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O u t | i n e SOFC Program Review, 2020

For BOP Application

Complex oxides
~

 Program objectives
 Program at glance
« Accomplishments
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 Background
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« Getter synthesis, optimization and stability evaluation.

« Validation of getter performance for co-capture.

« Advanced anode materials synthesis and characterization. For Application in Stack

« Validation using transpiration and electrochemical tests.
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Prog ram Obj ectives SOFC Program Review, 2020

» The overall objective of the proposed research program is to:
> develop cost effective approaches to mitigate cell and stack degradation as well as cost reduction
via improvements in materials understanding.
» identify and validate cathode poisoning under “real world” air atmosphere.
> fabricate and test cost effective getter formulations and design to capture multi-components
airborne impurities (Cr, S, Si and B) entering into SOFC power systems.

 Develop materials and architectures of cost-effective getters for application in stacks and BOP.

« Validate and demonstrate getter performance to capture trace levels of airborne multi-
components impurities.

« ldentify other contaminants (intrinsic and extrinsic) originating from BOP and stack.

« ldentify, synthesize and validate multi-constituent getter formulation for capturing Cr, S, Si and
B impurities.

 Develop large scale getter synthesis process and validate under SOFC operating conditions.

« Technology transfer (industries or national labs)
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Technical Challenge at a Glance

« Cathode remains the largest contributor of electrochemical performance degradation in SOFC
» Cathode polarization losses (ohmic and non-ohmic)
« Surface/interface compound formation.
« Thelong-term degradation is mostly irreversible as the chemical and morphological changes in the
electrode is largely permanent.

Potential benefits of this project :

« The programs accelerate the commercialization of SOFC systems by improving the TRL.

« Mitigation of cathode poisoning and highly durable getters enables increased performance stability
and long-term reliability of SOFC systems thus accelerating demonstration and deployment of the
technology.

‘ Qutcome ‘

 Mechanistic understanding of the degradation processes in pure electronic and MEIC cathodes.

« Development of mitigation process utilizing low cost getters to capture trace levels of airborne contaminants.

* Mechanistic understanding of cathode poisoning under “real world” air conditions

« Successfully developed, validated and implemented getters to capture Cr only, as well as Cr and S simultaneously.
» Identified extrinsic and intrinsic impurities from BOP and stack such as Cr, S, Si and B.

* Conducted materials and technology transfer.
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Problem Statement

« Cathode poisoning in presence of airborne impurities, even in trace (ppm-ppb) level has shows rapid
and irreversible degradations to cathode under high-temperature operating conditions.

Airborne
contaminants

« Cathode Poisoning

« Secondary Compound formation
» Polarization increase
« Long-term performance losses /
Anode

This study remains significant and applicable to wide range of electrochemical technologies operating at high-temperature

v v

Solid oxide fuel cells < solid oxide electrolysis cells < oxygen transport membranes < integrated gasification fuel cells

¥

Power Gen < Hydrogen/fuel production < oxygen production < carbon capture technologies
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Program Accomplishments

» Cathode performance degradation has been studied under “real world” air atmosphere.

» Group-ll alkaline earth and transition metal oxide based low cost getter efficiently captures
trace airborne contaminants

» Getter performance has been validated for the capture of single (Cr or S) and multiple (Cr and
S) contaminants in their trace concentrations in ppm-ppb range.

» Electrochemical tests indicates stable cathode performance under SOFC systems conditions.
» Getter posttest characterization indicates high concentration of both Cr and S at the inlet,
while no/negligible concentrations at the outlet indicating complete capture of contaminants.
» Stability of advanced getter materials under ambient conditions has been evaluated.

