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Porous TiNi bodies with different porous microstructures were produced from (Ti + Ni) powder mixtures by self-propagating
high-temper ature synthesis (SHS). Three different heating schedules were used to change the microstructure. Tensle strength,
compression strength and elastic modulus were measured. Fatigue tests were performed. The relationship between the porous
microstructure and mechanical properties are discussed.
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Introduction Experimental Procedure

Titanium-nickel intermetallic compound is a repres- A detailed production procedure has been aready
entative shape memory aloy (SMA) due to a unique given in our previous paper [4]. Ti and Ni darting
therma shape memory effect, supereladticity, good corro- powders were mixed in an argon-gas sealed container

sion resistance, and high damping properties. These using a ball mill to have a composition of Ti:Ni=50:50
properties make it ideal as a biomaterial, especidly in a% and then vacuum-dried. The prepared powder
orthopaedic surgery and orthodontics. In fact TiNi mixture was loaded in a quartz tube with diameters of
SMA implants have been developed and are widely 20 and 40 mm, and loose-compacted by tapping. A
used in cardiovascular and gastrointestinal applications compacted preform was loaded into a reaction furnace
[1]. under flowing argon-gas with a heating rate of 20 K/

A SHS (Sdf-Propagating High-temperature Synthesis) minute and ignited electrically with the use of a tung-
process is a very suitable for the production of porous sten filament. After the SHS reaction the sample was

TiNi shape memory aloy. The synthesis reaction occurs cooled to room temperature. Three different heating
generaly through ignition, propagation of a combustion schedules prior to ignition were used: (1) A-type
wave front and cooling. It has advantages such as (heated to 450°C and ingtantly ignited), (2) B-type
process economics, simplicity and purification of the (heated to 380°C, soaked for lhour and then ignited),
reaction product [2, 3]. and (3) C-type (heated to 400°C, furnace-cooled for 30

In this study we produced cylindrical porous TiNi minutes and then ignited). The samples were cross-
bodies with different microstructures by SHS varying sectioned by electric-discharge wire-cutting. X-ray dif-
the heating schedule prior to ignition and the size of the fractometry (XRD), scanning electron microscopy (SEM)

powder compact. Tensile, compression strength and and differential scanning calorimetry (DSC) were used
elastic modulus were measured. Fatigue tests were also for phase analysis, microstructura observation and image

performed. The relationship between the porous micro- andysis, and the determination of transformation temper-
sructure and mechanicad properties are discussed together ature.
with a comment on the biocompatibility.

Results and Discussion

Figure 1 shows SEM images of the starting Ti and Ni

*%rfﬁgf‘sdzif‘gsg_‘tl%% powders used in this study. Ti powder has a smooth
Eax: +82-52-259-2109 surface and irregular shape while Ni has a spiky and
E-mail: jskim@ulsan.ac.kr round shape. Particle size analysis showed that the
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Fig. 1. SEM micrographs of the starting powders used in this stu
(Ieft: Ti, right: Ni).

20 mm

Fig. 2. Cross-sections of TiNi bodies produced in this study which
are 20 mm diameter. (Upper row: section transverse to the
combugtion wave propagation, lower row: longitudinal section,
from left to right: A-, B, and C-type)

average sizes of Ti and Ni were 29 and 12 um, respec-
tively, whose distributions were unimodal for both.

Photographs of cross-sections of typical porous TiNi
bodies 20 mm in diameter are given in Fig. 2. In this
figure the upper row shows the transverse section (nor-
mal to the direction of combustion wave propagation),
while the lower row the longitudinal section (pardlel to
that).

