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Abstract: Palygorskite (PGS) supported In,Os/In,S; composites (PGS-In,O3/In,S;) were prepared from
hydrothermal reaction of In,0;, thioacetamide and PGS, characterized by XRD, SEM, TEM, BET and UV-Vis
DSR, and evaluated for its electrochemical impedance spectroscopy (EIS). The photocatalytic performance,
ion interference resistance and cycling performance of PGS-In,Os/In,S; with different acid-PGS mass
fractions (based on the total mass of acid-PGS and In,0s, the same below) were studied in Methyl Orange
(MO) degradation. The results indicated that PGS-In,O;/In,S; exhibited a structure with the agaric-like
nanosheets of In,S; and needle-like palygorskite attaching to the surface of particles In,O;, and showed
stronger light absorption in the range of 200~580 nm. 50% PGS-In,0;/In,S; composite with acid-PGS mass
fraction of 50% displayed the highest photocatalytic activity in MO degradation, and MO with a mass
concentration of 20 mg/L showed a degradation rate of 98.8% photocatalyzed by 20 mg 50% PGS-In,05/In,S;
for 30 min under visible light, with the main active species involved attributed to superoxide radical and hole
while the common ions such as Na" and CI', except H,PO, , showing no effect. Moreover, 50% PGS-In,05/
In,S; showed better physical adsorption and photocatalytic degradation for various dyes including Malachite
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Green, Rhodamine B, Crystal Violet and Methylene Blue. The internal electric field between PGS and In,Os/
In,S; reduced the recombination rate of In,05/In,S; photogenerated carriers.

Key words: In,O3/In,Ss; palygorskite; photocatalysts; photodegradation; dyes; water treatment technology
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A 0.100 g (0.36 mmol ) In,O5, #A (200 W ) 43
30 min i, A 0.041 g (0.54 mmol ) TAA 4k&L45
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Wb (FEZZOKE UL . BTE X MO Y i
fif B2, 0] 7 MO ¥V A8 I 10 mmol/L 1) NaCl.
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In,S;-2 ) XRD J 4]
XRD patterns of InyO;, In,S;, PGS, In,03/In,S3-2
and 50% PGS-In,04/In,S5-2
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Fig. 2 SEM images (a, b, ) and TEM images (c, d, f) of
different materials and element mapping (g) of 50%
PGS-IH203/IHQS3-2
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Fig. 3 N, adsorption-desorption isotherms of In,O3, In,O3/
Inzs3—2 and 50% PGS-IIIzO}/IIle}-z

%‘% 1 IH203 N In203/ln283-2 iFﬂ 50% PGS-IH203/IH283-2 Elg H:
FimA, LB LA

Table 1 Surface area, pore volume and pore diameter of
In203, In203/In253 -2 and 50% PGS-IH203/IH253-2

FE i M A (mP/g) FLE/(em’/g) FLAE/mm
In,04 90.47 0.67 33.11
In,05/In,S;5-2 148.23 0.44 21.63
50% PGS-1In,0;/In,S;-2 148.88 0.66 3.51

214 RFHESH
& 4a N A[EARESL Y UV-Vis DRS 34 .

a In,S;

In;0y/In,S;-2

50% PGS-In,Oy/In,S;-2
60% PGS-In;03/In;S;-2
30% PGS-In,Oy/In,S;-2
PGS

Y6 /a.u.

