49 % E sy Fm AR
2020 4 8 A SURFACE TECHNOLOGY - 249 -

Kk Z e HlAE 7 R B E KR E R &%
RHEBIRB SR

THE', BE' KEx=2°, FE' LR, #=Hil

M SIEHBEMKEEBRAT, S1f & 330600; 2508 K%, MR 210098)

W E. B8 RALARADOME, BERE, 7 B3 0RBAEFEFAENE FEE TG L
KE R shid R R @36 AR BEAT RAE, SMTIE R ) 22 B & KA Q235 AKARAR i ALK E AL

M

Winkm, i AR BAARIAREERE, R L EERGBIE, KA B &Y Zonyl® TM
AR A BARBOR], BT IR R AR B & BUE Si0, MIR-8 RIS RARIR . i wik ik R Q235 1A AR
h bR &R KA, @i R RIS SR FR BN G, AR, R Q235 KR A BEKRELE
KiEHEARAKE] T 151.8°, A BAMAKE 5.1 mN/m, KiEADA S 7.8°, £AILEBIFOMRGEAN, EiEHR
XIbP, RABRGAKAEGRE FBOGEEER M, TkBERGKEEGRAE A BORILBRALL, BB
MFARR BTG, MK ALY S ENR BN 45 g/m> BAKE 5 g/m?, BAKT 88.9%, % ididvikik
BT R AR — RRBRARNE T RHARRE, AREBRLETR@O R, TRERET RA@OLE,
B kA AAEOILYE . R mREILE T RAFA AR R,

X8R BEKAE; k@ wih; MG 5

hESES: TG1744  STEIRIEEE: A XEHS: 1001-3660(2020)08-0249-08

DOI: 10.16490/j.cnki.issn.1001-3660.2020.08.029

Preparation of Superhydrophobic Coating on the Flowing Surface of
Pumped-storage Units and Its Anti-scaling and Anti-corrosion Performance

YU Hui*, NIE Sai', ZHANG Yu-quan?, QIN Cheng', ZHENG Yuan?, HAN Zhao'

(1.Jiangxi Hongping Pumped Storage Company Limited, Yichun 330600, China; 2.Hohai University, Nanjing 210098, China)

ABSTRACT: The work aims to improve the anti-scaling and anti-corrosion performance on the flowing surface. The scale
composition on the flowing surface of pumped-storage power station in Jiangxi Province was characterized by the inductively

coupled plasma optical mission spectrometry and the ion chromatography. The main factors for formation of scale were also
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analyzed. The flowing surface of pumped-storage units was simulated by Q235 low-carbon steel substrate. Subsequently, the
scale and corrosion resistance was improved by preparing superhydrophobic coating on flowing surface. The modified SiO,
microsphere-fluoropolymer mixed coating liquid was prepared by emulsion polymerization method with commercial Zonyl®
TM as the hydrophobic modifier. The superhydrophobic surface was obtained via spraying process on the surface of Q235
low-carbon steel substrate. The anti-scaling and anti-corrosion performance of the superhydrophobic coating was investigated by
the coupon test. The water droplet contact angle on the superhydrophobic surface of low-carbon steel substrate reached 151.8°,
the surface energy decreased to 5.1 mN/m, and the water droplet sliding angle was 7.8°, indicating a good superhydrophobicity.
In the coupon test, the surface without the superhydrophobic coating was severely corroded, while the surface with the
superhydrophobic coating showed no obvious corrosion. Additionally, the superhydrophobic coating effectively reduced the
total weight gain of scale on the substrate by 88.9% from 45 g/m” to 5 g/m” The superhydrophobic coating can be successfully
fabricated on the simulated flowing surface by spraying process, which effectively avoids the surface corrosion and reduces the

degree of scaling on the surface. This method has shown good application prospects in the fields of anti-scaling and
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anti-corrosion for the flowing surface.

KEY WORDS: superhydrophobic coating; flowing surface; spraying; anti-scaling; anti-corrosion
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Tab.1 Information of applied chemical reagents

Name Grade Company
Methylmethacrylate (MMA) =99% Aldrich
Zonyl® TM (Zonyl) =98% Aldrich
2,2'-azobisisobutyronitrile (AIBN)  =99% Aladdin
Methacryloyl-propyl trimethoxysilane =959, Aladdin
(KH-570)
Methanol =99% Meryer
Toluene =99% Aladdin
Tetrahydrofuran (THF) =99% Meryer
Hydrochloric acid 12 mol/L  Sinopharm
Ethylene glycol =99% Aladdin
Diiodomethane =98% Aladdin
SiO, microspheres dsp=5 um  Aladdin
CaCl, =96%  Sinopharm
MgCl, =99%  Sinopharm
NaHCO; =99.8% Sinopharm
Deionized water <5 uS/cm Home made
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Fig.1 Schematic diagram of surface modification of SiO, microspheres and spraying process
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Fig.2 Analysis of scale properties: a) appearance of scale
mixture; b) TG curves
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Tab.2 Analysis of scale composition

Element Content/% Element Content/%

SF-D SV-D SF-D SV-D

C 4.1944  5.7290 Ca 0.7465 0.7779
Na 0.0773  0.5795 Ti 0.0468 0.0806
Mg 0.5554  0.6595 Cr 0.0140  0.0066
Al 0.6058 0.7167 Mn 0.6391 0.2984
Si 2.5508 2.6927 Fe 51.3536 53.6178
0.0257  0.0228 Ni 0.0422 0.0257

S 0.1080 0.1363 Cu 0.0628 0.0433
Cl 0.0985  0.0398 Zn 0.0269 0.0160
K 0.1817 0.1781 Zr 0.5977 0.0400
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Tab.3 Analysis of filtrate composition

Elements Ca Mg Si SO NO; CI' F
SF-F/(mg-L™") 5201 13152208 1418 2.103 8321 9.864
SV-F/(mg-L™") 3585 7.112 2.699 2.485 21.103 7.512 10.228
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Fig.3 Surface morphology, roughness and water droplet
contact angle of Q235 low-carbon steel
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Fig.4 Effect of grinding treatment on the surface morphology, roughness and water droplet contact angle of metal substrate
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Fig.5 Changes in water droplet contact angle and roughness
of Q235 low-carbon steel before and after spraying process
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Fig.6 Morphology of Q235 low-carbon steel after spraying
process
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Fig.8 Morphology and roughness of Q235 low-carbon steel and 304 stainless steel after acid corrosion
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Fig.9 Anti-scaling and anti-corrosion performance of Q235 low-carbon steel and 304 stainless steel before and after modified

with super-hydrophobic coating
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