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Abst:rNagdr tcioalresening i s an i mportant ¢$akitodroxin
fuel celopefta®©OROC)os der to investigate tSHOFCi nf
performance, phegst tanh saffée eSvidmsdniaikierlea|l p gnpTére hi gh
operating temperature accelethetexat Nen pSaFtG | €
curr entfrdoenn Di.t2y3 97 kbho 6a%/ k6hEQat T I8 Ainn ctrheea sreat i o o0
carbso intensitioassemeni pp @xtthises |ter mdh sd eetnetr ipoel
SOFC. I ncreasing cYoSflidptdled i ¢crl ewtdh aaofe tir parti cl
increase rate oW Nbhparangkeoti paness eitacYisgza di a
redstchee attenuati ehhe adeemage ilampmmevste gd eNni s ipthya
hel prsediuoce the aftenuae®hdonreembBysttiycealld s{ MBFRt i o
needosng cal caun dadiiitfliietcihimee v e f aasrtt ipfriecdiiaclt(iAhddid)y a l
is trained by t hMPH aThaeb ansaep pgiennge rraep eadt p lBoynesghe tpe rb:
structur al par anmendeeixsesabtdaianeanhuaébhmafthd yma nt chee
SOFC i s opgteinmeitziecd G)yg br o ¢ gdmn i veetna Tnmeet haobds.o | ut e

relative errors of all parameters in psediowt at
076%and 0. 248 %,at whreeclihil adnydti ke ANN prediction. /
maxi mum current “Huemndse rt yo pesr a5t9i 6ndgh Avhoni tthaeg ea tatte nOu
requi memenetx ceiesdahgs fIli%ed c omMP Rsaitmuolna tANONn and C

The short version of the papeDPewa%. pTlis
paper I s a substanti al extension of the
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Nomencl \Y Out put voltage
Abbr ewi y Mol ar fraction
AFL Anode functionaZz Coordination nun
ANN Artificial neur w TPBctai ve width
ASL Anode support 1O Average current
BFS Binary random f Greek etters
CCCL Cat hodec clulre etna U Charge transfe
Bruggeman f act

CFL Cathode functioo Preexponential f a
DPB Double phase boU Porosity
EL El ectrolyte | ayd Effectiveness f @
FC Fuel celll d Contact angl e
GA Genatligoor i t hm ) Permeability
M FF Mu l-pthiy §iid d e TPB area
MS E Mean square errce Dynamic viscosit
MS R Met hane steam r 3 Number fraction
R M Reverse methanay} Density
SOFC Solid oxide fueld El ectrical condy
TPB Triple phase boy Phase vol ume
WG S Water gas shift«y Mass fraction
Symbol s Subscripts and super
A Speci fic surfaco I nitial state
d Thickness or di 20 K Twenty thousands
D Diffesedbhicienteff Effective
Bact Act i veanteirogny el El ectronic phasseg
Ee q Equilibrium pot e-kl El ectroeiecphashf
F Faraday constane-io El ectronhooi phpba
i Vol ume current io l oni c phase

di ffusion fl ux
k Reaction rate ci-el | ompihaesleectroni c
K Adsorption consi-®o l oni c-i phiasephase
Ke g Reaction equili O Oxi de
L Cel |l l ength R Reducti on
M Mo |l mas s
N Tot al number of
p Parti al pressur
P Percol ation pro
Qm Souteem
R Reaction rate o
r Radius or atten
u Vel oci ty
1. Introducti on



As the concept of envir ontmemd aHe grrtod eoctt ti rolne s
around the world paytame@@i asidomorkeadnad & kenmp loen
explicitly proposed the dual carbon goals of
Sept emblel>.B2]32 @Ges t hmn 50 countr,iFesaanidndlhediEmng o
Uni onahplbbedged to reach neéentd8iMpi emmeansnshay
CQemi ssions is imminent and the pac[edJmfdecat he
strong demand of t he ocureraenntanodareddn cri eedhu c teincemr
has become a hot topic in current research.

Sol i d oxi(dekKfCdaesl driekihn d ecmfper at ure fuel <cell
power generation technol o@gpHFiduet toSOFG diumpeati
chemical energy of fuel into electrical energy
t hter adicheommeahaal ealri caolnvepstf pmower geTher at i
maxi mdbmcefrfiicalency of SOFC is not [ 6mwhsdialbyp ot
one of SOFC's out e®f &mndiaedpdcightOe@esg tuhssu:aalthl iye@Dp e r a
°C[ 7] whi ch is al so wehdy ashehiSgh (Hiegdp etnsedtiquymoe il @ e r
enables SOFCs to have abwcdeseanhbe opéf énmsmilng
occsunder such high otuelcdprevy @t tur 8y @ wd dad nflbolddqgd1sl |
ammopild@, 183hd even [ddliihdjabrnled madQ@ sf ori cedlecrte@acthie
particul-aas®@RF ® mas s paocshsiiebviee nteomi 2t awh£Oh 1 s o
signi firceadnuCaefmars.Fheneforbasbdo®®FE I s of gr ea
researchers. Ther esdiasvceu shiseiemygoaasssme r SOFE Cwpek f or 1
cednd systlPemotliheevrelasdvant age of hi gh t einmpperroavteusr
the electrochemical aveiatghtd ons e adfe pgrne adihcel® $c amest
and,whh elhi mi nates chopkyatepdqidddnsinsg bwoyrt At ment
SOFC al so has memiet saghnasrilrogv noi se, high m
posidt,o.mwiied ppsr otnbohSe® FCr act i c al application.

