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Una futura economia basada
en el hidrogeno?
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Celdas de Combustible (Fuel Cells)

Fuel Cells in operation
BlllZ
Biindnis
Portable systems

appr. 3500 systems

( " Mobile systems ™
\~ appr. 350 cars __,--"/
Stationary systems

appr. 2500 systems with overall power of e frﬁ"]“-*’
appr. 130 MW

Las celdas de combustible ya estan probadas, demostradas y se utilizan.




Que es una celda de combustible (Fuel Cell) ?
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Clasificacidon de las celdas de combustible

AFC ) Alkaline fuel cell
DMFC s Direct methanol fuel cell
MCFC ) Molten Carbonate fuel cell
PAFC  m) Phosphoric acid fuel cell
PEM  me) Proton exchange membrane fuel cell
SAFC ) Solid acid fuel cell
SOFC Solid oxide fuel cell
SPFC Solid polymer fuel cell
ge

60°C
FOAC
150°C
220°C
3as0°C
500°C
&00"C
700°C
B00°C
1000°C ——



Aplicaciones actuales

Air (oxygen) flows
through front intake grills
and is supplied
to the fuel-cell stack.

4

The generated electricity
is supplied to the
electric motor,
which propels the vehicle.

: g’* g!

Hydrogen stored in the
tanks (yellow cylinder)
is supplied to the
fuel-cell stack.

3

Hydrogen and oxygen
react inside the
fuel-cell stack,

generating electricity

and water.

o

The only by-product of
creating electricity in
the fuel stack is water,
which is emitted
through the tailpipe.

HYDROGEN STATION

Estacion de repostaje de
hidrégeno (hidrogenera)
(Dusseldorf, Alemania, 2021)
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Air outlet_~ ==

Potencia: 2 kWe
(Forschungszentrum Jilich, 2021)



Anode interconnect ribs
and channels

Sealing frame

and channels

Bipolar plate

Sellador de
vidrio
ceramico
(CGS)

View of anode interconnect
(Forschungszentrum Jilich, 2021)




Técnica de Emision Acustica



Que es el Metodo de Emision Acustica?

Es un metodo de prueba no destructivo que se utiliza cominmente en
la deteccion y localizacion de fallas y grietas en estructuras cargadas
mecanicamente asi como en componentes.

Al método AE se le considera como un método
pasivo, ya que la fuente de informacion se
encuentra dentro del componente o materal bajo
prueba.

(i.e. No requiere de ninguna aplicacion externa de
AE Instrument ,
i energia)

* Interpretation
« Evaluation

Acoustic
Emission

i _.J...r‘ ] Wave
' Source

Sensor

La tecnologia involucra el uso de sensores ultrasonicos (20 kHz- 1
MHz) que escuchen el sonido de fractura de los materiales vy
estructuras.

Las frecuencias de las emisiones acusticas se encuentran tipicamente

en un rango de 150 a 300 kHz (por encima de la frecuencia del sonido
audible).

10
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Principio de las pruebas con Emision Acustica <&

Pre-amplifier
Amplifier

Filter

AE Instrument

/

Acoustic
Sensor

Computer
Data Storage

“Source .
— ) Stimulus
~ Wave )

propagation

S—

Stimulus _
S
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Blade flutter

Tower dynamics
and vibration

Tower bending moments
and torsion

MEMS AE Sensors

_MEMS AE Sensors

12



Proyecto Experimental

La investigacion experimental esta orientada a la monitorizacion
acustica de lo que ocurre durante un corte de suministro de H, o fuel a

la celda de combustible de 6xido solido (SOFC).



Test set-up and methodology:

Crofer
22APU
plate

Rod waveguides
L:0.30m

AE sensors

AE sensors

Fig. 1. Assembly of AE sensors 1 and 2
in the middle of the Stack.

