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Degradation of m-Cresol with Fe-MCM-41 in Catalytic Ozonation

SUN Wen-jing'>, WANG Ya-min', WEI Huang-zhao', WANG Sen', Ll Xu-ning', LI Jing-mei', SUN Cheng-
lin'*, AN Lu-yang’

(1. Dalian Institute of Chemical Physics, Chinese Academy of Science, Dalian 116023, China; 2. School of Chemistry and Chemical
Engineering, University of Chinese Academy of Science, Beijing 100049, China; 3. National Engineering Research Center of Coking
Technology, Sinosteel Anshan Research Institute of Thermo-Energy Co. , Ltd. , Anshan 114044, China)

Abstract: Fe-MCM-41 was first used for the treatment of m-cresol in catalytic ozonation. The effect of the percentage of Fe dopping
mass, catalyst dosage and the natural concentration of substrate on m-cresol conversion and TOC removal were studied. The structural
property of Fe-MCM-41 was characterized by X-ray diffraction, temperature-programmed reduction, Méssbauer spectra and BET of
catalysts. The results showed that Fe dopping mass had a great effect on the catalytic activity of Fe-MCM-41 in catalytic ozonation and
the optimal percentage of dopping mass was 4.4% (wt). The results showed that with Fe dopping mass increase, the degree of
crystallinity became weaker, the crystal surface distance reduced, as well as the specific surface area, pore volume and aperture. y-
Fe, O, was the only form staying on the surface of MCM-41, and the catalyst had good ferromagnetism and stability. Ozonation played
a role of both direct oxidation and indirect oxidation in the reaction, approximately the same ratio. Under the experimental condition of
the natural pH of model wastewater,using 4. 4% (wt) Fe-MCM-41 as catalyst, natural concentration of m-cresol 500 mg+L ™", catalyst
dosage 0. 1 g-L.™" and reaction time 30 min, m-cresol conversion and TOC removal were 100% and 26. 8% ,respectively.

Key words : Fe-MCM-41; m-cresol; ozone; catalytic ozonation; heterogeneous catalysis
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TR, 76 MCM-41 h 5] ALl 5 4 @ v 4 & A AL T
L 1S FAL N 1B S o N o € I 28 7 A
HIRAE A FR/NH 0.2 nm, 8 RS> F R/ R 1.2
nm, )\ BET FAEE4E 7T 41 Fe-MCM-41 L4} 3 nm
LA, T DL SRR AR A R AU AU A b sy B 1T LR A
FEAEALFFLIE P, T DL A e p AR 2 imd , [R A
SN it B A TR R Rl MCM-41 1B L
BT KK RRAR AR . 3338 48 Ak ih TA7
FEAR A 38 B PRV AR SRS N R, R AR SR ik
T AR R R S K gl iz T AR
WFFEE YOV Fe-MCM- 41 {1k 5 58 4 Ak 18] H ) %
K. TRl e Ak R M S 0 R B R A R R, T
T o S BG4 50 A TSR P, RIS Pl K 1 7
BRI, I AR A i 5 L.

ARWFFENT T Hi 96 Fe-MCM-41 TEAEAL R A E 1k
[ 5 P2 7K v g o LA i

1 RS

1.1 bRl as
1.1.1 MCM-41 (%

FRIT. 889 5 g Na,SiO, -9H,0( AR, i 7 DUk
Hefb TABRZ A %fE T 30 mL 222 F/KH,110°C
TR 6 h 53] A, #£2.024 8 ¢ CTAB(AR,
R AR IRA 7)) T 20 mL 2558 1K
H40°C MM FEAR VSV Y B, TR A B
TIA B S C e BUSTR G5 1 he
1 mol- L") H,S0, ##% C () pH 2] 10 247, IR &1
FE2 h ¥ CHEBE RN 2T, 140°C T KA S
k48 h. WA RERGEUE | PR, 110°C T T4 12
h. BAS B B RE A 7 550°C 25 R RS BE 6 h, THE
HEN2C min ' &S F] MCM-41.

