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A three-dimensional numerical model of the system configurations of various types of solid oxide fuel cells (SOFCs) is used and the
effect of parameters on SOFC performance is numerically investigated using COMSOL Mulfiphysics. The effect of parameters such as sup-
port layer thickness, operating temperature, and electrode porosity are shown in the polarization and power curves for each model. Tﬁe
results of the study showed the advantages of the anode-supported SOFC compared to cathode- and electrolyte-supported SOFC.

Theoretical calculations demonstrate the highest output power density in the anode-supported SOFC at 900 °C, and reach a value
of 0.585 W cm™ at a current densigy of 1 A cm™. For the cathoéje—szgpported SOFC at an operating temperature of 900 °C, the maximum
output power density is 0.54 W cm™ at a current density of 0.9 A cm™. For the electrolyte—supporte§ SOFC at 900 °C, the maximum output
power density is 0.325 W em™ at a current density of 0.58 A cm™.

Keywords: solid oxide fuel cell, cathode, anode, electrolyte, model, I-V curves
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IIpeocmasnensvl pe3yrbmamsl nNOCMPOEHUs MPEXMEPHOU YUCTEHHOU MOOelU KOHQUIYpayull Cucmembvl PA3IUYHbIX MUN08 meepoo-
OKCUOHBIX MOonausHwlx 21emernmos (TOTD) u uucienHo uccied08ano GlusHUEe napamempos Ha npousgooumenvhocms TOTO ¢ nomowyvio
COMSOL Multiphysical. Biusinue makux napamempos, Kax moawura ciosi NOOI0HCKU, pabouas memnepamypa u NOpucmocms 31eKmpood,
NOKA3GHO HA NOJAPUSAYUOHHBIX U MOUJHOCMHBLIX KPUBLIX OISt KAxCOOU modenu. Pezynsmamol uccie0osanus nokasaiu npeumyujecmea
TOT3 c anooom no cpasuenuro ¢ TOTO ¢ Kamooom u I1eKmpOIUMOM.

Teopemuueckue pacuemot 0eMOHCIMPUPYIOM HAUOOILULYIO NIOMHOCHIb 86IX00HOU MowHOcmu 6 TOTD ¢ anodom npu memnepamype

-2 -2 o«
900 °C u oocmuearom suauenus 0,585 Bm/cm™ npu nromuocmu moka 1 A/cm. s TOTO ¢ kamodom npu paboueti memnepamype 900 °C
MAKCUMATbHAS BLIXOOHAs NAOMHOCTL Mownocmu cocmaensem 0,54 Bm/cy™ npu niomuocmu moxa 0,9 A/ewi™. Jnsn TOTD ¢ snexmponu-
mom npu 900 °C mMaxcumanoHas 8bIx00HAs NIOMHOCMb MowHocmu cocmagnsiem 0,325 Bm/cm” npu nromuocmu moka 0,58 Alen™.

KiroueBsble ciioBa: TBCpZ[OOKCI/II[HLIﬁ TOIUIMBHBII D3JIEMEHT, KaTo/d, aHO/, 3JIEKTPOJIUT, MOJCJIb, -v KPUBBIC IMHUHU

QATTIQ OKSIDLI YOQILG'T ELEMENTINI MODELLASHTIRISH
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Magolada qattiq oksidli yoqilg i elementlari (QOYOE) har xil turdagi tizim konfiguratsiyasining uch o'lchovli ragamli modeli
qurilgan va QOYOE ishlash parametrlarning ta'siri COMSOL Multthysical ordamida raqamli o'rganilgan. Taglik qatlamining qalinligi,
1sh harorati va elektrod g'ovakligi kabi parametrlarning ta'siri har bir model uchun polarizatsiya va quvvat egri chiziglarida ko'rsatilgan.
Tadgqiqot natijalari katod va elektrolitli 5OYOE bilan solishtirganda anodli QOYE ning afzallik/Zrini ko'rsatdi. ,

