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Zmonés, publikacijos, patentai:

« 10 Zmoniy (4 daktarai; 3 magistrantai, 3 inZinieriai);

virs 50 metaly hidridy ir oksidy taikymo energetikos srityje publikacijy;

6 LR Patenty biuro isduoti patentai;
EPO metaly hidridy sintezés patentas (EP2338834 (B1) — 2017-02-15 ).

Vertinama PCT patentiné gama Al,O; sintezés paraiska. 2018.

Tarptautiniai projektai:
» USA DoE/Sandia National Lab (JAV) 2002-2005;
* JRC Institute for Energy (ES) 2005-2008;
« EU 6™ Framework Programme (6BP) - 4 projektai;
» Nordic Energy Research (NoE) — 2 projektai 2002-2010;

 Task 22 of The International Energy Agency Hydrogen
Implementing Agreement (IEA HIA) 2002-iki dabar;

*H2020 projektas, akronimas: iDistributed. 2017-2020
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Pajegumy apzvalga

Medziagy sinteze: Pavirsiaus analizes metodai:
— Magnetroninio dulkinimo fizikinio | |~ Rentgeno spinduliy fotoelektrony
garo nusodinimas (PVD) spektroskopija (XPS)

— Auger elektrony spektroskopija (AES)

— Skenuojanti elektroniné mikroskopija (SEM)
— Energijos dispersijos spektroskopija (EDS)
— Atominés jégos mikroskopas (AFM)

— Kontaktinis profilometras

— Elektroninio spindulio garinimas
— Rutulinis malimas

Turinio tyrimo metodai:

— Rentgeno spinduliy difrakcija — Nanoidentacinis mikrokietumo analize
(XRD)

— Rusenancio islydzio spektrometras Other :
(GDS) — Sievert type volumetric gas

— Azoto, deguonies ir vandenilio sorption/desorption analysis
kiekio analizatorius — Optical spectroscopy and microscopy

— Impedanso spektroskopija — Other auxiliary laboratory equipment
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Esamy energijos saugojimo sprendimy palyginimas

Decreasing storage weight
Comparison of specific power and specific energy
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X.Luo et al., Applied Energy Vol. 137, 2015, p. 511-536 ,
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Vandenilio technologijos mobilioms sistemoms

Renewable Energy Usage as SNG and Hydrogen

Assessment based on 1 MJ of chemical energy available at filling station

Hydrogen in Fuel Cell Electric Vehicle
Electrolysis losses
Compression

and distribution Energy
atthe wheels

@ 30%

Electrolysis Hydrogen at filling station  Vehicle
n=70% n=51%

Vehicle losses

Wind energy

=» To reach high efficiency, reduction of the number of energy conversion steps
to a minimum and application of electric powertrain concepts is required

G APRCE

Ulrich Eberle, IEA HIA Expert meeting 2012
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Vandenilio gamyba aktyviy metaly reakcijos
su vandeniu metu
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Vykstantys tyrimai: 3.75 kg vandenilio per dieng is aliuminio

atlieky reakcijy su vandeniu
>
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Fig. 1 - DAHG apparatus (induding double dump valves on top of reactor, which were removed in the final verdon). Fig. 6 — Hydregen gas flow rate results for 22.7 kg batch of aluminum.

Development and demonstration of a deployable apparatus for generating hydrogen from the hydrolysis of aluminum via sodium hydroxide.D.
W. Hurtubise, D. Klosterman, A. B. Morgan. University of Dayton Research Institute, 300 College Park, Dayton, OH 45469, USA Chemical &

Materials Engineering Dept., University of Dayton, 300 College Park, Dayton, OH 45469, USA.Internationaljournal of hydrogen energy 4 3
(2018)6777e6788
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Aliuminis kaip pirminé zaliava
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World production of primary aluminum, by country, 2017

Aluminium s the 3rd most abundant
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https://www.nrcan.gc.ca/mining-materials/facts/aluminum/20510
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Vidutinés ménesineés aliuminio kainos, 2008-2017
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https://www.nrcan.gc.ca/mining-materials/facts/aluminum/20510

