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ABSTRACT: The work aims to prove that the research on the surface properties of powdery rust of bronze relics has an impor-
tant significance on building reasonable and effective protection methods as the powdery rust will cause serious damage to
bronze relics. Through self-assembly technology, the 3-mercaptopropyl trimethoxysilane (MPTS) and n-octyltriethoxysilane
(OS) composite film on the surface of bronze test piece contaminated with powdery rust was prepared. The Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and contact angle meter were used to characterize and ana-

lyze the surface morphology and structure features of composite film. And the electrochemical test was carried out to study the
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corrosion resistance of test piece. FTIR and SEM showed that the silane composite film was well formed on the powdery rust

surface of the test piece. After self-assembled, the surface of test piece was super-hydrophobic, and the contact angle was in-

creased from 86.3° to 155.2°. About 91.3% of the contact area between the water droplet and the test piece surface was the lig-

uid/gas interface. Only a small part of liquid was in contact with the test piece. The anti-corrosion property of self-assembled test

piece was greatly improved. The self-corrosion current density J.. of test piece was reduced from 2.58x10% mA/cm? to

1.081x107* mA/em?, and the corrosion inhibition efficiency reached 95.81%. The silane composite film could form a protective

film on the powdery rust surface of the test piece, so as to isolate the contact between the test piece and the liquid effectively,

thus making it super hydrophobic, and improving its corrosion resistance.
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Fig.1 FTIR spectrum of the composite film on sample
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Fig.2 SEM images of samples: a) powder corrosion surface;
b) composite film surface
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Fig.3 Contact angle of samples: a) before self-assembled; b)
after self-assembled
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Fig.4 Photographs of water droplets contacted with samples surface (arrows represent the direction of the sample)
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Fig.5 The polarization curves of samples in NaCl solution
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Tab.1 The electrochemical parameters of polarization
curves for samples in NaCl solution
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mV  (mAcm”) mV mV (Qcm?) %
AZ3EHT 40.40 2.58x107% 108.66 62.45 668.21
HH2E)S 157.06 1.08x107> 264.85 108.64 3.10x10%95.81
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Fig.6 The Nyquisr and Bode plots of samples in NaCl solution
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Fig.7 Equivalent circuit used to fit electrochemical impedance
spectra: a) before self-assembled; b) after self-assembled
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Tab.2 The meanings of electrical elements in equivalent

circuits
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Tab.3 The electrochemical impedance spectroscopy para-
meters of samples in NaC1 solution
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A% 38.45 38445  0.49 1.60x10*

3 it

Wk F AR AR, K MPTS. OS Wi Rk o W it
TEYAG B IR A 10 7 A R S E T8 i A A W, B b
il & THg kR B RETESPRAAE,
Dt S AT PR R T K P, U I A — E )
FOE Mk o Zead Ak 2A ik, SO i A AT 25k 1 o)
TIKAYF XA Fh s, TRl R TR Y
T J ol

22 30k

(1] TSENlE, 950, 2, S5 BIREE X5 4 % 1 il 5 e

A AL 2RI T I O LB D], ARHADY, 2010, 43(11):
14—1e.
FENG Li-ting, SU Chang, FENG Shao-bin, et al. Electro-
chemical Study of the Influence of Powdery Rust on the
Corrosion of Bronze Vessels and Its Formation Mechan-
ism[J] . Materials Protection, 2010, 43(11): 14—16.

(2] WsL, HEE, 2RI, 45 HWSCUMEE SO R
J& ik 5B, 2013, 349): 766—770
CHEN Hao, TIAN Jian, LI Xiao-fan, et al. Progress in
Restoration and Conservation of Bronze Relics[J]. Corro-
sion & Protection, 2013, 34(9): 766—770.

[3] XBSGEK, TREEA, T, 55, HA Km0 A5

St AT N B ST SR R [J]. S B, 2012, 33(1):
51—54.
DENG Xian-qin, XU Qun-jie, YUN Hong, et al. Progress
in Research on Corrosion Performance of Copper and
Copper Alloys with Super-hydrophobic Surface[J] . Corro-
sion & Protection, 2012, 33(1): 51—54.

[4] YIN Y, LIU T, CHEN 8§, et al. Structure Stability and
Corrosion Inhibition of Super-Hydrophobic Film on Alu-
minum in Seawater[J]. Applied Surface Science, 2008,
255(5): 2978—2984.

[5] YANGH, PI P, CAI Z Q, et al. Facile Preparation of Super-
hydrophobic and Super-oleophilic Silica Film on Stainless
Steel Mesh via Sol-Gel Process[J]. Applied Surface
Science, 2010, 256(13): 4095—4102.

