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Enhancing Sludge Autolysis Reduction Technology by
Combination of Ozone and Mechanical Crushing
ZHANG Qilei, YU Zhuoyang, WANG Li, SHAO Weimin, ZENG Ming, WANG Chang
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Abstract: Based on the concept of in-situ treatment of excess sludge, a set of experimental equipment for mechanical mix-
ing, ozone and biochemical treatment was established, which used the ozone and mechanical crushing to strengthen sludge
pyrolysis and autolysis to rapidly release intracellular organic substances. By changing the speed of the agitator, ozone mass
concentration, ozone dosage and action time, and analyzing the changes of organic matter, total nitrogen mass concentration
and total phosphorus mass concentration in the original excess sludge, the influence of various factors on the fragmentation,
decomposition of excess sludge and the effect of combination methods on the reduction of excess sludge were investigated.
The results showed that the best effect of sludge cytolysis was achieved with the six-blade disc turbines speed of 800 r/min,
the ozone inlet volume of 1.6 L/min, the ozone concentration of 39 mg/L and the sludge treatment time of 30 minutes, that
is, when the ozone dosage was 110 mg/g (relative to mixed liquor suspended solids). At this time, the activated sludge
autolysis efficiency was 42.36%. Compared with ozone alone and mechanical crushing, the activated sludge autolysis effi-
ciency was increased by 13.76% and 36.47%, respectively. Moreover, when ozone was combined with mechanical crushing,
the soluble chemical oxygen demand (SCOD) , total nitrogen mass concentration and total phosphorus mass concentration in
the mixed liquid was increased from 45 mg/L, 11 mg/L and 2.14 mg/L to 2 596 mg/L,206.9 mg/L and 47 mg/L, respectively.
The experiment has proved the feasibility of combination of ozone and mechanical crushing to enhance sludge autolysis re-
duction, and provided a new integrated technology for sludge reduction.

Key words: sludge reduction; ozone; mechanical crushing; sludge characterization

KFaHEE: 2023-03-16; f&EIEHHE: 2023-05-30
BEEUH: HRAKBEESH FWH (22276135)
BB A& (1998—) , B, INEFEA, WiLifd; BEEE: T O, #%, wange88@163.com



2024 4F2 A KR, % REGESPIMRRIL TS 8 B AR R T <51 -
g
WadE, THEIH, 7,4 REME YRR 5T B s AR 0], REFREHERSA, 2024, 39 (1) : 50-56.

ZHANG QL,YU Z Y, WANG L, et al. Enhancing sludge autolysis reduction technology by combination of ozone and me-

chanical crushing[J]. Journal of Tianjin university of science & technology, 2024, 39 (1) : 50-56.

PRSI L A PRAE 6 5 K B i 2 9
o ZOTRIE FAAA IR T A PRAAAIG, AbF
TR AR A A2 245 50) , A8 T 45, {0 A ] b A b
S KR TR 15 U6 o TR s K AR HE R 2
750 42w, J5iR T 6000 71t BULA B
Hy AT A B A A A - R AR (R
S by RIS AEAE— R (R BRED . R 4xy5 e 45 ab 1
Y, SRR RE B RI5 Y BRI, T4 5 R D
b BRI FICFE AL RS T AR — B2 Hh o
HER PG, A A T5 Ve IR A AR, B TE SK )3
TR R SRR — A E R R R

H A {5 U i R 2 FE R AR K | 4EREAR
W AW LA B AR AC I S R AR Bk A K
AR PR A 2E A 55 7 A s e rh ik P 20 ik
24 B, W iR BT 5 s K — R T e 2 RS
W, WA A P PR AR KR I BRI, XA R
AT LR RN PR, AT DASE PR A, e — R4
ST A A B

B AAR 3  35 U O — Rl oA R 75 U B AR
Ao 15 e H A A P e AR s B AR AR B 2 O F s
AT o 5 SR Ao Gl 200 it 3% 1T o028 44 i 5 14 2 1%
P, AN R AV IR T s
HIE RS REHCEY , XYM G
Wy (B AAY B )RR 11 J50) 5 R AR X 55 35 T s Al ) Je
Fisf 1] PR S A L 4R , 3 i) B AR G Al A 4 N R R A
FH o AIUBRBR 3 P 0T LA 500 IR 1 15 U8 1 22 AR 2
R, A AU BB R FIF 7 A B BT U0 I B TS PR 24K
AT DLGE B GA P g AR 14 H B o AL A 5 B4R
TR S, B S ASS A, TR EIEES e
WA R IACR , I 8 B A I 1 T e ek
AR JE AT A PR B

