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Design and processing of ceramic materials

Bio-inspired layered ceramics with tailored microstructures

a Ceramics for use in structural and functional systems

Biomedicine Communications

T o
R AR
). :

Energy

Transport

h Example of failure

ceramic

metal

>

o Problem: Brittleness of ceramic parts — unpredictable fracture
o Need for tough and mechanically reliable ceramics

X ..

crack!

Fig. 1: Fuel injector for common rail systems

O Vision —> Build ceramics in a "bio-inspired " layered architecture

Fig. 2: Natural seashell

Fig. 3: Step-wise fracture of layered nacre

Fig. 4: Fracture of a layered ceramic

Q Design and characterization of layered ceramic composites

-
Tailored embedded Complex distribution Novel "textured"
"compressive stresses" of "protective" layers microstructure
/77 TTTIRD
_— - 1 mm
v’ Crack arrest (high toughness)
v' Flaw tolerance (high reliability)
o

-
-
-

Aim: strong and tough ceramics

It is "hard" to be "tough”...
...itis "tough" to be "strong"

¥ Anisotropic
STl (textured)

- "novel" --

Univ.-Prof. Dr.

Raul Bermejo

Chair of Structural and

Functional Ceramics

Department of Materials Science

raul.bermejo@unileoben.ac.at
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Design and processing of ceramic materials

Low temperature fabrication of ceramics by the cold sintering process

QO Problem statement: Sintering of ceramics requires high temperatures > 1000°C

@ High energy consumption & @ Limited materials design and
Carbon emissions integration Metals

4 » Thermal stresses Ceramics
/'7I « Decomposition/reaction
i between different phases :

:> ‘ Need for alternative low-temperature sintering techniques

0O The Cold Sintering Process: innovative technique that enables densification of

T<300°C

ceramics at unprecedented low temperatures < 300°C

: : . . . . . Chemical phase
The principle: Geologically inspired pressure-solution creep mechanism

1) Dissolution: activated by the transient phase (Chemistry) .

2) Diffusion: by chemical potential gradients induced by Pressure
3) Precipitation: due to liquid phase evaporation at low Temperature

Dissolution—precipitation

Q Densification by cold sintering U Integration of ceramics/polymers/metals

Dense (98%) BaTiO; Ceramic

No grain growth PTFE Polymer

Sada etal, J. Eur. Ceram. Soc. 2021, 41(1),

ZnO powder Cold Sintered @ Unique composites and grain boundaries design
O Exploring scaling up opportunities o
100 135 -g
- :i: 12[)% g_ 1000
= 105
? :i +90 §ED ‘% ”
5 .1 N8 8 BH NEH BE & 600 ]
A (7 n =1 QT (T o
-« g HE HA HE HE '
£ w560 BE BH BE BE “ ) w0
] é 84 r4s § E [ 200
\ 82 0 5 3
| 501 “q‘, Np/m
FI it ond ¥ sth o
Top Sample Position Bottom defect
& cold sintering multiple @ No gradients within batches @ Quality control: Non- @ Up scaling part size
parts (batch process) destructive ultrasonic testing
) More information: In cooperation with:
Dipl.-Ing.
Abdullah Jabr Oha 10 ") PennState
) ) ) ) Materials Research
Department of Materials Science -E:' Institute
Chair of Structural and
E L References:
Functional Ceramics
J. Eur. Ceram. Soc. 43 (2023)
abdullah.jabr@unileoben.ac.at !vwswgl!g Ceram. Forum Int. 4 (2023)
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Fabrication of ceramic electrolytes for SOFC/SOEC through tape casting

a Principle of Solid Oxide Fuel (Electrolyzer) Cells:

