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Abstract

To solve the treatment problem of low-concentration aircraft deicing wastewater in southern China
and address the limitations of high energy consumption or cost of existing methods, this study con-
ducted lab-scale and pilot-scale experiments on the MBBR (Moving Bed Biofilm Reactor) process.
For the lab-scale test, Kaldnes K5 carriers were used, and after three-stage acclimation, the dis-
solved oxygen (DO) concentration was controlled at 2~4 mg/L with a carrier filling ratio of 40%.
The average chemical oxygen demand (COD) removal rate reached 82.6%, and the total nitrogen
(TN) removal rate exceeded 90% in most periods. For the pilot-scale test, potato chip-shaped carri-
ers and the “anoxic tank + aerobic tank” process were adopted. When treating actual wastewater,
the COD removal rate remained stable at 78.88%~82.50%, verifying the feasibility of scale-up. Re-
lying on the advantages of layered biofilm and three-phase fluidization, the process achieves effi-
cient treatment, providing data support for engineering application.
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Wi I MRIAERRAT, REXFERG B S EN, s el e 0 H
F[1]. HATREENIS CHLERIKE KA EANE B B FAEROR R, K2 Eh 1 LR KR K B A
R B2 150K RO BT il 27 ELEAME, 20 A B B e F (2] IR AT,
WL CHLBR UK K A FEAE DX EAFAE 72 7, R 2 BB TT LA RR UK IR K COD & &5, 77 HLi% COD
WL AN B, 3 A% IR I SR R DA K 22 B L7 B 4 3 KLBR UK R K AR B D59 BRUK PR ZK AL+ R B
WRES, a7 R ROR S BR UK R AR AR

FRE T MR OK PR R A B0t BAT SRR 0 R, SRAZRIRIA(3], AR UIAE 2071
BONHSS. HAET, B CHUBRUKBK AL B 1 B 2800 AR, A5 3]-[5]. ARTZNS ik
BROKERK HIG BLEA S8 D05 (EAEARIRIE L REFERmI[6]s i AR i B B AIRAE RIS LR UK PR K
IHELERA RELY, HEPEAIRR AR T] MR FROK IR A A L2 1.

Table 1. Estimation table of treatment costs for low-concentration deicing wastewater by different processes

# 1. FRIEZKRERKEKNLCERABER

T FRABE A H3:(MBBR) e 2R A A
e FEAL 5 (kWh/m?) 80~120 0.3~0.9 25~40
A B (TT/m?) 45~70 8~15 30~50

R E R E KK MBBR HLEIGEFETEE Y 0.3~0.6 kWh/m?, 8 LSSl EE N, S
FERIE S Bk, Bkt Mk A RBIRAS B — INAFIFEEAREE, BT
L, &z, 5 MV R K A M A PR AE 4]
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WA BRI AT R L RBLBR UK K FETT ik, SR AT s AR B AR 7 5, A /K B T 5 7K HE s
#E(COD < 500 mg/L), HFEMEAE 8], b AR MW T, LAY R BLER VKK i B 4
SHEMGE.

2. REI5
2.1. R AK

ARG R K NPTy, NIRRT 7 e A 7] AR = TR K LBR UK, #BE2E COD 4 1500~2000
mg/L;  FFRIREE B o N S BRI R HLBR UK R 7K

2.2. RIEKE
R4 R /MRIRIE LR Fh R Ee, RSB i 1 A1 2 Bios.

Figure 1. Diagram of the laboratory-scale test device

B 1 MR EE

Figure 2. Diagram of the pilot-scale test device

B 2. itk EE

MBBR /MRAL R B RS . RN B R T K, AR NE HOGR A BT100S-1-
CE K52 ik S (FL 19455 85 # HE /K i ;s MBBR J M. 564 40 LB G RIERL 7545, S 78 40% Kaldnes
KS HRE, (T WA N 35 S 22 3 MR 35 B ACO-004 BESHL, 2 il S B 8% PN T R AN 2~4 mg/L
[9], FEIRIBURIAAL: RKICERH 30 L PP 46, Wimdi HOFECETRoK, F BHEER . 1817, K
FENEH, BAUOK G HRHEAR PR, /KR 2 R

RIS S /MR TR T2 — 30, AR miE RS VIR, SR O = A R, RIS«
b + LRI BRA L2, AR 1 W,
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23. REARRITSXBTZSH