1.1.2 Fe-MCM-41 (il 4%

TE85 B(ULHF % CTAB JH 15 mL /K f#) A A
R, 50K —E i Fe(NO, ), -9H,0 (AR, KA}
BRRAL AN IR | BT 5 mL K FRZ T
A B, Hoft g7k [F] L A5 BB BN o (% )
[ Fe-MCM-41.

1.2 LRI RAE

X- SR AT SR INAR FH A A 5 7 X SRR AT TR
(Bruker D8 Focus #Y) , CuKo %8 595, T fA FE 570
Fil 26 R 10° ~90° /M EEAHE 20 Sy 1° ~6°. 2k
JH H,-TPR B AL 2 10 A AL, TE WLz 28U 2
FFRATE TPR $ & kAT, I— & A E =T

FIN, W, 254 Hy: N, =5:95 (IR ) ,50
mL-min ~" W% fff A F1, 10°C - min ' FHE 2 850°C , iC
S H,-TPR &%, JH Topolpgic 500A HIRRH#R /R
I HT R SRS AL Fe B0Fh B0 78 4. fiEfk
)t e T AL AL EE #5 FH Quantachrome 23 F) A 72 1)
QUADRASORB SI #4278 77K W T i#47 N, %
BhF. ZEMR BRI 2 T, 2R sl fi Ak R 7E 300°C T B2
QPR3 h B fEaE N, RN AE IR 2 AN BET J7 fR i
15 BN BUA AL L .
1.3 fEAEFIIEH
PR R AR EAL SN AE 250 mLL AYSE IS FhE T

J V2% DL R 1, S 5 B A R AR R AR AR AR R T
RACE, 45 ARSI B R R AR T VAR ) Ry S e
B AR E B, DURIE R A SR AT, R it
PR 5 min BURE 4 mL, ZEEORE 7 IR B2 S0 00 8
NS FE UG RO FF LR T, £ S # T0 i >R FH A 0. 45
pum 8 R (4] 3 S 5 PR IBORE 11 i 00 1 BBORE A
K A T B P 5 3 32 R S ;285 SRR ) TOC ol it v
JE. - [) VP P53 o e e 3R FH R ORI AR 40 BT A 2 A PR
/v F) HPLC-P1201 BY 55 08 AR 0 3 2517 73 87, BT
g A C18@1j§$f(4. 6 mm x 250 mm,5 pm), i
B R K =80: 20 (MRABLLL) , W #E N 1.0
mL-min ' K A 272 nm; TOC ik B {1
E5HE TOC-V oy con I HTAHELT 43 B30 5 .
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Fig. 1 Reaction device

1.4 fifbsnia e ot

AL B SE AL I N JE Fe A H R 55
PerkinElmer 72y 5] 4= 7 f#) Optima 7300DV %Y H, &4
B TR (1CP) #4773 #T.

2 HR5iTE

2.1 MEAEFIEE
2.1.1 XRD
B 2 Rk G Rk r il MCM-41 A1 Fe-MCM-
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AR S 0 U BH Z R R R 45 S AR . 7E 3. 7°
4. 3L AT 4 — A 59407 5 e, Ul AR 5 2L S
TiAFRRIE . Lk BB AR AR R A
B FLAA L. B 4 J5T i 0 S R TN R U % W U
55, I FLUR G 0 AH I U6 55 , 2K 1 18 4 T i 40 B
H 8. 2% I, 3. TR 4. 3° Je A5 I JE AR 2K | iX S
PRSI T A 1 0 L3 19 KRR 7 PE 4 i
U 55 1 % 7 Bk B 51 (8 A5 Al R A
MCM-41 98 28 7= A= A8 Ak, 5% i 2] FL & (17 75 7 45
P LA B 2 B I A 3 50 3G 0 R S A A 0 5%
) AR B 1) % , i B MCM-41 45 44 i 1 [A] B
BV

* MCM-41

MCM-41

~—— 1.8% Fe-MCM-41

4.4% Fe-MCM-41

. . > -  82% Fe-MCM-41

1 5, 3 4 5 6 7 8 9 10
26/(°)

