PR
-2 i
I T R P A BB 5 TN T
B4 T
R T
ke BRHE TR
Ho ST TR

20090608



ST 15 Je R = R T B
5ETZNAHMR

Ak FFEIE
& B
HREIE: FERER

WE

WY KA O, REMTTVSKEER M ARARMK, misKie
BEAMKEERPERY LI BN R RR. 550, 5K EEEREAE
FER. §KERE. FRKR. BKEENEHYREENRKSRE, £85%EL
BALE AT KB T E 9 5 sl ARSI AT R I R N T 7= 43X
e B R R, RARKABEREARBRR KGR USRS BT, H4
HBRAKTE. REBU I ENEMRFARSTE, DOTEBREN XL K5
RAETEKRW, R E RS R GRAEME A MRy R R4t
WERMMLRIKIE, FEMNRARERWT:

@ IR M 0-26000 kikg TS H# 7 NS fEE /K FHATIE PSR AIAK
R ERRY, EERRENRRERENER, BREREAGEHIANR
B, {§75UR T E Ay B AR, WSeRE R A, FERH
FESRA M SCOD, M. HRHUYR. ARG ERNTHNE S BEEES
BER IS, MIPEERE . FRBR KNP EEER P IEEERE
Mg mm D, XEBEAERNRCERKBETNANESRE, H58FRE
BH REMARRXE . R A DHRINRE YR w5 IR s R EiE R A
HEERE, BENBRKDRIREY S BEVIFRERRE K EHERMER
1%.

NGRS R UAMERE, BHEGROEFKLEASETHAMR.
FEE—WE, EBAKEIKT 1000 kikg TS i, BEFKBMBHE T HRERKS
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¥, BETERNTTREYE, (EXSREETE U BB S RAEE GYEER
YEREASYIR. 1000 ki/kg TS BEESRITEEMRE EHERIEERNRNER, £
YU FETE 45min BB FRALEIR ) 18.6%, T _LiE IR T M4 43.7%. F 45,
1000 kl/kg TS BRBAFREABLEHNRNER. EE_NR, BFRERT
5000 kI/kg TS, ¥STRHIBLAEMNMBMBNIIRADERL R, BRXLGETE
WAOBRLR /MR RSN R S PT SR T SR TR BTk, BB A B HEF
FEGY R ABRRESEL, ®iNT SCOD, HRLTHERE, T HXERNE
HREEKFTAMBRRL. M SCOD £RMMHTERE, 26000 kikg TS f#
SCOD/TSCOD #1 DDcop 4+ FIHE I T 26.8%F1 25.3%, M EME R ERER
FARE AR B B2, HT 26000 ki/kg TS AR 52 2 W AR5 B K
AL R & .

O FREBEKREREREIRTHEESR, BEBENUBRERNEEN
%, MERABKERAFEEFEEENZMN. KIRLSHTT 0-35000k/kg TS i)
AR ENVS R M. B SHT5R CST. SRF MEHEKE, 4
REY, AAKEERESEARPBKER. BEEFRENEN, TR
KRIEHT R R IGYR, H CST A SRF HIZ0 R Mt 5 T K P BE R B h %
HEMEEETANBURER. REEEARSERRBKER, TEEERHE
BETAL TSR MBA R, 800 kifkg TS BB A HALH B AL AR, #7598 CST
1 SRF 4} Bl xt AL T M 11.8%F0 44.7%, HhiETR oK R 34%. BERK
KI5 -FE EPS & EREINABR K /NI R RIS RBKE RN FEREA,
MM REEEREEE T REN EPS 48 (400-500mg/1) MEBRRIZ S

(80-90pm). EPS & BB K/NEAREMITIRMBKIERIE—EE, EH
FERREE R T SR BAKZRIERE.

® EEMTRMREBLRRS, Edkit 5 MEFREKE, UMTE
EERAEMNSRREE L TR, SREH, B RKEERREFRRENL
thRe, R\ THSAFERNGEHEANE, 7 EEEEFEEREM, SR
tEReR B R . MIHILISTRR pH A1 ORP LK E, BEBLEMITREE
HAL RS R R A B Mt RS IRZEHE 13d &£ - NS FFEKE, 5000 ki/kg
TS. 11000 kJ/kg TS+ 17000kJ/kg TS+ 26000 kJ/kg TS FI 35000 ki/kg TS KB &8
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BEASSFEETBAESFIEMT 3.0%. 5.5%. 9.6%. 24.1%F1 31.9%.

@ BIHLEFPCEIEEE R UAR LG ERE LB, HRE
REFRAENR R RNEEERAENLCERENREM A ENEHE
K. N5RFZBRE, BEELENERGREECBSLBFREEIRDER
B, ERUTHEXTBAERD 18-28%, T HLHILERKA, SRRERE
HME. NSTEBENRE, 310 MEBBRELAE LN ERENDEREZEERA,
VSS/SS BRI TRET 5.07%, #EHAREFFEREIDNERTE.
MIGTRTIREERE , I R4 L6l Hi5 R R H R IFHITIREERE, (B2 1/10.2/10
A 3/10 AL E BN, ¥5 SVI BT RIS HH TR, 23 FRET 24.8%.22.6%
M 9.8%, EBFEFEABEESRIIMEERERIK. MHKKRRE, 1/10 F12/10 8
PR AL B LB EE PR R /K COD HHT T /%, (B3t—51 hnid i ik xtis
TR LLE, 1K COD B E M, COD MEBRETMH, ERRIEER /. H
TR LLE R H7K COD #7E 100mg/l f¥5KHEMARAELL A, BT COD b3 &
XK= A LR 555, SEEEE B AKBEEREET 90% L,
LA 3/10 B9ALEE EL BT K it B B i . AR N AR A IR AL TR L 15 R R R T A
KT HAME, EXHEFELEKEEHRRHE.

ZLpg, EEEEARBAR LN SAIRE, TRAGRALENEEYE
Tk REEBBERER TS RITEMBRKEENRE, MEEERRERLEE
BHTHERAE. B5ELHEETAERARMEETS, B KERESTFRA
EARREEZMHNE . BEBBEHARNHREANERE, £RAVSE. L7
FREMBFKFARRUARR, FZAFRRTLERENAATR, TEK
AREAFIREN EMEXAERK,

KA BT BEEBE BK REWL: WELYE
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Technical application and mechanisms of activated
sludge pretreated ultrasonically
Applicant: Feng Xin
Supervisor: Prof. Lei Hengyi

Major: Environmental Engineering

Abstract

Urban expansion and population growth caused a dramatically increase in the
processing load of municipal wastewater treatment, while activated sludge processes
produced a large number of excess sludge that becomes an environmental problem
required to treat and dispose. Also, the treatment and disposal of excess sludge are
very difficult due to large volumes, high water content, bad dewaterability and
instable organic matters. To solve these problems and understand the reasons behind,
this work utilized ultrasound to disintegrate excess sludge for understanding the
_ effects of changes in the physical and chemical characteristics on dewaterability,
biodegradability. This provided theoretical and practical basis for better understanding
the effects of ultrasonic technology for sludge treatment and the mechanisms behind.
The major conclusions are drawn as follows:

1. Seven ultrasonic energy levels ranging from 0 to 26,000 kJ/kg TS were used to
disintegrate excess sludge to investigate the changes in physical and chemical
characteristics. The results indicated that the ultrasonication process destroys floc
structure, facilitates the transfer of matter into the aqueous phase, and breaks up cell
walls, as evidenced by increases in SCOD, turbidity, soluble matter, EPS content, and
inorganic nitrogen and by decreases in settling velocity, average particle size, and
average floc cluster dimensions. Furthermore, correlation analysis showed that many
of these changes were directly dependent upon the amount of ultrasonic energy

applied. Thus, ultrasonication can significantly change the physical-chemical



characteristics of sludge. On the other hand, particle size and extracellular polymeric
substances are important factors affecting sludge settleability and supernatant turbidity.
Their optimal values led to best settleability and turbidity.

The ultrasonication of WAS appeared to involve two stages. In the first stage,
sonication slightly disrupted floc structure and improved sludge settleability for Eg
dosages lower than 1000 kJ/kg TS. These energy doses were too weak to efficiently
disintegrate the sludge and release particulate matter into the aqueous phase. An E; of
1000 kJ/kg TS may be the optimal energy for improving sludge settleability. This
energy enhanced 18.6% settling velocity and decreased 43.7% supernatant turbidity
comparing the untreated sludge. Occasionally, the energy was necessary for sludge
integration. In the second stage, disintegration and solubilisation occurred at Es doses
>5000 kJ/kg TS. Although this worsened sludge settleability due to decreases in
particle size and increases in EPS content, ultrasonication facilitated mass transfer and
increases SCOD thereby reducing the sludge. These effects were enhanced at higher
applied sonication energies. The results demonstrated that SCOD/T SCOD and DDcop
were increased by 26.8% and 25.3%, respectively, at the dose of 26,000 kJ/kg TS,
comparing the untreated sludge. Thus, the SCOD analysis indicated that an Es of
26,000 kJ/kg TS was suboptimal for thoroughly disintegrating sludge, and as this
corresponded to the highest energy examined in this study, an optimal value was
never identified.

2. The effect of ultrasonication on sludge dewaterability was subjected to energy
dosages. Each energy dosage led to a different dewatering result. Low energy dosage
slightly enhanced sludge dewaterability, while high energy dosage significantly
deteriorated sludge dewaterability. Treatment with 800 kJ/kg TS was determined to be
the optimal energy dosage for optimal results. Increasing EPS concentration and
decreasing particle size were determined to be the major reasons for the observed
changes in sludge dewaterability. The optimal energy dosage generated sludge with
optimal EPS concentration and particle size distribution.

3. The effects of sludge disintegrated by ultrasonic energy on the anaerobic
digestion process were investigated. The results indicated that ultrasonication
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enhanced efficiently sludge anaerobic digestibility, increased the biogas production,
and shortened the digestion time. The changes in digested sludge pH and ORP
demonstrated that the digestion time for the sludge treated by ultrasound was reduced
by 13 days comparing to the untreated sludge. The energies 5000 kl/kg TS, 11,000
kJ/kg TS , 17,000 kJ/kg TS, 26,000 ki/kg TS and 35,000 kJ/kg TS increased the
biogas productions of 3.0%, 5.5%, 9.6%, 24.1% and 31.9%, respectively, related to
the untreated sludge.

4. Different ratios of the sludge disintegration used to return to biological aeration
tank were investigated. The results indicated that ultrasonication can affect effectively
the efficiency and performance of activated sludge system. Sludge yield for the
treated sludge was reduced by 18-28% comparing to the untreated sludge. The more
treafed ratio was, the more reduced volume was. Additionally, these treatments had
good settleability, but SVI for the ratios of 1/10, 2/10 and 3/10 was worse than that for
the untreated sludge, with a 24.8%, 22.6% and 9.8% reduction, respectively. Thus,
ultrasonication decreased the sludge settleability, but the decreased degree did not
produce a significant effect on sludge characteristics in this work. Similar to sludge
settleability, effluent COD was decreased at the ratio of 1/10 and 2/10 but was
increased at the further increasing ratio. However, the effluent quality of all
treatments was not affected because effluent COD was less than 100 mg/l. On the
other hand, removal efficiencies of supernatant turbidity for all treatments reached
above 90%. The treatment at the ratio of 3/10 had a highest turbidity value and also
caused best sludge stability.

To sum up, ultrasound, as an important physical method to disintegrate sludge,
has its technical characteristics and advantages. However, its handing cost does not
dominate over that of other pretreatment technologies. Although high specific
energies facilitated sludge reduction but played considerable negative effects on
sludge settleability and dewaterability. However, it does not mean that the technology
does not have the value of theoretical research and practical development due to its
disadvantages. With the further development of the technology, adjustment
parameters, apparatus and energy consumption levels would be optimized and
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improved. At that time, the technology would not be limited to researches in the lab
but become a real high efficient one for practical application.
Key words: Excess sludge; ultrasonic disintegration; dewaterability; anaerobic

digestion; biodegradability.
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MEREERZFNRERBEMBTARUER. BHHRERNESFERNE
K, WHEKAERT HNBRETEE SRR TR RA T 7 E 1 —3
4. EESHARK T REEKE. HKLE, HKEANGREELETE. R
EREERZFRBIRIME R FALIER, 2010F LI H AT KL
BRANER, EHEsKLAE 60058, HKAERAE40-50% 1. ks
KAEER50%7, HILFEMLAS000/278, XREGKEEEV R EERIE
XRKED.

FRERAELERGKABEVMEEARTSY, HLEBELERENETR
RIFME KR EE v, SE A4 BB OHIEE S, XA LTS
RRANBFELTEEARA . RTELIT, BE2003EK, ZERE—F LU LI
TRBEKLE, TECERIEKLEE FXF—FEERAEMLEERE
BT, KEHEREKHBRTHEKEERERE20%Y. BT, REHRTHE
KAEE IR B 490%K B B A S MR, EXZEENIRARRIZES, 5
w&, BREARE&HKEHOD, SHASENREEREFEARNEKX.
Hit, RERHEAGRECELE TEFEREET.

1.1 R EERE

Bil, RECERFESENMNTEKEEF 427 RE, FLESKENA
113.6x10° m*. #{IE, REWMTEKEERK 20 ELSHFRKREK, 2010 4
KRR IE R 440108 m¥Yd, 2020 S5 KHHEH#EE) 536x10° mY/d Pl, 45,
WS TRR T Bk AL E A B R AT R R M ER Y, K- BE % N5
KEH 0.3-0.5% (AF) REARGKLEER 1-2% RE) ¥ WREKHET
HREEAE, BRAEHLSEN 0.5-1 1%, BAKLAEERGEZENRS, HLF
BsREENEMN. REGKGCEEMGERBRAHE, B 2003 FREWTS
KA RS R BN 1.48x107 M (387K 80%it), EBFELL 10%H)E
BEiE, EAEERMAKERIE 90%L LB, Bk, BRAE A L%
BRI BIBAT 8 A0 20-50%, B AEES 5/ TRT BB 30-40% P,
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B, FEVGEAKEEEWENRERG P KRR, ok BRIy
WEET .

KPENMLCEERAERELFTRKCENER T, BHTLFRHE, BA
FREEIG KRR E S BIFFR, BRI K L BIRE. SRCEEFRRE,
FENGREEEIECHNEN, FHRELAELEKMIZERE, FRAEL
ETEEAPTENLEEE. —HUK, HREFEKR. SKEF. BiKH%E
DUREH . BITEBEREHL, FHRBLELIEEUBBHMR, EXEE
FEERBEABREME . L RARMABARRERLER. B, REXHIEK
" RAZNBS T EERRE-BAK-SENERABERD. KT, XFHETH
A THSNEFREERETREFIY. BRASKENMAKERREHE, BERE
ARBESXNREYF=ERFIER, REAEEG L GHRAKRERM, mEES
HBEBRAEAR R, RERTE, HEREEY G, EARET WEE
KEL A TIER PR BRI HIEMETH, REY 14%075R1TERESEARE
BRI EEERTRES, AFEWREXRES. AMHRGERNBILEL
ERARE R ABIEEEENERMNEHRARE, R+ EZNNANERK
BEX.

1.2 REILES S

BRAERZHEHEN, BROAMR. HRAMBETERRTEKKKE,
At SEKEBETZHEETXRBE, HREKHAKRT 4.4um BFTHYRE,
BIEWHBEAAE (1-100pm) FTTHY (>100pm), BRAB/NTF 4.4um 8, AT

R 1-1 WHHGKLER ERNES AR

Table 1-1 Physical-chemical characteristics of sludge from municipal wastewater treatment plant

I H YV TE F RV REGELITTR
pH 5.0-8.0 6.5-8.0 6.5-7.5
FEAELRE (%) 3-8 0.5-1.0 5.0-10.0
EREEESE(TE, %) 60-90 60-80 30-60
BABR % E (g/em3) 1.3-1.5 1.2-14 1.3-1.6

AE 1.02-1.03 1.0-1.005 1.03-1.04
BOD5/VS 0.5-1.1 — —_

COD/VS 1.2-1.6 2.0-3.0 —

WE (CaCO3, mg/l) 500-1500 200-500 2500-3500
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HI1E GBS

PLUA RIS B E SR T Mt 5 B Y. BRE R AT RUENYNE
K RAMUTH N EHIE. FROFESERFEIYEES, BHRYA, &
KER, BAKEME HPEHEREEYERE. FERD. FEMEDR —LE
&R, BN T ERERTREM, BERK, BBK, RaittiE, AEEL.
AR, W RVITETR. BREE. BB RAMLERR, HEEELK
SRFE 1-19, PTEREE —RAELEPEENER, BREEVIRA YT
RFRMEE, EEHRLTAIFBRERE, BREAKRES, FHEFMS%, pH
H7E 5.5-5.7, HKE—RH 96-98%, BHLFREE N 55-70% .. BRIGRERIREE
WAE T 25 g B R PHBNER, SARAERERERE, SKE—HKA
992% Ll E, HIESEHR 70-85%, pH{E N 6.5-7.5. IHWE AT B
KEREHMLEFEEIRENL. TELNEER, HHEEHIRE S EHELD

[ TEAM: C. H. N. O. S. Cl

EHEBIYAR: BELEINSE
AR { FENEY; RERE

(A <
Bami: EERE
BN, W

fﬁﬁ< \ A R { 24 1 5P } BREAEMS R
2 1 5§

EUTHYAR: As. Cdv Crs Hg. Pb. Cu. Zn. Ni
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EHFPAK: Fe. Al. Ca. Si ZFMENLY. SELD
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B 1-1 BHEREAARAER

Fig. 1-1 Basic components of sewage sludge
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F L REFE A3

i, AMASEYN, RNERTHETERFIREREDEAK, TUBAIRE
HURRIEAT RAVFI R o (2215 18 R PR B RRYTIE AL 2 R B AL B AR T P A Y5
%, WEBR—RRKREAD, BHRENHK, FVRTEAE, FAHREHELL
H,

BRAFKABESBIEENYR, ERUBED NS, RANEERNE
EEKEIR BKR R, 4. SEWREEE ERR R LRH BT,
&R, Wl RFYRNGEE. FRTEEFEDEKRRERITHRA. B,
HRAFHEYEFERRTNSHUBETENERR TREWEIR, R
SEREMAEY. FER (0, ELRRELERROENEY, LE 119,
FGRASFEEAKRE. BKAE RETZREVARATRN, FRAOAKE
FEK . WBK TR He SR IT5 B — A RO AR, &KERE, 5k
ERABETEEERROE6E, SREFEX, HRRARE, RAREWL,
AHTFEHRALE, HFRAHBTREANTEMHLE, EEFREHED.
BUR B R B LY B H .

1.3 W RAELEDR

KLk, REFEEEFKEEMESREEND. T HRGKLEE
ik, AEREBELERHENEARE25%, FABTZHARERBTEENAE
10%M. ZEBFIARHLUEGRN LS, BERETHRD, FEREAR
BEET. REEALBIEREERRAS60%U L, BEERR HLKTE
KAEER, WHEMEREREMERKEREERATNREEMEELLE,
MAFEFRARA DA, SEMREEFMCHFRAEE. FE771E
KERBITHRRE, BRERSBELBIERMEAER L. FEHW
TR R IR M Hris, R T SR A BBk AL BB A . FRETR T E R
REL, HEBRBHBEIARKEE, FHEKLETEREELEN. W — &7
ERAEEERARARS, HKLE ER2RTEHRAER ) BAE N TESL
M, BElTHE. ARRBEASZTENERER, —HIEERFBITEERE, =
WIREAAREL. EXRERT, BRABAERHR, ERT KIS,
REEFERBAEMNOBETERT KEAS. HFMHLEEK, BRTE
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B1E NS

RERIASFROEE, ERTFOFEGLE.
KEEKFRCEFARSERTENEE, FEEEEIATCAEE. %
EBARE. BOREMNLELERARUREHHEENEENREAL S E,
TR ARREH EX S REFRNMANTE, TAZESRE—RIIMEEMEARFE
Jttt, WIRARE RS TERAENAERENFERRORESE. HRF
REMRBRENFERE, TRATHERBROLESET, KAMETERLE
WMEERMHARRMFRERALEZ A
1.3.1 7R
13.1.1 HRAERRK, TEATE
HZEREETRFRBRAGEEDE K W LEHRTS, FEEKLEE
I RERBBRGRAERSE, EREERTEROERRE MEBETERE,
REBAEREBTER/AEE . ERERBITHRTTE KT RE, HKERAHE
IEXGEE 18 #l, LPFRAKRE. HUBENTBKLENEK &5
WIS KALER [ 25.68%, ARFFRIEELEMIGKI & 55.70%, ARETS
BFALBAKCE KK & 48.65%, XRBAKE 70%LL LHE K P REHERE
BRERAETE. BRAKRS. WG, MEYH 95-97%MEKE, FRMNA
WK, TIBKETH 80%ERIIE/KE, XAERNEEEEFA. BHRERR
i) %
1.3.12 BHRAEREA,. ®R&%E |
U REFEEKEE IRANERLAEEARDERKEEXFTRFN
R, HKFEEEAEREER 20 L 80-90 E£RMKE, FHEZLES 70
FEREAKF. BEFREBREARTEFREMNG K RRFE, X RARSARGR
ZOLENABMR. SRAERZEERES, Br-fR&taes. SRR, &
Fem, TRRED, KEEAFELMRIM, FIUHTREZRANRKERX
HEH#OREHHR, XAMBIRES THRAENTA, R THRESRLE
BARMBREHNRE.
13.13 BRABERYE. ®it. EEKPE
RECEBRMERAEREAGEFBIT, BRERAKESI, EHEAKFRELR



R F 2L

BERE. KBEK HEEARBREARNKTFRE, FZEEER,
BEARMHAR LR, MERRARD, ENEURERE, FrU—E4E= EHER
B, AR s, HRVEKEE M5 EERSE RFKEILET. RE5
KITHKEEKY, RHLARMFERRRIER K FRAGKPEH KR
fE.

