Message from

D I re Cto r : Pfoto Irmantas Gelinas, BNS
A Year of 2022: Contrasts and Challenges

The Year of 2022 was the third year of pandemics. It was the second year of increasing inflation and the first year of
Russian invasion to Ukraine. These particular circumstances have imposed strong direct and indirect consequences on
scientific activities of the Center for Physical Sciences and Technology (FTMC), stimulated a number of political and
civil initiatives, introduced new discussions on development of our institution and our well-being in the face of war. It
was a year of deep contrasts and high challenges, unexpected disappointments and encouraging discoveries, external
uncertainties and successful solutions.

Despite all challenges and changes around, the Year 2022 was an important step in evolution of FTMC in scientific,
innovation and project activity aspects. Scientifically, the year was thriving — of totally more than 300 international
publications, more than 250 articles were published in highly-ranked scientific journals; 13 national and international
patents and their applications were issued; 17 PhD students successfully defended their theses, while number of PhDs
was further increasing and reached 121 currently. FTMC activity in projects writing and coordination allowed to raise
their share in FTMC budget to nearly 50 percent. Despite external uncertainties and energy issues, innovations and
industry-related activities were kept on a conventional level — the number of business clients around 400, while the
number of contracts related to research and development as well as scientific services ranged up to 1000.

The year was particular in developing the relations with Taiwan scientific institutions. Together with Taiwanese
colleagues, in February 2022 we have launched Taiwan and Lithuania Center for Semiconductors and Materials Science
at FTMC. This Center not only covers five projects running currently, but also establishes the base for the further
extensive scientific and technological links. The cooperation was enriched by several visits from different universities
and Government as well as numerous delegation from the Industrial Technology Research Institute (ITRI).

Phenomenon of patronage which elegantly manifested itself during the Jubilee Event in 2020 was successfully
continued also in the Year 2022 — Marius Jakulis Jason Foundation awarded grants for three talented Lithuanian
scientists to return from foreign institutions; the support was also given for Ukrainian scientist working at FTMC.

We believe that the key to everyone’s success and institution permanent growth is in strong motivation, personal
initiatives and coherently focused activities. We intend to join our people together through our culture and values —
scientific excellence, versability and flexibility, knowledge and mind, effectiveness and networking. They are central to
creating productive and attractive workplaces at FTMC dedicated to stimulate inexhaustible impetus to investigate,
being passionate and making progress in whatever form of activity it takes.

My sincere thanks to all the staff and PhD students, alumni and our friends, who continue to fulfil our mission by
contributing to society through scientific research and learning, generation of intellectual property and
implementation of high-tech innovations, capitalization of gained scientific knowledge and technological
developments.

The Annual Report 2022 reflecting the main scientific and technological achievements, progress in high-tech
innovations as well as the most important events are presented in pages that begin here.

Gintaras Valusis
Vilnius, January 2023
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Materials for catalysis

Electroless metal deposition: from fundamental research
to application for microelectronics, fuel cells,
and other areas

Electroless metal plating is a well-known method for the deposition of metal coatings by a controlled chemical
reduction and formation of small (nano-scale) metal particles. Autocatalytic metal ion reduction systems are
widely used for decorative and functional purposes, i. e. for deposition of a conductive metal layer on dielectrics,
semiconductors, or on conductors with a complicated configuration without external current. The selection of
suitable reducing agents and conditions of the reaction (temperature, concentration of the reacting substances,
etc.) plays a very important role in creating stable solutions and obtaining coatings with required characteristics,
such as purity and surface roughness. The use of conventional hydrogen-containing reducing agents is connected
with environmental and technological problems: (i) the plating bath cannot be recycled, i. e. the reducing agent
oxidizes irreversibly; (ii) the plating rate and solution stability are not high enough. For these reasons, the search
and investigations of the reducing agents of a new type, e. g. charge-transfer reducers, namely the different
oxidation state metal-ion redox couples, are actual nowadays, and they are developed and applied in the
Department of Catalysis. The main reducing agents used are Ti(lll) and Co(ll), which oxidize during the electroless
plating processes to Ti(IV) and Co(lll). An additional advantage of such systems, where no hydrogen is formed
during the electroless plating process, is the possibility to reduce the oxidized form of the reducing agent to the
initial state. The R&D activities of our Department in this area are focused on the development of new electroless
metal plating processes as well as fundamental studies of reactions occurring in autocatalytic metal ions
reduction systems employing electrochemical quartz crystal microgravimetry. The electroless metal plating
method is also successively used for the fabrication of new catalytic materials for fuel cells. The non-noble metal
and noble metal catalysts with a low amount of noble metal-supported titanium, titania nanotube arrayed
surfaces, carbon, graphene powder, or other supports with enhanced activity towards the oxidation of various
fuels, have been developed. The catalysts obtained are promising anode materials and can be used in practical
fuel cells.
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Development of catalysts for
water splitting

