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Introduction

At present, the energy, information and materials are the three pillar industries of social development. A large number of 
the high-performance functional materials have been developed continuously with the development of metal materials science 
and technology, the progress of material design, technology and performance test. Among them, porous structure materials have 
the characteristics of low relative density, large specific stiffness, damping energy absorption and sound absorption and noise 
reduction [1-3], therefore, it is considered to be the most potential functional material in twenty-first century by researchers. The 
interdisciplinary penetration of structural materials and functional materials is reflected in porous structures materials, which 
shows a wide far-reaching significance in the academic field and has a broad application prospect in field of the high technology 
and general industry. Therefore, porous structure material has become a one of the research hotspots for researchers to study 
[4-7].

Development Status of Porous Aluminum Foam

Aluminum, magnesium, copper, titanium, iron, and other metals and their alloys have been used to prepared the porous 
structures [8-11]. However, because aluminum has the advantages of abundant reserves, low density, good ductility and strong 
corrosion resistance, resulting in it being the most commonly used to fabricate the porous structure materials [12]. In general, 
the porous structure materials are categorized into two types. The first is metallic foams, which is commonly characterized by 
closed-cell aluminum foam [13], and the other is called porous metals, which is mostly characterized by open-cell aluminum 
foam [14]. The unique mechanical properties and mature processing technique of the aluminum foam made it had been used 
widely in the fields of national defense military, rail Transit, construction decorate, automobile traffic, warship manufacturing 
and aeronautic and aerospace engineering [15-17]. The closed-cell aluminum foam was first prepared at the end of 1940s. In 
1948, A.Sosnick fabricated the first closed cell aluminum foam by means of gasification of the mercury in aluminum melt [18]. 
However, since then, the development of closed-cell aluminum foam has been relatively slow. The rapid development of closed-
cell aluminum foam began in the late 80s of last century, which is mainly attributed the success to the finding of the increasing 
viscosity effect of the calcium particles on aluminum melt by researchers [19]. Until now, the main preparation methods of 
closed-cell aluminum foams are the melt foaming method [20,21], gas injection method [22,23] and powder compact melting 
technique [24], moreover, the fabrication technology of closed-cell aluminum foam, foaming mechanisms and cell structure 
control methods have been studied extensively and mastered basically. The first open-cell aluminum foam was manufactured 
by Ethly in 1956 [25]. So far, the preparation technology of open-cell aluminum foam mainly included investment casting, 
space holder infiltration, and powder metallurgy [26-28]. The open-cell aluminum foams prepared by the above method have 
good inheritance to the porous structure of the parent material and depends on the porous structure of the parent material. In 
addition, 3D printing technology can also be used in the preparation of open-cell aluminum foam [8].

The demand of high technology and general industry fields for special-shaped foam aluminum is becoming increasing 
with the wide application of the aluminum foam and the continuous improvement of industry requirements for lightweight 
[29]. However, the existing closed-cell foam preparation technology is only suitable for preparing block, plate-like closed-cell 
aluminum foam and aluminum foam sandwich panels [30,31]. On the one hand, it is necessary to add certain particles into the 
aluminum melt to increase the viscosity of the melt when the melt foaming method, gas injection method are used to prepare 
closed cell aluminum foam [32], which made the closed-cell aluminum foam had poor mold filling ability and cell stability in 
liquid state, as shown in Figure 1(a). On the other hand, the closed-cell aluminum foam will collapse layer-by-layer when it 
deform in solid state because of the cell wall defect [33], as shown in Figure1(a). As a result, the forming technologies of solid 
metal materials( casting, pressure working) are difficult to be used to manufacture special-shaped closed-cell aluminum foam. 
Therefore, the closed-cell aluminum foam can only be cut into small size blocks and plates or the special-shaped products by 
mechanical cold machining (cutting, grinding, drilling), resulting in a single type of closed-cell aluminum foam product or a low 
utilization rate of closed-cell aluminum foam. Although investment casting, space holder infiltration, and powder metallurgy 
can prepare special-shaped open-cell aluminum foam, there are problems such as small size, low porosity, incomplete removing 
of the space holding particles and corrosion of matrix. As a result, the effect of open-cell aluminum foam in industrial application 
is not good, and its application degree is also low. Therefore, the quality and preparation technology of open-cell aluminum foam 
need to be further improved. Based on the above analysis, it is urgent to research and develop the forming process of special-
shaped closed-cell aluminum foam, so as to meet the industrial demand for special-shaped aluminum foam.
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Abstract

This paper mainly talked about the development status and trend of the closed-cell aluminum foam. The development 
status of the closed-cell aluminum foam and the research and development significance of the forming technology for the 
special-shaped closed-cell aluminum foam was discussed. Meanwhile, the research ideas and directions of the forming 
processing for the special-shaped closed cell aluminum foam were emphatically discussed.
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Development of Special-Shaped Closed Cell Aluminum Foam

Base on the closed-cell aluminum foam can’t be fabricated into special-shaped 
products neither in solid nor in liquid, the formability of closed-cell aluminum foam at 
solid-liquid-gas coexisting state was studied by researcher [34]. The flow stress of cell 
walls and the pressure in cells can be coordinated through controlling the solid-liquid 
gas-coexisting state of closed-cell aluminum foam [35]. Under the coupling effect of 
solid-liquid-gas, the cell walls have good thixotropism, moreover, the gas pressure in cells 
approximate to the thixotropic stress of the cell walls. In this case, the continuity of the 
cell walls and the integrity of the cells can be maintained during the closed-cell aluminum 
foam is effectively deformed at solid-liquid-gas coexisting, therefore, the characteristic 
parameters such as the structure of the cell walls and the morphology of cells unchanged 
basically after deformation of closed-cell aluminum foam at solid-liquid-gas coexisting 
state. The deformation of closed-cell aluminum foam in different solid-liquid-gas 
coexisting state was further investigated by researcher. Some suggestions were proposed 
for the preparation of closed-cell aluminum foam that is used to deform at solid-liquid-
gas coexisting state, especially, the requirement of the cell size, the number and size of 
grains in cell walls of closed cell aluminum foam.
 
Summary

The deformation of closed cell aluminum foam at solid-liquid-gas coexisting is 
possible for the preparation of special-shaped closed cell aluminum foams with the further 
improvement of preparation technology of closed cell aluminum foam. Meanwhile, 
researchers should also focus on developing and studying the preparation technology of 
other special-shaped closed-cell aluminum foams to further expand the application range 
of closed-cell aluminum foams and promote the development of potential applications 
fields of the closed-cell foam.
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Figure 1: Deformation of closed-cell aluminum foam in different state (a)-Quasi-
static compression at solid state; (b)- Gravity casting at liquid state.
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