| SOFC|
. SOFC q e imm— ——) €
Chemical energy ——— Electricalenergy A + - ——
C LA ST : ; ELO
(S 5] 02 : 02
P 0" (e O =@
":° W .......................................... oz .......
! 'g: O wm— O = @D
H; Cathode . Anode
Fuel Cell Stack Server Module Server Power Solution TH,0 + 20" Hy+ 07| t m ‘ 0% 1120, + 2¢' |
25W 250-300 kW 250 kW to MWs 7Tt ¢ (— e
https://www.bloomenergy.com
Q Problem definition .
/ Challenges \ / Vision \
/ Electrolyte-supported \ « High hmi . f _ o _
SOFEC/SOEC Higher ohmic resistance o Design and fabrication of thin
Cathode ) thick electrolytes } electrolytes with enhanced
= “low cell performances mechanical integrity and
Electrolyte | [>150-250pum = Thinner electrolytes sufficient ionic conductivity
. Anode ) \9 “less mechanical integrit)p \ through tape casting /

O Processing of cubic zirconia (8YSZ) ceramic electrolyte through tape casting

Slurr | . Punchln |SOS{atiC I L
y Tape casting  Green tape 9 Lamination . Debinding Sintering
preparation & stacking pressing
QO Results Microstructure Mechanical strength lonic conductivity
_1 :
Effect of thickness 0 m e T < 04 /,//,{/:
on the microstructure, B e 5
strength and ionic E Ly E
conductivity of tape 2| B e
Casted 8YSZ § T‘:;l;um}::"mr:‘nercial)
electrolytes %0 600 750 900 1050 091750 "800 850 960 950 1000
Characteristic strength, oy [MPa] TI°C
More information: In cooperation with:

M.Tech

Arijit Jana E E rq
Department of Materials Science .ﬁ A
NITED C
oy Chair of Structural and E L P c
==

Functional Ceramics
References:

arijitjana@unileoben.ac.at ISFK Fuel Cells 20, 2020, No. 6, 644-649

www.isfk.at
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Rapid sintering by Spark Plasma Sintering

Q Sintering of ceramic powder is a process used in Heating
ceramic manufacturing to create solid ceramic materials :> O &
from fine powders. It involves heating the powder compact ﬁ 0

at high temperatures, typically below the melting point of the
primary material, but high enough to cause atomic
diffusion and densification of the powder particles.

Q Spark Plasma Sintering technique

- Mechanical Pressure (30 — 100 MPa) |
Mechanical v ccum
. Fast Heating/Cooling (100 — 1000 °C/min) pressure .

Graphite punch

Graphite punch

4L == Electricity , oL
- Short dwell time (1 — 30 min) Graphite paper (II1FSE flow throueh S i Grophitc woo
. . . . Graphit ‘ Graphi
. Direct Electric Heating (conductive samples) | g A e

- DC Electric Pulses/AC source

Electricity flow

a Sintering of 3Y-TZP nano powder

Heating rate (°C min-') Densification of tetragonal zirconia stabilized with 3 mol% Y,0, (3Y-TZP) by SPS.
100% — SPS conditions Standard
Sintering temperature temperature/dwell % of theoretical Grain deviation of
- 0% . time/pressure density size (nm)  grain size (nm)
™ retngrme 1100°C/2 min/50 MPa 98.3 60 16
g o 1200°C/2 min/50 MPa 99.6 126 49
2 oo 1300°C/2 min/50 MPa 100.0 190 73
1400°C/2 min/50 MPa 100.0 264 111
. 1500°C/2 min/50 MPa 99.8 379 142
40%10[)0 1100 1200 1300 1400 1500 1600 16000C/2 mln/so MPa 1000 642 226

Sintering temperature (°C)

Q Applications of SPS and rapid sintering

Complex high entropy carbides Pressure-less sintering of 3D printed a-SIAION prepared at
Hyd patite scaffold 1750°C/3 min/50 MPa

Dr More information: In cooperation with:

David Salamon E I E F F G ﬁ
Department of Materials Science -E:' '} Forschung wirkt, l.
Chair of Structural and

Functional Ceramics E I+= L ITH 2
david.salamon@unileoben.ac.at !vwsw!;!g .
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Sintering of 3D additive manufactured ceramic multi-materials

Q Ceram | C mu |t| _materl a.IS may enhance “mechanical resistance” “damage tolerance”
mechanical properties such as improved o= <=
strength and/or damage tolerance through <=5 =
tailored residual stresses and architecture. ¢ scraich resistance v crack arrest

v’ contact applications v damage tolerance

0O Additive manufacturing (AM) is a way of forming ceramics with complex geometry.
The combination of different materials in XY- and Z-direction is possible.