= zita.sukackiene@ftmec.lt

Electrochemical water splitting is a simple method to produce
high-purity hydrogen (H;) through a cathodic reaction
(hydrogen evolution reaction, HER) and oxygen (O,) through an
anodic reaction (oxygen evolution reaction, OER). The
electroless metal deposition has been used for the plating of
the 3D binary or ternary cobalt coatings on a copper surface.
The surface morphology of Co-Ni, Co-Fe, Co-Fe-Mn, Co-Fe-Mo,
and Co-Zn coatings is compact and crack-free with typical
globular morphology. The electroactivity of the prepared
coatings towards HER and OER has been investigated in alkaline
media. The lowest overpotential for the HER to reach a current
density of 10 mA cm2 has been found to be 128.0 mV for the
Co-Fe-Mo coating. Furthermore, the lowest overpotential of
455 mV for the OER to reach 10 mA cm2 also provides the Co-
Fe-Mo coating. Moreover, adding Mo to the Co-Fe coating
results in higher activity of the Co-Fe-Mo coating compared to
pure Co-Fe. The current density increases 1.4-2.0 times
increasing temperature from 25 °C to 55 °C using the prepared
3D binary or ternary cobalt coatings for HER and OER. The
highest mass electro-catalytic activity of 1.55 mA pg* for HER
and 2.72 mA pg? for OER has been achieved on the Co-Fe
coating with a metal loading of 28.11 pug cm-2 at 25 °C.

Biomass-derived carbon catalysts for
oxygen reduction reaction

=> |oreta.tamasauskaite@ftmec.It

The use of renewable sources for energy generation is still not
sufficient to meet the ever-increasing demand. Research and
development of technologies for fuel cells, supercapacitors,
Li- and Na-batteries, as well as improvement of their
characteristics, are in a focus of attention all over the world. The
carbonization of biomass residues has excellent potential to
become an environmentally friendly process for the production
of various products for environmental, catalytic, electronic, and
agricultural applications. Hydrothermal carbonization (HTC) is
an environment-friendly technology for producing a solid
material named ‘hydrochar’. This technology is also known as
the wet pyrolysis process. The future use of these hydrochars
can be tuned by intelligently controlling the product flows. In
this study, an efficient non-precious electrocatalyst for oxygen
reduction reaction (ORR) has been developed by hydrothermal
carbonization of birch wood chips in the water under elevated
pressure with subsequent activation and doping with nitrogen.
The morphology of typical wavy and wrinkled layered graphene
can be seen in Fig. 3. The activity of the material has been
evaluated for ORR using the cyclic voltammetry (Fig. 4a) and
rotating disk electrode (Fig. 4b-d) methods in 0.1 M KOH
solution. The nitrogen-doped carbon material (N-HTC) was
found to have a high specific surface area (2431 m2 g-1) and an
excellent electro-catalytic activity towards the ORR with the
onset potential of 0.92 V vs RHE, showing the 4e- electrons
transfer path in an alkaline 0.1 M KOH solution. Moreover, the
N-HTC catalyst shows a good durability during a 1000-cycle test.
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Fig. 1. a) HER polarization curves of five studied coatings at 5 mV s*
with (b) the corresponding Tafel plots. All measurements for 1 M KOH.
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Fig. 2. (a) OER polarization curves of five studied coatings at 5 mV s*
with (b) the corresponding Tafel plots, All measurements for 1 M KOH.

Fig. 3. TEM images of wood-derived N-doped carbon for different
magnifications.
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Fig. 4. (a) CVs of N-HTC in Ar-deaerated and O.-saturated 0.1 M KOH
solutions. (b) LSVs of N-HTC recorded at a scan rate of 10 mV s in Oz-
saturated 0.1 M KOH at different rotation speeds. (c) Koutecky—Levich
plots at electrode potentials of 0.25-0.65 V. (d) Durability test for N-
HTC at 800 rpm at 10 mV s,
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Evaluation of the anthropogenic black
carbon emissions and deposition on
Norway spruce and silver birch foliage
in the Baltic region

=> steigvile.bycenkiene@ftmc.It

This study investigates potential influence of urban trees on black
carbon (BC) removal by Norway spruce and silver birch along with
the BC formation, mass concentration in air, and source
apportionment. BC aerosol particles produced by the condensation
mechanism during the combustion processes were found in all
samples taken from the leaf surface (Fig. 1, Table 1). The short-
term effect of BC exposure on photo-synthetic pigments
(chlorophylla and b; and carotenoids) in the foliage of one-year-old
Norway spruce and silver birch seedlings was evaluated by the
experiment carried out in the phytotron greenhouse. The exposure
of BC particles on the spruce and birch seedlings in the phytotron
increased the content of photosynthetic pigments compared to the
control seedlings in the phytotron (Fig. 2). Overall, urban trees can
help to improve air quality by reducing BC levels through dry
deposition on tree foliage, and needle-like trees are more efficient
than broad-leaved trees in capturing BC.

