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Outline

* (Lay_Sry);_yMnO;, s (lanthanum strontium manganite, LSM)
— effect of Mn excess (A-site deficiency) on long-term performance
e Durability testing = ASR (area specific resistance) vs. time
« Cathode microstructural changes

o TEM/EDXS (transmission electron microscopy / energy-
dispersive x-ray spectroscopy)

e 3DR (3D reconstruction)
 New observations and gquestions
« Comparison: long-term conventional testing vs. accelerated testing

«  Mndistribution and its evolution with time — a clue to degradation?
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Cell specifications, testing procedures
« Button cells fabricated at LGFCS
o 8YSZ electrolyte  NIO/8YSZ anode
e Cathodes: LSM /8YSZ
e (Lay g5Sr015)0.90MNO5,5 (LSM 85-90) — 1.1 % Mn excess
e (Lay goSrosn)o.95MNO,,5 (LSM 80-95) — 5% Mn excess
e (Lay gpSryo0)0.98MNO5,5 (LSM 80-98) — 2% Mn excess
* Cell testing
* Anode: humidified H,, 50 sccm
« Cathode: ambient air

e Accelerated tests:
1000 °C, 0.760 A cnr?

e Conventional tests: 900 °C, 0.380 Acm—2
|-V and EIS scans every ~24 or ~48 h
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Electrode* ASR (accelerated testing)
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Microstructural change after 500 h accelerated testing

as received

500 h, accel’d

LSM 85-90 (11% Mn xs)
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ASR and TPB density: role of Mn excess (accel’d testing)

0.35
¢ LSM 85-90 (11% Mn
493 h xs)
* As Mn excess T, — 03 . W L.SM 80-95 (5% Mn xs)
ASR l g ® | .SM 80-98 (2% Mn xs)
e As testtime 7: G o5
 Active TPB | o
<
« Total ASR 1 % 0.2
e Effects on ASR 3
= = - q)
diminish as Mn D 15
excess | 68 h on
0.1

0 5 10 15 20 25

active TPB density [ pm~2]
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Prior work, normal conditions: TEM/EDXS
cells tested at 800 °C

-lcoma LSM "Mnox:de -por05|ty
as fired 2 kh 8 kh 16 kh

At cathode-electrolyte interface* after extended testing:*

« Reduced porosity -+ Accumulation of Mn,O; or
*) Left side of each image MI73O42

1) H.-J. Wang et al., 14" SECA Workshop, Pittsburgh, Pennsylvania, July 2013.
2) H.-J. Wang et al., Metall. Mater. Transactions E: Materials for Energy Systems 1 [3] 263-271 (2014).
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Prior work, normal conditions: 3DR

Volume Fraction%

50

= 860°C-8000 hrs e 860°C-16000 hrs
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YSZ
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LSM
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Pore
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Distance from the electrolyte interface (um)

26

 Cathode densification near cathode-electrolyte interface
 Evident after 16 kh/860 °C, but not after 8 kh/860 °C

Ref.: H.-J. Wang et al., 14t SECA Workshop, Pittsburgh, Pennsylvania, July 2013
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Phase profiles across cathodes

LSM 80-95(B)  LSM 85-90 (A)

LSM 80-98 (C)

as received

500 h Conv testing

500 h accel’d testing
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uniform phase profiles
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LSM 80-95: phase profiles, 0-624 h accel’d testing
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Microstructural evolution during operation

Normal conditions, Accelerated conditions,

8,000-16,000 h: <624 h:

e Loss of porosity  Porosity gradient, lowest
at cathode/electrolyte at cathode/electrolyte
Interface Interface

e Mn oxides:

* localized at cathode/
electrolyte interface

 Increasing with time
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11% Mn excess.: TEM w/EDXS, 0-493 h accel'd testing

