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Synergistic Removal of Co—contamination by Heterogeneous Fenton System:
Chemical Conversion, pH Effect and Mechanism Analysis

Yang, Bo Zhang, Yongli*
(College of Architecture & Environment, Sichuan University, Chengdu 610065, China)

Abstract The chemical transformation of ZVI micro-surface and the degradation mechanism in the process of synergistic
removal of copper ions and methylene blue pollutants by ZVI-Fenton system were studied systematically. The samples of
ZV1, before and after reaction in the ZVI/H,0, and ZVI/H,0,-Cu systems, were characterized by scanning electron micros-
copy (SEM), energy dispersive X-ray spectrometer (EDS), X-ray diffraction (XRD), X-ray photoelectron spectra (XPS) and
Fourier Transform infrared spectroscopy (FTIR) to research the changes of ZVI surface structure, Fe and Cu species’ chemi-
cal conversion. The results showed that the residual corrosion products on the surface of ZVI were more and the corrosion
products were mainly Fe;O4 and Fe,O; after reaction in the ZVI/H,0, system. However, in the ZVI/H,0,-Cu system, the
corrosion effect of ZVI was more significant, but the residual corrosion products of ZVI surface were less, and the proportion
of Fe;0, increased. In addition, the main reduction product of Cu®>* was Cu’, which was accompanied by the generation of
CuO. Furthermore, the effects of pH on the removal of pollutants from the five systems (ZVI, ZVI-Cu, H,0,-Cu, ZVI/H,0,
and ZVI/H,0,-Cu) were compared and the changes in TCu and TFe concentrations under different pH conditions were mon-
itored. The results indicated that the ZVI/H,0,-Cu system not only simultaneous effectively remove MB and TCu compared
with other three systems, but also enlarged the effective pH range (pH=2.5~5.5) of ZVI-Fenton system. In addition, free
radical capture experiments showed that hydroxyl radicals played an important role in the oxidative degradation of methylene
blue, and 10 mmol/L fert-butanol could completely capture hydroxyl radicals in the system. Finally, the mechanism of syner-
gistic removal of TCu and MB degradation by ZVI-Fenton system was revealed. The substitution reaction between ZVI and
Cu?", the action of Cu’ and ZVI galvanic cells, the acid corrosion effect, and the redox cycle of iron and copper together ac-
celerate the degradation of MB by the system and promote the conversion of ZVI surface substances. This study provides a
theoretical basis for collaborative treatment of industrial complex pollutants.

Keywords zero-valent iron powder; heterogeneous Fenton; cyclic catalysis; synergism; micro surface transformation
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Figure 1 SEM images and EDS spectra of ZVI: (a), (b) pristine ZVI; (c), (d) after reaction in ZVI/H,0, system; (e), (f) after reaction in ZVI/H,0,-Cu

system

ZVIH,0,Cu |, h
: i

L aiiyell
Mmiosnont g
2 | zviHo, |
0 I ; umM
g [ "':Wi '

p ' b =
g T
Fe,0, JCPDS#19-0629 | ‘
T

-
Fe,0, JCPDS#39-1346

Pristine ZVI f ‘ ,M“\W:W

Fe”  JCPDS#06-0696

10 20 30 40 50 60 70 80 90
2 Theta/degree

B2 ZVI BTG ) XRD 15
Figure 2 XRD patterns of ZVI before and after reaction
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Figure 3 XPS spectra of ZVI before and after reaction: (a) full-scan spectra; (b) Fe 2p in the ZVI/H,O, system; (c¢) Cu 2p and (d) Fe 2p in the

ZVI/H,0,-Cu system
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Table 1 Chemical states of Fe, Cu elements and parameters

Element (photo Peak position/eV Assignment Area FWHM/eV
electro core level) ZV1/H,0, ZV1/H,0,-Cu
Fe 2p 724.1 2pi» Fe;05 5473.1 7.323
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724.1 2p12 Fe,0; 5264.5 9.995
712.1 2ps;n FeyO5 1735.5 3013
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Figure 4 FTIR spectra of ZVI before and after reaction
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Figure 5 The effect of initial pH on the ZVI/H,0,-Cu, ZVI/H,0,, ZVI-Cu, H,0,-Cu and ZVI system. (a) removal of MB; (b) removal of TCu; (c) con-
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5Fe’+H,0-+30,—Fe,0;+Fe;0,+H, (10)
Fe*"+3H,0—Fe(OH);+3H" (11)
2Fe(OH);+Fe? —Fe;0,+2H,0+2H" (12)
Fe,0;+H,0—2FeOOH (13)
2FeOOH+Fe* ' —Fe;0,+2H" (14)
Cu*' +H,0,—-CuOOH " +H" (15)
2CuOOH " —2Cu0+0,+2H" (16)
2Cu’+0,—-2Cu0 (17)

