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Degradation of AQO7 with Magnetlc Fe,0,-CuO Heterogeneous Catalyzed

Sodium Percarbonate System i / w

XU Jie', WANG Lm , CHEN Jia-bin’ | XU Fen » WANG Ke- ~qing' , HOU Z1 feng , HUANG Tian-yin'"

(1. School of Envu‘onmental Science and Englneenng,,Suzhtm University of Scwnce and T*echnology, Suzhou 215009, Chlna
2. Kiinshan Archrtectural Design Co., Ltd., Kunshar}.ﬂQlS.BdO China; 3. College of Env1r0nmenjal Science and Engineering,_ Torrg_]l
University, Shangrlal 200092 China) +~ 77 A - | 7,

Abstract: Magpetically. recyclable Fe, 0, CuO was %yn}hemzed by a one-step hydrn‘{;lermal method and charaoterlzed by scanning
electron nligroscopy eoupled with energy dlspe.rslve specirgmeter (SEM-EDS) and Xeray diffraction (XRD). The degradation of azo
dye qpld orange 7 (K07) by percarbonaté (SPQ) attivated with’ Fe, 0,-CuO was studied. The effects of Fe, 0,-CuO catalyst loading,
SPC (‘on(‘entratlolnﬂ pH value, and common chloride ions orr AO] (f;'gradatlon in the Fe; 0,-CuO/SPC system were evaluated. The main
reaction mechanism of AO7 degradation was analyzed. THe Tesults show that Fe;0,-CuO could effectively activate SPC to degrade AO7
and the reaction was accelerated with the increase of Fe,0,-CuO dosage. The increase of SPC dosage was favorable for the degradation
of AO7 ,lbut excessive SPC dosage inhibited the degradation of AO7. Common ions (e.g., Cl7 ) in dye wastewater could promote the
degradation of AO7, and the degradation rate increased with increasing concentration of Cl™. The reaction mainly occurred on the
surface of the catalyst, and -OH was identified as the main active species for the degradation of AO7. The catalyst Fe;0,-CuO showed
excellent stability owing to the high catalytic activity remaining after 4 cycles of repeated use. The Fe,0,-CuO/SPC system achieved a
high mineralization rate in the process of decolorization of AO7.

Key words:Fe,0,-CuO; magnetic material; sodium percarbonate; acid orange 7( AO7) ; hydroxyl radicals
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Table 1  Elated parameters of dyes
ekt i i Zhta X Bk A,,/nm P~
Na . 9 F
o 0 0Tl -
Gl 0N ‘ ‘ P e
& . JR $ —= AR K |
(acid orange 7, AO7) CioHinNaNa0, 5 (:)’? \O\ \‘,,N Q i ol UL 1 S Jﬁ%?ﬂﬂ
HO “ F i N
N [ S F f o A V., Py
- ; . 3 ; ¥ .‘”N i e i 4 ‘ d I 7
1.2/ SRS I THINE pH ;R FH B T8 AA 6300 A TR T ISOE AL

1271 (Fe, OpCaObseR © 70 v

Fej0,-GuO filfle 7 3 FH 181 84 10 28 7Kk 44 3
. i R 0T LA S R I BEAR R TR K
IR RF 80FC | 1E I Sl A 58 SRE] (i =30
Letin® J) 69 2 P 4 CusO, - SH,0 (500 mL 0. 1
mol- L") il FeSO, -7H,0(500 mL, 0.5 mol-L™") J&
A AE RN B P A 0.1 mol-L™' A H,S0, A0l
NaOH 1875 %W pH fHAREKF pH =8. 0. W45 1 5
Jv it R R R A3 85, BRI 1.5 L 258 Tk ki 3
W, IFAE 105°C F T4, Bl i Fe, 0, F1 CuO [F]
P RO S .
1.2.2  AO7 [ESRS25:

AOT7 TEASTRI R 22 7R 19 [ At o 52 IO 8 118 AR LS
100 mL,AO7 FIEAHEE K 0. 05 mmol-L~", JIA —
FE 1 ) Fe,0,-CuO #4 &L, i FH 0.01 mol-L™" [
H,S0, 1 NaOH ##747 pH #]i5% % {A /5 T A SPC JH
B . FE T B JE] BRI 0. 20 mol L' (Y
NaNO, HERK 2 1 )2 N I 0 7 6l A Yo okk i WOG i %
AR BT 25°C IR IR K B4 R Hr kAT
1.3 srirrik
AO7 ¥ J¥ K Mapada UV 1600 ( PC) 484 a] I

