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La, .CaMnO;,; (x=0,0.03,0.05,0.07,0.1,0.15,0.2 ),
HEL A RNLIRAEXTES R H e AE AL AR el P R 2
ZERFEH], Y x=0.1 B PSSR EEE . D i kkancl"
il £ T LaFeO,, K¢ T 56750 46 Ab B fi XU A,
TEMBRETRLEE A 500 °CF U AL TG . 5 4kn™
RV ARG TR, IEZERRsE , TEPE4L AN
Gy, 1E TV AT BA T R B L A Al
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1.1 EEeER

FNKAEER M . —KASERER . JUKAEIREL . TH
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WX oy aral, W H E 2R AR A R A E
SUEK (T3 50H 50% ) T [ K He i A R AL 278
FIARAF .

12 EIEE
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9140 B X T 46 . DF-101T-5 £E X4 Sy Pt HE 28
UV-1780 25 A] WAL . TDSA-WS 5 Kk
B
1.3 EEFIHEE

B BR AW ¥ La (NO, ), <6H,0. Fe (NO ), +
9H,0 Fl Cu (NO; ), *3H,0 (BE/RH 1 = x & (1-x))
BToakEK.

FEWTHE « H 5%NaOH 57877 pH HZ 12
ZiAi, 45 °C, 500+ min”' BESTHESE 5 h. BHIRE
M5, HUEAREIEDE , R B FOKRFITOK O
gk .

BT - BIEDREZS RSB 120 CHET 12 h

B - RPBE TR DE A SR 800 CHBtke 6
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El1(a) i7s, LaFeOs R TESERA 2544 (1 RFAEAT
g (PDF#88-0641), A Al A UL R Ak, ] I
il 2 1) LaFeO5 A B—F5EK A 2544 . LaFe,Cu(,_y0,5
LaFeOy IR B JL-T-AHE, R [FIEEA H B Fe,0,
La,0, F1 CuO SEH B flige, W25 1 LakFe,Cug_, 05
B 28I AR 2 4 HL 2 s

W (b) i, T co® 192E42(0.073 nm )
% KT Fe®* 192142 0.065 nm ), BfitB2s ) T},
T sptera /N O R R RS . R Cu &1 2N

Z BB K 25 4 rh 0. 5 LaFeO, Fl LaCuO, 4 1L,

(@ L - perovskite (b) 100 ©
i ST\ A . LaFeO _ N LaFeO,
. l . LaFe4Cu,,0; e LaFe,3Cu,,0; § 90
o A i A = 3
% . l Tt .LaFe.(I,ﬁcul).-/lOJ ;ﬂ% _—% Ilzaieo.s(élln,4gs é 80
B L . . . LaFeCu0| = AT €T U060 | 5
A s . ; .LaFe,Cu,0, I N LaFe,,Cu,;0, E70
i l ok . LaCuOj| LaCuO, 60 :k:gﬁlé?“».xos :
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Fig.1 (a) XRD patterns of catalysts; (b) XRD patterns of catalysts 2 theta value of around 33° ; (¢) FT-IR spectra of catalysts

B AL LaFe, Cu,_ O, NTST TR AR 58, SRR .
M Ye 252 BBIFSE . BERERY XRD 4 S 5 AR
BIFERE S5 R EEIEARDC, FRUALL B4R RIIB A fH
FRARHR 2, S EEREAR, X ESERE G5 — e Y
BIRPET

HI AR A 25 3 R AR Y SRR

D=KA/(B *sinf ) (3)

Horb D OAFRIRGS onm A RIS, A (o ke)=
0.1541 nm; B NP UETE . rad; 6 4 fb A& AT 5 A .
rad; K A E 51 0.8900.

& 1A 50, LaFe Cu (0, ff B RS K F
LaFeO; 1 LaCuO,, 8 #& Kang %[22] B BESE, i

F1 AT RB R

Tablel Grain size of catalysts

Catalysts Grain size/nm

LaFeO, 65.32
LaFe,¢Cuy,05 38.33
LaFe,4Cug 405 45.65
LaFe,,Cuys0;4 28.32
LaFe,,Cuy50;5 20.25