E2 MCM-41 #1 Fe-MCM-41 i XRD 75 Bl
Fig. 2 XRD patterns of MCM-41 and Fe-MCM-41

2.1.2 H,-TPR

& 3 Af LIEH, MCM-41 /L4 T 78 50 ~
850°C NI A HI Bk It i | SR B Si0, 78 1% i ¥ [H]
WA . B 2 2k 0T it 40 55 38 A 7k DX sk
) 1A I i R 8 K, Lk SRR ) 3 D % 1
A5 A% , X2l TS5 A L4 T MCM-41 5 AH
AHE A FH 38 ¥ 185 5 DA R 2k JoT i 4 5034 W 4 K i A
B, AR RIS TR AR, RAE T /b ik
i AR BN Fe, 0, 3% Fe, 0, #ifRJF % FeO

B Bz, T B i 3 1 38 R U Ry FeO 8% 38 N Fe
BRI B2 S A A R 0 A R R S G IE . B
FEE 8.2% Fe-MCM-41 FFEN I, — ik & #E
BRCRES)EHRE 12 h, 25 RN E 4, 45 1 R Ui
FEA K wE e, B vl LR G 8k R 47 1 1k
A, HJE R ERTE Fe WATEN ST
FHAS BT B2 7R 35 A3 43 B B 1o 1T I A Ak 590 v 2 4
B 25728 4k, Bl y-Fe, 0, 1 Fe, 0, # H A 2
k.

MCM-41 i
derreberb i 398 471 o T
1.8% Fe-MCM-41 Fay A
i 410 T gt -
[PR—— Y = 711 %
4.4% Fe-MCM-41
427
8.2% Fe-MCM-41 763
1 1 1
0 300 600 900
i E C

B3 MCM-41 71 Fe-MCM-41 {J H,-TPR Eif
Fig. 3 H,-TPR profiles of MCM-41 and Fe-MCM-41

4 8.2% Fe-MCM-41 [IEkHE 1%
Fig. 4 Ferromagnetic of 8.2% Fe-MCM-41

2.1.3 BiRE

5 N 4. 4% Fe-MCM-41 fLH %18 T i
PRIRTEE, 3 1 N Fe-MCM-41 fi Ak 5] (0 B4 4% IR 2
B, S 45 R B RN T AR R Ak i ¢ AR R
KA, B Fe' | 5B ARGV SE 8, KW Fe 7F
WAL TR T ALLL y-Fe,0, X AFLE, BN Hif
JE AR,

®1 EAHNNBRERSH

Table 1 ~ Mossbauer parameters of catalysts before and after the reaction

S——r p " o —

MCM-41 4y [EJ)—DE#FIBEL% m«&ﬁ% éiyi,l Fe '-'—‘Fe( m)ﬁ%ﬁ}ﬁ
/mm-+s /mm-+s /mm-+s /%

Al Fe( 1) 0.32 1.03 0. 68 100. 0

S e Fe( ) 0.31 0.81 0.63 100. 0
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Fig. 5 Mossbauer spectra of catalysts at room temperature

2.1.4 BET
H# 2 AT LUE B BB 4 i o B 5
BRI R TR | LA, PRSI
BRFE#, Lan %52 7E Fe-MCM-41 {1k 542 A1k
p-CBA BIBIFFE h -t & 3L 13X Fp L. R B T MCM-
41 B R I ARRIFLAS FLAR 09 AT I .
*2 MCM-41 1 Fe-MCM-41 #J BET
Table 2 BET of MCM-41 and Fe-MCM-41

" e ipial L% T LA
HEfL] /m;!f-g'l /cmS)'ﬁg_l :Fi/iiI;A
MCM-41 623.32 0.73 3.32
1.8% Fe-MCM-41 571.99 0.70 3.32
4.4% Fe-MCM-41 543.24 0.72 3.03
8.2% Fe-MCM-41 350. 55 0.49 2.77

2.2 ALK
2.2.1 BRBARE SR

ARG T T ERIB A 5T i 53 B0 TR B e AL
I TOC LBRHAGEm, 450 WK 6. MK 6(a) AT LA
T R B A SN ) ) AT ) F 3 A Ak 3 T e,
rROX ) FE 5 2 1k 835 R B A B AR R 1. 8%  Fe-
MCM-41 ,7£JZ )V 25 min i} ,500 mg- L~ {4 &) F {3 o]
100% %% 4k..