Mixing of
powders

Drying/ Consolidation
Burn-out and Sintering

Powders

Forming

https://www.lithoz.com/

Q Sintering is one of the most important steps in the processing of ceramics, whereby
inorganic powders densify forming a microstructure, giving the material its properties.

¥ Rapid sintering  vs. conventional sintering

Ceramics have high
hardness and strength, but
brittle behavior.

Sintering
within minutes
(instead of hours)

The goal is to increase the
damage tolerance by using
: e — multi-materials with tailored
[ With rapid sintering, fine grained microstructures can be realized. J microstructure.

resistance heating

Setup for rapid sintering

A.-K. Hofer et al., Addit.
Manuf. 59 (2022) 103141.

0 Using different interface designs, unique material combinations can be realized.
Examples of multi-material designs

The goal of this work is to understand the sintering
of additive manufactured ceramic multi-materials
and to enable material combinations in complex
shapes with specific mechanical properties.

Sharp interface Interphase between layers Functional gradient

) More information: In cooperation with:
Dipl.-Ing.

Tobias Prétsch E I E l ITI I 2
an
Department of Materials Science -E:'
Chair of Structural and E
. : == <
Functional Ceramics '} F FG ﬁl.

tobias.proetsch@unileoben.ac.at ISFK Forschung wirkt

www.isfk.at
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3D-printed multi-material components with improved mechanical properties

Q Motivation
o Additive manufacturing may open new pathways for designing complex-shaped ceramic parts and components
o Goal: 3D-printed alumina-based ceramic components with superior mechanical properties
o Strategy: Multi-material design concepts for further enhancing the strength and the damage tolerance

0 Design concept — Mechanical resistance !
Lithography-based Ceramic Manufacturing Mechanical characterization E Lo
L4 Multi-material 7-5; r-1 QE
approach E ::
e ) r4
© Lithoz GmbH
T - T T -5
[Surface compressive residual stresses (red arrows) for enhancing the mechanical strength! ;;;“ed o [N‘;::] e
d Desig n concept — Dam age tolerance Enhanced thermal shock strength
— Thermal shock behaviour
: | Monolithic ZTA (reference) 4
L I S S

600 %\%

400 4

v I . .l 200 [-=—A g———1 -
A Crack arrest within embedded layers! —e—7TA

ZTA —A— Multi-material

Retained strength [MPa]

Embedding internal (protective) layers under compressive residual ‘ 0 50 100 150 200 250 300 350 400

stresses (red arrows) for enhancing the damage tolerance! Temperature difference, AT [°C]

O Demonstrator component 3D-Printing Thermal shock tests and analysis of cracks

Monolithic ZTA

Multi-material blade

Tl

%

|:> 000 250 ym
Multi
1cm

i-material design (ZTA-A-ZTA-A-ZTA)

Feasibility of 3D-printing components with embedded protective 2504m,
layers has been proven, which may open new application fields! Crack arrest within embedded layers!
) More information: In cooperation with:

Dipl.-Ing. jl

Josef Schlacher E I E LITH 2 |

Department of Materials Science -E:'

Chair of Structural and F“y

E B References:  ecuoen tmon
Functional Ceramics
J. Eur. Ceram. Soc. 44 (2024)
josef.schlacher@unileoben.ac.at 5WSWE|!§ Open Ceram. 5 (2021)
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Strength testing of additively manufactured structures

