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ABSTRACT: The work aims to improve the hydrophobic and corrosion resistance of AH32 marine steel and give the excellent
composition of the coating with the best performance. Atmospheric plasma spraying was used to prepare three kinds of coatings
with different compositions on the surface of AH32 steel. The contact angles of the coatings were measured by microsyringe
with the method of hemisphere. The surface energy of the coatings were calculated using the Qwen-Wendt formula. The surface
morphologies of the coatings were observed by the scanning electron microscope. The surface roughnesses of the coatings were
measured by surface roughness meter. The corrosion resistances of different coatings were measured by the electrochemical
workstation. The corresponding mechanisms of hydrophobic and corrosion of different coatings were also discussed. The results
show that the hydrophobic properties of AH32 steel with coatings prepared by plasma spraying were improved significantly. In
contrast, the static contact angle of Co-based coating and Ni-based coating with water were more than 130° and both coatings
have excellent hydrophobic effect. Moreover, the seawater erosion resistances of AH32 steel with three coatings were improved
significantly. The corrosion weight loss of AH32 steel substrate is about 1.68x107> g/cm?, and the corrosion weight loss of the
Ni-based coating is the smallest, about 4.2x10 g/cm®. The polarization curve test results also show that the self-corrosion
potential of the three coatings is about 300 mV higher than the substrate, and the corrosion current density is more than one
order of magnitude lower than that of the substrate. In addition, the corrosion current density of the Co-based coating is higher
than that of the Ni-based coating. Hydroxyl groups produced by Co-based coating corrosion process lead to the decrease of the
static contact angle between Co-based coating and water and hydrophobic performance degradation of Co-based coating.
Therefore, the plasma spraying Ni-based coating has the excellent hydrophobic, the smallest corrosion rate and the excellent

erosion-corrosion resistance. Compared with that of the matrix, the corrosion weight loss of the plasma spraying Ni-based
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coating was reduced by 1.26x107* g/cm®.
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Tab.1 Chemical compositions of AH32 ship plate steel used in the present work

wt. %
C Mn Al Si S Nb A\ Fe
0.18 0.70~1.60 0.015 0.1~0.5 0.04 0.015~0.05 0.3~0.1 Bal.
K2 REFEIE }/:}/d+]/p (2)

Tab.2 Preparing process of coatings

Parameter Current Voltage  Spray Amount of
/A /V  distance/em powder/(L-min™")
TiO, 600 75 8 40
Co/Ni 550 60 10 30
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Tab.3 Physical parameters of standard liquid**"

Reagent 7H/(mN-m™y pP/(mN-m) p/(mN-m)
Distilled water 21.6 51.0 72.6
Ethylene glycol 29 19 48
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Fig.2 Schematic diagram of erosion-corrosion
equipment used in this experiment
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Fig.4 Surface roughness results of different coatings: a) measuring curves, b) average measuring results
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Fig.5 Scanning electron microscopy image of micro-structure of different coatings
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Tab.4 Measurement results of contact angle and
calculation results of surface energy of different coatings

Octhytenc giyeol/ 75"/ >/ J
Sample 0‘2?’(;/ thyl(o)gly ! (mKI.m—l) (mIJ\}I.m—l) (ml\?m—l)
Matrix 75 50 20.25 11.89  32.14
TiO, 65 43 15.68 1945  35.13
Co 134 107 16 094  16.94
Ni 144 120 9.36 0.96  10.32
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results of different coatings
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Tab.5 Fitting results of polarization curve of different
coatings and matrix in 3.5wt.%NaCl solution

Sample  Eeo/mV  Juon/(x1075 A-cm™2) corfg;?élnvfate
Matrix ~ —648.8 12.96 1
TiO,  —4322 4.147 0.31
Co  —-3413 2329 0.18
Ni  -3707 1.699 0.13
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Fig.11 Schematic diagram of the influence mechanism of the composition on the hydrophobic of the coating

