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ABSTRACT
Nickel-Titanium shape memory alloy (Nitinol or NiTi) is a fascinating material
for dental applications. In this work the alloy has been prepared by powder
technology and the effect of Mg and Zn additives has been studied on the corrosion
rate, in artificial saliva. Samples (without additives) were prepared using powder
mixture of 55 wt.% Ni and 45 wt.% Ti by blending in a ball mill for two hours, then
compacted at 800 Mpa, and then sintered at 950 oC for 9 hours under controlled
atmosphere (argon). The same approach was made for the samples with 0.1, 0.2 and
0.3 wt% of Mg and Zn additions. XRD test shows that the sintered samples are
consisting of two phase's martensite and austenite at room temperatures.From the
results; it was found Zn additives increase the corrosion rate while Mg additives
decrease the corrosion rate.
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ﺍﻟﺨﻼﺻﺔ

 ﻓﻲ. ﺗﻴﺘﺎﻧﻴﻮﻡ( ﺗﻌﺘﺒﺮ ﻣﻦ ﺍﻟﻤﻮﺍﺩ ﺍﻟﺴﺎﺣﺮﺓ ﺍﻟﻤﺴﺘﺨﺪﻣﺔ ﻓﻲ ﺍﻟﺘﻄﺒﻴﻘﺎﺕ ﺍﻻﺳﻨﺎﻥ-ﺳﺒﺎﺋﻚ ﺫﺍﻛﺮﺓ ﺍﻟﺸﻜﻞ )ﻧﻴﻜﻞ
ﻫﺬﺍ ﺍﻟﺒﺤﺚ ﺗﻢ ﺍﻧﺘﺎﺝ ﺍﻟﺴﺒﺎﺋﻚ ﺑﻄﺮﻳﻘﺔ ﻣﻴﺘﺎﻟﻮﺭﺟﻴﺎ ﺍﻟﻤﺴﺎﺣﻴﻖ ﻭﺗﻢ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺍﺿﺎﻓﺎﺕ ﺍﻟﻤﻐﻨﻴﺴﻴﻮﻡ ﻭﺍﻟﺰﻧﻚ ﻋﻠﻰ
ﺍﻟﻨﻤﺎﺫﺝ ﺍﻻﺳﺎﺱ )ﺑﺪﻭﻥ ﺍﺿﺎﻓﺎﺕ( ﺗﻢ ﺗﺤﻀﻴﺮﻫﺎ ﺑﺨﻠﻂ ﺍﻟﻤﺴﺎﺣﻴﻖ ﺑﻨﺴﺐ. ﻣﻌﺪﻝ ﺍﻟﺘﺎﻛﻞ ﻓﻲ ﻣﺤﻠﻮﻝ ﺍﻟﻠﻌﺎﺏ ﺍﻟﺼﻨﺎﻋﻲ
800 ( ﺑﻮﺍﺳﻄﺔ ﻁﺎﺣﻮﻧﺔ ﺍﻟﻜﺮﺍﺕ ﻟﻤﺪﺓ ﺳﺎﻋﺘﻴﻦ ﺛﻢ ﺗﻢ ﻛﺒﺲ ﺍﻟﺨﻠﻴﻂ ﺑﻀﻐﻂ45 wt% Ti) ، (55 wt% Ni )ﻭﺯﻧﻴﺔ