EEKGERLEETH, RELHZERERMRITEK, THESELARR
FREEAR BRI KPR LB AEBERMGKLEE MEROEEES, BITT
AAE. PRARIEKPEITHNES, B2 WEEBRBERE, HETREAHH
ARYGE, ERAT WA IIRKIRE. Hoh, REGKEREERER S
KA BT 20-50%, TTRiEERGRAAEREE & BB 50-70%1,
1.3.1.4 SRAERAKFE

HENVE KGR HBFE™E RS, ®URBSENHRLEER A ERNG
REEG . REEGHEKERAETRXRRVFA, HEFERHTHERR
S0 IR TR AL 2 AR DA R R IAT W HEAE 5 v R PR, SBUS KGR ENRAE
R BEIEEAY, MEKRLCENFREERE, MNRARXR. SRPHES
BHRUEZREREFRRANMEEE. Biihit, REMRS —ERATENG
RRRAFEARE, KEEHAETEROERFEFEE BEREELE, AMUE
FREZELEEN, RM5IERT LGS,

1.3.2 bFEAER K

MNEES FEHRRERKE, HMHEKEEE R ERREHKEGEK
AR E, BWKBBETFRBREB TN ERRER G KEER HEHRB
T, BEXEKTSRAAENAREG KT FTEKIREAE ., CEME, Bek
B FERKERBEEEREEBENITEFERERREE.

T RER & RGKEE) KE, NN EEREKERAETE,
EHEAEGREKRSE . REHEL. BAEREENGRLETE, HERITFRER
REFH. EF-ERESE. BERbKHEESTR, URFHFREOSEE, 5
SRR BAG AR A GRAEAT. SUERGSKEREREHATS, RERT
BKGERYEND S B, RAENKRENAR—HMEF . HERNERRE Tk,
HRBKNTEFEARERTHRIMEK, BRTHTZESER. XK
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bill3

BRAITIRAHRA . SRR RER B ESR AR, A5 EELET
T RIFER. PR AKERERERRBRK. X EEEAKMEOBKE, X
BT P& HMREA, RIWEKTLE., BTN ARG RAELENERE
BRI K 7712 R V5 TR B B Bt K B AT I AR RO 5 %, IR AR A,
BEREAALEET, THRGRER, EHTEAEFRATEEUERS.
SFFEE. BRRFEENE, R—HEWENTRAELEETE.

1.3.3 RELAERAFAIR

1331 WHERALERERA

EHERIZEREENTERANGKLEETE, HENREKBELRE
& BOD, BAER=E. R, EMEHEERIZRT BMBA S EEHBR
Hoh, B—AEENFARFRITFEKR. EHKNEY LT RS=ERERE
Wik, RELSE. BE. Hib. BKELBSESER. AR EERNETRALE
HESHERE, FRHATENGRRETABEE AT RFFEIRRE, HhU
YIEFLE T BT AT ARE.

BRRENYETCE X ERFAYEIIFER, BRETREDAR,
BREREKREN, FERAREURERH, ERTIFRBAK. TR Hik
Z—RIIFLEAE. BT, YERAEFEEETERREAR. HUESD. #iE.
HHEED, ReWFHYERTLEE, KEEAANEEWAME, BRHA
AT SR, RNGRBRED, ELRERAEMN, XEMNTH—D#.
REFEBENHATHRRNERARZZY, REERFFRERALTHMES
RAEEE, BWLHERAEBNEN. XAGRRERETIEROEE, &~
RRLHFRRAN, KAMXFAGRBRENELFRLEETA T KELERE, HF
HRXFER ST %Ki,
133.1.1 BRRE YRR E

BEmSHE: Chio ZPHIARIEEBH RIFRBBNANTE, EENA
50bar FHAEEE 5 ¥k, BTLAME 86%K B EAME L, ML 1 R EEFHEALE
FHE (SCOD) H 152mg/l. EFE 1250mg/L, 3&piEH R SBUSRBMNE
EFEA. BREE: Muller VAT B BTG RBMBHIZM, SRRA: X4
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gl R 2RSS

Be Bt 10000k/kg SS Af, COD ¥ i ATIE 90%, M AR BTV /Z
A R S BRI B IR . BB Tiehm ZUHHT T FH AR A AR T R,
RILLL 31kHz F 3.6kW ARSI 64 ¥, SCOD M 630mg/L R E| 2270mg/L,
IR P = A ALY ) R V5 RS AR EE R EN" . Camacho %17
MAREHTHREM, 0CHGREEEERNAR, 60°CHn# 24h £ 25%
) TCOD ¥, 95°CH Ny 24h {F 30-35%#7 TCOD ¥, 120°CHES A 1bar
Fr4E 45min, TCOD B H#E N 35%.

1.3.3.1.2 5RERERNLETAEFE

REAMHE: Yasui FPOHAREEBREE, RERMWER 10mg Os/g
MLSS-d RILTF, EALERGREFAERE, o LMEERmEBRD 50%, RAR
B INE) 20mg Oy/g MLSS-d i, ATULSEHERIRFRAR. FHAREREL
PR IS TR ZEALBRAUK B LS R EN T EER, BRERE
B R EsiE e, wAEE. RAENE: Saby FHRARENHMTS
7, "SEEN 133 meCl/g MLSS-d i, SREIRAERE, FTLMESR™ER
> 65%. JEBARIMBAERR, KRIMRMERZREAMN 7-13 . KRANS
HIVS TR REIR 2 (SVI>400), TIBES&EKFHELYRRNAERZK
AL, @RE 4% Shanableh EFRRRBREA T EMITREBIER T
HeBi®E (VFA) %5 YN/ FYR, SRR RIREFERGET
Btk K, TMBRHSHR, BREELHREMATERD%EM . Fenton i
% Tokumura ZUF|F Fenton RASRMAR, BEB NS SCOD, Fe
N H,0, HEEIME B THMLRE. B wEFS AT ImBEEE,
AR REH IR E, B KE.
1.3.3.1.3 A& RBRE

HFRE: Tanaka Z2°% NaOH #1824 0.3gNaOH/g MLSS i, 7 130CTF
43 Smin, TTLME 53%HIBHIME COD . HBRE: Neyens FEPEFIRTGR
B pH EEYZE 2 i, 7E 155°C, ffi/KA+ SCOD fEH 510mg/L FZ 11000mg/L,
BOD f i 154mg/L F# % 7300 mg/L, BOD/SCOD f&H 0.30 7 0.66, &%
SEF RS R A RRE K KRE. BT ERRIBESEERTHER
R SERYFAE, 1F EPS DR ISTRMAENARZ I mERRS. RELE:
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FIE AE

A TREEARIRR, 7T LLRAREERATHAM . Camacho % AT T iS4k
S5 n#Ah R EF TR KB (Camacho et al.2002). 43 HI7E 60°CH 95°C
THATTEMWRR, BRREEN 1hr. SRKW, S 1 BE/R H0, TUBK
20 mgTOC, £ 60°CY5 95CHRf, TOC FIBBE D514 195mg/L 55 553mg/L,
BMR A AR, TOC MBBES 5% 145mg/L 5 153mg/L, HEKHRE
fEFRE. BAESRGFA: Chiu%® RKAFHASTRLESR, F—FE
6758 % I 1mol/L NaOH #5# B A% 24h 5, 75 F #8 A5 I AL # 24s/ml, SCOD/TCOD
A 89.3%; B_MAEAERELERMT 1mol/L NaOH MM 14.4s/ml,
SCOD/TCOD 3% 77.9%, A 554 15 IR x5 R B EA .

UL RBRBEARD, AEFERERMARAR, HmBEHEH: M
PIEGERRNRRE M, SRERKR, BEEEERN: VW EBES R R
5, EHEERBK, HP@EEEEARERAMEE, LRSS TH .

1.3.3.2 WHiERABEFARA

WHEKEROLCERZREFE A, D4R, KRB EhE, Xk
ITEERES BNK BB TISKERY, BER, EEXTAMERET — R
KT Rt EAL B 15 HAAI AL RE o HUR R 7% ZHFE AR 3 R off e 97 A i — KRR
HRMZBFEIL. REBRGRBBREARMNTE, EREENRIHEMEE
M, ATHESRORERED, REEMRARIMTEM2-465. BT,
¥50 B R TT B R VS VR SR 48 A B A SR A B

Fe eI 8 L AL T TAY
GEIVGEE TOREY Db AR
RAcH— ST EWLE, A o N N

BHRFPEF IR EE A
v, wTEgnEy S e
VR, REEmEK, BRE 0 Zé:llksin:;'J

MR 2 7= SR A o i )
. B 12 JUBS IR A RS & LY
MZHERERMERAA  ig 1.2 Usilizaion proportions of several tschnologies for

HR, ST A RS2 sewage sludge disposal in China
GFRRABE -—MFERE
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Il RFE L EMRI

EfgHEHE. RE A 1961 FIREEEGEKGCET R RAS LR
AT L, KENRELETEKEE MEREHHETRE. BERTE
KGR BRGKAR WSS, BRECSH RS KLEFRATLE
HBUERIS TG, FERGRIENER, SIEREERTRLS. BhTREE
GFRERFEMERASHES. ESRNAEEIDSELERRRARERE
R EHINENRELAS, BWRETXERNE—PLENA.

R, EHEROR, WG RLERARERERSHLERE (H1-2X
Ly, REMGBRLENES. 79 %HERAEEMLEE, XEFLFFHREX
. FRERNASERER, RRENALRRE=LBERY, ELBANE
BHEFNERRNB T KRR,

1.4 BEEBANA TERAAENT IR

1.4.1 BFEBEEARR

BAEKRAERN—M, 24K (SSARE) FH—FERETNE, BEA
15kHz-10MHz, #8H NEFWF3E H MR o KBS R RIS R), 75 X AT 5 A&,
BRI . ERBEE—REN—FEERANER, FRTHEE. 8%
. BRRA RERMASE TERS: SRS WEEBEN—FEsiE, ¥
RATEXEHE. WEMTRRBIASTFTES,
1411 BERE

BAERES AN AP EBAESUIER, B AT R MNERERERIER
THEE, BRES. £K. BKEHRS—RSH%ERE, BE13%, X
SN B TR B R A R A IE , TSR AP, Wi B BE Rk 5200K,
[EHBiL 5.05x10Pa, WHEABRNANZREEEN (ERBRHEEEER
200-300nm) MEEHRATHIA 1900K. BT XM EBEHER. SEFEGFERNNE
E, B LRTEIE 109K/s, FHAH BRIk fnE i 400km/h 1)
AT, XA FE— MR AT M LLSE B AL R LR T — Mm%
. DR I S R 3 M R MR AR SR R 288, T R O34T
MEEBERE. MAeRARRE L RALTHHRARSRE, RESGHAYY
T OB P B3R U VR 55 B0 X S R AT L VAR S A S 0 i 9 R 7R A A T FE B
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BIE NS

" [ gk
Petk ABER g s

O % o

I 1]
AN LA A A .
VANV, \>< VARV,
K464 R RkAE
B 13 EEEERENFPRERRELERE

Fig. 1-3 Transmission of ultrasound in liquor and the process of cavitation

S OB A

RN

BEZUEERZAREMR. SIFBRNERE, BARITEKIAEBRSR
ERTHSAXK, BAREMBRNEERERENRP5R SN UK,
RELAFEEAE (O MFREER (B3R MR () i, RERLS[NE
Rt (R) AFHIRRT (Ro) B, SMASHK. 4 =fr B, SHHNE
AEE. 35 >f B, ZAKASWTEFMNELERS), IASEEHRK.

BT EA S B NN A fEE RB AT RE IR 2, A ARE H X M
MM, BEZAASARSEUNRSSURFLE, BESUE—FES
BRHRERS), HHFEIAFES, mERSEREEMEN, —RERIKAR
VT 10w/em®) B R A, A H0H 5t BR & B BT 72 26 00 B S0 A I 3 PR AN I A5 i
BALSEEMR. BETL—BRERRER (KT 10wem®) BHEE, 7 12
MERPATER, EHSERSASRERTEESRTE BT SERE, JE
FRA. g, MARERR, EKERPITE HOSHHE.
1412 BETHEWMEER

PREFZUNEEXERERY (NFR. FREE. X%, BEN
FHIMER sk, #E. BAES), FERE (WEE. EA%) P, &%
AP A E R RAR R B EIRER A TR — B, REERLEmMEL
SRR, MERACERN, MAERSRETHE, EETRESN, RT—BEF®
KA, BBMZGRE, MIBKERN. RETSSERNSRESLE, Fa
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PLREFLFEMRI

SRy E BEFHE KEFFEENELREEE. BENRERRaER
Tk RAEE T, BRE LA, XERLSRESILE, BERNSEEELER.
LWAKSMRESREN, FUBERE, WABEE=EZ L. B2, BERAW
HHEERN, DAGEEEEREHEFZUNEER.

1.4.1.2.1 ME

BEEETUAERAZPHGEAE, ERMEE (<100kHz) HH%E
FEEEE/D>, 100-1000kHz TEEN B HER K EE, BRE S HUBNEGET
WS, BRI N B RTINS 55, A T A B 5
RRZWAEAN BB RF=EKAETANER, & 5 dERN5RA RS
f. Tiehm BZERFHELREEARTHERT, FRE 41-3217kHz REH
FHEPRERER RAMEEDEANRESETEE. £RERY, BERXHY
., QRS ERESE R TR, BESHRNMEN 41kHz, SR HEEER RSN
KOG H I H AR . 2EJ R FRIE O3, BB IR MET
B & 20-28kHz, ¥IRBREBEIBBERR .

14122 EHEHEE

FRH ERIE AN A B AR R EE R R, BRI ERS
REEBFRI M- EESH BIFH AT E SBADEEARA
EWETFHER, U Wnl XER, UHREEENSRBEROEWE. FRHA
BRIEEEEEE T EEPTE 0.11-10W/mL, FIARE SR EEREES
Bl B (IR 48 2637,

14123 AR -

FREEEENRSEFEHERNILE, Wem®, HEZWESEHMAEE
M—AEERE. BUFRTSROEEREEN 0.11-100Wem’, 15REBAMHEE
B FIRAGIE KT K. Lorimer®™ HRNINA, K= EBEEUNBRIKERN
0.4 W/em®, {BRFAEIRN 0.1W/em’ B, (MRANBHTHRBENRS, XEFRS
FAERE /DR RNV LME A Z BT = £ E A K

EABESBREN=AERZ— FRER-GNFPERLEEN, &
WA, AEEERCMEBEER, NEFEAERAE. MAEREFRETEILE
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BIE WE

R EIAMZHR AT AT, KERERRA I REN S RERNEM. RTX
FARZRB RS BENNERTIESEES R, FEERERERE
RA0m, WEZENNERHH, FELERSOmaTiE s, yxpacE
SERMBRER L, BRBEAE—NEBWER, L KkeTS % ki/ml XFKR.
1.4.2 EBE KA T RIR

B, —EHARERVEEX FHRAGRERE—MENTR, EHESNE
REHIBR 2, ' e B RS Bk DS 9., RHEEEEE
RERNZRGEIHR, weEN Y, g, wEmsgt 9, xR
RIS A (120min). (KA HE (20kHz) REEE (0.44wattml) XHE A
RRTHERN, FREBEKESFHTUASERANER, R, KatEEE
SRESHSREEEESHM, LBEFEROBEM I15CLEAZE 45T, x
MR RAT G BRR, NELFIRPFLUER.

EEREHATAAEREE THRHASREBER, S5EEEY
0.25W/mL, Hif#i{5¥ 30min, Y5 _EE®F SCOD EM 133mgL L FF
2566mg/L, TFREFEEKR 0.5W/mL T, #f## 30min J§ SCOD {EM 133mg/L I
F+# 4532mg/L. Bougrier Z"R A 1350kI/kg TS WIS TR, Fi5RFHRAZH
31.99um F&Z 18.5um, FRF, ¥5¥8 SCOD fH#%Hn, SCOD/TCOD MItL{EmH 5.8
KN 16.1%, RPBHE BB RERKGROBAREE D, ERIKMEE
EWET, @FHRARBRT HRNEREN, TALBARERAM. Lee
SR T IEMR A B 4 T VS VR AR S 10 R B0 b B IR 4 A O (R 4
M, EEBEHER 20kHz MAEENR 0.33W/mL KNSR 20min, ¥5EF
SCOD/TCOD XM 0.06-0.08 L FZ 0.1.

FIRTSRIEHE EHAE R — TR, KENEBINERNSEH R
HPREE, EEREGEHRETN, ARASYHEHTTHNKM, BEHERKE
BTN 5 ERRB R LY R WROEREES A RLET L4 S JREN
K [EI R 22 AP AL B R G AT A A B U5 AR S R BB VB o AR DD,
PUR AL B E ‘
1.4.3 HFEES Ve M K BE 1 B i

) Fel 8 7 TR B Y5 V08 56 15 V8. = e L 45 M AR A A 4 e R340 5% B P E
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T RFEHELFABX

K, MITRARGREH, 57 AHKRRMAKEIERERZERE BK, &
BiKtEsE, FRHREDIEKE. R, HRAREBRKFEARAYRINESR. %
KUEY. BET. BETEUREAETKY, SEYROKEFERRTHER
BB KRR

1.4.3.1 5K

SRR EBE SN E
oK GEEAK. EERAK. REBRM K
AL RAK (A3A) XM, g
Bk R 5 B R Bk B KB4
— R G BKAH 70% R, ATLLE _
SENVIETMSE. FRKRERE  seEn
TEZ R4 9 B 18] BR AT e 4% o 9 B s Rk
B, 4 BKSH 20%, RS  Fig. 1-4 Sketch for water distribution in sludge
TS S, WHEmE.LS, fES
(EZEW) %, UBAEMEREHRAOMERIWER A EMULER. T
KR L TR R B 7 X ZE A SRR T L B384, MR B K E BT
YERA RISy, —HLBREKSH 10%5EE. MFBRPHNESHEAKS
S8, BTHRESERR, HFESE 11 #H5, FUKHTERENIIRE
REEERBARAREMT . Hilk, DB Ewh R HERKS M H S,
EFEEENNEHEREEN.
1432 F5RBUKERERE H 1k
HRBKERREMNRETENKARFSKERSEE, XBUEEERES
EBRKBRBRESER, HEMRTEREERE. R, AEERTHREREEK
tre 55T B SRR BFEEMAERBEYE, —SREFREK, 5
5 R BRI &R BRIE AR AN . 40 MROK B 8] (CST). ¥5 YR LB (SRF)
RGRRAKEEREERAMAI . CST R Gale M Baskerville?' 17
1967 EHRBILERN, HYBEXETHFRKSERKERBE— BT
FERTTE], LIRbTHE, WHEESR 2cm, RAMIMELLE whatman 17 SRIERK, &
AR CST H5RBHEKFERIEAFKFKERP. SRF FERIEGRBK IS
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¥RE CST ArHEM, U — P UHmBRKERESK KEXERELAE
EBRERAE—EEN T EEMRERALITEmAR ERE S, &% XA N E,
HERGFESRGSKEZMERIAERXKR. EAREKTERESR
B REE R BERETRIMES ¥, HENEEHFEET (200) T
BERKS, BERBEKENZED. S5 ATRBRIMIERBEKK W,
RSMVEBR. BKUEY. BESEET. HEREAUSEEEI SR E
ITERAHAFRISCY, M SRR EKOHEXRXR, NTTASESREK
RUEFLHEMEIRIES.

