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Abstract: Micro-pressure swirl reactor (MPSR) is a new type of sewage treatment device developed from
sequencing batch reactor (SBR). The differences between the two reactors in terms of sludge characteristics were
compared particularly. Results showed that the average removal rates of COD, TP and TN in the stable operation
effluent of MPSR were 93.99% ,98.72% and 75.79 % ,respectively. The average removal rates of COD, TP and TN in
the stable operation effluent of SBR were 91.93%,95.92% and 66.28% , respectively. Therefore, MPSR had higher
removal capacity for carbon, nitrogen and phosphorus, since denitrification of MPSR was stronger than SBR.
Extracellular polymeric substances (EPS) content of MPSR was also higher than that of SBR,in which the mass ratio
of protein to polysaccharide had the same pattern,indicating that MPSR had stronger water and phosphorus removal
capacity. The particle size of MPSR sludge was generally smaller than that of SBR,so the former had stronger adsorption
capacity. The nitrification rates of MPSR and SBR were equivalent, but the denitrification rates of MPSR was higher.

Keywords: micro-pressure swirl reactor; sequencing batch reactor; sludge particle size; extracellular polymeric

substances; nitrification; denitrification
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DO REWHE X H 2.02 mg/L, B3 DO FERKE
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COD.TP.E &AM TN ZBREE, . H XI5 R RE
Y1 (EPS) iR SUE#E H: (DHA) B2 DL B AL 70 5 7
EBEGEHAT AN, ERE2BENGREEAE
W B P I 7 28 A X 1

1 MRERZE

1.1 ZBREELBHFLH

TEEELE 1, MR EHFEITERERY
236 L, SBR R~ 300 mm X 300 mm X 500
mm; MPSR F KW X H# 900 mm, & & 90 mm.
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Fig.1 Diagram of the experimental devices
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0.46 g.NH,Cl 0.13 g, KH,PO, 0.015 g,NaHCO;
0.15 g.MgS0O, 0.006 g.CaCl, 0.012 5 g, FeSO,
0.0125 g HEBITEBW 1 mL, HPHEBLERRK
#HBHR 1 L B FFZaCl, 0,05 g,CuSO, 0.02 g,
MnS0, 0,027 g.AlCl; 0.05 g.CoCl; 0.023 g,
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BESEERN., Rt R RAERKW EPS,
DHA b2 .F b fR i 2,
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B 2 WA RN 25T B 1T #I 8 A9 COD &
Mgk, MARBLE#HEK COD FHREBEERES R
349.4 mg/L,SBR ik COD E¥ERE KR E RN 28.2
mg/L, ¥ ERZEN 91.93% ; MPSR #7k COD ¥
BB 21.0 mg/L, PR EBREN 93.99%.
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Fig.2 Removal curve of COD
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BN 0.05 mg/L, FHEHRER 98.72%,

=== S = = o i B b
3 ° 1 80
!f‘ 4 ® *-® ’ L * °
Eo . . o 60 ﬁ
# | -e-#Kk -aA-MPSRH#IK —eSBRHA |4
I 7| —eMPSRERRZE % SBREKRE
ﬁﬁ( 1 1 20

ola=tttee a2 s s 2 a2 |

0 5 10 15 20 25 30

Al /d
B3 TPER#BL

Fig.3 Removal curve of TP

B AHEA RN EETHR R SR
&. HE 4D R, HAREEBFERK TN EHEE
WBEEYI N 34.7 mg/L,SBR Hi7k TN ¥ EEIKRE
A 11.7 mg/L, FHEBZEN 66.28%; MPSR K
TNEYFEEKREN 8.4 mg/L, FHEBER
75.79%,MPSR Xt TN £ Z [k SBR & i3 9.51
BAS. BE 4R, BN S #FKEETH
FRE MR E #32.70 mg/L,SBRIE K EE FH HEE K%

B 0.38 mg/L, V¥ LREH 98.84% ; MPSR i
KRERFHFEEWEN 0.40 mg/L, FPHEBRER
98.78% , FIRNBMEARELRUREAMA. & TF
TN EBREEEZR, MERAEZREILFLER, B
Wik— RPN R E KN EHSENBEE
B RARBUHERAML Y ,MPSR HABAERTEY
FEWEN 7.9 mg/L,SBR % 10.3 mg/L. HILA
B, MPSR X E R Rk ABE 138 F SBR.
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SBR; (2)FZ WG H A2 M, MPSR 5 6 £ i ki 2
/NT SBR,DO X 5 % it 28 4 B i F FH 2 58 , [ B
T B S e M M BB D L BB 3R (3) MPSR ZE R S B A
£ DO WA R A X 58, 7 F) F 217 B 2 w40
1L (SND),
2.2 % # EPS.DHA