25 im

« As received (0 h) Me® '™ . Y is T

 MnO, observed
sparingly across entire
cathode

e 493 h accelerated testing
 MnO, near cathode/
e’lyte interface and in
LSM cathode current
collector (CCC)

e e b ol e
YSZ cathode
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5% Mn excess.: TEM
W/EDXS, 0-624 h accel'd
testing

as received

S e . SR A ,,-{; L it A -
e’lyte LSM-8YSZ cathode CcC

500 h F8as
MnO,,:
 Rarely seenin
cathode

e Seenin CccCcC
624 h
Not seen at 5% Mn Xxs:

Densification and MnO,
localized at cathode/
electrolyte interface




Microstructural evolution during operation

Normal conditions, Accelerated conditions,

8,000-16,000 h: < 624 h:

e Loss of porosity  Porosity gradient, lowest
at cathode/electrolyte at cathode/electrolyte
Interface Interface

 Mn oxides:  Mn oxides:

* localized at cathode/ * localized at cathode/
electrolyte interface, electrolyte interface,
 increasing with time e for Mn excess 211%
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11% Mn xs: LSM EDXS profiles, 0-493 h accel’d testing

o [Mn] low before testing,
o ... approached

nominal composition

during operation
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5% Mn excess.: LSM EDXS profiles, 0—624 h accel’d testing
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11% Mn excess, 8YSZ EDXS profiles, 0-493 h accel’'d testing
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5% Mn excess, 8YSZ EDXS profiles, 0—624 h accel'd testing
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LSM 85-90 / 8YSZ (11% Mn excess) — as received

200—um electrolyte 100—um electrolyte
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200-pm
electrolyte:
larger MnO,

particles

electrolyte:
more MnQO,
particles
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LSM 85-90 / 8YSZ (11% Mn excess) — as received
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Summary: cathode microstructures, as received (3DR)

LSM 85-90

as received : LSM 80-95 LSM 80-98
(100-um e’lyte)

sample volume (um3) 5,400 6,300 4,100
ol porosity 23 29 28
fraction (%) YSZ 35 33 37
LSM 41 38 35
Total TPB (um) 20.6 14 22
Active TPB (um) 19.4 13 20

Cathode D

6,840
24
34
35

18.4

1od

Testing of LSM 85-90 cathodes on 100-um electrolytes: in progress

porosity is low;
TPB density Is relatively high;
many small Mn oxide particles;
Net effect on ASR: TBD



Summary

ASR decreases with Mn excess (A-site deficiency) from 11% to 2% —

why?

Mn oxides: not predictive of ASR or degradation rate

* Alocal probe of pg,?  Areservoir for Mn?

Effects of densification at cathode/CCC interface?

Mn distribution and its evolution with time — a clue to degradation?
Analysis of EIS results — in progress

Role of po, — focus of new project
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For 2018, prior results not previously presented:
« Conventional test results
 Trends in R, Rg, Ry, (EIS vs. durability testing)
* R, Rg, Ry vs. time (CeCe'’s thesis) — compare to ASR from durability testing?

* Does higher Rycionte (thicker; same material) have more effect on ASR and
degradation rate than just the higher resistance itself?



LSM 85-90 / 8YSZ (11% Mn excess) — as received
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Phase profiles, as receirved (3DR)

All cells showed uniform
phase profiles as
received

5% Mn excess
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Phase profiles across cathode after 500 h accel’d testing (3DR)
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All three cathodes developed slight
porosity gradients after 500 h of accelerated testing,

with Jowest porosity at cathode-electrolyte interface



sample volume
(Hm3)
porosity

volume fraction

YSz
(%)

LSM

porosity

particle

diameter (um) Sz

LSM

porosity

tortuosity YSZ

LSM

) porosity
normalized

surface area

B YSZ
(Lm™)

LSM

Total TPB (um™)

Active TPB (um?)