, Nazariy hisob-kitoblar anodli QOYOEda 900 °C da eng yuqori chigish quvvati zichligini ko'rsatadi va 1 A sm 2lok zichligida 0,585
Vt sm™, qiymatiga ega bo'ldi. Katodli QOYOE uchun 900 °C ish haroratida maksimal chigish quvvati zichll;gi 0,9 A sm™ tok zichligida 0,54
143 }Sz;cnllz n‘iitash il etdi. Elektrolitli QOYOE uchun 900 °C da maksimal chigish quvvati zichligi 0,58 A sm™ tok zichligida 0,325 Vt sm™ ni
tashkil etdi.

Kalit so'zlar: qattiq oksidli yoqilg'i elementi, katod, anod, elektrolit, model, I-V egri

DOI: 10.34920/cce2023410

Introduction ic and thermodynamic parameters of electrodes
In the practice of solid oxide fuel cells and electrolyte systems based on previously ob-
(SOFCs) research, there is often a need for a pre- tained experimental results. A review of the calcu-
liminary analysis and creation of a functional mod- lation algorithms and data analysis of the given
el of a single cell. One of the first steps of the re- parameters makes it possible to optimize previous-
search is the modeling and calculation of the kinet- ly studied systems and create new models. Wang et
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al. [1], Kakach [2] and Andersson et al. [3] showed
that numerical simulation of SOFC allows reducing
the number of experimental tests to create single
cell and only a minimum number of laboratory tests
are required to verify the accuracy of the models.

Reducing the operating temperature of
SOFCs while maintaining an acceptable level of
the electrical characteristics increases their durabil-
ity and reliability. The main task of modeling is to
create a high-quality SOFC model with the maxi-
mum output power density and a relatively low op-
erating temperature.

In order to decrease the operating tempera-
ture of SOFC, generally two approaches are used.
The first one is to reduce the thickness of the elec-
trolyte, and the other one is to use an electrolyte
material with higher ionic conductivity at low tem-
peratures. In both cases, it is necessary to compre-
hensively study the processes associated with the
geometry and chemistry of the surface, charge
transfer reactions, the physical representation of the
electric potential stages, and other transfer phenom-
ena. Each of these aspects follows a macroscale
study.

The intermediate temperature of solid oxide
fuel cell (IT-SOFC) is a relatively new area of re-
search in the field of fuel cells, and corresponding-
ly less modeled. A decrease in operating tempera-
tures leads to an expansion of the choice of IT-
SOFC materials, a low cost, and an increase of fuel
cells capability. The most of the fuel cell modeling
studies were performed by using the Comsol Mul-
tiphysics software.

One of the earliest SOFC modeling was
fulfilled on the basis of the Butler-Volmer equa-
tion, without parameters of the Tafel equation [4].
Patcharavorachot et al. [5] developed a strictly
electrochemical reaction model, where mass and
heat transfer, fluids flow, and internal reforming
reactions were ignored. Bessler et al. [6] studied the
electrochemistry of SOFC anodes focusing on the
nickel-doped yttrium-stabilized zirconium oxide
(Ni/YSZ) materials, where the electrochemical re-
actions were described in several steps using the
Arrhenius equations. Also, the Butler-Volmer
equations are often used to describe the dependence
of overvoltage on current density. However, a more
detailed approach was developed by Bessler et al.
[7]. All of these models of fuel-side electrochemi-
cal reactions based on pure hydrogen, i.e., it is as-
sumed that carbon monoxide and methane are com-

pletely converted to hydrogen before the electro-
chemical reactions. However, alternative fuels us-
age was investigated in the works of Hajimolana et
al. [8].

