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Abstract: This research 1s represent the study of the influence of ultrasomc surface treatment for 50%Ni1 and
50%Ti alloy. The Sample was prepared by wsing powder metallurgy techniques; two different nanoparticles

(S1C-BN) were employed. The study use of several tests were conducted such as X-ray diffraction Vickers

hardness corrosion resistant, wear behavior and Ni- Ion release obtained results showed a great improvement
in hardness and wear resistant in addition significant reduction in current density and ion release.
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INTRODUCTION

Ni/T1 systems are the most superior and popular
alloy. They were found in many application and
several fields such as aerospace and biomedical, etc.
They also have effective corrosion resistance mainly
due to TiQ, oxide. This oxide not only protective
but also it has an aphotocatalytic property which
decompose the toxic organ material (Hermawan et al.,
2011).

However,
ultrasonic  technique

deformation structure assoclated with
have a mterested
2016). Many

treatment

great
recently (Ye et al, studies were

worked ultrasonic surface in different
techniques.

A group of workers (Khachin et al, 1992;
Gjunter et al., 2006) used Ultrasonic Tmpact Surface
Techmque (UIST) to mnprove mechanical properties of
NiTi SMAs (Surikovaa et al., 2016, Zhuravlev and Pushin,
2000).

NiTi base alloys have excellent Super Elasticity
(SE) and shape memory alloy effect but it is often
necessary for great improvement and further increase n
hardness, wear resistance, reduction in corrosion. The
works showed that the micro hardness of surface layers
will improved and increase because of nanostructure of
plastic deformation by using ultrasonic treatment
(Lindemann et al., 2006).

The aim of this research is to investigate the effects
of ultrasonic treatment on the mechanical properties of
50% Ni 50% Ti.
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Fig. 1: Sintering cycle of the prepared samples

MATERIALS AND METHODS

Experimental work

Prepearing the samples: Specimens of (50% Ni and
50% T1) were prepared by powder metallrgy technique.
particale size of the used powder was (1.2-11pm ) their
purity was (99.2-99.8%). The compacting pressure
was (800 MPa). Then samples were sintered in a
programable vacuum furmnace at 850°C for 7 h. Figure 1
specimens were discs of diameter 12.8 mm and 6 mm
thickness.

However, then they were subjected to ultrasonic
treatment by wsing a shury composed by nano SiC
particles and Boron Nitride (BN) of size (100 and 50)
Nano. Different levels of power and time were used,
Table 1 and 2.

Tests

X-ray diffraction: X-ray diffraction test was conducted
for the samples before and after treatments to detect any
phase formed during treatment.
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Table 1: Ultrasonic surface treatment by nano 8iC (A)

Samples Ay A, A Ay
Power (%0) 40 40 80 80
Time (h) 1 3 1 3
Temp. (°C) 50 50 70 70
Pluser 70 70 70 70

Table 2: Ultrasonic surface treatment by nano BN (B)

Samples B B, B B. B Bg
Power (%0) 40 40 40 80 80 80
Titne (h) 1 2 3 1 2 3
Temp. °C) 50 50 50 70 70 70
Pluser 70 70 70 70 70 70

Fig. 2: Pin-on-disc wear test

This mstrument used Cu .a radiation of current 20
mA at power 40 kW, the target used was Cu
tube, .Cu =1.54060 A°, scanning was 5(2.) per min.

Hardness: The hardness of surface layer before and after
treatment was calculated by using Vickers hardness load
1000 g holding for 10 sec.

Wear resistance: Tlus test was determined by
pin-on-disc test. The diameter of sample was 12.8 mm and
the hardness of disc (852) HY and applied load 10 N with
Speed equal 350 rev/min, sliding distance 15 equal to (171)
(Fig. 2).

Corrosion resistance: Tafel extrapolation technique was
used to determine of corrosion resistance by potentio
dynamic anodic polarization measurements. This test
was carried out by using salvia solution at 37°C. Also,
this test was carried out according to ASTM Standard
(GS-94).