Al t hough atnhad yBe®vé he strong vital.ictoynvoefr s$ @l
technol ogy, SOFC still fatke asmadbdiprobdilpemsd e @

the stabilization operation requirement of <co



keelpesss t han 1%/ 1med Oe ¥hin@anngld tthhaen [4i0f, Ht0i@p h! o dteir
scempl vV oglh&] factors aff ecatitnegnauSa@F GCep @i vodmanc @

namely mechani cald edgarmaadgdete ianmlc marniecdalaldamage i s
of SOFC partftermmuatnscse®d by physical action. The
damage S®OfF@ebbani cal structur e, i ncluding cr ac

whi clmaisly caused [b¥9 ]tThheer madi nstae®wset er meas ur ¢
temperature gradient, optimizing structure de:
be di voi deoduri ntypes accor:.dicrmag htead edrioflfyetree,n ti nptoesric
The mai ofr eamatoetted qarl ad at it dhrat Cr and Zri msbkei es
cat hbddoechke active site of lilrdcdder octhhemadadbr ptiac
i ncr e ashen etshiestthaurdceta@d d ®g rtahaedt iSOOF C p g r2f0q r2nfghnec e
degradation of SOFC performance iAQ aupsoeidsomg n@gr
degradation mechanism of electrolyte [ 23d2mainl
degradati on a@ft tirrnttloeirt chan ndeecctr eiasse of el ectri cal
oxi def dramed on|[ R2H®rs wrisfaasatdee | materi al s,20st he o
Theatsype i s anede apatvbhomblnmd Nidleyarti cl e coars
deposition and iAmpaumg ttyh e afsoproitsyome snngaf mater.i
of anode materials is the most concerned, €S|
because the mater ipadssi tdaengnréaed ad a ©inl yi ni mohtibbgirt e d
external Fore aswanpsl.e, tenfoamhbdenaatl Cntercorl
by adding an antioxidant | ayer don4i4tffibesdetaeec
intrinsic conductivity of electrolyt®),h YtStuts s
decline iag wwalkemddkr BO@BPperature (600

However, Ni particle growth and carbon depo:
are difficult to suppress through @Gxtbermn ale pmesa
is a typical probl em t hant ocfauSsGFsCst hfeu epleerd obrymacn
The main reason is thatcohtaideicogpbsel i pnoddc
porous anode, resulting whilklhoda kisl eackagye cfi tteh
anmdaltehe gas tranédpoattride O é axiadl itrogBdad i npt ew



t hat ther e hraevpeorbthse nocnaeebanhedeposition phenome
experiments [aZi&8(sti muamantaitohiashd oper ating condit
t he carbon depoNsii tciooanr spehneinnogmeinsona. pr obl em t hat
by all ki mdhiocfh fiuse lasl 6 bi 8 hAac amarcdhierf @ ctus toHe cur
aredt wWwomaocmamnios mNpl| @iamti cl e gr owtvha p oart otfm2ar snpi o
At omic migration means that Ni atoms esaempge f
crystal s, encour agi ndgapgdre tgraomwd fhédtotf e SNNia pagtrd ;s
edge site react with the kinkelkeoNodp M#t@HNE 9L B 0f h
The specific processonc am ukde ddpehsudiniLiglb ef d ebdy etnéva crt
vapor transfgenemeaclhlayjnhwsinenaesch a £ as o[n2.9]fl nNit he¢ sar
t he Ni particl e waporstamsmede metdhasdsmbwadli used
growth in SOFC anode.

