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Oxygen trander in aerobic granular dudge

SUN Hejiang' , ZHANG Yunxia'? , JI Min' , WANG Xiuduo® , L1 Chao' , QUO Shugin®, HELe"
(* School of Environmental Science and Engineering, TianjinUniversity , Tianjin 300072 , China;

2 Tianjin Munici pal Engineering Design Institute, Tianjin 300051, China)

Abstract: Oxygen tranger is limited in aerobic granules by compact microbial spatial structure Aerobic
granules were supposed to be spherical , and kinetic parameters were calculated through tests A smplified
equation of mass balance for steady-state diffuson of oxygen was set up and verified Efective diff usvity
was0 45x10°° m* - s ', through dislved oxygen (DO) change of deactivated granular sludge. Oxygen
specific consumption rate and oxygen half saturation coefficient were 0. 10 g O, - (g MLSS) "* - h™* and
0. 65 mg- L ' through beaker test under the condition of COD 400 mg- L " and NHs-N 100 mg - L "*.
The higher the oxygen concentration and concentration gradient , the stronger and the further oxygen coul d
penetrate When the radiusof granular dudge was more than 1. 5 mm, oxygen could not penetrate , desite
oxygen concentration was4 0 mg- L "*. When r/ R was between 0. 49 and 0. 65, the concentration gradient
became zero. When the radius was very small (less than 0. 5 mm) , oxygen could fully penetrate into
granules At the same time, Thiele modulus was very small and eff ectiveness factor was near to 1, oxygen
diffuson limitation could be neglected Hfectiveness factor was larger with the increase of oxygen
concentration , which made oxygen limitation less.

Key words: aerobic granular dudge; oxygen trander; Thiele modulus; effectiveness factor

2008 - 10- 23 , 2009 - 02 - 26 Received date: 2008 - 10 - 23.
(1976 5, , Corresponding author: SUN Hejiang, associate professor.

E- mail : sunhe @ju edu cn



6 1541 -
Lt 4h;
24 h; 80 15 min
(rel BOD ., 2h ,
Martijn "] 1000 1300 r - min*
, DO
Pau ' sy M 122
, , : COD 400 mg -
: Su @ L, 100mg- L°* DO, COD
) DO ’
DO 123
, , COD 400 mg- L * , pH
: 7.5, 25 DO,
’ DO )
10° ,
1
11 5
BR : ,
020 m*, 035m, 21
20m SBR PLC , Crank’ s (o101 (1)
30 min 180 min 30 10 ,
min 10 min, 250 230 min, ) agm[1+ = o(1+a] expl - Deqit/Rz]] "
G = 1+0a ,Z 9+ @ + o2
50 % q
Go DO ,mg-L "
, 2 ’ Coo DO , mg-L'; De
BR , DO ,m - mint;t , min; R
1 5mm, , SVl 50 , mm; a (
70ml-gt, 2000 mg - L * ) P
12 (2)
_ _3q.
121 De DO tang, = 3 raq 2
, BOD Pu , n=>2
25
(1) ,
! ! Gl 1+a _ 6l 1+a M
, '”[ Cull 'l]"”[9+91+o§u2]'[R2Jt ©)
Paul @ 5 : 40 o (2)
mmol - L~ CuSOs - 5H.0 24 h; a=2 33, 2 , q = 3 465
40 mmol - L ™" HgCl2 24h; 50g- (3, ,




1542 -

60

De = 23334 x 100° m* - min! =

0.3889x10 °m* - s *, 1 50 mm
25
De=250x10°m* - s', Ananta
20l 6 mm
,a =276, q = 3424,
250x10°" 1L0x10°m*- st ,
22
, DO DO
1
I - = ]
|
} s 20mg-L ‘
; e 28mg-L \
Bl 4 35mg-L
Eth v 40mg-L }
QT \
=
|t (
@ l‘i - \ 10 15 20 25
Jmn
1 DO DO
Fig 1 Change of DO concentration
under different initial DO
1 , DO
,DO 02 03mg- L*
, DO 03mg- L'
[gO2- (gMLSS) " h']
1 O 1
010g 0. (gMLSS) -
h''[264g0.- (gMLSS ' d*] DO

10 40mg-L*
Su [9]

dDOY/ dt t ,
0027g02- (gMLSS *-h' [0659O0O:-
(gMLSS ' - d'] Ananta ™
0019 0027 g O -
(gMLSS)* - h'' [045 066 g O
(gMLSS) "' - d '] ,  Su

Gapes ™

052 g0, - (g MLSS) ' . h't

(gMLSS) "' - d '],
043g0:- (QMLSS '- h't

(gMLSS) " - d']

[12 48 g O, -

[10.32g O, -

, DO 2mg- L*

Monod (4) ,

DO

DO + Koa (4)

(gMLSS) " -
1“9 .