HE 6(b) A LLH H Fe-MCM-41 k4524 i
BN TOC 2B m AR, Hh 4.4% Fe-
MCM-41 Xf TOC ZBR#F K, ik 26.8% ; 8.2% Fe-
MCM-41 X} TOC ZFr#FE/N. 454 BET £AE4E
4.4% Fe-MCM-41 fEALF HFLZSAH Eb A2k 4B 24

100 | (a) A EE{L AR

60

=
Lo
=
# 40
i
B
E 4] ~—1.8% Fe-MCM-41
—7—4.4% Fe-MCM-41
0 —<J— 8.2% Fe-MCM-41
] 5 10 15 20 25 30
t/min
35
(b) TOC 53
30 -
25 F
%
& 20 -
&
E 15

MCM-41 1.8% 4.4% 8.2%
Fe-MCM-41 Fe-MCM-41 Fe-MCM-41

0, Hift: 80 mL-min~'; O; FREWE ., 45 mg-L°";
REALF BT MR B 0. 1 g+ L' 5 BEBIPZK IS4G pH {E: 6;
146 ) FF B T MR« 500 mg -1 ~!

Eo6 FREIBHREES HxtEREEL RN TOC XBREK M
Fig. 6 Effects of Fe dopping mass on m-cresol

conversion and TOC removal

OB AR, S AT R AR ] P ) ) A%
JB I A
2.2.2  fEARR BT R R A R

ARG ST HT T PR BT 15 R T[] P 2 Ak %
FTOC KBRBA M, 25 WL 7. B 7 (a) AT L
F 1A B TE Fe-MCM-41 4k 577 _E A7 78 5o W s
JIR BRI AR 30 min Bp S AE AT B4 Ak R A K 3
B S-A7 , AELR B B 20 59 A=A, AH b a) R B £k
I i LU AR IS A AR e AR B 0.1 g+ L7, 30
min A B AT 500 mg- L~ A4 1] F B 100% 544k

H I 7 (b) AT LA H A FR) BT vk B X TOC 2%
B RSEMBC , EAb 79 O VA B Ao 2 ot A RS R
T TOC By ZBR, R AL B Sk T i 2 5 5 KR
VTSR DT A AT 1 1 Ak 300 1) L 3R TR, 5 B 40 /U
ik T AR/ A A IR T B 5 A A TR0 o o R 32 5 /)
PEAL TR PO S i 2D, A S B AR AL AR, | h S i 46
AR A AL R 0.1 g- L.
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30} 430
20 - 420
ey 410
551015 0 5 10 15 20 25 30
t/min t/min
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30 + 2 VAR
A 7
#
=

005 0.1 0.5 1
AL IR TR g L

0, Jiiht: 80 mLemin~'; Oy Bk . 45 mg-L~"; ALK 5
fi pH fE: 65 HIUATE] F I B4 VR JEE 500 mg- L~
7 LTI EEREXT E R L TOC RBRRKIFME
Fig. 7 Effects of catalyst dosage on m-cresol

conversion and TOC removal

2.2.3 YRR R

ATGE AT HT T A 0T St e B Xk ) HH 5 7 b3 A
TOC BRI, 25 R I 8. K 8(a) i LLE
o ) P P340 4 S e e R LA A R S A G, 2 1)
39 1 o F M 5 4 10 mg- L', 5 min B ] 4238
¥ Ak 1) B A0 B I VR N 100 mg- L7V, 15
min A] 4= 5% Ak 18] W ) 4R BT 6 K B2 SR 500
mg- L', 30 min A fE4ERH:AL.

1 &1 8 (b) W LAFE 22400 s (B) Y 1853 I o Wk 5
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