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Chemical phosphorus removal for anaerobic rich phosphate supernatant of
municipal sewage treated by MB (A°/O) reactor
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Abstract

the craft for phosphorus and nitrogen removal. The chemical phosphorus removal for anaerobic rich phosphate su-

MB(A’/0) reactor combined by membrane bioreactor and A*/0 craft is developed to promote

pernatant of municipal sewage treated by MB( A’/0) reactor was studied; and its mechanism and character of
the process were analyzed. The results indicate that for the rich phosphate supernatant with p(TP) between 30 to
45 mg/L, the best mass ratio of industrial calcareousness with 20% Ca(OH), to P is 22.5; the best mass ratio
of pure Ca(OH), to P is 5. 6(the mol ratio of Ca®* to P is 2.5) ; the best mass ratio of FeSO, - 7H,0 to P is
10. 7 (the mol ratio of Fe** to P is 1.3) ; the best mass ratio of Al,(S0,), + 12H,0 to P is 12( the mol ratio of
A’ to Pis 1.3). With the conditions mentioned, the effluent p(TP) is lower than 0. 3 mg/L steadily, and the
feeding of calcareousness and NaOH at the same time can dramatically reduce the feeding amount of calcareous-
ness.

Key words membrane bioreactor(A*/0) ; chemical phosphorus removal; phosphate accumulating organ-
isms( PAOs)
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Fig. 1  Process chart of MB(A*/0)
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Table 1 Qualities of municipal sewage
. ) COoD K i NH;-N NO;-N TN TP
HUEEE A= pH
(mg/L) (C) (mg/L) (mg/L) (mg/L) (mg/L)
o 186.09 ~359.51 7.68 ~8.36 4 ~21 45.28 ~73.23 0~3.72 48.48 ~74.57 3.89~9.79
¥ (H 260 8.06 13.5 57.83 0.083 60.02 5.28
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I B XCE AT G OB, AT s Ak RO Ak
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A X I 30% 1518 28 IR A REi , [R] B £b 78 20% 15
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5 30 ~45 mg/L (W& 8 115 24k 2% W X E 1716
SRR, AL FH S 0 1 OGR T A X KR A I
ShAE R, A 0 B AT Ve HE S R S

R0 R B, BRI TP KT 5 mg/L
i, MBR )t 7K @ v B2 T AR ZE AE 0.3 mg/L LR, K
TRARAE O B W R o Xt S AR X T AL 2 B
W Foe R P A FAL 22 BR 20 2 ~ 3 mg/L 19 9]
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B R IR B BRWER H Y

W, 7R s A7 A& F T, W ok L TP
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Ao A B R R T UE o W AN AR 8+ I o, TP 9k BE
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Fig. 2 Effect of feeding amount of

calcareousness on TP and pH
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mg/L B}, pH {H T % 9. 82, TP ¥k BE[& & 4. 22 mg/L,
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AR5 TP Y i b 2205, AR R RS A 1
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JIi7R o
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9200 mg/L B, pH {H T+ 5 9. 62, TP ¥ & [ & 3.91

mg/L, B & MB(A*/0) T2 b 2% B o (1 223k,
L Br#iKL%) 88.99% , IEf,Ca(OH), 5 TP
MR EE o 5.6,Ca’ 5 P IBEIR EE o 2.5, 44 m
4 500 me/L i, TP ¥ EFEE 0.02 mg/L, L BRE
ik 99.94% ,{H pH {H 7} % 11.68, A UL, J [ iB 3K
TP B ke sk & 1 pH A, 33 B 19 8 i 0k [l 9 &2
Bl AKX, S0 X I S 1038 AT A R AR R RE I o 43 BT A
oy, eIk BN B TP YR 5 mg/L LI AR B AT,
AN 038 SR R Ak 2 R R [l U S K R
A5 % 0.3 mg/L LA,

