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W FE XA IR A KK T E A MM . AR ML IX, AR 3 T K COD A B I g i e, R
S E AL —Fh AR A R . SR AAE B R B B & T ik, B y-ALO, R, il T Mn-Fe-
Cely-ALO, AT, I X FoMOIR BEAT T A o 5 % A Ak ) B T 52 B 405 48 37 58 5 /K — 903 4803 1 K B R R4 L
e, SRR LA PO IR A 0T SRR BUROR T HEAT R Be U 75 45 B Mn-Fe-Ce/y-ALO; i 4k 7 Xt
Wy 2F F5 08 K AT B AF AL PR RE . 7E RSN R 12.5 mg-(L-min) ™", AL FI &R 60 g, 21 20 min 4 5514
T, COD 2= & % i fifi 1] y-ALO, I} (1 20.4% 42 &5 3 48.9%, B b fli I B 4 AL Ky 13.8%; {68 £ (R R Al 1k 95%;
BOD,/COD . 5] 0.54, R &ML AL A AT L 2B COD Fa B, i HoA kst 7 al tfb ik, AR AL K 4k S
AR T4 F . W TBA /4 HO MK R SL 50 25 R W, HO-ER R Pl EZAER . IR 45 SR nl b i
A F5 B 7K A BEAR IR 0 R vk

K B2 Mn-Fe-Cey-ALOy; JAEIM; RAMAILAI; VI4FRMEEK; HON S
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TR K AT AR A A K 0 R K % I €8, 5 T A 3 1z N o B R AR AR A vk — T I R AR
RORART o 15 9 W) ZLBRBORA A LR A & By A R il o TEARS AL 25 F T, AR R0,
REAZ (2 E R A )22k A h Ak (HO-) YBE7ZE, ml 4 i RAAF T R A B a8 . AR XA AL R 4]
A H AR A AL B8 T A0 v R 43 i O, 77 A= HO-, T ELAE AR LA S TE XA TR, 78 559 1R 22 55 Bl R B2 v
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EEITRIEARNFERTY, B TERER R AR E . D08, TEE SRS . FIED
5% T MgO/GAC 1 5L AL B B FN 2R A6 1k, 45 3R 36 1 MgO/GAC g fifi i A AL B BCR 44
15%~35%; #% Fe-Ce/GAC Ak 351 FH T 1 1k B i B 400 o Wk B S B R I 7K, WTfiff COD, JB B iR 25 B %
430 be Bl L ARURAR AR R T 40.3% . 31.8%1M s i FH £ A8 Y SR v A AL SL AU SR AKK IS PR S,
TE pH 24 3~10 B, Ce-PyC ¥ REIRFFFRE M AL AELLTG 1, TOC L BRZE AL E] 80%"", (HAT X1 £
A Mn-Fe-Ce/y-AlO, i b 551 1 il £ DL K = Jo A A 750 i iz A B e A B o, 0 & 05 4 35 58 % 7K i
FRRCC 0 5 A AR S8 AH i Ak A i D vk 0 AT A 3, AR B R UL L Rl R R AR R S =0T
A TR /R SR R 1) R A R S AL B AR AR R AR Y

AFFE T IR B R vk il 46 1 17 28 2% Min-Fe-Ce/y-ALO; AL, 43 B0 485 S5 14 F0 T 25 4 1
7 74k, @it SEM. XRF. BET Ml XRD 5573 B RAE T AL (0 25 0 Ay ik =55k, 1 5
A R AR B T AR B AR AL R R AR B, DL 2R 3R 5 — 2 A b Ak B K R A BE X 42
BT % AR B S AU A TR B A AT 1
1 #R5RE%

1.1 EeFEEE

¥ y-ALOy /NER I KB FoKUEBE, R TR b T, 7E 65 C WA T T . @ Rk ke
Pl = onMEAL R, B—E RAORSEREL . AN RR KRR ER AN , R A TR, manisk, 2%
% 100 mL J&5, JERUATIRARIRG IR, VA VR RS IR R L A IR RN A R Al 1 BT 3 B o R 1% . 1% i
1.5%; 4 20 g y-ALO, /MR ARTIRIRE B T, sl &Ik GE B MESE D, KRG R 5 R
12h, #RFHAM: RFBIRE N30 C, RHHEE N 180 rmin'; FARE 120, FFEIRE N30 C %K
HRCE . KR AET y-ALO, /INER R T, JEZIR B, ICH A Ak 350 B L A TR BE Sl 65 °C 1Y
BEAR TR 12 by B TR S AR E TR S, TR 600 C S BR S 4 h, KEbe)E
Rl 5 = JT 1 2 7 Mn-Fe-Ce/y-AL O, fiE L7 .

