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2 Direct methanol fuel cell

3 Phosphoric acid fuel cell

4 Alkaline fuel cell

5 Molten carbonate fuel cell
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( SOFC Hardware Material Alternatives '
L (J 1
{ Electrolytes ] l Anodes ] ‘ Cathodes J [lmerconnects} [ Seals ]
Zirconia Nickel jals L materials  Metals Glass or glass
Materials Ni-O/YSZ LSM Based materials ceramic materials
YSZ Ni-O/SSZ LSF Chromium alloys mica-based composites
SSz Ni-O/GDC LSC Ferritic Stainless steel
CaSZ Ni-O/SDC LSCF Austenitic Stainless steel
Ceria materials Ni-O/GDC LSMC Tron Alloys
GDC Copper LSMCr Coatings
SDC Materials LCM LSM
YDC Cu0,/Ce0,/YSZ LSCu LCM
CDC Cu0y/YSZ LSFN LSC
Lanthanum materials CuOo/YZT LNF LSFeCo
LSGM CUO,/Ce0,/SDC LSCN LSCr
LSGMC Lanthanum materials LBC LaCoO3
LSGMF La ]II\erCrO‘ LNC Ceramics
LSGMCF Lay /86,Cri M O TSAF Lanthanum Chromites
Other materials LST LSCNCu
BCY LAC LSPNCu
YSTh Other materials LNO
YSHa Ce0,/GDC Gadolinium materials
Bismuth oxide based TiOy/YSZ GsC
Pyrochlorores based Cobalt based GSM
Barium and strontium Plati based Praseodymium materials
Brown millerites Ru/YSZ PCM
PSM
PBC
Strentium materials
SsC
NSC
BSCCu
Yurta materials
YSCF
YCCF

\ J

il ile ool b iy izl sl Bkl ol 3 Jsbo 10 0anslasT (slasls 5 g (gilulaz a5 cales 5o
cilie QB b oles Ban 5] Camas 5 Vb 5,Shee Bl 5l caslia 60,515 Slilee L SOFC (sl olfiws sl
le codg 2SIl (Sg Suaglio g ol b Ll g Lo Bale ¢ S5IBLS o mSUl (g il Caaglie oS wlly 4850 43 (9950 Sl
ool g gl ail (1S eeph (VioS ade b (Al (nl 2 Olg (o0 25 @90 @M b 4 ail by
Lo 1o Cand b a5 polmo olgs b olys oo |, (ol NSia(Y ¢ Wigd o SYsbs SOFC lilae (gl g5, slo oyloj
o A1y el &5 09 2SI 58Ul sl Ll o QN (oo S (slajlad (Vg 0,8 ik s (ooi i STy

2,5 S SOFC wldos Jobo jo iligy 50 o pxdls aS L ol oo 1) 09 o0 S 132 o0

Sy g e Bl Sl Gl 6551 gla allr (end sl c3 5 ) (b 6551 @lie o) 5wl Sras

u.v)ib‘a JJS‘Solb)Lo ‘) u\wlo ULP 5o LS))"‘ g_‘!fa.o Aﬁ:)d.gs) 6L\0L€u ‘Qﬁ'ﬁ"jy" ] od; u_i.s)?ub.‘a.m
b olKiws lal (65, mlie alizes glail loo ;o s jo 0S oy ool jalls OIS b agarlge g ade slp !y ol
WS oo ddei Il g pdiasas gyl Al ol (SU 65l g s 5 dige il 00 )5 ol 1) oYL o Sles SOFC
aiile) (oo Pl @]y oy Larze 2 (6551 B pan (RPN Sl g 0iS (oo Ll g5 Sl Gl 50 (o SR8 S |
alizee glo wlio |) b aiejli b ol a8l arwgs bl glel b s glosl 51 Jlo Voo Jsb 0 SOFC =,
SOFC (5me5) d.x.ws.: o o k)))) 6)5]0 VLY ;.9).'4)4 J.sl.:).' ..\M}m ‘_ng olia.m\)l.’d.d)f Cawwd 90 6@9))1

\id


https://dor.isc.ac/dor/20.1001.1.20089813.1399.7.3.6.7
https://jeed.dezful.iau.ir/article-1-334-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-12-02 ]

[ DOR: 20.1001.1.20089813.1399.7.3.6.7 ]

