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Tab.1 Content of different sludge characteristics
[1,5-6]

indicators
S PERVER AR AL KR53 I
538 % 538 % 538 %
FUNIRER/ A 60 ~90 60 ~ 80 20 ~40
TS PETS IR 60 ~ 88 61 ~75 25 ~39
A5 30 ~60 30 ~60 40 ~70

15 EEL A PR A TCHUURL 41 3 B A
PRSFL R, A e EE I 20 R EEA L
Yy s IRl 30 35 A R R AR ) S R R
BRATE R A TR . R2 HT5RMEA
S A

xk2 FRENBSEN
Tab.2 Organic ingredients of sludge
57 firk Pt

s Koy EAR o ti] e FHR RIE
iy

20 11 6 3 1 19
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M2 ATRUE b, 15 Je b A —2 R [ RS aT
FMARAIE 150N R B RIE S, A
A BRI SR L SR R A, AN T 2 4 2L
ESTI SRR L/ U NN 3 T N7
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[l A Sh 8 X 15 R R AR A AL BHEAT T IR
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TERRHH , PRAEA I C 218 Ak B e i) £ 505
L AN HE A TR A B AP HEE , DA AT o5 Y
A5 RAL BT 35 1 B 153 3 0 67% (64% (97 % il

65% " . fEHA K ZHE KA B R R A K
R b 5 R HLT 4F e H AR #4995 U8 & I T 2 A
HE— A0, U0 3 LB 45 1B K R AT PR A
b FEHEAT B R AR 1 B 25 R 1
R IA] /Nt 25, SR D o i DR 4R TR A b ) 80
WAEHE N .

U T PR R BB AR TE 15 e BE IR AL 5 T i A
R EM 20 2RI UG 22 1R AT EOR AL 1 TS
KITVGPE. 33 FIAIEMT T IR IR G AR
15K AR BEa TSR a3 ATk E ik
TG AN PR T3 U8 DR 48 S 8 rh 3 v T A (VS) &
B B 7 R A ARG 3 T i b TR
W A L) IR 3 A7 A T 15 U8 AR 40 P T
T U8 B (10 20060 R 0 40 i B ot A ML) o AT TR AR
VR 0 S E50E CAE  BT 4  H) AK AR T Y
AL K S R A, DA T BR ] T 815 R IR AR &
W R PO K R . SATHE S AT T e R R
ARSI 5, 45 SR I, B 5 8 (K% 96% ~
97% ) TR 8K 0.2 L/g AL 495 TR A I 7= <
B 34.5% (35 P HIE R4 0.58 L/g);
Battimelli 25" ) BF 5 1 22 B, 75 9 DR 46031 1k 19
COD Z2[RFAL N 38% . g fifp phe 3 26 ] 151, ] JA 32
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PEBEN o AR XIS U8 PR 48 2k TR A T i i Ak B 5 K
TET5 Y PR 48, Sz I v B0 10 A JLAE A 18 2 F, HL
Xt AN [l A 90 4k 8y 2K A L A S Bl = 4 i Y
FEBEFIIC R PR A SO AS ) of 2 95 8 39 4k 38 5
VETETS Ve DR AR K AR FH IS FR % HE o 95 908 B Ak 1 S
AR5 MR 45 D T AT 255, 5 AE R I TG I T AL B
Kt m TG e IR A & PR RE A SR IR AL Bl 2 1 = %
e
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Tab.3 Sludge mesophilic anaerobic fermentation parameters and indexes in some wastewater treatment plants

FERVEEE  BACAPLE R SRR e ffir/ AU ‘
ST i FRESE/ %/ (m’ kg™t SdE/(w’em 7)) (kgemTedT)  BEfRR/% 2
ERAEY A 7.1~7.4 0. 807 1.21 33.5~70.1 [12-13]
F A 6.5~7.5 30 ~39 8.5 1.08 24 [14]
RHEARRB 55 7~8 30 ~45 [15-17]
T F 6.5~7.5 50 6~10 1.0~2.0 30 ~50 [18]
KN =4 7.0~7.5 40 ~45 0.75 40 ~45 [15]
KRN EH7 12. 14 [19]
Jb R 5.9~7.5 50 8.2 36 [15-16]
bt /her] 70 0.93 51.6 [20-21]
BUH Dy £ 6.6~7.2 7~9 30 [16,22]
WO ET] 40 0.50 ~0. 68 4.5~6.0 45 [23]
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(SRR SRR B RTS8 S AR5 ) B AL 24 i e SR 5 O o
RO W 2 BB 235 4 B O A B 5 1 B 2 5 A Y
KT WL e LB S I T A2 32 20 A L 490 1
fifto AL FTIAEHE 3 B AL 515 Ve B b 3R 35 P R
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Tab.4 Comparison of treatment effect of chemical pretreatments