Air inlet

Fuel inlet

7 REDOX cycles performed so far at 625 °C

Fig. 2. Assembly of AE sensors 3 and 4 0,5 sIm air on fuel side

in the middle of the Stack.
Characterization temperature: 700 °C



T

Preamplifier BNC-BNC coaxial cable




Resumen de las pruebas Redox (MP31)

SOC-Sub-Stack F1004-113, test-No. SK 698
FUE - Accoustic emission test during redox cycle @ different T's

1000 50
800 140 =~
O —_
S 600- bod 30 E
— 400 120 &
‘ ] M (9\]
200 "_M | l10 T
oL 1 11 — | ———I_11 g
1.2 = 11.4
= B 1 L i F

1.0- 112 E
wn
S~ 08 1108
- %)
O 0.6 10.8 ~.03_J
0.41 106 §
0.2- loa ®

T T T T T T T T T T T T N T T T 0.2
8320 8580 8840 9100 9360 9620 9880 10140 10400
t/h

Test start: 10/21/2020
Test bench: MP06 / MP31

—— stack temperature

— H2
— Ar
——air
—— air on fuel side

Cathode: CTJb-14 (LSCF)

Cell area: 80 cmz?

Interconnect: Crofer 22APU
Contact anode: Ni-mesh

Contact cathode: LSCF

Prot. Coat.: MCF (APS)

Sealant (stack): Glass 87 ZYBF-2
Sealant (adapter plate): Mica
Clamping weight: 1 kN

— Layer 4
— Layer 3
—— Layer 2
Layer 1
currentDensity

16
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Desempeno de la celda de combustible de oxido sélido

SOC-Sub-Stack F1004-113, test-No. SK 698
FUuE Acoustic emission test during redox cycle @ 625 °C
Comparison performance cells after redox cycles

0.88 770 Test start: 21.10.2020
Test bench: MP06 / MP31
~ de 1
-~ I
0.86 - =~ \6336‘ - 760
S~ H2: 4.5 Nl/min
~ I Air: 16.0 Ni/min
N - 750
IE 0.84 R S37%
2 y S— A4 s | —m Layer 1
< i 350, 4740 O —@ Layer 2
o 0.82 4 ’ - —4A— Layer 3
® I —— 4% | 3 v Layerd
> M o a 4730
~ 0.80
3 v— . —M— Stack temperature
y B — Y -2,8%
) v 720
0.78 |
471
a—— 8 | [ ] u 0
0.76 .
T T T T T T 700
1 2 3 4 5 6

after redox cycle / -
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Evolution of stack OCV

SOC-Sub-Stack F1004-113, test-No. SK 698
FUE Acoustic emission test during redox cycle @ different T's
Comparison OCV @ 700 °C

1240 T T T T T T T T T 770
1035 ] | Test start: 21.10.2020
2357 M/v—v/' 760 Test bench: MP06 / MP31
1.230 }
1.225 H t W
_ < 750
1.220 H
> 1.215—_ 4 740 OL)
Z i -~ —&— layer 4
L>) 1.210 _ 3 —o— layer 3
o 1.205 -4 730 |_"’ —A— layer 2
' i —v—layer1
1.200 —_ ./.\./I—I—IIH—H\./._./I 1720 —— Stack temperature
1.195
1.190—_ 4710
1.185
1.180 T - 1T T "~ T "~ T 1T T 1T 700

T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14



T/°C

uv

AE peak amplitude / dB

SOC-Sub-Stack F1004-113, test-No. SK 698
FuE - AE activity during redox cycle @ 625 °C
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Cathode: CT Jb-14 (LSCF)
Cell area: 80 cm?
Interconnect: Crofer 22APU
Contact anode: Ni-mesh
Contact cathode: LSCF

