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Catalytic ozonation of active red MX-5B in water with Si-FeOOH
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Abstract ; In this study, Si was added into FeOOH to prepare Si-FeOOH, and the physical intensity and other properties of Si-FeOOH and FeOOH were
compared. The influencing factors of Si-FeOOH-catalyzed ozone on red MX-5B degradation were studied, and the reaction mechanism and the efficiency
of decolorization ratio were investigated. The result indicated that, compared with FeOOH, Si-FeOOH had higher physical intensity and was not likely to
be crushed in water solution. The iron dissolution was effectively prevented because of the addition of Si, and the effect of Si-FeOOH-catalyzed ozone on
red MX-5B degradation was obvious. The decolorization ratio of Si-FeOOH was improved. and the catalytic process followed free radical reaction
mechanism. The decolorization ratios increased in response to the increased ozone concentration, whereas the dosage of the catalyst existed an optimum
value. Si-FeOOH had a distinct catalytic activity under the neutral condition. The capability of the catalyst was stable, and the catalyst can be recycled
and reused.

Keywords: ozone;Si-FeOOH ;reactive red MX-5B; catalytic ozonation
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R0 #)5F,2005) .

JE AR Ak B A SR A R e AT A R AR A 1Y
AL R B EE A — . B ag AR AR A A7) ) B
FERBEE P AEWI A Oy 1 . D 4 JE E AL L AE
1,424 Ti0, \Al,0, \MnO, fll FeOOH % (#1237,
2006 ; J& = ¥ 55, 2006 ; Beltran et al. , 2005 ; Dong
et al. ,2009) ; @ 4 5 & JE W AEL/E T, (38 P,
Ru fl Co 2575 Al, O, Si0, J i 1 #¢ %5 b Y 11 2%
( Avramescu et al. , 2008; Wang, 2009; Naydenov
et al. ,2008) . Forfvik R S A W DR G & T 25 faf 2R
PR R RS S AP AT TEAE
FL i EL 57 SRR AR 2] )2 ST, BN FeOOH 7R
b R SRS I A i DR 4 ) — G ot 2B g
SR 00 60 25 7 T U T R A 350 (5 4255 ,2005 ;
B4 A 2006 5 %5 785 ,2007 ) AHZFERF 5 H R B
FeOOH {7176 5 b Ak 4 58 FE AR 7K 79 5
W AU A 22 A Bl . TR W S 5 o e AR
il $ FeOOH 2 FH 48 ARE (Si) #il 4 Si-FeOOH , H:
FEPBE R FE AR O R — 2 IR (A A
A 2011 ;X584 2012) . % F b, A SC LG P 2
MX-5B A HERZE5RY), 5T Si-FeOOH BIHEALPERE,
ZHE I AT AN TR) 52 i PR 28 6T B AR Ak s 7 4k R i £

LGN
2 #FN T % (Materials and methods)

2.1 LI TS AL

T PEHEZT MX-5B (I 132 [ PU A% 320 v ) e At
1 g LG, TE 4 C KA -7 2 T, a5
A 1 R, Hei R s pral. S K O
afizK B SNARFR K 500 mL. SEEG AR pH ()
FHBERR L 22 vhi 815 .

\l%N

Cl

E1 EMEH#LI MX-5B B FEaK

Fig. 1 The structure of reactive red MX-5B
pH {1 pHS-3C B pH i1 ( LiEH#E) ME. 53
JCCRETH A3 T 42-To 758 b nl WL 23 S 6 RE 1 (b
OB ATIE AR A BR A FD) . REOR TR TOG C2B

