
 

 3. Results and Discussion 
  Fig. 2 shows the XRD patterns of 

precipitated samples synthesized at 70C for 3 h 
using ultrasound irradiation under O2 gas or mixed 
gas (O2:CO2=80:20) flow at 100 mL/min. XRD 
peaks were identified as scorodite (PDF No. 
00-037-0468) at both conditions. Crystallinity 
values of scorodite synthesized under both 
conditions were >90%. Fig. 3 shows the ORP 
values and yields of scorodite synthesized using 
each gas. The changes of ORP values (ORP) after 
the reaction using O2 gas or mixed gas 
(O2:CO2=80:20) were 95 mV, 70 mV, respectively 
and the yields of scorodite synthesized using O2 gas 
or mixed gas were 53%, 43%, respectively. The 
ORP and yield were decreased with the increase 
of content ratio of CO2 in mixed gas. These low 
values are unfavorable. Fig. 4 shows the SEM 
images of scorodite particles synthesized using each 
gas. The both sample shapes of particles were 
polyhedron. Large scorodite particles (>10 μm) 
were observed at both conditions. Under the 
condition of O2 gas flow, many amount of fine 
particles (<1 μm) were observed. On the other hand, 
under the condition of mixed gas flow, the 
contained ratio of fine particle clearly deceased. 
Dissolved CO2 gas in the solution makes the 
generation of radicals difficult because of the low 
vapor pressure (20C: CO2 21.6 MPa, O2 54.2 MPa) 
and high solubility [Mole fraction of gas in the 
water (20C, 1 atm): CO2 6.18×10-4, O2 
2.50×10-5].5) Therefore, the low contained ratio of 
the fine particles would come from the prevention 
of O2 fine bubbles during ultrasound irradiation. 

Thus, we studied on synthesis of large 
scorodite particles (>10 μm) without including fine 
particles (<1 μm) using mixed gas (O2:CO2=80:20) 
flow under ultrasound irradiation. However, we 
found that the CO2 in the mixed gas causes the 
significant decrease of yield of scorodite. Therefore, 
we need to investigate the appropriate condition to 
synthesize large scorodite particles using CO2 gas 
without decrease of yield. 

   
4. Conclusion 

To investigate the effect of CO2 on the size 
and morphology of scorodite synthesized using 
ultrasound irradiation, we performed the synthesis 
of scorodite particles at 70C for 3 h using 
ultrasound irradiation under O2 gas or mixed gas 
(O2:CO2=80:20) flow at 100 mL/min. We 
synthesized large scorodite particles (>10 μm) 
without fine particles (<1 μm) using mixed gas 
(O2:CO2=80:20) flow under ultrasound irradiation. 
The ratio of fine particles in the synthesized 
particles is successfully deceased under the 

condition of mixed gas flow. However, it caused the 
decrement of values of the ORP and yield with the 
utilization of mixed gas. 
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Fig. 3 ORP values of solutions treated by 
ultrasound and yields of scorodite
synthesized under different gas conditions. 

6 μm

O2:CO2=100:0 O2:CO2=80:20

6 μm

Fig. 4 SEM images of scorodite particles 
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Fig. 2 XRD patterns of samples synthesized 
using ultrasound irradiation at 70C for 3 h 
under different gas conditions.
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1. Introduction 
In our previous study, we developed an 

acoustic camera (4-DWISS) with viewing range of 
longer than 5m.[1] Present study is for a range 
shorter than the before. New target system will look 
around working robot arms on a ROV whose hands 
are researching and sampling high stiffness subsea 
materials, in this case Cobalt-rich crust. [2] 
Therefore high resolution in near field on our new 
system is required.  

In this report, authors proposed an advanced 
Frequency-controlled beam steering method with 
beam scanning by polarization inverted array for 
beam focusing by up-chirp signal driving, and 
improved resolution by sub-aperture array 
configuration. 

2. Theory  
The theory is based on Frequency- controlled 

beam steering method [3] whose transmitter, shown 
in Fig. 1 (a), has a bank of elements configured to 
inverse the polarization axis of the adjacent of 
element, the electrodes are common.  When an AC 
signal frequency ‘f’ drives for the array, the sound 
will be driven in the  direction. Since is 
determined by Eq. (1), whereandd are wave 
length and element pitch, respectively, it depends 
on the frequency.  In other words, using an LMF 
pulse you can achieve beam steering with single 
driving signal. 

 

Here, when an up-chirp signal is applied to 
the transmitter, the wave front is concave (Fig. 1 
(b)).  If an up-chirp signal g(t) is selected Eq. (2), 
where k0 and c are wavenumber along the array 
(=π/ε) and sound speed, respectively, the wave front 
is exactly focused on the point P (Fig. 1 (c)). 
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(a) Transmitter 

(b) Wave front is concave when an up-chirp signal 
is applied to the transmitter shown in (a). 
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(c) Wave front focused on point P when up-chirp 
signal g(t) is applied to the transmitter shown in (a). 
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Fig. 1 Wave front is focused on point P by using 
Frequency- controlled beam steering method. 
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(a) Total array (b) 2 Sub-array 
 

(c) 3 Sub-array 

Advanced method is in order to improve the 
performance of this basic one.  Total aperture 
array is divided into several sub-aperture arrays 
(Fig. 2).  And the up-chirp signal is also divided 
into the same number as the sub-aperture and 
driven for corresponding individual sub-aperture. 

 

 

 

 

 

 

 

 

3. Numerical Calculations  

Numerical results of the new method with 
total, two sub-apertures, and three sub-apertures 
array with the same total aperture width condition, 
which were shown in upper pictures of Fig. 3.    
All figures were assigned intensity to represent 
normalized sound pressure of each maximum value.   
For comparison, measured results in lower pictures 
of the same figure. In this test experiment, to get 
sub- aperture array experimentally, the total 
aperture receiver array was masked by some piece 
of rubbers in checkered pattern.  Numerical results 

 

 

 

 

 

 

 

 

 

 

 

 

show good agreement with measured results.   
Further increasing the number of sub aperture 
division narrows the area of convergence. 

Additionally, calculation of spatial resolving 
power of this method and examination of 
diffraction limit from Fig.3 were already done.  
Author will show you them in my presentation. 

4. Conclusion 
A focusing method, based on Frequency- 

controlled beam steering method, by up-chirp signal 
for polarization inverting array is proposed.  
Spatial resolving power of the method is 
analytically and experimentally evaluated.  By this 
experiment, it is confirmed that the proposed 
method provides almost comparable spatial 
resolving power to the diffraction limit in all spatial 
directions. 
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(a) Total aperture array (b) Sub-aperture array 
Fig. 2 Sub-aperture array of inverted polarization 
transmitter and up-chirp signals. 

Fig. 3 Spatial resolving power of the method. 
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