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Abstract
The unique porous structure of foam metal imparts a variety of advantageous properties, including low weight, reduced 
density, extensive specific surface area, efficient sound and energy absorption, exceptional thermal insulation, effective 
electromagnetic shielding, and outstanding electrochemical behavior. As a result, foam metals are deemed crucial for both 
functionalizing structural materials and structuring functional materials, finding widespread application in electronics, 
chemicals, machinery, and aerospace sectors. Currently, the welding of foam metals is a subject of significant interest and 
ongoing research, with numerous studies aimed at refining the welding process. This review provides an overview of the 
current state-of-the-art research on foam metal welding and evaluates the feasibility of different welding techniques from a 
methodological perspective. A comparison of the efficiency and efficacy of various welding approaches in the preparation 
of foam metal joints is performed to highlight their strengths and limitations. Finally, this paper summarizes the current 
developments in foam metal welding and provides insights into the future trajectory of this field.
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1 Introduction

Porous foam metal can be conceptualized as a novel com-
posite material that embodies a coexistence of inhomoge-
neous metal skeleton and air phase, and can be character-
ized as a solid matrix with internal pores. The numerous 
interfaces between the pores and the metal matrix bolster 
the interaction of defects between the two phases, such as 
dislocation motion and plastic slip in the flawed region, lead-
ing to a substantial reduction in energy via repeated reflec-
tions. Thus, the foam metal displays remarkable damping 
behavior, sound absorption, energy absorption, buffering 
capacity, and exceptional compression and fatigue proper-
ties, attributed to its unique structural composition [1–4]. 

In terms of electrochemical properties, the interchangeable 
metal skeleton structure induces eddy currents and an alter-
nating magnetic field upon connection to an AC current, 
thereby imparting reliable electromagnetic shielding. Fur-
thermore, the presence of a thin oxide layer on the surface 
of the skeleton of the foam metal results in exceptional 
thermal conductivity, which positions it between metallic 
materials and thermal insulation materials. In conclusion, 
foam metal exhibits a multitude of advantageous properties 
such as low weight, high specific strength, sound absorp-
tion, high energy absorption, electromagnetic shielding, heat 
insulation, reduced density, extensive specific surface area, 
and exceptional electrochemical behavior, among others, 
owing to the integration of the excellent characteristics of 
metal and foam metal [5–7]. This has enabled the multi-
functionalization of structural materials and the structuring 
of functional materials [8, 9]. With its main characteristics 
shown in Fig. 1, foam metal finds wide application in the 
electronics, chemical, mechanical, and aerospace fields [10, 
11]. Advanced industrial nations such as the USA, Britain, 
Germany, Japan, and Russia have placed foam metal at the 
forefront of new material research in the twenty-first century 
[1–11].

At present, the exploration of foam metal remains in 
its nascent stage, garnering substantial attention from 

 * Mengnan Feng 
 fengmn@stdu.edu.cn

 * Peng Wang 
 wangpengcl@tju.edu.cn

1 Hebei Key Laboratory of Advanced Materials 
for Transportation Engineering and Environment, 
Shijiazhuang TieDao University, Shijiazhuang 050043, 
China

2 School of Material Science and Engineering, Shijiazhuang 
TieDao University, Shijiazhuang 050043, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00170-023-11709-2&domain=pdf
http://orcid.org/0000-0003-0731-4267


3136 The International Journal of Advanced Manufacturing Technology (2023) 127:3135–3156

1 3

researchers and eliciting extensive inquiry into its processing 
and preparation methods, mechanical properties, microstruc-
ture, and electrochemical characteristics [12, 13]. Despite 
the abundance of research findings, a more integrated and 
sophisticated understanding of foam metal is necessary to 
further advance the field. In recent years, the unique attrib-
utes of foam metal have garnered increasing recognition 
from the industrial sector, leading to the gradual implemen-
tation of foam metal in industrial production.

To cater to varying production processes and application 
needs, foam metal materials of diverse morphology and 
porosity can be synthesized. For instance, closed-pore foam 
metal produced through the foaming method (as depicted in 
Fig. 2a) and some open-cell foam metal with low porosity 
tend to be utilized as structural materials, while open-cell 
foam metal boasting three-dimensional skeleton structures 
produced via the electrodeposition method, as illustrated in 
Fig. 2b, and possessing porosities of 96% or higher have 
gained widespread attention for their use as high-capacity 
battery collectors, electrochemical reaction electrodes, or 
catalyst carriers [15–19]. This trend is also evident in the 
fields of chemical cells and fuel cells, where the application 
of foam metal is becoming increasingly prevalent [15–22].

Welding technology, as a pivotal aspect of secondary 
processing, is critical in facilitating the increased appli-
cation of foam metal in various industrial settings. Since 
the mid-twentieth century, there has been a worldwide 
competition in the research and development of welding 
methods specifically designed for the joining of porous 
foam metal. Currently, the focus of academic research is 
primarily directed towards low-porosity open-cell foam 
metal used as structural materials and the welding of foam 
metal in closed-cell configurations. The porous structure 
of foam metal, with its highly randomized distribution and 
tendency to collapse, presents unique heat exchange prop-
erties, including exceptional heat resistance and the ability 
to maintain structural integrity at temperatures exceeding 
its melting point. Furthermore, its large specific surface 
area and propensity for forming complex three-dimensional 
flow patterns result in remarkable heat dissipation capabili-
ties. However, conventional welding methods often prove 
challenging in effectively welding foam metal.

Welding technology is a crucial advancement in the 
process of joining high-porosity open-cell foam metal, 
which possesses an overall structural integrity and physi-
cal continuity, and is relatively easy to implement. Despite 
the homogeneous microstructure of open-cell foam metal, 
their propensity for fracture during periods of deformation, 
along with their lower tensile and compressive properties 
compared to closed-cell foam metal, makes welding such 
materials a challenging endeavor [19]. The three-dimen-
sional skeleton-like structure of high-porosity open-cell 
foam metal has yet to be widely studied [23–29]. However, 
attempts have been made to utilize ultrasonic welding tech-
nology to maximize the preservation of the structure and 
properties of open-cell foam metal while achieving high 
welding efficiency, short welding time, low heat input, and 
precision control [30, 31]. Despite these efforts, the explo-
ration and development of efficient and stable open-cell 
foam metal welding processes and mechanisms are ongo-
ing. Traditional and emerging joining techniques for foam 
metal, such as glue joints [32], laser beam welding [33–37], 
resistance spot welding [38], brazing [39], diffusion weld-
ing [40], friction stir welding (FSW) [41], and ultrasonic 

Fig. 1  The main characteristics of foam metal

Fig. 2  The classification of 
foam metal: (a) closed-cell 
structure, (b) open-cell structure 
[14]
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welding [30, 31, 42–44], have been studied and the relevant 
results are summarized in Table 1. However, these tech-
niques are still limited by factors such as the difficulty of 
accurately controlling the welding energy, stringent require-
ments for the welding environment, unavoidable collapse 
and densification of the pore structure, unsatisfactory joint 
strength, and a lack of practicality.

