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ABSTRACT

The performance of a downward-irradiation sonoreactor was investigated using calorimetry, KI dosimetry, luminol
(Sonochemiluminescence, SCL) method, and aluminium foil erosion method as one of the basic steps for the optimal
design of downward-irradiation sonoreactors. The applied frequency was 28 kHz and the input electrical power was 280 -
300 W. The liquid height, from the reactor bottom to the transducer module surface, ranged from I\ (53.6 mm) to 2A
(107.1 mm). For various liquid heights, the magnitude of calorimetric power and the mass of cavitation-generated I~ ion
varied significantly. It was found that the additional application of mechanical mixing resulted in higher sonochemical
activity, especially in the cavitational active zone, which was induced by violent liquid flow in the reactor. In aluminium
foil erosion tests, it was found that less ultrasound energy reached the bottom of the reactor due to the violent liquid flow
and no significant sonophysical effect was observed for higher mixing rate conditions (100 and 200 rpm).

Key words : Cavitation, Sonoreactors, Calorimetry, KI dosimetry, Sonochemiluminescence (SCL)

LM £

Ze1} 7]&L nlolag F7]¢] Wi FEE U]
7} gkt FEl2 e Aol @ds o8she
Ao 7 goket g8y, oy, S, 888 ¥
Aolle] AE A7t EustA 8 Fo|th(Petrier and
Combet, 2007, Mohod and Gogate, 2011; Sun et al,
2011; Wood et al, 2017; Ge et al, 2019; Fukunaga
et al, 2019). ©] & I3} Fofs AuEH, 7]Ee]
Z53 ARlElolAd A T2 e W] YA =
< A B Fo) die] ol AL e
e Idele fAF dEAleIA BFe] edEH Ea
=2 b

[e}
FHow AAHAYY. Aol ArHoz

SRR 77, 9
SR £GTE,

E-mail: yson@kumoh.ac.kr

Received : 2020. 8. 28 Reviewed : 2020. 9. 4 Accepted : 2020. 9. 14
Discussion until : 2020. 12. 31

23

e F2 B ARl EY 2 HHE 5o Sl

77 LE=de] g3 gl Ay # IFE H1H
o2 $3=3 Jtk(Son et al, 2019). o3t EUA
oMol 253t ARs ddAlIM ks tEAl Za3te]
o] i IAEHAES dA )= &l thdstAl B
slEo] FAAA = TR WY A7t QS Ao
= Ao

E T} 2 EdAelNY] 253 g@2HA1E ¥
AS 9T A A A4 E-o] 23 JAsAel A
HAoE HERA] olok R 2539} 77| Ui
Al A1H 8715 WOl %93k ©1F bath W2le] Al~
Ho] HQ3}cKSon et al., 2011; Lee and Son, 2019;
Park and Son, 2017). o|w] WFu-37]e] EAZ g
oA] &4lo] wAshH, sltellA] AR ZAREE 25
I} oz|e] @ Fito] ME &7] W o] opd &
F Rkg7Ie] o g Hdwo] A AREE o] of
H] AojF oz ghe 30 dux|vie] E2bA3 Rhgo
AREEAl Lt 7|E A ATl aAEHe] Sl A

o
o
0



24 A&7 -

glollxe] Ui AlE 87129] 253} oluR] g
ANUIA] the] oF 7-44%EET 29%) T=olRoH, =
T YA AEE 7iel] HeiMe iR 8714 B
o B2 o] Eo] A¢iAjol sk Zo=z FRIHA i
5 g7)e] IAEAGEY: v=)] EAT B oF 3-
48%(T 22%) T dUA HEES UERNRE=H,
ol nigllA AR 2SIt UiF 7] 2 14 24
< Ahe St ARl AEA7] wiEel o=
A= tH(Lee and Son, 2019).

°]F bath Al=F9] oUA] HE&E A 55 78t
7] 93] £ AFtollMe AN AlZE F 71AIA
1S ARSI AL Algle Wg7] Ao XE
S AXst et Ao E 250E RAlsle WS
2 $YoZ &) vhE7] R 14 Edo] whg7] nf
gol| WEY 7] wiizel Exe] uiF §7] AX7t &
dasion, ZAEE 253 dUA) B i 7
o H&5]7] el oUA g && FHNA IA i
g Aoz 7= ATt 3k, 71AA wke ¥kE7] bh
Yol I IAEDS SHdelA Siteked T
o] Z2g3ke] BEYAlel Uigh =58 SE & S
Aoz A=At

aHEE B AT XL 31 259 A WS
aNekaL o] WAl e H AH8AAS kst elA
BWkshs 712 A7E TSIt 1Al E4o] gle A