FA BT, T AOT S K K 484 nm b
FELRL 0. 45 pm Bk U8 I R ROGBE , A% AbRIE
2R R e SR WTW inLab pH7110 %! pH

(AAS) W i o i B G 0 4 g R P T
TOC-L S HLIR A BT (TOC ) W52 W ffe ek F2 ehit g
HUBR A48 A4 ;16 ] Hitachi S4800 14 i, i A Ba e FH
AETE{Y (SEM-EDS) F1 Rigak{l TTRAX TIT AU X §}£&45
KATHHL (XRD) %t Fe, 0,-CuO g EA B HEFT R AE.
fiiFH JEOL FA200 ZUrEF [ BEARIGRE B 75X (EPR)
PR R A ) B R TS

2 HR5ITR

2.1 Fe,0,-CuO A FHY SEM-EDS 734t
& 1 A LIF H Fe,0,-CuO PR 5 B ER IR 45
¥, RS FLIR A 20 HA B B A SR 4. 3R 2
(%) EDS 255 /R T AP BN AN R ST R 1Y i L, 55 b
TN A R Fe,0,-CuO BEMERHL
F2 Fe;0,-CuO HARTEMEE

Table 2 Content of different elements in Fe;0,-CuO

JLER JLR R N /% JET R %
o 7.06 15. 12
37.11 59. 67
Fe 4. 14 20. 33
Cu 11.29 4.57
S 0.39 0.31
B 100 100

2.2 Fe,0,-CuO BEYEAEHY XRD 204

Fe,0,-CuO B PEF LAY XRD i 5 B3 an ] 2
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Fig. 2 XRD patterns of Fe;0,-CuO
2.3 RFERNAARFR S AOT B B

XF 3 FPAR R BEAR AOT BURE AT X L 25, 25
RAnE 3. SRR AN Fe,0,-CuO BEER BLET
£ 30 min BV BTN, AOT B LBRZ(UHA11%,
X EFSEF N Fe,0,-CuO #EFAT LIXT AOT =4z —
E R IR TSR SR R i 2. 0 mmol - L~ 9 SPC
At A T B 8] P9 R AR 2R T AOT ok B oK K A= AR Ak
VLM SPC N BB A A B Al AO7. > [R] B 452
0.2 g-L™" Fe;0,-Cu0 A1 2.0 mmol-L~" SPC i}, 7
20 min P EBRFCZIAH] 100%, B#H B TR
(R PR [ R, 2[R A Fey O,-CuO A1RERT LA 3%
4k SPC I TR G =09 H, 0, , 724 A F 34T A07

SEM image of Fe;0,-CuO

10 A . A
os | —=— 0.2 g-'L7" Fe304-Cu0 + 2.0 mmol-L™' SPC
. —e— 0.2 g-L7! Fe304-Cu0
—&— 2.0 mmol-L™! SPC
0.6
g
L]
04
02 F
-’F-I‘
of y
0 5 10 15 20 25 30
t/min
A

! ] d
JTA07T, =0. 10 mmol-L~" ; pH, =7.0

’ 3
B3 FRERF AT HEELR
Fig. 3 Degradation effect of AO7 under different systems

HEAT A
2.4 Fe,0,-CuO BNz AY 5200

PAFE SPC 5 AO7 5t LR 20: 1,078 Fe,0,-CuO
BRI IFTE R B X AOT BEAR SCIR 14 52,
SCIRAER AN 4, AU — P HR L 3.

—a— Fe;04-Cu0=0.1 gL

Lo | —e— Fes04-Cu0 = 0.2 g-L™!
—A— Fe;04-Cu0 =03 g-L™!
08 b —¥— Fe;04-Cu0 =04 gL
: —e— Fe;04-Cu0=0.5g L
—4— Fe;04-Cu0 =06 gL
0.6
0.4 F

10 15
#/min

30

[A07], =0.10 mmol-L~"; [SPC], =2.0 mmol-L~'; pH, =7.0
4 FEMEHEMEI AOT HIFEFHR
Fig. 4 Effect of Fe;0,-CuO loading on AO7 degradation
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& 4 A1, Fe, 0,-CuO #HRHE R R & e
2754k SPC FEf# AOT MIVEF. thi3 3 I %N, ) Y
— GRS R R RS AR B 0 R PR R
. BEE MR N & 0 1 T, AOT 1 9 fi ok R BH
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TR | B MORHE I T, T8 2 AR
T Z G N, SPC T Ak 1 3 B o bR DA T £
T T AOT [ it

%3 A Fe;0,-CuO ¥MEBK— R FEEFEE

Table 3 Reaction rate constants at different Fe;0,-CuO loadings

it H

Fe;0,-Cu0/g-L~!

