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Abstract : Based on theoretical analysis, a mathematic model was primarily set up to describe the relationship between the ozone mass transfer
efficiency ( U) and the systematic factors, including sludge concentration, input gas concentration, mixed liquor height h, observed gas
velocity u,, and the bubble diameter d. By different experimental design, furthermore, the contribution of these factors for transfer efficiency
was investigated respectively. The results show that the mixed liquor height h and bubble diameter d impacted the mass transfer efficiency of
ozone more significantly, as compared to the other factors of sludge concentration, input gas concentration and observed gas velocity u,, When
mixed liquor height h was 0.2 m, the ozone gas utilization U was only 0.45; when h was 0.8 m, U increased to 0.883; when h was 1.4,
U was almost up to 1. The U and k show strong index relationship. For mixed liquor with & 0.8 m, when bubble diameter d decreased from
0.007 5 to 0.005, U increased from 0.89 to 0.96, and, for mixed liquor with £ 0.6 m, similar increase from 0.8 to 0.93 was observed.
According to the acquired experimental data, a quantitative expression among mass transfer efficiency U, mixed liquor height k and mean
bubble diameter d, with R’ equal to 0.861 6, was finally obtained, as a reference tool for project design.
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Table 1  Characteristic of sludge sample
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MLVSS/MLSS 0.85~0.87 | I5RF=HE V,,/d7! 0.2
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SVU/mL+g~! 90~ 95 COD Ky ZBR %/ % 87.5
1.3 ZEMEE

WE LR, ARRNERS 3 WAR, R
FRARE I5REMR ALK EMEB LW
BE AERERENBREAADAEAFEEH
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Fig.1 Experimental equipments for sludge reduction by ozonation
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Fig.2 Model of dualfilm theory

BT REAERE Tk, B Sy SO 1 O 2 R
M B D N E PR L, B, RE S Tl
BERREKBEBNERNS R, ELHBENES
HERREHBIBHEREE ESEP, REH
F R AR, SHEERESRE R K RENE
EH P, - P, RIE,—MATURN P~ P, . XHERE
R REMEEE o RERESEN P AHET
REMEAKEE. BBRBEREER X (BERK),



8 FEF -FUBRIRAGCHEYIENERIN S LRFA 1705

MEBEPERYRANEERER:
- deldX = (c5 ~ ¢, )/ X; (4)
RAK(3),8:
dmidt = Dy » A« (cs — c )X (5)
AH,dn/d HRERBEEER, mg-min~';4 K
KR BEFHEZRREER,HT14ASERE AR
SEHRRER o’ ;e YHEFTLRARKEME, R
ERENER P, ZBTHREREWBEAE,
mg L' se ABMHEAPRAMKEME, mg-L7';
(es — e )X WEBAREKBEKE B E,
mge (Lem) ™' X, ABEEE ,m.
FREMKERRE, RENERFHIUAR
SR ERAR, BRATE A Zn— RS, R
RBh v, S b RE R fE 3R, BIvR B
e R,

- dmvld! - ‘fi—ct -= -l)—l!' %' (65 - CL) (6)
REEHFHERN 4, 0:
_%‘-z‘KL'%'(Cs—CL) (7)

R, c, WSHERFHREERE , mg L 5K K
BEPRESFHERREE, K = DJX,,
memin™ VA HEHEE, o’ 4V IS EM HE
REREH, MG ERSEREHRER, M F 14
KWEB AV ==+ d/(n-d*/6) = 6/d ,m™";d H
FHRWER, m.
H R 8.
cg = ky* P,

A, by HFHEBCM0] A HHERY 6.77
x 10 mg+ (LPa) ", M

de

S K S e Pma) B

B RS EE BT LLAIE 20C A Bk P REM
FRERENSHTPRESEFETHEXR:

P, x48x1000
s = 8.314 x 293.15 x 1 000

BJ: P, =50.78"c,
A, P, HIEAEE,Pa. A LR

de 6
_.~dt—‘=KL-7-(50.78-kH-c,—cL) (9)

UREELEREBIBL TREREN, K
MEGPRRERE o, RIEBEFRFFAZE, Bk
U BEATLE o, BMFH R (OETR
5,18

=0.0197- P,

L dc! 6 Jq
=-K-2.|4
Jh50.78-k,.,-c,-cL R T e
BoreEs.
o P A
€eou - 50. 78 Fn
L
50.78 - &y (10)

REETEE UTUERRN:

U=1—£!'—°'—"=(1—

Coln

¢y )
50.78 « ky * cpna

(1-¢ 1)
MARH, KEU—-EVNIEEFRSEES AR
h . BhHRRAXRERTHRNEZS EERER
#m, EAREHK HERONO, 4B N ER
HMEAZAESR , SEEERIRK, FETE
EAEE, @3 ir. A TFmERE+IEE, B
BB LA S BREMUEESIESS, NIE
ERAPHEZEE : AR R (FSHRARL
K4):

t = H/u,,,,,
A, u HEKBEREGHAN EASHE, m min™".
4 o BN, EBEREPRSEER v, AT
DES SRR B A AN SN P
Q/(xD'/4) H-h _ 1l
Us T OH T Uy,
AP, u  NRESBERNBANRNLSE,
memin~",