CENTRE FOR
HYDROGEN ENERGY TECHNOLOGIES WWW.HYDROGEN.LT




‘Y ' | l i \ \ \ ::\ ::. (" . \ l :: |.'”"” I

Aliuminio reakcija su vandeniu ir vandenilio generavimas
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Wang H., Leung D.Y.C., Leung M.K.H. Energy analysis of hydrogen and electricity production from
aluminum-based processes. Applied Energy, 2012, Vol. 90, no. 1, p. 100-105.
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Aliuminio — vandens reakcijy termodinamika

1/3A1+ IH,0 = 2/3A10H), + Hy(g)

T AH A% AG
C kJ/mol HI JK kJ/'mol HI
0 =277 26.2 -284
100 -284 329 -285
200 -291 121 -283

Reakcijos termodinamika sako, kad teoriskai aliuminis turéty spontaniskai reaguoti su
vandeniu. Taciau praktika rodo, kad j vandenj jmestas aliuminio gabalélis islieka visiskai
nepakites nei kambario temperatiiroje nei po Zenklaus pakaitinimo.

Pagrindinis isSuakis: nataralus 5-10 nm Al,O; skluoksnis esantis Al pavirsiuje.
AL O;
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Aliuminio reakcija su vandeniu turi tris pagrindinius etapus:

1. Pirminis etapas — laikotarpis nuo panardinimo iki H, generavimo pradzios,
Siame etape vyksta vandens molekuliy difuzija per oksidinés dangos defektus
iki grynojo metalo pavirsiaus;

2. Greitasis reakcijos etapas, kuomet oksidinis sluoksnis ima trukinéti ir jame
atsiveria naujos reakcijos vietos;

3. Tredciasis etapas — léetoji reakcijos stadija, kuomet likes aliuminis verCiamas j

reakcijos produktus.
Vandenilio dujos

. Al(OH)s
Al203

OH"
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Budai paskatinti reakcija

Hidroksidiniai aktyvatoriai:
2Al + 2NaOH + 2H,0 = Na,Al,0, + 3H,
2Al + 6NaOH + xH,0 = Na Al,O, + xH,0 + 3H,

Pagrindinis issukis: vandeniniai NaOH tirpalai pasizymi
ésdinanCiomis savybémis, todél jy naudojimas gali sukelti jprastiniy
jrengimy ir sistemy komponenty korozija.

PETROVIC, J., THOMAS, G. Reaction of aluminum with water to produce hydrogen. US Department of Energy .
2008. p. 1-26
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Oksidinial aktyvatoriai:

Tyrimai parode, kad 4-9 pH vandenyje aukstu aktyvumu pasizymi
metalinio aliuminio ir aliuminio oksido milteliy misiniai. TaCiau toks
aktyvumas pasiekiamas tik po ilgo ir energetiskai intensyvaus Al-Al,O,
milteliy misinio paruosimo rutulinio malimo budu.
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International Patent Application PCT/CA2001/001115; Hydrogen generation from water split reaction; February 21, 2002; Inventors:
Asoke Chaklader, Das Chandra; Assignee: The University of British Columbia. y
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Drusky aktyvatoriai:

Vandenyje tirpios druskos gali sukelti lokaliy aliuminio oksido
sluoksnio skyluéiy susidaryma ir viso oksido sluoksnio sueizéjima. Siuo
atzvilgiu didziausiu efektu pasizymi Al milteliy miSiniai su NaCl ir KClI
druskomis (masiy santykis 1:1)
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Al
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PETROVIC, J., THOMAS, G. Reaction of aluminum with water to produce hydrogen. US Department of Energy .
2008. p. 1-26
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Aliuminio aktyvavimas malimu su Ga-In lydiniais
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Aliuminio parengimas rutuliniu malimu

Patento paraiskoje nurodoma, kad aliuminio milteliai gali buti

aktyvuojami rutuliniu malimu vandenyje, po kurio greitu kaitinimu ir
saldymu sukeliamas terminis sokas

Amount of hydrogen generated per 5g of aluminum fine particles
4 r

Gl
T

After activation

Amount of hydrogen generated (L)
h3

T F Without activation
D ....... .4..._______,,,,_l__...-_.._.._..I_....._.-- ! I
0 10 20 30 40 50
Time (hour)

U.S. Patent Application 20060034756; Method for generating hydrogen gas utilizing activated aluminum fine particles; February 16,
2006; Inventors: Maseo Watanabe, Ximeng Jiang, Ryuichi Saito; Assignee: Dynax Corporation
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Vandenilio iSeigy palyginimas skirtingy aktyvatoriy
naudojimo atvejais

