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ABSTRACT The La0.9Sr0.1Sc0.9Co0.1O3−δ (LS) and La0.9Sr0.1CoO3−δ (LC) phases and composite materials

based on them were synthesized. There are data in the literature on the activity of pure or modified forms of

LC in ammonia decomposition, but there are no data on the activity of the LS phase and LS–LC composites.

Therefore, the stability and activity of LS–LC composites and initial LS and LC in ammonia decomposition were

investigated. The best result in the decomposition of ammonia at 700 ◦C and WHSV of 60000 ml NH3·g
−1

cat·h
−1

shows LC – 99%, the worst LS – 80%. Under the same conditions, the activity of samples LC, 40LS–60LC

and 50LS–50LC remains unchanged for 40 hours. It was found that during ammonia decomposition, the LC

phase decomposes to form cobalt and La(OH)3 nanoparticles, but the LS phase does not undergo significant

changes, which is confirmed by X-ray diffraction, IR spectroscopy, Raman spectroscopy and TEM.
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1. Introduction

It is believed that hydrogen energy technologies will prevent global warming and environmental pollution [1–4].

However, there are several key problems for the widespread introduction of hydrogen energy technologies: the explo-

siveness and low volumetric energy density of hydrogen, the complexity of its liquefaction, storage and transportation.

Therefore, the problem of the hydrogen producing directly at the places of its consumption is relevant. On the other hand,

ammonia is an excellent carrier of H2 with a high hydrogen content (17.7 wt. %) and energy density (3000 W·h/kg), the

ability to easy liquefaction at 0.8 MPa and 298 K, and wide availability (world NH3 production is about 200 million tons,

there are well-established ammonia market and logistics) [5–7].

Despite the high activity of ruthenium-containing ammonia decomposition catalysts [8–15], special attention has

been paid to cobalt-containing systems [16–22]. One of the promising materials for use in solid oxide fuel cells (SOFCs),

which are active in the process of ammonia decomposition, is lanthanum cobaltite La0.9Sr0.1CoO3−δ . In a hydrogen-

containing environment, lanthanum cobaltite forms the phases Co and LaCoOx, which are active in the decomposition

of ammonia. Lanthanum cobaltite is also a promising electrode material. Typically, LaCoOx catalysts are widely used

during the oxidation of CO and hydrocarbons [23–32]. Hu et al. showed that the La introduction promotes dissociative
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adsorption of NH3 and N2 desorption, increasing the efficiency of ammonia decomposition [33]. Full ammonia cracking

at weight hourly space velocity (WHSV) 30 000 g−1

cat·h
−1 and 550 ◦C was achieved on LaCoOx/Co@NC/SBA-15 cata-

lyst [20]. The excellent activity of the catalyst is combined with its high stability at high temperatures: the yield was 446

mmol H2·gCo−1
·min−1 at 600 ◦C and WHSV 60 000 g−1

cat·h
−1 during the 200 hour test. Amorphous LaCoOx particles

significantly enhance NH3 adsorption, while electron-rich Co0 particles promote NH3 activation and associative desorp-

tion of surface-bound N atoms. In combination with other lanthanides and alkali metals, cobalt catalysts also exhibit high

activity [22].

It is possible to combine the decomposition of ammonia and the conversion of the resulting hydrogen within the

framework of a single device – proton-ceramic fuel cell (PCFC) with a two-layer anode performing a dual function: cat-

alytic decomposition of ammonia into nitrogen and hydrogen and electrocatalytic oxidation of hydrogen [34, 35]. One of

the most suitable compounds is lanthanum scandate–based materials, among which La0.9Sr0.1ScO3−δ has the highest con-

ductivity. Similar electrode materials have been proposed for this electrolyte, one of which is La0.9Sr0.1Sc0.9Co0.1O3−δ

[36], which is well compatible with La0.9Sr0.1ScO3−δ and lanthanum cobaltites.

