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S5 RER AR AR R R TR, dbat 100013)

O EAFAEALZHERAKGH AR B BB R FBRAN R, 3 3 AR BRI
RAZ AR R, B2 REAAG BB RFRN KRR mH BN FELEXLTE,
R KA R E A BT F LS MnO, , 8 135 o A H AR A & T BURLR B AREAL A @i X G & 58
HHE(XRF) (1246 X F A X X 57 (SEM-EDS) (X #2556 & F 483 ( XPS) | Zeta 1%
DA FAER AR SHEAH AT O, SRR EAH ARE 45 4569 AL A AR A ZRALE A £
FE A 0y R B EARALH] AR R B SR LA A BT LI M, B R ARG H
KPAEERZTEMRE T KT T LA mE A I 4 pH FR L, EREANA, ELEA
FAnE Hy 10 mg/L AEALF ZImZ A 100 g 4954 TR E 60 min &, 5 KU FFRZT IR FES
60% % A= | B AR B A 0 BR AR E AR AL A S5 b BB IE . RORHLEAF % P il ad R e POY GERA T &
) BR P AT 5 A A UM R 64 T PR AT L I N R BRAR R AL F E BB R MR R AR 45% K A5 T AR
TEER AR BT I 55% 693 % BB i A M@ dfm R E A Ky B A e s AHER T - 07 &F
WFE AT THRIZK T - OH; RAUIA B F 89 e AT R 2R 69 % vf 4 R R — 2, C1” (HCO; %9 Am A
R H1 000 mg/ LETEALHOR AT 4 5% A L 5L0A B s AR 3K K69 1A 5 72 2 F K COD wy kg%
B30 :%%I%ji;’f&'%é EEE ; :‘%’:MUC%:&; =8 AL ; & 3K
R E 5 £S5 X703 AR SRS A X EHS:0253-2336(2021)07-0208-08

Catalytic ozonation of chemical oxygen demaud in high-salt coal chemical waste

water by fly ash doped with MnQO,

XIA Liquan"?? CHEN Guifeng”®, LI Wenbo™*,GAO Minglong™’
(1.China Coal Research Institute ,Bejjing 100013, China ;2. China Coal Research Institute Company Lid. ,Beijing 100013, China
3.State Key Laboratory of High Efficient Mining and Clean Utilization of Coal Resources,Beijing 100013, China)
Abstract:In order to realize the effective treatment of high—salt wastewater from coal chemical industry, various advanced oxidation tech-

nologies have been studied in depth. Heterogeneous catalytic oxidation technology is an effective and promising technology , which is essen-

B4 BRSSO OB R IR 1B 2% MnO, i AL AL B i R K vh AR 27 5 S B WP [ 0 ] BBk 2 H0R 2021

XIA Liquan,CHEN Guifeng, LI Wenbo. Catalytic ozonation of chemical oxygen demaud in high—salt coal chemical
waste water by fly ash doped with MnO, [ J].Coal Science and Technology,2021,49(7) :208-215. doi: 10. 13199/

tial for the development of high—efficiency catalysts. Therefore ,the heterogeneous oxidation technology for ozonation has been developed by

leaps and bounds. The active component manganese dioxide was prepared by hydrothermal synthesis, and the granular solid catalyst was

prepared by doping molding technology. The catalyst was analyzed by X-ray fluorescence spectroscopy( XRF') ,Scanning electron microscopy—
X-ray microanalysis( SEM—EDS) ,X-ray photoelectron spectroscopy( XPS) ,Zeta potential analysis and other characterization techniques.
The results show that the catalyst is a mixed multi—layer catalyst with silicon,aluminum,and calcium oxides as the main body and manga-

nese dioxide as the main active component. And the surface of the catalyst has good morphology and has a good pore structure. Catalytic

ozonation of organics in high salt water degradation experiments discussed factors such as ozone dosage, catalyst dosage, initial pH and

other factors. The results showed that the reaction was carried out for 60 minutes under the conditions of ozone dosage of 10 mg/L and catalyst
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dosage of 100 g. Afterwards,the COD (chemical oxygen demand) removal rate of high brine is about 60% ,and the optimal initial pH of

the reaction system is near the isoelectric point of the catalyst. In the study of the reaction mechanism ,the addition of PO} proved that the

acidic sites on the surface are the active sites for organic degradation; the COD degradation rate of the p—benzoquinone system is only a-

bout 45% , while the addition of tert—butanol reaction system can achieve 55% COD degradation rate,so it is proved by adding different

kinds of free radical inhibitors that - O3 contributes far more to the degradation of COD than - OH,and the effect of the addition of inor-

ganic anions on the reaction effect is inconsistent. The concentration of CI~ and HCO; When it is 1 000 mg/L,the catalytic effect will de-

crease by more than 5% ,indicating that the anions of free radical trapping agents will significantly reduce the degradation rate of COD.

Key words: coal ash; chemical oxygen demaud; manganese dioxide; ozonation; high—salt wastewater
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Table 1 Ash component characterization

Ay Si0, ALO,  Fe,0,  TiO, Ca0

MgO K,0  Na,O S0, P,0, MnO, HAt

T4 % 52.75 17.34 5.92 0.76 12.62

1.40 1.68 1.00 3.60 0.15 0.14 2.64
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Table 2 Overall element composition of the catalyst

JTLREN) AL 0, MnO Si0, Ca0 S0, Zn0 Fe,0, TiO,

B H % 89.479 1.121 4.465 2.036 1.194 0.744 0.55 0.203
TTE Al Mn Si Ca S Zn Fe Ti

Bt 538 % 47.355 0.939 2.087 1.455 0.478 0.598 0.388 0.122
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Fig.1  XPS full scan spectrum of catalyst
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Fig.2 XPS spectrum of Ols element in catalyst
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Fig.3 EDS energy spectrum of catalyst profile
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Table 3 EDS test results of catalyst element composition

JLE TTEREM/ % T a—/% T/ %

Na 0.52 1.40 1.67
Al 32.06 86.27 88.86
Si 1.91 5.21 5.08
K 0.40 1.07 1.41
Ca 1.36 3.66 2.53
Mn 0.91 2.45 0.45
Bt 37.16 100.00 100.00
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Fig.4 SEM-EDS spectrum of catalyst profile
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Fig.5 EDS spectrum of catalyst
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Fig.6 SEM image of catalyst
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Fig.7 Zeta potential of catalyst varies with pH
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Fig.8 Influence of catalyst and ozone dosage on catalytic effect
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Table 4 Main ionic components of high salt coal chemical wastewater

FEETF Ca® Mg** Mn?*

Rk cl- S0%” HCO?" P04~

B4 (mg - L7Y) 45.6 51.54 1.00

0.43 4 151.13 623.88 718.775 0.019
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