IN = IN,max

N Mg -
h's rnme
(g MLSS ' h''; Koa

, mg-L*
2 (

Q 9204) , Ko a

(3] , 2 3mm
Koa 108mg-L*,
16Mg- (gMLSS)"'- h' Munch ™ ,
Koo 03 20mg-L* )

065mg-L "

1

t
\
{ experiment
|

‘ -

08
— simulation

/ugs (gMLSS) .

r

04 L. .. i ]
0 | D 3 | 5 6
DO/mg « |
2 DO
Fig 2 Nitrification rate at different DO concentration
[mmx=1577ug- (gMLSS '- ht,
Koa=065mg- L ']

24
: (D) ; (2



) ; (4)
(5) :
; (6)
Monod (7))
(DO)
DO
DO
MrzDe[dC;%GJ v MrzDe[dﬁ \= vat Pdr  (5)
r , mm; Cc
DO , mg-L " v , mg -
L™*-min*'; De , mm’ - st
Monod (
) (5)
2
of L 240) L e
X ,mg-L "k
, 002 (gMLSS) '-d*'; Koa
,mg-L°*
(1) Can , Re
, : r=R , Ce=Can,;
(2) DO (r=R) , DO
, : r=R ,dacfzo, Ce=0
25 DO
Matlab , Runge- Kutta
(6) : DO
DO
3 , DO
05mg-L* 0 5 mm
DO , r=0 DO 0 007 mg -
L *; 07mm 15mm
DO , 0. 596 mm
0. 521 mm, 39.7% 34 %,
DO 0 DO
20mg-L ' 0 7 mm
, r=0 DO 007 mg-
Lt 15 mm , DO

, 0. 778 mm, 52 %

osf |
(.Inl\.l\ ” ; ”H:, = l L

0.4 R=0.5 mm &
- A R=(0.7mm A
= 03 R=1.5mm DA
a0 e
= A
= (0.2 A
Lo £ A

1.0

iy =2-0mg « | : 2
1 R=0.5 mm 7

1.5 A R=(0.7 mm A

- R=1.5mm DA

Fg 3 Changeof DO in relation to dimensionless
radius with different radius

4 , , DO
(0.5 mm) , DO ( 05mg-
L* 40mg-LY), DO
( 48 mg-L*'-mm* 17. 18
mg-L ' mm?) 15mm DO
DO 05mg-L*,
DO 556mg-L*-mm*', /R 065
, DO 0; DO 20
mg-L*' DO 1562mg- L *-
mm*, TR 056 , DO 0;
DO 40mg-L*' DO
2395 mg- L' mm*', MR 049
DO 0 ,
( 1 5mm), DO 40mg-L*,
, 1R 049 065
, DO 0, DO 0
26
At , DO DO
DO



1544 . 60
20 ts]
B - R=0.5 mm ‘
E 16 o ('(,:1)Smg-L| ODOG b= Re F (7)
. * Cg=20mg+L" o° ) 3 e Ko
T, 12 S Co= .L'Gv“‘ Del Ko C;?
B roime = _R&e XCo M&J ®
50 8 G r) r=Ry
g
= d .
3 4 po , mg- L mm"*
S 4 dr
2
OB 6 1 ¢S 1 1 r] 1 ’
, Su
1" Chen n ¢
1 7 ¢
_E 20 R=1.5mm | ; N , ,
+ Cg=0.5mg*L 5 .
21s '('(,~~2()mg'L' :C, ’ ¢ , N 1 s
= > Cg=4.0mg - L~ «C:; , ,
¥ 10 SF , $, DO
S 5 s N , DO ;
Q
2
()£ O OHOROAOHO O O ( '
0 02 04 i 06 08 10 o=y 3, . 6=05mg+L"'
(rh) 0.8 ° v o v Cg=20mg-L"
) S . . . A4 ), » Co=40mg-L"'
B4 WORLTS R th DO BB HE B X ¢ B2 0 1 06 v % )
- v
Fig. 4 Change of DO gradient in relation to & Y. >
dimensionless radius with different radius 0.4 Vv vy > o
Yv
2.0 ] 02}
g 1.5 0 1 2 3 4 5
@
50 1.0
E 6 DO ¢
B computational value
0.5 n
. experimental value ) . . .
Fig 6 Hfectivefactor 1) asafunction of Thiele
0 1 2 3 4 modulus (9 at different DO on granule surface
DO/mg* L
B 5 AfE DO FFE S 1 3
Fig. 5 Comparison of oxygen uptake rate at different DO
6 M ,
045x10°°m* - st
5 , (coD 400mg- L,
5 7 ' ' 100 mg - L %),
" n 010g O2- (gMLSS)™* - h*[2649gO: -
( ) (g MLSS)_l : d_l] ) Ko A
Gonzalez ™ 065mg-L*
T (2)
d) ’ Do )
n , DO
) DO )
DO , ¢ ’
’