Ton release: On of the most improvement test for these
alloys is ion release because of Ni-ion toxic in human
body salvia solution was used at 37°C where sample
mmmersion individually for 14 days Ni-ion release was
determined by atomic absorption spectrometry.

RESULTS AND DISCUSSION

Figure 3-5 shown phase NiT1i, Ni;Ti, TiO, appears in
NiT1 shape memory alloy (Tiang ef al., 2013; Man ef af.,
2001).

Table 3 and 4 shown hardness of treated samples by
(S1C and BN) nano. The hardness mcreased in both cases,
us well, the maximum hardness of nano-BN UST was
527 HV, compared with the reference untreated sample.
There is an improved equal to 115% while in using
nano-S1C UST maximum peak hardness was 400 HV.
Compared with reference sample, the unprovement is
.64%. The increasing in hardness however, maybe
attribute to generation a high density of dislocation with
random crystallographic m the surface layer (Man ef af.,
2005; Zhang et al., 2003). Also, the Table 3 and 4 shows
increasing in ultrasonic power (40.80) causes decreases
in the hardness, this is properly attributed to higher
generated heat, Fig. 6 show comparison of samples in
hardness.

Tribology behavior of these samples (treated and
untreated ) and as shown in Fig. 7 and 8 was carried by
using pin-on-disc technique. These Fig. 7 and 8, it is
obvious that there is a sharp decrease in weight loss with
time (reference sample). From tribological point of view,
this behavior was expected because of process of asperity
smoothing (untreated sample) while for treated sample,
gradual decrease m loss. This 18 because of the higher
hardness of surface layer (Wong et al, 2007). Also,
sample treated by nano BN UST shown lowest weight
loss in comparison with sample treated by nano SiC UST,
this 1s because of Vickers hardness, the wear rate 1s
recorded in Table 5 and Fig. ©.

The chemical behavior of all sample (treated and
untreated) was studied through using Tafel extrapolation
technique, great reduction in corrosion current (1,..). The
current density of sample treated by nano BN UST was
only { 0.318 puA cm®) compared to that of the reference
sample (9.409 pA/m’. The corrosion rate of treated sample
was (0.0085 mpy) compered with reference sample
(2.232 mpy). This means that a higher improvement in
corrosion resistance about 99.6%. on other hand current
density of the sample treated by BN was greatly lower
than this sample treated by nano SiC.

These treated samples improvements was due to form
protective layer of (Ti0,). The temperature range was
enough to produce the protective layer of (TiO,)
50-70°C (Dawood, 2014). Ti according to electro
chemical series 1s more nobles (less active than Ni). But
nickel oxide was expected to be not formed which
attributed to forming of physical and chemical barriers
which acts as barriers to prevent oxidation forming of
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Fig. 4: XRD pattern of treated sample by ultrasonic
surface treatment with nano SiC (power 40%, time
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Fig. 5: XRD pattern of treated sample by ultrasonic
surface treatment with nano BN (power 40%, time

1h)

(N1).  Also, these barriers prevents the out ward
diffusion paths of (Ni) (Wong et al, 2007,
Grossmann et al., 2008).
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Fig. 6: Comparison of samples in hardness
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Fig. 8 Wear rate of untreated and treated sample

Table 4: Hardness value of untreated and treated sample by nano BN

Samples Ref B B, B B, B B
Power (%)  -—-- 40 40 40 80 80 80
Temp. (°C)  =mn- 50 50 50 0 70 70
Hardness HV 244 527 414 385 350 320 300
Hv/Hvref. e 216 169 157 143 131 122

The temperature during ultrasonic treatment was high
enough to form protective oxide film (T10,) Ti 18 very
reactive metal oxide (Table 6 and 7).
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Table 5: Wear rate at steady state of the examined sample

