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M agnetic hollow porous Fe;O,4/cellulose/sepiolite microspheres as
heter ogeneous fenton catalystsfor degradation of methylene blue

LI Tingting, LI Ruixue, FENG Xinxin, CHENG Shuai, JIAO Chenlu, WANG Jian"
( Textile Engineering and Academy of Art, Anhui Agricultural University, Hefei 230036, Anhui, China )

Abstract: Magnetic cellulose/sepiolite (SEP) composite microspheres (Fe;0,/MCC/SEP) were obtained by
doping sepiolite in aqueous mixture solution of Fe;0,/MCC which was prepared by immobilization of
nano-Fe;O4 on microcrystalline cellulose(MCC). Then the morphology, structure, composition and specific
surface area of Fe;O,/MCC/SEP were characterized by SEM, FTIR, VSM, N, adsorption-desorption.
Moreover, the mechanism and performance of Fe;O4/MCC/SEP as heterogeneous Fenton catalyst for the
oxidative degradation of methylene blue (MB) were analyzed. Characterization results showed that
Fe;04/MCC/SEP exhibited an excellent hollow porous structure and super paramagnetism. Catalytic
performance study indicated that the Fenton removal rate of MB reached up to 99% at 300 min at the
conditions of MB mass concentration 10 mg/L, Fe;O,/MCC/SEP dosage 0.02 g, H,O, 5 mL and pH=3.
Furthermore, the removal rate of MB remained 83% after 4 recyclable cycles.
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technology
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11 Fe;04/MCC/SEP HyZEIH (a) FIEA (b, ¢) K SEM [&]
Fig. 1 Surface (a) and cross section (b, ¢) SEM images of
Fe;04,/MCC/SEP
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Fig. 2 FTIR spectra of MCC, SEP, nano Fe;O, and Fe;0,4/
MCC/SEP
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b H BRI A0 AR AE AT S FE Fe;04/ MCC/SEP
) XRD el LIE , 7F 26=6.7°. 19.7°, 22.1°,
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Fig. 3 XRD spectra of MCC, SEP, nano Fe;04 and Fe;04/
MCC/SEP
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Fig. 4 Magnetization curve of Fe;0,/MCC/SEP
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SR 2 W B T 2 S R I AN — 3k, S
() H3 RO E R R R MER A FL, B
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SEP (1) lL £ AN 16.7749 m?/g, A F T Akt 2
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HANK Fe;04 5 MCC 35%E T SEP A B 19§72, SEP
Fmmire A TBHEERY, AL T R m AR,

a0t —=— IR .
—o— PR HRZR J
B 5! i
3 : .:/.,
g N o"‘.,;'
X 10 o _::_.-
_....-“n-nnﬁ":""-
ol

0 0.2 0.4 0.6 0.8 1.0
AR (0/po)
K5 Fe;04/MCC/SEP 4 Ny W Bff-Jlid b 25 I 2k
Fig. 5 N, adsorption and desorption isothermal curve of
FC304/ MCC/SEP

%1 Fe;04/MCC/SEP 1 Hr K AR A LS5 #

Table 1 Textural surface area and pore structure of Fe;O4/

MCC/SEP
e E A (mYg) LA/ (em'/g)
Fe;04/MCC/SEP 16.7749 0.063001
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MB  FYRFAE O RE B R, X2 R R 8 i o
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Fig. 6 UV-Vis spectra of MB in various Fe;0,/MCC/SEP
degradation systems

2.2.2 Fe;04/MCC/SEP # A\ % 3F MB % fif 44 % v

25 °C. MB iR 10 mg/L. ¥IiH H,0,
WA S mL, pH N 3 Z&1FT, Fe;04/MCC/SEP
A X MB A AR 2 MR ANl 7 IR o
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—=—00lg
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Fig. 7 Effect of Fe;0,/MCC/SEP dosage on removal rate
of MB
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Jof R PR o X2 N Bl FesO4/MCC/SEP #
AR, RIS SRR L, T
H,0, B4, MIfir=A= T 2 /) [ % (4n-0H ) P,
THERFE AR 0.03, 0.04, 0.05 g i}, MB HERRE
FAAHIE, AT AR, B4 Fe;0/MCC/SEP
oM 0.02 g FEA TSRS .
223 H,0, &g 3t K fd ol %ok

