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Catalytic wet peroxide oxidation of methyl orange in a fixed bed with
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Abstract: Stainless steel fiber sintered felt supported

Fe’-NaA molecular sieve membrane (Fe’-NaA-
SSFSF) was prepared by the secondary growth and
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liquid-phase reduction method. The catalytic wet
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peroxide oxidation performance of methyl orange in
a fixed bed with Fe’-NaA-SSFSF was studied. The
effects of pH, bed height, temperature and inlet
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concentration on the conversion rate of methyl

]

orange, COD removal rate and iron leaching

Removal rate of COD, X,/%

concentration were investigated. The stability of Fe’- i " PP
NaA-SSFSF catalyst was determined. The results [sorso)
showed that when the pH of the solution was 2.5, the

conversion of methyl orange fluctuated in the experimental time range. With the decrease of pH to 2.0, the conversion
of methyl orange tended to be stable. When the pH continued to decrease to 1.5, the conversion of methyl orange
remained basically unchanged. With the increase of bed height from 0.45 cm to 0.90 cm, the conversion rate of methyl
orange remained almost the same and the COD removal rate increased from 21.2% to 85.0%. With the decrease of
reaction temperature from 70 °C to 50 C, the conversion rate of methyl orange remained almost unchanged and the
COD removal rate decreased from 85.0% to 42.4%. Both the conversion rate of methyl orange and COD removal rate
had no obvious change with the increase of inlet methyl orange concentration. Under the conditions of pH=2.0, bed
height of 0.90 cm, reaction temperature of 70 ‘C, methyl orange concentration of 50~200 mg/L, the conversion rate of
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methyl orange was greater than 97% in the experimental time range, the maximum iron leaching concentration was
lower than 10.2 mg/L, and the COD removal rate was above 85% when the fixed bed was running continuously for
240 min. When the Fe’-NaA-SSFSF catalyst was reused three times, the conversion rate of methyl orange kept basically
the same.
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2.1 #RI5IRF

AEE N YRR HI(316L, B 2 T AN &
FRAR]), HERMO). L/KERER W ERFIN A LB 2R
PEEAL 2= B A BRA R, ImESEREN B R R A P 2k R
(Maya iR 7, 5% AL TA R A ), BRER 2k il H
BRI COREET R A ZERT) ), o7k SEEGHI S VT
FIERAT]), WEER. Bl AN S LB BH T YR L2
WAERA ), MEKTGBA TR AR AR, PAL
A A Al
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ANEFEW N ZR(EAE 2em, K 8em, EH), K#x
N5 (AR SRR A PR A A]), HI-4 TH KR (R
SUTF AR AT PR FTE A F]), DUG-9036A HLHH i
KT RAE (iR 22 3 % %A PR A7), DZF-6050 B4
AR (L RS A R A F]), BTI01L $EE0R (PR E B
AR A TR AR, PHS-25 RBUR R (i H
1XERTT), KY-100 krifk COD V8 il (LTI RI o0 fL X 3%
HIRAT]), TAS-990AFG J&ETIRUSE A (AL 5 Hr i
FCEREBR T AT, V5100 7] WA 6t it
P BSA TR A |]), EVO10 513 H84(SEM, & [H ZEISS
/A 7]), Thermo Escalab 250Xi X 5 28 HL T AE 154X (XPS,
EEMHEAA).

2.3 Fe’-NaA-SSFSF £ & # 1 H#I & 5RAE
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B, BN Y4 Hi(SSFSF)A 1 mol/LIAL
FAANETIRIE 10 h, TeiRMET s 5 BB (e RN
JUKEERR M S A AL BN 7K BE R B 40:25:98:5000) T
100 CR/K#EA 4h, BEINaAS> FIRiSEF; SR)F, ¥
LA AL FE T () SSFSFENaA 2 - dn i IR I 2
h, HE 2 K FRRIR I SRR 1 SSFSFEE B & T il & 1
(1 R A K A TR (R R B LK R R BN S SR A A 7K
FEIRHE N 3.074:1.39:2.25:1000)H, F 100 °C R K1k
5 h1F B A4 X 2F 4 b 45 B 41 3 NaA 73 T 07 5 (NaA-