Aktyvatorius ISeiga pagal mase, % H, ISeiga pagal tarj, g H,/L
Grynas aliuminis 3,7 46
Hidroksidinis aktyvatorius 2,5 36
Oksidinis aktyvatorius 2,5 40,6
NaCl druskos aktyvatorius 2,8 39
Ga20/AlI80 lydiniai 3,0 37

PETROVIC, J., THOMAS, G. Reaction of aluminum with water to produce hydrogen. US Department of Energy .
2008. p. 1-26
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Aliuminio aktyvacija (- )
. 7
vandenilio plazma O o
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Diagram 2. Surface roughening by kinetically knocking
contaminants from the surface, increasing surface area

topography

Hydrogen plasma

Al cathode )

Compressive Compressive
Al pOWdel’ stress stress
—_— e

Substrate /

Boundaries Channels
of nanograins between columns

Water flow s

@ - Hydrogen atoms
...@9®... - H saturated surface

CENTRE FOR
HYDROGEN ENERGY TECHNOLOGIES WWW.HYDROGEN.LT




Aktyvavimo plazma privalumai:

1. Tai aplinkai nekenksmingas bidas: nenaudojamos jokios toksinés medziagos.

2. Gerai zinoma, kad apsvitos vandenilio jonais metu

vandenilis gali kauptis metalo-oksido sluoksniy H2 plasma
sanddroje ir ten sudaryti burbulus. J o H+J P lm
3. Zemas vandenilio tirpumas aliuminyje Micro cracks

lemia vandenilio jony/atomy difuzijg |

vakancinius defektus ir tarpgranulines

zonas, kur vandenilis jungiasi j molekules ir /
formuoja mikrojtrikimus. Defected oxide layer

4. Aktyvavimas rutuliniu malimu yra sudétingas procesas reikalaujantis dideliy laiko,
energijos ir papildomy medziagy sgnaudy. Tuo tarpu aktyvavimas plazma yra
tiesioginis, santykinai greitas, vieno etapo procesas, kurio realizavimas kelia maziau
iSSukiy nei mechaniniy ar cheminiy procesy naudojimas.
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Vandenilio plazmos sgveika su Al dangomis:
elementiniy profiliy matavimai (GDOES)
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Vandenilio iSeigos matavimai
7070.05gA
T 60 40mlH20 | | | 4
< Inverted burette | — 50 el |
S 1 Modified Al powder .
c
Hydrogen Hydrogen 'g 30 - | | .
Flask\ oclaci i N | S 20 Unmodified Al powder n
ater container ho) . . |
m ‘\\ N 0
N
0

0 200 400 600 800 1000 1200
Time/ s —

Reactants in water

Pirminiy ir plazmoje paveikty 0.05 g aliuminio milteliy reakcijos su vandeniu (40 ml) metu iSsiskyres
vandenilio kiekis. Intarpai rodo pirminio (virSuje) ir plazmoje aktyvuoto (apacioje) aliuminio pavirSiaus
drékinima.

Urbonavicius M., Varnagiris S., Milcius D. Generation of hydrogen by the reaction between plasma modified aluminum and water (doi:
10.1002/ente.201700344) // Energy Technology. ISSN 2194-4288. Vol. 5. No. 12. 2017. p. 2300-2308
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PavirsSiaus tyrimai: pirminio ir 1 h 250 W vandenilio plazmoje
paveikto Al pavirsiaus sudétis nustatyta XPS metodu

1.8 Unmodified Al 'Plasma modified Al Z ' '
1.6k Atomic % Atomic % Q il
- C1s 45.3 C1s 14.5
i O1s 35.2 O1s 53.8
5 1.4F  Ai2p 195 Al2p 31.7 .
(43
— 1.2+ — i
= < - 9
= S N
e 1+ 2 ? 2 =&
9 S C/Al = 0.46 O P S
= 0.8 O Plasma modified Al L |
D '.
N 0.6 : :
= I C/Al = 2.32 : : |
% 0.4 Unmodified Al :
=2 0.2 N .
0