b2k TR Ab 37 5t/ (COD/TS) RETE Jib AR EZ PN
RAT5IR 0.1g/g #3k,33C H = hE il 110 4% % 220 mL/SCOD( +100% ) [25]
i eERA 0.1¢/g FR e 7= e 1 82 42 %8 173 mL/SCOD( +110% ) [26]
G RERI 0.15g/¢g AR 150 425 % 367 mL/gSCOD( +145% ) [27]
O, Tk 38 R 0.05 g/g 2Rat,35C TS LR 31% $285 % 59% ( +90% ) (28]
R ERER 0.045 ¢/g 41R=,35C TS LBR#ik 85% [28]
TSR 0.16 ¢/g 41R,35°C COD LB 38% $215 % 58% ( +53% ) [10]
b 15 ¢/L e 7= A 16% [29]
HALTE TR 2¢/g IR COD EBRHH 52.2% 22 70. 1% ( +34% ) [30]
H, 0, AL 3 RATER 2¢/g 4IRS0 COD KRR 52. 2% I5E 74.6% ( +43%)  [30]
Pl 43150 0.07 ¢/g 1] S g L H e i B I 75% , VS KBRFRIE N 57% [31]
TS 0.3 g/g(NaOH 1) fit=t,37°C COD %54k 32% $ & 42% ( +31% ) [32]
HEME 7 ¢/L(NaOH i} ik,37°C AR 3657 ml/L %% 5037 mL/L [33]
TEHETS R 7 ¢/L(NaOH ) 82 ,37°C FR o = 1 290 mL/g 3285 % 520 mL/g [34]
T AL FR T 1.6 g/L(NaOH i) it ,35C VS ZBRFHER T 94% [35]
HEHESE 1,65 &/L(KOH i) ,pH: 10 #t=,35C WA R 30% [29]
TGP 1,65 ¢/L(KOH if) ,pH: 10 4k 35C H o7 ikl 88 mL/SCOD #2525 % 154 ml/g [29]
.11 I5iend A EE il T #5 NaOH (KOH Mg ( OH), #1 Ca(OH), (pH

15 VR IR FUAL B AT bS5 YR M AN A 15 TR T
AR B 26 P R4 1400 TR P 7K e 5 T 5 RS
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T DR AR R el AR 7 A F TR S, Jeongsik ™
S5 3 17 5 U RIS R 19 NaOHL [ F 55 2 W1
HIR R (35°C) , V5 IR F AR COD 5Bl NaOH 4%
T 4 9 B 4 05 24 NaOH 5 hidt g 7 o/L i,
COD R I 1o (43. 2% ) 78 5 22 1 DR AR % et A
B e i SR T S PR A HE, A 36. 6 L/m’ 4R
EE41.5 Lm’ . AN, I 5T 30 A TR 4% A
PTG PRI BE R R BEAT T 6F FL A, 4% SR e Wl e

B 5 & 12), ffi SCOD 43 j 42 & T 39.8% .
36.6% .10. 8% F1 15. 3% , i A X F bk, — 11
Bl BRSO B4 5 RN P A 25 450 B S M T IE 52
SIS UE W] T NaOH  KOH ) il BE R R 8¢ Ca(OH),
U HARTG URBR AL BE AT 4R Y5 U AV T, A
15V PR TH A i, (H 2 2 & 1) BN in it 25 14
R hEh B e B, (1575 U8 5 S A SE R B ey
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‘H pH BRI HE L,
3.1.2 {5l RAE AL HE

FUE BA R AR TE , R AT T U8 T AR 4 i
JHRE (L), A5 L P By % fie %) A AL 400 Jo e il 3 e 4



