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BUS KALBAMA:

. Kaip suprantami Kkietieji oksidai, kurie naudojami
kuro elementy gamyboje;

. Kuro elementy struktura ir jy veikimo principas.
Vandenilio oksidacija;

. Medziagos, kurios naudojamos kuro elementy
gamyboje;

. Dabartiniai atsiekimai taikant kuro elementus
energetikoje;

. Ko tikimasi iS kuro elementy taikymo elektros
energijos gamyboje;

. ISvados.
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~ Reikalavimai SOFC :
\. — Zema darbin¢ temperattra (500 — 600) C;
Aukstos elektrolito joninio laidumo verteés;
Aukstos elektrody joninio ir elektronio laidumy vertes;
Fuel Anodes Auksti elementy galios tankiai, esant mazoms maséms
00 0 0 ir tliriams;
Auksti elementy naudingumo koeficientai (60 — 70)%;
Ug U, Pigios elektrody ir elektrolity medZiagy kainos.

P. Bohac, A. Orliukas, L. Gauckler, Proceedings of First European Solid Oxide Fuel Cell Forum, Ed. By U. Bossel, 1994, v. 2, p. 651.
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Giedre Pakulyte, Vytautas Martinaitis, Darius Mil¢ius, Energetika, Nr. 4, p. 80.

Energy I1Q: What is a solid oxide fuel cell and how fuel cells work LR Seimas — 2021 -11- 10
May 01, 2020 by Aytek Yuksel, Content Marketing Leader - Power Systems



https://www.cummins.com/node/27246
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UBOCELL SOFC “Open Air” Demonstration Set

For ta -lop “open air” demonstrations of SOFC chn BT L eration
table-top “ope C technology. Internally heated stack. Op

temperature of B00°C reached in six minute: ack read hot soon after. Power from hydrogen and air.

S = o P f

P == ad s minutes. Stack re ! ;

Qutput of 60 W at 12 VDC demonstrated by three shining lights. Other users may be connected for
utput of 2V e 5 ¥

convincing experiments. K-type thermocouple, UBOCELL Control Box and lamp set

D 12,000
i g 115 VAC: CHF 10,500, EUR 10,100, US 2
e 230 VAC: CHF 111500. EUR 10,700. USD 12,600

“
Technical Data

DimensionsL xW xH 200 mm x 200 mm x 210 mm (
Number of cells: 16
Performance (7F00°C): OCV =17V BOW at 12 V for Hz and air
C ; €-supported, anodes reduced
Cell material: Anode. Ni-Cerme d : Zr0, cathode:
Bipolarand end plates: 1 mm Crofe i ed fiow fields
TC cente N 4 mmC for placement of one thermocouple
4 mm stainless steel: 3161 (1 4305)
1 mm Al;C
Hi and air supplies: Front of bottom compression plate.
Exhausts: Rear of bottom compression plate.
Heating power Mounted C 14 plug
Start-up time: 6 minutes to 00°C
Delivery time: Four weeks after placement of order

Dr. Ulf Bossel
Morgenachers trasse 2F
CH-5452 Oberrohrdorf
Switzerand
+41-56-496-7292
info@almus-ag.ch




Cathodes materials: LSM (La-Sr-Mn-0),
LSC (La-Sr-Co-0), LSCF (La-Sr-Co Fe-0O)

Anodes materials : different Ni- cermet’s
NiO + (8YSZ) 92 mol% ZrO, 8 mol%Y,0,
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YSZ, GDC, SDC composition, Sge1 of the powder theoretical and relative

densities of the ceramics.

Composition Seer M8 | Dyoorericar &/CM3 d, %

(20 GDC) Gd, ,Ce, 0, , 220 | 7.24[3] 95.0

(20 SDC) Sm,,Ce, 0, , 212 | 751 94.0

(15 SDC) Sm, ,.Ce, 4:0, ; 195 | 7.22[5] 94.0

(15 SDC) Sm, ,:Ce, 40, o1 203 |- 94.0

(15 SDC) Sm, ;:Ce, 40, o1 8 - 92.0

(10 GDC) Gd, ,Ce, ,0, s 6.44 | 7.2112] 97.0

(10 GDC) Gd, ,Ce, ,0, 201 |- 95.0
(8YSZ) 92 mol% ZrO, 8 mol%Y,0, 1.67 | 5.96[4] 97.0
92 mol% Zr0, 8 mol%Y,0, 124 |- 95.0

1. H.B.Li et al.Acta Mater.54(2006)721; 2. K.Huang et al.J.Amer.Ceram.So0c.81(1998)357;3.G.Chiadeli et
al.Sol.State loncs, 176(2005)1505; 4. H.Liu et al.Mat. And Design, 31(2010)2972; 5. C.Jiang et al.

Power Sources, 165(2007)134.
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a) Sintering4 hatT =1600 K b)

SEM images of Ce, ,Gd, 0, 45 ceramics sintered
from powder with Sg.; = 158.03 m?/g (a) and
SBET = 6.44 mzlg (b) LR Seimas — 2021 -11- 10



Total ionic conductivities (o;,,) and their activation energies

ot

(AE, . ) of GDC, SDC, 8YSZ ceramics at 700 K.
Composition | Sgep, m?lg | o, S/Im | AE,,, eV
20GDC 220 0.094 1.12
10GDC 6.44 0.19 1.22
o=qg'N-un
15SDC 8 0.056 1.19
15SDC 203 0.041 0.83
8YSZ 1.67 0.004 0.98
8YSZ 12.4 0.019 1.03
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Bulk ionic conductivities (o;) and their activation energies (AE,) of
SDC, GDC and 8YSZ ceramics at 700 K.

