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Electrochemical noise (EN) measurements and their corrosion products were observed by Scanning
Electron Microscopy (SEM). Digital image process allows changing the image result of corrosion
products in an equivalent signal. Samples of Ti-6Al-4V were produced by mechanical milling at
different milling times. After that, they are sintering by SPS (Spark Plasma Sintering) to predict the
behavior of the samples in Hank’s solution. The images obtained by SEM were changed to binary map
and then changed to a two-dimensional array. SEM images showed the surface topography of
corrosion products.
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1. INTRODUCTION
Ti6Al4V has been also used preferentially in orthopedic replacement due to its added
mechanical strength. Titanium forms a biocompatible surface oxide layer capable of interacting with
surrounding biological fluids [1-2]. Also Ti alloys, such as Ti-6Al-4V, has been considered one of the
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most commonly materials used as implants in large surfaces and has been created using several
techniques. Fabrication of porous implants with coatings, usually involves SPS (Spark Plasma
Sintering) or powder sintering in a solid substrate. The common way to handle powder metallurgy
consists in compact samples of material and then sintering at high temperatures. Reactive materials
like Ti need to be handled under inert atmospheres. High temperature and compactation produce
changes in microstructure and mechanical properties [3]. Most surfaces, in natural or human-made
systems can be characterized with digital image processing [4].

1.1 Image Processing
Image processing has been a good tool to analyze and understand the behavior of several
samples in industrial and medical areas. Medical images allow identify certain anatomical structures.
This images after they are analyzed by an algorithm of digital images, identify a region of the image as
a ROI (Region-of-interest). Some medical applications need to change objects on the region of interest,
keeping their topography. Several authors connect every part of the topography surfaces with images
and numbers [5-6]. In this research milling process, an SPS shows different changes in sample
surfaces, bearing in mind to be focused in a ROI, which shows notable differences. Also, Digital
Image Correlation (DIC) provides deformation information of a specimen by processing two digital
images that are captured before and after the deformation. On using the discrete pixels of a digital
image and their grey level values for intensity, these data are recorded as a two-dimensional array [78]. Another way to find information in images consist in applying algorithms of detection and
segmentation [9].

1.2. Eletrochemical characterization
The electrode of Ti-6Al-4V was coated with epoxy resin and then was rinsed in Hank’s
solution. The Hank’s solution has a chemical composition (in g/l) 8 NaCl, 0.14 CaCl2, 0.4 KCl, 0.35
NaHCO3, 1Glucose, 0.1 NaH2PO4, 0.1 MgCl2.6H2O, 0.06 Na2HPO4.2H2O y 0.06 MgSO4.7H2O to
distilled water [10-11]. Samples were immersed in Hank’s solution for half an hour for stabilization
and the open circuit potential was measured during this period with a multimeter; the OCP samples
were -279 and -189 mV vs SCE for 0 to 8 h milling time and then sintering by SPS. All tests were
performed at ± 37 ºC; this temperature was used to simulate human body temperature. Analysis was
done according to ASTM G199.

2. MATERIALS AND METHODS
2.1 Materials and experimental procedure
Pure materials (Alfa Aesar): titanium (99.5% purity), aluminum (99.5%), vanadium (99.5%)
powders. The first step was the preparation by milling with the corresponding quantity of metal
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powder in a high energy SPEX 8000M connected to a hardened steel container with 13 mm(Ø) balls as
milling media and an inert Ar atmosphere.
Pressed samples were mounted, polished and etched using standard metallographic techniques
in order to carry out the microstructural observations by using a scanning electron microscope JEOL5800-LV. Sintering process was made by SPS (Spark Plasma Sintering); during SPS, a pulsed current
generates plasma which leads to a surface activation of the powder particles.

3. RESULTS AND DISCUSSION
Electrochemical noise (EN), knew as spontaneous fluctuations of the electrical quantities.
Where, these fluctuations manifest in the form of potential and current noise signals during different
corrosion processes and appear to be connected to local variations in the rates of anodic and cathodic
reactions as a consequence of both stochastic processes (breakdown and repassivation of the passive
film) and deterministic processes (film formation and pit propagation)[12]. Using titanium as a sample,
coating TiO2 oxidized layer helps to protect another material samples as a steel 304 under Hank´s
solution immersion conditions [13]. In this research the spectral analysis of the correlated current and
potential noise data record (2048 points) was obtained from Ti-6Al-4V SPS sintering powders
electrode.