200 300 400 500 600 700 800
HEK/nm

b — In04/In,S;-2

— In04

— InyS;

— 60% PGS-In,0,/In,S;-2
— 50% PGS-In,0,/In,S;-2
— 30% PGS-In,05/In,S;-2
— PGS
— In(OH),

(ahv(eV)

1.954? 2'%-9}/. L

175 200 225\2.50 275 3.00 325 350 3.75 400 425 450
2.30 hv/eV

E 4 RFEFRETEY UV-Vis DRS 3£ E (a ) KA R 254 55

& (b)
Fig. 4 UV-Vis DRS spectra of different materials (a) and
their band gap (b)
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ME 4a aTLUIEH, InpO;. PGS, InySs AL
SHG ST 420, 433, 647 nm, In,S; 7 252~638 nm
RO GE BE T InyO5. PGS, 24 In,O; Al In,Ss FE AL,
jefr}ﬁélj:l: In203/InZS3—2 E , ”ﬁﬂ&iﬂ%?f%i 550 nm ZE
fi, HFE 400~550 nm DX I N G IS 3 T 1,05,
%%E@ In,05/In,S;-2 %}Eéﬁxﬁﬁfﬂﬁlﬁﬂg ﬂl’ﬂﬂj%“éjﬁﬁi o
In,05/In,S;-2 54lifb PGS L E A MK PGS-In,04/
In,S5-2 )i, WIGH 2 KT 600 nm, AT In,O53/In,S5-2

(550 nm ) HILFE, Hr, 50% PGS-In,05/In,S;-2
£ 200~580 nm XA #EE L, H 470~630 nm
A X W IS B 5 T Tn,p05/In,S5-2

WHEA K (ahv)'=A(hv—E) P 240] LITH5 A1 1
BESH O CEAEBUE (Ey, eV) (B 4b), P a. h
Fv 23 W R E L 3 w4 (6.62 X 1074 Ts )
FIEAE (s7'); A4 JES5MEHI SR H . In0;.
n,03/In,S5-2 . 50% PGS-In,05/In,S5-2 ) E, {43514
2,92, 241, 2.28 eV, In,0,/In,S;-2 Hl 50% PGS-
In;05/In,S5-2 [ E it BRIAAS /N, BB ATTX O A
W DX IR B, kA R TR S AE T T A B K

P RE R S AL IS 1 5 HOE A -2 O I R
BRF/NAE L, JOGIETT IS kR iR T E
A RIS s NRFERESAE 545 nm (LK T
HEEUR LI .

In(OH);

In,0;

In,05/In,S;-2

30% PGS-In,0,/In,S;-2
60% PGS-In;05/In,S;-2
50% PGS-In;05/In,S;-2

PR /au.

s10 520 530 540 550 560 570
Be/nm
K5 ORTERE S BOEBEOE KOS
Fig. 5 Photoluminescence spectra of different samples
S aJ LI, 76 545 nm WA KT,
In;04/In,S3-2 WY FEIGHR EE B AR T InyO5, RIS
ZiAM TR TR E . A PGS &R
PGS-In,05/In,S;-2 R I HAR A FEEsR L, 2N
NAk PGS FI Tl i Fa s SR, RRAR T 4%
WFIE AR, H, 50% PGS-Iny05/In,S;5-2 Fl 60%
PGS-In,05/In,S;-2 3R i fe IS
2.1.5 EIS 4 #F
P H A 27 2 it BEL T 0 AT 46 TR AS ) A 7 118 28
LA B 6 ORIRIRE LY EIS 15 &, A
6 MTLIEH, Iny,05. Iny03/InyS3-2. 50% PGS-In, 04/

In,S5-2 A B T2 AR N K3/, 6 B In,05/In,S5-2
B A PGS J5 & A MHBHE HLfar 7 B8 H B RRAIG, AT
T a0 L7 SN | 0 N =2/ = Kol S W2 0) (A
JERAMPR I AN BRI R —P7

50% PGS-In,04/In,S;-2 1 PGS 5 In,05/In,S;5-2 [A]£F
ENERY, BGWITEEMN In05/In,S; 3 A £
PGS £, fENEHEZGMIKE T, PGS FaF L
F5 InyOs Mty (VB) FERE R, WMT T H

