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B 1 SAHRALES & 2 LR SEM &1
Fig. 1 SEM image of porous titanium prepared by gas phase

pore formation [
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Fig. 2 SEM images of porous titanium prepared by foaming method: (a) Sponge replication method!'"); (b) Coagulant assisted

foaming method"*; (¢) Gelcasting!'®; (d) Freeze casting method!'”
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Fig. 3 SEM images of Ti6Al4V foams of the spark plasma
sintered®(a) and titanium foams created space holder

method™"\(b)
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Fig. 4 3D printing porous titanium and its transplantation application: (a) SEM micrographs for SLS fabricated Ti scaffolds using

biomimetic methods™; (b) Bone ingrowth into Ti matrix with xCT images showing bone formation within Ti scaffold®”; (c) SLM

fabricated Ti scaffold®®; (d) Schematic diagram of new bone growth around implant®®®!; (¢) Micro-CT 3D image of EBM fabricated

porous Ti6AI4VHL; (f) Anteroposterior radiograph after implantation
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Fig. 5 SEM images of nickel-titanium foam prepared by
SHSPY(a), mesh porous titanium prepared by fiber weaving™®}(b)

and mesh porous titanium prepared by fiber tangled™”)(c)

F I VEREATSRAME LA R 755K, DR A 22 v F A% iR
FE B AR B BRI M E BT AL, 1 nRHE R E 5
143 HEEEREBIE

H & SE 5 I A A (SHS) 2 K SR N RGN 1 H
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B 7 24 s
Fig. 7 Schematic process of porous structure construction:
(a) Before tapping; (b) After tapping

Bl 6 kesh)E NaCl #: 5K i¥) SEM & :
Fig. 6 SEM images of sintered NaCl Beads: (a) Low B8 hests2FL4kN SEM 14

magnification; (b) High magnification Fig. 8 SEM image of sintered porous titanium

®1 ZAMEHEGEH K TZ5ERRME

Table 1 Summary of preparation process and properties of porous titanium and its alloys

. . Macropore Connected pore  Elastic Compression
0,
Method Material ~ Porosity/% size/um size/um modulus/GPa strength/MPa Feature Reference
Argon-filled a1 4y 04841 50-250 10-20 28-120 170-670  High cost;. [6]
pores limited pore size
Sponge C,Ti )
replication TiH,  664-842  100-600  62-365.1  0.11-2.08 17.45-121.67 ii’“{l St;igitth’ [10-12]
process Nb-Ti-Ta E1p Y
lurry foami High porosity;
Slurry foaming - o 659893 44-653 40-200 73-985  2.46-65.5 1gh porosity; [13]
method may contain residues
. TiH, . - _ _ Structural design, _
Gelcasting .. " 7191 499-88 2-124 1 23613 vain residues [ 15716)
Freeze casting .. P L. 52-71 95-362 50-200 1.3-5.0 57-183 Structural design, 5o,
z £ Ti-6Al-4V T limited pore size
SPS Ti-6Al-4V  447-70  125-240 20-150 95330  430-1102  ieh lflflﬁrztlency’ [20]
SHS NiTi 60-70  370-440 40-170 1212031 14254293 H‘g}é:t?erc‘f'“y’ [51]
Simple, mature,
Space holder ~ C,Ti 60-65  200-600 50200 29-39 28-102 high porosity, [23,27]
limit of shape
B 72(SLS) 750 750 0.55 35 . [33]
ma:fg‘ctgfin Ti-6Al-4V 68-73(SLM) 630 630 3.61 76.8 C“Stzre‘;fi“on’ 137]
g 55-82(EBM) 500 500 0.75-9.97 50 [39, 46]
. . . impl
Fiber synthesis Pure Ti wire ~ 48-82 188-390 188-390 0.01-3 2-70 Simple, [47]

pore irregularity
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Preparation and development of
porous titanium material for bone transplanting

JIA Jian-gang, JING Yong-zhi, GAO Chang-qi, LIU Chang, JI Gen-shun, GUO Tie-ming

(Lanzhou University of Technology, State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,
Lanzhou 730050, China)

Abstract: The porous titanium is a porous metal material with a three-dimensional open interconnected pore structure.
Compared with dense biometal materials, its elastic modulus is greatly reduced due to its openability and connectivity,
and thus it can be well matched to human bones, at the same time, free circulation of body fluids, combined with good
biocompatibility of titanium, thus the porous titanium is used as orthopedic transplant material. How to control the porous
structure and obtain the porous titanium matrix with excellent performance is the premise and foundation for carry out
related research and application. The porous titanium alloy have been developed, and the preparation methods conclude
gas foaming method, organic sponge replication method, slurry foaming method, gel column molding method, frozen
casting method, self-propagating high-temperature synthesis method, and spark plasma sintering method, added
pore-forming agent method, additive manufacturing method, fiber synthesis method, etc. Different preparation methods
have their own advantages, but most of them suffer problems, such as high preparation cost or low performance. The
orthopedic transplant material with different mechanical properties and pore structure are required for the actual bone
condition of different patients. Therefore, adjusting the structure and modulus of porous titanium for bone-transplanting
in a large range still will be studied. The porous titanium bone graft materials have achieved clinical application, the
porous titanium vertebral implant materials are rolled out by domestic institutions. Porous titanium as a bone graft
material, there is still much room for research and clinical applications in the future.

Key words: porous titanium; foams metal; bone graft material; porous preparation; biocompatibility
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