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Abstract; For conventional wastewater treatment process, the pharmaceutical and personal care products ( PPCPs)
represented by ibuprofen in municipal wastewater have problems such as weak degradation efficiency, complex
structure, and high activation energy. Therefore, based on the internal operational characteristics of biological
aerated filter (BAF) and three dimensional electrocatalysis (TDE) , a TDE-BAF was constructed to treat ibuprofen
in municipal wastewater. Test results revealed that the ibuprofen removal efficiency of TDE-BAF was higher than that of
BAF. With water temperature of (21.14 £0.05) °C, COD of (86.82 £3.40) mg/L., TOC of (27.56 +1.08) mg/L,
ibuprofen of (93.2 +5.16) pg/L, and ammonia nitrogen of (18.75 +2.39) mg/L, the effluent concentrations of
ibuprofen were 2.28 —9.32 and 57.70 -77.12 wg/L, and the average removal rates were 93.48% and 31. 89% ,
which was 61.59% higher than BAF treatment. The removal of ibuprofen by TDE-BAE was mainly in the TDE area
(T5-T6) , and the removal rate reached 51.78% , accounting for 55.40% of the total removal rate. The mechanism
of TDE-BAF degradation of ibuprofen is mainly through the synergistic effect of the TDE and the BAF.

Keywords: ibuprofen; biological aerated filter; three dimensional electrocatalysis; synergistic effect; spatial
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TDE-BAF FlEph BAF 5256 %% & W& 1. TDE-
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Fig. 1 Test devices of TDE-BAF and BAF
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Tab.1 Comparison of basic physicochemical properties of adsorptive biological filter material, red mud particle electrodes, and ceramsite

_ WOk B AR/ PN B/ IR/ s PR/ Hiffi/ HFR A SRIE/
ek mm (kg-m ™) (kgrm~?) % (gg7") (m*-g™") MPa
I o 250 24 0y e 3-5 1115.60 674. 80 42.17 0.032 36.17 3.45
VB HL T HL A 3~5 1 058.92 621.67 38.17 0.025 21.17 3.30
Fig i 3-~5 2262.40 1524.93 29.59 0.021 10.73 3.25
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S K R TN AU T ¥ K — A A
K, A TR B St A1 1 S5 BT R 23 TR R 3
RAGIE ISR BT ik B, LAVERy &b R R R
B NH, C1 A% 75 55 4% — o Le il me i, fe 0y W& 2,
JKJ5E R COD 83. 50 ~ 148. 00 mg/L, % & 15.30 ~
22.50 mg/L, TOC 25. 80 ~ 51. 27 mg/L, it FF
13.50 ~84.90 NTU, {4, 100 ~ 300 CPU, A5 & 25 i
U B 0. 085 ~ 1. 10 mg/L, PO;” — P 2. 60 ~
3.40 mg/L,pH 5.21 ~7.86.
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Tab.2 Formula of simulated municipal wastewater

TEHY 60 ~ 80 WiEAT 4
M 60 ~ 80 SAfLES 5
R 5 Bk 5
FH 5 AL 5
INIRAT 300 TR 60 ~80
TR Bk 5 E(rpt- 22 0.1~1.2
W — A5 5 DA ETG K % 10
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YSI—5100 AUy 44X ; COD R FH 5 PR F1 VA s & ALK
FIEN FAR 0668 55 POL ™ -P i ad RBP4 Ok
JEB:53 0T TOC SR FHAE [ H 52 28 /)8 AT MLk 53 BT A
multiN/C3100 ; 3 B 18 B 43 51 >R A AR AL i)
MEEAL (SZD-2 AY) Fifa B AY (HI93727 #Y).

K A I 25 R0 R AR B R O £
J&4Y ( Prominence LC-20A) , fil 45 SPD-20A UV-VIS
Detector = & &5 48 /i) WO AT AR K AG I 2% , (03

B T /E %G, InertSustain C18 437 24541 (4. 6 x
250 mm,5 wm) ; VM24 [ A A5 BCE B ( E S Y
AT BRA T ) s NDK-24W 7K 7 WA (- 1 A FEAR
AR 7)) s HS3120 AU P i A3 s (% it i e
B A RABR R s HP-01 B B 25 %8 ( K
T BB R A BRA A ). 250 mL ¥ 50 2o 8 &%,
0.45 pmiRA LT 4R MALIBHE. H sk (38 4l ( iz
TR 5 FLEe K R M Al K . A SR bR A S
Dr. Ehrenstorfer 2 &), #fi J& 99. 5% , L #%
100 mg/ 7.
1.3.2 =2 A AR B Wik 9+ A S

