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Preparation of Ag/RGO@DE nanocomposite particles and
photocatalytic reduction of p-nitrophenol

WANG Shangxia, AN Jing, YIN Rong, LUO Qingzhi, LI Xueyan, WANG Desong
(School of Science. Hebei University of Science and Technology. Shijiazhuang., Hebei 050018, China)

Abstract: In order to effectively reduce nitro compounds in contaminated water, Ag/RGO@DE nanocomposite particles with
high catalytic activity are prepared with an in-situ synthesis method. The morphology, microstructure and composition of
as-prepared Ag/RGO@ DE nanocomposite particles are characterized by SEM, XRD, XPS and FTIR, and the photoelectric
property of the Ag/RGO@DE nanocomposite particles is characterized by UV-vis DRS, PL and photocurrent. The influence of
different Ag and RGO load on catalytic activities of Ag/RGO@DE nanocomposite particles are examined by using the reduction
of 4-NP as a model reaction. The results show that the RGO has lamellar structure, while the silver nanoparticles are face-centered
cubic crystallites dispersing on the surface or between the lamellar of the RGO and diatomite. The visible-light absorption and electron-

hole separation efficiency of RGO are improved by the introduction of silver nanoparticles. When the mass fraction of Ag is 2.5% and
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the mass fraction of RGO is 26.6% , the Ag/RGO@ DE nanocomposite demonstrates the best photocatalytic activity. Ag/RGO@ DE

nanocomposite particles have satisfying stability and high catalytic activity for the reduction of 4-NP.

Keywords : polymer composites; reduced graphene oxide; silver nanoparticles; diatomite; p-nitrophenol; photocatalytic reduction
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Fig.1 SEM and EDS micrographs
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Fig.2 XRD patterns of GO, RGO and Ag/RGO@DE nano-
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composite particles with different silver content

AAgRD-15.8% _ A . \RD
AgRD-9.1% s Y A i | AN 8
AgRD-4.9% M YA
AgRD-2.5% B P i ool

e 2 gt o b -

s |AgRD-1.5% M A, P ]

Z |RGO@DE NG Ty = 1341 em?y | 1585 e

= DF 1 . = Pure RGO
1 089 379-% :

e T |

GO
I I 1 732 1 626. I 105 16 | L L L L —\-—\
40003500 3000 2500 2000 1500 1000 500 O 500 1000 1500 2000 2500 3000
W ELem™ Wt em™
a) LA A b) i i A

B3 GO,RGO o R FE 4428 Ag/RGO@DE # 29t k3% B A & RGO #=
Ag/RGO@DE #9142 % £ EH
Fig.3 FTIR spectra of GO,RGO and Ag/RGO@DE with different silver content,
Raman spectra of RGO and Ag/RGO@DE
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W R 2 Ag/RGO@DE & & b vh Ag KL 1 55 8 e W e i) . 4R & it 2.5 %0 O it 40 44,
THED I, Ag/RGO @ DE 78 28 41 F1 0] 0L 5% X5 Bl P 1 6 i B f5e 58, 3X 55 — 9 3h g 2 ol R B 25 5 — 3
& 5 b) ARS8 Ag/RGO@DE fE 300~550 nm 1 [Fl Y 59 635 &L 18 A R RE dh AgRD-2.5 % (19 %
G- ] LS 1N e 5 T B A AR e A 30, Sl N T T R U R R ARRL R AE T ORRI R EE R R

