive thus giving economic resilience to these coastal communities and consequently
reducing waste in the oceans.
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C. Orthopedics – Moulding Composites for Orthopedic Applications
Ana Pedrosa, Barbara Lamolinaraa , Carolina A. M. Ferreiraa*, Artur Mateusa
a
CDRSP – Centre for Rapid and Sustainable Product Development, Politécnico de Leiria,
2030- 028 Marinha Grande, Portugal
The increase in average life expectancy and the elderly population had contributed to a significant
increase in the appearance of bone-related diseases, such as osteoporosis, arthritis, and by
consequence bone fractures. Particularly, in Europe, 6.6% of men and 22.1% of women with age
> 50 years suffer from osteoporosis and 3.5 million fractures are caused by bone weaknesses,
which represents a burden for health systems [1]. Also, in European countries, among the
patients, hip replacement surgery is the most common, and the rates still increasing. Although,
the problem of this surgery is the common bacterial infection associated, increase exponentially
the costs [1]. Thus, to treat bone imperfections and fractures are frequently used orthopedic
implants such as internal bone fixation plates, bone screws, pins, and rods that use metals such
as titanium, stainless steel, and chromium-cobalt alloys. These metallic materials had high
resistance, however, continue to have some gaps, failing in aesthetic, ergonomic, durability,
and functional level with a similar bone elastic modulus, resulting in bone resorption. Similarly,
the release of some harmful metal ions and the fact that the metal alloys are radiopaque in
vivo causing some medical incompatibility at a practical level. In response to those limitations,
the C. Orthopedics project aims to develop orthopedic devices, namely an external fixatorOut.Orthopedics, and hip replacement prostheses – In.Orthopedics- taking advantage of the
experience in the moulding of preimpregnated composites in thermoplastics like polyamide
(PA), Polyphenylene sulfide (PPS), or Polyether ether ketone (PEEK) and using innovative carbon
fiber braiding technology. Besides, another benefit of this project is the combination of the R&D
center and industrial enterprises, expertise in moulding products in large series production,
as well as the capacity of production of components and products with complex geometries.
The prototypes developed so far, have suffered successive modifications, in cooperation with
the orthopedic medical team, to achieve a reliable final model, being a product with medical
potential and commercial return.
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Workflow for creation of custom face masks for nose protection: a study in design of
customized orthoses
Belbut Gaspar, Miguela and Silva, Ruia,b aCentre for Rapid and Sustainable Product
Development, Polytechnic Institute of Leiria bCIPER, Faculdade de Motricidade Humana,
Universidade de Lisboa
We present a workflow for the quick and easy, yet flexible, design of customized face masks.
The procedure presented uses a 3D scan of the front of the head of the subject, which is
imported in the form of a PLY triangulated mesh. Our system assists the user in the semiautomatic
alignment of the scan based on morphological features, and allows for simple adjustments to
the eye openings, the overall contour of the mask, the thickness and gap between the surface
of the subject’s face and the mask, and other parameters. We describe how this workflow and
tools have been applied to the creation of two masks for different subjects, demonstrating
the simplicity of the whole process. For the first subject in particular – a hockey player having
suffered a recent nose injury – weight, comfort, protection and minimal impact to vision
were required. The resulting 3D models where then printed and their fitness assessed, with
very positive results in maximizing comfort, preserving optimal field-of-view, and providing
protection against impact. We conclude with some perspectives for extending this approach
to the design of other types of customized orthoses.
Effect of Dibutylpthalate on sodium alginate membranes on stability and pervaporation
performance of acetic acid-water mixtures
P. S. Rachipudia* and M. Y. Kariduraganavarb
ª Department of Chemistry, KLES P. C. Jabin Science College, Hubballi,580 030, India
b
Department of Chemistry, Karnatak Umiversity, Dharwad, 580 003, India
Plastizied sodium alginate membranes were developed by incorporating DBT (Dibutyl Phalate)
in the PSSAMA crosslinked sodium membrane matrix as a pervaporation membrane by
employing a solution technique. The Plasticised membranes were characterised by FTIR,
WAXD, DSC, TGA, SEM and UTM technique. Membranes were tested for their ability to separate
Acetic acid/water at azeotropic point. The experiment results demonstrated that the membrane
containing 6 wt% of Dibutyl Phthalate showed highest separation selectivity of 36102 with a flux
of 12.57×10-2 kg /m2 h for the azeotropic mixture of at 30 ºC. The membranes were further tested
for Pervaporation at 40, 50 and 60 ºC for water containing feeds of aqueous acetic acid solution
to confirm their stability at higher temperature. The total flux and the flux of water were found
to be overlapping each other for all plastised membranes, suggesting that these membranes
could be used effectively to break the azeotropic point. From the temperature dependency
of diffusion and permeation values, the Arrhenius activation parameters were estimated and
discussed in terms of membrane efficiency. The activation energy values obtained for water
permeation (Epw) were significantly lower than those of acetic acid permeation (EpAA),
suggesting that the developed membranes have higher separation efficiency for water-Acetic
acid system. The negative heat of sorption (ΔHs) values was obtained for all the membranes,
indicating that Langmuir’s mode of sorption is predominant in the process.
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Safety4Road
Olivier R. Gouveiaa,b*, Cyril Santosa, Rúben Silvaa , Gonçalo Mateusc, Artur Mateusa,b
a
CDRSP – Centre for Rapid and Sustainable Product Development, Portugal
b
ESTG – School of Technology and Management, Polytechnic Institute of Leiria, Portugal
c
Plastimago, Transformadora de Plásticos Lda, Portugal
This study is focused on developing a roadside impact attenuator which enhances motorcyclist
safety in collisions with guardrail pillars through the use of alternative geometries and materials,
minimizing decelerations thereby reducing the risk of injury. Several geometries are considered,
and their crashworthiness performance are assessed. The use of sustainable materials, namely
ground tyre rubber (GTR), is introduced in the development of the attenuator to lower the
environmental impact.

