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Abstract 
Intermetallic compounds of transition metals, especially lanthanides, and the new phases based on them attract the 
attention of researchers as effective adsorbers for hydrogen. Using physicochemical analysis techniques, including 
Differential Thermal Analysis (DTA), Powder x-ray Diffraction (PXRD) and Scanning Electron Microscope (SEM), the 
ternary La-Ni-Ce system was investigated across the LaNi5-CeNi5, LaNi5-CeNi, and LaNi-CeNi polythermal quasi-
binary sections. The corresponding (T-x) phase diagrams have been constructed for the title system. The phase 
diagrams are quasi-binary and of the eutectic type. The systems have revealed wide regions of solid solutions based 
on starting compounds LaNi5, LaNi, CeNi5, CeNi. It has been established that the coordinates of the eutectic point 
formed on the basis of the initial components for the LaNi5-CeNi5, LaNi5-CeNi, and LaNi-CeNi sections are 50 mol% 
CeNi5, 1150 °C, 68 mol% CeNi, 650 °C, and 50 mol% CeNi, 620 °C, respectively. The obtained variable-composition 
phases can be considered as promising materials for hydrogen absorption. 
Keywords: Transition metals; intermetallic compounds; LaNi5; CeNi5; solid solution; phase diagram. 
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Анотація 
Інтерметалідні сполуки перехідних металів, особливо лантаноїдів, та нові фази на їх основі привертають 
увагу дослідників як ефективні адсорбенти водню. За допомогою методів фізико-хімічного аналізу, 
включаючи диференційний термічний аналіз (ДТА), порошкову рентгенівську дифракцію (PXRD) та 
скануючу електронну мікроскопію (SEM), була досліджена трикомпонентна система La-Ni-Ce в 
політермальних квазібінарних ділянках LaNi5-CeNi5, LaNi5-CeNi та LaNi-CeNi. Для зазначеної системи 
побудовано відповідні фазові діаграми (T-x). Фазові діаграми є квазібінарними та евтектичного типу. 
Системи виявили широкі області твердих розчинів на основі вихідних сполук LaNi5, LaNi, CeNi5, CeNi. 
Встановлено, що координати евтектичної точки, утвореної на основі вихідних компонентів для ділянок 
LaNi5-CeNi5, LaNi5-CeNi та LaNi-CeNi, становлять відповідно 50 моль% CeNi5, 1150 °C, 68 моль% CeNi, 650 °C та 
50 моль% CeNi, 620 °C. Отримані фази зі змінним складом можна вважати перспективними матеріалами для 
адсорбції водню. 
Ключові слова: перехідні метали; інтерметалічні сполуки; LaNi5; CeNi5; твердий розчин; фазова діаграма. 
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Introduction 
Hydrogen energy is considered one of the 

most promising directions among alternative 
energy sources due to its ecological benefits, 
economic viability, and high energy density. For 
comparison, hydrogen has an energy density of 
120.4 mc/kg, nearly three times higher than 
gasoline's energy density of 46 mc/kg [1–8].  

Recent studies have focused on the metal 
alloys and intermetallic compounds of transition 
elements, especially lanthanides, highlighting 
their efficiency as hydrogen absorbers and their 
capability to produce high-purity hydrogen 
during desorption at relatively low temperatures 
[9–16]. Alloys within the Ln-Ni (Ln = La, Ce) 
system have been identified as highly promising 
for practical use in hydrogen adsorption and 
storage. Partial substitution of the metals in the 
intermetallic compounds LaNi5 and CeNi5 with 
other d- and f-transition elements has led to 
notable enhancements in the key properties 
required for efficient hydrogen accumulation and 
desorption [17–23]. Considering the role of phase 
diagrams in understanding the nature of phase 
equilibria, thermal stability and other 
technological parameters in the search for new 
materials [24–33], this article presents the 
results obtained from the study of polythermal 
sections LaNi5-CeNi5, LaNi5-CeNi and LaNi-CeNi 
within the La-Ni-Ce ternary system. 

Starting compounds. The initial components of 
the studied systems have been extensively 
investigated in several studies. It has been 
established that the compounds LaNi5 and LaNi 
melt congruently at 1350 °C and 715 °C, 
respectively [34]. The LaNi5 compound 
crystallizes in the hexagonal syngony (space 
group P6/mmm) with lattice parameters of a = 
5.008 Å and c = 3.9830 Å [35]. LaNi, on the other 
hand, crystallizes in the orthorhombic syngony 
(space group Cmcm) with lattice parameters a = 
3.9070 Å, b = 10.8100 Å, and c = 4.3960 Å [36]. 