Moreover, Huang et al. [9] and Khazaee et
al. [10] studied the effects of various designs of gas
supply channels on the flow field and flow uni-
formity. The results showed a large flow non-
uniformity between the inner and outer flow chan-
nels. A higher performance was observed with rec-
tangular channel geometry compared to triangular
and trapezoidal, where it provides more efficient
fuel transportation, reducing the local current den-
sity in the downstream region. Unfortunately, in
these works, the physicochemical characteristics of
the materials were not well studied.

Additionally, in the development of the
SOFC design, planar type designs are well studied
because of the higher power densities compared
with tubular type designs.

A planar type of anode-supported SOFC
with a very thin electrolyte drastically decreases the
ionic transport resistance and allows operation at
intermediate temperatures and reduces material
problems of SOFC.

This work is focused on the modeling of a
single SOFC with planar construction, study of the
reaction kinetics and calculation of the important
electrochemical characteristics of the SOFC by op-
timizing their parameters. The numerical modeling
was carried out by the finite element method. The
planar SOFC design includes the most widely test-
ed materials, such as the porous cathode — an oxide
semiconductor compound of lanthanum manganite
LapgSryoMnQO;; dense electrolyte - ZrO, doped
with Y,03 (8% YSZ); and the porous anode, NiO/
YSZ based cermet. Analysis of the effect of the
parameters such as operating temperature, geome-
try (thickness of SOFC components) and porosity
shows that anode-supported SOFC is the more suit-
able construction type to achieve a high SOFC per-
formance for the further experimental work.

SOFC Simulation

Electrochemical model

The macrokinetic processes in the SOFC
components were studied using numerical model-
ing. As shown in Figure 1, the development of 3D
model of a single planar SOFC calculations was
performed using COMSOL Multiphysics 6.0 [22].

It is extremely important to understand and
build an electrochemical model to determine the
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Figure 1. 3D model of the constructed planar SOFC.

kinetic parameters and to evaluate the possible
mechanisms of SOFC reactions, which includes
calculation of the following processes (free and
porous media for gas flow):

* Study of electronic and ionic charge
balance (using Ohm’s law);

» Kinetics of charge transfer (described by
the Butler-Volmer equation);

» Mass balance in gas-diffusion electrodes
and gas channels (diffusion study based on the
Maxwell-Stefan equation and convection);

* Flow distribution in gas channels (using
the Navier-Stokes equations);

* Flow in porous gas diffusion of
electrodes (using the Brinkman equations).

General electrochemical reactions in
SOFC

The main electrochemical reaction of
hydrogen oxidation proceeds with the release of
water vapor and the formation of two electrons
(Equation 1). On the anode side of the SOFC, at
the three-phase boundary (TFB) such as solid
electrolyte/electrode/gas, the fuel is oxidized by
the atmospheric oxygen, which is ionized at the
TFB with the cathode and passes through the solid
electrolyte in the form of a doubly charged ion.

H, + 0 — H,0+ 2¢ (1)

On the cathode side, oxygen is reduced
to its ionic form by electrons supplied from an
external load, the reaction is represented as fol-
lows:

0, + 4 — 20% ()
The overall cell reaction is:
2H, + 0, — 2H,0 (3)

Kinetics of electrochemical reactions on
electrodes

The kinetics of the charge transfer reac-
tions described by the Butler—Volmer equation
includes the calculation of the charge transfer cur-
rent density.

The distribution of the current density and
voltage for a single cell are calculated after the
flow distribution for both fuel and air has been
determined here. At this step, firstly need to calcu-
lates the corresponding local current density for
each electrode.

Local exchange current density generated
by electrochemical reactions at the anode iy, ,
calculated by the following equation:

ofools]enl-22))

where, a. = n -a, is the charge transfer coefficient
for the process in the cathode a. and in the anode
a, and n is the number of electrons involved in the
process.

The parameters of the gas mixture before
the electrochemical reaction were calculated by
determining the partial pressures of hydrogen and
oxygen. The partial pressure of water vapor was
taken from the main electrochemical reaction in
SOFC.