FLAe R RS, 0 M4l Ca( OH) , H1 45 B 40 &
H20% () Tl AR, AR R 5 TP i 5 i B R 28,
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Fig. 3 Effect of feeding amount of
Ca(OH), on TP and pH
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FeSO, - 7H,0 on TP and pH . L |\T\a . ) |
0 200 400 600 800 1000
L . . Al1,(SO,), -12H,0 #Jiik: (mg/L)
5 TP )RR 10.7,Fe " 5 P RIBE/R L 1.3, "
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BEVTTE , I 25 R 5 iR o

&S ] W, B AL (SO, ), - 12H,0 &
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T R, FEMC AR, TP YR B 2R T R, AE 4
O 400 mg/L B, pH {HFE £ 7.3, TP ¥ [ 2
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Fig. 5 Effect of feeding amount of
Al (80,), - 12H,0 on TP and pH
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Fig. 6 Effect of different feeding quantities of calcareousness and NaOH on TP and pH
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i 6 Al UL, 1 K £ e A [R] i, NaOH 3 i &
B, TP e B R bR, B B AR BT, pHL B 5
NaOH 5 Jii A [ i, A7 5 45800 2B A B3R e 200 2R
b, pH (B o A EE T A0 BB A 6, 3 R
NaOH i, pH A b T 45 5P 30 3 Ok 38 11
~ 120 R KERWE, 014k TP 0 35. 52 mg/L Y,
ARSI R 800 mg/L, W J5 TP 2 4.22 mg/
Lo WAEAT K NaOH BK A& BR B, A1 K 5000 475
800 mg/L, 43 H#% M 5 ~ 100 mg/L NaOH K}, Iz i )5
TP 7350 2. 64 mg/L.2.29 mg/L.2.16 mg/L.1.40
mg/L.1.26 mg/L 1 1.03 mg/L, 0 W, % T 245
(47 KA, NaOH Jf e 2 R RAZ A /T, 20
Bl IR : (1) B I B W B3 900 TP B FEEUIR, 2245
FUHLF B R BRAOR , AR X R X, N2 55 (2) s
pH L35 B W R k1 d5e (D09 8 [T, 14334 K pHL (K
C o, B G 224 AL AL B A

BTN, BOm NaOH (1) 32 %2 H 19 IF AR 76 T I
o B ) BR A ORS00 A KB A, AT 24 541
A 3 I A Y E A% Bl AN TR A BB A B U5 5K
LW BLE TP /NF S me/L i B KA e
W2,

2 HRERKR ML
Table 2 Fitting feeding ratio

Fap/S NaOH TP

¥ 5 pH
(mg/L)  (mg/L)  (mg/L) (%)
1 600 5 3.77 89.39 9.82
2 600 10 3.43 90.34 9.96
3 500 15 4.73 86.68 9.74
4 500 25 3.67 89.67 9.88
5 400 50 4.25 88.03 9.96
6 300 100 4.56 87.16 10.12

AR B E T T AN ATK, m NaOH 1y Bk
RHOR, NaOH i 0 3] 750 mg/L A 2, il 55 25
R T, 7 AL, J B NaOH i, TP i B2 [
R &, #0750 mg/L A TP [ 3 4.6 mg/
L, i se i, pH (2 F+ = 12,52, X i W, (UL H
JE OH ™ ¥ JZ oy = AN 6 19, 7K e A — & W JEE 1Y
Ca” " A REHAAR 4 i BR RO

351 - 13
30} _— b
— I
25K
N ./ 1
a
= 20
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E — 10 5
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-19
10 —/ ~
i ~
~ -8
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7 NaOH i X TP Al pH 1) 5 1
Fig. 7 Effect of feeding amount of NaOH on TP and pH
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TEAL 27 o i 2ok R v s 5 45 ) 24 5] B 2 2
TAMTEE, NBERFEAM, NI, 1T T4% HAR
P o A B0 77 202 BR B B A 0 250 2 I 3.

