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ABSTRACT: This work aims to prepare the three-dimensional silica-polyaniline-graphene oxide (SiO,-PANI-GO) composite
and add it into water-based alkyd varnish (WAV) to enhance the corrosion protection ability. The SiO,-PANI-GO composite
were prepared by a facile chemical method. The composites were characterized by SEM, FT-IR and XRD. The nano composite

was added to the water-based coating as filler at the mass ratio of 1%. The anticorrosion performance of WAV and composite in-
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troduced WAV were demonstrated by electrochemical impedance spectroscopy measurements (EIS) and polarization tests. The

SEM image showed that the silica-polyaniline-graphene oxide composite was a lamellar graphene oxide whose surface was

combined with fibrous polyaniline and spherical silica; the results of FT-IR and XRD showed that the silica-polyan-

iline-graphene oxide was successfully synthesized; the EIS results showed that the anti-corrosion resistance of the modified

coating was increased by 2 orders. The best effect was obtained when the ratio of SiO2 to PANI-GO was 1:4. By adding sil-

ica-polyaniline-graphene oxide three-dimensional composite into water-based alkyd varnish, the distance and path of the corro-

sive medium to metal substrate can be increased, so the anti-corrosion resistance of the coating can be effectively improved.
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Tab.1 Impedance parameters of different steel electrode

Rat}i&%fl_s&% 0 pAQ-em®) CJFem™ o RJQemd)  Cyl(Frem™) ny R /(Qem?) ((Iéif;;%/
Blank 4.611 4.62x107*  0.7443 90 1.50x107* 0.782 497 587
WAV 6.416 2.89x107*  0.8608 15 1.90x107* 0.8402 1322 1337
PANI-GO/WAV 14.06 5.05x107°  0.8246 1558 2.11x107° 0.4805 4272 5830
Si0,/WAV 6.21 3.53x107  0.931 1931 8.36x107° 0.3718 893 2824
SI0PANI-GO/ 3 059 5 18x10°  0.9983 45 1.17x10° 0.8391 162500 162 545
WAV
Wi CHI 604E Hy AL B 4R vk Tafel IR 2RISR S R4S —3,
SMEE, IAEHEILER 2, BiseR ( XARPRCE) FIRF . W4 WAV Fl Si0,-PANI-GO/WAV [
it (1) FmRP, R TE 3.5% NaCl il iR 7 RiTE , W25k
0 i RSN 6 B, M 6 FTIL, W T 1w #E

icorr ~ ‘corr
=—=—=x100% 1 - ) ) e .
L R B . AL T AE M) Si0,-PANI-

WIEAT (1) 8. R, 8.2% . GO/WAV 5 4 Ja B M ARG 5 PR | 1210 J5 A5 SR MG B
72.7%. 90.6%. 99.5%. % 2 hEUhEHE AR ERERIE L, JLPRAT R A

R2 AENERKSRLELSE

Tab.2 Tafel parameters of different steel electrode

Ratio of SiO, to PANI-GO Eor/mV Jeor/ (MA-cm2) Ba/(mV-dec™) B/(mV-dec™) n'%
Blank ~758 46.3 5.44 4.26 —

WAV -598 42.5 4.769 5.197 8.2
PANI-GO/WAV -493 12.6 5.282 4.848 72.7
Si0,/WAV —487 4.37 5.763 4.965 90.6
Si0,-PANI-GO/WAV -383 0.252 3.802 5.903 99.5

M E 7 B7R, BT WAV R{R R 5K 71, ke WS DT ISR . PIAERY B AR S B Faksh
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Beh, Y AR 2 S A O R B B IR 2, ™ Si0,-PANI-GO/WAV A i JEMRE 1. EF&HH Si0,
IS4 B IR, Si0,-PANI-GO & &M RHE i E AR 5 PANI-GO il ly 4:1, 2:1. 1:1. 1:2, 1:4 AP
GO . £F 4tk PANI FIERIR Si0, 444 ™ A4 B A9 25 2% SAFRME SRR S, TR IR Ak 2 BELAT I 3 A 3 e
560 = EBR B 45, Reag 4t 2 5 i 0y ) 22 e A7 AR A £ LA B A S [R] LY Si0,-PANI-GO/
BEEASONE YN T ok 0 O M R A R T 1) B AR WAV f AL 22 P fE o i 18] 8a T LA MY, B %5 PANI-GO
JAEE Aok %) B L3, e A2 BH A e B A AR AN T R

25 FRTIR,, A Si0,-PANI-GO/WAV 1 HE B i 7% 24 Si0, 55 PANI-GO HU{EARFFAE 1:4 BFR 2 5 K AE
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Fig.6 SEM images of section between coating and electrodes of pure WAV and WAV with SiO,-PANI-GO before and after
being immersed in the 3.5% NaCl solution: a) pure WAV before immersing; b) pure WAV after immersing; c¢) pure WAV
with SiO,-PANI-GO before immersing; d) pure WAV with SiO,-PANI-GO after immersing
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GO/WAV (14 H B 1) J68 ok R A7 | 5 ok L 370 28 B8 D AR 473 10 , , , ,
RIRF el GRS BT, A — 08 06 *01-)4t tf% 0.0 02
@%ﬁ\ﬁﬁsgg‘; I;r\NI—GO ;Efﬁdﬁ 4:1, {a 1. ;:15; b S AL
1:2, 1:4 LA E AR WAV 78 3.5% NaCl %K iz
. , . 8  IREIFNEEMER WAV {
T TR IR e B 4 4 R L P 9a—e, M8 IRELIEE RO WAV A HS