Q Stereolithographic manufacturing opens new possibilities

Static mixer Catalytic support structures Heat exchangers

Aliasing effect of
DLP-module

:> o Problem: Surface quality depends on surface orientation in relation to the building direction
o Need for new testing methods to reliably assess influence of surface orientation

Rough surface due to
layered manufacturing

O Novel test specimen

Region of constant stress on Fractured specimen with
48 bending bars on a baseplate, different bending bars surface structures
configurations (upright, inclined) ; <

Thickness

change Y

Load
Constant stress

QO Results 420 200 ‘
< 400—@ 19.8 4 : mgﬂi
= 19.6 3
< 380 M-15d-3
2 360 E T T P 19.4 4| M-15d-4
@ I 5 19.2 )
Strength depends g 3 S 100 Exceptional
significantly on  'm 3207 ¥ i < 188 *4 dimensional
. . £ 300 % i S Y 3 o
surface orientation © 1 L T 1864 % reproducibility
$ 280 18.4 3 C o
0 260 18.2 ok
240 18.0 ‘ ]
Upright Inclined 1 Inclined 2 0.95 1.00 1.05 1.10 1.15 1.20
0°) (15°) (15°+Rotation) Bending bar thickness
More information: In cooperation with:
Dipl.-Ing. Dr.
Maximilian Staudacher E E LI I H Z
Department of Materials Science -E:l [
| ~ Fraunhofer
Chair of Structural and E IKTS
. . ==
Functional Ceramics j FEG
maximilian.staudacher@unileoben.ac.at !nﬁ,lj,ﬁ .m




Poster Exhibition 2024 m Science 4 echnology @MUL

MONTAN
i UNIVERSITAT
B LEOBEN W

Characterization of ceramic materials

Fracture toughness tests for components

Q Fracture Toughness is a material property that tells us how difficult it is to
propagate an existing crack in a component.
It is measured by breaking specimens with artificial pre-cracks.

0a oa specimens and components
0 Problem: Many parts T T ‘ W
are too small to make | i | standard specimen: . . .
. pre-crack I -— 45 mm long ® ° B
standard specimens. andard specimen - \ . .
4-point bend test 10 mm —

O Solution: New tests which use the parts directly have to be developed. The Finite-
Element-Method has to be used to evaluate results.

Precracking with

Bearing balls — NBT-Klc ‘ Knoop indenter ‘ Discs and Plates — B3B-Klc

-

pre-crack

surface

Plunger rod

P .
Tw,
NBT-test: ball B 80.2 pm
L,NBT" - notched ball test with artificial pre-crack : ‘
fracture

a Verification: Correct values can be measured with new methods.

B3B test: disc
,B3B" - ball-on-3-balls test with artificial pre-crack

9.7/29

L | L
,4‘ VZANBT-KIc 7 Literature }7 Z’E 21 B3B-Kic % ng;\p.{NB ‘
2 I
s 96/1.8
"2 PR [mm] /t [mm] 2
w ,14/05
8 10.4/2.8
c
5 10%11/0.7
3
8
g
=]
151
g

o - N w » o o ~
I L L 1 1 L

fracture toughness / MPa m®5
o B N W A OO0 O N 0 ©
AN
A
AT .

AN
NS

N
AN
AMMMNNNSN
NN
NN

NN
NN
AN

AV

7\ %

Rubalit EKasic  MKE PTC _ FSNI
(ALO,) (SIC) (LTCC) (BaTiO,)) (SiN,)

More information: In cooperation with:
Ass. Prof. Dr.

