[ Downloaded from jeed.dezful.iau.ir on 2026-06-25 ]

[ DOR: 20.1001.1.20089813.1399.7.3.6.7 ]

Journal Of Energy Conversion QEED) (550l ot (saarii- cale 4 i
Volume: 7, Issue: 3, 1399 1799 5ol o o,lads oV 0,90

ol clo 10 (659995 il (S g dolx a1 B9 slo S 8, Shes usy
* 09,8l o Slase

Sl oY el Y Jle 30l mosiome bokiul

4 )ST vy A4 )ST dji)l.u A e rcdly o

GV Glles glos 05 (o0 ool l 555 4 (SOFC) sl 0T 35 glo g 0 ,Shoe 050 5 dnwgi 10 (G55953STgl
Shlee slod gy opl 5wl oo Ll plgs g (IS 8,50ee b LS| jo (s> cadly 4 e (wgembo a>,0 4+ ¢V« ) SOFC
Ol 4 1) SOFC Ll g Cowl oocise dgupe |y 0 Sl a5 ol atdly 2alS poguudos Vo o —FF Lo 85 Lawglo slos asals a0 YL
o sl G Caglie il aile ol il szl lS slos 5ol ol bl 08,5 (6,5 o b (55, ol
BB S a0 90 il o ol o0 3959 YU (slos [0 a5 SMie 015l 4 Wilgs oo s opl cax 5100 o 093 g0 (SBgm
49y Bk 31 SOFC el )3 (6590555l 0 )5 aiej ) (liahome 15 4 allie () 035 oo 36 SOFC o Slas 5 298
SiPl w51y yo azgi B ogge g wilools mals Plas L Bds ) Jols cwglin Cuddso bl (g, ol 03l o0 plaie sl

Al eals las 1) amdl el slales .o SOFC

afroozeh@lar.ac.ir :LslKe jlosage *

5B g a0, Slas o 00logil wlge drwgs calr dnST B s Joo 1galdS” SllS

00 S>

doddo -\

sle STy aile Coje o g gy Bllasil o Y (B oo5l Lo G 50 sl o Ay S S5 Sl

LS| s 5 5 e g (5 Vgmme ) 5T 5 et el G Sl 5 Aty (et 250
0 0 S iy 0 Shes a8 hele 5 mas sl Sy Vb 0 Shes L Gl oo ) (500 S g (ailoris oS
iz glgil aiisy so o 3535 g 055l oy sla y1iSTy be FIBE .cenl [F5IUK lgie 4y oolaiwl 590 osle 5,135
g 5 9lg0 aiejls (B S 5l g9 yaisd o gon dil oy ST Coale 4 Ay a5 I0 092y (B o L )
Ju «(PEMFC) ) g 0ly Lid B gw Jo sl @0 B 0w o S glel sl iz gloo )57 (gl cols slo

! Proton-exchange membrane fuel cell

¥4


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

[ Downloaded from jeed.dezful.iau.ir on 2026-06-25 ]

[ 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

SS9 Ju (AFC) ¥ JSIT 55 Joo (PAFC) ¥ i ol 39 J (DMFC) ¥ i Jgilie o5
Sgutn 5 Sl p ldize 1 (g ks 09 ol ail co Bg 20 (SOFC) vl wnST 239 oy s (MCFC) 0010 ol S
oo )5 51 (sl o0 S asels (gl o0k shlie el ST (s (slo ey il 00,5 35 505 Gl ST (23
S a8 il 00,5 0Ll iz 31 (6 kows 03,0 g leie (CHA) Lo b 5B g0 55 51 ool Jusly ¢ By 003L Judo
[1-5] aiien g Vb (20l 5 oo g oo (2l 5 oo Gy (Sogll e Lo 4 (Z3gw lo

37 S boad e o5l5 g 0gl Joedsia 252 50 51 JSae § Cenl (23 gm S 3l oot 53 ol 0SS5 ges
ST (B9 oy (sl 095N 3lge 5l (6l az ST.0BL (o0 misS 225 9 el wisle Sody SSU plgre 4 ST e g
Oyge Jl 50 ook B g, cul j1o)lesgzg jeie ple Gl (g wil 005 lay dsngi aLBIS ans aw b )3 el>
@ e el (e a5 Cesl Gulidingil mhaw SG 50 wa dlge (Hib g oS 5 Gk e Il cnl pade sl 85
Solom o I onl g ogdle 09l 4l el sles jo it slao )5 50 el ST (S Sy 0 Ses S5
Juds & NIIYSZ Logass wlge 51 pans ool a8,5 & j90 4838 Jlo o Jsb 50 Js o2l sl 99,800 lge a5 (sl
et sloogil plsie & oy Slles lulyd cod Y 0l 5 035,000 Gl sl LT 6L (aliorndis 2SI cllad
WS o dd e B gw S ol 50 008 sl ]y oYL o Sles 4 Cel 00l Coll uSlS oole 8 )15 il oo 00ls e )3
Baa L (Ve e=Fer Yoone) pugmads a0 Ve vl 15eS Slod el 0T (230 fy drwgs 59, 2 S5 DlinioS
[6-9] 0l 05,5 55 jo3 LS Sgupn g 00le aisjo ralS

FB (e 4 Sae (Vsb (5] gie S plgie 4 (b S5y S 85 ed) (dend la S gl oslinu
ol 0aisS 8 e Jelse lgie 4 55500 sbannST 5 9T (50 (05 (sl AL slajlS Lacil dlogase ol aiz g
& $9re e Sy i 4 5l Ol Comer e RIBN ) 2 edle igd oo a8 S S s Sl e S o
Gl eonl podle asS (o 435 1) Lo Ja g Joo S Dae 9 352 5l g 99 3992 (55l £98 (0l 45 99 (g0 005 (resSi0jles
[10-13]us winlss plos (539, 5 i Sl lio g3

Slade oS Slez Bras sl o9t (eosls plas N Sy V¥ Jlo g VY Jle o9 Olex 50 6551 US B ran
Jlo b e slo g JS 51 duoyd AY i gl Egus S 5 ooy ¥Y) el e i b olsS $+ - S
Jol ol o gall do s YA 4 Y- Lo b pdsasass 65,80 mlbe in Gpas Jdo 4 g 05,8 o 0|, Vo0
Ol S g 003 W (S sk 2 YoV 7 Jlo 5o Jlo 555 5 (sl ain cosle Cunj e o3 w0l 5l Bes (pdygans 3 51
[14-16]055 oo Ll |,

2 Direct methanol fuel cell

3 Phosphoric acid fuel cell

4 Alkaline fuel cell

5 Molten carbonate fuel cell
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{ 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
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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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Electric
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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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