Based on the partial pressure of hydrogen
and water vapor reacted at the anode, the charge
transfer kinetics equation is indicated as follows:

. . Pn2 [O'SFU
i, = T ex -
loc,a O,ref.a( ){ph:,ref p RT

B 1.5F1;]} , (5)

RT

lloca

ﬂexp[
Pr2o,ref
where, pi,er and pirorr - the initial value of the
partial pressure of hydrogen and water.

The exchange current density for the re-
duction reaction proceeding at the cathode ij.. ,
calculated by using partial pressure of oxygen, as
given in the following form:

{iocc =z°r$fc(T){e\p[

__Po2 exp [_ O.SFU]} ’ ©)

Pozref RT

35F17

where, pos s - initial value of oxygen partial pres-
sure.

Temperature dependent initial value of the
local current density iy ..r(7) was calculated sepa-
rately for both anode and cathode.
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. Eact
ioref,a(T) = RTK, exp(—%) /2F -
Eact,

iO.ref.c(T) = RTk, exp(—R_T

) /4F ©

where, Fact, and FEact, are activation energy of
the charge transfer process at the anode and cath-
ode.

The parameters for calculating the above
expressions are given in Table 1 [5, 11].

Table 1
Parameters for calculating the exchange current
density
Element ka,c Eact,, n
(kJ/mol)
Anode 6.54 x 10" 140 2
Cathode | 2.35x10" 137 4

The total value of the current density is
calculated by using the following equation:

iv = aviloc, (9)
where, a, - active surface area and ij,. - local
exchange current density.

When current is supplied from the fuel
cell, the operating voltage or actual voltage of the
fuel cell (E) is less than the open circuit voltage, is
given in this equation:

E= E@q_ (nact + Hohm + ﬂconc) (10)

This is due to internal resistance and over-
voltage losses associated with electrochemical re-
actions at the electrode/electrolyte interface. Ohm-
ic losses #7,um occur due to the electrical resistance
of the electrodes and resistance to the flow of ions
in the electrolyte. These losses are important for
all types of fuel cells and proportional to the cur-
rent density (7). Ohmic losses are described by the
following equation:

Nohm = iRohm, (1 1)
where, R, is the internal voltage on the cell,
which can be calculated from the Equation 12:

R — TYanode

Telectrolyte + Tcathode
ohm

Ccathode , (12)
where, 7and o thickness and conductivity of each
component of the system.

Activation polarization #,, occurs due to
overcoming chemical reaction activation energy
barrier, as at anode and as at cathode. Since the
reduction of oxygen at the cathode is much slower
than the oxidation of hydrogen at the anode, the
activation overvoltage occurs mainly in cathode.

The activation (electrochemical) overvolt-

Canode Celectrolyte

age is calculated from the next equation:

n = E.— Esqa (13)
from which E.. = ¢— ¢, where, ¢ is the electric
potential, and [ and s denote the electrolyte and
electrode, respectively.

It is assumed that the input potential at the
anode is zero, and at the cathode the value is taken
as follows:

Veer = A¢eq.c - Ad)eq.a - Vpol (14)

ceil

The concentration polarization #..,. is de-
termined by the intensity of fuel electrode diffu-
sion at the electrode/electrolyte interface, due to
the transfer of positive charges. To estimate such
losses, it is necessary to know the distribution of
component concentrations not only in the incom-
ing fuel and air mixture, but also over the thick-
ness of the anode and cathode, respectively. This
polarization can cause a rapid cell voltage drop at
a high current density.

The equilibrium potential E, , calculated
by using the Nernst equation:

Vi

Eeq = Eeq.ref(T) - %lll n: (L)

latm

. (15)
where, 7T - operating temperature; R - universal gas
constant (equal to 8.314 J mol”' K); F - Faraday
constant (equal to 96485.33°C mol™); n - number
of electrons involved in the process (2 electrons at
the anode and 4 electrons at the cathode); 1 atm -
standard atmospheric pressure; v; - stoichiometric
coefficients (positive for half-reaction products
(oxidized form), negative for reagents (reduced
form)).