LaCuO, 72.43

B RSE SAPEH 25 S B IEAR G, BTLALL L S5 5 —
WRWIB AT b AR S5 A8 BA — TR IR
YR

WE 1 (¢) s, LaFeOs )% 26 7E 540 cm™
RS HH B Fe — O B A0 IR XH R A 4 41 3 170 W8 i 0
RG24 Hh ALY FeOg /\THIARE , LaCuOj
WAE 490 em™ B H IR RS ERD L5407 Cu — O
BEMRFIE I . 8422 )5, LaFe,Cu ()05 I35
LRI, (HIEA 0 U 1 v i i e
IR AL E , IR Cu B 844
(LAt L
2.1.2 FREEHHr FIHISEM %% LaFe, Cug,_-
0;. LaFeO, il LaCuO; R TIES . WNE 2 7R, TE
SEM & H 1 $22 I & 7] £5 LaFeO5 Fl LaCuOs $ 48 24
TE100 nm A2 45, B4 2Z )5, LaFe Cu_, 0, B2 1E
50~70 nm. FHEAFITRLER H BN [ RERE Y AT R RS
LaFeO; fl LaCuO; ki HEFIE 2, HIRFREERAR, 43
HbEZs, BoRiEIFLERE D B2 )5, LaFe,Cu_,)0,
WOk A SR AR Lo, RETERDRS, R LR .
DI g RERH 5 LaFeO, i1 LaCuO; #H L., Bl
7| LaFe,Cug_oOs RIAREIN, ORI 3 AR 40, A7
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2.1.3 HR AT

TE50 nmZcty, SRIHKRERE ey, FLIEZSH R+ H
FW Y x=0.6 I, FHERE™ AL AT A T 7
AR .

FIFH BET #%%% LaFe Cu,_, -

K2 LaFeO,(a). LaCuO,(b) FlLaFe,Cu_,0; (c) i SEM [
Fig.2 SEM images of LaFeO;(a), LaCuO;(b)and LaFe Cu_,0;(c)

0;. LaFeO;fl LaCuO, [WZUFGPETT . 4Kl 3 firzs, i
A0 751 B PR o - G A S TR 2 R TV R S IR i 2
AL RE. HER2 T A, B2 )5, LaFe,Cui_0,
Lb 2% 1 AURE 2 AL A2 34 5 F LaFeO, Al LaCuOs, 3X
L SEMZE R —2. m R m AR B LA A
H, O, 75 A0 5] 2 T8 336 kA7 i, _b AR 77 W B AR 15 P 3
A TBERRE, R TR SE A BD T AL SRR AT Hp,
LaFe, ¢Cug 405 HA fe i 14 L R AR 4 6L4E, %
B2 x=0.6 1], A0 A R 30 R e R A

120 +
—e—LaFeO,
—o—LaFe,;Cu,,0;
80 —a—LaFe,(Cu, 0,
—«—LaFe,,Cu, 05

—v—LaFe,,Cu, 30,

40 |

Quantity adsorbed / (cm®+g™' STP)
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Relative pressure / (P/P,)

P 3 AL N, IR RS - P 25 T £
Fig.3 N, adsorption desorption isotherms

of catalysts

x2 EAFIPREER

Table 2 Textural properties of catalysts

Catalyst samples SzBET,l Average pore diameter
/(m"+g™) /nm

LaFeO, 12.05 13.56
LaFesCuy,05 16.34 15.45
LaFe;Cuy 405 28.73 29.04
LaFe, ,Cuy 40, 21.57 16.71
LaFe,,Cuy50;4 14.35 15.07

