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Abstract : A series of acrylic copolymers containing perfluoroalkyl acrylate were synthesized by 2-step emulsion polymerization
of variety of acrylate monomers (ethyl acrylate, butyl acrylate or methyl methacrylate) with perfluoroalkyl ethyl acrylate (PFA)
and glycidyl methacrylate (GMA) monomers. This study focused on effects of monomer compositions (the kind of acrylate
monomer, contents of PFA and GMA) and composition of surfactants [(sodium dodecyl sulphate/nonylphenol 10mole ethoxylate
(NP-10)] and initiator content on the contact angles and surface free energy. It was found that the copolymer having an optimum
composition (BA : 87 wt%, GMA : 8.7 wt% and PFA : 4.3 wt%) was shown to be quite surface active [surface free energy : 19.89
mN/m and contact angles : 103.5° (water) and 78.7° (methylene iodide)] in the solid state. This result suggests that the optimal
copolymer containing fluorinated monomer synthesized in this study have high potential as a low surface energy material, which
may have high oil- and water-repellent surface and have been proposed as acrylic syntan for leather and also as soil-resistant/oil
and water repellent coating for textiles and wood etc.
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Table 1. Composition and reaction condition for emulsion poly-
merization of acrylic copolymers

. Ingredient weight
Step/Ingredient (gg) /Con. ditiOI%
Water/Monomer
(BA, MMA, EA) 285720
Emulsifier
1 10:0-0:10
Step (SDS : NP-10)
Initiator (APS)
. content based on 0.1-0.3
Corppos1- monomer content
tion
of Monomer 80
copolymer (BA, MMA, EA)
system Functional 0-15
2 monomer (GMA)
Step PFA 0-15
Initiator APS 0.2-1.2
NaHSO; 0.3
H,O 95
1 Dropping 1hr, 75-80 C
Reaction | gtep Aging 2hrs, 75-80 C
time and n 5
temp. 2 Dropping 2hrs, 75-80 C
Step

* BA: Butyl acrylate, MMA: Methyl methacrylate
EA: Ethyl acrylate, GMA: Glycidyl methacrylate
PFA: Perfluoroalkyl ethyl acrylate, APS: Ammonium persulfate
SDS: Sodium dodecyl sulfate, NP-10: Nonylphenol ethoxylate
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Figure 1. FT-IR spectrum of copolymer containing perfluoroacrylate.
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Table 2. The surface properties of copolymers with different emulsifier contents

) Solid content | Surface tension | Contact angle | Contact angle d o . 0
SDS : NP-10 %) (mN/m) (H,0) (CHalL) ¥s ¥s Yield (%) Appearance
10:0 25.03 - - - - - - Separation
7:3 25.12 22.98 97.5 67.8 20.88 2.10 98 White liquid
5:5 25.08 19.89 103.5 75.5 18.74 1.15 98 White liquid
37 25.07 20.02 103.1 75.2 18.75 1.27 98 White liquid
0:10 24.86 21.36 101.2 72.7 19.98 1.38 97 White liquid
Table 3. The surface properties of copolymers with different acrylic monomer
Acrylic . o Surface energy | Contact angle Contact angle d P . o
monomer Solid content (%) (mN/m) (H,0) (CHalo) ¥s ¥s Yield (%) | Appearance
EA 25.12 30.25 82.5 59.1 23.54 | 6.71 98 White liquid
BA 25.08 19.89 103.5 75.5 18.74 | 1.15 98 White liquid
MMA 25.06 22.07 102.1 71.5 21.00 | 1.07 98 White liquid
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Figure 2. Surface energy with monomers type.
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Figure 3. Surface tension test result of initiator (APS) content.
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YS(F78 oY), FHAUAE Table 50 e 9l

Figure 40i= GMAZ ol w2 FH U A W35 YeR S
th. GMA 3F=Fo] 10 g7kA] F7kgtol|l whel EHA| A7} 74
BLA|9L 10 g o]4de] Hf-oll= BHANUA T} F7l8ke HEFS
Holoh GMATHF S7tol mhe 57te] S 9 o]
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Table 4. The surface properties of copolymers with different initiator contents

Stepl Step2 Solid content | Surface tension | Contact angle | Contact angle W W@ Yield Appearance
APS () | APS (g) | NaHSO; (g) (o) (mN/m) (H:0) (CHaly) (%)
0.1 0.2 0.3 24.83 29.85 80.8 61.2 21.59| 826 | 97 | White liquid
0.1 0.4 0.3 25.07 25.48 89.1 66.5 20.60 | 4.88 | 97 | White liquid
0.2 0.5 0.3 25.12 24.37 97.2 67.3 2253 | 1.84 | 97 | White liquid
0.2 0.7 0.3 24.86 22.50 103.5 71.2 21.80 | 0.70 | 98 | White liquid
0.2 0.8 0.3 25.08 19.89 103.5 75.5 18.74 | 1.15 | 98 | White liquid
0.3 0.9 0.3 25.05 - - - - - - Aggregation
0.3 1.2 0.3 25.09 - - - - - - Aggregation
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Table 5. The surface properties of copolymers with different GMA contents

A G35 2 15 BUEA
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GMA Solid Surface tension Contact angle Contact angle = W Yield Appearance
contents | content (%) (mN/m) (H,0) (CH:LL) : : (%) PP
0 24.92 22.28 92.8 72.1 17.97 431 98 White liquid
3 25.15 21.86 93.4 72.8 17.67 420 97 White liquid
5 25.10 20.29 96.7 75.2 17.04 3.25 97 White liquid
10 25.08 19.89 103.5 75.5 18.74 1.15 98 White liquid
13 24.96 22.14 100.5 71.3 20.70 1.44 98 White liquid
15 25.14 22.16 101.5 71.4 20.98 1.18 98 White liquid
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Figure 4. Surface tension test result of functional monomer content. Figure 5. Surface tension test result of perfluoroethyl acrylate
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Table 6. The surface properties of copolymers with different perfluoro ethyl acrylate contents

Perfluoro ethylacrylate | Solid content | Surface tension | Contact angle | Contact angle d P Yield

contents (%) (mN/m) (H:0) (CHal) ¥ ¥ (%) | Appearance
0 24.95 45.75 82.4 26.7 43.69 | 2.06 97 White liquid
3 25.07 27.21 93.1 62.3 24.80 | 2.41 97 White liquid
5 25.08 19.89 103.5 75.5 18.74 | 1.15 98 ‘White liquid
7 25.11 19.85 103.7 75.6 18.75 | 1.10 97 White liquid
10 24.95 19.65 103.5 75.9 18.49 | 1.16 98 White liquid
12 25.16 19.00 103.7 77.1 17.72 | 1.28 98 White liquid
15 25.04 - - - - - - Separation
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