1.6
1.5
14
P
P 13
)
1.2 AgRD-1.5%
—— AgRD-2.5%
11 = AgRD-4.9%
—— AgRD-9.1%
—AgRD—lS.S%
10 | | | | |
200 300 400 500 600 700 800
WK /mm

a) GO,RGO FIA[A4R % & Ag/RGO@DE ) DRS [#

135

1.20

| — AgRD-1.5%
——AgRD-2.5%
—— AgRD-4.9%
— AgRD-9.1%
— AgRD-15.8%

Il L Il |
1'15300 350 400 450 500 550

¥ K /nm
b) AgRGO@DE #H X 17 fry il K &

A5 GO.RGO FRE44F Ag/RGO@DE # DRS B %A Ag/RGO@DE #85F & #3 X B

Fig.5

UV-vis DRS spectra of GO,RGO and Ag/RGO@DE with different silver

content and the amplified DRS spectra of Ag/RGO@DE

K 6 & RGO 1 Ag/RGO@ DE & & ki 19 %
i, 4 RGO #l Ag/RGO@DE & & ki iy %
KGTIEE TR TE 400 ~550 nm P K BT . & 50 e A4
HE Tk o fh" ME S, Ag/RGO@DE 17
eI W A 5 B B KT RGO Y 2666 13 58 B L 138 17
MY K Ag g RGO RIHAE4 e M hT ZEHILRY
4l RGO AH Lb B 58 RAIG, DT S 32 328 85 T 06 A i 1 7%
B3, RO AE -2 Y 40 B 0% T 35 4 L AT 4
T 52 ORI G A TR T
2.4 Ag/RGO@DE £ &P FI B F 4B

FHDEH X RGO il Ag/RGO @ DE FE i 7 47
OIS SE AT L R N ML B Y — Fh ik /7 kAl
RGO #l Ag/RGO@DE & & b ot s &l . 4 al

AR X 5

L L L L 1 il
350 400 450 500 550 600 650 700
P K /mm

B 6 RGO #» Ag/RGO@DE # & & X # B

Fig.6 PL spectra of RGO and Ag/RGO@DE

composites



130 Mo B R % %R 2019 4¢

UG VR 43 5 B8 5 7E 4l RGO fil Ag/RGO @ DE

251

AWM, Ag/RGO@DE £ 7% E H 4l RGO
TR L. L 540 RGO M H 8, Ag/ T2 . D
RGO@DE % & Mok i b Fos it 050 < ast| | [
BRI T I E A 5ol
2.5 Ag/RGO@DE £ & B 2 /L i & 4-NP b

9T BE 2 os) RGO

G AL iR R 4-NP B9S2 58, 43 A AN F) N ™
Ag FRULAT RGO & & Ag/RGO@DE & 0 50 100 150 00 250
B ORI A T M R RN AR R R R i [/
AR — BN WOGRE A MBI« I95C | 7 % RGO 4 Ag/RGO@DE #8% & % 7% B
ZRE D, AWy b XN T 4-NP Gl Fig.7 Transient photocurrent responses of RGO and
I 5N B R Ag/RGO@DE

In(A,/A) =1Inlc,/c) =kt , (D

Krf A VAR R B ;¢ IR RS A-NP B,

RGO W EEF AgRD-2.5 % K S A AL J 4-NP Sz I 358 72 14 58 S0~ AT LI 50O 3 141 DL 8 a) FTIET 8 b) s A
A 4 K & B AR [R) RGO & # ) Ag/RGO@DE fi# 4k if 5 4-NP B InCeo /c)~t X RE LA 8 o) Fl Kl
8 d) , ARHE 400 nm &b 58 Hh-1] UL S W Ac 08 1y 5k B H5HE T T ARAR B InCeo /o) ~¢ MM — SR N Bl J) 2# A AL A
Kl 8 R . Ag/RGO@DE St Ak 4-NP i i 2 hj 1 38 22 B 5 40 K AR 5L RGO & 5 iy in Je 3 K5 i), Horp
M Ag FEHN 2.5%.RGO TR 26.6 Yo it XF W R Ag/RGO@DE i & 88 H e eI 1G4, X
JEH T Ag &M RGO & it miit B S AFTE A RILG AR T 40 80, P BUEATI TS PEREAR . 26 RGO AN

