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[FEE] RASEIHNT ZSM=-5 4 Fiii ATkt , 3454 SEM XRD BET .FT-IR \UV-Vis &8 AR HE AT T
M. RIS B ZSM-5 2 Fii 6138 Fe \Mn ,Co I PELA 43145 T Fe/ZSM-5(1) Mn/ZSM-5(1) ,Co/ZSM-5(1)fi1
AL, JF AL R SR AR Tk K, 558 T 3 VAL A AL iR . S5 R RWT, Co/ZSM-5 (1) T2k 7Y
ML AL R . ARFE 200 mL COD A 400~500 mg/L A TR K | 24 Co/ZSM=5( 1) HEALFIFEMIEH 1.0 /L,
TREER 40 °C,pH N 6~7, AT B 4 mg/L, RAGE R 25 T/h, )W 60 min B, 7K COD BEMRRTTIE 89.7%
A FIPE R AR BT 4 S BB COD FEfRICR
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Catalytic ozonation degradation of industrial wastewater

by alkaline modified ZSM-5 supported metal component
XU Zengyi', YU Jinpeng'*** LI Sen', WANG Pengfei'-***
(1. Shanghai Research Institute of Chemical Industry Co. ,Lid. ,Shanghai 200062, China;
2. Shanghai Lvqiang New Materials Co. ,Ltd. ,Shanghai 201608, China; 3. State Key Laboratory
of Polyolefin Catalytic Technology and High Performance Materials ,Shanghai 200062, China;
4. Shanghai Key Laboratory of Catalysis Technology for Polyolefins , Shanghai 200062 , China)

Abstract; The ZSM-5 molecular sieve was modified by sodium hydroxide ,and analyzed by SEM,XRD,BET,FT-IR,
UV-Vis and other characterization techniques. Fe/ZSM-5 (1) ,Mn/ZSM-5(1) and Co/ZSM-5(1) supported catalysts
were prepared by using modified ZSM -5 molecular sieve supported with active components such as Fe,Mn and Co.
The prepared catalysts were used to catalyze ozone degradation of industrial wastewater to investigate their catalytic
degradation effects. The results showed that Co/ZSM -5 (1) supported catalysts had the best catalytic degradation
effect. The COD degradation ratio of wastewater could reach 89.7% at conditions of 200 mL of industrial wastewater
with COD of 400-500 mg/L, Co/ZSM—-5(1) catalyst dosage 1.0 g/L, temperature 40 °C,pH 6-7,0zone concentration
4 mg/L.,0zone flux 25 L/h and time 60 min. Moreover, the performance of catalyst was relatively stable,and it still
had a good wastewater COD degradation effect after 4 times recycle usage.

Key words: industrial wastewater; ozone ; alkali modification ; ZSM—5 molecular sieve ; catalytic oxidation
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1.1 iRXF

SEAREN o al | b s AL 2550 A R A
Al SRR R A | DU /K RS PR AR | JL/K SR Bk | FE 4% 1R
B BRIROK VRBRIR (ZEE>98%) , 43 Ml , [ ik [E 2y
f2E R E A IR A B R AR 48R — F R U1
Peghat, it 254k 2450 48 A1 A PR | ZSM-5
Gy, IR BT A BRA ]
1.2 SEIRIEIK

JR KU E WL A BRIk, FEI5 )
JXE R L RESE JEK COD #E 10 000~11 000
mg/L Z 0], MYELITE B COD 24 400~500
mg/L E/‘J;’;gﬁﬂ:]%7ko
13 EEELFIFHE

B 20 g REERI R 5 oA 36 1 ZSM-5 4 T
¥ 15 T 100 mL ¥ B4 0.15 mol/L i NaOH A i)
o OFE 50 CC TR 2 h, HHE 24 h, WUERBROTUE
WEME SRS TE 120 CFHET | FEAE 550 C ARG
4h, & IEE ZSM=-5(1), S BIH 3 o Bkt s 1)
ZSM-5 T 10 mL BT 43 80Ch 10% M HIRE: AHMR%: |
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TS ERES FOTA PR 2 h, SRIGHE 150 C P LT 7
TE 550 C MR 4 b, R EE BB I ahich
Fe/ZSM-5(1) Zn/ZSM-5(1) .Co/ZSM=5(1) , KA L0
ABFRIY) ZSM-5 T 0 28006 M 41 2 4 1) 4 A R0 43
BREA Fe/ZSM=5(0) Mn/ZSM-5(0) .Co/ZSM-5(0).,
1.4 RAEFZE

