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Fig. 1 Schematic diagram of hydrocyclone separation device
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1.4 LR A% Fig. 2 hydrocyclone structure
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Fig. 3 Effect of influent Ca® concentration on MLVSS/MLSS and SVI
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Fig. 4 COD and NH,-N removal efficiencies in SBRs at different influent Ca** concentrations
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Fig.5 Ca’" and inorganic ash concentrations in activated
sludge before and after centrifugation
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Fig. 6 AFM observation of activated sludge surface
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S BT, BRI 2 0 FRE R N 462 mg L. Horb A WL R A MR 79 me L (IR
PR A FE S, 203 3 FhIE It 45 B UK 40 85 5K 10 IR AE 0 43 B9 5 B9 IS I 506 T A i B IR 4 4 % 1
TR PARAY B SIS ZE R, 3 P g R R A X VR KR A TR B AR A A RCR A R 5.2% . 11.5%
M 14.7%; SEOor B0, BT T B8R 1 52 B AH 43 85 LAA IR S A i v 9 45 K EE il &
TARb . 3R TBL T B TR A AL AR A I T, R AR R VR K TR A TR e
LA B 5 — o B S BE TTE VS e 5 TE MUK S A ] A R AR o IR — 2B B VRE T 43 S 1 Vi 9 A
TIUR IR A 5, JFRWIRFSE 10 Ik, S AEHE I 2% (HEff o 10°) AT fifi de 28 368 0 P 09 A AL 7 BB A
0.17 #2F+ 2 0.37, HI BLUESE T JiE Ui 4335 2 i X U I TR ik v 356 e 5 U RN o0 1 s SEVE L, i ELAE 24
335 1o R BB AN T SR Ak KT T T 8 RN K 43 1Y) e A

®1 RRBRERTBYE
Table 1 Hydrocyclone separation efficiency of the mixture of activated sludge and inorganic ash

TR IR BAU 5B e TR K LOVRAF 5375 TRV IR VAR AR 5388
i A4 BT  AUE o BERRAER AHUR FAKS TR AHLR
g /(mg L) hilk WP /(mg-L™) dil W/ (mg L™ dilt
6°HE LA 438 0.21 205 0.27 559 0.13
10°7E i i 409 0.24 171 0.37 581 0.10
20°JiE 394 0.26 85 0.31 672 0.05

2.4 SRHER AR GE A L L SE e

WKFESE PR SBR A2 4% B C A FEL T ML SE 0, 78 H: 4 h % <0 9 B3 o I 3 o9 90 2R 08 =X
KRB EAR R 100 mm o 4E AR 10908 A 38 € it %5 %5 SBR th B 1] v 119 240 m® Jé 7K TR A Y S5 it K 4
O3, AU eR — AR R JE I PN AT 1009% Ab B AR At R 1 K IR B . BRI L R 5%, B
SBR il 1) A Z1 Fil B 51 U Sk 52 5 %oF B o

SBR A= Ak b i 3t 18 K 03 A e s R ot He & SR AN TR 7 B . & 3 A S s T, 1R A BN
B 5]t AT R 8 P W vk B R BILE o LU AR B 25T, C 40 28 5 @ VA 43 285 2 1) HE U A Yk 9 A AL B
A7 R E R TEE 045, FLIE I 0 I It i I HE U & {5 3t P MLSS B & 4.7 mg L. X B E R N E
TR I s e TR i T ALK A3 He ol s T AR AR, BIVE ) AhHETS JR LATCHL K 43 5 A, BlE A At
WICHLIK 43 LB R B, 3kt B T 35 1475 Ue b T ALK 4 B 3 5 LS v e il DR, 7 Dl AR B B
AT 2 67.3 mL-g ' RfiE C 51 P U B s s R EL A9 (R B AEG A Akt X6 355 7K %) AR i 5038 Al 3% ¥
0 AHERE A BB SR (5 E R A BRI B ZIN AR KK BT, L, KX 2 1 KR A TR L
A, BS CHIEATRLG), C AR N 0 U8 KR A R S M 416 . C 41 COD Ml AT
FBRFA LR T 3.3% 1 9.4%, it K- FE A ML (UL COD 1) et 0 I o Mk 3 20 I IR T
17.1 mg-L™" #1143 mg-L™", ULIHRFRSR B 3E
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Fig. 7 Effect of hydrocyclone classification on biological treatment efficiency in SBR
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Abstract The generated inorganic ash in biological reactor treating high hardness wastewater decreased the
activity and settleability of activated sludge. Hydrocyclone application was expected to in-situ separate the
inorganic ash from the activated sludge and increase its biological treatment efficiency. The attachment pattern
and separation efficiency between inorganic ash and activated sludge were investigated by offline and online
experiments, as well as the effect of inorganic ash removal on the biological treatment efficiency of simulated
high hardness wastewater. The results showed that the organics ratio decreased from 0.75 in SBR reactor
without calcium ion to 0.39 with influent calcium ion concentration of 2 400 mg-L™" after 150 d continuous
biological treatment of 6 groups of influent with different Ca*" concentrations, COD and NH,-N removal
efficiencies also” decreased by 11% and 60%, respectively. The atomic force microscope (AFM) images
illustrated that the generated inorganic ash increased the surface roughness of activated sludge from 20.5 nm for
Ca”'-free influent to 38.2 nm for Ca*'-containing influent. The surface-attached inorganic ash can be removed
from the activated sludge by centrifuge. The mixture of inorganic ash and activated sludge in SBR with influent
calcium ion concentration of 800 mg-L™" was circularly separated for 10 times by hydrocyclone with the
optimum structure, and the organics ratio in SBR increased from 0.17 to 0.37. The side-flow hydrocyclone
separation experiments were conducted for 120 m’-h™ SBR in a coal-to-hydrogen gasification wastewater
treatment plant, three months running caused the increase of the organics ratio from 0.21 in control SBR to 0.45
in modified SBR, the effluent COD and NH,-N decreased by 17.1 mg-L™" and 14.3 mg-L™", respectively. The
new approach of online hydrocyclone separation conditioning provides a reference for the upgrade of the
biological treatment efficiency of high hardness wastewater.

Keywords high hardness wastewater; biological process; inorganic ash; hydrocyclone separation;
MLVSS/MLSS
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