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Abstract: Lanthanum zirconate porous material is a kind of high porosity materials with nanoparticles or
microparticles as the basic building unit. These materials exhibit exceptionally low thermal conductivity and maintain
remarkable phase stability up to their melting point, making them particularly promising for thermal insulation
applications in the aerospace industry. However, sintering problems of lanthanum zirconate porous materials cause
collapse and shrinkage of pore structure, resulting in relatively poor thermal resistance and thermal insulation.
Researchers have employed precise control over pore sizes and particle dimensions to optimize the mesostructure,
leading to a significant reduction in thermal conductivity. Specifically, template-based methods enable precise
control over pore sizes at the micro-nano scale, while Sol-Gel techniques combined with varied drying processes

facilitate regulation of particle dimensions at the nanoscale. Concurrently, introduction of single- or multi-element
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doping has proven effective in inducing controlled lattice distortion, which subsequently weakens thermodynamic

diffusion processes and suppresses high-temperature grain growth. This dual strategy of morphological control and

compositional engineering has substantially improved both thermal insulation capability and temperature resistance

of lanthanum zirconate porous materials. This review begins by introducing crystal structure of lanthanum zirconate,

highlighting its advantages in phase stability and doping capability. It then systematically surveys recent

developments in fabrication technologies and modification strategies for lanthanum zirconate-based porous thermal

insulation materials, with particular emphasis on advances in mesostructural optimization and elemental doping

methodologies. A detailed analysis is provided on the distinct mechanisms through which these approaches suppress

thermal conduction and enhance high-temperature stability. Finally, this review concludes by outlining promising

avenues for future research.

Key words: porous lanthanum zirconate; thermal insulation; structural controlling; element doping; review
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Fig. 5 Hollow-grained La,Zr,0- ceramics

[41]

(a-c) Microstructures of hollow-grained La,Zr,0; ceramics and (d) corresponding selected area electron diffraction pattern of the bulk;
(e) Thermal performance of hollow-grained La,Zr,07 ceramics; (f) Thermal conductivity of La,Zr,O; ceramics at various temperatures;
(g) Mercury intrusion results with inset showing stacked column chart; (h) Illustration of heat transfer paths
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(a) 13.7%; (b) 10.5%; (c) 6.4%; (d) 4.6%; (e) Micro-computed
tomography of LZO porous ceramics (sample with coating content of
10.5%, in volume)
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(a-c) E20; (d-f) E40; (g-i) E60

[51]

k1 LS FLIE b RS 5157

Table 1 Basic properties of lanthanum zirconate porous materials for thermal insulation

[47, 51-57]

Specific surface Average pore Nanoparticle Thermal conductivity/ Density/

1 *

Precursor Drying process area/| (m2 : g‘l) size/nm size/nm (W~m'l K (g cm™ ) Ref.
Zr(NO3)4-5H,O EtOH 413.2 12.3 14.5 - - [51]
La(NOs);-6H,0
Zr(NO3)4-5H,O Ambient pressure 302.9 22.2 90.9 - - [52]
La(NO3);-6H,0O drying
Zr(CH5COO0), EtOH 325.17 40-50 25-35 0.071 (RT) 1.78 [54]
La(NO3)3 6H20
ZrOCl,-8H,0 Ambient pressure - - 40-100 - - [55]
La(NO;);-6H,O  drying
Zr(NO3)4-5H,O Freeze drying 594.85 3645 20-28 0.033 (RT) - [53]
La(NOs;);-6H,0 0.051 (800 C)

Zr(OPr), CO, 100 40 70 - - [56]
La(NO;); 6H20

Zr(NO3)4-5H,O Ambient pressure 89 3.7 70 - - [47]
La(NOs;);-6H,0 drying

Zr(NOs), 5H,0 EtOH 470.8 22.3 12.74 - - [57]

La(NO;); 6H20

*EtOH is ethanol supercritical drying; CO, is CO, supercritical drying.
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(a) N, adsorption-desorption isotherms; (b) Pore size distribution curves; (¢) Specific surface area and pore volume of LZS aerogels at 1000 C

heat treatment; (d) Specific surface area and porosity of LZS0 and LZS10 aerogels at different heat temperatures
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(a-f) SEM images of (LaCeNdSmEu),Zr,0; ceramics calcined at (a, d) 750, (b, €) 950 and (¢, f) 1150 °C; (g) EDS-mappings of the sample
calcined at 950 °C; (h) Diameter shrinkage of cylindrical samples and photographs of LZO and RZO as pressed and annealed at 1200

and 1400 ‘C for 2 h; (i) Thermal conductivities of RZO and LZO at 25 C and compressive strength of RZO
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