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Abstract:The performance of a nitritation inverse turbulent bed (ITB) reactor was tested and the substrate inhibition kinetics
characteristics of the reactor were analyzed. The results showed that a rapid reactor startup could be realized within 20 d with a strategy
that combined the biofilm attachment method named “ precoating carrier treatment” and “rapid suspending sludge discharge” , with the
feeding strategy named “low strength, high load”. When operated at a hydraulic retention time of 3 h and influent NH, -N of 700
mg-L. ™", corresponding to a nitrogen loading rate of 5. 60 kg+ (m®+d) ~', a maximum NH, -N removal rate of 4. 25 kg+ (m’-d) ~" was
observed. The maximum NO, -N production rate was as high as 3.70 kg-(m3-d) ~'. Four inhibition kinetic models ( Haldane,
Edwards, Aiba and Luong) were analyzed through non-linear regression to represent the inhibitions caused by substrate of nitritation
o Of 1.84 kg+(m*-d) ', K, of 97.4 mg-L ™" and K, of 0. 188
mg-L ™" for Haldane model, and r,__of 1. 83 kg+(m’+d) ~" and K, of 114 mg-L ~'for Aiba model. It was proposed that Haldane and

ma

Aiba models well fitted the process data harvested in the ITB reactor.

process and the parameters of models were gained, which were r
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Fig. 1 Inverse turbulent bed reactor and its flow diagram
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Fig.2  Performance of nitritation inverse turbulent bed during startup
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Table 1  Performance of nitritation at different substrate concentrations
NH, -N NO; -N NO; -N NO, -N
bl 87133 7K M B2 B ki ENCiES K B2 7K MR B2 RER
/mg-L7! /mg-L7" /% /kge (m*-d) ! /kg+(m?*+d) ! /mg-L"! /mg-L7! /%
295 23.0 92.2 0. 883 0.815 245 23.0 91.4
350 29.3 91.6 1. 05 0. 960 312 15.9 95.1
378 42.8 88.7 1.13 1. 00 320 22.1 93.6
420 41.0 90.3 1.26 1.13 359 22.7 94.1
462 58.5 87.3 1.38 1.21 392 4.9 98.8
490 22.1 95.5 1.47 1.40 396 64.4 86.0
518 28.4 94.5 1.55 1. 47 449 36.7 92.4
560 52.2 90.7 1. 68 1.52 453 24.9 94.8
602 67. 1 88.9 1. 80 1. 60 409 114 78.3
630 55.8 91.1 1.89 1.72 534 9.0 98.3
700 50.4 92.8 2. 10 1.94 660 9.0 98.7
770 52.2 93.2 2.31 2.15 694 0. 100
840 88.2 89.5 2.51 2.25 655 114 85.2
910 72.0 92.1 2.72 2.51 561 243 69.7
980 63.9 93.5 2.93 2.74 395 430 47.9
1120 18.0 98.4 3.35 3.30 3.2 987 0.3
1330 54.9 95.9 3.98 3.82 716 613 53.8
1470 92.3 93.7 4.40 4.13 839 510 62.2
R2 BERKRETREFPEGEMEUIELE
Table 2 Performance of nitritation at high substrate concentration
s NH, -N NO, -N NO; -N NO, -N
AT — Ny T : - -
d HEARUBE  HKWE KRR ik R R 7K M B 7K R R
/mg-L~"  /mg-L~! /% /kg+(m*-d) 7! /kge (m*-d) ! /mg-TL7" /mg-1,7! /%
1 1470 99.9 92.2 4.40 4.10 837 463 64.4
3 1470 140 91.6 4.40 3.98 748 357 67.7
5 1470 315 88.7 4.40 3.46 897 335 72.8
7 1470 328 90.3 4. 40 3.42 753 327 69.7
9 1470 315 87.3 4.40 3.46 924 228 80.2
11 1470 296 95.5 4.40 3.51 908 249 78.5
13 1470 321 94.5 4.40 3.44 1054 127 89.3
15 1470 370 90.7 4.40 3.29 1045 92.8 91.8
17 1470 320 88.9 4.40 3.44 771 55.2 93.3
Hl. @R ARSI AR, 5 i 5L R e R 4 HS. MUK 3, 14 ~110 d,DO K T 2.0 mg-L ™",

