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Introduction & Concept Scheme Short-term Poisoning
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= Biogas contains a lot of CO,, often not directly usable for many processes = Experiment with an F10 short-stack with four -
Exemplary composition: repeating units each containing a single F1004 ,0\,0 S
= 59% CH,, 40.4% CO,, 0.6% O, Ni/YSZ supported cell (Ni/YSZ fuel electrode, N
= 0-5ppm H,S YSZ electrolyte, LSFC air electrode) 49% H,O ¢
3 ngrading of biogas not always economically feasible due to small plant = Assuming the total.oxidation of biogas by pure H,O Dosage of 0.71 ppm SO2 to the feed (A) during stationary operation (0.5 Acm2, CR
SHEE . oxygen and formation of SO, to generate feed 50%, H,0/CO, ratio of 1.2) caused severe degradation 1-2 h later, expressed by cell
" Use as-is to generate heat with oxyfuel process gas SO,/N, 0.71 ppm SO, voltages and stack temperature. Stabilization occurred ~2 h after termination of
= Use exhaust gas as point-source of CO, and use it as carbon source = H,0/CO, ratios of 1.2 to 2.0 with 10% H, in (50ppm) dosage, followed by slow recovery.
= Use oxygen for the oxyfuel process feed at 700 - 790 °C and current densities of O 41% CO
= Relevant sulphur species for co-electrolysis feed is SO, or 0.75 Acm with a net conversion ratio of CO, 2 ur
i _ ) _ _ 0.22 0.15 0.07 -0.00 0.08 0.15 0.23
= Heterogenous reduction of SO, with H, or CO is catalyzed by oxides like 50% 10% H, T S IO N R
YSZ or CeO, = SO, introduced by a premixed and calibrated H2 —.— 112 1.41
" |Intermediary steps and side products beside H,S can include significant mixture of 50 ppm SO, in N, e gti 1.2
amounts of elemental S and COS depending on process conditions —o— 4,12 E 1o
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Date t/h Toven ! °C Tstack / °C | Vi, / L/Imin | Vo / Limin | Vo, / L/min | Vg, f L/min
1] 220223 2841.0 725.0 698.0 4.41 1.13 0.0 16.13
trUﬁ / h 2| 220221 2793.0 717.0 700.0 0.5 3.0 1.49 5.27
1254 1398 1542 1686 1830 1974 3] 220304 3054.0 725.0 699.0 4.37 1.13 0.0 16.15
L T 4 220304 3055.0 716.0 698.0 0.5 3.0 15 5.29
1.351 3 5[ 220307 3125.0 718.0 698.0 0.5 3.0 1.49 5.28
—r | 6l 220307 3127.0 725.0 698.0 4.4 1.13 0.0 16.08
| 7| 220309 3172.0 717.0 698.0 0.5 4.49 0.0 5.29
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14 2 1.25; U-j curves in fuel-cell and co-electrolysis mode before (1, 2) and after (3, 4) showed
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-=- Degll 120) == a strong increase in cell resistances, corresponding to an increase of ~20% in fuel-
--- Deg L2 : : .
L Deg 3 cell mode and ~40% in co-electrolysis mode (at 0.4 Acm2). After ~70 h of standby
——- DegL4 L1137 at OCV (5, 6) an extensive recovery in fuel-cell mode, but a much less pronounced
fHz] ' recovery in co-electrolysis mode was observed. Curve 7 shows a comparison to
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—— A2 A B C — Tstack ) 8001 ] 5 steam electrolysis mode ~45 h later. An EIS spectrum during this time showed no
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~0.2] B2 ] 0.063 | -0.063 | -0.062 TOven ¥ x improvement yet in co-electrolysis mode, which could indicate a less severe impact
—— C.2 T Stack| 699.9 700.1 698.7 === XS02 I , ) )
T Var 53 528 527 780 , , =~ < | | | | 1o in steam electrolysis mode.
§ —0.11 Vier 374 | 375 | 375 0.75— _ _ _
= Xr,0 0.604 | 0.602 | 0.602 . ) o AN ’ o 1.3 trun / O
N 0.0 Xty 0.101 0.1 0.099 — | g 1T 2 3172 3173 3174 3176 3177 3178
Xco, 0.296 | 0.298 | 0.298 --= Uavg N _}' '| Y S 12> 6095 1 —— 71—+
ur -0.041 | -0.041 | -0.041 P e e e e
0.1 ¢ 2358.2 | 2363.9 | 28117 0.76 | ' T ' ' | 1 | — T4 699.01 / |
| | | | | | | dor ' ' ' NSO S A SIS RS\ B0 CIPS LY A —— Tstack
05 06 07 08 09 10 1.1 A A AN A A A A A —— T6 o 698.5
QAo DA A SIS ARSI AR Phs ;
Ze [Qcm?] 10 10 10770 10 10 N 10 P = 698.0 i
t
0.41 —— A2 697.51 change of
—— B2 trun / 697.0. feed gases
— G2 1254 1398 1542 1686 1830 1974
0.3 fuel electrode | | | ] | ] ] | | | | | | | | | | | ] |
— 1.0
& charge-transfer — Ry s 1] e N|
O —— LPR2 ~ 0.70 —— TOven O 717.11 P
C 0.21 g 2 F0.5 <
= — LPR3 W] -+- X H20 -
= c —e- xco2 T 717.04 \/
= — LPR4 2 0.601 | i .. AL I -
0.1 --- DegLPR1 « g g gy T — T A L0y e s ' ' ' ' ' ' ' — 00
--- Deg LPR2 € .50 bhutalid LN WYy SN 0.0010
--- Deg LPR3 Ul W T ' o0 —
0.01 _ ] E—— ] R — --- DegLPR4 44 = x 0.0005
10° 10! 102 103 104 10°
f[Hz] i 0.0000 1 . . . . . . ‘
— Tstack () 800+ il 5 A0 A 1 N A B A5 O N
L —— TOven 2_ h x 4,07 02 4,07 2,07 5,07 07 2,0 5,0
EIS spectra recorded before (A.2, only layer 2 shown) and after (B.2) a poisoning e X502 | | N N \ \ N N 9 \
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experiment (0.71 ppm SO,, without external polarization except of the intermittent 780 . -0
EIS measurements) showed a severe impact on the high-frequency part of the . 0.75 g, T T 1] 3 Observation of the stack temperatures during SO2 dosage without any external
8 a l . . . .
spectrum. The corresponding DRT deconvolution (calculated by DRTtools) showed — ] g el > polarization shows first a decrease of temperatures due to cooling by the reverse
the damage to concentrate mainly on the peak usually attributed to the fuel i DS I N I ¥ '.‘ N S 122 water-gas shift reaction. Shortly after, a slow increase can be observed at the
electrode charge-transfer process. A spectrum recorded ~450 h later (C.2) showed 076 AP — ";' A N sensor nearest to the feed gas inlet and less pronounced at the sensor near the cell
a nearly complete recovery. y«)ﬂ \,\};’L \;\,\,3«}'0 \;\,’L y«,’L’O \;\,’L” y«}” \,«,’Lf” centre. This is interpreted as a sign of impaired kinetics of the heterogenous water-
OSSP INAIFI O AGPAR M SE N S gas shift reaction, catalysed on nickel surfaces. Since this an important reaction

