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WY . TEEA LR RIS Ve it fe rp, FeS I 938 J5 o Fe™, Fe® nl LLEk 35 V5 U8 i 170 e 4 1 ARG 7K %
REU, S Sl Bk IR LAY T AR, AW R B A B IR $h 1 WK (composite ferrate solution,
CFS) ¢ fift 35 08, 1 0 i W B 22 A/O R e s Ak S fis Ak i, BV sy 6 R R 41k -A/0 T2 (ferrate
oxidation-A/O, FO-A/O), TE4H% 5L T AN[EF 475 6 IR L (25% . 50% F1 100%) X5 Je ik & . 157
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Fig. 1 Experimental device of the FO-A/O process
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SEm T TG e A REBEM LR X EET5 K, %) R AYO T2 A B A G 15 K Hig 1730 R
U o T2 KB AETE TG K, BORUAETE TS K i H R KB N A 2 0 . Stk gk . Wi R — A8 M fde
JC 2 BRI, K FidE AR . COD=223.33 mg-L™', BOD=126.90 mg-L™", TN=30.04 mg-L™",
NH}-N=29.17 mg-L™", NO;-N=0.18 mg-L™', NO,-N=0.09 mg-L™', TP=3.31mg- L™, pH=6.0~7.5,
13 XBHM

CFS Hszieas [, HAPFeO ¥ E 7 30.91 g- L', CIO WJEF 4 38.63g-L", OH k&N 9027 gL',
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A/O BEREFT S HC K i 48 L-d ™' U5 IX UK T4 B P[] 8.3 hy AR XK 1= BB E] 2.1 h, 75
Pt 15 d. 7508 183 b 70% . 94 A6 F1 I L 200% . B AR T IR EE 2009% G 4R v A R 3.5~
7.0 mg-L™' | A A 4 0.2~0.5 mgL'

SR B RIE AT 4N AJO [ BE (VR4 Fl FO-A/O BB, FO-A/O WYBE XAy Ry 3 M Tk, 3T
IR A TS PR WA 1813 EE () 20 3R 25% . 50% . 100%, w4 5 e A 000 L35 45 H B CFS B
R A TE S RGEHE R R XTI T EZ . BT A 15 VR CFS £ & 4% 50 mg g '(Lh Fe*it) #%
hn, B NiE A 24 h

AW 5T R B 5 Ve 7= R R (Yops) R AE R G B AT 1 B P I5 8 7= R A 1k, SR G 4 S0 3 %
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_ OwXw+(0Q-0w)X.
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B, mgL'; U, IG5 ILFEEH K, mg(gh)';s Amy, J DO/, mgL'; X NIRA W SSHk
B, gL' ¢ AWt E, he
1.5 SDthiEE

MLSS, MLVSS., SVI, SS# % H & 3% W %€ , COD K H Pl 34 fi 1 . NH;-N, TP, TN,
NO;. NOH#R H 43 G BEVE S I , /K B4 A I 22 A1 1 FH 0.45 pum G0 AL UE B 8 5 SOUR R H JiE
H AR 3 08T I 5
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FER R Yops WEZE v 093G o BH W AR . = f,g 0.05f
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) A5 T VR i [ LU X A/O T2 bR . Vo YR IE RS VR U PEREAGSE IR, 453 LR 3. FIK 3(a)
AN B - 09T, SRR BB, X R TSR T A S R ALY s B 03
n, AL, SEGUEY SRR, AR S ek A BT . Y4, T AiE TS
e, VSS/SS LR, HEHFrE 0.74 7oAy, FWIWEAR R M A 218 R G NE D R .

Sk — A W 5T T U5 U A VRO VS VR NS Mk B R, 45 SR UL BT 3(b), SOUR MY Ty ik L X
(2). M 3(b) 7TH, 4 rh 25% F1 50% B, SOUR 43514 7.21 mg-(g-h)' 1 7.77 mg-(g-h) ', %%}
WZH (6.2 mg-(g'h) ) B4R E ; 24 r 8% 100%, SOUR AT F M. /rfrHEHE. —Jrm, T
TE r 2} 25% F1 50% W), &5 (%) F'HEA A/O REE, GFESMT, Feo il LIE b & Ak 40 i 2 3R 19 L+
ZAR, W] LT 2R EE A R, (E S R v B Y Fe® 4 o i B i 4 T vk 7 AR AR AR Y S — T
T, T T 5 S A R A M A W R S R R I, B W T I S W o R i R, A
RYE A XK T DO PR, B ILRY ARSI, X DO MR R 982>, SOUR [&{IK. [#]
T Fe B X SOUR F=A: 52 ma 4h, 847 B Tis R UTREMERE A #2 &, 45 ILIE 3(c). MBI 3(c) AT LA
h, BEE - BYBEIN, SVIZEWE/N, IR TR T P MR EEE N, HEUE T IE e AR R K/
ik, sRAL T IS Ue R E SOKEEZ E W25, 1 MLSS BE K, #EIM S35 SVI/N, M5 Ui ke
PERE, MTTAF TG 2 i5 e WK Ab B . {H Y =100% I}, 15 YT REPEREAL =50% B 28 b K, 3% A
A2 R T LS R T 1 A T 2