This paper aims to investigate various welding approaches 
for foam metal in various application scenarios and to com-
prehensively survey the current state and advancements in 
the fabrication of foam metal and the welding of foam metal/
sheet metal (FM/SM) through fusion welding, pressure 
welding, and brazing methods. Additionally, it endeavors 
to offer an outlook on the future prospects of foam metal 
welding research.

2  Fusion welding of foam metal

The extensive application of foam metal, owing to its remark-
able properties, has inspired a multitude of researchers 
worldwide to experiment with various welding processes to 
effectively join foam metal. The fusion welding method, in 
particular, has garnered considerable attention, as it requires 

the material to be brought to a melting point, which results in 
a robust joint with ample load-bearing capabilities. However, 
this method also results in significant damage to the foam 
structure, making it more appropriate for the connection of 
foam metal’s structural components. The development of an 
optimal fusion welding process hinges upon the precise and 
focused control of heat input, which necessitates avoiding 
excessive damage to the foam structure. Selecting a suitable 
welding method, therefore, is critical. Currently, the most 
commonly used fusion welding methods for joining foam 
metal in academia include laser welding and arc welding.

2.1  Arc welding of foam metal/sheet metal or foam 
metal/foam metal

Arc welding, as a process that converts electrical energy 
into the thermal and mechanical energy indispensable for 
welding and subsequently the joining of metals, has garnered 
widespread recognition and usage. This owes to its attrib-
utes of being lightweight, flexible, and its ability to effec-
tively weld a broad spectrum of metal materials, ranging in 
thickness and structural shape. As a result, arc welding has 
become the most ubiquitous welding method in contempo-
rary industrial production.

Table 1  The summary of the previously studies for foam metal welding

Welding method Welding material Welding form Welding properties Application

Laser welding Cu60Zn40(wt%) solid plates 
(1 mm)/foam plate (about 
10 mm) [33, 34]

Lap welding The joint strength was 83 
MPa (50% of the plate/
block joint strength)

Not given (early exploration)

Laser welding Foam (13 mm)/AlSi10 plate 
(2 mm) [37]

Foam/plate/foam The foam structure was 
somewhat densified

Construction

Laser welding Foam plate /foam plate(13 
mm) [45]

Foam/foam The tensile strength was 0.4 
MPa

Not given (early exploration)

Laser welding Foam plate/AlSi10 plate (1 
mm) [45]

Foam/filler/foam The tensile strength was 2.5 
MPa (similar to the base 
material)

Not given (early exploration)

Melt inert gas welding 4047/5356 Al alloy/closed-
cell Al foam (10 mm) [46]

Lap welding The bending tensile load 
was 714.13 N

Sandwich composites

Tungsten inert gas welding AlSi9 foam/AlSi9 foam and 
AlSi9 foam/solid Al plate 
[45]

I-beveled The tensile strength was 2.6 
MPa (close to the base 
material)

Not given (early exploration)

Friction stir welding AA6061-T6 Al foam plate (3 
mm)/Al plate [47]

Sandwich construction The bending strength was 
32.4 MPa

Aerospace, shipbuilding， 
automotive

Friction stir welding ADC12 Al alloy plates/
foaming agent (3 mm) [48]

Sandwich construction The fracture occurred in the 
foam metal

Components of automobiles

Ultrasonic welding 1A99 Al plate (0.3mm)/
open-cell Cu foam 
(0.2mm) [30]

Lap welding The tensile load was 89.15% 
of the base material

Thin-film electrode

Ultrasonic welding Ni foam sheet (0.2 mm)/pure 
Al sheet (0.3 mm) [31]

Lap welding The tensile load was 58.0% 
of the base material

Current collector, catalyst 
support

Brazing Ti-6Al-4V layer (0.8 mm)/
Ni foam (0.9 mm) [39]

Butt welding The yield strength and shear 
strength were 1.27 MPa 
and 1.44 MPa

Buffer layer
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The application of melt inert gas (MIG) welding presents 
the advantage of compact apparatus size, ease of installation, 
and low cost of equipment, making it a suitable option for 
welding thicker plates with thicknesses of up to 1.6 mm, 
including materials such as stainless steel, Al, and Al alloys. 
The feasibility of using MIG welding for the preparation of 
FM/SM joints of a particular thickness is evident. However, 
the introduction of shielding gas and residual foaming agent 
 TiH2 hydrogen in the high-temperature welding environment 
can result in a significant number of spherical voids in the 
weld fusion zone, potentially reducing the reliability of the 
joint. In a study by Shih et al. [49], in 2011, MIG welding 
was attempted on 4047 and 5356 Al alloy with thin closed-
cell Al foam by using a plate as a welding filler material 

placed above the Al foam. The use of pure argon as the 
shielding gas during the welding process resulted in a weld 
cross-section with numerous spherical bubbles observed in 
the weld, composed of elements such as Al, O, and Mg, as 
shown in Fig. 3. The longitudinal bending tensile strength 
of the MIG-welded closed-cell Al foam/Al sheet joints was 
found to be 72.87 kgf, with fracture occurring on the Al 
foam side rather than in the weld fusion zone, indicating the 
superior strength of the MIG-welded joint in comparison to 
the parent material, even in the presence of porosity at the 
weld joint.

The tungsten inert gas (TIG) welding technique is 
widely utilized for welding an array of non-ferrous materi-
als such as Al alloys, Mg alloys, Ti alloys, stainless steel, 

Fig. 3  The results analysis of 
SEM images and EDX of weld 
pore in arc welding of Al foam: 
(a, b) pores in the fusion zone, 
(c, d) the composition of the 
position 1 or 2 shown in Fig. 3b 
[49]
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high-temperature alloys, and refractory reactive metals 
among others [50]. This is due to its notable attributes, 
including effective air isolation, a stable arc, and easily 
adjustable heat input. In a study by Nowacki et al. [45], TIG 
welding was used to prepare joints of AlSi9 foam and AlSi9 
foam/solid Al sheet. The single-pass TIG welding was per-
formed using a 1.6-mm diameter AlSi5 welding wire as filler 
material and argon gas of 99.996% purity as a shielding gas, 
with a current range of 15–30 Amperes in AC mode. The 
macroscopic morphology of the three types of welded joints 
prepared is presented in Fig. 4. Densification of extensive 
regions of the foam metal was observed in all cases. How-
ever, welding the foam metal using low-current TIG alone 
could not prevent the collapse of its structure, resulting in 

unavoidable joint defects. To enhance the efficiency and reli-
ability of the fusion-welded foam metal joint connection, 
an arc heating and pressing process was performed prior 
to welding, albeit it caused some degree of damage to the 
foam structure.

The work of Nowacki et al. [45] was informed by the 
prior research of Haferkamp [37]. Despite the inherent limi-
tations of their complex experimental design, it has undoubt-
edly expanded the scope of the study of foam metal welding.

