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Abstract This study was performed to fabricate the porous titanium foam by space holder method using NaCl
powder, and to evaluate the effect of NaCl volume fractions (33.3~66.6 vol.%) on the porosities, compressive
strength, Young's modulus and permeability. For controlling pore size, CP titanium and NaCl particles were sieved

to different size range of 70~150 um and 300~425 pum respectively. NaCl of green Ti compact was removed in
water followed by sintered at 1200°C for 2 hours. Total porosities of titanium foam were in the range of 38-70%.
Pore shape was a regular hexahedron similar that of NaCl shape. Porous Ti body showed that Young's modulus

and compressive strength were in the range of 0.6-6 GPa and 8-127 MPa respectively. It showed that pore size and

mechanical properties of Ti foams was controllable by NaCl size and volume fractions.

Keywords: Space holder, NaCl, Porous titanium, Porosity

LM E

Hxe P Sdse] A AYEe] Hs
£ 2P oM AxT SFArE 83k ol
F 20471l oA vlsEAe] Sl e 71
(@ag 71, olEFH 5), U= o] v
sk, W AR 50 deAel 545
g Bl FohluM Aol AFA Ak, G
At Ae, A%, AF2 AR, A AR 5 ol
Fokz AT H4ET o1,

efolebge WA st s 953 A
= A A F50E, oA EoplME F
olefgt s 54L& ol4sle] det A7t 2
3] A Folot.

gl R Aeg dElolellA 7)Ee] T2 A=

rd o

1

i,

*Corresponding Author : [Tel : +82-55-280-3370; E-mail

ot} zE|QlE|~T} FEIE ARSI glglont A
719 gt FA AZRE 98 ol =}
Waldel £ elolele 5 FHZ dAsle e A
E7} o] FoiA| AL QJo}2]. ZB]a AAHT Hofol|A]
AP LR BlEHoN(TIO,) WiefiE AlE
slo] HEZHEE kAT Re] B8-S Sl o
T A=A Qlok3]. =3t elelebE Fel 4
Aoz wi¢- Pt F-EE] o= Qs A
AgAde] 5317 witol] AAAE Hofol|M 753
WAL gl AAlo)7| = st 53] A e]aioflA]
E oHNE dEI JFHd, W) AENE o)
Ak AAA Foll 8= olet. 22t Hell=
wloll vl AURA =2 eHAFR Qls S
A Alefslaat ABNFE SEAIE FeE2a 7
AR AL Aojsle] SRS EA7|HE

: ddrty3@kmu.ac.kr]

488



NaCEe Space holder® o83t Elo|elw o549 4 489

A|E7} o] FofZ] Il QlTh4].

A7 TFEA Azl oleiA] Hgtekel &
gt 5ol v 713-& F=s] $ls8l ohekst Alx
WSl E A Y5 2% A5 oAl
= F2 B4y BA9 (replication), A43AIH
22 Az 4 it 2 A Tl B
Aete] AEAIZTL ofeleH, Aagde] A5 o
F AEE SE) F8EE S 7 Sld
A 7 dE] el upHe R FAlo| whesial
Ao 897t WL BEadye] F2 RolaL
ATk 1 Fell= 7P de] 2rol= WS vkt
AAEroln] o] W2 EA|AAte] rhesltis AA
o] gl ubHel 7]FEE 50%E ¥R 33k 3
E 2 Qo a#iA olEst 71EEe] S S5
3} 4= 9l H"bHo| Space-holderd ©]=H6]. Space-
holderd-> T35 A3l slejA] daafe] E4
< o &M == 7% olelel FUHHQl 7S
AARA717] 98l dAH R Ik ARERs B
< AHlsle] A8 Foll Al7sle] 71FEe] 2 o
FAE AZ3s W ol

B dFoHE= space holder2 NaClS A4-3}od
elelels HaAE AlXsHs €2, NaCle] A7k
ol ME 713E ¥ 7549 Wi #AsIA 7)
F5 I 71AA EAL W3l BUI=E SRl
;3 ARG o A3l sl

=135

2. A S H

oo

2.1, x| 2at

B JFoAE= CP titanium Gré LS Y82 A}
£33 =% 99.5% ©o]AF2] NaClg space holder=
A3}, Elolels 9 NaCl 98842 7|3 =27]
AolS $I8k] 27+ 70~150 pme} 300~425 um &
= 2715 7S AAsE ARSEl BEE o
T B2M][(BECKMAN, Laser Diffract ion Particle
Size Analyzer-LS 13 320)5 o83 24 =7|2xE
A3t

2.2, AlH M=

B AFoME T3 19] FAel wel A|lHE Az}
sioict. elolelEs} NaCle] &3F Alel] Fbrle]e
el Babg7|xle] 2 qlgl FRe LS 23]

Ti(Graded) + NaCI(99.5%) +Ethanol(95.0%) ]

(o .
¥

[ Compaction ][ Steel die (@5mm)

Holding time = Imin

[Space holder.J[ Distilled water(110°C)

binder (30min, 3times)
removal (Magnetic stirrer)

«

[ Dry ][ |oo°C(for30min)]

(at hot plate)

— Vaccum = 10%torr
intering 1200°C/ 2hrs _ (heat rate = 10°C/min)

Fig. 1. The flow chart of space holder method for titanium
foam.