0jg 9 oo Slne

Lalys (b (g s 220 wuld o (© e 6l (S oo (1 305k 5l Logas sloo )5 0 (al80ws Gz plgo
(I3 5 C3gu iol)T Logasa ) 6,5

Sl Sy a9 Sptay ;3 e sl (BB (55 B )0 83595 (8 9,0 50 SiPRSSel 95 ol
3,0 (G g ey ows slo iz p 3k 6536 g, cnl 5l g 9,5 Wl HgrslaenaST 1S slo STy sl (5B 9 S
Iy S 5B (6,18 ,L g S Cuai 1) 005l b aiod aid )8 )10 S5 ge Ju slo oS o 6l LSl (llo olge 5l 6L
Yoo aer 5l o Slles slod ialS ¢« aitiis (59,0 SOFC (gl b oologili oS allucs ol (slyy Lol Jdo i3l areS
polie LYL b5 old as,e Jloixl SOFC (o s oolegil (6,5 )10 5,50 j0 5 cdle a6 sl ugudis a0 00 1
4385 1y ol G )0 () gmy 9555 5 poilses Jooi (Ul LT el 2 opdle sl o aid pdy ooy Ul il
g ab adly Wiy oo Iy (late pa 4 slo 0yi> izmen gl LSle S)ls degemme sl plis (0S5 00 g
J5 00581 ey gy ol 51 aiS” Jae 09 2SIl gl )0 (6l al po ds gl 10 (g3lslaz gl uled BlEs plgie 4y (eizean
L5 oprizan 5 4l 5l s K00S0 4 e s gl32] (6 o oologil Ll a5 S5 s caels (yniiny sl i
Al 422 |, S 89 Sl 5 st le T

sl o gl Sl gls slo dcgaze ol | el 415 (69, |y SOFC 4o Lo sologil ol s sl azily
9 Ol i )30 10 U Sl 485 O jg0 (6 ke sl I 0SSl (6 ST I L T 5l 090 0,Sles 0l
J9oz 5o b suiejls (05 5900 S ad e 9 (i n 1) b slales asls jo alide (slad )57 ;5 SOFC 3l onel Cewsay

91l g S>g5 55 bl slyls SOFC (soluy eanlins V-4
D ,08 weasd Llod 5l 5915 SOFC (5,51 o8 5 6 o,lo |, Jusly cpl b a4 5,5 wlie 5 SOFC sla olKiws o gis
B 4 b Xgd g5l Blad o9 a4 b )9l 8 ol (Lol petlie g Lol SllasMe Lol 0,50 i plo 5 (6 pduoleiel
Ll s lore 6,05 )15 5o,k 5l aslyy oo (Colu 9 (SO STl SGISL) SOFC Lol sl (gainjls gy ol 51ain )5 sy
slo (ALl 5 ol b Gilhe digh J5S (o> 0515 (i b ol slo (2l j0 waz ole sla asgors
009 Y500 g pdy Bllasil ool 1y yiion b b pineew (Jool jo a5 auS &l oble U oy, (oo WAl Ly 51 SOFC
9N &_JLA.LQ.CB .\.wl) wl.a éuli‘os ‘sil.w.wj).&” Jal?:.l)‘ A.‘:‘L: 5&‘)J05)LC VN uL».».’ ‘))l-MA-ﬁ-" UM o C-E.»J uJ;uoSs
RS 051 e Lags bn STy gl 5 JUESl T8 5 ol sl (516 5 5530 zgbans S 5 (ool patli
ol Jdo el 5L ez ools 2uSTy sla g LialuST (gl aS o)l (K sanluST & Bowe ol b cpl 0gd o
o o s V1L sl slo Cdgan Jfmn 55 45l 05 ST (53 L (35,008 (sl smist sy oo s
Cale e v 5 acden clale b alyd bghas il o9 69«8 yg0 ;oS 4 03,5 o,Lil )], g jelol Lai)lo 18
ol iy S STL ST g, ol 51auST oo @l ey AF-AY deS (S aST g0 cdale gV 0=V e aiiioy 5enS]
S Slaal s 505 (518 gl (30,0 W) Vb (osls b (5T (50551 s sl At s g, Ko e 5 150 3
lhonig S Ols a5 Lolge (5 e ol oS co SS9l Lol L (sl oS 81,1 40 g, ol 5,8 a8l
basgs 9 098 (goools plas B SCE po oS cunl (LS bug ;) 5SS 5 G S Gl S (oo 4l ) Cgllae o gl 9 VU