WOWW
World of Outstanding Wood and Wool
Catarina Batista1, Gabriela Martins2, Jorge Domingues1, Cyril Santos1, Artur Mateus1, Filipe
E. Antunes2
1
Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria, Portugal
2
Department of Chemistry, University of Coimbra, Portugal
In recent years there has been a growing use of composite materials reinforced with vegetable
fibres, lignocellulosic or cellulosic, in various areas such as the automotive industry, health,
furniture, packaging and construction as they are eco-sustainable materials with physical,
structural and mechanical characteristics suitable for their use. Most of them use polymeric
compatibilizers that promote bonding between the vegetable fibres with hydrophilic properties
and polymers with hydrophobic properties. In order to reduce the use of compatibilizers and at
the same time to increase the mechanical resistance of the composites, animal fibres, namely
wool, were incorporated as reinforcement. The wool fibres are typically hydrophobic, and their
protienic nature associated with the multilayer structure gives these fibres, better interfacial
adherence with polymers, conferring even greater properties to the composites.
This study will use plant and animal fibres in thermoplastic matrix composites that will be
processed to produce final products for the automotive industry.
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SafeBiotrash.Disposal
A safe and responsabile way to gather group III biological residues
Daniela Trindade1*, Rachel Cordeiro1*, David Oliveira2, Artur Mateus1
1
Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria
2
Moldetipo Group
* Contributed equally to the work
The use of personal protective materials has become essential in the fight against the SARSCoV-2 coronavirus and the COVID-19 disease. These materials, being disposable, generate
high quantities of contaminated biological waste, classified as group III hospital waste, placed
in closed bins and identified by the colour white. The SafeBiotrash.Disposal project emerges as
an innovative methodology for the disposal and collection of this contaminated waste. For this
purpose, a bin was developed to safely deposit the waste, not allowing access to the inside of
the bag. This reduces the spread of the virus both by the surfaces surrounding the bin and by
health professionals.
Wheel’s on Project
Franco, Margarida1; Rosa, Pedro²; Westphal, Friedrich³
1
Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria
2
Moldwelt – Moldes e Comércio Internacional, Lda
3
PME Fluidtec GmbH
The wheelchair is one of the most valued technology devices in the field of rehabilitation as it
provides the only means of mobility for many people with severe motor impairments. However,
one of the major problems for wheelchair users is the lack of a lateral exit to access a bed,
bathroom, car or eating table. Chap Rad is a wheel that can be divided into three segments
with a hard rubber traction tyre that can be adapted to any conventional wheelchair. Removing
one of the segments, the wheelchair remains stable and the user can change his position
without problems.
The current project will study advanced plastic injection technologies such as Water Injection
Technology (WIT) or Gas Injection Technology (GIT), and alternative raw materials, to make the
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Materials and Manufacturing
Fast manufacturing of ceramics by additive manufacturing (stereolithography) shaping
and microwave sintering
A. Thuaulta, H. Curtoa, F. Jeana, F. Petitb, M. Canillas Pereza, A. Lerichea
a
LMCPA, Polytechnic University of Hauts-de-France, Valenciennes Maubeuge, France
b
BCRC, Mons, Belgium
The aim of this work is to combine additive manufacturing and rapid sintering in order to obtain
ceramic small pieces with complex and/or customizable shape in only few hours while keeping
similar mechanical properties to those obtained after a full conventional shaping and sintering
route.
For the shaping, among all the addictive manufacturing techniques, stereolithography was
used due to its high resolution, its ability to produce high density green body and reliability.
Thus, a resolution of 50 µm is reached and the green parts obtained are easily handled in order
to be sintered. The dimensions of these parts are limited to about 3 cm width.
About the sintering, the choice was made to use the microwave sintering. Indeed, this process
is very fast (about 200 to 400°C/min), presents a very low energy consumption and allows a
complete freedom in terms of pieces shape. To optimize the effect of the electromagnetic field
and to limit the energy consumption, a single-mode microwave cavity at 2.45 GHz was used.
However, this choice limits the samples dimensions to about 3.5 cm.
Due to the choice of both shaping and sintering process coupled, applications aimed have to
be consistent with the samples size. For this reason, it was choose to focus our study on the
manufacturing of dental implants and scaffolds for biomedical applications. Thus, this work is
focused on the manufacturing of alumina, zircona and hydroxyapatite pieces.
After determining the experimental conditions, the samples obtained were physically,
microstructurally and mechanically characterized. It was highlighted that it was possible to reach
the same mechanical properties for zirconia and hydroxyapatite samples after full conventional
route and stereolithography/microwave route. In the case of alumina, the mechanical properties
remains lower after combining stereolithography and microwave sintering. However, they
remain high enough to be used for biomedical applications.
Finally, it was possible to obtain similar mechanical properties after combining stereolithography
and microwave sintering, compared to conventional route, while reducing the manufacturing
time by 30 to 40%.
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Printing Performance Evaluation of Cement Based Materials
Ludmila Vago*, Tomàs Archer de Carvalhoa, Artur Mateusb,Florindo Gasparb
a
CDRSP, Polytechnic of Leiria, Leiria, Portugal bCDRSP, ESTG, Polytechnic of Leiria, Leiria,
Portugal *ESTG, Polytechnic of Leiria, Leiria, Portugal
The efficiency of the construction process is directly linked to the characteristics of the materials
used and to efficiency. The low productivity performance and the amount of waste produced
are among the factors that most negatively affect the construction sector. Therefore, alternative
materials and technologies can be a solution. Additive Manufacturing (AM) is growing fast in
construction sector, as it allows enlarging the range of construction. The benefits of using the
AM technology with concrete strongly relies on the advantages over the traditional construction
techniques. Among these advantages, reduced material waste, the 24/7 operations, the ease
of operation and the freedom in design are the most relevant that can lead to the choice of this
technique. One the biggest challenges are the materials properties, since their composition
must be suitable for printing but also with good properties for construction. Using a robotic
arm with an extrusion printing process, a work was implemented to understand the parameters
and optimize the mix composition, incorporating industrial waste and assessing the printing
performance. This paper presents the work carried out to study the mix composition, evaluating
the influence of the binder/aggregate ratio, cement/fly ash ratio and quantity and type of
admixtures on the results. Compressive and tensile strength tests were performed to analyze
the mechanical properties of the mixes. Printing tests were executed to evaluate the printing
performance.
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Green synthesis, Characterization and Cytotoxic Evaluation of nanoparticles from
selected plants of Western Ghats of India
A B Vedamurthy*, Arun K Shettar, Badarinath D Kulkarni
P G Department of Studies in Biotechnology and Microbiology, Karnatak University,
