[ Downloaded from necjournals.ir on 2026-06-10 ]

Yy IFAY oyl ¥ oylowd V0 2,93 [ (4l ! (551 s yuiid

oS | (3 gw Jud Jw S5 UL 395 g 0 ySos (0 ) !

ol

*

T35 (ol ala ol jul yael T e sala T(susla a5 jgaS 3 L ek

s
ST B Sy Joo SO By Slasuie 55 Slos lie (pl 53
5 gy (39S QsSung Seo sl dlissl L g 228 slogygel plorl b ol
St do b fu SO cpl il 4855 )18 ) 9)90 3 Sdes (giludde (yrizeen
Cla g Wi S a) slagbyy b olaidl g ogsl Wy sla b, I eslial
5 oliil L cpioan 33,5 o ) LT algs a] )6 4" wlowds adles (glasiw
Oied lacl (o S )bl Slastie 5 (olewdy pSUl 3 Sles Juo
D9 e drolre Juo ST il caY | Jols bl g (gl Jlb (o0
5 1518 T (g3l Jleb el 5 Shae gl o lilne §1 Lols ol olul,
o Ngdiee cage ) (Bgw Ju Sl Job plgs GEalS 3 56 it (senl
ol 3y Sas 31y (dool (i Jow S5 sbaY awsin 5 L3l ) iy
el sl auY 4 Cows Sl Y 0oy 5 @l pgail cudyd cde 4 1)
o S5l ooy iU Jao b 5 Shos o)l sl o st ol (g3l Jlé
Sy oo IRl e 4 lamio Gl 5 Wl S a) Uhe) 4 S
les ST ldlas jd el aul B (oilo ao 5 390 4 S5

4.“2.6 C«-é‘ci)é éJU
VAN -Y/NY

Wdlde B pdy 7,
WA/ 8/ -0

(s ollds
4-;3‘.‘)‘) 5)[.’;5[.») )’?) ¢ .))S.Lo&
Slxio Ol «s)ly 655

bozorgmehri@ut.ac.ir ey oKl ¢ SlKa pwdige oSl (658> gty (VF
ol ol (SolSe wdige oaSiily Hlussls (Y
Ol <9y oBlimghs g5 sl (5551 09,5 byl (oS (¥


https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

Olp) 8590 i pwic [ AYAY bl ¥ oyl V0 0,90 VY

douda

Blas ggiie s guw jl oolitul Vb o]y 15l a5)le a8 lglyd (cblie cde ay dols ST Bgw slo o
{7 9 V] (5,50 35 yote b 5 0081y g 5 o0litinl § 52 9 )l (lojem adgi 1 5,8 ame Gy (SunY]
dlee golae Gler > Sb 551 W gl Cnpise Al plgis 4
VA b diadih sy g dsly slanS] )3 S Colin S oluly dels 10S] (Bge Ju il
2 9 9 g VATV Jlo 3 (15l 2081 L) (Sslyms g i olgl 2,5 LT 5k o sl oMo
Form Ao OC 5SS sl o aols auST Bgw o o S35 Jaol [VV]wa)5 glyidl Verr °C glod
o 59 O3St o & i 5 O3S ol ) S5 Gullae (plians iUl slasl b elsl (b &
oo il AT 53 (850 L) (39)%0 psbinns] Lalis 5 g S AY 5l 58T sy colin g 515 5 ite

Spse pbol i 5l g can o 5 oty Jlas] Lawgs b g iU €8 > 315 Sl

Interconnector Channel

Interconnector Channel

JIVT ol oS (B g oy 355,15 29565 g b au¥ g s lusjey 3 (Seilowd 3V JSW

1) Nernst
2) Baur and Preis
3) Interconnector
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1) Tape cast
2) Calendaring

3) Screen print

4) PVD: Physical Vapor Deposition
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1) Gibbs free energy
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1) Open Circuit Voltage

2) Nernest equation

3) Activation overpotential

4) Concentration overpotential
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1) Butler-Volmer equation

