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Sensing Device 
for Ca sensor-3

Innovative technology for assessing the periodontal disease

Innovative technology 
for assessing the 
periodontal disease

As part of the European Manunet programme, a 
partnership of several regions dedicated to promoting 
smart manufacturing, UNIVERSITY POLITEHNICA OF 
BUCHAREST (Romania), S.C. CONCORDIA DENT SRL 
(Romania) and MEDISEN Medical Technology Research and 
Development Company Limited Industry Trade (Turkey) 
have developed an innovative technology for assessing 
and treating periodontitis. The new treatment is based on 
hyaluronic acid and melatonin. Eugenia Eftimie Totu, the 
project leader of the consortium and affiliated with the 
University Politechnica of Bucharest: “Two objectives were 
in fact central to the project. Firstly, we wanted to develop 
new material for the topical treatment of periodontitis. 
In addition, we focused on realizing a medical device that 
can determine the level of inorganic ions directly from 
the periodontal pockets. The great advantage of this 
medical device is that it can be used as a rapid assessment 
instrument for early diagnosis and treatment’s efficacy in 
periodontal disease.”

Hameldent
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“A better assessment 
instrument for 
early diagnosis and 
treatment’s efficacy in 
periodontal disease”



Ca-sensing membrane 
used for microsensors

Innovative technology for assessing the periodontal diseaseInnovative technology for assessing the periodontal disease

“Periodontitis is a very unpleasant disease, 
ultimately leading to tooth loss,” explains 
Eftimie Totu. “That is why we started this 
Manunet project with the idea that we can 
improve the patient’s quality of life with 
better topical treatment and an easier and 
more precise diagnostic tool. A disease such 
as periodontitis deserves our full attention. 
It was our mission to offer patients a certain 
perspective on getting better. With the 
development of the innovative material 
and the medical device for early diagnosis, 
we  ultimately expect to be able to make 
a significant contribution to the effective 
treatment of patients. In addition, we want 
to be less dependent on the use of systemic 
antibiotics for treatment.” 

Periodontitis as a growing  
societal problem
Before the start of the project, statistical data 
reported an ascending trendline among the 
worldwide population, which was, according to 

Eftimie Totu, the direct reason for the project. 
“For example, severe periodontal disease is 
nowadays found in about 15-20% of middle-
aged adults and is also increasingly common 
among young people. The average age at 
which periodontitis manifests itself is therefore 
gradually decreasing.” Periodontal disease is 
a chronic inflammatory with a mechanism of 
installation and progression based on bacterial 
biofilm formation and greatly influenced 
by the host immune response. Several 
systemic diseases such as diabetes or genetic 
factors, environmental and lifestyle factors 
such as tobacco smoking, poor nutrition, 
alcohol and stress significantly influence 
the progression of the disease. Periodontal 
disease without treatment progresses to the 
destruction of teeth supporting apparatus 
and alveolar bone, consequently leading to 
teeth loss. Moreover, serious systemic effects, 
going beyond the oral cavity and affecting 
general health could be determined by 
the haematogenous dissemination of both 

Better perspective 
for patients
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bacteria and bacterial products originating in 
the oral biofilms and inflammatory mediators 
originating in the inflamed periodontium. “It 
is therefore important to develop effective 
medical instruments to diagnose and treat 
periodontitis at an early stage,” Eftimie Totu 
summarizes. 

Better monitoring of  
periodontal disease
The level of inorganic ions such as sodium, 
potassium, and magnesium in the saliva 
of patients could be used as an indication 
for periodontitis. These ions are formed by 
so-called electrolytes, electrically charged 
particles, which play an essential role in many 
functions. However, the determination of 
periodontal disease on the basis of inorganic 
ions is not always reliable. “The medical device 
that we have developed on the basis of sensor 
technology is able to determine the level of 
electrolytes directly in the periodontal pockets. 
With our innovation, we can better determine 
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Clinical trial scheme

Topical treatment
TM paste (n=5) / 30 days

Clinical follow-up at
30 days and 6 months

Topical treatment MEL-HA-MZ T
paste (n=15) / 30 days

Clinical follow-up at
30 days and 6 months

Target patients assesed
for eligibility

Interpretation 
of results

Patients included in the
clinical study (n=20)

Randomization

Better Monitoring

the level of the ions and a further correlation 
with the occurrence of acute phases of chronic 
periodontitis. This makes it possible to use 
more effective methods for the treatment and 
prevention of periodontitis,” so  Eftimie Totu. 

Commercialization as next step
“We intend to bring the innovation realized 
by the consortium to the market. For 
example, once the patent application has 
been successful, our Turkish partner will 
consider further commercialization. After 
all, our prototype offers the great advantage 
that it allows the level of inorganic ions 
to be determined directly in the patient’s 
periodontal pockets. Currently, the prototype 
has been developed specifically for measuring 
calcium. In the short term, however, we will 
be able to measure not only calcium but also, 
for example, the levels of magnesium and 
ammonia. That will be a significant advantage. 
The most important advantage of the medical 
device is that it allows us to measure inside 
the periodontal pocket. So you no longer 
need to take samples from patients, when 
the genuine biological matrix changes and 
then using a measuring device. Ultimately, the 
miniaturized medical device developed by our 

team provides valuable information about the 
local progression of periodontal disease and 
the efficacy of the topical treatment applied.”  

