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A novel sort of cellular titanium foam, whose total porosity was achieved as high as 86%–90% and main pores
were spherically millimeter-scaled, was recently prepared successfully by an improved foaming method of
melting the metallic powder. This titanium foam showed a good performance of sound absorption, and its
sound absorption coefficient could be more than 0.6 in the sound-wave frequency range of 3150–6300 Hz and
even exceed 0.9 at the resonance frequency. The main mechanism of sound absorption for this foam should be
of interference silencing due to the surface reflection when the sound wave frequency is lower than about
4250 Hz, and the viscous dissipation when the frequency is higher than about 4250 Hz. A reticular product
with millimeter-scaled pore size and about 90% porosity was also made by means of slurry-immersed sintering,
and the resultant titanium foam might display an effect for sound absorption, but on the whole, its absorption
was evidently inferior to that of the cellular product. The corresponding sound absorption coefficient could not
be above 0.2 until sound-wave frequency is higher than 3150 Hz, keeping a relatively low value except for
resonance occasion only, on which it could reach up to around 0.9 at about 4000 Hz.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

With a small bulk density and good comprehensive properties, the
metal foam is a kind of porous material integrating structural and func-
tional actions, and may be widely applied to a large number of fields,
such as in aerospace, electronics, communications, transportation,
atomic energy, medicine, environmental protection, metallurgy, ma-
chinery, building, electrochemical and petroleum–chemical industries,
dealing with the lightweight structure, noise reduction, energy absorp-
tion, shock attenuation, electromagnetic shielding, heat insulation, fire
resistance, heat exchange and biomedical engineering [1–4]. The rela-
tive researches have mainly focused on aluminum foams, which have
had a number of applications, in particular, in the aerospace, automo-
bile, ship and construction industries, as well as the military engineer-
ing. With a higher melting point, better heat insulation and more
excellent corrosion resistance than aluminum foams, titanium foams
could bemore suitable for amore rigorous demand on ambient temper-
ature and service environment, particularly in aviation, spaceflight and
military. For instance, the functional material that has a more powerful
ability to withstand high temperatures than aluminum foams may be
neededwhen it needs to be used as the lightweight and denoising struc-
ture for aerospace science and technology, and the engineeringmaterial
that ismore resistant to corrosion than aluminum foamsmay be needed
when it needs to be used as the lightweight and silencing structure in

the briny environment. In the present work, the titanium foam is devel-
oped to be intended for use in these harsh conditions.

Titanium has its own virtues of light weight, high specific strength,
good corrosion resistance and nice biocompatibility, etc., but the
researches on titanium foams have been reported far less than on
aluminum foams. A lot of methods can be successfully used to ob-
tain aluminum foams, but not so for titanium foams. On the princi-
ple, many good methods to produce metal foams could be hopeful
to make the titanium foam. However, titanium foams would, in
practice, be prepared usually by powder sintering, and the prod-
ucts have been developed usually with a porosity that is not quite
high and generally lower than 70% [5–9]. Because of high melting
point and easy oxidation for titanium, the preparation technology
for titanium foams needs to be different from that for aluminum
foams, and the resultant porous structure, pore size and pore mor-
phology would have their own characteristics.

Titanium foams are attractive for structural and biomedical applica-
tions [5,10,11], especially for implant applications [12–16]. Unlike
aluminum foams, they cannot be easily produced in the liquid state
due to the high melting temperature, and the current techniques for
their processing are mainly based on powder metallurgy, including
the powder sintering and the pressurized pore expansion [5]. At present,
titanium foams are studiedmostly on the application in porous titanium
alloy implant materials, and relatively few on that in structural engi-
neering materials. As for porous implant materials, the pores thus
should be interconnected three-dimensionally to provide enough
space for the attachment and proliferation of new bone tissues and
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to facilitate the transport of body fluids [15]. Accordingly, their prop-
erties are researched mainly on the biological performance and the
relative mechanical characterization of the implant titanium foam
with an interconnected open-cell porous structure, in main view of
medical implant applications [9,17–20]. As compared with this
open-cell reticulated structure, cellular titanium foams have been
quite rarely investigated [16]. Furthermore, all these researches are
far less than that on aluminum foams. By comparison, titanium
foams are relatively devoid of the systematic study, in particular on
the physical property. For example, the reported study on their
acoustic or thermal property has not yet been found even until
now. For the consideration of other more potential engineering
applications, more researches are necessary on variously structured
titanium foams as well as their primary properties, including physi-
cal and mechanical properties. Besides, metal foams have been
developing for lower bulk density and higher porosity on the basis
of meeting the requirement of mechanical properties, especially in
cases where the structural weight reduction is the key factor. There-
fore, two sorts of highly porous titanium foams, with cellular or retic-
ular structures, were firstly prepared in the present work, and their
sound absorption performance, one of the most elementary physical
properties, were preliminarily investigated for these foams.