 ﻭﺑﺠﻮ ﻣﺴﻴﻄﺮ ﻋﻠﻴﻪ ﺑﻮﺍﺳﻄﺔ ﻏﺎﺯο ﻡ950  ﺳﺎﻋﺎﺕ ﻭﺑﺪﺭﺟﺔ ﺣﺮﺍﺭﺓ9  ﻭﺑﻌﺪﻫﺎ ﺍﺟﺮﺍء ﻋﻤﻠﻴﺔ ﺍﻟﺘﻠﺒﻴﺪ ﻟﻤﺪﺓMpa
 ﻣﻦ ﺍﻟﺰﻧﻚ0.3  ﻭ0.2  ﻭ0.1  ﻧﻔﺲ ﺍﻟﻄﺮﻳﻘﺔ ﺍﺳﺘﺨﺪﻣﺖ ﻟﺘﺤﻀﻴﺮ ﺍﻟﻨﻤﺎﺫﺝ ﻣﻊ ﺍﻻﺿﺎﻓﺎ ﺕ ﺑﻨﺴﺐ ﻭﺯﻧﻴﺔ.ﺍﻻﺭﻛﻮﻥ
 ﺍﺧﺘﺒﺎﺭ ﺣﻴﻮﺩ ﺍﻻﺷﻌﺔ ﺍﻟﺴﻴﻨﻴﺔ ﺍﻭﺿﺢ ﺑﺎﻥ ﺍﻟﻨﻤﺎﺫﺝ ﺍﻟﻤﻠﺒﺪﺓ ﺗﺤﺘﻮﻱ ﻋﻠﻰ ﻁﻮﺭﻳﻦ ﻫﻤﺎ ﺍﻟﻤﺎﺭﺗﻨﺴﺎﻳﺖ.ﻭﺍﻟﻤﻐﻨﻴﺴﻴﻮﻡ
 ﻣﻦ ﺧﻼﻝ ﺍﻟﻨﺘﺎﺋﺞ ﻭﺟﺪ ﺍﻥ ﺍﺿﺎﻓﺔ ﺍﻟﺰﻧﻚ ﺗﺰﻳﺪ ﻣﻦ ﻣﻌﺪﻝ ﺍﻟﺘﺎﻛﻞ ﺑﻴﻨﻤﺎ ﺍﺿﺎﻓﺔ.ﻭﺍﻻﻭﺳﺘﻨﺎﻳﺖ ﻓﻲ ﺩﺭﺟﺔ ﺣﺮﺍﺭﺓ ﺍﻟﻐﺮﻓﺔ
.ﺍﻟﻤﻐﻨﻴﺴﻴﻮﻡ ﺗﻘﻠﻞ ﻣﻌﺪﻝ ﺍﻟﺘﺎﻛﻞ ﺍﻟﻜﻴﻤﻴﺎﺋﻲ
INTRODUCTION
Shape memory alloys (SMA) constitute a group of metallic materials with the
ability to recover a previously defined length or a shape when subjected to an
appropriate thermo mechanical load [Hodgson DE1990]. When there is a limitation of
shape recovery, these alloys promote high restitution forces. Because of these
properties, there is a great technological interest in the use of SMA for different
applications. Although a relatively wide variety of alloys present the shape memory
effect, only those that can recover from a large amount of strain or generate an
expressive restitution force are of commercial interest. Particularly important among
them are alloys based on Ni-Ti and on Cu, such as Cu-Zn-Al and Cu-Al-Ni. SMA
based on Ni-Ti are the alloys most frequently used in commercial applications
because they combine good mechanical properties with shape memory.