Test start: 10/21/2020
Test bench: MP06 / MP31

_:rz Prot. Coat.: MCF (APS) |
ap  — TStack Sealant (stack): Glass 87 ZYBF-2 | SOC-Sub-Stack F1004-113, test-No. SK 698
Sealant (adapter plate): Mica _ ; o
Clamping weight: 1 kN | FuE - Absolute AE energy during redox cycle @ 625 °C
700 10.0 | Test start: 10/21/2020
J / 4 £ Test bench: MP06 / MP31
600 - {75 = |
- e -~ T T T T T 16E+8
500 - ~450 2 | 12 Cathode: CT Jb-14 (LSCF)
] | 2 | 1.4E+8 Cell area: 80 cm?
400 - -=25 & Interconnect; Crofer 22APU
J 0} | 1.0 - 12E+g 3 Contact anode: Ni-mesh
- (7]
200 0.0 - Contact cathode: LSCF
| 1 0E+8 3 Prot. Coat.: MCF (APS)
0.8 4 : @ Sealant (stack): Glass 87 ZYBF-2
12 4 14 | 2 [ Sealant (adapter plate): Mica
<] 1 2 .6 8.0E+7 G Clamping weight: 1 kN
. = 6 T
1.0 7 - 12 E | 6.0E+7 %
0.8 — © 0.4 4 0 —Layer -
] J1038 I Joer v =i2mp —&i1
0.6 — ] «® | ~——Layer3 ——CH=3
- = 08 E 0.2 4 —— Layer 4 —CH=4
0.4 4 1 2 | ‘ 4 2.0E+7
| - 06§
0.2 - - - ----- — E = | 0.0 - = ; ; 0.0E+0
] J o4 ® 09:40 10:50 12:00 13:10
0.0 - | 1 | t/h
- 0.2
Layer 4 | L
100 T ——Layer 3 | Airinlet: Ch1and 4
. Layer 2
90 4 Layer 1
] | Gas inlet: Ch 2 and 3
50 ] |
70 * CH= |
| . CH=2
s CH=3
60 + CH=4 |
50 - |
. |
09:00 10:00 11:00 12:00 13:00 14:00 |
|

t/h



Peak amplitude / mV

Analysis of AE signal recorded at channel 4

2.5

Signal "burst"” type

2.0—-
1.5—-
1.0—-
0.5—-
0.0—-
-0.5—-
10-
15-

-2.0

0

—T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 550

Time / us

Amplitude / mV

0.10

0.08

0.06

0.04

0.02

0.00

_ r—-—-—--- |
! I
! I
i | !
HPbandfiterl [T
1at 120 kHz ! | Eossnbly due to fracture
! 1 in the stack
- I |
! | Fopa @ 228 kHz
_ | !
! 1
i | \
! 1
] 1 |
! I
| I
T I I 375 - 750 kHz
D
|
i ! |
! I
T - T - T . T T
0 150 300 450 600 750

Frequency / kHz

900
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Tstack 1°C

usv

AE peak amplitude / dB
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SOC-Sub-Stack F1004-113, test-No. SK 698
FUE - AE activity during redox cycle @ 625 °C

3 Maestria en Ingenieria 4

Cathode: CT Jb-14 (LSCF)
Test start: 10/21/2020 Cell area: 80 ¢cm?
Test bench: MP06 / MP31 Interconnect: Crofer 22APU
Contact anode: Ni-mesh
Contact cathode: LSCF

H2 Prot. Coat.: MCF (APS)
Ar Sealant (stack): Glass 87 ZYBF-2
Air Temperature stack Sealant (adapter plate): Mica

Clamping weight: 1 kN SOC-Sub-Stack F1004-113, test-No. SK 698

FuE - Absolute AE energy during redox cycle @ 625 °C

t/h

700 10.0 |
£
600+ 175 & |
-
500 150 2
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400+ 125 @ |
o 1.2
300 —_— 00 | 1.0E+8
| 104 T Cathode: CT Jb-14 (LSCF)
1.2+ 11.4 soEs7 = Cellarea: 80 cm?
£ | 0.5 g Interconnect; Crofer 22APU
1.0 12 5 > S Contact anode: Ni-mesh
— | 3 60E4T T Contact cathode: LSCF
0.8+ 10 8 0.6 & Prot. Coat.: MCF (APS)
B | =] Sealant (stack): Glass 87 ZYBF-2
0.6+ 08 @ 4.0E+T % Sealant (adapter plate): Mica
04 2 | 0.4 o Clamping weight: 1 kN
-] 106 € <
0 2 4 r{a — —— ———-"--—= - - 8 | 0.2 4 2.0E+7 ——Layer 4 CH=1
. (—“ Layer 3  CH=2
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0.0- y | A —t
| 02 0.0 4= ; = 3 ; 0.0E+0
: 07:12 08:24 09:36 10:48 12:00 13:12
Layer 4 |
100 i I Layer 3 t/h
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90 - i" '] . Layer 1 |
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I |
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Amplitude / dB