2*Ni(111) + Hzo(g) +2 Nibulk = Niz _OH(Z*Ni(lll)) 6-5% (g ( 1 )

There have been several reports on the inf
coarsening on Z0EBECERBaeRt abmasbendnas i owa | humi di
fuel ed SOFC wiotdlre | Nicoaw@dredeni ng, and discussed
particle radius to the YSZ partikd eqte@dllvesopad
a t-dr mensi opnhayls incusl tSOFC model coupl ed with Ni
vol tage attenuation rate under di fSTOFnGomte]| op esr
mi Xt wsrtegaothet hane dahdolhydiromgetni nmeeb chukt 6t the nSaudcehl &
solutiodmetrir mmaretad petediocft i 8QFC per f or neamitaes td e ¢
perforomdnaomeRiaztviaoong B@¢velhhdbped a multiscale degr
st afcukel ed by humitdikfiingd Nhy dcrooagresne,ni ng, Cr poi s
oxi danit on alchceousnotl uti on ti me-eofd whbr &sme/8emnmuns
Througmat dtyfes etsh st alllbeespr eviabwhit woa&r seni ng i n S
bi omassi ssyfnema® se composi t.i oBne,siihset ersoonheu ta dommp Irte w i
model s is too | ong totimeetpreateaapeigamir rzeand notns. o

| midst ypd ymphtyisi cs model of SOFC fueled by bio
coar siesnifnigr stT hdeeV alt 0 perdrhii cpr dosetrwuecetmuprpeasr e naf per
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porous isdeantriofdiee dbei nyaruys irnagn d o m ppaa d knocd. §ehsd thlee r i
mu kpthiy $ii @d d model | sadectdradien ifgegheed tadtléei delue al ne
( ANN)whischused tpoerpfroerdmhacremeal & i coanu soefd SbOyF CNih ec o ar
mu kpthiyssi fc{( IPB) mulaan opde Y aidrefeadr mat $ORC apeomuft or me
attenwmdemndi fferent operating and strudtour al
trainiwhmg ch i s di fefxipceul] thd&tnde aehMN elwgersi ctkd v pr e d.
perf oramanecnduads etbmveent r aidmeée dbase geNMBRvaiteand thhy tilr
parameters Tdoree cgogimbemat imak ed WHN Nf Mfidh IMPaFS ac ke ®
Furthermbaadopdfeogneneti ¢ al goraittidodm t(hGcA)SOR G er eogp
objecti vceoubledn ¢ uir o hefrheaelimmawgtd. t he ¢ oFrmamidn aAtNINg n
rapid response prediattitemuatle SOBCTf perc é olkaha o a
perfor med, so faspt omirzat i meer fadh SO PG ome s le d d

contributes rteod uscMg Etichiepw & mtt li vy n a | |l oad to a cert
out the optimal SOFC operation or structur al |
2. Model devel opment

21Research fr amewotrrka nfévReanotd mMANNI ng

Fig. 1 shows tmreopldEeaae dobBMbi neddmodbdlol e r es
framework can be divided i mpthy stilcrse enopgleerlt 0.f FiOr
N i particle coarsening is established, and th
the 1 361 ueeaekreavmaentterpsa on S@FCepamd 0iomaeherted uggaht etd
par anaentae y e f t-phhey sriud & i mandfedll uence mechani sm of r
SOFC per hot mammad tgenrtendd axeschar acteri zec oSDEIC p
i dentAifftieed deter mi ning the independentndaxieabl
| arge number o f data setMsPFaaodckelgenTehreat iend epye nr
parameters and.i tepermedednatt ivaeg uttadleend out puts of
These data sets are divided into two parts: (
out put s, and the other for val iFdatailngy,t héeé a&adbe
accur atcryai mfe d etsAtNfNe nreequ i riesmeead st o GApti mi ze SO

perfor manede iiviena wgt d ongbtaaaidn paltamepernbt iwi t h
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based on the periodic -dgyiemared irora boéf n st ehineg tceel Il . c aTi

simplifieddmensoo-alwbnseingtell when the i[ni0dr co
The developed SOFC model i's mainly composed o
flow channel, ABhdeasopepoffanttiyemnal | ayer (AFL
functional l ayer (CFL) man@dCdaerkpbdbeet cerfleow cl:

provide a place for TheSktirgumaitmnlonw wsdeduast a
mechani cal stTrhe®Sdgt h sofhl tslhetdhel pl ace where t he
AR is filled withndcCOvreasdit esl| efttenraacsipeomitceadl |f
cat fBHehe CFL prewac dsvwhnerBeestGo x i dianeld ctom d@tcot st
el ectrol ytreodtfee @iC&i. i $he wharmaivrell ys cwoldndpre e, t .

A
y
Air# CATHODE CHANNEL
A e SIS TR e T ol of o B { b of ) RR
Oxygen ions (02) 0,+4e -0~ ~__CFL (LSCF/GDC) |
ELECTROLYTE (YSZ)
Electrochemical reaction” 11 _+(‘)”‘_v;no+'ze (0+()2‘7>(0 L, AFL. (Ni/YSZ) 3
‘Reform and shift reaction - "Aloh ASL (Ni/YSZ) .
€0, CH, —>2C0+2H, CH,+H 0> CO+3H, CO+II O—>CO +II » T
Fuel ‘ s ANODE CHANNEL {L .