1433 15TRBKIERRRZL

fRK BT RMEMEESLT, MEREELERAREREBKIEMNE.

o P e AR TS VR, BT RVS VR B Kt A B B W B 2 BB A R AT AR 43
. R, BEMAAMERBEEHEHFRBKERNEREEETENTR
858, BRASEERNE BN . BEMREERIE, 157K 1 5 R AR i
A LA R P B R IO 254, Na ZPVF 50 B e B AL BB T LS TR
BIBKEERE, RAAEFREBABKE R CST FEEAEREENENTEE TR, Xt
BI5R CST X 53s, T4 2000k)/1 FFERERALE)E, CST BEDT 10s. Yin %)
HRRAALGREBEFELEE, BE THRAZER, BRAKS M 99%H%E
80%. HEFEWKSEEFKARE, 5TEEMH (Sludge resistance of filtration, SRF) M
3.59x10"? m/kg BEZE 1.18x10" m/kg, RN M/DZEERIA 25-50%. 7ELL 400w/m’
AR A % BEAL B V5 VR 2-4min B, STRFHIREKSEMN 16.7 gg TEE (DS)
TFHZ 2.0 g/g DS. Kim # Kim™RF st th8 1 T B E B 5RMAK
thaE, HEREEAAERE . A ER A5 B HE 22 . Erdincler A1 Vesilind®®
K S B AR5 TR 120s, (EISTREMBKET R CST M 19.7s FEZ 17.1s, {51k
BiAERESE. Chu PN A% HY 0.11W/mL BARI5YR 10min, ¥5J8 CST
M 197.4s &2 188.2s, BESRMKIERE, EFREFEEAN 0.33W/mL B#EETR
60min, CST M 197.4s Ft & 488.9s, TiLTISRMAMEEE. HE&XEP AR
EXGRBAKMENEW, ERRABRE 7s BELHEE, BHEKEREBK
2.9%. Bien ZSRAI—HMHEFRAEHET A MATLISTRZH, 7E 20kHz 1
FEEAER 60s, F5IRHFEM 1.5x10" m/kg FREZE 2x10"m/ke, 578 BARKK

15



L RE AR

[ 265 TREZE 135, BAEKEM 58% FHEZ 52%. KA RI—FEEEBRR
B MAELBRS, ERAEBHEEZGHTHERILEM 35410 mkg TRE
3.0x10°m/kg, FSRBMWAKREM 390s FHEZE 20s, BEGKEM 87% T HE
78%. TIRFHRMFE C MANLGRS, ZERFBEELMTHIREEM 1.1x10"
m/kg FREZE 1.0x10°m/kg, SREBMBAKREM 1350 FHEZ 100s, HAEKE
M 89% FBEZE 77%. ,

R, BE—SHARETHAROHRLER. Wang SR RIEHERL
BRI RGRAEBKIERE T, RILFE SRF A CST BN, LL0.528 w/ml Fo#EA
T AR RVSYR Smin, SRF F CST AHIER T 1.33x10™ m/kg Fl 344s, TH
FROBIFREN 1.67x10'2 m/kg 1 82s. Dewil ZPIF I th X A B ERE RN
B, ERBKMEREERML, RIE CST Fid JErt (a4 5 %5 48 75 i 18] (188
TN, ZEEFEREE M 7500 ki/kg DS 1% 20000ki/kg DS, L EEREBZNE
B EA Rk B ERACHEFRMAARNRHTE. hiTOHREL, BEEL
B, BRREEERFEANRER, BRMAREdKTHEUEE, £
RO KERREENEERR, EELRESEHEECENRGRERERK.

MIXEFFRRIET 5, XFEERGESERBKE AR RE RN
REFEN, AFEH—PREFRASHEMRUEE, UIFHERERERE

BN RS Ve B A 7K 1k B DA B B S B K B AR 1 o
1.4.4 BEFRRRREHLHR

HFERTEIRSER, BRABMKEYFRGEE, BARENERELFIHEE
A, REFWRFRBENERNE, MiTRKEDREMNMLLRES B,
RGREFREBEENYRFETHEDARA, TAEDAREDELGRENE
NItk 254, RERFARKER, BRI EE, XEEREABRHLIETE
BRKEEER . AEEERREER R, BOERERN AR, ERst
FE TR PR P A RE L RE T R T T KB .

LSVt 41 T I B8 B8 A e 01 v5 I8 BT AR 0 L% o 18 FR A0V A B
R, 708 PR AR 20kHZ AN 75 550,33 W/mL B B B 5 Y8 20min, V5 Y8+ SCOD/TCOD
M0.06-0.08_EF+Z0.1. TR AR J5 15 R HEAT R WHIRR R : REST WM
75E6d RIF=S B A45g CHy/kg DS, TEH G KIT5E6d BTS84 130g
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CHu/kg DS, F=SEB KA T290%. PetrierfFrancony%P7 41 kHz HIEA
S FAEFRVF P 10min. 20min, 30min F140 min, 7EREEIL11d0 BB B4 Bl
M12%. 31%. 64%F169%, FHHHEAE S HH11%. 20%. 38%F46%. Hi&
SRRy, BEHERS I ERESRREB LN EDS=ENEIYER
R, GREREERE. 7E5-15mintB B RE ETEE N, BEEEK, K
FHUAERBBK. EEVSTERTIYERZEFRENAEGT, REAH
A 18] °] — AR 20d 4R 4 R18d. L ZH P16 7 TR 2000 W/m B P B AL FRYS B
60min, ZFRREHILI0d, CODEBREH41%, Hk25dE, BFEKEHERE
HERABIERATSBIRET53%, HERBESBBKI0EN, 285K
WG R25ABRMB =SB REEEHLENERBFIERE T 425%.
XEHARPFEEREREEREEENRREFRREELAR, BRE7~8,
IESEIRE .

REFEREEFEFLCERBEE, HEEBAUIZAMHE20-30dE 82
10-15d, BETHEABERTEM—¥, TMEREBTHANRD, AiXKRD>
BRMBERM. H—HH, BRTERARARES, FFRET HKOE MEE
K, NTIHEBITHA. Wi, EREBLEHREE, BTESHEIRE
BUHER, PEREBE2S%U L, AEEATE, MAGREIRSET R
TSI, BERTFHEEREARA. B, SEKREESRREHN L
BOARB A PR RT5 R AL B R, V5 RIED— MY R B EREBERIERS
MRA, H—PAFRNRENL. TEL. BIFELTRERE.

1.4.5 HAERBRIEFEHTS P R RREHRR

HRAEEWRTE 20 A 90 ERBENMFRGRLENFRS, REX
FIRFRABFAER EH—PROEMER . FROBREBLSBRELEEELRKX
e WANERELFETRKEKERE DFRNER, T5ESEDEE
(biomass) B/LF/AAERD. BREMNREIVE. (L% EVEFREESN
HRAEERSE SR EYEGEER &L, FERKEAHEWRELTHF
SRR EE B IR AR A B TR A, IR R U R FI RS EY B 5 WE
W AT EAL MRS . BT RN AR, MR T ARERER, L RERK
HRIFEEER, R ELRMRE ERADERE. XM MG REEET
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FlREELERX

BREMNA LEARS, EESFEEEREL ZRET RIS EEREZ B8
FASS A 3R 35 E AN AT LB

KEGSRBREFARRESERH, FPLEFFFRERTREEER, HTTE
BREBFMEATR, —EFABRNESFREMTXRETZESHEHIR
Ey5K iE R T T R R RS, TE A X FEBNSRREL
FE I P S5 Y HR 38 1 2D o

it MR FES 4 R, A R RIFR MR 2 2 BT BUAK,
BAERRENERBEEREE R ITEMAERTRRENT RO E S %,
WG R I & KER COD M BOD #%& T o RMEENMIRE, Bkt
WAEMBFA, RENFEEEERANMEYWREEKER, NTERKLETL
SREIERME, B, RAEEREEEREITELREANERRERE
JUERFF. Yoon ZNGHAERRIESE MBR T4 LG REHK. 7 28d
RBF, RNEBAEIHARHR 0.91kgBOD/m® d,BIKERIFA 7000-8000mg/l
ER, BTEBFREATHIINRRASR, BRHUKDPENDEBERETE
AR ERHERG TEALE MEAR. BRHR T ETHFEREAREET
VR CnEREKA. BRE. BIRES BR, SBMEKTIBE EENE
BERT, TAERKS 25-30% 808, MIESRHFRTZH, RRAHSHIBE
EBI % . Wang S5 FI#B B 5%t SBR RABTHREN A, BHMHSRER
% SBR REHITHEMLERALE. FRRENEMEFGRERAEESEERE
¥ 3/14. BAEFEME @254 120 kW/kg DS #1 15min, HE, EKEREE
i& 91.1%, BZE 17.8mgld, MIAHNYEEMGRITEEENZEZEEW, T
COD £BEWIAFT 81.1%, BEEREILT 17-66%, ERHIERERIK, &
HHBP S ERENR EH AL RABSHAER KRG RMATEESRR
g, UERFRBEBR IS RALERRNZLN. EFERER 0.25-0.50W
/ml, 23 1-30 min MEBEREAE, RERWTELE TR, FRKXGRO=ET
BARZD> 20-50%, SRMRERFIRE, BERNTEEERTI TR, Hi5
TR G KK TS H A A2 0 PR .

PA_E R R S, BAEEBRERAEENLRETULHRERREEZ X
FHM, EHAKRHEIRT AREEN T EAGRITEEEREHRZAT UL

18



BI1E WE

SRS, Bsh, KT RERSIE PN KRR, BmENERE
R, ESRERETHR, SEEFAEEN FEEMRIE. FEE
BIR, SRBET SHE. BERBCE TR, MmgmtKKRE. 5—77mH,
GRAREBUEABOFRFBSE, THSHESRBIERFRIYESRETH
BHRR, NMIERRZFHEREEER, BRULE. ESRFRROE
EFHBREERT, REYRBEERMBZN, TRERNKKRTRE £
SERENRH BN FBRNVFSITRY BKEREERLE. RILE#5%E
TR ETARBI B3 5 A R T ER BT 2T R, AfeH HR
WG B T RS A EBCR A RN L5 T E .

1.5 R BfR. AAERBEARBELE

1.5.1 R B

Y57, BATERGREESRER. SKER. BRK. BAKEEMETY
REMNBKEEE, FASRLHELERAEKLBTEFH®S. HRREE
REBE A B ) LA T AP AR X S R R, AR LB HRIE. FEIETIZ
PSR E R BT, REBKGRESETLCENTERE, SHiBERRE
HIRASRIER KT L. REBK T EMELMITFERS T EHHREHEA MR
ELE, FRGRRCBRARNE TS, B ERES R AR F I
FIFR IR, BIMIAE A A B A TV5 VR B R R AL R L B B R KR A
SRR B
152 HIRARE

xRS ARG AT RN, AT RS RT3 N TR
WA, DA SR RIX A TS A BS R M S R, Wi
EP A EBARN A FEREFAENRS A, BFNHANENT:

@ FRHERBEEHEMOBLSETIR, TRESENERELSENY
Wi, HESHRERTS TR MR E T S A R AL AT I B AR IR

@ BEEMSREBEKEENEHTN, EREEERSERKEREL
%R,

@ BAEBEEEEDEREGLIR, WMMASRETRRELHTFH
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I RE 2R3

BUSHENTENER RS BEEBNAEXR.

@ BEKUBNORKTGRERESWRETIARS, HRABEEGERER
SRR, SRR KK R .

® ETUERHA, 2mMEFERANTERIAEIBMT Y, 8
BLTHE. TREENFSEZM, S ERSR R, HEBARNLERNARES .
1.5.3 HRE&Z

AHR B BT RS S A B T R R E R R WIS, AR
SNBRGRNEETE: BAKTE, REBMIENFERSTE, BEMHE
PR RAE T TREENTREEEETLEFN, HBABRE LA
1-5.

[ BaEtsE |

| EEnwmeE |

\ 4 y A 4
[ mkrz — mE@wzz |[ ﬂﬁ%ﬁlz |

[ GREEEFLEOZFERTN |

B 1-5 HAR%H%E
Fig. 1-5 Technological route

1.54 IR T E

REFAENHRAAT, SHABRAEAATROT:

O FMAFROBFFHEARR, BLRYTARANESERKTE, HHAR
B R EXNBRGREBFEREN, F NSRBI R SEH6
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BXKEY LSRR A REMNEEGER, XEERLELE SFHIEHE
WFEHARE, LEALUESF=EZRESE, MABENEELE A5 K
BAERAKN 35-50%"Y, AMEKLEERETHSRREMESEARE. BK
RELERPREEERIEBREES, SKREEE 92%0UE, HHUREE
70-85%, pH {8 6.5-7.5%, X% ok KB 2 BRI A 0 40 o T M 4h 2 R

(EPS). PREFin Ca® MM Bk AR 22 T AP BIREMIS RGBT,
BHEAERERK. REBUNEREFELERGHTEYBLE. ATHEE
15 18 (I L0 R 4 40 15 K oL 2 PR A A R BT AL 15 B B TR T Ak A dA
BERM P EBK. HARA, SROMAEEHE RSB fRR
FRE KRR R, BMFRTE. RRMEsRENRAME, F5RER
SHREZA, AR EYRBBENKA, ZAEREAR A E E YUY 5 R
YR, REEEERNERABERNEE/THEER.

HEl, BREABASESAMELECETE, LhH@E® yumsm'®
a2 Bl agau! B, Bult mml. wSEsEpa SRR
THRARE . MEXLLEETEP, BEMLEH AN HIELE LT
B, BRI A RAEE TRESRA—MERTR, g REMN T
. RE P gl MmyEpkiat- 2, B, BEEAEERNENEE
EPEUT=A: —RAABFRBBERYRAEAF AL EENHED AR
B, 41 RAEER LB, RAYRIEN B RYEHEDEK, BAARYE
ERKNEE, NTTREEVRENERYRE, BORENERSE: —2EER
T SRR 40 MR AR A M BB RE BN FE RS, TNMERE KA RBEAN
R, MHEABROFEEEREEZHRIE, ERARRBLRNET, REE
MEYIRGER COD IBe 1 = RBER TP REBEMBOYRELN 5 ERY
B, REEVEMBR, BORHRKGRE.

EMBERETRERNEHLEEMA, waegd 22, HEE,
A PP, BT R B () (120min ) B (€412 (20kHz) K % % ¥ (0.44watt/ml)
SERBEYRTSEXN, X—HARZEBFEESTURARNERED], mEK
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mHEEE SRS, EREEGRHTE N, EEENARN RN RE# RN, £
SRS LAFULER P, fEMHRATEEPERELE, BAENEN
FEREHEWIGIN COD, BOD, W12 Rki5VeE4nt a1 mb i w2427,
MR AR B ZME SRR RN RN AN ARERD. Fi, &
MAFEEFEARESREKEHGREAFENER, UL BEEE K
B R VIR AR BT AL B
2.1 BB 5
2.1.1 R

BEHBRRES M RBYEKEET, % %A A0 BEERLETE,
WEABTR 55 THEK. BAESREIMKERER L, RAEROEEE
KEUEHSRENZEB E LR EHAFHTEET 4CHERES. £2%0R
SJEHATEE AR, e RARE AN SE R TR IEAR 4T, LB RSRIEMEK
IR A B R R A S RSB R ISt SR A SR AL R
% 2-1. ‘

#2-1 BREXBIMR

Table 2-1 Characteristics of the initial sludge sample

1150 g3

pH 6.66
BEME (TS, mgn) 14377291
HRHEREE (VS, mg/l) 8555487
BE#EEE (TDS, mg/) 494+16
*5 COD (TCOD, mg/l) 11989+635
* RIEMEHE COD (TSCOD, mg/lD 5964+323
¥ #EM: COD (SCOD,mg/1) 120£9.9
BIKE %) (mg/l) 98.5620.01

B OMBTULER; SR TIEAER,
212 KB HE
2.12.1 EEKERBOFS T
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AT R R AR —
BT ISR R B . SR, AT 73xxff73§

3% K F 20kHz #1 {451 F1500-2000W i ] 2 = ;
=] _\\ N /’——
TR B B AR S5, 2 o le
AR, FtRaien | ER|]Y k'L
MER, UENEEEREENLNT I ]
ERZE, HXRAHEERGEW, ¥k B2 MBHTREAEEEE

A SR EE, R AR 1. RER, 2. X, 3: &KEB; 4. BHER;
. . . 5: =AM 6: IFR; 1: BEHE
iR, EERARS S ERREL Fig.2-1 Improved ultrasonic experimental setup
ARG BERAAET ISR, T 1: Ultrasound generator; 2: Bracket; 3: Base;
4: Probe; 5: Triangle bottle; 6: Sludge;
FRT=AREH, FESRETET 7: Sound-proof box ‘
THER. 55 ARBRRAEES GRS
DANSE S ENARER U EREIRA, RTHEFRLEA TMST35%E
SRS, LD TEREEA S5 REENETE. ‘
RN ET MBS REEFRATRME, ZMUBHRER. Rk
BRBEHRL=BSAMR, HPHELPWKESERBEAER 20mm, KA 135mm.

{028 TAEMZR 20kHz, FTEZHEE 500-2000W, 3B EENLE 2-1.
2.1.2.2 BEEENERENR
BERRSRERFAEFEETN R EAETERES 220V AE/L
BLETREE, FRIHRESROERGERERNFER, bR ORER
MEREERK. AEEEEENEBRINE, FHREGEQEEERBFE
HTF#ATHEER, HEEERTERR, AHTEDE, HLWEE LR 2-2.
M 2-2 7] 50, REFRFTRAMEEREREINEN 570-1652W, FEiTE N 3
Xt TAERT a2, S0k S r i 1) Py 9 SME R g
2.1.2.3 SRR
KEHFTRAM 0 F 26000 ki/kg TS I 7 N5 e B R E AT IS TR BBAR BT
3, LR BAE R EXSRBMBR NN . 5T B A R TR ER
£, % 500ml FHHETSRE T 1000ml Febhh, BELERMRMRES, REKESE
BB TS REE T 10mm 42427, 8 i 845 Ve F i A R3S e A R i8S
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K22 HEFRENBIIEEZH
Table 2-2 Practical power of ultrasonic apparatus during sludge treatment
ThE LPHE (V) k=N k- Sk
B (A)

=102 1 2 3 V) (W)
1 0.75 600 460 340 760 570
2 0.80 660 510 380 810 648
3 0.90 800 620 430 980 882
4 1.00 950 725 525 1175 1175
5 1.08 ud 825 620 1235 1334
6 1.18 Ud 920 680 1400 1652

H: Ud MEBHGRERE, FREZH.
R, U RBEEF B USEE RN A thaE. BEGREE A
BAEE (P) 5EMARE (O HRRBBREFRAR (V) 5REFKRE (TS)
kM, WX (2-D.

BPl o

*TV-TS,

EHEREEERAEE, S RMTIEEE (Settling Velocity, SV). &
[E & (Total solids, TS). XK MEE & (Volatile solids, VS). RIEMHERE A (Total
dissolved solids, TDS) Khife. FH—&HaaEfEHERAME 4000pm. 25CTF
B0 30min' (Universal 32R B.0HL, 4EE Hettich A ). B.LJEH_LERAXR
JE COD. A WEKMIYF (Extracellular polymeric substances, EPS). &
BEREBAEESL 3K, SFRUTFHERGERER, SPSS (11.5.0) 4Hr&iE
PREAERHE .

2.1.24 &E 5 pH £

it B2 B V5 VR ZE AR A K 1A] (120min ) VE B T, SR AT L7 18-37°C> 27,
HTEERMIER, ARNALELE, AR E T EEEE S X5
BEZHHXRR. KEBFHHE (Qw) HKHFRE (m). tH#H (o) REEE
(AT) =ZH MM (c=4.2 kI/kg C); BERHEMEEERE (Qu HBFIHE (P)
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5t () fk. FRRERUEE (n) H Qw5 Qu k.

Q, =cxmx(T-T,) @2
Q“ =Pxt (2-3)
1= 4100% @4

&l 2-2 KB S AR [E)3E 1000s B, BIEEEFEEEZ] 100000kI/kg TS &, 15
REEZHFAR, EARBESK, Nh4C. H—HHE, EREEHLHE
E IR E R BIRNES R, ZEAERIRE % 180s, BI#EE A2EH 18000kI/kg TS
MfIEB B KME 2.33%. B, EXABIFRS, BERELBEERE, X—AZEHA
AR LR BEEWERBLFERR . AR HREERNG
BEE. F5h, HRPEARFIR, RRFHEFEBGE pH.

YERIETTE (s)
Time (s)
2 0 100 200 300 400 500 600 700 800 900 1008 0
b
25
2F
—_
— 4
~ & 20 <
O % S
- | , S5
Q
= g 15 % &
E 5 9
B o 2 k=
g 3 B
2 1.0 Q
7] =
. S
Q
20F —&— sludge temperature i 5
—A— energy conversion efficiency '
19 i ] A S ! L 2 [} L 0'0
0 20x103 40x103 60x10° 80x10° 100x10°

BERER (kJ/kg TS)
2-2 BFEREE S IERIR X {5 TR R A A%

Fig. 2-2 Effects of ultrasonic energy and duration of ultrasonication on sludge temperature

2.1.2.5 YEMEFRE
HEEFEEERES S, FRAEREE (SV) B¥ENEBERIIKEINE
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Eiets, XMEHBKFRRGREKEEERA, EMESHFRNETHRN
SV 24k, # 100ml BEHIE N RARBSET DERLN 27mm HEFF, R
BE—Er R ARG RIS SV . SEMORAREY, RS E+
RIEERUN R RS TR ULFE, (BERSLMHTHEARN SV i, XFRNREF L
BEEN

ARE AR EI5TE B BUIME 24 /MBS, RBIRE TS LR EP,
TFPRUR K /INKA LS-poplll LRI EAHTAIE (OMEC AF], $FHE), #X
BAMTRAZTEE N 0.2-200 pm, BRARELTFHZADTHEER. HEER
RABIRER (cut diameter) dp25. dp50. dp75 K dp90 7w, FH dp90 KR
HBERZNAHRBDFRET dp90.

BEE (TS). HREEME (VS) KABMERE (TDS) MRARHEFES
HiP% TDS #KE (Ips) EXABHEELEGERTN TDS ZHS5HRE
P TDS fytLfE, WX 2-5. MURE X &R T EEERT 8 NHy N,
NO;-N. BEHFARBAKE.