Dharwad 580003, Karnataka, India.
Objective of the current study was to synthesis, characterize and evaluate the cytotoxic activity
of silver and zinc oxide nanoparticles from Abutilon indicum, Chamaecostus cuspidatus,
Ximenia americana and Vitex leucoxylon. The aqueous leaf extract was done using Soxhlet
extraction method. Further aqueous leaf extract was used as reducing and capping agent for
synthesis of silver and zinc nanoparticles through phytoreduction method. The synthesized
AgNPs and Zinc oxide nanoparticles were characterized by using different techniques
including UV–Visible Spectroscopy, FTIR analysis, SEM & EDX. In-vitro cytotoxic activity was
studied against various cancers such as cervical cancer (HeLa), Breast cancer (MCF-7), Lung
cancer (A549 & NCIH-460) by using MTT assay. Further based on results pathway study was
studied through Flowcytometry analysis. In the present study among selected plants visual
observation confirmed that silver nanoparticles were successively synthesized by C. cuspidatus,
X. americana and V. leucoxylon whereas zinc oxide nanoparticles were synthesized A. indicum.
UV-VIS spectral analysis of AgNPs from X. americana revealed a higher absorbance peak
max) at 413nm, for C. cuspidatus it was found to be 233nm and in case of V. leucoxylon it is
noted at 434nm. FTIR spectra showed shifts in some peaks of aqueous extract with functional
groups nitro carbon compounds, alkanes, alkyl halides which were absent in FTIR spectra of
nanoparticles. SEM studies exhibited the size of AgNPs and ZnO nanoparticles in the range of
30-150 nm with irregular shape. Cytotoxic study reveals that AgNPs from X. americana exhibited
prominent anticancer activity on A549 and NCIH-460 with IC50 value 58.54 µg and 123.29 µg.
whereas AgNPs of C. cuspidatus against breast cancer it is found to be 282.33 µg. In case of
cervical cancer ZnO nanoparticles from A. indicum shown to be 45.82 µg . Based on MTT
results AgNPs from Ximenia americana selected for pathway study. Overall pathway study
revealed that AgNPs of Ximenia americana inhibit the tumor growth by inducing apoptosis in
A549 non small cell lung cancer cells and arresting the cancer cells at subG1 and S phase of
cell cycle with DNA damage. The proposed method for synthesis of AgNPs is rapid and simple
without use of hazardous or toxic chemicals. The newly synthesized AgNPs showed significant
anticancer activity.
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An anti-counterfeiting solution using RFID/NFC and optical encryption for in-mold
labeled parts
Daniel P. da Silvaa, Rúben Silvaa , Patrícia Sousab, Margarida Francoa, Geoffrey R Mitchella,
Artur Mateusa, Cyril dos Santosa
a
CDRSP-IPLeiria (Centre for Rapid and Sustainable Product Development of the
Polytechnic Institute of Leiria) bINL - International Iberian Nanotechnology Laboratory
Product counterfeiting has been a global threat to economies and consumers’ health and
security, especially with the rise of e-commerce in the past years. Applied in several industries
and markets, recurrent solutions consist of optical devices and strategies such as chemical
taggants and forensic markers. Thus, human expertise and persistent consumer education
are required to set a broad level of awareness of the authenticity of each purchased good.
Transversally, radio frequency identification has been gaining relevance and several studies
have been performed in order to implement this technology in industry and customs. It is
considered a promising tool to fight illicit trade by allowing non-line-of-sight identification
and traceability in the supply chain. On the other hand, the fifth generation of near-field
communication was set to engage companies with customers and its security features are
set to be an asset in anti-counterfeiting. In either of the cases, there is the risk of planting a tag
from an original product onto a fake, therefore compromising the whole system. Focusing on
the injection molding industry, this paper presents an alternative authentication solution for
plastic products and product packaging. RFID and NFC tags are combined with an optically
variable device with diffraction and polarization encoding. Recurring to the in-mold labeling
technique, both components are embedded during the injection molding process, allowing
an inviolable identification of the final parts. Comprising the development of the optical device,
several sample configurations are illustrated and the results of injection molding trials are then
reported. Additionally, along with the optical analysis, a reading and writing system for the
products’ tags is suggested. In the context of the injection molding industry, this RFID/NFCbased system reveals the additional advantage of supporting production, while guaranteeing
the verification of completion of each part’s production.
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Fabrication of Hybrid and Hierarchical Scaffolds for Tissue Engineering by 3D Printing,
Airbrushing and Electrospinning
N. Sanjeeva Murthy
Department of Chemistry and Chemical Biology, Rutgers, The State University of New
Jersey, Piscataway, NJ, USA.
Implantable biomedical scaffolds used for tissue engineering need to mimic natural extracellular
matrix (ECM) and meet conflicting requirements of porosity and strength. A combination of
techniques was used to achieve these goals. 3D printing is ideally suited to tailor the scaffolds
to meet the need of a patient. Furthermore, complex shapes such as meniscus, which are time
consuming to fabricate with fibers, are more readily made by 3D printing. However, 3D printing
usually results in unoriented polymer chains. Alignment of the polymer chains along the loadbearing direction, similar to that in drawn fibers, was achieved by translating the printhead at
sufficiently high speeds when the polymer was still in a semi-solid state as it cooled from the
fluid state at the tip of the nozzle using a critical combination of nozzle diameter, extrusion
pressure, and temperature. A drawback of 3D printed scaffolds is their relatively open structure
that are not conducive to cell infiltration. To address this problem, we have made hierarchical
scaffolds in which 3D printed framework is infused with either airbrushed fibers or porogen
leached foams. While airbrushed or electrospun mats, made porous by sacrificial fibers, can
provide a 3D environment of cells, they are too stiff to respond to the presence of cells.
To address this problem, we have fabricated hybrid scaffolds by depositing fibronectin fibrils
in the electrospun matrix. A further innovation is to make multilayered electrospun structures
that mimic natural constructs such as blood vessels. This way, by using different techniques
we have been able fabricate scaffolds with nanofibers that respond to the cells, microfibrous
network with depth-dependent variations in the fiber organization to mimic the native tissue
architectures and thus support the different types of cells, and a 3D printed frame work that
provides the required strength especially for load bearing applications.
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TOOLING4G
Hybrid Manufacturing Processes
A. Raimundoª, P. Serenoª, L. Santosº, A. Mateusª
ª Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria
º EROFIO S.A. – Engenharia e Fabricação de Moldes
The TOOLING4G project aims to make an important contribution to the acquisition of specialized
skills by the moulds and plastics industry, enabling the partner companies to create the
conditions to become competitive and to overcome global market challenges. To achieve this
goal, the project was structured in 7 large PPS’s, including hybrid manufacturing processes;
intelligent tools/systems; efficient tools for multi-material products manufacturing; multiprocess tools; industry digitalization; sustainable “zero defect” production chain; management
and dissemination.
The present poster regards PPS1 – “Hybrid Manufacturing Processes” developments.

