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Abstract:  The effect of high intensity pulsed ultrasonic field on the metals placed in distilled water at room temperature is studied 

by measuring potential difference between two electrodes, one of zinc, cadmium or iron under test in the focal zone and another 

one (Platinum) out of the focal zone of the field with different transducer voltages. This work provides useful information about the 

corrosive behavior of metals of different crystal structures. 

 

Index Terms – Transducer Voltage, Inverse Pulse Duty Ratio, Irradiation Time. 

 

I. INTRODUCTION 

 

 Metal is constituted of charged particles, positive ions and electrons with the total negative charge balancing the total 

positive charge so that there is no net electric charge in the bulk of the material. A bulk material is crystalline and the grain 

boundaries constitute interstitials. When the metal is placed in distilled water there is an electrified interface consisting of water 

molecules, dissolved oxygen molecules and hydrogen ions. Hence, the interface under consideration may be that between an 

electronic conductor and ion conductor separated by giving some potential difference as described by Lewis1. The corrosion on the 

surface of metal in liquids is controlled2 by electro-chemical potential due to electric charge excess and to a net orientation of dipolar 

molecules in the electrical double layer of metals in electrolyte. Plesset and Ellis3 pointed out that the cavitation damage is the main 

cause for the difference of potential due to mechanical stress arising from the motion of the bubbles. Acoustic cavitation4 causes 

permanent change and damage to the surface and the removal of surface films or particles. Valkov et al.5 have reviewed 

developments and current status of the electrical double layer at the liquid/ liquid surface. Johri et al.6 have observed this effect for 

Zn using a technique described elsewhere.7, 8 

 The purpose of this note is to study the effect of irradiation by ultrasonic field on the metal placed in the cell filled with 

distilled water. The Zinc (Zn) and cadmium (Cd) with hexagonal closed packed (hcp) crystal structure and Iron (Fe) with base 

centered cubic (bcc) lattice have been used. An attempt has also been made to measure variation of difference in potential (-0), 

transducer voltage (v) and inverse pulse duty ratio (N) after irradiation time (trr) of 20s. 

 

II. EXPERIMENTAL DETAILS 

 

The working electrode was made of the metals of about 99% purity procured from Division of chemical Industry, Milano, 

Italy, the technical details of the apparatus are widely described elsewhere.7 The area of cross-section of the wire was around 4 

mm2. The potential difference was measured by a digital meter of internal resistance of 10 M. The ultrasonic field of 700 KHz 

was produced by a piezo ceramic transducer having a focal zone of 10 cm from its surface. The working volume of the cell comprise 

a water-cooled metal (stainless steel) cylinder with a useful volume of 160cm3. This cell was equipped with a conical cover having 

a ribbed surface to prevent the onset of standing waves. The experimental piezoceramic transducer (f=0.7 MHz, diameter 26 mm) 

had one flat surface and one concave surface with a radius of curvature equal to 50 mm. The radiator was attached under an opening 

in the bottom of the cell by a screw inserted through a rubber gasket. The position of the electrode of a given metal in the cell was 

set in the focal zone of the piezoceramic converging transducer and other platinum electrode was placed out of the focal zone to 

reduce the effect of the same field on this electrode. The measurements were carried out in distilled water for different transducer 

voltages (v), pulse parameters like pulse time (T), repetition frequency ()and inverse pulse duty ratio (N), irradiation time (trr), the 

recovery time (tr) to achieve initial value of difference in potential when irradiation was stopped was also measured. 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                           © 2011 IJCSPUB | Volume 1, Issue 1 January 2011 | ISSN: 2250-1770 

IJCSP11A1002 International Journal of Current Science (IJCSPUB) www.ijcspub.org 7 
 

  

III. RESULTS AND DISCUSSION 

 

 The initial difference of potential 0 was measured and then the ultrasonic field was switched on till the time of irradiation 

giving a maximum difference of potential (-0) max. The field was then switched off and the time of recovery was measured. 

The reduction reaction, electro chemical potential9. melting point (Tm), threshold transducer voltage (Vth), (-0), trr and tr are 

given in table 1 for transducer voltage =75v, N=10 and  = 10ms. The measurements were done several times and the mean value 

of (-0) max is reported in the Table 1. 

 The reduction potential for the metals under test are negative with reference to that for hydrogen. The difference of 

potentials is indicative of the corrosive behavior of the metal under test. It also reveals that if a metal is observed to be strongly 

polarized and not rapidly corroding then the surface is probably not free from some kind of reaction product or inhibitive layer. The 

metal surface is affected by the acoustic cavitation as described by Plesset and Ellis3 and Apfel4. 

 The variation of difference in potential for the Zinc electrode as a function of the transducer voltage, the inverse pulse duty 

ratio and the irradiation time are given in Table2. The pulse time in each measurement was kept as  = 15 ms. The stable cavitation 

appears for (i) N = 2, V  20 v (ii) N = 10, V < 30 V and (iii) N = 100, V < 60 V during 20 s irradiation time. An increase in the 

rate of change of difference in potential is due to the destruction of the diffused part of the double layer. The transient cavitation is 

indicated by a sudden rise in the difference in potential in the developing stage of the cavitation zone. 

 

IV. CONCLUSION     

           

   The present work is important as the potential difference as a function of transducer voltage for specific irradiation time 

explains the appearance of different stages of acoustic cavitation zone as well as the electro-chemical behavior of the double layer 

and the corrosive behavior of metals of different crystal structures. The threshold transducer voltage indicates the onset of the 

cavitation and it is different for zinc, cadmium and iron. The value of Vth increases with the increase of the melting point. Further, 

it is observed that greater negative electro-chemical potential gives relatively larger variation of the potential difference.    

 

Table: 1 Reduction reaction, electro chemical potential, melting point (Tm), threshold transducer voltage (vth), (-0) max, 

irradiation time (trr) and recovery time (tr) for zinc (Zn), Cadmium (Cd) and Iron (Fe) metals. 

 

Metal 
Reduction 

reaction 

Electro- 

chemical 

potential8 (V) 

Tm (K) 
Vth 

(V) 
(-0)max 

mv 

trr 

(s) 
tr (min) 

Zn Zn+2+Ze- -0.7628 693 29.3 130 20 8 

Cd Cd+2+Ze- -0.4026 594 28.0 53 20 8 

Fe Fe+2+Ze- -0.4090 1803 39.3 80 50 4 

 

Table-2: Difference in potential (-0), transducer voltage (TV) and inverse pulse duty ratio (N) 

 

TV (V) 

N 
          

10 20 30 40 50 60 70 80 90 100 

(-0) mV, trr = 20 s 

2 1.5 5.0 20.0 125.0 120.0 110.0 90.0 80.0 70.0 60.0 

10 1.0 3.5 5.5 23.0 100.0 140.0 120.0 110.0 110.0 95.0 

100 0.0 0.0 0.8 1.9 2.5 3.0 5.0 50.0 125.0 100.0 
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