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Abstract: With the accelerated development of urbanization and industry in China, pollutant emissions have in-
creased, and the relevant discharge standards for wastewater treatment have become more and more stringent, and
the advanced treatment of urban wastewater has become a research hotspot. COD and ammonia nitrogen are the two
most important pollutants contained in urban wastewater. The application of heterogeneous catalytic ozonation pro-
cess in the advanced treatment of COD and ammonia nitrogen removal in a wastewater treatment plant was explored
through small-scale and pilot tests. The effects of ozone dosage and contact time and their interactions were investi-
gated by the response surface method based on the central combination design. A quadratic response surface model
with COD and ammonia nitrogen removal as response values was also developed, and the model was validated by
variance analysis. The results showed that DL.-002 catalyst could catalyze ozonation and remove COD and ammonia
nitrogen simultaneously. The effect of ozone dosage on the removal of COD and ammonia nitrogen was more signifi-
cant. Increasing the ozone dosage or extending the contact time could improve the removal of COD and ammonia ni-
trogen. The optimized results showed that under the conditions of contact reaction time of 20 min and ozone dosage
of 25 mg/L, the COD removal was 10 mg/LL and the ammonia nitrogen removal was 0.65 mg/L. The solution of using
a proprietary catalyst instead of the existing catalyst in the catalytic ozonation tank to remove COD and ammonia ni-
trogen simultaneously and achieve the standard discharge was fully feasible.
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Fig. 1 Expasion process of a wastewater treatment plant
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Table 1  Design inlet and outlet water quality

BiH  cOD BOD, SS TN NH-N TP pH

Pk <500 <150 <300 <60 <30 <40 6.0~9.0
ok <30 <10 <10 <15 <1.5 <1.5 6.0~9.0

T BR pH Ab, HoAB ST H B 308 me/L,

AL SR AL R B S R X s e
ALK . s e b AR SRR SR 2
K, HEARFHEMHAMSSE . &8 Ak
Yy o8 B 28 e R Y 4 R S A R A e A I 2
T Z o BB o R, e A R A R A S
(0,7) EE 4 A 3k (-OH) %5 B i IR K 09 F FLTs
YuagB S L ICHIKAWA %590 % I 1k 5L 4 A 1k
2 NE B i 7K B 24 AL, 5 %€ NiO . ZnO |, Co,0, . Fe,0;
Sn0, . Mn;0, . CuO MgO Fl AL,0, %5 Jy 48 1k 7 i} 28
Ry 2 5 0 AR, 45 R 26 B Co,0, % & ALY 25 R 3 R I
B RA YL RN E L AR W,
B3 1 4 JE AU R AR b SR AR fk B R B
FE B HLTS G P i TR B K v iy 2 SR AR R
SN A .

B R L B A AR 15 K b 3 Ak LA
SAk b P A R AR R OB M 2 00 o SR AR R ) | TR B 25
Bk COD FIZ A o MIUESEJr R AT 174, L2 BEDLTE
HOoK L R T K, 347 /K Kbk IRt
SRR AR B A S I R S T S
AT AL AT H s TR 28

1 MB5ERFZE
1.1 EkKE
SEUG K B H ¥5 7K Ab BT 2B DT TE H oK, Hik
LR 2,
K2 BEUEHKKER

Table 2 Water quality characteristics of flocculation
sedimentation effluent

TiH CcoD pH TN NH,-N {GGES
HHE 30.5~39.8 7.8~8.1 9.11~12.28 1.24~2.37 6.25~8.81
Bl 37.2 8.0 10.54 2.01 7.25

TE B pH b, FAl 5 H S 2 mg/L.

1.2 XWERESAHE
1.2.1 DRk

AL SR SR A RO A SRS, AR R
A LB IS o — o B K Hh TR 7K H A TR
AR Wit ST SN M B PN ITA 2 - S S TR W =]
BT R BEACRM BUR RS 4 o R T
A HE AR AR E . ] A AT A9 DL-002 1
DL-004 SR B AT 23 0 A 7 Ak B AU T/ MU S 50
HEALTR 22 SCHR(6 )R TR Wt vk il 45 o S50 it F A fk
R ZHNFR 3R o RS AR 1 L,
K2 L, (A, AR R A 77 i 4.84 g/h, O, T it ik
J¥ 57.6 g/m’, S HE 1.4 Limin, %[ 15 min M A 5B HURE
FLEUKEE 20 51002 COD V= A, B R R A T2
FIATE I 0 B 35 A b BRI S R K AR R . B AR S
53R
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Table 3 Catalyst Index
JiH DL-002 DL-004 30 |
i /mm 3~5 3~5 o
3 bt AL AL 2
0 38 /N >100 >100 £ 20
A/ (m2g™) >230 >230 8
Hes% %/ (g-cm™) 0.68~0.72 0.68~0.72 )
KA 1% >30 =30 —o— DL-004
1% V2 5y TR A A L E AN ] ) ) ) ) )
0 20 40 60 80 100
I} 18] /min
122 dikF ik 0.
Hhk i b B AR I N B R B RL B SUS- (b)
3161 B A B L B B 6.7 m, SRR 2 m, A &7
190 L, A3 RK B 6 mo 3R THHS 3 22 n] ¢ S {4k 220
iy Ay e - 'J
F AR AL F I FE AR T N 120 LI 7K 7 455 83 B[] 5 %)15
2 fioh Bz 7 BF () AR [R) ) o A b R AR AR AL R BN B 1 ﬁ .
SO N AT 4 R R SRR KR B 10
AL AL )E VROK B2 . TR K BB W DU EB 051 —=— DL-002
KTV A R 5460 DA 3 2 2 1 3 A S 9% 4 32 Lo
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2 VROK B R R A i R AU IR R AL B HE .
Tk ISR S AR R R UK A AR
AR RBEHERO . CF-G-2-50g 548 kK 4 4 (F &
FE AR A BRA R 8 DR 0.5 kW, fie i 7
50 g/h, 5L IR EE A 80~120 g/m’. LR UEK B
E S 18] B BBCK R 230 a2 oD VAU AE . 3l A ik
AR K R AR T2 S48
1.3 A&

