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Synthesis of graphene loaded with siver nanoparticles

using orange peel extract
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Abstract: Fresh orange peel extract was used as a reducing agent
and a stabilizer to synthesize rGO loaded with Ag nanoparticles
(rGO-Ag), which can be used as an antibacterial nano-filler to
fabricate antibacterial food packaging materials. The effects of re-
action time, temperature and AgNQOj; concentration on the
reaction rate, average particle size and dispersion stability of
rGO-Ag were investigated by single factor experiments. The or-
thogonal experiment was conducted to optimize the reaction con-
ditions using the average particle size of rGO-Ag as an indicator.
Results revealed that extending the reaction time, increasing re-
action temperature and AgNQOj3 concentration improved the reac-
tion rate and reduced the average particle size of rGO-Ag. How-

ever, these factors had little effect on the stability of rGO-Ag
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dispersions. The effects of these factors on the average particle
size of rGO-Ag from large to small was as follows: reaction tem-
perature > reaction time > AgNQj concentration. The optimum
conditions for rGO-Ag synthesis were: reaction time 4 h,
reaction and  AgNO;

25 mmol/L. TEM, Raman and FTIR results revealed that

temperature 100 °C, concentration

AgNPs with an average particle size of 21 nm were successfully
loaded onto rGO sheets.
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3 2o AR 2R R 5 B g I e | B I R R AgN O
JEX rGO-Ag RN HE R AR /N Ko B e MRS . i it
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TR G TR 4h A7 A TR = 4. 43 BT 2, BUER B e Ak T
A

AR S A
L1.2 UsS5is
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1 HL A8 46 21 41 6 3% A (FTIR) : Spectrun100 Y, 3%
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DXR2 #Y, 3% [E Thermo Fisher /A #] .
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EH TSN BT A EAETD BT —20 CokFiw &
Fi. HU50 g ¥R B2 A E) 300 mL 8 2l Hr . FHE T
MLFT )5 B A 1 000 mL #8#F 1, 95 °C 7K i b 4 £
20 min, ¥HEHY A 0E, KRB K& KR L
6 000 r/min B0 10 min, | A& D — 25 KRR
OB A R AN B s RIS R R R U B T 4 C UK
LRGSR
1.2.2 GO Myl % S MMt Hummers 531, 4
BN 4% 2 g fEIRAN .2 g 1 BB AT 95 mL 98 %% ¥ B R
WWE 1000 mL B EEHE T GG, BA KA 1 h,
TEVKAH AT 800 r/min fii 4k 2 he RIGEIBTIN 12 ¢
EER IR PR IAE 45 CARME T ARS B HE 2 h, B INA
100 mL &K, KRS MWW 10 h 5, Z2 M A 50 mL
0% AALAETH . ARBHE KHIIRRESWER 5%
i SRRV W 2 KBS DR Uk A TR Atk [ A2 B 0 E Bk A
FELIA REBR Y. BOE RS GO,
LK AR B AT 2 h, ARE GO ¥RJE (6.8 mg/mL)
J&L BT UKAE 4 TR RAERHL.
1.2.3 rGO-Ag W& AL 18 150 mL 48 25 A
30 mL & B .1 mL # B R 68 mg/LGO il 1 mL
0.01 mol/L FFEEER AN . FEIA 20 mL —E W AgNO, %
W LA B 28 mL A&l , #A 0.5 h )5, 76 [ I R s hL
— BRI, HEHE .4 °C 12 000 r/min B0 20 min, ¥ T
FHUTE ¥ VR T M (028 <710 Pa, B PRIREE<<—50 C), B
J rGO-Ag,
L2.4 pRIRRR BRI

(1) SR [a]: P AgNO; ¥ BE 10 mmol/L, i i B
90 °C Ay =it A k. 25 88 R A ] (1,2, 3,4,5,6 h) Xt
rGO-Ag W F B4R K /N KR e e 52

(2) JREHRIE L AgNO, ¥ 10 mmol /L, Jz i i [A]
4 h Oy AL SR E . B g A IR EE (70,80, 90, 100 C)H X
rGO-Ag I 3 RLAR K/ Bk E PER s .

