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Comparison of Naphthalene Degradation Efficiency and OH Radical Production
by the Change of Frequency and Reaction Conditions of Ultrasound

Jong-Sung Park - Soyoung Park - Jeill Oh* - Sangjo Jeong** - Minju Lee* - Nam Guk Her'
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ABSTRACT : Naphthalene is a volatile, hydrophobic, and possibly carcinogenic compound that is known to have a severe detrimental
effect to aquatic ecosystem. Our research examined the effects of various operating conditions (temperature, pH, initial concentration, and
frequency and type of ultrasound) on the sonochemical degradation of naphthalene and OH radical production. The MDL (Method detection
limit) determined by LC/FLD (1200 series, Agilient) using C-18 reversed column is measured up to 0.01 ppm. Naphthalene vapor pro-
duced from ultrasound irradiation was detected under 0.05 ppm. Comparison of naphthalene sonodegradion efficiency tested under open
and closed reactor cover fell within less than 1% of difference. Increasing the reaction temperature from 15°C to 40°C resulted in
reduction of naphthalene degradation efficiency (15C: 95% — 40C: 85%), and altering pH from 12 to 3 increased the effect (pH 12:
84% — pH 3: 95.6%). Pseudo first-order constants (ki) of sonodegradation of naphthalene decreased as initial concentration of naph-
thalene increased (2.5 ppm: 27.3x10° min® — 10 ppm : 19.0x10° min'3). Degradation efficiency of 2.5 ppm of naphthalene subjected
to 28 kHz of ultrasonic irradiation was found to be 1.46 times as much as when exposed under 132 kHz (132 kHz: 56%, 28 kHz:
82.7%). Additionally, its k; constant was increased by 2.3 times (132 kHz: 2.4x10° min”, 28 kHz: 5.0x10° min"). H,O, concentration
measured 10 minutes after the exposure to 132 kHz of ultrasound, when compared with the measurement under frequency of 28 kHz,
was 7.2 times as much. The concentration measured after 90 minutes, however, showed the difference of only 10%. (concentration of
H,0, under 28 kHz being 1.1 times greater than that under 132 kHz.) The H,O, concentration resulting from 2.5 ppm naphthalene after
90 minutes of sonication at 24 kHz and 132 kHz were lower by 0.05 and 0.1 ppm, respectively, than the concentration measured from the
irradiated M.Q. water (no naphthalene added.) Degradation efficiency of horn type (24 kHz) and bath type (28 kHz) ultrasound was found
to be 87% and 82.7%, respectively, and k; was calculated into 22.8x10° min" and 18.7x10° min’, respectively. Using the multi- frequency
and mixed type of ultrasound system (28 kHz bath type + 24 kHz horn type) simultaneously resulted in combined efficiency of 88.1%,
while H,O, concentration increased 3.5 times (28 kHz + 24 kHz: 2.37 ppm, 24 kHz: 0.7 ppm.) Therefore, the multi-frequency and mixed
type of ultrasound system procedure might be most effectively used for removing the substances that are easily oxidized by the OH radical.
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2.1. L]. 1=254)] ,] g{»;] §].zsl-7<4 EA]
vzl 3 d(volatile)o] U= HFN A ZA A
A 7]= 2 (Hydrophobic organic compound)Z HFHT} 9]
AL 7 He WAl ne)s FAsH, WASTsrA(PAHs:
Polycyclic Aromatic Hydrocarbons) oA 713 7rask
ZE5 7HAaL itk Table 12 UYzg=le] && - 3514 &
3< 4Ee Aot

o

2.2. 437 % AA

Ao AHgE Yzl £ 99%2] Sigma Aldrich
(US.A)E AH&3t9ar, pH AL HCl (35~37% purity,
Ducsan, Korea)Z} NaOH (98% purity, DC chemical, Korea)
£ ol&st Axg 1 M Ao E HAISHATH. OH 2
Table 1. Physical and chemical properties of naphthalenel)
Naphthalene

CAS Number 91-20-3 Empirical Formula  C,oHg
Molecular Weight 128.19 Melting Point (‘C)  80.26
Boiling Point (C) 218 Density (g/cm’) 1.14
Flash point

5 Log K 32
(‘C, open cup) 79 og Kowa 9
Water Solubility
(mg/L, 25°C) 31.7 Log Kocb 2.97
Henry’s law constant 4 Vapor Pressure

B 4.6x1 N .