1200 1000 800 600 400 200
Binding Energy / eV ——>

Urbonavicius M., Varnagiris S., Milcius D. Generation of hydrogen by the reaction between plasma modified aluminum and water
(doi: 10.1002/ente.201700344) // Energy Technology. ISSN 2194-4288. Vol. 5. No. 12. 2017. p. 2300-2308
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Anglies C1s smailiy pries ir po plazmos poveikio analizé

1200-'(3)
1100}
Pos. %Area
1000} 284.97 82.50 C-C
T 286.20 594 C-O
= 900 288.02 1.85 C=0
& 800 289.15 9.71 COO-
} 700 |
g 600 +
E 500 +
400
300} =
200 Lt . X X ) f X 2 2
291 290 289 288 287 286 285 284 283
Binding Energy / eV —>
(b)
1000 |
Pos. %Area
T 9200 284.98 68.94 C-C
286.21 2163 C-O
» 1.95 C=0
S 800 7.48 COO-
= 700
(72}
[
2 600
=
500
4000, . . . . : ) ) -
291 290 289 288 287 286 285 284 283

Binding Energy / eV —>

Po plazmos poveikio aliuminio
pavirSiuje stebime stipriau oksiduotus
anglies darinius. Zenklus nepoliniy (C-
C) sumazeéjimas iki 68.9 % ir atitinkamai
iSauges poliniy grupiy (C-0, C=0) kiekis,
stiprina pavirSiaus hidrofiliSkuma.

Po plazmos poveikio Al pavirsius
pasikeicia is hidrofobinio j hidrofilinj.

Urbonavicius M., Varnagiris S., Milcius D. Generation of hydrogen by the reaction between plasma modified aluminium and water (doi:
10.1002/ente.201700344) // Energy Technology. ISSN 2194-4288.Vol. 5. No. 12. 2017. p. 2300-2308 2
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Pagrindiniai vandenilio generavimo naudojant
aliuminio reakcija su vandeniu skaiciai:

Aliuminio sgnaudos: 9 kg Al vienam H, kg (esant 100 % baigtai reakcijai)
Vandenilio iSeiga pagal mase: 3.7 wt.% (tik medziagos)

Vandenilio iSeiga pagal tarj: 36-46 kg H, /L (tik medziagos)

Reakcijy kinetika: 2 x 10* g H2/sec/g Al — pagal iki Siol paskelbtus duomenis
Kaina: $7 vienam kg H, (remiantis elektros kaina, kuri reikalinga tik aliuminio
oksido redukcijai iki aliuminio)

Reali vandenilio gamybos kaina is aliuminio reakcijos su vandeniu kaina bus didesné
del papildomy kasty susijusi su medziagy transportavimu, perdirbimu, sugrazinimo
darbui, aliuminio oksido paruosSimo perdirbimui ir kt. Pavyzdziui, 2007 mety studijos
duomenimis tuometiné aliuminio kaina galutiniam vartotojui buvo $2.36/kg, o
atitinkama vandenilio gamybos kaina buty siekusi $21/kg H,.

PETROVIC, J., THOMAS, G. Reaction of aluminum with water to
produce hydrogen. US Department of Energy . 2008. p. 1-26
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Siulomo proceso ekonomija

Aluminum production reaction: Reaction of aluminum oxidation in water:
AlLO,—> 2A1+1.50, Al+nH, 0= 0.5A1,0,+(H,0),, s+ 1.5H,
A
for renewal

(per a kg of Al)

lfor sale

®

F(3)3)

CENTRE FOR

more than 1.9 kg 15+16 MJ 0.11 kg H,
of aluminum of heat (15.6 MJ store)
oxide/hydroxide /\ 2 44 /\
s
electrlcity heat electncnty

~
- ——————— - IR ———
- ’

~31 MJ per 1 kg of Al total

[SHKOLNIKOV, E.l. et al. Aluminum as energy carrier: Feasibility analysis and current technologies
overview. Renewablﬁegd Sustainﬁa%f&rgy Reviews .39£Vol. 15, no. 9, p. 4511—4623]
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Sitlomo proceso ekonomija

End-use
Products

Bauxite Alumina Aluminium

Refining Smelting | ' Manufactunng

L)

4.5 tonnes 2 tonnes 1 tonne

L-J

Recycling

Aliuminio gamyba yra paremta aliuminio oksido elektrolitiniu redukavimu. Tai vyra
energetiskai imlus procesas (apie 13-16 kWh vienam kg aluminio) ir iSskirig Zenkly kiekj
Siltnamio dujy (pagrinde CO, dél tiesioginio kuro deginimo Silumai gauti)

http://www.climatetechwiki.org/technology/alu
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Siulomo proceso ekonomija
Al,O; fazés:y, n, 6, %, 6, kira