A1 ( OZONIA TRIOGEN LTD GLASGOW ) R4 & 4 4%
FEAE AR R R, 38 R AR R AR (]
P il L AR P o

2.2 LRIk

2.2.1 EAFHE A ERIEEI(Si-FeOOH) 1Y
il £ >R FH e i FE T 3E 15 ( Zeng, 2003 ), B 4% B
[F] Si/Fe EE/R LU AREL — 2 &t 1Y RERR A, I A 2158 &
) S A AL BN T TEAS It T o T B 1 A R 2k
VSRS NS N 2 b AR VR A VR R B P R
FEf BN TE IR Y Si-Fe 245G UTTEY) , 4k 2Lt £k
2 h ZEA7 G CE 70 CHE IR Gk 24 b oK ig A
Je FRIRE S FH 2R IR K B S B0 e 4 ~ 5 Uk LT e
YIET 105 CHUAHHHET, BIFS Si-FeOOH i fL 71,
RS I i BUCKE A2 0. 075 ~0. 3 mm #B20 75 1.

[ nasios J={semoveon |- mmma 1| i )
|

[ Si-FeOOH ]-—[ EREE % ]‘_[ BT H ALY ]

2 f#{LF Si-FeOOH #I&HiZE
Fig.2 Schematic diagram of the preparation process of Si-FeOOH

2.2.2 AT VRO SLAEUHR B R T A I E
(Bader et al. ,1981) , I V&4 21 >Rk H 43 D't B2 v
SE TR A =538 nm b E HIERE.
2.2.3 fEfREfEER BRI AN 1 LW
SRR, S AR TR N 500 mLL, 85 T K S f R iR
(20 £1) C, g RA LA, HEZ 5 min J5, 1§
RARAEMRER, AR — &8 |5, 57
RPIBOREIN 2 B 40 B, TR B i A H A 4 A B 591D
THE R, 43 B ] BEHORE, B 0.1 mol - L™ Na, S, 0,
Lk AN

3 HR 5138 (Results and discussion)

3.1 FeOOH 5 Si-FeOOH By % 7 4 44 40 A

SEE Y Si-FeOOH #£47 T XRD RAE, A
[FIREER L (Si: Fe BB AT 1L ) 1Y Si-FeOOH XRD [&l
TR , 558 Si B AR ALY O S S S5 70 1) 5%
Wi, AR FE  [RT X FeOOH HL Ml T XRD AL, &l
TEnE 3 froR.

B3 Hi BRI AR A BRI

OFeOOH, & LR K 50 C, T 4 E N
70 C.
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Fig.3 XRD spectra of Si-FeOOH and FeOOH

@Si: Fe = 0.20, %L R 50 C, TR E
570 °C.

@Si: Fe = 0.33, 1%L R 50 C, TR E
570 °C.

@Si:Fe = 0.5, 15LIEE H 50 °C, TIRIEE N
70 C.

BSi:Fe = 1:1,1HLIRE N 50 C , TLRIEE K
70 °C

©FeOOH ,NaOH i /il Fe** & | 7% AL A1 T8 iR
5O

@Si: Fe = 0.33, {GLIEEE N 70 °C, TR E
1120 °C.

mE 3 TLAES .

(DM 1.6 SHEXT A, TIBLL Fe'* $hid &
Pl Fe® " 3 N RS i FeOOH e & P= Wy AR A [A] |, 44
J FeOOH (£ ) , 1 HL2 3R 0 & RUAH 5 WA A
[, DL Fe®* 50 JFURHG B FeOOH A 11 45
i B 1R, 2 AR T ] e e e — A

(2)Si Btk G B2 TR BEEER , il
5 Si-FeOOH #4140 Jo e JEAH ; [A] i Si WA TE
H O 2S dbAH , il BB IR R Si Fe A LY P Fh
TR T3S UK ) SR G W 45 48, AH B 29, 8 L R XE T
BV R G R 5 A