» Presence of multi-contaminant (Cr, S, Si, B) is currently being investigated to understand
their role on electrode poisoning

« Graduate / Undergraduate students being trained - 3

» Post-doctoral fellows: 3

« Outreach: Middle and High School, Davinci Program, STEM

» Publications and presentations: Journal articles and technical society meetings
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Sources of Airborne Contaminants

Intrinsic Impurities (NAAQS)

Gas Concentration
Oxygen 20.9 v%
Nitrogen 78 v%
Water <1to3v%
Carbon dioxide 350 ppm
Sulfur dioxide <1 ppm
Noble gases <1 v%
Particulate matter (PM) <50 pg/m3
Extrinsic Impurities  gjnglecen /o
Cco,
Air from BOP H,O
Interconnect Cathode

Cr
Si
B

Anode
Glass Seal

Fuel

Air in fuel cell stack and system may also contain component derived impurities
such as Cr (from metals and alloys) and Si, B, and alkali (from glass and insulation).

Thermodynamic Calculations

12
Croz( OH)2
10 — Si(OH),
E 8- SO,
©
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Avincola et al. Journal of European Ceramic Soc. 2015
0 Opila et al. JOM, 2006
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Temperature (C)
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Cathode Degradation in SOFC Systems

SOFC Program Review, 2020

Air electrodes remain prone to degradation due to acid-base interactions with contaminants
Dopant exolution, Compound formation, Surface/Interface morphology changes and Interdiffusion

Cathode Degradation

[ siomni) | . | HBO.@) |
: . . s SiTIs
Solid-Gas Solid-Solid e
[ How@ | SO, (g)
« Gaseous contaminants

cro, (@) |

«  Solid state reaction and interdiffusion [ coxe |
* Airborne intrinsic impurities + Cathode/electrolyte
+  Evaporation of extrinsic impurities +  Cathode/interconnect

Thermodynamically
Feasible
Reaction

Ohmic losses, Non-ohmic losses, Mechanical changes

*

Performance Loss

Secondary compound formation
Cathodic Constituents

“BASIC" Reduction in ORR

Increased polarization resistance

Electrocatalytic Deactivation

Compound Formation
Surface adsorption

Reaction feasibility of acidic contaminants with
Acidic gaseous species

basic cathode materials
-+ + + ~+
Basic AE Surface
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_Trace Contaminant Getter: Concept

SOFC Program Review, 2020

Capture of airborne impurities and Mitigation of Poisoning
e . Air Outlet
i . . Purified air S
Air containing gaseous \ :
; e O @3 R WL
impurities L ! . = . .
v VD : '
2) . Getter | ° < 3 i :
3 . "
\) \ ) fume “‘ N
* S ‘QV
Piﬂ'ﬁ'[. mEEEN i
e PArr Cathode Air . %
L)
* o
L 4 Getter . L 4 S
Electrolyte N PSP ~ .,
Cathode oo T o, : .
Air Flow — [ R Cr0,(0H), [ ]
Interconnect <1 Getter s .
0’ Y
. *
Fuel Flow ... Balanceof . Ambient air constituents
N N cos | Concenation |
BN o wew
i et N 78 v%
aneers 4 H.0 <13 vk
m GO, 400 ppm
AT e

Figure. Schematic illustration of getter Integration within SOFC power system

» Cost-effective Strategy

- May not need to do spinel-coating on all BoP components
- No need to replace the established cathodes
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Performance Evaluation: Sr-Ni-O

350

s04 (@) I-t curve

Evaluation by Electrochemical

Test
250 Crsource Getter LSM/YSZ
g 20 Cr vapor with SNO getter R 3 Electrochemical performances
£ 150 I 2l =
= Baselne mm-ir—r - @-e | 3 recorded of LSM/YSZ at 650 °C under
< . _
. w / sNo getter | three different conditions:
- Cr vapor only 2. 1 ube
0 T . T - - - . " T 1.5" Tube ] .
0 20 40nme(h) 60 80 101 1/2" Tube { m?;é&zr:ltée ] (a) Current denS|ty as a function of
100 With Cr vapor s With getter and Cr vapor _ Without Cr vapor (baseline) time; Impedance spectra of the cells
b) +1h  =5h 10h
w0l ® Json -ioon N N (b) under Cr vapor,
T o < :
5 gs- gs- (c) with getter under Cr vapor, and
N 40 - 22 S . . .
C g . (d) without getter in air.
0 T T T 0 - - 0 T & T
0 20 40 60 80 10 0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 3.0 4.0 5.0
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» The electrochemical performance of LSM/YSZ half cell was maintained by using SNO-based getter.
» The electrochemical performance of LSM/YSZ half cell was degraded under the flow of Cr vapor.
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SOFC Program Review, 2020

