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Fig.1 Morphologies of original material: (a) titanium powder and (b) urea particle
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Fig.2 Sintering process of titanium foam
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Fig.3 Macro morphologies of titanium foam prepared with different particle diameters space holder: (a) 0.5~1 mm cross section; (b) 1~1.44 mm,

cross section, (c¢) 1.44~2 mm, cross section; (d) 1.44~2 mm, longitudinal section; (e) 2~2.8 mm, cross section; (f) 2~2.8 mm,

longitudinal section
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Table 1 Pore diameter of titanium foam prepared with

different particle diameters space holder
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Table 2 Porosity of titanium foam prepared with different

particle diameters space holder

Diameter of Pore diameter of

titanium foam cross Long axis/short axis
No. space holder/

of titanium foam

mm seli:imon/ longitudinal section
1 0.5~1 0.57~1.05 1.15~1.32
2 1~1.44 1.15~1.53 1.12~1.35
3 1.44~2 1.61~2.08 1.15~1.41
4 2~2.8 1.93~2.29 1.13~1.44
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Diameter of  Porosity of Difference between

No. space titanium foam/ porosity and volume ratio
holder/mm % of space holder/%
1 0.5~1 60.9 -9.1
2 1~1.44 59.7 -10.3
3 1.44~2 58.8 -11.2
4 2~2.8 56.9 -13.1
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Fig.4 Macro morphologies of the cross section of titanium foam prepared with different volume ratios of space holder: (a) 50%, (b) 60%,

(¢) 70%, and (d) 80%
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Table 3 Porosity of titanium foam prepared under different

volume ratios of space holder

. Porosity of Difference between
Volume ratio of . . . .
No. titanium  porosity and volume ratio

space holder/% foam/% of space holder/%
1 35 30.8 -4.2
2 50 41.8 -8.2
3 60 50.1 -9.9
4 70 58.8 -11.2
5 80 67.6 -12.4

HIRERFLBR 3 20 T BRI AR a3y, ML % 5 5
PEARARAR 53 B0 72 (A 8 W 72 3G K. be 4 1T 220 1100
CT2h I, WIRERIFALEE A 60.1%, L5 & AL A AAR]
IEFEAE N -9.9%, T HKE4E T 20 1300 'C/2 h I,
TR EK I FLBR N 60.1%, 5 b AL AR R 0 B 22 (i h
-12.2%5
2.3 FLBRHFEXTIEIREN S F M RERIR2 M

AN [R] L BT 28 Y0 A K %) TR 40 8 g - VA il e 1 7
Fias, Ji%erERengk 5 proac. IWEI T LU H, ik



AT A IRER ] 5 K ) AV EREVP T T

*1055 ¢

K5 ANIRgR S T2 i PR ARt o T 3

Fig.5 Macro morphologies of the cross section of titanium foam prepared under different sintering parameters: (a) 1100 ‘C/2 h, (b) 1200 C

/2 h, () 1200 °C/4 h, and (d) 1300 ‘C/2 h
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Fig.6 Micro morphologies of the pore wall of titanium foam prepared under different sintering parameters: (a) 1200 ‘C/2 h and

(b) 1300 ‘C/2 h
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Table 4 Porosity of titanium foam prepared under different

sintering parameters

Difference between

Sintering Porosity of ity and vol ‘i
No. parameter, titanium  POTosity and volume ratio
T/1(‘C/h) foam/% of space holder/
%
1 1100/2 60.1 -9.9
2 1200/0 63.1 -6.9
3 1200/2 58.8 -11.2
4 1200/4 57.8 -12.2
5 1300/2 55.8 -14.2
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Table 6 Mechanical properties of titanium foam with different
250 .
| pore diameters
30.8% Pore diameter/
200 mm 0.57~1.05 1.15~1.53 1.61~2.08 1.93~2.29
< | Compression
E 150k o strength/MPa 43.1 48.9 24.4 24.7
F: ' o Elastic
e
g 100l ’ modulus/GPa 1.69 1.72 1.71 1.79
I 50.1% ‘
S0F 58.8% ‘ N
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Fig.7 Relationship between stress and strain with different

porosities
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Table 5 Mechanical properties of titanium foam with different

porosities
Porosity/% 30.8 418  50.1 588 676
Compression
strength/MPa 234 120 55.2 244 144
mofj?j;‘/gpa 419 264 218 171 117
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Fig.8 Relationship between stress and strain with different pore

diameters
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Preparation of Titanium Foam and Mechanical Properties Evaluation

Wang Yaoqi ', Wang Xiaohua®, Wang Zhelei’, Ren Xueping®, Hou Hongliang'
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China)

(2. China 15th Metallurgical Construction Group Co., Ltd, Wuhan 430075, China)

(3. Aerospace Research Institute of Materials & Processing Technology, Beijing 100076, China)

(4. University of Science and Technology of Beijing, Beijing 100083, China)

Abstract: Titanium foam was prepared by space holder sintering process under different particle diameters, volume ratios and sintering

temperatures and time. The pore structure of titanium foam was analyzed by optical metallography and scanning electron microscope. The

mechanical properties of titanium foam were evaluated by compression test at room temperature. The results show that the pore of titanium

foam is round on the cross-section and is elliptical on the longitudinal section. The difference between porosity of titanium foam and the

volume ratio of space holder increase with the increase of the particle diameter, volume ratio, sintering temperature and time. At the same

time, the higher the sintering temperature, the denser the pore wall of titanium foam. Unlike the traditional foam materials, there is no

obvious stress platform in the relationship between the stress and strain of titanium foam. The compressive strength and elastic modulus

decrease with the increase of porosity. When the porosity is 67.6%, the compressive strength and elastic modulus reach 14.4 MPa and

1.17GPa, respectively. The compressive strength increases first and then decreases with the increase of pore diameter, while the elastic

modulus remains unchanged. When the pore diameter reaches 1.15~1.53 mm, the compressive strength and elastic modulus reach 48.9 MPa

and 1.72 GPa, respectively.

Key words: titanium foam; space holder sintering process; pore structure; mechanical properties
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