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Research progress for single component fuel cell

SHENG Bin, ZENG Quanyu, LI Yuchen , MENG Zeda, GAN Tian’
(School of Chemistry and Life Sciences, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: Traditional solid oxide fuel cells (SOFCs) require high operating temperatures, which are not conducive

to the compatibility and long-term stability of their various components, hindering the commercial progress of

SOFCs. Reducing the reaction temperature can lead to significant interfacial resistance and losses in reaction

kinetics, resulting in a reduced output power. Recently, single-component fuel cell (SLFC) has been proposed as a

new type of energy conversion device. Unlike the traditional three-component SOFCs, the SLFC is characterized by

a homogeneous layer of semiconductor-ion heterostructure material with mixed ionic conductivity. The presence

of p-n heterojunctions and built-in electric fields can achieve charge separation, enhancing the stability and dur-

ability of the fuel cell, allowing it to have good ionic conductivity and cell performance even at low temperatures,

and offering broad prospects for development. This paper provides a brief overview of the research progress in the

field of SLFC in recent years, reviewing the working principle of heterojunctions and energy band alignment in

SLFC to isolate electrons, studying the effects of space charge regions and lattice strain on interfacial ionic conduc-

tion, summarizing the improvements made by researchers on semiconductor-ionic materials, and discussing the

advantages and future development directions of SLFC.

Keywords: single component fuel cell; p-n heterojunction; ionic conductor; perovskite; semiconductor material
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Fig.1 Schematic representation of different kinds of fuel cells:

(a) Solid oxide fuel cells (SOFCs); (b) Double layer fuel cell (DLFC)";

(c) Schematic of single-component fuel cell (SLEC)"*!
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The left edge (directly contacting the Pt electrode) and right edges of the
positively charged core layer were defined to be the outer (x=0) and inner
(x=x,) interfaces; 1—Thickness of the space charge layer; x = x, is the
width of the space charge layer from the subsurface position x;;
Ag(x;)—Potential at the interface within Pt/BZY
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Fig.3 Schematic illustration of the space charge region (SCL) at the
Pt/BaZry4Y,,05_5 (BZY) interface when the HOR considered®®”
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Fig.4 (a) Plot of the logarithm of ionic conductivity enhancement in CeQ, versus lattice strain®”; (b) Schematic representation of the forces between

CegySmy 0, ¢ (SDC) and Sty ¢, Tiy sFe, 505 s substances and their crystal structures®®; (c) The dopant-proton interaction energy (representing protonated

samples), the corresponding maximum oxygen displacement and maximum proton transition energy among the various transition pathways for different

model systems; (d) A schematic showing the correlation between proton binding energy and O* sublattice distortion for various local environments such

as pure BaZrO; and in one yttrium dopant environment; (e) Dopant-proton interaction energy plotted as a function of maximum oxygen displacement'
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Table 1 Progress of SLFC research in the last five years

Configuration 1/°C OCV/V P/ (W-cm ) Ref.
NCAL/Pr, St 4C0g sF€, Ny ;05 5 LNSDC/NCAL 550 0.98 0.24 51]
Ni-NCAL/CeO,/NCAL-Ni 520 1.08 0.70 [37]
Ni-NCAL/BaCoy sFeq 4Zro 1Yo 105.5-ZnO/NCAL-Ni 100-500 1.01-1.08  0.25-0.64 [59]
Ni-NCAL/Ceq 58Sty 50 ¢ -La, 55STo 1:Cu0,/NCAL-Ni 550 1.0 0.90 57]
NCAL-Ni/7 Bagy 581y 5C0g 4Feg 421 1Y 103_5-3 Cag g4Ceg goSMg 16025/ NCAL-Ni 520 1.07 0.90 [60]
Ni-NCAL/Coy,Zn, 50-SDC/NCAL-Ni 520 1.07 0.93 [52]
Ni-NCAL/BaCoy ;Fe, ; Ceq,Timg 1 Zro 5Yo 1055/ NCAL-Ni 530 1.09 0.87 [61]
Ni-NCAL/SDC-SrTiO3/NCAL-Ni 550 1.1 0.89 [48]
Ni-NCAL/Lay sBag 5C0p sFeq 2Zro 5Yo 5055/ NCAL-Ni 450-550 1.09-1.1  0.29-0.66 [62]
Ni-NCAL/Li,TiO3-LaSrCoFeO3;/NCAL-Ni 550 1.09 0.35 [63]
Ag/7 LNSDC-3 Pr, ,St, sFe, oMoy, 05/Ag 700 -1.0 0.33 [64]
NCAL-Ni/StFeq ;Tig ;05-WO,/NCAL-Ni 520 1.04 0.88 [65]
Ni-NCAL/8 GDC-2 NaCoO,/NCAL-Ni 550 1.06 1.10 [53]
NCAL/r-La ,St 7 Tig oNig 105_s-LNSDC/NCAL 550 1.13 0.65 [47]
Ni-NCAL/Lay 45t ,C0p sFey ,05-GDC/NCAL-Ni 550 1.1 1.06 [66]
Ni-NCAL/Fe, ,Gd, 405/NCAL-Ni 550 11 1.35 [67]
Ni-NCAL/Co doped Y,05/Ni-NCAL 530 1.09 0.86 [68]
Ni-NCAL/Lag 55t ,C0p gF€0.,05_5-Ce0,/NCAL-Ni 520 1.0 0.50 [69]
Ni-NCAL/3 CuFe0,-7 ZnO/NCAL-Ni 550 1.06 0.56 [70]

Notes: NCAL—Nij gC0q 15Aly 0sLi05; LNSDC—Sm,,Ce(40,-(Li/Na),CO3; SDC—CeSmy,0,9 GDC—CeygGdy,0,4; r—Reduced;
T—Test temperature; OCV—Open circuit voltage; P,,,,—Peak power density.
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