The feasibility of conventional arc welding techniques for 
foam metal welding relies on the refinement of the welding 
process to minimize the adverse effects of welding defects 
such as porosity, inadequate penetration, and increased stress 
concentrations due to the densification of the foam structure. 

Fig. 4  The macroscopic mor-
phology of three different forms 
of TIG welding: (a) Y-beveled 
sample, (b) I-beveled sample, 
and c T-joint sample [45]
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Additionally, the choice of arc welding process must also 
account for the softening of the heat-affected zone (HAZ), 
as the fractures of joints produced through arc welding typi-
cally occur in this region. In terms of practical applications, 
the primary requirement of joints produced through welding 
foam metal using arc welding is load-bearing capacity, with 
the aim of reducing foam density in the joint to decrease 
stress concentrations and increase the joint’s load-bearing 
capacity.

2.2  Laser welding of foam metal/sheet metal 
or foam metal/foam metal

The application of laser welding as a cost-effective, flex-
ible, and precisely controllable high-energy beam weld-
ing technique presents numerous benefits over traditional 
methods. The methodology enables a precise control over 
the minimum required heat input to shape and process the 
desired foam metal and joint. Additionally, as laser welding 
is a non-contact welding process, it eliminates any potential 
mechanical loss to the foam base metal. Furthermore, the 
laser can be guided by optical instrumentation to concen-
trate the welding energy in areas of specific interest, mak-
ing it an ideal choice for three-dimensional hole structures 
in foam metal or welding environments with obstacles. 

The localized and precise control of energy, provided by 
laser welding, is of utmost significance for the welding and 
three-dimensional printing of foam metal.

In 2014, Biffi et al. [33] attempted to weld an open-cell 
Cu60Zn40 (wt.%) foam metal using a 1 kW continuous-
wave fiber laser. The open-cell foam metal was prepared 
through liquid-phase immersion with a porosity of 65–70% 
as depicted in Fig. 5a. Experimental examination of laser 
overlay welding on the foam metal plate revealed that the 
absence of proper filler material resulted in unreliable joint 
formation, as the laser spot aperture was smaller than the 
porous structure of the foam metal and the random pore 
configuration of the foam metal resulted in a reduced 
contact rate at the welding interface, resulting in burning 
through of the foam metal as shown in Fig. 5b.

In order to establish a secure interaction between the laser 
and the foam metal, an attempt was made to fabricate a laser 
lap joint between a Cu60Zn40 foam metal and a 1-mm-thick 
cold-rolled sheet. The joint was created by positioning the 
cold-rolled sheet on top of the foam metal, as depicted in 
Fig. 6a. To mitigate the evaporation of low-melting and 
boiling point Zn elements during the welding process, a 
multi-nozzle system, as depicted in Fig. 6b, was employed 
to ensure adequate coverage of argon gas flow.

The cross-sectional metallographic organization of the 
lap joint, as depicted in Fig. 7, reveals that under the weld-
ing conditions with speeds ranging from 5 to 20 mm/s, a 
portion of the melted sheet material is incorporated into the 
foam hole structure, compensating for the lack of interface 
contact and leading to a more comprehensive weld. Notably, 
no cracks were observed in the weld or the HAZ. The find-
ings of this study demonstrate that a dependable connec-
tion between the sheet and foam metal can be established 
through laser welding under specific pre-determined condi-
tions. However, it is worth noting that despite the resolution 
of the issue of weld formation resulting from the random-
ness of foam metal/plate surface contact through the inflow 
of molten metal from the solid plate, the joining behavior 
of the plate and foam can only occur at locations where the 
hole structure serves as a boundary. As a result, the distribu-
tion of weld penetration in the foam metal is inconsistent, 

Fig. 5  The macroscopic morphology of Cu60Zn40 foam: (a) pre-
welding, (b) post-welding [33]

Fig. 6  The physical view of 
laser welding of Cu60Zn40 
foam: (a) lap structure of sheet 
and foam metal, (b) system of 
shielding gas [33]
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thereby reducing the efficiency of foam metal connection 
during laser welding.

In 2016, Biffi et al. expanded their investigation into 
the mechanical properties and microstructural character-
istics of Cu60Zn40 FM/SM laser–welded lap joints [34]. 
The microstructural evolution across the various regions 
of the sheet and foam joints is depicted in Fig. 8. The 
sheet joints and foam joints exhibit a clear manifestation 
of the molten region in their fine dendritic organization, 
as depicted in Fig. 8a and c, which may be attributed to 
the rapid condensation process inherent to laser welding. 
However, the HAZ of the foam joint comprises both fine 
and coarse dendrites, with the former potentially arising 
from the high cooling rate of the laser process, and the 
latter resulting from the low cooling rate of the casting 
process. This disparity in the morphology of the HAZ 
between the foam joint and the sheet joint is a significant 
finding.

The rapid condensation process of laser welding is found 
to have resulted in the attainment of the highest levels of 
microhardness in both the sheet and foam metal, with values 
of 125 HV and 135 HV, respectively, at the center of the 
weld, as depicted in Fig. 9a. The post-heat treatment of the 
Cu alloy, however, has produced a marked reduction in the 
hardness of the HAZ of the sheet, with an estimated value 
of approximately 85 HV. In contrast, the softening effect in 
the HAZ of the foam joint appears to be less pronounced, 
potentially due to the scattering of microhardness values 
and the bimodal dendrite structure of the foam. As depicted 
in Fig. 9b, the shear tensile strength of the plate/foam metal 

laser lap joint was determined to be 83 MPa, which consti-
tutes roughly 50% of the strength of the plate/block joint. 
This reduction in strength is attributed to the presence of 
pores within the foam structure, and the stress fluctuations 
observed during testing may be due to the irregularity of 
the weld seam and the foam metal's energy absorption 
properties.

Fig. 7  The microstructure of 
the weld seam at different weld-
ing speeds in laser welding of 
Cu60Zn40 foam: (a) 5 mm/s, 
(b) 10 mm/s, (c) 15 mm/s, and 
(d) 20 mm/s [33]

Fig. 8  The microstructural evolution at the FM/SM laser–welded 
joint: (a) transition from melt zone (MZ) to base metal (BM), (b) 
transition from MZ to HAZ in filled plates, and (c) transition from 
MZ to HAZ and then to BM in foam metal [34]
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The lion’s share of studies on foam metal laser welding 
has been devoted to exploring the welding of foam metal 
with solid plates, with the latter being predominantly utilized 
as filler material, and relying on a plate-on-top-of-foam lap 
welding pattern to attain trustworthy laser-welded joints. 
Haferkamp et al. [37] were pioneers in this domain, having 
developed a laser welding process for AlSi10 closed-cell 
foam metal and devised three distinct welding patterns, as 
outlined in Table 2, with two of these design forms depicted 
in Fig. 10. The closed-cell foam used boasts a density of 0.5 
g/cm3, and is comprised of AlSi10 alloy manufactured via 
powder metallurgy. A  CO2 laser with a power output of 6 

kW was utilized, with helium serving as the shielding gas 
during the welding process.