The compounds CeNi5 and CeNi melt 
congruently at 1340 °C and 700 °C, respectively 
[37]. The CeNi5 compound crystallizes in the 
hexagonal syngony (space group P6/mmm) with 
lattice parameters a = 4.8600 Å and c = 3.9960 Å 
[38], while the CeNi compound crystallizes in the 
orthorhombic syngony (space group Cmcm) with 
lattice parameters a = 3.7880 Å, b = 10.5560 Å, 
and c = 4.3660 Å [36]. 

 

Experimental section  
Synthesis. For the study, the compounds LaNi5, 

CeNi5, LaNi, and CeNi were synthesized in 

stoichiometric ratios from high-purity (h.p.) 
elements within evacuated graphitized quartz 
ampoules at a pressure of 10⁻³ Pa. The prepared 
ampoules were initially held at 400 °C for 12 
hours, after which the temperature was gradually 
increased to 30–50 °C above the melting points of 
the initial components. To ensure the completion 
of the reaction between the elements, the alloys 
were mechanically stirred several times during 
the synthesis process. Subsequently, the resulting 
alloys were homogenized at 550 °C for 400 hours.  

The individuality of the synthesized 
compounds was verified using differential 
thermal analysis (DTA) and X-ray phase analysis 
(XRD). The melting temperatures of the LaNi₅, 
CeNi₅, CeNi, and LaNi compounds were 
determined based on heating curves, and the 
results correspond to those reported in the 
literature [34–38].  

Samples of the studied systems were prepared 
in stoichiometric ratios from binary compounds 
and synthesized in evacuated ampoules at 
temperatures 30 °C above the melting points of 
the initial components. The resulting alloys were 
thermally treated at 550 °C for 500 hours. 

Research methods. The research was carried 
out using DTA and XRD techniques. DTA 
measurements were conducted on a NETZSCH 
STA 449 F3 device equipped with a platinum-
platinum-rhodium thermocouple, over a 
temperature range from room temperature to 
approximately 1400 °C, at a heating rate of 
10 K/min. The accuracy of the temperature 
measurements was ±2 K.  

XRD analysis was conducted by capturing the 
powder diffraction patterns of the samples on a 
"D2 Phaser" diffractometer (Bruker, Germany) 
using CuK radiation. The angular range was -
50≤20≤80, with a scanning speed of 0.030–0.2 
per minute. 

The SEM analysis of some polished samples 
was performed using a TESCAN Vega 3 SBH 
scanning electron microscope.  

 

Results and discussion 
LaNi₅-CeNi₅ section. To investigate the LaNi₅-

CeNi₅ section, 11 alloys with stoichiometric 
compositions were synthesized from the initial 
components (Table 1). The DTA results of the 
thermally treated samples indicate that the 
nature of chemical interactions in the system is 
relatively simple, and during heating, two 
endothermic effects characterizing the liquidus 
and solidus were observed in all alloys, except at 



950 
 

 Journal of Chemistry and Technologies, 2025, 33(4), 948-957 

the eutectic point (e) at 50 mol.% CeNi₅ (Figure 2a).  

 
Fig. 1. Powder diffraction pattern of the alloy of the LaNi5-CeNi5 system. 1 – LaNi5, 2 – 20 mol%CeNi5,  

3–40 mol%CeNi5, 4 – 80 mol%CeNi5, 5 – CeNi5 

 

The powder diffraction patterns of the 
thermally treated samples are shown in Figure 1. 
As seen in the figure, the diffraction pattern of the 
alloy with 50 mol% CeNi₅ consists of diffraction 
lines corresponding to LaNi₅ and CeNi₅ (α+α′), 
indicating a two-phase mixture. The diffraction 
patterns of alloys with 0÷20 and 80÷100 mol% 
CeNi₅ compositions exhibit diffraction features 
qualitatively identical to those of pure LaNi₅ and 
CeNi₅ compounds. This indicates the presence of 
extensive homogeneity regions based on these 
compounds. The dependence of lattice 
parameters on composition for selected alloys 
from the homogeneity region is shown in Figure 
3a. As can be seen, this dependence exhibits a 
linear character according to Vegard's rule and is 

consistent with the corresponding phase diagram 
(Fig.3a).  

Microstructure analysis has determined the 
solubility boundaries based on the LaNi5 and 
CeNi5 compounds. The solubility region is 
29 mol% based on LaNi5 and 35 mol% for CeNi5. 
In the concentration range of 30–65 mol.%CeNi5, 
the samples are two-phase.  

Using the combined processing of DTA 
(Table 1, Figure 2a), XRD, and SEM analysis 
results, the phase diagram of the LaNi5-CeNi5 
system was constructed (Figure 3b). The system 
is of a simple eutectic type and is characterized 
by the presence of extensive solid solution 
regions based on the initial components. 

