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Abstract : This study is on the synthesis of reactive polymer modifiers by emulsion polymerization to
improve properties of asphalt for paving. Styrene, methyl methacrylate (MMA), isoprene and glycidyl
methacrylate (GMA) which has epoxy ring to react with carboxyl group of asphaltene were used to
synthesize polymer modifiers. Modifiers with various composition were tested miscibility with asphalt.
Modifiers which showed good miscibility with asphalt were investigated by DSC for 7. Existence of
epoxy rings and their reaction with asphaitene were investigated by FTIR. Molecular structures of
synthesized modifiers were confirmed by 'H-NMR. The synthesized modifiers which showed good
miscibility had their 73’s in the range of 37.5~56.5 C and had isoprene contents of 30 wt%. They
showed good miscibility in the 1 and 2 wt% concentrations, but not in the 3 wt% concentration.

Keywords : asphalt modifier, emulsion polymerization, miscibility.
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Figure 1. Emulsion polymerization reactor (A 5—neck Round
Bottom Flask, B: Ny Inlet Tube, C: Thermometer, D: Stirrer,
E: Dropping Funnel, F: Reflux Condenser, G: Water Bath).

Table 1. Weight of Monomers (Unit: g)
Modifier # GMA MMA Styrene Isoprene

1 12 0 153 135

2 9 0 156 135

3 6 0 159 135

4 3 0 162 135

5 15 225 0] 60

6 15 195 0 90

7 15 150 0 135

8 15 105 90 90

9 30 90 90 90

10 30 45 135 90

11 15 90 105 90

A

Figure 2. Mixing of asphalt and synthesized polymer modifier
(A Heating Mantel, B: Stirrer, C: Thermometer, D: Asphalt).
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Table 2. Mixing of Modifiers in Asphalt

Modifier 1% 2% 3%
1 X X X

2 X X X

3 X X X

4 X X X

5 X X X

6 O O X

7 X X X

8 O O X

9 O O X

10 O x X

- 11 O O X

(Miscible: O, Immiscible & Sedimentary: X).
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Table 3. Relative Viscosity & Inherent Viscosity [dL/g] of Modifiers

No Mean Relative Inherent
’ (sec) viscosity viscosity
Chloroform 59.21 1.000
modifier 6 66.17 1.114 1.08
modifier 8 61.20 1.031 0.31
modifier 9 66.07 1.113 1.07
modifier 11 66.01 1.112 1.06
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Figure 3. DSC thermograms of polymer modifiers.

Table 4. T, of Modifiers

Modifier 7z (T)
6 375
8 55.3
9 56.5
11 52.9
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Figure 4. FTIR spectra of polymer modifiers(a: 911, b: 910,
¢ 907, d: 910 cm™Y).
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Figure 5. FTIR spectrum of AP—5 asphalt. (a) 4000~500
cem” ! number range and (b) 1800~1500 cm™! number range.
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Figure 6. Reaction of —COOH group of Asphaltene with
epoxy ring of modifier.
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Figure 7. FTIR spectra of polymer modified asphalt (1800~
800 c¢cm™! wave number range).
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Figure 8. 'H—NMR of modifier 11.

Table 5. "H-NMR Data of Epoxide in Modifiers
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Figure 9. '"H-NMR of asphalt (AP—5) (a) and polymer(11)
modified asphalt(b).
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Figure 10. Assignment of NMR peak after reaction.
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