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Preparation and Properties of ATO/GO Nanocomposite
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Abstract: A new ATO/GO nanocomposite was obtained by 3-aminopropyltriethoxysilane(KH550) modified
tin antimony oxide(ATO) anchoring on graphene oxide(GO) layers. Then, the resulting ATO/GO
nanocomposite was mixed with waterborne epoxy resin emulsion (AE) by high speed dispersion method.
The samples were characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscopy(XPS) and
scanning electron microscope(SEM). The effect of ATO/GO content on the anticorrosion and antistatic
properties of waterborne epoxy coating was investigated. The results showed that with the increase of
ATO/GO content, the surface resistance of composite coating decreased. When the mass fraction of
ATO/GO was greater than 3.0%, the surface resistance of composite coating was less than 1.0X10° Q,
which could meet the anti-static requirements. The composite coating containing 3.0% mass fraction of
ATO/GO exhibited excellent anti-corrosion and antistatic properties. The water vapor transmittance of
composite coating decreased to 62.13 g/(m*h),and the lowest corrosion current density (l.on) and the
maximum corrosion voltage (Er) were 3.73x107 A/cm® and —0.1993 'V, respectively. In addition, the
anticorrosive efficiency was an improvement of 99.95% compared with that of blank sample.
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Fig. 1 XRD patterns of GO, ATO and ATO/GO

& 1 A[HL, GO 7E 26=10.63°4b Bl T — 8¢
SR A AT S T, X IO A AT SR R AR AT B
OEHF AR A T A SBERZEN, KT A
B 22 AR, BRH R AR A SR 4 A AR
AL BT ATO 7F 26=26.7°,33.8°,38.0°.51.8°
F54.8°4b 53 BLIHJE T SnO, B (110). (101 ),
(200), (211) F (220) FHEATHIE, A SbO;
Fl Sb,Os MIfIT I, RMFTAMBEFEEMAT
SnO, A&, IHCEE T U, kAh, ATO
HYAT 5T I IR AE GO-ATO & &4 kHK XRD Eig
UL ATO 1 358 T A fb B R m o,
2.2 XPS4iR

GO FIl ATO/GO HYJ XPS EI ILIK 2a. b; ATO/GO
) C 1s 1 Sn 3d E#E WL 2¢. do

Ols

Cls

M

1200 1000 800 600 400 200 0

Binding energy/eV
)
b 5 = -
< o o
o =+ o ~
° g oS
% I3 &
o
o8& &
A

800 600 400 200 0
Binding energy/eV

1200 1000



7

ZEERE, 4 ATO/GO HKE ARG 4 S 1 fg

« 1251 -

c=C
284.60

C—N

C=0 (_?8550

288.58 286.38
C-C

284.88

290 288 286 284 282
Binding energy/eV

Sn 3ds,

Sn 3d3/2

500 498 496 494 492 490 488 486 484
Binding energy/eV

Kl 2 GO (a) 5 ATO/GO (b) 1y X S GH FhREik &
ik ; ATO/GO By X S TREIS C 1s & () A

Sn3d & (d)

Fig. 2 XPS survey scans of GO (a) and ATO/GO (b); C 1s
XPS spectrum of ATO/GO (c) and Sn 3d XPS
spectrum of ATO/GO (d)

A2 A5, 5 GO M, ATO/GO Wh&inT

K3 ATO K&K (a), GO (b) #l ATO/GO (c¢) WIS ; ATO (d), GO (e) Hl ATO/GO (f) 55 Hi
Fig. 3 SEM images of ATO (a), GO (b) and ATO/GO (c), TEM images of ATO (d), GO (e) and ATO/GO (f)
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Table 1 Elemental types and contents of GO and ATO/GO

w(C)/% w(O)% w(N)% w(Si)/% w(Sn)/% w(Sb)/%
GO 7291 27.09 - - - -
ATO/GO 4941 252 051 092 2003 3.93

i =7 ARZTRE AR

2.3 ATO/GO SEM 5 TEM ##f
ATO. GO Hl ATO/GO & & B HICK LWy
WU ) SEM EF TEM & LI 3.
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Table 2 Surface resistance of AE, GO-AE and ATO/GO-AE composite coatings

AE GO &5 50% ATO/GO Ji &5 40/%
1.0 3.0 0.5 1.0 2.0 3.0 4.0 5.0
FHEHEM/Q 7.1x10%  524x10%  6.17x10" 459 % 10" 1.82%x10"  5.07x10° 1.43x10° 8.65x10" 7.44x10’

& 2 TLLEH, GO M| ABA R EEBER
S, IR TR ARG A G ASH g i
. B ATO/GO Bt /-3, R R a s B~
%, 4 ATO/GO JiTHt 3400 3.0%00), R B3R 1A i
P AT, A3 1.43 x 10° Q. kSR T kb
B AR, SR T T2 R A S E A L
RREAR, RIS 304 B B [ 4k 5 BRAR T ik 7z 8.
24 ATO/GO FiEEUR T 3.0%M}, ATO & #34m,

107} —— AE
—=— Uncoated
108 |- —— AT0/GO-0.5%
—v— AT0/GO-1.0%
E L0° L ——AT0/GO-2.0%
© —<+— AT0/GO-3.0%
Lo0 |~ AT0/GO-4.0%
—e— AT0/GO-5.0%

-12 -1.0 -08 -06 04 -02 0 0.2
Potential/(V vs. SCE)

Current density/(A/cm?)

[, A A AR A 1 v EL R T AL T ATO
KL RREE , $m TR Sk, A
L BHLRRAR , K 2 T P 142 B Rk L,
26 PBAEHERENIK

w4 BYR 5% AE. GO-AE fil ATO/GO-
AE B IR )2 4 B A ALl £ DL IR 5. 7K 28 9%05
i AL R WL 3,

H %% 3 AJ 1, B ATO/GO JFit /3 Buaysm, 7k

105 | b
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El5s A& EYIR 5% AE. GO-AE Ml ATO/GO-AE [ i ¥ 22 4 J& i ity i b il 2%
Fig. 5 Tafel plots for pure steel, AE coated steel, GO-AE coated steel and ATO/GO-AE coated steel
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Table 3  Electrochemical corrosion measurements and barrier properties of prepared coating materials
Econ/V vs. SCE Teor/(A/cm?) R,/(kQ-cm?) Peel/% K&K BT #/ [ g/(m>h))
Uncoated —0.9496 1.29%107° 4.11 — —
AE -0.5176 5.82x 107 62.67 93.44 174.52
GO-1.0% -0.2957 1.46x 1077 287.19 96.47 75.29
GO-3.0% —-0.2391 2.52x10°* 1482.15 99.51 60.74
ATO/GO-0.5% —0.3895 1.03x 1077 347.84 98.82 98.36
ATO/GO-1.0% -0.3736 7.93%x10°* 449.82 99.09 82.13
ATO/GO-2.0% —0.3281 2.28%x107* 1599.73 99.74 78.36
ATO/GO-3.0% —0.1993 3.73x 107 9778.53 99.95 62.13
ATO/GO-4.0% —0.2887 8.89x 107 4098.19 99.89 65.48
ATO/GO-5.0% —0.2485 5.48x107 6655.83 99.93 68.21
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