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ABSTRACT

Ni-Ti samples were prepared by powder metallurgy. The prepared samples
were master samples Mz (55% Ni- 45%Ti) and M2 (56% Ni- 44%Ti). The
additive percentage of Ta was 5%, 7% and 9% to master sample M1 and My,
while Nb addition was 1%, 2% and 4% to M: and M2. The pressure of
pressing was 800 Mpa. The samples were sintered at 950 °C for a time of 9 hr.
Samples were then examined by using SEM technique, XRD, DSC, Vickers
hardness. The porosity was measured according to Archimedes method.

Scanning electronic microscopy images showed that most prepared
samples have porosity, which in turn imparts decreasing microhardness values
across the surface. Better increase of microhardness values is found in
M2+5%Ta. Scanning electron microscopy indicated also the best martensitic
structure in M1+4% Nb and My+4%Nb. X-ray diffraction observations
indicated that NiTi, NisTi and NiTi> phases exist in all samples. NiTi phase is
playing a dramatic role in enhancing shape memory effect and superelasticity.
DSC results show that transformation temperatures range in (46-134°C). This
indicates that all samples at room temperature have one phase which is
martensite.
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INTRODUCTION
hape memory alloys (SMA) are materials that have the ability to return to a
former shape when subjected to an appropriate thermo mechanical procedure.
Pseudoelastic and shape memory effects are some of the behaviors presented
by these alloys. The unique properties concerning these alloys have encouraged many
investigators to look for applications of SMA in different fields of human knowledge
[1].

Shape memory alloys (SMAs) are deformed at a low temperature, some residual
strain remains after unloading. However, the residual strain vanishes and SMAs
return to its original shape by a reversible transformation upon heating. The property
is related to the reversible martensitic phase transformations, which are solid-solid
diffusionless processes between a crystallographically ordered phase (austenite) and a
less ordered phase (martensite) [2].

NiTi alloys are the most promising Shape Memory Alloys in terms of practical
applicability; due to their special functional properties, namely one way or two way
shape memory effect (OWSME, TWSME) and superelastic effect (SE). NiTi
components have seen growing use in recent years in a number of industrial fields as
biomedical, automotive, and aeronautic and many others [3].

The Ni-Ti alloys have been successfully applied as biomaterials such as
orthodontics arch wires, guide wires and stents in addition to many engineering
applications. The Ni-Ti alloys are also considered as one of the attractive candidates
for orthopedic implants [4]. There is a new class of SMAs known as High
Temperature Shape Memory Alloys (HTSMAs). HTSMAs are a unique class of
SMA s that have transformation temperatures greater than 100 °C and are capable of
actuating under high temperature conditions. These alloys are produced by adding
ternary elements such as palladium, platinum, hafnium, gold, and zirconium to NiTi,
for which the transformation temperatures can be shifted anywhere in the range of
(100-800) °C [5,6,7].

The aim of this study is to prepare NiTi alloys as master alloy and then study the
effect of different additives of Ta and Nb individually, on the characteristics of NiTi.
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The purpose of experimenting the physical characteristics and transformation
temperatures of alloys is to candidate the better percentage of additives for different
applications.

EXPERIMENTAL WORK
Samples Preparation

NiTi samples were prepared using powder metallurgy, which consists of mixing,
compacting and sintering processes. The powders were taken from different chemical
companies. The purity, the average particle size and origins of the powders used in
this work are shown in Table (1). Ni-Ti powder (master mixture; 55 wt% Ni with 45
wt% Ti and 56 wt% Ni with 44 wt% Ti) was prepared using a ball mill mixer for two
hours. This mixture was used to prepare three groups as shown in Table (2); first
master alloy in two samples (without additives). Other samples were prepared with 5,
7 and 9 wt% of Ta and with 1, 2 and 4 wt% of Nb additions by mixing in the ball mill
for two hours for each percentage.
Pressing

After mixing, a 5 gm of each sample were compacted at 800 MPa. Pressing was
done by a hydraulic pressing machine in a tool steel die (15 mm) in a diameter.
Sintering

Each sample was sintered in a vacuum furnace at a temperature (950) °C for (9)
hours with a heating rate of (10) °C/min.
X-Ray Diffraction Test

X-ray diffraction test was done to identify the formed phases of sintered samples.
By using XRD instrument type D8 Il machine, Bruker axs, 240V, 50Hz and 6.5 KVA
made in Germany
Microstructure Observation (SEM)

Surface microstructure was observed by using Scanning Electron Microscopy
(SEM) for each sample after sintering using SEM type (TM-1000 Hitachi Tabletop,
Japan).