When it comes to employing wire as filler material for 
foam metal welding, as illustrated in Fig. 10a, a wire feed 
speed of less than 5 m/min at a welding speed of 1 m/min 
results in a recessed weld surface. However, a more favora-
ble joint can be obtained by increasing the wire feed speed to 
8 m/min. Deep penetration was accomplished by interposing 
the filler in the form of a non-porous Al sheet between the 
joined foam metals (Fig. 10b), with a laser beam welding 
speed of 1.9 m/min. While the quality of the resulting joint is 
commendable, the presence of a substantial amount of filler 
material in the foam pore structure results in some degree of 
densification of the foam structure. By using a non-porous 
foam precursor made of AlSi10 powder and  TiH2 blowing 
agent, Al foam was welded to the joint surface of the foam 
metal, resulting in a joint structure akin to that of the Al 
foam parent material. Nevertheless, the phenomenon of 
foam structure densification still persists.

The study conducted by Nowacki et al. [45] incorpo-
rated seven distinct experimental conditions as docu-
mented in Table 3, with the macroscopic morphologies 

Fig. 9  The mechanical proper-
ties of the laser-welded Cu foam 
metal joints: (a) microhardness 
profile, (b) shear stress/strain 
curve [34]

Table 2  The forms and fillers for laser welding of foam metals [45]

Specimen 
number

Filler form and material

1 Filler wire of Al
2 Filler in the form of AlMgSi1 with 1 mm thickness
3 Filler in the form of non-porous precursor with powder 

compact AlSi10 plate of 2 mm thickness and foaming 
agent-TiH2

Fig. 10  The two different forms 
of the filler material in the laser 
welding of foam metal: (a) filler 
wire [46], (b) filler sheet [37]
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of the foam metal joints represented in Fig. 11. The mac-
roscopic morphologies of the specimens 1–3 in Table 3 
displayed a range of foam structure collapse degradation, 
as depicted in Fig. 11a–h. In these instances, the foam 
structure densification was substantial enough to form a 
more coherent weld, yet the area of the weld was expan-
sive and deviated significantly from the surrounding base 
material structure, leading to an increased stress concen-
tration. When the disk laser power was 800W, the length 
of the bridge connection at the joint was diminished and 
the laser beam may have produced a cutting effect rather 
than welding the foam metal, as indicated in Fig. 11a. 
However, when the disk laser power was optimized to a 
power density of 400W, a substantial connection bridge 
was established at the joint, as demonstrated in Fig. 11b.

A limited number of interconnections are visible in 
Fig. 11g, and their irregularity and actual quantity can be 
further analyzed via Fig. 11h. Figure 11e illustrates that 
the broad focus of the laser results in substantial collapse 
of the foam structure and concavity in the welds, and this 
degradation is challenging to counteract through the use 
of filler material. In Fig. 11f, it is evident that the joints 
produced without pre-treatment exhibit limited effective 
bonds, a result of the difficulty in achieving adequate con-
tact between the foam metal and the laser beam at the 
intended point of contact. Subsequently, the average static 
tensile strength of such joints is found to be low across all 
tests, with fracture occurring at the joints. In contrast, the 
joint depicted in Fig. 11d guarantees full contact between 
the foam metal surfaces following pre-weld treatment, 
resulting in a static tensile strength of the joint as 2.5Mpa, 
which is approximately equivalent to that of the base mate-
rial, with fracture occurring in the base material region.

According to preliminary experimental findings, any 
direct welding of foam metal through fusion welding tech-
niques is likely to significantly impair the joint effective-
ness due to the high porosity of the foam metal. In light 
of this, Nowacki et al. [45] performed two pre-welding 

processes, arc heating of the Al foam base material and 
pressing. The arc heating of the base material permits 
high-temperature plastic deformation of the surface of 
the base material, thereby enhancing the efficiency of the 
joint, while the application of pre-weld pressing reduces 
the porosity of the contact surface and increases the reli-
ability of the joint.

In conclusion, the application of a tailored test methodol-
ogy and a suitable joint configuration with the plate serving 
as a filler, laser welding has been demonstrated to effec-
tively achieve a secure bond between the sheet and foam 
metal with no significant cracks discerned in the weld. The 
integration of supplementary filamentary or non-porous pre-
cursors further enables the joining of foam metal to foam 
metal, yielding a joint structure comparable to the parent 
Al foam metal. The concentrated heat input, smaller HAZ, 
and improved densification of the foam structure imparted 
by laser welding impart beneficial mechanical properties 
to the joint, in comparison to arc welding. However, the 
irregularity of weld formation resulting from the random 
pore structure of foam metal, combined with the deep melt-
ing depth of laser welding, negatively impacts the efficiency 
and largely limits the mechanical properties of the joint. 
Additionally, there is still densification of the foam struc-
ture in the laser-welded foam metal joints. From a practi-
cal standpoint, laser welding presents a viable approach for 
the fabrication of structural foam joints. Although the foam 
structures obtained via laser welding are less densified than 
by arc welding, the joints still fail to meet the functional 
requirements of foam metal.

Most of the research in fusion welding of foam metal has 
centered around the optimization of a particular welding 
method for a specific foam metal, with the aim of obtaining 
a joint of a certain strength, as fusion welding is predomi-
nantly employed for load-bearing applications. The success-
ful preparation of a FM/SM fusion–welded joint heavily 
depends on the choice of joint form and the development of 
the welding process.

Table 3  The configuration of laser welding tests of foam metal [45]

Specimen 
number

Laser type or welding form Laser diameter (μm) 
or focus dimension 
(mm×mm)

Laser power Welding speed 
or exposure 
time

1 Trumpf TruDisk 3302 disk laser 200 μm 800 W 1 m/min
2 Trumpf TruDisk 3302 disk laser 200 μm 400 W 1 m/min
3 HPDL Rofin Sinar DL 020 diode laser 1.8 mm×6.8 mm 800 W 0.1 m/min
4 Butt welding of I-beveled specimens without filler under Trumpf Trudisk 

3302 disk laser
200 μm 400 W 1 m/min

5 HPDL Rofin Sinar DL 020 diode laser with the 1.6 mm wire  AlSi5 as 
filler metal

1.8 mm×6.8 mm 800 W 0.1 m/min

6 Spot welding, butt joint, and I-beveled under Rofin Performance laser 200 μm 800 W 3.0 ms
7 Spot welding, butt joint, and I-beveled under Rofin Performance laser 200 μm 2000 W 3.6 ms
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3  Pressure welding of foam metal

Pressure welding is a method of forging a bond between 
two metal parts through the application of mechanical pres-
sure, which induces plastic deformation and diffusion of the 
contacting surfaces, resulting in close and intimate contact. 
Unlike fusion welding, pressure welding accommodates 

a broader range of weldable metals, and a portion of the 
pressure welding methods does not require the melting of 
metal, rendering it a more suitable method for welding dis-
similar metals as documented in various studies [30, 31, 
40–43]. In the pursuit of connecting foam metal while avoid-
ing the detrimental effects of collapse and loss of poros-
ity caused by fusion welding, researchers have explored 

Fig. 11  The macrostructure 
of representative laser-welded 
joints of foam metal in Table 3: 
(a) specimen number 1, (b) 
specimen number 2, (c) speci-
men number 3, (d) specimen 
number 7, (e) specimen number 
5, (f) specimen number 6, (g) 
specimen number 4, and (h) 
specimen in contrast light [45]
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various pressure welding techniques in an effort to meet 
the functional requirements of foam metal welds. Signifi-
cant advancements have been made in this area, catalyzing 
the progress of research on foam metal welding processes. 
However, a pressing challenge remains: how to achieve an 
efficient and reliable connection while preserving the foam 
metal’s unique pore structure to the greatest extent possible.

