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Research Progress on Mechanism of Catalytic Ozonation and Preparation of Catalysts
ZHANG Ming, SUN Wenquan, ZHOU Jun, XIE Shugian, XIAO Zhigiang, SUN Yongjun "
(College of Urban Construction, Nanjing Tech University, Nanjing 211816, China)

Abstract Catalytic ozonation technology has broad prospects in the treatment of refractory organic wastewater. The reaction is carried
out under normal temperature and pressure, and the oxidation capacity is improved. The common catalytic mechanism of heterogeneous
ozone catalysts is introduced, including free radical theory, surface complexation theory, oxygen vacancy theory and surface oxygen
atom theory. According to the complexity of catalyst composition, the catalysts are divided into individual catalysts ( metal catalysts,
carbonaceous material catalysts) and composite catalysts ( supported catalysts and doping type catalysts). The characteristics and
catalytic properties of various catalysts are introduced respectively. In order to reduce cost, increase reuse rate, avoid secondary
pollution and improve catalyst stability, the development of excellent renewable catalysts is the trend of catalytic ozonation technology
research and development in the future.
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Fig. 1 Mechanism of “OH Generated by Ozone Molecules
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Tab. 1 Preparation Methods and Catalytic Properties of Some Metal Oxide Catalysts

HEAL JESL/ A il % ik 59 AL RE E=P TGN
MnO, K2k «-MnO, Mn®* 53 BB R S AL S5 BAMEGRENE 3% = A= ROS #2647 0. 077 min™! [21]
AKFE B-MnO, Mn2* 53 B £h S8 AL JEL I o BERCSRMENE 3% k72 ROS %K 0. 062 min™'

PR v-MnO,  Mn2* 53Hii b S0 A S THRG ML 3% fb 7 4 ROS MK 0. 063 min™'
ZYAKIR 3-MnO, IR IR T S R BEHESIENE 3% 4 4 ROS H%E 4 0. 105 min™!
CeO, CeO, 1 % R LL 10 K/min Th# & 873 K, JF M be K S 60 min B TOC 52 4[#f K, = .
Ce(Cit) - xH,0 1 h 0. 030 22
CeO, T MREELL 10 K/min T & 873 K, - JBbe KM JLRE 60 min [ TOC 584 Wfit K, =
Ce,(HCit) 5 » 2H,0 1 h 0. 050
CeO, MY HREELL 10 K/min T & 873 K, JFBbe Ry SR 60 min B TOC 5E2:Kfit K., =
Ce(Cit) (NOy), + 6H,0 1 h 0.015
TiO, SLOAMPKE- 3 g Ti0, BrARSTHAE 10 mol/L NaOH 1,  FE} KB 180 min W COD, 2B R A (23]
110-400 110 C # K 24 h,400 CHBBE2 h 90%
SLOAMPKE- 3 g TiO, HK/THIFE 10 mol/L NaOH 1, K7 JZ % 180 min Bt CODg, 22 MR %N
160-400 160 °C = R K 24 h,400 CHEE 2 h 60%
BUBKI AR RE - 3 ¢ TiO, BIR 2P HLTE 10 mol/L NaOH v, M JZ % 180 min B COD., 2R %N
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Tab.2 Part of CMs Catalysts and Catalytic Properties
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FEAEF ( i',é i) e/ L] AL A b RE E =BG
m ‘g
TR P 550~1 200 HA SE TR N 10 mg/L; AL FIH 4 0.75 /Ly pH {60 min BF HA 58425,  [27)]
#(GAC) H 6. 5;HA T E N 30 mg/L DOC EBRFEN 48. 1%
ACN,O0,N, 779~931 HA AN 50 mg/hs TN 0.5 ¢; HA WA ML 10 min B COD,, ZPr%E  [28]
WAL ERE R 0.5 o/L;pH{HA 5 H 96%
MWCNTs 120~330 R REREEN 20 mg/min; MEALF A 100 mg/L; pH )W 40 min M ELERERE S [29)]

0 3 BRI BT RV RE N 1 mmol/L; IRJEH 293 K 80%
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2043, 1L, MCM-41 Fi1 MCM-48 1E N#k ik, fiti ik R
AEAL LR AV ERRR (CA) , Ce/MCM-41 {1k R 4]
4k 10 min B, CA ZER % 88%, X ¥ 120 min,
TOC £ 5 & N 54% ; Ce/MCM-48 fi fb R & & 1k
10 min B, CA %K 97% , i 120 min, TOC F24
HH 64% > XEH N H 4N M MCM-41 H
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Tab.3 Partially Supported Catalysts and Catalytic Properties

PR AHPITR fEAL AL T 5L MM AL RE 275 30k
Fe/ZSM5 Fe  JBIRFEH 30 °C; RAEFE N 5 mg/min B U 60 min IFASHESE BN 79. 0% [36]
Mn/ZSM5 Mn  BEEEER 30 C; LA TRE A 5 mg/min THEEA RV 60 min IHAYIESE LR N 66. 3%

