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Properties of Anaerobic Granular Sludge in a
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Bed Reactor
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Abstract: This

thermophilic anaerobic granular sludge

study investigates the properties of
in an expanded
granular sludge bed for cassava ethanol wastewater treatment.
Experimental results show that the average chemical oxygen
demand (COD) removal efficiency and the average gas
production are 86.7% and 15.1 L + d™' , respectively, with the
influent organic loading rate (OLR) being maintained at 15.0
kg » m™® + d7!. Moreover, the OLR can be increased up to
24.0 kg + m™® « d7! with the average COD removal efficiency

and the average gas production being 88. 5% and 33.9 L -

ks H H1: 2009 - 07 - 01

d™!, respectively. With the increase of operation time, the
granular ratio of anaerobic sludge increases and the granular
sludge with diameter greater than 2.00 mm is 32%. The
organic components in granular sludge are mainly C,H and N,
and the inorganic components were mainly Si, P, Ca and Fe.
The bacillus bacteria are predominant in the acclimation
thermophilic sludge and the inner core of sludge is probably
composed by the compound of calcium phosphate or calcium

carbonate.

Key words: thermophilic temperature; expanded granular sludge

bed reactor; cassava ethanol wastewater; granular sludge
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Fig.1 Granular expanded sludge bed reactor
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Tab.1 Organic loading rate,the average COD removal efficiency and the average gas

production during the anaerobic fermentation process

(kgi{fﬁ%fﬁé,l) 3.0 5.0 7.0 9.0
BITREL/d 2 24 22 22

COD L% /%  78.2 73.4 75.5 79.9

PR/ (Led ) — 5.7 7.7 9.4

11.0 13.0 15.0 20.0 24.0 13.0
23 20 24 10 10 28

80.2 85.7 86.7 87.7 88.5 90.0
12.2 14.4 15.1 34.8 39.9 22.5

FREMESE A4 (35 'C) F A EGSB 4b
KB K S LAMESE ) UASB A 4 550K 35 P84 S 42 b
Yy, 5 OLR 353 20 kg » m™* » d ', COD £RfkHR2
N 70% . ASLH ) COD 2 BRFR MR 5 T 70% . 55K

P RN IE R A (55 'C)F i EGSB Ab 3 K37
REAETR A A P M S 6 A 1 A 25 SR AR T . £ OLR ik
F]29 kg m™® « d"'HF, ATEREFE 90% A2 £ 1) COD 2
BR. iR ses i COD 2 bR AFAE 8 K 22 51, nl B



FoM

WS IR RS JE I IR P AL TS PR R LT 43 1321

&t TR AN, T 306 P 0 7K A R DRSO
15 U8 TP AR W) R TR EAS [ 5 53 8 IR 7K I P o e s
T COD 1 B3R
2.2 BRERSFHISREAOERSH
2.2.1 Wy PgRpE

PR AEBURL 5 Y 19 FIURL AL 258 R 428 43 A T e
JEAF R EGSB FUE BT EH Z R R, R &
S IEH BT 1) EESH) . e EGSB H, ik T4
Te XA VL 2R DTTE PR RE LS, BB TE
SN 25 P B o DR BNE 2 N I AR ) e 2 R L R TR
JEAAE RO BRI R AU PR RE R 22 . T EU5 TR i
27K COD i g 55 » BRI 75 18 1) 0Kk 5% i) 2
EGSB W ia 7. L3 h il 7 #efpis e, 25 15,
60,260 d f 5 kL AL 2R 43 5l Ok 45. 4%, 55. 3%,
74.3% ,84. 8% . Wi % is 47 B ] A A4 , DR AR AR 15
e 119 JURLAL 262 W 4 s by T2 Bl U8 R 4
WKL TS R BT DL A7 A% 5 I 90 A s TR DR AR Uk 7 O
(A JURE £k 23 BT 5, Ll Hp Ol DR 0 5 e 29 3 T
86. 8% , Horf i JE RliA A itk — D BT L M S 2

T 45 %o 1 i PR AR U 5 U8 ) R Ak 2R A S X
PR AR 15 e R RLAR R AT 4307, 45 T DR SUBOR T
PRI oA s N3 2 fTs . BB A8 1 is 1T, B
FRTF 2.00 mm BYURLTS VAT 7 Lo B34 K e ple,
A BRI B RS JR I o L B E R AN 12 1 TR
SRS BT B B 0B N 2B AT A B
Behr MR T S K b A LA RS e i AR KR
o KA [ st 0 156 B v 9 DR ARk 5 R B KT
2.00 mm P 0RL L R SEU0R TS TR £, 36 260 d
BFEARRT 2.00 mm {9 550RE HE ] L A i DR 48 00k
HRMZ T 10.3%. X245 60 d FIZE 260 d 75 Il
R BE R4 T T30, A3 2 W0, AR RF 0.15 mm
{14 AR 75 U 1 ST 347 1T o e 38 0 K 17 34 1 T 3
55 260 d FORS VR HLAS 60 d ORISR 1 T 15 0T R ik
JEA BT LT U BN 25 N UKL U8 1) RLAR 1 B 7%
TR R TR BB — 25 4 1, 31X AT DA AR IE 50k
15U HE SN 25 A A 1) 457 B 1sF T, 38 0im B 0 46 1N
(A5 PR B, 1 e S g A  A LA ) 5 R ASR

%2 A EH EGSB [k B 2§ N BRLIS i BRI 25 T FA T B R B
Tab.2 Granular sludge’s particle size distribution and average settling velocity in
the EGSB reactor during different time

s Rt EL B/ % IR /(m« h™ D)

4% /mm — — — — — —
HeFH R % 15d 60 d 5260 d %60 d 5260 d

0.15~0.30 27.45 27.17 27.23 23.42 4.87 5.83

0.30~0.45 12.25 10.11 12.57 10.10 7.64 8.21

0.45~0.90 27.23 26.32 18.64 21.01 11.35 14.98

0.90~2.00 18.04 17.92 16.34 13.61 22.47 27.65

=>2.00 15.03 18.48 25.32 31.77 41.58 48.02
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Fig.2 Scanning electron microscope picture of

anaerobic granular sludge ( X 45)
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Fig.3 Relative amounts of inorganic components in

the granular sludge at different time
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Fig.4 Electronic microscopic pictures of surface and

core of anaerobic granular sludge (260"d)
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