The current density and voltage in a single
cell were calculated using the physical parameters,
which are listed in Table 2.

The value of the ionic and electronic con-
ductivity of the cell materials were set at tempera-
ture range 600—-800 °C [24]. For this, an Arrhenius
plot, the ratio of 6T and 1000/T, was built for each
individual SOFC component (8YSZ, LSM and Ni-
YSZ) (Figure 2). The Figure 2 clearly displays a
straight line of electrical conductivity of the mate-
rials. It is also observed that the values of the elec-
trical conductivity of the electrode materials sig-
nificantly exceed the value of the ionic conductivi-
ty of the electrolyte material. It should be noted
that the conductivity of both cathode and anode, as
well as the electrolyte material were increased
within temperature increase.
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Table 2
Parameters of SOFC materials used in the modeling
Components of SOFC
Physical variables Cathode Electrolyte Anode Reference
LSM YSZ NiO-YSZ
Density, (kg m™) 4375 5160-5757 3030-3310 12, 16
Porosity (units) 0.3-0.4 - 0.3-0.4 2,3,12, 14,15
Thermal conductivity, (W m” K™) 1.15 1.90-2.7 6.23-11 12, 16
Specific heat capacity, (J kg™ K™) 565 470-658.74 450-595.50 12,16
Specific surface area, (m™) 2.25%x10° - 5.57x10° 4
Permeability, (m”) 1.76 x10” - 1.76 x10° 13
Temperature (°C) Temperature (°C)
i 51100 1000 900 800 700 600 500 400 1100 1000 900 800 700 600 500 400
7,6 4
4,01 WSZ —a— II:liS-r\\(ASZ
7,5
3,5 4
< 744
UE, =0 @E/ 7,34
@ 2,54 @ 73]
g e
T 2,0 - 7,14
1,5 1 7,0 4
1,0 : . : : . : 6,9 ' T . ' ' T
0,7 0,8 0,9 1,0 141 1,2 1,3 1,4 0,7 0,8 0,9 1,0 1.1 1.2 13
1000/T (K™ 1000/T (K™)
a b
Figure 2. Arrhenius plot (ratio 6T to 1000/T) for each individual SOFC component (a) 8YSZ, (b) LSM and NiO-YSZ.
1 The conductivities of the pure material (in _ 9sx107 ___ (-1150
S cm™ unit) were extrapolated from LSM, YSZ and Osa = — ¢ e.\p( - ) a7
NiO-YSZ materials information based on the data )
from Table 3. The Arrhenius graphs on the depend- o, = 2220 oxp (‘13°°)
ence of temperature conductivity, were compiled to T T (18)
analyze the activation energy and the reaction rate. . -10300
. . g,., = 334 X107 exp( )
It should be noted that the pre-exponential factor is Lel T (19)
most important variable in calculation of the ionic
conductivity of materials (Table 3). Moreover, it Table 3

can be used to study the energy of ion migration
within a crystal structure. The Arrhenius equation
is described in the following form:

ol = Aexp (E—“)

k) (16)

where A is pre-exponential factor for the

reaction, E, is activation energy of ionic conduc-

tion, k is Boltzmann constant, and 7 is temperature.

Following the expressions presented below,

the calculations of the ionic and electronic conduc-

tivity of SOFC components were carried out in this
research:

Electronic and ionic conductivity of SOFC
components [17, 18, 19]

Components Activation Pre-exponential
of SOFC energy, factor
E, (eV)
at 600-800 °C
LSM 0.0991 (9.56 kJ 9.50 x 10
mol™)
YSZ 0.8876 —0.9804 | 3.34 x 10*-1.64
(85.65-94.6 kI 108
mol™)
NiO/YSZ 0.1034 (9.98 kJ 4.20 x 10
mol™)
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Results and discussions

In this study, the effect of geometry, tem-
perature, and material properties on the current-
voltage and power characteristics of a SOFC are
investigated. A comparison of the electrochemi-
cal characteristics of three main types of SOFC
supported constructions, such as anode-, cathode-
, and electrolyte-supported, is performed. It has
been established that the use of a NiO/YSZ anode
-supporting SOFC structure with a thin electro-
lyte is promising material in order to provide
higher productivity by reducing ohmic losses.