Fruitful framework for  
innovation
“The advantage of the Manunet network is 
that it has offered us the essential framework 
for realizing innovations. In the meantime, 
the complete assistance received from the 
local representatives of the Manunet network 
made possible a smooth implementation 
of our project. The project has also enabled 
us to build up an excellent relationship with 
professionals within the field of dentistry. 
We have received full support from them 
throughout the project. Manunet leads to 
the creation of sustainable transnational 
connections. As a scientist, I cannot complain 
that I do not have the necessary contacts. 
In a scientific context, you get to know a lot 
of professionals at conferences. But, when 
it comes to doing something practical and 
realizing something physical, as a scientist, you 
are also looking for a particular framework to 
work in. Manunet eventually offered us this. So 
we are pleased to have discovered Manunet 
as a useful and fruitful tool.”   
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Cross-border 
corporation

“The collaboration in our project was very successful. Among other things, we did a 
biological assessment of the material, and our Romanian partner carried out clinical 
research. Our Turkish partner then mapped out the biological behaviour of the material. 
For the material, we use melatonin as one of the most important compounds. A technical 
challenge here was that melatonin had to be added to the final material with great care. 
For the other part of the project, the development of the detection device, we created a 
specific membrane within the university and MEDISEN company designed, developed and 
implemented the sensing microdevice.” 

Eugenia Eftimie TOTU



Acronym
HAMELDENT

Call
Call 2017

Coordinating Funding Agency
UEFISCDI

Participating partners
UNIVERSITY POLITEHNICA OF BUCHAREST (Romania)
S.C. CONCORDIA DENT SRL (Romania)
MEDISEN Medical Technology Research and Development Company Limited Industry 
Trade (MEDİSEN Tic.Ltd.Sti.) (Turkey)

Project duration
24 months

Total project cost
€ 388.750

Contact
UNIVERSITY POLITEHNICA OF BUCHAREST
Eugenia Eftimie TOTU
(40)0723526444
eugenia_totu@yahoo.com
http://www.upb.ro



“As Romania’s leading funding agency, 
we strive to create opportunities for 

innovation. Therefore, we are delighted 
to have been able to contribute to 
the Hameldent project and we are 

confident that the innovative prototype 
developed and the new international 

connections will contribute even further 
to the acceleration of technological 

progress.”

Nicoleta Dumitrache - UEFISCDI
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“We finally managed 
to make a biomedical 
prosthesis prototype, 
using 3D print 
technology”
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New functionalized 
medical devices for 
surgical interventions 
in the pelvic cavity 

The incidence of cancer is growing all over the 
world and at the same time the number of surgical 
interventions in the field of oncological surgery 
records a continuous growth year after year. These 
surgical interventions, called pelvic exenteration or 
evisceration, are often associated with a high post-
operative morbidity and mortality. In the Manunet 
project ‘MedIn’, the Norwegian-Romanian consortium 
formed by the partners RISE PFI AS (Norway), The 
National Institute for Research & Development in 
Chemistry and Petrochemistry (Romania), LTHD 
Corporation SRL (Romania), Oxy Solutions AS (Norway) 
and Universitatea de Medicina si Farmacie Bucuresti 
(Romania) has succeeded in developing a pelvic 
prosthesis aimed at preventing possible complications 
that may occur as a result of surgical interventions. 
Gary Chinga Carrasco, project leader of the consortium: 
“Our innovation project can be divided into two 
specific biomedical developments. First, we focused 
on the development of an innovative prosthesis that 
improves the quality of life of vulnerable patients 
with cancer in the pelvic cavity. Secondly, we have 
produced oxygenated nanocelluloses for wound 
dressings.” 

MedIn



MANU magazine

3D printing as production technology 

The pelvic prosthesis developed in the 
MedIn project is designed to fill the empty 
excavation, support the intestinal loops and 
prevent any inflammatory phenomena caused 
by the adherence of perineal tissue. “The 
development of the prosthesis as a medical 
device was the biggest technical challenge in 
our project,” states Chinga Carrasco. “We had 
to find a material that was easy to implant 
into the human body and that, moreover, did 
not cause any side effects. In addition, it was 
important to produce the prosthesis in such 
a way that the material could function in the 
human body for as long as possible. This is 
important, because you have to avoid having 
to re-implant the material. In order to achieve 
a successful prototype, it was necessary on 
the one hand to develop a good material 
concept for the prosthesis and on the other 
hand to find the right technology to actually 
produce the prosthesis. The material we 
ultimately used for the prosthesis was tested 
mechanically, in vitro and in vivo to verify its 
performance in relevant environments and 
also to ensure its bio-compatibility.”

3D printing as 
production 
technology 
“Based on various tests in the innovation 
project, we concentrated on the development  
of a 3D printing technology. From a 
technological point of view, the biggest 
technical challenge in the end was the 
extrusion of the material in the 3D printer. 
The project partners therefore developed a 

dedicated 3D printing extrusion and curing 
system especially to use with the material 
formulation developed within the innovation 
project. This has facilitated 3D printing of 
complex structures to be used as prostheses. 
Using an extrusion device and a curing device, 
we were able to ensure that the material could 
be deposited on a substrate during 3D printing 
on the one hand, and cured on the other hand. 
We are very pleased that we finally managed 
to make a biomedical prosthesis.” 