Performance Evaluation: Cr poisoning

TEM-diffraction patterns

Elemental Mapping

— 9

P a
(dz) (4)QAPQA$~
[°U2-00—000-(lo !
du2=0.36 nm H{eds S R ALY n|,
f dovs = 0,23 Am ;| SEA PO Plo
! : R;:;i()‘sdm
o o |
[ Rod Pk P
Q [FOROL )‘%;,{1’\:
old ¥ g Wik
IR AV % L P
Jo} 29 (0—0 0o Cr
A S R AR 2R ° 0

STEM micrograph and EDS mapping on the cross section of TEM images of the chromium species deposited at the cathode interface taken along (al) [110]

the LSM electrode/YSZ electrolyte interface after the test in and (bl) [011], HRTEM images of the crystallites (a2 and b2), the corresponding Fourier

the presence of Cr vapor at 650 °C in 3%H,0O-air for 100 h. transform pattern of the same region as a2 and b2 respectively (a3 and b3), and the atomic
model illustrated (a4 and b4).

» High Cr concentration at the LSM/YSZ » Electrochemical reduction
: 2Cr0,(0H),(g) + 6e~ = Cr,05(s) + 2H,0(g) + 302%~

interface
= Electrochemical reduction reaction » Subsequent reaction of Cr203 with Mn in LSM = (Mn,Cr),;0,




Cr Capture: SNO MeChanlsm SOFC Program Review, 2020

(a) (b)
3%H,0-air/Cr (g)

0,(g)/CrO,(OH)x(g) Cr (g)
| o 3%H,0-air/Cr (g) /LLL MR |\ Product layer

vv v SrCrO,
ci SrNi, O,
Substrate

Cr,0;5 (s)

lllustration of chromium deposition on the LSM/LSZ interface (a) and the effect of the SNO getter mitigating the electrochemical
degradation (b).
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Advanced Getter Fabrication

SMO honeycomb getter by dip-coating

» Fabrication process of the SMO
getter by dip-coating of a cordierite
honeycomb substrate (400 cpsi) in
an aqueous precursor slurry,
followed by heat-treatment at 1000

heat
treatment

Dip
coatlng

b ® SrMnO,
¥ (Mg,Fe),Al,SisOy

SMO getter
ve %o @

v cordierite substrate
v Y v vy v

rr T rrr
10 20 30 40 50 60 70
20/ deg.

OC,

XRD patterns of a bare cordierite
substrate and the SMO getter
coated on the substrate

SEM images of the inner channel
and the surface of the SMO getter.

Honeycomb getters composed of SrMnO; has been fabricated by dip-coating of honeycomb cordierite
substrate in SrMnO; aqueous slurry.
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Performance Evaluation: Sr-Mn-O

Evaluation by Electrochemical Test e w/ getter in Cr/S
e w/o getterin S
SMO getter , 50 on {4 ppm) e w/o getter in Cr
120 Cr vapor E Cr vapor + SO,
100 ..... " 1 '-r -ﬂ,,.'ir‘.r....-" L R - c

Normalized Current Density / %

L] i L] I I T L]
0 40 80 120 160 200 240

Time/h

Current density of the LSM|YSZ|Pt cells over time under the flow of either (a) 4 ppm SO, gas (injected after 110 h) or (b) Cr vapor toward
the LSM cathode in the absence of SMO getter, and (c) that recorded under the flow of both Cr vapor and 4 ppm SO, gas (injected after
110 h) toward the LSM cathode through the SMO getter.

