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Abstract

The contact angles and the hysteresis of organic liquids on the polytetrafluoroethylene surfaces which were-
prepared by various techniques were measured. The relations of contact angles to hysteresis were then system-
atized and a method was proposed for estimating the equilibrium contact angle by analyzing the relationships.

When the estimated equilibrium contact angles of several organic liquids were used in the theory for the-

estimation of solid surface free energy, fairly consistent values of the surface energy of PTFE were obtained.
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Table 1. Contact angles® of n—-decane/PTFE
Surface Freparation N fr H
Ground on commercial G.G. o1y oz oo
1st. Prep., Room Temp. 40710" 15750° 24720
Ground on commercial G.G. | , , ’
2nd. Prep., Room Temp. 39°15" 10°15" 2900
Ground on commercial G.G. oon onny cont
3rd. Prep., Room Temp. 36720° 14700° 22720
Ground on commercial G.G. , , r
low temp., 2nd. Prep. 38°477 21°80° 17°17
Ground on lab. prep. G.G. ' ’ ’
room temp. 38°45" 17°10° 21°35
Pressing against glass surf. , , one!
with heating 36°55" 14°50" 22°05
Wiping, unidirectional 40°00" 13°00" 27°00’
Surfacer polishing #180 grit , ’ .
belt, short term polishing 39°00" 22°50" 16°10
Surfacer polishing , , /
#4240 grit telr, 1st. prep. 37°00" 26°00° 11°00
Surfacer polishing
#11_8(})l'grit belt, prolonged  37°00" 26°05° 10°55
polishing
Surfacer polishing 37990° 96°55' 10995
#240 grit belt, 2nd. prep. “ -
Surfacer polishing ’ , o=/
#240 grit belt, 3rd. prep. 39°00" 27°55" 11°05
Surfacer polishing
#240 grit belt, wiped with 38°10’ 28°50" 9°20'
cotton in acetone
* measured at Imm/min, 23°C
Table 2. Contact Angles* of Benzene/PTFE
Surface Preparation 64 O H
Ground on commercial G.G. 57°40) 33°05" 94°35'

Room Temp. 1st. Prep.

SatB3 H12¥ Hie® 19748 128
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Ground on commercial G. G.

Room Temp. 2nd. Prep. 58°05" 28°20" 29°45”
Growsd on somersiel 6.0 o sposy s
ﬁ;‘,‘“%e‘:;‘pf";‘fg‘fr;‘fgf'c' 57°55' 39°50° 18°05
E;Ziis;:;g against glass with 55945’ 37915 18930
Wiping, unidirectional 57°30" 35°30° 21°50”
Surfacer polishing, , an’ -
24320 grit belt 56°40" 46°30" 10°10
i“zfzgefgr?f]fe}f;ng’ 54°30° 45°00)  9°30'
Surfacer polishing,
£320 grit belt, wiped with 57°45" 46°50° 10°55"
cotton in acetone
* Measured at 1mm/min, 23°C
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Fig. 2 Contact angles of n-decane/PTFE,

1mm/min
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Fig. 3 Contact angles of benzene/PTFE, 1 mm/min
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Fig. 4 Velocity effect of contact angle, n-decane/PTFE
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Fig. 5 SEM photograph, pressad surface, 20KV. 45°,
X220

X600

Fig. 7 SEM photograph of surfacer polished surface {(cot-
ton wiped) X600, 45° 20KV

81328t ®Mli123 A 65 1974 129

Fig. 8

SEM photograph of surfacer polished surface (cot-

ton wiped) X3,000, 45°, 20KV

Table 3. Estimated equilibrium contact angles, 23¢C

Liquid 7L (dyne/cm) 0o cos ¥
n-Heptane 19. 85 23°30° 0.9171
n-Decane 23. 54 37°25 0. 7942
Cyclohexane 25. 20 39°50 0. 7679
Benzene 28. 48 55°00° 0. 5736
Chlorolenzene 33.25 63°20" 0. 4488
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Fig. 9 Critical surface tension of PTFE
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Polytetrafluoroethylene 8] # %
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Table 4. Molecular parameters and Interaction parameters

Substances @X10¥cm?® «»(debye) I(ev) @

n-Heptane 1. 369 0 10. 35 0. 970
n~Decane 1.922 0 10. 19 0. 968
Cyclohexane 1. 098 0 11. 00 0. 978
Benzene 1.038 0 9.24 0. 955
Chrorobenzene 1.235 1.58 10. 50 0. 956
PTFE — 0 17.00 —

8% 27+ Chlorobenzenesto] Mitk#yiol o, =2}
A] Chlorobenzene & ¢ 3= Eq.4. o] &dlo] A Aslg
MEMES] 0= Fa.5 23 2o
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Fig. 10 Surface energy of PTFE, 23°C
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Nomenclature

g : Gravitational constant

H : Contact angle hysteresis (degree)

h : Height of meniscus [cm)

N : Avogadro’s number

n : Reflactive index

71 ¢ Surface tension of liquid (dyne/cm]

7s : Surface free energy of solid (erg/cm?®)

rsv : Solid-Vapor interfacial free energy [erg/cm?)
7s1 * Solid-liquid interfacial free energy (erg/cm?)
7z : Equilibrium spreading pressure (dyne/cm)
6y : Equilibrium contact angle [degree)

o : Estimated equilibrium contact angle [degree)
04(0g) : Advancing (Receding) contact angle (degree)
4o+ Liquid density—vapor density (gr/cm®)

¢ : Interaction parameter
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