8 M SR 25 °C, MB JFiiH i 4 10 mg/L
pH & 3. Fe;0,/MCC/SEP i 4 0.02 g Bf MB 1Y
FEff IO, M & 8 AT, 4 H,0, Al M 1 mL 34
F| 3 mL B, J2 360 min BFF MB 2B %M 82.0%42
= E] 92.1%, Hin H,0, Al =48 £ #)«0OH, *OH 5
MB 7Tl LS8, (ARt . |
M H,0, Wi 5 mL ¥ fnE] 7 mL B, LBRFER
A TREABERE, XREHT H0, WEL &, ™
HRY.OH 1l LY H,0, KA S, &1 Ho0, S
FRAIR T -OH RO BERS, Wikl T MB B REfiR, 2BR%
N HyOo 1% 5 mL B 1 99.0% F &% H,0, &
BURM 7 mL B 93.0%. L4k, i 80 HyO, STEM
{5 e AL Fe(OH)s® HUTE M ALK, i 15 MB

100 F
80 - o
= 60 f // e fmL
‘Eﬂ,‘ b —e— 3mL
& —— 5mlL
X 40 - v— 7mL
20t/
O 1 1 1 1 1 L 1
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K8 HyO, B X MB 25 BR300
Fig. 8 Effect of H,O, dosage on removal rate of MB

2.2.4 BB JE TR R

FUNE X Fes0/MCC/SEP ML PEREA T
FEFEVEH o 25 MB A 10 mg/L .pH 24 3 .Fe;04/
MCC/SEP 4 0.02 ¢ H,0, B il A 5 mL i,
T T WEPEERAE IR BE 430 25, 35, 45, 55 °C
B2 T X MB B fAE Bl , 25 9 B,
&9 nlHl, BEEEITEE, Fe;O/MCC/SEP X MB
AR Z R m . KRN 25 °C, i 120 min
I, Fe;04/MCC/SEP Xt MB [ Z:BR 3% K 78%; {H4
RETHEZE 55 °Chf, HFE/RAL 100 min, Fe;04/
MCC/SEP X} MB i & BRF50E 2] 97%. i & K R i
FEBARMIZRE T, Hy0, 42 B -OH RGP
IR MR TE A, AL BT T T
*OH Myr=A= s finti, H5 MB 43— B4 Rk 5

JEL, AR T O B HEAT , A MB iR dit im0,
FiRLL, e tE RN EE S 25 °C

100} e en oo
. o - 4:‘F/:/././ * *
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Fig. 9 Effect of temperature on removal rate of MB

225 AEALHEAEEY iR

7 BB Fe;0/MCC/SEP RYMEAL AR
HHE5CEMEMFIZE Fes04 E A HEALFIZET T I
B, gRmE 2 R, R 2 ATLDES, SHIEMN
FZEMEfERIAH L, 2R A % MR & . MB W
DL K R B[] 4 P 25, Fe;O4/MCC/SEP HEAL AR

# 2 [FZE Fe;04 B A MEALHINT MB AL REXS L
Table 2 Comparison of catalytic properties of similar Fe;O,
composite catalysts on MB

Bk MB Fitt

mHE, ERR

AL B/ e RE/ ) N SCHR
(mg/L) (mg/L) min /%

Fe;04/diatomite 1200 100 360 98 [11]
MnO,-Fe;0,/CH 4000 50 60 96.8 [12]
Fe;04/Co304 400 10 360  >90 [13]
Fe;04/0-Fe,0; 5000 5 60 98.7 [31]
Fe;04/CuO 1600 10 90 94 [32]
Fe;04/BAC 1200 100 480  >90 [33]
Fe;0,/MCC/SEP 200 10 300 99 AR