A1 2 U A~ F AR R RS AR A 0 U Rk A R
P % R Y R B LG, A = A A B A= W
1 (TDE-BAF) , F= 825 Sl AR ] B K AR e ks
A AR B0 75 A S s v B8 LT A1 34 S5 St rry S

SRy i A AR TSP XoF AT % 2 AR A 1) S, T =
AERA SN A P, R R 30 VY 3 Ak (Rl R
Ay50205,8,10 112 em,E3E 3 ~5 mm sRIBILR T
FEAR , LA 5o 0. 10 mol/L () Na, SO, ,pH i 6.78,
MRS 0.2 m'/h, IRl 6 h, 43 5130 45 %t
100. 00 g/ LIBLALIAR I 75 7K (W R AR RE L 0 £
F I () ..

R Y0 2R U A A R B AR A R
JIE LU XS A1 1 S5 B3 A 1) 10 52 W), [ 5 WA RS 28 2 ot
g 1200 mm, 3 S 7 SR e BRE T L AR = B A
100,200,300,400,500 mm , B[} 7 e FL K7 1 H Bz AT
B A Rl B LA 1:12,1:6,1:4,1: 3,
5+ 1206 SRR T 5 K BEA T AR B, i REiE 4T 2 50
TR AR 1.2 m*/(m®-h) SUKER 501
B422.5 L/h HJE 30 V, L JEEFREE 1.99 mA/cm’,
TERTHA DAL B A= W kokt BAF A 5ERT (30 d B
) , AR 21T 20 d, A5 15 RIFIR
HOK BN 2 E 7K (8 TOC A 96 25 o i Mk B, B
YENE R Z i FE LB A TR0
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TDE-BAF AU BAF ¥4 5% 11 £1 45k L 3 77 ~ 2ob \ 10
A (2130 d) HBERIIIG , LLSgh BAF i LS5, T 6ol |
WF5E TDE-BAF X455 1% 75 1 B fif 20 e 0 45 (8] B3 At e S sop
P BARIZ 1T TOSEANS oK 15 BT 3.5 h, i ﬁ L
JE(21.14 £0.05)°C, KK 5: 1, pH % 7. 26 + S ;g —
Q 5 A - e I
0. 13, LA 12.73 A/m”, I HG 1: 2. 845050 1o} T
MiBEAT =T JE X HX AR MYE ol o s s sy
TLBUEAT 45 d, i A7) S dﬂiﬁq 1‘7J(E9€ I 0.5 1.0 1.52.0 2.5 3.0 3.5 4.0 455.0 5.5 6.0
RS+ K—KWYF 217, ] 4300028 3,5, t/h
7 ~8 min, FUKSRIEYH 8 L/ (m* ) BRI L8 & m2 siREmExt sk R B T AR P AR 1R 2 B
MO gt 1 R f RE RS 300 mm 35 B A HORE 1 Fig. 2 Effect of electrode spacing on red mud particle
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Bt , X UK — G WAL B s . =4 e Al R e,
FHAR K I/N 115 e 1) % o B B85, B AN ] B )
FRUNEHERIE T SN ZR L BE AR DR/ DN, 0 A i) P e
K, B AA 2% H BELBROK, g MR () B34S 52 e 25 K
PR A PR v ) 23 ) A B AR A AR B 5 R A
AR SR I T8 1 A= 9y A A I T B 43 R) . A 2
HL PR A T B 0 A 0 A A SO FE B3 >, A RE
R RGEAFE K RO Ak AT AILAD) , ol S 10 5 2 B R A .
PRI, 75 TDE-BAF 52 g ) AS e 78 v 32 0 A A
Vi) S K 25 10 7 FEL AW AR B 784 A= ek v B Lt
115455
2,11 AR ARIEIFE A E

P I ) B2 0T 0 e R AW i A1 1 25 Y 52
WA 2 frzs. AT AR Y 72 RO TE] 2y 6 b i, Al Al
[BIHE 5,8, 10 Fl1 12 em XJ A3 3% 5 19 22 BR 2 00 51 R
78.50% ,84.40% ,86.00% #11 80. 40% , >4 % Az [8] #E
910 em [, A 9 25 1Y 25 BR A e, 15 86. 00% . AT
B L1120 NN A N A 1 7~ S YA
R AR A AT U8 25 AT F TS, AR ] L3 K, F B
B, R DN R U P AT, R R T AR Y S A AL
2 RAR AN A1 3 25 1 22 63k 5 AOHR TR B s 20>, He,
TR R R BOSAR INE]  BASR] T AR IS S 2
Bk AT DL, e 5 3 Y A AR TR] B X AR 1 o 2 OCER
B RIEAEE R TEAH TDE-BAF RGeS, i 7 it
[a]#E 4 10 cm.

