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Fabrication and characterization oF reaction-resistant LaYo3 MateriaL  
For the MeLting crucibLe oF MetaL FueLs

LaYo3 which has phase stability at high temperature is introduced as a promising candidate for reaction-preventing crucible 
materials with uranium-Zirconium (u-Zr) melt containing rare-earth elements (re). re is composed of rare-earth elements such 
as nd, Ce, Pr and La. The LaYo3 material was synthesized by a solid-state reaction method at elevated temperature according 
to a pseudo-phase diagram of LaYo3 and Y2o3. green compacts blended with La2o3 and Y2o3 powder were made by the Cold 
isostatic Pressing (CiP) method, with La2o3 and Y2o3 powders varying with molar ratios from 1.0 to 1:2. LaYo3 synthetics were 
fabricated at sintering temperatures ranging from 1450°C to 1600°C. LaYo3 pellets sintered at below 1550°C showed a highly 
dense orthorhombic phase with a perovskite structure, resulting in an enhancing reaction-resistant effect with re. 
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1. introduction

The transuranic (Tru) element, which is obtained through 
pyro-electrochemical processing of the spent fuels of pressur-
ized water reactors (Pwrs), is used to fabricate metal fuels for 
Sodium-cooled Fast reactors (SFrs) [1-4]. u-Tru-Zr-re metal 
fuels generally have a low centerline temperature and a fuel cycle 
economy [5-7]. re is composed of rare-earth elements consisting 
of 53wt.% nd, 25wt.% Ce, 16wt.% Pr, and 6wt.% La. metal fuel 
slugs are fabricated with an injection casting process operating 
under atmospheric pressure [8-10]. The metal fuel is melted in 
a graphite crucible slurry-coated or plasma-spray coated with 
Y2o3 to prevent melt/material interactions [11,12]. Since highly 
reactive re is included during the pyro-processing process, even 
the plasma-spray coated Y2o3 layer on the melting crucible reacts 
with re in the metal fuel and forms the reaction products of the 
re-Y-o system, which produces a considerable amount of fuel 
loss and a large amount of radioactive crucible waste. Therefore, 
it is necessary to develop an alternative reaction-resistant crucible 
material that prevents high reactivity with fuel melt to control 
the fuel loss and reduce the radioactive waste. The requirements 
for the reaction-preventing crucible material are thermal shock 
resistance at an elevated temperature, thermal compatibility with 

u-Zr-re fuel material, and phase stability at casting temperatures 
ranging from 1400°C to 1500°C. 

interlanthanide LaYo3 material, as a re-Y-o compound, 
is of interest as a potential candidate for thermal barrier coating 
in highly refractory materials due to its chemical and thermal 
stability [13]. The LaYo3 material has a stable orthorhombic 
perovskite structure which is almost 50 mol.% for each La2o3 
and Y2o3 in the phase diagram of the La2o3-Y2o3 system 
 [14-16]. The perovskite structure can improve the performance 
of the reaction-resistant material due to its chemical and thermal 
stability [17]. Hence, in this study we introduced the perovskite 
LaYo3 as an alternative reaction-preventing crucible material 
for fabrication feasibility and phase stability. LaYo3 pellets for 
the metal fuel melting crucible were prepared and characterized 
by a sintering method according to the pseudo-phase diagram 
of La2o3 and Y2o3.

2. experimental

in this experiment we used La2o3 powder with an irregular 
shape and a purity of 99.999% and a particle size of approxi-
mately 2.5 µm and Y2o3 powder with an angular shape and 
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a purity of 99.9% and a particle size of about 0.5 µm as raw 
materials for the fabrication of LaYo3. mixed powder slurries 
of La2o3 and Y2o3 powder with molar ratios of 1:1.0, 1:1.05, 
1:1.1, 1:1.15, and 1:1.2 were obtained through wet ball milling 
of La2o3 and Y2o3 powders for 24 hrs. The powder slurry was 
then annealed by heating at 1100°C for 10 hrs to remove foreign 
adhering substances and moisture. wet ball milling was again 
performed for 24 hrs to obtain a powder slurry with a uniform 
composition of the calcined powder. at this time, when the 
powder slurry was put into the spray-drying apparatus, the inlet 
and the outlet temperatures were fixed at 130°C and 70°C, and 
the rotation speed of the disk was in the range of 6000 rpm to 
7000 rpm. Spherical mixed powders with particle size ranging 
from 10 µm to 60 µm were prepared from the slurry of mixed 
powders through a spray drying and a sieving process. green 
compacts using the mixed powders of La2o3 and Y2o3 were 
made by cold isostatic pressing (CiP) with a molar fraction in 
the range of 50% to 54.5% of Y2o3. LaYo3 pellets were synthe-
sized by holding the temperature at 1450°C, 1500°C, 1550°C, 
and 1600°C for 10 hrs, according to the pseudo-phase diagram 
of La2o3–Y2o3 system [14-16]. The density of the sintered 
LaYo3 pellets was determined using an archimedean immer-
sion method. we investigated the microstructure of the sintered 
LaYo3 synthetics by scanning electron microscopy (Sem, xL 
series, Philips) combined with energy dispersive spectroscopy 
(eDS, 6l10, bruker). The phase structure of the sintered LaYo3 
synthetics was examined by x-ray diffraction (xrD, Dmax-
2500 pc, Rigaku) using Cu Kα radiation and a Ni filter. 