TDS, - TDS

Ips (%) = DS 0 %x100% (2-5)
S0

EHTREFBRAEE, BT T EREHWNE. BRRY Iml 5RAH,
BWA5HTEMEM A £, 7E Nikon Eclipse i50 EMEHHBITREARSH.
2.1.2.6 {L2tEFUN 2

ERE L LER COD R¥EMIE COD, XK T COD mBRARIL bR
SHREE. RHRbaEFEE5IENSR LER COD T2 +4VER,
TCOD kK TSCOD ¥R At T E, BIZErSTRFEM A 0.5M NaOH $i4
BEFEREHTEHE 24 MO, HRBISRAR EEBRSH COD &8, RIERF
YT B E A4 Y5 VR U BBARAE B DDcop B X A B BTG L% COD g%
HERRLL TCOD 5 [R5 L& COD fEE, HRERXNTE 2-6%,

COD, ~COD,,
TCOD -COD,_,

WELEGREDN LER, 28H 8 NH, N #1 NOs-N, T _E#ERFH

DD o (%) = x100  (2-6)
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BARMBKEEY S HRAEDREL G250 EP R EEEPIE, HlE
KA 54 595nm 1 625nm.

22 R E5WHE

2.2.1 5 DEREHTL
22.1.1 YIFEEE

BRBFBRNTIFERE (SV) ZRERKEDLEIRINEESHZ —.
E 2-3 RIGIRSZHEA PR ER 5 TR, NERTM, STRMEEEER
1 /B AR D, TJERE T M. 7258 4-8 /MRTRIPY, BT Ab B VS R TR
BTSSRI MR R AP B G 15 R I E E R A R S U5 B
EHEnE XY, 5—hH, BEELABNEERABEENER LR NES
HEEREAENEREERMIRR EMEZL (B 2-6 F1E 2-8), LAKRE KA
YRR T (V5 R E RIS L 2, X g Rth K B A B 5 R
R o] R S BN

60 | —e— 0kJkgTS
—O— 500 kJ/kg TS
—v— 1000 kJ/kg TS
—A— 5000 kJ/kg TS
. S0 —=— 11000 kJ/kg TS
~ § —O— 18000 kJ/kg TS
E 3 —&— 26000 kJ/kg TS
EZ 4
3
igg >
& 2
BE O
/]
20 f
i

10
Time (h)
B 2-3 WA RS IRIIREE A0

Fig. 2-3 Effect of ultrasonic energy on sludge settling velocity
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ARRTEF B EARMERITMEERE, Hi5RAE 500 kikg TS A 1000
kJ/kg TS B8 7= BE B 1Y, 45min §975 8 UL 5 43 314 51.62 mmv/h 1 57.44 mmy/h,
R ET X RS S A TR 48.44 mm/h. RTTUBEREKRT
1000 k)/kg TS, {STRIIFEEES/NFHR, TEREREEMBt— SN, FMEEE
WA B R, RIBSRITREERNZL, SmAEREA (KT 5000 ki/kg TS) ANEE
HEFRIIR, XTELRERER RO BB PMUTEE YRS RS
TR IR . B, 1000k)/kg TS R EFRITEHEANBRMEREKTF. Chulg
BRN DB ROTIEEERE ZBEERNEM, AT 585 NBETR A
SEGEMPARERY DA%, b5 UMM RREXTES KRS ERE
VUL IR L RAH—BY,

22.12 LiEBME
, B 24 B TEREEREESEEMEMNTRLANE. LEFRERT
5000 kJ/kg TS i, S LEMEEIATRMER . SRAEBHXBERML,
500kJ/kg TS 1 1000 ki/kg TS HIEFE ReE S AEMRF R T 27.69%F 43.52%,
XWRERMUEBFH THREGEWEMBIAE. MUEHEEEKXT 5000
ki/kg TS i, _EiERmBEN ML E RN, 26000 ki/kg TS {5 R MEHMT 10
%, XENGREFTRBERTBERENMNEREX. BRETRIZEX
BER/NERL (B 2-6), XL NERF BEJLFS5AMRA, FKEEA S mEE
FARHP. H—H, 1&F 1000 kikg TS MK AE BB BARMBA L ATTRE
BAE BN IEBREA B R , HET 1000 kikg TS ZEBA KT L&
KR/ EEEER, X5 Bougrier P Gonze LI AL W R —BIM.
2213 BRAA |

B 2-5 REBE KA EBRBRK NS . NBEF LT, 5
FEHERBRLR /NS /NF 200um, BIAZRZE 35um DL R, 153 MITH4MRIR 4 70 bE A
FRER A TN, R EEEBIR T £ NS RER TN T 5R /MR
HE. T 35um AR S M, BEREREE, BRPKEHOEERSED, X
PN JTTEEBE T B AR B A5 VB P KBRS 28 g /NBRL, M T B3R5 VB i 5k
A, BRETERERENTERABREEIMETIEN. NSEIEIRE
BRE(E 2-6), % B H E TR EE dp90 /NTF 77.05 pm, H PR A /D 40.49 pm.
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Fig. 2-4 Effect of ultrasonic energy on sludge supernatant turbidity

LSRR H S00kl/kg TS #INZE 26000 kikg TS, dp90 B 75.77um TRHZE
55.06pm, HFHEBMAMHE 39.79um FREZE 27.54 um, X—&RWRABE
EEEMT /MRS ENBRGREGEN. R 2-3 BRAT PR R DNSEEELE
P=0.01 KPAH BERMAY, HHXREIXE-0.996. Na EPH El-Hadj %27
WA LEREHEE R KNEL. RTTESET 1000 kikg TS &, 15
TH dp90 SxtBALL@ D T 3.2%, MEAEEEEE 26000 k/kg TS, dp90 Mk
/>T 28.5%. BT, 1000 ki/kg TS RIS I8 2 14 25 1 0 40 Ffo 5t SRR T A A 400 O
Rl R EEBKF, Chu %1 Bougrier £PIHI RIRE T B H THAS R .
R E B AN dp2S. dps0 F1 dp75 RTFTITIENY dpoo —E, HibE
REERMEMT TR, A, XLEFRRXDMFPARROBEERS M. XF
26000kJ/kg TS #BFEREE, ¥5IEA dp25. dp50 M dp75 SXTRARLLY B THRT
37.6%-~ 34.2%%1 31.8%, XERHABEWBITIRDBRLIFERFRE S, 5
TP RBRK /N 5H HEE.
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Fig. 2-5 Effect of ultrasonic energy on sludge particle size distribution
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Fig. 2-6 Effect of ultrasonic energy on particle size distribution of sludge
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Az, B ARFFTE 14370mg/l F1 8784mg/l 24, RYIHBELREREESI 1L
VERS#RER, SEOTAL M8 THRMER. WFE 2-3 a4, TS A
VS ) 5EERERERAE BEMRME (rrsps=-0.489, rvsgs= 0.729), #—HRHAT
TS FI VS S B 5 @AM ETE. |
H—HHE, LERPERDNSENZIESERNETIEW. BERER
& (TDS) FEEEH R MMEERN, H TDS 5875 aE 1 P=0.01 {9
KA BEMAIE, FAFRECEF) 0.987. 2478 75 A5 A 500 ki/kg TS 347 26000
ki/kg TS B, 75Ul TDS SX{MAHEL, HIMEH 2.89%M % 45.76%, RUIEHS
BEALERAE 15 U6 P B B ) h FE AR B3 R Ak . AT R LB fEZE 26000
kikg TS KA REE T HRATEN, X— A5 EMBFEPHA% 10000 kikg
TS RISV FERNRERELE RS BN, HEFRTRRERMELNE
FATE. (H2% TDS N B TS PR EHRERGREFDERE, RAFES
[ 1A & 245 26000 ki/kg TS AR RE R AL T HIREREN 1.62%, BIEMHEE
FIUEEEAEBIEATAZ EBAE BN AL EERE SR RERR.
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Fig. 2-7 Effect of ultrasonic energy on the mass composition of sludge
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Fig. 2-8 Photomicrographs of the treated and untreated sludge, 100x: (a) 0 kJ/kg TS;
(b) 500 kJ/kg TS; (c) 1000 kJ/kg TS; (d) 5000 kJ/kg TS; (€) 11000 kJ/kg TS; (f) 18000
kJ/kg TS; (g) 26000 kJ/kg TS
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P mik AN bR, BETT RIS R RS PIs RS
U9 SRT26000 ki/kg TSHIEEE BB HIRA R 2BINS R EAZE M,
HBERRERERNMREWESHER R PHEW TR,

%23 BAERESHRBA AT

Table 2-3 Correlation analysis of Es and physical-
chemical characteristics of studge

RS HEREE
A 0.965"
dp90 -0.996"
TS --0.489
'] 0.729
TDS 0.987"
SCOD 0.993"
NH,-N 0.968"
NO;-N 0.946"
BEAMA 0.946
BAKUED 0.883"
KR P=0.01 /KF_LE BEMKM

2.2.2 HIRAEFRIERL
2.2.2.1 ¥ COD

PARTHII AR B RS RN E COD SBEH YW, EARSERBRAAT
i) COD 224k, ETMABFNAT T B4 COD (SCOD). B 2-9 R TiEF TS
RLBERAEE EFEBFH SCOD k. WEWHM, Ri5HEFER SCOD K
120mg/l, T 26000 kikg TS KB AEBALEIS AT, SCOD HNZE 1600mg/l,
#1n 1233%, i 2. SCOD 58 E B 2B B E AKX (r=0.993, P<0.01, % 2-3),
Xk BR B COD HI¥A AR bEE S R B A N o R I n. B A B ],
SCOD K% 1 ool g5k B FroR B 2 st (EPS) MIBRLL R M
BT RPHEAYRRD, R SCOD FE & tiEYwT Y A .

B—H5E, NE 29 @&, 7 26000 kikg TS HHEFE R EKFH,
SCOD/TSCOD F1 DDcop 43 B0 T 26.8%7 25.3%, T 4B fe & KT 1000 ki/kg
TS i, Z—FWABIINT 4%F 2.5%, RABHEREER D, SCOD 7L COD H
By b BIRSROBREENEETR, MaEEAREAIERNE
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COD A ¥f#7 COD. #ATIHHE SCOD K&, BI{E ==X 26000 ki/kg TS #1#
HRBTEWRER. B TARREERITESRNREKT, EfEEBE#EETRE
BB RKTFRAE R

AR R H B RS, XX T AT R KA S R R 2 A i
BB REHECENLZIEEFTRN. SEHHFARY SCOD HIEMmEE
BRI R B U RIS TR, Cao ZUFI R 025 wattml
MEEERNAIRETERE, HRBRER 4%, RKEiEH5RERRD
FERETEWE AOBRAMEN OB AR, Zhang ZIRTLRA 314
FIEETS B ZE 120 kwkg DS REAEFEE T A H 15 min, FHEHZE] SBR FERE
HATRSEDEL, WL FRBERRKEEETR™E,

HERRDFIRTGIR, BERAENFELEKANE . 8 Bx5 VAR
EXNEES SCOD MmA R, M5 SCOD B A B T R SR
EIAE AT AR, B IE B A0 PR AL PR D B KRR BT AR T 144,
TR AL Fa E BT 1] . Tiehm ZU IR 51 R A AB AR R GR S RBLERN
R, HREBEEEERL, HARERNREET 8 K, MBS =88 mn
T 2.2 f%. Antti Gronroos 28171 Fi #8 7 S AR VS 8 3800 SCOD 3580 mg/l {#/S

1600 30
~O— ASCOD
1400 | —— lscop (%)
—e— SCOD/TCOD 25
g 100F A DDeoo g
K 12 3§
3 1000 |- o
0 =}
= o
> 800} 415 8
E E
Q o
600 -
S 110 &
7]
< 400
5
2004 ]
[
c 1 1 ). 1 1 0
0 500 1000 5000 11000 18000 26000
HBERE (KkgTS)
Ultrasonic energy (kJ/kg TS)

H 29 EEREXFRERE COD S EMEW (kg TS)
Fig. 2-9 Effect of ultrasonic energy on the soluble COD of sludge (kJ/kg TS)
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AR FAERMXKR, CHENPIRERAEM SCOD RIFBISRNEYD
AT EARYEN2 28,
2222 EHBRABHER

V58 L AP MBS RV A R VP i P B AR R D X5 TR AL 2 R
W EZEIRIR. B 2-10 5IH T E%ERES BEREHEENHA S E%MN,
MBS, 5% EERT R EREE S R B mmREsn, XE5EFqk
BIHASCHEZE P=0.01 /K LIAFI T 0.968. LiBAEEEERT 11000 kikg TS, &
FURESINT 110%, 500 ki/kg TS F1 1000 ki/kg TS RIEA AL B R FE K
BEAREMT 31.71%M 27.67%, RMEEEAEFESRAEMERETERS
BRRIANN, ZTEHTHRREREENBEEEIMEDRE T THER.

FR_EERPERINETRERE TR E: SRARENEATERAY
BB DA R b B R AL ER . BAE BN ARESBIRAYRER [
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Fig. 2-10 Effect of ultrasonic energy on ammonium nitrogen and nitrate nitrogen content
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BFREERTHHEASENERTEASENNE, BFBNE, WEES
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Fig. 2-11 Effect of ultrasonic energy on extracellular polymeric substances
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KHH 54. BARSEERATHREETHREKTEERR NI BT,
LEHERAEEEERE, RAYBRESRRAS, FEARNBKLEY
GBI, ZEBAREN 26000 ki/kg TS, BKAAYIEARRERGREFESF
BINT 92%M 97%, Xt FREMGREKF, XBEFYRIIEMEBERR -3
), XA EER A A KR REARRE T AHRMELE], EERRE X RN
BB SRTTLEADIZ F H 26000 ki/kg TS KT, BFtYRINRRE KIS
B, BHE—P AR RBEK PR ELWRE R T L.

LB EA ARG RN, BT RARESNEHY, HRAAR S DR
E—ENTEFGREGEHNBEEREFEEND, TBSERBERTX
FMEHIREN . AT, EXRIMREYPEZASNEBRMBKILEYER
FEE AL E AR T — B g, B A BT E MR A R IRE
W. HAEEFRABRKUEY SEFERERHREE P=0.01 MKF L4501k
T 0.946 1 0.883, X R B REEF A IERIR T BRECE S R EWHIRE S,
BB HI AR AR T BN BRI,

ﬁﬁ%miﬁm%%A%&%ﬁm5ﬁ@ﬁmﬁﬁﬁ,lﬁ%%?ﬁ%mﬁ
%ﬁ%‘cmn%mkmm%%A%mﬁﬁﬁﬁTﬁﬁm P, HEBRRD
KEERBEFRIIME. CARRS, BARESYRIIN ST 5T ITHFEE KR

RIS RRE I, & S EX T AR AP SIS R I E X RNOT
FeAE A — B,
223 GRBELSHRLHEE T

:2.2.3.1 BURLR /X5 TR UL R BEH 52 e
FBRATIRE TR A TR B BUikE. BRARANRETRE, XPRERFLEE
BE{EA, MEBRBEHNEERBTERAGENBR XD, £—EEEARAHEA
ZEREBNERT, BERBHRANME R SEGRTTREER. A5 ROER
REMFHLA D EBIR, ERERAT BERIR, BRIFETEEHEZER
KEggm. & 2-12 R T BRK/PXSRITBEEBE W, HISTRBARIZMA
55pum 0 75um B, V5 ¥R 7E 30min i R FEE FE M 25.3mm/h 388 11 42.4mm/h;
T 4RAZKT 75um, FRVIBEEENHATEM TR, £ 37.5mm/h, F=EX
—REWEFERGREREEEFHEERS, RESHHITEMBIR, BhX
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Fig. 2-12 Particle size as a function of sludge settling velocity
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Fig. 2-13 Particle size as a function of sludge supernatant turbidity

2.2.3.3 RSINR GRS IRITFEERER M

BREWHNANHEDEBEHREESER, MR EREGRES
EEFW Y, E2-14 RRARESYSERTEERXR, KET, Msh
REVWEERE, FROVIEEREE, RURIRESUNKEFERNT S
RRREHE. REGFRZEEREEEREME, HUTMEREIRE, XHIAZR
RATRER BN DB MR & YRR = G R E R, WNTINKTERMI
PEi#FE. Houghton A N iE ISR HAE— M B IS IR IR ALK K
BREMRSIIREDEE. ARXNEESERBREREKE RN FEGAEE
7, AR EESSBARKMAALEE. 7 Houghton HMH R+, st
REVRIBESEN 40mg/g SS, MAHANBEMEN 770me/l. MIREDRE
R RBE R ENNEGM, EERPEARES, dTHSENEM,
X PR E A AR 5 2 [ T o DA S TR 4 B R R, RS YR T RE A1 AL
2.2.3.4 JANRE DX L IE R E R

WHTFTR, MARAYEEEFESREZSEFREAE, KRBTSR A
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Fig. 2-14 Extracellular polymeric substances as a function of sludge supernatant turbidity

70
60 |
7~~~
=
~Z S0F
2 2
€2 wf
P 5
L g
4 a
w3 20f
I’ ("]
ﬁ.g
»n 10
0 i 1 1 1 1 1
600 700 800 900 1000 1100 1200 1300

FSMREWER (mg/D

Extracellular polymeric substances content (mg/1)

B 2-15 5L R AP35 T8 L IE WM ) F W
Fig. 2-15 Extracellular polymeric substances as a function of sludge supernatant turbidity



F2%E BhsRESEBEBROEMRSETIR

R ERMTTREERE . BTSRRI ERE, B S BISR EERIMAER
#m. B 2-15 RATRAREYXGR LEBREREW. NETH, BEEE
MR AEF KRR, FRYAEAREDES, EEREERIT ERDER
EEMHEERE. SRARSYNGRIEEEERER, BFE— ML
FRERRNEERSREYEE, MIRIREWRENR 770mg/l &, 51
LFEMHER 18NTU, XFESTLUABEEEASMCERE. R, LRSIAREY
WA N 900me/l A_E, V5K _EERMERGRREEM, EIMNRE YRS
T 200mg/l, T LR EANENT 10 524A, XRRXEMRIIRSUFESE
FHERB/TOREE, SBREN/DNFRIEEE LBKFMEETRE, #EER
IR

23 it

FHARABERBAEFEEREES, BRTHEREGEHMNAMmE,
BFRF B RBARRE, XRIE SCOD. ME. BWREWR. RAREDS
ENTHESENEMURTTEEE . FHTRANATFREER MR D .
75, MRS IR\ XLEEAIRIFORCEEKRT N AESRE. Eit,
RS A B SRS B, X B RS R R E B WIS TR IR K
taE. REMURERZEE MM BLABEIESERAEFR, BTRERERT
XEFRLEETKAILERE.

B K /MRKAS RSV RE RS RILEE N LERAENEER R, FE
BEMBRADMIBEAREDEE, FIIRFEREREUR EERBERK. N5
BEAFENTORERE, BEHEGRNESELEMFEBETHINR. £F
—rBt, EBAEREIKT 1000 kg TS i, @AM THREEEH,
RE TSR MTIREYE, (BiX BN & R B R 15 R RS B AW R h 5 R
DY 1000 ki/kg TS B KB RITFHEFRE EER BN RREER, FITH
TEFEFE 45min BT BALERIRE 18.6%, To_ LM T % 43.7%. ZEFE R,
HEREEE T 5000 kikg TS, VSRMBMBBNAERUNHRNBEEY R AR
XA R B E R BR/ N AN R A YT S T B R MV AR, B
BB AR R T B YR R AR ARG, inT SCoD, BEmmD T5RE, MW
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53 T YNGR A S AL E i K M BE T T

WY KA OB, RERTEKLER ARSI, miEKit
BEERNKEBR B LI E RIS S . S RE R R KGN E
EHA, BHZE T KEMBKEEER. B0, REERKHRS £ 4x10"
t, FERAESAT 6x10%, BAZRESNY. KELK, REAXSHSRELK
BR. SKEFRUREAR, BRENLFEREHAMNRERIERHELE,
REFmEKEMEEAENEREBEELEBLE. FIANSRIRAEN. &
BHEAREEMR, EE2EFHRE T ZEEARE S 2 58 E ML 5 RHERER
FEEHN, ERTENIRESRHRHBAGEE. B, SREREHERA
HRAHEEENEENERE,

Bk RFBIKGRRENZONE, BAKARERREZRETHRASHREN
ME, BBUKGRASGCELE. R, 157K EER T B0 E L A1
MEEREFEY. B, REKBHGTKLEET RAMET PAM. 247 (AP,
FeClz. FeSOy) X FRV5IRIRE G EHMMBK U B5RBKBE, Hh
B PAM B & . T, PAM KA SBURAE & AR AT REF=4E 0 Z IR R V5 ety
AENM. Bk, ABBHFREAK, SFEHETLREKTERURA, BFEFM
BARMIEHEFICL., Fenton RAEW, (b2isk SRKFHGRLRAES, &8
TR B O RS . XTI, B EERME E
WHEAHCKEET R, TIRAMAEEE b AMFELE TR £ ET
TBKBIB R .