Table 8: Ni released for 14 days

Samples Wear ratex10~ cm’ Samples Ni-release ppm
Ref. 3.10 Ref. 2.016
Al (SiC-power:40 time:1 h) 1.39 A, (Sic —power:40% time: 1 h) 0.58
B1 (BN power: 40 time: 1h) 0.93 B,(BN power :40% time: 1 h) 0.419
Table 6: Corrosion parameters for treated samples by nano SiC in SiC, 0.096 BN,

artificial Saliva solution 0.0085
Sample Ref Ay A, A, Ay
OPC -298  -151 -169 -146 -197
Icorr pm 1201 0519 0745 0.869 0926
Ecorr (mV) =272 -58 -158 -134 -150
Current density pm/em® 9409 0403 0.587 0675  0.720
CR (mpy) 2232 0.09% 0138 0161 0.172 Ref.,
Improvement percentage (%o)----- 95 93 927 922 2232
T Mo €98 e 432 6203 7235  7.710

Table 7: Corrosion parameters for treated samples by nano BN in
artificial Saliva solution

Samples Ref. B, B B B, B Bs
opC 298 -152 123 -168  -159 150 -194
Teorr (u) 12.01 0409 0454 0570 0.648 0.756 0541
Ecorr (mv) 272 -196 0 -151 -82 =75 -87  -160
Current 9409 0.318 0.353 0443 0.503 0.587 0.731
density (pm/cm?)

CR (mpy) 223200085 0.084 0105 0.120 0.140 0174

Improvement (%) ------- 996 962 953 946 937 922

Tcorr. /I ref, (%) - 3.405 3.780 4.647 5539 6.204 7.835
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Fig. 9. Wear rate at the steady state

A comparison between the corrosion rate of the
reference sample and the ultrasonic treated samples 1s
presented mn Fig. 10. The brown color of the circle
represent the corrosion rate of the reference. The red
vertical however indicated the corrosion rate of the BN
containing slurry while the black chisel like 1s the
corrosion rate of SiC contamning slurry.

Ton release was very important test for the biomedical
application in spite of importance of Ni for human body.
But the presence of high level of 1on nicked in the human
body was very bunger because of allergic and toxicity
(Wang et al, 2013; Ashby et al., 2008).

According to Table 8 and Fig. 11 were clearly
that treated samples shown lower 1on nickel release.

Fig. 10: Corrosion rate of reference sample and treated
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Fig. 11: Niion released for untreated and treated sample

This 15 because decrease from (2.016) ppm to 0.58 ppm
and (0.419) ppm for (S1C, BN) UST,
respectively.

The reason stand behind this behaviors were due to
energy which was mjected to the surface during
treatment. This energy improve and mcrease growth rate
of protective layers of (Ti0O,) and decrease of nickel at
surface, also, refinement of grain size and redistribution of
titanium at surface (Biront, 1979).

As well the reduction in ion release m the sample
treated by nano BN UST was the lowest and equal to 0.2
to the reference sample. While, the sample treated by
nano (31C) the reduction in 10n release was equal to 0.28
compere to reference sample (untreated).

The sample treated by nano BN UST shows highest
decrease in ion release 0.419 ppm compere to that treated
by nano SiC UST (0.58) ppm.

11ano
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CONCLUSION

The sample treated by nano BN (UST) was caused a
higher mncreasing in hardness, its enhanced hardness by
115%. Also, the sample treated by nano Si1C shown
erthanced m hardness about 64%.

The sample treated shown a sharp decrease in the
weight loss with time. The wear rate of samples treated by
nano BN (UST) were the lowest value compared with
nano SiC samples and reference samples, the improvement
was equal to (71%) that reference sample.

The sample (UST) shows a great improvements in the
corrosion resistance. The current density of the sample
treated by nano BN (UST) was equal to 0.318 compared of
reference sample. While, the samples treated by nano SiC
was equal to (0.403) compared with reference sample 1s
equal to 9.409.

The sample after UST show reduction in 1on release
for nano (BN and SiC) after immersion for 14 days
compared with reference sample and improvement was
equal to 80% for nano BN UST and 71% for nano SiC
UST.

All the samples treated by nano BN(UST) shown
higher properties (mechanical and electro-chemical) than
sample treated by nano S1C (UST).
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