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Abstract 

The corrosion behaviour of Hot isostatic pressed, Spark plasma sintered and vacuum sintered Ti 

with 10 and 30 volume % of TiB composite were investigated using potentiodynamic 

polarization method in neutral solution such as 3.5 % Nacl solution Ringer solution such as (9 g/l 

Nacl ,0.17 g/l CaCl₂,0.04 g/l Kcl ,2.0 g/l NaHCo₃). The corrosion performances of Ti with 10 

and 30 volume % of TiB processed by HIP, SPS and VS monitored in similar conditions. From 

all measurements Ti with 10 &30 volume % of TiB processed by spark plasma sintered under 

neutral corroding environment and Ti with 10 volume % of TiB processed by Hot isostatic 

pressed in ringer corroding environment has much corrosion resistance than other powder 

metallurgical components. 

Keywords : corrosion, potentiodynamic polarization , hot isostatic pressing , spark plasma 

sintering , vacuum sintering 

1. Introduction 

The Corrosion of Metals is a very important problem for all industries. The cost due to corrosion 

in many countries is a high as 5 % of GNP. In practice, corrosion never can be stopped but 

hindered to a reasonable level. 

Since application require a suitable corrosion resistance the understanding of the nature of 

material influencing corrosion is one of the key factors for the optimization of the materials 

Titanim based alloys and composite is a correct choice to serve several application because of 

have excellent corrosion resistance in highly corroding nature such as oxidizing and chloride 

containing process streams and also have high strength , stiffness , combined with very good 

creep. 

Powder metallurgy (PM) technique is one of the best methods to produce complex shapes with 

appreciable tolerance and high productivity however , the application are limited due to the 

relatively poor mechanical and corrosion properties of PM components when compared to 

casting products . Therefore it is thought that process Ti with 10 and 30 volume % of TiB by 
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specialized sinering method like hot isostatic pressed , spark plasma sinered , vacuum sintered 

and that finalize which one is close to casting product. 

Titanium based alloys and composite are seeing increasing application in industrial sectors 

outside military and commercial aerospace sectors for which many of the materials were 

developed some certain specific applications of highly strategic importance include steam 

turbine blades , automotive springs , bearings , cooking wares , etc… 

So, the main aim of this work is to investigate the corrosion behavior of hot isostatic pressed , 

spark plasms sinered , vacuum sintered of Ti with 10 and 30 volume % TiB composite at room 

temperature using electrochemical techniques such as potentiodynamic polarization. 

2. Experimental 

 Starting Material 

A commercial elemental powders used are Ti – 325 mesh and TiB₂ -325 mesh and FeMo. The 
composition of titanium used was Ti 78% and Ti 70% performed by steel ball milling taken 20 
hours. The composition range aregiven in table: 2.1 

 

Ti in % FeMo in % TiB₂ in % Target 
volume in % 

78 16 6 10 

70 15 15 30 

 

Table 2.1 

The mixture were used to produce the target composition of 0.2 and 0.4 volume fraction of TiB 

according to the following reaction 

 

 

 

 Processing procedure 

Ti + TiB₂ → 2TiB 

Three different sintering methods employed in different pressure and temperature to process this 

powder metallurgical component listed in Table: 2.2 

 

Processed methods Pressure in mpa Temperature in °c 

Hot isostatic pressing 120 1200 

Spark plasma sintering 20 900 to 1150 

Vacuum sintering 100 1400 

 

Table 2.2 
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The specimen were cut , well-polished and ground into cylindrical ( about 2×0.5 mm ) pieces it 

mounted into a Teflon corrosion cell 40 ml with continuous flow of the corrosive medium 

around the samples spinning inside the cell the fow rate through the corrosion cell was 0.15 

ml/min to ensure that no saturation effects took place during corrosion tests . six types of 

electrode were used as a working electrode ( sample ) for the electrochemical test under two 

different corroding environment . it is illustrated in table : 2.3 

 

Processed methods Powder metallurgical components 

Hot isostatic pressing Ti with 10 volume % of TiB 

Spark plasma sintering Ti with 10 volume % of TiB 

Vaccum sintering Ti with 10 volume % of TiB 

Hot isostatic pressing Ti with 30 volume % of TiB 

Spark plasma sintering Ti with 30 volume % of TiB 

Vacuum sintering Ti with 30 volume % of TiB 

 

Table: 2.3 

 

Polarization measurements were performed using corrosion cell kit with gamry instrument 

software. All solutions as working environment were prepared from analytical reagent grade and 

triple distilled water. All tests were performed at room temperature. Measurements were carried 

out in a conventional three electrodes Pyrex cell with a platinum wire counter electrode and 

saturated calomel electrode as a reference electrode and sample ass a working electrode. All the 

reported potentials are referred to thiselectrode. All measurements were carried out using a pc 

controlled gamry instrument and were performed twice times to assure reproducibility. The 

gamry setup shown in Fig 2:1 

 

Fig 2:1 Close-up photograph of the Gamry instrument 
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Prior to the polarization test , each sample was stabilized for about 1 hour in the solution to get a 

stable open circuit potential all solutions were deaearted with nitrogen and mixed vigorously 

with a magnetic stirrer for this time in the working cell . 

 

E= Eocp± 200mv 

The potential were recorded at a scan rate of 1 mv/s starting from more cathodic potential than 

Eocp to anodic direction. 

3. Results And Discussion 

 Polarization measurements 

 

potentiodynamic scan or the cyclic polarization scan, three electrodes are immersed in the testing 

solution and connected to a potentiostat (a machine that is used to apply over potential and 

record the induced current or vice versa). These electrodes are the working electrode, which is 

the tested sample itself, the counter electrode, which is used to deliver the current to the working 

electrode and to close the electrical circuit, and finally the reference electrode, which is used to 

measure the potential difference. 