Tanja Lube E I E E K F
i

Department of Materials Science References:

Chair of Structural and S. Strobl, T. Lube, O. Schéppl: JECS 34 (2014),
E I .:_ 1881-1892

S. Strobl, P. Supancic, T. Lube, R. Danzer: JECS 32
(2012), 1163-1173

tanja.lube@unileoben.ac.at ISFK T. Lube, S. Rasche, T.G.T. Nindhia: JaCerS 99 [1]
www.isfk.at (2016), 249-256

Functional Ceramics
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Testing of bearing balls

a Application of hybrid bearings

Silicon nitride
bearing ball

N\ L
Metal raceway

Q Fracture of the balls originates at the surface

\
- Spalled surface
Initial contact crack Further loading of

the mounted balls
Cause:

leads to
blunt & elastic contact

of bearing balls bumping ‘

against each other

. Intact surface

O Surface sensitive testing

Insight on
elastic behaviour

Insight on

Insight on
surface defects

~ plastic behaviour &
surface stresses

L

Vickers hardness &
Toughngss Stre Critical lqgd

O Fractogrd@hic analysis

Determination of
defect size

Determination of contact damage

) More information: In cooperation with:

Dipl.-Ing.
Maximilian Munz E E N K E
Department of Materials Science -E:'

i B E AR N G S
Chair of Structural and E
Functional Ceramics I<= M AL F F G
maximilian.munz@unileoben.ac.at !msw.ls_:klg ¢ Forschung it
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Characterization of ceramic materials

Fractography and Failure Analysis

Q Fractography: Identification of fracture origins

Fracture features

(stress ﬁeldji_the nji
moment of faild ~ gond
crack branching

patterns, hackle lines...

Theoretical approach: _PgaCjt.ical use:

Most used miethods: mlcroscogy (magnifying lens, . ' §
stereo migcroscope, SEM, EDX,.. .), Thermography, - - _1 t'_c.)catlng the fracture
RAMAN-spectroscopy Fracture mechanics, FE-; malysm origin: stereo

2 200 pm microscope

Rol!er track

Proof: RAMAN-spectroscopy (inner
race): phase transformation from
tetragonal to monoclinic phase

m+t m=monoclinic
m t=tetragonal
im Mm+t
m
m
IRIAY:

1| Volume change leads to failure |

200 300 400 500 600 700 800
Wavenumber [cm™"]

a Failure analysis of electroceramic components by HALT test

. ; . ; Light microscope: FIB Analysis of hot spot:
Th hy: T E - ) ) .
Bl (e iou B0 Slq—e< hefmogimphie clbse-section cross-section micro crack filled with Ag

Dipl.-Ing. | Dipl.-Ing. Dr. More information:
Irina Kraleva ; Walter Harrer E E
Department of Materials Science ‘ . Department of Materials Science " 'E:l
Chair of Structural and

' Chair of Structural and
Functional Ceramics

| Functional Ceramics E s

walter.harrer@unileoben.ac.at ISFK

www.isfk.at

irina.kraleva@unileoben.ac.at
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Single crystalline materials for microelectronic applications

0 Single crystals are widely employed in microelectronics [ *{
in form of wafers, which act as the basis for manufacturing { /
A

of semiconductor, optoelectronic or radio frequency devices

Q Challenges —» The thereby used wide range of material classes with distinct
thermo-mechanical properties may lead to cracks in those often brittle substrates.

(Sub-) Surface defects, introduced during
(mirror-) polishing of wafers, may act as critical
defect responsible for failure of a component

O Requirements —> Deep understanding of crystal orientation dependent
contributions to failure of single crystalline components:

Coefficient of Plastic deformation
Crystal structure Young‘s modulus Fracture toughness thermal expansion and Hardness

© ©
o ©
T

a Goal —> Wafer orientations and surface
conditioning for enhanced mechanical
reliability while maintaining functionality

< 75¢

= N O
o O O
T T T

Y

N
T

Wafer orientation

Probability of Failure [%.