DDM4GLASS
Direct Digital Manufacturing for Glass
A. Raimundo, P. Sereno, A. Mateus
Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria
The main objective of the project is to develop strategies and methodologies for the design
and manufacture of molds for glass through direct digital manufacturing solutions. To this end,
additive and hybrid manufacturing solutions will be tested in order to take advantage of each
solution and fill gaps in both processes. With the execution of the project, the consortium
expects the development of molds for the glass industry whose productivity capacity, that is, a
production rate and adjacent quality, is optimized.
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Fabrication of Hybrid and Hierarchical Scaffolds for Tissue Engineering by 3D Printing,
Airbrushing and Electrospinning
N. Sanjeeva Murthy
Department of Chemistry and Chemical Biology, Rutgers, The State University of New
Jersey, Piscataway, NJ, USA.
Implantable biomedical scaffolds used for tissue engineering need to mimic natural extracellular
matrix (ECM) and meet conflicting requirements of porosity and strength. A combination of
techniques was used to achieve these goals. 3D printing is ideally suited to tailor the scaffolds
to meet the need of a patient. Furthermore, complex shapes such as meniscus, which are time
consuming to fabricate with fibers, are more readily made by 3D printing. However, 3D printing
usually results in unoriented polymer chains. Alignment of the polymer chains along the loadbearing direction, similar to that in drawn fibers, was achieved by translating the printhead at
sufficiently high speeds when the polymer was still in a semi-solid state as it cooled from the
fluid state at the tip of the nozzle using a critical combination of nozzle diameter, extrusion
pressure, and temperature. A drawback of 3D printed scaffolds is their relatively open structure
that are not conducive to cell infiltration. To address this problem, we have made hierarchical
scaffolds in which 3D printed framework is infused with either airbrushed fibers or porogen
leached foams. While airbrushed or electrospun mats, made porous by sacrificial fibers, can
provide a 3D environment of cells, they are too stiff to respond to the presence of cells.
To address this problem, we have fabricated hybrid scaffolds by depositing fibronectin fibrils
in the electrospun matrix. A further innovation is to make multilayered electrospun structures
that mimic natural constructs such as blood vessels. This way, by using different techniques
we have been able fabricate scaffolds with nanofibers that respond to the cells, microfibrous
network with depth-dependent variations in the fiber organization to mimic the native tissue
architectures and thus support the different types of cells, and a 3D printed frame work that
provides the required strength especially for load bearing applications.
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SESSION L
Technology and Manufacturing
PHotopolymerisation Extrusion
Nir Dvir
Massivit 3d printing Technologies Ltd, Lod, Israel
Massivit 3D Printing Technologies Ltd is a pioneer of large-scale 3D printing systems for the
Automotive, Marine, Rail, Entertainment and other industries. The company’s patented Gel
Dispensing Printing (GDP) technology enables cost-effective production of full-scale prototypes,
molds and models at unprecedented speed. GDP technology leverages proprietary instantlycuring gel that facilitates ready-made parts up to 1.8 meters straight off the printer.
Founded in 2013 by a team of recognized industry experts, Massivit 3D is headquartered in
Lod, Israel and provides its worldwide community with end-to-end services supported via an
extensive dealer network.
The Massivit large-scale 3D printer brings to market a new category in additive manufacturing.
Offering 30x the production speed of other technologies, it enables manufacturers and service
bureaus in the automotive, marine, and rail industries to produce large, custom parts within a
matter of hours instead of weeks.
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Optimization of hybrid additive-subtractive manufacture: machinability and minimization
of tool changes
Belbut Gaspar, Miguela , ªCentre for Rapid and Sustainable Product Development/
Polytechnic Institute of Leiria
The combination of additive and subtractive fabrication of metals, namely for moulds, may
allow reaping the benefits of each process: design flexibility, surface finish and tight tolerances.
The concept consists in alternating additive fabrication with a subsequent CNC machining of
the produced surfaces. The layer-by-layer nature of the first and the topology of the surfaces to
machine by the second pose, however, conflicting constraints. We describe the algorithms and
software implementation of a tool to analyze a fabrication geometry and, given an available
set of milling tools, decompose the process in a number of alternating additive and subtractive
steps, optimized either for minimal number of steps or minimal number of tool changes. This
tool is integrated in a digital workflow by exporting the required partial fabrication files.
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Temperature simulation and validation of FDM processes
T. Santosa,*, M. Belbuta, J. Pinheiroa, J. S. Amaralb, V. S. Amaralb, N. Alvesa, P. Pascoal-Fariaa,
N. Martins-Ferreiraa
a
Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria,
2430-028 Marinha Grande, Portugal
b
CICECO–Aveiro Institute of Materials, Department of Physics, University of Aveiro, 3810193 Aveiro, Portugal
In Fused Deposition Modelling (FDM), the build material, in the form of a heated, semi-liquid
and flexible polymer filament, is extruded and deposited layer by layer. As it cools down, the
semi-liquid filament solidifies, with some physical and chemical transformations occurring
during this process. The filament bonding is driven by the thermal energy of the semi-liquid
material, and its solidification history impacts the bonding between filaments and layers, with
consequences for the parts mechanical, aesthetic and functional properties [1-3]. The existence
of thermal gradients can cause non-uniform properties and stress points resulting in distortion
and even detachment of individual filaments [1-3], what can compromise rapid fabrication.
Thermal investigation helps to understand the manufacturing flaws and provides tools for the
optimization of the pre-defined path, which impacts on the G-code uploaded to the printing
machine. Parameters such as the polymer feed rate, its viscosity and filament or nozzle
diameter, bed temperature and base printing temperature, as well the extrusion/printing head
velocity, and the manufacturing process plan (embedded in the G-code), influence how the
parts cools down [1]. These parameters are usually established based on the best practices
and on the printer characteristics. In view of the above, the present work aims to create a
better understanding of the thermal phenomena occurring during the extrusion of polymeric
materials, aiming at highly efficient 3D printing methods, reducing the pre-processing time and
energy consumption. One-dimensional Finite Differential Methods were created to simulate the
temperature evolution of a filament being extruded, whose results where compared with the
3D Comsol Multiphysic simulations, and experimentally validated using infrared thermography.
PLA and ABS were used as the test materials. The energy dissipation includes forced convection
and radiation heat losses to the surrounding medium. Multiphysics simulations, covering all
the phenomena responsible for the consolidation processes during additive manufacturing
of complex 3D objects, will enhance the simulations of digital twins of real products, before
production, and by predicting potential flaws, optimize several printing parameters, for each
printing machine.
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Use of polymer-based magnetic composites in 4D printing
Stefan Junka.*, Dirk Veltenb, Henning Einlotha
a
,*Offenburg University of Applied Sciences, Department of Business and Industrial
Engineering, Laboratory of Rapid Prototyping, Klosterstr. 14, 77723 Gengenbach,
Germany
b
Offenburg University of Applied Sciences, Department of Mechanical and Process
Engineering, Badstr.24, 77652 Offenburg, Germany
In 4D printing (4DP), an additively manufactured component is given the ability to change its
shape or function under the influence of an external stimulus. To achieve this, smart materials
(SM) that are capable of responding to external stimuli in a specific way are used. Today, 4DP
is at an early stage of development. So far, a number of different stimuli have already been
investigated and first applications have been impressively demonstrated [1]. However, some
SM, such as shape memory polymers (SMP) and hydrogels, show limited functionality (e.g.,
slow reaction, limited reversibility). In particular, the use of polymers with magnetic metal
particles has enabled the implementation of particularly sophisticated functions, such as
complex shape changes and grasping movements [2,3]. Demanding and expensive additive
processes and specific materials are used in these case studies [4].
Therefore, the aim of this paper is to investigate 4DP using SM that respond to magnetic stimulus
in combination with low-cost manufacturing processes and readily available smart materials.
In this regard, a suitable 3D printer based on Fused Filament Modelling is identified. Then, a
composite material made of PLA and iron particles is analyzed and tested as filament. In order
to practically test the proposed polymer-based magnetic composite material in 4DP, a suitable
application example is developed. This example represents the recovery and extraction of an
object from a poorly accessible space. For this purpose, the extraction subsystem is designed
and implemented using 4DP using magnetic composites. This application example shows
that the use of magnetic composite materials in 4DP is feasible and offers great potential. The