3.1  Friction stir welding of foam metal/sheet metal

Since its advent towards the close of the previous century, 
FSW has brought about a revolution in the joining tech-
nology of low-melting-point non-ferrous metals, such as Al 
alloys. Owing to its features of inducing minimal changes 
to the microstructure of the HAZ, producing low residual 
stress, and inducing limited deformation of the workpiece, 
FSW has proven to be highly effective in welding light 
alloys like Al alloys. In recent years, several scholars have 
embarked on utilizing FSW for the preparation of foam 
metal possessing a certain pore structure. Currently, the 
applications of FSW in the field of foam metal are primarily 
classified into two categories: first, as a means of precursor 
foam metal preparation, and second, as a method for weld-
ing foam metal.

Hangai et al. [51] devised a novel foaming process aided 
by the FSW method to form the precursor, which not only 
overcomes the complicated and costly process, randomness, 
and difficulty in ensuring uniform distribution of pore struc-
ture associated with traditional foaming methods [19, 52, 
53], but also enables microstructural modification of metal-
lic materials [54].

Nisa et al. [55] employed FSW for the preparation of 
6063 Al foam, as depicted in Fig. 12. A blend of  TiH2 
and  Al2O3 powders was uniformly positioned between the 
upper and lower 6063 Al plates with dimensions of 150 
mm × 100 mm × 3 mm, with  TiH2 serving as the foaming 
agent and  Al2O3 acting as the stabilizer. The FSW welding 
stirrer head moved in the direction illustrated in the figure, 
resulting in the formation of the precursor, followed by 
heat treatment, which produced Al foam with 60% poros-
ity after cooling to room temperature. The results of the 
morphological and compositional analysis of the foamed 
6063 Al revealed that FSW facilitated the embedding of the 
powder mixture into the metal matrix, thus providing the 
foundation for the formation of the pore structure during 
heat treatment.

Hangai et al. [56] further expanded upon their previous 
research regarding the application of FSW in the prepara-
tion of foam metal by conducting a study on the point FSW 
foaming process, as depicted in Fig. 13. The precursor foam 
was generated through FSW processing of die-cast Al-Si-Cu 
alloy plates with or without the incorporation of a stabi-
lizer, omitting the use of a foaming agent. The application of 

air-hole foam precursor exclusively enabled the production 
of Al foam, significantly reducing both energy consumption 
and cost associated with the preparation of Al foam.

The results of X-ray computed tomography (CT) observa-
tions on the prepared Al foam are presented in Fig. 14. The 

Fig. 12  The diagram of precursor formation to Al foam by FSW [55]

Fig. 13  The schematic diagram of the FSW foaming process of Cu: 
(a) precursor placed in a hole in the Cu plate, (b) rotating tool placed 
on the Cu plate, and (c) side view of the foaming process [56]
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study demonstrates that it is feasible to produce Al foam 
through friction heat generated during friction stir spot 
welding without the addition of  TiH2 as a foaming agent. 
Although Al foam can be obtained without the use of  Al2O3 
stabilizer, incorporating stabilizer during the foaming pro-
cess leads to a higher expansion rate and finer pore structure, 
resulting in improved forming and properties of the Al foam.

The application of FSW in the preparation of foam met-
als is not limited to Al foams, as demonstrated by Sharma 
et al. [57] who utilized the FSW process to fabricate open-
cell Cu foam parts of various shapes and sizes. However, its 
re-dissolution with the aid of sodium chloride as a spacer 
material resulted in inadequate uniformity of the formed 
Cu foam pores. The presence of more uncontrolled factors 
in this sintering method may affect the performance of Cu 
foam to some extent.

Building upon the study of utilizing FSW for the produc-
tion of foam metal, numerous scholars have discovered the 
possibility of fabricating foam sandwich structures that pre-
serve the low-density and energy-absorbing characteristics 
of foam metal while significantly augmenting its tensile and 
flexural strength. Such findings are poised to find applica-
tion in structural elements [47, 48]. Peng et al. [47] suc-
cessfully prepared a high-performance Al foam sandwich 
(AFS) through the application of FSW, and the process flow 
is depicted in Fig. 15.

The high-performance AFS prepared by FSW exhib-
ited remarkable structural integrity and was devoid of any 
defects or cracks as depicted in Fig. 16a. Although the 

stirring head imparted some damage to the foam struc-
ture, it was not detrimental to the overall performance 
of the structure. The cross-sectional scanning electron 
microscopy (SEM) morphology of the sandwich structure 
depicted in Fig. 16b demonstrates that the AA6061 Al 
alloy panel underwent intense plastic deformation, and 
the flow of metal enhanced the connection between the 
foam and plate. The results of energy-dispersive X-ray 
spectroscopy (EDS) compositional analysis displayed in 
Fig. 16c revealed the absence of intermetallic compounds, 
which would have otherwise impacted the toughness of 
the joint. The four-point bending test of AFS revealed that 
the bending strength of the joints reached approximately 
32.4 MPa, indicating its exceptional impact resistance. 
The specimens displayed an average energy and sound 
absorption of 0.357 dB and 65.82 dB, respectively, which 
surpassed the values exhibited by the foam parent mate-
rial and the Al sheet.

Hangai et al. [48] extended the FSW process for the 
preparation of precursors to produce die-cast Al alloy foam 
sandwich panels. The optimal heat treatment time was deter-
mined through optimization of both the structural porosity 
of the foam and the tensile properties of the resultant AFS 
panel. The results of the tests indicated that the prepared 
AFS panel displayed a porosity ranging from 60 to 85% at 
a holding temperature of 948 K and holding time of 12 min 
or more. In the tensile tests, all fractures occurred within the 
foam structure, thus demonstrating the increased reliability 
of the AFS panels produced through FSW.