3D calculation: comparison Gen A, B and C

Gen A
As 493 h accel
reduced test
4350 4525
17 18
41 43
41 38
0.2 0.42
0.5 0.46
0.6 0.6
2.0 1.6
1.5 1.3
1.3 1.4
26 14
12 13
10 9.9
17 5.9
10 5.1

As
received

6300
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0.5
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8
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10
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As received 00k !
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37 37
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0.3 0.4
0.3 0.5
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Cation %

LSM 80-98 & 8YSZ EDXS profiles, 500 h accel’d testing

LSM profiles 8YSZ profiles
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Likewise at 2% Mn excess:

 Mn level in LSM matches nominal
composition after 500 h accel’d testing

e If Mn is “going back into the LSM”

during operation, it is not leaving the
YSZ
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Cathode D, as rec’d: microstructure near e’lyte

e Uniform microstructure across cathode
 No gradients in phase fractions
e LSM matches nominal composition
e YSZ contains 4-5 cat% Mn (typical)
* No MnO, observed near electrolyte nor
inside cathode
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Cathode D, as rec’d: microstructure near CCC

* MnO, not seen inside the cathode nor
near CCC interface

* MnO, is observed inside the CCC
(red arrows)




A - B - C-D comparison: Electrode* ASR (accel’d testing)

2 Mﬂ LSM 85-90

W (A; 11% Mn xs)

LSM 80-95
(B; 5% Mn xs)

| Fv‘ m H"“’U'l ".' ' Cathode D
, N N AA Cathode B
At s b St LSM 80-98

(C; 2% Mn xs)

0.25

0.204 |

electrode ASR, Q cm?

0.15

0.10 + T I I T T I
0 100 200 300 400 500 600
Time (h)
ASR | as Mn excess | L‘SI‘_M 80;953(52% Mn le):
(A B - C) owes overa

 Highest power, 500 h
*) total cell DC ASR, minus estimated ASR for 8YSZ substrate @ nominal thickness & DC conductivity
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LSM 85-90 /8YSZ (A) — as recelved
LSM 85-90 (A), as rec’d 200—um electrolyte 100—pm electrolyte

sample volume (um3) 4,350 5,400
| o porosity 17 23
volume fraction VS7 41 35
(%)
LSM 41 41
particle diameter porosihy 2.2 2.3
YSZ 0.5 0.4
(Mm)
LSM 0.6 0.6
porosity 2.0 1.6
tortuosity YSZ 1.5 1.6
LSM 1.3 1.4
normalized porosity 26 21
surface area YSZ 12 10
(um™) LSM 10 9.5
total TPB (um™) 17.1 20.6
active TPB (um™) 10.3 19.4
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Summary: cathode microstructures, as received (3DR)

LSM 85-90 (A)

as received , LSM 80-95 (B) LSM 80-98 (C) Cathode D
(200-pum €e’lyte)

sample volume (um3) 4,350 6,300 4,100 6,840
ol porosity 17 29 28 31
fraction (%) YSZ 41 33 37 34
LSM 41 38 35 35

raria porosity 0.2 0.4 0.3 0.4
diameter (um) YSZ 0.5 0.5 0.3 0.3
LSM 0.6 0.6 0.5 0.6
porosity 2.0 1.5 1.7 1.5
tortuosity YSZ 1.5 1.6 1.8 1.7
LSM 1.3 1.4 1.6 1.4
normalized porosity 26 16 21 16
surface area  YSZ 12 13 18 17
(um™) LSM 10 9 13 9
Total TPB (um™) 17 14 22 18.4
Active TPB (um™) 10 13 20 17
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TEM w/EDXS of bulk 8YSZ composition
72 h 493 h
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Bulk 8YSZ particle compaosition profile

8YSZ '
niminal composition
90
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~4 4 cation % Mn is found to dissolve in the 8YSZ




LSM 80-95 (B) durability testing. reproducibility

Two cells, accel’d conditions, 500 h

o
co

> 06 0.6 E
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g 0.4 | 0.4 g
= ermee R
0.2 ﬁ 0.2
0 - 0
0 100 200 300 400 500

