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Treatment of high-concentration and high-salt chlorpyrifos
wastewater by catalytic wet air oxidation
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Abstract: Mn-Cefy-Al,O; was prepared by ultrasonic impregnation method using y-Al,O; as carrier and
was used as catalyst to treat chlorpyrifos wastewater with high concentration and high salt by catalytic wet
air oxidation. The catalyst was characterized by FTIR, XRD and SEM. By single factor experiment, the
effects of reaction temperature, pH, catalyst dosage and oxidant dosage on chemical oxygen demand (COD)
removal rate were investigated. Uniform design method was used to optimize the experimental conditions
of catalytic wet air oxidation. When the mass concentration of influent COD was 13550 mg/L, the optimal
conditions of catalytic wet air oxidation were as follows: reaction temperature of 230 °C, reaction time of 2
h, influent pH of 7, 30% mass fraction hydrogen peroxide of 5.5 mL, Mn-Ce/y-Al,O; catalyst dosage of 0.4
g. Under these conditions, COD removal rate reached 90.63%. The primary and secondary order of various
factors affecting the results was reaction temperature>amount of catalyst>amount of oxidant>pH>reaction
time. Quantum chemical parameters of chlorpyrifos molecule were calculated by density functional theory
method (DFT). Possible mechanism of catalytic wet air oxidation degradation of chlorpyrifos was
preliminarily discussed. The results showed that active components MnO, and CeO, were loaded on
y-Al,0s. Mn-Cely-Al,O5 could better promote H,O, to produce *OH. The degradation process of wastewater
COD by catalystic wet air oxidation was in line with the quasi-second-order kinetic equation.
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Fig. 1 Effect of different oxidants on COD removal rate
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Fig. 2 Effect of different catalysts on COD removal rate
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Fig. 3 FTIR spectraof y-Al,0; and Mn-Cely-Al Oz cataysts
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Fig. 6 Effect of reaction temperature on COD removal rate
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Fig. 7 Effect of pH on COD removal rate

243 FAH F AT 8 H

AL R T L R R A BRRL
RAEAE A, FEIEF & 0.2g, RAAH 2h,
KR EE 180 °C, JE pH=11.6 &M T, MR
RN, 2 HXT COD BRI, 45
WK 8 s . H1IE 8 AT, Fifi S Ak 500 FH & g 34
COD EPpZseili K, Hag b, HHEN 5
mL b BRACR A fe i, COD £[5%h 82.23%, 4k
Zeyihn A AR I, RERFEZEWREAL, MHER 9
mL i}, COD LFR#FES] T 55.72%, X Al g il A
RSk, Fe AT 2 eOH A H & AR WE I g
R, R, B S e R B
HTE 5mL NE.
2.4.4 JEAK E g 0gFa

et E L S AR 3 mL, VR 2 h, KW iR
i 180 °C, Bk pH=11.6 514, I A [a] 2 i fi
fbi) (0.1~0.9 g), HELIHX} COD LFRFAIF M,
ZERNE 9 Fran. il 9 WA, Bl AL A
0.1g % 059, COD LRFZHiH A, 059k
BRIk T 84.34%, Y&t 059 /5, COD ABx
RIENZENS , TR RN P75 B HeA 7E B,
I, B AR R ARAS, B E S b

FEE RN 059,

7000 85
~ {80
S 6000 -
£ 175
B 5000 {70
2 %
] 165 &
*g* 4000 - i
a {60
Q
% 3000 455
=

{50

000734 s 6 7 8 9 10

FAF/mL

K8 AL x COD £BRF A M
Fig. 8 Effect of oxidant dosage on COD removal rate
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Fig. 10 Kinetic fitting curves of COD degradation at 180 °C
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Table3 Mulliken charge of chlorpyrifos molecule

JF J6 Mulliken [JFF J&  Mulliken |J&F J&  Mulliken

S-S0 N )= = R )= =2 S L fif
1 C 059822 | 11 P 1.0772 21 H 0.17060
2 C 014009 | 12 S -0.35647 | 22 H 0.16783
3 C 009719 13 O -052004 | 23 H 0.18422
4 C 008435 14 O -054181 | 24 H 0.15882
5 C 010032 | 15 C 045887 | 25 H 0.16337
6 N 046607 | 16 C 003673 | 26 H 0.18415
7 Cl 0.04044 | 17 C 004712 | 27 H 0.15781
8 Cl 0.04167 | 18 C 045810 | 288 H 0.16643
9 Cl 0.05528 | 19 H  0.19755 29 H 0.16862
10 O 054854 | 20 H 0.15319

H 2% 3T, MR R T Mulliken B faf 4371 1
B, PR IE A e, 5 RN
o0, SOCHRE Y, N, 5 PAHER R A
W, EEE APALE K TR, P=S
R, T S WiITIL, 45 4 1t AR SL 8, P=S



* 826 -

A% @m & T FINE CHEMICALS

o5 39 %

e I A AL SR AR I eOH 1R R 5 & A= AL B A A
W P=0, A MAMm#E—% (CPO), P EMFH
Pt SEIEA S K A KR AR R 3, IEERR S5 P—O
HEZeOH Wi iti J5 R AE W 5, A i T 3,5,6- — AL e -2-
2 (TPC), CPO 5 TPC &8 5L M R firt st 72 vp 0
W= TPC iy 34 C—Cl 5 KUK T P=S
H, R FAEOH T 5 LA r iUt A il £
FEn R LR KL N AR AR A P
2B A, BRJGTEsOH AE I R 4k 2L 9 AL T E iR
R A Y, WE—FEf#N CO,. HOL NHZZE/N
ST

x4 PR WEREN TR
Table4 Molecular bond length of chlorpyrifos after

optimization
FFITE K /nm FFIT5 K /nm
12 0.140886 1,10 0.135506
2,3 0.138801 11,10 0.166984
34 0.139736 11,12 0.192624
45 0.139874 11,13 0.159406
1,6 0.132413 11,14 0.161000
3,19 0.108393 14,17 0.145395
2,19 0.173748 13,16 0.145864
4,18 0.174015 17,18 0.151629
517 0.174876 15,16 0.151538
5,6 0.132358
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