BTN R, 7E 55 bR AR v R ) B 48 oy X
AR Al 2 5 R 1 26 1 0 = (1) AR A B R, 23
K 11 800 mg/L A7 KA AN, AL 2 AR, A1 I35 P ik
AR TR 58 () FE N R A AT b 81, g iR
1 600 mg/L 7 /K +5 mg/L NaOH i1, 76 2% FHI s A7
HE Ty B0 AT R e e Ak 2 s e it s (3) E AT B
B [l e, R R 2l R A R, R ] 200 mg/L
Ca(OH),#m , 2% FIAS AR & , (H 545 3] 155 20 B 45 £
7 o

K3 ERBMBENATE

Table 3 Cost of chemical agent for removing 1kg phosphorus

(J5/kg P)

11 )% (800 mg/L) Ca (OH), (200 mg/L)

FeSO, - 7H,0(400 mg/L)

AL, (80,)5 « 12H,0(450 mg/L)

0.77 2.21

3.16 6.52

600 mg/L {7 X
+5 mg/L NaOH

600 mg/L A7 JK
+10 mg/L NaOH

500 mg/L {7 %
+15 mg/L NaOH

500 mg/L £ JK
+25 mg/L NaOH

400 mg/L 47 K
+50 mg/L NaOH

300 mg/L 7 JK
+100 mg/L NaOH

0.87 1.15 1.41

1.96 3.42 6.43
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MRS BT, BRI AT A B e
pH B TF AN 20 5 22 AR A AL B] ™ AR . oG,
BRI pH 7E 9.5 ~ 10 Z [, JfF AR @& A T
MBR {4 6 Ak SRR T &, (8130 FEAR /DN , 25 9 38 7 B
X pH B R WA AR /N, X 3 A2 0 AN 22 77 A2 R )2 L
Hok A T2 TR I AT B R I RE , TR OCR 19 L B2
AW FERRE e o BTSRRI, AL 1 mg NH,-N
i I FEBRE 7. 14 mg; MM SR AL 1 mg NO,-N HFE4h
FEOE 3.75 mg! " G R EUE R RGN
A W FE AN D, K217 2 1 R AR A
(/N o THFE MB(A*/0) 20, A2 B B 11 1 3
W pH 1E 9.5 ~ 10, W] LAIE 4 22 vh R 45 4 9 080/, )
A7 A F R e 4R A28 EL Y pH YT H

3 & it

(1) X1k TP Jy 35.52 mg/L pH {EH 7.92 1Y
W G W B 20% Ca(OH), By Tolk A7 K,
I AESN R 800 mg/L; £ i 43 #r 4l Ca(OH ), 1,
ARy 200 me/L, A0 &5 TP /Y 5 £ o)
BN 22.5 F15.6,Ca’" 5 PRy EAEEE R LN 2.5, &b
PRS0 pH (H 4514 9. 82 #19. 62,

(2) X1t TP Sy 37.53 mg/L pH {EH 7. 85 #Y
BB LI W, FeSO, - TH,0 iy &z F£ £ fin &t g 400
mg/L,AL (SO,), - 12H,0 Ay & 3% fn & & 400 ~
500 mg/L,$ 5 TP {1 fe £ LB 43 51 2 10. 7 Fi
12,Fe’" A" 5 P S HEBE AR Ee ol 1.3, 4b B S fY)
pH {HA 58 7.37 F17.12,

(3) AR, AT R AS [ i i v B2, 4% b 3 Le A7)
. A K NaOH I A 8 245 7] i A7 K3 i K
REAG, {H 1 T NaOH M A% fis & , A% v W AR 48 AN [m] 7
SR AT MBI 2. MB(A*/0) T2 it 44
S0 B A5 A AR I M A D T R B I R, A R

R BTSRRI B, 45 S TR 75 7K
SR BR B L 35 K VE AL SR T — AR 22 95 T 47 1

WA,

2 % x
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