3. results and discussion

The x-ray diffraction patterns of the LaYo3 synthetic 
according to sintering temperature and a molar ratio of 1:1.1 
(La2o3 and Y2o3) sintered ranging from 1450°C to 1600°C 
are shown in Fig. 1. The LaYo3 sintered bodies had a similar 
x-ray diffraction pattern at sintering temperatures ranging from 
1450°C to 1550°C for 10 hrs as shown in Fig. 1(a). The x-ray 
diffraction patterns of the sintered bodies indicated the forma-
tion of a crystallized orthorhombic LaYo3 phase with a perovs-
kite structure (Pnma) at a sintering temperature of below 1550°C 
irrespective of the molar ratio of La2o3 and Y2o3 [14-16]. The 
perovskite orthorhombic LaYo3 phase is a thermodynamically 
stable phase from room temperature to 1585°C based on the 
pseudo-phase diagram between La2o3 and Y2o3 [17]. The per-
ovskite structure comprised an orthorhombic atom arrangement 
of the oxide ions and alternating layers of transition metal ions 
in the monoclinic coordination [18]. a monoclinic LaYo3 phase 
was named the b phase in the pseudo-phase diagram between 
La2o3 and Y2o3 [13-15]. However, it was confirmed that an 
ordered monoclinic phase (b phase) was formed partially in the 
LaYo3 pellet at a sintering temperature of 1600°C, regardless 
of the molar ratio of La2o3 and Y2o3 [19]. The LaYo3 formed 
a stable monoclinic phase (b phase) in the range of 1585°C to 
1730°C based on the pseudo-phase diagram between La2o3 and 

Y2o3 [17]. The LaYo3 pellets indicated similar x-ray diffrac-
tion patterns at a sintering temperature sintered ranging from 
1450°C to 1600°C as shown in Fig. 1(b), and the LaYo3 pellets 
showed a similar x-ray diffraction pattern at 1550°C at the same 
molar ratio of La2o3 and Y2o3, as shown in Fig. 1(b). The 
LaYo3 pellets formed with a stable orthorhombic perovskite 
structure at the fabrication temperature of metal fuel slugs rang-
ing from 1400°C to 1500°C [10]. Hence, we concluded that the 
perovskite structure of LaYo3 synthetics with structural phase 
stability can enhance the performance of the reaction-resistant 
crucible material for the injection casting of u-Tru-Zr-re  
metal fuels. 

The bulk density of the LaYo3 synthetics sintered for 10 hrs 
according to the molar ratio of La2o3 and Y2o3 is shown in Fig. 2. 
as the sintering temperature increased, the density of the LaYo3 
pellets prominently increased. The density generally shows an 
indirect indication of the internal defects such as pores in the 
LaYo3 pellet. The LaYo3 pellets sintered at 1450°C and 1500°C 

(a)

(b)
Fig. 1. The x-ray diffraction patterns of the LaYo3 synthetics accord-
ing to sintering temperature (a) and a molar ratio of 1:1.1 (La2o3 and 
Y2o3) sintered ranging from 1450°C to 1600°C (b)
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showed insufficient densification with a low relative density of 
59.6% and 72.1% due to the lack of consolidation, independently 
of the molar ratio. when the sintering temperature was raised to 
1550°C and 1600°C, the relative density increased greatly up 
to 89.8% and 97.1% of theoretical density with sufficient con-
solidation, irrespective of the molar ratio. we think that LaYo3 
phase was already formed below the sintering temperatures and 
then the LaYo3 grains could grow without the consolidation 
between La2o3 and Y2o3. The scanning electron micrographs of 
the LaYo3 pellet according to sintering temperature are shown 
in Fig. 3. The cross-sectioned micrographs of the LaYo3 pellet 
showed a similar densification at a constant sintering tempera-

ture, independently of the molar ratio. The LaYo3 pellets sintered 
at 1450°C and 1500°C showed many pores and an insufficient 
densification due to a lack of consolidation as shown in Fig. 2. 
The LaYo3 pellets sintered at 1550°C and 1600°C indicated 
a considerable densification and small pores, resulting in a high 
relative density of 89.8% and 97.1% with the progress of con-
solidation as shown in Fig. 2. 