3 #Hit

1) SFETBER Co k. Ni SERZEM B UGE T
AH32 HIRIBRPERE, HAPSFE T Wk Co EIRZH

FEffaakF] 1340, FEFHUIR Ni FEURZ A9 ff ik
F 1440,

2) B FBOR Ni JR 2 BBk B i e, JEih
ORI/, T epR] e e de A, S3ARAILE, HE



Fa0k Al

FRZLARAE : AH32 49 11 45 5 1 WUk ] 45 /K U J2= B HC Tt g e RE F

b

< 111 -

&

P BRI/ T 1.26x1072 g/em?,

3) ZAIRZE A A AR = T 300 mV

Zed, I ELG b e i 85 BE ORI T 1 DR L
Fo A, Co HEVRZ M JE I LA R L R T NI JEIRZ
MR AL, Co JEIRZIE Mt #rh R im 2~ 4k
BZWFRIILN], SECOL 5K SR A L, i
L PG K PERE TR

S 30k

(1]

(2]

[12]

XI Jin-ming, FENG Li, JIANG Lei. A general approach
for fabrication of superhydrophobic and superamphiphobic
surfaces[J]. Applied physics letters, 2008, 92(5): 053102.
LATTHE S S, GURAV A B, MARUTI C S, et al. Recent
progress in preparation of superhydrophobic surfaces: A
Review[J]. Journal of surface engineered material and
advanced technology, 2012, 2(2): 76-94.

ERBIL HY, DEMIREL AL, AVCI Y, et al. Transformation
of a simple plastic into a superhydrophobic surface[J].
Science, 2003, 299(5611): 1377-1380.

PENG Chao-yi, CHEN Zhu-yang, TIWARI M K. All-
organic superhydrophobic coatings with mechanochemical
robustness and liquid impalement resistance[J]. Nature
materials, 2018, 17(4): 355-360.

FRZE, BRIKES. BB /K 2 i ] 5 BR B L HID].
R THERRRE S TR, 2005, 21(2): 6-10.

WANG Qing-jun, CHEN Qing-min. Recent research adv-
ances in manufacturing super hydrophobic membrane and
applications[J]. Polymer materials science and engineering,
2005, 21(2): 6-10.

BT, e, SRS, . BEUK SRR IE ).
fh2#3E R, 2007, 19(6): 860-871.

ZHAO Ning, LU Xiao-ying, ZHANG Xiao-yan, et al.
Progress in superhydrophobic surfaces[J]. Progeress in
chemistry, 2005, 21(2): 6-10.

SARKAR D K, FARZANEH M, PAYNTER R W. Wetting
and superhydrophobic properties of PECVD grown hydr-
ocarbon and fluorinated-hydrocarbon coatings[J]. Applied
surface science, 2010, 256(11): 3698-3701.

FENG Xin-jian, JIANG Lei. Design and creation of
superwetting/antiwetting surfaces[J]. Advanced materials,
2006, 18(23): 3063-3078.

BLOSSEY, RALF. Self-cleaning surfaces-virtual realities
[J]. Nature materials, 2003, 2: 301-306.

DARMANIN T, GIVENCHY E T, AMIGONI S, et al.
Superhydrophobic surfaces by electrochemical processes
[J]. Advanced materials, 2013, 25(10): 1378-1394.
MOZAMMEL M, KHAJEH M, LLKHECHI N N. Effect
of surface roughness of 316 L stainless steel substrate on
the morphological and super-hydrophobic property of TiO,
thin films coatings[J]. Silicon, 2018, 10(6): 2603-2607.
SAIDI W, HFAYEDH N, MEGRICHE A, et al. Hydro-

[21]

[22]

[25]

philic/hydrophobic and optical properties of B,O; doped
TiO; sol-gel thin films: Effect of B,0O; content, film thick-
ness and surface roughness[J]. Materials chemistry and
physics, 2018, 215: 31-39.

HASHMZADEH M, RAEISSI K, ASHRAFIZADCH F,
et al. Effect of ammonium chloride on microstructure,
super-hydrophobicity and corrosion resistance of nickel
coatings[J]. Surface and coatings technology, 2015, 283:
318-328.

CELIA E, DARMANIN T, GIVENCHY E T, et al. Recent
advances in designing superhydrophobic surfaces[J].
Journal of colloid and interface science, 2013, 402: 1-18.
LEE H J, MICHIELSEN S. Preparation of a superhydro-
phobic rough surface[J]. Journal of polymer science part
B: Polymer physics, 2007, 45(3): 253-261.
YOSHIMITSU Z, NAKAJIMA A, WATANABE T, et al.
Effects of surface structure on the hydrophobicity and
sliding behavior of water droplets[J]. Langmuir, 2002,
18(15): 5818-5822.