Indoor-outdoor relationship of submicron
particulate matter in mechanically
ventilated building: Chemical composition,
sources and infiltration factor

=> inga.garbariene@ftmc.lIt

The submicron particulate matter (PM1) generated by biomass
burning (BB) and fossil fuel (FF) combustion can efficiently
penetrate into the indoor environment, thus negatively affecting
indoor air quality. The source apportionment results showed a
dominant contribution of BB to the total carbona-ceous aerosol
particles, including primary (30 %) and secondary (40 %) fractions
in a low-energy building with a high-efficiency filtration system.
According to the enrichment factors, the main source of trace
elements (TE) was road dustresuspension (30%), while
anthropogenic emissions accounted for only 13% of the trace
elements. The concentrations of PM1components were
significantly lower (~90%) in indoor space than in the outdoor
environment (Fig. 3) The infiltration factor (Fin) of all studied
PM; constituents was low (Fins ~0.03).

Seasonal variation and complex analysis
of microplastic distribution in different
WWTP treatment stages in Lithuania

=> ieva.uoginte@ftmc.lIt

Microplastics (MPs) pollution has become one of the most
threatening environmental concerns today. Industrial wastewater,
domestic wastewater, and stormwater are the three entry points
for microplastics in wastewater treatment plants. Extreme weather
conditions, such as rising temperatures and heavy rainfall caused
by climate change, can alter the rate at which MP enters
wastewater treatment plant (WWTP). In this study, wastewater
and sludge samples from different treatment stages were collected
during a 12-month sampling campaign (seasonal) to determine the
efficiency of a municipal wastewater treatment plant in removing
MP particles (Fig. 4). MPs in arange of 20 - 1000 um were detected
and classified by shape, color, size, and chemical composition
depending on the season and treatment stage (Fig. 5). The average
removal rate in the WWTP was 57 %
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pendula) seedlings under different growing conditions.
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Nuclear

Nuclear research for actual
applications today and
Innovative technologies for future

The Department of Nuclear Research is involved in development and application of known and innovative
methods in the fields of nuclear fuel cycle technologies, experimental nuclear and mass spectroscopy, ion beam
application for material analysis and applications of lasers for generation of ionizing radiation. Optimization of
nuclear facility radioactive waste management (RWM) and comprehension of processes of radionuclides
transport through engineering barriers to enable nuclear facility safety are key applications of nuclear research
carried out in the Experimental Nuclear Research Laboratory. Participation in multinational RWM projects allows
to gain and to use modern practice of RWM technology, knowledge of RW predisposal and deep geological
disposal management. Development of ion beam methods for material analysis and modification is important
part of our activities having intersection both with semiconductor materials and applications for lasers.
Investigation of organic scintillator films opens new possibilities of inexpensive material application for detection
and spectroscopy of ionizing radiation particles. The principles of high energy electromagnetic radiation
generation are investigated using ultrashort laser pulses, taking into account practical application possibilities.
Complementary information on. material properties (magnetic properties, oxidation and corrosion of iron
compounds) is determined by Méssbauer spectroscopy. In the Isotopic Research Laboratory our attention is
focused on environmental impact assessment of energy generating facilities, effects of land-use change and
urban development on carbon sequestration in different environment. Aspects of isotopic niches of small
organisms, source apportionment of carbonaceous aerosol from forested sites and a multi-isotope approach for
contaminant monitoring are also investigated. Application of a stable isotope ratio analysis (3*3C, 8*°N, &80 and
8%S) in environmental, archeological and food samples is implemented and it stimulates new promising
technologies. **C measurements are performed in Accelerator Mass Spectrometry Laboratory. These studies
open potentially new field of activity related to carbon dating and analysis of triple carbon ratio for dedicated
samples. Close collaboration of our laboratories stimulates the development of smart-environmental and
environment-safe nuclear fuel cycle technologies and implementation of new material modification and analysis
methods for public and business needs.
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Optimization of radioactive waste (RW)
management technologies