Time (hours)
e Voltage ASR||e Voltage e ASR

June 2016 July 2015
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Reproducibility of 3D reconstruction data

LSM 80-98 (C) as received, two specimens

specimen 1 \ Phase profiles ‘ specimen 2
70 70
g 60
= %pores g 0 = J%pores
T
= %YSZ £ :E Q = %YSZ
s %LSM § 5 = %LSM
E 10
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Distance from electrolyte cathode interface (um) Distance from electrolyte cathode interface (um)
Phase fractions & TPB
porosity 27 vol% 28 vol%
YSZ 36 vol% 37 vol% standard deviations
. . avg. microstructural params.: 0-5%
LSM 37 vol% 36 vol% TPB: ~15%
total TPB 27.4 ym=2 21.7 um

active TPB 24.2 pum-2 20.0 pm
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Phase profiles at cathode/CCC interface (3DR)

LSM 85-90
11% Mn xs

LSM 80-95
5% Mn xs

LSM 80-98
2% Mn xs
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A — B — C comparison: cathode-CCC interface (500 h accel’d testing)

—A-LSM85-90 (11% excess Mn) ——B-LSM80-95 (5% excess Mn) ——C-LSM80-98 (2% excess Mn)

60
50
o YSZ
30
20

10

o]

. e " LSM

Volume fraction (%)

= Pore
t Distance (um)
Cathode —CCC
interface

In LSM 85-90 (A) and LSM 80-98 (C), at cathode-CCC interface:
o Densification (bottom plot)



A - B - C comparison: porosity and TPB density

LSM 85-90; 11% Mn xs LSM 80-95; 5% Mn xs LSM 80-98; 2% Mn xs

asrec’d 493h accel asrec’d 500h accel 624h accel asrec’d @ 500h accel

sample volume, pm3 4350 4525 6300 5096 4550 4100 5012
porosity, volume % 17 18 29 25 25 28 25
pore diameter, um  0.23 0.42 0.38 0.5 0.46 0.28 0.44

pore surface area, um™ 26 14 16 13 13 21 14

total TPB, um™ 17.1 5.9 14.5 14.8 11 21.7 11.1
active TPB,um~  10.3 5.1 13.0 12.5 10 20.0 10.2

Vs. LSM 85-90 (A) and 80-98 (C), LSM 80-95 (B) shows:
 Less pore coarsening and loss of pore area
« Stabler TPB (total and active)
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Procedures: button cell specifications

e Fabricated at LGFCS

e Cell detalils:
 8YSZ electrolyte, 32 mm dia.
 NIO-8YSZ anode (60:40 wt%)

 Cathodes: A-site deficient LSM
+ 8YSZ (50:50 wt%)

« Comp'n A: (Lay g5 Sl 15) 0.90 MNO3,s5
(LSM 85-90)

o Comp’n B: (La, gpSry15) 0 905 MNO4,5 (LSM 80-95)

* Electrodes: screen printed, 9.5 mm dia., fired separately
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Our observed trend in electrode ASR vs. A/B ratio
is opposite of electrical conductivity predicted by defect chemistry modeling.

420
L

370 - " 1000 °C

900 | simplified —»“ e
£ "- -~
S 270 - g

220 - P '

170 1 precise simulation —

120 . : .

0.8 0.9 1 1.1 1.2

A/B ratio

Fig. 8. Variation of total conductivity of 10% Sr doped LSM,
small polaron model. Same equilibrium constants as in Fig. 7. The
conductivity, predicted from Eqs. (20) and (21), based on
simplifications, are shown for comparison.

