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Abstract: Pt modified BaZr0.76Y0.2Ni0.04O3 (BZYN) is fabricated and characterized as a stable 
electrolyte for proton-conducting solid oxide fuel cell (H-SOFC). The utilization of X-ray diffraction 
method (XRD) and transmission electron microscopy (TEM) enables the identification of the 
presence of platinum (Pt) in both the crystal lattice sites and the grain interface. This occurrence 
contributes to a reduction in grain boundary resistance. Consequently, this phenomenon improves 
the conductivity of the electrolyte. The electrochemical performance of the single cell with Pt 
modified BZY electrolyte is improved by the reduction of ohmic resistance and enhancement of ion 
migration. This signifies a noteworthy advancement in the creation of more efficient and durable 
proton-conducting SOFCs.   

Keywords: proton-conducting solid oxide fuel cells; electrolyte; conductivity; electrochemical 
performance 
 

1. Introduction 

The past few decades have witnessed a persistent rise in interest in proton solid oxide fuel cells 
(H-SOFCs) due to the pressing demand for clean energy and environmental conservation. The 
primary reason for their suitability for future commercial applications is their excellent cell 
performance and better conversion efficiency at intermediate temperatures[1]. Barium cerate and 
barium zirconate materials exhibit a notable degree of proton mobility, rendering them highly 
suitable as electrolytes for H-SOFCs. This is mostly attributed to their exceptional proton 
conductivity[2–4]. The currently predominant proton-conducting oxides in use are materials based 
on BaCeO3. These materials have notable ionic conductivity, but are prone to chemical instability 
when exposed to atmospheres containing CO2 and H2O. [5,6]. Yttrium-doped BaCeO3 has superior 
proton conductivity compared to other oxides within its class. However, its commercial viability is 
hindered by insufficient chemical stability when subjected to operational conditions within a cell[4,7].   

In recent years, researchers have made significant progress in developing viable techniques to 
address the challenges associated with BaZrO3 based materials, thereby enhancing their suitability 
for use in proton conducting SOFCs. Considering the chemical stability, fabrication feasibility and 
proton conductivity, Y doped BaZrO3 (BZY) shows promising application potential[8–10]. Although 
the bulk proton conductivity of BZY is competitive with other proton conductors, the high grain 
boundary resistance caused by its poor sintering ability hinders widely application as an electrolyte 
for H-SOFCs[11]. In recent years, numerous endeavors have been undertaken to enhance the 
sintering density of BZY, hence reducing the resistance at grain boundaries[12,13]. Sintering aids, 
such as zinc oxide (ZnO) and nickel oxide (NiO), are employed to lower sintering temperatures. 
Extensive study has been conducted to investigate the underlying mechanisms by which these aids 
exert control over stoichiometry. It is found that NiO can react with BZY and BaZr0.76Y0.2Ni0.04O3 
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(BZYN) exhibits adequate total conductivity. Hence, it is imperative to investigate a viable approach 
for the production of high-performance BZY cells without the intentional inclusion of sintering aids, 
since this offers significant benefits for practical application. 

Platinum (Pt) is frequently employed as the electrode material for conducting conductivity tests, 
as well as serving as an electrode in fuel cell testing[14,15]. The experimental procedure for evaluating 
the electrochemical properties of BZY material involves several stages. Firstly, a dense BZY pellet is 
prepared through the process of sintering. Subsequently, a layer of Pt film is applied onto the surface 
of the dense BZY pellet. Finally, the coated pellet is subjected to high-temperature firing to serve as 
the electrodes for testing the electrochemical properties. The potential interaction between Pt and 
BZY is often overlooked since Pt is considered an inert substance. Bi has recently provided a definitive 
result regarding the diffusion of Pt into the lattice of BZY[16]. Another study indicates that at elevated 
temperatures, Pt has the potential to undergo a reaction with BaCeO3, resulting in the formation of 
different proton conductor phases [17]. It follows that Pt is not totally inert with proton-conducting 
oxides, and that a reaction will take place between Pt and BZY. In addition, the reaction of Pt and 
BZY powders is also studied and O1s binding energy decreases which might be crucial to proton 
migration[18]. On account of the demands of proton-conducting electrolytes, it is imperative to 
elucidate the impact of Pt on conductivity and boundary resistance.  