Microhardness Measurements

Vickers microhardness method was used to measure the hardness of the sintered
samples at loading of (1.0 Kg) held for 10 seconds. The values of hardness have been
taken from five different places along the surface for each sample and the averages of
5 readings have been taken to get the hardness value. This test is achieved by using
vickers hardness testing machine type (Fv 800 Future-Tech Tester, Japan).

Porosity

Porosity was measured by using Archimedes method (depending on
weighting of sintered samples) as follows:[8]

Porosity (%) =

Mﬁd +100 % - (D)

Where:
W; = weight of sample after immersing in distilled water for 24 hours.
Wy = weight of the dry sample after sintering.

W, = weight of immersed sample in distilled water and suspended in air.

Transformation Temperatures
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The transformation temperatures were measured for each sample using the DSC
(Differential Scanning Calorimeter) type Mettler Toledo, Switzerland, by taking (5-
10) mg of each sample and testing at a scan rate of 15 °C/min. The cooling agent used
in the DSC (in order to cool up to -50 °C) was liquid Nitrogen. While maximum
temperature was 200 °C.

RESULTS AND DISCUSSION
Chemical Compositions

All prepared samples were examined using energy dispersive spectrum (EDS) for
the chemical composition analysis. The structure was obtained after etching with an
etching solution (10 ml of HF, 20 ml of HNO3 and 150 ml of H,O distilled water) at
room temperature [9].

Figures (1 and 2) show the EDS spectrum and chemical composition of the
master samples M1 (55 % Ni + 45 % Ti) and M (56 % Ni + 44 % Ti), respectively.
Tables (3 and 4) show the chemical composition of master samples (M; and M,
respectively). Figures (3 and 4) show the EDS spectrum and chemical composition of
the master samples with Ta additives. Figures (5 and 6) show the EDS spectrum and
chemical composition of the master samples with Nb additives.

The samples (M1, My, Ts, Ts, N5 and Ng) were investigated using EDS spectrum
in order to find their chemical compositions. Samples were prepared to have 45 wt %
Ti (i.e. 55 wt % Ni) for the master sample (M) which corresponds to 44.37 wt % Ti
and 48.45 wt % Ni in EDS results. The other master sample (M-) has 44 wt % Ti (56
wt % Ni) which corresponds to 43.13 wt% Ti and 49.49 wt % Ni. On the other hand
the prepared samples with additives (Ta and Nb) which have the higher values of
additions as shown in figures (3, 4, 5 and 6). Since the percentages of additions Ta
and Nb are small percentages to cause significant change in composition, so the
maximum percentages of addition of Ta and Nb which are 9 wt% and 4 wt %,
respectively, had been taken to EDS analysis.

Scanning electron microscope images of all etched samples are shown in figures
(7 to 20). The martensite formed in all alloys has needle shaped grains, because of
diffusionless feature of martensitic transformation; the ordered or disordered of the
parent phase (Bz) is transformed to martensite. Disordered B, forms disordered
martensite B19’ [10]. All investigated phases appear in the form of dark and grey
spots and small white dots immersed in the matrix. Some of the phases accumulate at
the grain boundaries because of the high free energy of the grain boundaries. Figures
(18, 19 and 20) show the needle shaped microstructure of martensite which appeared
in ordered pattern. These figures are smilar to samples with Nb addition.

XRD Patterns

The sintered samples were examined with X-rays. Figures (21-22) show the
diffraction patterns for the master samples no pure metals was observe which indicate
that the sintering time and temperature used in this work result in complete sintering
reaction. Figures (21- 22) show that the samples compacted at 800 MPa consist
mainly of two phases; the martensitic phase (monocline) and the austenitic phase
(cubic), in addition to Ti,Ni, NisTi, NisTiz and Ni.Ti. The formation of Ti>Ni and
NisTi might be attributed to the slow cooling of the samples with the furnace cooling
rate whereas, in the sintering condition used throughout this work, the free Gibbs
energies for NisTi and Ti>Ni were less than that for NiTi and it seems difficult to
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obtain a final equilibrium structure of NiTi alone just by solid —state diffusion [11].
No pure Ni was found in NiTi alloys after sintering at 950 °C and time 9 hr, in which
B2 (NiTi) is the dominant phase. The sintering is complete as NiTi, TizNi and NisTi
are stable phases. The NiTi phase is obviously dominant while NisTi and Ti-Ni are
not. This can be attributed to the high sintering temperature, which enhances the
diffusion rate and makes the reaction tend to equilibrium [12]. The addition of Ta to
the NiTi binary alloy can improve its X-ray visibility [13].