Fig. 14  The cross-sectional CT 
images of Al foam: (a) without 
 Al2O3, (b) with  Al2O3[56]
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In conclusion, the application of FSW to the preparation 
of foam metal offers numerous advantages over conven-
tional fusion welding techniques. Not only does it enable 
the foaming of metals such as Al and Cu, but it also ena-
bles the establishment of secure connections between foam 
and solid panels. As a solid-state, low-temperature pressure 
welding method, the process of FSW eliminates welding 
defects related to melting and solidification, as well as any 
resultant joint area brittleness. Its features, including ease 
of mechanization and automation, high efficiency, minimal 
workpiece deformation, high dimensional accuracy, and 
absence of filler wire requirements, help in avoiding substan-
tial densification of foam metal, thereby yielding improved 

tensile, bending, impact, and sound absorption properties. 
However, it must be noted that the reliance on the stirring 
head for frictional heat generation and pressure application, 
along with the inevitable movement and rotation of the stir-
ring needle during the welding process, may cause some 
degree of damage to the foam structure. Additionally, the 
formation of a keyhole at the end of the weld, after the stir-
ring head has departed, necessitates additional processes. 
Despite these limitations, the complete foam structure of 
the joints prepared through FSW proves suitable for func-
tional and structural applications, given its ability to meet 
the demands of some functional parts and exhibit desirable 
mechanical properties.

Fig. 15  The schematic of AFS 
preparation of 6061 Al by FSW 
[47]

Fig. 16  The cross-sectional 
morphology of the AFS: (a) 
macroscopic morphology, 
(b) microstructure of the area 
labelled (b), and (c) microstruc-
ture and EDS results of the area 
labelled (c) [47]
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3.2  Ultrasonic welding of foam metal/sheet metal

Ultrasonic welding is both pressure and solid-state welding. 
Unlike conventional welding processes, ultrasonic welding 
does not rely on the application of electrical currents or 
high-temperature heat sources. Instead, it utilizes the energy 
generated by the vibration of the welding head to create fric-
tion, deformation, and localized temperature rises between 
the workpieces under static pressure, thereby facilitating 
solid-phase connections between dissimilar metals. This 
welding process effectively eliminates the occurrences of 
spatter and oxidation associated with fusion welding, while 
avoiding the welding defects that stem from melting and 
solidification processes [58–60].

The application of ultrasonic welding is not limited to a 
specific metallurgical composition and offers a wide range of 
welding capabilities, including spot welding, seam welding, 
torsion welding, and other forms of welding for non-ferrous 
materials and thin wires such as Cu, Ag, Al, Ni, and others 
(Fig. 17). This welding method offers several advantages, 
including the absence of metallurgical restrictions, a broad 
welding range, suitability for precision welding, reduced 
dependence on surface cleanliness of the workpieces, and 
high welding efficiency. As a result, it has garnered wide-
spread application in the fields of battery collection, preci-
sion electrical component preparation, aerospace, and auto-
motive light-weighting initiatives [61–63].

The unique properties of ultrasonic welding have moti-
vated several researchers to explore its use in the preparation 
of foam sandwich structures and FM/SM welded joints [30, 
31, 42, 43]. Born et al. [42, 43] conducted a comprehensive 
examination of the ultrasonic torsional welding process for 
foam metal and sheet metal and investigated the feasibility 
and weldability of ultrasonic torsional, spot, and seam weld-
ing techniques for Al foam/sheet metal sandwich structures. 
Microscopic and mechanical property analysis indicated that 
ultrasonic torsional welding technology is capable of achiev-
ing an effective connection between foam metal and sheet 
metal without inducing significant deformation, with tensile 
shear strength reaching up to 25 MPa. The fatigue strength 

of the AFS was observed to be in the range of 18%, while 
the ultrasonic welding process did not significantly affect the 
holes in the Al foam and maintained the structural integrity 
of the foam metal to the greatest extent possible.

In recent years, Feng et al. [30, 31] sought to harness the 
capabilities of ultrasonic welding to achieve the welding of 
highly porous, open-cell foam metal to sheet metal, con-
ducting extensive studies into the microstructure, mechani-
cal properties, and connection mechanisms of the result-
ing joint. The Cu foam utilized in the study was fabricated 
through electrodeposition and possessed a porosity of up to 
98% and an average pore size of 0.1 mm. The equipment and 
joint configuration utilized for the preparation of the highly 
porous open-cell FM/SM ultrasonic spot welding (USW) 
head is depicted in Fig. 18a. The ultrasonic welding head tip 
area measures 8 mm × 8 mm, with its pattern shape and tip 
tooth size shown in Fig. 18b and c, respectively. The joint is 
realized in the form of an Al-on-Cu lap joint.

In Fig. 19a–d, the evolution of the cross-sectional mor-
phology of the ultrasonic weld between the open-cell Cu 
foam and the solid Al sheet is presented as a function of 
the welding energy. As depicted in Fig. 19a, at low-energy 
parameters, the interface is characterized by partially dis-
crete micro-connections. However, with an increase in the 
welding energy, as shown in Fig. 19b, the rate of effective 
connection at the interface is substantially enhanced. The 
complex interplay of normal and shear stresses, resulting in 
swirl-like and mechanical embedding effects, serve to aug-
ment the joint strength, as evident in the welding interface 
[64, 65]. In Fig. 19c and d, it is observed that with a further 
escalation in the welding energy, a more pronounced thin-
ning of the Cu foam occurs, leading to a decline in joint 
strength. Under the influence of normal and shear stresses, 
the Cu foam side of the joint experiences some degree of 
densification and thinning, but the majority of the three-
dimensional Cu foam skeleton structure remains relatively 
intact. To quantify the surface morphology of the joint, 
three-dimensional super depth-of-field microscopy was uti-
lized to measure the indentation depth at different welding 
energies, as demonstrated in Fig. 20. The indentation depth 

Fig. 17  The three different 
types of ultrasonic welding 
systems: (a) spot welding, (b) 
seam welding, and (c) torsion 
welding [43]
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of the Cu foam side of the joint at different welding energies 
was found to be smaller than the average hole diameter of the 
Cu foam, which serves to affirm that USW can maintain the 
three-dimensional skeletal structure of the Cu foam during 
the welding process.

The results of the composition analysis of the open-cell 
Cu foam/Al sheet ultrasonic welding head interface reveal 
that the interface does not exhibit a discernible formation 
of intermetallic compounds. Rather, the diffusion of Al 
and Cu foam components is comparatively stable. The 

Fig. 18  The schematic diagram 
of USW system and lap joint: 
(a) main components of the 
USW system, (b) details of the 
horn, (c) size of the horn tooth 
tip, and (d) form of the lap joint 
of the welded specimen [30]

Fig. 19  The cross-sectional 
micromorphology of the FM/
SM joints with different param-
eters: (a) 10 J, (b) 30 J, (c) 50 J, 
and (d) 70 J [30]
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real-time infrared temperature field distribution analysis 
demonstrates that the highest temperature attained, 77.7°C 
at 70 J of welding energy, is significantly lower than the 
solid solution temperature of Al-Cu (548°C) [66]. This pro-
vides empirical validation that the connection mechanism 
of the Cu foam metal/Al sheet ultrasonic welding head is 
predominated by atomic diffusion and mechanical inter-
locking. The tensile strength of the joint is proportional 
to the effective density of the joint interface and the mor-
phology of the foam side following welding. The maxi-
mum tensile load achieved for ultrasonic welding heads of 
Cu foam metal/Al sheet and Ni foam metal/Al sheet was 
89.15% and 58.0%, respectively, of their respective foam 
base metal [30, 31]. Consequently, USW presents a viable 
means of establishing a secure connection between highly 
porous open-cell foam metal and Al sheets.