. diatomite NfkW: t; CH NFEM; BAC NAEYFEIE

2.2.6  AEACKE R RS AUEL b

MRAEA LI EE R, $2H T Fe;0,/MCC/SEP i
fLR# R MB W RER RN HLER, Q& 10 ffR o nl RLfE
Wi, 7F Fe;04/MCC/SEP+H,0, K Z&H1, MB [1[5%f#
JE W AN S A Fenton AL AP RIZLR TS, B 5E,
MB %W [ff 2 Fe;04/MCC/SEP F T @4 K5,
Fe;0,/MCC/SEP H1[1 Fe;04 L H 0, 775 5 AL
P +OH, OH #— AL %A% MB. H 1, 54 Fenton
RS WA (2) ~ (5) M, Fe*'7E H,0, HY
EFH T Wi Ll Fe¥', idR P FEAE Fe’'/Fe* TG ER
JNE o Fe* TEMRTE S R AL HoO, 43 I F BT 1 H.
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k(\éozmzo
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10 Fe;0./MCC/SEP (1) £ B fi AL B i ML/ 3 €1
Fig. 10 Preparation and catalytic degradation mechanism diagram of Fe;O,/MCC/SEP
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Fenton & R &M MB 1S W ALEE, X 52 b ad #7547
EPR AN ph R K S5

K DMPO 158 H H 48 315, X Fe;0./MCC/
SEP+H,0, 5] Fenton /& R EPR SL40, 4HHTi%
R R A BRSO N -OH, S5 WK 11
fi . B 11 8], £ Fe;04/MCC/SEP+H,0, 54
Fenton {& % # /il A DMPO #3557 J5 , EPR i & # i
BT UE N, HMNABGREE R 12 2
211, X EHEf) DMPO--OH & #{E 504, £
1% 540 Fenton R & 724 T +OH, FEMEXT MB #EfTR&
it S

DMPO--OH

318 320 322 324 326 328 330
#:%% /mT
El 11 Fe;0,/MCC/SEP+H,0, =4:+OH ) DMPO [ iEf
3K EPR 3£

EPR spectra of *OH by DMPO spin capture in Fe;O,4/
MCC/SEP+H,0,

Fig. 11

PUUT BEAE < OH UM IR BEAT 52 50, 45 2R 4N
B 12, MK 12 ATAL, MABUT BES, Fes04/ MCC/
SEP+H,0, 5 #H Fenton 1A ZRH MB [ 23k Z B i i
/N, TRV 360 min B 5 AU T BEAH He 2 R 20

T 43.97%. AT R OH BFKF], MABEKA G
MB ) [ fift 32 21 AR K m, £ B Fe;0,/MCC/
SEP+H,0, 5+ 4H Fenton K&, «OH % MB Y[ %

A EREH.
100 e .
80 | e
S
60
ﬁ(‘ ,-’.’."./4. °
R e
40t {//,/,/n
20}y —=— AJji-BuOH
—o— fil At-BuOH
0 1 1 1 1 1 1 1
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Fig. 12 Effect of tert-butanol on removal rate of MB
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P, AN RE A TE BN I 5 R 1 sk DA W v 43
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RAR N, SEER A5 HIR] 1.4 15, Fe;04/MCC/SEP [#
fit MB RGP A L0 25 R an & 13 s, mE 13
AL, AR AR E R A R P R T R R,
PLIXAAE L R R R 2 T . A, AT R
FRIREAG . PP R PRI | T Al 67 2
A DL o5 48 DL B Ak B A AR B 13wl
PERERE A 4 S IRE IR FEXT MB Y 22535k
83%, WA ME sk EL A BT ) A A e e R0 3 e
feRae .
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