=> rita.plukiene@ftmec.lt,
=> darius.germanas@ftmc.It,
=>» grigorijus.duskesas@ftmc.It

In the blind benchmark exercise, the values of decay heat rate
of five spent nuclear fuel assemblies, obtained by various
participants based on the same irradiation description and
validated with measured value, were compared (Fig. 1). This
experiment has led to performing a first assessment of up to
date simulation capabilities, as well as current prediction
potentials. Very low level radioactive waste (VLLW, i.e. above
clearance level) does not require high level of containment and
isolation being suitable for disposal in near surface landfill type
facilities with limited regulatory control. After careful
inspection procedure, it could possibly meet exempt waste
criteria for clearance (effective per year doses to individuals
should be of the order of 10 uSv or less). For this waste
characterization, the methods like in-situ nuclear spectroscopy
and dose rate measurements, such as waste inventory by NV
determination procedure, are needed. A very low level of
radioactive waste, radioactive near surface landfill, has been
found at Ignalina nuclear power plant site by experimental
survey using CeBrz gamma spectrometer, MCNP6 modeling tool
for detector efficiency estimation and NV confirmation for
clearance posibility evaluation (Fig. 2a). Assessment of dose
rate of activated PWR vessel and radiation protection shielding
containers was performed using MCNP modeling for final
management project of Paldisky low and intermediates level
radioactive waste site (Fig. 2b).

Radiocarbon generation and
atmospheric release assessment from
nuclear power plant with RBMK type
reactors

=> laurynas.juodis@ftmc.It

We obtained a comprehensive understanding of 14C nuclide
generation and release from the main circulation circuit and
gaseous circuit of RBMK-1500 reactors operated at Ignalina
NPP. The primary sources of 14C generation and airborne
release are evaluated as 0.491 and 0.367 TBq per one calendar
year (10.5 months of effective reactor operation at 1350 MW,
power), respectively. The analysis of the operation specifics of
these systems demonstrated that they do not provide an
effective barrier to contain 14C due to the 4CO, chemical form
of radiocarbon in RBMK reactors, i.e., 100% release (0.858
TBg/year) have been evaluated available for atmospheric
release. These results have been compared to the atmospheric
releases evaluated from the 14C activity concentration
measured in pine tree ring samples by single stage accelerator
mass spectrometer (SSAMS, NEC, USA) at AMS laboratory,
resulting to airborne release value of 1 TBg/year for one RBMK-
1500 reactor. Slightly higher value reproduced from the tree
ring samples indicates that the reactor graphite stack might be
also a source of the 14C releases of about 0.14 + 0.24 TBg/year.
Based on similar design features, the results of our study can be
easily projected on the RBMK-1000 reactors rescaling 4C
source term according to the lower reactor power.
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Fig. 1. Relative difference between measured (E) and calculated (C)
decay heat rate values for five different PWR assemblies.
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Fig. 2. (a) Modeling of CeBrs detector response in the radioactive
waste surface landfill repository borehole. (b) Model cross-sections
of the PWR /BM-A (70MW) reactor vessel and its rectangular
radiation protection concrete container (thickness 3 cm).
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Investigation of anthropogenic
radionuclides at aqueous and soil
environment

= zita.zukauskaite@ftmec.lt
=> laima.kazakeviciute@ftmc.lt

Radiocesium and plutonium isotopes are commonly found in the
environment as a result of nuclear weapons tests or accidents at
nuclear facilities. Accurate and reliable determination of the
concentration of 13Cs and Pu isotopes in the environmental
samples is important due to the potential hazard of these
radionuclides to human health. New method of concentration
measurement of radionuclides from aqueous environment using
raw and modified biosorbents (moss Ptilium crista - castrensis and
oak sawdust Quercus robur, both in the form of natural and
modified state) was developed, the main functional groups and
sorption mechanisms have been identified. It was shown, that the
biosorbent modification significantly increases the sorbent surface
area (see Fig. 4). The best results for the sorption were shown by
carbonated sawdust activated with HCI for Cs and raw moss and
moss modified with iron hydroxide for plutonium. The migration
capabilities of 137Cs and 239240Py in the soil layers have been studied
by sequential extraction determining the geochemical forms of
radionuclides of non-boggy and waterlogged soil cores sampled on
the shores of lake Bedugnis. The value of the exchangeable fraction
of radionuclides is shown to be indicative of their migration
capabilities in vertical profile of the soil.

