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Preparation and adsor ption proper ties of
amantadine/graphene oxide composites
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Abstract: Amantadine functionalized graphene oxide composites (A/GO) were prepared from graphene
oxide and amantadine through aqueous phase synthesis, followed by structural characterization via FTIR,
XRD and XPS. Furthermore, the adsorption performance of A/GO for organic dyes were investigated. The
results showed that A/GO exhibited higher adsorption efficiency for methyl blue (AB93) compared with
control graphene oxide. Moreover, it was found that the kinetic and isothermal model of A/GO for
adsorption of AB93 fitted pseudo second-order kinetics and Langmuir model with a maximum theoretical
adsorption capacity (¢,) of 1250.0 mg/g. Meanwhile, thermodynamic analysis revealed that the adsorption
process of A/GO for AB93 was spontaneously exothermic, displayed good resistance to NaCl and KCl salts
and adsorption efficiency improvement in presence of CaCl,. In addition, A/GO demonstrated selective
adsorption for AB93 in the dye mixture of congo red and AB93.
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Fig. 1 Synthesis diagram of A/GO

1.3 WRBFIGHIRE
FTIR: 2R KBr & F % o XRD i 4514 : Cu K,
FEIEZ  ASTIEK 0.1542 nm. XPS MR 4. B
0 ALK, 5551 (hv=1486.6 eV ), TAEHLE 12.5kV,
JT22 3 16 mA,
1.4 WRHMERERRMENDZENE
HERf L 25 mL AN [R] VR B %) PR G VA (T
WeJF 0.01~0.4 g/L) BT 50 mL .04, LEK
10 mg A/GO I3 A 50 & ik &, #54
W EEAY Wk 25, 35 A1 45 °C, T 150 r/min fHIRHE
¥ 3 h, MEE IS RAE 580 nm AL MG RE, 2
W BFF AR 2 5 0 W B ) R R (BT MR EE 0.2
/L) AN RV B fish B[] O IR B, R4 5 W 3 77 22 9%
1.5 R Bt 7 3o B B T YD 5% {4 R Bf
e b R A E 45 A 0.1 @/ A B RE 5 A SR 41
FHOERS . LS P PHIH B B e YuRhas v, i
B B 25 mL YR MM A B Y, A
10 mg A/GO, F 25 °C. 150 r/min fHiE#E¥ 30 min
JEECH, BT, 5 AR B R A ek
1) 38 R W AP i
1.6 WHFIRMEBEFNEBRERNITE
W o 0 T FE L e B A e X (1) AR
qe= (po—pe)Vim (1)
K g HWBHTH W 25 (mg/g); po A1 pe
43930 R 00 G R G oS- e e R IR (/L ); v
Fr R REL (mL); m AW B (mg ).
Wz BEE R0 e i) 22 B A (2) 1A
R/% = (po—pe)/pox 100 (2)
AP R YR ERE (%); po Al pe 435 J w1 HH
W o Y- s g ot o B v B (/L )
1.7 A/GO MFIHES R HEREEE
# 0.01 mo/L NaOH 5 Jo/K £ B4 IBARFH L 1 -
5 FCHlTR AW 4% 1.5 15 R 0F 58 W B S2 50 Js ,
T B B R W B SR AT A S, inA 25 mL %
TR VA TRONT TR AL R 6 390 4 7 A B, R 25 A
25°C, 150 r/min [HIEIR 2 h 50505, WE



559 1 Pl

W, S BE R A AT BRI S S R 2 B L A

* 1919 -

BV ol o s R B, 5 W 5 R AR A e
W B 5 B B B A = (3) T
R'1% = p1/pox100 (3)

A A BT 4 B AR BRI (/L )
2 GRS

2.1 FTIR RI1E

A SRR A/GO LM EEan
& 2 fi7s o 1 2a AT %0, 3411(—OH ), 1732( C=0 ),
1617 (C—OH ), 1063 (C—0) ecm ' H#} THL A
BRI B AR PR SRR . 18] 2b 3435, 1633 cm!
12920, 2860 cm " Ab F) I IS 3 1) U1 )8 1 4 W1 o i
A3 T 45 ke F—NH,— Fl—CH,— R 4 AE W i 5 TR
2¢ ATLAF Y, 1732 em ' A S A0 A7 B0 IR AIE 048 77
&, FE 2920 12860 cm ' H PR 4x Kl e i W1 F LN VR
F L S R 0K R A 06 I s W e, #E 3429 em !
I R AR 04, 1635 em ! Ak HY IR C=0 HERY
fipgairshig, RV A A BEFHHEL—COOH 54
Wl E B 1 —NH, A F A= BB e Ak 540, Ut B 4 o i
O 2R B A A 5 b