SSFSF)!'7); )i, #4 il % 4F INaA-SSFSF & T LK fi iR
2k ZUBEVE W (0.1 mol/L, Viw:Vi=1:4)12¥ 30 min
(mpe:mnan-ssrs=0.25:1), T M NaA-SSFSF | 248 ik i 55
PRFEUH il £ BN A ALK (0.5 mol/L), 2 hgid ik,
ToK CEEBRBEPRIR, S BT, 45 2 Fe-NaA-SSFSF
ARSI,

232 FAE

FHl SEM % SSFSF, NaA-SSFSF fl Fe’-NaA-SSFSF
S EMEBOM ST RAE . H XPS X} Fe’-NaA-SSFSF
SAMBIR I 4T 4T, Al Ko 5855

2.4 FAEIGERRCI

A RS /K P WA A5 44, KA Fe®-NaA-
SSFSF 5 & kIR I 1€ R, WUl 58 HHE R 7 1 452 ] 7 PR
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Fig.1 Experimental flow diagram for the catalytic wet oxidation

Peristaltic pump

of methyl orange
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3.1.1 SEM A
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Fig.2 SEM images of microfiber composites

3.1.2 XPS FALE

KH XPS XM EEMEIRMEMSET T, 4558
Nl 3 fios. IEXT Fe2pss 1 Fe2p AT 70 &
Fel, Fel', Fe3, Fe3't5) N Fe?'l§, Fe2, Fe2', Fe4, Fed'¥JHy
Fe3'lig . Fe? RRLUETIA & T Fed', REIM BRI Fe? &
HE T Fet's XPS Ae il b Al H B2 1K) Fe® Rk,
KRN YR — ZHEDES, 1 XPS 2
— MR HTHA, RIWIRFEART 10 nm, S5 Fe® 4¥
HEVE TCVEMAS I 20T, Liu S0 52 T 5 REpE Bk A Y
KBNS Cr(VDIFZFRTERE, 78 XPS 2t Akl
FI| Fe® RRAEUE . Fu 552211 2% 1A gk E ek 2

BRHL R K Cr(VDFI Pb(), KI XPS JuHL UL N
711~724 eV, XN Fe*' Al Fe3' i 2psn Al 2pis 4547 HE S
R ARG 2 Fe® FHFAEIE . 28 K TR ] EK/Fe'-PRB
A IEE TR R N, 58 XPS X MRTE
MM BRIEAT 00T, 85 R ORI S HT 5 B AR E] Fe
MURFIEIE, ST E MR TR ISR, BFIE
JE MR Fe® RIMBE AN BRI FI D3R 0y = B AL
B, SRS EME.
3.2 FERETEREE KR B2 R PR
3.2.1 pH {& 5

[l 72 F LA N IR 50 mg/L I 70°C. K2
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Fig.3 Fe2p XPS spectra analysis

¥ 0.45 cm, F%% pH 1H(1.5, 2.0, 2.5)%] F LB AL 21
o, RME 4 fios. WTRVEH, 24 pH=2.5 K, H
B A0 AR AE S0 Bl s [0S B G B3, [ IR I%
Sriz ke 20 F1 240 min B, FEREL AR5 5008 90.5%F1
93.4%. [ifi pH F&IEZ 2.0, HIEBE LT TRE, 240
min N ISR AL R KT 98%, Zk4:[%MK pH £ 1.5,
L AL SRR AR o 24 XS /KRN RS (VR &
WA Fe®-NaA-SSFSF [F i€ /RIS, Fe® fili bk FH BL 06 1Y)
BREFIN P24 Fe¥, Fe*#b—& 5XEKIRN, fEff
WEIK A R 2 3 B (HO:), ATt — 25 B
TR TG~ SIERREEA R T Fe® AR
Fe?*, WnlfEit HOZE /M, MIMfe FF LA 36 AL %38 i s