 

Figure 3.1 Tafel curves for Ti with 10 and 30 volume % of TiB in neutral solution 3.5 wt% 

of Nacl 
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The Tafel curves and the electrochemical corrosion parameters of Ti with 10 and 30 volume % 

of TiB in neutral solution 3.5 wt% of Nacl are shown in Fig. 1 and Table 1, respectively. The 

electrochemical parameters i.e, the corrosion potential (Ecorr), corrosion current density (Icorr), 

anodic and cathodic Tafel slopes (βa) and ( βc) . Values of corrosion potential, corrosion current 

density (icorr), anodic and cathodic Tafel slopes (βa and βc) obtained from Tafel curves. 

. 
 

Table 3.1: Corrosion parameters forTi with 10 and 30 volume % of TiB in neutral solution 

3.5 wt % of Nacl 

 

3
.5

 w
t 

%
 o

f 
N

a
cl

 

 Corrosion Corrosion Anodic and cathodic Corrosion 
potential current tafel slope in rate in 

Ecorr in 

(mV) 

density 

Icorrin(μA/cm²) 

(v/decade ) (mpy) 

βa βc 

HIP -261.0 2.080 eˉ
6
 9.660 eˉ 

4
 1.000 e¹5 6.652 eˉ 

6
 

Ti-10%TiB      

SPS -464.0 21.20 eˉ
6
 4.016 eˉ 

5
 3.895 e ³ 6.772 eˉ 

7
 

Ti-10%TiB      

VS -399.0 2.130 eˉ
6
 1.000 e¹5 1.715 6.818 eˉ 

5
 

Ti-10%TiB      

HIP -353.0 1.660 eˉ
3
 6.698 1.000 e¹5 5.302 eˉ ³ 

Ti-30%TiB      

SPS -4140 0.000 3.533 e
7
 1.123 1.192 eˉ¹7 

Ti-30%TiB      

VS -606.0 2.260 eˉ
7
 8.099 eˉ 

5
 247.8 7.211 eˉ 

7
 

Ti-30%TiB   

 

According to Tafel curves in 3.5 wt% of Nacl solution (Fig 3.1) and Table 3.1, corrosion current 

density value of SPS Ti-10 & 30 volume % of TiB is less than other composites. Finally results 

shows SPS Ti-30 volume % of TiB and SPS Ti-10 volume % of TiB has a high corrosion 

resistance in ascending manner than others. And also SPS is a correct processing method to 

attain higher corrosion resistance under this particular corroding environment among these 

powder metallurgical component . 

 

The Tafel curves and the electrochemical corrosion parameters of Ti with 10 and 30 volume % 

of TiB in Ringer solution such as (9 g/l Nacl ,0.17 g/l CaCl₂,0.04 g/l Kcl ,2.0 g/l NaHCo₃).are 

shown in Fig.3.2 and Table 3.2, respectively 
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Figure 3.2 Tafel curves for Ti with 10 and 30 volume % of TiB in Ringer solution (9 g/l 

Nacl ,0.17 g/l CaCl₂,0.04 g/l Kcl ,2.0 g/l NaHCo₃) 

 

Table 3.2: Corrosion parameters forTi with 10 and 30 volume % of TiB in Ringer solution 

(9 g/l Nacl ,0.17 g/l CaCl₂,0.04 g/l Kcl ,2.0 g/l NaHCo₃) 

 

R
i

n
g

er
 

so lu ti o
n

 

 Corrosion Corrosion Anodic and cathodic Corrosion 

potential current tafel slope in rate in 

Ecorr in 

(mV) 

density 

Icorrin(μA/cm²) 

(v/decade) (mpy) 

βa βc 

HIP -56400 8.090 eˉ¹
2
 1.000 e¹5 8.000eˉ ³ 2.588 eˉ¹

3
 

Ti-10%TiB      

SPS -476.0 3.310 eˉ
4
 5.233e

-1
 4.80 eˉ 

4
 1.057 eˉ 

5
 

Ti-10%TiB      

VS -398.0 2.830 eˉ
4
 1.000 e¹5 2.894 eˉ 

5
 9.046 eˉ 

4
 

Ti-10%TiB      

HIP -360.0 4.860 eˉ
3
 1.145 eˉ 

5
 2.280 eˉ 

4
 1.554 eˉ 

4
 

Ti-30%TiB      
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SPS -317.0 27.40 eˉ
4
 2.513 e

-1
 2.882 eˉ 

5
 8.761 eˉ 

4
 

Ti-30%TiB      

VS -88300 1.280 eˉ
15

 2.359 e
4
 3.610 eˉ 

4
 4.107 eˉ 

10
 

Ti-30%TiB      

 

According to Tafel curves in ringer solution (Fig 3.2) and Table 3.2, corrosion current density 

value of HIP Ti-10 volume % of TiB is less than other powder metallurgical component. At the 

same time VS Ti-30 volume % TiB is lower than SPS Ti-10 volume % of TiB. Finally results 

shows HIP Ti-10 volume % of TiB , VS Ti-30 volume % TiB and SPS Ti-10 volume % of TiB 

has a high corrosion resistance in ascending manner than others. 

 

4. conculsion 

Results ensure the Corrosion current density is directly proportional to corrosion rate and 

inversely proportional to corrosion resistance. In neutral solution SPS Ti-30 volume % of TiB 

and SPS Ti-10 volume % of TiB has a high corrosion resistance in ascending manner than other 

powder metallurgical component. In ringer solution HIP Ti-10 volume % of TiB , VS Ti-30 

volume % TiB and SPS Ti-10 volume % of TiB has a high corrosion resistance in ascending 

manner than other powder metallurgical components . 
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