4. conclusions 

in this study, we synthesized LaYo3 material as an alterna-
tive reaction-preventing crucible material by a sintering method 
based on the pseudo-phase diagram of La2o3 and Y2o3. The 
LaYo3 pellets were composed of a perovskite orthorhombic 
LaYo3 phase with phase stability at sintering ranging from 
1450°C to 1550°C, irrespective of the molar ratio of La2o3 
and Y2o3. The LaYo3 pellets sintered at 1550°C and 1600°C 
indicated a considerable densification and small pores, resulting 
in a high relative density of 89.8% and 97.1% of the theoretical 
density with the progress of consolidation, independently of the 
molar ratio. we propose that the LaYo3 synthetic is a promis-
ing candidate for a reaction-preventing crucible material for the 
injection casting of u-Tru-Zr-re metal fuels. 
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Fig. 3. The scanning electron micrographs of the LaYo3 pellets with a molar ratio of 1:1.1 (La2o3 and Y2o3) according to sintering temperature: 
(a) 1450°C, (b) 1500°C, (c) 1550°C, (d) 1600°C

Fig. 2. The bulk density of the LaYo3 pellets sintered for 10 hrs ac-
cording to molar ratio of La2o3 and Y2o3



436

reFerenCeS 

[1] T. abram, S. ion, energy Policy 36, 4323-4330 (2008). 
[2] H. Lee, g.i. Park, i.J. Cho, Sci. & Technol. nucl. install. 2013, 

1-11 (2013).
[3] generation iv international Forum, a Technology roadmap for 

generation iv nuclear energy Systems, 2002. 
[4] J.H. Jang, H.S. Kang, Y.S. Lee, H.S. Lee, J.D. Kim, J. radioanal. 

nucl. Chem. 295, 1743-1751 (2013). 
[5] C. Kim, D. Hartanto, Y. Kim, nucl. eng. Technol. 48, 351-359 

(2016). 
[6] Y.i. Jang, nucl. eng. Technol. 43, 161-170 (2007). 
[7] C.e. Stevenson, The ebr-ii Fuel Cycle Story, american nuclear 

Society, La grange Park, ill, uSa, 1987.
[8] J.H. Kim, H. Song, H.T. Kim, K.H. Kim, C.b. Lee, r.S. Fielding, 

J. radioanal. nucl. Chem. 299, 103-109 (2014).
[9] H.F. Jelinek, g.m. iverson, nucl. Sci. eng. 12, 405-411 (1962).
[10] P.S. Chen, w.C. Stevens, C.L. Trybus, in: Proceedings of Fall 

meeting of the metallurgical Society and aimPe, u.S.a 1-14 
(1992). 

[11] K.H. Kim, J.H. Kim, K.w. Hong, J.Y. Park, C.b. Lee, Surf. & 
Coat. Technol. 326, 429-435 (2017). 

[12] K.H. Kim, K.w. Hong, J.H. Kim, J.Y. Park, C.b. Lee, int. J. app. 
Ceram. Technol. 15, 991-998 (2018). 

[13] o. Fabrichnaya, m. Zinkevich, F. aldinger, int. J. mat. res. 97, 
1495-1501 (2006).

[14] m. mizune, a. rouanet, T. Yamada, Yogyo-Kyokai-Shi 84, 42-48 
(1976).

[15] J. Coutures, m. Foex, J. Solid State Chem. 11, 294-300 (1974). 
[16] D. wang, m. wright, n.K. elumalai, a. uddin, Sol. energy mater. 

Sol. Cells. 147, 255-275 (2016).
[17] m.m.v.m. Souza, r.v. Corte, L. Conceição, Structural and electri-

cal Properties of La0.7Sr0.3Co0.5Fe0.5o3 Powders Synthesized by 
Solid State reaction, 2013.

[18] n.a. Shafiqa, m.S. idris, C.a. Salmie Suhana, r.a.m. osman, 
T.Q. Tan, materials Science Forum 819, 117-122 (2015). 

[19] a.S. bhalla, r. guo, r. roy, mat. res. innovat. 4, 3-26 (2000).


