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Nano-silica modified stainless steel mesh for oil-water separation
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China )

Abstract: Silica sol, prepared by sol-gel method using ethyl orthosilicate as raw material, reacted with
stainless steel mesh (SSM) pre-deposited with polydopamine (PDA) through stepwise deposition and in-situ
growth to obtain superhydrophilic-underwater superoleophobic stainless steel mesh (SSM-PDA-SiO,),
which was further characterized by FTIR, XRD, TG, SEM, and contact angle tester. The effect of reaction
time on the hydrophilic-oleophobic properties of SSM-PDA-SiO, was investigated. The oil-water separation
performance was evaluated by self-gravity driving, while its cyclic separation and mechanical stability were
further explored. The results showed that PDA acted as a "bridge" to deposit nano-SiO, onto the surface of
SSM. SSM-PDA-Si0,-8 prepared with reaction time of 8 h exhibited the best hydrophilic and lipophobic
properties, with water droplets spreading completely on its surface within 60 ms, the underwater oil contact
angle to dichloromethane and other 5 organic solvents between 156.4°~160.9°, and the rolling angle to
dichloromethane 4.0°, demonstrating its super-hydrophilic-underwater super-oleophobic properties. The
modified stainless-steel mesh achieved an initial separation flux of 40165 L/(m”*-h) with a separation
efficiency of 99.3%, and still maintained a flux of 17728 L/(m*h) and a separation efficiency of >98% even
after 50 separation cycles, indicating its good recyclability. Moreover, the modified stainless steel mesh
with 35 cycles of sandpaper abrasion retained a separation efficiency of over 98%, showing its good
mechanical stability. Hydrophilic groups such as hydroxyl and amino groups of PDA improved the
superhydrophilic and underwater superlipophobic properties of SSM-PDA-Si0O,, while nano-SiO, increased
its surface roughness.
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performance of SSM-PDA-SiO,-8 for organic
solvents
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Table 1 Comparison of oil-water separation performance
among SSM-PDA-Si0,-8 and other SSM materials
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wksmn SO s k3 F
PDA-HNTs/SSM 30284 99.0 50 3.5 [31]
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SSM-PDA-Si0,-8 40165 99.3 50 1.3 EN'S

TE: HNTs AHERAUKE; CTS A BM; TA HATR; 4
BRI NS — O BRI BRI UG 1 AR 2 22

M 1 AJLLFEH, SSM-PDA-SI0,-8 /KiE =4k
T, [ e 2 e LA BB R SR K LA ) 51 A SSM-
PDA-Si0,-8 EA R BER0%, THM4E 50 Ik
Ja . HABSCRERIN 1.3%, 5 HALAR G 89 M+
It., SSM-PDA-Si0,-8 HAH KMMLHE, XIHHT
PDA il SiO, 4K BURL 45 I AK T BOPE A5 4 9 A
FEAK-K R B AR, AT 5 YL A% e 1
AT AP E AN G 30 X B A R A G AP g o

3 #it

SRR A KA VTR ik, Ak Sio,
UURFE PDA WEMAGHM L, 33 T#8¥EK-K
TG M AWM ( SSM-PDA-SIO, ), PDA F#5E
GAFLEESEIK IR T T SSM-PDA-SIO, %5 /5 (Y S i
e, 9K SiO, T T SSM-PDA-Si0, 45 5 A LAE B
Wit FTIR, XRD. TG, SEM F1 EDS ilE# 744K
SiO, MR INTAR . 40K Si0, iR 8 h 1331 SSM-
PDA-SiO,-8 HAT#A /KK T Mgt E, HXFTH OB
AR IEPERE . IEC ke AP BERK T i A
1 156.4°~160.9°Z ], % — S W ke shf ly 4.00,
7K BEAE L3R 60 ms NSE . FEAE IE BHe/ K
HRMKIRA PR, SSM-PDA-SIi0,-8 18 UM ES 7K
R E A 40165 Li(m*h), SFBERCE RN 99.3%, 4 50 Ik
EFRAYES , MoKt ith 17728 L(m’ h), 53 BIA0R>98%
ZRPAREEYE 35 WG, I EAA>98%M) 43 B AL

A SCE S R A DT EEA N L1327 PDA
W2, PDAFER “BrdE” gk Sio, kit 4
JEFR, PP AR, TR A e AT LS

B /ZKIR A WD R B BT B R ER A
FITE BEAEVERE , 78 S BR Tol A 7 A 16 oo 35 i B K
47 1 B AT v ) S BRI AL

S E k-

[1]  MISHRA S, CHAUHAN G, VERMA S, et al. The emergence of
nanotechnology in mitigating petroleum oil spills[J]. Mar Pollut Bull,
2022, 178: 113609.

