Journal of Korean Society of Water and Wastewater ASHEESHE| K| =2
Vol.25, No.6, pp.893~906, December, 2011 25¢, 65, PP.893~906, 12¥, 2011

1M A3t B2 BAS 98 XIT FuO| AHE H 0| et 17

A Study on Sequential-Frequency Sonication for Improving Anaerobic
Digestion

oy - s
Gye-Dae Whang®, Sung-Han Park
4s|chstul

(20114 92482 = 2011 122192 4; 201114 1221122 RHEH)

Abstract

The effect of ultrasound pretreatment on sludge degragability was investigated at different condotions: ultrasonic frequency(28, 40,
50kHz), intensity(10, 25, 50W), sonication time(10, 20, 30, 60min), Total suspended solid(TSS) and soluble chemical oxygen
demand(SCOD) concentration were measured for the evaluation of pretreatment efficiency. The pretreated sludge was used as the
feedstock for anaerobic digestion process. Biogas production and volatile suspended solid(VSS) removal were determined for
evaluating the process performance.

1. TSS concentration of the sludge decreased at a constant rate as sonication operation was applied. The degradation rate of TSS
increased when ultrasound frequency was decreased from 50kHz to 28kHz and intensity was increased from 10W to 50W,
Efficiency of TSS degradation per input energy increased as ultrasonic frequency and intensity were decreased. At the frequency of
28 and 40kHz, SCOD concentration rapidly increased during the initial 30min of sonication time, and then it gradually increased. At
50kHz, SCOD concentration constantly increased for 60min of the sonication time, The SCOD production rate increased with
increasing intensity under all ultrasound frequencies.

2. The optimum condition of ultrasound treatment was 28kHz, 50W and 60min for maximizing the biogas production, methane
fraction, VSS removal, The highest values in biogas production, methane fraction in biogas, VSS removal were 370ml, 70%, 2.45g,
respectively, Methane production rate per input energy increased at ultrasonic frequency and intensity decreased.

3. When raw sludge was pretreated at the condition of ultrasonic frequency of 28 and 40kHz in series, sequential-frequency sonication,
intensity of 50W and 60min, biogas production, methane fraction, VSS removal were about the same that of 28kHz single-frequency
sonication, When sequential-frequency sonication of 28 and 50kHz was applied in series, biogas production, methane fraction, VSS
removal were 356 ~ 423ml, 69 ~ 71%, 2.41 — 2.78g, respectively. The pretreatment efficiency of 28-50kHz sequential-frequency
sonication which sonication time of 28kHz and 50kHz was 40min and 20min was higher than that of 28kHz single-frequency
sonication,
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Fig. 1 Schematic diagram of experimental setup.

21 =g} &R

RBEHA o 253 ZAF Al FIbE, AP, ZAL
Akl $ER7IE sEHSet V1A 28 S8
MAE GEFE AR el AREE A o] B
2]%=& Fig. 19] Yepilrh. Ao o] 8d 235}
A2 HAEE sowe] 283} W]} 28, 40,
50kHz2] Fahr5 HAA]7]7] SJal AlzkE o] fvfj=
AL 9l 3R vk W] E TAE ] o AEe
A3 250 ¥HexE 1L 39 WHEE 014319
o Hkex Yo wHkAA S E9]3} ] magnetic
stirrer® WHIA|7|H 220}2 ZAlSF$ITH B
o AR Qe wheE Wl 257 54 3] WElstel
< WA flal £3he e whgze A A
23t 257 ZAPF HdEE st vz W £
2o] &L%7F AF(25+3T)S FAE F UL 319
o TS 930 2l S 3 M Fe] 12 Ao
A BAAERE AR 1PE FEE F2TNE =
Al A 55 0|83l o m 1 A2 Table_ 19 Vrek
ot sl A AR Tds Fab
o} Areof 2532 742 103, 203, 3042, 60+ &3t
ZAVE ] ZAMAZE Wsl) & 8)R] Bl v o
& 2AREl oM A3 2E Table, 20 Yel ]
ot 7 255} Foiseel ZA} B, ZAFARY fe
A EEAe] 1P E Frs RERVIE TS
X371 913l <A TSS%E% ZA8t9a &
A& GF/C oA = offsto] ofatal o] CODerg &
skt gk T e 25uke) Ak 8o
74 2slag WA nx= g5k Hrlelr] ¢
& TSSEETF 2.7%2) BEE Aol S0W ZAMEE

‘dl-zo



g - dua

MELEREIR| =2
253, 65, PP.893~906, 12, 2011

Z259H5 A&l ojul Zutel=
28kHz T3} Z-59)0] ZAMTHS: WS A%
T = AJgbell i 40kHz B S0kHZF9442] 289}
=2 z2AKEg o A% 2712 Table, 39 YR IT