LaCuO, 4.627 6.418

214 WEHEADITCEM S FIHIXPS B4
LaFe,Cu_,0;. LaFeO; fl LaCuO, 3% [f] Fe Fll Cu
G VE 7 T RN . W 4R, X Fe 2py, 1L
TEH Cu 2p,, JUBIAT /M E, 4R ILER3. 3k
30 41, LaFe Cug_,0; % i Fe™ FCu™ B 1 /5 1
5 T LaFeO, Fl LaCuO,. 4 1 SCHR i 3l Fe™ 11
Cu' S S5 U i = BTG PR 3 2, IR B 24 vl LA 4R
RS AL R T . 5 LaFeO, il LaCuO, 40 L,
LaFe,Cu,_, 05 51 Fe Fll Cu 33 [m LA 5642, 171 La DA
La™ JEAEAE, ARFEH IR, LaFe Cu 0,
FAAEALBRPG, X PR Fe™ F Cu™ 155 0 8
TR FHAL R Fe™ FlCu', [T O B FAREHE T
JRAEZS 2 i, LaFey Cug, 0, 1] Fe Fl Cu” 5
T B E 100%, R x=0.6 I, MELHIEA
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(a)Fe 2p,, (b)Cu 2p5,
2 3+ 2
~ 2 Fe* - 2+
E fe __ LaFe,,Cuy 0, 3 Cu Cu LaFe,,Cu, 0,
3 E et e TGO
= 2 z +
g fe SERS LaFe,;Cu, 0, g _%— prer et Crey L___Mx_aFe :Cos0s
Bl 0 s
2[R Fe = .
N e .~ LaFe\;Cu,,0 = % LaFe, Cu,,0;
F e2+ Fe3+ Cu2+
_..>""““—"‘— / LaFeO),| CUM LaFe,;Cu,,0,
1 1 1 1 1 1 1 1 1 1 1
708 710 712 714 716 718 928 932 936 940 944
Binding Energy / eV Binding Energy / eV
4 Ak I Fe Ml CustEE XPS 1A

Fig.4 XPS spectra

of Fe and Cu in catalysts

R RAS R S
R3 EAFIREEEAS NS
Table 3 Valence analysis of active components on catalyst curface
Catalysts Percentage of Fe™ /% Percentage of Fe™*/% Percentage of Cu'/% Percentage of Cu™ /%
LaFeO, 70.21 29.85 - -
LaFe sCuy,05 75.33 24.74 49.37 50.74
LaFe,Cuy 405 100.0 0 100.0 0
LaFe, ,Cuy 05 80.64 19.42 100.0 0
LaFe,,Cuy5054 75.75 24.32 48.39 51.74
LaCuO, - - 18.44 81.65

22 fEHEMEXTLE
FERNREE N 40 °C, P46 pH HH 3, BEEUKIK
JiEA 5 ml - L, AEAEFIBONE S 100 mg - L, %
% LaFe,Cu (,_,,0;. LaFeO, Fll LaCuO; ALK Z (5,
R COD EBRRATOC KBRS N i RIS O
KNS s, MEZRGT, SR bk R
iR . COD EBRFRA TOC BRI m T A

BRI X IR, RIS ek R A e B — o i
TG M. LaFe,Cu (O, LR R L, COD £
FR F1 TOC 2 B 28 % ¥ & T LaFeO; Fll LaCuOj;
IR R, RAB I m AR AR S . o,
LaFe,¢Cuy,0; LR R BB i asec® . coD £
BRACEF TOC ZLPRACE , £ x=0.6 i}, fEILF]

eSS

100 F="TaFeO
—.- LaFe(,A,;tu,]_ZO3
—-LaFe,Cu, ,0;
80 —v LaFe,,Cu,,0;

80 —LaFe0,
+LaFeMtu‘

—LaCu

- LaFe{LzCuo'ﬂO]
—<LaCuO;
——without catalyst

-
=
T
COD removal rate / %
=
=l
T

Decolorization rate / %

[
>
T

0 I I I oL L

—*LaFe,Cu, ,0;
—vLaFe,,Cu,,0;
60 —=-LaFe,,Cu,;0;

4 3
——without catalyst

e
>
T

~*LaFeO.
+L3Feu.e¢b“u.203
——LaFe,(Cu,,0;
—vLaFe,,Cu,,0;
-=—LaFe,,Cuy30;
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——without catalyst

|.203

=
>
T

TOC removal rate / %
N &
> >
T T

20 40 60 80 20
Time / min

1 1
40 60 80 20 40 60 80
Time / min Time / min

5 ARV IR E TR R B A2 . COD B2 TOC LpRRIE

Fig.5 Decolorization rate, COD removal rate and TOC removal rate of catalytic systems under various reaction temperatures
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LaFe4Cu,,05 HEALTE PR
23 U EESRK

X B 2% LB AR LaFe, (Cuy,05, 558
W IEIE ROV . ROV . WIUR pH. BUEEUK
P A AT BN = s, DA R R SR
230 WHIRERIRWE R EEIR 40 C,
WIhG pHAA A 3, RUE/KENE A S mL-1L, AL
BN 100 mg- L™, AW H L5 v R vk B
T COD 2 BR 2 TOC 2 Bk 2R B 5 b7 B[]
AN . W 6 s, B H I 30 Gh ik B T