}\o

A

rlo

e

BE AAS gstion, i 3t =ol7t A8 T3t
4 28kHz 7|5 1L-2M(53.6-107.1 mm)2] Z 2 50-

200 rpm&] 71A1A nE £% 218 o Sk %
w3 AUA] BEEEAN), 2o 38H a9 24
(K1), 259 B84 a9 B4&E T Y 8H)
TS sl 7t oA ARE nlaEAEl o,
F7Ho R ot 2ol wiR-e] sulElold &3t
Fo] oAEA Wslsl=A] AgF R RIS A% F

2.1. =30} 437|

Fig. 16l YERd nie} o] A3 A|=g]e Az Jejo
ol=d HRSV|(L x W x H: 22 cm x 22 cm x 20 em)2} A}
7} gejo] 28 kHz 253 Fe A ZE(L x W x H: 19.8
cm x 19.8 cm x 9 cm)E AR WEA ZES W37
S Blof] XA X8 8l =o] Z2Ho] 7ksgt A
A7t 2= o] dom, Tl wRrIE AX|Et] 9%

J. Soil Groundwater Environ. Vol. 25(3), p. 23~31, 2020

A3 PH(d =3 cm) UAEE 33t vl E 2lE
2} 7R 9] FolE W Fol=2 Ao, tha
o] A& ol&sle] Fur IS IO E 1)ollA 2wt
Z|9] FolZ 025 TESK 1, 1.25, 1.5, 1.75, 209]
Z I THE AFe HE3HTt

c=AXf (H

o714 & BEMe] A7) £%(1,500 mis), = I
= 28 F9<(28,0005)% 2vdict & 2o o8] 1
= & 53.6mmZ ARKEN, 2239 2AKE 8 JEA
7 el 3 em7b FA71A STk o] We-S wkeds)
o] W o7} 10 we] WY Fol= 29 L <20l
o, 200xle] B} BulE 55 L S50 ek Ui ol
=3 595 fiTs] S8t HEZE Al Edol=
(8 x 1.7em»)E X3 aE AdX|sle] 35190,
24 WHEETE 50, 100, 200 rpm©] AT,

22. =50t o1 X] 5N

Z53} oUR] TS 98] AREE ArduAleE =
Su} Agn) R AZA" 9H9Ju]E](HPM-300A, AD
Power)Z o]8-3l] =311, oF 280-300 W 2] A
7NNIR7F S 208 ZE Agxdd) 283190t
Z2-913}8}H(Sonochemistry) wOFllA] gl A= 25
3} oURE = (Calorimetry)2 2 SH3HA ==
b, ol 2237} widS Ay vidate] v 5o
ofsf) WAE= dAURE S5k Wgolt) B )
Me durEo g AMSEE teo A1 olg3dle vt
ANIAIS 2T

E,y=2C,um @
A7V E e RNUA, dldie 223 ZAAITH o)
gk B 2EHsl, e WY HAIY HIEE: 420/
gK), M Wgo] Aas 747h oJu|dth(Koda et al,
2003; Asakura et al., 2008; Son, 2017). Jollxe]
ol ofal] 257} e 4 st B dAtelae )
o g #Ho AZES o g 2euld) 93t 2% A5S
sl 233} AUAE 2SI 7] Wil wRk &3
o o3t 2% xS uHEA A3k

Bge] A FalE tider 2359t 318H4 aiE A
g oz BA] 98t KI S (KI dosimetry)S 2]



R NS EREELE LR R R 25

]

transducer

[1 28 kHz

@ Power meter

P

Ultrasonic transducer
controller

=
Agitator

Liquid height

(12~2% —» 53.6~107.1 mm )

Acrvlic rectangular

reactor

Fig. 1. Schematic of a downward-irradiation ultrasonic system in this study.
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Fig. 2. Zero-order reaction constant, mass of generated triiodide ion (20 min irradiation), and calorimetric energy for liquid height

conditions of 1A - 2.
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Fig. 3. SCL images for various liquid height conditions of 1A - 2A (The exposure time was 30s.).
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Fig. 5. SCL images for various liquid heights and mixing rates (The exposure time was 30s.).
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Fig. 6. Damaged aluminium foil images for vairous liquid heights and mixing rates (The irradiation time was 30s.).
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