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Degradation of humic acid in water by single- and dual-frequency
ultrasound methods

ZHAO Li, YANG Yanling, L1 Xing, ZHOU Zhiwei, ZHANG Yang, MA Changhong
(Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering, Beijing University of
Technology, Beijing 100124, China)

Abstract: To understand the degradation of humic acid in simulated water a series of static experiments assisted
with ultrasound were done at various energy density of ultrasound produced by both single-frequency (68 kHz, 80
kHz, 100 kHz, 125 kHz and 160 kHz) and dual-frequency (X-Y axial orthogonal 80/125 kHz and 80/160 kHz and
X-X axis parallel 68/100 kHz and 125/160 kHz) ultrasound irradiation system. The degradation of dissolved
organic carbon (DOC) and trihalomathame precursors (THMFP) were measured. The main results obtained are as
follows: for the same energy density of sound, the degradation efficiency is better for low frequency (68 kHz and
80 kHz) than for high frequency ultrasound (100 kHz, 125 kHz, and 160 kHz), dual-frequency is superior to
single-frequency, and X-Y axial orthogonal ultrasound excels X-X axis parallel. The best result for degradation of
COD and THMFP is obtained in 25 min by using X-Y axial orthogonal combination of 80/160 kHz ultrasound, and
is 32.6% and 66.6% respectively.
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Fig.3 Removal rate changing of THMFP with single

frequency ultrasonic time

222 MIREAARFE THMFP MMz R HIK 4
WSR3 50, X-Y $lidh 7] 1527 80/125 kHz
11 80/160 kHz P Fii4H & 7E#E 5 I 4E MY Bt THMFP
EBRIEE] 60% /47, Horb 80/160 kHz 4G R HE
£, JUHAE 25 min I ZFRFAEF] 66.6%. X MIE
W P St 25 B B . U 7R % R AR
TR, SAERTZHNTU, KA
YRS TIZAR T E S, FEa G —



%9 BT HOSSURIXUUE A5 P 0 I B LR 0 A * 3703 +
22_ ®68/100kHz  a 80/125kHz 3 éé‘: ’L’%
= 80/160kHz ® 125/160kHz R

ST - (1) FER— RS A — & AR TE
Eoor o \' {8 (68 A1 80 kHz) % DOC Fil THMFP f) 4 3%
e o~ RECm (100 125 F1 160 kHz) T 1 2:BR R4
£ ol AT (2) 7 A AR — P T 2
T ol e W, SR & 75 % DOC AT THMFP ) 2% B CR 2

o/ e LT B 1R BRACR
o//é N . . J (3) R fE 85 LR RO & 1 7 S,
time/min X-Y b 170 1528 7 5 I R 4% DOC AT THMEFP [

Kl 4 THMFP [k SO I R ) 224k
Fig.4 Removal rate changing of THMFP with

double-frequency composite ultrasonic time

AR M IR 2 (12 A% . ]2 B 7 i )
FIELR:, THMFP % BRBBUACH MRS, &
HHAHEE T LR mEE T, ARG R E—
NEFRE KT o TR FS BR 2 B N XU &8
FEXT THMFP WIBEfEA — e mIRME, RS
FeB o T X=X Filh () AH P AT P LA Bl o ) TR 1
K, THMFP 2R3 2050 FAREs, H2
TR AR T X-Y Bl IEAC A, TR 30
min B, EERFERNT LRWRAE S W XX
S AP AT R IR RS THMFP (1) B2k
FACT X-y fhida BB RS 5 DOC F#ER
SEIGEE R 5, XY Bl ) E AR RS THMFP
o AR 250 R 220 WS vy T 5 A0 2R B MURE R I I R R R
XX BRI AR PATRE IR RGN THMEP EBRFER
K H AR A G, Kk, fEsebrpi s, &
FHOBUSTIE 75 B, 12396 48 2 ) 122 68 7R 4R R R

IR 4 ZH S AR AR R 2 T YA 4 A
1.64%. 0.86%- 1.56%. 1.22% CHR¥E (EZ4 5 bx
HERE IR AERINE D, 2% 70 W7 7732 ) B oK e VAR X
EAFEE 2%) . LERE, AR GEA NE
PR T E T A R IR, AR IR R A
FEAW A LRI At 7 2 R
AN TR 1 7 30 [ B E VA VR P A 3 T AR KRR
AR TR H IR RAXUINE A 75 2 R AS
[F) (1) A28 [ B VAT B PR R R, O KR I LA
Pesh b H A — B E B RIS 2, XURE &
R P A BTG 7R P AR AR 2 ) S, i BLAE
[ 0 2 R RO ) L, 3k b 2= it A Al 7 A
SREVR T, KA R SN, AR
FARR PR R A, BT ARUIE A S T I 25
EL BLATEE P B4

FEAERLREIIM T X-X Rl 1o AT AR R A
References

[1] Wu Jiann M, Huang H S, Livengood C D. Ultrasonic destruction of
chlorinated compounds in aqueous solution [J]. Environmental
Progress, 1992, 11 (3): 195-200

[2] Du Guimin (ftA£#), Zhao Ying (B4it), Yuan Peisheng (JF35/E).
Ultrasound and its application on water sewage [J]. Chemical Defense
on Ships (IEARBI1L), 2008 (6): 26-30

[3] Tang Yulin (& EF%), Gao Naiyun (#1/52), Pang Weihai (JE4E#E).
Progress on research of ultrasonic technology for drinking water [J].
Water & Wastewater Engineering (4i7KHE7K), 2007, 33 (12): 113 -116

[4] Zhu Hongtao (4k¥#%¥%). The application of ultrasonic technique in
wastewater treatment [J]. Industrial Safety and Environmental
Protection (L)% 4 53 4R), 2007, 33 (12): 13-16.