Table 1 
Results of DTA for LaNi5-CeNi5 alloys 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

The liquidus of the system consists of the 
primary crystallization curves of the α- and α'-

phases. The system forms an eutectic based on 
both initial components, corresponding to a 

 
№ 

Composion, mol% Temperature, 0C 

LaNi5 CeNi5 

1 100 - 1350 

2 90 10 1325; 1275 

3 80 20 1275; 1225 

4 70 30 1250; 1185 

5 60 40 1200; 1150 

6 50 50 1150 

7 40 60 1200; 1165 

8 30  70 1235; 1200 

9 20 80 1275; 1225 

10 10 90 1315; 1275 

11 - 100 1340 
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composition of 50 mol% CeNi5 and crystallizing 
at 1150 °C. At the eutectic temperature, the 
solubility region is 40 and 60 mol% CeNi5. The 
homogeneity regions of the α- and α'-phases 

decrease as the temperature drops, and at room 
temperature, the solubility corresponds to 0–29 
and 65–100 mol% CeNi5, respectively.   

 
Fig. 2. Thermal curves of some alloys in the LaNi5-CeNi5(a) and LaNi-CeNi (b) sections 

 

 
 

Fig. 3. Phase diagram of the LaNi5-CeNi5 section (b) and  
unit cell parameters versus composition for solid solutions (a) 

 

It should be noted that, in order to determine 
the boundaries of the solubility region in the 
phase diagram depending on temperature, some 
compositions (Fig. 3b) were synthesized 
separately and thermally treated at 1000 °C, 
900 °C, and 800 °C. After heat treatment at each 
temperature, the samples were quenched directly 
in ice water. The obtained samples were 

examined using SEM (Scanning Electron 
Microscopy) analysis (Fig. 4). As seen in the 
figure, the sample with 35 mol% CeNi₅ (Fig.4a) 
composition is single-phase, while the sample 
with 37 mol% CeNi₅ (Fig.4b) composition is two-
phase at room temperature. 

Similarly, in other systems studied, the 
boundaries of the solid solution regions 
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depending on temperature were determined using the same method.  
 

 

 
Fig. 4. SEM images of the samples containing 35 mol%CeNi5 (a) and 37 mol% CeNi5 (b) in the LaNi5-CeNi5 system 

 

LaNi5-CeNi section. To investigate DTA, alloys 
with compositions of 10, 20, 30, 40, 50, 60, 70, 80, 
and 90 mol% CeNi were synthesized (Table 2). 
Thermograms of the equilibrated alloys were 
recorded, and two effects were observed in the 

samples (except for 68 mol% CeNi). One of these 
thermal effects characterizes the liquidus 
temperature, while the other corresponds to the 
solidus temperature. 

 
Table 2 

Results of DTA for LaNi5-CeNi alloys 
 
№ 

Composions, mol% Temperature, 0C 

LaNi5 CeNi 

1 100 - 1350 

2 90 10 1325; 1245 

3 80 20 1285; 825 

4 70 30 1250; 675 

5 60 40 1200; 650 

6 50 50 850;  650 

7 40 60 740;  650 

8 30 70 650 

9 20 80 675; 650 

10 10 90 690;  665 

11 - 100 700 

XRD analysis reveals that the diffraction 
patterns of samples with 15 and 95 mol% 
CeNi are identical to the diffraction patterns 
of the initial components (Figure 5). As seen 
in the figure, a wide solubility region is 
observed for both initial components. The 
diffraction pattern of the powder 
diffractogram of alloys with >20 mol% CeNi 
aligns with that of the LaNi5 compound. The 
diffraction patterns of samples with 10–

80 mol% LaNi5 compositions consist of a 
mixture of the diffraction patterns of the 
initial components, further proving that no 
new phase forms in the section. Using the 
TOPAS V3.0 software, the lattice parameters 
of some samples from the solid solution 
region were calculated based on their 
powder diffraction patterns (Figure 6a). As 
illustrated in the figure, this dependence 
displays a linear behavior.  
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Fig. 5. Powder diffraction pattern of the alloy of the LaNi5-CeNi system. 1 – LaNi5, 2 – 15mol% CeNi,  

3 – 50mol% CeNi, 4 – 95 mol% CeNi, 5 – CeNi 
 

The phase diagram of the LaNi5-CeNi system 
was constructed using data from DTA, XRD, and 
SEM analyses (Figure 6b). The liquidus of the 
system consists of two curves characterizing the 
primary crystallization of solid solutions based 
on LaNi5 (α) and CeNi (β). The system is quasi-
binary and belongs to the eutectic type. The 
eutectic has a composition of 68 mol% CeNi and 
crystallizes at 650 °C. The solubility based on the 
initial components is maximal at the eutectic 

temperature (650 °C), reaching 30 mol% CeNi 
and 18 mol% LaNi5, respectively. SEM indicates 
that alloys with 0–20 mol% and 92–100 mol% 
CeNi compositions are single-phase (Fig.7a), 
whereas alloys with 20–92 mol% CeNi 
compositions are two-phase (Fig.7b). In the 
subsolidus region, all alloys in the composition 
range of 35–85 mol% CeNi consist of two-phase 
(α and β/) mixtures. 