Development of 
innovative prosthesis



Oxygenated nanocelluloses  
wound dressing gel
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“In addition to the prosthesis for the pelvic 
cavity, we have developed an innovative 
oxygenated wound dressing gel intended to 
protect the patient against surgical infections. 
This is very important because experience has 
shown that after oncological interventions, 
the occurrence of wound infections is highly 
probable. By using the wound dressing 
gel, many unpleasant complications can be 
prevented. For the production of the wound 
dressing we have produced tailor-made 
nanocelluloses that have been characterized 
considering structural and chemical details. 
In order to achieve a good product, we have 
performed relevant tests on nanocelluloses 
in combination with complementary 
components. These tests showed that the 
nanocelluloses developed in the project 
perform well with respect to other endpoints 
that are required for wound dressing 
materials including cytotoxicity, skin irritation 
and antimicrobial performance.” 
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Personalized 
prosthesis and tailor-
made wound dressing 
The advantages of the innovative pelvic 
prosthesis developed by the project consor-
tium are obvious, states Chinga Carrasco. 
“At the moment there is no prosthesis that 
can be tailored to a specific person for this 
purpose. So the value we have added is that 
we are able to personalize the prosthesis. For 
example, a person is suffering from cancer in 
the pelvic cavity, most of the pelvic cavity has 
to be removed. We have now demonstrated 
that it is possible to produce a tailor-made 
prosthesis using 3D printing. I think it will be an 
advantage for society because it will improve 
the quality of life of patients after oncological 
interventions. In addition, the innovative 
oxygenated wound dressing, which is also 
designed to protect against chronic wounds, 
will also protect against surgical infections.” 

Commercialisation as 
the next step 
“When it comes to cancer research and the 
development of biomedical devices, there is 
of course a large market. There is also clear 
market potential in the field of 3D printing of 
medical devices and wound dressings. As part 
of the project, our industrial partners (LTHD 
and Oxy Solutions) developed an exploitation 
plan and we now have a clear vision on how 
the results of the innovation project can be 
further commercialised. To speed up this 
process, we decided to submit a new proposal 
for a national project in Norway together with 
our Norwegian partner (Oxy Solutions AS), 
which was granted by the Research Council of 
Norway for the period 2020-2022. Within this 
project we will carry out preclinical and clinical 
studies to accelerate market launch of the 
product. However, because our innovation 
concerns a medical device, it takes a relatively 
long time to market the wound gel product.”   

Transnational 
exchange of 
knowledge
During the project there was intensive 
collaboration and a clear division of roles. 
“For example, in the project we worked in 
parallel with the development of the wound 
dressing and the prosthesis. The work was 
divided over five defined work packages. A 
major advantage was that all partners in the 
project have a great deal of experience in the 
development of biomedical devices. Most of 
the work around the development of the pelvic 
prosthesis took place with our Romanian 
partners, while in Norway we focused mainly 
on the realization of the wound dressing gel. 
It should be noted that during the innovation 
project a lot of knowledge exchange took 
place and the results of the various tests were 
discussed in meetings. We can look back on 
a successful cooperation in which the various 
project partners made optimum use of each 
other’s expertise and skills. The collaboration 
has been very fruitful and we look forward 
to publishing the very interesting results we 
have achieved. We have now filed patent 
applications and are in the process of further 
disseminating the results obtained within 
Manunet.”    
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Manunet as an 
accelerator for 
innovation
“The advantage of Manunet is that it is a ‘non-bureaucratic programme’ . It is a very effective 
instrument to realize innovations with impact relatively quickly. In addition, the added 
value for us was the possibility to work together with companies and research institutes on 
a transnational level with the aim of increasing our competencies and business network. 
As a result, we developed a new project in Norway and another initiative with Romanian 
partners. Manunet can be seen as an innovation accelerator where it is possible to make 
the step towards commercialisation. I am very satisfied with the project and in particular 
with the possibility to work together in an interdisciplinary way on the development of 
biomedical devices.”

Chinga Carrasco
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RISE PFI AS (Norway)
The National Institute for Research & Development in 
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3D printing as production technology 



“As Manunet lead partner I’m very 
pleased that we are able to boost the 

innovation potential in Europe”

Garbiñe Larrauri - Innobasque
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“Textile materials 
with electromagnetic 
shielding and 
flame retardant 
properties are highly 
demanded”
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Manufacturing textiles 
with electromagnetic 
shielding and fire 
retardant properties 
by plasma based 
methods

Innovative textile materials can solve global societal 
challenges such as reducing energy usage, water wast-
age and material consumption. In addition, textiles 
that have been smartly modified open doors to a wide 
variety of new industrial products and applications. 
In the Manunet project ‘TexEMFiRe’, a collaboration 
between the partners National Institute for Lasers, 
Plasma and Radiation Physics (INFLPR, Romania), The 
National Research-Development Institute for Textiles 
and Leather (INCDTP, Romania), SC Majutex SRL 
(Romania), Tecnolab del Lago Maggiore (Finpiemonte, 
Italy) and Università degli Studi del Piemonte Orientale 
(UNIUPO; Finpiemonte, Italy) have carried out research 
into the development of innovative textile materials 
with improved electromagnetic shielding and flame 
retardant properties. Bogdana Mitu, project leader 
of the consortium and affiliated with the National 
Institute for Lasers, Plasma and Radiation Physics: 
“With this project we are focusing in particular on 
the Buildtech sector. In this sector, it is important 
that technical textile materials that are used have 
different functions, such as electromagnetic shielding 
and fire retardant properties. In our project, we have 
demonstrated the working principle by using eco-
friendly plasma-based techniques that work under 
low and atmospheric pressure.”
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Manufacturing textiles with electromagnetic shielding and fire retardant properties by plasma based methods

