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Study on Water Repellency of PTFE Surface Treated by Plasma Etching

Hyo Min Kang™", Jachyung Kim™ , Sang Hyuk Lee' and Kiwoong Kim'"

Abstract Many plants and animals in nature have superhydrophobic surfaces. This superhydrophobic
surface has various properties such as self-cleaning, moisture collection, and anti-icing. In this study,
the superhydrophobic properties of PTFE surface were treated by plasma etching. There were four
important factors that changed the surface properties. Micro-sized protrusions were formed by plasma
etching. The most influential parameter was RF Power. The contact angle of the pristine PTFE surface
was about 113.8°. The maximum contact angle of the surface after plasma treatment with optimized
parameters was about 168.1°. In this case, the sliding angle was quite small about 1°. These properties
made it possible to remove droplets easily from the surface. To verify the self-cleaning effect of the
surface, graphite was used to contaminate the surface and remove it with water droplets. Graphite
particles were easily removed from the optimized surface compared to the pristine surface. As a result,
a surface having water repellency and self-cleaning effects could be produced with optimized plasma
etching parameters.
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Table 1. Main parameters of plasma treatment

. Variable level
Variable Low | Central | High
A RF power 125 150 175
B Exposure time 450 600 750
C Total gas flow 60 80 100
D 0O, gas flow 30 40 50
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Table 2. PTFE sheets with plasma treatment

St | gy | Epoure | TG

[W] [scem] [scem]
1 125 450 60 30
2 125 600 80 40
3 125 750 100 50
4 150 450 100 40
5 150 600 60 50
6 150 750 80 30
7 175 450 80 50
8 175 600 100 30
9 175 750 60 40
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Fig. 1. Schematic diagram of plasma etching system.
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Fig. 2. Schematic diagram for investigation of
surface water repellency.
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Fig. 3. A) Contact angle and sliding angle of treated
samples. B, C, D, E) Changes in contact angle
for RF power, exposure time, total gas flow and
0O, gas flow.

50
Total gas flow [scem]

oju|x|olA] RF e 4ke] S7toll webA] o & =

717} AdEThs 21 gRIg 4= Sl o] o, A
ARHE A 320l o= 245 | 93-S XA
u RF A= 3} vp7iA| 2 W5 gho] S71et of
AE7te] T7BhRs A& zm@ I ASJL) AT
= 7k e AS W ol s AHE
Zfo] HojA&= A& %‘ ] o|= ¥3}
gk Ag] Mge] o s ﬁ°1 ﬁXéEl‘iiE‘r.

o] w, w]11587}0] 1-4%1 AT} 598 Al A
Z 2folE BAIH 139 A3 9] 49- 49 Aol
Hléﬁ wro RF A H(1-3WH:125W, 4-611:150W, 7-9

H:175W) o2 A23leick o|= <13l Hd A4
B E717F A FAAEE AE 1T 5 ek o]
2] gk xpo| = Qlate] w|11gZto] & 2lolE Kol
Ao AZVET) 40 AES] 739 139 Al
T2 RF dEo2 AFsiglon, 7P we A
N 7H450s)S 75tk ololl weba 5, 6 AJH I}
o2 A w11 zke] AA A=Ak

ole} e Zlzu} of|H S Tk ks
A=l o] HE7E F mj11siztel] & Aol &
ol I'H Al o A “1E]ar A 2|sHH]
Al EE v wsPaA] 548 4
H]—moﬂ =2 /\]

%

)Jl
=]
o I 2

o[UD.I

1O
(Eou

51Tt A A g
1 #]9] Fig. 42 W
}o) °k113si 1.4°

|

[¢]

2

, A S

Contact angle

A 1138° & 14°
] 1468° + 2.3°
c 1/06% & 25°

Fig. 4. Contact angle for each sheet. A) Pristine

sheet, B) Sheet No.I, C) Sheet No. 9.



Zejzn} o3 Ae2j9l PTFE ®He] W o 127

Z} A E7F 2 v 1131 ZRS Table 301 A
Atk 1H A|HE =8 n|11317H43.4+0.6°) S
T A 1T & ARk vhE, o Al
1 Al B A w2 mImEZ(1.2 +
0.5 7= Ae g1 4= itk ol2fgt Al
Dl e U NI RA S i}oli Qs £

=13

O::
ﬂ?
oy
tio
o,
0,

o A} Doy ) ol 7}

@ 4 1310, ol Aol Fig 302 AT +
Sie) i) sk vzigite] 2 14 Ael 4

o] AL Wold W, 2 R AS
S5t 4 ek Wbl 57t 21 ot
o] W& oul Ale] 79, Hwle] HHwA ek

Table 3. Contact angle and sliding angle of PTFE
sheets.

Sheet No. Contact angle Sliding angle
1 146.8 + 2.3 434 + 0.6
2 1485 + 1.8 434 + 0.6
3 1488 + 1.7 43.6 = 0.6
4 1532 + 54 420+ 25
5 163.5 + 8.5 34 £26
6 166.5 + 4.8 1.5 £ 0.6
7 1654 + 6.5 1.3 +£05
8 1683 £ 29 1.6 £ 0.6
9 170.6 + 2.5 1.2 £ 05

Fig. 5. Droplet behavior on the surface. A) Sheet
No.1, B) Sheet No.9.

Fig. 6. Morphological features of plasma etched
surface. A) Sheet No.1, B) Sheet No.9.
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Fig. 7. Water repellency of sheets. A) Droplet
collision on pristine sheet. B) Droplet collision on
Sheet No.9. A droplet dropping onto a dirty surface
with graphite. C) Pristine sheet, D) Sheet No.9.
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