NG SN SR I N AR 8 & i)
TR TH i 2 T RS, XPTRESE i T eIk A4
I —E AT, AR ZR AR 2R T 0 1 0
B —E, WIHRIREE i T B0 P 3 R H g
(] 7= ) PR A AL R0 B T 5 VS MR A, SR L0,
LG Sk, A AR RN, TR
T PP 5 A Ak 37 24 T Y R ) B vk
33 1000 mg- L™ i}, 90 min JCEESCPRSE i€, [A]HT
COD EBRBATOC BRI H BN B B TR,
OSBRI BE VR B R 1000 mg» L™ BE S E AT 5 SR F9%

N ol 327 ok 327 ke 327 N LS 3 = v
ERCR . CODEFRBERMTOC EBRFCR BB 232 KVEEMEmR  f60 5 3800 86 1k
1008 — - 1O 200 mg-L™" F 1
/ ——400 mgLf1 +58g mg:L_l
g0l N80L ——600 mg-L™ S80L e mg‘k_,
& 3 ~+—800 mg-L™ 3 800 mE
P = ~+-1000 mg-L"' < me
£ g 1200 me.p g ~+-1000 mg-L
Eool — 60 mg =00 <1200 mg-L”
2 —=—-200 mg-L”! g z
g L —400mg L | 54l Ea0l
=40 ——600 mg-L = =
) ~—800 mg L™ g Q
g ~-1000mg-L”!| & 2
320 o 1200 mg.Lfl 20+ 20+
C 1 1 1 1 (1] = 1 1 1 1 oc 1 1 1 1
0 20 40 60 80 20 40 60 80 20 40 60 80

Time / min

Time / min

Time / min

E 6 AP E SRS B R @R . COD F2 4R TOC =14 3R [ 52 17 it el A8 Ak 1B i

Fig.6 The variation of Decolorization rate, COD removal rate and TOC removal rate with time at various initial

methylene blue concentrations

FE°1000 mg- L™, #14H pH{E R 3, SRR &R
SmLeL™, HEAAFIEIE R 100 mg- 1™, HE AR
TR T A% COD R FMTOC £ 5K
JR TR ARG O . W 7 s, 25 CF, W 90
min S22, A COD Z2RR M TOC 224K 4351
ik 5] 70.42% 1 65.35%, & W] LaFe, oCu,,0, A 3
AT . BSOS IR BT, W R B AROR

COD LBRBFEMTOC LRACR B AR T
FER A, FEHARE SN R T P S R RIOR
Se L FHE TRE, X TRESE TR R E R, —
DA A R S e e R Y A N S S s o 14
JRSRIHEAT, 53— 7 TR H,0, 738 H,0 Ak
PERCHII O, T [ i S A 220 2 i i
JEN 55 CHPHUS s B ER80%, COD LBRAEH

100

*x
=l
T

TOC removal rate / %
= (=)
= 5
T T

olelelololslele]
8

100F 100
g0l & 80p
3 2
b £ 60l
o 600 =
>
2 e
= =
8 3 40
s4or a
S <)
4 Q 20
2201 r
1 1 1 1 1 1
20 40 60 80 20 40

Time / min

Time / min

60 80 20 40 60 80

Time / min

K7 A OB E B AR COD KBRFA TOC 2 BRR Bl S NI 1] A2 A 15

Fig.7 The variation of Decolorization rate, COD removal rate and TOC removal rate with time at various reaction temperatures
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TOC KBRACHE, WGk UL ROV IR A 55 C.

233 WitmpHRsEm R 6 T
91000 mg-L™, R EE N 55 C, MUK BN
H35 mLeL7, AEAEFIFENIR R 100 mg- 17!, H5EAR]H
WA pHIE R ER . COD EBRHRMTOC £ HpE
S RET ) AR A A B . AR 8 s, H04h pH B AE 2~9
BRI, W90 min, B3 COD KBEHRFTOC
BRI DN YEFFE 98% . 65% F158% L) |, FH
LaFe, oCuy 0, HA R VM pH (A 1E N G . BEwI4E pH

1 EFF, B . COD EREECEMTOC LEeE
KR Rk, KBSV pHAE - T+ 3L
FEMRRCR T R, X AT RESE TV pH (A D22 fiE 1k
FIF M AT FN -OHAE R, WI8h pHAE BT, w0
[ OH vk BE Bt = 384 fin, (645 1,0, TH 25 ) 9 EL 4%
O30 H,0 AR AL PERS SS9 0,, ASFI T F 3L 5 Y
AR