In the present work, we chose BZYN as electrolyte which was treated with Pt foil at the high 
sintering temperature. The influence of Pt on the phase structure, grain boundary growth, and 
electrical conductivity of the materials were investigated. In addition, an anode-supported fuel cell 
with Pt modified BZYN electrolyte was assembled and its performance was evaluated to determine 
the benefits of employing this approach for H-SOFCs.  

2. Experimental 

2.1. Materials Synthesis 

BZYN powders were produced via a wet chemical combustion method supported by citric 
acid[19]. The appropriate weights of several raw precursors were identified based on the 
stoichiometric ratio derived from the BZYN formula. Initially, appropriate precursors of BaCO3 
(99.95%, Macklin), Zr(NO3)4·5H2O (99.99%, Macklin), Y(NO3)3·6H2O (99.99%, Macklin), and 
Ni(NO3)2·6H2O (Xilong Scientific) were dissolved into dilute nitric acid solution while Citric acid 
monohydrate (99.99%, Macklin) with a weight ratio of 1.5:1 to metallic ions was added as complexing 
agents. Afterwards, the pH of the solution was modulated to around 7 using ammonia, resulting in 
a transparent solution. Following that, the solution endured continuous mixing at a temperature of 
80 ℃ until combustion, which was subsequently subjected to firing at a temperature of 1000 ℃ for 3 
h. 

2.2. Characterization and Electrochemical Measurement 

The BZYN powders were pressed under 300MPa to form BZYN pellets which were subsequently 
sintered at 1550 oC for 10h for the electrical conductivity test. The sintered pellets were treated on Pt 
foil at 1300 oC for 5 h to obtain Pt modified BZYN (Pt-BZYN). The total electrical conductivities of the 
sintered pellets were measured by analyzing impedance spectrum via a Zahner Zennium 
electrochemical workstation with amplitude of 5 mV.  

The BZYN electrolyte was co-pressed on the anode substrate and functional layer mezzanine. 
The anode powder is composed of BZYN, NiO and starches in a ratio of 40: 60: 20, while the functional 
layer powder is formed of BZYN and NiO in a ratio of 45:55. The functional layer powder synthesized 
by BaCO3 (99.95%, Macklin), Zr(NO3)4·5H2O (99.99%, Macklin), Y(NO3)3·6H2O (99.99%, Macklin), and 
Ni(NO3)2·6H2O (Xilong Scientific) by the wet chemical combustion method with the assistance of 
citric acid. The half-cell was then sintered at 1350◦C for 5 h. Pt-BYZN electrolyte was obtained through 
placing previous BZYN powder on the surface of Pt foil and heating it at 1000 oC for 3 h. Powdered 
La0.6Sr0.4Co0.2Fe0.8 O3-δ (LSCF) was combined with 10 wt% of ethylcellulose-pineol adhesive to create 
the cathode slurry. The BZYN and Pt-BZYN electrolytes were then screen printed with the cathode 
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slurry before being calcined at 1000 oC for 3 h. Subsequently, the cell performance was measured 
between 600 to 700 oC on an electrochemical workstation (Admiral-plus-1772). Wet hydrogen gas, 
containing about 3% water, was used as the fuel source at a flow rate of 25 ml min-1 while ambient 
air was adopted as oxidant. The Linear Sweep Voltammetry (LSV) mode was employed to obtain the 
I-V/I-P curves of the cell. Furthermore, the Electrochemical Impedance Spectra (EIS) were obtained 
by conducting measurements under open circuit conditions. The frequency range utilized for these 
measurements was set at 0.1-1 MHz, while the alternating current (AC) amplitude was maintained 
at 10 mV. 

The crystal phase and structure parameters of the produced BZYN and BZYNP samples were 
determined using X-ray diffraction (XRD) analysis, employing CuKa radiation. The morphology and 
elemental distribution of the powders were observed and analyzed through scanning electron 
microscopes (SEM, Phenom XL) and Transmission electron microscopy (TEM, JE0L JEM-F200).  

