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The effects of ultrasound in heterogeneous system were investigated in three kinds of ultrasonic systems including a bath-
type system (System #1), a double-bath-type system (System #2), and a double-bath-type system partly filled with glass
beads (System #3). The ultrasound energy and its attenuation were quantified using calorimetry and the sound pressure
measurement method. The sonochemical effects mainly involved in radical oxidation reactions were quantified using KI
dosimetry. It was found that ultrasound energy was significantly attenuated in System #2 and #3 due to the presence of
solid materials such as a submerged stainless steel reactor and glass beads. However, in spite of low ultrasound energy
status, sonochemical oxidation reactions occurred more violently due to the presence of glass beads in System #3. In
addition, calorimetry was more adequate to estimate the total energy status of ultrasound in sonoreactors compared to the

sound pressure measurement method.
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(a) Bath-type sonoreactor
(System 1)

Fig. 1. Schematic of bath-type ultrasonic systems in this study.

(b) Bath-type sonoreactor
with a vessel
(System 2)

(C) Bath-type sonoreactor
with a vessel partly filled
with glass beads
(System 3)
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(a) Ultrasonic module with

three transducers

Fig. 2. Transducer array in an ultrasonic module (Bottom view).
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(b) Ultrasonic module with

five transducers

(C) Ultrasonic module with

seven transducers

(L.5f: 42kHz, 2.5f: 70kHz, 3.5f: 98kHz, 4.5t 126kHz,
5.5f: 154kHz, 6.5f: 182kHz, 7.5f: 210kHz, 8.5f: 238

kHz)2 72314k Son et. al, 2012).

2.4. =20 S5y g0t B4

u sletd gaks g oR 48] f8l VI
%ﬁr AollA 2 Wkg Aslel] de] AR 9L
KI ZS4H(KI dosimetryyS 283} t). KI &<
Z595 AR AElEeld ddE 4o A, ol
SHE I o]2o] 253} AinlHeld ddel] o5 WE=
OH )z 59 Ak} gftizol| o8l L2 3k=ar, ThA]
T oz EAshs 19 vk 3l 1,7F A==
Hgo] th IS Ftt. o) de] REgof thigh REEAS
o2l A2)3ltH Asakura et. al., 2008; Son, 2017).

fr PN'

KI>K +I 2
[+ -OH—> -1 3)
I+ I, “)
L+ -1, 5)

rc=
O

Zgaf ZARRES 30E0= O}Oiotq KI&-<49]
1 g/LZ 3}t 2AE ;- o] B335 A|(Libra S60,
Biochrom)® 350 nm IgollA S48l A2kslslin)

Zy z7A9] 31817 a3 B4 AxE vlwd 724 it
53 8 fS] dyA 2o v & o] FBER S
Y 1y ol FEE 7IFEOE Hlu #4E Fshe 2
< dEFolA] 2 Ao AdERH o|F Helslr] 9
aff ZF ZeA A 1 o]0 F A olE W
SARE 2 FAAUAR eEE v A (o 2
Cavitation yield 7132 =3k



olF W7l X

cv,
Cavitation yield = —= 6)

PpT;
A7 e AAE I ol e FEE FS YehiH,
Ve WY 7y, pe ERlUA S8, Te 2ot
ZARAZES vk}, A3 O F Cavitation yield= ‘ﬂ‘%
AR B9 flelluiR] & AAE wEY] TS
oJu|3ltk(Son, 2017).

3.3 9 o3

3.1. =21} ofl1iX] 2N

Zeie 1Y A7UAIE o8-8t ZEAE s A
A TAE o] Aol HHAW A ==, o] uf Hge] F
259 RS S8k WHOE 7P HiFoR A}
.Q_Q‘.:. H‘Hﬂ—lo] Oﬂako]]l;]x] ZXJHJO]I;].(KOda et. al.,
2003; Son, 2017). ol 237} WIS 5 uf 24
she HF Ul & 24 S viE=E QIgh deiux|et
Fulgold @del] wE F3F 2719 WEo] Zia =
U ol|=|] ejfRo] 22 Ik FAlUAIE BF 11
Hg Aotk v Fig. 30 ZzF 249 7Y 7]
oliz|e} 1o we} FA4H RS YeEhgler,
F7HeRE 7] dUAY 259 dUAIZY S-S
2Hgste] Uit ERellUAlE WEREE] el
HRlo] AA| eFHkey] AA] A} Falo i Hrst
of 27 Wglel] mE HAFQ] 253 duA] WslE &
Attt 218 whg7] Al=El B XEA} il mE
B9 F7E AE YeEMISIEY, oS S9] “System 2 -
5= A IS ZHe BES ©]83F System 2 WHS|
TS gt

System 2 B! 39} Zo] WF k377 AxHE &
ol disl 223} AUAE Ao E Jepl= 89
yzle] Z717F A AaEe AR UERTh ol &
HQlg]2 o] i REE7 17} 253} 318 Wikl 914
sl W ] 259} AuAPZE ZAEIAT] el A
2 AT 53 2(190~210 W)2] 74 H 70
UA7F A&Ee 7 Fig 39t 2ol JsA} 7l
FAglol digFdog YRRkT7} fle A% 229t ©
UAI7E oF 133~150 W FFo2 SAE o] Aghgo]
65~76% Ttk WHERS-7)7F A9 System 29} 3
o] ¢ Yol vke7] A ddel tigh 253} oy
7} oF 83~102 W 02 FHEo] 40~49% = I+
SIS

System 39| 73-¢- WF wg7]o] 259} P Wshst

PU F-l

Flﬂ
2 o

%7 9 A Z200Ae) 28 oA 9 sebd Fw 7] 43

w
S
S

r 100

I Electrical input enegy
S Calorimetric energy (Ultrasonic energy)
O Conversion rate (E,/E,,..)

Y
a
S

r 80

»
S
S

r 60

I
S

r 40

-
=)
S

Conversion rate (%)

r20

0
S

E

Electrical energy or Calorimetric energy (W)

a\
N SN .
& ¢ &8 i 5§
FHFfFTSFHFFHFSFSF&LsSE

(a) For the same input electrical energy conditions (190~210W)

300 - WEE Elcctrical input enegy r 100
w7 Calorimetric energy (Ultrasonic energy)
O~ Conversion rate (E_,/E,,..)

Conversion rate (%)

Electrical energy or Calorimetric energy (W)

L O 4“ 4“ 4\\ 4\\ 49 49 QO
S Rl
PP A oY s »

z\ & é& 6} VAT N AT
X* X X
S g g

(b) For the different electrical energy conditions (80, 120, and 210 W)

Fig. 3. Electrical energy and calorimetric energy in System #1,
#2, and #3 for various conditions.
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(b) For the different electrical energy conditions (80, 120, and 210 W)

Fig. 4. Sound pressure analysis in System #1, #2, and #3 for
various conditions.
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Fig. 5. Sonochemical oxidation quantification in System #1, #2,
and #3 for various conditions.
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