In the presence of SMO getter, the current remained stable validating the performance of the getter, whereas the
current dropped under the flow of Cr vapor and SO, gas, individually.




Performance Evaluation: Sr-Mn-0O

SOFC Program Review, 2020

Electrochemical Test

(a) S poisoning and (b) Cr poisoning

- Increase of Nyquist circles and Bode
plots = Polarization resistance
increase due to reactions of Crand S
with LSM

(c) Cr/SO, with getter
- Static Nyquist circles and Bode plots

- Relatively clean morphology of both
LSM surface and LSM/YSZ interface

- S/Cr gases were captured by the
SMO getter

a. SO, gas
~0~ 200 h (90 h) it 200 h (90 h)
~0—170 h (60 h)

421 —&—140 h (30 h) 4 +::::($:)

——120h (10 h) - (30h)
~O—113h (3 h) s 120 h (10 h)

E 4-111h(1h) E ~a—113h (3 h)

©os ~—100h —s—~111h(1h)

S ............ Top S 2

N ..cht-lc.._‘.t_.:'.. N

5 % ¢

wmot

T
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T
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T T T
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Re 2/ Q cm?

T
1 20
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L 70

1

c. Cr vapor and SO, gas with SMO Getter

AmZ/Q cm?

0.3

~<3~220h (110 h)

& 180h (70 h)
~—=140h (30 h)
~&—100h
~0— 50 h
-0 10h

e

44

Re Z/Q cm?
~n

e 220 h (110 h)
~180 h (70 h)
———140 h (30 h)

w100 h
— 50 h

T T
10 12
Re Z/Q cm?

Impedance spectra (Nyquist and Bode plots) of the LSM|YSZ|Pt cell under the conditions 1-3 (Table 1), and
cross-sectional SEM images at the LSM/YSZ interface exposed to (a) SO2 gas, (b) Cr vapor, and (c) both Cr

vapor and SO2 gas in the presence of the SMO getter, respectively.
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Thermal and Hydrolytic Stability: Sr-Mn-O

Thermal Stability Hydrolytic Stability
g e SrMnO, d Humid envir.
(12 days)
° . ®
°
JL L :\ l\: LRT | ® SrMnO
(Cooling) #
JL J__L A J—L J_ 900 °C * water
J L c ° _——J \ o b o e °, °, o
_JL J "y A 700 °C humid envir. | SO@ked in Water for 1 day
(2 weeks)
b ‘
B _JJ ‘\ " L 500 °C — . bl Placed in 3%H,0 air
a ‘ as-syn.
N N L " J_A LRT 'Ju
e — e S e S E Gy e P e A mtey g
25 30 35 26 40 45 50 20 |

XRD patterns of (a) as-synthesized SrMnO5 powder, (b) the power placed in a humid
environment (2.7% H,O) for 2 weeks, and (c) the powder soaked in water for a day; and (d)
Photographs of SrMnO; pellets before and after exposure to the humid environment for 12
days. .

High-temperature XRD patterns of SrMnO; powder:
room temperature (RT), 500 °C, 700 °C, 900 °C,
and RT after cooling down.

No structural change of SrMnO, at high No structural change of SrMnO; in humid environment.
temperatures (up to ~1400 °C) DNN




Capture Mechanism: Sr-Mn-O

(a) XPS depth profile of a SrMnO; pellet that was heat-treated at 700 °C for 100 h in ambient air, (b—e) Montage of depth profile survey
spectra for Mn, Sr, O, and C, and (f) Raman spectrum of the SrMnO; surface.

f’—"’“ Mn
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Q
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: . White-black i
» No Sr-segregation. » The presence of | o '/Neblackspotregion