2) Triple Phase Boundary (TPB) length
3) Deng and Petric

4) grain

5) porosity

6) pore
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1) Fick’s model
2) effective Knudesen diffusion coefficient
3) The mean free path
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1) tortuosity
2)) hapman-Enskog theory
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1) Mylar
2) plasticizer
3) lamination
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1) Material World
2) Tosoh
3) Nextech


https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

vy VY Ll ¥ oylowd Y0 293 / oyl ! (5551 Ao i

Joo Gy ySlac 2 G905 GG,

045 )15 sl w058z Jolis 48" 28 )5 418 Sbjl 5500 s 6lSiwd 1 edlaiw] b ST (63 Sas gl
sl o ([ Sbly e ol ) 3 5 e o oS o 5 (130T 5 3o Sl JUinl Juo S

oy g alis

o S sy Lty ety g

13 el 0133,8 N E Y IS 15 sing) (59U ogSmg e S8 by Y Caoles g iy oy

Ok Ay 9 30,5 (o st yiogySue VO g WV (i Cdg Sl g S5 claayY cwlses ¥ g ¥ (sla JS5
i oleiSy5 L sl g 618 4Y g5 o o |y g iUl a0 g o (astie yode V/+0F T Y Caolsus g,
20l g T Y 3 & Jlail (g S8 o sl g b g S50 (g Bansd g Ul Y s o 5 5

Wl ge 29 SI Y g oy 5B i wilo

-
-
-
-
-
-

15.8kV X1T.890K 38.68rm

onl YU e 5 & il g Sl SN g W15 4rY dw SEM OgSurg 5o b Jow S5 el eane 1(Y JSoi5
Fog Sus WY+ G515 Y Canlboss

1) Wonatech


https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

Olp) 8590 i pwic [ AYAY bl ¥ oyl V0 0,90 vy

als dmagel  pgas 3JUT 1380 55 51 oolil b 2398 o0 03 plp jl5m 03 oleiS )5 b w18 ks lop, ¥ S5 5
Vo Laoyis bowgio yad g Y+ a0¥ ool J556 Cpiomen ] o Cund 4 yiog,Sin a9 S @)D o)l o

Al yieg Sy

Ay =2
f i~
4

1S5. 0k u:ikié- ekl 'dibosm

Pl gl52 Ve iS5 U SEM Gy Sao b Jow S5 8515 ahaile e 1(Y JSW5

‘ImageJ Ryl )Jl_’] )‘)_9‘ £ )l osliwl L» ‘)9.3‘50 olud ).3‘);. )1)127 dw ‘_;,L,S)); lJ Xl )L>L.u).:) ¥ JSwJ 0
Y/¥e Laoyis bawgio jhad 5 03l o ¥V @Y opl S50 puiomed 33,5 o cyund yieg S Y/0 o)) 40 15T canaily

D9 o0 dnwlone yiog S

A Y (@l )5 b SEM Cgfiwg San b o S5 T gl o 1(€ JSS


https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

Yy

IFAY oyl ¥ oylowd V0 2,93 [ (4l ! (551 s yuiid

ol dya0 (Silwde &Sy Oi ol &S o ol 1) ol didlie o SO g lid e sy lasuie ¥ gl

Gl 48,5 )18

Jw ST gy g g Wl Olasuin (Y Joua

sl JJado olgs
Alm’ FAVETXY 1 gl Jleb ke oles b s 2Ky
A/m’ FVBARY XY A 5 g5l Jlnb ke oles ols a5 £ K
Jmol” Vexy? o it 559 By
J mol” VX y® 5 g5l Jleb 551+ Eggr o
K avy S S5 58 slon i T
bar | oo S50 Slas )Lz 2 Pt
% Al 8l Jsdss &,
% Y S 5o 1 €,
- AV il ol a4y iy ka3 o515 Job capud : X
pm Y/o &1 ganaly > @b b ojluil: Dy,
pm vIY 5l ganaly )3 opin s ojluil: Dp
- o/f ol ol
pm Vb B gaails > @l)d s ojluil: Dy
pm Ve SIS gl )3 oy b ojlul : Dy
- b/¥ S o glegel e
mm V.08 54y colbs :d,
um VO/F. ooy Y culsus L
pm WIY . S Y cwubs :dC

oo S pSlas ety

by °C s> SilwJde eizmed g 0dd Cud Jw S bya 5y 5 ol sloges snims lis & S
5 WY Wiem® wei g les s b o 5 3,Slas 45 canl ¥or g Ver cO/MIN iy 4 lon 5 555,00 5


https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

Oyl 8500 d i [ YA Ll ¥ o lows 10 0,93 vE

ol 045 (655 03101« AV QoM e 0359 Ceoglin

S S (5 jles o g ot pad (s pSlac gl deaslio
SO Gilw i ¥ Jada 0 o SO Slasuin 13,5 &) dlis pgd isu ;0 a5 V8 JI Y @Yol 1 eolawl b
2 a5 a8 len Jio bawgs oad el Juw S35 5 by 3 Slas jag05 .85 pbul (63 Slos Lalyls >
2 LV sgas clad U suye el ppel VO U i 5 bys ately (3 1y o S5 51y 9 0 003 0SS5