0.1 0.2 0.3 0.4 0.5 0.6
K,/ min ! 0.106 8 0.1682 0.2290 0.2897 0.3736 0.434 1
2.5 SPC #JinE Ay RZ [X(2) ], iS5 H,0, WARO, « [X(3) 1,74
TRFF Fey 0,-CuO MPEHEINE R 0.2 g- L7 B8 [0, - FE—0FE-OH B A= K0, [ (4) 1. X2z

B SPC #n i, A58 AT BN X AO7 [ figk
S, SIS 25 SR AN S | 45 2 — 2 Iy 3 i 50 A
% 4.

1% 4 v 1Y SPC $m# H 1. 0 mmol - L~'SPC
FFHE] 3.0 mmol - L' A, 2 i 3 R # % 0. 064 1
min "' FIFE]T0.213 3 min ' X2 N2 SPCIE T
IKIG 2 A R i Hy 0, [ (1) 1, B -
F, H Fey0,-CuO #EHE AL H,0, 7FAE Y H B L3
Z IR T R RYHEST 5 IR % SPe T&ﬂugéﬁf_
T+, 24 SpC mé{ﬁ%kﬂir“ﬁx%ﬂﬁ DH/ /\Zez?_fc
/*Wc H1 SPC. ﬂ%ﬁl 0 mmol-L"~ IB'J‘E’J«*pH 9. 62J:
F+313.0 mmol - LT 4 pH =9. 92. Jir“ﬁi%tiﬂ W1
i:dzﬂ#/\ﬂnmﬂzo IR IAIIEIY: =R Pt PTEW
2695 ﬁi?qﬂ pHggmE. o (4

4 SPC &ﬁniiﬂ£4 0 mmol ‘L.~ lﬁn‘ firjj_
E‘JJHE’J@“ FFARIRZE AL 1 FF510. 228 3 min ' ;4
I Ak sk s OV R Az B S8 R 5
mmol - L ™" JZ W R FREF0. 123 8 min ™', k&4 K
£ 6.0 mmol - L ™" i I 33K T [ 51]0. 100 0 min ™.
X P ON M P a0 HL,0, g RS AR R A
-OH , LB 2B A4 2 il i 1 - OH 43 & A H 3R K

o

..i-'

NEHIEEFE - OH , XF AOT B r=EmfIfER e
Na,CO,-1. 5H,0, —> Na,CO, + 1. 5H,0, (1)

-OH +-OH — H,0, (2)
‘OH + H,0, —= H,0 + 0,- ,r' «(3)
-OH + 0, — OH" + 0, =/ L

——

—=&— SPC = 1.0 mmol-L™!
—&— SPC = 2.0 mmol-L"!
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08 - —— SPC = 5.0 mmol-L"!
—«— SPC = 6.0 mmol-L"!
06
£
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Fig. 5 Degradation effect of AO7 under different amounts of oxidant
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Table 4 Reaction rate constant under different SPC concentration

WiH SPC/mmol - L, ™!
1.0 2.0 3.0 4.0 5.0 6.0
K,,./min ! 0.064 1 0.168 2 0.2133 0.2283 0.1238 0.1000
2.6 SNIAZRTIL pH Y5 N Y RE DA SO R B vE PR, B pH {H Y

Pt AO7 Fe,0,-CuO H1 SPC IR | i As
BRI pH AR, LIAFSE pH X R 500 iHA 45
SRAnE 6. 78 0 TN A T pH ARG L, 4
R 7. xﬁﬁﬁizﬁsﬁm&wﬂuiﬁﬂﬂﬁgﬁaﬁ,ﬁ
(pHypyc) e ZER A 8.
I 6 AlAlL BEE 4G pH A K, AOT IR @
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