reversibility, fast response time and targeted remote control of the intended movements are
demonstrated as decisive advantages of the magnetic composite materials compared to the
known 4DP components, made by SMP and hydrogel.
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3D printed ceramics innovative firing technique
T. Santosa,*, M. S. Ramaniª, L. C. Costab, N. Alvesa, P. Pascoal-Fariaa, N. Martins-Ferreiraa
a
Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria,
2430-028 Marinha Grande, Portugal
b
I3N and Department of Physics, University of Aveiro, 3810-193 Aveiro, Portugal
In the ceramic manufacturing context, piece forming is carried out through injection moulding,
casting, high and isostatic pressure processes, alongside others like the roller process, allowing
the production of high-performance ceramic parts and ceramic products like dinnerware on
a mass production basis [1]. Fabrication techniques such as 3D printing bring new prospects,
allowing the creation of parts of complex shapes, which by traditional means would be impossible
to produce, or very expensive to do; including hollow and framed/latticed structured objects,
seeking for weight reduction and raw materials optimization and usage [2]. Another advantage
is the fast prototyping, as opposed to the current process of ceramic prototyping, which is a
hand-made and highly time-consuming process. After parts forming, the green parts are gas
or electrically fired at high temperatures to achieve their mechanical strength and aesthetic
properties. The firing process typically requires long processing times, taking 10 h to reach
temperatures around 1200 ºC in the case of the present fired products (stoneware) [3]. The
3D printing (liquid slurry-based) of stoneware parts, coffee cups like shaped, was carried out
looking for an innovative firing technique that uses microwave (MW) radiation as the energy
source for the firing of such products. The MW furnace is a closed metallic chamber that has
six magnetrons (energy sources). Temperature is controlled through a calibrated pyrometer
[4]. The main advantage of this technology is the reduced processing time, as the material
becomes the heat source itself. As MW has the potential to penetrate the material to be sintered,
once the process is optimized, heat can be generated throughout the entire volume of the
material, which is impossible to accomplish by conventional firing methods. Therefore, due
to the volumetric heating, faster firing processes are possible to implement, without products
rejection due to cracks formation and other thermal related defects, such as parts deformation
[5].
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Modification of highly brittle polystyrene sulfonic acid-co-maleic acid crosslinked
sodium alginate membrane by the incorporation of dibutyl phthalate as a plasticizer for
pervaporation separation
Divya D. Achari, Shreenivas G. Chavan, Mahadevappa Y. Kariduraganavar*
Department of Chemistry, Karnatak University, Dharwad 580 003, India
Pervaporation (PV) is a unique among the membrane separation techniques, in which a phase
change takes place across the membrane [1,2]. In the present study, an emphasis was made
to convert highly brittle membrane into flexible membrane by incorporating the different wtt%
of dibutyl phthalate (DBP) as a plasticizerer into the polystyrene sulfonic acid-co-maleic acid
crosslinked sodium alginate (PSSAMA/NaAlg) membrane. The effect of DBP content on the
physicochemical properties of the membranes was thoroughly examined. The membranes
exhibited lower glass transition temperatures with increasing the plasticizer content in the matrix
of PSSAMA/NaAlg. The separation performance of the membranes for water/isopropanol and
water/1,4-dioxane was studied at different temperatures. Among the modified membranes,
the membrane containing 6 wt% of DBP exhibited the highest separation factors of 24,129 with
a flux of 13.57 × 10−2 kg/m2 hr and 23,353 with a flux of 12.99 × 10−2 kg/m2 hr for water/
isopropanol and water/1,4-dioxane at 30o C, respectively. From the temperature-dependent
diffusion and permeation values, the Arrhenius activation parameters were estimated. The
estimated activation energy values for permeation of water (Epw) and isopropanol (EpIPA) were,
respectively, ranged between 12.09 and 8.79, and 42.52 and 32.79 kJ/mol. A negative heat of
sorption (ΔHs) values was obtained for all the membranes, suggesting that Langmuir’s mode of
sorption was predominant. The results concluded that the modified membranes demonstrated
an excellent pervaporation performance for the separation of water/isopropanol and water/1,4dioxane.
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Properties and Shape Morphing Behaviour of DLP 3D Printed Functionally Graded
Polyethylene Glycol Diacrylate Hydrogels
Muhammed Hishama, G. Saravana Kumara*, Abhijit P. Deshpandec
a
Department of Engineering Design, Indian Institute of Technology Madras
c
Department of Chemical Engineering, Indian Institute of Technology Madras
Functionally graded materials are extensively found in nature and are useful for a variety of
applications [1]. Artificially produced functionally graded hydrogels have been found to be useful
for biomedical applications like tissue engineering, controlled drug delivery etc [2-3]. However,
there have been few studies regarding the characteristics of functionally graded hydrogels
produced using 3D printing processes. In this work, we study the swelling and compression
properties of functionally graded hydrogels produced using digital light processing (DLP)
based vat-photopolymerization 3D printer. Hydrogels made of Polyethylene Glycol Diacrylate
(PEGDA) were used for this study. The gradation in properties was obtained by varying the
polymer concentration in the hydrogel, which was varied in the z-direction while printing. The
effect of printer parameters on the properties of 3D printed hydrogel was also studied.
3D printed thin functionally graded PEGDA hydrogel strips were found to display shape morphing
behaviour with respect to the environmental conditions (in water/in air). This behaviour was
further investigated with respect to the gradation in polymer concentration, the thickness of the
sample and the environmental temperature. The relation between the swelling properties and
the shape morphing behaviour was also investigated. Further, the effect of print orientation on
the shape change was also explored. Also, it was observed that functionally graded hydrogels
with a smooth variation in properties provided stability to the printed part and facilitated greater
amount of shape change. Whereas, hydrogel strips which were printed with an abrupt change
in properties were found to fail easily and hence showed lesser amount of shape change.
Using 3D printed functionally graded hydrogel strips, soft actuators were produced which
could repeatably perform gripping and release actions.
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Mathematical Structures Applied to 3D-Printing
N. Martins-Ferreira, CDRSP, PLeiria, Portugal
Classically, a mathematical structure is a set endowed with some additional features such as
an operation, a relation, a metric or a topology. The additional features are often attached to
the set as to provide it with some additional meaning or significance. However, in the language
of category theory a mathematical structure has a different meaning which depends on its
context. A mathematical structure is a diagram in a category, consisting of objects, morphisms,
2-cells, etc., that are required to satisfy some limiting or colimiting conditions as well as
identities or pseudo-identities. Examples include directed graphs, spans, cospans, reflexive
graphs, internal categories, groupoids, crossed-modules, bicategories, triangulations, chaincomplexes, graded algebras, n-dimensional categories, homotopy types, etc. In this talk
we will illustrate some structures, based on the notion of link and multi-link [1], which are a
generalization of a difrected graph, and can be applied to 3D-prinitng. More specifically, they
can be used in generating toolpath trajectories, calculating iso-slices of arbitrary triangulated
objects in a multi-dimensional parametrized space, or computing geodesics in triangulated
surfaces.
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Changing the Paradigm - Direct Digital Manufacturing of Properties
Joao D Pinheiro,1,Daniel P. da Silva1,Nelson Martins1,Paula Pascoal Faria1,Artur Mateus1,and
Geoffrey R Mitchell1
1
Centre for Rapid and Sustainable Product Development, Polytechnic of Leiria, 2430080 Marinha Grande, Portugal
Direct Digital manufacturing is a family of technologies which enable a product with a digital
definition to be fabricated directly without the use of complex tooling and moulds. This enables
mass personalisation of products as the design can be fixed immediately prior to fabrication .
However, much of the developments of direct digital manufacturing focus on simply specifying
the shape of the product, this limited scope throws away many of the advantages of direct
digital manufacturing. This presentation is focused on remedying this situation so that the digital
specification of the product includes properties and hence function as well as the form of the
product.
We exploit in-situ time-resolving small-angle x-ray scattering measurements performed at the
ALBA synchrotron light source in Barcelona to evaluate the control that can be exerted on
the morphology of a semi-crystalline polymer during extruder based 3d printing. We use this
as a methodology of printing patterns of morphology of the polymer to realise patterns of
properties, specifically the modulus of the polymer.
We give examples of test pieces and products produced in this manner which contain spatial
variation of the properties and we discuss the resultant properties. We highlight the opportunities
this technology offers for designing products by function rather than form.