SU B, TIANG Y, JIANG L. Bio-inspired interfaces with
super-wettability: From materials to chemistry[J]. Journal
of the American Chemical Society, 2016, 138(6): 1727-48.
MAEZTU J D, RIVERO P J, BERLANGA C, et al. Effect
of graphene oxide and fluorinated polymeric chains
incorporated in a multilayered sol-gel nanocoating for the
design of corrosion resistant and hydrophobic surfaces[J].
Applied surface science, 2017, 419: 138-149.

EDUOK U, SZPUNAR J. Bioinspired and hydrophobic
alkyl-silanized protective polymer coating for Mg alloy
[J]. Progress in natural science: Materials international,
2018, 28(3): 100-108.

YANG Z, LIU X, TIAN Y. Hybrid laser ablation and
chemical modification for fast fabrication of bio-inspired
super-hydrophobic surface with excellent self-cleaning,
stability and corrosion resistance[J]. Journal of bionic
engineering, 2019, 16(1): 13-26.

ZHAO Ning, XU Jian, XIE Qiong-dan, et al. Fabrication
of biomimetic superhydrophobic coating with a micro-nano-
binary structure[J]. Macromolecular rapid communications,
2005, 26(13): 1075-1080.

BALDACCHINI T, CAREY J E, ZHOU M, et al.
Superhydrophobic surfaces prepared by microstructuring
of silicon using a femtosecond laser[J]. Langmuir, 2006,
22(11): 4917-4919.

JAFARI R, MENINI R, FARZANEH M. Superhydrophobic
and icephobic surfaces prepared by RF-sputtered polytet-
rafluoroethylene coatings[J]. Applied surface science, 2010,
257(5): 1540-1543.

LATTHE S S, IMAI H, GANESAN V, et al. Porous
superhydrophobic silica films by sol-gel process[J].
Microporous and mesoporous materials, 2010, 130(1-3):
115-121.

LA, AFERTE, MG, 45 ABHREE-E A SIREXN
LSBT PERENTIE[T]. PUBTTREOAR, 2010, 2(2): 19-25.



<112 -

EN TR NN

2020 4 4 A

[26]

(28]

(30]

XIAO Yi-de, FU Zhi-yong, ZHU Peng, et al. Study on
corrosion resistance of spray Zn85Al alloy coating for steel
construction[J]. Thermal spray technology, 2010, 2(2): 19-25.
XKW, BT, REFT, AF FET RO R AR
TRETHAEATTERERELT]. BHRHTAR, 2013, 27(6): 123-129.
LIU Yong-ming, SHI Jian-yu, LU Qin-qin, et al. Research
progress on calculation of solid surface tension based on
Young’s equation[J]. Materials review, 2013, 27(6): 123-
129.

X T PO BT SR ek S e AR R T AE VR 2 R T A
SPEREMTIE[D]. BUM: #ITT RS, 2014,

LIU Hai-long. Preparation and performance of polysiloxane
coating meterial modified by antibacterial groups[D].
Hangzhou: Zhejiang University, 2014.

EEEE, R, £ ARBR T 2T ALOs-
13%TiO, IRJ2ZM A AL 5 i BRI REDFF (1], Pl
T ARR, 2016, 52(10): 59-66.

LI Guo-lu, LI Nan-nan, WANG Hai-dou. Research on
surface free energy and erosion wear property of Al,Os-
13%TiO, coatings prepared by different spraying processes
[J]. Journal of mechanical engineering, 2016, 52(10):
59-66.

RAZAVI S M, Oh J, SETT S, et al. Superhydrophobic
surfaces made from naturally derived hydrophobic mater-
ials[J]. Sustainable chemistry & engineering, 2017, 5(12):
11362-11370.

SELIM M S, SHENASHEN M A, ELMARAKBI A, et al.
Synthesis of ultrahydrophobic and thermally stable
inorganic-organic nanocomposites for self-cleaning foul
release coatings[J]. Chemical engineering journal, 2017,
320: 653-666.

