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Liquid repellency of solid surfaces is critical for many applications; these include
the prevention of icing in cold weather, stopping clotting in artificial blood vessels, and
stain- resistant textiles. In this context, poly(tetrafluoroethylene) (Teflon) is considered
to be the “benchmark” low surface free energy material, displaying water repellency in
combination with other desirable properties such as high thermal stability, chemical

inertness and a low coefficient of friction. However, Teflon has limitations in that it



exhibits poor repellency toward low surface tension liquids such as oils. Comblike
fluoropolymers i.e. poly- (perfluoroalkylacrylate) possessing a flexible linear backbone
onto which side-chains with low intermolecular interactions are attached, exhibit low
surface free energy and improve liquid repellency. The monomers of comblike
fluoropolymers are very expensive so that limit their industrial applications.

Our research efforts are currently directed towards the development of
amphiphobic, low surface free energy polymeric materials with good film-forming
characteristics. In this study, we discovered that a new polymer material
polybenzoxazine possesses surface free energy even lower than that of the pure Teflon.
We determine the evolution of contact angles and the surface free energies during the
polymerization of the polybenzoxazine based on the Owens, Wendt, and Kaelble’s
Method (Two-Liquid Geometric Method). Compared with conventional
fluoropolymers or silicones, these polybenzoxazines provide a brand new class of low
surface free energy material with the advantages of being lower price and easier

processing.

(Key words : poly(tetrafluoroethylene), polybenzoxazine , amphiphobic, low surface

free energy )
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- BEAFAFIRL REHLFIHLE A

Property Epoxy Phenolics Toughened BMI  Bisox—phen (40:60) Cyanate ester P-T resin
Polybenzoxazine
Density (g/cc) 1.2-1.25 1.24-132 1.2-13 1.3 1.1-1.35 1.25 1.19
Max use temperature (C) 180 200 ~200 250 150-200 300-350 130-280
Tensile strength (MPa) 90-120 24-45 50-90 91 70-130 42 100-125
Tensile modulus (GPa) 3.1-3.8  03/05 3.5-4.5 4.6-5.1 3.1-3.4 4.1 3.8-4.5
Elongation (%) 3-4.3 0.3 3 1.8 02/04 2 2.3-2.9
Dielectric constant (1 MHz) 3.8-4.5 04/10 3.4-3.7 - 2.7-3.0 3.1 3-35
Cure temperature (C) RT-180 150-190 220-300 175-225 180-250 177-316  160-220
Cure shrinkage (%) >3 0.002 0.007 <1 ~3 ~3 ~0
TGA onset (8C) 260-340 300-360 360-400 370-390 400-420 410-450  380-400
Tg (C) 150-220 170 230-380 160-295 250-270 300-400 170-340
GIC (J/m2) 54-100 - 160-250 157-223 - - 168
KIC (MPa m1/2) 0.6 - 0.85 - - - 0/9
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4 = 1t BA-abenzoxazine 2 B k AL? R - @ Y iz RPLBMEIBMEF L

O/\N/i : Q OH
£
n
A
HsC CHs HsC CHs
Il O
m
@ OH

O _N. :

AR ]
A2 E(C) (o) ) K SRk T R
60 0.5 97.9+1.8 17.60.9
1 97.610.8 26.1+1.3
2 98.611.5 36.811.5
150 4 98.1+1.4 44.7+1.5
8 98.611.5 46.4+1.7
22 98.810.7 47.4+15
1 99.5%1.7 40.6+1.7
2 98.610.5 49.2+1.3
180 4 98.710.4 61.0+2.0
8 103.010.5 69.811.9
22 104.310.5 70.81.8
0.5 97.710.4 50.5%1.1
1 98.810.5 59.31+1.3
210 2 104.110.4 71.611.6
4 104.240.4 71.5+1.7
8 92.210.3 61.1+2.0
0.5 108.5+0.5 63.2141.7
1 111.510.4 76.811.5
240 2 110.740.6 76.511.5
4 92.310.5 63.811.6
8 79.4%1.1 55.7+1.5
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# v % BA-mbenzoxazine % 5k sL¢ ok g - @ Y iz JRjP 4 BRERL TP 2

CH
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PR

2R (C) PE (] PF) -k A A

60 0.5 75.311.4 12.6+0.5

1 101.8%1.2 52.411.5

2 109.310.5 59.2+1.7

180 4 113.710.6 72.512.0
8 113.620.4 81+1.3

22 111.910.4 80.811.7

0.5 105.210.4 76.411.9

1 114.010.3 82.1+1.7

210 2 112.510.3 81.711.5

4 103.0+0.4 72.211.8

8 80.410.5 59.311.3
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% Pabenzoxazine = ¥ & 3¢ -kgrgs - @

T2 PR A RN F 2 g

O 0O,
A <AN
51 O
R i
BECC) MBE()F) Kk oo
60 0.5 59.8 28.3
1 77.2 45.2
2 76 45.9
180
4 75.9 48
8 68.1 49.6
1 83.8 63.5
210 2 86 63.8
4 815 62.2
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# = 7 BA-abenzoxazine 2 B % kv L ;o ERTHPEFR 2 B0

surface free energy components (mJ/m?)

Temperature (‘C)  Time (hour) ; )
Vs Vs Vs
60 0.5 52.33 0 52.33
1 47.60 0.01 47.61
2 42.99 0.00 43.00
150 4 37.99 0.12 38.11
8 36.75 0.21 36.96
22 36.42 0.14 36.56
1 40.97 0.00 40.97
2 3491 0.31 35.22
180 4 27.21 0.84 28.05
8 22.26 0.75 23.01
22 21.87 0.61 22.48
0.5 34.07 0.36 34.43
1 28.38 0.69 29.08
210 2 21.37 0.69 22.07
4 21.33 0.68 22.01
8 25.64 2.53 28.17
0.5 27.95 0.00 27.95
1 19.39 0.12 19.52
240 2 19.44 0.17 19.61
4 23.89 2.88 26.77
8 26.18 7.23 3341
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# = 7 BA-mbenzoxazine < I k S¥ & G v SE R B2 R0

surface free energy components (mJ/m?)

Temperature (‘C)  Time (hour) ; )
Vs Vs Vs
60 0.5 43.99 6.57 50.56
1 33.85 0.06 33.91
2 30.95 0.05 31.00
180 4 22.63 0.00 22.63
8 17.15 0.12 17.27
22 17.16 0.16 17.32
0.5 18.47 0.90 19.37
1 16.56 0.13 16.69
210 2 16.54 0.24 16.78
4 20.70 0.95 21.65
8 24.14 7.48 31.62

=~

7.~ 7 Pabenzoxazine = B 4 (¥ A Goa MERBEPER 2 B0

surface free energy components (mJ/m?)

Temperature (‘C)  Time (hour) § ;
Vs Vs Vs
60 0.5 36.62 13.72 50.34
1 32.13 6.35 38.48
2 31.41 7.10 38.52
180
4 30.13 7.56 37.69
8 27.37 12.80 40.17
1 22.24 6.57 28.82
210 2 22.52 5.52 28.04
4 22.57 7.53 30.10
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