Mn,O, dimer on the surface which tends to | anopolycrystaline G, | , |
adsorb O, in air [S. Kawasaki et al.] -Sr and Mn separation due to Sr- || T

S reaCtlon S “+ | mn0;(RBH) Srs0, (Pnma) SrMnO; (P6,/mmc)
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SOFC Program Review, 2020

Thermodynamic Calculations: Stability

2400
_ 1 1 '
SrCrO, + SO, (g) = SrSO, + 5 Cr0;+70, (g9) 2200 - L Cr,0, 55+ 1
1E-3 + ]
2000
1E-4 - '
+ 1800 4 .
_ 3 SrSO4 (S) Cr203 (S) _ Spinel; +L Cr,0,ss
% 1E-5 O 1600
e d e 4 ppm 5-’
(@) 1 - - ot 1
2 1E-6—§ (in this work) g 1400 4 Spinel, Cr,0, ss
(o] 17 ] - (Mn,CrO, and Mn, sCr; s0,) +
v U T LT T L L L T 75 ppb o 1200 - _
> 5 (in air) g - Spinel,
o 1E-8+ © 1000 4 (MnCr,0, and
5. . 1 Mng sCr;504)
© 1E-9 5 800 -
t ] ]
§ &0, SrCrO, ., + SO 0 w0,
] 4 (S) 2 (g) 400 1(in this work) \
1E-11 1 T F Mn,0; + Cr,0,
=20 2 200 —
500 550 600 650 700 750 800 850 900 0 20 40 60 80 100
Mn,0, Cr,0,
Temperature (°C) Mol percentage of Cr,0; (%)
Phase diagram as functions of the partial pressure of SO, Phase diagram for Mn,04-Cr,0O, system (ss: solid solution; Tetr.:
and temperature for the reaction between SrCrO4 and SOZ Q)" tetragonal; L: IlCIUld). Modified in part with permission from Ref. [W. Qu et

al., Journal of Power Sources 153, no. 1 (2006): 114-124.].

Chromium (up to ~23%) can co-exist in Mn,O; solid solution. UGUNN




Chromium and Sulfur Combined Poisoning

a 1200 D 10 C —
10006 0.06 1o1h
€ 800 E % 2%82
E 600 é & 0.04 1 -~ 50nh
£ oo N N é?ggh LSCE
3 200 £ E 002 - A
o] /
T 0 + M - :
d O 4 8 12 16 038 043 048  0.53
Re Z / Q:cm? Re Z / Q:cm?

81 LSM ° R g

64 o Rp " ]

4l 00 P Figure (a) Current densities and (b and c) Impedance spectra of LSM|YSZ|Pt and
8] 090 Moeq .° LSCF|GDC]|Pt solid oxide cells recorded over time (up to 110 h) at 750 °C under the
S 0<:° aad flow of 500 ppb SO, 4, and Cr vapor (~1 ppb CrO,(OH), ) toward the LSM and LSCF
G air-electrodes. (d) Their ohnmic and non-ohmic resistance change over time.

S 0061 | SCF ° Ry o
004A p . . . . . .
o 22 » LSM: Rapid degradation due to polarization resistance increase
| W » LSCF: Slower degradation due to both polarization and ohmic resistance
0.004 T T T T I lincreases
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Time/h
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SOFC Program Review, 2020

Thermodynamic: Cr&S Capture

SrSO, + 5rCrO, + Cr,0,4
l

0.001 - 1
‘IE—5:E
‘IE-?:.E The condition /
] of this work
N 1E-9 4 SrCr04 s ®
z 1E11-§ Phase stability diagram for a fixed SrO and varying
P E SrsSO, partial pressures of SO, and CrO,(OH), at 750 °C. The
$ 1E +Cr,0,4 red spot indicates the partial pressures of the
1E-15 chromium and sulfur species in this work.
3
1E-17 4 SrSO
> r
1E-19 4 SrO 4
1E-21 -E I b | ] L b | b Bl | ] ] I 1 1 1
& © > o Q 58 © M
A AN N S
Pso,

» The feasibility of the reaction between SrO (surface-segregated on LSCF) and Cr/S impurities and the compounds
were figured out.