FRH, B, BBk, S RIS S R
BIRR[T]. MRk 40, 2010, 31(8): 1596-1599.
WANG lJing-ming, WANG Ke, ZHENG Yong-mei, et al.
Effects of chemical composition and nano-structures on
the wetting behaviour of lotus leaves[J]. Chemical journal

[32]

[35]

[36]

[39]

of Chinese universities, 2010, 31(8): 1596-1599.

WANG Peng, ZHANG Dun, QIU Ri. Liquid/solid contact
mode of super-hydrophobic film in aqueous solution and
its effect on corrosion resistance[J]. Corrosion science,
2012, 54: 77-84.

AN NS P2 i ga X =iof 0T e A R T R e 2
Bl2, 2005, 23(2): 4-8.

JIANG Lei. Super-Hydrophobic nanoscale interface mterials:
From natural to artificial[J]. Basic science, 2005, 23(2): 4-8.
AZIMIRAD R, SAFA S. Electrospun polystyrene fibres
on TiO, nanostructured film to enhance the hydrophobicity
and corrosion resistance of stainless steel substrates[J].
Indian academy of science, 2016, 86(3): 653-660.

LI X M, DAVID R, MERCEDES C C. What do we need
for a superhydrophobic surface? A review on the recent
progress in the preparation of superhydrophobic surfaces
[J]. Chemical society reviews, 2007, 36(8): 1350-1368.
AR, ZRLL, RhUG, A TRTRD- i B R A K R A
BEHI]. FPERREE, 2017, 62(12): 1307-1314.

LI Jing, LI Hong, DU Feng, et al. Fabricated composite
structure with hydrophobicity and anti-corrosion by sand-
blasting and electro-brush plating[J]. Science China, 2017,
62(12): 1307-1314.

WANG M, WANG W, HE B L, et al. Corrosion behavior
of hydrophobic titanium oxide film pre-treated in hydrogen
peroxide solution[J]. Materials and crrosion, 2011, 62(4):
320-325.

OKOSHI M, AWAIHARA Y, YAMASHITA T, et al
F,-laser-induced micro/nanostructuring and surface modi-
fication of iron thin film to realize hydrophobic and corr-
osion resistant[J]. Japanese journal of applied physics,
2014, 53(11): 112701.

SYED J A, TANG S, MENG X. Super-hydrophobic mul-
tilayer coatings with layer number tuned swapping in
surface wettability and redox catalytic anti-corrosion app-
lication[J]. Scientific reports, 2017, 7(1): 4403.

( #5103 0)

[26]

(28]

[29]

CHEN H, ZHOU X M, DING C X. Investigation of the
thermomechanical properties of a plasma-sprayed nanostruc-
tured zirconia coating[J]. Journal of the European Ceramic
Society, 2003, 23(9): 1449-1455.

RAUF A, YU Q, JIN L, et al. Microstructure and thermal
properties of nanostructured lanthana-doped yttria-stabilized
zirconia thermal barrier coatings by air plasma spraying[J].
Scripta materialia, 2012, 66: 109-112.

CARPIO P, SALVADOR M D, BENAVENTE R, et al.
Impact of feedstock nature on thermal conductivity of
YSZ thermal barrier coatings obtained by plasma spray-
ing[J]. Journal of ceramic science and technology, 2016,
7(3): 307-312.

TAILOR S, SINGH M, DOUB A V. Synthesis and charac-

[30]

[31]

terization of yttria-stabilized zirconia (YSZ) nano-clusters
for thermal barrier coatings (TBCs) applications[J].
Journal of cluster science, 2016, 27(4): 1-11.

JAMALI H, MOZAFARINIA R, SHOJA-RAZAVI R, et
al. Comparison of hot corrosion behaviors of plasma-
sprayed nanostructured and conventional YSZ thermal
barrier coatings exposure to molten vanadium pentoxide
and sodium sulfate[J]. Journal of the European Ceramic
Society, 2014, 34(2): 485-492.

JATRE, XU, ARE, G SRR TR IGORE T
H 8YSZ BRI MR L R[], MR, 2019,
48(1): 37-42.

ZHOU F F, LIU M, DENG C M, et al. Nanostructured T’
phase 8YSZ spherical feedstocks for plasma spraying and
application prospects[J]. Surface technology, 2019, 48(1):
37-42.