Pk pH {EAE 2~4 JUFEIPY , B, COD KBk
FM TOC K BRFIAERFAER KT . BEEPIG pH

o 100+ = H=9
100 woF =BHEZ =Bl
—A—pg:g
80 e —vpu=

Tsof R Tsop T BHE

@ > 2 —pH=8

2 260 =

= s =

Z60f 3 %7

£ = pH=2 Saol z

5 —o—pH= g £ 40+

= —+-pH=4 ] 2

Za0t ~v-pH=5 =201 &)

S —+pH=0 a

g —~pH= ) S20r

2 R | Sl -

207 a5 1)
1 1 1 1 0 C 1 1 1 1
20 40 60 80 20 40 60 80
Time / min Time / min Time / min

8 Al aG pHAE PR @A COD LERFFITOC 2 BRA KRNI )22 i i

Fig.8 The variation of Decolorization rate, COD removal rate and TOC removal rate with time under various initial pH

HA2, 34T KR La, Fefil CaiZ i L,
gERANF AR . AT, BEpHAE T R )
(TG PR 2H 4312 H I S, SRR AR . DA

i RO FNAEAL RS E V7% 1& , B MU HE) o pHAE
H4.

2.3.4 BUEIKBEIN & 1Y 520 P B IS UG

x4 FRVBpHETHEMEANZEHER

Table 4 Leaching of active components at various initial pH

Initial pH values Leaching ratio of La /%o

Leaching ratio of Fe/%o Leaching ratio of Cu/%o

2 12.35
3 3914
4 1.823

14.33 14.37
7.244 8.619
2.628 2.321

W 1000 mg L', JRJE 55 °C, WG pHE N 4, fi
AN A 100 mg- L', AR RUE K0 &
THLEE . COD 2 BR 2 TOC 2 Bk R B )5 7 B[]
AEAE L.

WME9 PR, BEKEIETE 1~2.5 mL - L7 B,
B . COD LBRBUREM TOC K BRAUR iU
IREE N i BT, XA RESE B T H,0,
JER AR ZR T IR E BRI, SRR B
T, ARSI, R A AR R
w0 YK R S mL - LR, T
WEREASCRE TR, XATRER i T H,0, 5%

W - OH 454, THFER—&R5r - OH, AFITFIE
H L U B AL i R AR 2 B e 1
Ve HU AR B 2.5 mL - 17

235 ffbRIEnE i sgm I R
WS R 1000 mg- L™, WUEE 55 °C, ¥IHA pH{E 4, X
FUKEINE N 2.5 mL- L™, HBER AL B
TR CODEBRFRMTOC 2 B4R bifi ) v Bisf 7] 48
FEAEBL. Q& 10 7R, AL IR & 7E 20~60 mg- L™
F, BiAAE . COD EBRAFEMTOC BRI
AL B B 2 B T, X TR T
GO SEE S H0, 7 A B 2 [ i A, N2
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Fig.9 The variation of Decolorization rate, COD removal rate and TOC removal rate with time under various hydrogen peroxide dosage
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Fig.10 The variation of Decolorization rate, COD removal rate and TOC removal rate with time under various catalyst dosage

LU PR RIOR . B AR RIZ B S 84.34%.

&, BRI BN 60 mg L7, 2.4 LaFe,,Cu, 0, + H,0, & 5935k & XTEL
i LR, BAESCIR A Ry - W LS A LRk TEAAIR Fe A1 Cu BT, fEAFEHIES pH {E

JE4 1000 mg + L7, VIR R 55 °C. W14 pHAE  FHET LaFey Cuy, 05 +H,0, 15 R 5HIHAZ S04 2 %
4, REKBNE R 2.5 mL - L7 fAEFIEmE e (s 5 i)

} 60 mg + L™, 2 20 min W HI % 52 i, 50 TN, GE 11 fs 404G pH ETE 2~3
min COD EBRRM TOC EFRFSHIEE] 94.25% 1 N, FHIFHIIAZR COD LpR3%RM TOC LBRFE T

%5 LaFe,,Cu, 0:+H,0, & & 583540k 2 89 & b &4

Table 5 Reaction conditions of LaFe,sCu,,05+H,0, system and homogeneous Fenton system