“In the project, we started from the basic 
idea of generating as much flexibility and 
functionality as possible with the use of fewer 
materials,” says Mitu. “Our approach therefore 
focused on the utilization of various thin film 
deposition techniques, processes in which 
thin coatings are deposited on a substrate 
material. We manufactured the textile 
material from classic yarns such as cotton 
and polyester. By integrating yarns containing 
metal fibres or metal coated yarns, we have 
been able to develop a basis electromagnetic 
shielding. This is significantly enhanced by 
plasma deposition of metallic layers onto the 
surface. For the fire retardant properties, we 
made use of atmospheric pressure plasma 
system and apply an additional coating of 

special resin, also containing nanoadditivated 
LDH. Although quite some research has been 
done into the integration of these separate 
functionalities in textiles, the combination 
of both properties has not yet been studied. 
This is where the innovative character of our 
project reveals itself. In addition, through 
the use of plasma-based techniques, instead 
of chemical processing, we do not produce 
water waste, which is normally a problem in 
the textile industry.”  

Wide range 
of industrial 
applications
“We were confronted with quite a few technical 
challenges in the project. Increasing the 
deposition area on surfaces relevant to the 
industry posed the biggest challenge. Although 
producing small samples was relatively simple, 
it was more complicated to produce larger 
samples. Within the industry, innovative textile 
materials with electromagnetic shielding 
and flame retardant properties are highly 
demanded. After all, many companies want 
to protect their expensive equipment and 
installations against electromagnetic radiation 
that can potentially cause damage. In order 
to achieve this, both sensitive equipment 
and radiant equipment can be packed with 
a protective and damping coating. Modified 
textiles may also be interesting for military 
applications. You can imagine that in certain 
missions it is important that military staff have 
clothing that is fire-resistant. This contributes 
to the prevention of serious injuries.” 

Less materials, more 
flexibility



Depunere
Magnetron
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Research shows that electromagnetic waves 
from the environment can also be harmful 
to very young children. According to Mitu, 
protection against electromagnetic radiation 
is also essential for vulnerable groups such 
as patients with Alzheimer’s and other 
neurological diseases. Innovative textile 
materials with electromagnetic shielding 
and flame retardant properties can also 
be a solution for private use in the home. 
“An example is the application in curtains. If 
curtains are fitted with a radiation-resistant 
coating, vulnerable interior spaces and 
residents can be shielded against radiation 
from, for example, Bluetooth, Wi-Fi and 5G 
transmission masts. The most important 
application of our development, and also the 
market that ultimately offers us the greatest 
commercial opportunities, is the clothing 
industry. At the moment there is still little 
supply of clothing that offers protection 
against electromagnetic radiation as well as 
flame retardant properties. For people who 
wear a pacemaker because of heart problems, 
for example, it is important that there is no 
interference between the medical device 
and radiation objects such as a smartphone. 
If the operation of a pacemaker is disturbed 
by electromagnetic radiation, this can of 
course have unpleasant consequences for the 
wearer.” 
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Less impact on the 
environment
“Our project has enabled us to boost the 
development of a new class of innovative 
coatings,” Mitu emphasizes. “Various 
valuable quantitative information about 
the plasma deposition process, properties 
such as electromagnetic shielding and flame 
retardancy were analysed in the Life Cycle 
Assessment, which was specially developed 
during the project, and compared to classical 
processes. After all, it was important for 
us both to minimize the impact on the 
environment and to achieve a cost reduction. 
The use of chemicals is usually a major 
problem in industrial processes. In most 
cases, large quantities of chemicals are used to 
generate fire retardant properties. In addition 
to the fact that this is of course bad for the 
environment, it is also the case that many of 
these chemicals will be banned at European 
Union level in the coming period. The design 
of a new method based on plasma techniques 
is therefore essential to reduce the amount 
of chemicals and identify alternatives. The 
other advantage of the developed method is 
a reduction of waste water. If you look at the 
production of modified textiles, it is worrying 
to see how much wastewater is released. With 
our method we show that on the one hand we 

are able to use less chemicals in the industrial 
process and on the other hand we can reduce 
the amount of waste water to a minimum.”

Excellent division of 
tasks in consortium
Especially for this project a relatively broad 
Romanian-Italian consortium has been 
developed, consisting of SMEs, universities 
and research institutes with a lot of experience 
in the production of textiles, research on 
modified materials and testing. “We have 
divided the tasks well from the start,” Mitu 
states. “The universities and national institutes 
have focused on the application of plasma 
techniques and nano-additives for obtaining 
fire retardant properties and electromagnetic 
shielding, as well as on the characterisation 
of modified textiles. The Institute for Lasers, 
Plasma and Radiation Physics, where I work,  
had the task to obtain improved electro-
magnetic shielding, and to make depositions 
based on silicon dioxide for fire retardancy.
The National Research-Development Institute 
for Textiles and Leather was responsible 
for conceiving the textile structures and 
measuring and determining textile properties, 
like yarns dimension and density. In addition, 
Tecnolab del Lago Maggiore provided us with 
an accredited laboratory that could be used 
for specific measurements of electromagnetic 
shielding and testing the resistance to fire. 
Università degli Studi del Piemonte Orientale 
focused on the design of nanoadditivated 
resins and the Life Cycle Assessment. The 
textile company SC Majutex SRL contributed 
by providing the necessary textiles that were 
produced according to calculations and took 
the responsibility to think about a business 
plan and further commercialisation. It is a 
good starting point to think in advance about 
the costs of implementing our methodology in 
the companies and what exactly the benefits 
are.”