2.1

electrodes degrading ibuprofen
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Fig. 3 Effect of height of red mud particle electrodes on

degrading ibuprofen and TOC

M 3 1] LU Y, Bl 2R U6 kr 7 F A o 1Y
R0, A& 28 A TOC (5735 2 B R A i 2 v, 24
ARV AL F HLAR 5 B L 100 mm F 55 £]300 mm, 75
25 TOC [ 73 KBRS Pt , 1M A300 mm
B ] 500 mm B, A7 3% S5 F TOC 1SF-3 25 B e
INZEAS. & B oy 1 12 B, A3 % 25 F TOC 11913
FBFRSHIHA 70. 12% F1 66. 25% , 1l 2475 FE LKy
14 W}, A% 25 F TOC Y- 35 25 B %43 5 I v )
96.33% F1 91. 21% . Wi A2 = 4 b HL A S s
(A TR] , 2 SR B T A AT 10 min 1717 ) 25 D) 2 i Fsf
B4 30 min, IrLL, 245 BE Ry 1 4 B, A5 3 258 K
Sy B EEAL R T A B A A LA T S
A 3 R B AN A B SR A A LA 2 B AR S s U Sk
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THUR B, RBRR T = 8, S Lo 50 12 B,
=Y H B S B R 3G ) 50 min, A3 i 25 AN
TOC (-5 2 6 %45 51 K 97. 62% F11 92. 20% , ¥ i
AT BE AR I 2505 T B R — S A B BB . AR
SEH R ZE AL {EREE TDE-BAF RGERT , S BRI HhL
- HEAR I B AR A W ek e BE L Ry 10 4, RV Jg Bk
FH ST 300 mm, W AL A P E kR EE 1 200 mm.
2.2 =Z#HBELESEYIRBERRSSHNBE

S v AN By g AT I A TR B AT
(], 2 T DR SN e Ak T B 4R0IR 285 D B i 2 s i 4
Xt 22 BRI (G B R o s o SOK G R K
WA BT B EAE 3 mg/L LA B KR (21, 14 +
0.05)°C .COD (86.82 +3.40) mg/L . TOC(27.56 +
1.08) mg/L #1825 (93. 2 +5. 16) pg/L. & A
(18.75 +2.39) mg/L, X} [ W 58 TDE-BAF 5§l
BAF B9 5F AN HE.

TDE-BAF 5 gl BAF X 47 3% 55 B9 22 BR AL HE HE
BANER 3 s, W LAE RS K AR S5 i ik i Ry
86 ~105 pg/L I}, TDE-BAF [t 8l BAF 4 i #11)
A% 75 L BRRe, T34 2 BR 2 43 0 oy 93. 48% Al
31.89% ,TDE-BAF Jz Jii #5 H 5t BAF A7 9% 2% 2214
FPLET 61.59% . TDE-BAF FIEuh BAF (4 1% 2%
WK R B R Ak 2. 28 ~ 9. 32 F157.70 ~
77.12 pg/L. 5l BAF X T A9 5% 2 BRACRE AR, &
BLHPR TS I A A A58, A0 3% 05 5 A RS54 |
L AIE e O E ST R (Y s <=1 2 G W < D] 7)) i )
TR K (—COOH ) | # & fig (—COOR ) | B K
(—CHO) & &AW [ CNR] 5 (—OH) B2

AT E R 2 BT W Ak AT 38 25 R R R W)
S, EL A ONEE, O, AR e ik e A 2 IR
fis 4540 F S B 3 A A MR 026 0 B Y v A 9 S 1
EBRANAT 20% Lty

%3 TDE-BAF Fl&# )% BAF X{ 75 i& 55 X BRI EE
Tab.3  Comparison of TDE-BAF and BAF on ibuprofen removal

Pitk’ TDE-BAF BAF
(ne'L™") pyse/ (g L™) EBR/ % pyppe/ (pgel ™) LB/ %
93.2+£5.16  6.15+2.10

93.48 £1.44 63.55 £5.65 31.89 +2.91

86 ~ 105 2.28~9.32 90.49 ~87.38 57.70 ~77.12 26.55 ~37.11
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TDE-BAF 1Ml BAF [ 7 A 3% 5 (14 25 18] 1k
VLI 4 Fige 4, nT LA, 5 BAF SOV g% A% 25
LR BEDE)Z 5L R R IR 5 PR, 2R R
TEHEK 3 (T1-T2) SR P Ak T % RO 1 5 BLAF e
DR A 4 R S 26 B R A 0 2R B T, DAL T A 3%
S B 25 R A R 5 W K T 1) AT ALY AS B