pH % JH 3 55 1 75 (GB/T 6920—1986) 1Ml 5 ;
COD R 1 5 %% R £k 75 (HJ 828—2017) 1l & ; & Ak
FH AN EC 0] 43 606 B 2% (HY 535—2009) I 22 5 il
K FHER A0 43 66 BE 2 (HI/T 346—2007) P 42 5 o &L
SR PR 2 1R B0 9 ik 5% A0 43 56 00 B2 1k (H 636—
2012) 5% .
2 #BREITR
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DLZR BE U TE Mt 7K R J57K , DL-002 . DL-004
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30 min, COD F 37.5 mg/L [& 1K % 26.3 mg/L, 1] LAl

—138—

I} 1] /min
2 EURIFFEUNMIER

Fig. 2 Small-scale test results of catalytic ozonation
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Table 4 Experimental factor and level

IR
H#Z
-1.414 -1 0 1 1.414
A/min 18.96 20 22.5 25 26.04
B/(mg'L’l) 18.34 20.0 24.0 28.0 29.66

x5 HOLAGERTAREER

Table 5 Design scheme and results of central composite test

e il S ﬁ’iﬁf]ﬂ'ﬁi/ coD 2:[3/?"]'51/ %‘?—kfﬁ%fﬁfﬁﬁ/
H5 8] /min (mg-L™") (mg-L™") (mg-L™")
1 26.04 24.00 10.5 0.65
2 18.96 24.00 9.75 0.58
3 22.50 24.00 9.60 0.57
4 20.00 20.00 9.00 0.39
5 22.50 24.00 9.60 0.57
6 20.00 28.00 10.6 0.68
7 25.00 28.00 10.8 0.71
8 22.50 24.00 9.60 0.62
9 22.50 24.00 9.60 0.57
10 22.50 24.00 9.60 0.57
11 25.00 20.00 9.85 0.49
12 22.50 18.34 8.84 0.41
13 22.50 29.66 11.5 0.75

¥ M Design—Expert £ X} fir 15 £ 48 #F 17 18] 15
SHT L 15 3] COD R A A B & 1 Ik £ ot 1 3
AL FH LI B 224~ [ A8 8 Fm iy (AR OC & .
Y1=22.75290-1.241 474A-0.228 388 -
0.016 250AB+0.038 6004+
0.016 484R*

Y2=-0.825 74-0.018 5504 +0.092 8398 -
1.750 00X 107 AB+1.600 00x 107> A>~
4.687 5010 B>

A3 X%F COD RN 2L &L 25 Bk 1= 19 — B i g A 7R
T M B E AR, K6 £ 7.

F6 COD ZKPrE MR E O I3 5 47 45 R

Table 6 Results of response surface regression
analysis of COD removal

g+ 3 EOrA AmEE H%E FE PIH
LR 6.43 5 129 4545  <0.000 1
ACEEfb R R FIR])  0.56 1 0.56  19.68  0.0030
BORAMAME)  4.98 1 498 176.03 <0.000 1
AB 0.11 1 0.11 3.73 0.094 6
A? 0.40 1 040 1431  0.0069
B 0.48 1 048  17.11  0.004 4
B 2% 0.20 7 0.028
A5 0.20 3 0.066
afiiR 0.000 4 0.000
R’ 0.970 1
R, 0.948 8
R? 0.787 5

pred

®7 SREKREMEEDOES TSR

Table 7 Results of response surface regression analysis
of ammonia nitrogen removal

UEZ 3 IR AmBEE Bk F{E PIE

1578 0.13 5 0.026  45.81 <0.000 1
ACEE fuh )2 B IFIA] ) 6.555%107° 6.555%107° 11.40 0.0118

1
BORAWH =) 012 1 0.12  213.34 <0.000 1
AB 1.225x10° 1 1.225x10° 2.13 0.1878
A? 6.957x10* 1 6.957x10* 1.21 0.3078
B? 3913x10™* 1 3.913x10™ 0.68 0.4367
5k 2% 4.027x10° 7 5.752x107*
AT 2.027x107° 3 6.755%107* 1.35 0.376 9
ali iR 2% 2.000x10° 4 5.000x107*
R? 0.9703
R, 0.9429
R’ 0.870 8

H1 3K 6. 7 A UL, COD 2% [ £ A A (1 B0 J7 12
R*=0.970 1,R?,=0.948 8; %4 & 2% [k 1t #5% Y 1) 5 1 Jy
FEI R*=0.970 3,R2,=0.942 9, Ui B iZ Ul 5 7 Ik AT 4
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Fig. 3  Effect of ozone dosage and contact reaction
time on COD removal
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Fig. 4 Effect of ozone dosage and contact reaction time on am -
monia nitrogen removal
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Fig. 5 Continuous operation results of catalytic ozonation
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