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@20 -100 KHz: destructive

Medical & Destructive ,
@®200-500 KHz: free radical

Seismology & Medical

Diagnostic & non-destructive
evaluation
VYV 20Hz 20KHz ¥V 2 MHz 200 MHz
N N N -/
Y Y N
Infrasound Acoustic Ultrasound

Ref: S. Pilli, P. Bhunia, S. Yan, R.J. LeBlanc, R.D. Tyagi and R.Y. Surampalli, Ultrasonic
pretreatment of sludge: A review, Ultrasonics Sonochemistry (2010),
doi:10.1016/j.ultsonch.2010.02.014
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é Bubble Bubble grow in > > Unstable Vlolent
forms successive cycle State CoIIapse

T

Time (us)

Ref: S. Pilli, P. Bhunia, S. Yan, R.J. LeBlanc, R.D. Tyagi and R.Y. Surampalli, Ultrasonic
pretreatment of sludge: A review, Ultrasonics Sonochemistry (2010),
doi:10.1016/j.ultsonch.2010.02.014
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“Hot spot”-% £ (5000 K) -

Bulk Aqueous
" T=300K

Interface of Gas-liquid

Jas Cavitation Bubblé

: OH- (alvq)"s(aull-'ﬂ"“’“‘“ts
¥ _—
Free-Radica 2HO-) —pp H202+ 05

Reaction 20H — H202

Substrate (S)

OH(aq) + S(aq)— product
. HQ + §g) —»product

Ref: Pankaj Chowdhury, T. Viraraghavan, Science of The Total
Environment, Vol. 407, pp. 2474-2492 (2009).CEE{))
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% (1000 atm) 1?4 & + 33 i e g

[ Aqueous phase ]
H,O +))) — H* + *OH

*OH + *OH — H,0 + O
*OH + H,0 — H,0, + O

H* + *OH — H,0
H*+ H*— H>
O+ 0 — 0,

‘OH + *OH — H, + O,
*OH(aq) + *OH(aq) — H20,(aq)

H*+ O,— HO,

HO,* + H*— H,0,

HO,* + HO,* — H,0, + Oy
O, — 20

O, + 0 — 0Og

Ref: Y. G. Adewuyi, Environmental science &
technology, VOL. 39, pp.3409-3420(2005).
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Industrial Sonochemistry Application

Chemical Synthesis

Cleaning & Degreasing Food Industry
Precision Engineering Polymer industry

Pharmaceutical Industry Metal Finishing

Water & Soil
Decontamination

Electroplating & Surface
Treatment

Materials Processing &

Production
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i g3 @5 7‘}3“/%@5“7 A= g+ /& ﬂﬂ}’%’ﬁ) Rl
_’O @5 F k! ﬂﬁ1 7o oo b
Py ® k¥ ij it # : 3 Digester mesophilic (2,000 m?,
= 3 3,000 m?, 2,000 m?), 18 days HRT

W2

*WAS treated: 30%—90%
*Operation: 8 hours per day
*Payback time: 3 years

@5 Jf (VS)thjp £ i£54-60%
®Biogas+ 3 :30% (~2,270 m?/d)
O& FR R FARRE YivH
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Ulu Pandan Water Reclamation Plant, Singapore

(@) Sludge Equalization Sludge Ultrasound Egg Shaped
Source Tank Pump Reactor Digester

1/3 Primary Sludge

2/3 Secondary Sludge

S
»V=35L

» =20 kHz (5 horns)
»Max. Power=6 kW
»Power density=13.7 W/cm?

»>HRT=1.5 S -
> Qquge=8-33 m’/h
» Operation time=2004.09~2005.06

HRT=22-25day

Reference: J. Environ. Eng. Sci. 6: 533-541 (2007)
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RF cable (20 kHz) ~900 VAC(RMS)

Back driver
Piezo-Ceramics
~ A A
- Converter
Nodal ring *Converts voltage to motion

*20 um,, at face (100%)

5000 Front driver
Power supply )

y
N\
*Converts line voltage to RF M.a -~
*Monitors system ™ I 2 Booster (\/2)
*Tunes to optimum freq. g o °AmpI|_f|es motions _
*Regulates amplitude (voltage) 292 @ *Location for mounting
*Machine to human interface x X
[0
&»| | Horn (N2)

*Amplifies motion
*Applies motion to work

L\ 2
Work face
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Power amplifier 1 °1 T s BVIms Cb m I
FFT Analyzer At i V
@ Ll \_ Voltage
h lifi Q
Ultrasonic vibrato Charge amplifier %5 _ source
Q- 2
Accelerometer s ig E] /ﬁL # W -ﬁ # ,:\ . b..__
Figure I Setup outline of the experi
igure lup cotline o cxpenimnet i . . . ﬂ, i%, m(f__‘ gb)

19175 19225 19275 19325 19375
Frequency (Hz)

A Ny B: &8 o MKR 19 952.500 Hz
A X 20.00 mS MA G 9.32870 mS
T B MAX 200.0 deg PHASE 12.7893 deg
. + 10Vims i f
- = 20Vrms B <
£ » 40Vrms
: 2.E-06 + + 50Vrms \
4 B
5 \ |
(=X * g [T X
@1E06 | ; i . :
: 2RI >
0.E+00 T T T
18850 18950 19050 19150 19250 A MIN 100.0 uS START 19 900.000 Hz
B MIN 200.0-30deg STOP 20 100.000 Hz
Frequency(Hz) STOP= 20100.000 HZ
- 6176 T8 D
Figure 4 FRF (velocity/voltage) without constant velocity constraint % £ 14
A2 5 B AT LTS
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¥ =~
LR HRT W% HRT
®F# | 1,000L | 12.6hr | 1,000L | 12.6 hr
PO 380 | 48hr | 380L 4.8 hr

k% 26 L | 10 min | 278 L 2 hr

=%

st LK R=1,900mY/d 5 -k B35 5 £=334 L/d
D 4v ke ok f2 2 pH EEAZ B 11
3B ® 20 o F 5 15 mP/m?-day
4423 A#EF 5220kHz > hornE /& 5 3-52 4
Sk 5 45%1 T 0 Paik 5 50%1 R R
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