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Students per 1. Oct. 2012

Denmark 21,930
Other Nordic countries 661
Other European 2,475
countries (EU/E@S)

Outside EU/E@S 068

| alt 26,034

84%
2.5%
9.5%

4%
100%
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TEK THREE

Strategic focus areas — up to 2017

Strategic focus areas connecting research, education
and innovation

Energy Production Welfare
Technology Technology Technology

Multidisciplinary challenges in society, where TEK
makes a difference

These areas will get extra funding through strategic projects and
initiatives at the Faculty.
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Fuel cell activities

New substrates — catalysts
Nanocarbon tubes and fibers
SiC
NbC-N
Substrate effects

Interactions at interfaces
Anion adsorption
lonomer adsorption

Thermal stability

Thermogravimetry

Durability

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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Catalyst substrates (CNF and CNT)

S.M. Andersen, M. Borghei, P. Lund. E. Yli-Rantala, A. Pasanen, E. Kauppinen, V. Ruiz, P. Kauranen and E.M. Skou: Solid State lonics 231 (2013) 94

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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Catalyst substrates (CNF and CNT)
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Catalyst substrates (SiC)

Svnthesis of SiC-nanowhiskers

The synthesis of SiC-nanowhiskers is believed torely on a
carbothermal reduction of silica which produces SiC-clusters covered
in garbon which makes them hvdrophobic. *

Si0(s) + C(s) — SiO(g) + CO(g)
SiO(g) + 2C(s) — SiC(s) + CO(g)

A gas-gas reaction then follows on the surface of these clusters to
produce hydrophilic SiC-nanowhiskers.

SiO(g) + 3CO(g) — SiC(nanowhiskers) + 2CO,(g)

1450°C, Argon, 6 h I
—_—

Sawdust + TEOS \l
;

Extraction with toluene

e : E’*
@y Collection of pure whiskers w Extraction with chloroform w

50 nm’

Figure 2: Diagram of synthesis and separation process.

*Ref: Rajnish Dhiman, Erik Johnson, Per Morgen, Cergmics International, 37 (2011) 3759-3764

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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Catalyst substrates (SiC)
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Catalyst substrates (SiC)
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Figure 3: a) As-made mix of carbon-covered clusters and whiskers. b) Extraction with toluene.
The carbonaceous phase is the top laver. c) Extraction with chloroform. The carbonaceous
phaseis the bottom laver. d) Final product in water after several extractions.

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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Catalyst substrates (NbC-N)

Figure 3. SEM images of Pt/NbCyN;; at low magnifications a) and b) and high
magnifications at ¢) and d)

S.N. Stamatin and E.M. Skou: ECS Transactions 58 (2013) 1267

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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Catalyst substrates (NbC-N)
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Figure 6 CV curves for Pt/NbC Ny, (light gray) and BASF (black) in Ar saturated 0.5 M
HClO4 at 0.05 Vs

Figure 3. SEM images of Pt/NbCyN;; at low magnifications a) and b) and high
magnifications at ¢) and d)

S.N. Stamatin and E.M. Skou: ECS Transactions 58 (2013) 1267
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Figure 9 Relative ESA vs. number of potential cycle for BASF (black) and NbC Ny,

S.N. Stamatin and E.M. Skou: ECS Transactions 58 (2013) 1267 (light gray)

Danish Korean PEM Fuel Cell Worksh November 18-19, 2013, KIST, Seoul
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Substrate effects

SiC Si1C Poly-ol
I
e Acid treatment Pt-NP
Poly-ol \/
Physical deposition
i
Pt/SiC Pt/SiC
Figure 5 Direct nucleation Figure 6 Physical deposition

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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Substrate effects
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Interactions — anion adsorption
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Interactions —ionomer adsorption

A=g

‘tymm inm
Distilled
\m Different lonomer Mixing with Centrifuge Separation

100~ D000—18h8-—~000-—3001-

Procedure for adsorption study.

(a): ionomer purification

(B): purification examination
(C): solution preparation;
(D): 19F-NMR.

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul



Syddansk Universitet

150018 3mio
D 30wi0 o o ’EI- o
1 o 2500 4 -
~ 125010 o Iﬂ;, J— %, En] 3 - "'"DD
- E 0 = %
-ED 1oawin =3 = zomo' o
= /“ Zow10 o — %
-
. ] ﬁ A i
TSm0 O = 15010 4
£ o =R ERT = o
A ol R 4]
= L
I soowint 4 = oo d = imio 4
£ 5 £
2 st o Somin’ = sooo 4
! H 1 : H T T T T T T
o i 2 3 H 5 o ! 2 3 + = o i H 3 .
Equilibrium conceniralan @ /L Equllibrium concenkaken og /L Equillbrum concenkaknig /L)
Q =] =]
om0 ]
- % 410 ay
E0c10 o o
-2 A ™ -
E L (m] - ﬂ- i
g E = 3o 4
'g, g Gocin’ " = -
i g o ¥ B g P
]
& 1000’ 4 E = 2o g
S [m] o oo’ o E 2 E
4 £ =
Pis L
= -
5 S0’ £ a oo
= 2o’ =
2 k] =
o8 oo
T T T T T T T T T T T T T T T T T T T T T
[ 1 2 E] + H H 1 o i 2 3 5 8 7 o i 2 3 H
R Equilibrium concenkalon (g /Ly Equilibrium concenralon ig | L
EEN] -
] Iy g ]

4 - O
- 4 . ToE o | B L=
£ | - ~ Hin o L [u}
=, 230’ ] £ smip'o n| = a ~o
2 o~ 2 u] ) gL~ o

- & s % [u]
E i’ o u" = u] B & oo
I} - ° o
& 5 s o 2
w100 o E kL
= T osmed ] [m]
S -
o E = 2 toio'
o Z oz E

smio fp— -

Hipec @100 _ 1 Hispec 10,100
T T T T T T T T T T T T T T T T
R o i 2 3 . H H 1 o 1 2 3 v s & 7 ]
E(|l lrivm conce rraton © L Equllibrium conce nkakon of N atlon (g /Ly Equlibrium concenlralon g ¢ L)

Adsorption isotherms on carbon or catalyst.

Shuang Ma, Qian Chen, Flemming H. Jagrgensen, Paul C. Stein and Eivind M. Skou: Solid State lonics 178 (2007) 1568
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lonomer adsorption

There is a strong interaction between the membrane
binder in the electrode and the catalyst

PR e

3| support B2

Seminar on Fuel Cell Electrocatalysts, NTNU, November 1, 2012
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Durability
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Thank You

Danish Korean PEM Fuel Cell Workshop, November 18-19, 2013, KIST, Seoul
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