2. Preparation of titanium foams

With nickel as themain alloy element, the titanium foam could be
prepared by using the titanium–nickel alloy powder or the mixed
powder of titanium and nickel as the main raw material. The melted
powder foaming method [4] could be adopted to make the cellular
titanium foam, but it was greatly improved in order to get a high po-
rosity product with cellular structure in this work. In the present
process, the dehydrogenated titanium powder (Fig. 1(a)) and the
electrolytic nickel powder (Fig. 1(b)), with the granularity both of
−300 mesh and the mass ratio of 75:25–85:15, were firstly mixed
together in a mixingmachine for 2 h to get the evenly mixedmetallic
powder. To such mixed powder, a certain amount of the foaming
agent and adhesive were then added according to the desired porosity
of the product. After uniformly mixing again, the resultant mixture
was pressed in amold to give a prefabricated product. This prefabricated
product was afterwards dried and placed (together with the mold) in a
non-oxidizing environment, and quickly heated to 1000–1200 °C then
rapidly cooled after it had been at the high temperature for a certain
length of time. During this process, the foaming agent carried out a ther-
mal decomposition and released the gas to form a cellular structurewith
spherical pores. The resultant finished products of highly porous titani-
um foam are shown in Fig. 2(a) and (b) as the examples, with the total
porosity of about 90%. From the pore size and shape it could be directly
informed that the macroscopically spherical pores with a millimeter-

scaled size should have resulted from the decomposition of the foaming
agent to release the gas: those macroscopic pores are interconnected
due to a sufficiently high porosity of the product. Fig. 2(c) shows themi-
croporous structure of the cellwall corresponding to theporousproduct,
revealing a good bond of the solid phase. In Fig. 2(c), the irregular tiny
pores with micron-scaled size should have been caused by the thermal
decomposition of the organic additive such as the adhesive, and these
pores could further improve the connectivity between thosemacroscop-
ically spherical pores. The tiny pores existing in the cell wall would not
be conducive to the strength of the product, but contribute advanta-
geously to the sound absorption property of the product.

The reticular titanium foam was prepared by using the slurry-
immersed sintering method [4]. During the preparation, the evenly
mixed metallic powder mentioned above was added with a certain
amount of the adhesive tomake a desired slurry, intowhich the polymer
matrix was then immersed to obtain a composite product. After drying,
the resultant prefabricated product was sintered at 800–1000 °C in a
vacuum furnace for more than 2 h, and the resultant product sample
with a porosity of about 90% is shown in Fig. 3. This figure shows the
main pores (Fig. 3(a)) of the porous product are interconnected with
the size of about 1–2 mm, and the corresponding three-dimensional
reticular structure presents to bemainly dependent on the original poly-
mer matrix (Fig. 3(b)).

An X-ray diffractometer of X'PertPROMPD typemade by PANalytical
Company in Holland was used to examine and analyze the mixed raw
material of metallic powder and the obtained product of titanium
foam, with the radiation source of Cu kα, the scanning voltage of 40 kV
and the scanning current of 40 mA, and the results are shown in Fig. 4.
The characteristic spectra of titanium and nickel in Fig. 4(a) reveal that
there was no phase transformation for themixed rawmaterial of metal-
lic powder after mechanical mixing, and their relative intensity shows
the most composition of titanium contained in this mixed rawmaterial.
The relative intensity of the diffraction peak of titanium in Fig. 4(b) is
still quite high for the product of titanium foam, accounting for the
phase of titanium still predominant in the product; the characteristic
spectrum of the metallic nickel phase disappears and that of a new
phase of NiTi2 comes forth, indicating that almost all the metallic nickel
had reacted with a part of titanium in the mixed rawmaterial to gener-
ate the newphase at a high temperature in the preparation process. This
composition is in agreement with the analytical result from the phase
diagram of titanium–nickel alloys.

3. Sound absorption property of titanium foams

3.1. Experimental method

The sound absorption coefficient test system of JTZB type made by
the Beijing Century Jiatong Technology Development Limited Company

Fig. 1. Morphologies of the raw metallic material: (a) titanium powder; (b) nickel powder.
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