FEEM G BIE L. @ I N #% K & i 7 X8
oy, H R4 (8] 52 0 #% W NH, -N ([a] i 7K NH, -N)
AeF57E 28 mg- L' DL b, AT 4l G20 48 Ak 40 B AL T R

PRFAR 25 [ 4% o0 B8 3K 10 A M K i R fE (7
mg-L™ )4 5L L] WSS WNMAER X

FAESRG P AR T X SRR, AR TF k-
Xt AN B A A K AT ORI S AN AR A L R
T 2 D A X A

MNO, -N%R%%[NO* -N/(NO, -N + NO, -N) ]
KE(F1,2), B8 ME,NO; NFHERLE T —
| uiﬁﬂm(i 100% ) >R HE T FE( 2 0.3% ) >
B BT 93.3% ) myad R (0 AR Ak JE IR T S

e B B (2,15 £ 1.47 ) mg-L~" 1% DO & —

gt T ol 2 g S BRI A R BB YL O A iR
I W R A R A0 R A R IR R R (0.6
mg- L7 ) XA TR 400 BT () 400 1 e LA X S (5 ~

40 mg- L") HINO, N ERFE L TF i, f 5
K 100% , B @ 30 H B E A DO XA 75K 4 45 i 4
LA R, 113 ~127 d, DO WE T = 3.5
mg- L' PA B REHEEAKRE >1.1 mg- L' EE
B3k 11.9 mg-L~" {HNO, -NFR E R A M T, i%
SERULH et DO SRR EEE . BT
il 2 44 VAT FE 32 YT 5 1 8¢ v U 9 2 A B 4111@ ﬂ‘”
i T S P e R R R W A T R R A
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Fig.3  Variation of NH;, DO and nitrite accumulation
with operating time
Ja B (131 ~ 146 d), DO JHE KN 2.6 ~ 2.8
mg- L~ FES N (26.8 £26.5) mg- L~ WEAH R L
RZE LW . LA B Hr el F0, DO FiiiE & 2 5K 5
AR R AR B A% S I i R R R 2R 1Y 0k SR . H

t AR4E Haldane 377 28880 VA R 40 T 9 0 00 A=
KR (W &) WIEE R 3 ~4 mg- L7 i &M
X 3 436 0 S S TR 4 AT A A A, PR IR A T S ik
FEHERAE . e Ah, B DL e T, AR R A
DO A& IR EVE R N 1.0 ~2.8 mg-L™'. ERE
W1, BT A9 A OB B SROR T SRR (" (80%
LEAT) MRILT DO I B SR A A
2.2.2 HRT iR

PREFHEKNH, -NYEJE g 700 mg- L~ A Gl 3
5% HRT A9 520, $2 7 NH, -N 7], % 22 )2 b7 2% 1Y
SRR, A8 HRT iR 5 W [, DO A1 NH, #1 K
1.5~2.8 mg-L '3 ~4 mg-L~", ST 07 #%
izt PEfre W& 3. H, X HRT 4.4 ~8.0 h
I, Al 285 SR A AUAR S (128 3 d 1847 280 X fm 22
<5% )EYE. E HRT 4 3.0 h &1, Brig4s B hy
B LTI H .