F.W. Poulsen, Solid State lonics 129 (2000) pp. 145 -162



Pre-test protocol: temperature parametric study

-0.16

LSM 80-95 (comp’n B),

-0.14

-0.12

-0.1

ZH

-0.08

-0.06

-0.04 f@'&
Ny

-0.02

0.001 0.01 0.1

-

S

conventional conditions, t=0

cathode

1 10 100

Frequency (Hz)

anode

——-800C
g (initial)

——850C
(initial)

3 900C
(initial)

1000 10000 100000
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Representative V-1 & P-l sweeps, 0—624 h

12 LSM 80-95 (B), accel’d testing 800
700
0.8 _ = g —O0 hrs
~
= 500 = —24hrs
> £
@ = —100 hrs
0.6 400 2
5 2 200 hrs
Q
g 300 © —300hrs
[}
04 2 —400hrs
200 & __500 hrs
0.2 —624h
100 =
0 0

0 100 200 300 400 500 600 700 800 900
Current Density (mA/cm?2)
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Representative Bode plots, 0—624 h

0% LSM 80-95 (B), accel’d testing
-0.3
e ——0 hrs
-0.2 ——24 hrs
- ——100 hrs
el 200 hrs
0.1 ——300 hrs
——400 hrs
002 —-500 hrs
0 ——624 hrs
0.05
0.001 0.01 0.1 1 10 100 1000 10000 100000

Frequency (Hz)
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Representative Nyquist plots, 24-400 h

-0.35 LSM 80-95 (B), accel’d testing
-0.3 —-24 hrs
200 hrs
-0.25
~-300 hrs
02 ~-400 hrs
N
-0.15
_O 1 //—'——h\‘\’
-0.05 :
0 | T
) 0.1 0.2 08 7 04 0.5 0.6 0.7
L >le >) . . o
! ASR ,q0n ASR, 200 from simple equivalent circuit
¢ >! model (R, Ry, Cp)
ASRZOOh
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Voltage (V)

Cathode B: 500-hr Conventional Test

Durability Testing

1 1
~M
«—
0.8 0.8
0.6 0.6
24-
165hr: -
21.6%
o ‘ ATV femaennnuits o
. )
soeh: | >
0-24hr: o zcyr'
6.2% e
0.2 0.2
0 0
0 100 200 300 400 500 600

Time (hours)

ASR (Q-cm?)

» Voltage

e ASR
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Cathode B: 500-hr Conventional Test

Bode Plot
-0.16 —0—0 hours
—8—24 hours
-0.14 —8—43 hours
——70 hours
0.12 —0—98 hours
—8—114 hours
——139 hours
-0.1
——165 hours
——189 hours
T\'-O'OS —e—207 hours
——233 hours
-0.06 ——258 hours
—0—304 hours
-0.04 —0—331 hours
—0—357 hours
375 hours
-0.02
—8—422 hours
—0—449 hours
0
—8—478 hours
0.001 0.01 0.1 1 10 100 1000 10000 100000

—8—500 houg%

Frequency (Hz)
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-0.12
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-0.04
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Cathode B: 500-hr Conventional Test

0.1

0.2

0.3

Nyquist Plot

Zl

0.5
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0.7

0.8
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Reproducibility of 3DR (cathode C, as received)

specimen 1 specimen 2
Sample Volume (um?) 4350 4100 Use A instead
?
Cathode composition C (LSM80-98 / 8Y5Z) of std. dev.

Test condition As received Average Std. dev’n % dev’'n
Porosity 27.3 27.9 27.6 0.37 1.4%
Fr;/é’t'i‘(’)':‘(a%) Ysz 36.1 36.8 36.5 0.52 1.4%
LSM 36.6 35.3 35.9 0.90 2.5%
Particle Porosity 0.26 0.28 0.27 0.01 5.2%
Diameter YSZ 0.32 0.32 0.32 0.00 0.00%
(um) LSM 0.49 0.46 0.48 0.02 4.5%
Porosity 1.66 1.77 1.72 0.08 4.5%
Tortuosity YSZ 1.93 1.86 1.90 0.05 2.6%
LSM 1.73 1.64 1.69 0.06 3.8%
Normalized Porosity 23.0 21.3 22.1 1.21 5.5%
Surface Area YSZ 18.6 18.5 18.6 0.08 0.46%
(hm™) LSM 12.3 13.1 12.7 0.54 4.2%
Total TPB (um™) 27.4 21.7 24.6 4.0 16%
Active TPB (um™) 24.2 20.0 22.1 3.0 14%
Active TPB (%) 88.3 92.1 90.0 2.6 3.0%