Samples coated with fire retardant layer 
tested for fireproofing
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Sustainable cross-
border cooperation
“With the results of the approach developed in the consortium, we have been able to 
expand the diversity of applications of modified textiles in industrial practice and give a 
boost to a strong economic and academic valorisation. We are now preparing a common 
research paper based on the results obtained during the project. We are also currently 
considering patent applications and the proposal of a follow-up project with the same 
consortium, which will focus on coatings for antimicrobial and antiviral applications. 
The Manunet project has enabled the consortium to discover new possibilities and new 
expertise in the field of textile processing. Before the Manunet project, we did not yet 
know our partners. Both during the formation of the consortium and during the various 
meetings, we experienced the full support of the Romanian and Italian funding agencies. 
Moreover, the great advantage of Manunet in general is that the consortium does not 
have to be very large. This has a positive effect on the interactions and connectivity. Our 
Manunet project has led to a sustainable collaboration.”

Bogdana Mitu



Protection against electromagnetic radiation
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Bogdana Mitu
(40)214574470
mitub@infim.ro
http://www.inflpr.ro



“As funding agency ‘Finpiemonte’ 
we have been actively involved in 
the support and monitoring of the 

TexEMFiRe project. The communication 
with both italian and transnational 
partners went smoothly and we are 

very pleased with the successful 
innovation process of the beneficiaries”  

Enrica La Martina - FINPIEMONTE S.p.A 

“UEFISCDI funds projects with innovative 
research on how to solve global 

societal challenges. TexEMFiRe is a 
good example in the field of innovative 

textile materials with improved 
electromagnetic shielding and flame 

retardant properties, textiles which will 
be used in a large variety of industries.”

Nicoleta Dumitrache - UEFISCDI
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“With the innovation 
realised in the project, 
we are able to assess 
almost in real-time 
whether the E-coli 
bacterium is present 
in certain food 
products”



ECOLISENS

MANU magazine

-029

Long Period Grating 
Fibre Sensor Device for 
E. Coli Detection

Rapid and accurate detection of harmful bacteria is 
crucial to ensure food quality. In the Manunet project 
‘ECOLISENS’ the partners National Institute of R&D 
for Optoelectronics - INOE 2000 (Romania), Grado 
Zero Innovation S.r.l. (Toscana, Italy), OOO Audit 
(Russian Federation) and S.C. Wing Computer Group 
SRL (Romania) have therefore collaborated on the 
development of a small size portable optic sensing 
device that can detect the presence of pathogenic E. 
coli using Long Period Fibre Grating Sensor (LPGFS). 
The advantage of the developed detection device 
is that it can also be used to identify other types of 
pathogenic bacterial strains or chemicals in the gas 
or liquid phase. Laurentiu Baschir, Senior Researcher 
of the Lasers and Fiber Optics Department: “With the 
innovation realised in the project, we are able to assess 
almost in real-time whether the E-coli bacterium is 
present in certain food products. Moreover, because 
we have developed a small portable device, the 
detection process no longer needs to be carried out by 
a specialist in a laboratory or hospital. This saves a lot 
of time and costs and generates maximum flexibility.”
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Long Period Grating Fibre Sensor Device for E. Coli Detection

Although E-coli occurs naturally in the 
intestines of humans and provides protection 
against other harmful bacteria, there are some 
types that can cause problems in, for example, 
dairy products, raw meat and vegetables. “It 
is therefore important to detect these harmful 
strains of bacteria early, so that children who 
drink milk at school, for example, are not 
infected,” says Baschir. An important challenge 
was that the demonstrator had to detect the 
E-coli bacteria without physical intervention. 
“That’s why we opted for a Long Period Fibre 
Grating Sensor. The operation of this LPGFS 
device is based on ambient medium effective 
index variation induced by the presence of 
E.coli bacteria. With the refractive index, 
changes in wavelengths of the light beams in 
the fiber grid of the device are measured.”

Simulation model for 
measuring refractive 
index modifications
The determination of the refractive index 
plays a crucial role in detecting, for example, 
pathogenic E. coli bacteria in milk, Baschir 
emphasizes. “Indeed, all biochemical 

compounds of an E. coli bacterial strain have 
specific optical characteristics that enable 
accurate identification using optical detection 
equipment such as LPGFS. If we then also 
determine the refractive index of milk, we can 
identify the presence of E. coli in substances 
by comparing the specific measurements. 
The complexity is that the refractive index of 
milk has to be measured accurately. Because 
the refractive index of water, a part of milk, is 
already known, we can determine the exact 
values on the basis of the fat concentrations 
dissolved in the water. In order to achieve this, 
the development of an accurate simulation 
model that can predict changes in the refractive 
index of substance to be measured based on 
the presence of bacteria was required.”   