K H Merlin Compact 24948 FiL I S5 XA
HATIESRAE ;R H PE Spectrum Two 837 /2158
TEASOGTFE S HEA T 2548 04T 5 SR ASAP 2020 14 B8
W BRHSGHEA T BET AHSEFRAE ;R H H 37 UV-3010 2841
FEIEASORRE S E 118 S 55087 5 2R D/max—2550VB/
PC B X BFERAT HHGIEAT AR ZE A 3B, a4 1
TSR Cu—Ka(A=0.154 1 nm) , B HLI 40 mA, B L
JE 40 KV, FH5# % 2 (°)/min, FIHETER 5°~90°,
1.5 fEHFIEENFE

B 200 mL SE5 KK B T 400 ml AOBEES I N 7%
TR pH A 6~7 ISR 25 AR JES St il A B4
FEGE TN 25 L, R AR B R 4 mg/L, 28
JE BN 1.0 /L B9MEALT  FEIRBE 40 °CTF iF4T RN,
SEIIBCRE M5 COD., >R FH 8% 1R Bk I 7 & 7K
COD, COD {E AR R —H R E B VAL IE
2 BRE5ITE
2.1 RS
2.1.1 ##8A4(SEM) o1

1 AR R IE ZSM=5 43T B il £ i B
AV TE S,

e ¢ n 5 5
a—ZSM-5;a,—7SM-5(1) ;b,—Co/ZSM-5(0) ;
b,—Co/ZSM-5(1) ;c,—Fe/ZSM-5(0) ;c,—Fe/ZSM-5(1);
di—Mn/ZSM-5(0) ;d,—Mn/ZSM-5(1),

B 1 wEEIE ZSM-5 & Fis &
FlEMAHEELFINIPRFEER

Fig. 1 SEM of ZSM-5 molecular sieve and the prepared
supported catalyst before and after alkali modification

HE 1 A] I B Zad BRAL B ZSM-5 TR 3
TR R F AR AT Y, TORCRIAR AR K ; 2wk
PRI Y ZSM =5 431 ks ¢ i Mok f Ak i H Bl 1



TolLKALBE 2021-10,41(10) T3

i, R ZSM-5 L e B A E L R A AR T AL K K

BRI S B IR S A OREE T ZSM-5 4 ifi
A BITE SRR | 3 AT RS2 PR A B AT X ZSM—-5
G301 BB T (B TR A RS (A S
iR S R AR B A/ N0 L 1 IR AT DA I I
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[ 45) 53040
2.1.2 X HEATH (XRD) 441
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Fig. 2 XRD spectrogram of ZSM-5 molecular sieve and the
prepared supported catalyst before and after alkali modification
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213 wER@M(BET) 2T

B VERT S ZSM=5 43 F i 1Y BET 43445 R W
#£1,

R 1 KMEEIE Z2SM-5 2 Fie S RENR

Table 1 ZSM-5 structure change before and after modification

FE R/ (m* o) LB/ (em’g")  fLA/mm
ZSM-5 JFH} 315.1 0.214 2.822
TR CPE ZSM-5 324.8 0.273 3.105

H2e 1 A A e ZSM=5 Bk, A ad il s
1) ZSM-5 3t 1) b R AR FLA AL T
— AR RHOR . — 7 TH T RE R TR BR T
ZSM =5 53T i FLIE DL K 3 11 5 Vs 1 0 5 5 8 2 o7
2T, FEALE LRI K, ) —J7 1 AT Be 2 i
REAS I ZSM-5 B 286k | [FIAE R EULE LR
AR AL 0.15 mol/L () NaOH %X ZSM-5 43
T AT AR S SR
2.1.4 B E et T LI RiE (FT-IR) 2T

