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Accomplishments

« An efficient chromium getter for capturing Cr vapor species, present in the cathode
atmosphere of SOFC power generation system, has been developed and tested.

» Developed chromium getter shows excellent affinity for gaseous Cr species. Cr species
are captured close to the air inlet.

 Distribution of the chromium deposition has been studied using FIB-TEM,SEM-EDX and
XRD for the tested getter for 500 hrs.

« Half-cell electrochemical testing of LSM/YSZ/LSM symmetric cell in dry air, chromium
vapor/dry air with / without getter has been conducted for 100 h and post-test analytical
study (XRD, SEM-EDS, and FIB-TEM) are in progress.

« Getter design can be tailored to meet various SOFC systems configurations.
« Getter materials can be used for capturing Cr originating from BOP and IC.
» Approaches for scale up (higher TRL) have been developed.

Meeting the DOE SOFC program mission
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Program Outcome

» Graduate / Undergraduate students trained - 5
» Post-doctoral fellow: 2
+ Patent disclosure: 1
+ Technical Publications
Technology Focused > 5
Enabled adjacency areas >5
» Technical presentations >5
« OQutreach: Middle and High School, Davinci Program, STEM
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Background

SOFC cathode are prone to poisoning and degradation arising from (a) impurities present in
the incoming air (intrinsic and extrinsic impurities) and (b) interactions with the electrolyte.
* Intrinsic gas phase impurities — H20, CO2,....
« Extrinsic gas phase impurities — CrOx, CrO(OH)x...
+ Degradation due to solid—gas and solid-solid interactions
* Exolution and compound formation
» Surface coverage and resistance to oxygen reduction
« BOP components and cell interconnections contribute to Cr evaporation and poisoning of the
cathode.
* Poisoning is due to coverage of active surface and TPB, compound formation and
deposition of chromia.
» Approaches for mitigation of chromium poisoning include minimization of chromium
evaporation from exposed metallic surfaces — alloy chemistry modification and surface coating
« Thereis limited/ no literature on capturing chromium vapor before reaching active cathode.
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Background

State of the Art Cr evaporation
Air
H20, CO2,..
Cathode
Reduce Cr flux to minimize cathode poisoning by
SOFC components surface coating, alloy metallurgy modification
Stack hardware, interconnects
BOP hardware
Proposed Approach Cr evaporation
Air
H20, CO2,..
Cathode
Capture Cr before reaching cathode by employing
SOFC components stable and active getter - complex oxides
Stack hardware, interconnects
BOP hardware
Getters containing complex oxides where all cations are
capable of reacting and forming stable Cr compounds
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HSA Low dP Support

A wide variety of support

materials and configurations

are available for application in

SOFC system. Selection will be

based on:

- Materials stability in SOFC
atmosphere

- Materials interaction with applied
coatings

- Design flexibility
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Morphology and Substrate interactions

e 200G 2h
1000C 2h 1100C 2h
1000C 2h 8500 L0n 1100C 2h Laooc an 1200C 2h 850C 10h

Coating uniformity, surface morphology and substrate interactions have been examined
as function of heat treatment conditions
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Experimental Setup

| No discoloration of the quartz elbow d
s
2
ﬁﬂf—;;’g
£
= .
Cr- source Cr-getter
\ /f Cr-depositionin reactor
Dry Air [T Quartz Tube and elbow
— Mass Flow
Controller
Controlled atmosp
furnace
Condenser

n Band
| " Heater

3
Air flow

Humidifier

Chiller

Washing Bottle

Water Collector

Cr source —Cr203
Cr. Getter — ABOXx over cordierite
Temperature —850C

Time —500 hrs.

@ UCONN Exposure atmosphere — Air -3% H20 C’ggﬁEner
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Surface Morphology: Inlet to outlet

Lower magnification

Higher magnification

400 microns 15 mm

Distance from Air_Inlet
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Inlet morphology and chemistry: At 418 mic

Element Wt % At % K-Ratio
0O K 30.95 67.65 0.0648
AlK 3.39 4.39 0.0207
SrL 57.58 22.98 0.4635
CrK 2.27 1.52 0.0209

Element

% At % K-Ratio

AlK
SrL
CrK

5.64 15.17 0.0378
81.07 67.18 0.6838
7.51 10.49 0.0727

Cr interaction and localized association is observed near the air inlet. XRD analysis will be
performed to study compound formation.
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Cr Intensity Profile near air inlet

Center channel Chromium distribution

[EEN
o

Chromium weight percentage along
chromium getter goes to approximately
zero before 3 mm from inlet.

O O
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Cr Intensity Profile near air inlet

Initial ~1200 microns near inlet

138.7 microns from inlet 416.1 microns from 693.5 microns from 970.9 microns from 1248.3 microns from
1 inlet - inlet - inlet inlet
> = =
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l Air Flow Direction
l Distance from Inlet
inlet | outlet ngher Cr concentration is

observed near the inlet.
Center channels show higher
concentration because of air
flow configuration
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Cr Intensity Profile — Entire length

Profile over the entire length

5000 microns from inlet 15000 microns from inlet 25000 microns from 35000 microns from 45000 microns from inlet
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Cr intensity remains flat
after 5mm distance from
the inlet.
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Cr Intensity Profile of last chromium getter for compa

Chromiumrintensity profile

Higher Cr intensity (analysis performed using EDS technique) is observed near the air inlet
~1200micron). Flat Cr profile is observed over the entire length after ~1500 micron.
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Post tested coating

| Distance trrom_Alr_lnlet

Higher Magnification
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Cr Intensity Profile of getter 1, 2 and 3

Chromium distribution along length of getter

Z Intensity of chromium(a.u.)
5

5000 10000 15000 20000 25000
Distance from getter inlet Air out
getter 1 getter 2 getter 3