Currently, there are many articles devoted to PCFC based on ammonia fuels, which demonstrate a wide power range

from 0.03 to 1 W·cm−2 in the operating temperature range of 600–700 ◦C [37]. The level of technology availability varies

in all cases, from a mathematical model to industrial designs [38–42].

The purpose of this work was to study the catalytic activity and stability during ammonia decomposition of initial

materials (LS and LC) and LS–LC composite materials, as well as the structural changes of these materials after the

reaction.

2. Experimental

The synthesis of composite catalysts consists of two parts. First, the initial oxide materials LS and LC were synthe-

sized by citrate-nitrate combustion technique through several stages [43]. La2O3, Sc2O3, Co3O4 and SrCO3 (high purity

grade) were used as the initial reagents. Co3O4 was reduced in a hydrogen atmosphere at a temperature of 650 ◦C for

4 h to utilize its ability to react with nitric acid. Then stoichiometric amounts of precursors were transferred to a salt

solution in interaction with nitric acid, which was mixed with citric acid in a ratio of 2/1 to the amount of the calculated

oxide substance and evaporated before the start of the spontaneous combustion process. The prepared powdered materials

were calcinated for 1 h at 800 ◦C. After that, the LS and LC powders were ground in a Retch100 planetary ball mill for

1 h to obtain uniform composition and microstructure. For obtaining single-phase powders, the final synthesis of initial

materials was carried out for 2 h at the temperatures, which are need to the phases creation [36, 44], 1350 ◦C for LS and

1200 ◦C for LC.

Further, the synthesis of composite materials was carried out by solid-phase mixing of prepared individual materials

LS and LC in the following proportions (in mass percentage): 40/60, 50/50 and 60/40 followed by pressing and sintering

at 1200 ◦C for 2 h. Further in the article, a composite with a ratio of 50–50 wt. % will be designated as 50LS–50LC, a

composite with a ratio of 60–40 wt. % –60LS–40LC, and a composite with a ratio of 40–60 wt. % –40LS–60LC.

The BET surface area of the support, as-prepared and used catalysts, was determined from the complete nitrogen

adsorption isotherms at −196 ◦C (ASAP 2400 instrument) (Micromeritics, Norcross, USA).

XRD analysis of the obtained powders was carried out on an XRD-6000 diffractometer (Shimadzu, Japan) with Cu-

Kα radiation. The diffractograms were recorded in the range of 2θ angles from 20 to 80 ◦C in a step mode of 0.02 ◦C with

an accumulation time of 0.3 sec. The phase composition of the materials obtained was correlated with the PDF database

data.

For elemental analysis, catalyst samples were examined by X-ray fluorescence spectroscopy. The spectrum was

recorded on an ARL Perform’X X-ray fluorescence spectrometer (Thermo Scientific™, USA). The spectrum was pro-

cessed and the content of elements was calculated using the UniQuant Software for Standardless XRF Analysis (Thermo

Scientific™, Waltham, USA).

Temperature-programmed reduction (TPR) was conducted on a TG209 F1 Libra Thermo microbalance equipment

(Netzsch, Germany). The feed gas He +6 vol. % H2 flowed at the rate 70 ml/min. The temperature raised linearly from

30 to 800 ◦C at a rate of 10 ◦C/min. A QMS 200 gas analyzer (Stanford Research Systems, Sunnyvale, USA) monitored

the gas phase composition over the sample.

For shooting in the TEM and STEM modes, a ThemisZ two-corrector transmission electron microscope (Thermo

Scientific™, USA) with an accelerating voltage of 200 kV and a limiting resolution of 0.07 nm (TEM) and 0.06 nm

(SEM) was used. Micrographs were recorded using a Ceta 16 CCD matrix (Thermo Scientific™, Waltham, USA).