Initial Hydrogen
Reaction concentration Temperature  peroxide LaFe,(Cug 4,05 dosage FeS0,-7H,0  CuS0,-5H,0 Reiactlon
of methylene 2 dosage dosage time
systems /°C dosage /(mg-1.7) o = .
blue ST, / (mg-L™) / (mg-L™) /min
/(mL-L™)
LaFe(4Cu, 4054
/0,0, 1000 55 2.5 60 0 0 90
Homogencous 1000 55 25 0 33.82 30.21 90
Fenton

LaFeyCuy,0:+H,0, 7K 55, R ILH A Wil WEFRIRE 85% LAF . Mwlhf pH=0 i}, {0 A%
FIEA T S (HS 000G pHE T 41, Bt $£32.3%, CODZBRZFFTOC JBR%E A T [
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A, FI SRR R E F pHAEE A . X F
LaFe,¢Cug,O5+H,0, /R %, 4 pHAETE 2~9 {1 Fl P,
B4 . COD 25 B 3R R TOC 2% [ 43 I 7 97%

62% F57% L) I, W LaFe,,Cu,,0; B A T 564 pH
{HE FHYE
F) B 1CP-MS | %8 LaFe,(Cu,,0,;+H,0, NE

100 100 100 L
1S3 —\\
3 IS 53 8oL
2801 < 80 -
g g g
]
.E 60 - = ’T: 60 -
K] g 60 z
S 3 e
L : Ed0r
el 2 4r g
= LaFe, Cu,,0; + H,0 S s20r
O Fenton 20F  _a LaFe,,Cu,,0,+ H,0, —=—LaFe,Cu,,0; + H,0,
8 —*—homogeneous Fenton of —* homogeneous Fenton
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10

Initial pH values

Initial pH values

Initial pH values

B 11 SARFIAE ARSI R PR . COD EBRFM TOC B3R BEWI i pH (AL 155

Fig.11 The variation of Decolorization rate, COD removal rate and TOC removal rate with initial pH in homogeneous and

heterogeneous Fenton system

JK Fe Fl CuViJiE , ZEE A /MR HE D .

H 6 AIHN, FEIYE [ N (pH=2~10), Fe
A Cu ¥ H M 205076 0.1021 110.1110 mg - L7 AR,
PIFHZFIAR R Fe A1 Cu #5350 6.810 F17.730
mg « L7 DL EZE R RIHH 1 LaFe, oCu,,04 FEIAHZF
TR G PR A SR AR TR DIk
FIH, [FIBHR R B> T 4@ is -4, &t
B R IR 5 Y

6 ARG pHETEEANBHER

Table 6 Leaching of active components at different initial pH

Concentration of Fe Concentration of Cu

Initial pH . .
/(mg-17) /(mg-L7)
2 0.102 1 0.1110
3 0.026 12 0.038 36
4 0.014 51 0.017 55
5 0.011 21 0.01353
6 0.009 192 0.006 147
7 0.006 341 0.007 274
8 0.004 184 0.003 290
9 0.003 336 0.003 447
10 0.003 318 0.003 329

25 EUAFIFEEERAR

LR R T TEEE R (LR T),
WA COD LERFE. TOC KBRELK La,
Fe I Cu 32 & DL .

K7 EEMXBHIEEME

Table 7 Experimental conditions of repetitive experiments

Initial o
Initial

. Hydrogen
concentration of Tempe-

Catalyst
pH  peroxide dosage/ dosage /

methylene blue / rature /°C O 4
(mg-L7) (mg-L7)

(mg*L7)
1000 55 4 25 60

values

WE 12 s, 10 RIER)E . BiE,. coD %
B R I TOC 25 B 2K 40 5] 3k 3] 90.27% . 84.26% F11
80.29%, W] LaFe,Cuy,0; Fa g PER R .

s T L,

e
E —a— decolorization rate
2 6ok —o— COD removal rate
£ —*—TOC removal rate
=
>
=]
5 40
-

201

2 4 6 8 10
Cycle index

E 12 ZWAPEFREIEa%E . COD EREEMTOC B2l

Fig.12 Decolorization rate, COD removal rate and TOC removal

rate after multiple cycles

& 8 Al Hl, 10 RIJEH 5 La. Fe 1 Cu HY=
i FEBIATE 2.3%LL T, W] LaFe, oCuy,05 A4 45
ARG RE TR, .
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Table 8 Leaching of active components after multiple cycles