21 QI XY, GAO Z W, LI C X, et al. Underwater superoleophobic
copper mesh coated with block nano protrusion hierarchical structure
for efficient oil/water separation[J]. Journal of Industrial and
Engineering Chemistry, 2023, 119: 450-460.

[31 ZHANG M J, MA W J, WU S T, et al. Electrospun frogspawn
structured membrane for gravity-driven oil-water separation[J]. J
Colloid Interface Sci, 2019, 547: 136-144.

[4] OTITOJU T A, AHMAD A L, OOI B S. Superhydrophilic
(superwetting) surfaces: A review on fabrication and application[J].
Journal of Industrial and Engineering Chemistry, 2017, 47: 19-40.

[5] WANG M, HU D D, LI Y D, et al. Biobased mussel-inspired
underwater superoleophobic chitosan derived complex hydrogel
coated cotton fabric for oil/water separation[J]. Int J Biol Macromol,
2022, 209(Part A): 279-289.

[6] SHI Z, ZENG H, YUAN Y S, e al Constructing
superhydrophobicity by self-assembly of SiO,@polydopamine
core-shell nanospheres with robust oil-water separation efficiency and
anti-corrosion performance[J]. Advanced Functional Materials, 2023,
33(16): 2213042.

[71 ZHUZ G, LIZY, ZHONG L L, et al. Dual-biomimetic superwetting
silica nanofibrous membrane for oily water purification[J]. Journal of
Membrane Science, 2019, 572: 73-81.

[8] LIUSY, WANGJ T. Eco-friendly and facile fabrication of polyimide
mesh with underwater superoleophobicity for oil/water separation via
polydopamine/starch ~ hybrid  decoration[J].  Separation  and
Purification Technology, 2020, 250: 117228.

[91 CHEN W W (%), CHEN Y (B, XIA M S (H & ).
Preparationof superhydrophilic natural polyphenol modified membrane and
its oil-water separation performance[J]. Fine Chemicals (K411t T.),
2023, 40(4): 829-837.

[10] YANG Y Y, GUO Z P, HUANG W, et al. Fabrication of
multifunctional textiles with durable antibacterial property and
efficient oil-water separation via in situ growth of zeolitic
imidazolate framework-8 (ZIF-8) on cotton fabric[J]. Applied
Surface Science, 2020, 503: 144079.

[11] GUO H S, YANG J, XU T, et al. A robust cotton textile-based
material for high-flux oil-water separation[J]. ACS Appl Mater
Interfaces, 2019, 11(14): 13704-13713.

[12] LI B B, LIU X Y, ZHANG X Y, et al. Stainless steel mesh coated
with silica for oil-water separation[J]. European Polymer Journal,
2015, 73: 374-379.

[13] BAIG U, GONDAL M A, DASTAGEER M A, et al. Rapid
fabrication of textured membrane with super-wettability using simple
spray-coating of Pd-doped WO; nanoparticles for efficient oil-water
separation[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2021, 609: 1125643.

[14] SU Y (J%€). Preparation of ZnO superhydrophobic surface at room
temperature and oil-water separation performance[J]. Fine Chemicals
CRE4m1ET), 2021, 38(6): 1092-1097.

[15] GAO D G (#i%:h%), LI P Y (ZEM5), SU Y (J2F). Research
progress of oil water separation materials with special wettability[J].
Fine Chemicals (F§411L T°), 2021, 38(9): 1746-1755.

[16] SUTRISNA P D, KURNIA K A, SIAGIAN U W R, ef al. Membrane
fouling and fouling mitigation in oil-water separation: A review[J].
Journal of Environmental Chemical Engineering, 2022, 10(3): 107532.

[17] LIZK,LIUY,LIL, et al. Ultra-thin titanium carbide (MXene) sheet
membranes for high-efficient oil/water emulsions separation[J].
Journal of Membrane Science, 2019, 592: 10453.

[18] DING L, GAO J, CHUNG T S. Schiff base reaction assisted one-step
self-assembly method for efficient gravity-driven oil-water emulsion
separation[J]. Separation and Purification Technology, 2019, 213:
437-446.

[19] WANG J T, LIU S Y, GUO S W. Calcium ions enhanced
mussel-inspired underwater superoleophobic coating with superior
mechanical stability and hot water repellence for efficient oil/water
separation[J]. Applied Surface Science, 2020, 503: 144180.

(F4% 1957 ®)