PR SR P LA SR A BR DT TR B, B TEGIRE
Mgk ik _E T R T2 (BB AL AR, 0] L R R 15
M2, Chen 2527 T AN pH A TR L2k 4l
KA PR HHERG 1) L BRBUR, 45388, B pH H 3.0
HINZ 6.0, FIERES Bl TR, Bimit pH FAFIT
SANPTIIE T 8T 78 S5 L PR TN R, 5 AR
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Fig.4 Effect of pH on methyl orange conversion rate

R N . Ramirez 255 5T T Fe-BRMEALFIFEA
[F] pH {E(2, 3, 4) FATRSEE 11 RRMRCR, 45 ERpE
pH 1 2 BINE 4, P I BRAER T %, 5KTAE
FEERFEHAN . Fh, ARSLIEE pH=2.0 KiE H#
TERRFE .

Fe’-NaA—Fe?"-NaA+2e~ 3)

2¢+2H —H “
~N=N-+2¢+2H"—-NH+-NH &)
H02+Fe?**-NaA—HO-+OH +Fe’*-NaA (6)
HO-+Methyl orange—Oxidation products @)

3.2.2 IRIZ R R
15 BART A tr(min)$8 A2 S B PRE M HE N Js b 25 2]
BT N 8 BT I3 A ) -

lg =— (8)

A, VR NN ERARR(mL), v A 88 AR AR
ME(mL/min). X TEZ AR, VRIS B AN BE B
ML, B v=vo(RERMARUR ZR), TS BY IS 1] e 1
22 o(min) A 5281,

fo=r=lr ©)

Vo

N T WETT AT BRI (R0 R BE RS /E Fe®-NaA-SSFSF
E IR AT R A MR, (8] 5E AR BERE N R E 50 mg/L
MEE 70°C. pH=2.0, FEIR)ZERE0.45,0.65,0.90 cm)
X RS B R RO e, S5 5 Bos. BB 5(a)
ALAEH, BERZREM 0.45 cm BN E] 0.90 cm, FZE
PEHALREEAMRFFAZE, 240 min NEIKT 97%; ME
S(b)yH T I, BPRJZ = BERG N, COD 25 R 26 2.2 54
LR EE 58 0.45, 0.65 F110.90 cm B, COD <[4
RN 21.2%, 32.8% 85.0%. HIHE 77 FE(8)FI(9) ]
wn, BEARE BRI, RN BT R, FER R AN
K AE 8] 58 PR PN 45 B T (D38 00, T OB (3)~(7) gk
17, (E I SEL T 784y, COD EFRRIIN; MATE 4>
(1415 B B 1] T B 22 5 B0 B R 0 r dk, A& 7
A HLAER, S ETERAR IR Z = 5(0.45 F110.65 cm)
AR I B GE B, H COD LBRE MK
A . Liu SECORF T T A 8805 75 % 252 ] 52 PR B 23 6 2%
Ty e Ak QAL 4 R R B ALK E R FE R 1 em
BINZ 4 cm, ZKEyFALRIERRER 100% A48, SAHL
R(TOC) A2 73.4%MINZE 90.8%, SAHFFT45 R
FaAHE . Fitk, 755 S AR R PR, [ e
RZ BN 0.90 cm.
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Fig.6  Effect of temperature on methyl orange degradation
3.2.3 TR R PUONBEIREE FRAR,  FHEEAT HoO, TR SV S HEAL R

[ 5 F AN IR E 50 mg/L. JRZEHEA 0.90
cm. pH=2.0, FHEIEE (70, 60, 50 C)%t HF RS EAL R
PRIZ R EE RN COD R MFEm, 25 RunE 6 frs.
ATLLEH, BHIRFEH 70 CRRKZE 50°C, LR ILER
AR, 240 min WEIKT 97%; #iz Bk EERE
B (8 BT sl AH KBRZ IR KT 9.1 mg/L. B
EEFAK, COD BRI R MK, 2% M 70 CREIE
% 50°C, COD EFEEH 85.0%MKE 42.4%. XATRE