(3)M2 ~5 SRS X LA, ToE RIAL Rl Si/Fe
FE B B AR FEANBH S, B AN HH T 1 B
3.2 FeOOH 5 Si-FeOOH Hy 47 F2 % /& %2

A3 FREL 0. 05 ¢ A [A]REAREE /R LY Si-FeOOH
FHA 100 mL H4liK K 250 mL HEIEH b, 765 #
A 150 remin U FIEEEL b S BURE WS H ) B i

febR, SCER AR R 1 PR,

HE 3 13k 1 1501, 1 T Si B4 Aflf FeOOH
1) S TRV 45 46 7 728 g Si-FeOOH 14 JC 58 U 45 1y | A5 4%
3 T AR A AR B 3% T FeOOH FEK T
Sy e B 5 R AV R Y ek BB v A R S B
PR B RV Ab 6 1 =2 0] 305 B R 76 IS SR Ak 3 fE
SEu i, B HEEEREE R oA 0. 33 19 Si-FeOOH fE
A

1 TEESKYRMELLR Si-FeOOH #1128 E L%

Table 1  Comparison of physical strengths in different Si/Fe ratios

FE Si: Fe R VR S
A 0 [ K ik
B 0.20 {liS — B
C 0.33 ik TH M =
D 0.5 fi% i [
E 1 {liS T Wi [

3.3 Si-FeOOH 1 1t 2 & 4 1t F& f#F 7 M4 21 MX-
5B By 3K fE AT
PERRB Al K FL K, 2 i 2T, o il 47 B
M ELAE AL Si-FeOOH W} | Si-FeOOH ik 5L U4
AR FA 16 PEHE LT MX-5B FOBFST, 45 AN 18l 4 Firs.

80% 1~

o)

N

ES
T

—8— Si-FeOOH+MX-5B
—e— 0,+MX-5B
—a— 0,/Si-FeOOH+MX-5B

T L B
g

20%

n ol N "
0 5 10 15 20
s} [/)/min

El 4 Si-FeOOH ik R AT iE ML MX-5B i & T
(pH=6.8, [0;],=1.0 mg-L~', [ MX-5B], =30
mg-L~", [Si-FeOOH], =100 mg-L.~', T=20 °C)

Fig.4  Effect of color removal of reactive red MX-5B by Si-FeOOH

catalyzed ozonation

FH &1 4 T UL, Bl R A ST A i T PR 21 MX-
5B M 8 R IR &, A 41% 2247, Tl Si-FeOOH
Xof T 2T 1 W B RE D AR /N, AR 3% A AT Si-
FeOOH b 5L 480 S0 Ak AR 72 % 396 P 8 210 179 I €8 5 fe
1=, IR 70% L b 6 AR s T ol B AR
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FEIR Z AN AR Si-FeOOH W B4 2 Hp i €8 5 18 B
ZFN HEWT Si-FeOOH A 1k 5 404 2 rf A i 17 i 4
FEPER T, e 3k [ rl 5 %08 S Ak M ) Rt
— B EALTEERE LT MX-5B, KR T 1% P 21 i
R,
3.4 Si-FeOOH £ 1t 2 & & 1t F§ ff 76 M 46 4 MX-
5B % E & 97

3.4.1 BEREMEMER FE M MX-5B I
BERNPE R A3, A AR
IR ZE LN AR 2 i PR 2T MX-5B 5
HINFEIR LI EE R K5 R,

FIE S AT 0L, SRR EE Y 0.6 mg - L' 38 %]
3.0 mg- LB, 1EPEHALT MX-5B F4 I 65,3 75 2 W 14
. — e 5L AR B B I (45 B g VS W T R A AT
W2 AR T SR EE RN, B AR R R A AR
PERITCHE B 9 72 35 B R R 3 2 PR T i I R
FFRE VLT MX-5B 9B 8 R 10 K. 2% i 3]
AT T B AR TR B S A i 1 — B AR S R
BAERAR N 1 mg-L7".