(3) AgNOs ¥ i« DL W B 8] 4 he il v 3 B 100 °C
Jg FE Wl 4 fF. % 22 AgNO, #k E (5, 10, 15, 20, 25,
30 mmol/L) % rGO-Ag Jz i % kL #8 K /N Bk Pk 1Y
AR
L2.5 EREIFEMA  ERE R L R
B0 B[] U BE L AgNO ¥R EE 3 AN R H Ry 4 D oK-F, B
S I I T T A T i 280 IO VR 1) T 3R AR AE 5 B AR AT R
F Lis (4°) B IE S IR0 32 3% B 11 LUBA 5 18 2 38 IO IE I
4 rGO-Ag ML &1
1.2.6 rGO-Ag By FAF

(1) £ Hb—n] DG o - HOIE o FH 88 26 /K A6 R )5 1Y
rGO-Ag Rl T A 38 b L p, SRk A UV-2450 %4
G366 BE T HEAT H L B K3 200~800 nm,

(2) RLAEFN Zeta HUALINAE - 0 1 mL B AR 7 B 5 1Y
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rGO-Ag W I W F R AR R it P 2 R ST R EE X
ME rGO-Ag FHREM. AW EBRHBER 1 mL &
Zeta HL AL FE il o I8 VTR Zeta HUDIAA

(3) TEM 447 508 GO GO Kt T% 414
#FAFHNM rGO-Ag By A B F J/K & BE R R 41 i # #
ASCHIEAT v A0 75 4 K AR S T 24 M L R A TEM X £
it 14 3% T8 JE A0 HE AT WL 4% L 9 1)1 Tmage-ProPlus 6.0 4% 4
MRS rGO gk i AgNPs fRiZE KN,

(4) Raman % & . U0 & 1GO.GO KRR T2
K AEH A B0 rGO-Ag By K 4 B F R A Lo
FESEJa O 36 3 A OB 8O0 i AL 7E S R T AT
Raman 4. HHBEEGERE 50~2 500 cm ™' &
W 532 nm,

(5) FTIR S35 M0 2 - 45 8 B2 3R BUK . GO, AgNPs K&
B LES MR &R rGO-Ag 17 % 7R T 145 20 8
KR KBr JE R ik il 4 B fh 4 I 803 [ 400 ~
4000 cm ™LA EEER 2 e HIR R ER 32 Ik,
1.3 HESH

BB Origin Pro 8.6 fE &, 5k il SPSS 18 #1734
B2 97 2 45 7 Cone-way ANOVA) , 45 5 L CF B {8 + 47
WeEIFER.
2 RS0
21 BRERRR
2,11 WA E A BB L AL 1GO-Ag #
430 nm 4G 1B A IR, 5 AgNPs R0 45 &+
PR iR 0 — B B SR I TR] A S K 12 R WA I 1Y U
EAS W 386 i, 32 W 9 VR h AgNPs ¥R 2 3% 8 T i« IR 2%
B o H R I IR) R Sk 4 b B0 o 4% L U A
TRV TR K A A

BB LCh) AT, 2 s B A A 1 h 3 E 4 h #),
rGO-Ag (R ARREAR T 41.2% . I 2k 22 48 K )2 B
WHR PSRRI R PR A AT R, a2 R
NI xGO 3 3R B 56 4= 43 # . Bl 5B 19 38 17, v GO
Fft 25 1) AgNPs 3% #i 3 2, LR BT 48 B 42 B 1o 1
Jie S A A A R rGO-Ag Rl S U 323 B R AR N
YK A3 OB Zeta HL A7 246 o (R 2 A6 o0 H o 0 9 b R
M —AEERE bR, 8, LA S F 30 mV, ]
INHIZ R R IR R R E™ . 1GO-Ag ) Zeta HLA7 N Bt
{8, 2% WA 0 5% i A 0 R fop, HL 4 %A XY 4 Al AE 25 ~
27 mV, F WA H A KA BB B M A B, TR B R
i) % rGO-Ag WA R E PR WA /D
2.1.2 [N IRBERI R R 2Ca) WA BB SN i EE
BT rGO-Ag 7E 430 nm Kb WIS 1 58 3 B 58 1 i, 18
WA R W7 i BE % AgNPs f W R A7 B K m. H b
L 2(b) AT, 42 g B0 I T R 3 BE AR rGO - Agify - £
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Figure 1  Effects of reaction time on rGO-Ag
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ST 25 R0 AT 0 B0 W AR L AgNPs JF IR 3R .
A REAZ Y AgNO, M B R AR AT, i (A ol sz BREY . b
& ANO, IR BE 1Y HE— 25 B & R A K R 8 L Y 1
A E B K T B A B B R AR R S KT, Ak, Y
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HL A 28 % (B AS b AN B 2, T VR 3 0F — 2B B )L T
Zeta B 46 %0 {E 0] 585 R AR, #B G W], AgNO, ¥R BE 3ot
2 AR rGO-Ag BRI R E 1 .
2.2 EXKE