SeSE o ST il o Yl ol Giadad 8l 0SS )3 rizmed led oo ot Ol JBs anin

Lol 045 Aol

1‘ T T
0.9 L] —
. —+— Vmodeling
sl L ®  Vexperiment ]
L] —@®— HactA
0.7F L] —3#— HactC i
= - —%— Hohmic
E‘ 0.6 HconA
= g HcoONC
2 0.5
=
© 0.4
0.3F
0.2
01
0 - 4 &
0 5000 10000 15000

Current density (A/sq.m)

Li gilu e 5 (Vexperiment) JSs qpe bl (056 g0j] 1ol iudad ola cdl g Juo 5 ol yp J&o 55Uy lges 30 JSWS
X1 bale ¢ (Vohmic) eal (VactC) sl ¢jlo s {VactA) sl gilo b jl Jols yiued il g (Vmodeling) ogMe siae
ol a4 Y il s 4 (VeonC) sls bl 4 (VeonA)

Lly 5 a 00 00 dawgd (giloJde (hg, il oalaiw] b &S €8 S a8 o ol plol Gluwle 4y da g5 b

D905 (§jlodend U9 5 by alely y3 1) dele wST (g o o ST Ses Gl (o (arlio pgo 4 Juo SO
odalics 350 IS5 o ¥ Jodo 0 oS 655 jlen aad o L 1) e el 0ud duwlre yiuded il polie ¥ Jois
A Sy a0 e 5] ol il i Al e ] (sl ) ol (i il (it 93,5
Oindad g o dasMe ¥V 5 & SYoleo 10 a5 aigS ylod Ladl o B S5 Y cle @ oS Cunl ol pw i yheo

P T lun, g 4l ey cde 4 g abb o dialy 11 9 X1 kB lo gy (b 4l g @l ojlul 4 (gl Jleb


https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

Yo IFAY oyl ¥ oylowd V0 2,93 [ (4l ! (551 s yuiid

b (L ol L (s Oygo 4 eal cdl sl o BI85 i 8T gjle Jlb ) ol il o5l Jae oyl
Jow S5 3Ly 3l Jale cmogn T (g3l b el il 31w VO AJCIN Sl 3 9 3900 st wal (g5
Sl 1y (So Sl olgs LaalS e oyt X1 glale bl g w518 s cél ol 5l e g ASL e

o ST Y oal g SBIE g iloJlad Hidad ] amolow (Y Jgus

ol b3 cdl Wl i ks cdl S giladled idad cdl S gilwled yiudad ol IS

V) V) V) V) (Alcm?)
o[+ o[ 5y AY2N <IyY A
AYNY N /YYD «/YAY Ve
SIYYY NARN NADS S /YYY VA
S AS dain

95 oo s Sasuy oolamdl g ogul Mg B9y 93 b dels wenST Bgw Jo e SO cals olye lio ol
Lol sl g (B9S) sSung Sae S8 b oo S5 ()L 5T g o (rimed g (himiio Ol
c 2losig S Yolao 5 Jw ST (gl lwyy Ola suin 5l edliiwl L .ol o &) SO Slasuin 3.8

STy el Cél g B il Y (giluled s il plplo .l osd dlire Juo S5 5 Slas g Liudad clacél
o ST sladY awsin g lisluwp; ccwd 5 opl 4 898 0 cage Jw ST 0Slos ials 1) Lol ids
.Jd)bdiajﬂa.c)) Iy $1 o yienee

Py g S

23,5 (o0 (13,35 (lmgly cnl el sl 905 olRdagh 5 (Ul) lnl 95 slasipl plojlr sl coleo |l

c__\l.'a.a

[1] Abbaspour Gharamaleki A. 2010. “Micro-Modeling and Study of the Impact of Microstructure
on the Performance of Solid Oxide Fuel Cell Electrodes”, Ph.D. dissertation, University of
Alberta.

