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Abstract

The metal ion beam facility is developed including the
metal vapor vacuum arc (MEVVA) ion source at the KO-
MAC (Korea multi-purpose accelerator complex). The
MEVVA ion source has advantage that it can be extract al-
most metal ion species as well as high current ion beam.
After the installation, we measured beam properties such
as the beam profile and peak beam current depending on
the operation condition, average charge state and cathode
erosion rate. In addition, as one of the application fields,
we irradiate the metal beam on the air electrode of the fuel
cell and measured the performance. In this paper, the beam
measurement results, are summarized and solid oxide fuel
cell (SOFC) performances after metal beam irradiation are
described.

BACKGROUND

The MEV VA ion source generates metal plasma through
vacuum arc discharge between electrode [1]. This kind of
ion source does not require gaseous operation to produce
metal plasma, and uses bulk metallic cathode [2]. The arc
current is concentration at a tiny spot on the cathode sur-
face, it is called a cathode spot. This micro size spot is va-
porized and ionized to metal plasma [3]. It can generate al-
most metal io species in Periodic table [4].

In this work, the possibility is studied that the (SOFC)
efficiency improvement through the beam irradiation. No-
bel metal ions are difficult to extract ion beam. They are
extracted and irradiated on the SOFC. Before the irradia-
tion beam properties are measured such as stability, peak
beam current and beam profile. Then the average charge
state is estimated to determine the total dose. From the
above experimental process, beam properties are checked,
and the irradiation condition is optimized to SOFC. The
electrochemical performance of irradiated SOFC is ana-
lysed and compared through current density-voltage meas-
urement and electrochemical impedance spectrometry (EIS)
analysis.

METAL ION BEAM TEST
Stability

The metal ion beam facility is developed including the
MEV VA ion source at KOMAC. It consists of the MEVVA
ion source, the chamber for beam irradiation, power sup-
plies, evacuation pump, the diagnostic system and remote
controller. The integrity of ion beam facility was evaluated
using chromium ion species, which is one of the universal
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species in MEV VA ion source, in previously study [5]. The
extraction voltage is stable at the 3.75 kW of arc power.
Experimental conditions were 4 Hz of repetition rate, 700
us of the pulse width and 30 kV of the extraction voltage.
When the silver and copper ion beam extract, the fluctua-
tion of extraction voltage is 30.0£2.3% and 29.91+4.7%.

Properties

Beam properties of the silver and copper ion species are
measured in the same process as before study. Irradiation
parameters will be determined to improve the SOFC. Fig.
1 shows the peak beam current of the silver and copper de-
pending on the arc power and the extraction voltage. The
experimental conditions were 4 Hz of repetition rate and
900 ps of pulse width. The peak beam current of both ion
species is increased as the arc power and extraction voltage
increase.
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Figure 1: Peak beam current depending on the arc power
and extraction voltage (a) silver (b) copper.

Figure 2 shows the beam profile and RMS radius de-
pending on the arc power of silver and copper. The
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experimental conditions were 4 Hz of repetition rate, 700
us of pulse width, 3.57 kW of the arc power and 30 kV of
the extraction voltage due to the most stable extraction con-
dition. The beam intensity of the silver is higher than the
copper ion beam at the same extraction condition(Fig. 2(a)).
The RMS radius gradually decreases and is the lowest at
3.57 kW(Fig. 2(b)). The radius of silver and copper ion
beam is 69 mm and 56 mm, respectively.
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Figure 2: silver and copper beam profile results (a) beam
profile (b) RMS radius depending on the arc power.

Figure 3 shows the charge distribution of silver and cop-
per by the dynamic secondary mass spectrometry. Each
charge state peak is fitted using the SRIM simulation data
in order to analyse the depth profile result. The average
charge state of silver and copper is 1.7 and 2.0, respectively.
This result is compared with other previous studies as
shown in the Table 1 [6,7].

As above experimental study, the beam properties of the
silver and copper ion species were measured. In the opera-
tion region, the peak beam current of both metal ion species
is similar, approximately 200 mA at 30 kV of the extraction
voltage. On the other hand, there is difference in the RMS
radius that 69 mm of silver and 56 mm of copper, respec-
tively. From these results, the SOFC is installed at the RMS
radius for irradiation experiment. The metal ion beam is
extracted under the matching condition, the lowest RMS
radius extraction condition, and a mask is cover on the
SOFC to irradiate only air electrode. The total dose of ion
beam is estimated by using current density of a small fara-
day cup and the average charge state.
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Figure 3: Results of depth profile analysis and fitting.
(a) silver (b) copper.
Table 1: Average Charge State

Ions
\Institute KAERI LBNL IHCH
Silver 1.7 2.1 2.1
Copper 2.0 2.0 2.0
BEAM IRRADIATION