Raman spectra were recorded on a DXR Smart Raman dispersive spectrometer from Thermo Fisher Scientific,

equipped with a supplement for recording backscattered light in the range of 52–3417 cm−1. The wavelength of the

exciting laser radiation was 780 nm and the laser power was 5 mW. The exposure time was 60 seconds, the number of

spectra accumulation was 15. Before recording the Raman spectra, the samples were pressed using a manual press in a

special magnetic holder. The Raman spectrum of air was subtracted from the obtained Raman spectra.
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IR spectra were recorded on an IR Prestige-21 instrument (Shimadzu, Japan) in the range of 350–7900 ◦C cm−1

with a spectral resolution of 4 cm−1, the number of spectra accumulation was 50. Before recording the spectrum, a small

amount of the sample was mixed with KBr powder and pressed into a tablet.

The catalyst activity in the ammonia decomposition was studied in a fixed-bed flow-type reactor at an atmospheric

pressure in the temperature range 500–700 ◦C. The weight of the loaded catalysts was approximately 0.1 g. Pure NH3

was fed to the reactor at a rate of 60–100 mL/min. The gas mixture at the reactor outlet was analyzed using a Tsvet-500M

chromatograph (Tsvet, Russia) with a thermal conductivity detector, and hydrogen as a carrier gas. A column, 1.5 m

long, was packed with HayeSep C adsorbent (Hayes Separation, USA), which allows the separation of NH3 and N2. The

chromatography conditions were as follows: the carrier gas was hydrogen, the flow rate was 60 mL/min, the pressure

was 0.1 MPa, the bridge voltage was 4 V, and the column temperature was 70 ◦C. Based on the data obtained, ammonia

conversion and specific catalytic activity (H2 formation rate, mmol/(gcat·min)) were calculated.

The thermal expansion of the ceramic bars was studied using a quartz dilatometer and Tesatronic TT–80 equipment

(TESA, Switzerland) from room temperature to 900 ◦C with a heating/cooling rate of 2 ◦C min−1 in air.

The electrical resistance was measured by a four-probe DC method using the Hioki RM3545-02 ohmmeter. The

samples were formed into parallelepipeds with dimensions of about 12×3×3 mm. The measurements were carried out

in the temperature range of 400–900 ◦C in 50 ◦C increments using platinum electrodes. Isothermal exposure at each

temperature until equilibrium resistance values are reached.

3. Results and discussion

To produce PCFC, it is necessary that the thermal expansion coefficient (TEC) of the materials included in its com-

position differ from each other by no more than 30%. Therefore, first of all, we carried out measurements of the original

materials and all composites based on them (Table S1). The chemical (Table S2) and phase (Fig. S1) composition of

the studied materials is presented in supplementary materials. The obtained individual and composite materials were

previously studied [45] by the four-probe direct current method to determine electrical conductivity (Fig. S2).

3.1. Specific surface area of La-containing initial materials and composites

According to the BET data, all samples are characterized by a low specific surface area, not typical for ammonia

decomposition catalysts (Table 1).

TABLE 1. Specific surface data of individual LS and LC and composite LS–LC materials

Material SBET , m2/g
∑

SBET , m2/g∗

LC 5.7 –

LS 3.5 –

40LS–60LC 3.7 4.4

50LS–50LC 4.6 4.6

60LS–40LC 5.6 4.8

∗

−

∑
SBET =SBET (LC)·w(LC)+SBET (LS)·w(LS)

As we can see from the data in Table 1, the specific surface area of composite materials containing a predominant

amount of one of the phases differs from the summarize SBET of the materials making up the composite phase. While

there is an upward
∑

SBET deviation for LC (larger SBET ) rich phase, and a downward deviation in LS (smaller SBET )

rich phase. XRD data (see. Fig. S1) also show that the initial composite material does not contain phases other than LS

and LC. It is known that the characteristic specific surface area of lanthanum cobaltite at calcination temperatures above

800 ◦C is approximately 10 m2/g [31]. Using the template synthesis method, mesoporous lanthanum cobaltite with a

specific surface area up to 246 m2/g can be obtained, while the sol-gel synthesis of LC gives SBET 4 m2/g only [32]. The

doping of lanthanum cobaltite by strontium makes it possible to increase the specific surface area by only 50% [25].