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



1545 -

( 15 mm), DO 40
mg- L', , rl R
0.49 0 65 , DO 0

©) ¢ ,
l, ’
P, DO ,

n , DO ,
References
[1] Huang Yufeng ( ), Zhang Lili ( ) , Hao Wei

[2]

[3]

[4]

(5]

(6]

( ), Ca Wemin ( ).
efficiency of aerobic granular dudgein SBR China Water &

Cultivation and removal

Wastewater ( ), 2005, 21 (2) : 5355
Shi Xiaohui ( ), Liu Fang ( ), Liu Hong (
), Zhu Jianrong ( ). Investigation of aerobic

granular dudge cultivation by feed loading as a control
strategy. Environmental Science ( ), 2007, 28
(5) : 1026-1032

ChiuzC ,ChenM Y ,LeeDJ, etal. Oxygen diffusonand
consumption in active aerobic granules of heterogeneous
structure  Appl. Microbiol. Biotechnol. , 2007, 75 (3):

685-691

Gao Jingfeng ( ), Zhou Jiangiang ( ), Peng
Yongzhen ( ). Rapid cultivation of aerobic granular
dudge for shortcut nitrification of domestic wastewater.
Acta Scientiae Circumstantiae ( ), 2007, 27
(10) : 1604-1611

Zhu Jianrong ( ), Liu Chunxin ( ).

Cultivation and physc chemica characteristics of granular
activated dudge in alternation of anaerobic/ aerobic process
), 1999, 20 (2) : 3841
), Yang Fenglin ( ), Liu Yihui
), Zhou Jun ( ).
The granulation of aerobic dudge and its properties in

Environmental Science (
Wang Fang (
( ) , Zhang Xingwen (

PBAR China Environmental Science ( ),

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2004, 24 (6) : 725729

MartijnL , Andrzgg S Gas hold-up and mass trander in gas
lift reactors operated at elevated pressures Chemical
Engineering Science , 1999, 54 (21) : 5153-5157

Niesko Pras, Paul G M Hessdink, Wiebout M Guikema,
Theo M Malingré. Further
aginate-entrapped cells of Mucuna pruriens L. Biotechnol.
Bioeng , 1989, 33 (11) : 1461-1468

Su Kuizu, Yu Hangng Gas holdup and oxygen trander in

kinetic characterization of

an aerobic granulebased sequencing batch
Biochemical Engineering Journal , 2005, 25 (3) : 201-207

Ananta |, Ahkam S M, Doran P M. Oxygen transer and

reactor.

culture characteristics of self-immobilized Solanum aviculare
aggregates Biotechnology and Bioengineering, 1995, 47
(5) : 541-549

PuH T, Yang R Y K Diffuson of sucrose and yohimbine
incalcum aginate gel beads with or without entrapped plant
cells Biotechnology and Bioengineering, 1988, 32 (7) :
891-896

Gapes D, Wilen B M, Kelle J. Mass transer impacts in
flocculent and granular biomass from SBR systems Water
Science and Technology , 2004, 150 (10) : 203-212

Ruan Wenquan ( ). Study on the process of

smultaneous nitrification denitrification with aerobic
granular dudge [D]. Wuxi: Jiangnan Universty , 2004
Munch E V, Lant P, Kdler J. Smultaneous nitrification
and denitrification in bench-scale sequencing batch reactor.
Water Research, 1996, 30 (2) : 277-284

CGonzalez G G, Seghezzo L, Lettinga G, Kleerebezem R
Kinetics and mass-trander phenomena in anaerobic granular
dudge Biotechnology and Bioengineering, 2001, 73 (2) :
125134

Chen Kuocheng, Wu Janeyii, Yang Wenbin, Hwang S~
Chwun John Evaluation of effective diff uson coeficient and
intrindgc kinetic parameters on azo dye biodegradation usng
PVA-Immobilized cell  beads

Biocengineering , 2003, 83 (7) : 821-832

Biotechnology  and