Al oold sl byl gl peendlSe

v


https://dor.isc.ac/dor/20.1001.1.20089813.1399.7.3.6.7
https://jeed.dezful.iau.ir/article-1-334-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-12-02 ]

[ DOR: 20.1001.1.20089813.1399.7.3.6.7 ]

ol colo 1o ialsisG sl A 5 ol ST 5 s 5lo ry 3,5k oy

1 Cathode y
Solid electrolyte
Catrothe particles (LSM, etc)y | e [—]. o
- 77 i
athode)

[Anoda particles (Ni, YSZ,etc)fy | +

Lz 4 WsSge Sleds ialed F 52

=S 5 sla g,y cwlie Sl wiels (o51) 285l algdgilie 34 (g 5le solel 51 g5l sl syl Slge Lol punlis
3 lerd Cgmy (39S U ol (ploaed (23STy (B9, oSS (plord 25Ty (g, ¢ ailerd gm) (B 45 e
Gl n Gy« pgmdsel 2y By ) STy gl B (ST g caile Sg 0 by, (i Uhe) cosSed S ol g
(0205 Sl B9y b (i JB gy 5l ol L (5,5hgils 3L 528 B S ile 5o (g3l oolol i pliaring S
el (s SOFC (sl (g alivn o 03legils ol sla (g 299,500 SeS L (2lo)F P (095 9 6550 el (b))
5ol Jyu5 2Ll S L SOFC o Su5gleiss (oo jgkiws il bslor sl lge (b (S5 5 oS5 ) hol porde 5
3,590 Cands pdudsazs 5 Sb g5, gl ;0 a8l axwgs lS

iy aib -Y-4
oSy dalizee sla g, Bk 3l g 0,5] Cewdy (g oo |y AiST oo solaul SOFC sla olSiws 51 aS (gl oole 12 Logas
39l oo S ) 5 8590 Sy LSl ) LS le S Legl oS aites K3 oo b s e (oo b (B9, (0l S
Lsgi Olg5 50 1, SOFC dlge slo Sy (et sd (o0 o alith (soil gl (o 22 b (5551 gl 5l 0lge (s
e ol ot i s oSl 4w 0550 i i 39 e o g 55T sile il sla s,
3 Sl iy 20 S Som st S0 S Sn ol s i, el sl 015 bl 51 oSy s
o o Ty (Gl 2 ) 5 ol B o5y ol 5 s ol o 5315 ol 5 o e 5 it o5, b

el 00l 00iS paal 4 O JSG 0 aS s

b Guliio b 50 (ubiie 1 e ys alulis b S8

YA


https://dor.isc.ac/dor/20.1001.1.20089813.1399.7.3.6.7
https://jeed.dezful.iau.ir/article-1-334-fa.html

[ Downloaded from jeed.dezful.iau.ir on 2025-12-02 ]

[ DOR: 20.1001.1.20089813.1399.7.3.6.7 ]

0jg 9 oo Slne

Oz 45 e iy (099 S Tolans 3 grhne iz b (S8 sla (Sg odmlive 4y S 5 0l sl (S
SOFC oéLo b)ﬂo.c).‘by JJ[S ).a‘ ‘Q—")" O5>LC w‘w}'b wl...a.alajjs...n u.ul...{bo 559556.]4‘..4)0 m.\...?v.u J.Al:u).'
Sl Sy (sl 5s L8, (Sle sl Sy cusye Qb 4 e o5 col Lol LSl alulis (Syme o
dnnsgi 0390l )3 Aiadisn (6 )5] (58 s G yeS L 09 (0 plonds Sl 0 Shas g et Sl (Shis ¢ smrbolieg xSl
S5 e aesilSe gy b edne o o s b 380 olelid aiels o) ol el ppe ailfais  wlde L SOFC

3 Slacdgupn 4 5L el oads Cull (g lo sunsl g idu Wgi lasad (65 5l e VAYA L 5ISOFC slibass IS cax 3
o, 5 (oldiogih b s ) i anwgi |) 6,3 le zolaw B conl 00,5 agaie |) liize >1hb g 0oL Ll 51 )]
ol 48 T g0 Slge Zusti 5,k I SOFC sl olSiws vy jo alitee Jliass