3. Results and Discussion 

Figure 1 presents XRD patterns of synthesized BZYN and Pt-BZYN powders. The image 
illustrates that only peaks attributed to BZYN and Pt-BZYN are present, indicating that both BZYN 
and Pt-BZYN exhibit a singular phase that can be identified as a cubic perovskite structure (PDF No. 
06-0399). In order to observe the influence of Pt, an enlarged diffraction pattern is provided. Based 
on the observed specific magnification ranging from 26-34° in Figure 1, it is evident that the peaks 
exhibit a minor shift towards higher angles. In accordance with the Bragg equation, it becomes 
evident that the introduction of Pt as a dopant leads to a reduction in the lattice constants. This 
phenomenon can be attributed to the variance in atomic radius between Pt4+ (0.62 Å) and Zr4+ (0.79 
Å), resulting in a reduction of the lattice parameter when Zr4+ is replaced with Pt4+. 

 
Figure 1. XRD patterns of as-prepared BZYN and Pt-BZYN mixture after co-fired at temperature of 
1000℃ for 3h. 

The microstructures of the sintered Pt-BZYN samples were meticulously examined using 
scanning electron microscopy (SEM) and are prominently displayed in Figure 2(a). Notably, the 
sample exhibits a state of complete density, devoid of any discernible pores. This compelling 
observation underscores that the introduction of Pt as a dopant has no adverse effects on the sintering 
activity. In addition, energy dispersive spectroscopy (EDS) is employed to investigate the elemental 
distribution within the material, and these results are thoughtfully illustrated in Figure 2(b-f). The 
elemental analysis reveals a remarkably even dispersion of Ba, Y, Ni, and Zr throughout the sample. 
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Interestingly, minute quantities of Pt are also detectable. This distribution pattern of Pt strongly 
suggests its potential incorporation into the BZYN lattice, consistent with the previously discussed 
XRD findings.  

 
Figure 2. SEM-EDS elemental mapping of Pt, Zr, Ba, Y, Ni and O. 

Through a meticulous analysis of lattice parameters and structural characteristics, it has been 
unequivocally demonstrated that Pt not only partially inhabits the lattice sites but also conforms to 
findings in the existing literature on this subject [20]. In our study, to further study doping sites of Pt, 
the morphology of Pt-BZYN powders are characterized using transmission electron microscopy 
(TEM). Figure 3(d) illustrates the presence of dark nano-particles attached to the grain boundary, 
indicating that Pt has a tendency to aggregate at the interface in addition to occupying lattice sites. 
This aggregation of Pt on the grain boundary may have a positive impact on ion conductivity. It is 
because the resistance at the grain boundary significantly influences the conductivity of BZY. In 
addition, it is obvious from Figure 3(c) that a d-spacing value of 0.300 nm corresponds to (110) planes 
of BaZrO3-based material as reported by reference[21]. Conversely, a d-spacing value of 0.21 nm 
corresponds to the (110) planes of Pt-based materials, as depicted in Figure 3(b)[22,23]. This 
compelling evidence confirms the presence of Pt generated at the grain boundaries. Furthermore, 
Figure 4 presents the transmission electron microscopy-energy dispersive X-ray spectroscopy (TEM-
EDX) scanning outcome of Pt-BZYN, providing insights into the quantification of platinum (Pt) 
content within the Pt-BZYN samples. 

 

Figure 3. TEM image displayed d-spacing of BaZrO3-based material and Pt. 
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Figure 4. TEM-EDX scanning result of Pt-BZYN. 

The conductivity of BZYN and Pt-BZYN was meticulously assessed under ambient air at various 
temperatures via electrochemical impedance spectroscopy, and the results are visually presented in 
Figure 5. It becomes readily apparent that Pt-BZYN consistently exhibits notably higher 
conductivities across the temperature range of 350°C to 700°C, in sharp contrast to BZYN. This 
conspicuous difference underscores the critical role of Pt doping in enhancing conductivity, a factor 
that exhibits a direct and positive correlation with electrochemical performance.  

 

Figure 5. Total conductivity curves of fuel cells with different electrolyte membranes of Pt-BZYN, 
BZYN measured at different temperatures from 350 °C to 700 °C. 