Composition | BET, m?/g | o, S/m | AE,, eV
15SDC 8 2.70-101'| 0.71
15SDC 203 2.71101| 0.70
10GDC 201 2.88.101 | 0.66
10GDC 6.44 2.86-10-1 | 0.66

8YSZ 1.67 7.63-102 | 0.99
8YSZ 12.4 7.60-102 | 0.99

LR Seimas — 2021 -11- 10



Uu,Vv

1.2 ' ' /. 800
. o 1 %

~_ 5
\ — %

0.8 . |

\}
400
04 °
- / 1200
OO T T T
250 750 1250
j, mA/cm?

Storasluoksnio SOFC U — j — W charakteristikos
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S5kW SOFC modulis pagal S.P.S. Badwal ir K. Foger
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JAV SOFC PROGRAMOJE DIRBA:
1. NACIONALINIS KOMERCINIS STANDARTU IR TECHNOLOGIJU DEPARTAMENTAS
2. FEDERALINIS ENERGETIKOS TECHNOLOGIJU CENTRAS
3. GYNYBOS DEPARTAMENTAS
4. DUJU TYRIMO INSTITUTAS
5. ELEKTRINIU ISTEKLIU TYRIMO INSTITUTAS
6. BERKLIO LAWRENCO LABORATORIJA
7. KALIFORNIJOS UNIVERSITETAS
VISU MINETUJU ORGANIZACIJU SIUOS DARBUS FINANSUOJA::
1. CERAMATEC
2. ZTEK
3. TECHNOLOGIJU VALDYBOS
4. GIMININGUJU SIGNALU AEROVISATOS KORPORACIJA
AUSTRALIJOJE SOFC GAMINAMI KERAMIKINIU KURO GARDELIU LABORATORIJOJE
EUROPOJE:
DIRBAMA SVEICARIJOJE, ANGLIJOJE, VOKIETIJOJE, PRANCUZIJOJE, DANIJOJE
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State-of-the-art SOFC

Unfortunately, the dominant SOFC developers aim at stationary applications.
Such ceramic solutions are indeed heavy, sluggish, expensive and fragile and
must be operated at high temperatures. But totally different SOFCs are presently

developed for mobile applications. The following results, Table 1, have recently
been presented:

Table 1 Recent results reported by distinguished SOFC laboratories
Feature Value References

Power density at 800°C 1.935 W/ cm’ |Berkeley Lawrence Lab. (2)
Stack power per volume over 1 kW /L Allied-Signal Aerospace (3)

Stack power per mass over 1 kW 7 kg | Allied-Signal Aerospace (3)

Warm-up: to 800°C 1 minute : Keele University (4)
or ,to operating temperature” | 5 seconds Keele University (5)
Cool-down, 1000 to 800°C 31 hours Univ. of California (8)

Although these results come from different laboratories, they illustrate the
potentials of advanced SOFC technology: planar, hybrid (metal-ceramic), bipolar
designs with thin (5 to 10 pm) Supported ceramic electrolytes and operating
temperaturds between 650°C and 800°C. Such light weight, compact SOFCs are
under development for automotive applications. Table 2 documents what can be
expected in the near future:

Table 2 Projected trends of development of SOFCs for transportation
Features ; Projections ; ;
| Operating temperature (550°C) 600°C to 800°C
Start-up (ambient to operating temp.) |less than 2 minutes
Stack power per volume 2KW /L
| Stack power per mass: 2kW/kg
‘| Fuel unleaded gasoline, diesel, Methanol
Reforming integrated internal and in situ
Cooling air, heat rejection by exhaust
Duty lifetime 5,000 hours

LR Seimas — 2021 -11- 10



Multi-Fired Process Flow for SOFC Planar Configurations

processes

Note: Alternative production processes ap-pc.a.r in gray to the bottom of actual production
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Example of manufacturing process description.

Allowable Installed Cost! ($/kW)

Market Segment Typical Capacity Entry? = Sustained?

[ s cial Cog ration 50 kW -2 MW $1,500 - 2,000 3800 - 1,300

-"—E Industrial Cogeneﬂt;ion 5-200 MW $1,000 - 1,200 $800 - 1,000
v Residential Power 0.5- 10kW $1,000 - 2,500 $800 - 1,000
2| Distributed Power 5-20 MW $1,300 - 1,500 $800 - 1,300

g Central Station 55 100 - 500 MW $500 - 1,100 $700 - 900

' Total installed systam costs, including all owners costs. Taoumﬁuynmmmmu Mmmmu—d

on a ranga of electricity and gas rats structuras.

would be

2-3 timas as high as natural gas.
k.u_‘&awmsn mts!haruﬁzedln achieve significant markeat penetration.

prices are typically
2 “Entry” coats are based on early high value

Summary characterization of poteritial stationary power markets
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Impact of system efficiency on allowable system cost.
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ISVADOS

. Naujy kietyjy elektrolity paieska su deguonies vakansijy pernasa ir jy taikymas
kuro elementuose.

. Naujy medZiagy su misraus elektroninio — joninio laidumo sandais paieska SOFC
elektrody gamybai.

. SOFC veikimo temperatiiros mazinimo problema.
. SOFC naudingo veikimo koeficiento didinimo problema.

. SOFC regeneracijos (darbiniy parametry atstatymo) problema.
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VU Nanojonikos mokslinés laboratorijos kolektuvas
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