Refractometric 
sensing device
The innovative character of the project is 
that the detection of the E-coli bacterium 
with the optic sensing device takes place 
almost in real-time. This drastically shortens 
the relatively long period between taking the 
samples and the results of the processing. 
According to Baschir, refractometric detection 
devices such as LPGFS operate on the 
basis of light field interactions and offer 
many advantages compared to standard 
technologies. These include higher sensitivity, 
immunity to electromagnetic interference 
and the possibility of location-independent 
testing. “The demonstrator we developed 
during the innovation project has a small 
volume measurement chamber where liquid 
phase samples potentially contaminated with 
E. coli bacteria are placed. The device further 
consists of a Sensor Interrogation Module 
(SIM) and a Data Acquisition and Processing 

Early detection of 
E-coli bacteria
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Unit (DAPU) needed to process the detection 
data. The detection process determines 
whether the refractive index of the LPGFS 
coating is greater, equal, or lower than that 
of the surrounding medium. If it turns out 
that the refractive index of the substance 
to be measured is equal to that of the E-coli 
bacteria, we know that there is a presence.”
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Integration of the 
interrogator 
According to Baschir, the integration of 
the interrogator was a major challenge. “It 
had to be carefully connected to the fiber 
sensor device. Such interrogators are already 
available on the market and therefore we 
did not develop them ourselves during the 
innovation project.” However, due to the 
specific objective of detecting the presence of 
the E-coli bacteria within a very short period 
of time, a number of important changes in the 
interrogater had to be made. This was mainly 
due to the fact that a high accuracy had to be 
achieved. Using the nanometric optical fiber 
core, the changes of the refractive index are 
measured in order to detect the presence 
of the E-coli bacteria. “This measurement of 
biomedical parameters is a complex process 
because a light interaction with the substance 

to be measured, for example milk, has to be 
established,” Baschir emphasizes. “The light 
interaction in the optical fiber core is read out 
by the interrogator which then transmits the 
detection data to a connected computer. On 
this computer you can see if there is a presence 
of the E-coli bacteria in the investigated 
substance.” 
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Improvement of 
social health
“Before the start of the project, our objective was to develop a detection device that can 
contribute to improving food quality and people’s health. As a project consortium, we 
are therefore very pleased that we were able to demonstrate the working principle of the 
optical sensing device. There was a fruitful collaboration during the innovation project. 
The participating partners already know each other from other European projects, which 
accelerated the process. At the end of the project, the companies in the consortium will 
start the production and further marketing of the detection device.” 

Laurentiu Baschir
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“An interesting result of a project 
funded by UEFISCDI is the detection 

device developed within the ECOLISENS 
project, used not only for E. Coli 

detection but also for other types of 
strains or chemicals in the gas or liquid 

phase. We hope the collaborations 
strengthened during this project will 

continue successfully”
Nicoleta Dumitrache - UEFISCDI
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“The use of additive 
manufacturing as a 
disruptive technology 
is becoming 
increasingly 
widespread within the 
industry”



HY-MAN
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Sustainable integration 
of hybrid additive 
and subtractive 
manufacturing for 
difficult-to-cut material

The use of additive manufacturing as a disruptive 
technology is becoming increasingly widespread 
within the industry. This relatively new production 
method, which makes it possible to manufacture 
products by adding material, offers many advantages 
compared to conventional subtractive production 
techniques. In the Manunet project ‘HY-MAN’, a 
consortium consisting of the partners Laser Machine 
Network S.r.l. (Finpiemonte, Italy), KENDU S.COOP 
(Basque Country, Spain), LAIP SA (Basque Country, 
Spain) and Politecnico di Torino (Finpiemonte, Italy),  
together with CNR-IMAMOTER (Finpiemonte, Italy) 
and Mondragon Unibertsitatea (Basque Country, 
Spain) as subcontractors,  worked on the sustainable 
development and production of difficult-to-cut 
materials. Giuseppe Savant Aira, project coordinator 
and working for Laser Machine Network: “At the 
moment there are few machines based on wire 
deposition available, especially in Europe. As a project 
consortium, we wanted to invest in the development 
of LMWD (Laser Metal Wire Deposition) and LAMWD 
(Laser Arc Metal Wire Deposition) technology in 
order to act as one of the few manufacturers of such 
machines in the marketplace. To achieve this, during 
the Manunet project we investigated the reliability of 
additive manufactured materials and components, 
including the development and integration of 
equipment that forms the core of an AM machine. 
This project was a fundamental step for us to expand 
our skills in additive manufacturing.”



Coaxial
Printhead
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Sustainable integration of hybrid additive and subtractive manufacturing for difficult-to-cut material

Using Additive Manufacturing (AM), 
components can be made from materials 
classified as difficult to manufacture using 
conventionally applied industrial processes 
such as forging or machining. However, 
particularly for metal parts, additive 
manufacturing technologies appear to be 
relatively expensive, do not meet the required 
standards and are therefore less suitable for 
mass production. “The aim of the project is 
therefore to achieve sustainable development 
and production of steel and titanium alloys 
by using AM technologies characterised by 
high deposition rates such as LMWD (Laser 
Metal Wire Deposition) and LAMWD (Laser 
Arc Metal Wire Deposition),” says Savant 
Aira. “The advantage of these wire-based 
processes can be seen in the relatively good 
material properties and the possibility of 
unlimited construction volumes. By using 
additive manufacturing, production costs can 
be reduced because the use of materials is 
more efficient and the number of machining 
runs is reduced. Moreover, by intelligently 
combining subtractive and additive systems 
in, for example, a hybrid or integrated system, 
post-processing can take place smoothly. 
As a result, the surface finish is better than 
when only pure AM processes are used. The 
application of these wire-based processes 
to difficult-to-cut materials is particularly 
interesting in the production of medium to 
large components for moulds, automotive 
and aerospace applications.”

