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Progress in Research and Development of
Porous Titanium Materials
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(State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’ an 710016, China)

Abstract: Porous titanium has evolved into an important class of metallic materials and is the choice of material for many
industrial applications, and the R&D activities on porous titanium have shown a strong uptrend in recent years. This paper
begins by providing a brief review of the history of porous titanium and then discusses the preparation processes and char-
acteristics of porous titanium materials. The permeability, mechanical property and corrosion behavior of porous titanium
are reviewed subsequently, followed by selected examples of their commercial applications. The properties of porous titani-
um are mainly determined by the pore structure. Using different techniques, porous titanium with uniform, bimodal, gra-
dient, honeycomb or closed pore structures can be produced. In addition, similar to the fabrication of dense titanium mate-
rials, the interstitial impurities (O, N and C) in porous titanium should be strictly controlled for both desired mechanical
properties and corrosion resistance. Additive manufacturing or 3D metal printing provides a powerful platform for the design
and fabrication of novel porous titanium structures compared to conventional powder metallurgy. Future developments of
porous titanium will continue to be driven by applications but the new design freedom offered by additive manufacturing is
expected to play an increasingly important role.
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Fig. 1  Graphic representation of papers(a) and patents(b) on
porous titanium since 1970 (including titanium foam and

cellular titanium)
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Fig. 2 SEM images of four kinds of raw used in porous titanium fabricated by conventional powder metallurgical process:

(a) angular titanium powder, (b)spherical titanium powder, (c) titanium fibers, and (d) hollow titanium spheres
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Fig. 3 SEM image of porous titanium ( CP-Ti) with bipeak
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Fig. 4 SEM images of porous titanium ( CP-Ti) with a gradient

pore structure: (a) longitudinal section and (b) surface
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Fig. 5 SEM images of porous titanium ( CP-Ti) with a honey-

comb structure fabricated by the template method(a) and

electron beam selective zone melting(b)
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Fig. 7 Permeability coefficient of nitrogen gas through porous ti-
tanium as a function of the maximum pore size over the
porosity range of 33% to 35% , measured at room temper-

ature
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Table 1 Characteristics of porous titanium filters for liquid filtra-
tion fabricated by NIN

Pruduct Filtration accuracy/p,m Penetration
grade 98¢, (efficiency) 99.9% (efficiency) coefficient/10 ~*m?
TGO03 3 5 0.04
TG0O06 6 10 0.15
TGO10 10 14 0. 40
TG020 20 32 1.01

TGO35 35 52 2.01

TG0O60 60 85 3.02
m;ﬁini 1SO - 16889 1SO 4022
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Fig. 13 Porous titanium spargers fabricated by the Powder Metal-

lurgy Institute Belarus(a) and its sparging effect(b)
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Fig. 14  Graphic representation of basic principles of oxygenator(ia) and photo of porous titanium discs

used in the oxygenator developed by NIN (b)

Titaniumplate  Membrane Stainless steel bodyli

H,OandH, H,0and O,

- Catalyst layer
Silicon gaskets Porous titanium L y

plate

16 £ [ PR ik 2w O B9 Ti-Pb 524 FAR (a) K HAEH
TKULHR Cu R FHACR IR (b)
Fig. 16 Titanium-lead anode plate developed by Electrodes Interna-
tional, Inc(a) and photo of copper deposited by electro-
phoretic process(b)
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Fig. 15 Schematic diagram of the SPE electrolytic cell(a) and

porous titanium current collector fabricated by NIN(b)
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