Cycle  Leachingratio Leaching ratio Leaching ratio
index of La /%o of Fe /%o of Cu /%o
1 1.912 2.128 2316
5 1.201 1.972 2.030
10 1.455 2.264 2.377

XF 10 R A ¥ 5 W LaFe,4Cu,,0; 1 1k 5 37F
1T SEM. XRD #1 BET % 1 .
e T

(c) | . perovskite

. Lo . after 10 cycles

Intensity

l | A H Jl A i unused
1 1 1 1

20 40 60 80
20/ (°)

LI 2% %l e

3

LaFe, Cug,05 B3 . SIARZER K SR PE R L
WE 13 (a) 13 (b) fiaR, 43t 10 IRPEH
FIEALFIRARAE 100 nm 2247, URLHES B R 3k
PEALT H e TR FLIE S5 40 32 3] — i R
W, BEWTEEA S, AFIT H0, S5TEHAL
RO DL S B R e TSR A2 B
FREEZm . K 13 (e) Ui, 10 RIEH )G, XRD
Ti; PRIAT S e 5 8 e A — o RIS L MR e R
AARAS AR R BV R LW R IE I, 3%
B LaFe)Cuo 05 b B R A A B Bk s, HUESS
i A — 7 AR

Pore size / nm

P13 10 UABFRT (a) J5 (b) HEAETFI SEM ], 10 RIAFRAT XRD E(e), 10 WARF e FLAE 7 (d)
Fig.13 SEM image of before(a) and after(b) 10 cycles, XRD patterns(c) and pore size distribution(d) before and after 10 cycles

WE 13 (d) Fizn, 10 KAERRHES . fLAEsr ]
e o3 ATAE 25 F1 12 nm 7oAy, SRUMHEAR SO
WFNFLIE LG 52 2] —E FEEEREA . th& 9 nl A, 10
AEIG . LaFe) Cuy 05 AT H 2 IERFIF- 2 1L
TN, AFIT H,0, SETEAL AR LR A 2k
AR R —E R AN T F S W frE AR

L5 LA, LaFey oCuy 05 VE A AR SF WA ALTH)
TEZUAER G, ARG AR A m K, T
I AR RS AR AT I s | TR PR IR e 1) A
FRAEBRAKOF, 2RI LaFe) Cu, 0, A6 5 FRE T
LG

R 10X ERETEEAFI AR

Table 9 Textural properties of catalyst before and after 10 cycles

Sper/ Average pore

Catalyst samples (mg-L™" diameter /nm
Unused 28.73 29.04
after 10 cycles 19.64 13.42

2.6 EXRRHIERR
2.6.1 AFEWERIET AR RHESTXTE
SCHS, BEANER . HLO, R AR 7E AR S5 A 2
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Table 10 Reaction conditions of various systems
Reaction Initial concentration of .. Hydrogen peroxide — LaFe,4Cu,0;4
systems methylene blue /(mg-1.") Temperature /C.— Initial pH dosage/(mg-17")  dosage/(mg-L™")
Heat+H,0,+LaFe ;Cuy,05 1000 55 4 2.5 60
LaFe4Cu,,0;+H,0, 1000 25 4 2.5 60
Heat+H,0, 1000 55 4 2.5 0
Heat+LaFe,sCu,40; 1000 55 4 0 60

WA 14 s, I +H,0,+ AR 1R R
BRCE . COD EBRACER TOC LFRECRII I W5
FHA 3 PR ZR , X AT HESE 0 T LaFe4Cu,,05 7E
WEAEH T = A 23RS, H,0, 256 16 eIt

WA - OH, 35 I Bib 1) 500 41 i SV FFY 28 i 1Y o
iR SRRV 1,0, ML 3 #7E
GIEERAR ULE N R v T (S R N e D AT o) I P2
H,0, FIELLTR] 3 35 bip I S BRE P 256 e R