Average microstructural parameters: std. dev’ns <5%
TPB (total & active): std. dev'ns £ 4 um=, ~15% 58



Gen A

as received 200 h 493 h
sample volume (um3) ~ 4350 ~ 4620 ~ 4525
porosity 17 17 18.4
volume fraction (%) YSZ 42 41 43.2
LSM 41 42 38.4
particle diameter porosity 0.2 0.34 0.42
i) YSZ 0.5 0.6 0.46
H LSM 0.6 0.7 0.6
porosity 2 1.7 1.6
tortuosity YSZ 1.5 1.43 1.3
LSM 1.3 1.35 1.4
normalized surface porosity 26 17.4 14.2
area YSZ 12 10 13
(um™) LSM 10 7.6 9.88
Total TPB (um™) 17.1 9.6 5.86
Active TPB (um™) 10.3 8.2 5.13




A - B comparison.: 3DR

LSM 85-90 (composition A)

LSM 80-95 (composition B)

as received 500 h 493 h as received 500 h conv 500 h
v conv test | accel. test v test accel’d test
sample volume (pm3) | 4350 3700 4525 6300 5000 5096
porosity 17 21.9 18.4 29 26 26
volume

fraction (%) YSZ 42 42.6 432 33 35.5 35
LSM 41 35.5 384 38 38.5 39

. porosity 0.2 0.4 0.42 0.46 0.45 0.38

_ particle YSZ 0.5 0.5 0.46 0.47 0.42 0.51

diameter (um)

LSM 0.6 0.65 0.6 0.67 0.65 0.7

porosity || 2.0 1.65 1.6 1.34 1.4 1.67

tortuosity YSZ 1.5 1.47 1.3 1.32 1.65 1.66
LSM 13 1.45 1.4 1.3 1.5 1.44

normalized | POTOSItY 26 15.7 14.2 13 133 15.9
surface area YSZ 12 11.5 13 13 14 11.9

-1

(um™) LSM 10 8.9 9.9 8.9 9.3 8.5
Total TPB (um™) 17.1 11 5.9 14.5 14.2 14.8
Active TPB (um™) 10.3 9.5 5.1 13.0 13 12.5

In contrast to LSM 85-90 (A), LSM 80-95 (B) shows:
» Pore refinement (!?) and increasing area and tortuosity
- Stabler TPB (total and active)




A - B - C comparison.: 3DR

Gen A GenB GenC
As 493h Accel As 500h Accel 624 hrs . 500h Accel
. ) As received
received test received test Accel test test
A e 4350 =~ 4525 = 6300 5096 4550 4100 5012
porosity 17 18 29 25 25 28 25
oM vz a4 43 33 35 37 37 37
LSM 41 38 38 40 38 35 38
porosity 0.23 0.42 0.38 0.5 0.46 0.28 0.44
icl
Giomoter ()| YSZ | 0.52 0.46 0.45 0.5 0.51 0.32 0.46
LSM 0.59 0.61 0.65 0.7 0.72 0.26 0.71
. porosity 26 14 16 13 13 21 14
normalized
S”r(fi;e_f)rea YSz 12 13 13 12 11 18 13
LSM 10 10 9 8 3 13 8
Total TPB (um?) 17.1 5.9 14.5 14.8 11 21.7 11.1
Active TPB (um?) 10.3 5.1 13.0 12.5 10 20.0 10.2

Vs. LSM 85-90 (A) and 80-98 (C), LSM 80-95 (B) shows:
 Less pore coarsening and loss of pore area
« Stabler TPB (total and active)