I 25 BB SR R B A B S X TS YR Kt REBR A BB E A N &N . Na
Zgr gy BN E TN E T HAE R BRI, RIES BN TR
/@] (Capillary suction time, CST) BE#EFE L EME MMM EE T M. X &5V CST
% 535, T2 2000k BARERAIDIE, CST BREAHF 10s. Yin ZIHFREIE
WEREBFEELAERE, BRETHROSERE, HRAKSMN 9%MHEE 80%. &
g S EEFBA S, Y5V LR (Sludge resistance of filtration, SRF) M 3.59x10'2
m/kg BZE 1.18x10"7 m/kg, RIREAZEEEFIA 25-50%. 7ELL 400w/m” (B 25
BERCERYS YR 2-4min B, VSRR EMN 16.7 g/g TEE (DS) THRE 2.0
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RSB

g/g DS. Kim 1 Kim!" R Bt T B Bia B E BRI BIK R, H¥
EREHEEFGRE. LEMNRAGREETE. A, BF —LHARETHR
RIFFRGE R . Wang IR BURE B AL BRI RIS R EBKIERE T 05, RIE
SRF #1 CST Ky 0. LA 0.528 w/ml HJ#E 75 % AL RV5YE Smin, SRF #1 CST
S AEET 1.33x10" m/kg H 344s, TETRAEFRE 1.67x10" m/kg F1 82s.
Dewil ZMEFR b REPEHBHEREEMI N, HRBKEREETL, RALE
CST Fid JERT A B BEE B 5 Y Al A3 T3 in. 2B e E M 7500 ki/kg DS 3
BNZE 20000k)/kg DS, JLF-THERFHRER AR k2 SR A G R AR
PIRGFTE . NIXEHFFAIRE T 50, 3T 88 75 ik A B 5 ¥ i 7K 1 B O 52 e
REWTMARRTFEN, BLFELE SRR LLULINEEERAERTREBITRN
Fit 7K B DA B il e B AR B B AR 4 . Shath, BRI S B A i R
BEERERFFRARRKFEEER TS, REEEEERBUK TR,
HEMHE EAHrER BB RE .

3.1 MBS HE

3.1.1 R

EHERB A MW KBS KA, %) RA A0 EiERAET S,
RFBABRR 55 TMEK. BEEARETIMAERERE B, KA D 2R
ERUEHSRENZEBE LR EHEMAMEET 4 CHERES, LRSS
TR MTER A R R M B S E AR RZN. FREKEM pH
4351k 98.8%F1 6.90.

B ERIRIEEFIRTE 37°C A4 TRHTPRREFEN 284, PIEREUREHEL
Y58, HE/KER pH 451k 98.3%7F 6.98.

FHE T PAM #3K (FO4190SH, #:E SNF Floerger A &) /™ MEHALIHE
FRA TR, EEBETEMSFERN 6-10%F 500-800 77 . AR, & PAM
B 1000 mg/l KR EESE2¥ T2I8K, BRERERA.

3.1.2 R HE
3.1.2.1 RBEE
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BAERR R N EEE R REERAR R, SURHRERS. Bt
BREFHEL=ZBHER, HPHRLMEKESLERAFFER20mm, KE135mm,
{088 THE# R 20kHZ, TTHHTHEES00-2000W, HEAESHORE R i R2.1.2.1,
3.1.22 W5 F %

ARFFFAM 0 F 35000 ki/kg TS HIEE = e B R EERATIS R, DIRBAHK
EERBAKNERAGEE. AN, ERHESKSHEFRENBKALR ARG,
DA EENHAERESGER. RER 500ml MARSBANGRERET
500m! $eAR T, FEHALRIFELRETERBE T 1om &0, 7 500W hE
THREAFAEMANTE, REEAGE. M TRAEEEFELENER, KHER
B9 PAM ¥, %751 ME B 0.1kg/ton TS, 0.5kg/ton TS. 1.5kg/ton TS =4
FEHEMAR D, L BEHPEE L 100rpm FEE B 60s, B4 3 KE
H. XF CST # SRF M B A E B Al 5 R R RIS AR
KPR, FFYRIK S0 AR PP X L5 TR M K BUR, TTRANR &0 8 BRB0R
KA LA s R KRR R A .

BRBAERNARPE SBIERERE LAY, EEFRAMANRS, FRE
ERFHERML, K2124. Bit, RRVEEEGSERER. 5H5N5% pH L&
B ARG REXAPHENGERRR, RREIEFXA SigmaPlot v10.0 &
AT TR .
3.1.2.3 WA

5B R IK BT 8] (CST) V57K 7 7E e /€ Tk I 4K _E¥83E 2em BRI IH],
B, RIVSRBA AR, W% CST /T 20s, T LA Bkt s g s,
CST iR EIRIE Lee M Hsu BT STiRE AHITIR, WE 3-1. WEH, KE
BISRAES (4 5mD) MABRTES, AERBENIZRKSZE Whatman 17 %
4 E 1em Z 3cm R AR, BT EERNAEIHEEFRAE, H
TiKA7E X #5 Y #75 m ERT A mE AR, WEM5REA CST EXA
CSTx 1 CSTy K JLIASFHE KRG .

CST =,/CST, -CST, (3-1)
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/
11 20 71 12.5 L 12.5 11 20 11
%Z'é\ %Lﬁ\ %Lé\ %Lé"\

Bl 3-1 5 B4 RK A AR E
Fig.3-1 Schematic representation of CST apparatus
L. smm FEHAHBFEER: 2. whatman 17 ZEEK: 3HFE (AR 10.7mm, 5t
£ 12mm)
1. Transparent plexiglass plate with a thickness of 5 mm; 2. Whatman No. 17
chromatography grade paper; 3. Carbon fiber tube (inner diameter 10.7mm, outer diameter
12mm)

KBS L% (centrifugal settling method, CSM) FIEZFHEYE (vacuum
filtration method, VFM) RS K AL EVS VR AU KRR . ZEBL R, 40
ml FERFEMETORENELOEF, 7 4000rpm F 25°C &4 F L 30 min,
ZHR EBEBREE, STTERBEKED, AESMIEET, 54 1.2um B
BAREKETHERA 9m WA KESF, AEEKEEE, BREFmA
100ml §I¥5YRH: @, 7E 345 kPa MERE &M T, #iiE 10min HEIBAH K> 8
H, WR—RFIHIERE (0. 10, 20. 30. 40. 60, 120. 180. 300, 600s) F!
AR UM ES R, e BEER EMRHS KR, MERERS
B 1)/ S AR B R 2 b0, AR AR 3-2 RBEVFSKHLRE C, BEW
Hi SRF, %EF WA 3-2. {5 (SRF) RisRTEHFENESEIER, O
BN EENGERE—EENTEERERMTEmRA LME Y. BFREAX,
SEERAE. BELEAE 10°-10° SYg MBS RN IR TEESE, LEE
(0.5-0.9)x10° S¥g IR A F %, KRN TF 0.4x10° S¥g M5 R A A 5t i8S
%[2110

C= 1 (3.2)

7100 100 32
D) —- (=1
(Ci ) (c, )

Kb C—100g FRFMTHRE, C—100g WP TSR R
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2
u C C

Rb: pid R K EERE, glom’;

KA T HEMTEPE G
RHFHBEHKEREKEER
1. Bk, SHREMZ 1000 rpm
£ T L 10 min 3REE, §KEK
BH N2%EA. HiIR, BY 10g
EEWERHE 105CTL 300
mUmin WESREH#TFHL
B, f—ENETHE. T4
HRESKYE KER/BEEE
B) EERBISRINAKS T
£, MTiHE B K SREKSE

B
Ho

(3-3)
n—IEIREE, g/cms); F—TEHEM, cm?

HERt
/_ um

3k ) RE%

- Sl

— HheEi

B3-2 WHEREEE

Fig. 3-2 Experimental set-up for SRF measurement

LA S ERE T RIREY EPS RE T ik, BIEWEF ENLES
2P, ATEREGCLBEELCE, ARFEZREBMN, BOERRK
EPS HI&@EMAE R . B5IRZ 4000 rpm F1 25°C 4T &0 30 min, B _EHR
47 EPS A B. BEFMBKKAYAHRALDHEL G250 P E %
28, B e 4 34 595nm 1 625nm.

TS PESRL K /NR A LS-poplll #OLKE 5 H7 AU E (OMEC A8, FE), %
B HTRRTEE A 0.2-200 pm, BRERBKFINZAHE LR, REL
BEXHHIMER (cut diameter) dp25. dp50. dp75 K dp90 Fx, H dpoo &
RABHZNHRRNTRET dp9o.

3.2 ZRE5R

3.2.1 FIRTSTRBAKE AL
32.1.1 BERpAE
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P& R i PRl K M B R A VRN FR 4R, 5 Y8 B4R K I 18] CST A5 B LLRE SRF
RESBIRIFH R VS TR BUKHEBE L. R 1 FUH T B EREE X5 CST 1 SRF
(IR . TR 1 T4, RACERVS B /9 CST #1 SRF 4} 5124 94.2 s and 2.35x10" m/kg,
24 800 ki/kg TS B A B5 B A ERVS JB BT, CST I SRF 4 5 4K 2 83.1s /11.30x10'
m/kg, D> T 11.8%F1 44.6%, T 4B HEREEHNZE 35000 kl/kg TS, CST M SRF
HIME 673.4s F 3.31#10lo m/kg, BT 616%F 62.2%. H, BELES
CST. SRF HFHEMHRKR . IBIEX IR EE, 800 ki/kg TS 1 2200 ki/kg TS
MR E R IE TS RABIK YRS, X8R AE FKI RIS R E R ZIKRE
B R TR SR /K R 2R BUK &, TTRA KD RBRTT B st
K &Y EPS MIB M inth RISRBUKE RN EN A —MED. LEFEERT
4400 kJ/kg TS B, SR HIBIAKYEREZ B, XML RIS E ARS8
4 B 52 BRSO TORE IR T K B HA B P A0 B o i B B 7
BREFE BT WE R B RE, B3R5 LLAT BT R HGE Ak R K AL
MR AR EGREKGREOBEEGEER, X5 Chu P NERR
REEMEN R MEAERAEME CST MR TRMMAREMR. A, XL
BHRE 5HARHRIREELE—B. Wang ZI7 Dewil EMHA LA RS
KEBHEGER DR RR TIHRIBIKER. AT, MIIRFFRRE WK LBRIKN
BEREKTE, B, FRALGLHFA—BHERETARN. R, Na 9448
HTHRNTRSS, IABAEEEET 2000 kI K, 578 CST BEREK, X
RBEBIEENFERE, RARgEBEEABIR TSR AKSHM REE, T
EHRD TEERAD, T WAREYIRE, THH KX LB UEBL T 5RE
KPR |

% 3-1 FIRGRBEHCENBAKMEREL

Table 3-1 Sludge dewatering characteristics following ultrasonic conditioning

AR (kg TS) CST(s) . SRF (x10"°m/kg)

0 94.2 2.35

800 83.1 : 1.30

2200 89.6 1.29

4400 Co1121 1.20

8800 172.4 1.89

17600 259.9 1.30

26000 338.7 2.13

35000 673.4 3.81
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3212 BEESEERBALE

BEl, METFEENIRETSKAE FREKNESFE . PR
RN E, ABIFLL CST 1 SRF MM IR A MK AE BB A I S RS FIB A R
SRR KEREE, SRLE 3-3 ME 3-4. NFHETH, RRIGEREE
EEAEBTUMA 0.1 kg/ton DS, 0.5 kg/ton DS, and 1.5 kg/ton DS (I Z B HE
i, GREEREI CST A4 65s. 60s 1 d6s, SRMBBEFMNSEA LR D
T 30.8%. 36.2%FI51.1%, ifi SRF 5 CST —#¢, thbE LR BRI NG F M.
LEXIGRALBEPRALER, CST M SRF (MAEELENAENEINTEZT
B, MEERPNREFEADNE. B, BRI SR B KRN &
FEH, BRTEEEE K BT 4 R
LR RGREEE RS F AR HEK LB, 5% CST M SRF 3%
Fit—P T, ML THMMS .76 800 ki/kg TS HIFBAEREEF 1.5 kg/ton DS
M ESBL AN RS, V518 CST 1 SRF 3824 50 s # 1.0x 10" mkg, BEEH TR
KeFV5PE. B, BERUTHIR T L8NS EEREAKERNRE, BEkS
FRG B S IE R R M R B B RS MR, ST

120

~&— without polymer
—O— 0.1 kg/ton DS
—w— 0.5 kg/ton DS
—&— 1.5 kg/ton DS

110

100 |

(=]
o

80

70

BT (s)

Capillary suction time (s)

60 |

sol M

40 L 1 1 1
0 400 800 2200

BEREE (kg TS)
Ultrasonic energy (kJ/kg TS)
B 3-3 M SRR B A R R 15 VR B4 Rk B (6 AL

Fig. 1 Capillary suction time of excess sludge with ultrasound and polymer co-conditioning
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R AR S

TR K v BEREE AR 7 B B OB T T B%, 3X 5 Bien F Wolny™ HIBF AL R AR,
AATTIA A 75 R R IS R R B A D LTS TR A LTS VB R A RE R, R
BLIERTH B AL B/KFF CST A1 SRF MBI KERE T M. XM KLERIZER
MRS ERERNATLARER . FRAHRMAR ARG ENRIARAR

[10]

3.0e+10

—e— without polymer
—O— 0.1 kg/ton DS
—w— 0.5 kg/ton DS
—4— 1.5 kg/ton DS

2.5e+10 |

2.0e+10

1.5e+10

1.0e+10

HURELEE (m/ke)
Specific resistance of filtration (mvkg)

5.0et9 |

0'0 1 1 1 1
0 400 800 2200
BERE (KIkgTS)
Ultrasonic energy (kJ/kg TS)

P 3-4 #E P I SR BRI A B R AR5 U O B A R K B TR AR AL

Fig. 3-4 Specific resistance of filtration of excess sludge with ultrasound and polymer co-conditioning

3.2.2 FIRVSIRAKS 340
HRPKKSEEBES AL BhK (5EEBR A XKD,

BIEK (BORAEEEAMEDRBRARET TS, REAK GEIREHM
P REE B RE EREY) AbEREKP. HFERTHEMES
KAEE, BTRELGRR, XTHAUFENFFARESE 11 HCY, FUE
MAERBNRE REEERBRRAEIERMT Bk, HEeas iR s
FRADDHE, EEREEHNEFERUE BN . AUH— MRS HEEU
AR5 IR (9K 53 53 A T A 384k, AR 205K i Kopp A1 Dicht! "2 H i B BK”.
“J] BRI FI“SRAAK IR

3.2.2.1 FALHIR
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B 3-5 R T ZFBAEEEK PARBKBROTHERE. NETm, 5k
R TF M h 3 AMERIIKD S BA K, X5 Kopp F DichtPVBTE HwF
RER—H.X 3 AR FEMBRERT B K. BBRKRREKHTFIRE,
H7 3h WsE2 . R, BT EEEESERKFORARTNAR. Xt
F 800 kJ/kg TS 1 2200 kl/kg TS AEH)VFRES, HETHEE/NFRAEE
BREITALR ), T 4B AR 4400 kI/kg TS, ACEREIISIREES KB T0eT
()5 S A R 5 6 B T AL e 1) 45 T 88 o, 0 ELREE B A5 B B3 N, TGRS Rl
FEitk, V5IREE & T B 18 BE S B 75 AR 2 38 00 v R S vk D S B I B AR AL Ay
1, FFEXMEMPEEBERENENEREMHRE. H—HH, THBLRBR
HEE KR RENSTHN S BRI —F. ERARNESHELEN, 5 E
BAKEENIZEREN, MRAKEBENZREEKMN. AT, EHRFNEFEER
RRIE, BIRE B K FREKEESHIEET 3.31 g/gDS #10.12g/gDS £A.
X2k A AT B AR R R B L BUK P R PR AR T VS TR ARG, SN T /NBRL
BEM EFERMES, RETEENRARRGKSPIRNSBEL MFRATE
R IEYS R T EK S M EEBER, MMTMIE T 5TRKSFBBER. Kopp
0 Dichtl?4 2 RIS R BT TR 3 1 T RN REBE R,

100

Free water
10%

-
ARALLL mama)

PN
T

—o— OkJkg TS
—~0— 800 kJ/kg TS
—v— 2200 kl/kg TS
—A— 4400 ki/kg TS
[ —=— 8800 kJ/kg TS
001F  —O— 17600 kJkg TS
f —— 26000 kJ/kg TS
—O— 35000 kJikg TS

KHOER/BEGER (gg
Mass,,/mass,, (9/a)

.0001 L ! 1
0.0 5 1.0 1.6 20 25 3.0

. FAeEE (b
Drying time (h)
3-5 BB A BRI KRG RAT L
Fig. 3-5 Drying curves of excess sludge conditioned with different energy dosages
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3.2.2.2 BB K

AFERIHUE KT X FBA R BIBABR, A#S« 8 K F“REKHI%
DR, AT FKAARE T BT ZBRK R BRI KSR B 3-6
iR THEERABRRRFRER OUVEE (CSM) MESHERE (VFM) Ff
UK 75 AR 4 R - WEIET 50, X T BT R B E e BK PR E K5 RS,
HEBKEBIEEE 72.79 g/g DS 4, BMBEREEERER KD S ENE
BEEERBN . NTREEERERS, LRABOMBEN, Bk HT X
KAART LBKEEDHIH 66.39 g/g DS #16.41 g/g DS, Tk FAEEHIEER,
BN E &2 52 66.53 g/g DS 1 6.26 g/g DS. AR KUK S X244 T H
FIRZR, R ZEXNTFREEGRF KDY EBRRERM.

R, BEBHTEAREBREFKLEENFRE, MEET A ARMBKSE
R EBEOUIREZES, 2200 kikg TS KBS EAE KRN, XATEBRAS
B 7.05 g/g DS, TIBARLEEE 35000 ki/kg TS LB RE, AATEBRKESE
A4 7.90 g/g DS, XRIAFEEREFERER RGN, SRR 2K HI T 84
n. B, BOUIHEEXEEKAENEREKEEEEHERN. BAES
BRI VSTETTRLR /I, (B X LE s 75 BT K i (K 880 0V A R 4R T LA BF I B T
MRKBEY T E K. MERTHEED, SEOIEE—H, HRPHAR
A EBRKE B 17600 ki/kg TS KA e B AT I . L — B miEs
REER, ART XK EEBHEEEM, K& EH 17600 ki/kg TS AHEET ) 8.11 g/g
DS # % 35000 ki/kg TS ALFERT [ 24.64 g/g DS, I T 3 FHH¥MN. Eim, &
17600 ki/kg TS DA LRI FERe B EE, SR EEZH L. B
EXEZHMEEERGRK S ZWEK, X B iR B 5 RS E s
FEEAMBG I/ NTR B R, XN RIS T IS4 LB FL LT
KABERIL R BVMES R P FEREN B Bk, WEURE S e E T MER.
RESRRPBOVIREEN B RBK SR ENE R, T 17600 ki/kg TS #
BAERERAFESHIELNRERBRENKEROEREER,

W, AEXABFIMRBE AR, BEEENENESB T HRBAER
¥, X5 Chu EHFRGERER—B. IR 2.07x107Pa K E BT HhzE
B, RER 0.11 w/ml FI#B 7 % B AL B Y5 IR 60min B, BB & 7KZH 5.90 g/g DS,
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TR 75 % B 2 0.33 wiml B, JBUTE/KFEME 11.69 ¢/g DS, B KL 2 R
m, X R RR T HEEEAERLTHROBKERE. EBERENE, 35
BUR BB AL B K T 800 kI/kg TS FISRALEVSRE, BOUIREEMNBIEERF A
WEBRKSEME 429/g DS, 5RABFRMLTRT 34%, MARESHE
EHARTRAOEEHRORTERKEE, FEX—RE N EETUNESRK
REERATHHEE UAE. BREAERESRAERRVSIRT M B KRR
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64



%3 ¥ B RESEIGENR KRR

#Z 26000kI/kg TS, X AERREEN M RBRZ KT EINEEEES
REEFIAH R VS TRBRLR/MTE. B—4HE, ZEHEREERET, HUERNOH
BRMEKERBABRE TR, X2 REHLTIEPIERERIY AT S TH
ERKER.

3.23.2 SHRFBHATAKEE]

SRKER—FE, WALERKBUK RPN IR CST LB E B e E RN
Tin, HEFaEdmE, HIgESK, HE 3-8. 800ki/kg TS M A EERIFE
LTS IR CST isb>, Bt RIE ISR 152s i) 117s, IR EE 23%.
TE— SIS R, WHALVSTR CST I In, 7E 8800k)/kg TS LA _LAHiXF
BinEBEMEE. 35000k)/kg TS FHEAITIRH CST #EE 1569s, BXFREN
HREMT 932%. H, mEEEEEKZETNHERIBKERE. &R0,
HWSTRE CST BEIKFRH B M. EMAFRBHEGER, XEnEETE
BT 2%, REHWFRFHAEKE BT OTEHLBKERT . BATES
HIEET, HUBRAEHESKERFRFRME (B 3-6 ME 3-7), BHERK
HKEE CST RAANFEAERIFMERBKIER, HiEid e 252 85 B
KANBIEW, T CST HZEERFT BHKTENEW, TATRRMIYMB KN

1800

1600 |

1400

1200

¥

1000

800 -

600 |-

BB KA (s)

Capillary suction time (s)

400

200 |

0 i L 1 1 il 1 1 1]
0 800 2200 4400 8800 17600 26000 35000

BAEE (KkgTS)
Ultrasonic energy (kJ/kg TS)
B 3-8 &P REEX M ALTS TR B4 K A 1A ) B e
Fig. 3-8 Effect of ultrasonic energy on capillary suction time of digested sludge

65



PR F 2O X

KRB =ERFIBKE R .
3.2.4 MESMREYIXETRBK T BE R M
3241 HREBBRHIRAREYEEZN

FEEH ISR, 70-80% K fRAME HLER 2 LR A R B KL & M e X EE
BY, XLy FE BT KKRS, sEERMERESSAKNEEM. B,
W 5E b iR B B SO B K AL A IR B By T B AR XIS R K M BB
FERLBHERERST, BEHRABKLEYEESFH 1243 mg/Ifl 67.6 mg/l,
I BHIBEE B AR B T n, MmEEBAEREKT 10000 ki/kg TS BEE
AR T EERBTEE, LE3-9. LEFEEEXE 35000 kikg TS, EHEMMEK
KB YEA BB HIMT 394%H 413%. RIBEFALE, HHYRER
R B B T MR A RS — B, I BT R SR A ML (R T 48
RG], T4 AmaRE X RN BRMER. NZEMRERLRE, EER
SEREPKUEYN 2 BEA, BEARSERVEFRBIREYTEREN
s B fEAERe.