MBBR Jx M. 2% K H 20 W BEIIE G 3l 52 s 7@ i CHLBR VKR K I ThRERAEYD, PRI AE PR fa e v
SR TE . BB 1 (1~3 )AL, VEAN COD 1000+ 50 mg/L. C:N:P=100:5:1 F7 %) LR K,
VA 18] Pl B (DO 2~4 mg/L), AE T BG5S /K] i St ks Ve -R A= P I 5 T Kaldnes KS SEEFRTH; P B 2
(4~7 RFEAREKYN, RFFKEAAE, PUR B R 1/2-h B EEIR, SRRy 5k sh s
fid, (REAEVIEAER; BB 3 (8~14 R)LFRE/KIIML, ELLHK@IL COD = 1000 mg/L, HRT 8h), &
SBIRTHRKIRE, R EMEERESFMHEE. COD LRMRFES: 3 K >60%, AL,

IE AL TR RS LS BRER UK R K XS B, 4EFFIES (DO 2~4 mg/L) 5 40%IERHE T thRa e, 61K 1115
FAISTIA] 24 h, H AR TT N Z$4 COD 1 £BRRRE .

AN 5 RS B AR T 225 E 2.

Table 2. Comparison of process parameters between laboratory-scale test and pilot-scale test

#= 2. MARESPRIRBE T ZSH50H

ZHT SRR GNERE Hit e
A B BRABRL) 40 1000
BATIRE(C) PRI B (15~25) IR (7~18)
R Kaldnes K5 (¥ Z.J#) AR (R 25)
HEZH Ft R HE A (mY/m?) 800 >1000
(%) 40 40
7K 45 BRI [A] (HRT, h) 24 60
IKII5 Hidi 25 PR f (kg /(m*d)) 1.5 0.8
[ (%) / 100~200 (JLEth 2 G i)
BATEHI S HR4(DO, mg/L) 2~4 (BF4IX) [9] BEIX <0.5; FEIX 2~4
AR MLVSS/MLSS 0.6~0.8 0.6~0.8

24. MRIMES55F%
I FE(COD SN 2015 mg/L) KALBR UK B K B B AR & 45 5 L% 3,

Table 3. Project detection table of low-concentration aircraft deicing wastewater

3. IR TCHLBR VK BE K I B AR

KT H L2 gER
pH1E — 6.5(24.97C)
2% T (CODe) mg/L 2.01 x 10
L FE mg/L 1.83 x 10°
SEPBAIN D) mg/L 3.75
RBEBLP i) mg/L <0.005
AR N ) mg/L 0.117
A E(LL N P mg/L <0.005
WA ZE(BA N 1) mg/L <0.005
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BB, BRuKEKh FER Y COD BLARE, HRRSERD, #illidmiA Ry coD, 7%
N HI/T 399-2007 (7K 5 A4 257 75 S B A I i R VA A 20 6 6 V) [10]

3. ER5118
3.1. MARAE
3.1.1. MBBR KR E XHLBRKE A S COD RILIBHUIR
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Figure 3. Graph of COD removal efficiency
3. COD EMMEE

3 Faoe is 47 M BC IS I B Hs vl R, i3E7K COD IR FETE 1917~2103 mg/L X [A)/NIERE ¥, Hi7K COD ik
FEEF T 312~396 mg/L, COD %R YEREE 80.0%~84.8%, T4 5LFRRIA 82.6%[11]. MBBR L ZAb#E
IR FE CHLBR VKRR IS, B “HEKiEEh. ZERBEHS” M. 21T Kaldnes K5 HURLE [HITE %
CHFAE - FRME - IR DRSS BV E R R, BN O S IERE R TE R A R R R, Eid ‘2
TR LR SRR 1 58 AU LIS e A [ 12]; RIS, 40% ) EDRHE 78 LS EORLAE R
SAERTFIERC “A - W1 - 187 ZAHmAGIR &R, BEFT 0 A= W I3 T 9 0t 5 2 A% i

3.1.2. MBBR HEIRE CHLBRZKE K TN R EHR

HRAE 1 4 7] %0, MBBR L 2% KHLBR VK 27K AR s B TN) AL BRI AR o, 384T A A 2E7K TN A 8.54~10.55
mg/L, XRTHZK TN WARELE 0.61~1.24 mg/L [X[A], TN EFRZELL 87.53% E:iE, ZHIS T B E
FE 90%LA b, J5 AR S ATk 93.10%.

