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Table 1 Mechanical properties and pore structure characteristics of porous titanium

Material Porosity/% Elastic modulus/GPa Compressive strength/MPa  Preparation process Reference
Ti powder 61~63 0.34~0.43 18~43 [8]
0.3~6.5 (in-plane); 5~105 (in-plane); Loose sintering
Ti wire mesh 30~70 [9]
1.5~7 (out of plane) 10~110 (out of plane)
Ti powder 26~36 7.7~20.1 115~250 [10]
o Die compaction
Ti fiber 58.5~68.7 6.1~29.5 [11]
TiH, powder 57.5 3.6 1245 [11]
Ti powder 50.2~71.4 0.5~3.3 34.4~146.8 [12]
Ti powder 36~63 2.66~18 94.1~468.6 Space holder method [13]
Ti powder 10~40 4~9.9 310~527 [14]
Ti powder 52.8 7.26 58.94 [15]
Ti-43Al-9V-1Y powder 62~81 16~120 Freeze casting [16]
Ti and Mo powder 63 4.67 75.6 [17]
Additive
TC4 powder 82~85 637~1084 13.1~19.2 [18]
. manufacturing
Ti powder 38.0~54.1 2~10 38~100 [19]
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Fig.2 Porous Ti plate made by powder rolling process
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Fig.3 Schematic of gases entrapment process!®
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Fig.4 Microstructure of porous Ti with bimodal pore structure
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Table 2 Characteristics of several slurry forming processes

Preparation process Advantages

Disadvantages

Gel casting High open porosity, complex parts

Slurring foaming Interconnected pores, high porosity

Freeze casting High porosity, directional pores

) To prepare porous Ti plate or strip
Tape casting . .
continuously, small pore size

Template impregnation

process porosity

Porous Ti or Ti hollow spheres with high

High carbon content, complicated technology, low porosity
Low strength and low accuracy, difficult to control pore size,
high carbon content

Low strength, long time to solidify, Ti powder settling easily,

camphene is poisonous
Low porosity

Pore characteristics are restrained by the template, large pore

size, porous skeleton
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Slurry preparation
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Fig.5 Schematic of freeze casting process
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Fig.6 Macroscopic image (a) and microstructure (b) of porous Ti produced by template impregnation process*”)
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Fig.7 Manufacturing process of metal hollow sphere
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Fig.8 Morphologies of porous Ti made by calciothermic reduction!®
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Fig.9 Partial medical implants produced by 3D-printing process for foreign enterprises: (a) bone trabecular, (b) hip prosthesis, and

(c) tibial tray
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Table 3 Performance of sintered porous Ti filter elementst™
Specified minimum particle size in liquid for
o = Maximum pore Permeability coefficient ~ Compressive failure
Filter grade Filtration efficiency/pm 5 .-
size/pm /m? {h kPa m?) strength/MPa
98% 99.9%
TG001 1 5 <5 =6 =25
TG003 3 7 <10 =12 =25
TG006 6 10 <15 =42 =2.0
TG010 10 14 <30 =90 =2.0
TG020 20 32 <50 =200 =15
TG035 35 52 <100 =450 =15
TG060 60 85 <150 =650 =1.0
5~10 mQ-cm®, Ak, W TTN BRI G -1 AR VA

K10 EATON 277 % FLARE
Fig.10 Porous Ti tube produced by EATON Technologies GmBH
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Fig.11 Microflow controller for porous Ti
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Preparation and Application of Porous Titanium

Wang Jianzhong, Ao Qingbo, Jing Peng, Wang Jian
(State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Titanium and its alloys with low density, high strength, good corrosion resistance, good biocompatibility and so on are widely
used in the fields of aerospace, marine engineering, petrochemical industry, biomedical, electronic engineering, etc., and it is a very
important strategic metal after steel and aluminum, known as the “third metal”, “space metal” and marine metal”. Porous titanium is a kind
of structural and functional integrated material with dual properties of both porous material and titanium, and it is also an indispensable
key supporting material in modern high-tech field. The paper reviewed the preparation processes of porous titanium, including powder
metallurgy techniques (loose sintering, die compaction process, space holder method, slurry forming technique and additive manufacturing
process), and chemical synthesis (reaction sintering, combustion synthesis, calciothermic reduction, dealloying), and the application status
of porous titanium was briefly described in the fields of biomedical, filtration & separation, and electrochemistry, etc. Pore structure of
porous titanium is the key factor affecting its applied properties, so it should be strengthened to control accurately the pore structure and to
study its coupling mechanism with the applied conditions. Furthermore, the design and preparation technology of porous titanium with
ultra-lightweight and ultra-high strength should be developed through the interdisciplinarity of materials, mechanics and mathematics.

Key words: porous titanium; pore structure; preparation; application
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