BRI, Wk, ZE AR EESEH
R A AT P
60000
| —=— In,04/In,S;-2
30000+ 5094 PGS-In,0y/n,S:-2
40000
S
f}l 30000
20000
10000 -
0 1 1 1 1 1
0 10000 20000 30000 40000 50000 60000
Z'Q
F§] 6 In203\ In203/1n2S3'2\ 50% PGS‘II’I203/IHZS3'2 E/‘JEE.

b 258 i BB 1S
Fig. 6 Electrochemical impedance spectra of In,Os, In,O3/
In2S3-2 and 50% PGS-InZO3/In2S3-2

22 =i
221 Iny03/In,S; F & 45 3 MO 9 AR AL e fif 7% 1
oA
& 7 A AR TnyOs/InyS; XF MO YA AL 25 5 6

100
80
S 60 |
?&; —=— In,0;
'5‘;‘_‘ 40 F —— In283
—a— In,0,/In,S;-1
2 —v— In,0,/In,S;-2
PR —— In,04/In,S5-3
iR G— — In,04/In,S;-4
0 n n n n
=20 0 20 40 60
i8] /min

B 7 AFFEFXT MO PG A
Photocatalytic degradation of MO by different
samples

Fig. 7

ME 7 ATLIEH, w]ULOERES 60 min, In,0;
TR PERE; 4l In,S; X MO FOGIE R R K
69.3%; TMiAJE In,04/InyS; X MO G M %1 =
83.4% o In,03/In,S; X MO (1) 6 B3 it R 558 e 19 SR TR J:
#4r In,05 22 TAA BAL)E A In,S;, 5 In,O5 FE A



o8 M S

W, A W AT-In 05/ Ss A ARG HEAL I H 2 AE

© 1829 -

SRRZE Iny04/In,S; Ji, MR T 52 5N E A R [
i, S5 bE RN R AR 2, S
FOHSCHEAE MR R, 2/ T MO MR . Xt
Et 4 Ff In,04/In,S5, 7T WG BR ST 60 min, InyO5/In,S3-2
Fff MO SMfbin i, X MO B EREMR A
98.4%, In,03/In,Ss-1 Fl In,04/In,S5-3 52 A, 0
MR In,S; S E A, In,05/1In,S;5-4 X MO
HJERE R R 83.4%, XEMICERRTFEARR
BT E SR . BE A, X E SCHER [19] B S B 4
In,S3/In,0; [E i MO MIRES (FEMERN 60% ),
In,05/In,S3 B 5%, XIEH K, F4S In,05/In,S; 7E
200~322 nm X I GHE, T In,Ss/In, 05 781X — X 35}
FHXT 55

222 PGS-In,03/In,S3-2 *F MO 4 A AL e fig 7%

ST
& 8 AN PGS i & 73 44 1) PGS-In,05/In,S5-2
X} MO YAk R Al 25 5 .
100 ta
80 -
RS
- 60 |
g —a— In,0,/In,S;-2
40 L —e— 20% PGS-In,03/In,S;-2
—a— 30% PGS-In,05/In,S;-2
20 | —v— 40% PGS-In,05/In,S;-2
e —e— 50% PGS-In,05/In,S;-2
0 <R —« 60% PGS-In;05/In;S;-2
=20 0 20 40 60
i} E]/min
b= Iny03/In,S3-2
6| ® 20%PGSIn0yIn,S;2 0.1340 0.0898

4 30% PGS-In,04/In,S;-2
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Fig. 8 Degradation rate of MO by PGS-In,05/In,S;-2 with

different PGS mass fractions (a) and photocatalytic
degradation kinetics fitting curves (b)
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Fig. 9 Removal rate of different dyes by 50% PGS-In,O5/In,S;-2
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Fig. 10 Zeta potential of 50% PGS@In,05/In,S;-2
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Fig. 11 Effect of different ions on degradation of MO by
50% PGS-In,05/In,S5-2
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Fig. 13 Effect of different free radical trapping agents on
photocatalytic degradation of MO
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Table 2 Results of photocatalytic degradation of MO under visible light by different photocatalysts
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