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ABSTRACT: Contact angles of polymethyl methacrylate (PMMA), polyvinyl chloride (PVC),
polyvinylidene fluoride (PV4F), and aluminum powders were measured by wicking method
based on Washburn equation for the organic liquids, methanol and ethanol, sodium dodecyl
sulfate (SDS), and cetyltrimethylammonium bromide (CTABr) aqueous solutions. It was ob-
served that the values of contact angle became different depending on chemical structures
and physical characteristics of liquids and solids. The critical surface tensions were estimated
by Zisman plot using the values of experimentally measured contact angles. From the results,
it was clearly observed that the surface characteristics considerably changed with adding sur-
factants. The surface free energy and its components (dispersive, polar) for PMMA and PVC,
of which surfaces were adsorbed from SDS aqueous solution with several different concentra-
tions, were also determined. The dispersive component decreased as the nondispersive compo-
nent increased significantly, which was caused by the increase of the amount of the
adsorption of hydrophilic hydroxyl groups on the hydrophobic solid surface.
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Figure 1. A Schematic diagram of the experimental
set-up for determining the contact angle of powder
samples.
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Table 1. Contact Angles of Various Liquids for
the PMMA, PVC, PV F, and Aluminum Powder
Samples

oontact
liquids contact angle, degree liquids angle, degree
PMMA PVC PVF aluminum
W 89.4(80.0)° 89.9(87.0)° 89.7(820) | W  47.3(48.0)
833" 020 F 352
G 710 670 75.0 D 85.0
F 6220640 650(660)° 57.0(59.0) | Be 67
585° 65.7 C  253(260)
D 460  BHBY 550 A 264(270)
495" 340 E  411(410)
T  30.3300) - - M 433(460)
B 145  100(110)° 421(420)°
140 12.7
H - - 21.0(24.1)°

W :Water, G:Glycerol, F:Formamide, D: Diiodomethane,
T:1,1.22-Tetrabromoethane, B:1-Bromonaphthalene, H:
Hexadecane, Be: Benzene, C: Chioroform, A : Acetone, E: Eth-
anol, M : Methanol.

“ From reference values of PMMA, PVC and PVdF films.!®

® Measured values of PMMA and PVC films using contact
angle meter.

© From reference values of aluminum powder. 15
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Table 2. Contact Angles and Surface Tensions of
Methanol and Ethanol Aqueous Solutions for the
PMMA and PVC Powder Samples

solute surface contact angle,
liquids mole tension degree

fraction (mN/m) PMMA PVC
methanol/water - 0.1 50.4 70.3 64.0
03 36.4 449 420
0.5 309 33.0 328
0.7 27.1 240 20.5

09 241 125 82
ethanol/water 01 381 446 40.2
03 28.8 20.5 175

0.5 26.4 0 0
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Figure 2. The wetting results of the PMMA pow-
ders, of which surfaces are adsorbed by SDS with dif-
ferent concentrations in aqueous solutions (symbols :
Experimental values ; line : Calculated values from
Eq. (2)).
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Figure 3. The contact angles of the PMMA powders,
of which surfaces are adsorbed by SDS with different
concentrations in aqueous solutions, in water,
formamide, and 1-bromonaphthalene.
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Figure 4. The contact angles of the PVC powders, of
which surfaces are adsorbed by SDS with different
concentrations in aqueous solutions, in water,
formamide, and 1-bromonaphthalene.
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Figure 5. A Zisman plot for the PMMA powder sam-
ples.
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Figure 6. A Zisman plot for the PVC and PV,
powder samples.
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Table 3. Critical Surface Tensions Estimated by
Zisman Plot for the PMMA, PVC, and PV,F
Powder Samples

polymer critical surface tension, 7¢

d (mN/m)
powders methanol aq. ethanol aq. organic liquids
PMMA 242 26.9 435
PVC 23.8 26.8 42
PV F - - 277

AAA FARFUA], y57} AFRRT ye= 3
(heat of immersion), &2 (adsorption), A E}A Y]
(zeta potential)9} H& 7} (contact angle)s} &
Yo zRe ZAHEd, o] F nA9) AR ¥
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2 3= HE24 24 ol 713 gol AHgEA T
Aot FEol mE AWEYA SDS £gde F2
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H3lE A9u7] 98 2, formamide$} 1-bromo-
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Figure 7. The surface free energy calculated from
Eq. (3) for the PMMA powders, of which surfaces are
adsrobed by SDS with different concentrations in aq-
ueous solutions as a function of contact angle with
water.
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Figure 8. The surface free energy calculated from
Eq. (8) for the PVC powders, of which surfaces are
adsrobed by SDS with different concentrations in ag-
ueous solutions as a function of contact angle with
water.
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Table 4. Values of the 7'V rs*, and 75~ Com-
ponents for the SDS Solid, in mN/m

solid Y orst orsT vt o1
SDS“~polar head 271 076 426 114 385
SDS*-hydrocarbon chain 238 0 0 0 238

“ Calculated from Eq. (3) using the contact angle for water,
glycerol, and diiodomethane taken from literature.?!
* The values taken from literature.?"

carbon chainoj] tf$ FHAHF) =+ n-decaned}
e gg Jhta hFsA0® =8, 282 DS
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Table 5. Values of the Interaction Free Energy Between Solid and SDS Through Water, in mN/m

SOlld powders Vi) G%V“JIZ (l) AGﬁ)%z (1) 4 lez (1) 4 G{'v‘yz (2) 4 GlAvgz (2) 4 lez (2)
PMMA -1.32 -25.8 -27.1 -0.52 -733 -73.8
PVC -1.83 -19.7 -216 -0.72 -85.5 -86.2
Aluminum 310 -142 -11.1 121 36.8 38.0
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