» The thermodynamic analysis validates that the reaction behavior related to Cr/S contamination is affected by the
partial pressures of Cr and S species.

» In this experimental condition, the reactivity of SrO with SO, was higher than that with Cr vapors.
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Chrome and Sulfur Combined Poisoning

SOFC Program Review, 2020

Combined Cr and S Poisoning Mechanism

LSM LSCF
>
= 5rCrO,
? ler0,
|8
>
E SrSO,, Sr504
=]
w
SrsO,
v
T | SrS0O,
[ =
© Cr,0,4
1 Y
|S)

Expected mechanism

CrO
SO, A0z o S0, adsorption/absorption Sr-rich or Sr-
\ (PSOZ > PCrOZ(OH)Z) terminated

surface
Step 1

: Cr-deposition: ]
| FISNGINM + 3V, + e~  Crvapor penetration [ Crand S ]
: > WA + 2H,0 ) + 30,*  into the electrolyte poisoned LSCF

(a) Schematic of the cross-sectional structures of LSM and LSCF contaminated with Cr and/or S species, drawn from Table 1. The combined Cr and S poisoning behavior of LSM is equivalent to the sum of
those of individual Cr and S poisonings. However, the combined Cr and S poisoning behavior of LSCF is different from the sum of those of individual Cr and S poisonings. (b) The expected process of the

combined Cr and S poisoning in LSCF.

» Adsorption/absorption of SO, , onto the Sr-enriched LSCF and segregated SrO

» Cr vapor penetrating into the electrolyte without being absorbed by LSCF, since pre-adsorbed SO, has already deactivated the Cr-gettering effect of LSERK NN



SOFC Program Review, 2020

Interactions of multiple contaminants in SOFC systems

CO,, SO,, SO,,
CrO,,
CrO(OH),,
CrO,(OH),,
Si(OH),, H;BO,

Acidic SOFC Cathode

Basic

Cathode
Airbornellmpurities

¢

Ambient air Cr containing alloys Borosilicate seal materials

Contaminants presence in air and the ones that evaporates from BOP and IC leads to poisoning

UCONN



Multi-Contaminant Getter validation techniques

Transpiration tests Electrochemical tests
Incoming air
containing
50,, CO,, 0, Extrinsic impurities
.1 Compressed air cylinder — N Sources of CI’, S'
2 Mass flow controller (MFC) Si, B Cr \ ; H3BO3: S'(OH)z
3 Water bubbler AN S X
4 Furnace /_ e —
5 Cr source (chromia pellet)
6 Getter 1
7 Quartztube
8 Outlet elbow
9 Chiller | 1
10 Cond T
0 Washbotes by | | % Mixing
— S—
Response parameters:
« Contaminants vapor pressure Air S0,
« Getter validations
« Posttest getter morphology and chemistry — —
« Cathode performance: surface and cross section Intrinsic impurities
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SOFC Program Review, 2020

Borosilicate Glass in High Temperature

1 mm

Comparison of glass beads (a-h) before and (e-h) after exposure to humid air at 750 "C for 300 h. (a) and (e)
show the photograph of the glass beads before and after the treatment. (b-d) and (f-h) show the SEM images of
the before and after treated glass bead surface. Higher magnification is shown from left to right.

» Borosilicate beads still maintain their morphology after heat-treatment at 750 °C

UCONN



SOFC Program Review, 2020

Borosilicate Glass at High Temperature

100.1

* SiO2 (JCPDS:75-0923) Boron vaporization
s  —After treatment 1
—Before treatment |

Borosilicate

:

:

Weight change (%)
8

Intensity

=
X
%
$

996 T - T v T v T o T T -
100 200 300 400 500 600 700
Temperature (°C)

40 50 60 70 80
20 (degree)

N
o
w
o

Figure. (a) XRD pattern of a borosilicate glass
used for the experiment, and (b) Weight change of
the borosilicate glass with time.