10§ 1.0
Catalyst:RGO = _ 4-NP 0 min Catalyst: AgRD-2.5%
> 0s
. 0.8 4-NP
. o2y
% 0.6 ¢ inu
'g 04 | ,' Wavelngininm|
021
L L 1 L L . L L
0 250 300 350 400 450 500 0 250 300 350 400 450 500
K /mm P /mm
a) 4 RGO b) AgRD-2.5%% £ 1ok
r 8.62x107 s, R>=0.994 8 [ AgRD-(15.3%) ,k=11.8x10" s', R*=0.986
6 12.0x107 s, R>=0.992 7 AgRD-(26.6%) ,k=12.9x107 s, R*=0.994
9.81x107 s, R>=0.984 4 AgRD-(35.2%) ,k=10.5x107 s, R?=0.994
51" AgRD-9.1%,k=6.23x107 s, R?=0.985 6 AgRD-(40.2%) ,k=9.77x107 5™, R>=0.987 -
* AgRD-15.8%,k=3.07x10" s ,R*=(, ‘ER( 5 [ * AgRD-(47.5%) ,k=8.59x10 s, R*=0.99 -
3 4 2 ;
S 4 = 4r
E 3r :
2 2t .
1 1+
0 60 120 180240 300 360 420 480 0 60 120 180240 300 360 420 480
WA /mm I /nm
¢) ATV d) A RGO &) Ag/RGO@D

B8 thRGO A= AgRD-2.5% A Aty B IrT LB KK EB AAZRR KA E,.RFE RGO
2% Ag/RGO@DE A4 HE R 4-NP 8 In(cy/c) ~t X 2 B

Fig.8 UV-vis absorption spectra of pure RGO and AgRD-2.5% , plots of In(c,/c¢) versus time for photocata-
lytic reduction of 4-NP usingAg/RGO@DE composites with different Ag contents or RGO contents as

the catalysts



55 2 1) F i # . 5F : Ag/RGO@DE & 5 Uz 14 ) 4 Bt fi Ak 3 JRURT Al 5 8 By 131

AgRD-2.5 %R TC G A Al WAL IR R 4-NP B9 & 1 %4 RGO & AgRD-2.5% 4 &g L iE B 4-NP

— R FHEBFEHRI TR LB, K1 BR, M — Bk R K

AgRD-2.5% 4 4 W0k 09 AT UL G 4 4k 3% M (k= Tab.1 Photocatalytic reduction rate of 4-NP using pure
12.0X10 % s R4 RGOE=0.067X10 % s )Y RGO and AgRD-2.5% samples as the catalysts
179 4%, B 3R AN K AR J5 19 RGO 19 DA A 35 1 - kX107 /571

AR T W ENR L AR, T L6 AR Y TE 2 LT Tk
KHIENEMT (R=3.1X10° s ') 3.9 %, s 4 RGO 0.067 -

SR 4-NP (938 i S50 A J2 1] 58 (0 1k 2= i AL e AgRD-2.5% 3.1 12.0

Ji ) B 3 2 T A AR R

9 2 AgRD-2.5 % #£ A WL T AL iR Ji 4-NP B 6 B A e PR 45 2R . Ag/RGO@DE 44k & 4 ok
Al DL i g A B IR B E N TR AR R R N . B 9 &) R, Ag/RGO@DE & & ik 77 B A 3w 1Y
AR E . B9 by Wow, il 0L B T A9 M Ak 38 I B B 7E 80 5 AN IR I L 4-NP 38 JERCR KSR AN KT
96% . AU, Ag/RGO@DE 7£ 4-NP Y fbid I hy 4-AP B S i o HoA I R A 18 P Fa e 7

12 ¢
10 ’ AgRD
1.0 [gadt 96%
0.8}
Fos pi 0-8
& 0.4 ¥
0.4
0.2
0.2
0
) ‘ ‘ ‘ ‘ 0
1 2 3 4 5 6 1 2 3%” 4 5
EEIN/& @%@%
a) JEIR LK b) PEFFR P

B9 AgRD2.5%H ST L& FIELE R A-NP 69 V53R 5 1 B VB IRAL 2 M
Fig.9 Cycling tests and reusability of AgRD-2.5% as the photocatalyst for the
reduction of 4-NP under visible light
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