M 2 R 23 06 45 R B 2 s R) L RE L AgNOs ¥k JiE
3AHEM A ANKTCRH Lis (49) [ 1F 58 5 % 3% %3
AT B o B K P B R LR LR R 15 E



&M | Vol.35, No.6

1.01
091 |
0.8
0.71

¢ g6l b
0.5F
2 04,
0.3+
0.2+
0.1
0.0

% B
Absorbance

700 800
EEEI PN
Wavelength/nm
(a) UV-Visl it
T AR 740
Zetalf, {7 26 B 135

400 500 600

200 300

= =
AB g
E 30 e ig
5 =12
gé 20 £33
g 15 2%
B s &
: 10 2%
= N
5
70 80 90 100
R
Temperature/ °C

(b)) - H4RE A Zetart 13 45 3 {E
KREFRARRRIR Zeta ALY ] 25 57 8.3 (P<C0.05) s /N 5
BEOR ] 6 m F- ¥k 4% 25 57 8 3 (P<C0.05)

B2 B rGO-Ag 4% h

Figure 2 Effects of reaction temperature on rGO-Ag

B rGO-Ag VYR8 K/ 5 5848 b o X 1F 38 3 36 45
HEATE LA A AT 2= 40 0 IR AR A R A I Ak 2.3, i
F 2 L3 A RN rGO-Ag P HRAR Y 52 Wi U Ry S
VL 3 B > BN B ] > AgNOs W B . sk, 53R T I
22U {2 0 W 22 R B BN B ) L S IR B R Ag-
NO, # B SRR A AR E MR 2EME, RV 3 MR ER
B KRN [ fFAE 2 5. 3R PEE—SRIET £
3 AR X 1GO-Ag Bk AR KN 5 M A
I | IE B I A5 R A5 i A 1GO-Ag iR AR T2 &M
Jy ALBy Gy BB B ] 4 hy 2R BE S 100 °C,
AgNO; ¥l 25 mmol/L, fEM & T, Fi 18 rGO-Ag
W BB 2N 249 nm,

#£1 EXHBEEAER
Table 1 Factors and levels of orthogonal test
A ABSE/h o BREE/C O CRYRRARIEE / (mmol » L™1)
1 1 70 5
2 2 80 15
3 3 90 25
4 4 100 30

WREBE - BERIAARBERAEEAR

10T §
0.9r
0.8F
S 07r
- 0.6F
0.5+
041
03+
0.2t
0.1t

W e B
Absorhance

500 700 800
EEEL I EIS
Wavelength/nm
(a) UV-VisW ok i
Ykife 135

0.0 I I
200 300 400

350f

3001

A A
bep

2501be

200
150
100

Zeta absolute value/mV
Zetal, v 48 5 {H

IR
Average particle size/nm

(=)

AgNO Y
AgNO, content (mmol/L)
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B 3 AgNO, & E s rGO-Ag 0% v
Figure 3 Effects of AgNO; concentrations on rGO-Ag

2.3 1GO-Ag By EEHIRAE

KA TEM %t GO.rGO fil rGO-Ag W3 WIE 5 1k 17
FAE., HE 4@ (DATHL.GO R F# Jew, &5
AR vGO 2 ) BE B AR B8 908 . W] Be R R R 4R IO
A SRS BB B 4o FTEE B rGO-Ag
FZRE Y REREAR, HAR WM& T K 90k RAF i sR0p
WikL, 2B AgNPs o1 1 838 1GO R 2 L. B 4(D 2
R4 TEM E g it 1 1) rGO-Ag b 12k AgNPs By 12
IrAE. R EIR, AgNPs f Rt 4 #i J Bl A 3~50 nm,
BA 46.3% A fE 10~20 nm, F3 k4% H 21 nm,