ol 5 e A3 2ol gl st SOFC slasgsl (65061 slo cudled sgups sl g, S o) 5en g 404
M olardg iSIl o ,Slas b o (s Sg,000 J51o Mol L 1) SOFC & Slos (g5 oo a5 650,545,155 Lyl .ail ool axwgs
b gl wo S as e Sholpins olge age Sl gl o Ken g g il awisy Sgug o ksl lo o b Wl
Loz p sl c:j)"ﬂ oyl pogdle VLI o Ll co g Juo ‘5)51 OO JrsS slpaz g BB e S Glgie @ gl ans
S g Sy Sl 00 (555,80 S oo )5 aliSee glales ;o 4T aige louals SOFC (40 5] Caway (sl Lol JlisLus,
olis Ry (S ,iS gla olfiws jo 0,15 jo SV il d(Canl 00 0dgy 1439 Jls ;0 45 ) 5,80 aul> oS
sy Tow 50 e ool Cos®i (plaazgi bojls ugeads Yoo BV ey slabes aals [0 psllae o, Sles g el o0ld
o OLiad 1y 5, SOFC )5 solawl 5,90 dlge ¥ Jgaz .ail sals >l,b alizes olge (g3l solol § oS 5 5,0 51 uliie
[51-53]ams

SOFC s oslizul 9,90 3lgo :¥ Jgua

Nano-SOFCs Merits Limitation/ Opportunity/ Threat
parameters /Strength Weakness availability
CUGI - -
Efficiency N N
Power density * *
Fuel utilization N *
Degradation rate N
Modularity ‘ *
Design N N N
Manufacturability N N
Durability * *
Environmental N N

Impact
Scalability N
Economic N N

entitlement
Applications N N N *
Transportation and * *

storage
Technological N N

developments
Life time N *
Stability ‘ ‘
Fuel utilization > >
Reforming process N *
Temperature ranges  * *
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Anode Cathode Electrolyte  Substrate Temperature ("C)

Pt Pt 8YSZ Foturan, 450-550
silicon wafer

Ni LSCF GDC - 450-550

Ni LSM 8YSZ - 400-700

Pt Pt, LSCF 8YSZ Foturan, glass-  400-600
ceramic

Pt Pt 8YSZ Silicon wafer, 500
Si0;

Pt Pt 8YSZ Silicon wafer,  350-400
SiaNy

Pt Pt 8YSZ, CGO  Silicon wafer, 350
SiaN4

Ru Pt 8YSZ Silicon wafer,  265-350
SiaNg

Pt Pt BYSZ Silicon wafer,  400=-450
SisN,

Ni Pt, LSCF CGO Ni plate 450

Ni Pt 8YSZ Porous Ni 370-400

Ni+SDC BSCF+SDC SDC - 500-600

SOFC BL salazul 390 61'“ oal.«,‘sli :fJ5.\.">

Anode Cathode Electrolyte  Substrate Temperature ("C)
Ni - GDC - 450-550
Ni LSM-YSZ  ScSZ - 700

- LSCF-GDC  GDC - 650-850
Pt LSCF YSZ Silicon wafer, ~ 450-500

SigNg

Ni-SDC 8sC ScSZ - 600-700
Ru Pt CGO-YSZ - 470-520
Pt Pt YSZ 350-500
Ni Pt YSZ - 600

Pt LSCF YSZ - 400-500
Pt- Zr0,  LSM YSZ - 650=800
LSCF LSCF €GO - 700
PSM PSM YSZ - 500-800
SSC-NiO-  SSC-LSF-  YSZ - 700-800

YSZ  GDC

LSM-YSZ  LSM-YSZ  YSZ - 600-800
LSM-YSZ LSM-YSZ  YSZ 650-850
NiO-YSZ ~ LSF-YSZ YSZ 700-800
NiO-YSZ  LSM-GD YSZ 750
LSM-YSZ LSM-YSZ  YSZ 650-800
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Abstract

Nanotechnology is well used in the development and performance improvement of solid oxide fuel cells
(SOFCs). Extremely high SOFC performance (700-900 ° C) is available due to its serious overall
performance and durability. Hence, the operating temperature is high as the average range decreases to
at least 44-700 Celsius, which improves performance and belongs to SOFC, which is a portable energy
source. Under these conditions, due to the reduction, the challenges increase the internal strength of the
fuel cell components. Although this may not be a serious measure of the problems that arise at high
temperatures, it still does not significantly affect SOFC performance. This article is for researchers in
the field of application of nanotechnology in the construction of SOFC through different methods. These
methods successfully eliminate or minimize internal resistance and show considerable attention to the
SOFC energy absorption system as a result.
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