[5] Matouq Mohammed A, Al-Anber Zaid A, Tagawa Tomohiko,
Aljbour Salah, Al-Shannag Mohammad. Degradation of dissolved
diazinon pesticide in water using the high frequency of ultrasound
wave [J]. Ultrasonic Sonochemistry, 2008 (15): 869-870

[6] Xu Xianwen, Shi Huixiang, Wang Dahui. Ozonation with ultrasonic
enhancement of p-nitrophenol wastewater [J]. Journal of Zhejiang
University Science, 2005, 6B (5): 319-323

[71 Zhang Guangming (3K)¢#), Wu Minsheng (5%#4:), Zhang Xihui
(3K#5#%). Study of 2-chlorobiphenyl and 4-chhlorobiphenyl sonication
[7]. Environmental Chemistry (FAIEALE), 2004, 23 (3): 298-300

[8] Liu Yan (XI%), Wang Xuemei (T ZH§). Study on ultraviolet
spectrum in the process of humic acid solution of sonochemical
degradation [J]. Spectroscopy and Spectral Analysis (1% %561
43H1), 2003, 23 (5): 930-932

[9] Liu Yan (XI%). Study on ultrasound chemical degradation of humic
acid in the water [J]. Journal of Qinghai Environment (5 #¥R5E),
1996, 6 (1): 43

[10] Ding Rui (] #%t). Study on humic acid degradation process by
ultrasound [J]. Journal of Qinghai University (75 K2 214)), 2006,
24 (2):20-22

[11] Tatake Prashant A, Pandit Aniruddha B. Modelling and experimental
investigation into cavity dynamics and cavitational yield: influence of
dual frequency ultrasound sources [J]. Chemical Engineering Science,
2002, 57 (22/23): 4987-4995

[12] Sivakumar Manickam, Tatake Prashant A, Pandit Aniruddha B.
Kinetics of p-nitrophenol degradation: effect of reaction conditions
and cavitational parameters for a multiple frequency system [J].
Chemical Engineering Journal, 2002, 85 (2/3): 327-338



* 3704 -

e L %

65 %

[13]

[14]

[15]

[16]

[17]

Feng Ruo (%), Zhu Changping (4 & F), Zhao Yiyun (B4i&z),
Wang Shuangwei (FX{4E), Chen Zhaohua (FJK%E). Study on
dual-frequency orthogonal irradiation of sonochemical effect [J].
Chinese Science Bulletin (F}53@#), 1997, 42 (9): 925-928

Ben Yongguang (3%7K)%), Qiu Taiqiu (I=Z5EK), Li Kang (Z2F), Li
Kunping (Z=31°%), Kong Fansheng (fL% f&%). Experimental research
on cavitation effects of single-frequency ultrasound and dual-frequency
ultrasound [J]. Technical Acoustics (75 i K), 2009, 28 (3):
257-260

Feng Ruo ({%#). Ultrasonic Manual (27 F /i) [M]. Nanjing:
Nanjing University Press, 2006: 16-27, 78-88, 150-160, 658-662,
706-720

Yan Zhigang (i@ &), Cao Zhonghong (#f#1%). Ozonization in
drinking water treatment and relevant oxidization technigues [J].
Technology Information Development & Economy (FH BRI K 5
23F), 2004, 14 (1): 157

Guo Wenjuan ($§3C4H), Zhang Guangming (7K)¢8H), Ma Jun (5 %).

(18]

[19]

[20]

(21]

Study of US/O3 removal of trace level organics in filtered water [J].
Journal of Harbin University of Commerce (W /RIE RN K 2-244R),
2010, 26 (2): 149-151,160

Wang Lin (EH#f), Wang Baozhen (F 5 17). Drinking Water Depth
Treatment Technology (X H 7K ¥ B 4b B £ R ) [M]. Beijing:
Chemical Industry Press, 2002: 109-111

Zhu Changping (4 &-F), Li Liangxue (ZF R %), Ran Rong ({1 5),
Wei Lisheng (8237.7F), Chen Zhaohua (FfiJk%E), Feng Ruo ({57).
The frequency effect of bifrequency irradiation for high sonochemical
yield [J]. Applied Acoustics (L FH 75 %), 1998 (1): 15-17

Zhao Deming (&4 /), Shi Huixiang (% Ei#:), Wang Dahui (71K
#2). Degradation of phenol wastewater by dual-frequency ultrasound
technology [J]. Journal of Chenical Industry and Engineering (China)
(P T.23R), 2003, 54 (4): 570-574

Shen Zhuangzhi (L&), Cheng Jianzheng (FEZE), Wu Shengju
(RMEZ%). Ultrasonic-induced degradation of pentachlorophenol [J].
Acta Chimica Sinica (b5 %#), 2003, 61 (12): 2016-2019