Effect of lanthanide (La, Ce, Pr, Nd)
substitution on structural and magnetic
properties of YsFesO12

=>» kestutis.mazeika@ftmc.lt

Ferrimagnetic yttrium and rare-earth iron garnets demonstrate
high resistivity which makes them suitable for high frequency
applications. The garnet structure has three different lattice sites
for cations, therefore, the properties of YsFesO1, can be modified
by substitution of cations either in tetrahedral and octahedral sites
occupied by iron or dodecahedral sites occupied by yttrium. In this
study, the substitution of yttrium by four lanthanides (La, Ce, Prand
Nd) yttrium was performed in the samples synthesized by the sol-
gel method. The XRD and Mdsshauer spectroscopy data (Fig. 5)
demonstrate that the substitution with lanthanides affects the
phase composition of obtained samples. High substitution levels
lead to the formation of large amount of antiferromagnetic
perovskite and hematite phases. However, for intermediate levels

Automated method for thermal-optical
separation of aerosol organic/elemental
carbon for 3C analysis

= agne.masalaite@ftmc.It

A method for 13C analysis in different fractions of carbonaceous
aerosols, especially elemental carbon (EC) was evaluated. This
method combines a Sunset thermal-optical analyzer and an isotope
ratio mass spectrometer (IRMS) via a custom-built automated
separation, purification, and injection system. Organic carbon (OC),
EC, and other specific fractions from aerosol filter samples can be
separated and analyzed automatically for 13C based on thermal-
optical protocols (EUSAAR_2) at sub-ugC levels. The main
challenges in isolating EC for 13C analysis are the possible artifacts
during OC/EC separation, including the premature loss of EC
and the formation of pyrolyzed OC (pOC) that is difficult to separate
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Fig. 4. SEM images of (a) raw moss, (b) moss modified with iron
hydroxide, magnification x 1000, (c) raw sawdust, (d) sawdust
modified with iron hydroxide, (e) sawdust after carbonization at
300 °C temperature and (f) carbonized sawdust modified with HCI,
magnification x500.
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Fig. 5. Dependence of Mdssbauer spectra of (a) Ya.NdxFesO1 and
(b) YsxLaxesOr2 on amount of substitution. Yellow and cyan denote
garnet phase, while olive is due to perovskite and hematite phases.

of substitution with heavier lanthanides Nd and Pr, the garnet
phase remains dominant. These results are also confirmed by
saturation magnetization and coercivity measurements.
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Fig. 6. A schematical representation of the automated method.

from EC. Since those artifacts can be accompanied by isotope
fractionation, their influence on the stable isotopic composition
of EC was comprehensively investigated with various test
compounds. The results show that the thermal-optical method
is relatively successful in OC/EC separation for 13C analysis.



Development of graphitization method for
low carbon aerosol filter samples

= laurynas.butkus@ftmc.It

The wide applications of the radiocarbon (14C) approach in
environmental, archeological, and geological research often
necessitates the analysis of microgram-sized samples. The
ability to measure low carbon samples is particularly relevant for
aerosol particle filters. Here, the dilution method is used for aerosol
source apportionment studies as much faster and less filter
requiring than conventional methods. The determination of 14C
values of aerosol filters with low carbon content (starting at
40 pg C), previously unfeasible with the current AGE-3 system, are
now possible. We used sample dilution method for graphitization
of low-carbon samples (20-200pug C) with an Automated
Graphitization System, AGE-3, and applied a mass balance
equation for the calculation of *4C values. This method does not
require sample weighing, as the elemental analyzer measures
the area of the sample CO, with greater accuracy. Further this
is used for calculations of the 1C. The established confidence
limits of the method are +2 pMC, insignificant for estimation of
partial inputs of different aerosol sources.

Impacts of land-use change and urban
development on carbon sequestration in
tropical seagrass meadow sediments

=> andrius.garbaras@ftmc.It

Seagrass meadows store significant carbon stocks at a global scale,
but land-use change and other anthropogenic activities can alter
the natural process of organic carbon (Corg) accumulation (Fig. 8).
The carbon accumulation history of two seagrass meadows with
different degrees of disturbance in Zanzibar (Tanzania) was
assesed. It was shown that seagrass meadows accumulated Corg at
an average rate of 22—25 g Cory m=2 yr-t over the last ~80 years, and
stored substantially higher amounts of Coq relative to the
unvegetated site. It was concluded that land-based human
activities have modified the carbon storage of seagrass meadows
in Zanzibar and ongoing coastal transformation might change the
Corg Storage capacity of seagrass ecosystems due to altered organic
matter sources and increased accumulation rate (by 24-30%). This
highlights the necessity to consider the land-sea interface
(including coastal development) and habitat connectivity to better
understand the blue carbon capacity of the coastal zone. The
results of this study can be used to guide coastal management for
protection of seagrass meadows as sinks of atmospheric CO..