190 KAk MO ¥ R

2014 4

HRAFEG B BN, IR0, 4 I E A2 A%
2 (DNA) AZHEZER (RNA) (35 5 s B2 Fn 2 b
SR TR W5 8k L WA (0 /N o 7 0 5, AN
P 5 V5 e DR A R I 7K fif ok 30 R A 8 R A R AL E o
H il A5 e R AR AL BEX V5 TR IR Ak
P B AH A I IR AN 58 22 , AT e A2 i T 5L 4R 1 7 1
DAERS ], — B O, i &, 5 U i 8 43 m]
VP oK S T SR, 1 A HLA R T S A 1
TR, AT S5 8 1) R AR R PR R S ELIE 041
S SR A PR R T 8 s T TR LA R KR AR
BEA A7 L B B R Ts e i VG e e
AL BEER , T 5 R A AL B iE 2, R
AN PR R AR R BEIDE A AL B L 28 iR 15 TR WAL #L s
TG BR IR 48 B 1 — b A 2% 07 K% . Bougrier
SIS T SRR UL B 15 YR B Y5 e R AR R I
e R R AL (58 0. 16 ¢/g 5
Ve) BT5 R r=Aoam G R (R G T #EV5 R ) /Y
2.25 1% iRl , Weemaes 2512 i flE Sz, 5L 42 Tl Ak B
Ja (CRErE R A VE R HT 0. 16 g B4R 15 e TR <™
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T5 LA A B AR G 5 U8 EPS AR | ki 95
Per= ML REA I H A AL BT K
3.1.3 598 H,0, Hikb Bk

H, 0, 4 fbtas , AR FRICR 5 AL eS8
PRLER 5 3] T 84 i 0 . BF9E BoR, 5 R 4
H,0,(2 ¢/g) Wkk B , H: SCOD Fridfes 735% ™ .

i H, 0, Pl ik B o 5 fofle L A LA A 45 ek
By A B, B H, O, AR BEXHS I R 4 %
T (5 IR BRI AR 2 404
3.2 SiRRELBYMETLEEL

15 U R 48 R T B TUAL B 2 R4 g — 2
BAATRE R Ao e i 2 (B PR T4 %)
VEFR TS5 U8, B IR 175 U8 14 40 i B 88 0 1 00 J5 , £
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Tab.5 Effects of different temperatures on anaerobic digestion performance of different kinds of sludge anaerobic

T5IeFPE Rb 3R EE (B ] KETZ JUBLIEY €S EZ PN
70°C ,7 d #k,37°C e = e 42 e 26% [42]
70°C ,7 d HtL,55C e AR 1 [42]
70°C,9 h k=t ,55C PETHATH 58% [43]
180°C ,60 min #=,37C H ot = i 42 i 90% [32]
ke 170°C .60 min st 35 T R 45% [29]
170%C ,30 min iy B e i 4 i 50% [44]
170°C ,30 min 4Rx,35C H e 4 51% [45]
170°C ,30 min e it 4 PE RS 40% ~50% [46]
70%C ,4 d #t=L,37°C Hbi - i m 16% [42]
- 70°C ,7 d Ht=,55C H ot i 42 5 86% [42]
DTS 70 2 d 4k, 55C 7= 4 5 48% [47]
50 ~65C,2 d 2R ,35C B e i 4 i 25% [48]

3.2.1 {5 piab # L MBS A T SR SN, T 58 h A s A E A MR

S A AR A5 90 H 4 240 A 52 PR i

L SR T (R 2 B 1 i PR B G S
TR, ST 72 R R 52 HK 8, 4 25 75 Ve K i ik %
il 5 YRR AR R L RE .

VP25 B A RTRAL B (60 ~270°C ) %95 J8 K4
KRR 7 A T IR A ST, 9 45 R 4
T U8 P B 4 35 BLIE A 165 ~ 180°C 1T
Li 27 76 170°C F Higk FEI5 I8 30 ~ 60 min JiF , #E1F
UK A KBS , R BI5 U8 VS EBR ik 60% ;{5
Dwyeret 21 fF 53 % B, 24 T 4b B IEL E y 170 ~
190°C I}, EBARIE I T T 4tk 400 e 3 LV g 7
FEA B AR, X AT RE S BT 170 ~ 190°C B H i

SR DR RAAER T PRAE™ FR B P E 2 [ B 525
G A S R AL B 1 DA K B A R
11 THESE, A R FAAE B AT DIA 2R i ™ Y
AE T 5 1 I PRy v it 2 AR 1 ) 1 A T 8 rp o
Joe B TG 1 AT 2 J AR (07 S0 T IR A i R A
B AR P, 7E Sl A S BORAE, TR T A SR
PRUHEHE s 55— 7 T AL B 0 T V5 e v k43
ALY AT 2 i B e HL T AT RE T . R AR
A B AT LAAT SR R R 0100 R K i B v DR A A I
BRI AR 35 5% 8 IR (120 ~ 150°C) Fidh 7
g SR RE AL BRI A, — R T5 KIS TRAL BT AN 5
AL, ELAN g, RS2 P B A — e PR
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SCOD H &b H R 19 50 mg/L 42 55 £ 2 500 mg/L,
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R [E) 45 4 63. 6% , VS 1) L BRI 45. 8% 15
] 50.3% o Xu 25 B AF 7t 2 B, 8 7 3l 991k 1
G IR AR SRS T 7% ~8%