Development of Rs at 700 °C

coupled to the electrolytic steam conversion in co-electrolysis mode, it may explain

0.601 o 3 2
ey /'\G"gj an even greater impact in co-electrolysis mode.
i ’/’ ;,._‘ Observation of cell voltages and instantaneous cell resistances at the operating
_________ 4;,/”1 point (measured by the LPR method). Following a stable stationary co-electrolysis
00 [ g A —— : operation (time span 3) with 5 mQcm?2kh? this shows a poisoning experiment and
'§,0_45_ e i 41 its subsequent long drawn-out recovery over ~450 h. During recovery, co- _
> ;:’—""’?" electrolysis (4b, H,O/CO, ratio of 1.2), steam electrolysis (4c) and co-electrolysis
= RN _____" 2 2
0401 f_zw«’:,/' poe= wsiahii (4d, H,0/CO, ratio of 2.0) were performed to look for significant changes of
i x behaviour. After 450 h an extensive recovery was observed. ) ) o
0.351 L = Heavy impact of 0.7 ppm SO, in feed-gases within < 12 h observed
0.30 M"'// : : : : :
| | | | = Slow recovery during stationary operation with clean feed-gases observed according to
o ol S S U I cell voltages and resistances
' v =  Confirmed in repeated experiments with EIS
EIS t/h R, / Qcm? T/°C
Stack L1 12 13 L4 Stack = Charge-transfer in fuel electrode seriously degraded
A 2358 2298 0544 0513 0.417 0420 69909 = No impact on HF series resistance (“ohmic resistance”)
B 2364 2.279 0.546 0.515 0.418 0.423 700.1 s ﬁ = Recovery likely dependent on external polarization
C 2812 2.357 0.581 0.541 0.442 0.450 698.7 I\ = Reverse water-gas shift reaction inhibited - possible explanation for more serious
s, 03] impact on electrolysis U-j curve
The modelled high-frequency series resistance (R, “ohmic resistance”) is not visible in the — B2
c 5 0 . — C.2
DRT deconvolution and given in the table for the EIS measurements described above. Its — D2 95 = Despite recovery, the operation on oxyfuel exhaust gases requires thorough sulphur
development for all four layers during the overall stack experiment is shown for comparison. | removal or possibly very clean feedstocks for biogas fermentation.
No significant increase of R, was observed around the poisoning (A, B) while the increase at
C likely reflects the usual degradation during stationary co-electrolysis. _—r NI O e — = Next steps planned: lower sulphur contents to narrow down technical requirements,
10° 10° I 10¢ 10° further investigation of recovery and dependence on operation conditions
A B C D E
A second set of EIS spectra recorded during and after another poisoning experiment is Date | 0302-1026 | 0302-1606 | 0302-2036 | 0303-0804 | 0308-1541
. . . . . j -0.062 -0.062 -0.062 -0.062 -0.062
shown to the right. B.2 and C.2 show the degradation during the poisoning compared to the JTStack 581 573 5575 565 =599
spectrum recorded directly before (A.2) and similar changes as above were observed. Vair 5.29 5.28 5.28 5.27 5.28
Interestingly, peak likely associated with transport processes in the fuel and air electrodes is )‘f”ef 03}57052 03;968 30-766 30-766 36766
0nng . g . . . g H20 . . . - .
splitting in t.wo and one of them increases slightly, attrl.butlng |t.to the fuel electrode. After Xn, 01 01 01 0101 0101 = This research was funded by the German Federal Ministry of Education and Research
the conclus.lon of SO, dosage (D.2, E.2), no eIectlfonS|s op_eratlon was conducted and ’Fhe :(:o %iisl %2211 ?)?3311 _00;1 225;91 (BMBF) grant number 03SFK2Z0-2.
peak associated to charge-transfer processes continued to increase for ~140 h, suggesting tour 3003.8 3009.4 3013.9 3025.4 3153.0 = The authors would like to thank all their colleagues engaged in SOC development at

the external polarization to be an important factor for the recovery observed above.

Forschungszentrum Julich.

Member of the Helmholtz Association




