% F F R oo

ACTA CHIMICA SINICA DOI: 10.6023/A13010137

HBHKHE FesO/R % BRRE S RTRL R Him/K oD B

i b — ab b boah = 2 k,a,b
RfEmR Y E®wmY  EHFC KT FEAT
LR RERPRISE 6 SR TS5 % 7L 430062)
BRI I OFT R X T 9% 24 M 730000)

WE 5T 2 CEAE FesO4 4PKMURR I F KA TE R 2 RIS 45 ) Fe;04/2K £ UL (Fe;0./PD) 545 4K RIURL,
FAPR AT BME . B R TR, X LA SO BEI S50 La BEAT 0. BT &% 0 R 4
VH,VH2H 2 H-42 R 553 = GRG0 5 R B BB K PE. AR, HBH/K TR Fe;04/PD YK ik (0 2 7E /K i 3
T RETE R PE TR, 1 ER(4 pL)ZE /R PE B AR I el A ik 1640 TR BN 8°. IXSBRATE TR BAT R UMM UM
Fese MERNSE, [IINTRIEZE T AR SR S kAT 1k i sAHIg s, g5, BETE Rk AE AT N T4 VR
TARRE B P IR, /K TE Fe;Oy/PD 4K JHUR#4) Jl 2 THT 1A B fu ff L 1500, T M2 o, KMk, fEREIAAFIE
T, X EERTORL A T RS 7K TR R TR 1T SE I K A . A, B FesOn/PD 4K ISR LR EFF5 B /K 1 FLAg
THICFH.

KR Fey,O4/FR 2 BUEAUK AR, MBK; BNk, WER; /K2

Superhydrophobic and Magnetic Fe,0,/Polydopamine Composite
Nanoparticle and Its Oil/Water Separation

Liang, Weixin®’ Wang, Guiyuan“” Wang, Ben”’
Zhang, Yabin*’ Guo, Zhiguang***
(“ Ministry-of-Education Key Laboratory for the Green Preparation and Application of Functional Materials,
Hubei University, Wuhan 430062)
(®* State Key Laboratory of Solid Lubrication, Lanzhou Insitute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000)

Abstract We report a simple approach to creating bifunctional Fe;O4/polydopamine (Fe;O,/PD) composite nanoparticles
(NPs) with both superparamagnetic and superhydrophobic properties. The Fe;04/PD NPs were prepared by virtue of dopa-
mine self-polymerization under mild conditions. Their morphology, structure and composition of nanocomposites were ana-
lyzed by scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), respec-
tively. The Fe;04/PD NPs have uniform sizes in a narrow range of 100~300 nm. Magnetic measurement reveals the
Fe;04/PD NPs are superparamagnetic with saturation magnetization of 73.40 emu/g. The as-prepared particles showed su-
perhydrophobicity after being modified by 1H,1H,2H,2H-perfluorodecyltrichlorosilane. The Fe;0, particles were also modi-
fied by fluoroalkylsilane, and surface composed of the particles present a water contact angle (CA) of 117°. This result indi-
cated that plenty of phenolic hydroxyl groups in polydopamine may promote the modification of fluorosilane for the surface
of Fe;0,. In this study, the magnetic liquid marble was obtained by coating some superhydrophobic Fe;04/PD NPs on a wa-
ter droplet. The CA of a liquid marble (4 pL) on the hydrophilic slide glass is 164°, and the sliding angle is 8°. Meanwhile,
the mechanical strength and robustness of the liquid marbles were demonstrated. The liquid marbles are facilely controlled to
move on various surfaces, such as flat surfaces, on curved surfaces, in oil phase under an external magnetic field control.
These results indicate that the magnetic liquid marbles are effective application for manipulation of liquid transport in micro-
fluidic devices. The Fe;O4/PD NPs composed surface has a water CA more than 150°, while the CA of oil is nearly 0°.
Therefore, these particles can be used to oil/water separation and the separated oil can be easily transported in the water with
an external magnetic field. Impotrantly, the particles could be simply retrieved on the basis of their superparamagnetic prop-
erties. Moreover, the reclaimed Fe;0,/PD NPs after washed and dried can still be superhydrophobicity and can be reused.
Keywords Fe;0,/polydopamine composite nanoparticles; superhydrophobic; magnetic; liquid marble; oil/water separation
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Figure 1  Schematic illustration of the synthesis procedure of

superhydrophobic Fe;O4/PD particle
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Figure 3 SEM image (a) and TEM image (b) of Fe;0, particles; SEM
image (c) and TEM image (d) of Fe;04/PD particles; Image of a water
droplet sitting on the Fe;O, particles composed surface (e) and Fe;O,/PD
particles composed surface (f)
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Figure 4 Hysteresis loops of magnetic Fe;O4 particles (a) and Fe;04/PD
particles (b)
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Figure 5 (a) Liquid marble (9.5 pL) deposited on the slide glass (the
inset is contact angle of 164.7°); (b) Scheme of the liquid marble
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Figure 6 (a) The rolling process of liquid marble (4 uL) on the slide glass, tilted by an angle of 8°; magnetic actuation of a liquid marble moving hori-
zontally from left to right in air (b) and in hexane dyed red by sudan IV (c); (d) movement of a liquid marble after falling from a height of 50 mm, scale

bar: 2 mm
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Figure 8 (a) Image of a water droplet sitting on the superhydrophobic Fe;04/PD powder; (b) image of an oil droplet wetting the superhydrophobic

Fe;04/PD powder; (c)~(e) oil/water separation
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