Transformation Temperatures

The transformation temperatures, which are used to determine the temperatures at
which the austenitic and martensitic phases may exist, were characterized by DSC at
a scan rate of 15 °C/min for all prepared samples. Figure (23) show the
transformation temperatures for the master samples (M1 and My). It is seen that the
master samples have 58 °C as Mr (martensitic finish temperature) for M; and M., and
(134 °C and 130 °C) as As (austenitic finish temperature) for M; and M respectively.
This means that both the master samples at room temperature consist of martensite.
From that it is seen that a small difference in the chemical composition does not
influence in the transformation temperature.

The equiatomic composition (i.e. 50 at% of Ni and Ti) exhibits the maximum A¢
temperature (120 °C) of all NiTi compositions studied. Decreasing the Ni atomic
percentage (at. %) from the equiatomic composition does not change the
transformation temperatures. If the composition of nickel is increased above 50 at.% ,
the transformation temperature begins to decrease, with As becoming as low as - (40)
°C for 51 at.% nicke [14]. Figure (23) shows that the increase in the percentage of
Nickel of 1 wt % will decreased As about 4°C. The addition of Ta led to a
significantly raising As( austenitic start temperature) and Ms(martensitic start
temperature) increased but slightly. When Ta content is in a range from 5 at.% to 35
at.%, all of the transformation temperatures just increased slightly. Since it is well
known that in NiTi binary alloys, the phase transformation temperature decreases
with increasing the Ni/Ti ratio [13]. The addition of Nb increased slightly the values
of As and M; by increasing Nb percentage as shown in figure (23). The values of M;
were not affected by any addition and ranged between (46 °C - 60.5 °C).

Vickers Hardness

The hardness measurements are shown in Figures (24-25). Hardness
measurements were made for master samples (M; and M) and these values will be
compared to those of the prepared samples with additives (Ta and Nb). Figure (24)
shows that measurement hardness value of M is higher than that for M. This
difference can be attributed to the fact that the sample M1 has more porosity than the
sample M as shown in Figure (25). SEM images for M1 and M, samples Figures (7
and 8) show more pores and even larger sized pores in M than that in M. It is known
that the martensite is softer and more ductile than austenite, i.e. the latter is stronger
and hard in this system [15, 16]. In comparison with the master samples values of
hardness, one can find that the hardness decreases with increasing Ta as shown in
Figure (24). It is clear that sample T has the higher value of hardness which is 331
(Hv), Figure (25) shows that the measured hardness decreases by increasing Nb
addition. The sample of 1% wt Nb addition has higher hardness than the hardness of
the masters My and M. This drop in hardness may attribute to some phases and pores
localized on the surface [17], have shown that the alloy primarily consists of the NiTi

3039



Eng. &Tech. Journal, Vol.*!, Part (A), No.16, 201 ¥ Characterization of Niti Super
Elasticity
Shape Memory Alloys

phase with dispersed insoluble elliptical or globular precipitates of nearly pure Nb.
These precipitates are extremely soft [14].

Porosity

The porosity percentages of the prepared samples are extracted by Archimedes
method. Figure (26) shows that the porosity percentage for the master sample (M) is
higher than that for (M2) because of the most powder used for compaction have
irregular shape. The addition of fine spherical powder Ni effectively decreases
porosity percentage in M.. SEM of Figure (7 and 8) shows M is higher porosity than
M. Figure (26) shows the porosity increased with increasing Ta addition; because of
less adhesion and interdiffusion between the particles. Figure (27) shows that the
porosity percentage increases with increasing the percentage of Nb wt% which could
be attributed to particles to be sintered are smaller than 1 mm in size and can possess
a wide variety of geometries: spheres, cubes, wires, flakes, discs, snowflakes, or other
small solids that flow and pack as a powder [18], that may enhance forming small
pores thus increasing the porosity. Figures (15 - 20) show how the porosity increases
gradually with increasing Nb wt%.