Ce/7ZSM5 Ce  RBIRFEH 30 C; ZERE R S mg/min FHHEEA U 60 min IR HESE BN 90. 7%

MnO,/SPA-15  MnO,

SRR N 25 CipH {ER 6.5; RESFRIE  ATZ Flfk  REMREREECN 0. 123 L/ (kg-s) [37]
A 5~10 mg/L,jEtg(ﬁ:@j‘] 2.0~4.5 ml/min

SRR E N 25 C;pH {H N 6.5; RESFEIKE  ATZ FlR  SEMRERFEECN 0.015 5 L/ (kg-s)

JNE 10 min I CA Z2BR% K 88%, i [38]
120 min [} TOC £EEFN 54%

MnO,/Al, 04 MnO,
H5~10 mg/L,jgt%:L{fu_JEj\J 2.0~4.5 ml/min

Ce/MCM-41 Ce  RAVHEN 100 mg/h; AL i EE A 0. 4 CA
mg/L;pH {HN 4

Ce/MCM-48 Ce  RAVHEN 100 mg/h; AL T E A 0. 4 CA

mg/L;pH {2} 4

JRE 10 min B CA ZBR%RH 97% , [ hi
120 min B} TOC Z53%R N 64%

VE /7 O AR SRR R, A 0 AL

0 R Ab ) — P 3 AR T P 4 4
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1) 4 a8 SE AL R AR 00 7, FLIE PR 4L A o A T Y
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AR B 2 A, X RO R B R AR R
B
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FRUEE R BB 2 B Pl b & B &R
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Huly, O JRFHB4%1 CMs, O Ji 1 A 7E 4 1k
FIZRH AR C-0 Fe AT, 3402 2k IR A B AL ) fiEAL 16
YRR O T 25 R A7 7E, 1 A
HIE
BRI 5 TR AL 50 D A T, 3
P AT RN, 3 73 HUAEAEAL TR 1) R LR

PRI , #2204 A1 5] 2 1 B R 1) A AR T 18
B2 BUMEALTR S5 R P BE LA S A A TR PEAS (U T4
JETEPELL > BB | 5 i AL B A I E
A LR T S A AR B e S AR, DA TR o
FAEAETERE , A i B T i s AL R FLBR I K, %
RICHUAR AR
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Tab.4 Partially Doping Type Catalysts and Catalytic Properties

B

AL - 15 YL fEAb S Ak M RE EZ PN
Ag/MnFe,0, Ag  APE W TR fEALF 4R 10 mg/L; pH 4 7. 3 JZ% 60 min I DBP &% 75. 3% [40]
(DBP)

Fe/SBA-16 Fe  XUHESFRR(DCF) SUE A 60 mg/h; AL A B2 [ 90 min B DCF & fk %5k 79. 3% [41]
0.2 g/L

Mn/ZnFe,0, Mn  DBP AT 4 0.01 g/L; R TN N 30 min I DBP ZER3H 91. 7% [42]
0.5 mg/min;pH HR7

Mg/ZnO Mg SEXEE RN 2 mg/min; LRI =R RN 9 min B 540G LB R [43]
0.8 g/L;pH{E N} 7.2 76.3%

N/1GO N 4-THFEFEM (4-NP)  RAEHE N 50 mg/L; AL &N W 60 min B TOC 22 5:R #5d 80% ., [44]
0.1 g/L;pH N 5

0A/CN OA  ATZ S 0. 42 mmol/ (Le-min) ; f#fk  ATZ 7£ 20 min W98 4 LBR [45]
IR 0.2 ¢/L;pH H N 7

N/HC N R ZF(KTP) RAMHEN 3.6 mg/L; LTI ESN  KTP 78 30 min N8R [46]

10 mg/L;pH {ER 7

3 HZit5RE

AL SRR AL AR TE Tl B /K T A By T 45 5]
VI S, LT IS FRAR A A PR, AR S
X BRI AL A LB | 5L A A0 11 20 2 K2 Ak
PERERT IS IEBIEAT T 4508 . RAAMEAL AL 32
1 S FERA A e AL IS AR A
JECT RIS 4 Fl, Horb 1 i LB B OA T 9 LR
AL S AL HLEE , Foflh 3 FLBILRE G SCRkHE S, B
JGFE4 BRVE R I 15 Y iy [ et R 8 B 1) 0 A B
AR, RS0 e R LE AR A 2R ] 43R
R R AR T A TR AR Rl ) i Ak R 6
&R CMs AL, 52 A TR AL 30 435 £
HRUAAL R FB 2 AL 7ESCBRR T TR
BRI R TE N T2, 52 A AL 3] 1 2 1 AR
K, BB A BRI A2 e B E 4
PEBHT RO B i T R, R A
HEALFIAEAETE PR AME H3 B — is e, L R R T
PR AE | AT A PR IR A, b TR 7
R MR A AT DL L 2R B4 R IR A AR A RAR |

ST S A AR LA Lo — s e AL 7R AR E 1k
DA B2 70 T JE 41 B ) AR 8 JA AT AR R I S B
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