(atm - m*/mole, 25°C) 6x10 (mmHg, 25C) 0.087

Structure

(O

* Kow: Octanol-Water partition coefficient
b Koc: Organic-Carbon partition coefficient
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Fig. 1. Schematic diagrams of ultrasound system: (a) horn-type
ultrasound equipment, (b) bath-type ultrasound equip-
ment and sonolytic reactor.
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Fig. 2. (a) LC/FLD chromatograms of naphthalene, (b) Stan-
dard curves of naphthalene obtained by LC/UV-DAD
& LC/FLD.
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Fig. 3. Sonochemical degradation rates of naphthalene at 28
kHz, 0.208 W/mL (250 W/1200 mL), 20C and pH
6.8: (a) the response of re-dissolved naphthalene in
M.Q. water (analyzed by LC/FLD) and (b) compari-
son of the sonodegradation efficiency at closed and
open conditions of reactor (analyzed by LC/UV-DAD

and FLD).
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Table 2. Pseudo first-order rate constant for the sonochemical
degradation of naphthalene at different temperatures

Temperature Naphthalene Control
P ki (min™) R*for k, condition
15C 26.7x10° 0.948 2.5 ppm nap.
. 3 (initial conc.),
20C 25.2x10 0.938 28 LHz
30C 22.4x10° 0.926 (bath type),
0.208 W/mL,
40°C 21.0x10° 0.906 pH 6.8
*= 359
—=— 9%
& 3t
= 0%

C5, = 100 of Naphthalens (%)

o o &1 (1]
Tisiw frsire)
Fig. 4. Effect of temperature on the sonodegradation efficiency
of naphthalene (initial concentration: 2.5 ppm, 28 kHz,
0.208 W/mL, pH 6.8).
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F(ko)= 9.2x10° ppm , 9.8x10° ppm - min”, 10.5%
10° ppm” * min' & 7:11454 oiEHFig 5(b), Table 3).
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Table 3. Pseudo first-order rate constant and zero order rate
constant for the sonochemical degradation of naph-
thalene and H,O» production at different pH

Naphthalene H»0,
- " " Control
P . | R*fork 2 IRy forke| condition
(min™) (ppm™ - min")
2. .
pH3 [288%10°| 0972 | 920x10° | 09g1 |2 PPmnap
(initial conc.),
] . 28 kHz
H 6.8(25.0x107| 0. 80x10° .
pH 6.8[25.0x107| 0.938 9.80x10 0.986 (bath type)
pH 12 [21.0x107| 0.928 10.5x10° | 0.987 0'20280\%/“’
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Fig. 5. Effect of pH on (a) the sonodegradation efficiency of
naphthalene (initial concentration: 2.5 ppm, 28 kHz,
0.208 W/mL, 20C) and (b) the concentration of pro-
duced H,0,.
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Table 4. Pseudo first-order rate constant and zero order rate
constant for the sonochemical degradation of naph-
thalene and H,O, production at different initial con-
centrations of naphthalene

Naphthalene H»0,

Initial v Control
concentration 1?'_1 Rz for | ko (pP“_ll " Refor| ondition
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8.90x10° [0.959| pHG6S8
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Fig. 6. Effect of initial concentration of naphthalene on (a)
the sonodegradation efficiency of naphthalene (28 kHz,
0.208 W/mL, 20C, pH 6.8) and (b) the concentra-
tion of produced H>O,.
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Table 5. Pseudo first-order rate constant and zero order rate constant for the sonochemical degradation of naphthalene and
H>0, production at different frequencies and types of ultrasound

Naphthalene H,0,
Ultrasound type Frequenc k k Control
P 1 Y .1.1 R; for k; q o a1, | Raforkg condition
(min™) (ppm™ - min")
132 kHz (bath t 8.20x10” 0.956 2.40x10” 0.33
Bath 2 (bath type) 3 2 3 l 2.5 ppm nap. (initial conc.),
28 kHz (bath type) 18.7x10° 0.993 5.00x10° 0.994
Horn 24 kHz (horn type) 22.8x10° 0.999 7.40%10° 0.995 0.075 W/mL,
Mixed 132 kHz (bath) + 24 kHz (horn) 13.2x10° 0.993 6.20x10° 0.927 20C,
bath & horn | 28 kHz (bath) + 24 kHz (horn) 23.6x10° 0.999 26.0x10° 0.999 pH 6.8
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Fig. 7. Effect of frequency and type of ultrasound (28 kHz
bath type, 132 kHz bath type, and 24 kHz horn type)
on (a) the sonodegradation efficiency of naphthalene
(initial concentration: 2.5 ppm, 0.075 W/mL, 20T,
pH 6.8) and (b) the concentration of produced H,O,.
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Fig. 8. Comparison of produced H,O, concentration on the
sonochemical degradation for naphthalene solution (2.5
ppm) and M.Q. water using 28 kHz and 132 kHz
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