96

International
Conference on
Direct Digital
Manufacturing
and Polymers
2021
DIRECT DIGITAL MANUFACTURING
Exhibition Catalogue

More information and details of this event are available on the
website http://icddmap.ipleiria.pt/
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Introduction to the Exhibition
The “Exhibition of Direct Digital Manufacturing” was held in the Resinagem Building in
Marinha Grande with the support of the Muncipality of Marinha Grande.
The large number of items represents the considerable progress made at the Centre for
Rapid and Sustainable Product Development in Direct Digital Manufacturing since its formation
in 2007. There are items fabricated from polymers, metals, ceramics and glass as well as
composites of these materials.
All exhibits were produced using equipment at CDRSP and in that way we are most
grateful to the input of colleagues at CDRSP current and past.
If you are interested in any of the objects or their design or the technology used to produce
them, please contact us as cdrsp@ipleiria.pt to find out more and discuss how we might help
you.
The exhibition has been design by a small team at CDRSP.
The team consists of Anabela Massano, Daniel Silva, Melinda Ramani, Liliana Gouveia,
Renato Batista, Tomás de Carvalho and Sara Silva.

Resinagem’s Building - Contemporary Art Nucleus
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PrintBig lab
1 Bloom Bench , Cement extruder + robot, Mortar
This object made in concrete was produced for the project
add.Aditive. This allows the creation of complex geometries
and larger scale objects that could only be made using
Direct Digital Manufacturing.