The A-type specimen seems to have the largest pore
size. Irrespective of heating schedule, all specimens
show a homogeneous porous structure. In order to
observe the porous microstructure more clearly, SEM
images of cross-sections of the specimens in Fig. 2 are
given in Fig. 3. All pores are interconnected. The A-
type specimen shows the largest pore size and the C-
type the smalest. It seems that there is amost no
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Fig. 3. SEM photos of cross-sections of TiNi bodies given in Fig.
2. (Upper row: section transverse to the combustion wave

propagetion, lower row: longitudind section, from left to right: A-,
B, and C-type)
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Fig. 4. Mean pore size of the specimensin Fig. 3.

Table 1. Ignition Temperature and Maximum Combustion
Temperature during SHS Resction of (Ti+Ni) Powder Compact
with Diameters of 20 and 40 mm, heated with Various Schedules
of A, B and C Types.

A-type  B-type  C-type

B op Sue 450 330 340

Ignition Insde 311 328 337
Temp.

o) sop SUface 450 340 350

Insde 150 305 334

Max. Comb. 200 959 946 943

Temp. (°C) 40D 1060 1127 1156

difference in pore size between the sectioning direc-
tions which confirms also that the pores are three-
dimensionaly interconnected. For these samples the
summarized results of mean pore size determined by
image-analysis are given in Fig. 4. In spite of the
difference in pore size, al specimens had amost the
same porosity of 64%.

The size of the powder compact affected the ignition
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Fig. 5. Mean pore size of TiNi bodieswith diameters of 20 and 40
mm.
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Fig. 6. XRD patterns of the TiNi bodies produced.
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Fig. 7. Mechanical properties of TiNi porous bodies produced in
this study which had a 40 mm diameter: (8) Tensle and
compressive srength and (b) elastic modulus. (Tensle test
specimens were prepared from the 40 mm diameter TiNi bodies
while the compression test specimens were 20 mm in diameter.)

temperature, the maximum combustion temperature and
the mean pore size, as shown in Table 1 and Fig. 5. The
difference in the maximum combustion temperature is
more evident than that in the ignition temperature. A
higher maximum combustion temperature seems to be
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Fig. 8. Fatigue test results of 40 mm diameter TiNi bodies (all
specimens showed no failure even above 10° cycles).

related with an increase in the mean pore size. The
sample with a diameter of 40 mm showed a higher
maximum combustion temperature and a larger pore
size compared to the sample with a 20 mm diameter.

From the XRD andysis, it was confirmed that the
major phase formed in the TiNi porous bodies prod-
uced is mainly the B,-TiNi (cubic) phase (Fig. 6). This
result is somewhat different to that in our previous
study in which atrace of Ti,Ni had aso been detected.

Results of mechanical properties are summarized in
Fig. 7. It should be noted that the tensile test specimens
were prepared from the 40 mm diameter TiNi porous
bodies, not 20 mm as in the case of the compression
test specimens. As can be seen in the figure, the C-type
specimen shows the highest compressive strength of
55.6 £ 11.0 MPa, while the strength of A- and B-type
are 37.6+ 23 and 39.9+ 7.9 MPa, respectively. The
tensile strengths were in the range of 10.6-13.8 MPa.
This value is much lower than that of our previous
study (15-25 MPa) [6]. This can be explained by the
size effect. That is, in [6] the tensile test specimens had
been prepared from 25 mm diameter TiNi porous
bodies.

The mechanical properties given in Fig. 7 are in a
good range similar to those of human bones which
have been given in reference [7]. Fatigue test results
showed no failure even above 10° cycles under the
condition of body weights of 60 and 80 kg (Fig. 8). In
vivo biocompatihility tests using rabhits also showed an
excellent result [8].

Conclusions

TiNi porous bodies with different porous microstruc-
tures and sizes were produced from a (Ti + Ni) powder
mixture by a self-propagating high-temperature syn-
thesis (SHS) method, varying the heating schedule
before ignition. The average pore size was in the range
of 108-280 um depending on the heating schedule. All
pores are three-dimensionally well interconnected. The
tensile, compressive strength and elastic modulus are
similar to those of human bones. Fatigue tests showed
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an excellent result for the biomedical application of this
material.
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