Seasonal observation and source
apportionment of carbonaceous aerosol

= agne.masalaite@ftmc.It

The dependence of stable carbon isotopic ratio (3!3Crc) variation on
air mass direction at the hemiboreal forest site (Lithuania) during
the cold and the warm seasons demonstrated the differences of
O13Crc that could be primarily attributed to different sources and
seasons (Fig. 10). Source apportionment of organic aerosol (OA)
measurement with ACSM using PMF analysis yielded a three-factor
solution: biomass-burning related OA (17%), more oxygenated OA
(52%), and less oxygenated OA (31%). Our analysis highlights the
importance of comprehensive identification of possible regional
aerosol particle sources.

160 160
a) b)
F——n—
1404 OXIl sam, J 140
134,06 F=gyrprg =gy S Mo )
. *
[S] * <]
2 1204 4 |2a§
g 4 i &
- 1 7 °
1 ©_CT7 samples -]
T o 5
E 49,53 fmmmmm Q—--a----j-annc-ﬁqg---g--ﬂw-ﬁﬁc. .......... a
a gd © a
AL 2
40 40
20 ; 20
10 100 1000

Camount, jig

Fig. 7. Estimated and measured pMC values of samples with known
pMC: (a) prepared and measured by dilution method (carbon amount
15-100 pg) and (b) measured “C values of the samples prepared using
the conventional method (carbon amount 100 - 500 pg). The red line
shows the nominal pMC values for investigated samples.
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Fig. 9. (Left) Land-use areal expanse of Zanzibar Town since 1975
and the relocation of sewage outlet in the mid-1990s against the
~10 years mean (xSE) of Corg density and proportion of seagrass
source input in Stone Town seagrass sediments for the different
time periods. (Right) Loss of mangrove area during 2002-2018 in
relation to the proportion of mangrove/terrestrial sources in the
sediment of the Mbweni seagrass site.
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Fig. 10. Dependence of d**Crc variation on air mass direction at the
hemiboreal forest site during the cold and the warm seasons.
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Textile technologies

TECHNICAL TEXTILES
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The Department of Textile Technologies

Interactions between textile materials, human health, and environmental impact are highly complex, dynamically
changing over time and requiring comprehensive research. Department of Textile technologies following the
research priorities of EU Strategy. for Sustainable and Circular Textiles continued its scientific activities in
developing new, low footprint products and processes. In cooperation with industry partners the biodegradable
and natural fiber based materials were developed. The focus was on reducing the negative effects of textile
processing: scientific research of low-pressure plasma treatment impact on biobased fabric finishing was carried
out. Developing of smart and high-performance products for military application remained the core of the
research in the department. System and method for personal thermal comfort of smart ballistic protection
equipment with active thermoregulation system was applied and registered in European patent office. Research
and development of adaptive camouflage techniques was continued, and new project proposal was submitted
for EU European Defence Fund. For further development of smart, high-performance materials, digital printing
technology was implemented, and laboratory digital printer and spectrophotometer were approved for financing
by Research Council of Lithuania. This would enhance the range of our research from the novel idea to
prototyping of innovative products.
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Impact of low-pressure plasma treatment
of wool fabric tfor dyeing with PEDOT: PSS

= julija.petkeviciute@ftmc.It

This study demonstrates the effect of non-thermal plasma
modification to surface morphology, color characteristics and
electrical conductivity of wool fabric dyed with intrinsically
conductive polymer (ICP) poly (3, 4-ethylenedioxythiophene)
polystyrene sulfonate (PEDOT: PSS). The wool fabric was treated
with an aqueous dispersion of PEDOT: PSS, Clevios F ET, providing
electrically conductive properties to textiles. The wool fabric,
containing basic groups of amine (-NH,), was pre-activated at 90 °C
with low-pressure plasma of non-polymer forming nitrogen (Ny)
gas before exhaust dyeing with PEDOT: PSS. This treatment
enhanced hydrophilicity, reduced felting, increased adhesion,
improved dye ability and ensured more PEDOT: PSS negatively
charged sulfonate (-SOs) counter ions to be electrostatically
bounded with the cationic protonated amine groups of the wool
fiber. Initially, before N, gas plasma treatment and after fabrics
were evaluated according to the test method for aqueous liquid
repellency, the surface morphology of the plasma-modified and
unmodified wool dyed fabric was observed with scanning electron
microscopy (SEM) (Fig. 1). The functional groups, introduced onto
the surface after N, gas plasma treatment of wool fabric, were
characterized by X-ray photoelectron and FTIR-ATR spectroscopy