1.2 BUFIMERERZE

K K& S T B (SEM, SUS220 A1, HAr AR, HZAR) MEEIL A ORI S ;i
A 390 Hp Y 0T 2 2 00 B = 0 R XS 4R O 6O I (XRF, EDX-7000, A, HA) PIE
i FH 4 1 BhHe i 26 1 5 AL R EE 43 BT/ (BET, ASAP2460 %!, Micromeritics 23 7, 25 [®) I & i 1k
T LT AR 5 A AR Y AR S A5 A 1 ] X S AT S AL (XRD, D8 ADVANCE #4, Bruker A w), 1
) #EA7HT o
13 TWHR

S BT R K R SEBR K, BCE TN T S 0 A 5% BE R b A — AT AU R K, COD T3 R
460 mg- L', HA[AEfPEME, —gAfbih COD JL-F %A KL, Hd ioa HLy A LGE i 1% G A9 7
REAR . SCI T R B 1 TR .

RAREARNALS N CH-ZTWSG, KA N 48k 2 A~ A §l 1A VLB s v, Hod 22 7 O
PR E N 300 mm, EHARN 120mm, ARCAEN AL, EEE N 80 mm AYHL T A LN 2 mm A
B 223 H A Ak B RN A IS T B OR RO Sk o A T RN AR R 200 mm, EAR K
100 mm, HN#HBZHE—WIKIE, RIS H HI-611,

FiA SER e SR N AT, RS AT, LR 3.6 LI AKEIAL I a4, JFIH
WoKEE, MG T B3 W R K HE AL DT R B i, R KA B3k oK D&, K BRI AG T
ah, BB G RR s RE, AR TRESE KBS fERM BT, A5 KH pH £ 9,
FRABN &R 12.5 mg-(L-min) ", L5 fL B 18] 24 20 min, AT BN A 60 g, 4 HI17E 5. 10,
15, 20 min BT HORE, P43 500 € COD Al
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Fig. 1 Schematic of microbubble ozone catalytic oxidation
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Fig.2 SEM images of Mn-Fe-Ce/y-Al,O; catalyst and y-Al,O,
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s RO (9 40 /INBORL , 2 IR R BE IS, A L T R A 43 3 ) M A AR SRR SR T . AR TR A R R AR
R AR, R T &RE Y. HE 20~/ 200 /A, y-ALO, # ik m I B &k, Jf
i I 10 AT A — SR R B /NIRRT o DL 4 SR RE A UE S M 4 4 T A .

i 7 XRF BB 53 M1 T Mn-Fe-Ce/y-ALO, fi: b 1 & y-ALO; BT R 4 Ak, Ml 45 R an &l 3 i .
i &l 3 ] %1, Mn-Fe-Ce/y-ALO, AL MR T LR ALLSL, KE] T Fe. Mn. Ce A 7 & i
H17.553% ., 11.649%. 10.241%; Tfi y-ALO, TAFTE 90% L) I 1) Al R it i Hofh oo 28, (A IF ARkl
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Fig. 5 Effect of microbubble ozone heterogeneous catalytic
oxidation on COD removal efficiency in dairy
farming wastewater
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Fig. 6 Effect of microbubble ozone heterogeneous catalytic
oxidation on removal efficiency of chromaticity in
dairy farming wastewater

5 R 5 B2 K ) BODs, COD. NH,-N., TPHIAJE, HEAKETHEARU5R 2 7R . Mn-Fe-Ce/y-ALO;+0;
KRR FES, NH-N 5 TP ¥ AR LR/, COD A1 KiEkE{%, i H BODy/COD i JF &1 0.21 $2 5
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Table 2 Effect of heterogeneous catalytic oxidation of microbubble ozone on biodegradability of dairy farming wastewater

BB COD/(mg'L™") BOD./(mg-L™) BOD,/COD NH,-N/(mg-L™) TP/(mg-L™) (R
AL BT 460 98.4 0.21 59.09 7.52 160
bistim 235 126.9 0.54 56.30 7.25 8