The main contribution to power losses is
made by the resistance of electrochemical reac-
tions taking place on the cathode, as well as the
ohmic resistance of the electrolyte. Therefore, the
efficiency of a solid oxide fuel cell is determined,
first of all, by its total internal resistance. In pre-
vious studies [21], the thickness of each element
with one of the supporting elements has a strong
impact on many processes occurring in SOFC.
So, for example, SOFCs with an electrolyte-
supporting structure have ohmic losses in the
electrolyte layer. Therefore, SOFCs are so tied to
the thickness of the electrolyte substrate [23]. In
SOFCs with a cathode-supporting structure, the
cathode electrode is a problem because oxygen
diffusion is suppressed due to the thickness of the
cathode layer. Also, a thin anode layer leads to
overvoltage and the process of delamination.
However, these effects do not affect SOFC char-
acteristics as much as ohmic losses [21] (details
of studies of electrolyte-supporting and cathode-
supporting design are presented in “Supporting
information”).

1,0
H, =2 mm, H, =50 um

0,8 4

e
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e
N
o

0,44

10 um
- =-=-20um

1
et
N
=]

024 !

Current density (A/cm?)

a

0,164 800°C H,=2mm, H =50 pm
Electrolyte thickness o
o8| =y
Eg 0124 ~ 7 T4UHM -
o= =-=-30 um o
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[
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A specific optimal geometry is inherent to
each SOFC element, along with the choice of elec-
trochemical and physical parameters for the mate-
rials involved. These selections are made consider-
ing the temperature-dependent behavior of the ma-
terials. Modeling details and a list of input parame-
ters are given in “Supporting information”. To sim-
plify the model, the following assumptions were
made: 1) all gases behave as ideal gases; ii) the fuel
cell operates under steady state condition; iii) wa-
ter is only in the vapour phase; iv) flow is laminar.

The output power density was calculated
from Ohm's law by Equation 20.

Pdensity = IdensityX Vcella (20)

and output power of SOFC can be calculat-
ed by Equation 21.

pP= Pdensity X Sactive (21)

Effect of support layer thickness at anode-
supported SOFC

Based on the theoretical and experimental
results of works [1-3], the selection of the optimal
thickness of the SOFC supported element was
made.

The effect of electrolyte and cathode thick-
ness on polarization losses. Analysis of the ob-
tained electrochemical characteristics

Figure 3 shows the results of calculations
for the ohmic losses of the anode-supporting SOFC
for various electrolyte thicknesses. The thickness
of the electrolyte varied from 10 to 40 pm, with the
anode thickness H,=2 mm and the cathode thick-
ness H=50 um at the same operating temperature
of 800°C. The influence of the electrolyte thickness
on the current-voltage and power characteristics
were studied (Figure 3a).

06 08
Current density (A/cm?)

T
0,4 1,0

b

Figure 3. Effect of electrolyte thickness on (a) current-voltage and current-power characteristics, (b) ohmic overpotential at the 800 °C.
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Ohmic losses of the electrolyte and cathod-
ic polarization resistance are two important issues
that hinder the SOFC from lowering its operation
temperature from the traditional 1000 °C to an in-
termediate range of 500-800 °C. The ohmic losses
can be decreased by the reduction of the thickness
of the conventional yttria-stabilized zirconia
(YSZ) electrolyte and/or the use of materials with
faster ionic transport over YSZ.