CONCLUSIONS

1. The addition of 1wt % Nb may result in increase in hardness. But for more than
1% Nb that will decrease the H..

2. Small amount of Ta addition, it can improve the hardness but this can be the
opposite if Ta addition increased.

3. Ta and Nb addition results in increasing in porosity compared with master
samples (without additives).

4. X-ray diffraction technique showed that sintering at 950 °C for 9hr is efficient to
satisfy sintering process in which elemental powders are completely transformed
into alloy structure.

5. Phase transformations occurred in a temperature range of (46-134 °C) as
indicated by DSC. All samples have one phase at room temperature which it is
martensite.
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Table (1) Powder metals used.

. Average of Particle .
0,
Metal (Powder) Purity (%) Size (um) Manufacturing Company
Ni 99.7 3 METCO, ENGLAND
Ti 99.5 150 FLUKA-, SWISS
STREM CHEMICALS,
Ta 99.98 45 USA
STREM CHEMICALS,
Nb 99.8 45 USA
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Table (2) Descriptions of prepared samples.

1 M1 55 % Ni + 45 % Ti
Master
alloys 2 Mo 56 % Ni + 44 % Ti
] 3 T: M1 +5%Ta
Ni 4 T2 Mz +5% Ta
+ 5 Ts M. +7%Ta
1‘ 6 T, M2+7%Ta
Ta 7 Ts M1+9% Ta
8 Ts M2+9 % Ta
] 9 N1 M1+ 1% Nb
Ni 10 N2 Mz + 1 % Nb
* 11 Ns M; + 2 % Nb
? 12 Na M2 + 2 % Nb
Nb 13 Ns Mi + 4 % Nb
14 Ne M2 +4 % Nb
Table (3) ED’s analysis for master sample (M1).

Nickel 28 K-series 48.45 38.84 2.1
Titanium 22 K-series 44.37 43.60 1.8
Oxygen 8 K-series 3.32 9.75 7.4

Aluminium 13 K-series 2.39 4.17 0.3

Fluorine 9 K-series 1.47 3.64 0.6

Table (4) ED’s analysis for master sample (M»).

Nickel 28 K-series 49.49 38.58 1.9
Titanium 22 K-series 43.13 41.22 1.6
Oxygen 8 K-series 2.84 8.12 5.7
Nitrogen 7 K-series 2.18 7.13 4.4
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Aluminium 13 K-series 1.02 1.73 0.1
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Figure (2) ED’s spectrum for master sample (M2).
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Figure (5) ED’s spectrum for (N5) sample.
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15:36 x2.0

2010/12/23

Figure (7) SEM micrograph of etched sample (My).
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TM-1000_0433 2010/12/14 11:06 =2.0k 30 um

Figure (8) SEM micrograph of etched sample (M2).

TM-1000_0434 2010/12/14 11:14

Figure (9) SEM micrograph of etched sample (T1).

TM-1000_0437 2010/12/14 11:24 »=2.0k 30 um

Figure (10) SEM micrograph of etched sample (T2).
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TM-1000_0440 2010/12/14 11:34 =2.0k 30 um

Figure (11) SEM micrograph of sample (T3).

TM-1000_0467 2010/12/16 11:16 =1.0k 100 um

Figure (12) SEM micrograph of sample (T4).

TM-1000_045659 2010/12/16 11:18 »2.0k 30 um
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Figure (13) SEM micrograph of sample (T5).

TM-1000_0461 2010/12/186 11:28 =1.0k 100 um

Figure (14) SEM micrograph of sample (T6).

TM-1000_0463 2010/12/16 11:31

Figure (15) SEM micrograph of sample (N1).
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TM-1000_04656 2010/12/16 11:39 =1.0k 100 um

Figure (16) SEM micrograph of sample (N2).

TM-1000 0504 201011221 15:19

Figure (17) SEM micrograph of sample (N3).
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Figure (18) SEM micrograph of sample (N4).

=2, 0k 30 um

Figure (19) SEM micrograph of sample (N5).

TM-1000_0509 2010/12/21 16:31

15:37 x2.0k 30 um

Figure (20) SEM micrograph of sample (N6).
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Figure (21) XRD pattern of sample (M1).
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Figure (24) Hardness values for the master with various additives of Ta.
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Figure (25) Hardness values for the master with various additives of Nb.
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Figure (27) Porosity percentages for the master with various additives of Nb.
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