\, Auksto grynumo y-Al,O; :
V‘A|203 Na,O <100 ppm,
SO, <100 ppm,

Fe,O; <100 ppm
( as catalyst carrie _2 3 ) _
petroleum mdus} Kristality dydis < 10 nm

- optoelectronics
- water treatment
membranes
as an absorbent

k and etc. /

BUY y-Al,O; oksido kaina:

BuY | @ Auksto grynumo (= 99.99 %) — 350-700 €/kg
Pramoninio grynumo (92-98 %) — 1-1.5 €/kg
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Siulomo proceso ekonomija

Remiantis  Allied Market Research
paSkerta ataSkalta "WOHd ngh Purlty Asia Pacific high purity alumina market volume, by application, 2013 - 2024

Alumina (HPA) Market - Opportunities usos - ton

and Forecasts, 2017-2023", 2023 metais ,°" ] I
auksto grynumo aliuminio oksido rinka 30 | I
turéty pasiekti 5,293 miljony USD, tai **° | g B
2017-2023 mety laikotarpiui numatomas +smo | g B

metinis rinkos augimas 17.0%. e o == BN -

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

® | ight Emitting Diode mSemiconductors
Phosphor B =Sapphire
B Others

ki 2016 auksto grynumo aliuminio oksido gamyba buvo dominuojama hidrolizés
procesy, manoma, Si tendencija isliks dominuojanti ir iki 2023.
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Auksto grynumo y-Al,O, sintezé
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M. Urbonavicius. D. Milcius. Under preparation
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SEM nuotraukos: pirminio reakcijos produkto (daugiausia AI(OH);) pavirSius po vandenilio reakcijos su
vandeniu (a—c), boehmito (AIO(OH)) pavirsius po aliuminio oksido pakaitinimo iki 280 °C (d—f), ir gamma-

aliuminio oksido pavirsius po hidroksido pakaitinimo iki 500 °C (g—i)
M. Urbonavicius. D. Milcius. Under preparation
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Elementiné sudétis (nustatyta EDS metodu)

Elementiné sudétis pagal EDS

Deguonis, at.% | Aliuminis, at.% Anglis, at.%
Pirminial 75.71 22,52 1.77
produktal ' ' '
Boehmitas 67.26 29.77 2.97
Gamma
aliuminio 64.82 31.53 3.66
oksidas
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XRD tyrimai: pirminio reakcijos produkto (daugiausia Al(OH);) po vandenilio reakcijos su vandeniu (a)
ir gamma-aliuminio oksido po

boehmito (AIO(OH)) po aliuminio oksido pakaitinimo iki 280 °C (b),
hidroksido pakaitinimo iki 500 °C (c)

M. Urbonavicius. D. Milcius. Under preparation
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PavirSiaus analizé: XPS tyrimai

1.6 ] I | I | |
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ISvados

Naudojant aliuminio milteliy aktyvacijg plazmoje ir jy reakcija su vandeniu is
reakcijos produkty (aliuminio hidroksido ir boehmito) mums pavyko sintezuoti

auksto pavirsSiaus ploto (apie 250 m?g?) y-Al,O, oksida.

Gautojo gamma aliuminio oksido grynumas priklauso nuo pradiniy milteliy ir

plazminio aktyvavimo metu naudoty dujy grynumo.

Auksto grynumo vandenilio ir/arba y-Al,O; oksido gamybos kaina gali buti
zenkliai sumazinama dél abiejy Siy komponenty vertingumo. Pavyzdziui, vandenilis
galéty buti panaudojamas auksto efektyvumo aplinkai draugiskos energijos

generavimui ar laikinam saugojimui.
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Metaly hidridai vandenilio saugojimui,
baterijoms ir protingiems langams:

Mg,NiH, vandenilio saugojimui ir protingiems langams
Mg-TM vandenilio ir/ar Silumos saugojimui ir protingiems langams
Al-H; Mg-Al-H vandenilio generavimui ir/ar saugojimui