£R3 AFE HRT TREZEEML MR

Table 3 Performance of nitritation at different HRTs

NPT NH, N NO, -N NO; -N NO, -N
iz 17 i [a] HRT N s N N
d h R KBRE B FBR A Hh Kk B R vk AR
/mg-L~" /% /kg+ (m®-d) 7! /kg+ (m*-d) 7! /mg-L7" /mg-L~" /%
1 8.0 31.4 95.5 2.10 2. 00 588 8.2 98. 6
11 6.4 93.1 86.7 2.63 2.28 576 51.7 91.8
21 5.4 107 84.8 3.13 2.65 572 3.5 99. 4
31 4.4 124 82.2 3.85 3.16 576 0.0 100.0
33 3.0 168 75.9 5.60 4.25 438 3.5 99.2
34 3.0 255 63.5 5. 60 3.56 462 4.7 99.0
35 3.0 265 62.2 5. 60 3.48 444 0.0 100.0
36 3.0 232 66. 8 5. 60 3.74 382 23.5 94.2
37 3.0 304 56.5 5. 60 3.16 436 0.0 100. 0
38 3.0 299 57.3 5. 60 3.21 388 0.0 100.0
39 3.0 332 52.6 5. 60 2.95 410 2.4 99. 4
40 3. 343 51.0 5. 60 2.86 400 0.0 100. 0
41 3.0 370 47.1 5. 60 2. 64 402 0.0 100.0

3 A, 755 1 ~33 d,HRT /1 8.0 h 4%
% 3.0 h, FLREGH AL S0 A% K NH, -NR B2 31. 4
mg-L 7' TR E 168 mg-L ™", 5 X} R, NH, -N 1 fif
M 2.10 kg (m*+d) "HREFEES5.6 kg- (m*-d) 'L 7E
XL, NH, -N 2B R H 95.5% F (&
75.9% ,NH, -NEBR#EFEM 2.0 kg- (m’-d) ' F+ &
4.25 kg-(m’+d) "' [HINEE 34 d JF4R /R4 HRT £
3.0 h ANAE | HUKNH, -N¥R A% 87 FH e, NH, -N
Fo B AR WS | U8 B TE A T KRR A Ak BN
PO s A ORWERE. N L, HRT 3 56 B 43 19 &% &
NH, -NTAFG 4 5.6 kg- (m’+d) ', H ANH, -NER
AN 4.25 kge (m’-d) T BRI TR B I T

A, 3 1] B8 5 5 0 B4 A K

HRT i 5 9 /6], K NO, NFHE X —H @ T
98.6% ,NO, -Nfg f 7= ik 3.70 kg-(m’-d) ',
R T Jo e i 6 i A5 {1
2.3 JEJT A R K LAy A

HY b ARG e AT A 0N S R A AL
IVE = e R (TR e P N S A (AN
5%. TEFEKNH, -N¥ 4 630 mg-L ' ,HRT & 8 h,
KRR 30°C 1 Z 40T, 38 2o 45 2F 7K pHL 32 1 48
2T 4 TN P U S A Tk BB LA 43 BT R Y Ak S Y R
5T 00 ) AR

B Fr, I % 2 00 s A0 B 3 50 i 3 F1
F2 4 Haldane 4557 [33:34] .
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Haldane Tﬂ]ﬁ?ﬂfﬂﬁ%ﬁ'ﬁ(mg'Lﬁ);Kwﬂj Edwards :’-3 s
VB 12 BB (g1 ) 5K,y 0 Aiba 01 3 41 2% ;f.:l.ﬁf
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10°mg-L~" , RAH W, BN A Luong #5578 A A . 5 Edwards BIHA LS
JEAb, BT fi Edwards SR 55K NH,-N 3% 4 37 % Fig.5 Experimental data and Edwards—model predictions
r.. A 1.76 kg-(m3 -d) T, S PRiE AT B [ 1. 84 of NH," -N conversion rate
kg- (m’-d) "] ZERB K, FILIA R Edwards 5 RR
i FH. UL Haldane £ %9 #0145 W0 45 r . 0 1.84 20
kg (m’-d) ' WIS I FEBK, N 97.4 mg- L7,
P4 A H K, 4 0.188 mg-L7'. M S = /K K, Ut
I, 6 R A,y T A BT B K A AL %
SR U B VT 4. 28 mig L, BENIE SRS g T
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. % 14 + »=1.826/(0.171 5/x + 1) X exp(-x/113.8)
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AT 7 454 8 4 2 AL 5 55 400 4 3 oy 2 ® |
mF.
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0 4 8 12 16 20
r o= 1. 845 (R* =0.955) (5) NHy/mg L

0.188 + S + S*/97.4
Aiba FEF .

1838 S -
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Fig.6  Experimental data and Aiba model predictions
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