Higher deposition 
rates and improved 
topology
“During the project, we were able to design 
and further optimise the AM wire processes, 
both in terms of equipment and process 
parameters for achieving good material 
properties,” says Savant Aira. For the LMWD 
process, a coaxial printhead was designed 
to enable directional independence for all 
welding positions. This is important, because it 
generates more flexibility and makes it easier 
to produce more complex geometric shapes. 

Automotive 
and aerospace 
applications
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“In the project we demonstrated that by using 
the LAMWD process a higher deposition rate 
could be achieved. The addition of the laser also 
improved the topology of the printed layers. 
For example, during the innovation project 
various structures with a wide variety of wall 
thicknesses (from 1 to 25 mm) were generated 
to test the suitability of the processes for 
building a real part geometry. These samples 
were then analysed by comparing structure, 
machinability and mechanical properties 
with the raw materials.” Despite the presence 
of some pores as a result of the production 
process, the density was promising and the 
tensile strength was comparable to that of the 
raw material. “We are of course very pleased 
with this result,” Savant Aira emphasizes. Im
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Sustainability as a
social challenge
“The aim of optimising rapid additive produc-
tion technologies that reduce environmental 
impact was a crucial aspect of our project,” 
explains Savant Aira. “For example, we 
applied a full life cycle analysis to identify the 
advantages and limitations of AM technologies 
compared to conventional subtractive 
technologies in terms of sustainability.” The 
advantage of a production technology such 
as additive manufacturing is not only that it 
allows more complex geometry and faster 
production of personalised parts, but above 
all that it reduces the amount of material 
waste and enables the development of robust 
lightweight components. Particularly within 
the automotive and aerospace industries, 
there is a high demand for such components, 
as they can reduce the weight of vehicles 
and thus reduce CO2 emissions. According 
to Savant Aira, the need for sustainable 
development of large components cannot 
ignore the integration of additive technologies 
(such as LMWD and LAMWD) and conventional 
subtractive production techniques.
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Experimenting with 
new cross-border 
collaborations
“The Manunet framework has given us the opportunity to set up innovative activities. We 
are used to commercial cooperation in Europe and worldwide, but the programme allows 
us to experiment with new collaborations between foreign partners with similar objectives. 
The cooperation with all partners has been fruitful, with a focus on developing a joint 
approach and sharing expertise. With our proactive approach, we have been able to solve 
the various technical challenges, which has allowed us to achieve encouraging results.” 

Giuseppe Savant Aira
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“As funding agency ‘Finpiemonte’ 
we have been closely involved in 

the support of the HY-MAN project. 
Communication and coordination were 

profitable and we are very pleased 
to have been part of the innovation 

process of our beneficiaries” 
 Enrica La Martina - FINPIEMONTE S.p.A

“As funding agency of the regional 
government Finpiemonte is aimed to 
enhance the competitiveness of our 
territory and to promote innovation. 

We have been partner of Manunet for 
many years and we really appreciate 

its effectiveness in supporting our 
companies in improving their skills and 

know-how through innovative, solid 
and lasting transnational networks” 

Marco Milanesio - FINPIEMONTE S.p.A
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“A novel contact 
method for measuring 
the local conductivity 
of ACF film and an 
optical set-up for 
monitoring in real- 
time the spatial 
organization of micro 
particles”



AniConFilm
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Manufacturing 
technology of nano-
structured anisotropic 
conductive films

In the Manunet project AniConFilm, the project 
partners CondAlign AS (Norway), SINTEF Digital 
(Norway), Technical University of Iasi (Romania), 
and SC ALL GREEN SRL (Romania) worked together 
to improve an innovative manufacturing process for 
continuous roll to roll production of nanostructured 
anisotropic conductive films (ACF), based on 
CondAlign’s alignment technology. ACFs are film-
type conductive adhesives allowing electrical and 
mechanical connection. They are used in applications 
like display production, printable flexible electronics 
and thermal interface materials. Gregory Bouquet, 
research scientist at SINTEF, a contract-based research 
institute in Norway: “The innovative manufacturing 
process of CondAlign is able to achieve significant cost 
reductions compared to competing technologies in 
the field of anisotropic conductive films. In addition, 
the optical set-up developed in the project enables 
CondAlign to monitor the quality of the fabrication 
process in real-time. During the innovation project 
not only the application areas of the technology have 
been expanded expanded, but also research has 
been done into market-oriented applications in end 
products.”