Biaxial strength 500 1000 1500 2000
measurement Strength [MPa]

More information:

Dipl-Ing. Dr. References:
Manuel Gruber E E
- Materials & Design 213 (2022)
Department of Materials Science 'ﬁ Acta Materialia 150 (2018), 373 — 80
Chair of Structural and Materials & Design 153 (2018), 221-31
E I -ﬂ_ J. Am. Ceram. Soc.101 (2018), 5705-16

Functional Ceramics J. Eur. Ceram. Soc. 37 (2017), 4397 — 406

manuel.gruber@unileoben.ac.at ISFK

www.isfk.at
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Microscale investigations of grain boundaries in varistor ceramics

Q Varistor components are used as overvoltage protection
elements for almost all electric and electronic circuits. Their
exceptional electrical resistance characteristics is based on
Double-Schottky barriers at grain boundaries in doped zinc-

oxide ceramics. Typical commercial varistor components for
high and low voltage applications

0 Challenges: Tuning the macroscopic current-voltage “Regon  Regor ‘Reaon
characteristics and increase the ampacity (i.e. the ability to st i
. 108
withstand strong current pulses). yos|. GinBouncary Grai Conva |

Q Scientific goal: microscopic characterisation at grain e=dn@on)
boundary level and modelling the relationship to macroscopic
properties to get a deeper understanding of the functional A T T

microstructure-property relationship. Curent Densty (Al

Field (V/cm)

Typical current-voltage characteristics of varistor ceramics

a Key experiment: Micro-4-point  probe 4-point-probe-measurements [ |
measurement of single grain boundaries of a o
varistor sample mounted on a piezoelectric ~ Favibixalstain O,
stage for strain control (piezotronic effect).

FWD

Thin film sample

Polarization
charges at grain
107 boundary

1077

VA

Example for a strain
dependent current-voltage
characteristics of a single Measurement of the current-voltage characteristics of single varistor
grain boundary - 05% grain boundaries with respect to an applied mechanical stress.

0.5 1 2 3
uwv

1078

b) c)

1000 MW /m?

Q Model approach: Multiscale model,
based on a realistic microstructure,
measured current-voltage behaviour of
single grain boundaries and micro-
residual stress distribution (piezotronic
effect), solving large non-linear network

equat!ons to get . the macrosgop|c A modelled microstructure (a) is used to extract an equivalent network. Summing
electrical characteristic of the material. up local current paths (b) leads to the global current-voltage characteristics (c)

0.001f
1074 .
10'5; '
3 I |
= 10 |
107} .

10-8!

Bt U]

More information: In cooperation with:
ao. Prof. Dr.

Peter Supancic E I E &TDK %'—7 FFG
f

Department of Materials Science

References:
Chair of Structural and T. Billovits et al., Open Ceramics, 6:100125 (2021)
. . E I -:_ M. Hofstatter et al., J. Eur. Ceram. Soc. 33 (2013)
Functional Ceramics N. Raidl et. al., Adv. Eng. Mater. 19 [4] (2017)
peter supancic@unileoben ac.at lSFK M. Hofstatter et al., BHM, 158, 206-210 (2013)




| ey
Poster Exhibition 2024 m Science 4 Technology @MUL

N MONTAN
4 ' UNIVERSITAT
I LEOBEN W

Characterization of ceramic materials

Lock-in Infrared Microscopy (LIIM)

Q Characterization of microelectronic ceramic components

Multilayer varistor:

Zinc oxide-based (voltage
dependend VARiable ResISTOR)
used for surge and overvoltage
protection of devices [1]

LTCC module:

Hybrid integrated circuit
based on LTCC (low
temperature co-fired
ceramics) [2]

a Method Schematic of an IR camera mounted
on a rail track in front of the sample [2]

) | Infrared Specimen A sinusoidal voltage is applied
TR S - J — to the specimen. An infrared
camera records the resulting
periodic heating.