H4h, BEZEETM, KASREYRESEFREZRIFERTIN

1400
® Protein
1200 k W Polysaccharide
v  Protein + polysaccharide
1000 | y=-6.3670E-7x?+0.0433x+206.9211
= R=0.9975
o
~ &
S E 800
£ £
~ 8 y=-3.2802E-7x2+0.0253x+123.8567
W S 600} R=0.9972
3
@
400
200 | y=-3.0867E-7)¢+0.0180x+83.0644
R=0.9854
o 1 - -}

0 5000 10000 15000 20000 25000 30000 35000
HBERER (/kgTS)
Ultrasonic energy (kJ/kg TS)

B 3-9 @A aeExEE LE P AN R ETIREN W
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Fig. 3-10 Effect of supernatant EPS concentration on sludge dewaterability
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Fig. 3-11 Effect of supernatant EPS concentration on water distribution of sludge
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Fig. 3-13 Effect of particle size on sludge dewaterability
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54 B EFRTCEREETERREETTR

REBURNFHGERATRENLCENREE 7, ZATTERLEARE
HAWERED LR, RN RKEEKEE BAGFNERAE k. £
H 68% M5 /KA B KARETRENEE. FEE, REAOKT 3 HFAME
KB KB R REE 3, ER AR E R KA REE LT EHEKE
B HNRSAOZATHAAOY, SHAMLEFRLE, REWLEE
REFFEZMA, MUATHENYHE—FRIERE. ReEfFA, mEROHERE
B, FRNEYREERGEAEEAISE, FRTFERNBLLED, 5—F
H, REBEUHBERTRRE, LB EHNYRBRENRERE, FAErPL
A —FPEEIR B B (B REHIL R N E—ERR B R R RIEERE.
BATH R RIRBEGREMUREETRBEERD. EE5KkeBETRES, HL
e R XLFR, REREHURNEER, WREEVEELE RN RAKRENE
.,

REBUWR—NEEPEFIE, EXNMEEP, MEYSHESFHEBNT
VAR RRENY, HETEHMBEDEZRERRHNEINLEYUR CO,,
H,0, CH,#1 H,S. 1979 4E Bryant M A RIEM MK EDFIEE, REKREN
U= BREBLRLTHTRASNNELER . F—MBRAKBRILNER, EKES
REAEIERT, BEXNENY. M. ARE. BERMAERARAENE
FRESBRENR. B, &M CO; BMEEFTES~ZLEBNER, 4. ™
ZEERERT, B —BREUHESEERE. COMMESTEMNFNR. £=H
BAFHEN B, ERREER TR/ THAENRELRT . BESRNT
B— N REBHETEEE 30d £hH. KEMFARERECT, E—HBROKHR
WET B S BUSR REE N A K A PRIEFT B . AR5 R REH AR, &5
B RERIBARYS TR T VAR E AN BT B AL R R o 3R 7 R e AU > 8,
D0, S nmM, st B BBz R %, HEARE R T’
RS TR B S5 H, RN UK TR SR AR, R ERRAREE
WP HEFRER.

BEEEARELESE, BREERER R, AeW 7R (A 9 R34
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WY, BETZE ZXE. Antti Gronroos £ AR, BAEETLEER
@tk COD ZEWMENM, FAFRTEMANER. Lee ZUMAAT KRS
P R B O R B PR R AL R, 7E A AR 20kHz
P58 0.33W/mL B BA# Y5 ¥ 20min, Y584 SCOD/TCOD M 0.06-0.08 LF+Z 0.1.
O AR R 15 TR AT REVE LRI R . RETHFERETE 6d RE=SERN
45g CHy/kg DS, TIZLM G 5T 6d EFF=SEN 130g CHykg DS, FEREK
HRET 290%. HiES'IHRRYA, BAEBRLESHEERESRRENLNE
YISFEBEMENDERE, FEREEE. 78 5-15min &5 SRR RTEE
W, BEEAEK, RENWEEREEK. EEYWSFT-ENEIYERELERF
BENEET, REBUNETH—#K 20d HEE 8d. w3hBeg!NgsR
2000W/m” KB 75 I AL BY5 T8 60min, ZPiBRENM 10d, COD EBRE N 41%,
M 25d 5, BB REBRHAENERESEBRET 53%, HHRE
RARHK 10 565, SBERKAIESE 25d BREAFSEBLREEFRLE
HERBFESERE T Y 25%  XERAR\EFKERGEERKREE R
FRREHLER, BEFE, MEGRRE. R, SEEERREELE
B R R RN WA IRE. FHAFAAFEEREEKTE, 255
RREMELEEF MR, HREFRESRENLERERNEELXER,
Hit— SRR ERRE BT R B S LB AT

4.1 MR 5T

4.1.1 REAE

FIREESTRE A M KEWE KL, % RA A0 EtEiERAE
1%, hBEEBER 55 HMEK. BEEAREZRBMNERER L, XAKD
SRR IUE IS TR S IR B E L E AT 4C BT, U
BRI TR R E KT I N B R R A S B RS  EALE FRARE B RV
WPt RE 4-1.
4.1.2 AW A%

4121 RKHEE
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BAEEN R MTEBA B REARA ARG, ZNBRHRES. it
BEBEHFR=HHMEK, HPELNKEESRASEFER 20mm, K 135mm.
{088 THEHiSR 20kHz, TTiHTIER 500-2000W, tHEESEAERAFER 2.1.2.1.

£ 4-1 BFREXAS R

Table 4-1 Characteristics of the initial sludge sample

fats #R
pH 6.59
ORP (mV) 34.0
BEE (TS, mgl) 17706
ERMEE (VS, mg/l) 13548
BEBZFEE (TSS, mg/N) 17302
FEREBZEAE (VSS, mg/D 10372
B (CaCO;, mg/l) 220.2
NH,*N (mg/) 9.44
TN (mg/1) 57.9
TP (mg/1) 28.94
SCOD (mg/1) 113
¥ RMHIEH® VFA (mg ZE/1) 21.59
EIKE (%) 98.2%

REHIEENE 4-1, BIHEEdH— 2500ml B REHLIE. B 500ml
MBS B 500ml EH. HETFMEERENZEHRAR. REBHRTE
KOMPED, KKOSEAEEHE, RNEORERRE, ETHE. £5F
GAFE, F—BWELSE, Ll pH=2 i) H,SO, BHCAHEH I, Wil HRR LT
HESAER. ERRERRSE, BdRTEHRPOXARBASKER

- BHE, EHERSE, AT 25¢/L 1 NaOH BB A% CO, #1 HoS

A HEARE AR D B WA SR TR R R REHEAR 1-2 R,
8K 30s, DMEGRAERNBSEES RN, BMREBEURAELGQE
ETEEKBEF, RF3TCHRPREMSF.
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37¢C
REHK
WD 1moll H2S04 25g/1 NaOH
——
B 4-1 BFRABREFEUEE
Fig. 4-1 Experimental set-up for anaerobic sludge digestion
4122 WIRAFE

EX 1000ml ) 4 75 #4358 F 1000ml #9 = FH I+, 45U 7E 0. 5000 11000 17000+
26000 F1 35000 kJ/kg TS # 6 M B/AKFRATES K TLE, 3t 12 MR, #4t
H2KRER. LEEHEREMMENRETHERET 1000ml FRE SRR
2500ml REHLIEF, BT 37CHERKBEFITPRREHE L. BEMRE
THAL I R RRAL At 8] 9 28 R, EX— T 2P, A RFF5REE K 36.8CE 37.27TC.
FEREHE NSRS, B8R EF 9 idFSAEFR—K, EFRELNE 1. 3. 6.
10. 15, 21, 28 KK _EF 9:30-10:00 FHEL & —IRI5¥RHE 200ml, 247 TS, VS,
TSS. VSS. pH. ORP. SCOD. NH;N. NO;-N. TN. TP. #WE. HHHA.
CST. HiyERBHE/KE. HRIEEN, & 10%M5RBEELENELETITR
P 200ml, BEBHAEHNBFRELERFMAZ 37CHEFEHTEE
200ml, F3hRA, MRIERA SRS ERAZRDREZRLTIEREHL
HEERRREHEE.
4.1.2.3 JRT7 %

WM FETREE S TS, VS, TSS. VSS. pH. ORP. SCOD. NH;-N. NOj-N,
TN. TP FENERSE GKREKBRMHAE) BB U8, #ikisk
MK Y RE LT RS CST WES M 3.1.2.3 KRR .
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42 GR51tE

4.2.1 ¥EPRIHCIERE T BRI A AR R B 2R 1k
REMEDOERES VRRE S pH EENNXR, pH ENTULEEY
WEHEEENELTY, RRMBEDERRRN pH #, SHRITES pH
MHERAFEY, BT, BIREREWIS IR B A 7R
WERAR. —H, BRI ELMME pH EHIK, F—FE, Pk
BrAT U RS T pH EF %, Eit, HSTROREEELK
- RTEGREEEE. NE 4-2 (a) TTH, B A EE 0 BRSO R % 1 AL BefIR) A
HmmsEn, R PLADRESEE M. BRFTELEY pH EEH L
%, B 1R BHLR R AR TIRER 0.5 M4, BEENA+445
PR o e T B 50K R 5 R HEAT BRI A LA B A3 72 o SRS 16T S B8,
BV, FrLl¥ I pH 2L 5e 4 ti5iR B & (A LAT 5 .
GREEFKALEE, TEHLAHRE BT RA pH 4, R, EH
BRAFHHGRHNTRICKN . EHL5E 3d i, pH HBLT IS, KOES
WA BTG R B A B = T B B, KRS R MEE E RS R
HUEBSEN KRR RIS R . H/E75TR pH B4 L, EHALE 15d it
TS, TI/EE%T— A FRaIKE, et pH % 6.8 £4, REEFEK

72 40
—e— OKJkg TS sl —»— OkiKg TS
T4} —o— 5000kikg TS —o— 5000 kJ/kg TS
—v— 11000 kJ/kg TS 30+ —%-- 11000 kJkg TS
—a— 17000 ki/kg TS —a— 17000 kifkg TS
TOr e 26000 kikg TS 25l —=— 26000 kg TS
—o— 35000 kJ/kg TS < ~o— 35000 kiikg TS
69 £ 20}
- E
* o8l % 5r
10
87}
5 -
88} ol
65 , , . . . . . 5 . > . . .
1 3 6 0 15 2 28 1 3 8 10 15 2 28
HILRRE (R) HLEfE] (R)
Digestion time (d) Digestion time (d)
() pH &fL (b) ORP 354k

42 BEREEXFKEHITRAERE NI ES pH ME LT E S 0%
Fig. 4-2 The time course of pH and oxidation reduction potential as the function of energy of ultrasonic
pretreatment of WAS during anaerobic digestion
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P RFEFLELRX

TSRS 15d FHERI T RE . MR SHE ALKV B ZEH LSS 15d
J& pH 8R4k b+, RPXTBISRMZ RN BNALE TS, BRELRE
k. M5V pH BHRE, BAEEAE NG RRENIEETEE BRI
Xt HRIGIRARTE 13d o, RIEHSAE BEME T 5 NREHELHE,

pH fHA1 ORP RE ML RN AT H HANEENEHERE, MAKER
- BERREERBEAENEIEFS, 8%, ENBEARSIEREHLRENEA
W EBRAF BB FENREENER, HHKRERE—EBER, KBER
SRR RIEHT . AR M REMN W RGRA B 0 RE M AE I3 AR R AL
BERAFE. FiEREBEDLE 100 mV U _ERFHATEHFEFR, ORP A 100 mV L
THRBTEEFR, FRENEEEBAKERATHE, "TLIE-100+100 mV
HIgRfE A& T AKER, PREFNEEREEUREZ KK G R A MK
F-380 - 300 mV. MABFFFTINEKHLISTE ORP 4R (B 4-2 (b)) KE, K
EIGRIFLE 0-40mV, BEE LI A8, W5 ORP AW TR, RAE
AR, BRABEMTEERSATERSER, HALEEMAZHET.
EWHE 15d if, BAERAENSYE ORP BT MBEAFIRRE, HEFRL
HHALEIRE, ORP e, RBHL 154 5, REEELENHELERES
BB TRE, TIRAEMX IS ORP iR T AR, RUGRMN AL
BRIk, HTM ORP MRWRE, BEEBIE T 5k MREAELERE.

ERHEBIRF, BRNBEREFSREFR LERTHE NH-N S8
B, XA LB RSN ESRBEIRB . NE 4-3 BiSRMEZRLT M, Hik
BT, REMFEEISTRIE S 2202 mgCaCOs/l. BEEBALEENINM, HRBE
HILT B B HHE0. 24 5000 ki/kg TS~ 11000 ki/kg TS+ 17000 kJ/kg TS.26000 kJ/kg
TS #1 35000 kJ/kg TS FIHBF LB LR, FRBE 2 AIGMT 17.6%. 20.6%-
26.5%- 48.5%FM 35.3%, XEEHEFAAEFGRS NHS-N SERMAH. 5—
FE, ME 4-3 74, BEEGRREHELNBT, FALBEERNBESRET
MR IR, ZEH/LE 15d FHAEIT 2-3 91K, 1RYE pH Al ORP KIHllE
SR, Wik 15d ATRUA R RER B TIEE, TV TR 5 E ) REE H AL E
R TN, X B FHAS R RE RS ERES L, TREARER
AL R R T SR AL PR B IRPTE. LM RIBFFA A RO, LTS TR IR
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BERIZE 2000-5000mg/l B A A&, KT 1000mg/t LB pH T, ARITHE
BHAEK. R, REFRIEBSEREDERMNSET, FAEBLIRTEER
BoRTaIE, WA REERE DURFHET.

1350

—e— 0kJkg TS
—O— 5000 kJ/kg TS
—w— 11000 kJ/kg TS
1050 | —4&— 17000 kd/kg TS
—&— 26000 kJ/kg TS
—— 35000 kJ/kg TS

1200

900

750 -

600 |

WE (CaCO3, mg/)
Basicity (CaCOgz, mg/l)

450

300

150

HaE (R
Digestion time (d)

B 4-3 EFEREENFKEEGRREB TR

Fig. 4-3 Effect of ultrasonic energy on basicity of sludge during anaerobic digestion

422 FRELIESHEEY S EZL

WAL EAYRO RS RRENEENE, REREEIYRERE
WHIERR, THRE RS BBAH BT 9B 75 IR e A0S 7 o B A s AL
. BREPTEIRHY, BSRRENLTD 0%EEHHR, EXTFHRENML
SR N E AR RREE D, B 4-4 5 TS RENLT RSB EE. I8
R, BBTE G RERERE R AT, NETL, BSE HS
H4 3 FEARA S REN LTI T %, RS RAN LT RR TR
FHHAT T AR, 7E 28d WIRARRREAE] T 8K, VS FHIMET 30% (B 4-4
(b)), VSS FIRET 24% (B 4-4 (d)). BEBHELEZE], BT VS
VSS /DB IR B R B T R U SRR LA £, B, AbFE (]
MERFRTHY R, KR b TEA W R 15 B FA PR B R 229
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FILKREE L2 AR

Total solids (g/)

HEPRE D
Total suspended solids (ghA)
>

MEGRAENAREETR. 5—70H, EREASEL (H44 (), BFE
B BB 2 B AR AE T RE YR, s ESRERE—/ MR
SERKF, TTH@EFRAEBREREGREEGY & E. EUHMRRSR
B, BAREASEEGETHBRFIEE A TDS B, BFReEXBBES
B, #HRGHNEIMRATELIHREDNRBERSRELTE TR,

24 15
14}
22 L
~ 13}
< B
E 3
18} #g "
® 3
¥ > 10}
16
(-3 3
14 . . : . . . sl—u . — «
1 3 [] 10 15 21 238 1 3 8 10 15 pal 28
WALETE (R WAL (R
Digestion time (d) Digestion time (d)
19 12
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-
b=]
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BIMRRER K ()
Volatite suspended solids (g/)

-
'S

13 i L L 3 1 ' s i s - — A -
1 3 6 10 15 21 28 7 1 3 [ 10 15 21 28
WHALEE (R) HLERE (R
Digestion time (d) Digestion time (d)

—— OkikgTS  —w— 11000 kikgTS —m— 26000 kikg TS
—o— 5000 kdkg TS —a— 17000 kikg TS —o— 35000 kikg TS

(a)! Pé\@%%{’h; (b): E‘ﬁ'ﬁ%g@f’t:
(¢): BREFEGEZN (1) B¥REEZEEEMN

B 4-4 EEREENFRIEHEGRREN LR E Y RBL W
Fig. 4-4 Effect of ultrasonic energy on the mass composition of sludge during anaerobic digestion
4.2.3 {5TRHALTREF H SCOD 24l
RIS PR, B AR RIS IRE SCOD BN, MRS
R A RE, IR A REE M7 RIS TR R B ALt B B B R L
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F4FE BFERLERABTITRREBLHR

Zhang ZPFA 0.5W/ml MBAEEELE 25 kHz £ FA® 30min, BRFH
SCOD i 480mg/1 #INZE 3200mg/l, TIHBAEHEMEE 1.5W/ml, SCOD #ZE 5200
mg/l. Antti Gronroos 25515 F 200W/1 (8 75 % BE7E 27 kHz A B FI R Y5 TR 2.5min
A 10min, 75 H# SCOD H 620mg/l 43 FHE ZE 2100mg/l A1 4200mg/1. Tiehm %
CER#EAR (3.6kW. 41kHz. 64s) AR, 54 SCOD H 630mg/l L
FE 2270mg/l. AT, KT EBEEHEBEBESFEHN SCOD #NFEESRREH
TR R LR AR RN, BT R NS ERIE.

Bl 4-5 RFIKT5TRELME B b B REHE B i) SCOD Zbiife. WA
4, FEMILRT, SEERAIEESTE SCOD FEEBA LB MTISm, 7
5000kJ/kg TS I REERT, SCOD X HBAFEA 113mg/l B ZE 122mg/1, #EH0
X 7.1%, T 35000kJ/kg TS It FEAERE AT, SCOD EZE|T 321mg/l, 110 182%,
RPRGRBEEATHRMMMTSE I SCOD 8. A, HRFTMER SCOD X
HETERMELSR (22.2.1 BEME COD) M—F AR, XRFANKREHEBERK
RERFGRE D CHIEBTRE QD M—¥HiE. BXEs LB s
VAT IREIELAESS 3d i, V5IRFHT SCOD TR BB, 55 6d MHiAS|iEE
K, T E& B R R R AR R, R RN — I BUK R b 75t

800

—o— 0kikg TS
—o— 5000 kJ/kg TS

—v— 11000 kJ/kg TS
—5— 17000 kJ/kg TS
—m— 26000 kJ/kg TS
—0— 35000 kdrkg TS

700

600 [

500 -

400 -

SCOD (mg/i)

300 [

200 |-

100 |

Digestion time (d)
Digestion time (d)

4-5 BEGEENFKRFEEFRREHLIETHFREME COD KEm

Fig. 4-5 Effect of ultrasonic energy on SCOD of sludge during anaerobic digestion
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PR E LR

— W T 5 TTFE SCOD Wi, WiABFA+ P RAKBERENRE T
LWRGTR. EHNE 10d, SCOD FHHM TR, RPKEMNLIIKER
L FERHT TS, TIATHEINGY SCOD #idiht REMEVFTHFE. 765 28d Y,
SCOD [ Z /DT RVIKIKF, RUFMEIGYEF A SCOD HAHHFE. R, L4
BERAE K RABNREH TR E SCOD W RLE KX RIGRE SCOD
" 50-200mg/l, U H@F s REAHYE, RYBAERLRBEML T HRIKER
424 BEGEEMERENERERTERSELNEN
ARGRREHLIBTHNREBEYNEEERY R, HENRSHEESR
SRR, ERTIFIE, B REARS T NN 51 NOy-N 11,
MEREESRE, —ENTERS. WA 46 (2) F (b) thAEM, EHLLE
B, V53U 5000 ki/kg TS+ 11000 ki/kg TS, 17000 ki/kg TS. 26000 ki/kg TS A1
35000kJ)/kg TS 1B RERALEE, L& T H NH, N fxd BALFR A 9.44mg/1 81
£ 14.13mg/l. 18.30mg/l. 20.90mg/l. 24.34mg/l F1 29.13mg/l, Bt HBALHE 45
BT 49.7% 93.8%. 121.5%. 157.8%F1 208.6%, Ti_Li& ¥+ # NOs-N Hhxt
RALFRE) 2.03mg/l BINE 3.39mg/l. 3.09mg/l. 3.77mg/l. 4.68mg/l I 6.88mg/l,
BXBAESFIEMT 66.3%. 51.4%. 84.6%. 129.3%F1 237.1%. Hit, #HHE
BEER#SEP NHSN B NOy-N F&. B LERP RN fRET
PN : {5 Pe 4 M A A RR T A M A WD R LA R AL B FE R R HLE 1.
BERAENRARESBRAYRER, ReEERSURN e T RE A mE
P, ek i S ARIE 5 A B A ML RIS R SRR B M T 5 2 B
BIEAEEEET. .
EREHLIRES, ZBEFRLBRKRZARLGR B NH N B
RN BEATTO RS 0, 7658 10d RHAEI T 10-20 fEH0191E, X F i
B ER LSRR R . BT AR IETER D, R R BB,
KRG T AL R F BB A AR P A NG, 7 10-20d A4 F—A
HTRERKE, REFBRNBEEFF b BEF— MIX RS 70
28d XHILKMEEM, XRBLBFH NH; RiFRRMER. HdBE+TH
NH,N BUEASHETL (B 4-3) S5H—3, BB eEE:
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F4E BAEEMAERBEHTESRREBUHR

Erh NH; AT R, 8 4-6(2) PATLUFEH, RABAGEELEN NH, N
HGEREBNHMERR K, 765 3d F 10d B, 354078 (1) i) 2 518 Rk B
£, 35000kJ/kg TS B F RE B I BB F=EB KM NH, N KE, HXHFARRH
WHEERI TR, HEALGREFTBU=ETLIFM.