. NN - FL Ak 2 BHT T R sl A3 A A i 22
Wi% Sio, iy, RS TR 2 5 S ST Fig.8 Nyquist plots (a) and Tafel plots (b) of WAV electrode

A W% . " EACRE PR SN Bih 5 kA B 2 3 coated with different ratio of SiO, to PANI-GO.
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Tab.3 Electrochemical impedance parameters of WAV electrode coated with different ratio of SiO2 to PANI-GO
Ratio of SiO,

to PANLGO RJ/(Q-cm?)  C/(Frem ?) n RJ(Q-em®) Cyg/(Fem™®)  ny  R/(Qem?)  (RAR)/(Q-cm?)
4:1 3.452 3.28x107° 0.9365 51220 5.67<10°  0.6938 81 460 102 680
2:1 2.697 2.28x107° 0.9873 10 069 1.29x107°  0.819 115 200 125 269
1:1 2.805 3.29%107° 0.9397 25300 1.55x107°  0.4153 101300 126 600
1:2 2.919 3.26x107° 0.9396 31700 1.66x107°  0.4413 130 590 162 290
1:4 3.059 2.18x107° 0.9983 30 045 1.17x107°  0.8391 152 500 182 545

100 nm

el:4 fWRERT

K9 IR E S AR WAV U2 B AR BT A 94 2 3 T A 414 L 3
Fig.9 SEM images of section between coating and electrodes of WAV coated with different ratio of SiO, to
PANI-GO: a) 4:1; b) 2:1; ¢) 1:1; d) 1:2; e) 1:4; ) coating surface

(TSR ) BLGe, [AII R 2 A3 2 il 2 BovE AR REFRMAAM R EEE (WE of) alJl, 7E SiO.-
I R BLG A i S R AT S Y SO, K AR, PANI-GO A APEH st v, Bl iyl s X ik 2
FEARHURH S TR TR @R R R RGP TR o SR ROIUE S A R
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Tab.4 Tafel parameters of WAV electrode coated with different ratio of SiO, to PANI-GO
Ratio of SiO, to PANI-GO Eon/mV Jeor/ (MA-cm2) Bo/(mV-dec™) B/(mV-dec™) /%
Pure WAV -598 42.5 4.769 5.197 —
4:1 -524 2.2 4.121 8.070 94.8
2:1 —412 0.8 3.217 6.737 98.3
1:1 —476 0.32 10.829 2.878 99.3
1:2 -225 0.48 7.355 7.558 99.0
1:4 -115 0.09 5.370 3.809 99.8
3 g:élri/l,: [6] GAO X Z, LIU H J, CHENG F, et al. Thermoresponsive

FIF B 22 A Bk P 45 T Si0,-PANI-
GO 4k E 4, JEXF Si0, 5 PANI-GO A[AIf b ik
i, KB G E AR, XK PERERR R )2 I Tk
PEo BAUKR A WAE SR IR 1% 0% J53 i L Jin £
KMEERET, BALEBEPTALE R 3R, Si0,-PANI-
GO BAWE)E, /KEBEREZMHPUER R T 2
MY, H Ll Si0, 5 PANI-GO ik 1:4 B35k
R f o KPEBERR LR 2 U INE Si0,-PANI-GO — 4
AW, AR GO #EBEFHIIE, £F4Ek PANT &
HERIR Si0, WS ARES ARG T 6 tiv iy o 31 4 i 3k
TRFRE B AR RIS, AR =R 2 B ERe . 25
B AR A ARG LR RE P RIVE T, Rk S Ak
TR U P R RE R R 1

SE -

[1] VANRENTERGHEM B, BELE M, ZEPEDA F R, et al.
Cutting the Gordian Knot of Electrodeposition Via Con-
trolled Cathodic Corrosion Enabling the Production of
Supported Metal Nanoparticles Below 5 nm[J]. Appl
Catal B—Sci Total Environ, 2018, 226: 396-402.

[2] CHENG H B, WANG M, LIU C S, et al. Improving
Sedimentation Stability of Magnetorheological Fluids
Using an Organic Molecular Particle Coating[J]. Smart
Mater. Struct, 2018, 27(7): 075030.

[31 LIZT ZHAO W N, YIN C Z, et al. Synergistic Effects
between Doped Nitrogen and Phosphorus in Metal-Free
Cathode for Zinc-Air Battery from Covalent Organic
Frameworks Coated CNT[J]. ACS Appl Mater Inter,
2017(9): 44519-44528.

[4] LIU D, NYORD T, RONG L, et al. Real-time Quantifica-
tion of Emissions of Volatile Organic Compounds from
Land Spreading of Pig Slurry Measured by PTR-MS and
Wind Tunnels[J]. Sci. Total 2018, 639:
1079-1087.

