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Table 1 Comparison of advantages and disadvantages of four fuel cells

Fuel cell Advantage Disadvantages

Phosphate fuel cell (PAFC)

Strong corrosive, easy to pollute

Small size, low cost

Molten carbonate fuel cell (MCFC)

environment

Proton exchange membrane fuel cell

High cost of using precious metal

Low working temperature

(PEMFC)

Pt

Low in cost and environmentally

Solid oxide fuel cell (SOFC)

More restrictions at medium and

friendly; high power density; wider

low temperatures

range of fuels used
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(1) In close contact with electrolyte material, and possessing
good thermal matching and chemical compatibility.

(2) Good chemical stability, high ionic conductivity,
electronic conductivity and catalytic activity under

reducing atomsphere.

(3) With certain porosity, which facilitating transportation of
reaction gas and reducing loss of concentration polarization

Anode

/ (1) Doping rare earth elements in BaCeOs-based \
materials or preparing composite electrolyte materials to
improve conductivity and stability;

(2) Using sintering aid in BaZrO, base or improving
preparation process to improve the sintering activity of
the material,

(3) Preparing BaCeO; and BaZrO; solid solutions as
electrolyte materials to obtain best conductivity and

k stability. /

(1) With good oxygen catalytic performance and
conductivity, and keeping structure and composition
unchanged in a high-temperature working environment;
(2) Good chemical compatibility, no reaction with other
components;

(3) Thermal expansion coefficient of cathode material
should be similar to that of electrolyte,

(4) Having suitable porosity.

3 H-SOFC M. HEmT. BIRRIR &S
Fig. 3 Development trend of anode, electrolyte and cathode in H-SOFC
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Table 2 Effect of Ni volume fraction on battery performance'™
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Table 3 Comparison of advantages and disadvantages of BaCeO; and BaZrO; based materials

Electro}yte Advantage Disadvantage Improved method
material
High proton conductivity, (=1 02 Poor chemical stablllty in H%O and CO, .
. . e atmospheres, form impurity phases Doped with rare earth
BaCeO; S/cm at 600 C), good sinterability .
and easy processin such as BaCOj; and CeO, by reacting elements
yP £ with acid gases such as CO, to
High proton conductivity, stable Doping with metal ions,
crystal structure, good chemical Poor sintering activity, low proton using sintering aids to
BaZrO3 e - < [17] . .
stability in CO, and water conductivity reduce the sintering
atmosphere temperature
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Table 4 Performance comparison of typical cathodes in medium and low temperature proton conduction SOFC

Temperature/ Peak power density/

Electrolyte Cathode C (mW-cm ) R,/Q Ref.
BaZry5Y 0,055 BSCF 700 45 - [58]
BaZry5Y 0,055 SSC-SDC 700 170 0.28 [59]
BaZry5Y 0,055 LSCF-BCYb 600 110 0.56 [60]
BaZry Y1055 PBC-BZPY 700 254 0.073 [61]

BaCe(gSmg,0;-s Lag ;Sry3FeO;_5 650 535 0.61 [62]
BaCe0.9Y0.10;5; Bay 5S195Cog,Fe)30;-5 700 500 0.02 [63]
BaCe0.9Y0.10;5; Sm0.5Sr0.5C00;_s 700 295 - [64]
BaZr1Cep7Y 2 O3-5 Bay 5SrysZng Fen 055 700 486 0.1 [65]
BaZr1Cep7Y2 O3-5 Bay 5Sry5C0g,Fe30;-5-BZCY 700 418 0.1 [33]
BaZr1Cep7Y 2 O3-5 Bay 5SrysFe0;_s-SDC 700 696 0.12 [56]
BaZr1Cep7Y 2 O3-5 Lay ;Sry;FeO;_s-SDC 650 542 0.074 [66]
BaZr1Cep7Y 2 O3-5 Bay 5Sr sFeg 9Nig 103-5-SDC 700 362 0.174 [67]
BaZr,1Cey ;Y2 Oz Lag ¢Sty 4FeqoNig ;O35 700 405 0.14 [41]
BaZr;1Cey7Y01Ybo10;-5 SrFe)oSby 1055 700 428 0.154 [68]
BaZr;1Cey7Y01Ybo10;-5 PrBaCo,0s.; 700 490 0.373 [69]
BaZrj1Cey7Y01Ybo10;-5 Smy 5Sry sFeg §Cug20;3-5-SDC 700 505 0.138 [70]
BaZrj1Cey7Y01Ybo10;-5 Ni(7C0030;3-5-SDC 700 204 0.683 [71]
BaZrj1Cey7Y01Ybo10;-5 BaPr 3Ing,0;-5 700 552 0.09 [47]
BaZrj1Cey7Y01Ybo105-5 LSCF-BZCYY 700 1020 - [9]
BaZr;1Cey7Y01Ybo105-5 LSCF-BZCYY 700 416 0.05 [72]
Ni-YSZ /Ni-BZCYYb BZCYYb-LagsSr0.4Co¢,Fe) 055 700 285 0.03 [73]

LCO/BZCYYD NiO-BZCYYD 700 975 - [74]
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Research progress of proton-conducting solid oxide fuel cell
materials and electrochemical performance

CHEN Li', ZHANG Qi-fei', WANG Li-jun', HOU Yun-ting’, LIU Shi-yuan', CHOU Kuo-chih’

(1. Collaborative Innovation Center of Steel Technology, University of Science and Technology Beijing,
Beijing 100083, China;
2. State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: Solid oxide fuel cell (SOFC) is a clean energy conversion device that can directly convert chemical
energy into electrical energy. According to the difference in ions conducted by the electrolyte material, the
electrolyte can be divided into an oxygen ion conductor type and a proton conductor type. Therefore, SOFC can be
divided into two types: oxygen ion conductor SOFC (O-SOFC) and proton conductor SOFC (H-SOFC). The
traditional high-temperature O-SOFC has been developed for many years, the preparation technology is mature,
and the performance is superior at high temperatures. However, as the battery working conditions develop towards
medium and low temperatures, the proton conduction solid oxide fuel cell (H-SOFC) has a lower operating
temperature, a smaller activation energy value and a higher battery efficiency, which has attracted wide attention
and development of researchers. This article mainly introduced the structure and working principle of proton
conduction solid oxide fuel cell, and on this basis, focused on analyzing the materials of proton conduction fuel cell
in recent years, including single-phase cathode, composite cathode, solid solution electrolyte formed by BaCeOs;
and BaZrO;The main research direction and development trend of anode modification and performance
optimization. The problems of the current few types of anodes and electrolytes and the low catalytic activity of the
cathodes were analyzed.
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