& 5Ca) TR 9 GO rGO Fl rGO-Ag i Raman Y 1%
it — B R HEE AR L. GO ) 2 A4 ElE D.G 14
BB 1 344,1 593 em ™', Hh, G g R sp” 1L
B SR TR B 2k 0 R T A BLOH X P i Ep 70, D
W Ay e B 0 Ll sp e b B R AR B ) AL 2 0 SR R
J2 303 S5 1) X R P 8 B O SR A7 A SR B oS o 23 1 B
I DA G AR B L (T /To) B8R . 22 B 17 880 1)
AACBE A . H Raman 6% — % (958 B 113 T 15,
GO.rGO 1 rGO-Ag 1y I, /I 4> 51~ 0.88,0.84,0.75,
H LR B GO TR Bz v 1Y 38 5B 43 38 R rG O, 25 4
XPRRYEIG N . T rGO-Ag 1 I/ 1o {6 3E— 2580/, Al g2
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Table 2 Results of the orthogonal experiments

D E R R A

b P A B C
S =% %5 UM /nm

1 3 1 3 4 2 460.3%7.7
(a) GO (b) GO 30-
2 4 4 1 3 2 301.544.1 T ’ (¢) 160-Ag
60
3 3 4 2 1 3 250.4+9.0
50
4 4 2 3 1 4 352.6+10.1 - o
<)
< 4ot
5 1 1 1 1 1 791.7=%21.9 s g
= L 30k
6 4 3 2 1 1 281.646.9 B0
g
= 20+
7 1 2 2 2 2 694.7£10.8
8 2 1 2 3 1 592.74+14.7 10 ﬂ
P + O m Il Il Il Il m I
9 2 3 4 1 2 381.6x27 0 5 10 15 20 25 30 35 40 45 50
ey
10 3 2 4 3 1 394.68.9 Sizf‘j’j;
11 2 2 1 1 3 620.04+17.4 (d) AgNPs
O A 45 A
12 3 3 1 2 4 603.0+19.8 B4 TEMBZ& rGO-Ag #2254 B
13 . 5 3 3 3 5034517 4 Figure 4 TEM images and rGO-Ag sheets
14 4 1 4 2 3 491.0%21.8 -
15 1 4 4 4 4 387.8%7.4
16 2 4 3 2 1 293.0%4.1
B
ki 439.1  441.0 ;5
g
m £
ks 520.4  454.5 ,Ej(_:
Eaad
ks 427.1 438.2 402.3 448.1 466.2
k 357.4 308.2 408.8 438.2 484.0
R 237.0 275.8 176.7 82.2 43.1 560 1 600 1 5‘00 2600 2 5‘00
hr g ik
Raman shift/cm™
R3 HAEDWER (a) Ramanl®| %
Table 3 Results of analysis of variance [1GO-Ag
ke 5 05 H B ¥y F{i P1E GO
<J
A 118829.732 3 39609.911 10.425 0.009 3
% &
B 167 819.762 3 55 939.921 14.723 0.004 ) é
W £
C 80 548.147 3 26 849.382  7.066 0.021 E
H
D 18 799.902 3 6 266.634
E 3997.492 3 1 332,497

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4000 3500 3 000 2500 2 000 1500 1000 500
PP 22 797.394 6 3 799.566 iz

Wavenumber/cm™
(b) ZLAMRPOEE
B 5 Raman [ & 2r sh ook ok 3%

T G0 K AR A I BB I T R TR . skAh . i
AgNPs [ 32 1 B B 5 (SERS) , rGO-Ag £ i D #1 G
B0 U B T

[ 5(b) fif 7% A 2 4R B . rGO-Ag . GO 1l AgNPs i dRsh1&™ . 5 GO Mt , rGO-Ag ¥ Bl v & 4 3L A
B FTIR $4[& . GO 7£ 1 621,1 724,1 000~1 368 cm™ 4b  AYMR UG 3 B W 25 B AG, AW H E ik . H rGO-Ag
LT RRAE 0 L 43 S B TR AR b C— C HE Rl 76 1545,1 454 em ™' 5 AgNPs {9 FFAE I 0 — 80, i —
AR RERFIRIE ) C— O MgiiRang, & C—0O  $%EW AgNPs TR 743 GO I,

Figure 5 Raman spectra and FTIR spectra
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RLI 1) > AgNO, W BE L IF B i T il # 1GO-Ag R bE T
LA Ay OB ) 4 b 2R IR EE 100 °C, AgNO, ¥k
25 mmol/L. I T Z 4 MF T . GO nl g 5 J & Hui ik
L HREZ LRI TR 27E R R 3~50 nm AgNPs,
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