In conclusion, ultrasonic welding, as a method of solid-
phase welding, is capable of forming a dependable connec-
tion between foam metal and sheet metal without inducing 
melting of the weld metal, thereby preserving the open-cell 
structure and inherent properties of the foam metal to a large 
extent. Nevertheless, its applications are limited to welding 
of sheets, wires, and other materials due to its power limita-
tions. In terms of practical application, ultrasonic welding 
is geared towards welding of functional components, and 
the resulting joints possess also have a certain level of load-
bearing capacity, making it suitable for thin foam metal that 
has functional requirements.

4  Brazing of foam metal

Brazing, as one of the earliest methods of joining materials 
utilized throughout human history, involves the connection 
of base materials through the application of a molten braz-
ing material. During the brazing process, the brazing mate-
rial transforms into a liquid state, while the base material 
remains in a solid form. The liquid brazing material perme-
ates the gaps or surfaces of the base material through capil-
lary action, filling and spreading, and then interacts with the 
base material, solidifying after a specific interval of time to 
form a solid joint [67–69]. As opposed to fusion welding, 
the brazing process does not require the melting of the base 
material, only the brazing material must be melted. Unlike 
pressure welding, brazing does not exert any pressure on the 
welded part. Typically, the heating temperature of brazing 
is much lower than the melting point of the base material, 
thereby having minimal impact on the physical and chemi-
cal properties of the base material. The uniform heating of 
the welded part leads to reduced stress and deformation, 
allowing for greater control of the dimensional accuracy and 
improved production efficiency.

The Ti-6Al-4V alloy, an α-β titanium alloy [70], is widely 
used within the aerospace industry due to its exceptional 
welding performance, corrosion resistance, and mechani-
cal properties derived from its unique equilibrium phase. 
However, the conventional brazing process often results 
in reduced mechanical properties due to residual stresses 

Fig. 20  The typical 3D morphology of the Al/Cu foam metal joints: (a) Al side of 30 J, (b) Al side of 70 J, (c) Cu foam side of 30 J, (d) Cu foam 
side of 70 J [30]
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generated in the melt-flow-solidification process of the braz-
ing material. The use of foam metal as a brazing material 
has emerged as an attractive alternative, as it offers advan-
tageous properties such as energy absorption and buffering 
capabilities.

In a study by Jarvis et al. [39], the application of Ti-Cu-Ni 
alloy as a brazing material was explored for joining nickel 
foam with Ti-6Al-4V alloy. The macroscopic examination 
of the joint revealed a degree of porosity within the braz-
ing layer, which may lead to crack formation under load 
as depicted in Fig. 21a. The presence of pores can have a 
significant impact on the joint’s mechanical properties. The 
micromorphology, as illustrated in Fig. 21b, showed that 
the solder penetrated deep into the skeletal structure of the 
nickel foam and was drawn into the foam’s pore structure 
via capillary action. This close bonding of the solder to the 
nickel foam resulted in a strong interface that contributed 
to the overall strength of the joint. The shear test results 
indicated that the joint possessed a yield stress of 1.27 MPa 
and an ultimate shear strength of 1.44 MPa, demonstrating 
good shear strength and ductility.

Ceramics, owing to their high melting point and consist-
ent chemical properties, are widely acknowledged as a prom-
ising material for heat resistance across various industries, 
including aerospace, biomaterials, and electronics [71, 72]. 
Despite their attractive attributes, the brittleness of ceram-
ics has been identified as a hindrance to its development, 
thus driving the trend of combining ceramics with metals 
in order to yield a novel composite material that embodies 

the superior qualities of both. To achieve this goal, various 
researchers have utilized metal powder, foil, or foam metal 
in the development of composite welding processes aimed 
at reducing residual stresses in the joint [73–77].

Wang et al. [78] sought to investigate the influence of 
AgCu/Cu foam composite brazing material on the perfor-
mance of brazed joints between  ZrB2-SiC ceramics and 
Inconel 600 alloy. Figure 22a and b display the brazed joint 
assembly and shear strength test setup respectively, using 
a size of 4mm for both the Cu foam and AgCu brazing 
materials. The results indicate that the  ZrB2-SiC ceram-
ics and Inconel 600 alloy brazed joints obtained through 
the application of AgCu and AgCu/Cu foam as compos-
ite brazing materials, held at 1173 K for 15 min, possess 
desirable joint properties, as demonstrated in Fig. 23. The 
fracture morphology of the joints is depicted in Fig. 23c–f, 
and it was observed that the presence of Cu (s, s) phase 
in the joints that employed AgCu/Cu foam as composite 
brazing material effectively reduced the residual stresses 
and improved the shear strength by 43 MPa compared to 
those that utilized AgCu brazing material solely. Similarly, 
Sun et al. [79] showed that the maximum residual stress 
in  Al2O3/1Cr18Ni9Ti stainless steel joints brazed using 
AgCuTi-Ni as brazing material was significantly reduced 
from 449.9 to 74.7 MPa, with the addition of a Cu foam 
interlayer resulting in a 95% improvement in the shear 
strength compared to those without the interlayer.

Li et al. [80] identified, through examination of the results 
obtained from brazing trials on silicon nitride ceramics and 

Fig. 21  The cross-sectional 
morphology of brazed joint of 
nickel foam: (a) low magnifica-
tion microscope image of the 
bonded area, (b) SEM image of 
a localized weld joint [39]

Fig. 22  The sketch of (a) lap 
brazing with the Cu foam as the 
interlayer and (b) tension-shear 
test of the joints assembly [78]
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(TiB+Y2O3)/Ti matrix composites, that when the brazing 
temperature underwent a marked increase, an elemental 
diffusion was triggered, leading to the formation of Ag(s, 
s) and Cu(s, s) phases within the joints. Upon reaching a 
temperature of 820°C, eutectic distribution was observed to 
be uniformly present throughout the joints, thus enhancing 
the joint properties, as depicted in Fig. 24. However, as the 
brazing temperature continued to rise to 840°C and 860°C, 
the mechanical properties of the joints diminished, owing 
to the collapse of the Cu foam and the proliferation of a 
substantial number of intermetallic compounds.

