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Fig. 1 Surface morphologies of non-woven meshes with different ASP cycles: (a) nascent, (b) AA-grafted, (c¢) 2 cycles, (d) 6 cycles,

(e) 10 cycles and (f) 15 cycles
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Fig. 2 (a) Relationship between ASP cycles and the
mineralization degree of CaCO; on non-woven mesh ( AA
grafting degree 30% ) ; (b) ATR/FTIR spectra of nascent
(1), PAA-grafted (2), and 2 ASP cycles (3), 6 ASP
cycles (4) ,10 ASP cycles (5) and 15 ASP cycles (6)
mineralized non-woven meshes; (¢) Mechanical properties

of non-woven meshes with different ASP cycles
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Fig. 3 Underwater oil wettability of the mineral-coated meshes: (a) The contact angle and sliding angle of 1,2-dichloroethane ( DCE)

droplets on the meshes with different mineral-coating cycles ( Inset photographs show that the oil-adhesion declines after mineral-coating) ;

(b) The wetting behavior of DCE droplets on the meshes immersed in DCE for a certain time; (¢) The underwater superoleophobic properties

of the mineral-coated membranes for a series of oils; (d) Oil breakthrough pressures of the non-woven meshes in different oils

Fig. 4 Separation of oil and water mixture for (a) as-prepared and (b) nascent non-woven meshes; Surface appearance of (c¢)

mineralized and (d) nascent membranes before, after separation and after cleaning
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Table 1 Comparison between theoretical critical oil breakthrough pressures and measured pressures
oil Surface tension Contact Interfacial Theoretical Measured
1
(mN/m) angle (°) tension (mN/m) pressure ( kPa) pressure ( kPa)
Dichlorotheane 31.86 154.2 £3.3 27.94 +0.30 6.53 ~15.7 11.4+1.3
Hexadecane 27.05 152.1 2.2 51.43 £0.72 11.8 ~28.4 17.4 £3.1
Petroleum ether 15.4 ~17.8 155.1 +4.0 50.44 +1.63 11.8 ~28.5 19.5+1.9
Gasoline — 156.3 £4.8 29.95 £0.22 7.2 ~17.1 11.2+£2.6
Diesel — 154.2 £4.9 30.32 +2.08 7.1~17.1 12.5+2.2

Pore size distribution of mineralized non-woven mesh: 3200 ~7700 nm, average pore size 6300 nm ( from AutoPore IV 9510, see Fig. 5)

2 x10° Pa) AR X EEG G Tk
J5 TG 405 A5 £ 4 52 B JIT IV B A /AL B AR X 6
A HLAR TR B2 | TR R AL it 45 5 (1 S) B, 0 LS
T A i) F- L2 12 pm FREEZ 6 pm, fLE
FH 82% T IR 65% £ 4.

— Blank
= = Mineralized

Differential instruction (mL/g/nm)
N

0 | 1
104 10°
Pore size diameter (nm)

Fig. 5 Pore size distribution of nascent and mineralized

non-woven meshes
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FE 6.3 wm Ze Ay, (B iy FI0 5 A o ith 37 3k 18 18 1Y
AR B I ARG LA RN —) , SEBR AR
T BB R AL BRI AE S pm Ze Ay, 3 R AL/ Y AL
B RUSE A R T 4R e i S o T . [R] A E R
T EL AT RS RE 9 B K 2 A D T il T 4 A A AR

P

Rt — R R T AR I R T
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Yo i BA OGS PERE , FoA T — 28 X i AR R A ik
IKFLB B BOR AT 1T I RAE.

MNIE 6 AT DL B 2, 28 5 0 A I TR 0
Je AL K LR B RN B th L A
AT, 23 BOLBUN & R ARSI B R 1
Sl A 9 K PR 2088 A 20 150 Il 7 0k
FEAE 6 pm Zidy BAR AT AE 4 ~ T um XK
T 98 e 3l 7K LR PP R S 2R AR 1) R R A%
gy, WA IR0 A5 TR RS 18 2L 98 1k 3 A B - 1)
BR[0T ik 7K LAY 48 PR M E 52
T R 5 W AR R, XPRLARAE 2w LU (9 300
JUF- AT . AE H R AR T (s e ) B Az
(03 7K FLIBORL AR — /N T 1 T Tk A2 7 A
Changim (B GE) B 8 35 3 B 7 LR AS il i L A2 —
JBeAE S m BB, PRI 0 TG 205 A B AR B AT T T —
A6 R TN ) 5 i I K L TR AR BT A, X T T
TK B Ak BRI 5 i — 05T S kgt

3 #ig

AT 2o X 2R TR A S G 77 A SR S S G R A
PR ) ASP AR 9 77 3 , 7R TAE R il & 1
TN TC 97 A/ ik IR A5 52 A . AE [T -7K -0l = A AR
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Fig. 6 Figure of oil-water emulsion before and after separation (a), separation device

(b) and size distribution of oil droplet (c¢)
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Bio-inspired Fabrication of Superhydrophilic and Underwater Superoleophobic
Mineralized Polypropylene Nonwoven Meshes for Oil/Water Separation

Ke Liao, Xiang-yu Ye, Zhi-kang Xu"
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization , Department of Polymer Science and Engineering ,

Zhejiang University , Hangzhou 310027 )

Abstract A novel kind of composite membranes for oil/water separation were prepared via the combination of
polypropylene non-woven meshes and superhydrophilic CaCO,-based mineral layer inspired by
biomineralization. Poly (‘acrylic acid) brushes, which are negatively charged and can induce nucleation of
CaCO, , were first tethered on the fiber surface of polypropylene non-woven meshes by UV-induced graft
polymerization. The mineral layer was then fabricated on the mesh surface by an alternative soaking process.
Results from measurements of static and dynamic oil contact angles reveal that the rigid mineral layer traps
abundant water and forms a stable oil-repellent interface, which endows the membranes with underwater
superoleophobicity (CA > 150°) and low oil-adhesion ( SA < 5°) for various kinds of oils. Moreover, the
mineral-coated meshes exhibit low transmembrane pressure for water ( gravity-driven filtration) and relatively
high critical oil breakthrough pressure ( > 10 kPa) due to the unique multiple interconnected pores and overall
high porosity of the non-woven structure. Model oil-in-water emulsion filtration experiments further show that
the mineralized meshes have high rejection rate towards oil droplets whose particle sizes are larger than 2 pm,
thus making these composite non-woven meshes promising in the treatment of some industrial oil/water
mixtures.
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