>
FigTh& geometric stTTlhuetuachemdt itchediSaOgrCam of S
with reference [t3d hteh es ipzree voifo ush ewoSSTGkkC s hown i n
the actual size of the model. Thehabkeilic SO
TablTehel main par ametM®Fs siimuotheale dni n t hi s

Par ameters Val ue or expr| Uni| Ref

Geometric structure

Cell ,Length 40 mm

Channel ,dchi cl 1 mm




AFLhi cldire s s 0.01 mm
ASL hi c,ldise s s 0.04 mm
EL hi c,kldness 0.015 mm
CFLhi c,lddre s s 0.01 mm
CCCthi c,ddceis s 0.02 mm
Intrinsic electronic and ionic nductiv
YSZonic cosguc 3.343 10 3e1$300 St | [ 9]
Niel ectroni ¢s,co 327 10 -1065.3F stm® | [ 9]
GDGonic coEguc 3168 16 T 3d 520 R) Simt | [ 37
LSCel ectroniy,s.g0 10000 Simt | [ 37
AFL microscopic parameters
AFbpor o,dhrt y 0.3 [ 29
I nitial Ni phaét 0.6 em [ 29
YSZ parti aise 0.6 em [ 29
AFL per nmgabi l 23 10" m? [ 34
Ni phasér aoyWim 04
YSZ phaser aoyl izo] 0.6
ASL microscopic parameters
AS Lo rpo,dhFt y 0.3
I nitial Ni phatt 0.6 em [ 29
YSZ parti ayse 0.6 em [ 29
ASL per mrabi l 2310 m? [ 34
Ni phaséraoywim 0. 4
YSZ phastr aoyirza 0.5
CFL microscopic parameters
CF Lo rpo d¥irt y 0.3 [ 29

10



LSCF partidke 0.5 em [ 29

GDC parti cdoer d 0.5 em [ 29
CFL per memabil 23 10" m? [ 34
LEMmhase fvioad gymieo 0.5
GD® hase fviod gpaiao 0.5
CCCL microscopic parameters
CCClorm,d¢cd vy 0.3 [ 29
LSCF parti ddce 0.5 em [ 29
CC@ per meabil i 23 10% m? [ 34
LEMmhase fviod eytmieo 1

23MPFmodel for SOFC
The mulytdiiiced d model mai nly consists of chem
mass transfer anlfch emameretr inm M Fesorpbafdaderi socnuss soefsd a s
based on phienafiopdkaaanhg r egi on.
231. Model assumptions
The fuelt hpaselfeaxrt rocheomlICy@l ampdablecansea sof
el ectrochemical rept®] on rates of CO and H
The Ml ewei fuel and air channel s | aminar di
channel s.
The cat hcoodmp aedierd 9a% diSi Q.1
The SOFC is considee etdo Ideedalz@®dslolt her ma l
The active sites of chemical and el ectrocher

The gaseksedMPfmodeéle obey the i deal gas equat.

23.2. Chemical reaction model
Generally speaking, three types of ref or min
syngas aft m®]JsTphheerfea r st reaction i s methane stea

(1) The secowdteeagasoshi gt (WGY)2)r.e alchtei olna s ta s

rever se mMetM)a meataicdan on, as shown in Eq. (3) .
11



CH,+H,0- CO+3H DH =204 kJ/m( (1)
CO+H,0- CQ +H DH = 41 kJ/m (2)
CH,+2H,0- CO +4H DH =164 kJ/m (3)

The corresponding reaction kinetics(-(@eqmlati or

R= 33/2180p25§%“4 Bro p:é:fo g DEN' mol g, s (4)
R, = 33/47180pH &lo Rio pIZ::O gDEI\F mol nfY, s (5)
R, :33/;80[;(:2%%4 pizo p'l*{‘e:)jloz gDEI\F mol ng¥ s* (6)
DEN = 14K R, Py #H o+ (7)

whekreepresents the rKkeggepresenasetbenseacm ) on
represents tKeepartsiealt spit dhegiasd stohr @ tda fofne cctoinvsd e
iassumed[ 4] 0. 03

233. El ectrochemical reaction model

The -dhladdt rode reactionsl eact thede amoaet aond &ate
in EqED. (8)

Anode: H, +G = H O +2 (8)

Anode: CO+G = CQ +¢& (9)

Cathode: Q =20- & (10)
The el ectrochemical reacti onvok meet jf cowhmiud ha d i

described as Eq. (11) .