	Yeo-Ul Song￼1*, Byeong Uk Song￼2, Joon Phil Choi￼3, Min-Kyo Jung￼3, Taeho Ha￼3, Pil-Ho Lee￼3
	Optimizing Time-Constrained Multi-Objective Process Parameters 
for Thin-Walled Maraging Steels Manufactured by Laser Powder Bed Fusion (LPBF)

	Haining Zhang￼1, Seung Ki Moon￼2, Min-Kyo Jung￼3, Pil-Ho Lee￼3, 
Taeho Ha￼3, Joon Phil Choi￼3*
	Conductivity and Flexibility Enhancement of Aerosol-Jet-Printed Sensors Using 
a Silver Nanoparticle Ink with Carbon Nanotubes

	Kweonho Kang￼1*, Seokmin Hong￼1, Changhwa Lee￼1
	Uncertainty Evaluation of the TGA Oxidation Data

	C.K. Rhee￼1*, D.J. Lee2, A.D. Maksimov￼3*, I.V. Beketov￼3,4, 
A.I. Medvedev3,4, A.M. Murzakaev￼3,4, O.V. Kul5
	Synthesis of Tin Oxide Nanopowders by the Spark Discharge Method

	Seung-Hyeok Shin￼1, Dong-Kyu Oh￼1, Sang-Gyu Kim￼1, Byoungchul Hwang￼1*
	Effect of Microstructural Constituents on Hydrogen Embrittlement Resistance 
of API X60, X70, and X80 Pipeline Steels

	Jaeyoon Bae1, Sumin Lee1, Kunok Chang2, 
Djamel Kaoumi3, Sanghoon Noh￼1*
	Microstructural and Tensile Property Differences between Ni-16Mo 
and ODS alloys Fabricated by the Powder Metallurgy Processes

	Sang-Yun Shin￼1, Seong-Ho Ha￼2*, Dong-Hyuk Kim￼2, Jaegu Choi￼2
	Effect of Cu Addition Above the Solubility Limit on Microstructure Formation 
and Cu Segregation in 800 MPa Grade Ductile Cast Iron During Solidification

	Sang-Gyu Park￼1*, Ki-Hwan Kim￼1, Jun Hwan Kim￼1
	Development of NdYO3 Powder Fabrication as a Reaction Preventing Raw Material 
for Metal Fuel Casting 

	Ki-Hwan Kim￼1*, Yong-Wook Choe1,2, Hoon Song1, 
Sang-Gyu Park￼1, Jun-Hwan Kim￼1
	Fabrication and Characterization of Reaction-Resistant LaYO3 Material 
for the Melting Crucible of Metal Fuels

	Jong-Deok Lim1, Hyun-Jong Kim1, Jei-Pil Wang￼2*
	Effects of Oxygen Partial Pressure and slag Basicity on the Behavioral Characteristics 
of Ni in Slag Drying Smelting

	Youn Ji Heo1, Eui Seon Lee1, Ji Young Kim1, 
Sung-Tag Oh1*, Jongmin Byun1*
	Hydrogen Reduction Behavior and Microstructure Characteristics 
of WO3-NiO-CuO Powder Mixture

	So-Yeon Park￼1, Joon Pyo Park￼1, Kee-Ahn Lee￼1*
	Microstructure and Wear Property of In-Situ Oxide Reinforced CrMnFeCoNi 
High Entropy Alloy Composite Fabricated by Selective Laser Melting

	Hoai-Han Nguyen￼1, Thi Thu Hien Nguyen￼1, Jong-Kil Kim￼2, Young-Sang Cho￼1*
	Synthesis of Silica Nanoparticles from Sodium Silicate 
and Carbon Dioxide as Reactants

	Hogyoung Kim1, Ye Bin Won2, Byung Joon Choi2*
	Barrier Inhomogeneity of Pt/GaN Junctions with a Low-Temperature 
ALD Grown ZnO Interlayer

	Min Gyoo Cho1, Jae Hee Go1, Byung Joon Choi1*
	Simplifying High-Density Memory: Exploiting Self-Rectifying Resistive Memory 
with TiO2/HfO2 Bilayer Devices

	Dong Wan Lee1, Jin Woo Kim1, Su Gwan Lee1, Dhin Van Cong1, 
Jin Chun Kim1*, Hwi Jun Kim2, Joong Gyeong Lim3, Tae Sik Yoon3
	Microstructural Characteristics of Modified ODS Ni-Based Superalloys Fabricated 
|using Laser-Powder Bed Fusion 


