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Abstract: This paper reviews the research status and development trends of lattice-foam composite structural materials.
It introduces the characteristics and applications of lattice metallic materials and metallic foam materials among ultra-
light porous materials, and points out their respective shortcomings. Subsequently, it elaborates on the research progress
of lattice-foam composite structural materials at home and abroad, including the research achievements of research teams
such as Xi’an Jiaotong University and the University of Virginia in the United States. Then, the key technologies in the
preparation process of lattice-foam composite structural materials are discussed in detail, such as the rapid prototyping
technology for special-shaped parts of porous materials, the friction stir welding technology for metallic foams, and the
large-area joining and composite technology between the core and face sheets of composite structures. Finally, the research

on lattice-foam composite structural materials is summarized and prospected.
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1. Introduction

As discontinuous metal matrix structural materials, ultra-light porous materials have broad application prospects
in aerospace, architecture, military industry, energy, transportation and other fields. They are divided into two
categories: lattice materials and foam materials, each with unique properties and characteristics, but also with
certain limitations . To overcome these shortcomings, research institutions at home and abroad have proposed
a new type of lightweight porous metallic material that combines lattice structures with foam structures. This
material integrates the advantages of both and exhibits better performance and application potential. Therefore,
the research on lattice-foam composite structural materials holds significant scientific significance and application

value.
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2. Overview of lattice metallic materials and metallic foams

2.1. Lattice metallic materials

Lattice metallic materials are advanced lightweight and multi-functional materials with high porosity and
periodic structures, among which corrugated structures are a typical type. Corrugated structures possess a series
of advantages such as light weight, high strength, high rigidity, heat insulation, and sound insulation, thus being
widely applied in various fields. However, they exhibit poor transverse deformation resistance and are prone to
distortion, which limits their application under conditions involving large torsional loads or transverse tensile/

compressive loads.

2.2. Metallic foams

Metallic foams are multi-functional materials with a large number of interconnected or closed pores, featuring
excellent properties including light weight, sound absorption, heat insulation, flame retardancy, and impact energy
absorption. Compared with lattice metallic materials, metallic foams have advantages such as isotropy, low cost,
and ease of processing. If applied in manufacturing fields such as aircraft components and vehicle bodies, they
will generate significant economic benefits. Aluminum foam is the most widely used and extensively studied type
of metallic foam. It is often used as a core material combined with traditional dense metals to form composite
components with a “sandwich”-like structure, so as to achieve optimal mechanical properties. However, currently,
the finished aluminum foam plates at home and abroad generally have dimensions within 2000mm X 2000mm.
The cost of preparing larger-sized plates increases sharply, and numerous defects are likely to occur, which
restricts their application in the manufacturing of large-scale components.

3. Research status of lattice-foam composite structures

3.1. Domestic research status

Among domestic research institutions, the research team led by Lu from Xi’an Jiaotong University is in a leading
position in the research of lattice-foam composite lightweight materials. The third-generation ultra-light porous
materials (lattice-foam composite materials) proposed by this team are obtained by bonding lattice metallic
materials with cut aluminum foam, resulting in multi-functional composite porous materials with good appearance.
They have successfully prepared various types of lattice-foam composite materials such as foam-filled corrugated
sandwich panels and foam-filled grid sandwich panels, and applied for related patents *. In addition, other
scholars from the university have conducted research on some properties of lattice-foam composite structures.
Regarding other domestic institutions, some scholars have proposed different types of lattice-foam composite

structural materials and studied their properties >

, as shown in Figure 1.

Figure 1. Lattice-foam composite structural sandwich panel.
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3.2. Overseas research status

In overseas research, as early as 2000, Italian scholar Torre proposed a composite corrugated structural sandwich
panel filled with phenolic resin foam "', However, this was not a true structural and functional study on lattice-
foam composite materials. Since then, overseas research on lattice-foam composite structures has been scarce.
Scholars such as Vaziri ef al., Shukla et al. from the University of Rhode Island (USA), and the research team
from the University of Virginia (USA) have separately proposed lattice sandwich structural materials filled with
different substances and studied their properties " In general, current research on lattice-foam (or solid-filled)
composite structures at home and abroad is extremely limited. Only the University of Virginia in the United
States and Xi’an Jiaotong University in China have carried out research on a certain scale. Furthermore, most of
the structures studied by overseas institutions use polyester materials as fillers, while those developed by Lu’s
team mainly adopt metallic foam fillers, this is more conducive to exerting the advantages of composite materials
as structural materials "'*'"". Table 1 presents a summary and comparison of the research status of lattice-foam

composite structures at home and abroad.