Yoy RCRUR) 2054 T3-T4 Bk K Arig 329 i
TR R BRI PR, TR IS AN B0 0 1, S 7% AR & ok 2>
FRI R A 6. IL ), 3% AL O3 e, g
% [ £k A7 AL T fef A 985 2% 25 BR SRR $2 . SR,
TDE-BAF J2 Jij 2§ XJ A7 3 25 1) & B £ 24 i 78 TDE
(T5-T6 ) X3k , A3 ¥ S5 1Y K B33k 51.78% , (i
BRI 55. 40% , 9 B F TDE 354 g i 45 1% 25 AT
P ) A A AL 2 BRI R AL 2R Ak, B A oy —
AN RER TR A=), Zead N R, K A ALY B
BAF FR4- B4 | WA AN A 1 I i, DT 48 8 T B A
RGHIAIRF LBRAE.

1€ TDE #f553, ARk Tl FEHH &8 &
J& F ALY FRE E AL 20 1. Hardjono 1 Kong 1IER T
B LA I 4 T AR S RN DL S — ST AR A
641 (il n SnO, ShO; \RuO, \Ir0, ) s 2 & Pyt 2
ALY B AL ). Zhang Ay, £ 2 A
AR T, i AL (H, 0, ) AR A S0 il o 2 ik
FI 5L (-OH) , - OH 764 HLI5 ey st vl S A
Y R, TDE 7EAR 1% 25 Fe i ik 25 S S T, 3
J& TDE-BAF {& & [L L BAF & & SR8 B 4f B 1Y
JRRZ —.
2.4 ZHHBEABSEVIECEBRESHEE

ANLEIER T

TDE-BAF 2 4t 3= 2L iy ol e JE A Mk = 4k s Al
FE AP E Ay il AR eI B AR M = E A 7
AU R R, 7R LA T AR U Sk H R —
07 T B AR A 28 AR 38 D S g, g — T T AR H:
R — 2 BUE W E WL, 78 TDE i
A YIAE ARG 15 e — 7 T A s Ak 22 b A 7
Rtk , oy — 7 1T F0 3 22 4 2 W00 s 118) A 0 e fi A R o
YER. TERUE Y s A2 L RVE TR, AR 3 R A
P = 2 o W K A A HIL TS e A Ay e e i) 7=
Y, /DB AR U SR AR L B A A 4 R

YRR SNIN L B VE R T AR Ve ST H AR
WARIE B R, A B — > R e FE b SRR — >k
AR PR TR 2R - FE A HLA K B SR T AR RN
BE LR, LS Y AN TR e B 24 AN
FE, 7 it T 810952 7 L i O 37 T T A R I %) S T T
WA R4 43 i) B 4 T FL Ay R 67 HL AT, 3 00 S ) AN
() P R~ R AR, DT i A FEL IR R, A1 A W2 o6 AT el
W 5t B 2855 T A SO AR HE T A 9 25 A MLTS e ) 2
. [ AR 28 W IT 58 0E B = 4 FE R s g ATL B
SRR H M 3% 1T AR RN SR AR 1 - OH AT H, 0, 4%
WIIR | SRR A LTS e G S B . R TRk
F HLAR L S AR 254 DL AL S
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Fig.4 Change of ibuprofen concentration over time at T2, T4, T5, and T6 points of TDE-BAF and BAF
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Tab.4 Effect of TDE-BAF and BAF in different areas on ibuprofen removal ne/L
AT TM-T1 T1-T2 T2-T3 T3-T4 T4-T5 T5-T6
TDE-BAF 26.02 £2.46 5.42 +£0.70 4.03 £0.65 2.90 £0.84 3.51+£0.85 45.16 £2.21
23.17 ~31.98 4.24 ~6.15 3.09 ~5.00 1.75 ~4.64 2.10~4.73 41.93 ~50.50
BAF 9.75 +£1.01 5.48 +1.50 3.85+0.97 3.25+0.83 3.50 £0.89 3.52+0.83
7.39 ~11.50 2.79 ~8.72 2.53 ~5.91 1.22 ~4.51 2.27 ~4.96 2.16 ~4.42
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Fig.5 Photograph, chemical composition diagram, and SEM of red mud particle electrodes
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Fig.6 SEM of adsorptive biological filter material
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