The electrochemical performance of SOFC is measured
after the metal ion beam irradiation. Fig. 4 shows the cur-
rent density-voltage measurement result. The experimental
conditions are 3 Hz of repetition rate, 900 ps of pulse
width, 3.70 kW of the arc power and 30 kV of the extrac-
tion voltage. Fig. 4(a) shows the voltage with current den-
sity depending on the metal ion species. The total dose is
3x1016 ions/cm2. As results of the ion beam irradiation of
the silver and copper, the power density of SOFC is 1119.3
mW/cm2, 1087 mW/cm2, respectively. It is improved by
20% and 15% compared to the reference SOFC before
beam irradiation. There is no difference in the activation
energy loss in the initial current density increases. On the
other hand, the electrochemical performance is improved
because the slope is reduced in ohmic resistance and con-
centration resistance. When the current density is over
2000 mA/cm2, the concentration loss is improved. There-
fore, power density is increased after the metal ion beam
irradiation.

Noble metals are well known as excellent electrochemi-
cal catalyst for improving fuel cell performance. Among

MOPOPT037
329

©= Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



isher, and DOI

©=2d Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). Any distribution of this work must maintain attribution to the author(s), title of the work, publ

13th Int. Particle Acc. Conf.
ISBN: 978-3-95450-227-1 ISSN: 2673-5490
them, silver has a good oxygen reduction reaction rate than
copper. Thereby, the power density of silver ion beam irra-
diated SOFC is higher than the copper ion beam irradiated
SOFC at the same total dose(Fig. 4(a)). An increase of total
dose means an increase of total amount of catalyst. The
power density is increased depending on the silver ion
beam total dose, as in shown in Fig. 4(b). The total dose of
silver ion beam is 1, 3 and 5% 1016 ions/cm2, and the
power density improves 2, 20 and 23% compared to refer-
ence SOFC.

1200

1.0 41000
=
' E
0.8} i
- Reference 800 e
S . o
< Ag 3E16 ions/cm” 5
& 06 . 2600 2
& Cu 3E16 ions/cm g
=l . —_~
~ 04l // P - 400 2
Ay =
/ g,
0.2 // asmu 1200 ~
[ / @ 500mA
0E . A . . L 0
0 500 1000 1500 2000 2500 3000 3500 4000

Current density (mA/cmz)

10 1 1000
g
= 08 Reference SOFC 1800 §
2 Ag 1E16 ions/cm’ E
;{n 06 4 Ag 3E16 ions/cm’ - 600 é
= Ag 5E16 ions/cm’ =)
” 04l q400 =
[}
1E16 ions/em?, 2% 3
02 3E16 ionsicm?, 19% - 200
5E16 ions/cm’, 23%

L L L L L L L 0
0 500 1000 1500 2000 2500 3000 3500 4000

Current density (mA/cmz)

Figure 4: Current density-voltage measurement results of
irradiated SOFC (a) comparison with silver and copper ion
beam at total dose 3x10'® ions/cm? (b) depending on the
silver ion beam total dose.

Figure 5 shows the EIS results of irradiated SOFC. These
figures are presented based on the Nyquist plot. The
Nyquist plot shows the semi-circle, it means the area spe-
cific resistance(ASR) of SOFC electrode. Rs, R1 and R2
mean the electrolyte resistance, fuel electrode resistance
and the air electrode resistance, respectively. Fig. 5(a)
shows the total ASR depending on the ion species. After
ion beam irradiation of silver and copper, the total ASR is
reduced with 2.77, 2.51 and 2.18 ohm-cm?, respectively.
Among the ASR, R2 significantly is reduced with 25, 29%
compared to the reference SOFC. Fig. 5(b) shows the total
ASR depending on the total dose of silver ion beam. When
the total dose increases, the total ASR is reduced. Also, R2
is reduced approximately 46% as total dose is 5% 10'6
ions/cm?.
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Figure 5: EIS analysis result of irradiated SOFC, Rs is elec-
trolyte ASR, R1 is fuel electrode ASR and R2 is air elec-
trode ASR (a) comparison with silver and copper ion beam
at total dose 3x10'¢ ions/cm? (b) depending on the silver
ion beam total dose.

SUMMARY

In this study, silver and copper ion beams were extracted
by using the MEV VA ion source. Beam properties were
measured such as stability, peak beam current, beam pro-
file and average charge state. The maximum peak beam
current of both metal ion species is approximately 200 mA
at 30 kV of extraction voltage, and RMS radius is 69 mm
and 56 mm, respectively. The beam match condition with
the lower RMS radius is 3.90 kW of are power. The average
charge state is 1.7 of silver and 2.0 of copper, there are sim-
ilar results in other previous study. The optimization con-
dition was determined. The metal ion beam was irradiated
on the SOFC air electrode, depending on the metal ion spe-
cies and total dose. After irradiation, the electrochemical
performance was measured by current density-voltage
measurement and EIS. The concentration loss is reduced
by ion beam irradiation, and the power density is improved.
Among the ASR, R2 is significantly reduced. This study
shows that it is possible to improve the electrochemical
performance of SOFC by using metal ion beam irradiation
due to the improvement electrochemical reaction at air
electrode.
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