3.2. La-containing initial materials and composites properties in ammonia conversion

The catalytic properties of individual LS, LC and LS–LC composite materials in the ammonia decomposition reaction

were studied. As shown in Fig. 1, the activity of composite catalysts increases with an increase in the content of a more

catalytically active LC phase. Among all the prepared catalysts, the LC catalyst showed the greatest activity, moreover,

its activity (Fig. 1) in the entire temperature range is 5–15% higher than that of all other catalysts. The sequential order of

catalytic activity of all materials is as follows: LC > 40LS–60LC > 50LS–50LC > 60LS–40LC > LS. This confirms the

assumption that the activity of the catalyst is more dependent on the amount of cobalt in the catalyst – the more cobalt, the
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more active the catalyst. The presence of the LS phase reduces the activity of composites, which is especially noticeable at

low temperatures (500–550 ◦C), while the activity decreases to a level close to the activity of individual LS. For stability

tests, composite materials containing the largest amounts of LC – 50LS–50LC and 60LS–40LC phases, as well as an

individual catalytically active LC phase, were selected.

FIG. 1. The influence of the reaction temperature on NH3 conversion over LS and LC and composite

LS–LC materials (GHSV 60000 h−1)

3.3. Comparison of the NH3 decomposition reaction activity of LS, LC and LS–LC composites with the other

Co-based ammonia decomposition catalysts

Our composites must operate at working temperatures of PCFCs, equal to 600–700 ◦C. However, most of NH3

decomposition cobalt containing catalysts are often very active at 500–600 ◦C. Therefore, all catalysts investigated in this

work were compared at 550 ◦C. It can be seen from Table 2 that at 550 ◦C, LC is inferior to all other catalysts in terms of

NH3 conversion, but exceeds them in H2 formation rate. Note, the catalysts from the referent investigations presented in

Table 2 are used only for direct NH3 decomposition not for ammonia PCFC (except of 1%Ni-9%Co/Ce0.6Zr0.3Y0.1O2).
But it is necessary for 50LS–50LC composite have the specific electrical and mechanical properties for use in PCFC, and

the optimum in these properties is achieved at as small specific surface area as 4.6 m2/g. At the same time, the specific

surface area of the most active NH3 decomposition catalysts is significantly higher: LaCoOx/Co@NC/SBA-15(2D) – 259

m2/g [20], 20%Co/LaMgOx – 89 m2/g [33].

3.4. Catalyst life tests for La-containing initial materials and composites

To study the changes in LC, 50LS–50LC and 60LS–40LC composites under the influence of a reaction medium,

catalytic resistance tests were carried out (Fig. 2). Experiments have shown that at a reaction temperature of 700 ◦C,

LC showed maximum activity, which remained stable throughout the entire test period (40 h). It was found that the

introduction of LS reduces the activity, while the stability of the 40% LS sample decreases slightly. When the proportion

of LS increases to 50%, the sample loses activity and is characterized by the lowest conversion rate (87%) compared to

the rest of the samples in this series. It was found that in this sample, the conversion rate decreases during the first 7 hours

from 87 to 85% and then stabilizes.

3.5. The transformation of La-containing composites in ammonia decomposition conditions

To explain the reasons for the increase in catalyst activity with increasing LC phase content, the synthesized samples

were studied using a number of methods. So, according to TPR data (Fig. S3), in the presence of hydrogen, the cobalt

(III), which is present in the LC phase, is reduced to Co (II) at a temperature of 400 ◦C and, further, it is transformed

to metal at heating above 600 ◦C. The similar cobalt reduction processes can occur also in hydrogen-rich real ammonia

decomposition reaction medium at 600–700 ◦C.

Indeed, the TEM results for the 50LS–50LC sample (Fig. 3) confirm that the initial sample is a mixture of two

perovskite-like oxide phases, evenly spaced relative to each other. LS perovskite particles have a round shape with an
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TABLE 2. Comparison of the NH3 decomposition reaction activity of individual LS and LC as well as

LS–LC composite catalyst with the reported Co-based catalysts

Catalyst WHSV Temp. NH3 conversion H2 Form. Rate Ref.