3 5 a- (1 -a)nF
|-|OFC expad" 4 § Co eXFge( J0F 4. ¢

TCR,ref 83 RT 9 CO,ref ¢ RT 3

wherreepresents the eligetprede nd sr rtédret ekemaintgye; i

(11)

calculated0reypyrEgent 2) he char genrterparnessfeenrt sd itfhfe

12



of electrons transferré&depnetbhatel eoBrémphashanyt
the ideal Tgepreesrsat antdhreepgreenpentas urlee a;Cki vat

an@are the reduction and t h&€r eniCs eF oo nt cheen trreadt!

and the oxide reference concentration, respec:
|—g—e pa E°‘°t (12)

¢ R
whegsies tdoappnent; Eail s falxhtei vrat jooms -epxrpeoggnt i al f a

activation engffgy asodé® OawMdlmzx@ikhoikeedlporent i ;
fact or®Sib$fi &brl 1@dnod¥S Lahdr 2¢[d4hlode

The volume currentcademns iat ydofoyelEgct {ddé .
=1 Qe (13)
wheadie the tripl(el PBhasuenybed wmear y

The relationship betwkR@mdt h d ee @ wiclaimh rbiew te@ ap

to our pr[fedv]i ous wor k

234. Mass transfer mo d e |

The mass transfeardgevcarssiedg i eaqu avtoi crmses, o0n
flow channel, and the other is the mass trans:
the flow channel bel ongs to the mass tranby er
Eq. TH8)el ectrode region is filled with por ous
taken into account in the mass tranBhHhergagweremi
equation in the elegtrpotd4) reigi onsi woshlownot inn
established in this paper, so the wunssoéadyytte

el ectrode and fMoweaxwhwamnedueg etgo onbBe presence

re&ctions in the electrode region, the source t
L IO Au ) (e (13)
e%+ajc fo ) Om (14)

a LM .

'dDi 'ia'*,‘{'/l’—'[% )&E (15)

c n k n



whejyries the densi ftiysot hgasmamis x fi;fiia® intalehs fof fu ssi poenc i

of speicd etshe velocitysofhehpoga®Rimykxbdreheet ob
or consumptiiMins of hhe meacsisa soki spmol as fr &cDB™ on o
i s mean diffusi on ovdia fcthi aise rctal dy | sapg eediachsy mgh ar

which is calldulated by Eq. (

pr=— ¥ (16)

: . X,
ak,iDi_k

(17)

B

M =

n

1 O: O

i
.|\/|i

O

whebDets the binary diffusiiandcelp®hboesedeofudeadt we
be found in oguidlnptdédei pws owar knedlii faf urseiga m nc o & fhfei
to be modified to the effective binary diffus

refer to our previous wor k.
235. Momentum transfer model

Similar to mass transfer mo d e | ,h a sno dnieviott & me nt
expressions. ILbnt s hehd | owas$HSiamaledaid maady cdnse
equatiaosn s hso wainBdp. (Elgnh) t he p,oristu 8Sh eelqgbucattrioodne t h at

Darcy's seepage2)) ,asalshoownanend Bhenkass eqouati

porous medium2ils shown as Eq. (

pu N a e . 7\ 2

rE+ (Ot =p D g—(ﬁlLD( ua))+§E(mu)-I (18)
Y, p@u) o (19)
i

L& " :‘ o T E : g 2 .

S op =g T (@) I wi FCy (20)
u(:;)+ B(du) Q= (21)

wheuies velogisythectdemnspitsy potissshudyerf,d miiad;vi scos
mi xtlirse;uni;di smapearimeabi | i t yUiosf ptohreo sp aryo uosDm nhehdei

14



i's mass sour cenetmdrcral c aannsgde e | keydlthreo claeé miud alt | mea @
dynamic viscosity of theRg&g®9] mi xture could be
24 Ni coarsening model for SOFC

I n this work, the Mapsedttanspsectimechari gm
in SOFC anode. Based on the va[pofrt oproasnesdp otrhte ne
model of tNal ybsats etdo cdaescri be t heFu negtr2ddabls eementd Ni
the constants in the model by fitting eixper.i

descbiyb&d. (22).

[N
=
S5

o

e a 0 3. ~ a

_ 7 Vi Pu.o a-E noe
d—ea¢§—2 %Xpae—ag*d u (22)

t é(l'yNi)Aog m, 2 CRT = OQ

whediies the diametertyad sSNNi pphedsies €3 @aed ilafioimea souf r

el ectrolyte (smlae;lp@zota)mqDHzianrans;tdeam and hydrbagen

respecEtiisvetlhye, t ot d24KeIr:efrodyyi sb atrird eirni ti al( mNi pa

nis characteristic exponent whkilaheds b8 eatieadrntd
resUilst t-eeppnent(dald £finB® ).
25Mi croscopic binarymadeldom fill ed sphere

