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m Total efficiency of a fuel cell

system
ntot = nMax - nl - nli - nSys
A nU: Voltaic efficiency
» Ucell/lUtheoretical
A nli: Coulomic efficiency

« Part of the fuel / oxidant
{maternial) flow used for
electricity production.

» Depending on material an
electricity flow

A nSys: System efficiency
» Summation on system

losses (pumps, sensors,
fuel processing efc )

Efficiency ~ f(Load)
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e OCHOBHbIE TEXHOSIOIMYECKNE NPOONEMBI:

» [ln3anH anekTpoaoB, obecnevynBatoLLnX
MaKCuManbHYy0 0bnacTb Tpex@gasHoro KOHTakTa
c obecnevyeHmem TpaHcrnopTa Tonnuea,
9NEKTPOHOB N MOHOB K KaTanUTUYECKNM
LeHTpam

« ObecnevyeHne BbICOKON MOHHOM NMPOBOANUMOCTU
aneKkTponuTa Npu OTCYTCTBUWN 3NTEKTPOHHOM
NPOBOAMMOCTU U NMPOHULAEMOCTW MO TONSINBY




cathode

(catalyst layer)

cathode
bipolar

. RN . plate

polymer
electrolyte
membrane

' Carbon black = support
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Transport processes in hydrophobic GDL
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* Tun anekTponuta (onpegenaeTt padbo4yto
Temnepartypy)

* Tun Tonnunea (B HEKOTOPbLIX Cry4vasix)




Not untilized

H,. (CO) and

reaction gas
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Flassigkraftst. Evaporator

Fuel Cells

Natural Gas

Increasing
complexity
of fuel-
processing

SOFC
= | NErmally integrated
Reformer
MCFC
== 4 | Nermally integrated
Reformer

PAFC
CO < 5%

CO selective PEMFC
Oxidation CO <10 ppm

Source: B.C H. Steele, Nature "99

Increasing
Efficiency

800°C
bis
1000°C

650°C

200°C

80°C
Increasing
Dynamics




Load
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Electron Flow
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Cathode

Electrolyte




LLlenioyHown anekTponut (Hanpumep, BOAHbIE
pactBopbl NaOH, KOH)

Tonnmeo: BOOOPOA, OKUCIIUTESb: KUCNOopoa
(BO3aYX)

OneKkTpoabl: MeTansn (HUKernb)

[lpobnema yganeHua soabl

[Tlpobnema CO, B okucnutene

AdpdekTnBHOCTL: 30-80%




PAFC FUEL CELL
Electrical Current

Excess - @ [ Water and

Fuel Heat Out

S— ==

o el 14T
{ - [Hs0
Hiiih :

<2

5 E

i3

=
Fuel In 7 i 13 Air Im

Anﬂdef | Hﬂath ode

Electrolyte




AneKkTponut — goocgopHasa kucnota (H;PO,)

Tonnueo: BoOopod, OKUCNUTENb: KNCNOPOA, UMK
BO34yX

TemnepatypHbin pexnm ~ 200°C

CHWXEHbl OrpaHNYeHna rno YNCToTe Tonsmea
(copgepxaHue CO u CO,)

ONeKTpoabl: nnaruHa
[lpobnema Koppo3nOHHOM CTOMKOCTU (rpadonT)




MOLTEN CARBONATE FUEL CELL
Electrical Current
Hydrogen In ‘E" g Eﬂ Oxygen In
Hy #_ 1 - _c:j:. o,
|
E- 2=
-2
costm| ©%3 <
‘2 it 4—:2
e
Water and i & il 2 Carbon
Heat Out ‘ . _ Dioxide In
d e T | [ = CO, <t
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‘ Electrolyte t
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Tonnuneo: cmecb Bogopoaa n CO (13 Boabl U
NpUpPOaHOro Tonnmea)

OnNEeKTPonNuUT: CMech pacrnnaBoB KapOOHATOB NMUTUSA U
Kanus

TemnepaTtypHbIn pexmnm — ~ 650°C

InekTtpoabl: NiO (katog), nopuctein crinae Ni u Cr
(aHon)

[MpoaykTbl peakuum — soga n CO,
QdhdekTnBHOCTL: 45%

[Tpobnembl pactBopeHus NiO, BbigeneHust C, notepb
aneKkTponura

[TpobniemMbl TOKCUYHOIO TOMMMBA U BbICOKUX TEeMNepaT



SOFC FUEL CELL

Electrical Current

Fuel In e 'v AirIn
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{ e

Hol il
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Water 2 Ot
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* ONEKTPOSIUT: MOHNPOBOAALLNN
kepamuyecknn matepuan (ZrO, + Y,0,)

o ONEKTPOAbl: NOpUCTast MeTannokepammka
Ni/ZrO,/Y,0O4 (aHoL4), NOPUCTbLIV NEPOBCKAT
La,  Sr,MnO, (kaTopa)

* Tonnueo: Bogopo + CO
* [1poaykTtbl peakumun: soga + CO,
* TemnepatypHbin pexxum: go 1000°C



* VloH-npoBoasdLaa nofiMuMepHas
MembpaHa, n3 matepuarna tmna HapuoHa
(cononumep TOI n
nepdTOpCybPOHOBON KNCNOThI)

* [lonnbeHanmmaasonbHble MaTpULbI,
MMNperHnpoBaHHble POCHOPHOU
KWCNOTOW




PEM FUEL CELL
Electrical Current
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{CcF,-CF, —aé(i.:F— CF"'@

[ OCFfl: ::—@-0{0 F2),S04H
a3

£CF,-CF, fgrl.:F—ca@

O(CF3),S0OzH

X=6-10;y=z=1

DuPont,
Asahi Glass,

Asahi Chemical

x=3-10;y =1

Dow Chemical




* Tonnneo: meTaHos (3TaHON?) — BblCOKaA
9HepreTu4yeckasi NNOTHOCTb

« [Tpobnembl: meaneHHbIe KaToAHbIe U
aHoOOHble peakuMn, NPOHULIAEMOCTb

nepdTOopCyrNbPOHOBLIX MEMOpPaAH Mo
OTHOLLEHMIO K TOMNNBY




AFC

10 DO° ,
Temperature ow P10 T00C high
Platinum metal
Catalyst pure -4 less pure
[ - 4'5.0 H C| Hm
Gas spec|f|ca'[|on clean EEET less clean
-~ 40-p0% 50-@/ .
Cell efficiency low ’ high
Reforming
System _ - Syit‘em Internal |Ref. high
complexity
. Segonds Hours _
Start-Up-Time At once . high

Dynamic

I I E—

high
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