The cross-sectional microstructure of single cells utilizing BZYN and Pt-BZYN as the electrolyte 
materials is vividly illustrated in Figure 6. This micrograph reveals four distinct layers, with the 
electrolyte layer boasting a thickness of approximately 6-7 micrometers. Furthermore, it’s evident 
that both electrolyte layers exhibit a high degree of density, signifying robust contact between the 
electrolytes and electrodes, thus ensuring the integrity of the hydrogen containment within the cell. 
Given the uniformity in electrolyte thickness, the electrochemical performances of these assembled 
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single cells are characterized and evaluated. Figure 7a presents a compelling comparison of the cell 
performance of H-SOFCs employing BZYN and Pt-BZYN electrolytes at an operating temperature of 
700 °C. Clearly, the cell with Pt-BZYN as the electrolyte exhibits superior performance. Notably, there 
is an approximate 15% enhancement in maximum power density (MPD) observed, rising from 350 to 
408 mW·cm-2. In Figure 7c, we can observe the cell performance of Pt-BZYN at various temperatures, 
revealing a positive correlation between power density and operating temperatures. Specifically, as 
depicted in the figure, the MPDs achieved are 408 mW cm−2 at 700°C, 345 mW cm−2 at 650°C, and 290 
mW cm−2 at 600°C for the single cell. This trend underscores the significance of temperature control 
in optimizing power density in the cell.  

 

Figure 6. SEM micrographs of the fuel cell cross-sections and electrolyte membrane for (a) BZYN, (b) 
Pt-BZYN. 

 

Figure 7. (a) I–V and power density curves for the cell with Pt-BZYN, BZYN electrolyte membrane 
measured at 700 °C; (b) A comparison of impedance plots of fuel cells with BZYN and Pt-BZYN 
electrolyte membrane measured at 700 °C and impedance plots of fuel cells with Pt-BZYN electrolyte 
membrane measured at 600, 650, and 700 °C.; (c) I–V and power density curves for the cell with Pt-

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 November 2023                   doi:10.20944/preprints202311.1350.v1

https://doi.org/10.20944/preprints202311.1350.v1


 7 

 

BZYN electrolyte membrane measured at 600, 650, and 700 °C ; (d) The impedance spectra 
corresponding distributions of relaxation times plots for the fuel cells with different electrolyte 
membrane. 

The electrochemical impedance spectra (EIS) of the cells under open circuit voltage (OCV) 
conditions were conducted to assess the impact of Pt. As illustrated in Figure 7b, it can be observed 
that the polarization resistance (Rp) values of the two different cells are nearly identical. This suggests 
that the electrolyte has a relatively weak influence on Rp, with the main factors potentially being 
related to the cathode materials and their structures. However, it is clear that the ohm resistance of 
Pt-BYZN is much lower than that of BZYN, indicating the conductivity of the electrolyte is improved 
through doping of pt which in turn modifies the grain boundary to decrease grain boundary 
resistance. Furthermore, the EIS results across the temperature range from 600 °C to 700 °C are 
presented. As illustrated, the overall ohmic resistance decreases from 0.56 Ω cm2 at 600 C to 0.25 Ω 
cm2 at 700 °C, indicating a negative relationship between temperature and ohmic resistance. 
Additionally, there are two distinct arcs in the impedance spectrum, corresponding to the two 
cathode reaction processes related to oxygen adsorption and transmission. 

Recently, the distribution of relaxation time (DRT) method has been employed for analyzing EIS 
results to gain insights into the detailed reaction processes of fuel cells. In Figure 7(d), we present the 
DRT results calculated from impedance spectra obtained at 700 °C to investigate the impact of Pt. 
Notably, there are several distinct peaks, each representing specific reaction processes. The peaks at 
high and low frequencies are relatively similar, while the peak at intermediate frequency shows 
significant differences. It’s worth highlighting that the process at intermediate frequency is 
influenced by the migration of protons and oxygen ions [24]. The higher conductivity associated with 
Pt likely facilitates greater proton transfer to the cathode side through the electrolyte, thereby 
reducing the intensity of the peak at the intermediate frequency. 

4. Conclusion 

The low conductivity of BZYN due to the high grain boundary resistance hindered its 
application as a stable electrolyte for H-SOFCs. A simple technique via volatilization of platinum was 
adopted to treat BZYN electrolyte. The XRD results showed that pt modified BZYN had the same 
phase structure as BZYN and lattice parameters decreased for the lower ion radius, presenting pt 
partially located into the lattice sites. TEM results future determined that nanoparticle of pt attached 
at the grain boundary which may be beneficial for the ion conductivity. The cell with Pt-BZYN 
electrolyte displayed a higher maximum power density of 408mW cm-2 and a lower polarization 
resistance of 0.25 Ω·cm2 compared to the cell employing BZYN as electrolyte at 700 oC. Our findings 
suggest that the application of Pt treatment can be considered as a viable and efficient technical 
approach. 
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