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Degradation of Dye and Ammonia by Cu/Fe-Layered Doubled Hydroxide
as Heterogeneous Photoactivator of NaClO

ZHAO Guoping', WANG Yangyang®, LI Na', SUN Shengrui®, LIU Yanggiao®
(1. Zhejiang Tiandi Environmental Protection Technology Co.,Ltd., Hangzhou 311121, China;
2. Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China )

Abstract: Cu/Fe-layered doubled hydroxide (CuFe LDH) prepared by a coprecipitation method was used to degrade methylene blue
(MB) and ammonia as a heterogeneous photoactivator of NaClO. The micro-morphology, reaction kinetics and degradation
mechanism were investigated. The layered structure of the samples with Cu/Fe molar ratios from 2:1 to 4:1 was analyzed. The catalyst
with Cu/Fe molar ratio of 3:1 exhibits the optimum performance under given conditions (i.e., catalyst dosage of 0.5 g/L and NaClO of
0.075 mL), and the pseudo-first-order rate constant of 30 mL MB (100 mg/L) is 7.9 times greater than that without any catalyst.
30 mL ammonia (100 mg/L) at the catalyst dosage of 3 g/L and NaClO of 0.3 mL can be degraded by 99.5% within 1 min, compared
to that of 66.6% without any catalyst. Based on the radical quenching experimental results, the superoxide radicals are the dominant
reactive oxidants, and also involve chlorine radicals and hydroxyl radicals. The results by electrochemical impedance spectra and
X-ray photoelectron spectroscopy reveal that the photoelectrons can accelerate the in-situ regeneration of reaction activity sites on the
surface of catalyst and increase the separation efficiency of photo-induced charges in CuFe LDH/ NaClO /light system, resulting in
the improved degradation of waste water pollutants.
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CuFel-CuFe4 are prepared with mole ratio of Cu to Fe as 1:1, 2:1, 3:1, 4:1,

respectively.

Bl 1 A Cu-Fe LL/KIEAFE R XRD 1
Fig. 1 XRD patterns of layered double hydroxide(LDH) with
different Cu-Fe ratios
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(a) TEM image
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(b) EDS spectrum of point 4 in Fig.2(a)
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it
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(c) EDS spectrum of point B in Fig.2(a)

Kl 2 CuFel ¥ ¥ TEM B8 f#1 EDS %
Fig.2 TEM image and EDS spectra of CuFel
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(d) CuFe4
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(b) CuFe3
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0.242 nm *

T
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(e) CuFe4

3 AIF Cu-Fe HKRIE AR K] TEM JEF
Fig. 3 TEM images of LDH with different Cu-Fe ratios
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B R AR B B v, — D T A AR R AT DAY
WBE 2 B e e T IOR = A A -2 R, 8K
TR L = A D 2R THA I B R s 5
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89.4%. MIANZEHER . %28 LR X KB J5 » 10 min
R AR R 2 IR 2 56.4% 80.1%A1 18.2%. i
R, IIAK KRB fG, PRI AR 2 2180 B4, Sox
R EH R TE G AL B AR R v T S R A TR
IR ARG, FEfE2 3] 73 ], =8
AR R IR F R AR RS AR E R A A
SEE-

H LV K SLIGIERH T CuFe3 it K610 2%
HEAEREIR T 2 M B R IEREE R . Hp s
H BN A S FRE VM. CERIE
B CuFe LDH #4447 B 6 B2 5 7E 1.06~1.87 eV,
T K BH 6 0 ]S R ] IRt + A ot A4 HL -
FRFU 1200 e S A R, IR A T
5y 5 [ AR Z rp v A SO A P AR A E



248 B S W

PO [T <il ¥y SRR =N B S QB Bu R R A 2 A
PR 1 p R TS R R U T AL
SRR LA, HS5MEERm AL
JE FR H B DIAR 56122, i — B E ] CuFe3
PE AL TR BE A E HEAL AL A AL A I R4

100 F/El\ 1

-

60 g
S 40
ols
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(a) MB degradation with CuFe2, CuFe3 and CuFe4
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(b) Pseudo-first-order rate constants
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(c) MB degradation with CuFe3 in different conditions
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Fig. 4 Photochemical degradation curves of methylene blue
(MB) by catalysts
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Fig. 5 Effects of CuFe3 catalyst concentration and NaClO
dosage on MB removal
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Fig. 6
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BHAT T 08T, SRWME 7 Fias. 7€ Fe 2p B
#E XPS i1 (& 7a), 710.5eV F 712.6eV Ay F 04
PR 718 eV 1 720 eV Akt TR IES HH)E T Fe™*
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IHJE T Fe™™ 2p1, M Fe’ 2pyn, X2 HILEMEAL T
CuFe3 fl CuFe4 FMBIFELE Fe* M Fe¥*, AWK
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GuFe3 before
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at.
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GuFe4 before g
GuFe3 after ;
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Binding energy/eV

Intensity

(a) Fe 2p

Kl 7o NEESG Cu 2p R ¥ XPS i, H
935.1 eV ALt E N 943 eV [ L EIEHJE T Cu®*
2p3n, 1M 955.1 eV AL L WERT 963 eV Ak i) 1A g
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CuFed KM LRIILL Cu” TERIFAE. SR 4
CuFe3 M55, H Cu 2ps;, Al Cu 2py, 7 B A
EE T OB AT K 4G A RE A RS T ~0.3 eV, oAt
B2 T A AN S B 1 Cu™A2 B, Bl CuFe3 ik it
e, BT Fe’ /PN NS S, IBAFLE Cu®/Cu”
SIS N7 U1 T R S 1 X B | I ey G X Ve
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SEB R AT P AR A BB CRAIE AL TR ) i i, (AR S
e, Xt RERON AR NS R BR S R, 5
E ST R VAW N i1 1 SRR Y X A e A 11
7£ CuFe3/NaClO/ Light A &, KRBiJ5 Fe* &
A S, B Ca S BN, 138 I X
FiEtEA A R B, RREAMHT,
CuFe LDH M RLAT ™A A B -3 00, Hodols
A HL IR N AT DA I S 0 B R A SR A
TN,

GuFe3 before

Cu 2p3/2/ WMM.

GuFe4 before

GuFe3 after

920 930 940 950 960 970
Binding energy/eV

Intensity

(b) Cu2p

K7 RMIETE CuFe3 5 AR N AT CuFed FE KT Fe 2p Al Cu 2p () XPS i
Fig. 7 XPS spectra of Fe 2p and Cu 2p of CuFe3 before reaction, CuFe3 after reaction and CuFe4 before reaction
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