B SR A AR O B ] ¢ AT LAROR N

g B _H-h __ h (12)
U e U ohe Uye = Uopg
BR()RAR(D)H1E:
CL
v =(1'50.73- PD c,...,)'

ko Ky [

(1 - ™" T ) (13)

B FELR N Fiaet, Bl E kR A/%

ERE, BEERTHATLZREASETREM

VR, B e, BTRUE Ry 0, MR (13) A7 LI A6l
RN

ky Ky A

U=1-e®™ 7 i g (14)
BA(B)M(4)TUEY, THERREER
BEMNERA SRKE G ky F K, FERW),
HERE . BABRNEE b KNKE v, FF




1706 ® & OB F 28 %

HEWHR d(ARS .= EBH), BIAFR
FENX S FEXMEHALERRENERLESN
.

Utrue 1

S ——— —

t

M3 wftARBSEAMEXE
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Fig.4 Reactor schematic before and after ozonation
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Fig.5 Ozone transfer efficiency curve with the sludge
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Fig.9 Effects of mixed liquor height h on ozone transfer efficiency U
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BRI E IS R 11 000 mg L', REHE
SWEHN1.62 mg L' ,BRAWBERNO0.8 m, 27
ERARKRERLE v,  WE2 Fin . EREH:
T u, JEF1.73 memin "B}, u, MRS EH R A
EFEME UERAK, UM 0.87 FNP 0.89, 1 %4
U XF 1.73 memin B, FIAHE UK 0.77, HAB
KB W RAR, T u,h 2.43 B, R NIB SR
HABRMA, UBHRERD 0.74. X— KA AKX
) MBELERFBEER  MNBEFTUEL, R
WEASEZERFERSE,BM v, BB v,
- u JHRE IR/, vy <1.73 momin~ B, u,,
g st d WEMAK, BR(14)FTLLEH v
BEMN UFEFEBEBKHEW; MY v, >1.73
m-min " B, W FHSHER d TR, XHERE
A3 UBEWEB K, BEE u,, FAESEH I, RN 2% A
SEEHRES, HHERERERE/D, BHRE
4 ) P % R

$2 BANHE u, MR EHENE UKHEM
Table 2 Effects of observed gas velocity uq,

on ozone transfer efficiency U

Q Uge H Uerue d U
/m**h~'  /memin”' /m  /memin”! /m
0.14 2.43 — R — 0.74
0.12 2.08 1.10 7.540 0.0120 0.77

0.10 1.73 1.03 7.785 0.007 5 0.89

0.08 1.39 0.97 7.764 0.007 5 0.87

0.06 1.04 0.92 7.728 0.007 0 0.87

MU EERTUES, REERESBPHER
MEREMSEH MBI,
2.4 FPHSWER JMREERREHEW

AR E TR E R11000 m L', REH
SEER1.2 Ll , BEABEEENOSnH
0.6 m,u,M1.73 mmin' ,BREEFTRAEY
A2 R0.1 mmiE RSk AT L2 K0.02 mmK)
MARSHE LR THSHER  MAEEERE
BEXR . GREAFBREHATPRENRNE
BHSHE, HABRKENEATHEERSLER
BRSO (N 3 BTR) . BRI, LR 9 15 3K
RUHRETERNEL EHEHNSmHES
B, d $0.007 5 m B/NF0.005 mAt, U B 0.89
kD) 0.96; B F 40.6 mi B4 WPt i B UE
. ,d #10.007 5 m@E/N210.005 mi}, U 1M 0.80 3§

X3 0.93.

£3 FHAARS JIMARERYEU HEM
Table 3 Effects of mean bubble diameter d on
ozone transfer efficiency U

h d H Uirue v
/m /m /m /m*min~"
0.8 0.007 5 1.03 7.185 0.89
0.8 0.005 0 1.03 7.68 0 0.96
0.6 0.007 5 0.7 7.785 0.80
0.6 0.005 0 0.7 7.680 0.93
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2 d A0.007 5 mmF# (K F0.005 mmM R . HIX
—BUIRETRESHER d TREERAARU
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SEBANMGABRSEEREFHEINERNSEE
FUsE.
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e — Ugy @

HFBEREE RERE o w0 UKME
W/, W] = 304.7 Chyg* K )/ (e — ) FTIEBLIA
FRER AR In(1- U)5 h/d HRIE L B
7B EFBREN In(1- U)EM h/d EEE,
MAEIERREERRE UREAHEE L FIF
BERERdEERHAASFTRNE 10 Fim).

ME 10 AEHXERNBRTURTIERE
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U=z1-e"™%,p _ 038616  (16)
K16 TN RN LT RS HKE.
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