ANalisis ade senales de emission
acustica registradas en Canal 4

10
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-10 -

—— Amplitude
—— 0.12 Hz High Pass fft filter of "Amplitude"

y I Y I Y I > I s I % I
0 500 1000 1500 2000 2500 3000

t/ s

Amplitude / mV

0.5 1 172 kHz
0.4 H
0.3 1
0.2 1
Traces of possible crack
or fracture (200-300 kHz)
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Proceso de agrupamiento de los diferentes _gum
mecanismos de fractura en selladores de vidrio &
ceramico
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Unsupervised clustering

Clustering Algorithr

108 O k-means
2500 - 4.5 O k-medoids
O Agglomerative tree linkage
(® Gaussian mixure models
4 . . O Gustafson-Kessel
2000 - et Murmnber of clusters ]
= . o P . . Cluster algarithm Apply
® R -
g - Cluster ID 2
I 2 Create from plot Selact
1500 - [ . "
g F 3f Seek optirmal partition Open
8 g
= = Supervised clustering
g g ANN classifier Load
& 1000 32'5 i : Noise classifier Load
= & o Apply
£ =] [ Use subset size?
© = .
2 2 Subset size: 1000
500 ANN classifier Train
Save
151 imil
Detect similar signals Start
0 . 1 ! ! ! ! ! . ! ! ! Feature selection
15 2 ) 25 3 35 4 10 20 30 40 S.D 60 70 80 90 100 Auto feature selection  [Cornpute
weighted peak frequency [Hz] «10° partial power 2 [%]
100 - 1600 partial power 1 [%] ~
90 - 1400 partial power 3 [%)]
partial power 4 [%)]
80 - partial power 5 [%)
1200 "
partial power B [%)
70 - 3 peak frequency [Hz]
= =
2, & 1000 frequency centroid [Hz] v
o 3
5 60 8 < >
Z G 800
a =
z T 2
£ ]
] 2 600
40 [ g
-
Partition data:
30 - 400 Number of data points 6468
Number of clusters 2
20 200 Cluster validity measures:
Davies-Bouldin Index 0.66
Calinski-Harabasz Index 199.46
10 L 1 1 1 L 1 ! 0 medified Hubert's Gamma 0.47
1 15 2 25 3 3.5 4 4.5 20 30 40 50 60 70 80 20 Sihouetle Index 0.74

weighted peak frequency [Hz] «10% partial power 2 [%)] Tou Index 0.38

Uncert. of Classific. (UoC) 9.4 [%]
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Tecnica de metalografia: prueba postmortem

' Schliff: Schliff:
{ VergroRerung: 40:1 VergroRerung: 40:1
¥ Bildnummer: Bildnummer:

0495_MY1004-3 _ 750°C_00002 m 0495_MY1004-6 _ 750°C_00002

Schliff:
VergroRerung: 40:1 8 VergroRerung: 40:1
1 ‘ ildnummer: 3 ; 2 Bildnummer:
200 ym | B S o _ 200 pm | 0495_MY1004-6 _750°C_00006
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S6lo la adquisicion de diferentes

conocimientos de la ciencia permite

proponer y  desarrollar  proyectos
Interdisciplinarios.

La colaboracion con expertos de diferentes
tematicas (p. ej. clencia en materiales,
electronica, acustica, mecanica, etc.) ha

permitido alcanzar el avance mostrado a la
fecha.
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