100% —

80%

?f]' 60% |-
=
\}HA -
ﬁg -1
3 40% - —8—[0;](=0.6 mg-L
kS ——[03]y=1.0 mg:L™!
—*—[0;]¢=1.6 mg-L"!
20% —¥—[0;]¢=2.2 mg-L"!
—4—[0;]=3.0 mg-L"!
0 | | 1 | I | I |
0 5 10 15 20
JR S R] /min

Bs REREMNELERPHEEENTMW(pH =6. 8,
[MX-5B], =30 mg-L~", [Si-FeOOH], =100 mg-L~",
T=20C)

Fig.5  Effect of ozone dosage on color removal in the catalytic

system

3.4.2 JEMHL MX-5B W R E M EME RN Y
w o DR E S A B U I M T MX-5B
B ey vl o >R 2 58 LR A R 3% b £ B By 5 i
K 6 .

A& 6 AT UL, Si-FeOOH i b 5L S A Lk R
TE M LTI LG MR L 53 312 30 mg- L™ 45mg-L~"
60 mg + L™" Fl 70 mg - L™ B 65 3 55 5 K

77.10% 56.93% 46.67% K11 42.34% , 15 VEHZ1 1Y
JIGE €21, 5 i A A %) 388 o T 28 T R AL, T MR R LT B Uk
JEE RGN 3 — 2 i, 65 3 1 AR AL A KL X9 45
(2010) AR Jekbif bk iy , 75 S8 Ak 09 B AR B R it
F14) T ) 7740 T o A A B AR FH TR 3 K, R
T YRR, BRI, B Si-FeOOH 1k 5 4R
fif YR | B A SN SR A 5 S 90 A

80% -

60% |-

40% |-

LA CRANTREER: S

—e— MX-5B 30 mg-L™!
—A— MX-5B 45 mg-L™!
—¥— MX-5B 60 mg-L!
—<— MX-5B 70 mg-L!

20% |

0 1 | 1 | 1 | 1 |
0 5 10 15 20

JR S it 1] /min

Eo FEHBAVMBREMELERDHEBELM(pH =
6.8, [03]p=1.0 mg-L~", [Si-FeOOH], =100 mg-L"",
T=20%C)

Fig.6  Effect of initial dye concentration on color removal in the

catalytic system

3.4.3 BAABRESELERFREENZH

PR B S50 25— B, i A 1 7 45 i 25 S X

PEA A Z8 TP B R B2, SR 2 SR AN 7 .
100% = —o— Mg

—e— Si-FeOOH=100 mg-L™!

—— Si-FeOOH=200 mg-L ™!

—¥— Si-FeOOH=300 mg-L"!
—— Si-FeOOH=500 mg-L"!

80%

s 41 1 %
S
T

40% -

#

20% -

0 5 10 15 20
J B2 H] /min
E7 FUFNKEXNELERFREENFZM(pH =6. 8,
[0;]p=1.0 mg-L~', [MX-5B], =30 mg-L°!, T=
20 C)
Fig.7 Effect of Si-FeOOH dosage on color removal in the