253} Fab, A, ZAREe] #8714 48k
o RIX|= JTFS AR S8 ARES 32
4 Aslzo] BAEE Fig, 20 YeRIT 7]
Z3lzE YR w7} 36.5C S fAeHs uiekr] Wi
ol A x]3} T
32 I stz FUH AR F 229
2} 270 upe Ax)glE AL A AESHA
£ 1119] Fuu| 2 Z3}ste] F E§=Fe] 300mL7} &
TF vk Aol o]gH AEEHA= BVE S
st el el #7140 AstzollA AFH S slEelA]
£ ARR3II e TSS =+ 9F 19,700 mg/L, VSS &
T TSSEE9] oF 60.4%= ©F 11,900 mg/Lo|™ pH
= 7.12, SCOD 5= oF 800 mg/LE Yeplith &
stz 3 7R F9F 2413kt g E biogas,
biogasH] MEHE-&-S 7319 H biogast] g
&2 GCE o]g3fo] A5l eitt. Bgh 43} vhg- A,

&
7]
3
1=}

Table, 1 Characteristics of raw sludge used for test,

I Gas collection pack

—
Anaerobic batch reactor

Magnetic ball

Fig. 2 Schematic diagram of anaerobic batch reactor.
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Parameters Range Average
pH 6.3 ~ 6.6 6.5
TSS 26,600 ~ 28,400 27,850
VSS 19,200 ~ 20,350 19,750
SCOD 990 ~ 1.070 1,040
Table. 2 Operationg conditions of ultrasound reactor.
Frequency (kHz) Ultrasound intensity (W) Time (min)
28
40 10, 25, 50 0, 10, 20, 30, 60
50
Table, 3 Operationg conditions of sequential-frequency
Sonication Time (min)
Ultrasound intensity (W)
28kHz 40 or 50kHz
0 60
20 40
30 30
50 40 20
50 10
60 0
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Fig. 3 Variations of TSS concentration of the 2.7% raw sludge
during the sonication at 28kHz of frequency.
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Fig. 4 Variations of SCOD concentration of the 2.7% raw sludge
during the sonication at 28kHz of frequency.
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Fig. 5 Variations of TSS concentration of the 2.7% raw sludge
during the sonication at 40kHz of frequency.
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Fig. 6 Variations of SCOD concentration of the 2.7% raw sludge
during the sonication at 40kHz of frequency.
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Fig. 7 Variations of TSS concentration of the 2.7% raw sludge
during the sonication at 50kHz of frequency.
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Fig. 8 Variations of SCOD concentration of the 2.7% raw sludge
during the sonication at 50kHz of frequency.
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Table 4, Experimental results of TSS degradation rate and SCOD production rate at each frequency and intensity.

. SCOD production rate
Frequency (kHz) Intensity (W) TSS degradation rate (mgSCOD/L - min)
gL in) Before 30min | After30min
10 242 3.60 1.33
28 25 40.8 8.80 2.00
50 74.2 13.20 2.67
10 18.3 1.49
40 25 26.7 6.60 1.33
50 43.3 10.60 2.67
10 16.7 1.08
50 25 24.2 3.32
50 30.0 5.25
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Fig. 9 Variations of cumulative biogas production to evaluate
the effects of 28kHz ultrasonic pretreatment on
anaerobic digestion,
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Fig. 11 Variations of cumulative biogas production to evaluate
the effects of 50kHz ultrasonic pretreatment on
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Fig. 12 Variations of cumulative biogas production to evaluate
the effects of 28kHz-40kHz Sequential-frequency
sonication.
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Table 5. Results of the biogas generated and substance removal by anaerobic digesters to evaluate the effects of sequential-

frequency sonication,

Digester's Sonication Time (min) Biogas CHA4 Fraction VSS Removall
No. 28kHz 40 or 50kHz | Production (ml) (%) (9)
D1 0 60 345 68 2.33
D2 20 40 368 69 2.47
D3 30 30 390 70 2.62
D4 40 20 385 69 2.57
D5 50 10 380 69 2.58
D6 60 0 375 69 2.56
D7 0 255 58 1.62
E1 0 60 335 67 2.15
E2 20 40 356 69 2.41
E3 30 30 410 70 2.66
E4 40 20 423 7 2.78
E5 50 10 395 70 2.59
E6 60 0 380 70 2.57
E7 0 253 58 1.55
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Fig. 13 Variations of cumulative biogas production to evaluate
the effects of 28kHz-50kHz Sequential-frequency
sonication,
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