100 L 100" —=—heat+H,0,+LaFe, ,Cu, ,0; 100" —=—peat+H,0,+LaFe, Cu, O,
——H,0,+LaFe,(Cu, 0,
soL ™ heat+H,0,+LaFe,,Cu, 0, conl & g L ——heat+H,0,
&30 —— H,0,+LaFe,Cu,,0; &80 S 80
= —*—heat+H,0, ) 2 —+—heat+LaFe, ;Cu, ,0;
‘360 r 260k E 60
= = ——H,0,+LaFe,,Cu,,0, R
= > >
2 s —e—heat+H,0, g
§40 - g 40+ g 40 -
2 z 5
=)
<20+ S Hol C,nl
g —a—heat+LaFe, Cu, ,O; O 20 —+— heat+LaFe,Cuy 0, =20
A A ——— . —a N
—a
0 C 1 1 1 1 0 C 1 1 1 1 0 C 1 1 1 1
20 40 60 80 20 40 60 80 20 40 60 80
Time / min Time / min Time / min

K14 AR TR EAR . COD EERFMTOC R B )2 L 1if A

Fig.14 The variation of Decolorization rate, COD removal rate and TOC removal rate with time under different systems
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FEREIRIR R TP AP . R IS PR, BH,0, 504 F,
JUTPBA A MR SR AR, A H0, 550
T, IR BMPO--OH IS ES1:2:2: 1
DU EE U4 BMPO- - HO, Bl & W HFAE N4 . ESR 45 541
LaFey ¢Cu 054 H,0, 73 i = 15 PR - OH A - HO..

it BE ESR 455 ERAESMET , @

(a) -OH (b) -HO,
with H,0,
without H,0,
without H,0,
1 1 1 1 1 1 1 1 1 1
346 348 350 352 354 346 348 350 352 354

Magnetic field / mT

Magnetic field / mT

El 15 LaFe,Cuy,0,+H,0, /K& A -OH A -HO, F=A 15
Fig.15 Production of +OH and +HO, in LaFe;Cu,,0;+H,0, system
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Fig.16 The variation of Decolorization rate, COD removal rate and TOC removal rate with time after +OH and *HO, were captured
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Fig.17 XPS Spectra of Fe and Cu during reaction
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Fig.18 Kinetic analysis of catalytic reaction
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Preparation of Perovskite LaFe Cu (,_,, O; Heterogeneous Fenton
Catalyst and Its Degradation of Methylene Blue

LI Chao'?, CHEN Xiao-fei’, YUE Xin'"?, XING Qian’, NIU Jian-rui"?, LI Zai-xing?"",
TIAN Zhan-wei’, BAI Xiao-song’, HE Yan-li*

(1. School of Environmental Science and Engineering, Hebei University of Science and Technology,
Shijiazhuang 050018, China; 2. Pollution Prevention Biotechnology Laboratory of Hebei Province,
Shijiazhuang 050018, China, 3. Tianjushi Engineering Technology Group Co., Ltd, Shijiazhuang 050011,
China, 4. Shijiazhuang Donghua Jinlong Chemical Co., Ltd, Shijiazhuang 052165, China )

Abstract: A series of perovskite-type LaFe,Cu,_,05(x=0.2, 0.4, 0.6, 0.8) catalysts were prepared by co-precipitation
method. The catalysts were characterized by XRD, FT-IR, SEM, BET and XPS. The catalytic activity of LaFe Cu,_,-
0, LaFeO, and LaCuO; was compared by the degradation of Methylene Blue(MB), and the optimum doping ratio
was determined. The influence of several factors on the reaction were studied to determine the optimum conditions,
and the mechanism of reaction and the stability of catalyst were investigated. The results show that LaFe Cu_,0;
had a perovskite crystal structure, with loose particle spatial distribution, abundant pores, large specific surface
area and average pore size, which was beneficial to the degradation of methylene blue. LaFe,Cuy 405 had the highest
surface area and catalytic activity at x=0.6. Optimum conditions: initial concentration of methylene blue was 1000
mg-L™', 55 °C, initial pH value was 4, the dosage amount of hydrogen peroxide was 2.5 ml+L™" and the dosage
amount of catalyst is 60 mg*L™". Under the optimal conditions, the methylene blue was completely decolorized by
catalytic degradation within 20 minutes, and the COD removal rate and TOC removal rate reached 94.25% and
84.349% within 50 minutes, respectively. ESR showed that MB was degraded under the combined action of +OH and
*HO,. After 10 cycles, the decolorization rate, COD removal rate and TOC removal rate can still reach 90.27%,
84.26% and 80.29%, respectively, which proved that LaFe,(Cu,,0; was an efficient and stable heterogeneous
catalyst.

Key words: perovskite catalyst; LaFe Cu_,O5; heterogeneous fenton; methylene Blue; Co-precipitation method