The binary randdnp fmoldleeld issphaerler i(BRe bet wee
macroscopic perfor mancBREMadalc,t eNii sptairctsi colfe & ,h ¢
particlSeGFraandcl es are reglarpardthiacs uegBERg-tSlo@&re | s pt
parameters spltdaseasi nmtheer ftehaeeear ea of the el ect
particl es chAasn ab e loshulebgie ®ed . enc trodevi hét mapped tc
macr o pnecref coofmat he cell . Al though it is an i de:
regul ar spheres, it gives a possibility to co
Further B®RF@odeéelhehas al so been awedse.l yT hueBredfSoirne ,
model d svallhaepweed t o di scuss the influence of )
perfor maoel!l BRAModdedescri besdd as foll ow
251 Micro model
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The SOFC el ectrodelsi migsandtfyi cd ®@rst, aiwhi tcthr eag e ¢
phase, i onic conductive phas@ORGdmandN«xle ¢ ac 6 nd i
el ectronic cwhnid@bD€Ct and WYBAsparticl es arpearitoincilce
armi xed IicoeduypAdacsoer.dBR§Bh®drmgepordi nati on numbe
probability, total parti cl e cnouunhbde rb ea ncdd ¢ Scainh da h rae
the foEdow(B8B)he Budbsprepents thegepbpbaseromnc
Subsidmi epresents t he ilomiaddiotnidounc,t i wigt hp htahksee . c ©
the radius of Ni particles varies widtets kel et

formed by YSZ hiasn gedidattatshsea yr,adi us k €& e pcShZauwhpgde? § i c |

Wh eZegiZi 9 0lei oZierrceoor di nati on number between el ect
conducting phase, i1 on conducting phase damd i o
conducting phase, ebacctoonodduuccttiinngg pphlidessee t &redsgpwee
coordination numbef 4;3WwWbi ¢t hei p awisss athtead rvacdb tBmse f
part.icles

The percolation probability refers toatbhtde p
thd®rmghe conductive path[s4.3]n tt hcea nwhboel ed ievliedce
percol ation probabilbiatoy |l amg Bococoperogl avi an f f
types. The percolation probabi[l43]y can be cal

04
33.764- 7., 6 O
=2 5 (27)
¢ 2 28

P, =

o
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o 25 04
a §3.764-72,., 0 O
=@, 0§ (@
¢ ¢ Tz

whePreprspeeaerctol ati on probability.

The number of total partichmsbpecalaoufté4¥edul

whesxm@anzas epr esreantti @& heeumbber of particles in the
phase to the total number of particle, respec!
l-e
2
4/30 X+4/3r1p @3
— yellrjl
= 30
° yellrj+)/io/ri§ ( )
7 A o
X— 10 10 31
© .yeI/re?;+)/io/ri§ ( )
whemMNés the total UWwmhkere oforpasrittiycl es;
252 Triple phase boundary area model
ThEPBefers to an interface between electroni
and powkswlthdansfer electrons, i ons and gas mo

TPBn the SOFC anode r-&S@rogBetcoa utshee tihnet-YeR 4 mectei oon
is a |ine actually, thlesPB Hhamveh i appODPBokkeretr 8
reacti ons,i st hgee @aTeAR B hitigrde t o t he surface of part
|l i abpwhas medoingAc8ording tanBHEE dheargan be
calculating the arrSefaorasgs, s hEBg(npduzZn)ot i on of Ni

/ _anln( el’ IO)Sin A@l\lcu)eIZ)gI—ioPeIPic (32)
whedies the contact ang’wi,s whhiec hacitsi vaes swi ndet ch aosf

i £ts as[ 209] nm
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Ni Particle YSZ Particle

Ni-YSZ-Pore TPB

Fi gSchBematic diagram of the three ph
As the LSCF is the mixed conduwatbidv e iprpdsd,i e
the doubl e phaselefGmnrdeariyd {erPiBdBe .ar ea per uni

cathode only needs to calcul ate the surface ar

i BEqg. I(t33i)s worth noting that LSCF is still tre
t he de m@artr i on number, percol ation probability a
/ca:2 lml\z/l(2 _(1 €0S )qzeg ( 1- COS—) del-io) N eIPef% ( 33 )

whemeepresents the radius Ilo$ CdEnSICFG DpCa rctaifePl geosn. d u
is set to 1.
253 The specific surface area model

Since the Ni particles in the ASL region al
surface area per umiat cwdladmma dfo Mibhtgaasm datatiledfeisce ¢

area of INealpaultatceéesby Eq. (34).
A\lizzprl\fi (2 _(1 eos‘) Zelg (1-Cos-)qzel-io) (N el (3 4)
wheAw s the specific suwrfifsadehearrea isufs Mif pNar tpiaa

