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Evaporation Mechanism of Water Droplets on Polymer Surfaces
by Plasma Nanotexturing
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Abstract: The influence of surface textures on the droplet evaporation behaviors is important in the applications of the
superhydrophobic surfaces. The plasma nanotexturing methods including the oxygen plasma treatment ( OPT) and the following
octafluorocyclobutane ( C,Fy) plasma polymerization deposition (FPD) were utilized to fabricate the superhydrophobic surfaces on the
polypropylene substrates. The surface nanotexture transition from the nanowires into the nanocones was achieved by the plasma
polymerization of octafluorocyclobutane monomer with the duration time. The evaporation behaviors and mechanisms of water droplets at
the temperature of 30 °C and 60 “C were studied on the superhydrophobic polypropylene surface with the different nanotextures. The
total evaporation time of water droplets decreased on the superhydrophobic surfaces fabricated by the plasma polymerization with the
increase of duration time. During the initial evaporation process, the surfaces with the different nanotextures showed the droplet
evaporation in constant contact angle ( CCA) model due to the prominent heat transfer of the interfaces between the vapor and the
droplets in the superhydrophobicity with Cassie state. The evaporation of water droplets which transited into Marmur and Wenzel state
became the mixed model due to the enhanced heat transfer between the interfaces of the nanotexturs and the droplets with the increase
of evaporation time. In addition, the increased width and aggregation of nanocone in FPD for the increased duration time led to the
reduced proportion of vapor between the droplets and the nanotextured surfaces and the enhanced heat transfer between the interfaces of
the nanotexturs and the droplets, which caused the increase of the area-average evaporation flux over the droplet surfaces. The
transformation from CCA evaporation model to mixed evaporation mode of water droplets became easy on the superhydrophobic surfaces
with nanocones.
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Fig. 1 Schematic diagram of the radio frequency capacitively

coupled plasma (CCRP) device

1.2 RIeorh

K ZEISS SUPRA-55 VP #37 & B 14 1
i ISR R IR K E R A R T OB 3 . SR
5% Data physics 23 FHY OCA20 4 fih £ 0 &4 %
RNIAE & R T AT VR WO 2R R
OCA20 HUFE fi £/ DU 2t {5047 i) 9 1 U e 8 1 58 1



5 5 1

2R, A5 L S B TR OR SUR AL 3R 5 AR T BRI 28 A BIL 3

T AEAR AR 3 S FAE] 30 CF 60 C, H5R
PN il T 28 A HARGR I s SR JEHF 4 pL R T
PRI L R PR A o R, M P4 S o 00
RG22 A 28 G010 SR T 1 28 A B AZ 1k, FHT
Image J 0 122 1 44 K SR ROSE RIRERG ]t 94
KRG RTS8 i i AR 1 2 9K 4
NF B EIEDA

2 R51E

2.1 BRABREMAABIEBEKE
K24 H T4 10 min ) OPT Ab ¥ F1 A [6] B

[ () FPD &b B J5 28 V9 M 3% 11 A9 T8O0 T8 55, Bl
FPD Ab 3] ] i 344, 5 T3 M 2% 1R 500 2 30 1 A
TCIT AR £ B T8 15 40 K HE (3 AR L 4 FPD
AEEE 1 min J5, BN R 1R JC T 94 K 2 O Y
B FPD AL BRI RIE N3] 5 min B, JC 7 90K 448
LI H 038 4 P4 3 ; FPD &b BB E] 4 10 min
B, 2T 3 A BT SkoDR N K 2R S o N K R AR
AR HE  FPD Ab BT B 4K 22 35 M 2 15 min B,
TC 9 K HE 58 T8 A ; FPD AL BE A 8] 35 5] 20 min
B, AH 408 409 K T30 3 B, TG 7 40 K A R IX
1% .

B2 2810 min B9 OPT ALFEAIAN I RV FPD Ak PS5 8 4 2 1 4 OO E 35
Fig. 2 Surface morphology on polypropylene surfaces modified by oxygen plasma treatment (OPT) for 10 min and C,F, plasma

polymerization deposition (FPD) for (a) 1 min, (b) 5 min, (¢) 10 min, (d) 15 min, and (e) 20 min
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Table 1 Nanotexture dimension parameters on polypropylene
surfaces modified by OPT for 10 min and FPD for 1 min,

5 min, 10 min, 15 min and 20 min

Lopr ~tppp/Min Hight/pm Diameter/ pm Spacing/ m
10-1 0. 88+0. 36 0.12+0. 08 0. 63x0. 36
10-5 0.97+0. 40 0.23+0. 11 0.55+0. 30
10-10 0.90+0. 38 0.24+0. 18 0.50+0. 21
10-15 0.87+0.33 0.25+0. 13 0.42+0.26
10-20 1.20+0. 50 0.29+0. 17 0.30=0. 21
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Table 2 Static contact Angle and dynamic contact angle on polypropylene surfaces modified by OPT

for 10 min and FPD for 1 min, 5 min, 10 min, 15 min, and 20 min

topr ~tppp/Min  Static contact angle/(°) Advanced angle/(°) Receding contact angle/(°)

Contact angle hysteresis/(°)  Rolling angle/(°)

10-1 153.2+0.6 154.5+0. 4
10-5 154.0+0. 5 154.2+0.5
10-10 153.5+0.6 153.6+0. 4
10-15 152. 6+0. 5 153.4+0.3
10-20 155.0+0.6 157.3+1.2

152.6+0.5 1.9£0.5 1.98+0.2
152.9+0.7 1.5+0.4 1.48+0. 1
152.0+0.5 1.6+0.7 1. 60+0. 5
154.5+0.6 1.5£0.5 1.48+0. 4
155.8+0.7 1.5£0.5 5.56+0.2
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