A - B - C comparison: ASR and TPB density

. 0.35
As Mn excess WV, — 4931 @ LSM 85-90 (A)
ASR w E 201 h
S L ] LSM 80-95 (B)
(A—B — Q) o ® LSM 80-98 (C)
o AstesttA\: o 02
. Active TPB ¥ é 0.2 e
 Total ASR A % 015 506 h S
o Effects T o "
diminish as Mn 0.1
excess WV 0 5 10 15 20 2o
(A T C) active TPB density [ pm—2]

reproducibility:
ASR[Qcm?],0h: +0.08 (A); +0.03(B)
active TPB density [ um—2], 0 h: + 3.0 (C)
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Chart1



electrode ASR [Ω cm^(–2)]	10.3	11.5	8.1999999999999993	5.0999999999999996	13.01	12.47	10	22.1	10.18	0.23100000000000001	0.14799999999999996	0.30299999999999999	0.313	0.17674999999999999	0.20499999999999999	0.22	0.14599999999999999	0.16400000000000001	







accel

				A cells																				B cells																C cells

				0 h		0 h		0 h		0 h		0 h		10 h, accel		68 h, accel		213 h, accel		493 h, accel		201 h,accel		0 h		0 h		0 h		0 h		34 h, accel		275 h, accel		500 h, accel		624 h, accel		0 h		0 h		0 h		0 h		< 500 h, accel		< 500 h, accel		506 h, accel

		total TPB density [µm^(–2)]		17.1												12.5				5.9		9.6		14.5										8.2		14.8		11.0		27.4		21.7										11.1

		active TPB density [µm^(–2)]		10.3												11.5				5.1		8.2		13.0										7.7

Mark De Guire: Mark De Guire:
After the first 275 h of testing, this cell gave another ~200 of  high and erratic ASR. The low TPB mightbe associated with the last phase of the test. 
		12.5		10.0		24.2		20.0										10.2

		ASR [Ω cm^(–2)] (electrodes)		0.254		0.117		0.208		0.346		0.230		0.260		0.148		0.374		0.313		0.303		0.143		0.172		0.208		0.184		0.157		0.198		0.205		0.220		0.146												0.164

		ASR [Ω cm^(–2)]		0.454		0.317		0.408		0.546		0.430		0.460		0.348		0.574		0.513		0.503		0.243		0.272		0.308		0.284		0.257		0.298		0.305		0.320		0.246												0.264

		ASR [Ω cm^(–2)] (electrolyte)		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.200		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100		0.100

		test ID		1_2015 04 08		1_2015 04 11		1_2015 05 14		1_2015 07 09		1_2015 11 03		1_2015 04 08		1_2015 04 11		1_2015 07 09		1_2015 05 14		1_2015 11 03		2016_03 07		2_2016 04 16		2_2015_07 31		2_2016_06 08		2_2016 03 07		2_2016 04 16		2015_07 31		2016_06 08		3_2016 07 22												3_2016 07 22

		average [Ω cm^(–2)]										0.231																		0.177

		std dev [Ω cm^(–2)]										0.083																		0.027

		std dev %										35.8%																		15.3%

		data for plot

		active TPB density [µm^(–2)]		10.3		11.5		8.2		5.1														13.01		12.47		10												22.1		10.18

		electrode ASR [Ω cm^(–2)]		0.231		0.148		0.303		0.313														0.17675		0.205		0.22												0.146		0.164





electrode ASR [Ω cm^(–2)]	10.3	11.5	8.1999999999999993	5.0999999999999996	0.23100000000000001	0.14799999999999996	0.30299999999999999	0.313	





electrode ASR [Ω cm^(–2)]	10.3	11.5	8.1999999999999993	5.0999999999999996	13.01	12.47	10	22.1	10.18	0.23100000000000001	0.14799999999999996	0.30299999999999999	0.313	0.17674999999999999	0.20499999999999999	0.22	0.14599999999999999	0.16400000000000001	
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