2. “Boneco Rebelde”, Flashforce Creator 3, PLA
Presentation model of “Boneco Rebelde”, a character that
was originally published in the magazine “O Papagaio”, in
the 40s of the XX century. This character was the hero of
a comic books colection for children by Sérgio Luís, from
Leiria.
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Biofabrication
1. Bioprinter
Printed with binder jetting technic. This allows very detailed
shapes. The prints are post-processed adding a stronger
binder or glue (cyanoacrylate) improving the strength for
functional models.
2. 3D printing of a sheep skull, Zprinter 150, High
Performance Composite- VisiJet® PXL™
Printed with binder jetting technic. This allows very detailed
shapes. The prints are post-processed adding a stronger
binder or glue (cyanoacrylate) improving the strength for
functional models.
3. Cell culture bioreactor, Creatbot F430 e Stratasys
Objet30Prime, C8 e VeroClear
This bioreactor was produced within the scope of the
project Stimuli2Bioscaffolds. The aim of this project is the
construction of a modular bioreactor through additive
manufacturing techniques.
4. Breast implant- concept demonstrator, Demo model
Additive manufacturing techniques offer the potential to
fabricate organized tissue constructs to repair or replace
damaged or diseased human tissues and organs.
6. Wheelchair Wheel, Fused Deposit Modeling (FDM), PLA
Following a previous idea for a wheelchair with wheels
which can be split into three segments, this project intends
to optimize the manufacturing process through advanced
assisted injection processes technology, with the use of
biopolymers and natural reinforcements. This will bring
advantages over the current production method as the
piece will be lighter, cheaper and recyclable.
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6. EBC- blood biocompatibility device, Objet30Prime,
Light-curing resin VeroClear
EBC is a medical device designed to unambiguously
determine simple, rapid and cost-effective blood
compatibility in blood transfusion situations. It eliminates
the centrifugation step in the laboratory process providing
a lot of advantages.
7. Printing organs technology demonstration, Demo
model, printOnOrgans
The use of robotic technology has had an increasing
impact in the field of medicine. Allied to this, the use of
additive manufacturing (commonly known as 3D printing) to
produce biological substitutes is responding to the increase
of new realities.
8. PCL scaffolds for bone implants, Bio-extruder, PCL, HA
and Graphene
This scaffolds are implantable structures that are used
in the treatment of bone injuries. Using AM technologies
it is possible to achieve high reproducibility and complex
geometry, size and interconnected pores, increasing the
vascularisation and mass transport of oxygen and nutrients
throughout the scaffold.
9. Skull and femur- concept demonstrator, YASKAWA
robot (blue) + green extruder, ABS
These objects demonstrate the application of scaffolds.
Scaffolds are implantable structures that are used in the
treatment of bone injuries, it creates a favorable environment
for cellular proliferation and allows the release of active
substances that increase tissue regeneration.
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DDM Composite Polimers
1. “Ferris wheel”, Flashforge Inventor, Flashforge Creator 3,
Flashforge Guider II, Anycubic Photon, SBS with 7,5%(m/m)
cork, PLA, ABS, PETG, PP and Flexible Resin 3D printed
components, rubber elastic bands, hooks, light bulb
The “ferris wheel” is realized by 3D printed components,
rubber band elastics constituting the spokes of the wheel
and a light bulb
2. Sardine Mold, Objet30 Prime (Polyjet), VerowhitePlus
Pastry mold, for confection of delicacies with image of
sardines by Bordalo Pinheiro.
3. Refrigerated injection mold insert with conformable
channels, Objet30 Prime (Polyjet), VerowhitePlus
This model was made for the project additive.MILLING
with the aim of studying the impact of the application of
conformable channels through additive manufacturing.
4. Flexible structures, Flashforge
FlashForge Flexible Filament

Creator3

(FDM),

This test pieces were produced with the same material
and diferent structural geometries for the study of stiffness
control.
5. “Boneco Rebelde” (“Rebel Doll”), Objet30 Prime (Polyjet),
Veroblue
Demo model, “Boneco Rebelde” was the hero of several
comic books by the auto Sérgio Luís, in Leiria.
6. P005. Cellular Lamp, Flashforge Guider Iis, PLA
Demo model, the technic allows several shapes and
geometries and larger scale objects.
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7. Multimaterial vase, Flashforge Inventor, PLA branco +
PLA azul
Demo model, the Flashforge Inventor allows the production
of object with two color filaments, since it has two extrusion
heads.
8. Rigid mesh, Objet30 Prime (Polyjet), Veroblue e Verowhite
Demonstration models of mesh structures give the parts
flexible proprieties even using rigid material
9. Sole with flexible structure, Objet30 Prime (Polyjet),
TangoGrey FLX950
This project goal was to create a shoe sole with different
pressure depending on the user’s need, varying only the
geometry of the filling structure.
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DDM Metals Lab
1. Rocket Nozzle, EOS, steel
This case study was produced for the project addispace.
This component for the aerospace industry was made by
additive manufacturing.
2. Thermoplastic injection inserts, SLM 125 HL, H13 steel
These mould inserts with conformal cooling channels were
made for the project additive.milling, and were produced
by iterative hybrid fabrication of additive and subtractive
manufacturing. For additive.milling project.
3. Mould insert with honeycomb structure, SLM 125 HL, H13
steel
These mould inserts are optimized with conformal cooling
channels and were produced by SLM (Selective Laser
Melting) allowing a more efficient cooling.
4. Fixing part with topological optimization, Prusa i3, 316L
stainless steel
This part is produced in FDMet (Fused Deposition of Metal).
The technology consist on manufacturing a filament with
high load of metallic powder and a polymeric binder.
5. Samples for compression tests, SLM 125 HL, H13 steel
This test pieces were produced by additive manufacturing
with different honeycomb geometries for the study of
compressive strength and subsequent application in the
mold sector.
6. Printed globe, Trumph truprint1000, 316L Steel
This part intends to demonstrate the capabilities of the
equipment.
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DDM Ceramic Lab
1. 3D Printed Ceramics, Delta WASP 40100 Clay, various
ceramics: earthenware, stoneware
The ideas are created on 3D drawing software that then are
translated by a slicing software to the machine.
2. 3D Printed Ceramics, Extruder – Robocasting, various
ceramics: earthenware, stoneware
These 3D printed ceramic objects were produced with a
small extruder for technical testing (the machine was made
for the project direct.ceramic).
3. 3D Printed Project: “Barro de Café”, Delta WASP 40100
Clay , Composite of coffee grounds with red clay
Brick models were designed to be 3D printed, using
different meshes and creating a very porous structure.
4. Digital Light Processing, Anycubic- 3D prining, UVcurable ceramic resin
This technology enables to produce ceramic components
by successive layers using a UV light source which
polymerizes a paste composed of photosensitive resin and
ceramic.
5. Binder Jetting prints, Zprinter
PerformanceComposite- VisiJet® PXL™
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These objects are examples of prototypes and parts printed
with binder jetting technic. This allows very detailed shapes
6. Ceramic Shapes, Robot YASKAWA + extruder , various
ceramics: earthenware, stoneware
This shapes were made by using ceramic paste.
This technic allows the creation of complex geometries
and larger objects that can only be designed using Direct
Digital Manufacturing.
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Multiscale Reverse Engineering
Lab
1.Printed parts with the aid of 3D scanning, Artec Leo- 3D
scanning, mask: PLA; busts: High Performance CompositeVisiJet® PXL ™
This scanner device gives new possibilities as it can capture
any surface and transfer it to a 3D software. As the object is
beeing scanned, it is possible to see the 3D replica being
built in real time.
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Manufacturing Technology Lab
1. Crystal shoe, Objet30 Prime (Polyjet), Veroblue
Production of a prototype through 3Dscan of an handmade
model.
2. Human bust ,NextParts prototype of “Photocentric 3D
Printing”, UV DLP Photopolymer
These models are produced by first doing a slicing of the
part on a software. There is 5 projectores that project UV
radiation on the photopolymeric resin, only in the area of
each layer succesively.
3. Sole with cork and wood, Injection, SBS with 7,5%(m/m)
cork
This is na SBS composite reforced with cork for applications
on shoe sole. This material maintains its flexibility while
allowing greater isolation. This case study is from the
project WOWW-World of Outstanding Wool and Wood in
co-promotion with Distrim2, ATT,UC and IPLeiria.
4. Slider for the seat belt, Injection HDPE with sawdust and
burel
Component of semi- strucure of a car, that requires high
mechanical resistance, produced with HDPE polymer
matrix with vegetable and animal fiber reinforcement.For
the WOWW-World of Outstanding Wool and Wood project.
5. Glove compartment handle , Injection, LDPE with
sawdust and burel
This piece is composed by two profiles, one of them with
EVA matrix with damping system functions and the other
with HDPE matrix with structural and support functions for
the project WOWW-World of Outstanding Wool and Wood.
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6. CLIP Banch, Sinterstation 2500 da DTM®, Polyamide 12
with micronized tire powder
The concept of these structures is to facilitate the assembly
of parts for the user and use this kind of mesh in
diverse objects giving a different aesthetic and confort.
7. Samples for mechanical tests, Extruder WERNER &
PFLEIDERER ZSK 25 + Injector NRT-130D, PP/TPE/TPU/
PE + Micronized recycled tire (RP)
The material is produced using an extruder + granulator,
which allows obtaining material consisting of Polymer + Tire
in the form of grain, to be introduced into the
injector.
8. Rotomoulding cube, BigTech rotational molding oven CDRSP prototype, Medium Density Polyethylene (MDPE) +
Micronized recycled tire (RP)
These shapes are produced by inserting the powder
material into the mold. The mold is then placed in an oven
at 240ºC for 45 minutes, during this time it rotates about
its own axis and around the axis of the horizontal plane to
ensure uniformity of the final pieces.
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BigPrint Lab
3. Tiny House, Robot YASKAWA + extruder, cement
Tiny House is an architectural movement that defends
housing in small houses with a maximum of 40 m², using
sustainable solutions, multifunctional and minimalist
furniture to ensure comfort, creating a welcoming
environment in such a small space.
4. Table Structure, YASKAWA robot (blue) + extruder, ABS
Objects made of polymer-based materials in granules. This
allows to create complex geometries and larger objects that
can only be designed using Direct Digital Manufacturing
techniques.
5. Chairs Set, YASKAWA robot (blue) + extruder, ABS
Objects made of polymer-based materials in granules. This
allows to create complex geometries and larger objects that
can only be designed using Direct Digital Manufacturing
techniques.
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Companies
Moldetipo Group
1. Hydraulic Ducts, overmolding + water-assisted injection,
PA+30%GF + coated with fibers
The CompositeSteering project consists in the production
of hydraulic ducts for automobile assisted steering system,
through the molding process with water-assisted injection
technology. This development is focused on reducing the
average weight of the ducts currently used.
2. Polymeric Pipes, overmolding + water-assisted injection
,PA or PP+30%GF + coated with fibers
Case study 1 of the Demo C.parts project consists on the
production of polymeric pipes for the replacement of metal
pipes for the automotive cooling system. This process
involves the combination of water-assisted injection
technology with the overmolding of the thermoplastic preimpregnated fibers.
3. Water Pipes with Variable Sections, water-assisted
injection, PP
Case study 1 of the Demo C.parts project consists on the
production of polymeric pipes for the replacement of metal
pipes for the automotive cooling system. This process
involves the combination of water-assisted injection
technology with the overmolding of the thermoplastic preimpregnated fibers.
4. Devices for relative and active digital mobilization,
Flashforge Creator 3, PETG and 70A FILAFLEX
These devices allow the relative and active digital
mobilization of the hand in tendon rehabilitation. It has an
attractive and flexible design and diferente degrees of
positioning that promote an ideal mechanical and biological
environment for tissue healing without adherence to
neighboring tissues and without joint stiffness.
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5. Handlebar of a lawn mower, Water Injection Technology
with Melt Push Back Process, Polyamide 66 reinforced
with glass fiber
Handlebar of a lawn mower in Polyamide 66 reinforced with
glass fiber. The handlebar is hollowed by Water Injection
Technology with Melt Push Back Process.