WARMAFITIE EPS (k% 1 Fim.
MPSR #1 SBR A & EPS 4 91K 27.79 . 22.40
mg/g. MPSR #l SBR 7 ¥R AKRNINBEZ

“r. = LTSS R 24 Bk 19.21.16.82 mg/g; MPSR
PR VN eIV T A SBR HABUR S [ 5 5 0.47.0.22 me/gs B
S e L - FHEEHFRNFIHN 8.11.5.36 mg/g. 1578 EPS H
D ow| bk ewebK e SREK | W SEEA R SRR R S R
® o A 5 MR HEEEZENIEMR, EBREBH COD =K
b O T e S5, B S %R L (8 B R 505 M R Bk
O et 0 B, MPSR {598 EPS FEH B S SRR LY
A 0.447,KF SBR # 0.332, % H MPSR K15 Je #i K ¥
@) TN L SBR %, B i MPSR F)¥5 98 UT3E B A fE R 381,

L o o s S B B FE S BRSTIE R , EPS A — & HURTEE S .
40 80 MPSR # SBR # DHA 4 %I % 68.5.115.9
£w I ek S S i S mg/(g + h) , 4 e F MPSR, SBR 5 DHA 4 F#
20| ek awsmik esmgk |0 & WERE. TREEVHREER, —AAHN 0GR
f@- 0 -MPSRERRE % SBREMRF " S BB DHA BEE R E R B/ fEM&. B F SBR
FIHL LB & A MPSR ), A& mH R nibd
N T B, AT, B B B R R R 5 B
ggg A, AT LAE ) SBR WHL S WA MPSR . %4i#
Be SRS KER BRI, MPSR BBS. 5 h, B R ERE

Fig.4 Removal curve of nitrogen BiA DAME=E 0.82 mg/L, T SBR MFEEWIE 6 h,
% 1 MPSR #1 SBR i5 i 149 EPS
Table 1 EPS of MPSR and SBR sludge mg/g
R AE & EPS NEEEAR RERE SR BREZ REEBH
MPSR 27.79 0.47 8.11 0 19.21
SBR 22.40 0.22 5.36 0 16.82
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Fig.5 Ammonia nitrogen degradation process of MPSR
and SBR in aeration stage

2.3 HREZIH

MPSR # SBR H {5 R A R & 8 iE 6
Fi7 . MPSR H 106.28 um Bi5REBR S EHR K,
SBR ¥ 146.41 pm W RER 38R K. SBR
BAZKT 106.28 pm B R BHEBM S A
81.65%, 1M MPSR #* HF 59.13%., B &5,
MPSR iI75 Jé 72 kb SBR /), H it MPSR #9715 I8
W HEE N F 3R, KLANGDUEN DI RIA N, &
MRAR(50~110 pm) M5 R A AT SND B9HE1T.
MAEBRMEL R KB MPSR FEE W EFE
FHM T SND #fTH M E, SBRIGERBXT
MPSR W E R E A g 2K H &R, % SBR F
FRERMNRER . BEL£NERSZIRT KM,
RO REWER,; MPSR BEREDLAER KR
MEMY BEETHEREN SEESI I RREEM
BB AR, LR EER BB PLOFAREH
BB .
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WERSREUERWELERNE 2 ix.
MPSR 5 {6 5 1k 3 3 J W b 3 2 2 ) R 4.26
mg/(L » h)# 1.47 mg/(g « h),SBR 5 JE i f i %
B bt Al 4k 3 2 4 B0 0 3,59 mg/(L+h) Al 1.50
mg/(g*h). WMRMSLHLEREILFEAE
1,589 MPSR F1 SBR By 1LAE 1 E A4 HE 24 .

MRS R HEEEBEHER 3 M2k
Br8t., MPSR 5 1.2.3 BERI R 4L 3 R 251 8
17.23.3.84.2.12 mg/(L « h) , WK WL 4 Bl A
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Fig.6 Sludge particle size volume percentage

7.53.1.68.0.93 mg/(g+ h), F ¥k Rtk N
3.38 mg/(g+h), SBRTEH 1.2.3 BB AL E
B4 11.65.4.51.1.57 mg/ (L« h), L RA4LE
9% 5.83.2.26.0.79 mg/(g+ h), FHH Kl
HE#E R 2.96 mg/(g+h). F 1 RERMELEZR
B, WHBRED A BB RKERHHEER, KW
16 B8 7543 Fil F B 42 ¥ R £ 9 8 DL 4 R AT I 4L, K o
WAR T MR, %KM 20 min 224 8, MPSR #
WERFABKETMHET 6.6 mg/L, M SBR A
BFEBWEMNTHET 4.2 mg/L,MPSR ¥ L R M1k
HAREL SBR X 1.82 mg/(g h), WARMAR
AT RAE 2 BOHE | R R REHE
AN B R BB K R T A YRR E YL E L
FHERBR, REAEES P A REBA
MEBEFERERSELEY . EH3B . LHEALHEE

R2 FREASREULERUELR

Table 2 Results of nitrification and denitrification rates of sludge

R mfER B REAER/(mg L' - h1) WRMAER/(mg g ' *h™D
/(mg+L7'+h™) /(mgeg™*h™) H1E 2B B3R BB BB HIB

MPSR 4.26 1.47 17.23 3.84 2.12 7.53 1.68 0.93
SBR 3.59 1.50 11.65 4.51 1.57 5.83 2.26 0.79
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