23 A HHRINE

JRE K Hh AR AL R L AT BER IR T ARDRE L 0 A PR R B AR My e A, i TR R
e F b, DA FR B K K 0 LA — i B b SR AR R R T SO K AT AT, 4
AR 235 6 000 FA ALY, HRFR B IR M S ARG A WL . AN [ S 7 I (] 9 K B 56
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TBA Jii, 2 AN L TR ) B 0 ) £ g sof TECHTALOY0 20 me LT TEA
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BB TR 1%, AR 9 P, g )
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MeOH + O; —» MeOH-O; —» MeHO, + 0, (1)
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0, +0;+H" - HO- +20, 3)

AL R SR T8 2 MO S, BDEAE HO-A T i A AL L FE . B 405 F W B £ Min-Fe-Cely-
ALO, bR e, SFRm R & A EaksE R N, M gk — 2408 7= 42 HO-

3 #ig

D) &AW . SRS YRS LA YR IK R IR BUROIR BE RS 4R S il 753 Mn-Fe-Cely-
ALO, #4L7), 76 pH K 9, O, At Jy 12.5 mg-(L-min) ', Fz i A 8] & 20 min, i 4k 505 04 60
g WY 41 T HEAT RAA AL S AL, W5 28 35 50 B 7K COD 25 B & Al 60 B 25 B3 3 43 93] A 35 %1 48.9% Fil
95%, L R A AL I Y COD 23 B 3R 8 3 25 BR 32 3 il 4 8 1 35.1% F1 20%.

2) SEM 5 R /R, #F Mn-Fe-Ce/y-ALO, & st )5, 16 M4l 4339 51 Bt 5 7E 4R 3R 1H ; XRF 43
M i 7R Fe, Mn, Ce 3 FJC K BB &4 b 71 2R 7E y-ALO, (IR 1T ; BET M9 45 . 28 3 7% 1 41 43 1) 7 2%
Je, R A FLIE AN SEBR YL 4R, 5 SEM UL RAHIT R ; XRD AT R, AL R IATE AL T
TR 53, T8 U 55 AT 9 e 55 B 48t TN 45 b 8UR A7 OC .

3) i@ i RN TBA VEVE R, B S W AR 2 b HO-BUAEAE, 45 EW, s o, IR diin A BT
X COD M L BRFBEAL T AE] 1%, MAEMFEFMA T, XFF Mn-Fe-Ce/y-ALO;+O; K F , AT
B 5 COD 1 L BR#E M 48.9% % 2 3.7%, W1 W AMH| 7 K b A HLI5 4L 9 19 % Ak . HO 7E Mn-Fe-Ce/y-
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Preparation of Mn-Fe-Ce/y-Al,O, catalyst and its ozone catalytic oxidation

performance in dairy farming wastewater treatment

LI Jiayao, SONG Weifeng", LI Qiuhua, YU Zefeng, FENG Jiaying, DU Puxin

College of Environmental Science and Engineering, Guangdong University of Technology, Guangzhou 510006, China
*Corresponding author, E-mail: 842663012@qq.com

Abstract The quality of dairy farming wastewater has regional characteristic. In the southern region, COD and
chroma in the effluents of conventional treatment processes are generally high. Catalytic ozonation is a kind of
promising technology. The Mn-Fe-Ce/y-AlL O, catalyst was prepared with a y-Al,O, carrier and the optimized
impregnation-calcination method, and its properties were characterized, then it was used to ozone oxidize the
effluent from the first aerobic tank treating the actual dairy farming wastewater. The results showed that the
catalyst prepared by impregnation with precursor impregnating solution containing manganese compound, iron
compound and cerium compound, and calcination treatment, had good catalytic performance on the dairy
farming wastewater degradation. At the ozone dosage of 12.5 mg-(L-min) ' and the catalyst dosage of 60 g, the
COD removal efficiency increased to 48.9% after 20 min oxidation, while the COD removal efficiency was only
20.4% when using y-Al,O,, and was 13.8% when using ozone alone. The removal efficiency of chroma reached
95% and the BOD,/COD reached 0.54. Catalytic ozonation could not only remove COD and chroma, but also
ameliorate biodegradability effectively, which created the conditions for the subsequent biochemical treatment
of above oxidized effluent. Further experiment results of adding HO- quenchers of TBA showed that HO- plays
a major role in the system. The above results provide a new technical method for the treatment of dairy farming
wastewater.

Keywords Mn-Fe-Ce/y-AlLO;; heterogeneous; ozone catalytic oxidation; dairy farming wastewater; HO-

mediation
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