The thermogram is evaluated
by Fourier Transformation [1]

t | Function
re | Generator
FFT I...Intensity

V...Voltage

Moving rail

O Thermograms

Varistor thermogram Hot spot in LTCC module

Two distinct areas with Heat generation caused
current paths between by leakage current in the
electrodes are detected LTCC module is detected
by the Lock-in system [3] by the Lock-in system [2]

=
=
=]
=
=i
o
=3
o

O Results

Lock-in IR microscopy can be
used as a tool for microscale
current detection to reveal the
device dominating junctions in
electroceramic varistors [3]

After hot spot detection a
crossection of the sample
reveals the source of error
current: cracks partially filled
with electrode material [2]

More information: References:
Josef Kreith E E [1] N.Raidl et. al. Adv. Eng. Mater. 19 [4] (2017)
Department of Materials Science " 'E:l [2] S.Réhrig et. al. J. Ceram. Sci. Tech. 6 (2015)
Chair of Structural and [3] M.Hofstatter et. al. Microscopy and
Functional Ceramics E BEs Microanalysis 21 (2015)
josef.kreith@unileoben.ac.at
ISEK
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Modelling of fracture in ceramics

Predicting conditions that cause initiation of cracks in ceramics

0 Motivation: observation of cracking () - computational modelling M
- prediction of critical conditions & - crackless design

Q Finite fracture mechanics is an approach for modelling crack initiation:
Q Stress must overcome the tensile strength and simultaneously
0 Energy release rate must overcome the fracture toughness

Q Indentation cracking due to contact with hard objects

1 observation| * ‘| modeling =~ prediction =
o - &S
1 1.1 1.2 1.3 1.4 1.5
Ro/Re [-]

[ Contact with a ball } — — [ Simulated contact } —

O Residual stress cracking due to an unequal material dilatation
A0 in-plane residual stress [MPa)

2 400
2 350
ER
=250

modeling prediction =0

bservation =

edge cracks)

10 20 30 40 50 60 70 B0 90
A0 volun io [%]

[ Unequal shrinking }—»[ Circumferential crack ]—»[ Simulated stress ] - [ Critical layer thickness]

Q Thermal shock cracking due to a rapid temperature change

|

(a) AT, for alumina monolith

smallest time ¢,

Critical time ¢, [ms]

observation modeling 5 prediction i
: ‘ Tt e, diffrnco AT )
Rapid cooling | === Crack network | == [ Simulated cooling ] — [ Critical temperature ]
More information: In cooperation with:
Ing.
- [Z\HIIRAQ institute
Roman Papsik E E r YAV NI of solid mechanics,
" ENGINEERING [[ETCUE and ]
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Deformation behavior of Metal-Oxide nanolaminates

Q Combining Atomic Layer (ALD) and Physical Vapor Deposition (PVD) opens
new possibilities for coating design with sub-nm precision

Variation of oxide layer thickness
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Deposition and characterization of Cu nanoparticles for CO,-reduction

U Nanoparticles (NPs) have interesting properties for catalysis due to their high surface-to-volume ratio. Gas
Aggregation Sources (GAS) in magnetron sputtering setups are a versatile technique for their synthesis.

NP mass [1E6 amu]
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Schematic of NP deposition setup Typical signal obtained from QMF (in-situ) ~ TEM-micrograph of Cu nanoparticles

U Gas Diffusion Electrodes (GDEs) are integral parts of the Flow Cell. GDEs consist of a porous carbon
support and the catalyst, where surface CO, is reduced to diverse Carbon products. Copper NPs are of
special interest, since CO binds well to it, enabling reaction to products like methane, ethane or methanol.
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Schematic of a flow cell: GDE (left); Possible products in CO, carbon support of the GDE nanoparticle thin film catalyst

counter electrode (right) reduction reaction [1] surface to allow gas flow. deposited on a Si wafer.

O Results and challenges Study of the change of morphology SEM top-view images of Cu

with different substrate biases nanoparticle thin fims (1.8 nm and
Catalytic tests with produced Cu catalysts 8 nm particle diameter) on Si.
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> Promising catalytic activity
> Variety of products found
> Issue with stability of catalysts
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domlnlkgutnlk@ unileoben .ac.at ISFK https://doi.org/10.1002/cplu.202200370

www.isfk.at




	Table of contents