Mg/Ni/Mg/Ni/Mg flake nieOR
b

Mg + Ni thin films and flakes g —
: ﬁw\m/wx\ﬂ/ﬁ
| ;{J\/l\‘\m S===: )“‘ \/ -\\\7

( ’ CENTRE FOR
HYDROGEN ENERGY TECHNOLOGIES WWW.HYDROGEN.LT



Mg-Ti-H sistemy hidnidinimas

Mg-Ti o ,
] | (h?Mg', (002)) Hidrinimo parametrai:
. | Sléegis: 10 bar
c-MgH, (110)
_ O\ Lalkas: 6 h
o o / ~.  300C
c- MgH (220) W 280 C E - 120 kJ/mOI

L
T we E, ~ 80 kJ/mol
- /

220 C

W LWW 200 C

10 20 30 40 50 60 70

Intensity, arb. unt

C E ' CENTRE FOR
HYDROGEN ENERGY TECHNOLOGIES WWW.HYDROGEN.LT



Mg.,NiH,

+ H, +H, cooling
/ (T<235°C) (T > 235 °C) (T < 235 °C)
Mg + Ni powder LT-1 HT LT-2
(monoclinic, black) (cubic, black) (monoclinic with

microtwinings, orange)

Pseudo cubic = D. Milcius D.
+H, _ Noréus presentation in Sankt
> Petersbur
i any T) :
_gi Color and transparency strongly
Mg + Ni thin film

depending on Mg:Ni ratio
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Protingi langai: Mg2NiH4

Mg2Ni Mg2NiH4 c-Mg2NiH4 — m-Mg2NiH4

40
Taken from: Baldi et all.
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El veiklos biodujy kaloringumo keitimo srityje, naudojant
metalq hidridus (LEI VETC, Degimo procesy laboratorija)

i @

Internal Combustion . //
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RMC - Renewable Meazing &
Coolng (Absorplion Best pursp)

Mg,NiH, panaudojimas kaip vandenilio Saltinio ir katalizatoriaus Sabatier reakcijai:

C()g - 4H, — CH4 + 2H50
' o ) 3 s - .
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Mg,NiH, dangy kaitinimas CO, atmosferoje

Mgz Ni

e e

m - monoclinic MgaNiH,4
c - cubic MgaNiH4

MgO

T 500 C

450 C

400 C

350C

300 C

250 C

200 C

15 20 30
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Hidridai Silumos saugojimui

r =
iy Part A R ’
_’Q‘- HT-heat ‘! .
emission N .
y . t st
H. temporary h_y-drogc.‘.n‘ 2 e ol s
— H store under dissociation N -r.:h .
_ = .
MgH./Mg +—— - pressure of HT-met 2’ e .
H, hydride B . .
HT-metal hydride store . — o
(MgH, or Mg,FeH,) . - .
H2
water
steam | |

Bao, Zewei , and Shengyi Yuan. "Performance investigation of thermal energy storage systems using metal
hydrides adopting multi-step operation concept.” International Journal of Hydrogen Energy, 2016: 5361 -
5370.
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Hidridai silumos saugojimui

Table 2 Thermal enerii sh::rqie :uiaciii of metal hidrides :nmiared to molten salt

Theoretical Heat Storage Operating Temperature
Capacity (k) /kg) (°C)
Sensible Heat
NaNO3/KNO3 150 per 100°C =290
Metal Hydrides
Mg2NiHs <—— Mg2Ni + 1158 250-400
2H,
MgH2: <—— Mg + H- 2811 300-400
Mg2FeHs —— 2Mg + Fe 2096 350-550
+ 3H:2
NaMgH: «<—— NaH + Mg 1721 430-585
+ H2
NaMgH; «<— Na + Mg + 2881 =585
1.5H2
TiHy 7 <—— Ti + 0.85H2 2842 700-1000
CaH; «—— Ca + H2 4934 =1000
LiH —— Li + 0.5H2 8397 >850
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Polimeriniy medziagy savybiy keitimas jvedant priemaisas

Non-expanded Non-expanded Pre-expanded PS

Expanded PS

PS bead PS bead with bead with cracked foam with
Si0,/ TiO, film  Si0,/ Ti0, film cracked Si0, /