—a— MLSS —e— MLVSS —a— VSS/SS +A/O 2 1=25% -0 1=50% = r=100%  _a A/O -a1=25% -o-1r=50% - r=100%
6 000 1.0 10 + y=—0497 8x+8.4231 __ 90
A/O r=25% :r=50%: r=100% R*=0.998 0 T
=~ 5500 : : : {09 78 & a y=—05934x+8.4615 - 87
= 5000 WW : S E
5 : : log g =0 3 <
=} : : ©wn g &
= 4500} A{ B o= 4 o 81
= ! : {074 & =
& 4000 : ! % 5 2 o5
) 0.6 @ +)1/2;—0.96g§ 8x+8.12 &
= | k H 10. i =0. |
n 3500 ; : : 0 Fo-y——0.475 3x+8.642 3 =
3000 b o0 i o5 - R>=0.9979 ~ 1
0 10 20 30 40 50 60 70 80 0 2 4 6 8 10 12 0246 8 101214161820
iz4 7 fa)/d 24 7H ) /min iZ4 7 fa)/d
(a) T5URHSE (b) HoFaEH (c) RBUEEL

3 FO-A/0O TZhi5 Rt iR b 3 75 14 5 e 1 BE B9S2 M
Fig. 3 Effect of reflux ratio of disintegrated sludge on sludge properties in the FO-A/O process
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D) XA P L BRACGE . COD 5 BODs i FHRA LIS Ye S 4k, S50 58 i W & i 7K COD 5
BOD; AL K WF 58 A HLY A 2 BR AR, 5 RN 4 fik . alUEH, R4 UK COD, BOD; i #%
r YRR A BTN, {H /K COD 5 BOD, ¥ i 5 A/O Xif FR 20 AH L 3EAS (R FRE 5, HIREIA 2] (I
15 KA BT G W HE TR ) — 9 A FRifEHERCE SR o X RIS Vi i LA R AR T A= Ak, 1
A ) R A B T M 3 I AR A R IR S I A A L . AN, A A/O XTHRZL M FO-A/O T. 25473
o, FR A (F/M) BT 0.15 kg (kg-d) ', A FRGAACRESZE 1T, KA ACRES T ik 9%t cob
1 BOD; 1 B A5 .

2) FO-A/O T2 MM ARCR . AR FEOKIKRE BERMAM EETR, WR5K) RELH M F %
HAr¥Yy, SCETEABIGT T 15 Ve e kIR FO-A/O T 2% AR RIIE S AR 2 BR808, 450K 5,
H &l S(a)y~(d) AT L, BfE r 4R R, BRI T KREETRIFEA A0 RGE, FRAG AN, A
1E r=25% #1 50% 1501}, FO-A/O Z%:%F TN, NH!-N 4 BB 2R B0 T A/0 Xt BB 4, iy 8] 5(c) F
& 5(d) rr b, Hi7K NO,-N. NO,-N A b A/O X BE 4l A FrB#AR, X R BAFE r N 25% 1 50% I, Al
E R SRR A TR . — I, XJEW TR P cE T REM CON L, A/O X IRA |
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Fig. 4 Effect of reflux ratio of disintegrated sludge on COD and BOD; removal efficiency in the FO-A/O process
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Fig. 5 Effect of reflux ratio of disintegrated sludge on nitrogen removal efficiency in the FO-A/O process
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R T B — 25 UE S [ 4% 35 U WA [0 S LTS A VRV A b TS e TR S e A R s AR AR
Xt RGN . B T R, R x5 e A9 COD. TN & & 4% 0.80 g-g ' 1 0.07 g-g '
TR, SR RME R, ATUER, & BN, By Rz, ~=100% K, 54k
FH93.13%; XAM T, 76 A/O XML K r=25% . r=50% i, BEE r (N, B4R K, =50%
B, B LR 71.07%, GRS K r 2 100%, 740K BA IR, (B8 TXR4. B4, mT
Pl 405 Ve B e D3, BERI A T5 Ve HE B R M . DL R E SRRV, AR
Sk 0 LA 5, UESE T TG Ve B m R S A A ALY B R AL E A, R B KRG A
YEH .