1635/ 1065

3429 2860
2920 1456 '1348

3435 2860
2 2920

¥
1633 14561345

1732
1617 1063

3411

4000 3500 3000 2500 2000 1500 1000 500
PWek/cm™
K2 iS4 (a), &R (b) il A/GO (¢ ) i FTIR
i
Fig. 2 FTIR spectra of GO (a), amantadine (b) and A/GO (c)
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Fig. 3 XRD patterns of GO (a) and A/GO (b)
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Fig. 4 XPS spectra of GO and A/GO (a) and N 1s spectra
of amantadine and A/GO (b)
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Fig. 5 Isotherms (a), Langmuir model (b) and Freundlich

model (c) of A/GO for the adsorption of AB93

# 1 A/GO W AB93 1) Langmuir F1 Freundlich %244
Table 1 Langmuir and Freundlich model parameters of A/GO

for the adsorption of AB93

R/ Langmuir 55 % Freundlich #% 7
o G/ K/ 2 Ky/ [(mgl// 2) Un R
(mg/g) (L/mg) (L/mg)™]
25 1250.0  0.08  0.9947 147.85 0.52 0.9468
35 909.1 0.11 0.9969 186.40 0.34 0.8284
45 1123.5 0.06 0.9927 142.16 0.47 0.9886

e gm ARG AR KW Langmuir W% B R 5
H; Kr ok Freundlich WERHEEZa 5 405 1/n SN W FHME D) AH I R 4L
RN PEMI I R B

A%, Langmuir A&AA) R* 4 0.9927~0.9969,
7T Freundlich Y R* (0.8284~0.9886 ), FH

Langmuir £ 58 F Freundlich 4575 BE B fef-$h 3 i W8 B 3
B, KR (g ) 4 1250.0 mg/g. iX—3
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Fig. 7 Pseudo-first-order and pseudo-second-order kinetics
equation of A/GO for the adsorption of AB93
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Table 2 Pseudo-first-order and pseudo-second-order kinetics
data of A/GO for the adsorption of AB93

B—sF W
3
Gee/  ix10° g/ R ]Ezgj(ln(ig/ o 2
(mg/g)  min (mg/g) El(me (ms/g)

222.5 4.61 31.6 0.7628 1.26 227.3  0.9999
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Fig. 8 Fitting curre of intra-particle diffusion equation of
A/GO for the adsorption of AB93
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Table 3  Fitting parameters of intra-particle diffusion model of
A/GO for the adsorption of AB93

kid/ c koa! C k! C
[mg/(gmin'®] ' [mg/gmin'?)] 7 [mg/(gmin'?] 3
85.57 0 3.72 5.6 0.16 14.1

T g HBURA YRR TR CO ISR A

2.6 HAFELHH
E 9 2 A/GO WZ/f AB93 B 12243 Hr, AHX
IHHESHILE 4,

0.0033
/7K

K9 A/GO Lk AB93 #1243 BT
Fig. 9 Thermodynamic analysis of A/GO for the adsorption
of AB93

0.0032

4 A/GO W[ AB93 HH 1254k

Table 4 Thermodynamic parameters of A/GO for the
adsorption of AB93
0
L/ C Iy (k?/il(/)l) (k?/ljnﬂél) [kJ/(?nSZ;-K)]
25 1.7631 —4.37 -10.33 —0.02
35 1.6491 —4.22
45 1.5005 -3.97

A, AT A R AE (AGY) FIKETE (AH") ¥y
R, LR A/GO % AB93 YW R RN A K1
G R AHY AU H-10.33 kI/mol, AT BRI f 5k B Ky
YRR R AR AR AB93 TE/K I W P BT R
3, AB93 1 A/GO W) iz shic g, x5
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2.7 TR X R Bt 3SR A B2 i
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Fig. 10 Effect of salt on the adsorption of AB93 by A/GO
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