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Superhydrophobic and Highly Oleophobic Nylon Surface

Hao, Wei Shao, Zhengzhong*

(State Key Laboratory of Molecular Engineering of Polymers, Advanced Materials Laboratory and Department of
Macromolecular Science, Fudan University, Shanghai 200433)

Abstract Superhydrophobic and superoleophobic surfaces are desirable for many practical applications. Creating a rough
structure on polymer surface then modified by materials with low surface free energy can broaden the potential applications
of polymers. In this research, we used three different methods to modify nylon 6 surface, then compared their effect on pre-
paring nylon 6 surface roughness. Activation of amides by chemical reduction with borane-THF complex resulted in secon-
dary amine groups, which could absorb silica spheres with different sizes driven by electrostatic attraction. On the other side,
alkylation with (3-glycidoxypropyl) triethoxysilane (GPTES) was utilized to introduce silica-like reactivity to the surface,
while plasma-treatment could import hydroxyl groups on nylon 6 surface. Then silica layer was generated and covalently
bonded to the nylon 6 in situ. After treated with 3-aminopropyl-triethoxysiloxane (APS), silica spheres could be introduced to
the sample more evenly than the first method, and then reacted with silicon tetrachloride to enhance mechanical robustness.
Plasma-treatment was more fast and clean in preparing the stable roughness, which made this modification a favorable
method. Different size silica spheres were used to construct roughness on nylon textile. After being modified with a per-
fluoroalkyl silane, the surface with all roughness had superhydrophobic property, while the wettability of low-energy liquid
on the surface was depending on the micro structure size. Silica spheres with size between 500 nm and 900 nm were propi-
tious to achieve stable Cassie state, which could cause high contact angles (about 140°) and low roll-off angles (about 20°)
for 3 pL hexadecane droplets. On the other hand, for the samples adsorbed silica spheres with size between 20 nm and 200
nm, the contact angles and roll-off angles for 3 pL hexadecane were about 125° and 40°, respectively. Because of the air
trapped between the roughnesses, the obtained superhydrophobic and highly oleophobic nylon textile also show high resis-
tance to bacterial contamination. This may broaden the application of nylon.

Keywords nylon; surface modification; superhydrophobicity; highly oleophobicity; anti-bacterial adhesion
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Table 1 Molecular composition of Nylon, Nylon-NH, Nylon-Si(OH);
and Nylon-plasma surfaces calculated from XPS scan spectra

Sample Atomic concentration/% A:r:zirz;c
C N (0} Other* o/C
Nylon 7417 994 1521  0.69(Si) 0.21
Nylon-NH 78.09 1129 5.6l (it;((S];))/ 0.07
Nylon-Si(OH);  67.10 645  23.56  2.89(Si) 0.35
Nylon-plasma  66.41 1230 20.68  0.61(Si) 0.31

“ The detected Si on the surface of Nylon, Nylon-NH and Nylon-plasma may

be related to the environment of the experiment.
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Figure 1 SEM images of modified nylon 6 textiles covered by 900 nm
silica particles. (a) Nylon-NH, (b) Nylon-Si(OH);-TEOS and (c) Nylon-
plasma-TEOS
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Figure 2 SEM images of modified nylon 6 textiles. (a) Nylon-Rf; (b)
Nreos-Rf; (€) Nao-Rf; (d) Nago-Rf; (€) Nsso-Rf; (£) Nsoo-Rf; (g) Noo-Rf; (h)
Nogo-Rf; (i) Nagoo-Rf. Shown in the upper insets are the images of static
H,O droplets (3 pL) and bottom inset is CicHs4 droplets (3 pL) on the
respective samples modified by Rf-Si

2 AR R A A SRS A
Table 2 Water contact angles and roll-off angles on the different modi-
fied surfaces of nylon 6 textiles

Sample Static contact angle/(°) Roll-off angle/(°)
D 3uL 10 uL 3uL 10 uL
Nylon Permeated  Permeated Permeated  Permeated
Nylon-Rf 147+1 140+1 7+2 5+1
Nreos-Rf 15242 143+2 7+2 512
Nyo-Rf 151+1 145+1 4+1 2+1
Nago-Rf 150+1 143+1 4+1 1+1
Nsso-Rf 152+1 143+1 442 1+1
Nsoo-Rf 152+2 144+1 441 2+1
N7go-Rf 153+2 14612 441 2+1
Nogo-Rf N/A 144+1 1+1 1£1
Nagoo-Rf 152+2 1432 1+1 2+1

N/A: The droplets rolled off from the textile at 0°.
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Table 3 Hexadecane contact angles and roll-off angles on the different
modified surfaces of nylon 6 textiles

Sample Static contact angle/(°) Roll-off angle/(°)
ID 3L 10 uL 3uL 10 uL

Nylon Permeated  Permeated Permeated  Permeated
Nylon-Rf 123+4 125+2

Nreos-Rf 12542 120+1 “ 77+3
Nao-Rf 133£3 128+1 38+t3 19+2
Nago-Rf 132+2 125+2 45+3 2312
Niso-Rf 137+2 128+2 2713 15+1
Nsoo-Rf 143+2 130+1 21+4 13£3
N7go-Rf 14242 130+3 20+3 10£2
Nogo-Rf 140+2 129+1 19+2 7+2
Nagoo-Rf 138+2 129+3 49+2 17£3

“ The droplets did not roll off at 90°.
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Figure 3 Fluorescence microscope images of E. coli (after 2 h culturing on the surface) ultrasonicated off from (a) pure nylon, (b) Nylon-Rf, (c) N,y and
(d) N,o-Rf, respectively; S. aureus (after 24 h culturing on the surface) ultrasonicated off from (e) pure Nylon, (f) Nylon-Rf, (g) Ny and (h) Ny-Rf, respec-

tively
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