(cm3g−1h−1 ( ◦C) (%) (mmol g−1 min−1)

LC 60000 550 34.4 23.0 This work

LC 60000 700 99.3 66.5 This work

LC 12000 700 100 13.4 This work

LS 60000 550 10.3 6.9 This work

LS 60000 700 79.9 53.5 This work

LS 12000 700 98.1 13.1 This work

50LS–50LC 60000 550 18.2 12.2 This work

40LS–60LC 60000 550 19.2 12.8 This work

60LS–40LC 60000 550 14.6 9.7 This work

LaCoOx/Co@NC/SBA–15(2D) 30000 550 99.9 33.5 [20]

5%Co/MgO–5La2O3 6000 550 82.7 5.5 [21]

5%Co/MgO–2CeO2 6000 550 69.1 4.6 [21]

5%Co/MgLaOx–N2 6000 550 91 6.1 [22]

20%Co/LaMgOx 124000 550 64 91 [33]

NiCo/LST on Sm0.2Ce0.8O1.9 3000* 600 18 0.6 [46]

NiCo/LST on Sm0.2Ce0.8O1.9 3000* 700 56 1.88 [46]

90CoAl 18000 550 90 18.1 [47]

1%Ni–9%Co/ Ce0.6Zr0.3Y0.1O2 6000 550 89 6.0 [48]

1%Ni–9%Co/ Ce0.6Zr0.3Y0.1O2 48000 700 99 53.0 [48]

Co–Mo–Air–750 36000 550 38 15.3 [49]

* WHSV is given in terms of ammonia, for all gas mixtures 10 ml/min NH3 and 80 ml/min Ar WHSV was 27000 gas/(gcat·h)

average crystallite size of about 200 nm, and the second material is presented in the form of dendrite-like agglomerates of

particles with sizes of 100–500 nm, consisting of crystallites with sizes of about 50–100 nm. Using HRTEM it was shown

that the surface of both materials is enriched with cobalt oxide particles with an average size of 3–10 nm. In addition,

EDX mapping showed that part of the LC surface is covered with a layer of Sr oxide.

According to electronic mapping data (Supplementary materials, Table S3), lanthanum, strontium and oxygen are

distributed over the entire surface of the sample, the areas enriched in cobalt correspond to the LC phase and the high

scandium concentration areas correspond to the LS phase. The atomic ratio La : O is 1 : 2.5, which is close to the ratio

of the amounts of these elements in the phases to be consisted the composite. The atomic ratio of Sr : O is 0.04 : 1,

which is also close to the ratio of these elements in the LC and LS phases, in which strontium should be present in the

same amount. The atomic ratio of cobalt and oxygen concentrations, according to elemental mapping data, is 0.18 : 1 that

confirms the presence of both LC and LS phases in the sample in equal amounts, since according to the above formulas,

in the LC phase the Co : O ratio is approximately 0.33 : 1, and in the LS phase, this ratio is about 0.033 : 1. The ratio of

scandium and oxygen concentrations is 0.26 : 1, which is slightly lower, but also close to the ratio of the amounts of these

elements in the LS phase.

To explain the reasons for the increased activity of the catalyst with an increase in the LC phase content, the syn-

thesized samples were studied using a number of methods. So, according to the TPR data (the results are presented in

supplementary materials), in the presence of hydrogen, cobalt (III) present in the LC phase is reduced to Co (II) at a

temperature of 400 ◦C and further converted to metal when heated above 600 ◦C. Similar cobalt reduction processes can

also take place in a real hydrogen-rich reaction medium in PCFC at a temperature of 600–700 ◦C.
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FIG. 2. Catalyst life tests for 50LS–50LC, 40LS–60LC and LC (GHSV 60000 h−1) for 700 ◦C

Indeed, the results of the study of sample 50 LS–50LC using TEM (Fig. 3) confirm that the initial sample is a mixture

of two perovskite-like oxides evenly spaced relative to each other. LS perovskite particles have a round shape with an

average crystallite size of about 200 nm, and the second oxide is represented as dendrite-like agglomerates of particles

with a size of 100–500 nm, consisting of crystallites with a size of about 50–100 nm. Using HRTEM, it was shown that

the surface of both oxides is enriched with cobalt oxide particles with an average size of 3–10 nm. In addition, EDX

mapping showed that part of the LC surface is covered with a layer of Sr oxide.