3 AR HERT S ZSM-5 4> T 1) FT-1IR &
ReS

TECPEZSMS

jé ZSM-5J5085

500 1000 1500 2000 2500 3000 3500 4000
WeBem?!
B3 BiEsiE ZSM-5 4 FisIFT-IR
Fig. 3 FT-IR spectrogram of ZSM-5

before and after modification
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Fig. 4 UV-Vis spectrogram of ZSM-5

before and after modification
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Fig. 5 COD degradation effect by the alkali-modified

ZSM-5 loaded active components
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Fig. 6 COD degradation effect under different systems
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i, R ZSM-5 RE S B A o B A M T b KK

SRR | Co/ZSM=5 (1) XK coD HA
BN R R RE T, X AT REZ PR AH L Cof
ZSM-5(0) , L1t Bk PE 1 ZSM -5 (1) E 2 1 AR S L
75 ARSI TR AR T W K A LR
PETENL SIS 2 | IR NAR R PR T 2l
T, HZRRME IS 1 ZSM-5 T2k i 42 J8 16 PE 4L 434
REUCHER ZSM=5 43 A B3 5] i& PEAVE S A e T
Z RS I . Co/ZSM-5 (1) WAl S 4AAE
FHRBRIT 55 T Co/ZSM=5 (1) FlRL 48 — 3% B/
BN, B0 R A e g B 3 T 3 nT BB R —3
S RAEN HIEEAE AN R T, — o RE
B8 TR AT o3 A = A B R A 3 A HR
5 R SRR R T R R K
YRR
2.2.3  Co/ZSM-5(1)1EALF] a9 48 2

WIS AEAR S 76 150 C RS, R 2 Dk
HF 550 CCRAEHE 4 h G2, FEAR TR A 256 251
T, BOMAIFEF R A Co/ZSM=-5 (1) HEALFIPEA TR K
RSt SIC | AL IAMET T 4 K Co/ZSM-5(1) 11k
FIMEL MR A S EE TR RS 2,

2 BUNESERARREER Co BFRHER

Table 2 Catalyst reuse effect and Co ion dissolution

EFR AR ERR/S F2k F3W EWRN
COD F#1#R 1% 89.7 87.6 83.7 81.5
Co il fit/g 0.62 0.55 0.4 0.49

(Ui T

WL 2 PTLLE 1 Co/ZSM-5 (1) AL 16 2R
il 4 WJa,COD FEEZEN 89.7% T REZE 81.5% 16
PR RS 4 % ML FIXT K COD & 8l
HIHEAL R R RR . 1T Co/ZSM=5(0)FE A 1 1K,
COD FEMERENTIRE T 20.7%,

Co/ZSM-5 (1) By B & i AR B 4f , H a8 2
TR, 4 s HE AR E RS
/L, Sfii e A o3 il SR A AR SO K
COD HYREFFRFARN 52 T B S (H R LR 2k 2
iR R | SR IE PR o B o R e IR AR
AN BEATERRIAMEE T 4 W5  ARARAEE T38RI coD

3 4518

(1) FAELEFZR I | 2 0.15 mol/L. NaOH HUE Ay
ZSM-5 B R B T AT 1 R AR S5 4 3 4 JE 50 i R

BROE o ORI S LA LRI E — B
e,

(2) AL FIPERE PR S50 45 TR0 | 7 LARS P
ZSM -5 140 4 Jm 16 PR 4 0 45 1 3 B 280 i Ak
FH, CoZSM=5( 1) AL R e A 403 200 mLL
COD N 400~500 mg/L 1) TV JE K | 24 Co/ZSM-5(1)
AR 1.0 gL, HREER 40 °C,pH N 6~7, R
SATTHIR N 4 mg/L, RAEGE 25 1/h, U 60 min
B, 7K COD B RS 31T 3589.7% iz AL R Mg
e FEM A 4 5 KK COD MR R A7 n] ik
81.5%.
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