E/
5

AL FUAE O R0, BRAIK T Fe® EfbIE S, HA
FITF Fe? PUUR AWE /K =42 HO-, 1T BEFB 73 XA /K Ik
RHRAF B Rk B T [ 8 IR R SiAT:, 33 FR B 4R
WA TEA:, COD EBRE T B, Wang S50V o ] & S
BORE AL T A RN T =40 S5 A K R B Y5
P PR RR AR, 25 R R B, BHIRFEH 20 CIE M= 50°C,
VY-S HE PR ARE 22 B 0.205 min™' BN ZE 0.977 min™!, 574
SEIGHI T 45 AL Zazo SR FE R B, iR A R XL
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FUKTE ZHA A HO-, AN 4% B 7 FE(10) 1 43 i
KA, Queirds ZEBUBEFT T AN AR £ (10~70 °C)
o LA R S N B T Fe/ZSM-5 S5l [ fif b 2 11 1)
o, SR EORBIRE TR, Gl REREM N, FE
Arrhenius 52 4 G BE SR ) PR 6 AR G R B A H HR
BRERAN THEZR). Hik, AsLihikE 70 CHER
BERE.

2H202—2H20+02 (10)

3.2.4 IREMIIE
iR 70°Cy IKZEmEN 0.90 cm & pH=2.0,

2 % F R N IR B2 (50, 100, 200 mg/L)%F Fe®-NaA-
SSFSF [E € R HI B RS AL 3 . COD ZRFMEKIZ H
WEERRE, 4R 7 fox. B8 7@ A H, B
W 50 mg/L B INZE 200 mg/L, P FERE LA SR IE AR,
FEANAZ, SE5G il (Y0 N KT 97%. B 7(b) AT
W, COD EBRFARMMREIRAN, [EERKELLIZH 240
min J5, AEKE T COD BRI AT 85%. MK
T A H, IR N 200 mg/L i, #R HIKE

FEXFEER, (AR () e S8 we B, HLsc KRR
HA KT 10.2 mg/L . Botas Z5PSHiE i [&] 5 R SIEHF 7T
T Fex03/SiOn AL TN AR AL 1, 45 SR 3R B ARG
IRHERIR R B2 (<15 mg/L) 30 IR By 557 % . Gao
ZEOR FH 5 SRR A8 Bk 30 4k 24 5 0 1 A A 4 AR S5 e o
PR PR, W S0 R A R G RbAR FE (90, 120, 240 Al
360 mg/L) N, B ZBREFELIME 40 min Wi TFE, T
FH 5 AT G R P ) I B 2R S M AR /N o AR AH 2 T %
F Fe,03-NaA 4 T i b1 2 Ho0, Stk F A T
W, fERMIRZAT, HEREEET 96%,
COD ¥ WE KT 67%, BRIRHIKELT 4 mg/LI7, Af
W, Fel-NaA 73 FifiAHXS Fe,03-NaA 43 il COD
ARG, AR T REER RS A, B2
RGBT BT, SRIFEBTIRF L L], 1E Fe'-Fenton
AACTEAR R b, AR S I 5 TR A FH Ao A S0
X, HY S FRECN, 1EESE H0, B, M1
AN 54 HO- A5 fi#, [RIILAEXS Fe'-Fenton {4
£, RETE DR SR YRk P

R 100 -
éo (a) | (b) =240 min
sF 100 - °\\°D
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Fig.7 Effect of inlet concentration on methyl orange degradation
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3.2.5 FRoE I

[ 72 F LA N LR 50 mg/L T8 70°C. KR
% 0.90 cm K pH=2.0, % %% Fe'-NaA-SSFSF & &1l &
A =R E 1 R LR, g5 8 Fin. mIEA
F L, AR E A =R, RS A R SRR
FEAAE, 240 min W KT 97%. Duarte 25O 58 K HH,
LB S B -Fe S0 = IRIEHMEH S, FRmEs
BEFEHIE 0.73 h 38 0%] 2.14 ho Dorrajia Z5B8IRF 5T 1
TR S A 4R FesOq MEALFIXNEVER 19 283501
AL RR, SREBWIBTESPGEIT G, HALTITERE
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