SVEEET NS, R A R 75 I Ak 3 e
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53576 EPS K B 1A 210 o 5 R 550 S [B] A 4 B 56 R A
T b, SEE R HTRE S A% 41 kHz, Zb 3
BE] Ry 7.5 ~ 150 min, 25 552 | Bk Je i i) (1)
ALHL A EPS [ K A%, (HT5 Je HH ) SCOD & &k
A B AR AL, 16 BA V5 e oA 1A 40 i B () R B 4T
W, SAE A BTHE A 30 .60 A1 150 min B, SCOD & &
Ay ARE T 4. 7% 13, 1% F1 23. 7% , X 3 B K i ]
P AL RS M T T TS U B A 0, TR T
AP, Li 20 [ S0 26 W75 U8 il A e 13 bt
R ERE . Z5 BTk, BAR TS U8 A I Ak
BLEA AT A G G el R i b PR TR AR
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AL FRAE SRR R B e
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Tab. 6 Effects of different ultrasonic pretreatments on anaerobic digestion of sewage sludge

TGRS A P S IRATH AR VISLIVES EZ PN
8 000 kJ/kg,31 kHz CSTR,37°C VS J: BRI 31% [64]
6250 kJ/kg,20 kHz ] B S8 ,35°C BRI 51% [65]
Fl 2158 20 kHz,200 W,30 min #,37C AR RS 138% [66]
200 W,9 kHz,30 min =,36C VS Hle =ik iy 210 mL/g 4525 % 345 ml/g [67]
3.6 kW,31 kHz CSTR,37°C VS LB 45. 8% 12 E 50.3% ( +9% ) [68]
13.7 W/em? ,20 kHz,60 s CSTR,35°C AN 45% [69]
RAT5 20 kHz,180 W ,60 s #3L,35C WA RIRTE 24% [70]
41 kHz,150 min CSTR,35°C VS BREH 21. 5% 5% 33. 7% ( +36% ) [71]
20 kHz,0. 33 W/mL,20 min = ,35C TS Hber=H i 200. 2 mL/g $275 % 408. 8 mL/g [72]
20 kHz,7 000 ~ 15 000 kJ/kg #,35C Bt = 3t vy 40% [73]
EPETG U 20 kHz,108 000 kJ/kg #t,37°C TS BART 84% [74]
20 kHz,9 690 kJ/kg #t=L,36C TSR LT 44% [75]
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KA R Eskicioglu 257 HEAT T 15 YR Gk
AL BESEES  BF 5% & BAE 50 ~ 96°C i, H X} K4 F
VS K A E 5 T VR I T A B A AR [R], R & 3R
B A O 5 (ELAE S5 S i DR AR R RSB b, R
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Tab.7 Effects of bio-pretreatments on anaerobic digestion of sewage sludge
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Abstract: With the widely use of biological wastewater treatment, a large number of sewage sludge (SS)
was produced in the process. The treatment of SS has become a major challenge for wastewater treatment
plants. Landfill and incineration as traditional methods of sludge treatment not only pollute the
environment but also consume a lot of energy. Anaerobic digestion as a sustainable sludge treatment
method benefits environmental protection and energy saving. However, traditional anaerobic digestion of
sludge treatment has the characters of low efficiency, poor biodegradability and long residence time.
Therefore, in order to improve the efficiency of anaerobic digestion of SS, the pretreatments are paid more
and more attention. According to the physical and chemical properties and the anaerobic digestion of
sludge characteristics, this study assessments the different mechanisms of various sludge pretreatment
methods. Simultaneously, different types of sludge pretreatment were classified. And the effects of
different types of sludge pretreatment on the characteristics of anaerobic digestion of sludge were compared
further. Moreover, the influence factors of different sludge anaerobic digestion treatment were evaluated
deeply. Besides, the problems of anaerobic sludge digestion and the direction for the future development
of anaerobic sludge digestion were briefly analyzed.
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