Figure. XRD patterns of the glass beads before (black spectrum) and
after (blue spectrum) the 300 h test in humidified air.

» At high temperatures, borosilicate is crystallized into SiO, cristobalite
while the weight decreases due to Si/B vapor generation.
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B/Si poisoning of LSM electrode

Electrochemical performance of the LSM/YSZ/Pt cell at 700 °C for 100 h under the flow of humidified air (3% H,O-air) in
the presence of borosilicate. (a) Current density plot, and (b) corresponding Nyquist plots recorded after 1, 4, and 55 hours.

a b

-40

1.0 4
—
___0
> s
>
=
e 0.6
)
o
o
e 04-
Q
| .
5

0.2
O

.
00 ' 1 ' I ! I ' 1 ' 0 ' I ! I ' 1 ' I '
0 20 40 60 80 100 0 20 40 60 80 100
Time (h) Re Z (Q

The LSM performance (current density and polarization resistance) decreases over time in the presence of
borosilicate glass beads.
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B/Si poisoning of LSM electrode

SOFC Program Review, 2020

BK 3.5

SrL 3.4
LaL 53.2
MnK 244

S

am Element Weight %

. BK 1.5

72 SrL 3.4

- LaL 54.0

212 MnK 255

i Element Weight %
BK 3.1
SrL 43
LaL 52.4
MnK 24.9

- ® Element Weight %

00 O000keV  Det: Octane Pus Lock Man/Line Elements

SEM image of the LSM exposed to Si and B species for 100 h during the EIS test, and EDS spectra of selected regions from the LSM surface

to the LSM/YSZ interface.

Post-test characterization of LSM exposed to Si/B vapors indicates the presence of boron. However,
the signal for B in EDS is too small to be quantified. Si was not detected by EDS analysis.

UCONN



SOFC Program Review, 2020

B/SI poisoning of LSM electrode

S 100
-
Na,CO; g
U c
Q
Y w
Humidified air Borosilicate g
L=
S : / © 8 | si Si
Boron vapors E'
4]
20
Humidified air Borosilicate SMO g
C J - getter = B
w/o getter w/ SMO getter
Schematic of SMO getter performance test. Comparison of the concentration of

boron and silicon in Na,CO; in the
presence and in the absence of SMO
getter at 700 C for 300 h

» B and Si concentrations in Na,CO5; absorbent in the absence (0-300 h) and presence (300-600 h) of
borosilicate have been analyzed by ICP.

» The boron concentration in Na,CO; decreased, indicating the absorption of boron vapors onto SMO getter

and/or the decrease in B vaporization from borosilicate.
UCONN



CO n C I u S i O n S SOFC Program Review, 2020

VYV VYV

YVVVYVYVYVYVYY

Cathode poisoning mechanism have been developed under extrinsic and intrinsic impurities.
Thermodynamic calculations indicate significant vapor pressure of impurities at elevated temperature
and humidification levels.

Mitigation of cathode poisoning have been demonstrated using alkaline oxide materials.

Capture of single (Cr only) and dual (Cr and S) contaminants have been successfully demonstrated.
Hydrolytic phase stability of getter materials as a function of temperature has been investigated.
Variety of getters have been synthesized and testes: Sr-Ni-Ox, Sr-Fe-Ox and Sr-Mn-Ox.

Large scale SMO getter have been synthesized (2009)

Advanced coating with uniform thickness and morphology has been obtained on cordierite substrate.
Gas phase multi-impurities (Cr, S, Si, B) exists in high-temperature SOFC operating conditions.
Thermodynamic analysis show a number of getters which can capture these impurities.

SMO getter has been shipped to Alfred University for developing novel coating techniques.
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