According to the electronic mapping data (supplementary materials, tables S3, S4), lanthanum, strontium and oxygen

are distributed over the entire surface of the sample, areas enriched with cobalt correspond to the LC phase, and areas

with a high concentration of scandium correspond to the LS phase. The atomic ratio of La : O is 1 : 2.5, which is close to

the ratio of the amounts of these elements in the phases that make up the composite. The atomic ratio of Sr : O is 0.04 : 1,

which is also close to the ratio of these elements in the LC and LS phases, in which strontium should be present in the

same amount. The atomic ratio of cobalt and oxygen concentrations, according to elemental mapping data, is 0.18 : 1,

which confirms the presence of both LC and LS phases in the sample in equal quantities, since according to the above

formulas, the LC phase has a Co ratio: O is approximately 0.33 : 1, and in the LS phase this ratio is about 0.033 : 1. The

ratio of scandium and oxygen concentrations is 0.26 : 1, which is slightly lower, but also close to the ratio of the amounts

of these elements in the LS phase.

During the testing the composite material in ammonia decomposition, the perovskite-like oxide LC is destroyed, and

the binary phase system La(OH)3 and metallic cobalt are formed (Fig. 4). In this case, Co particles are located in the

lanthanum hydroxide matrix and have sizes of 20–40 nm. The average particle size of La(OH)3 is 100–200 nm. The

crystal lattice of perovskite oxide LS does not have significant changes.

3.6. The changes occurring in the composites confirmed by IR and Raman spectroscopy methods

If LS and LC have a crystal structure with a space symmetry group Pnma as established from X-ray diffraction data,

then Raman spectra should be free of any normal vibrations [50]. The results obtained confirm this assertion (Fig. 5). The

Raman spectrum of the sample 50LS–50LC exposed to the ammonia decomposition reaction medium contains a band at

688 cm−1. The results obtained indicate the destruction of the original crystal structure of the samples studied due to the

removal of CoO4 structural units from the unit cell in reducing medium. In addition, the appearance of additional signals

observed in the Raman spectrum of the sample after reaction, apparently related to the fiberglass used in catalytic tests.

Thus, it can be assumed that in an ammonia environment the crystal structure of the LC sample is destroyed.

IR spectrum of the initial LC sample (Fig. 6) has an intense absorption band at 593 cm−1, which related to the

stretching vibrations of Co-O bonds in octahedral coordination [51–53]. A low intensity absorption band at 549 cm−1

related to stretching vibrations of La(Sr)–O bonds was also observed in the IR-spectrum of this sample. In addition, an

absorption band at 409 cm−1 appears in the IR spectrum that related to stretching vibrations of La–O bonds in dodeca-

hedral coordination. New absorption bands at 3610 and 652 cm−1 appears in the IR spectrum of LC after the testing in
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FIG. 3. HRTEM images of the 50LS–50LC sample in the initial state. The white arrows show CoOx

ammonia decomposition (Fig. 6) that corresponding to the stretching vibrations of O–H bonds and strain vibrations of

La-OH bonds in the La(OH)3 structure [54]. In addition, the absorption bands at 386 and 472 cm−1 corresponding to the

fundamental vibrations of La–O bonds recorded in the IR spectrum of this sample.