XA MR I, IR T AR AT T AR AR R SR S Bk E R AR . 2 R AL S )
Kaldnes IR £, DR MRER “UFA - " 2 ZEME—IF A2 N AN E(AOB). AR tE
LR (NOB)E M FF 4R, Al R RO K R R (BRVKE K TN A0 b NS R 13]; FetE 2 I
P BR ARFE K iR B 1 £ R (IR, RREESE ORI, AL @R Ol TR e, OB T A
RUFHESE . FI, AR SRR AE YRR Y BUa 52, iR TN RS IhEERE 178 7
Fefuh, BEG T R AL 2 RR [ R 14].

3.2. hikidg
PRI IE AR T /MR IR G SE R, 6 FH AR B LI S bR CALBRUKIER 7K, AR5 Ab B8 IR 7K B 3751006 2%
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Figure 4. Graph of TN removal efficiency
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Figure 5. Graph of COD removal efficiency
[ 5. COD £k E R

Wi 5 fias, S MBBR L& 7E R B (11.25~12.4) b FARIK B K ML VKR K 1 COD 2 Z -, 11 H
25 HARB IR, YL E R, DL BRI A% O I Th RS B A M T R Tk gAY,
it COD %BRZEA 74.14%; BEziTHEdE, B ERME R B3 WRACIRES BT 55, < - - B=
ML B BCRIBE A ARAL, T B8 R T 52 R 2 18] 0 A1 A B2 5 2 Bt S B A5 P AR B S M VR B, X BR UK R /K R 32
T COD M & —FER# A RCRIETE, & 11 A 29 HH/K COD [#% 258 mg/L, COD ZEFRETFE 79.14%; 12
H 1 HZJE, /K COD 4EH#7E 266~321 mg/L X [A/MEHS). COD %FRZFFELE 78.88%~82.50% )75
Fl o

ZAREEE B IE T MBBR L2 MRS & /N 2 AP R 38 (T 47, AR Tl N A RE sk
BRI FERR VKR 7K COD (RBF AN IR, a2 TREAL S AR AL T BLRE A ok g B s 4 .

MRIEIRIGHARHE R, 2 FNIA MR LR UK R K AR AL EE &2 100 W, 05211 P4t MBBR
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T2 BOTE TR R K AR EE,  DLog IR /N B R IE SRS AT AR 1 1) s A= W IS T AR e
9'5gCOD/(m*d). &YPEHETR, Wit RMAE AR 30m?, HBm=E ety 1.14 i, &5 2y
30~35m?. AbERA IS FRTIAL REFEL) 336.6 kWh, HT & ERAT AL ARE) 7.7 J0/W o T2 St 7 B pii GV ) B
SRR B BRI E AR Zh Y g, DL ORAE Z=T i A7 Sf A T SEILAR 8 A R B, A RS
B, B v B A WL K AL BRI T R A ) LAE S %

4. BESRE

MBBR T ZXHEARE CHUBRIK R K BB B b ke, MRS Pl s 56 0E 17 R w4tk
NRBYBE, 7EHEIK COD B 1917~2103 mg/L. TN ¥R 8.54~10.55 mg/L FI%:FF, COD P34 L pr&ik
82.6%, TN EBRFLZENTBAE 90% LA L, Femimlik 93.10%; kB b B SEBRRIR B LR UK K KB
COD EBRZFN 78.88%~82.50%, JEHLH K I HI AR O RN

TERAR T ] 220K MBBR T2 5 WAL HE SR B AL B B G R &, Bl “ Tikb #E-MBBR- 5L 44
W BB T2, S SR BR UK R K S AR B, 5E R A IR FE AT FRUK R KA BB AR AR R o RIS AR
N FRNTAE DI A ThRES AP (an 2 — B B AR v 0S8 AE ) A WL 5 R ELVE DG R, IR DG B P AR 1)
TEREAE, AT ZSEMALS @ R P i S (LB 0 S0

HE&mHE
] 5% SO R TR TRMLBROK R 7K s 285 R SCR) B AR R B TRIBR UK AR ) 2 A M9 7 (2022 Y FB2602005) -
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