catalytic system
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A 7wl AR R B 5 3 100 mg - L'
200 mg-L~" 300 mg-L "B, ffbIAR R s e 21 Y
I8 €0 3R ot 55 A 1) 5 100 8 o i 48 K 3 T B R IR
AR 0 A5 14 e 1k 7 Y R RS o, 3R
T3 PRV A 3K, (AR S N R R HO - AR A HL 2
W2 AEAFE AR YA MR B 1A 5] 500 mg- L
B, Ak A 2R v € R S T B X — T T R 2
PRA AR TR 38 0, BELAS: T 5L 48043 F B AR el VA
R0, AR T BN A4 22 WBOHH v B 40V B () = i 4
2006) . J— ) LA R HO - £, 2 8L
H B kA5 SO, AT AR S B AR R HHO - 1A
SO E (Andreozzi et al. ,1992). Rt , /4L 7% &
XHEAR A 2 Hb €0 38 7 B AR 2R, FE R Si-
FeOOH i1k 5L R A Yo RHIN 48 A 370 5 1t 75 S 40
T E.
3.4.4 pH XK R FiE M 6 E NP
PRFE T I A5 — 3, OB R pH (H % 48 H
X AR 2 IO A 2 F T A T 5 3R Y S ), SR &
RN 8 frs.
Hil& 8 AT UL, B 1AW pH (B A3, PIFPA 3R
HR P 2T 178 R €2 30 2R T R i PR B SR R R R
R 21.93% THEF 92. 46% AL B ALK Z bt
% 34.75% FHE ] 88.30% . Si-FeOOH 7E Hr
RMF R B B AR T P X K A B
FHI) pH L. ZEGPE 514 T, Si-FeOOH i b 1A &
0] N R (iR R K e = e o LSS (1
R AR R R R RA ARG YL
DLE A |, 2 5 A A0 P X
WA PEH T BRI Y 05 & R AL & W & AR BRI
I TETRPE 251 F i T OH ™ % 5480 43 il 1 4 Ak AR
SR L LA Bl 58 A A6 32 ((Park
et al. ,2001; Zhang et al. , 2004 ; Balcio g lu et al.
2001) , FEE W ALEE
0, +0OH™ =0, +HO, ;0, + HO, =20, + HO-
(1)
PRI, B B AR R 1 2 R T SR AL BE 1 R 5
MAER S5 T Ak e .
£ Si-FeOOH/ O, (& Z v vk S5 48 T 3% 1 72 ik
LA F A, A Ak 54800 il BB ) . T 7 TR 1
AR A5 F T e 1T 2 36 43 ) L 1 v A 10 60 H e
SN AR AL 2 BE ( Zhang et al. ,2008 ). BME ST
PEAL AR Z I IR T Bk SR AR R Y D) —
AR PR A AL 75 32 TP B A 2 35 [ PR 7 ) IR

PO AL ek A Al g

100% —

MEE S KREEARET.

\)

U777 O;+MX-5B

80% E=— 03+Si-FeOOH+MX-5B
o

=N

S

X
T

|

[TTTTTIT T T I TTTTTTTIOTTITTITTITTITITTITT]

TP L

IS

QS

B
T

20% —

HEEEENEEEEEENEEENEEENEEEEEEEEEEEEEEEEENEEEN]

TITTT I T I T T A TTT I I ITITTITI01T]

N
TITT T TTIIT I T TTTTTTTTTITTTTTT]

5]
E~S
W
'%c\
~
oo
©

E8 pHEMELERDHEENEM([0,],=1.0mg L',
[MX-5B], =30 mg-L~", [Si-FeOOH], =100 mg-L"",
T=20°C)

Fig.8 Effect of initial pH on color removal in the catalytic system

3.4.5 RBhAELMEAEE ST MEIAAFGESTE
O I FH R Al 2 A A0 790 42 BB 1) — 00 LM BB S b, AR
SCHSHE A A TR AR R DSR4 Wk, B AR
XTE P GORE MX-5B i (0 3852 i 0, S50 285 SR 4[]
9 iz, L9 ml WL, fi kA E 5 R 4 W5, i
RELIR A N R MR N T 5% 2247 1
Si-FeOOH Ak 78 A PR A9 10 B U BT HoAi e P B
ALPRFEAEO AR . R I, 76O A G B B g FH 1 4%
T, AT BRI Si-FeOOH Ak 1) [T s R A .