The growth wil Ni hbdaredcbgsYSZ skeleton. The

par tiieccalecsul ated by Eq. (35)
Ao = Zprlg(z _(1 605‘) Zio@ ( 1- COS—)quo_el) (Dl io ( 3
254 The effect conductivity model
The growth of Ni mpamcttit bleesoaldscthastgynof t he
by Eqs. ([3#465] and (37)
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st = £°((1 - eiRy) (36)
spt= g1 - e &) (37)

el,0

whersg® i s efhfeective el ectroniji & ¢endthet iiviittryi ncfi

conductiviijtsy* o6 phaseffective ijpsai®d scdrmdeudtnitu

ionic condugbdiisvitthye oEfrawpdghguaesneawhi ¢ h[ 4.5] assumed ¢
The paramet er BRFMovdoel lv,e ds ucnh tahse phase fractic
| i stTeadbl.ien
26The per faotrtmamicediex e s
To clearly evaluate the perf or manccoearosfdeS G
MPF mo d el st mael ave BEOFCompeonfor mance iovdrhi 30,0 &
attenuation rate aperr atgleo wua ndderf li onekreln dhaetrde t o c |

performance at tTehneu ad edwirin i@fti toB@E&t i on r &Yaendper

average cu(lyaenshaodwemsi o BBg raemspelc3I9)vely

r:'z%(')'oslw% (38)
20K

AN ()t

I:mzo(K) (39

whehieshe corteathodesngiutryentk hd g 29Di, t0y0 Oa th ol s)
27Val i dat iFors i afufl MR i SOF C

The model devel oped in this worWMPRFoade lbeamndd vi
ot her BRBBotdhdehBRFiSo d e | is established by consid
spheres, which is a kind of i @& deld im0 de |l mita
description of electrode particleshawhibelRni wi
accepted as a bridge between the macr qs3cqg pti3d
Theref orfemodteneus P i dat &d r e SOF® geserally have two opposite
operating modes, which are electricity generation mode and electrolysis Im@tiectric mode, the
cell is charged by fuel gas to generate electricity; while in electrolytic mode, which csaib¢sbSOEC

(Solid oxide electrolytic cell)the cellis powered by electricity to generate hydrogen from water. In
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this work, the discharge mode of SORConly focused onso the polarization curve of SOFC
discharge process is validatdthe SOEC's mode$ not investigated in current wodad could not

validate it However, the SOEC modehs been reported and validated in other reported pM6r&7].

I n the wvalidati oss etrtoicregss, arad | c[g3rdEhasmed eetra iwli ¢ h
parameters usedahdr pmaeadebsvabuddti nntlhne osrudpepro i
make up for the differtemehearamfe girmmlsiffeyilUidg f3 M
adopatsedt he tuning pa&m@aineteoediéedn oc adne blueg s eéheen f r or
experi meniteda|l gadad aa gtr eee mseiorme dya kttthsus conf i r mi ng

t heFrivided e |

1.2
o Exp. 700°C
10 —— Sim. 700°C
o Exp. 750°C
—— Sim. 750°C
§0.8 L v EXp 800°C
o —— Sim. 800°C
2
So6f
04 F
02 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Cuurent density (Am )

Fi4g.The compari son d&f-Vcehxaprearcitneernitsatli casn d
28Combi nat iRl dwil t h pANeNdi ct i on
Al t houghlhmotded Mdal yze t he per fPds manlcnee eadsn S @|
couple many physical fields and the simulatio
Therefore, It iI's necessary to develop a fast
Compar edFmwu denl MPAMAMpnput variables to output v
especially for highly NBloideéanannmotdbadkes ANNOabgc
i mprtolvee speed amrde caicdoteirragd fF @ omfueart fi ominhaen EMdB d e | I S

mai nly used to generate a |l arge number of dat :
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function relations betwbhenmoneutsesompdr edtpyuthk
capture a | artghdePFrcroausiadt e oé x pleanm i) e .costs and

The FYIPnesmate tHanha8868mpl es. Eacdh idegtua svaamp lac
2 output. Vidrei abnlpeust evempabbaesrencl odti al N i p
operanidngtruccttierasl thar ailmpee @ h MBOFCamerrt i @amman c
The output wvariables areat tsenpean ie@mmntaon ceev aal su ad ee
thoubawatt enuati on rate and average dAREewiult]l cu
prodau H8 data matri x alshea dtartaai nsientg wiatla bseetr.ar
parts bheseed®Bibdoh,o wift h 90% of the data BaseANNNt
these data samples, a 61512 AN& epoxdD06 stahsee t e
t riamggo a l i sbset as 4E

Neural Network

Hidden Layer Output Layer
Input (
e 4

h;/ - B

6
Fi gThes schematic of the construct e

Output

o_;_|

\
.',':Ol_.{_

\

On the basis of traindmigv ena tiagpdeor pdtakddh nood eol pst,i |
perfor mance. I n other words, t he matursanANN i
outsputand GA algorithm is wused to optimize t

optimizationpal gosiuttlam]l wWGA oirs opti mi zation pro

relations in pMaceovcal, aplhaatalosns. been wide
currently. I n the sgematcitd call g @pbrodbliesh @ GO0r os bev
probability is 0.4, and the mutation probabil |