/ Ti0, film

Deposition . Expansion Moulding

Non-expanded PS bead
with TiO, film

AN
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Moisture content, %

Polimeriniy medziagy savybiy keitimas jvedant priemaisas

1,2 - 120 -
1- 100 -
0,8 - Ly 80 -
-
016 ] &; 60 -
0,4 5 PP
' » 40 - —PP+5i02
0,2  =—PP -=-PP+Si02 PP+TiO2 20 - PP+TIO2
0 ! ! ! ! O N I I I I I
50 70 90 0 2 4 6 8 10
Relative humidity, % Deformation, %
Absorbed moisture content dependence Compressive stress dependence
on relative humidity after 4 hours in on deformation
climatic chamber (EN 826:2013)

EPS drégmeés sugérimas ir atsparumas liepsnai gali bati padidinti | tdrj jvedant
SiO, / TiO.,,.
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Plony dangy formavimas ant polimeriniy pavirsiy

Pulsed DC power

source

Magnetron |

with Si/Ti
cathode / {\)
!

= Electrode
for plasma
activation
Plasma .
1l during
thin films

' depositon ..
Vacuum —

pump valve }Rotational

sample holder

]

Gas inlet
valve

Plasma
during

surface
treatment

enttime, s

Thin films coUfd Be Sucessfully

Adtesisited e paymessuitace
coinigh oy &t safadeognsiegyna
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Padidintas EPS atsparumas karsciui su SiO, danga
Os 60 s

PP

PP+SiO,

Q)
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TiO, dangos fotokatalitiniam ir antibakteriniam poveikiui

0 __ 100
=2
}’ 80
0,2 3
5 60
o
z):o -0,4 % a0
S 2
— . 8 20
£ -06 1 #EPSinthe dark W i

o

AEPS + UV-B
0,8 1 ®EPS + TiO2in the dark

Time 30 min 45 min

Experiment EPS+TiO2  E coli EPS+TiO2 EPS+TiO2  E.coli |EPS+TiO2
conditions | in the dark suspension  UV-B in the dark suspension  UV-B

WEPS +TiC: + UV-B container comaer
-1 T T T 1 UV-B Uv-B |
0 2 4 6 8 W Average 100 39.9 373 100.0 447 11.9 %
Time (h)
Decomposition of methylene blue (MB) Viability of E. coli bacteria
100 -+
X
E 80 -
%
£ 60 -
T‘;.‘;. 40
3
£ 20 -
=
0 .

1 2 3 4 5
Cycle number

Photocatalytical stability of EPS with TiO, films TiO, film before and after MB decomposition
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Juodos spalvos anglimi legiruoto TiO, sintezé

Black colour TiO,
‘ 307 ——180 min
Sample Sample holder 2.5-:;§0mrir:n

transparent TiO, 3um

g
o
I

Titanium
sputtering
zone

Carbon powder

) L
4 : )
N 7

(athv)? (eV/cm)?

e
o
1

15 20 25 30 | 35
hv (eV)

Magnetron

Carbon-doped TiO, Band gap reduction ‘omposition
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Nanokristaliniy Ni milteliy formavimas: Ni daleliy formavimas ant
vandenyje tirpiy padekly

Coarse-grained salt

Ultrasonic Salt with Ni immersed
cleaper 7 inthe water vessel

Fine-grained salt l
/

Ball-milled salt

N
- =

EDS elemental mapping of Ni
deposited on the coarse-grained
salt (a), fine-grained salt (b) and
ball-milled salt (c).
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Nanokristaliniy Ni milteliy formavimas: Ni dalelés po plovimo
proceso

wort

> - 26 pm
144G: 1000m: Hv: 15, . 7

SEM views and EDS elemental mappin (red — Ni, gren — , cyan — Ca and S) of Ni particles
after washing coarse-grained salt (a, d, d1), fine-grained salt (b, €) and ball-milled salt (c, f).

O,at.% Ni,at.% C,at.% Ca,at.% S,at.% Na,at.% CI, at.%

Coarse salt 8.26 72.18 6.07 6.81 6.68 - -
Fine salt 5.44 83.48 11.08 - - - -
Ball-milled salt 5.92 77.69 13.79 - - 1.58 1.02
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Ba(Zr,.,,Ce,Y,)O; 4 dangy sintezé PCFC elektrolitams

Proton Ceramic Fuel Cell
(PCFC)

~30 pm

~1 mm

air

Porous

anode Electrolyte

(5-50 pm)

Cathode

CEET o
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