Table 1. Particle size and volume fraction of titanium
compacts

Particle size (um) Ti : NaCl
Ti NaCl (NaCl vol.%)
1 2 (66.6%)
1 1.5 (60%)
75-150 300-425 2 1 (50%)

: 0.67 (40%)
: 0.5 (33.3%)
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Fig. 2. SEM micrograph of powders: (a) titanium and (b)
NaCl.
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Fig. 3. Particle size distributions of titanium and NaCl.

Fig. 4. Stereoscopic microscope image (x7.5) of sintered
porous titanium : (a) 66.6%, (b) 60%, (¢) 50%, and (d)
40%, (e) 33.3% (NaCl vol.%).
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Fig. 5. SEM image (x100) of sintered porous titanium : (a)
66.6%, (b) 60%, (c) 50%, (d) 40%, and (e) 33.3% (NaCl
vol.%).
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Fig. 6. Porosity of porous titanium prepared using various
NaCl volume fractions.
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Fig. 9. Porosity of porous titanium by die-compaction.
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Fig. 12. Young's modulus of porous titanium fabricated by
space holder method.
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Fig. 11. Plastic deformation prediction of Surface shape at first step of compression test.

Vol. 18, No. 6, 2011



494 £H3] - FAT

o] AT 7]FEe] A WEoE A
A,
T T T T T T T
20} p
—~ 100 | 4
S
& wl " i
g
5 60t -
&
v st ' p
= .
w0 20f 4
* p—
> -
ol ]
1 1 I 1 1 1 1 1 I 1 1 1 1 1
35 40 45 50 55 60 65 70
Porosity(%)
Fig. 13. Yield stress of porous titanium fabricated by space

holder method.

21 T T T T T T T T

20 1

~
-~

9| E
3
Z 18| -
é‘ 17} E
=
g 16 E
2]
B 15F E
: :
= 4 i
=]
> 13 1 1 1 1 1 1 1 1

0 12 14 16 18 20 2 24 2%
Porosity(%)

Fig. 14. Young's modulus of sintered titanium foam by die-
compaction.

w“o .
ol a §
400 [ ]
380 | .
360 |- .
0| ]
20| 4
300 | 1
80 | .
20 | .
240 | ]

1 1 1 " 1 1 1 1 1 n 1 1 1 1 1 1
0 12 14 16 18 20 22 24 2%

Porosity(%)

Fig. 15. Yield stress of sintered titanium foam by die-com-
paction.

Yield stress(MPa)

Journal of Korean Powder Metallurgy Institute

el . 7]%‘_ . uH}H

it

=

4 kil

NaCl $lo] efolelym s sh5473 A9
eA S g sS4 9 1500 4 o
Rt 71stel ulel, eASE= oF 14-19 GPad
WA= Yepom, 852 oF 251431 MPa] 3k
©=2 vepgdol. Cheno] AFEAISH ol Space holderd]
S H&3te] BAASLTE 028-3.03GPa, 7HE7}
17.5-316.6 MPaql 73} ¥|wgS of FARE 7|35
< vERel® B7slal ARTe] A7)3jele) 9
3 2 dFolA o 3 71AA BEAS Yepia
AeS o 5 UTHII.

T ZAME B F glRo] edApe) 358
5 7RIS Zoil ulel Z/RIA 1 F71Ee
A FRasls 7S Vel ol ZIsHe] =
oAPE vlEH R A Al A £ oA
o] 718H o|AellME i Zloll MZE o o)A} oz
HA o= A 3a-S owlgieh

34. 57| ™ A1}

Space holderdel] oJ&f| #|=H elolelws A<
B7)5= I3 169149} 7ol NaCle] vlgol| e}
oF 26.43-203.19 Vmin/em*°-2 YEPFI, NaCle] #
7kl STV E $7)E wi SRk Ale®
it ol 919 715E 34 AFelA MEst vt
o} zro] NaCle] H7kege| F71ers A% 7|32
AEe] F71s] Wit ® dME 4= 9ld.

gH, Elolely HETS SN &S el
e oAlE 21 17649} 3Ee] 340 MPa®] 3}
FEZINA AR AIFES oF 16.14 Uminem’=

225 T T T T T T
——66.66 vol.%
——60 vol.%
——50 vol.%
——40 vol.%
—+—33.33 vol.%
(NaCl volume fraction)

150 |

100 -

Flow(I/min/em?)

——— "
e ——
———t

T e
> et

B raan i

e aree

AT L L L 1 L
0 5 10 15 20 25 30 35

Pressure(psi)

Fig. 16. Permeability of porous titanium of porous tita-
nium fabricated by space holder method.



NaCEe Space holder® o83t Elo|elw o549 4 495

18 T T T T T T
—— 340MPa
—— 680MPa
4 |——1020MPa 7

Flow(I/min/cm?)

0 5 10 15 20 25 30 35
Gas pressure(psi)

Fig. 17. Permeability of sintered titanium foam by die-
compaction.
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