The ohmic polarization on the current den-
sity dependance was studied. Figure 3b shows a
linear relationship between current density and
ohmic polarization. Ohmic losses increase with the
raise in the thickness of the electrolyte. They reach
up to 0.16 V at a current densrty of 0.85 A/cm”.

Indeed, a decrease in the thickness of the
electrolyte leads to a lower internal resistance of
the cell and high power characteristics [20]. Figure
3a displays that the shape of all power curves has
the same character when the thickness of the elec-
trolyte changes. The power characteristics increase
from 0.31 to 0.38 W / cm2 with a decrease in the
thickness of the electrolyte from 40 to 10 microns.
The maximum output power density is achieved
with an electrolyte thickness of 10 microns, whrch
is 0.38 W/cm® at a current density of 0.62 A/cm

The decrease in the equivalent resistivity
of SOFC is apparently due to an increase in the
surface area through which oxygen ions are goes
into the electrolyte. In the case of a porous cath-
ode, this area is limited by the points of contact of
the cathode granules with the electrolyte. In the
case of a thin-film dense cathode, this area is the
entire surface of the electrolyte covered by the
cathode.

In studying the effect of the thickness of
the cathode of the SOFC anode-supporting struc-
ture on the electrochemical characteristics and in
order to achieve the most optimal geometry with
the best performance, a number of observations

1,0

405

S
5
8 404
°
»
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= Cathode thickness

— — =300 um \

——400 um 40,3

/ H,=2mm, H, =10 um
T T T T T

0,4 0,6 0,8 1,0 1,2 1,4

Current density (A/cm?)

a

was made. The cathode thickness was varied from
300 to 500 um at a fixed anode thickness of H,=2
mm and an electrolyte thickness of H=10 pum, at
an operating temperature of 800°C. However, it
should be noted that there were no obvious chang-
es in the power characteristics with a change in the
cathode thickness (Figure 4). The largest value of
the output power densrty was 0.5 W/ent at a cur-
rent density of 0.85 A/cm’. Changmg the thickness
of the cathode does not affect the increase or de-
crease in ohmic losses. However, while studying
the concentration losses, the dependence of the
concentration polarization on the current density
showed that the largest concentration losses are
observed at a cathode thlckness of 300 um (1.5 V
at a current density of 1.2 A/cm?), and the smallest
losses are observed at 500 um (0.9 V at a density
current 1.3 A/cm®). However, at a cathode thick-
ness of 400 pum, minimal concentrat1on losses
(0.11 V at a current density of 1.3 A/cm?) and the
best power characteristics are also observed
(Figure 4 a, b).

As the inlet temperature is increased, the
electrochemical reaction is enhanced, and thus the
position of the maximum current density is shifted
towards the region where hydrogen concentration
is higher. The main reason for the performance
deterioration is an increase in the internal re-
sistance of the cell due to a decrease in the ionic
conductivity of the electrolyte material. Therefore,
it is necessary to use the materials with higher ion-
ic conductivity or to reduce the thickness of the
electrolyte to move to the intermediate temperature
range.

Effect of electrode’s porosity.

To create a highly efficient electrochemical
device, various SOFC parameters are optimized,
including the porosity of the electrode material.
Electrode’s porosity is an important microstructur-
al parameter because it affects both the gas

0,16
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< Cathode thickness 1
=4
-t - ==300 um
NE% 012 ——400 um
52
s8
=)
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c
82 0081
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Figure 4. Effect of cathode layer thickness on (a) current-voltage and current-power characteristics, (b) concentration losses.
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Figure S. Effect of temperature on (a) concentration losses, (b) ohmic overpotential, (c) current-voltage and current-power characteristics
of anode-supported SOFC.

transport and the charge transport properties. In-
creasing the electrode’s porosity will improve gas
diffusivity. Studies on the effect of porosity on the
current-voltage and power characteristics prove
that the current density and the output power den-
sity increase with the raise in porosity. For exam-
ple, at a porosity of 30%, the maximum output
power is 0.5 W/cm” at a current density of 0.83 A/
cm’, and at an electrode material porosity of 45%,
the maximum output power density is 0.58 W/cm®
at a current density of 1.1 A/cm? (Figure 6). These
results helped us to create a numerical model
close to reality based on the parameters of experi-
mental literature data. We settled on more realistic
parameters with a porosity of 30% (close to the
practical electrode’s porosity).