Fabrication process of the CondAlign´s ACF: Conductive particles aligned in chains allow 
conduction of current and/or heat in the out-of-plane direction and are insulating in the in-
plane direction

In-plane 
insulation

Conductive particles 
are mixed into a liquid 
polymer matrix

An Electric field applied 
tot the mixture causes 
the particles to align into 
chains

The particles distribution allow current 
to flow through the plane but prevent 
conduction in the plane

Out of plane 
conduction
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Manufacturing technology of nano-structured anisotropic conductive films

Tailor-made  
chain architecture 
“The project actually consisted of two sub-
developments,” says Bouquet. “For example, 
SINTEF Digital, the organisation to which I am 
affiliated, concentrated on the development 
of measurement tools to characterize, 
understand better and help in optimizing 
the fabrication process of CondAlign. We 
developed a novel contact method for 
measuring the local conductivity of ACF 
film and an optical set-up for monitoring in 
real-time the spatial organization of micro 
particles in continuous roll to roll production. 
These are very important tools to guarantee 
the quality of the anisotropic conductive 
films during the manufacturing process. 
Our Norwegian Partner, CondAlign AS, has 
focused on furthering the development of 
their process that uses electric fields to align 
and distribute particles in polymer films. 
This allows production of ACFs with added 
functionality and reduced cost compared 
to other technologies. They have in the 
project worked with both electrically and 
thermally conductive films. A major challenge 
has been to understand the effect of the 

particle size, film thickness and electric field 
parameters have on the end properties, 
such as electrical conductivity. A design of 
experiment approach, performed together 
with SINTEF, was instrumental in furthering 
this understanding.”

Manufacturing 
process for 
anisotropic 
conductive films
The manufacturing process for anisotropic 
conductive films is very complex. In the 
technology patented by CondAlign, the films 
are initially made by mixing a specific set of 
micro-particles  with a polymer. It is important 
to understand what kind of polymer must be 
used and what kind of particles are optimal 
for meeting the requirement for the specific 
product in question. “We have done extensive 
work on this in a separate work package,” 
says Henrik Hemmen, CTO of CondAlign. The 
liquid mixture of polymer and particles is then 
applied to a liner before it is pressed between 
a pair of rollers to the desired thickness and 
width. After that, the films are subjected to 



SEM images of the cross section of an ACF film showing a conductive chain and physical contact 
between aligned particles

Spatial organization of particles before (left picture) and after (right picture) alignment as 
observed in microscopy
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an electric field by a set of electrodes to align 
the particles into chains. These chains are then 
locked in position by curing the polymer with 
UV light. Finally, the imaging system developed 
by SINTEF analyses the films to determine if 
they meet the required quality standards. “The 
system developed in this project has allowed 
us to speed up our manufacturing and quality 
control,” says Hemmen. “We no longer need 
to remove parts of the film and in some cases 
wait several days to determine product quality. 
Our quality control can now be done in real-
time. This opens doors to new electronical and 
biomedical applications and products.”

Applications in 
Printable Flexible 
Electronics and Health 
Care
Anisotropic conductive films are developed 
for a wide range of industries. These include 
not only printable flexible electronics, where 
films developed in the project can be used in 
displays and smartphones, but also the medical 
industry, where ECG electrodes are used to 
monitor heart health.  The challenge with the 
latter is that these have to be produced in 
such a way that they stay on the body easily. 
However, the largest market remains that of 
printable flexible electronics. There is currently 
a transition here from glass substrates and 
rigid plastic to more bendable materials. The 
flexible films that can be produced with help 
of the quality control system developed in the 
innovation project, could be part of the solution 
to enable curved and flexible products. 

Imaging system for 
micro-level quality 
inspection
Bouquet: “An important technical challenge 
during the project was that the particles 
we wanted to monitor with the imaging 

system were very small, approximately 10-30 
micrometres, while the film width is several 
orders of magnitude larger, approximately 7 
cm. Moreover, while the conductive films are 
being manufactured, these micro particles are 
constantly moving. If you want to have a good 
insight into whether the particles are aligned 
correctly, you need an imaging system that 
can also freeze their movements. The imaging 
system we have developed can therefore be 
compared to an industrial microscope that can 
inspect large areas with high optical resolution. 
The development of an image analysis 
algorithm was essential to quantify the quality 
of the manufacturing process. The micro 
particles in the films organize themselves into 
very specific spatial structures, which can be 
detected using the optical system combined 
with the image analysis algorithm. It was very 
challenging that this process had to take place 
in real-time.” 

Close-to-market 
activities
The added value of Manunet was obvious. “It 
is a very effective instrument that is close-to-
market and helps innovative companies carry 
out research and development projects. The 
Manunet framework was therefore perfect for 
us to solve the various technical challenges 
on a project basis. The prototype of the 
imaging system has now been installed at our 
partner CondAlign AS and they are using it in 
their product development. The project has 
resulted in an important process improvement 
which will contribute to better meet the 
high requirements from the large number 
of customer interested in these advanced 
materials. Now CondAlign AS is in a process 
to implement an even larger manufacturing 
process, in which films up to 32cm wide will be 
produced. For this it is important to monitor 
the production process in real-time. The optical 
set developed in the project will of course be 
used here again.”
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Effective cross-border 
cooperation
“During the innovation project we worked together with the Romanian partners, University 
of Iasi and the company SC ALL GREEN SRL. This collaboration was very effective and there 
was a clear division of tasks. There were also regular project meetings with our partners 
and we visited each other several times. The Romanian partners focused on carrying 
out specific measurements using advanced characterisation tools such as scanning 
electron microscope (SEM). Characterisation of physical properties at the nanometre level 
was important to better understand and further optimise the manufacturing process. 
Moreover, our Romanian partners carried out simulations of the behaviour of particles in 
the ACF under various electromagnetic field.”

Gregory Bouquet
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“Manunet supports innovation-
driven, close-to-market research 

and development projects in 
manufacturing. It aims to encourage 

cross-border value chains that emerge 
from advancing technologies”

 Manunet project consortium 
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