458

Mohammed Ali The Iraqi Journal For Mechanical And Material Engineering, Vol. 11,No. 3, 2011

Basically, SMA presents two well-defined crystallographic phases, i.e.,
austenite and martensite [smart.tamu.edu2001]. Martensite is a phase that, in the
absence of stress, is stable only at low temperature; in addition, it can be induced by
either stress or temperature. Martensite is easily deformed, reaching large strains (~8
%) [Hodgson DE1990]. Depending on the type of transformation experienced by these
alloys, the crystal structure of martensite can be either monoclinic or orthorhombic
[Otsuka K 1999, Wu SK 2000]. When martensite is induced by temperature, it is called
twinned martensite. The twinned martensite has 24 variants, i. e., 24 subtypes with
different crystallographic orientations [Funakubo H 1987]. On the other hand, when
martensite is induced by stress these 24 variants of twinned martensite become only
one variant. As a consequence, there is a crystallographic orientation, aligned with the
stress direction, which is called detwinned martensite. The austenite phase is stable
only at high temperatures, having a single variant with a body-centered cubic crystal
structure.
Martensitic transformation explains the shape recovery in SMA. This
transformation occurs within a range of temperatures which varies according to the
chemical content of each alloy [www.sma-inc.com 2001]. In general, four characteristic
transformation temperatures can be defined: M s and M f , which are the temperatures at
which the formation of martensite starts and ends, respectively, and A s and A f , which
are the temperatures at which the formation of austenite starts and ends, respectively.
Eventually the aim of this work is to prepare thermal NiTi by powder metallurgy
approach and studying the effect additives on the developed phases and corrosion rate.
Experimental
Ni-Ti powder (master mixture; 55 wt% Ni with 45 wt% Ti) was prepared
using a ball mill by mixing for two hours. This mixture was used to prepare samples
with 0.1, 0.2, and 0.3 wt% of Mg and Zn additions. After mixing, they were compacted
at 800MPa, by placing the powder in a die made from D2 tool steel with a diameter of
15mm.
Following the compaction, all of the samples were sintered at 950 °C for 9
hours (the samples were allowed to heat up with the heating rate 7°C /min) under argon
atmosphere and were allowed to cool down at the furnace-cooling rate. Following that,
the samples were ground and polished.
Corrosion rate was measured for each sample where anodic and cathodic
polarization curves were obtained using artificial saliva as the electrolyte at 37oC with a
scan rate of 5mV/sec and potential range of
(-0.25-0.25 V), the exposed surface
area (of the sample) to artificial saliva was 0.78 cm2.
Results and Discussions
XRD Pattern
All of the prepared samples were compacted at (800 MPa) and sintered at
950 °C for 9 hours. The sintering temperature used (950 °C) was about 0.8 of the
melting temperature of the NiTi intermetallic compound (T m =1310 °C) [J. T. Alhaidary 2006], and holding that temperature for 9 hours under controlled argon
atmosphere will result in complete sintering reaction due to the enhancement of the
interdiffusion between Ti and Ni which in turn leads to an increase in the amount of
NiTi phase produced and to a better shape memory effect. [Bing-Yun 1999].
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The phases developed as a result of the sintering process were investigated
using the XRD technique. It is seen from fig. (1) that there are probably no pure metals
present, which proves that the sintering time and temperature used in this work result in
complete sintering reaction. The absence of any oxides is attributed to the controlled
argon atmosphere used during the sintering process. On the other hand, there might be
some sort of oxides, which are lower than the detectability of the used XRD when they
are less than 5%. Figure (1) show that the master sample compacted at 800 MPa
consisted mainly of two phases (the martensitic phase M and the austenitic phase B 2 at
which the volume fraction of the martensitic phase was more than the austenitic one) in
addition to Ti 2 Ni and Ni 3 Ti. The formation of Ti 2 Ni and Ni 3 Ti might be attributed to
the slow cooling of the samples with the furnace cooling rate whereas, in the sintering
conditions used throughout this work, the Gibbs free energies for Ni 3 Ti and Ti 2 Ni were
less than that for NiTi and it seems difficult to obtain a final equilibrium structure of
NiTi alone just by solid - state diffusion, [Li Bing-Yun 1998].
Mg and Zn were added at a maximum percentage of (0.3 wt %) respectively,
this is a very small amount to be detected by the XRD as shown in figures (2-7).

Corrosion Rate Determination
Figure(8) indicate that the corrosion rate decreases with increasing the wt%
of Mg, this can be attributed to the higher activity of Mg compared to Ni, therefore, the
Mg acts as an anode to the Ni which in turn results in a reduction in the corrosion rate
of the bulk. The reason for the decrease in the corrosion rate with increasing the wt% of
Mg added is due to the increase in the anodic area (Mg), therefore, the Mg is corroded
more and the bulk is protected, But though the activity of Zn is less than that of Ti, the
Ti from a protective oxide film helps in keeping the corrosion rate not to influenced by
the Zn addition. The reason for the increase in the corrosion rate with increasing the
wt% of Zn added is due to the increase in the cathodic area (Zn)
Conclusions
1. The samples sintered at 950oC for 9 hours with 45 wt% Ti result in a twophase structure (austenite and martensite) at room temperature. The samples
with Mg and Zn additions also resulted in the same two phase structure at
room temperature.
2. the corrosion rate decreases with increasing the wt% of Mg, this can be
attributed to the higher activity of Mg compared to Ni
3. The corrosion increase with increase Zn.
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Fig (1): XRD pattern of a master sample pressed at 800MPa and sintered at 950oC for 9
hrs.
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Fig (2): XRD pattern of the master with 0.1% Zn sample pressed at 800MPa and
sintered at 950oC for 9 h
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Fig (3): XRD pattern of the master with 0.2% Zn sample pressed at 800MPa and
sintered at 950oC for 9 hrs
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Fig (4): XRD pattern of the master with 0.3% Zn sample pressed at 800MPa and
sintered at 950oC for 9 hrs
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Fig (5): XRD pattern of the master with 0.1% Mg sample pressed at 800MPa and
sintered at 950oC for 9 hrs
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Fig (6): XRD pattern of the master with 0.2% Mg sample pressed at 800MPa and
sintered at 950oC for 9 hrs
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Fig (7): XRD pattern of the master with 0.3% Mg sample pressed at 800MPa and
sintered at 950oC for 9 hrs
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Fig (8): Corrosion rate (mm/yr) for the master with various percentages
Of Mg & Zn pressed at 800MPa and sintered at 950°C for 9 hrs.
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