Table 1. Summary of the research status of lattice-foam composite structures at home and abroad

University or scholars Characteristics of composite structure Main research directions
Xi’an Jiaotong University Metal lattice-metallic foam filled Deformation resistance, impact resistance
University of Virginia Metal lattice-polymer filled Impact resistance

Metal (or composite material), lattice-

Other domestic scholars metallic foam (or polymer) filled

Mechanical properties
Functional characteristics such as heat insulation and sound

Other overseas scholars Metal lattice-polymer filled . .
insulation

4. Key preparation technologies for lattice-foam composite structures

4.1. Rapid prototyping (RP) of special-shaped porous material components

The aluminum foam filled between lattice metals features an irregular (special-shaped) structure. Currently, there are
generally two methods for the preparation and compounding of aluminum foam in lattice-foam composite materials
at home and abroad, both of which have limitations "">'*". In recent years, rapid prototyping (RP) technology has been
successfully applied to the preparation of special-shaped components of non-metallic porous materials for medical use
and has begun large-scale commercialization. Many research institutions have conducted and successfully completed
experiments on preparing porous metallic materials using RP technology "*'”. The indirect rapid prototyping
technology for porous materials first involves fabricating a master mold with specific pores via rapid prototyping;
this master mold is then used as a preform to produce porous materials through processes such as precision casting
or infiltration casting ""*"”). The technological process of indirect porous material preparation is shown in Figure 2.
RP technology enables the customized production of aluminum foam finished products or preforms that perfectly
match the gap shape of the lattice structure. However, research on the rapid prototyping of porous metals with small,

disordered pores is still under continuous exploration and development.
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Rapid Prototyping Wax Mold  Making Investment Mold with Wax Mold ~ Wax Melting and Dewaxing Cavity Filling Obtaining Finished Product by
Aqueous Solution of Investment Mold

Figure 2. Process flow of porous aluminum production via the indirect method.

4.2. Joining and compounding technologies for lattice-metallic foam composites

4.2.1. Friction stir welding (FSW) technology for metallic foams

In traditional preparation methods of lattice-foam composite materials, bonding or free expansion diffusion
bonding is mostly used to join foam materials and lattice materials, resulting in low strength at the interface
between the two materials. Friction stir welding (FSW) is a novel welding method that achieves metallurgical
bonding of joints without the need for a special environment or high energy input. Nevertheless, brazing or
diffusion welding is generally employed for welding porous materials, and there are almost no reports on FSW of
metallic foams at home and abroad. Since fusion welding methods such as laser welding and TIG welding share
many similarities with FSW, and FSW possesses unique advantages in welding difficult-to-weld materials, the

application of FSW technology to the joining of metallic foams is feasible ***".

4.2.2. Joining and compounding technology for composite cores and face sheets

Another key challenge in preparing large-scale corrugated sandwich panels filled with aluminum foam lies in
the large-area joining technology between the composite core and face sheets. The primary issue encountered
in joining stainless steel and aluminum foam is the formation of brittle intermetallic compounds during Al/Fe
welding. The application of roll bonding/diffusion bonding for finished metallic foam sandwich panels is limited.
In contrast, transient liquid phase (TLP) bonding can significantly reduce the required pressure by introducing an
activation effect, effectively solving the problem that aluminum foam cannot form plastic joints due to its poor
pressure resistance. However, there are very few domestic and foreign reports on TLP welding between aluminum
foam and stainless steel sheets. Nevertheless, its application in the large-area joining of lattice-foam cores and

stainless steel face sheets holds great promise **.

5. Conclusion

Research on lattice-foam composite structural materials remains limited globally, with substantive work primarily
concentrated at the University of Virginia in the United States and Xi’an Jiaotong University in China. These
materials combine the respective advantages of lattice metallic structures and metallic foams, offering substantial
potential for advanced engineering applications. Their fabrication relies on several key enabling technologies,
including rapid prototyping of complex porous geometries, FSW for metallic foams, and large-area joining
methods for integrating composite cores with face sheets. Looking ahead, further studies should focus on
extending rapid prototyping techniques to the fabrication of small, irregular porous metal structures, refining
FSW processes for metallic foams, and advancing large-area joining technology. Such developments will improve
the performance, reliability, and manufacturability of lattice-foam composite materials, thereby supporting their
broader adoption across diverse application domains.
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