Prediction of air permeability
coefficient and water-vapor resistance
of 3D textile layer

=> ausra.abraitiene@ftmec.It

A computational model for investigation of the air permeability
coefficient and the water-vapor resistance coefficient of 3D
textile layer (Fig. 3) is presented. The effective values of the
coefficients are highly dependent on the volumetric internal
structure of the layer. The computational study of air and water
vapor flow has been performed using the micro scale finite
element model of the representative volume of the textile layer
by considering the real configuration of the yarns and filaments.
The unit cell models (Fig.4) of specific textile layers were
developed to simulate the physical processes influencing the air
permeability and water-vapor resistance coefficients of the
fabrics. The Model 6 was used for the representation of two-layer
woven fabric combined of two replicas of the Model 3. The
dimensions of air domain in Models 1, 3, 5, 6, 7 were 1.4 mm x 1
mm x 10 mm and the thickness of textile layer domain was 0.439
mm. The dimensions of the air domain in Models 2 and 4 were
1.05 mm x 1 mm x 10 mm and the thickness of the textile layer
domain was 0.438 mm. Model 7 was equivalent to the 3D textile
layer and represented unit cell model, where top and bottom
layers are based on Model 6 and combined together with spacer
yarn. In Models 5, 6, 7 the distance between two textile layers
was 3.06 mm. In Model 7 the radius of spacer yarn was 0.08 mm.
The spacer yarn is made from polypropylene with linear density
18 tex. The effective values of the coefficients were obtained by
taking average values of air and water vapor fluxes through the
thickness of the representative volume. The steady state
computational models in micro scale are based on Navier-Stokes
and Brinkman partial differential equations. The simulations were
performed in Comsol Multiphysics software environment by
using laminar flow application mode. Numerical results for the air
permeability of the samples were obtained, analyzed and
validated comparing with the experimental data, and good
agreement has been achieved (Fig. 5).

Fig. 1. SEM images of N2 plasma-modified and dispersed in aqueous
solution of PEDOT: PSS, Clevios F ET, dyed wool fiber. Cross section:
magnification (a) x6500 and (b) x120000.
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Fig. 2. FTIR-ATR spectra illustrating untreated and N2 gas plasma-
treated wool fabrics.

(Fig. 2). The results of color difference measurements show that
N, gas plasma treatments provide more intense color on Clevios
F ET dyed wool fabric and retain its electrical conductivity.

Fig. 3. The sample of 3D textile.
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National Metrology Institute of Lithuania

Metrology is the science of measurement and its application. In metrology one has to deal with correctness,
accuracy and reliability of measurement results. The core of metrology lies in the validation of the result,
particularly by specifying its actual limitations.

FTMC was authorized to perform and implement functions of the National Metrology Institute (NMI) since 1 July 2014.
The Quality Management System (QMS) was created fulfilling the requirements of the international standard ISO/IEC
17025:2017. The QMS was peer-reviewed on a periodical basis which was recognised by EURAMET. In 2021, the NMI
of Lithuania became one of eight NMls of Nordic-Baltic countries which established European Metrology Network
(EMN) Smart Specialisation in Northern Europe.

Currently, FTMC maintains the national standards in the following areas of measurements: electricity and magnetism,
ionising radiation, length, mass, metrology in chemistry, thermometry, time and frequency.

Time and Frequency Standard Laboratory (TFSL) is reproducing values of the unit of time, the second (s), and
the unit of frequency, the hertz (Hz). The mission of TFSL is the representation of Lithuanian Coordinated Universal
Time UTC(LT), ensuring the traceability of the magnitudes reproduced to the International System of Units (SI),
disseminating them to Lithuanian scientific establishments, personal and legal bodies by calibrating their working
standards and measurement devices, disseminating Lithuanian time scale, and other relevant means. The TFSL, in
cooperation with the JSC BaltStamp, provides qualified time stamping services which meet the elDAS regulations and
the ETSI standards. The time stamping service issued up to two million time stamps per month for Lithuanian
governmental organisations and European users.

The mission of the Electrical Standards Laboratory (ESL) is maintaining and developing the standards of unit of
voltage, the volt (V), and unit of resistance, the ohm (Q), ensuring their traceability to the SI, calibrating working
standards and measurement devices, pursuing research in the field of measurement of voltage, resistance and
electrical current.