[2] Andersson M., et al. 2010. “Review on modeling development for multiscale chemical
reactions coupled transport phenomena in solid oxide fuel cells”. Applied Energy, Vol. 87, PP.
1461-76.

[3] Calise F, et al. 2005. “Design and partial load exergy analysis of hybrid SOFC-GT power
plant”, Journal of Power Sources”, Vol. 158, PP. 225-244.

[4] Chan S.H., et al. 2001. “A complete polarization model of a solid oxide fuel cell and its
sensitivity to the change of component thickness”, Journal of Power Sources, Vol. 93(1-2), PP.
130-40.



https://necjournals.ir/article-1-365-fa.html

[ Downloaded from necjournals.ir on 2026-06-10 ]

Oyl 8500 d i [ YA Ll ¥ o lows 10 0,93 vs

[5] Chan S.H. and Xia Z.T. 2002. “Polarization effects in electrolyte/electrode supported solid
oxide fuel cells”. Journal of Applied Electrochemistry, Vol. 32(3), PP. 339-47.

[6] Costamagna P. and Honegger K. 1998. “Modeling at solid oxide heat exchanger integrated
stacks and simulation at high fuel utilization”. J. Electrochem. Soc.,Vol. 145(11), PP. 3995—
4007.

[7] Costamagna P, et al. 2004. “Electrochemical model of the integrated planar solid oxide fuel
cell (IP-SOFC)”. Chem. Eng. J., Vol. 102(1), PP. 6-9.

[8] Deng X. and Petric A. 2005. “Geometrical modeling of the triple-phase-boundary in solid
oxide fuel cells”, J. Power Sources. Vol. 140, PP. 297-303.

[9] FergusonJ. R., et al. 1996. “Three-dimensional numerical simulation for various geometries of
solid oxide fuel cells”. J Power Sources, Vol. 58(2), PP. 109-22.

[10]Hernandez-Racheco E., et al. 2005. “A cell-level model for a solid oxide fuel cell operated
with syngas from a gasification process”. Int J Hydrogen Energy, Vol. 30(11), PP. 1221-33.

[11]Hernandez-Racheco E., et al. 2004. “A macro level model for determining the performance
characteristics of solid oxide fuel cells”. J Power Sources. Vol. 138 (1-2), PP. 174-86.

[12]Jeon H., et al. 2006. “Microstructural Optimization of Anode-Supported Solid Oxide Fuel
Cells by a Comprehensive Microscale Model”, J. Electrochem. Soc., Vol. 153, PP. A406-
A417.

[13]Kakac S., et al. 2007. “A review of numerical modeling of solid oxide fuel cells”. Int. J
Hydrogen Energy, Vol. 32, PP. 761-86.

[14]Le S., et al. 2010. “Fabrication and evaluation of anode and thin Y203-stabilized ZrO2 film by
co-tape casting and co-firing technique,” J. Power Sources, Vol. 195, PP. 2644-2648.

[15]Menzler N. H., et al. 2010. “Materials and manufacturing technologies for solid oxide fuel
cells”, J. Mater. Sci., Vol.45, PP. 3109-3135.

[16]Minh N. Q. and Takahashi. T. 1997. “Science and technology of ceramic fuel cells”.
Amsterdam: Elsevier.

[17]Ni M., et al. 2007. “Parametric study of solid oxide fuel cell performance, Energy Conversion
and Management”. Vol. 48 , PP. 1525-1535.

[18]Ni M., et al. 2006. “An electrochemical model of a solid oxide steam electrolyzer for hydrogen
production”. Chem. Eng. Technol. Vol. 29(5), PP. 636—42.

[19]Park H. G., et al. 2010. “Performance improvement of anode-supported electrolytes for planar
solid oxide fuel cells via a tape-casting/lamination/co-firing technique,” J. Power Sources, Vol.
195, PP. 2463-2469.

[20]Reid R. C., et al. 1987. “The properties of gases and liquids”, 4th ed. McGraw-Hill Book
Company.

[21]Singhal S. C., and Kendall K., editors. 2003. “High temperature solid oxide fuel cells:
fundamentals, design and applications”, Elsevier.

[22] Suwanwarangkul R., et al., 2003. “Performance comparison of Fick’s, dusty gas and Stefan
Maxwell models to predict the concentration overpotential of a SOFC anode”, J Power
Sources, Vol. 122(1), PP. 9-18.


https://necjournals.ir/article-1-365-fa.html
http://www.tcpdf.org