3. Results and discussion

First, tvef iméll ateteade oper ating parameters a
perf oramarecarad iscmussed . andnanahgecpempmptapamat er s
structur al par amed etr e rt rabtn tecehn usai €@ doirnff icogfaaraden cee | e c |
as the input vaTheél esspedrdatt magi m aAkMMet ers ar e
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pot eamrnd affuel .Tobswloesdtreudpdauambet ers are inkVSiZzal \
parti cl eNidipahnestderracatnemmer de poTlbsi dgtail ed hienf o

s el epcatreadmel iegtdeadb l.LiEmMe2 si ngl e paramef ewhiseshi mges

when one of the parameters is investTlgatedpi ¢
anode inlet mol ar:duel:wcompoBi 4iod. s 0.1: 0.
TablPear2zamet ers angavameéeéeranagasysos and ANN
Parameter Typical Val uange Uni t
Op eirrdge mper 3 750 6 5-810 °C
Op er aptoitnegn t 0.6 0 .-03. 8 Vv
I niNipait tdii @almeg 0.6 0 .-06. 7 em
YSZ particl 0.6 0 .-06. 7 em
N i phalsémea c t 0. 4 0.8555 -
Anode por ¢ 0.3 0.P550 -
Anode fuel 0.5 - mst
Cathode aif 1.0 - mst
31The efdpeecrtateilmmpger at ur e
The influence of temperature on SOFCthe amsmeea
increases, the Ni palrariegdtre ndi. amet eani her saees
particle coarsening, Ni pwairtthi ctlhee diinacnreet aesaen gorfa

be seen frwmnFithe 6eam}fCerther i i pabb0cl 682di ame
atkh2 whil e the Ni par tdheml akhd @ddEendetivemetnepde c a e ab e s
°C.The effect doNfi tplre tiimd ree alsaea met er i's that t h
conduct iPvaen dp htahsee TPB area decrease, as shown i
higher the temperaturci amatr@rhssahd rhidpeer ¢ MR &o f
anper coprad b aabsdri teyexampl e, when°t heé hteepprercat at ¢
decreases fronmP®B. &2 ethé §i 1084036 . By ¢ o mp areins otnh,e
temper at BCr,e tihee BHCE@prcob abiiloi ty de Bram@dPB8s af eamf €

71584 0041381 n particular, the percolationspro
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reducyedd 8D akth 60Bi s means that the connecti vit)
i's already ppoeorrf, o ramadn ctshhea ucteeinlb & t Tvhaem yc hsag aert e.r |
the effect of tempernsefilecbedSOFCAmaniérmaga
Fi g. 6(d), t he hisgheére thheg htempgéereatcuurrer ent den
cal cul atiio®n bluithetgheey ¢ eme@ati on rate i s. For exa
80, the curr entth areanBs3i@ tyt h rso uhg hgohuetr t he comput :
t haet t e nu attiuam ernait3ed é foh i BFwBIOOh i s at Ise@d rl raersgpean d i
t 650C (0. 23.%/ Kihi s (S mai nly becamueszulttlhse ifmagh
el ectrochemi aatdhlea ecgvedri aolnl rcadrer e s p oOnd itnhge coutrhreern
t he higheraltseompe rmeotger eab o u © ucso a\ri sagorair itghe | @3 eat e
density as$tanuvabdlesbiy t he average current den:
useckvtadIGERE@ attenuati on p elndrderrtarianih theeattenuatiort rate s W
within a certain range and ensure a higher average current density, it is recommended-@at SO
operates at 756C according to Fig 6(d). When SOFC is operated at @aQhe current density
attenuation rate is 1.5%/kh and the average current density is 5214 Although the current density
attenuatiorrate does not meet the requirement ofKi¥it can be further reduced by optimizing other
parameters. If the operating temperature is further reduced, the average current density will be even

lower.
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Fig. The effect of operating temperat urve @r a(sa)
percol ation probability; (c). effective
Fig. 7 shows the spatial a@it=4d®0r klhutilan cafn
distribution of ppApitial cpnebsstuert raitthb
di ameter However, the spatial distribut
of percol ation prohiavi tanhybandomnPBr mee@aby
shown in Eq. (22)ThiEgl.6 @n2s7i)s taenndt BEwgi.t h( 3t2h)e6
abotute distributionTbffe <ainabldesnceverf ti
rati onal y and correctness of the sol ut
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—A— 750 °C

—0>—800°C
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Partial pressure ratio (bar®®)
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Fig. The spatiaadl dilkh r@oitut@&® M parti al pressur e;
(c) TPB effective area; (d) electronic conduc!H

32The effect of operating voltage
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