700 8
ol @ 4 (b
6 -
m -
= . 5F
g 4o !
Z z 3
T %0 $ g
2|
m L
1 L
100 ol
. , - . \ 4 R .
° 1 3 6 10 15 21 28 1 3 8 10 15 21 28
WALEE (R WiLetE (R)
Digestion time (d) Digestion time (d)
«© —e— Okikg TS

—O— 5000 kJkg TS
—v— 11000 kg TS
~—A— 17000 kikg TS
—— 26000 kikg TS
—0— 35000 kikg TS

(a): BERAZL
+ (b): HESREZL

g } (0): BEZE

1 3 6 1.0 15 2.1 2‘8
WHALEE (R
Digestion time (d)
Kl 4-6 EERENFREEGFRREAHAIEFERSEENEZR

Fig. 4-6 Effect of ultrasonic energy on nitrogen content of sludge during anaerobic digestion

Total nitrogen (mg/)
cs2a 8 § 88883

5 NH,"-N %, VLB F i NOs-N BE& i1k R R AT T 230 T MR ia S

(B 4-6 (b)), 758 15d A LEN NOs-N SEEABTE, RUEREHN
BT HREEHBRERFTERESAEASEY, ERERPRFETRET.

HTEZEAHERMAR, BHERTHERREETETRGE, THE

FWB L HHAR  AREHARTSRENFANEF R LR RS EEEEE
BERFIEINMIE M, EREAHLLIERE T ELHEENHSAEEERY,

RV SHBRL MHSAZERELNH TR REFEERTRERKL, BNESER
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Pl RFEF AR

HIRE IR R B BRI E R, ROER KM REK T RICBREI
B, WHEUIEPRHEABRERTNS, EHL, EFRAERNEE LEREE
WEBEEBAERNYE KT M. 35000k /keg TS FIHE A g5 B BBk
T 17.7%, RXE/RZTFEREMFENEM. MEREHBLE 3d i, By
HELT 10 FEAMEM, XREHEME PR EAORETERREM, 5k
KEBRAEREPHAEINENE QA REF R LR B EERE . X EHH
BB REFHAAE R, SRR IBRTHEEREEM (B 4-6 (2)),
B R RAEBMEHHELFAMNBERKE. BT ERHESHERANETHL
B, FERASBEEAEARERAEEZ ARALHEEF .

425 EEREMNEREASETHESEANZHE

B RAKFREHDFEEL LR TFAREANBRE, WFMHan. BE
AMEYEFERKTTERNTERT A HED R 5, FHEERRISRAHR
C RBBENRG PR EEREEGRRAS S, MAEYEREKEHGRS &%
BE—RABRTER 1.5-23%, BFi#KBODS 5 TP MHL{E. &%, HRAE
HERAERERESEENAR, BIRKERMAHBN GRS 10-30%K5
BHRD, BMABRNBFETEKERZT. RELHT, BRFHEHNR
HESBRRUERRN B R LBRTHSEN IR M. B, &HRMT
THREREBIEDBERBRBIFE, LA 4-7.

ME 4-7 W5, EREWLE, HREESKLERE, 3 TP WEkLEF
& . XRAEGIRK TP X 28.94mg/l, T 5000k)/kg TS+ 11000 kJ/kg TS+ 17000
kJ/kg TS. 26000 kl/kg TS F1 35000 ki/kg TS HIBERER > FMESYE TP T
19.7%. 21.5%. 21.5%. 18.8%F 21.5%, FIIRIFFLE 20.6% KKK, RHAE
AL EH B T 15 e SRR 1B — A ok B B R A R RN YA
BV, B HURRREBNSE. BT, BOBREFREHEFEREN
WmTsm, XWEESARAKSHERFEEE XY, AREHUHTES 3d
it, PrELEPRBERKERR, TWESR 6d i, XBTEREKT, RAREHR
BT, GRTHRBERRSHAXERR. A TFERELHT, REREBNE
f#, TIRBERMER, HEEHKE 6dE, FHEERAHSLBRN, Bk
T TP BEE AL R BT RIFE— N FRECRE. Tk, RBEIRRN
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F4F EEHETAREERTSRREHEHR

BRI EEEELCET BB E, AR RES B RAERNLEL
REEHAEER.

110

100 |

90

80 |

S 701
£
koeor ——
0 kJkg TS
50 —0— 5000 kJ/kg TS
I —»— 11000 kJ/kg TS
—&— 17000 kJ/kg TS
40 ( —8— 26000 kJ/kg TS
—O— 35000 kJ/kg TS

0

20 1 L 1 1 i 1 1
1 3 6 10 15 21 28
AR (R
Digestion time (d)

B 4.7 BERENFHKFESRREHEIETHS ENEH
Fig. 4-7 Effect of ultrasonic energy on total phosphor content of sludge during anaerobic digestion

4.2.6 BERRENESTEBRNZEW
ARFEREEMERREN MR EEEBREENR IS, B E R =
B LUEE RN COD £B %D, EmABIFNE T WM HESEL
AERREMHE, LE 48, ARRIES, BTHTRE CO, SAEM
NaOH ¥R mIKER CO ZEMWE T BEEA, BB E BRSEENLES
HEEAMY, FHRRLERT RSB SAFENESTE. NE 48 T4,
i RBASEEN 9d BETHE, $ 9dXBTRATAE, MEHEEHL
RNE#IT, HESEZRH TR, RPFKFRAOREBURNES od FEH
Ha55, HEET AR RE MR R H LI R S BUS TR R RS CH,
1 CO, T4 C/N LU FBEFT B Tiehm ZPSF] FIBI4& & 15 IR #HT AL,
Ar-BtRIAAR NS, €5 8d NS BEIIRK, TS 20d 6 E R
HBAK TP, KA 800ml MR RITRIEM M EIE 23.7%K [REHILSE 8d Al{E
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H7=S BiE%] 330ml. AFFFTFA 2000ml IR 75T 35000k)/kg TS HIABHE LR
WiAEEt, REMWE od RS BRI 285ml. B4R, XE(LT Tiehm %
MR R, RERFTGETAMATH ON WK HEL, £YomdEsr=
EHVSTE, THERKEESE, BMENRIEERAERN, B RE/RIIS
B—FH=SE. BTHLNRRERZXESRE OS2 —RIFEMEDIHE,
H CNMEE S &F, EIETBENLITE 10-20 K ON EPY,

H—75H, WE4-8 T4, EAREFERELEZE, BRWHFBEEER
FREE M INTIHE M, 17000k)/kg TS, 26000 kJ/kg TS 1 35000 kl/kg TS HIAB A
BEEMEESTELE od BX R FIEMT 29%. 52%FH 68%. BRAHASP
MHETEHEMEFSEEKTE od B BARHH>S 2K, BESBFERR
R, WE4-9. LETHHARY, FRFE SCOD #inx TR BB
MHEEEMXR. Bougrier PRI AEH . REMMLIITR I N
- SCOD 5HSERIEH, HAEXRESHEHT 1.0, 1.0 50 0.87. 7§ Wang %52
MRRAFKBHESRPOEER. BKLEYH COD 5HSFEHBEHR
KR, MXRBBIHERT 0.997. 0.995 F10.994, FEFTHIFIAERY, #L
15T/ SCOD. EHMMBKUUEYE EWMEEF RN TGE M, e

300
fk ——e— QkikgTS
! D\q ........ F'e JRAROUN 5000 kJ/kg TS
250 L . ———%—— 11000 kdkg TS
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Fig. 4-8 The time course of biogas production as the function of energy of ultrasonic
pretreatment of WAS during anaerobic digestion

92



F 4T BEEBLERBRATITEREHEHA

MHEZ A BIFHEMXXRM, XERXE 4-8 FRRNASEMEES
RE B NI AR A RAVE IR

HTHSEMEBERENENTEMN, ERSESEREBREREN
wenmsgin, K& 4-9. MEE 4, 5000 kJ/kg TS+ 11000 kJ/kg TS+ 17000k)/kg TS
26000 ki/kg TS 1 35000 k¥/kg TS RS BE B AEE R ER RAL R 51 m
T 3.0% 5.5% 9.6%. 24.1%F1 31.9%, RIGEHE LIS TRE TI5RREN
BRFERAHEMREER.

4400 : 35
4200 —8— Increased percentage /' 430
/| g
£ 4000 | -%,ﬂg
25 OF-
E B 00l {20 3 ©
° B S
W S R &
rog g
R § 36001 115 w B
WM 5 "o
g r ¥
S 3400 | 110 = 8
e £
3200 | //‘/ 1s
/./
ot
3000 . 0
0 5000 11000 17000 26000 35000

BAEGE (KkgTS)

Ultrasonic energy (kJ/kg TS)
B 4-9 BERENEKEEERREBELES=ENER

Fig. 4-9 Effect of ultrasonic energy on biogas production of sludge during anaerobic digestion

4.2.7 HHEREF HTRA PR

ERKFBROBEEAELRES, BRENRNTEERE 46.8%, RUIE
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AL,
R 42 BERENFHKERFREZREHUIBRHFIESZHNRW

Table 4-2 Effect of ultrasonic energy on organic matter content of sludge after digestion

EERE HLEBIESE FEfR R
(kJ/kg TS) (%) (%)
0 35.71 23.74
5000 36.87 21.26
11000 35.13 24.98
17000 36.74 21.54
26000 34.00 27.39
35000 37.29 20.36

4.2.8 HWIREF BIVETRBK R

BIERIBIRE, 85T 5000k)/kg TS RIS fEBEH FR RIS R MM KHERET
F%, T EBARE B, BRIOBKEREILEHAL, KERREEFRIEAT,
SRERR AN, MATBRERER, WK T SRBRX KR,
SR, 5T BURLRL 228 /N F6 R V5 VR A T A 72 3 it K v e AR AL FIVE AL B /5 Y
ikt RE LB RO SE, HRTMARLIRE. B 4-10 51 T ARE S e E L EHH)
KEREREBLIEFHBIAEREL. NE 4-10 741, ZEREEWLH, 15
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Fig. 4-10 Effect of ultrasonic energy on capillary suction time of sludge during anaerobic digestion
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4.3 S8
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Hie, T EREEEKAEEREM, FR-BES5HEY. 55, FRNLELS
BHRALEKEBLEERAN 35-50%", £2MEE, Bt fA%SERe
BHERREFR GAREMN . 74 IRV G R A T A 245 T AR A 52 [R
B, A, IRAFRESHFEUNFHLAFREBEARAERNEE. B, AR
SRS TR AL B MR EEH A TSR RIEL TS 8 HIRE . SIHES BB R A
e BRRA. RASRELRATENFARRELDGRABRK. REE
. HERFYIHE. BEEHESHTENTTAC. GRRELX FEERELL
BERABEXER, HEFHNHFEREEKFREFSEFRILENHITHRE.

PRI AR, REMESESERHEBRFRGERSE, EHREBRSH
BT R TR BIATS 60-100%7), AT, REMARN, TR
S HE MRS R R L. 75 R B BB R AR AML
FEMMGR . FARPEFERE— MRS ROARTE, BRI EEEH
55 90 fu B 5 ) LA OB UL A 4 B NS R AR Y. Wang SR B A AL ER
FIRVSY, 7 SBR REMATSRMEBHAR. PFAKY, 25kHz HBHE B
WY, SRBENBENEGRSTREF KA LEE 3/14, EETER 120
kW/kgDS, #EARTEZ 15min. WA, FREEEE 91.1%, BROFIOSE
EERTIEEREZEIZW, COD MEREN 81.1%, TN EREN 17-66%,
T KBS BN, HHASPEEHERAARABFERLERRG
RUBRERBEXREEIEMNRALERRNEWH. SRRY: EFRHE
0.25-0.50W /ml {EE W, £id 1-30 min KBHEFRLE, REXWTREEZTH,
Tl RV5 M F= BT LI 20-50% 44 . BISTRMTTIE:AETRIR SVI & T T %,
TSR NRENF RS, BEGSRAZKHEKKAREARARABEENTRE. 85
Beis e B i R B Bl RS T 40 AR PR e R TR L B P A B, X R B N M A A B 7R
RYBEMEDEK, BIFFREEKNEER, AT RERERZED,
BERLEBESERELEARBERSAERERX. e, FEil. R2% A, &5
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RERFFRERZKE, BAERKEENGRE EAHERRE—LENTH. 1T
. i,

R, RTHEABLEEARRGRAEENBTRERYRELEERR, B
B WA L SCHRIRE . B R LIS IS R A B, BB F BB NFRITRE
BRI HEAT A R B, TRUIBK T R E YRR EN L R K5 REE
ity P BT FRAF 1 5 H KK SRR AARAE , Ay — 0 BT AR V5 YR HO AR o BT 72
REEIRTITAERM.

5.1 MBS

5.1.1 REeHE

FAERBRIR AT M RELE KA, %RA A%0 FHisRAE
T%, REERER S5 HMEK. BHEARE-FBHERES L, RAKD
MR IUE ISR B M B B LR F I MR RRAR, DUB RIS TR R & R At
B2 R TER I I8 P B R A A M 5 2 S R B B A e SR A

FUKER 7 T BRI L RS A TR, HURERT A4 2008 42 12 73 6 H,
HELHEFINE 5-1.

%51 FRAKEMAMR
Table 5-1 Physical and chemical characteristics of the influent

I H &R

ME (NTU) 45.6

COD (mg/D) 117
NH;*-N (mg/1) 38.8
NOyN (mg/1) 0.26

TN (mg/1) 45.0

TP (mg/D 1.9

5.1.2 R H

5121 RBEE

BRI HT NTABEBRREERAFRME, X Bhx45s. Bt
BEBEHRL=BoHER, HPHELOKEEEFEAER 20mm, KEF 135mm.
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{28 TAYEHZE 20kHz, WETHE 500-2000W, HEEESEFYER FER 2.1.2.1,
5122 RBHE |

R 5 4 SBR 4L RNEE, THERRN 101, BATEM 6h, HPBRS
4h, JiFE 2h, R 5-1. RE %KM K& 19-21C, BESE 17Vmin, DO4.0-4.2mg/l
BRI RIBEERAIFAKEL 1:1 B E B KSR & STIMA R REA8 A . ZE0
AR Z 70, BISRER 0/10. 1/104 2/104 3/10 1 4/10 HATHE A A B
2. BERRUSREABRALE R, ®EHN 26000kikg TS. HiBEHM
WERIEFEHFRE R —RIMA KRG, BZETESGE, Bxke, K
WARAHE, WESYR SVie. TSS. VSS Fl SS. ViiEsetent, B_EREBKE,
Wz COD i, HEHEASFILES-1 FHOOO. Hit, 7ERSHRET
b, S/NRE RS, WEEFH NHS-N. NOs-N. NO,-N. TN #I TP.
W X B AR AR, LIRSS IR S8 I TR B SS 7E A Ak vt o (93T
PRI 55 KK R LA -

[t |

5-1 ERGRESRILENEARITIETERER
Fig. 5-1 Schematic diagram of aeration and settling process of waste activated
sludge pretreated ultrasonically

HRFRE Y, S@mRARREREESRESEN BFRY, AMEYT
KA SRS M ER B . A BMTSRBRERR, KFFURARA>%
FHUNBEFEERTENERTE, BREW=E Yo, R-WTF:

B Z B R 5 K75 18, A ) 20 A 2 AR B BT Y 0 OB T B PR TR 9
TR, XHSBFRYHSREKH TR B E &R EKTREA KRR

-
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85 EHS RS B A AL RS YT AL

FPERY Yoy KB EEMHFRELED, OEREEKEANNBRRENZE
RIRNA:

ppotuYy VX VX

Yo Yy Q-S, QS .

RE AEHER AT HEEEKSBUNHEREERE (%); Yus IREFH
FIRFRARZEHE KA FIRMZE (mg VSS/mg COD); Yoy HRZEFF L
GFREBFERT SN OEREEAKENNERZE (mg VSS/mg COD); V
ABEEERRNFERKFRER (D; X ABSHFEREKE (ng VSSD); Q H
KA (D; St AXBRIIFENZE (mg COD/D; c HAMEALE 1.42.
5.1.2.3 SR

W sE BURERE S P 9 TSS. VSS. SS. COD. NH;*-N. NO;-N. TN. TP ik
BENEHSR OKRBKENIH7E) GEIR) 14,

VIR SV FITE 5¥%: ¥ 100ml {FRAMESET 100ml MEF T
&, WEE 30min KA B his R REERDL,

52 4R5i18

(5-2)

5.2.1 SRBERR
REPIERAENERWE 5-1 . SER R T &85 038 55 RE
AHFRDAREDFERAAUEREREEN B K. REBHEKEEN NG
¥, HRMF=RILRFIHE N 0.26 mg VSS/mg COD, X 5HFAHSIRms
GREAR . I 5-2 T, Y510 AT B A0 28 e 1 R 80 T F 1,
RPEE P TR ABARRE EK, R EINN B R E B E R
RIS, &8, B 3/10 HAEILEIMERER=FRK, X5k
RUMRGIT R EEMEDFRANEFRYRENES S RPHEYSTERY
MERBESBIFHAX. SHEMHFERSA, 26000klkg TS HAREMISRTELM
%, BARBUERIKM M B RY 5#KPHIRDHEREME R, BR%HF LYy
40 S BB B R A K R U R R AR AR R A — R, o B B R
VIR 5EMAEDNFREN A -3, XILEHRLSEWIEFREN>Z LKA
o NSRIIRWF=ERE, RELBIER=BARDT 18-28%, RUAEE
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AL BRI RVSVTE RS A R ROk D758 & . Zhang SR FBAE L
Bi54 SBR LEEISRME 91.1%, XA RLERENERERE. BAE
RS RAEEAEREMITR=BRD, BIXFRD RETE I 4
AN, Tix TR PIEE RS RS EATREREAS M. BTERT
BIR S GE T TSRS 50%ERDS, HmESH Y5 MERER 5 R
BIZExI 7= 8 R+ 5B R,
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2% 425
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o 24}
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BERRSERE RN R

Ratio of sonicated sludge volume to return sludge volume

B 52 FBIREN™ 25 REBEER R LE LT MR RE
Fig. 5-2 Relationship between observed yield and reduction efficiency with different ratio of
sonicated sludge volume to return sludge volume

5.2.2 SRMEX R ERRKI

AR A REAR T U EEERRENR KGR E, BHTRNCER
G RY AR R R R — MW, (RO AT 400 e I A B
FUATT PRLE AL T B UT P45 5 7KK BRI LASAE , LAY 478 P8 e b TR 3o i 4
ARG BRI,
522.1 A ERBE

EHERAGN COD ZRAEMENYERMEE MR, BT, FH5A
AT AR ERRFREF SR RLE TR HK COD &k, BLES53. A
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5 r

70

65 [

Effluent COD (mg/l)
3

55 -
50+
45
40 1 L 1 I} L
0.0 A 2 3 4 5
HETSR S RREREAERE

Ratio of sonicated sludge volume to return sludge volume
B 5-3 FEA R A E H ) T B9 7K COD &k
Fig. 5-3 Changes in effluent COD with different ratio of sonicated sludge
volume to return sludge volume

B R4, 76 1/10 #1 2/10 BAELLGIT, EHESRASRIHK COD B RALE
HF TR, K COD RIS MBAEERT 13.7%H 8.9% (£ 5-2) , X
AT REZEMLEL BT, B AR R RISV TN SCOD R4 T B AL+
EYBERAEKTER, NTEBHEN T BV ERERS. R, 58
IS R A A E], HK COD BIE1n, COD KAEBMETHE, KR
R EE 2 TEAER R M RHAEDA RESELRBEYTEERE TR EIFE
FRERG MK, NTIRHEIHAKR, ERXFMEMELHANELRELGT
HAEE. MK COD AR E (R 5-2), LEREH COD MERELE
52 GREAEGHAKR
Table 5-2 Characteristics of activated sludge and effluent quality

i CODER MEER NH,SNZE TNEBR VSS/SST SVITH
el R (%) (%) BE % £ (% BE (% £ (%)

0 494 93.5 94.3 25.1 — —
1/10 63.1 93.9 94.0 17.6 0.82 24.8
2/10 58.3 91.8 94.7 62.3 1.84 22.6
3/10 39.9 90.5 95.1 477 5.07 9.8

4/10 37.1 91.4 92.7 63.6 2.23 2.8
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37%-63%, XEART X T 75 ik A B 5 v 15 U 1ok B O AR UURHE 53 48 BT R ok Y
- COD £ EHWIAT 81.1%", HEFE T8 R EAT AT BE/K#K A COD #xt
BUK, U0 117Tmg/l, TIHREFHEEK COD % 692mg/l, FARKER LM
HARIEFEEGR AL PRI ERREANRS.