Table 1. Electrochemical noise (EN) of Ti-6Al-4V
Specimen
Ti-6Al-4V
SPS 0h
SPS 3h
SPS 5h
SPS 8h

Rn
(ohm.cm2)
29596.099
95659.255
10200.137
12912.730

Localization Index
IL
0.6658104
0.61214846
0.55714585
0.46640928

Corrosion Type
Located
Located
Located
Located

Table 1 shows the results of EN analysis, where is appreciable that corrosion samples are
located in all the cases, this mean independently of milling hours the corrosion type is located. These
results could be compared with other researches whose use artificial saliva (commonly referred as
Fusayama Meyer solution) with saturated calomel electrode (SCE) as this research, but the values
obtained looks higher than those found in the current research, since they were around (−586 to
−470mV vs. SCE)[14].
To understand the results from EN analysis, a traditional tool that provides this transformation
is the fast Fourier transform (FFT) algorithm, which performs a spectral analysis of the random
transients of the EN signal [15-16]. Another way to analyze the signal obtained consists in study the
structure of the EN time record in the time domain and described by the Hurst exponent H [17]. In
figure 1 (EN) signal of Ti-6Al-4V 3h in Hank’s solution was observed, the behavior of the samples
showed good resistance of corrosive environment. This means that, the passivity breakdown on metal
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surfaces in the different milling hours were similar. In figure 2 the signal of 0h, 3h, 5h and 8h was also
observed. In 5h the fluctuation of the signal was originated by a located pitting. Concerning the
behavior of the samples, some researchers are referred to “nanoelectrochemistry”, to measure the
potential or current transients recorded as a function of time to know whether or not exist the pit
initiation processes [18].

Figure 1. Electrochemical noise (EN), of Ti-6Al-4V in Hank’s solution

Figure 2. EN signals of 0h, 3h, 5h and 8h milling time with SPS sintering.
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Figure 3. Corrosion products of Ti-6Al-4V under Hank´s solution, a) 0h milling time and sintering
SPS, b) 3h, c) 5h, d) 8h.

Figure 4. Analysis of corrosion products showed by EDS analysis

In this research, the microstructure of material was analyzed by digital imaging process as well
as the typical ways to characterize materials. The images obtained from SEM as a result of test
electrochemical noise can be observed in figure 3.In these images the corrosion products were
observed with some periodical behavior. The digital process of the images using Matlab, permits
observe the most important or remarkable points of the image. These points were connected by a line
that is a drawing in the image. As a reference to analyze the images with Matlab, some studies about
geological rocks process the SEM images using Adobe Photoshop and Image SXM. For the Dmapping technique, a single bitmap separating all grains from the matrix was required. Using software,
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a number of segmentation techniques were tested and the results compared visually. The best results
were obtained by observing both the image and the grey value histogram during grey level slicing or
thresholding [19]. Applying algorithms to dimensioning images has a seemingly universal
applicability.
The results from digital image process were done under principles of morphological operations
to delimit the important regions in micrographs. In the figure 4 corrosion products and EDS analysis is
observed, then the images from SEM from 0h to 8h and sintering were done dimensioning their
micrographs to a matrix and then taking the information to create the signal, in Fig 5 the original
images from SEM and then changed as a signal are presented. Thus SEM images were in their vertical
and horizontal positions and then developed by Matlab software. Hence to obtain borders of the image
allows analyze the surface of the image; the morphology of the image can then be identified by
dimension [20].

Figure 5. Image of corrosion products showed with their corresponding signal.

Corrosion products make distinctive features into the surface of the material. Another way to
handle the contour of images is using Fourier Transform [21]. Using micrographs, as a result of
electrochemical test; the signal aids at understanding the behaviour of the material. This result helps to
improve the alloying to be used in several applications because it is possible to understand the surface
and predict their behaviour. Other studies modeling work on microstructure, properties and
applications of titanium alloys using DEFORM software or ANSYS software to understand titanium
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behavior [22-23]. Connect the corrosion image with an equivalent signal was a process made to count
the pitting corrosion in terms of metal loss, where the derived phase congruency map is further used as
the initial contour for a segmentation algorithm using local binary fitting (LBF), to characterize the
pitting corrosion, signal features need to be extracted from the thermography inspection data in some
studies [24-25].

Figure 6. Processing the image of corrosion products.

The comparisons of SEM images by other studies were converted into binary images also to
analyze it [26]. When the binary image is obtained, the next step is to show the signal that is calculated
using Hölder exponents. There are many ways to measure the local regularity of a signal. One of them
is the use of pointwise Hölder exponent [27]. Hölder exponents also have been used to analyze time
series signals [28]; in this research the principal signals have been made as a time series signals. The
figure 6 shows the image result of EN test and the processing to gray scale until the signal is reached.

4. CONCLUSIONS

Matlab software was used to handle corrosion images obtained from SEM test, in order
to analyze the corrosion products of the material dimensioning the images to determine the behavior of
the material.
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The samples of Ti-6Al-4V to 0, 3, 5 and 8 h of milling time have different structural
shapes on the surface; those differences were appreciated in the reduction of particle size and grain as
milling time increases.

The rupture of the passivating oxide film induced by the ions, describe nucleation of
corrosion producing pitting in the sample.

The sequence of current spikes in the anodic direction only are due to transient
breakdown of passivity layer observed in the results of EN commonly used in “located” corrosion, that
is the corrosion type found in the current investigation.

The comparison between the values of the Hölder exponents in a signal and the EN
experimental signals leads to the conclusion that the signals obtained by image of corrosion products
are quite similar to those obtained from the EN experimental signal.
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