[6] ISHIZAKI T, HIEDA J, SAITO N, et al. Corrosion Resis-
tance and Chemical Stability of Super-hydrophobic Film
Deposited on Magnesium Alloy AZ31 by Microwave
Plasma-enhanced Chemical Vapor Deposition[J]. Electro-



546 4

%24

LA . AT 5 SO R IR 5 3 1 B i K o) 8 B RATE - 45 -

(10]

(11]

chimica Acta, 2010, 55(23): 7094—7101.

WANG P, QIU R, ZHANG D, et al. Fabricated Su-
per-hydrophobic Film with Potentiostatic Electrolysis Me-
thod on Copper for Corrosion Protection[J]. Electrochimi-
ca Acta, 2010, 56(1): 517—522.

2R, R L, XA, R AR MRAL F 23R B
IR JZ B ] A K ik PR RE (D], A BEAE A i, 2009,
25(12): 2581—2589.

LI Song-mei, ZHOU Si-zhuo, LIU Jian-hua. Fabrication
and Anti-corrosion Property of In-situ Self-assembled Su-
per-hydrophobic Films on Aluminum Alloys[J]. Acta Phy-
cico-Chimica Sinica, 2009, 25(12): 2581—2589.

WANG Ju-lin, WU Yu-qing, ZHANG Sheng. A New Coat-
ing System Modified with Nano-sized Particles for Arc-
haeological Bronze Protection[J]. Studies in Conservation,
2014, 59(4): 268—275.

EFN, EF, BRI, SRR E A KR
il RAE[T]. AEAIAL T, 2011, 28(2): 108—110.
WANG Jing-gang, WANG Fang, LUO He-yi, et al. Prepa-
ration and Characterization of Composite Super-hydro-
phobic Film on Copper Surface[J]. Fine Chemicals, 2011,
28(2): 108—110.

XL, RO, R, 45 BsK S AR &
KRAED). JEh 5 BEH, 2010, 31(2): 107—110.

LIU Hong-qin, XU Wen-guo, WANG Yan-bin, et al. Fa-
brication and Characterization of Stable Super Hydro-
phobic Curpic Oxide Films[J]. Corrosion & Protection,
2010, 31(2): 107—110.

AT, AR, YUk, AF . AR TR AR R F AR AR
] o5 B Tl 6 o M BE (9] WP S ¥R M, 2011, 30(10):
45—49.

YU Xiang-ren, LI Shu-ying, FAN Hong-qiang, et al. Prep-

[14]

[15]

[16]

[17]

[18]

aration and Corrosion Resistance of Self-assembled Stearic
Acid Monolayer on Copper Surface[J]. Electroplationg &
Finishing, 2011, 30(10): 45—49.

SREE, FELuh, BUNE, SF SO IR IR G 4y
o). SR SRR, 2005, 17(4): 262—264.
ZHANG Ying, CAI Lan-kun, GU Xiao-lan, et al. aracteri-
zation of Corrosion Products on Bronze Artifacts[J]. Cor-
rosion Science and Protection Technology, 2005, 17(4):
262—264.

BARTHLOTT W, NEINHUIS C. Purity of the Sacred Lo-
tus, or Escape from Contamination in Biological Surfaces
[J]. Planta, 1997, 202(1): 1—S.

GAO L, MCCARTHY T J. A Perfectly Hydrophobic Sur-
face (0,/6g= 180/180)[J]. Journal of the American Chemi-
cal Society, 2006, 128(28): 9052—9053.

CASSIE A B D, BAXTER S. Wettability of Porous Sur-
faces[J]. Transactions of the Faraday Society, 1944, 40:
546—551.

FiEA, FHUE, HHEK, 55 430 AEERERT GPTMS/
PFDS 4% BUZ R ] 85 S e e RE[D]. J& 1k S5 1747,
2014, 35(1): 60—63.

WANG Hai-ren, LI Min-ya, QU Jun-e, et al. Preparation
and Corrosion Inhibition of GPTMS/PFDS Self-assembled
Bilayer on 430 Stainless Steel[J]. Corrosion & Protection,
2014, 35(1): 60—63.

ISR, T, AHIE, 55 AYLEMREIRIZ/AY12 G
G AR K P AL SE I AT A (0], S B4, 2014,
35(7): 627—631.

XIE Peng-fei, YUAN Xin, MU Xian-lian, et al. Electro-
chemical Corrosion Behaviors of Silicone-epoxy Hybrid
Coatings/LY 12 Al-alloy in Seawater[J]. Corrosion & Pro-
tection, 2014, 35(7): 627—631.