The mission of the Temperature Unit Standard Laboratory (TUSL) is the realization of the international temperature
scale ITS-90 and the value of the unit of temperature, the Kelvin (K), ensuring their traceability to the Sl. Lithuanian
National Standard of the temperature unit (in the range from -195°C to +961,78°C) is of the primary level while the
reference point of the freezing point of Cu (+1084,62 °C) is of the secondary level.
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Both the national standard of mass and the national standard of length were
transferred to FTMC by the Government of the Republic of Lithuania in 2019.
The mission of the national gauge blocks standard is maintaining and
transferring length unit (in the range from 0,5 mm to 100 mm) ensuring its
metrological traceability to the SI system. The mission of the national mass
unit standard is maintaining and developing the standards of mass unit
ensuring the traceability to the Sl system in the range from 1 mg to 20 kg. The
reference equipment can also measure the magnetic properties and density
of weights.

The reliable, traceable and accurate chemical measurements in different
sectors of biotechnology, healthcare, safety and environment protection is
provided by the Laboratory for Metrology in Chemistry (LMiC). In 2022, the
LMIC continued its activities in a new research project 01.2.1-LVPA-K-856-01-
0120 "Development of in-combo methods for the evaluation of the safety of
compounds for humans and environment and development of products
prototypes based on them". The project develops prototypes for new products
characterizing chemical compounds applied in chemistry, cosmetics and
pharmaceutical industry. Another area of laboratory interests is a new regional
metrological capacity for certification of reference materials according to the
requirements of ISO 17034 standard, as well as research in the field of volatile
organic compounds for different applications.

The lonizing Radiation Metrology Laboratory (IRML) participated in the IAEA-
TERC-2022-01/02 World-wide open Proficiency Test on determination of
anthropogenic and natural radionuclides in water, soil (gamma-ray spectrum
analysis exercise), and simulated contaminated surface samples organized by
the International Atomic Energy Agency (IAEA). The TRIC 2022 Test on tritium
activity measurement in water was also organized by the IAEA. The IRML
continued planned activities within the EMPIR 2020 joint project 20SIP02 on
dissemination of the pre-selection and free release measurement technology
to the end-users from nuclear facilities. The calibrations and sample
measurements, ensuring traceability to the National Standard of radionuclide
activity, were carried out for Lithuanian hospitals and other customers.







BALTFAB processing technologies

= http://www.baltfab.com/

BALTFAB is a joint open user facility between departments of Laser technologies
and Nanoengineering, offering a full range of nano/micro and macro fabrication
as well as laser patterning, marking and cutting on any required material. State of
the art laser microfabrication workstations are equipped with full variety of
industrial ns-, ps- and fs- lasers. The BALTFAB team include experts to set-up, test
and develop laser micro-machining processes and systems. Soft nano-lithography
tools for rapid creation of nano-structures are tested to be live cell compatible.
The patterns are routinely applied to improve the bio-compatibility of medical
devices. The team is developing tools for detection of molecules on surfaces, to
fasten the testing and evaluation of cells or drugs.

Services include: 1) Laser processing: in-Glass marking; laser beam interference
ablation; laser direct writing; ultrashort pulse laser ablation. 2) Molecular: dip pen
nanolithography; microcontact printing; piezoelectric inkjet printing; colloidal
nanolithography. 3) Analytical: bio AFM; electrochemical sensors; imaging
surface plasmon ellipsometry.

Available equipment: Multi-axis workstations with ultra-short pulse lasers for
experimentation, rent and user training services. Dip pen nanolithography and
imaging ellipsometry for creating and imaging of molecular surfaces.

Converse and chemical
coatings

=> sigitas.jankauskas@ftmc.It

specializes in aluminium and its alloys anodization, galvanic precious metals
plating and related fields. The services provide: electrodeposition of
protective, decorative as well as technical converse (anodic) coatings,
structural etching of decoration elements, adsorption colouring of anodized
surfaces, modify-cation of aluminium and its alloys surfaces with a passivation
film that ensures the required conductivity, protection and other properties,
chemical deposition of passivation coatings onto alloy steels.

Available equipment: Experimental equipment for environment-friendly
galvanic processes, anodizing line.

Microwave transmission,
reflection and absorption

=> paulius.ragulis@ftmc.lt

In the new microwave anechoic chamber we developed a setup for microwave
transmission and reflection measurement in a frequency range from 1 GHz to
18 GHz. Measured sample is placed in the aperture of the absorbing panel.
Using this technique, it is possible to measure microwave properties of
various modern materials: windowpanes, absorbing textiles, shielding
materials, etc.
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	The year was particular in developing the relations with Taiwan scientific institutions. Together with Taiwanese colleagues, in February 2022 we have launched Taiwan and Lithuania Center for Semiconductors and Materials Science at FTMC. This Center no...
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