Chromium evaporation test
Sample Heat treatment step 1 Heat treatment step 2 Substrate
Temperature Time
Used getter 1 950 C for 2hrs 850 C for 10 hrs
Used getter 2 950 C for 2hrs 850 C for 10 hrs 850 C 500 hrs Cordierite
Used getter 3 1000 C for 2hrs 850 C for 10 hrs

CENTER FOR

CleanEner

UNIVERSITY OF CONNECTICUT

¥ UCONN

WWW.ENERGY.UCONN.EDU 16% annual SOFC Workshop,14-16 July 2015 Pittsburgh ENGINEERING



XRD pattern of 3 used chromium getters

Used getters

14000
|
|
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|
—~ | I H “
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@ | -
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2 6000 [ 2 . . .
2 BV DA USATR AN AR SN AV AW BNV Gas phase chromium interaction with the
[0 .
£ 4000 I coating and substrate leads to stable
|
|| .
2000 [\ | [\/ compound formation.
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-2000
2 THETA (Degree)
——used Crgetter1 ~ ——used Crgetter2 ——used Cr getter 3
Chromium evaporation test
Sample Heat treatment step 1 Heat treatment step 2 Substrate
Temperature Time
Used getter 1 950 C for 2hrs 850 C for 10 hrs
Used getter 2 950 C for 2hrs 850 C for 10 hrs 850 C 500 hrs Ceramic
channels
Used getter 3 1000 C for 2hrs 850 C for 10 hrs

Getter 1 and 3 were coated 2X
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Elbow pictures at outlet

Reactor elbow discoloration due to Cr-vapors

Without getter With getter
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FIB/STEM for Structural and Compositional A

Original Cr/Getter surface

UCONN/FEI
Helios G3 nanofabrication
produces ultra-thin
samples for S/ITEM

<1 um thickness sample (After FIB cutting)
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FIB X-Sectional Evaluation

Map data Map data
HAADF MAG: 20.0kx HV: 200kV HAADF MAG: 40.0kx HV: 200kV
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FIB-STEM Characterization

The FIB sample was taken from a posttest getter (an inlet surface has the most Cr deposits) after 500 hour test at
850°C in 3% H,O/air.

> N
q

o

Map data Map data Map tawa ok oL 3 ap vawa
HAADF MAG: 40.0kx HV: 200kV HAADF MAG: 40.0kx HV: 200kV  — HAADF - MAG: 40.0kx- HV: 200kV T T HAADF - MAG: 40.0kx HV: 200kV

UCONN/FEI Talos
F200X S/ITEM
high angle
annular dark field
(HAADF)

Map data . : Map data™' & . i b : ! ;
HAADF MAG: 20.0kx HV: 200kV e HAADF “MAG: 20.0kx -HV: 200kV Al H HAADF MAG: 20.0kx HV: 200KV
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Electrochemical Tests using Getters

Half-cell
with 3 electrodes

Keep >120°C —Thermocouple

Cr Getter

Alumina tube
(OD:2 inch)

Alumina tube

LSM/YSZ/LSM cell (below) (OD:1 inch)
= |
v Pt-Rh
O, +4e ~20*

? Cathode Ref thermocoupl

LSM :
@

LSM Pt | Anod

oae
2" tube shell

¢ Thermocouple

1” tube (Samp Tube

Holder)
Cathode

S § * it airflow
o ‘ i : / ' | '

Z.Em
M/YSZ/LSM cells
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Results & Discussion

SM cathode in 3% H2O/air at 850°C with 0.5V bias for 100 h (no Cr source)

Y 25 "

EDS Quantitative Results
Element Wt% At%
SrL 20.70 21.07
LaL. 50.732 32.587
/2015 | dwell| HV | HFW MnE 28.56 46.36

:04:56 PM | 10 ps | 30 kV | 995 nr

B. Hu, M. Keane, M. K. Mahapatra, P. Singh, J. Power Sources, 2014, 248, 196-204.
Z.Yang, G. Xia, P. Singh, J.W. Stevenson, J. Power Sources, 2006, 155, 246-252.

c ’ CENTER FOR ‘
CleanEnergy
ENGINEERING

N 16 annual SOFC Workshop,14-16 July 2015 Pittsburgh



Post-test Surface Morphologies of the Half-cell Catho

All tests have been performed at 850°C using 3% H,O/air. Tests will be repeated to
understand morphological and chemical reproducibility.

LSM cath

no Cr, no getter with Cr, no getter with Cr, with getter
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Summary

« An efficient chromium getter for capturing Cr vapor species, present in the cathode
atmosphere of SOFC power generation system, has been developed and tested.

« Developed chromium getter shows excellent affinity for gaseous Cr species. Cr species are
captured close to the air inlet.

 Distribution of the chromium deposition has been studied using FIB-TEM,SEM-EDX and
XRD for the tested getter for 500 hrs.

« Half-cell electrochemical testing of LSM/YSZ/LSM symmetric cell in dry air, chromium
vapor/dry air without and with a getter has been conducted for 100 h and post-test
analytical study (XRD, SEM-EDS, and FIB-TEM) are in progress.

« Getter materials and design can be tailored to meet various SOFC systems configurations.

« Getter materials can be used for capturing Cr originating from BOP and IC.

« Approaches for scale up (higher TRL) have been developed.
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Future Work

* Use thermochemistry to develop and optimize getters
« Use P:B methodology to optimize getter utilization

« Use conventional coatings to develop porous layer

* Optimize SA using various coating techniques

» Select substrates — channels, foams, fibrous

» Test and validate long term performance (2-5KHrs.)

e Transfer technology

Increase TRL level and work with SOFC manufacturers
for implementation and testing in SOFC
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Thank you
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