80% —

60% —

5 -
A
& 40% | = 1K
rs —o— 2k
2 —4—3K
- —v— 4%
20% -
0 1 | 1 | 1 | ! |
0 5 10 15 20
JR B R] /min

B9 HUFNBESF RRBIENERPREEAZNE (pH =
6.8, [0;], =1.0mg-L"", [MX-5B], =30mg-L"",
[ Si-FeOOH ], = 100mg-L~", T=20 °C)

Fig.9 Effect of reuse time on color removal in the catalytic system
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3.5 Si-FeOOH & b 2 4 A ft & [k 75 M # 22 MX-
5B By HLIE 3R it

SRR SO — o o SRR i A T 5
AR A3 il DL AR BORR JE F Fh A R AR 1Y T 42 40 Ak
F(Wu et al. ,2000). iR Hras R Wos , 7 bk
A B R AR AR AR B IR 6 R AR, Si-FeOOH
HEALIAR 25 A 396 1 8 20 (5 3R B0, [R] I Si-FeOOH
W2 B XoF 3% P 6 1 ) Ot € 3R AR /0N, R, AT LA i rh
P P IGVEHIZT MX-5B MR A & R A B 3%
b, TR AR R b= A s A AR PR BT HO - (1Y [
Ak,

AT B — i R ) R R IR L R
FIHI S 09 52 K BCR by =5 x 10° L-mol ™'+ 57!
(Langlais et al. ,1991). e85 558 H 2 B AR A
— S a5, DT A T T AR A i ) i 2R
N, #ETTREAR B AR 9 1Y £ B 232, Bt s FHas AT
P2 114) 7 ok [B) 42 B UF F2 0 1l 366 1) 77 7 DL B 8 3

100%~
r —a— O;+MX-5B
0% —eo— O5+Si-FeOOH
° —A— 04+Si-FeOOH+[t-BuOH]
B
& 60%
=
= L
&
H 40%-
=
20%-
0 1 | 1 1 1 | 1 |
0 5 10 15 20
0 % st [E] /min

y=-0.02377x-0.09105

- 0 I 5 ‘ 10 . 15 ‘ 20
fifE] /min
10 T E2ST Si-FeOOH 4k R P& AF B4 MX-5B B
M (pH=6.8, [0;],=1.0 mg-L™", [MX-5B], =30
mg-L~", [Si-FeOOH], =100 mg-1.~', T=20 °C)
Fig. 10  Effect of tert-butyl alcohol on Si-FeOOH catalyzed ozonation
of reactive red MX-5B

3 RO ML (DD 454 2005 ; TR 4 2011) .

ARSI A SR BN B H 5 ) R 3 E X —
RVEHLIE. FEAEAL AR R R B T B X 3 s iR
R RN D R AT R — S B g 2 Oy BN, I
In(A/A,) -tf2E R NE 10 Fros. I 10 770, 40T
LES AN R NEL AR C S RN N RS T N
TN A H T 0. 064 min ' FE{EZ 0. 0355 min ',
PRI BT I 1 A7 AE A 5l T HO - AR DL e e
XPIEPEHEZT MX-5B 1) A AL RR AR, X BIHZEIER] T Si-
FeOOH Ak 5L A R 0E [ ph 3 S W AL

4 #5i2(Conclusions)

1) T Si 3B AMH FeOOH 1 5 I 45 ¥ 575 g
Si-FeOOH (1) TG e FIZERE A 502 = T AL 50 10 4
JHE B N2 T AR, [ 45 Si-FeOOH )AL 30 BE i 25
PEE.

2)Si-FeOOH bR & him M 21 MX-5B HYJ5
o R i A R SR R 3 R T 2 T ) i Y R B KT Sy
S S R T U/ 5 AE I Si-FeOOH i Ak 5L 4
Xof Gk IR €0 B A A S A A 0 R 4% o A R M AR
T, Si-FeOOH & BH H B 8 (%) 488 4k 7 4 i 7 s 2 A
BEPESRAE T, LA AL S M3 A SR ok ; Ak
PR E , n] LA & R .

3)Si-FeOOH fiitfb & A A TG PEHEZE MX-5B H
A AR A B T B A B T Si-
FeOOH fi& it 54U A A e 56 1 Pl S ol 7,
FEHLERIENG [ ph 3 S W AL

EEREEEN . ZRAE, B B4, 83,707\ A E K
B R AN AR K. E-mail :jiangce_szpt@ 126. com.
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