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1. Introduction

Nowadays, the use of nano materials is widespread in
various industries due to their unique properties compared
to coarse materials. The known methods for producing
nano materials are: co-precipitation, mechanical alloying,
use of colloidal solutions, combustion and supercritical
water-based methods.

By increasing the temperature during the sintering
process, recovery, recrystallization and especially grain
growth are observed. The increasing concentration of
vacancies and the reduction of preventing barriers of the
movement of grain boundaries lead to grain growth. For
stopping the grain growth phenomenon, strategies should
be adopted to prevent the movement of grain boundaries.
One of these solutions is the use of fine sediment particles
or secondary phase particles. These particles prevent the
movement of dislocations or slow down their movement.
So, grain growth will be stopped or delayed at high
temperatures. In other words, the grain growth process
will not occur during annealing

In this study, TiO, has been used as the secondary
phase in NiTi alloy nanostructure powder. This oxide is a
thermally and chemically stable compound. From the
price point of view, it is considered a cheap oxide, which
has an acceptable abundance. The purpose of adding this
oxide is to prevent the growth of NiTi phase grains during
the sintering process.

2. Materials and Method

In this article, in order to investigate the effect of the
presence of TiO, on maintaining the nanostructure of
milled NiTi alloy, two samples were produced by
mechanical alloying method from nickel and titanium
elemental powder. One of the samples contains TiO- as
the raw material. The samples were ground in a planetary
mill with a speed of 250 rpm and a balls to powder ratio
of 30:1 in a controlled atmosphere. In order to reach the
same crystallite size for both samples, the milling time
was chosen for 36 hours for the sample without TiO; and
22 hours for the sample with TiO,.

Then the samples were pressed at 700 MPa and sintered
in a furnace with a temperature of 900°C. After milling
and sintering, XRD test was taken. The size of crystallites
was estimated by Williamson-Hall method. DSC test
(SETYS Evolution-175 model - SETARAM) was used to
check the energy released during the annealing process. In
order to simulate isothermal processes, the powder
samples were heated at the maximum speed of the
machine (100°C/min) to the test temperatures, and then
were heated at a rate of one degree per minute for 2500 s.

3. Results and Discussion

Figure 1 shows the XRD patterns of samples after milling.
As it is clear in the figure, NiTi peaks are clearly seen in
both samples. Therefore, the powders are pre-alloyed
before sintering. In this figure, the XRD of the samples
after sintering are also shown. As can be clearly seen in
both samples, the increase in the intensity of the peaks
while the positions of desired peaks do not change
indicates an increase in the size of the crystallites while
no phase change happened in the samples.

|

Figure 1- XRD results for milled and sintered samples.

Figure 2 a and b shows the DSC diagrams. The area
under each peak represents the energy released during
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heating. Therefore, the conversion fraction at a certain
time is proportional to the area under the peak at that time.
In Figure 2 ¢ and d, the changes of the transformed
fraction with time at different temperatures are shown. In
the graphs, it is clear that for both samples, the time to
complete the annealing process has decreased with the
increase of the test temperature.
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Figure 2- a and b: DSC diagrams for the milled samples (a
in the presence of TiOz, b: absence of TiO), ¢ and d: the
transformation fraction diagram based on time.

4- Conclusion

1 -Milled NiTi powder showed an increase in size from
the initial crystallite size of 198 nm to 987 nm after
annealing at 900 °C, but the crystallite size of NiTi
powder containing TiO2 changed from 191 nm to 461
nm.

2 -The activation energy of particle coarsening
transformation during sintering was 31.85 and 96.47
KJ for the sintered NiTi samples without and with
TiOy, respectively. Also, the nucleation energy
barriers were 93.9 and 75.7 KJ, respectively. The grain
growth activation energy was calculated as 13.4 and
14.4 KJ, respectively.

3- The values of a (nucleation type representative) and ¢
(growth control method) for NiTi and NiTi along with
TiO, were estimated as 0.9, 0.5 and 058, 1,
respectively. These values indicated the reduction of
the nucleation rate during annealing for both samples.
The grain growth in the sample without TiO; is
controlled by diffusion while for the sample
containing TiOy, grain boundary movement controls
the growth.
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Investigation on the presence of titanium oxide particles effect in preventing the growth of
NiTi granules in the sintering process

Hadi Nasiri Morteza Golmohammadi

Abstract Grain growth during sintering of nanomaterial is one of the main drawback is this process. Since the
nanomaterials maintain their unique performance as long as their size dos not exceed a specific size range, various
strategies, including the addition of oxide particles, are adopted to prevent this phenomenon and to slow down grain
growth. In this research, titanium oxide particles were used to prevent the growth of NiTi nanostructured alloy grains
during sintering operations due to their suitable thermal stability with amount of 10 wt.%. The effect of titanium oxide
particles was investigated by X-ray diffraction (XRD) and differential scanning calorimetry (DSC) analyses. For this
purpose, two groups of samples including with and without presence of titanium oxide were prepared and studied. The
results of kinetic analysis on both sample groups showed that grain growth occurred after the process, in the presence of
this oxide, up to twice the initial size and before sintering. But the growth rate in the absence of titanium oxide increased
up to five times. The reason for this is the amount of activation energy required for grain growth. This energy was 31.85
kJ in the sample without titanium oxide and 47.96 kJ in the sample with the presence of 10% of this oxide. Also, based on
DSC data, the barrier energy were calculated as 9.93 and 7.75 kJ, and the grain growth activation energy were calculated
as 13.4 and 14.4 kJ, for the samples with out and with titanium oxide respectively.

Key Words: Grain Growth, TiO,, NiTi, DSC.
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