3 #Hig

ZV1/H,0,-Cu & & 7 LA E A5 250 25 5 TCu A1 MB.
ZVI/H,0, 1 R B =) £ 2 & Fe;04 A1 Fe, 05, HJE T
P RERZ. MM T ZVIH,0, /K &, ZVI/H,0,-Cu
R JE YRR, H Cu? NN S 8UA R R
Fe;04 15 ELAIRT B A0, TCu 25 Bid F o A2 i) Cu® 1 CuO
MELE ZVI . ZVI/H,0,-Cu R R FEilid zvl 5
Cu* " B¥efEH, ZVI Al Cu® 1 JE e jth 2587 DA S BR 5 ok
1SR Bk Fe", 138t Fe? -Fenton 1 Cu’-Fenton-
like /%2 «OH F#f# MB. t4h, ZVI/H,0,-Cu #& RZAH LT
ZVI/H,0, R RTEREE MB B, H 2L pH AT LAY K] 5.5.
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1 F F ®R

RIL

ZVI-Fenton 1A 2 AJ 45 R0 HIE J5 25 B /K PR 55 A 8 4 s
T, [RIE SRS KA A M5 G A A B R, S
EV5 PP A B, X AL FE S 4 B A HLTS G
Tl KA R E e A .

4 LIRS A
4.1 SEHIRF

FMR(=99.9 wt%, 100 F)IE E B+ T 4G R A &
(FE L), WHF R (MB, = 98.5%) f1 i IR 4
(CuSO45H,0, =99.0%) ) H Fu kg ) B4l B 5547 fR 2 7]
(FFIE ), BT EA(TBA). A ME(H,0,, 30%). MR
(H,S0,). A ALIINaOH) W B B AL A PR 22 =] (
FHR), B R N gl BT A A 2 BTk
(DIl 2%

42 LILEE

pH it ( E B L), 55 -RT W g ook Bt
(MAPADA UV-1800); & A LB/ & & 73 HT 4% (TOC, multi
N/C 3100 analyzer); fgi{%(EDS, Octane super); F14#iH
53(SEM, FElI-inspect F50); X HF £k fi7 4 (XRD, Bruker D8
Advance A25x); X $TZ8J6HL T REIEH(XPS, XSAM 800);
A LI AR 2T A G (FT-IR, NXUS 670).

43 W

FT A SEIRITE SRS PR AT, @ R K IR R
) S MR B N =R (25 C). AR R, KT
MB (50 pmol/L). Cu*" (0.2 mmol/L)#1 H,0, (1 mmol/L)
I RAAF A 300 mL VR AW, AR5 FRTER(1
mol/L) I EEAL (0.1 mol/LyBHi& it pH {H IH % K
T IE, W FENURSEPE 2 (250 r/min) TN ZVI (100
mg/L)FFUA e M. 75BN E] (] B, $RECRE S (S mL), o
BT 0.22 pm AF4EMEIS U8, FENVE T MB 0
%, TCu K TFe IR 4T
4.4 TCu# MB F3&

TCu IKFERM J: 2% Zhou ZEPVITIE, T
YRk SR A A - WL 4 6 Ok B T (Mapada
UV-1800)#l 5 TCu [HKSE. B4, FLE 50 mmol/L Hiik
MERAT 10 mmol/L H AR /K &R, 85, H
5 mL VESF AR U BRI 0.22 pm AR 4E 8. K
AR 1 mL FEFIIN S 0.4 mL HURMAR . 0.2 mL
HW AR K AR 3.4 mL 28 T7KEE, F
7 60 s JEAEPK A=454 nm ALK TG .

MB KR 753 SR A -1] WL T
(Mapada UV-1800)JlI 72 MB 3%, H 5 mL yE 5 #8$2HL
SN 0.22 pm AR4EREEJE. ARSERAERTEN 10
mm A F AL, 7E MB 8 RIS K 664 nm 4b I E
W
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