ARSCHE H —Fp B AR A WL 4 i ) A Ak 5 Ak
15U SR B R o IR BRI AT AR AN R AR
5 PRk Ak BT A7 A Y S, S A A% 1 AR e R A
L, 208 B I A, N R A R G A
A B IR] 2 R S U Y A AR (R T PR TS
Ve B AR PR 2R 0 S o RS BT U ek i b
T2, BN —E IR | S FE | A A Ah 3 — A
O SEg e B, Gl MO PR | R TR

SRR LKA ], LA AR R A T TR AN
AN TR A B 5 vk R IR AW 1 R Ak T R
(SCOD) | A (TN) JBrag ¥k B | S (TP) Jot it Wk BE i
R[] AR AR, 25 5845 R 20 T 4 T VR I e A 11
SR DL AL A %o T A e AL ORI, 458 380
ARAGFVRRE o 1 Fe A, S B5 e i R HEcH
HEREA R -

1 FRS T

1.1 KETRAKEREER

S5 i FH 5 e B B R T AR XA T 0TS K Ak
T U0 A BR8N A L FIRT5 TR
R A W R W (MLSS) it & 1k ¥ Sl (8500 +
102) mg/L , IR A W35 & 207 W (MLVSS) Ji 2 B
(5268 = 90)mg/L, V5 ¢ FiE W SCOD . A A
(NH;3-N) BV | T AH AR 35 L (NO; -N) Bt Wk B
EIRER A (NO; -N) BTtk B2 A TP it Wk B 4051
(45 £ 15)mg/L . (4.0 £0.5) mg/L . (0.44 + 0.16) mg/L .
(1.2£0.15)mg/L ., (2.14 + 0.40) mg/L.
1.2 KRS

AT I B 1 PR R T 200

BT

ok 1

.

K

%000 o 4

11838890844
DRA =i S

A 78 1B 7
eI

()
\AU N %o 00 o o
RS YLy ITYTLEY
m ‘
[ A ey HE 1 P

UR
I

O,

RARAED
kTG Je e
H AT e B

By B
LBt B

E1 EHSRESZELERRENIZRER
Fig. 1 Process flow chart of activated sludge continuous
biochemical degradation system
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Fig. 2 Experimental installation diagram for continuous
degradation process of sludge autolysis reduction
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Fig.3 Variation of MLSS mass concentration , activated
sludge autolysis decomposition efficiency and
MLYVSS mass concentration with treatment time

during sludge ozone oxidation

2.2 HUMERREXE SR B iR 2RI R AR
e BB BRI, BB [ A= AR S iR
S/, P BRI AN REST S A A LA S Y

RE A PR, RAAXEMETS B /i 55 . RL, BT A
K FHAIUBRBY Y1) 7 R R G2 P e A BB | S i o e e A=
VIR it

MU it AR i5 e MLSS Jlae vk i | 1 PETS
Te BV R M MLVSS 5 e B Bifi A B3 AsF ) f1 28
LI 4 Fros o SERRAH IR ATE TSR 2 L, bkt
#9600, 800, 1000, 1200 r/min. 76 15. 30,
45,60 min BJ 53 IHURE , EAT40HT , 557N B R
AR R e o & oW N R 57 N N OB R Al = RS 134

.
8600
= —=— 600 r'min"'
— min~!
™ 8400 - ——800r mm‘ B
g 1 000 r'min
= —+— 1200 r'min”’
B 8200}
®
@ 8000 |
wn
z i
! 7800 F !
=
7600 + + - +
0 15 30 45 60
5 8] /min
(a) MLSS Jiiiifk i
10
8 L
§
PR
jﬁ —=— 600 r'min”"
—e— 800 r'min”'
2r 1000 r-min”
—v— 1200 r'min”"'
0 \ \ \ \
0 15 30 45 60
[ [8]/min

(b) HVEIGIE AR

5500
= —=— 600 r-min”'
_é]o —e— 800 r'min”'
= 5250 1000 r-min”'
é —v— 1200 r-min”'
£ 5000 +
i
=8
% 4750
>
a
=

4500 . . . .

0 15 30 45 60
[} E])/min

(¢) MLVSS [k E
4 PRI ESR MLSS RERE HFESRBES
2 MLVSS BT8R E RE AL 2 B By 2= 4L
Fig.4 Variation of MLSS mass concentration , activated
sludge autolysis decomposition efficiency and
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