 

 
 

Fig. 6. Phase diagram of the LaNi5-CeNi section (b) and unit cell parameters versus composition for solid  
solutions (a) 



954 
 

 Journal of Chemistry and Technologies, 2025, 33(4), 948-957 

 
Fig. 7. SEM images of the samples containing 22 mol%CeNi (a) and 24 mol%CeNi (b) in the LaNi5-CeNi system  

 
In the LaNi-CeNi section, 11 alloys (Table 3) 

were synthesized under optimal synthesis 
conditions and homogenized at 550 °C for 
approximately 500 hours. Thermograms 
recorded for DTA revealed two endothermic 

effects. Only the sample with 50 mol% CeNi 
composition exhibited a single thermal effect at 
620 °C, which characterizes the eutectic 
equilibrium (e) (Fig. 2b). 

 
Table 3 

Results of DTA for LaNi-CeNi alloys 
 

№ 
Composions, mol% Temperature, 0C 

LaNi CeNi 

1 100 - 715 

2 90 10 710; 660 

3 80 20 705; 630 

4 70 30 700; 620 

5 60 40 765; 620 

6 50 50 620 

7 40 60 665; 620 

8 30 70 675; 620 

9 20 80 685; 640 

10 10 90 695; 660 

11 - 100 700 

To precisely determine the boundaries of the 
solid solution regions in the system based on the 
initial components, several samples with specific 
compositions (10 and 15 mol% for LaNi, and 80 
and 85 mol% for CeNi) were resynthesized. 
Similary, in this system, the parameters of the 
unit cell are linear depending on the composition 
of solid solutions (Fig. 8a). 

The phase diagram of the LaNi-CeNi section 
was constructed (Fig. 8b) using data from DTA 
(Table 3 and Fig. 2b), XRD, and SEM analyses. 

The system was identified as quasi-binary, 
with the phase diagram classified as eutectic in 
nature. The liquidus of the system consists of two 
curves corresponding to the primary 

crystallization of LaNi and CeNi. The boundaries 
of the β and β/ solid solutions observed based on 
both components have been refined with SEM 
analysis (Fig.9). For example, as illustrated in 
figure 9, the sample with 10 mol% CeNi 
composition (Fig.9a) exhibits a single-phase 
structure, whereas the sample with 12 mol% 
CeNi composition (Fig.9b) displays a two-phase 
structure. In the system, 12 mol% CeNi dissolves 
in LaNi, while 20 mol% LaNi dissolves in CeNi. In 
the subsolidus region, joint crystallization of the 
LaNi and CeNi phases occurs within the 
concentration range of 12 mol% to 80 mol% 
CeNi. The coordinates of the eutectic are 50 mol% 
LaNi, with a temperature of 620 °C. 
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Fig. 8. Phase diagram of the LaNi-CeNi section (b) and unit cell parameters versus composition for solid solutions (a)  

 

 
Fig. 9. SEM images of the samples containing 10 mol% CeNi (a) and 12 mol% CeNi (b) in the LaNi-CeNi system  

 

Conclusion 
Thus, the aforementioned sections of the La-

Ni-Ce ternary system were investigated using 
physicochemical analysis methods, and their 
phase diagrams were constructed.  It has been 
determined that all three systems are quasi-
binary and are characterized by the formation of 
limited solubility regions based on the initial 
components. The coordinates of the eutectic 
formed based on the initial components for the 
LaNi5-CeNi5, LaNi5-CeNi, and LaNi-CeNi sections 
are, 50 mol% CeNi5 at 1150 °C, 68 mol% CeNi at 
650 °C, and 50 mol% CeNi, respectively, at 
620 °C. The studied systems are characterized by 
the formation of solid solution regions based on 

the initial compounds. Thus, at a temperature of 
300 K, the solubility ranges are 29 and 35 mol% 
in the LaNi5-CeNi5 system, 20 and 8 mol% in the 
LaNi5-CeNi system and 12 and 20 mol% in the 
LaNi-CeNi system, based on the initial 
components, respectively. The phase diagrams 
examined in the system represent a theoretical 
approach to determining the initial technological 
parameters of the corresponding materials. The 
properties of the resulting materials can be 
optimized by changing the composition of the 
resulting solid solutions. 
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