6. Clutch pedal, Water Injection Technology with Melt Push
Back Process, Polyamide 66 reinforced with glass fiber
Clutch pedal in Polyamide 66 reinforced with glass fiber.

111

DIRECT DIGITAL MANUFACTURING
Exhibition Catalogue
Moldewelt - Moldes e Comércio
Internacional, Lda
4. FootClean, polypropylene
FootClean is a product designed and developed in Marinha
Grande, to help minimize the effects of COVID-19.
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Periplast - Equipamentos Industriais,
Lda
1. Extruder LSAM
Extruder for robot with high torque and a max. temperature
operation up to 450º,handling any polymer in the market.
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3d scanning is the process of analyzing a real-world object or environment to collect data
on its shape and possibly its appearance (e.g. colour). The collected data can then be used to
construct digital 3D models.
4d Printing is the process through which a 3D printed object transforms itself into another
structure over the influence of external energy input as temperature, light or other environmental
stimuli.
5d printing at various directions, named 5D printing, is said to make printed parts three to five
times stronger than conventional 3D printed parts. The print plate moves as well as the printer
head as it prints, so the printing path follows the shape of the part rather than being printed in
a straight layer.
ABS is a terpolymer made by polymerizing styrene and acrylonitrile in the presence of
polybutadiene. The proportions can vary from 15% to 35% acrylonitrile, 5% to 30% butadiene
and 40% to 60% styrene. The result is a long chain of polybutadiene criss-crossed with shorter
chains of poly (styrene-co-acrylonitrile).
Additive Manufacturing Additive manufacturing , also known as 3D printing, is a
transformative approach to industrial production that enables the creation of lighter, stronger
parts and systems. ... As its name implies, additive manufacturing adds material to create an
object.
Antimicrobial is destroying or inhibiting the growth of microorganisms and especially
pathogenic microorganisms.
Biomimetics is the emulation of the models, systems, and elements of nature for the purpose
of solving complex human problems.
Bioprinting the use of 3D printing technology with materials that incorporate viable living cells,
e.g. to produce
Bioreactor refers to any manufactured device or system that supports a biologically active
environment. In one case, a bioreactor is a vessel in which a chemical process is carried out
which involves organisms or biochemically active substances derived from such organisms.
This process can either be aerobic or anaerobic. These bioreactors are commonly cylindrical,
ranging in size from litres to cubic metres, and are often made of stainless steel.[citation needed]
It may also refer to a device or system designed to grow cells or tissues in the context of cell
culture.[2] These devices are being developed for use in tissue engineering or biochemical/
bioprocess engineering.e for reconstructive surgery.
CdO Cadium Oxide. Cadmium oxide is an n-type semiconductor with a band gap of 2.18 eV
(2.31 eV) at room temperature (298 K)
Ceramics are generally made by taking mixtures of clay, earthen elements, powders, and
water and shaping them into desired forms. Once the ceramic has been shaped, it is fired in a
high temperature oven known as a kiln. Often, ceramics are covered in decorative, waterproof,
paint-like substances known as glazes.
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Chitin is a fibrous substance consisting of polysaccharides, which is the major constituent in
the exoskeleton of arthropods and the cell walls of fungi.
Chitosan is a linear polysaccharide composed of randomly distributed -(14)-linked
D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). It is made
by treating the chitin shells of shrimp and other crustaceans with an alkaline substance, such
as sodium hydroxide.
Chromotography is a technique for the separation of a mixture by passing it in solution or
suspension through a medium in which the components move at different rates.
Circular Economy is a systemic approach to economic development designed to benefit
businesses, society, and the environment. In contrast to the ‘take-make-waste’ linear model, a
circular economy is regenerative by design and aims to gradually decouple growth from the
consumption of finite resources.
Conference A scientific conference is an event for researchers to present and discuss their
work. Together with scientific journals and Eprint archives such as arXiv, conferences provide
an important channel for exchange of information between researchers.
Conformal Designating or specifying a mapping of a surface or region upon another surface
so that all angles between intersecting curves remain unchanged.
Cytotoxic means toxic to cells, cell-toxic, cell-killing. Any agent or process that kills cells.
Chemotherapy and radiotherapy are forms of cytotoxic therapy. They kill cells. The prefix cytodenotes a cell.
Digital Twin is a virtual representation that serves as the real-time digital counterpart of a
physical object or process. Though the concept originated earlier the first practical definition
of digital twin originated from NASA in an attempt to improve physical model simulation of
spacecraft. Digital twins are the outcome of continuous improvement in the creation of product
design and engineering activities. Product drawings and engineering specifications progressed
from handmade drafting to computer aided drafting/computer aided design to model-based
systems engineering.
Direct Digital Manufacturing is a process that uses additive manufacturing technology to
make production parts and manufacturing. tools. Directly from 3D CAD data, components are
manufactured layer-by-layer without molding, casting or machining.
Electrospinning is a fibre production method which uses electric force to draw charged
threads of polymer solutions or polymer melts up to fiber diameters in the order of some
hundred nanometers.
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FDM Fused depostion modelling is the most widely used form of 3D printing at the consumer
level. FDM works by extruding thermoplastics, such as ABS, PLA, through a heated nozzle,
melting the material and applying the plastic layer by layer to a build platform.
Flexural properties The flexural test measures the force required to bend a beam under three
point loading conditions. The data is often used to select materials for parts that will support
loads without flexing. Flexural modulus is used as an indication of a material’s stiffness when
flexed. Since the physical properties of many materials
Flexural properties The flexural test measures the force required to bend a beam under three
point loading conditions. The data is often used to select materials for parts that will support
loads without flexing. Flexural modulus is used as an indication of a material’s stiffness when
flexed. Since the physical properties of many materials
(especially thermoplastics) can vary depending on ambient temperature, it is sometimes
appropriate to test materials at temperatures that simulate the intended end use environment.
Fuel Cell is an electrochemical cell that converts the chemical energy of a fuel (often hydrogen)
and an oxidizing agent (often oxygen) into electricity through a pair of redox reactions.
Green Chemistry is the design of chemical products and processes that reduce or eliminate
the use or generation of hazardous substances.
Green chemistry applies across the life cycle of a chemical product, including its design,
manufacture, use, and ultimate disposal.
Hybrid Additive and Subtractive Manufacturing is a combination of additive manufacturing
(AM) and subtractive manufacturing within the same machine. ... These systems allow you to
make and finish the part in a single setup, reducing error because the AM part does not have
to leave one machine to be reset on a second machine.
Large scale printing Today, you will find on the market 3D printers that can offer printing
volumes of up to 1 m3. Most often, they are based on FFF technology, which means they
extrude plastic onto a build plate layer by layer to create an object. Large scale in this context
means objects up to 10 m3.
Lithium - ion battery is an advanced battery technology that uses lithium ions as a key
component of its electrochemistry. During a discharge cycle, lithium atoms in the anode are
ionized and separated from their electrons. The lithium ions move from the anode and pass
through the electrolyte until they reach the cathode, where they recombine with their electrons
and electrically neutralize. The lithium ions are small enough to be able to move through a
micro-permeable separator between the anode and cathode. In part because of lithium’s small
size (third only to hydrogen and helium), Li-ion batteries are capable.
Materials jetting is an additive manufacturing process that operates in a similar fashion to
2D printers. In material jetting, a printhead (similar to the printheads used for standard inkjet
printing) dispenses droplets of a photosensitive material that solidifies under ultraviolet (UV)
light, building a part layer-by-layer. The materials used in MJ are thermoset photopolymers
(acrylics) that come in a liquid form.
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Mathematics and Industry Development and progress of mathematics have always been
driven both by internal forces (to cross the boundary between fields) and by external forces
(the need of solving problems arising outside the discipline). We will often use, for sake of
brevity,the term “industrial mathematics” to designate all the research that is oriented at the
solution of problems posed by industrial applications.
Membranes are selective barriers; they allow some things to pass through but stop others.
Such things may be molecules, ions, or other small particles.
Multijet Fusion uses an inkjet array to selectively apply fusing and detailing agents across a
bed of nylon powder, which are then fused by heating elements into a solid layer. After each
layer, powder is distributed on top of the bed and the process repeats until the part is complete.
When the build finishes, the entire powder bed with the encapsulated parts is moved to a
processing station where a majority of the loose powder is removed by an integrated vacuum.
Nanoparticle is a small particle that ranges between 1 to 100 nanometres in size. Undetectable
by the human eye, nanoparticles can exhibit significantly different physical and chemical
properties to their larger material counterparts. ... Most nanoparticles are made up of only a few
hundred atoms.
NFC Near-Field Communication (NFC) is a set of communication protocols for communication
between two electronic devices over a distance of 4 cm or less. NFC offers a low-speed
connection with simple setup that can be used to bootstrap more-capable wireless connections.
Open Science An approach to the scientific process that focuses on spreading knowledge as
soon as it is available using digital and collaborative technology.
Paramagnetism is a form of magnetism whereby some materials are weakly attracted by an
externally applied magnetic field, and form internal, induced magnetic fields in the direction of
the applied magnetic field.
Pervaporation Separation is a membrane separation process for separating liquid mixtures,
wherein the upstream of dense PV membranes is in contact with feed liquids and the
downstream is kept at vacuum state or applied with sweeping gas.
Photopolymerisation is a technique that uses light (visible or ultraviolet; UV) to initiate and
propagate a polymerization reaction to form a linear or crosslinked polymer structure.
Polymer is a substance or material consisting of very large molecules, or macromolecules,
composed of many repeating subunits. Due to their broad spectrum of properties, both
synthetic and natural polymers play essential and ubiquitous roles in everyday life.
PPY Polypyrrole is an organic polymer obtained by oxidative polymerization of pyrrole.
It is a solid with the formula H(C4H2NH)nH. It is an intrinsically conducting polymer, used in
electronics, optical, biological and medical fields.
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Recycling the action or process of converting waste into reusable material.
Regenerative Medicine is the branch of medicine that develops methods to regrow, repair
or replace damaged or diseased cells, organs or tissues. Regenerative medicine includes the
generation and use of therapeutic stem cells, tissue engineering and the production of artificial
organs.
RFID Radio-frequency identification uses electromagnetic fields to automatically identify and
track tags attached to objects. An RFID system consists of a tiny radio transponder, a radio
receiver and transmitter. When triggered by an electromagnetic interrogation pulse from
a nearby RFID reader device, the tag transmits digital data, usually an identifying inventory
number, back to the reader. This number can be used to track inventory goods.
Selective Laser Melting is a specific 3D printing technique, which utilizes high power-density
laser to fully melt and fuse metallic powders to produce near net-shape parts with near full
density.
Stereolthography is a laser-based layer-by-layer additive process, can be used to create truly
three-dimensional (3-D) structures.
Supercapicator is a specially designed capacitor which has a very large capacitance.
Supercapacitors combine the properties of capacitors and batteries into one device.
Superparamagntism is a form of magnetism which appears in small ferromagnetic or
ferrimagnetic nanoparticles. Superparamagnetism occurs in nanoparticles which are single
domain, i.e., composed of a single magnetic domain. This is possible when their diameter is below
3–50 nm, depending on the materials. In this condition, it is considered that the magnetization
of the nanoparticles is a single giant magnetic moment, the sum of all the individual magnetic
moments carried by the atoms of the nanoparticle.
Tissue Engineering Tissue is the use of a combination of cells, engineering and materials
methods, and suitable biochemical and physicochemical factors to improve or replace
biological tissues. Tissue engineering involves the use of a tissue scaffold for the formation of
new viable tissue for a medical purpose.
TNT Titanium dioxide nanotubes were first discovered in 1999 they have applications in dye
sensitised solar cells and their super hydrophilicity enhances the attachment of cells to surfaces.
Topology is the study of geometrical properties and spatial relations unaffected by the
continuous change of shape or size of figures.
Wound healing refers to a living organism’s replacement of destroyed or damaged tissue by
newly produced tissue.
ZnO Zinc Oxide is a white, powdery mineral with a long history of use as sun protection.

118

NOTES

119

NOTES

120

NOTES

121

NOTES

122