During the study, an analysis of polariza-
tion was carried out on the concentration and
ohmic losses with a change in the porosity of the
electrode material. It was found that the change in
the electrode’s porosity in the range of 0.3-0.45
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Figure 6. Effect of electrode’s porosity on current-voltage and

current-power characteristics of anode-supported SOFC.

does not significantly effect on the concen-
tration and ohmic losses.

Parametric optimization analysis
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Table 4

Comparative characteristics of SOFC with the main types of supported element at an operating
temperature of 900 °C.

i i Maximum output
Type of supported Thickness of SOFC main components, mm bower dens1tl;
element Anode Electrolyte Cathode at 900 °C, W cm™
Anode-supported 2 0.01 0.4 0.585
Cathode-supported 0.15 0.002 0.5 0.54
Electrolyte- 0.04 0.15 0.08 0.325
supported

Comparative analysis of investigated types
of supported constructions of planar SOFC under
different operating parameters is presented in Ta-
ble 4 and operating temperatures of 600 °C and
800 °C in Figures 7 and 8.

The results demonstrate the fact that when
the temperature decreases from 900 °C to 600 °C,

the characteristics of SOFC based on the tradition-
al materials (NiO/YSZ — YSZ — LSM) drop off
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Figure 7. Comparative analysis of the effect of type construction
(anode-, cathode-, electrolyte-supported) on I-V and power
characteristics at an operating temperature of 600°C.
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Figure 8. Comparative analysis of the effect of type construction
(anode-, cathode-, electrolyte-supported) on I-V and power charac-
teristics at an operating temperature of 800 °C.

dramatically. The electrochemical characterization
of the single SOFC demonstrated in Figures 7 and
8 shows that when the temperature drops from 900
°C to 600 °C, the output power density of all the
presented types of constructions drops by 2 times.

Conclusions

Thus, a 3D model was developed to pre-
dict the performance of the SOFC. Detailed com-
parisons between types of construction, such as
anode-, cathode-, and electrolyte-supported, are
made to illustrate the role of the cell design on the
SOFC's performance.

We studied the performance of the fuel
cell components in different values of concentra-
tion and ohmic polarizations along its gas chan-
nels; temperature; porosity and geometry under
optimal boundary conditions. The obtained results
allow us to analyse qualitatively and quantitatively
and design fuel cells with optimal characteristics.
This is especially important for the fabrication of
IT-SOFCs, and they are useful to consist of thin-
film layers of electrolyte and electrodes. Current-
ly, the highest performance is achieved in SOFCs
with a supporting anode, in which the thickness of
one of the electrodes is much larger than the thick-
ness of the other two layers of the electrode-
electrolyte structure. In cells of this type, the mass
transfer in the reference electrode significantly
affects the power and efficiency of the cell as a
whole. However, it should be noted that the elec-
trolyte thickness also depends on the electrolyte
material.

Numerical analyses have shown that
the highest output power density is observed
in the SOFC anode-supporting structure at an
operating temperature of 900 °C and reaches a
value of 0.585 W c¢cm™ at a current density of
1 A cm™. In the cathode-supported SOFC at
an operatlng temperature of 900 °C, the out-
put maximum power density reaches 0.54 W/
cm?® at current density of 0.9 A/cm?® In the
electrolyte-supporting SOFC structure at an
operating temperature of 900 °C, the maX1-
mum output power density is 0. 325 W cm? at
a current density of 0.58 A cm™ In future
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