5222 HKMERL

R B KR AN EERR. HNMARY, BREEFKLE
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BATHEACA RS, HB K EIAEE S RAAE LFRE N m (8 5-4), &
BN MR R B B2 S 5RERBRACHRZ B, TIRRE TR/
LB ME 5-4 AT50, &AbEEIA) A K v EETE 2.7-4.3NTU, REFHAKKREE
ZANER, TRKNMEEEST 45.6NTU, EEBRRIXT 90%L L (% 5-2),
Rz BERERFRESHETRAGE S . BRLL 3/10 IR E LLEIR K s

H
T

HiKME (NTUD
Effluent turbidity (NTU)
N w

0 1 2 3 4
HAEER SRR AR
Ratio of sonicated sludge volume to return sludge volume
B 5-4 REAFELE T K ERL
Fig. 5-4 Changes in effluent turbidity with different ratio of sonicated sludge
volume to return sludge volume
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Fig. 5-5 Changes in sludge stability with different ratio of sonicated sludge
volume to return sludge volume
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Fig. 5-6 Changes in sludge volume index with different ratio of sonicated
sludge volume to return sludge volume
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Fig. 5-7 Nitrogen degradation and transformation in activated sludge system with different
ratio of sonicated sludge volume to return sludge volume
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Fig 6-1 Schematic diagram of activated sludge treated by ultrasound
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A #62.35 JU/ton WAS. M/ MEFERRENETFRAS T, BEERAETEHR
HIRRA B EN . R0, SEFEAENE SKERITEEMT, BERLE
JEHIE R AR R A M S R UKAEF AR EAMUEE.
Dewil &b 4047 T 88 75 i A L BAR 875 1B AL FR AL B BT SM A 38 n0.27€/h, {B
ERHIMHEFHERT S EEH.

ZhangZ PV 3/14 0355 TR 7E120 kwkg DS HIABATHE F4EA 15min, M
SBREAL F IS TR EI 1%, BLEHFERMBAAEREH3.21 kwiym®s HAEY,
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LI KEER B35, RR20084 R4 Tk A BN E0.6 7T/ B i
B, M1.9627t/M. BRISRBMEIO%NLL L, HAHRBEARS. 520074E M5
KA B A 2372970/, NERMBAEA AR EKLCERAK
81%. BIR, NeisHFF/NAKAEHE B AEFEMEZE0.11 kwh/kg, X ERMTHE A4,
BB R BN A EA0.95 /ton WAS, IX7E SRT 15K AL R AR
ERREUEZN.

6.5 &

BEEREEEA LR SRS, TRABRMLCENEZDET . £
BHR, KRB AEEBN T RESRGRWELEY, REEREATIREERMN
ik tERE, BAOBRSE, FERGFRREECERMBHESE. 5—F
T, 9 | AR A B o RE B A A B AL B e e AT R SR A N B IR R 45 4
ERGRMENEZ D, VIREaEE, FRESROBUKERE, B, SREd
BB AL B TR T o AR 5 YRt RE T W Ja SR A B AR R % T M S RO ST R
BRARBEEFEAREGN TERAE, BRAFHAZEKN, KFRAKA
BE, MHELSMHUNATEGHEERELETE. S8, RAESEEAR
Bt BERH P EFRER—HRBULER, EAFEFRMERARANNE. B
EEFEBEARNTRRANER, £RTSH. LEEEMGEREACEA R
HR, FZABRRTEREZNARAAR, MRRARERF TEEX LHNH
AL EA
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BI1E SFiL5EYE

BTE SRERE

HAl, BRI EEERAFETER. SKER. FEA. BAKRENENY
BENEKERE, ERERABLERNEKEBTEFHMELS. HBRRISE
SEERTREER RN T X A B RE, ARURK. PUE. HETm2
FrEERREN B, REFRKGREFETLENTERE, TR HEHRE
HIFIRTGRABKTZ. REHEU T A ELBFERI T ZF R ER MK
EHE, HERMTASRAHRRENT:

7.1 FRIAREEL IR

O BEFEBFREEGRLIES, BRTHRESEHMARE, F5RP
BRI, £ SCOD. HE. BRUEYR. AR SENTHEAS
B RITREE B FIBOR KNI R K /MR D » XL AR
WEHEREKBTNANESEERD, SEERERH EE MM, B AN
MRS REYRZMIZRITEE R EERMENEERE,

MERBUFHERRURERE, FEGROBERLEEETRINE.
EFE—WR, HEAREET 1000 ki/kg TS #f, BEKBMBEK TIEREKSE
M, BE TSR, EiXEEEERNE AR RS R E s N
HRBYIR. 1000 ki/kg TS REFF RIS E _ LEBR L ERRREE, *
EYTFEH FELE 45min BB AL IR 18.6%, M LERME T 43.7%. &8
ZhrE, BEERERT 5000 kkg TS, HRNBBMNANBBRBNHERAEE.
BRRXEEERBERDFR AN INMRESYTER T FROTEEEE
., BREEFANERTEEY R EEEAEL, BT SCOD, HiiHb 5%k
B, MAEXERNEREEKTE T AEEREML, 26000 kg TS ARETE
Wi TS e M B BE B KR .

O BEWBEBSRAGRNEAKERTETEENER, XHEHRAT
HEREXD, SMNEFRBEKTEETRRARNBKER. BEBSEEMEM,
ARERRKRIEWGRERBMITE, LB KRR EUENEEERML, &
BL#EYS 8 CST M SRF SE F M5 & . KT, 1KAEEBAS B BB RBA Y
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fE, MmEERER REBLTSRMKIER, 800 kikg TS £ itE B KMERER &
fEREE, V5 CST 1 SRF 2 FIRFTFRALHE T & 11.8%F 44.7%, HHIERHI&
KEFD 34%. BEHATEGR S EPS 4 BN MBI REKEER
KUK ERIRER, MXNMREESREFTET BEN EPS §EMFAAR
i

BIREEEARSERAKALER BN ERALEARE BERET
TeRIBKERE. HIXPF TN, REFNFEERKBN RS EERN, M8
B R TRIR T R BB R . ,

@ BEFERAEEERREFRIREHE MR, BRETHSTENSEEN
{ertE), FEREEBAREREM, FRABAERRESEE. NELEEN
pH 71 ORP ALK E , i 75 i AL FR V5 TR R TE A B Be A il BB R AL R A % R V5
R4 13d 24 . BE KA EFKFRNASTELREHFERELLSEY
BARCEFRAIE, 26000 kl/kg TS F1 35000 ki/kg TS HiBF B FHES S8
BTHRACE S RIEM T 24.1%F 31.9%. ERHBSTERANE od B, 26000
kJ/kg TS F1 35000 ki/kg TS I Rt B A S F=BE X RAHE > FEM T 52%
M 68%. MEEELEIBUTETELN SCOD 48, HRREAHUNASTE
A2 B SCOD ¥ AT 3.

@ BERAENFRGRIIEESRRAENLERENRSEHET LY
WK, FERIE: H—, EFKLENBRGREECESDEGEE R
DIERE, HREN=ERDLN 18-28%, TiHAELFIK, FRRER
E#e:, B, ARLELEAMERYER RIFHTMEER, EE 1/10. 210
A 3/10 eERELFIRT, 5T SVI AT RAEIIF T, 25 THT 24.8%.22.6%
9.8%, BRXMERMBEEAFRAPHRE-=LEELEW; H=, 1/10 f12/10
A P U A L B R VR VS TR R G 7K COD BT F %, Bt — S HindB i
SHSRFIALERF], Hk COD B EiN, COD MEBRBE TR, ERRIBER
/Mo BFFFALEFEK COD ¥7E 100mg/ B75 K HMARMELL A, BT COD 38
BT A K BF= A S R . & AR ER I8 i KRR R HIE T 90%LL L,
L 3/10 BIACER LU B K o B S R B AR 985 0 A8 7 o A R b A5 L R A T B
KT HKmE, BXHFEHEBHEKEEHBAREE; 10U, 3/10 KBHEREAAELL
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Bistis B NI EEE R KR, VSS/SS X BB A>T 5.07%, Hig, ik
EELBITF, BEBEERERARENEFRRYEANARIE: KA, EFAR
MIALEEEL B, 2/10. 3/10 F1 4/10 AL B A SR R R E B A = H 22%LL L,
EESHABEEHTRNER. B, ERSLES, BATHENTIMNE
AETRE, HEME S EREEEE RO L F T, EERAERLT
REB R G HIREAE RE .

7.2 FRICH SRR 5 AUHT

O ABARBEEARBEALEGRNEAMER, BERHTAELIHEMN
e fE) AT R RO PR S S 4% DA R B R B R B B R R B R R Sk B A
BABGREE, URRTSKERLEYNE.

@ ABHEME R ARG R T 2| R AN TR, Fi5%k
BALAFE AR AL TE Sy TR I R4, SRET X A B xS PR i K  BE A A FE T SR BIHR
BIVR, RAZHATHRRTEMSFR, BT BRI ERE KR
.

@ KBREWGREFEWBESHNERALE., REABULIEMFABRT
TZHENEER, NETHER EABEETCENGREEABR T ZHNEW, B
HF RGBT RMEFE 2T, ST PP S B ROREG R E R
BABRER

7.3 IREE

ARICEBERBREEERE 3 M LIZEEENESS, MIRgERKN,
REERBF WA ERE LXE TSR, FREALERE. REMHLERE
PLRSCELS e 8, T EENIE M T SRR ENERERMEMS, B
BERERNSEEGRALFLEZR ERER. SRBEFEERETS
ERREHUENSREE, HEFBMTHROVESEMBE K. B, &
HERNEFETABFREGROL A EESRRIEFEFRER.

REBARERA EAFRENRBNEFER, BREFEMERET N AR
FEEREAR. BTHRERAARMK, SHERAERAML, MATFEELE
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EALTI R AR, BN HMERK, SFRARH, LTS
EREBESHLLBETE. BN, STESRASRMBERNBEN, B8R
BB E MR ERASEEE RS 2BRANARAE, XEERE,
BUMBIE 2. S TRYS LR TNR, ERTSE. LEEE MK
CFARBRAHE R, FESHE ARG, RN RRRABRIGLA
KB, M2 ABRBTLREIMELHR, MERANEETEE X LHERLE
EARERER.
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1. B 1-1 BB RESHRER
Fig. 1-1 Basic components of sewage sludge
2. B 1-2 LA RAA T RERBE AT &
Fig. 1-2 Utilization proportions of several technologies for sewage sludge disposal in China

3. B 13 BARERBMRTHEERTATR
Fig. 1-3 Transmission of ultrasound in liquor and the process of cavitation
4. BH14 HBRASISHRER
Fig. 1-4 Sketch for water distribution in studge
5. B 1-5 HR&R
Fig. 1-5 Technological route
6. B2-1 BRELREBFERENR
Fig.2-1 Improved ultrasonic experimental setup
7. B 22 BERESFRAN RS RERENZR
Fig. 2-2 Effects of ultrasonic energy and duration of ultrasonication on sludge temperature
8. M 2-3 EFE ARG RITE K E T
Fig. 2-3 Effect of ultrasonic energy on sludge settling velocity
9. B 2-4 BAREXNTGIR LERRERZ
Fig. 2-4 Effect of ultrasonic energy on sludge supernatant turbidity
10. B 2-5 # S RE RIS YR BURLR /N A (9 B
Fig. 2-5 Effect of ultrasonic energy on sludge particle size distribution
11. B 2-6 EEEEEBXFRABA /N1 108
Fig. 2-6 Effect of ultrasonic energy on particle size distribution of sludge
12. B 2.7 BERENGERTEADSENEH
Fig. 2-7 Effect of ultrasonic energy on the mass composition of sludge
13. B 2-8 AFEI5HEM 100 ERUBERS
Fig. 2-8 Photomicrographs of the treated and untreated sludge
14. B 2-9 @AEREENTGREMAY COD FBMEW (k)/kg TS)
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Fig. 2-9 Effect of ultrasonic energy on the soluble COD of sludge (kJ/kg TS)

B 2-10 BFRENEREAENHEATENEW

Fig. 2-10 Effect of ultrasonic energy on ammonium nitrogen and nitrate nitrogen content
B 2-11 EFGERNIREYEENRM

Fig. 2-11 Effect of ultrasonic energy on extracellular polymeric substances

P 2-12 {5 YRR /NI R R

Fig. 2-12 Particle size as a function of sludge settling velocity

B 2-13 BRI AR5 e LB R BE )

Fig. 2-13 Particle size as a function of sludge supernatant turbidity

F 2-14 HIAMN B W35 e _LIR W B g S

Fig. 2-14 Extracellular polymeric substances as a function of sludge supernatant turbidity
Bl 2-15 AR S PIRTE T L R A

Fig. 2-15 Extracellular polymeric substances as a function of sludge supernatant turbidity
3-1 {5 YR B4 Pk i 1) 305 B

Fig.3-1 Schematic representation of CST apparatus

K32 HHEMRKER

Fig. 3-2 Experimental set-up for SRF measurement

Bl 3-3 A SR B A EE R RT5 TR KB R K N E3EL

Fig. 1 Capillary suction time of excess sludge with ultrasound and polymer co-conditioning
&l 3-4 B I 5 B R KO BRI R V5 VR I B AR R K A 11 2R AL

Fig. 3-4 Specific resistance of filtration of excess sludge with ultrasound and polymer
co-conditioning

3-5 A RABRRIGR T

Fig. 3-5 Drying curves of excess sludge conditioned with different energy dosages

& 3-6 BAEBCE B RTTRAERMYURL KT T KK 516

Fig. 3-6 Water distribution of the sonicated sludge by two mechanical separation methods
B 3-7 AR LSRRGS KZHE R

Fig. 3-7 Effect of ultrasonic energy on water content of digested sludge

B 3-8 EAREEXTHLITIE BTN EEW

Fig. 3-8 Effect of ultrasonic energy on capillary suction time of digested sludge
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29.

30.
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36.

37.

38.

39.
40.

41.

42.

Bl 39 BAEREXER LETRAREMRENEW
Fig. 3-9 Effect of ultrasonic energy on EPS concentration in the sludge supernatant

B 3-10 AMREY & BXFRMKIE M
Fig. 3-10 Effect of supernatant EPS concentration on sludge dewaterability

B 3-11 fAMREY & BEXNTSRAKS At

Fig. 3-11 Effect of supernatant EPS concentration on water distribution of sludge

B 3-12 FRIGRLE S EAE ERBR KPR

Fig. 3-12 Changes in particle size of sludge following ultrasound conditioning

Bl 3-13 BUKLK/RS JE Kt RERI

Fig. 3-13 Effect of particle size on sludge dewaterability

Bl 3-14 FURLR AR 15 IK S SR

Fig. 3-14 Effect of particle size on water distribution of sludge

B 4-1 BRPEREHIEE

Fig. 4-1 Experimental set-up for anaerobic sludge digestion

B 42 BERENHKAEESREREH LIRS pH MELTR B Em
Fig. 4-2 The time course of pH and oxidation reduction potential as the function of energy of
ultrasonic pretreatment of WAS during anaerobic digestion

4-3 EAEREENFKFEETRREE LR RENEW

Fig. 4-3 Effect of uitrasonic energy on basicity of sludge during anaerobic digestion

B 44 BAEGRENFRELSRREHLTES B ABY AL W

Fig. 4-4 Effect of ultrasonic energy on the mass composition of sludge during anaerobic
digestion

B 4-5 A REEXN R KRGS RREMHTEPEBE COD KM

Fig. 4-5 Effect of ultrasonic energy on SCOD of sludge during anaerobic digestion

B 4-6 EFGEENBEKXEESREREABAIETERSIENEE

Fig. 4-6 Effect of ultrasonic energy on nitrogen content of sludge during anaerobic digestion
B 4.7 BERENFREEGREREHCIETHEENEZ®T

Fig. 4-7 Effect of ultrasonic energy on total phosphor content of sludge during anaerobic
digestion

E4-8 BAEEENBKFEESRRAHAIETES~ENER
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43.

45.

46.

47.

48.

49.

50.

S1.

53.

Fig. 4-8 The time course of biogas production as the function of energy of ultrasonic
pretreatment of WAS during anaerobic digestion

B 49 BEEENFRESRRENUBS=ENER

Fig. 4-9 Effect of ultrasonic energy on biogas production of sludge during anaerobic
digestion

B 4-10 BEREENFKFE G RE REHE LR IE R BB AR [ &5

Fig. 4-10 Effect of ultrasonic energy on capillary suction time of sludge during anaerobic
digestion

B 5-1 EHERESEFAENEMRSTIRIRTER

Fig. 5-1 Schematic diagram of aeration and settling process of waste activated sludge
pretreated ultrasonically

H 52 HREN=ESHEREERNFLE LH T OELME

Fig. 5-2 Relationship between observed yield and reduction efficiency with different ratio of
sonicated sludge volume to return sludge volume

A 5-3 EARRAE AT # K COD 24k

Fig. 5-3 Changes in effluent COD with different ratio of sonicated sludge volume to return
sludge volume

B 54 AREAER AT B H K s EERR

Fig. 5-4 Changes in effluent turbidity with different ratio of sonicated sludge volume to
return sludge volume

B 5-5 TRAZELHITHEREE TN

Fig. 5-5 Changes in sludge stability with different ratio of sonicated sludge volume to return
sludge volume

B 5-6 TFACE AT s R UIHEtE AL (L

Fig. 5-6 Changes in sludge volume index with different ratio of sonicated sludge volume to
return sludge volume

M 5-7 ARVGRAE LS TEEBR ARG T R REREERK

Fig. 5-7 Nitrogen degradation and transformation in activated sludge system with different
ratio of sonicated sludge volume to return sludge volume

B 61 BAEERERTERER
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Fig 6-1 Schematic diagram of activated sludge treated by ultrasound
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Uit
423 RB)

1. & 1-1 BiEKAER 5 MEAELNE R
Table 1-1 Physical-chemical characteristics of sludge from municipal wastewater treatment
plant
2. 21 HREFBELHR
Table 2-1 Characteristics of the initial sludge sample
3. R 22 BARE GBI LHN
Table 2-2 Practical power of ultrasonic apparatus during sludge treatment
4. 23 EERESEREBASERAXEI T
Table 2-3 Correlation analysis of Es and physical-chemical characteristics of sludge
5. & 3-1 FRGREEELENBAERZL
Table 3-1 Sludge dewatering characteristics following ultrasonic conditioning
6. & 4-1 FREFEMR
Table 4-1 Characteristics of the initial sludge sample
7. R 42 BERENFRKERGSREEZRABAIENEIVASENEM
Table 4-2 Effect of ultrasonic energy on organic matter content of sludge after digestion
8. ®5-1 FUKEILHER
Table 5-1 Physical and chemical characteristics of the influent
9. £ 5-2 HHRAFHE S HAKKE

Table 5-2 Characteristics of activated sludge and effluent quality
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M4D

CST
SRF
sV
TS
VS

VSS
COD
TCOD
SCOD
dp25
dp50
dp75
dp90
Es
EPS

o9& 5]
40 F R K B (8] Capillary suction time
1SR R Specific resistance of filtration
UTREE & Settling Velocity
B E Total solids
FERMEE & Volatile solids
R Total dissolved solids
RIERMERFE A Volatile suspended solids
¥ REE Chemical oxygen demand
BILETLE Total chemical oxygen demand
BRELEREE Soluble chemical oxygen demand
25%HTH R AR Cut diameter of 25% volume
50% M IR E 2 Cut diameter of 50% volume
T5% AR ER Cut diameter of 75% volume
90%HIHBRER Cut diameter of 90% volume
HBEREE Specific energy
AN RED Extracellular polymeric substances
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ERXRESMEEBRBERB LIS THILTHM . ARIIHIEE. LR,
BEEMEREHIHME T SIMELAOM . SITxZAFROAE SHEHE
4%, WEKFREENRFESE, ASE6E. REUHEREBNKNBEER
BHBSREGRH.

VTR ES, FRERERRZIMAXIILEN. B0 8H 152
XTI AR A BORZ I T R TRE T RESHHB, M
KIBYHKRAEE FERIE KRG RAERNED, El—HFRAELHR
. ALWEMARE. /Rbfh. RER. BE. 98, THE. LR, B
PREIVIIFR X A R A e TR S MR WAMFR), RIFNEET —1ER.
R HSKLRIAEE, RIFMIERFRBHER EF. B AFFRXAFEHF
BB =R, REOHB IR,

FAHEBRHROETIS), ZFEREERE. FIMIIETRBIBRABTE
R, RARKIFH BRI A (ERIRF SE G 1830, B RN R E R EE
XEMERRE. WRHRBERAZRILTFHD, REREELHE L R RET
HHEN, fTRERY. BREN—VINESNNE, REOBREMRFERE
KEISH. BBRECHRXE, BHEMNSERNROFENETZR. ATR
T, RIMEEAN, 37E—4, BUET 28100, BERIGFERH, &
BERMESR. BiSROEERHE TRER LREBRRL, FIRRMER
REBRAKOE.

BE, BUOBHSMAREIOPASERNES L EREEERTFHHEFE
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