In essence, the brazing technique is a highly favored 
solution for applications necessitating stringent precision 
requirements, intricate configurations, limited accessibility 
to joint areas, and welding of dissimilar materials. Given 
its impressive ductile and energy-absorbing attributes, foam 
metal acts as a stress reducer in brazing, serving both as 
a welding material and an interlayer. However, the brazed 
joint’s heat tolerance is limited, and elevating brazing tem-
perature to excessive levels can result in the degradation 
of the foam’s structure, leading to a decreased mechanical 
performance of the brazed joint. Unprocessed brazed joints, 
further, are often restricted in terms of strength, exacerbated 
by the frequent use of lap joints, thereby increasing the usage 

of base and brazing materials, as well as adding weight to 
the structure. In terms of application, foam metal should be 
viewed as an aid in the brazing process, primarily reflecting 
the functionality of the foam metal, instead of solely relying 
on brazing for welding foam metal.

5  Conclusion and scope for future research

The present study provides a comprehensive overview of recent 
advances and developments in the field of foam metal welding, 
incorporating insights gleaned from contemporary research and 
scholarly inquiries into fusion welding, pressure welding, and 
brazing techniques. To establish the link between the applica-
tion and the welding technology of foam metal, the paper first 
offers a succinct overview of the distinctive features, perfor-
mance characteristics, and potential applications of foam metal, 
as well as the challenges inherent to the welding process.

With respect to fusion welding, it has been demonstrated 
that the resulting foam-welded joints exhibit remarkable 
load-bearing capacity. However, as with traditional solid-
sheet welding, the fusion welding of foam metal is also 
susceptible to a range of welding defects, including poros-
ity, burn-through, and incomplete penetrations. The unique 

Fig. 23  The characterization of 
fracture surface in lap brazing 
without (a, c, and e) and with 
(b, d, and f) the Cu foam as 
interlayer [78]
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structure of foam metal further exacerbates these difficulties, 
as slumping and densification of the pores can occur dur-
ing the welding process. While some degree of slumping 
and densification can be beneficial in the creation of a foam 
weld, as it allows the molten metal to fill in small contact 
areas that would otherwise be difficult to join, excessive 
slumping and densification can lead to high stress concentra-
tions in the joint and a subsequent reduction in joint strength.

The pressure welding technique enables the acquisition of 
both functional and structural welded joints in foam metal, with 
the selection of the most appropriate pressure welding method 
contingent on the requirements and focus of the particular appli-
cation. FSW can not only facilitate the foaming of Al foam, 
but also provide reliable connections in Al foam–solid Al sand-
wich structures. The resulting joints exhibit robust load-bearing 
capacity and boast advantageous impact and sound absorption 
characteristics, owing to the minimization of foam pore collapse. 
As a solid-phase welding method, ultrasonic welding can cre-
ate a secure connection without undergoing metal melting; the 
welded joint retains the maximum extent of the foam metal’s 
structural and functional characteristics, and simultaneously pos-
sesses a noteworthy load-bearing capacity, making it appropriate 
for the welding of sheets and wire materials.

Brazing, as a more specific technique in the joining of 
foam metal, is primarily aimed at enhancing the function-
ality of the foam metal, rather than welding its joints. The 
foam metal serves as a supportive medium in the brazing 
process, sometimes as a base material and other times as an 
interlayer, both with the objective of assisting the release 
of residual stresses generated during the brazing process. 
Inadequate joints can result from low brazing tempera-
tures and pressures, thus impeding the functionality of 
the foam, whereas high temperatures can lead to collapse 

and densification of the foam pores, resulting in loss of 
functionality.

The mechanical properties of foam joints are crucial in the 
context of the material’s application and the choice of welding 
method. The mechanical properties of welded structural joints 
of foam metal are typically evaluated using tensile testing, which 
offers isolated results and lacks a comprehensive analysis and 
understanding of fracture. In order to make a comprehensive 
selection of the welding method and properly specify the weld-
ing process, a more comprehensive means of evaluating the 
mechanical properties is necessary, entailing the establishment 
of a constitutive model of the material joint, the exploration of 
the mechanical properties of the joint from multiple perspec-
tives, and the observation and analysis of fracture morphology.

The functional retention of a foam joint is an integral 
criterion in assessing the efficacy of the welding process. 
The application of high-porosity open-cell foam metal as 
functional components in industrial production is widely 
acknowledged due to their unique characteristics such as 
heat exchange, electrical conductivity, and electromagnetic 
shielding properties. The foam metal’s three-dimensional 
internal skeleton structure contributes to its unique prop-
erties; however, welding can potentially damage the pore 
structure and result in a diminished or even lost functional 
joint. Currently, there is a lack of standard methods for char-
acterizing the functionality of foam joints, highlighting the 
need for more comprehensive methods of testing function-
ality and increased research into functionality in various 
application scenarios.

The microscopic morphology and organization at the weld 
joint play a crucial role in the development of the welding 
process. Any adjustments made to the welding process can 
directly impact welding defects and results, leading to changes 

Fig. 24  The schematic diagram of the formation mechanism of the 
TMC/Si N brazed joint: (a) the cross-section of the samples, (b) the 
diffusion of elements, (c) the formation of a small amount of TiCu 

phases, (d) the formation of a small amount of  TiCu2 phases, (e) the 
well connection between the TMCs and the  Si3N4
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in the mechanical properties of the joint. Currently, only met-
allographic and SEM are used to observe the morphological 
and microstructural characteristics of foam metal joints, lack-
ing an analysis of grain size and texture. Increased examina-
tion of the grain scale at the foam metal’s joint weld will pro-
vide a better understanding of the effect of different welding 
methods on the material’s structure, thereby providing a solid 
theoretical foundation for evaluating the joint’s mechanical 
properties and other performance indicators.

The introduction of advanced non-destructive monitor-
ing techniques such as industrial CT and 3D X-ray imag-
ing has the potential to address these difficulties in adjust-
ing the welding process due to the randomness of the foam 
structure and contribute to the advancement of the foam 
simulation field. Currently, research in foam metal welding 
simulation is in its nascent stages, and the use of modeling 
and algorithms can help to comprehend the heat transfer, 
plastic deformation, and thermodynamic calculations of the 
welding process, which is essential for optimizing the joint’s 
performance and regulating the composition of the weld.

With regard to optimizing the functionality of foam 
metal–welded joints, future research endeavors could 
focus on achieving greater precision in controlling the 
joint inputs in order to attain better performing joints. 
In particular, fusion welding techniques could be refined 
through precise control of the heat source input, in an 
effort to maintain the integrity of the foam metal’s three-
dimensional skeleton structure while ensuring adequate 
load-bearing capacity of the joint. This is particularly chal-
lenging given the low actual contact area between the foam 
metal’s skeleton structure and the weld contact surface. To 
address this issue, it is crucial to identify and employ an 
appropriate interlayer material to enhance the reliability 
and effectiveness of the joint.

It is essential to consider both the structural and functional 
aspects of the foam metal when assessing its overall perfor-
mance, especially in regard to single structural components. In 
these cases, it is desirable to retain as much of the foam metal’s 
functionality as possible while preserving its load-bearing capa-
bilities. To achieve this balance, it is necessary to continually 
make trade-offs between the structural and functional properties 
of the joint, depending on the specific application scenario of 
the foam metal, and to adjust the welding process accordingly 
in order to optimize the joint's overall performance.
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