[5S] LIM,LIY, XUE F, et al. Water-based Acrylate Copoly-
mer/Silica Hybrids for Facile Preparation of Robust and

Environ,

Durable Superhydrophobic Coatings[J]. Appl Surf Sci,
2018, 447: 489-499.

(8]

[10]

[11]

[12]

[13]

[14]

Polyaniline Nanoparticles: Preparation, Characterization,
and Their Potential Application in Waterborne Anticorro-
sion Coatings[J]. Chem Eng J, 2016, 283: 682-691.
KHORASANI S N, ATAEI S, NEISIANY R E. Microen-
capsulation of a Coconut Oil-based Alkyd Resin into Poly
(Melamine-urea-formaldehyde) as Shell for Self-healing
Purposes[J]. Prog Org Coat, 2017, 111: 99-106.

DEYAB M A, MELE G, AL-SABAGH A M, et al. Syn-
thesis and Characteristics of Alkyd Resin/M-Porphyrins
Nanocomposite for Corrosion Protection Application[J].
Prog Org Coat, 2017, 105: 286-290.

WANG W, XU L, LI X, et al. Self-healing Mechanisms of
Water Triggered Smart Coating in Seawater[J]. J Mater
Chem A, 2014(2):1914-1921.

CASTRO NETO A H, GUINEA F, PERES N M R, et al.
The Electronic Properties of Graphene[J]. Rev Mod Phys,
2009, 81: 109-162.

SHAMS M, GUINEY L, HERSAM M, et al. Influence of
Functional Groups on the Indirect Photolysis of Gra-
phene[J]. Abstr Am Chem Soc, 2017, 254: 514-521.

LI J, CUI J C, YANG ] Y, et al. Reinforcement of Gra-
phene and Its Derivatives on the Anticorrosive Properties
of Waterborne Polyurethane Coatings[J]. Compos Sci
Technol, 2016, 129: 30-37.

RAMEZANZADEH B, NIROUMANDRAD S,
AHMADI A, et al. Enhancement of Barrier and Corrosion
Protection Performance of an Epoxy Coating through Wet
Transfer of Amino Functionalized Graphene Oxide[J].
Corros Sci, 2016, 103: 283-304.

WAN Y J, TANG L C, GONG L X, et al. Grafting of Ep-
oxy Chains onto Graphene Oxide for Epoxy Composites
with Improved Mechanical and Thermal Properties[J].
Carbon, 2014, 69: 467-480.

LU H, ZHANG S T, LI W H, et al. Synthesis of Graphene
Oxide-based Sulfonated Oligoanilines Coatings for Syn-
ergistically Enhanced Corrosion Protection in 3.5% NaCl
Solution[J]. ACS Appl Mater Inter, 2017(9): 4034-4043.
RAMEZANZADEH B, GHASEMI E, MAHDAVIAN M,
et al. Covalently-grafted Graphene Oxide Nanosheets to
Improve Barrier and Corrosion Protection Properties of
Polyurethane Coatings[J]. Carbon, 2015, 93: 555-573.



BT E AW B AR RORNE-SE A S S S AUORBR SR KR TR 4 5 % B I e P RE AT ST - 113 -

[17]

(18]

[19]

LIU P B, HUANG Y. Decoration of Reduced Graphene
Oxide with Polyaniline Film and Their Enhanced Micro-
wave Absorption Properties[J]. J Polym Re, 2014, 430:
1-5.

FERIAR, S, X, % 9ok ARG R
89 7 FH B S i A A R T RV RO R REL D). WA AOR
27224k, 2011, 28(4): 644-652.

FU Yun-lin, MO Yin-you, LIU Yi-xing, et al. Application
of Nanometer Silicon Dioxide in Coating and Idea of
Strengthening Wood Surface Properties with Nanometer
Silicon Dioxide[J]. Journal of Zhejiang Forestry College,
2011, 28(4): 644-652.

TABRIZI A G, ARSALANI N, MOHAMMADI A, et al.
High-performance Asymmetric Supercapacitor Based on
Hierarchical Nanocomposites of Polyaniline Nanoarrays

[20]

on Graphene Oxide and Its Derived N-doped Carbon Na-
noarrays Grown on Graphene Sheets[J]. J Colloid Inter-
face Sci, 2018, 531: 369-381.

RASSY H E, PIERRE A C. NMR and IR Spectroscopy of
Silica Aerogels with Different Hydrophobic Characteris-
tics[J]. Journal of Non-Crystalline Solids, 2005, 351:
1603-1610.

KUMAR N A, CHOI H J, SHIN Y R, et al. Polyani-
line-Grafted Reduced Graphene Oxide for Efficient Elec-
trochemical 2012(6):
1715-1723.

BAGHERZADEH M, GHAHFAROKHI Z S, YAZDI E
G. Electrochemical

Supercapacitors[J]. Acs Nano,

and Surface Evaluation of the
Anti-corrosion Properties of Reduced Graphene Oxide[J].
Rsc Adv, 2016(6): 22007-22015.