£1 CHMNYREE

Table I Overall mass balances of C and N elements

o CHyFitit/g NI /g
BT T - -
HEK ik Hk Pl xi5e HEK Wik K P50
A/O 214.39 181.73 25.96 6.70 28.84 15.98 12.39 0.47
r=25% 246.31 222.96 18.05 530 32.59 20.62 11.60 0.37
1=50% 275.79 253.71 18.18 3.90 35.50 25.23 10.00 0.27
r=100% 308.08 284.43 21.15 2.50 44.16 24.96 19.03 0.17
3) K TP WAL . BT CFS & A K 45—l K o
o ) AN . . . AO 1 =25% | r=50% & r=100%
it Fe®, Fe1E B 15 8 i 72 b BGE IR Fe*, ol 5 ! b BB 1%
i Fe W LUBH R | VUG R KA b gl R i
) > N + /, ! St 7t R i 4 W o <
B T WA PR TP RO, 2 T | B £
S RS I T BE K TP B AR A L, A 6 2 300 B L AL v
Fiws. AL, r o 25% F1 50% T.BLRE, i T oast MR R 120
K TP 4 B A7 B2 8, H V5 108 B A VA [ g 185 n 20t . !
TR R PR, A5 T e i A S (K 3(b) 4 0 10 20 30 40 50 o0 70 s0 '°
), FEEF5IA RS, 28 E A B4R AR iaf i)/
TP £ BT, 024 =100% I, 2 5% B 1 B 6 FO-A/O T 25 JEak e 7 bt xt
FBRACR 2R AL K TP ¥ 5 T A0 XY TP B RFRIR AR
B2 . X T =100% B, 4 330475 Je bk Fig. 6 Effect of reflux ratio of disintegrated sludge on TP

removal efficiency in the FO-A/O process

VG i 01, R UK TP faufg g, R
15 e I PR KR B2 BEAIG (K] 3(b)), AR 8EE R Gerh R, 45 K TP W EE T+, KoK B
o TERAERNR SR, X TP -3 L BR A 39.09%, & T K,FeO,+A%O T 251 32%.
24 EAREFHH

BITHBHRHE T 2B ARG D S A HEZEMA, OfE2579% . A T% . . 415 9% X5k
AR . ARBESEAE A/O T2 B AL 3N T CFS Y2, 175875 ZHhn Fe 0.40 kg, H: 245
AR 2y 169 7 ¢, AH [\ 25 50 5 0 & i B R K,FeO, 1Y 25 I B A R 9 900 gt (T B
1400 JC kg™, 4l 2 20%), [FEF T IR 46%, Rk, Wb T )5 2k 46% 1975 Je 4 31 2% H (75
JeIEI 2 2950 200 g, V5TRFEREL N 100~300 JC-t, {5 IEHEAE K 90~150 Tt ), HULAI L, it
J7 AT — 2 W A
3 &g

D) AL 5 A/JO T2 SEml I, B4 FO I35 U ok & 25 & ] LS R4 975 el 508 7 =50%
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Bf, Yope=0.048 gg™', MLk A/O T2, 15UeidiiE T 46%, WLHTH 7K COD, TN, NH;-N 4354 18.83 .
10.43 F14.05 mg-L™", K% (805 KA 15 L W HEBObR I ) —H A bRIEHERCE SR . i T2y
F 28 AL F R K, FeO,, HIA T Ja2eisieAb & &, HA—a i T 5.

2) BH A W T U I A 3G A0 T i K SCOD ., FEUM AW BN, TSI S, HASE R
SN TR ER ., BRG] A R Fe' n] g5 R Uik, Hil & F il fE 1320k, Bl HF
UM ZFhEE A A, fEEE IRTE T, (Hid 2 Fe M &= AR R EEH, SEUSIRIETERAK.

GRS PR TR E AL CON L, HC. NYR gt LR, 75 U8 e T 9 s i1k i
BRAA, REERACM AR, BRI Fed XS 1L . SRS A S0 M BRBE 5 — 2 AL 2E1E
A 7=100% [F1 3 25 2 C/N HLFRAR, WA . BRBESCRFEL,
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Sludge reduction and enhanced nitrogen removal in ferrate oxidation-A/O

process
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Abstract The A/O process coupled with composite ferrate oxidation (i.e. FO-A/O process) was designed to
reduce waste activated sludge (WAS) and enhance nitrogen removal. The experiments were conducted for the
simulated domestic sewage treatment. The effects of the reflux ratios of disintegrated sludge on sludge reduction
and denitrification enhancement in FO-A/O process were investigated and compared. Meanwhile, a
comprehensive assessment on the effluent quality and sludge properties was performed. The results showed that
sludge yield coefficient (Y,,s) was 0.05 g-g', the most reduction for WAS occurred with a value of 46% at the
disintegrated sludge reflux ratio of 50%, and the removal rates of TN and NH}-N reached 71.7% and 88.8%,
respectively. The disintegrated sludge supernatant had good biodegradability, which could be effectively utilized
as carbon source by denitrifying bacteria and improve the rate of nitrogen removal. Under this operation
condition, the sludge concentration (MLSS and MLVSS) and sludge activity (SOUR) increased, and the sludge
settleability was ameliorated as well. In addition, the iron induced by WAS disintegrated supernatant improved
TP removal to some degree. In summary, the FO-A/O process could effectively improve the removal rate of
pollutants and realize the purpose of simultaneous intensified denitrification and sludge reduction.

Keywords carbon source for denitrification; sludge reduction; nitrogen removal; ferrate oxidation-A/O
process
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