The IR spectrum of initial LS has intense absorption bands at 375 and 536 cm−1, which correspond to the stretching

vibrations of the Sc–O and La(Sr)–O bonds. In contradistinction to LC, no significant changes observed in the IR spectrum

of the LS sample after the testing in ammonia decomposition. An intense absorption band is observed at 595 cm−1 in the

IR spectrum of the 50LS–50LC initial composite that corresponding to stretching vibrations of Co–O bonds in octahedral

coordination. But in IR spectrum of a composite sample exposed to ammonia decomposition reaction medium absorption

bands at 3610 and 649 cm−1, corresponding to stretching vibrations of OH bonds and strain vibrations of La-OH bonds

in the La(OH)3 structure appears. In addition, absorption bands at 378 and 539 cm−1, which are typical of the LS sample,

observed in IR spectrum of the composite after the testing in ammonia decomposition.

We chose one of the most stable LC compositions, which does not decompose into different phases under oxidizing

conditions at a temperature of 700 ◦C [55]. However, in this work we have shown that the same composition under

reducing conditions is unstable.

To clarify the question of what happens to the structure of the LS and LC phases upon prolonged exposure to the

reaction medium, the samples were studied by X-ray diffraction (Fig. 7). According to XRD, after the testing in decom-

position of ammonia the formation of metallic cobalt and lanthanum hydroxide is observed. This phenomenon has been

observed in catalysts based on magnesium lanthanum oxides [33].

The initial La-containing composites is a two-phase system consisting of LaCoO3 [PDF 25-1060] and LaScO3 [PDF

26-1148]. La-containing composites tested in the ammonia decomposition are characterized by the presence of LaScO3

[PDF 26-1148], La(OH)3 [PDF 36-1481] and cobalt [PDF 15-0806] phases. The formation of the La(OH)3 phase under

the decomposition of ammonia is very typical for catalysts containing lanthanum oxide as a support [20, 22, 33].

Thus, we can conclude that in the reaction medium the structures of both the individual LC sample and this phase

in the LS–LC composite are destroyed, with the formation of La(OH)3 and cobalt. The LS phase does not undergo

significant changes and serves as a reinforcing frame that prevents mechanical destruction of the particles of the active

component.
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FIG. 4. HRTEM images of the 50LS–50LC sample after reaction

FIG. 5. Raman spectra of the La-containing materials and composites
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FIG. 6. IR spectra of the La-containing initial materials and composites

FIG. 7. XRD data for initial La-containing materials/composites and La-containing materi-

als/composites after testing in ammonia decomposition reaction
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As can be seen at 700 ◦C (PCFC operating temperature), our catalysts are quite active compared to other PCFC

materials (for example, NiCo/LST on Sm0.2Ce0.8O1.9). It is also clear that non-standard materials can be used here,

which are usually not used as an anode, for example, LS, LC and composites based on them. According to the results of

XRD, RAMAN, IR spectroscopy and TEM, it can be seen that the LS phase is quite stable in an ammonia environment,

but most importantly, it is perfectly compatible with the electrolyte, which will help simplify the design of the PCFC.

4. Conclusions

The LS and LC phases and composite materials based on them, promising for use in PCFC running on ammonia, have

been synthesized. The best result in the decomposition of ammonia at 700 ◦C and WHSV of 60,000 ml NH3·g
−1

cat·h
−1

shows LC – 99%, the worst LS – 80%. Under the conditions of a stability experiment which is carried out also at a

temperature of 700 ◦C and WHSV of 60,000 ml NH3·g
−1

cat·h
−1, the degree of ammonia conversion reaches 99% in LC,

and 93% in 40LS–60LC, and in 50LS–50LC composite decreases from 87 to 85 % during the first 7 hours and remains

unchanged for 40 hours.

Also, it was found that under the influence of a reaction medium, the LC phase decays to form cobalt and La(OH)3
nanoparticles. These data are confirmed by the results of XRD, IR, Raman and TEM studies. In the sample after the

test, during the decomposition of ammonia, according to XRD data, characteristic peaks of La(OH)3 are observed, as

evidenced also by the IR absorption band at 3610 cm−1. The presence of the active component, cobalt, is confirmed by

XRF and TEM data. At the same time, according to the PEM data, the LS phase does not undergo significant changes.
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